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Abstract: [Objective] Host selection of ectomycorrhizal fungi (ECMF) in forest soil was studied. [Method] In the soils

at forests of Pinus massoniana (Pm) and Castanopsis carlesii (Cc), various fungi were inoculated into Pm or Castanopsis
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uraiana (Cu) and designated as treatments of Pm-PmS, Pm-CcS, Cu-PmS, and Cu-CcS. After cultivating the inoculated
seedlings for 6 months, mycorrhizal identification on the fungi was performed by ITS. The frequency, infection rate, relative
abundance, relative frequency, richness, and diversity of ECMF in the roots of Pm and Cu plants were monitored or calculated.
Seedling growth indexes and soil physiochemical properties were determined. [Result] The Cc forest soil (CcS) showed
significantly higher pH and contents of total phosphorus, total carbon, and available phosphorus as well as the seedling shoot
dry weight and root length than the Pm counterpart (PmS). The 19 OTUs of ECMF detected in these soil samples belonged to 7
families and 10 genera. Of which, Cenococum geophilum, Rhizopogon boninensis, and Tomentella sp. 2 were commonly found
on the two soils. Out of the 13 ECMF identified in PmS, 8 infected Pm and 6, Cu; while among the 9 ECMF identified in CcS, 4
infected Pm and 7, Cu. Both C. geophilum and Sebacina sp. 2 were symbiotic with Pm and Cu. Hyaloscyphaceae sp., Lactarius
inconspicuous, Rh. boninensis, Rh. flavidus, Tomentella sp. 1, Tomentella sp. 3 and Tomentellopsis submollis infected Pm,
whereas Athelia sp., Amanita sp., L. atrofuscus, Russula minor, Russula sp., Sebacina sp.1, Thelephora sp. 1, Thelephora sp. 2
and Tomentella sp. 4 infected only Cu. The ECMF richness index (IV), Shannon index (H') and Simpson index (D) of PmS
were higher than those of CcS. However, the Sorensen index on the PmS planted with host plants other than Pm was 0.14,
which was lower than 0.36 on the CcS planted not with Cc. The infection rates of some ECMF were closely related to the
physiological and ecological properties of the host. [Conclusion] The symbiosis between ECMF and trees has evolved in a
long process. The ECMF in the soil at a Pm forest tended to infect Pm specifically, and so did those at a Cc forest to Cc, Cu or
Fagaceae plants. However, the ECMF in PmS were more selective on their host plants than those in CcS. Even though soil
physiochemical properties also affected the ECMF infection, the species of host plant largely determined the fungal
colonization on the land.

Key words: Pinus massoniana; Castanopsis uraiana; ectomycorrhizal fungi; host selection; symbiotic evolutionary process
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Table 1 Soil physicochemical property before and after seedling inoculation

B 34 Qb B pHIA AT A EEpidi EEpie R el

Period Treatment pHvalue TP/ (gkg') TK/ (gkg') AP/ (mgkg') AK/ (mgkg') TC/ (gkg') TN/ (gkg D
TR CeS  4.8240.02a 0.854+0.03a  14.6320.30a  32.67%0.65a 846+0.6la  2237+047a  2.18%0.10a
Pretransplant PmS  4.67£0.02b 0.54%0.05b 12.73+0.31a 15.38+0.71b 6.60+0.22a 17.74£0.05b  2.2040.02a
PSS CeS  48040.0la 0.8240.0la  14.63+0.12a  33.78+0.32a 8.524+0.12a  21.83+0.16a  2.12+0.02a
After Pm transplantation PmS  4.61200Ib 0524+001b 12454+0.19a  15.170.04b 6.060.10a 17.6240.02b  2.20+0.03a
CuBsHt g CeS  4.8040.04a 0.8240.0la 144140.17a  33.86+0.29 845+0.13a  22.01+024a  2.18+0.03a
After Cu transplantation PmS  4.64100I1b 052+001b  12.16+0.09a  15.75+0.11b 6.81+0.15a 17.614£0.02b  2.1340.02a

PmUR DRI CofUREEEHE; CeSAAKME LI, PmSHRD BN LI AR/NSFEEFIRMEART BE 2R (P<0.05) . TR,

Pm: P. massoniana; Cu: C. uraiana; CcS: C. carlesii forest soil; PmS: Pm forest soil. Data with different lowercase letters indicate significant difference in Student’s

t-test (P<<0.05). Same for all Tables and Figs.

