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Abstract: Vegetation restoration in karst area is a national strategic need. In order to reveal the effects of exclosure
duration on vegetation composition and soil fertility restoration in karst area, we investigated the characteristic of vegeta-
tion composition and soil fertility, and the underlying mechanisms of restoration under different exclosure duration via
space-time substitution method with tussock (exclosure for 5 a), boscage (exclosure for 15 a), shrub and arbor forests
(‘exclosure for 25 a) , sub-climax arbor forests ( exclosure for 35 a) , and climax arbor forests (exclosure for 55 a). The
results were as follows: Vascular plants in all the plots (18 000 m*) had 175 species, belonging to 74 families and 139
genera. The composition of families, genera and species were the smallest in the initial stage of exclosure with 6 families,
19 genus and 20 species, respectively, and peaked at the stage of exclosure for 35 a with 48 families, 74 genus and 88
species, respectively. The life-form ratio significantly increased for arbor, increased initially but declined later for
shrubs, sharply decreased for herbs, and increased initially but declined later and maintain stable for vines with the
prolong of exclosure duration. In the herbaceous layers, the vegetation succession was sequential substitution as follows ;
sun weeds — sun gramineous plants — mesophily or shade ferns. In shrub layers, shrubs were substituted by arbor seed-
lings. A structural substitution occured in arbor layers with changing from dominating by evergreen species to co-domina-
ting by evergreen and deciduous species. A synergy restoration effect occurred between vegetation composition and soil
fertility. The simple vegetation composition and low diversity connected with low content of soil organic matter (SOM) ,
total nitrogen and available nitrogen at the initial exclosure stage (5 a). At the middle stage of exclosure (25 a), high
diversity connected with high soil fertility. While, in the later stage of exclosure (55 a), low diversity connected with
relative low soil fertility although it maintained at relatively high level. The redundancy analysis indicated that the com-
munity species composition was significantly affected by soil bulk density (SBD) , capillary porosity (CP) , total potassi-
um (TK) , available potassium ( AK) and available phosphorus ( AP) in the initial exclosure period, then by soil organ-
ic matter (SOM), moisture content ( MC), noncapillary porosity (NCP), total nitrogen (TN), available nitrogen
(AN), and stoichiometric ratio in the later exclosure period.

Key words:; exclosure duration, community composition, soil fertility, restoration, karst area
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Table 1  Basic situation of environment in different exclosure durations in Mashan County
254 [ -
HEEH s e i Yz o0 B
Exclosure duration . . Elevation Slope .
Longitude Latitude o Aspect Number of plots
(a) (m) )
5 108°06'47" E 23°43'56" N 204 35 WN 9
15 108°18'23" E 23°36'28" N 273 40 N 9
25 108°14'44" E 23°39'29" N 263 39 N 9
35 108°13'55" E 23°39'41" N 280 35 WN 9
55 108°15'20" E 23°37'12" N 261 28 S 9

1.2 Hiig EMBEEAE

ME3R 5 AR 7 0 A iR DXl A e R
1 REFRPEHLEL , 735857 9 AN TH AR 20 mx20 m
MIRET A 45 DR B BEAFE 458 1 4 A
10 mx 10 m BY/NEYRE Ty A B AR =2 em 1Y
AN TR SR B 24 BR AR W T AR R A
ANEIRE D 2 EAABEE 1A 2 mx2 m TR RE O,
PHAEREAR TR B R GRS
1.3 TEEA R EAZEFRNE

R FHER T 0 5 25 AL R A5
R T e 3 E oK &, BO10 g KU 4
HEBETK(L :K=1:25wv) RS, 1
I e B L VE W, A pH T (Starter2100,
Ohaus, USA) M 13 pH {H, 34 MUK S 2R
FHEE A% R 0 A1 Bk I i |, 4 0 LG 8 Uk 7
4 B F LK E B AL (Kjeltee 8420, Foss, Dansko)
N A B R AR A A R —BH B BT L vk
SE A BIR A AL BRI — KOO BE T

