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Optimization of culture conditions for three edible Lepista mushrooms

ZHAO Bing-Hao' LIU Hong® GUO Li-Jie' FANLi"
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Abstract: [Background] The strains in this study were respectively isolated from the wild edible fungus
fruit-bodies of Lepista irina, L. panaeolus and L. nuda, which were collected from Guancenshan and
Waulushan Mountains in Shanxi province. [Objective] To obtain their optimal culture conditions on mycelial
growth. [Methods] The effects of different carbon sources, nitrogen sources, carbon-nitrogen ratio, pH and
culture temperature were studied by using mycelial growth rate as an indicator; according to the
Box-Benhnken center combination based on the experimental design principle, the three-factor and
three-level response surface method is used to determine the optimal culture carbon source, nitrogen source
and pH for the mycelium. [Results] The mycelium growth rate of L. irina reached 1.13 mm/d under the
optimized culture conditions of glucose 20.9 g/L, potato 196.47 g/L, pH 6.0 and culture temperature 21 °C;

Foundation items: National Natural Science Foundation of China (31750001); Beijing Natural Science Foundation (5172003)
*Corresponding author: Tel: 86-10-68902964; E-mail: fanli@mail.cnu.edu.cn

Received: 04-01-2019; Accepted: 24-04-2019; Published online: 27-05-2019

ELWR: EEARBAIESE(31750001); LGt HARI-IES(5172003)
*BIS1EH : Tel: 010-68902964; E-mail: fanli@mail.cnu.edu.cn

WiSHHEA: 2019-01-04; FEZHE: 2019-04-24; WMEE % BHA: 2019-05-27



2446 A 2 A

Microbiol. China

the maximized mycelium growth rate of L. panaeolus was 0.73 mm/d under mannitol 17.4 g/L, yeast extract
8.1 g/L, vitamin B 0.1 g/L, K;HPO, 2.5 g/L, MgS0,4 2.5 g/L, pH 7.9, 25 °C; L. nuda in potato 200 g/L,
soluble starch 20.5 g/L, KNO; 2.1 g/L, K,HPO, 2.5 g/L, MgSO, 2.5 g/L, vitamins B 0.1 g/L, pH 7.0, 25 °C
reached the maximum mycelial growth rate of 2.38 mm/d. [Conclusion] The optimized culture conditions
for three strains of Lepista will provided the data for the introduction and acclimatization of wild edible

fungi.

Keywords: Fungus, Lepista, Response surface methodology, Optimization, Culture conditions
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Table 1 Test media formulation

e e Wi
Media No. Composition
1 NaNO; 3.0 g, KC10.5g, FeS040.01 g, Ko;HPO, 1.0 g, MgSO, 0.5 g, REME30.0 g, B 20.0 g, &K 1L

NaNOs 3.0 g, KC1 0.5 g, FeSO4 0.01 g, K;HPO4 1.0 g, MgSO4 0.5 g, sucrose 30.0 g, agar 20.0 g, distilled water 1 L
2 AR 2%, EEAM 0.2%, BE4EAE 5x10° g, 0.1% K.HPO,, 0.05% MgSO,, 0.046% KH,PO,, fE 20 g,

MK 1L
Glucose 2%, peptone 0.2%, VB 5%107° g, 0.1% K,HPO4, 0.05% MgSO4, 0.046% KH,PO4, agar 20 g, distilled water 1 L
3 I 20.0 g, BEEETF 5.0 g, BEYEAEZ 0.1 g, KoHPO42.5g, MgS042.5¢g, Fiflg20.0g, ZiEK 1L