R2 TRFHIDELENDERMBEHENEKIER

Table 2 Growth indexes of Pm and Cc under various soil treatments

Ak o b RTE R MR R AR
Treatment Shoot dry weight/g Root dry weight/g Root length/cm Root surface area/cm’ Root volume/cm’ Root tips/4>
Pm-PmS 0.20%0.02b 0.121+0.02a 17.95+2.00b 19.20+3.24b 0.324+0.06a 380£49.1b
Pm-CcS 0.621+0.05a 0.14%+0.01a 36.50+2.27a 33.60+2.72a 0.38+0.03a 570£37.9a
Cu-PmS 0.3610.03b 0.3410.02a 18.40+1.10b 53.70%3.60a 0.411+0.04a 2399+152.0a
Cu-CcS 0.58£0.04a 0.41£0.03a 33.20£1.60a 55.50t3.45a 0.45+0.03a 2755+201.0a

Pm-PmSAUR T R R AE T RBAn 135 Pm-CeSAUR AR PRI AR L3 Cu-PmSACKRBRLIHEF AL S BAn 13 Cu-CeSAURBRALHE R I 7E K AE +

. TH.

Pm-PmS: Pm planted in PmS; Pm-CcS: Pm planted in CcS; Cu-PmS: Cu planted in PmS; Cu-CcS: Cu planted in CcS. Same for all Tables and Figs.

Cu-Ccs

Cu-PmS

1 FRIFHTIRLEN D ERABEEMNE RS

Fig. 1 Growth of Pm and Cu under various soil treatments
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#T3 DEMMKEMRPERERESR OTUs HEE
Table 3 ECMF OTUs in PmS and CcS

AR =E B (%) A XS AT (%)

o) R4 NCBIX Hﬁ’% FFHIKE bp (AL /%) R(%)/R(%)
No OTUs Genus NCBI comparison Sequence length/bp
. u number (similarity/%) Pm-PmS Cu-PmS Pm-CcS Cu-CcS
(n=10) (n=15) (n=10) (n=15)
B K 14 )
. o _ _ _
1 Athelia sp. Athelia AB831863 570/585 (97%) 1.99/9.09
T
2 Amanita sp. e OK586725 525/578 (91%) — — — 5.55/3.13
Amanita
) il
3 Cenococcum geophilum KC967408 448/449 (99%) 1.25/20.69  12.50/42.42  4.53/22.99  22.83/46.88
Cenococcum
4 Hyaloscyphaceae sp. — MT522555 476/481 (99%) 0.46/3.45 — — —
5 Lactarius inconspicuous B KF433004 601/645 (93% — — 27.35/26.44 -
P FLuEJE (93%)
6 Lactarius atrofuscus Lactarius MK351919 618/635 (97%) — — — 0.26/1.56
7 Rhizopogon boninensis T E R MK395368 629/633 (99%) 31.78/37.93 — 9.49/18.39 —
8 Rhizopogon flavidus Rhizopogon KP893815 745/746 (99%) 7.82/3.45 — — —
9 Russula minor AR/ NR_174896 593/593 (100%) — - — 5.38/1.56
10 Russula sp. Russula MT522574 604/607 (99%) - 7.80/9.09 - -
11 Sebacina sp.1 [ LC553305 507/542 (94% — 7.44/6.06 — —
P LS RERY (94%)
12 Sebacina sp.2 Sebacina LC553304 531/537 (99%) - — 58.63/32.18  63.42/40.63
13 Thelephora sp.1 EX KM576617 558/593 (94%) — 41.88/15.15 — —
14 Thelephora sp.2 Thelephora HES814236 372/379 (98%) — — — 0.14/3.13
15 Tomentella sp.1 AB848650 572/578 (99%) 37.89/17.24 — — —
16 Tomentella sp.2 ISR HE814192 533/538 (99%) 3.61/6.90 — - 2.42/3.13
17 Tomentella sp.3 Tomentella MT678909 581/583 (99%) 16.00/3.45 — — —
18 Tomentella sp.4 JF273546 572/575 (99%) - 28.40/18.18 - -
19 Tomentellopsis submollis  Tomentellopsis JQ711898 609/639 (95%) 1.19/6.90 - — —