PRI R FH AR B T L (R D SE |, AR SR ] & TR
BIAR B~ KB BE TR R | A8 4P 45 0 A2 6 M B
K I W i 3 D' 't B VA 7€ (i L, 2000)
AMAGTENESANEER TR, BEA .
WA AL 2 mol - L' KCL ¥ Wi $2 U 76 1% 823 3
ST (SEAL AA3, Norderstedt, Germany) [ill%E
1.4 HELEBER SIS HHE

KB R 7 220 B (one-way ANOVA) £ 56
AN [ 3t 7 A BRUAE % 20 R 3 AR 1 T Y 25 S W
HE R LSD kAT Z E LR, RAITUARE 2>
H7 (redundancy analysis, RDA ) ¥ 56 A [F] & & 4F B2
eV b 20 1 1 22 S 0k B L 5 A BRI 7 Y DG Bk
PE, DA BT R A R 3.5.1 3ok 58 a4 1 H
SigmaPlot10.0 #X {458 A% .
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kg, B E 35 a B, R AVR 8 R Ak
VAR, R J& ) b 3] 1 A Gk A b SR Y — 2
390 64.863% .53.24% .50.29% ; Z ) , Bt 45 T

2,12 AFAR AR PEHBFFRMOER Y4
TR B AR TR AR T MR JE, HEPIHI(S a,
15 a) , REASAE Y A 06 20 7 B AR 34 IR LA 15 a 3
B IR R, 25 R R R T R A T R A
o), RS B F R i B Rk 3, BB F WM 35 a
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R BIR AL (2 3) o DUV A 15 AL 43 A
Wit 5 0 R R, T A B4 A T R L) 2 e, E R

Byt — 20 & B R R PR ECE A T > e, AR SRR D T e AR S 3 0, I IR
(%£2), FeAX e (E 1),
x2 ARAHEERFZEDHIREMAR
Table 2 Plant family, genus and species composition in different exclosure durations
Al Family J& Genus ' Species
HEH R
Exclosure duration Bkt It W‘J Bt L[ﬁfﬁu Bt H.’,WJ
(a) Proportion Proportion Proportion
Number Number Number
(%) (%) (%)
5 6 8.11 19 13.67 20 11.43
15 28 37.84 47 33.81 49 28.00
25 25 33.78 31 22.30 34 19.43
35 48 64.86 74 53.24 88 50.29
55 32 43.24 45 32.37 56 32.00
At Total 74 100.00 139 100.00 175 100.00

TE: HEFERR 3 600 m BG4

A1ith 18 000 m* FEHL S8 45

Note: Numbers of plant family, genus and species in each exclosure duration stage is the total numbers in all the plots in each stage with

3600 m’;

R3I TRAHEFREBFNEFNAK

Table 3  Plant life form composition in different

exclosure durations

HHEFR
Exclosure EiN HEA HR A
duration Arbor Shrub Herb Liana
(a)
5 1 2 16 2
15 3 11 21 14
25 13 10 6 5
35 40 18 13 17
55 31 8 5 12
2.1.3 BERR B RGMHBEA KR HFAEBRAE

EEARJZ P FIAEAE ] A0, R4 45
WoR,IEHE S a B, BEEEARZAEEY 16 F, D22
FrB L S (R 2E 128.55) , FHEMEJEHT 5 1/

Total numbers of plant family, genus and species is the total numbers in all the plots with 18 000 m”.