Glucose 20.0 g, yeast extract 5.0 g, VB 0.1 g, K;HPO4 2.5 g, MgS04 2.5 g, agar 20.0 g, distilled water 1 L
4 +77.200.0 g, Hi%HE20.0 g, Bl 20.0g, AWK IL
Potato 200.0 g, glucose 20.0 g, agar 20.0 g, distilled water 1 L
S +77.200.0 g, ZZFT 0.1 L, A4 20.0g, HilE20.0g, ZEMAK 1L
Potato 200.0 g, wort 0.1 L, glucose 20.0 g, agar 20.0 g, distilled water 1 L
6 +.200.0 g, #%HE20.0 g, BIE4EAZ 0.01 g, KH,PO,3.0g, MgSO,1.5g, Hifl8200g, ZEMK 1L
Potato 200.0 g, glucose 20.0 g, VB 0.01 g, KH,PO4 3.0 g, MgSO4 1.5 g, agar 20.0 g, distilled water 1 L
7 +.200.0 g, %8 20.0 g, BEREE 5.0 g, B E4EA2 0.1 g, KoHPO,2.5g, MgS0,2.5g, 5ifl8200g, ZEMK 1L
Potato 200.0 g, glucose 20.0 g, yeast extract 5.0 g, VB 0.1 g, K;HPO,4 2.5 g, MgSO,4 2.5 g, agar 20.0 g, distilled water 1 L
8 +5 200.0 g, #i%HE20.0g, HEEMK 10.0g, BG4 0.01 g, KHPO,3.0 g, MgSO, 1.5g, Bil§20.0¢g, Z&MK 1L
Potato 200.0 g, glucose 20.0 g, peptone 10.0 g, VB 0.01 g, K,HPO, 3.0 g, MgSO,4 1.5 g, agar 20.0 g, distilled water 1 L
9 FRIZ 50.0 g, HZHE 20.0 g, KHPO,3.0 g, KoHPO43.0 g, MgS042.0 g, Fifif 20.0 g, z%4M/K 1L
Bran 50.0 g, glucose 20.0 g, KH,PO,4 3.0 g, K;HPO, 3.0 g, MgSO4 2.0 g, agar 20.0 g, distilled water 1 L
10 KK 40.0 g, FERE10.0 g, FHMK20.0g, ZEMAK 1L
Corn flour 40.0 g, sucrose 10.0 g, agar 20.0 g, distilled water 1 L
11 FURE 200g, HEFM1.0g, #%HE200g, HE200g, ZE@KIL
Malt extract 20.0 g, peptone 1.0 g, glucose 20.0 g, agar 20.0 g, dlstllled water 1 L
12 #kE2 50.0 g, Hi4HE 30.0 g, WERFE 5.0g, BIE4EAEZ 0.1 g, KoHPO,2.5 g, MgS0,42.5g, Hil§20.0g, Z&18/K 1L
Bran 50.0 g, glucose 30.0 g, yeast extract 5.0 g, VB 0.1 g, K;HPO4 2.5 g, MgS0O4 2.5 g, agar 20.0 g, distilled water 1 L
13 FAH 40.0 g, HEGHE30.0g, BEREE 50, BE4EA% 0.1 g, KHPO,2.5g, MgS0,2.5g, Fifl§20.0g, 7&8K 1L
Corn flour 40.0 g, glucose 30.0 g, yeast extract 5.0 g, VB 0.1 g, KbHPO, 2.5 g, MgSO,4 2.5 g, agar 20.0 g, distilled water 1 L
14 T2 1500 g, #%5HE 30.0 g, WEREE 5.0 g, B E4EAEZ 0.1 g, KoHPO,2.5g, MgS0,2.5 g, Biil§20.0¢g, 788K 1L
Dry cow dung 150.0 g, glucose 30.0 g, yeast extract 5.0 g, VB 0.1 g, K,HPO, 2.5 g, MgSO,4 2.5 g, agar 20.0 g,
distilled water 1 L
15 T4-2£150.0 g, 15 200.0g, %k 20.0 g, HilE20.0g, ZEEK 1L
Dry cow dung 150.0 g, potato 200.0 g, glucose 20.0 g, agar 20.0 g, distilled water 1 L
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Figure 1 The colony diameter of three strains of Lipista cultured in different based medium for 15 days

TE: A WEFE; B: BREE; C: ¥THE AR/NGTFEUREA Z Y 2225 (P<0.05).

Note: A: Lipista irina; B: Lipista panaeolus; C: Lipista nuda. The diferent letters represent signifcant diferences between samples (P<0.05).

B2 #fiEREEREEMERE LMEERS
Figure 2 Colony morphology of three strains of Lipista on the optimal based medium
TE: A: 4 SEFRIE BN GEFE; B: 3 SR EIREREAE: C. 7 SR L THE.

Note: A: L. irina on the fourth number medium; B: L. panaeolus on the third number medium; C: L. nuda on the seventh number medium.
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Table 2 Effect of different carbon source on the rate (mm/d) of mycelium

TR I bl 2k s AR Hiwme
Lepista Glucose Fructose Maltose Sucrose Soluble starch Mannitol
A 0 7 2.244+0.184d 1.756+0.111b 1.656+0.101b 2.200+0.185d 1.511+0.184a 1.889+0.222¢
L. irina
TAEARE 7 i 1.644+0.184c¢ 1.222+0.219b 1.444+0.294¢ 1.167+0.192ab 0.978+0.229a 1.667+0.133¢
L. panaeolus
Ryl 1.844+0.184a 1.811+0.129a 2.700+0.192¢ 2.71140.111¢ 2.733+0.192¢ 2.533+0.333b
L. nuda

TE: Bdleh 3 EER I EMAR R, [RISIERE T R NE F-RE20R 28 57 B.35(P<0.05).