RN ARPEEER]. TR

“w__»

means not identified. Same for below.

ECMF v, fig 5 5 J& #% Fn i 4 o 4t A 09 T/ Fb Ry
Cenococcum geophilum , % VA T 78 5 45 HE v 0 6 ) 43t
R 46.7%, TR (37.5%), {HHAE WA 1E
T AR B R AR, 08 4.0% F6.1%.

Rhizopogon boninensis Sebacina sp.2

Lactarius inconspicuous Cenococum geophilum

2 ATEZEIMERRFESEN
Fig.2 Morphologies of 4 major types of ECM

Tomentella sp.1. Tomentella sp.2. Tomentella sp.3.
Rhizopogon boninensis. Rh. flavidus. Tomentellopsis
submollis 1 Hyaloscyphaceae sp. 2 17 ¢ o & ¥t 5 H
"1, Rh. boninensis BRI AT R B 5, A 68.8%, K
N Tomentellasp.1 (31.3% ) FllTomentellasp.2 (12.5% ),
M Tomentella sp.3. Rh. flavidus. T. submollis Fl
Hyaloscyphaceae sp.fi¥ 6 I 45 2 A ik, & 4 6.3%;
Tomentella sp.3 W17 Y« K e 7, N 87.0%, KA
Tomentella sp.1 (67.8% ). Rh. boninensis (44.5% ) .
Tomentella sp.2 (41.5% ) Ml Rh. flavidus (38.0% ),
I T. submollis 11 Hyaloscyphaceae sp.fY 17 44 Rk ,
Yok 4.0%., H AR YL 8 451 #E 10 Tomentella sp.4.
Thelephora sp.1. Sebacina sp.1. Athelia sp.Fll Russula
sp.; HiH, Tomentella sp.4 (/)& I Ji R e i, M
20%, YK K Thelephora sp.1 (16.7% ), T Athelia
sp.. Russula sp.fll Sebacina sp.1 IR I AT R &K, 43
BN 10.0%. 10.0% Fl1 6.7%; Thelephora sp.1 )17 Gt
Rir, N 48.1%, KA Thelephora sp.1 (31.8% ).
Tomentella sp.4 (30.0% ) F1 Russula sp. (16.9% ), T



o 1 RANEF: HERFRBHTINARRAT N @ 9L HFMN 99
R4 DEMFRBEHATLIEFINMEERER OTUs 572650t
Table 4 OTU classification of ECMF in PmS and CcS
] ] H Bt J& OTUs
Phylum Class Order Family Genus PmS  CcS
187 H 1] Basidiomycota A4 Agaricomycetes Boleales i # #} Rhizopogonaceae il J& Rhizopogon 2 1
# H Thelephorales # %} Thelephoraceae KiB@ W & Tomentella 4 1
Tomentellopsis 1 0
H & Thelephora 1 1
W H 5% E Sebacinales I F- 7% %} Sebacinaceae W F %8 Sebacina 1 1
2175 H Russulales 21 75 Russulaceae L% )8 Lactarius 0 2
ZL%5)& Russula 1 1
B KT H Atheliales i KR Atheliaceae B KT & Athelia 1 0
A H Agaricales #8E H R Amanitaceae 1 E R Amanita 0 1
FHER ] Ascomycota i 49 Leotiomyceces 4T 1% H Helotiales Hyalodyphaceae — 1 0
FEFEH Y4 Dothideomycetes  J13E1# H Mytilinidiales M52 A Gloniaceae 2@ Cenococcum 1 1

x5 DEMMAMKTELIRAEBAREIIIEETRER
OTUs FEEMS ML
Table 5 OTU richness and diversity of ECMF in PmS and CcS
of different host plants