EZZAF K Arbor BBBEK Shrub E=3 EEZK Herb ESSIfEZN Liana

100
—_
55
ey b 80
e e
E5T
£ © g 601
= i
£5¢
& 5 o 40
sk ——
He= o
E3 201 =
K&
0 7 2 ¢ Z ?
5 15 25 35 55
HBFMR Exclosure duration (a)
BT AR AR R AR A 1 R
Fig. 1 Plant life form spectrum in

different exclosure durations

AR AT T8 IELLGT /N KRR (R 4)
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Table 4 Dominant species of herb layer communities in different exclosure durations (The five most important species )

5a
Fh A

Species
P Important value

Important value

15 a 25 a 35a 55 a
HEMH HEH i Giv i

Important value Important value Important value

22K Caryopleris incana 128.55
HH Artemisia caruifolia 41.22
WELTH] Ageratum conyzoides 33.51
/WK% Erigeron canadensis 17.78
FEFL Arthraxon hispidus 17.70
5 Cyrtococcum patens _

B MEREBR Adiantum flabellulatum —

e

HEZENT Microstegium fasciculatum —
SR Sonchus oleraceus —
H3F Imperata cylindrica —
Wi B Selaginella delicatula —
A 455% Lindsaea orbiculata var. orbiculata —
%% Pseudodrynaria coronans —
LNTHE Tradescantia pallida —
FEM 7 Thysanolaena latifolia —
KR Polystichum anomalum —
YIRS IR Microsorum fortunei —
HELH . Preris multifida _
AR BR Tectaria subpedata —
REFIXUBBR Preris oshimensis —

41t Total 238.76

95.45 — — —

31.06 — — —

62.84 — — —

20.45 — — —

22.01 32.12 — —

— 66.12 86.26 —

— — 19.15 —

— — 32.98 64.76

— — 92.02 56.67

— — 21.58 —

— — — 87.62

231.81 291.96 251.99 300.00

Ak AR R I (95.45) B A FEAT (62.84) (5
RZR(31.06) [ AF(22.01) I3 (20.45) , H
BRI 2 25 a W], FUA R FP S 1 0 25 0820
HA 6 YA 3 iR R 7 (172.49) 540
(66.12) 135 (32.12) M4k (12.29) Fi
PikE(8.94) 4 £E 35 a I, B Y Fh 2 X 1]
BT I S o O S " S T R W R [
A S AR % (92.02) M 541 (86.26) L JK
ZSEHR (32.98) M SUHR (21.58) FE 22 (19.
15) ., HE 55 a b, B2 102 SRR
T 4 B, 43 500 2 Bk 85 46 5% (90.95) & XU IRk
(87.62) KL (64.76) FlH #2341 2 (56.67)
(F4), XRUIFEE 2 B i 5 20 #opp

BT EH P 2% R R A A Sy v A M R A M
Y .

Bl B AR BRI e VE R 2 0 R &
AEHBWAE(ERS), NESTTUEE , EHEF S a
BF BEVR HEARZ BR  BEVR Th U B AR 21
TEA B A KW TR AN 4 Ff 246 DMK (36 1~ 4
m’FEH G, TR, M EAE 20 ~30 em 247, LB
F AR E 22 A A 238,12, H g2 & B i
o, T 40.36, Hi Ay 2 A BEE AL RRAT, H
1~2 DA, HEAH 47 5] 2 8.50 F113.01, HEF
15 a, BEVEHE A ZTE B, ML 90 Fh 2S48 2= 27 Fh, LA
I0 o5 A XL (126.65) , B EAG JERT 5 AL A 4
MERE . 2175 LLRRAT . FEABUR MOk AL | 5 A 43 ) 2
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Table 5 Dominant species of shrub layer communities in different exclosure durations (The five most important species )

5a
Fh A

Species
P Important value

I Vitex negundo 238.12
S8 Rhynchosia volubilis 8.50
L T Cajanus scarabaeoides 40.36
LLBRFT Alchornea davidii 13.01
MBI Urena lobata —
£L95 LLBRFT Alchornea trewioides —
HEM Zanthoxylum bungeanum —
ek Bauhinia championii —
NG Sageretia thea _
SBKFAT Rhapis humilis —
LMIARLF Lespedeza formosa —
FXHR Cyclobalanopsis glauca —
BRH Sinosideroxylon pedunculatum —
WF£1. 5L Adenanthera microsperma —
% J Desmos chinensis —
JUAY Psychotria asiatica —
W SRR IEE T Embelia rudis —
VIRLLILZS Camellia Pitardii —