Note: The data is the mean and standard deviation of 3 replicates, the same lowercase letters after the same data indicate significant

difference (P<0.05).

SRy

L. irina

TR A

L. panaeolus R

TR
L. nuda

B3 BRFRAEDHLEROEELS

Figure 3 Colony morphology of test strains in single factor test

W A BRI B: LHA; C: 60:1 A LL; D: pH7.0; E: 21°C; F: HEEERE; G: WA-FEE; H: 40:1 BRALL;
I: pH8.0; J: 25°C; K: FIIEVEVERMIR; L. AHERHIAUE; M. 40:1 k& ; N: pH8.0; O: 25°C.

Note: A: Glucose carbon source; B: Potato nitrogen source; C: C/N 60:1; D: pH 7.0; E: 21 °C; F: Mannitol carbon source; G: Yeast extract
nitrogen source; H: C/N 40:1; I: pH 8.0; J: 25 °C; K: Soluble starch carbon source; L: KNOs nitrogen source; M: C/N 40:1; N: pH 8.0; O:
25°C.
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3 FRREX R E R E 2 KR E (mm/d) B0

Table 3 Effect of different nitrogen source on the rate (mm/d) of mycelium

FEE TR TR HIREN fiH R P [E258=1 EFR
Lepista (NH4)2C204 (NH4),SO4 NaNO; KNO; Yeast extract Peptone
A 8 7 0.744+0.094a 0.811+0.111a 1.444+0.194¢ 1.578+0.101d 1.300+0.192b 1.478+0.101cd
L. irina
A A 0.711+0.111b 1.317+0.096d 0.611+0.194a 0.700+0.192b 1.644+0.184¢ 1.056+0.111¢
L. panaeolus
BT EE 2.200+0.192¢ 1.344+0.188a 2.522+0.113d 2.700+0.192d 1.844+0.184b 2.633+0.109d
L. nuda

TE: il 3 W P EMBRER , RSB 5 ToAf Rl NG PR OR 22 53 .35 (P<0.05).

Note: The data is the mean and standard deviation of 3 replicates, the same lowercase letters after the same data indicate significant

difference (P<0.05).
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3, UGB PR ORI 14318 10, RE 1 AH X8
2.6 ARLEEX 3 MKERERZLEKEERNZI
gER(FE 6, W 3R, ROFENELE
21 °C A KR, BN KL, W5, R,
KAWL KN, BIRAMG, BEERENT &,
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R4 REBRE LI E PR A B 2 R AGE E (mm/d) B 220
Table 4 Effect of different C/N on the mycelium growth rate (mm/d) of the tested strain

FHR 5:1 10:1 30:1 40:1 60:1
Lepista
Rk 0.000+0.000a 1.067+0.192b 1.189+0.129b 1.456+0.222¢ 1.478+0.144c
L. irina
TX 8 7 e 0.329+0.008a 0.629+0.008b 0.876+0.037¢ 0.914+0.016¢ 0.862+0.017¢
L. panaeolus
LT R 0.706+0.147a 1.144+0.056b 1.156+0.042b 1.21740.192¢ 1.150+0.096b
L. nuda

T Bl 3 WCEERSFIEMBRERS , RSB0 J5 TORH IR NG T EEROR 22 53 B35 (P<0.05).
Note: The data is the mean and standard deviation of 3 replicates, the same lowercase letters after the same data indicate significant
difference (P<0.05).
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£S5 AFE pH MEIRE R E L% KIEE (mm/d) R E2 0T

Table 5 Effect of different pH value on the mycelium growth rate (mm/d) of the tested strain

IR

5.0 6.0 7.0 8.0 9.0

Lepista
A {0 7 1.178+0.122a 1.700+0.092b 2.233+0.082¢ 2.033+0.092¢ 2.056+0.101d
L. irina
A A 1.133+0.092a 1.356+0.125abc 1.478+0.128bc 1.644+0.101c¢ 1.244+0.189ab
L. panaeolus
LT 1.167+0.177a 2.033+0.194b 2.256:0.194¢ 2.344+0.101¢ 1.933+0.102b
L. nuda

T Bl 3 WCEERSFIEMBAERS, RSB0 5 TORH IR NG T REROR 22 53 B35 (P<0.05).

Note: The data is the mean and standard deviation of 3 replicates, the same lowercase letters after the same data indicate significant

difference (P<0.05).