Ro6 DEMFARBATLRLEARBEEIHAIERIRE
EREHE (E=/) # Sorensen 5 (T =)
Table 6 Number of common ECMF groups (upper triangle)

and Sorensen index (lower triangle) in PmS and CcS of

] N . N different host plants
AbF ECMF# & % LR PR R EL P
Treatment ECMEF richness Shannon index Sinpson index Kb
Pm-PmS Cu-PmS Pm-CcS Cu-CcS
Treatment
Pm-PmS 1.72 0.77
13 Pm-PmS - 1 2 2
-P 1. .
Cu-Pms 60 077 Cu-PmS 0.14 - 1 1
Pm-CcS 1.26 0.68 Pm-CcS 0.33 0.20 - 2
9
Cu-CcS 1.17 0.60 Cu-CcS 0.27 0.15 0.36 -
*x7 DEOMMTIREADEMMBEHSENIINEEREEER T
Table 7 ECMF in PmS of infected Pm and Cu seedlings
g g
OTUs &4 Detection frequency/% Infection rate/%
Genus
Pm (n=10) Cu (n=15) Pm (n=10) Cu (n=15)
Cenococcum geophilum & Cenococcum 375 46.7 4.0 6.1
Tomentella sp.1 KabR )@ Tomentella 31.3 — 67.8 —
Tomentella sp.2 12.5 — 41.5 —
Tomentella sp.3 6.3 — 87.0 —
Tomentella sp.4 — 20.0 — 30.0
Rhizopogon boninensis AN B & Rhizopogon 68.8 — 44.5 —
Rhizopogon flavidus 6.3 — 38.0 —
Tomentellopsis submollis Tomentellopsis 6.3 — 4.0 —
Hyaloscyphaceae sp. — 6.3 — 4.0 —
Thelephora sp.1 W% )8 Thelephora — 16.7 — 48.1
Sebacina sp.1 I 5528 Sebacina — 6.7 — 31.8
Athelia sp. [l K )@ Athelia — 10.0 — 5.4
Russula sp. 2145 )& Russula — 10.0 — 16.9
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Athelia sp R R IRAR, H 5.4%.
25 KM TLERRESERMBEHEIHHN
ECMF 4B % 53 47

ke 8 Pron, KEEM T LS E IR 9 Flt ECMF
o, BB R A A A HE L AR Y TR RN Ol Cenococcum
geophilum F Sebacina sp.2, H:H C. geophilum T¥ W4
HE T B R DU AR SR, O 100.0%, 2 DALY 15
i, AHHFEPIFNIE FAEY) a9 Gy R Bk, 20k
8.2% F1 10.1%; Sebacina sp.2 TE T & A Fl i 45 4k v B
B RIAT R, R 93.3% 1 86.7%, HHAED R
ARR YA 54.9%, 1= THEEIHE (31.4% ). Lactarius
inconspicuous 1 Rhizopogon boninensis RAZ Y2 T B,
{H L. inconspicuous W ¥ I A5 2 Fl 12 Gt K (76.7%:;
32.2% ) T Rh. boninensis (50.0%; 18.1% ). F{F4
BEELHERYA L. atrofuscus . Thelephora sp.2. Tomentella
sp.2. Amanita sp.#1 Russula minor, X 115 & F 1£ %