41t Total 300.00

15 a 25 a 35 a 55 a
HEAE g HEH HEH
Important value  Important value Important value Important value

126.65 — — —
11.54 — — —
23.37 — — —
12.91 — — —
— 35.51 22.37 —
29.66 — — —
— 144.00 — —
— 20.85 — —
— 12.61 29.74 51.26
— 14.33 — —
— — — 37.72
— — 16.79 29.30
— — 17.81 15.84
— — 18.79 —
— — — 76.06
204.13 227.30 105.50 210.18

29.66.23.37 .12.91 il 11.54, HF 25 a, TR KZEM
TP B, VE R 2 (0 W R BT G 22 BE 3G o, o B A
Y 20 B, Z B R 3 638 Kk, {5 Fh R & R AT
(144.00) Je ik (35.51) (WAL T (20.85) |
Peti(14.33) FIE R ER (12.61) , £ F 35 a B,
ARIZHYRNEC] 3G i 22 B 3 b R 59
it BT B 21 992 Bk, AL 34 Bl & 5 KRR | e 0
KR LT ARG, HF 55 a, FETF
5 R A PR B — 2L Wl b W Rl RO & 28 Rl
AR B g 382 B, M B AN VS RS 4 Il A
(76.06) . XIHE(51.26) LT (37.72) ABJE T
(29.30) MJLTT (15.84) (£ 5), L nl L, Fifis it
JRHAE  HEAR R W e AR G 4l i BT A

HEEF 25 a5, BETARZIER, &9 4

20 mx20 m WYREHL N, B AP O 16 Fh, EE 22
{EAERT 5 B9 Fh 2 35 K AR (128.53) | St i 5 iR
(42.85) /NRALFE (31.07) 3 & A (22.64) FIgk
BE(19.84) JEIMHE T b 2y 00 3 ) 0 T Ak, 2%
FEM i, 182 2458k (6 2368k + hm?), £H 35 a,
FRARJZI W) Fh B 0 G, 3k 36 B, A R
HI S AT WAR(92.24) 8 K (32.71) G405
(21.42) 54 (19.45) FLAE (17.66) , JE K T
WA, EHEF 55 a, Fe ARJZ P R0 8 o2
HA 30 Fh, L5 Fh S & X AR (88.44) (i 41 &L
(55.44) PR AL (47.77) i (14.03) AL 4E
(11.94) ¥ B 5 24 M J5 A vk 2% AR (5 ki 45
2014) FHIE TR TR AR (3R 6) o Bl e A, F
AR JZ LT H 2% i) e ol o e % I 340 7 Oy
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FEHEFR Exclosure duration(a)

FHEPR Exclosure duration (a)

T ANRVNG 3R A [ b B ] 2% 5 1.3 (P<0.05) . R,
Note: Different lowercases indicate significant differences among treatments ( P<0.05). The same below.
K2 AFEEFAEREER LRI

Fig. 2 Soil total nutrients of communities in different exclosure durations

2 55 7 W o A A Sl AR

2.2 AEIHBEEREEN TR AYSE

2.2.1 REHmEEF MNRTWUEHR, AFHF
ERBFE N LS KR AR E LS, Hh 25 a
M35 aBHHEMHEESKERES TS a B F M
(P<0.05),5 15 a M1 55 a HEWER ARG FH
(P>0.05), AFHBFYREN LIEAEAAEDE
25 HEFEYIM (5 a) W HIEAE D E m T H
EHEMW, HF25 B EMTFHEHEFH(P<
0.05) ,5F 15 a.35 a Ml 55 a Z A 27 A W&
(P>0.05), HEH 15 a M HIEEHLRE R E S
F25a.35 a fl155 a(P<0.05) , 5HETF 5 a RN
BEP>0.05), EEEILBRENTET IS5 a BF
B THEHESa15a M55 a(P<0.05) ,BHE5a LE
T HEEHFY(P<0.05) , BLBEREF 15a
BEBTHE S a M55 a(P<0.05), 5HEF 25 a,
35 a ZRARE(P>0.05)(£7).