%6 REIEE R B B L A KR (mm/d) BB

Table 6 Effect of different temperature on the mycelium growth (mm/d) rate of the tested strain

HEE R

21°C 23 °C 25°C 27 °C 29 °C
Lepista

Rk 2.500+0.092d 2.333+0.092¢ 2.244+0.184b 0.000+0.000a 0.000+0.000a
L. irina

A A 1.022+0.149a 1.267+0.092b 1.644+0.184c¢ 1.000+0.109a 1.069+0.109a
L. panaeolus

TR 1.022+0.094a 1.056+0.176a 1.844+0.184c¢ 1.356+0.122b 1.133+0.092a
L. nuda

TE: il 3 YR P ERBRIEE , RIS B 5 TOAR R) /NG 7 BEOR 28 53 2. 35 (P<0.05).

Note: The data is the mean and standard deviation of 3 replicates, the same lowercase letters after the same data indicate significant

difference (P<0.05).

AR T A AR E IR 25 °C, B
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3 BRELIA PSR AL R Tt S 45 F AR 1
KDL 7. B3 8 19 Box-Behnken iR 561511 A2 i
MAETFT AL, WO BEREERE . £T /BN
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BRI Xy, X7, X7, BEREBEEREN X, X,
XX XoXs. X0 Xt XD AT BRI X, |
Xi XiXo, XiXs, XX, X2 X' XD HIAEI B
IKA(P<0.05), IR Lack of fit /st

PRI S50 R, Bl 3 22 5k
JE o ARSZIG TR ER Y 3 PP AR R S LI P Y
KT 0.05, RUAEE, WHIIRUNRAAE

i Design expert #FHrA5 2 47114 B ) Ik
M 37 1A [T 5 5 R
*7 HEEBEFREFHRAHERMATE

Table 7 Factors and levels of fungal culture conditions
optimization

TR Ity B5ES IKE Level

Lepista  Coding Factor ﬁ

A A Xi #%F¥ Glucose (g/L) 15 20 25

L. irina X> 4 H i Potato (g/L) 150 200 250

X; pH 6.0 7.0 8.0

DR A B X1 H#EBE Mannitol (g/L) 15 20 25

L. panaeolus  X> J#1}E Yeastextract (g/L) 5 10 15

X;  pH 7.0 8.0 9.0

T Xi ALEPERER 15 20 25
L. nuda Soluble starch (g/L)

X, KNOs(g/L) 1 2 3

X; pH 7.0 8.0 9.0
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% 8 Box-Behnken {35 i& it & N &
Table 8 Box-Behnken test design and response value

S B2 AR PEE a2
G5 Factor Mycelial growth rate (mm/d) Fitted value (mm/d) Fitting error (%)
Number Tl . R pH A B c A B c A B c
Carbon source Nitrogen source
1 0 0 0 1.12 0.72 1.92 .12 072 1.96 0.00 0.00 2.04
2 -1 1 0 091 0.66 0.91 090 0.65 0.86 -1.11 -1.54 -5.81
3 0 0 0 1.10 0.73 1.96 1.12 072 1.96 1.79 -139 0.00
4 1 -1 0 1.01 0.65 0.65 1.02 066 0.70 0.98 1.52  7.14
5 0 1 1 1.03 0.65 0.77 1.03 066 0.81 0.00 1.52 494
6 -1 0 1 0.94 0.69 1.11 095 070 1.12 1.05 1.43  0.89
7 0 0 0 1.12 0.72 2.00 1.12 072 1.96 0.00 0.00 —2.04
8 0 -1 -1 1.08 0.69 1.80 1.08 068 1.76 0.00 -1.47 —2.27
9 0 0 0 1.13 0.72 1.96 1.12 072 196 —0.89 0.00 0.00
10 1 0 -1 1.09 0.68 2.04 1.08 0.69 2.03 -0.93 1.45 —0.49
11 0 1 -1 1.07 0.69 1.96 1.06 070 1.96 —0.94 1.43  0.00
12 0 0 0 1.11 0.72 1.97 1.12 072 196 0.89 0.00 —0.51
13 1 0 1 1.10 0.69 0.90 1.08 0.68 0.84 -1.85 -147 -7.14
14 -1 -1 0 0.99 0.71 1.42 097 072 140 —2.06 1.39 -1.43
15 -1 0 -1 1.00 0.71 1.89 1.02 072 195 1.96 1.39 3.08
16 0 -1 1 1.05 0.71 0.89 1.06 070 0.89 094 -1.43 0.00
17 1 1 0 1.01 0.68 1.35 1.03 067 137 194 -149 146

I A: WEOFE; B: BERTE; C: ¥THE.
Note: A: Lipista irina; B: Lipista panaeolus; C: Lipista nuda.