A HE e B R A R AR, 43 R 3.3%. 6.7%.
6.7%. 3.3% M 6.7%; R. minor W12 Y K I m, N
65.4%, H WK N Amanita sp. (44.5% ) 1 Tomentella
sp.2 (21.5%), T L. atrofuscus I Thelephora sp.2 1
RYAER, HH 1.0%.
2.6 ECMF RFHRE5TIREBUMFREX M
XTSRS (=35% ) 1) ECMF (23R 5 +
S PR AL BT 4T Pearson AHOGHES3#T, Gk 9 i,
e 5 8 o AR T S B ALY R E b (Cu-PmS),
Cenococcum geophilum 12 4<% 5 + 428 (TK) £
EHERAK (P<0.05). 7EBFFHEMAE T KA 1
(Cu-CcS), Sebacina sp2 {7 Y« 5 + 1 pH £ . %
IEAER (P<0.05).
2.7 ECMF REZEEEHAREKIBREX M
XA I A B (=35% ) 1) ECMF R YR 51
AR K AGFR AT Pearson AHSCHE S HT, WK 10 s,

R8 KM THRERIIEMMSBEHNENIMEEREFARS
Table 8 ECMEF in CcS of infected Pm and Cu seedlings

RIS (G2 =S

A
&4 OTUs Detection frequency/% Infection rate/%
Genus
Pm (n=10) Cu (n=15) Pm (n=10) Cu (n=15)
& Cenococcum Cenococcum geophilum 66.7 100.0 8.2 10.1
I 5528 Sebacina Sebacina sp.2 93.3 86.7 54.9 314
A%EE Lactarius Lactarius inconspicuous 76.7 — 322 —
Lactarius atrofuscus — 33 — 1.0
AU B & Rhizopogon Rhizopogon boninensis 50.0 — 18.1 —
W& Thelephora Thelephora sp.2 — 6.7 — 1.0
il b5 % J& Tomentella Tomentella sp.2 — 6.7 — 21.5
188 )& Amanita Amanita sp. — 6.7 — 44.5
21958 Russula Russula minor — 33 — 65.4
R9 SMMEREERFRSHREBUMRMBXMESH
Table 9 Correlation between ECMF infection rate and soil physiochemical properties
s oTU pHIE e il A R A X X7 el
Treatment s pH value TP TK AP AK TC TN
Cenococcum geophilum 0.622 0.456 —0.388 0.509 0.018 0.275 —0.469
Pm-PmS
Rhizopogon boninensis -0.314 -0.215 0.166 —0.072 0.138 —0.231 —0.435
Cenococcum geophilum 0.284 —0.079 —-0.125 —0.189 —0.180 0.050 0.330
Rhizopogon boninensis -0.127 —-0.029 0.206 0.086 —0.089 0.199 0.077
Pm-Ccs
Sebacina sp.2 —0.022 —0.094 0.118 —0.090 0.233 0.089 —0.136
Lactarius inconspicuous —0.190 0.177 —0.209 0.271 —-0.256 —-0.023 0.116
Cu-PmS Cenococcum geophilum -0.074 —0.023 —0.557* 0.378 0.165 0.379 -0.319
Cenococcum geophilum 0.047 0.106 —-0.027 0.074 —0.088 0.004 0.234
Cu-Cces
Sebacina sp.2 0.455* —0.121 0.074 —0.134 0.077 0.154 0.232

* RN FAEP<0.05/K i3 .

* indicates significant correlation at P<<0.05.
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TESRTHEA A T M 13 (Cu-PmS ), Cenococcum
geophilum 17 % 2 55 i &0 HE b T 3R AE Py & 2 W 3 A

* (P<0.01),

R0 IMEEREARRESEAERENHEXMSH

Table 10 Correlation between ECMF infection rate and seedling biomass

s oTU W EFE RFE R MR R HRARH
Treatment s Shoot dry weight Root dry weight Root length Root surface area Root volume Root tips

Cenococcum geophilum —0.099 —-0.095 -0.199 —0.065 —0.150 0.150

Pm-PmS
Rhizopogon boninensis —0.068 0.006 0.028 —0.053 0.037 0.020
Cenococcum geophilum —0.321 -0.325 —0.137 —0.337 -0.367 —0.304
Rhizopogon boninensis 0.098 —0.088 -0.12 -0.015 —0.026 —0.102