222 gz mE 2 TTHL,HEWI(S a)

B A L B E T H e B F W (P<0.05) , 1M
BHHEP(25 a) W AP B E S T e
HH(P<0.05) ;B H 35 BEES TEHEWM(S a.
15a) (P<0.05) , 5HFREW (55 a) ERARE
(P>0.05) (E 2.a); HETEH(25a.35a.55 a)
e S REES THEVH(S a 15 a) ,#
AHIH(25 a.35a) BE S THEHEFEM(55 a) (P<
0.05) (Bl 2:b) s HEFWI(5 a 15 a) By LB
R ESTHEHEN, HEFEM(55 ) BF
FET 25 a HFM(P<0.05),535 a BHFHZEFA
WE(P>0.05) (K 2:¢); TS AETFHIW (5
a) MaeE, T (25 a) ML, TS RHEF
FIA(S a) BEETILEHEFM, M (25 a) B
FMTHEEEFM(P<0.05) ,5HEH 15a.35a.55 a
ZIEERATE(P>0.05) (F2:d),

B F WA E K, 1 pH (E RREE IR AR, 72
5 abBfEWI N 7.51+0.28, % 55 a BT [% N 6.45+0.27
T2 R, 5 a HF B LI pH 5
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Table 6 Dominant species of arbor layer communities in different exclosure durations (The five most important species)

% 25 a 35a 55 a
Species Y R R
Important value Important value Important value

T XI#k Cyclobalanopsis glauca 128.53 92.24 88.44
FGH AR Pittosporum glabratum 42.85 — —
INRALF Platycarya strobilacea 31.07 — —
17 A Pistacia weinmannifolia 22.64 — —
BKM Sinosideroxylon pedunculaium 19.84 — —
W4T 5. Adenanthera microsperma — 21.24 55.44
T Machilus nanmu — — 14.03
K Picrasma quassioides — 3271 —
8% Diospyros eriantha — 19.45 —
{SAE Lysidice rhodostegia — 17.66 11.94
MR Choerospondias axillaris — — 47.77
A7 Total 244.93 183.30 217.62

RT TRAHEFREFNLEDEER

Table 7  Soil physical properties of communities in different exclosure durations

HEFR Ko R TSR B LB L BE LB SALBUE

Exclosure duration Soil moisture content Soil bulk density Soil capillary porosity ~ Non-capillary porosity Total porosity
(a) (%) (g + em™) (%) (%) (%)

5 28.15+3.94a 1.05+0.11¢ 53.49+6.32ab 15.77+2.04a 69.26+6.39a

15 32.16+1.74ab 0.89+0.08b 57.64+6.59b 20.99+5.20b 78.62+4.05b

25 32.57+5.25b 0.71x0.15a 48.74+6.06a 22.99+4.77be 71.73+8.28ab

35 32.47+2.02b 0.87+0.07b 47.29+7.10a 26.10+4.21¢ 73.39+8.93ab

55 30.91+5.15ab 0.93+0.09b 47.55+5.82a 19.73+4.90b 67.28+6.54a

B =PI E AR MER 22, n=9; RRVING FRE R R AN A Ab B ) 22 57 .38 (P<0.05) ,

Note: Value=x=+s

x>

T 25a.35aM55aHFM(P<0.05),5 15 a &
B ERARE(P>0.05);15 a B F W W EH
T 25aM55aBH M, 25a BFEHT55a,35a
FET 25 a F155 a(P<0.05) (K 3.d), HIEARL
RIEATE 18.44+7.29 ~ 37.09+2.09 mg - kg Z
[i] , BEAE I 1 2F R SRR I, = 35 a B ik B i
&, Z A TR T 22 A R WY H BRI (S5 a,
15 a) BER I HIEA A S E R EH R THEE DA

n=9; Different lowercases indicate significant differences among treatments ( P<0.05).