Pm-Ccs
Sebacina sp.2 —0.149 —0.027 —-0.324 —0.043 —0.020 0.117
Lactarius inconspicuous 0.088 —0.038 0.350 0.003 0.045 —0.139
Cu-PmS Cenococcum geophilum —0.687** —-0.229 —0.370 —0.226 —0.200 —0.045
Cenococcum geophilum 0.056 —0.047 —0.074 —0.020 0.064 —0.079

Cu-Ccs
Sebacina sp.2 0.192 0.004 —0.275 0.152 0.253 —0.220

*RIRA RAEP<0.017KF 83

** indicates significant correlation at P<<0.01.

3 bt

ECMF J&JT A AR EL s PR o £ 9™
Y15 ECMF &R b A SC RIS, AH Y i 7 22 M\ 4 3
TR K 4y FVE SR 5T, 1 ECMF DA F2 A4 T gk
& = W UK & T A R,
ECMF X fig A 4 FA o 20 ) e % O o, HLXOE:
— AN KA e A R e R Y R, R
ECMF X} 1 A6 ) 1) 2o A= R FRPE AT, DAY 5
AR AEFEAR KR b2 318 YRy sEm . HAp
AT HBER 1 — L5 e g AR A A ECMF 3t 4= 1
K2, HIR5E M EAEY) X ECMF B & 19 52 i 2 ifF 5
ECMF S s N2 . ik, AR50
AN [ B8 T 500 A R A o ) B sk, AR AN W) AR
AT ECMF Xf 1 £y EFErE, JFd i - 55 5045 05
FIE A A KA R SE 24> A B2 R 0 A FL 3 il 22 5 1 it
B, X4 5 R SE R B Z PR LR HLN . AR T
FRER . BV R A SR AR EEE L

ARG, Cenococcum geophilum . Rhizopogon
boninensis Fll Tomentella sp.2 *h T & #1513 F1 K g +
AR ECMF; Horb, C. geophilum AMUAFAE T M
AR AR -3 b, I HUE BB S D R A % 6 e A vy At
ARFR, BT IEMEARERE, AREHFRRE
B, C. geophilum j2 3R FRA 35 R G0 b e 7 UL A A TR
REH, BB HEAT 2SI, BEfg SHEAR]
( Betulaceae ) . 5¢3}-8l ( Fagaceae ). #A%} ( Pinaceae )

SEIE UM AR, HEAA R A B M BT 2T B
I, AT TR ERZ —, AEME T
WUAE - HEAR FR A pH {E RS 7 o3 A R Y R
BE AT 8 20 R A A e 9 0 R 1 R
., C. geophilum & W] LA =i 16 FAE YR E 574 BT Fl
KA CRE ), R R ARG, HRBTR S
frapsa e RAEABE G R, R AR AR R
B HERRER C. geophilum W12 Y38 5 1 b1 5 1
FAC ., X REE N B R R rh i SR o
BFEMRTOREE L3, IR BN S AL L3,
% B T 0 A B B OK AL W S W LR R A B A
£, HD T 0 C geophilum W%, TiEKILE
Wy 2 A R A 0 TR AR LT R AR R R R Y 2O
A, B S AR S A S KL S W2,
EMF {2 Y A5 fT (AR, Rh. boninensis % 1¢ 75T
PR AS 6] AR AR - v, (B X 5 e A HAT #5001 328
PEVE,  ELAE KA 1038 b AR 3 2 AR G 43T 4 B I i
TSREM T, BOKEEM T 9 Rh. boninensis 118
TATREYR BT Y S R AAAK, JF HARE#STE b K
WAFEG o ELMEMIFSEH, ZIEE 8 ( Rhizopogon )
PEUE RS iHR Fh e LR ECMF, J2 B i i e B
AFE AR, BB RRE -TENSHY
e, WFEREEIE e SR CT, HEEE ( Thelephora )
L %58 (Russula) (R [7) ECMF it % £7- 1€ T P
dsgerh, B RXBE R A R, ARSI
YRR R Z 004 T AR 58 - R4S B R R
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N ST TEAN e R T B i B S N R e e
Z_‘[38-39]O