(25 a.35 a 155 a) (P<0.05) ,h i 5EM2EFAN
BF(P>0.05) (&l 3:a), BRTEH 15 a YL
MR ES THEH BT YN P<0.05), Haoe
HEMZHZF AL E(P>0.05) (E 3:b), &E
BIRE R R T 22 R A B (P>0.05) (K&
3:c) , SCHRVERS  SC AP B B R VR S R R 0 A b
P AN R, S b AT E R s G, R
BB EY (K 3e 1),
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Fig. 3 Soil available nutrient and pH of communities in different exclosure durations
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Fig. 4 Redundancy analysis of community species composition

and soil factors in different exclosure durations

BN 69.5% .30.4% , i FH T 5 a BEER Y F
MM (P=0.001) , HAABERELWET 15 a #HE
(R 2L, A LIS L A A SR R R B Tk 2
F it b IR A L B R ) S e AN R 3 R B
REVE P A2 1, X 3% W B 25 0 9 1) 30 e e
0 1 0 ol 20 B 5 498 32 A0 7 48 bR A7 AE B S A
P [RE S 2000

3 it

BRI B R — M E Y BEIE h O) — Y e R
BB A A (3270 W, 2003 ) , My B K ZE (1998)
N AV K i R R R R 21 1,
AT WTRARB B, N b T8 B R A
FRA R, HEE (2014) XA XA
TEDN TEARAR TR HERR T RN THB 7 AR 1Y) BF 5% 3
B BEVE AR 45 A U O Bt B SR o i 2 2 1)
AR, LB )2 R Bl A5 2 1 2 1 AR Ak & AR A
Ak AR AR R B R e R — IR e A —
T A — R TR ol — TR b 19 A P R AR . AW 5T
R FE AR B F R b BV B O SR R
REZ RIS, FEAJZ RSB b B 5978 DL

RS ARHBEERBEEITERTSHIFMHIEXE
Table 8 Correlation of soil factors and ordinate axes

in different exclosure durations

IR T

Soil factor RDAT RDA2 r P
A UL SOM 0.970 -0.243 0.376 0.001
2% TN 0.998 -0.064 0.465 0.001
LT TP -0.994  -0.107 0.770 0.001
S50 TK -0.773 0.634 0.695 0.001
AL C: N 0.767 -0.642 0.171 0.022

L C - P 0.999 -0.049 0.383 0.001

ABEHLN: P 1.000 -0.005 0.574 0.001
pH -0.987 0.160 0.451 0.001
HRA AN 0.988 -0.154 0.485 0.001
AL AP -0.630  -0.776 0.601 0.001
HRER AK -0.996  -0.085 0.179 0.024
ZHHEES ECa 0.032 0.999 0.245 0.002
2P E EMg 0.238 -0.971 0.676 0.001

TS KE MC 0.579
+ 3455 SBD
BEFLBE CP

B SLBE NCP 0.785

-0.816 0.180 0.011
-0.754 0.657 0.304 0.002
-0.948 -0.319 0.303 0.001

-0.620 0.288 0.002

FeHE(F ANRAEY) ) 2035 A BH MR B O
2 355 30 LA b A= B A 1 R A A A A A
FIF R AR TR JZ h B8 003 LR Sy 32 3%
1L PR b S A DL TR G v g A Dy 32 0 o R
R TRAZ I BTl 32 25 DL S8 B o 446 5 A
PRI o 5 P v ) A D TR s 3 I A ) 2 A PR
A, TR A 5 LU MR A 2 7% i e i TR 22
M, ARBFFE R FE R WG R & T B E
UG HE S A B S R A s B B H
5an] BN EHF 15 a iIEE NEEN, HF 25
a W HETR AR, B E 35 a IO AR #R 4K, £ 5 55
a MWK N TR ARAR , p e mT DL, 76 3 0 307 V2 i
Xk, HEs b Mg sy T30, M AR g g
HR R TE R AT,

ARAFFER , 511 F AR HE - EAE T ks
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BB E R, K s & &  BELRE,
EBE LB EZ W, 25T 5 AR RS,
ZJE XS TR M A E A R, FEE F I
B, Z )5 B R, B S W Bk 2R AR, 2
Ja XA P, BRI AR A AR
AP ERTHEHEY, S5l Es TH
EEE W WA A WA S R T
R R, 5RO A (2013) (2R EGSF (2016) |
SMB(2017) G ASF (2018) BYAH CHEFE 45 18—
B, CAVTIERY], EE ARV B o A SR
AR RS ORI W Bo T AR BRI, 2K
R R LB PR B B 5 2] e A1, = LU AR AR B A
Sl (A A, 2009 ) o TEREAS R AR g
HA LT | 4 RN B SR 43 i 3 LR By BT
U 3G, B B 1L AR AR B Bk B & K (E] M AR,
2009) . =ME(2017) BIBFFE R B, FEHN FEN T
TEARFN THU A A AR B 8 e 9 ) 4 SR Bl L 4
R A DLR N S AIK, THOAR 7 bR A o 5, 1 438
HI LT AR e . PR A IR
P TSR M AN B AR 3 o AN T A 1Y
AR AR T A v B R

A SN J7 55 Rk P [ A B AL BRI 5T 2 4
] s = 398 2 F0 A 25 2= F 5T 1 345 ( Van der Putten
et al., 2013 ; Herrera & Lebeis, 2016 ; Revillini et al.
2016) , HITMMFFR R Y — LR R Gk
S A5 i Hb AR 2 R G A ) T TR 2 R R SR A
I R W P G Gk 5 ) R T ) 0 ik sk R S A
HE SRR I IS, it o, 458 52 e AR B TR A
M e B A Y)—1 3 ) 5t R 58 (Revillini et al.,
2016) . WFFT 3R BH, 75 % b XML 9% 1 7% 1 490 Fb 41
B 2R IR ) B R IE A GG R
(AIMEAE 2009 ; 2 5ii 55 ,2016) . AWFFERM, 1l
BRI SR I A A S AR T (e VAL W) Y
MBS . TEAD T BR T R 2L,
BE WA VE Y A SRR, IR AL
AR A RCE B, R O R VR 2 R T
B2, 2T, Ll R 0 0 et 3
i, PEAGE B IS, s AR 2 AR R AR, ik
TSR AR L R R TUAR B A A A 2R A
HEVE Y AP 2 B RS T Fe A i A O, fh R &F

(2013) BRIFGT B, 25 7 1 X R 56k A KAk i 72
A A UK A 0 T TR AN B b R A b SR K
Ay R T A HE R LR R A R T A
F1, Rk, Bl T ) 3 R RR AL A RE A K
Ayt SRRRURN I 7% 400 3R 3 R i 3o R SUAS I b 2l
T S7. Yan et al. (2015) FIBF5E & B . 78
BRI, P N RS ERK N R
15 14 B b B B8 305 IO A5 11 8 ok AL 4 5 B 2 AR
MAEBRGEMEE, LEPH N SRS, 5 N
) R A ok K B NP IO R B AR AR Y
R P O R U HE A AL PR B P
P N ERPE RN T R AN A R AR, AT
EAL A NCE= =K S (8 e L N~ S AvEE T
5% By B SR i 9% U5 R R AR AN AR S A2 T i
KRGy A O, X BB L E RS R O R AL
S SR T (B A B ) B B RGBS TR
ABFSE , AWRGEIL K IR, Bl A A T 1 0 e v | 1
HERY pH I ZE FEAR, i WA 7.51£0.29 , FF =
B E Y 6.45+0.27 , 3% 5 #F VK UE e i B o f op
A HUERARG 73 A A O . MR % g o R o
Firb 14 pH 1Y W 2 AR AT RE RE ) 1 S G AE W B
VAL Z5 R RN T R, F 1T 52 o e R S A VR 1Y
RN WS EZ
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