AW EE SRR, D EM 5 ) ECMF 5 il
TR e Sy ARSI, 1 KRG AT £ 580 ECMF 11
165 1] F 4= Y [\) Ry 5e S Bk A0 s A 4 5 (R R A 4
A ¥ 5r ECMF X i g fE H A S P60, oK RE 3
WAFAE HZ YL o B A () ECMF, X 2 ECMF 1] fE>
F H AL FE ) ECMF 87 3E 88 5 KA H 3R R ]
15 FAEY) S5 H Sorensen AHAIMEFE S & T S E M
3, £ DR 1 HEAY ECMF A1 X T K hif +
e, XA FAAY R E . ERNES RS
i, ECMF K#E R EZ/EH, AW ECMF B #% J& i
F ECMF 5715 E£AHY . HALRUAE Y DL R T2
[ AH B ERE . A E P45 5 . T ECMF 5P 2
[ A A B e B, 20T ECMF XFA 5118 R HEY)
PR T RS A T B S 1 195 A L A
B Wi e e i AR A5 FA G, fER AR BR +
Herp AP AR UEY . BCMF 515 £ Y E
B 5 2R T A ST AN AR RS A BEAR AR R T 1Y
SFAE S, HIk, ECMF %78 E 4 10 1 P v R
A2 A 25 R G A W] L A &5

K4 ECMF W4 i i sh &R A7 T L3, [
It, ECMF (15 e — 2 P2 B &2 33 £ T
e B IR I RE R, T A A W 23 oy U [ B AR
R4k 5 e - HE A ME ARG ARG, o A AL
RT3 H Ak . RS RI, MR e] LU i
S - PR A Aok U g R Rt T+
B ) O R R 2 5 A L 4 i R
FEo B AR A R AR L R R R R A A
J&i, % ECMF Ry YR LB AR AL, +
Berp 324y & B R Rt 2 B 0 ECMF [y 364, 3@ ad
5 8 A R A A 0 1 A ORI B R Ay
R BUAKREAR T 39658 50 LA B4 B i A A9 A KRS
TH R, 5D REM +H ECMF F & & |
Shannon 2 FEVETE B Sinpson 5 3 B 15 B0 20 1 W =
FokbE 8, ULBHFR O R ) 3 ECMF 1Y
LMK, Smit 25 HL O #F 5T £ B 3 e 3R
5y 2 M ECMF B 22 9 4 4 DT 5 m H 5 4
RS AT gE b, MR 4 pH (A4 2 25
REhsamRYE (4.5~4.8). pH{EREW M ECMF Y
AR R 2 AR, OF HRBUE AR 1E F AW S
ECMF A 8l /8 , M2 e ECMF 5 1 E4E Y 1Y
e 0T 55 R U L 50 4 ECMIF AR K19 pH
o v B AR Y pH {E #8 A Al T ECMF 11 2 Y 1 %
T TERE, KRR TD R 0 RS A K pH LK

SRR M, v UL ECMF 5 4 Fh 1 248 90 35 AH U A
K fil pH H, VA S AN SOoRBE R 7e it L5 rh 2R
KAl i 5 ECMF fiy 3t 5670,

TERMAESRRG T, ECMF (&5 82 G &
P BIATE . ECMF H 5 094 W22 50 DL i 78 +
HEr AT 2= Fayse . Rk, MR 18 £ K&
A K ) AR Ok R B S Z 24 B ECMF,
S PR M A B, N ARR T A AR, IR RER A A
DR A TR s L KAk . i Tzl B A=
W, JFEJE X B A ZRARSEA T 0 A, I BRI R
A SRR T B A 0 554, (B 5 AR ST ECMF XA
18 R IR T34 T I S %
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