®9 MEE MR ESHR
Table 9 ANOVA for response surface quadratic polynomial mode

P A DR AT S ETHE
Source df L. irina L. panaeolus L. nuda

F-value P-value F-value P-value F-value P-value
X 1 40.00 0.000 4 14.06 0.007 2 6.91 0.034
X 1 3.54 0.102 1 18.36 0.003 6 2.40 0.165
X3 1 4.21 0.079 4 2.58 0.152 1 734.37 <0.000 1
XX 1 3.74 0.094 4 36.72 0.000 5 133.07 <0.000 1
XX 1 2.86 0.134 5 5.16 0.057 3 11.78 0.011
XX 1 0.058 4 0.8159 20.66 0.002 7 7.13 0.032
X’ 1 63.77 <0.000 1 37.69 0.000 5 214.97 <0.000 1
X’ 1 30.31 0.000 9 71.76 <0.000 1 389.98 <0.000 1
X’ 1 0.088 6 0.774 0 9.19 0.019 1 16.00 0.005 2
Lack of fit 3 6.35 0.053 1 6.35 0.053 1 6.49 0.0512
Model 9 17.17 0.000 6 25.29 0.000 2 174.22 <0.000 1
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WA FE K. Y, (mm/d)=—0.492+0.976X,+ 13.977X,+1.633X3+6.05X, X>,—0.18 X, X3—0.7.X, X3~
2 2 2 2
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0.278X,+0.152X:+0.08 X, X2+0.015X,X5-0.03X,X,—  FHUEAT I/ ma iz i o3 A &1 (B 4), e nT AN
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Figure 4 Response surface analysis
H: A-C. D-F. G-I/ hREAEE, BEREEE, KTHEENN. ). K. X5). (G )R,
Note: A—C, D-F, G-I are stereoscopic analysis diagrams of (Xi, X3), (X1, X3), (X2, X3) of L. irina, L. panaeolus, L. nuda, respectively.
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MR Ry W, BEE R R IR B R TR, 2K
HESETHE R, MR EA, WELEERR
F, MW 2AERKEEBARMESE pH MREIE 2
P, (MRS, K 4D-F SR, BREENT
TR A A IS (1) TR 22 1E K R B R A Ol R, Bl
HWE A, WA EERZ SE, B
HAEHAER W, KA A KRS pH WF-5
BT, FEIk B S B GE AR
LI pH X BERE 7 1 0 22 A K A — S 52
M), o 137 TR PRI BE V- 22, U] pHL X BERE
B I TR 22 M A R Y s KK T AR R R R .
4G-T W, BRADEXNTEE T35 I 22 A K BT 1) 5¢
MR B, IF H B s BAE MR 2, TR
22 KR EREE pH MREIRZ S BT R4
BE, ULRH pH 58T 5 o 11 22 A R BE S oy
IR
29 MILEMBREEFEEEIRIERE

M VAL ZE R, AR R SR Ry
RBEFe sty +5196.47 g/L . HZHE 20.9 g/L.
pH 6.0, F5FRESE 21 °C, HARIHIHEF 2 H 54K
BN 1.13 movd, FAERIREER K 1.17 movd; 5E
B HEREE 174 /L. MR 8.1g/L. BIR
HdeH2 0.1 g/L. KoHPO, 2.5 g/L. MgS0,4 2.5 g/L .
pH 7.9, RiFRIEEE 25 °C, MERIFHEE 22 H ¥4
KR 0.73 mmv/d, FouFiEE45 R 0.80 mm/d;
STHREE N, 15200 g/L. ATIEERER 20.5 g/L.
KNO; 2.1 g/L. K,HPO, 2.5 g/L. MgSO, 2.5 g/L,
B k4% 0.1 g/L. pH 7.0, BRI 25 °C, #
BRI 22 H A K BE S 2.38 mm/d, Bk
LR 2.17 mm/d, BAR, FOTEIES R AT
T 25 A — 3
3 W54

I = T | EL R SR R AR B o
PR PR T H A (L. nuda)®' . IE G B (L.
sordida)"™™™ | AFEBE(L. caespitosa) T IR L T
(L. glaucocana)™", 45 JTE 18 7 15 1 15 -0 98 K

DLACER, AN SO0 T YOG SR A 0 B 22 AR R R
TS LI E RN, 5 HAE IR &R
B, BERE A 0 T8 22 R mT DL H 2%
FESI(PH 7.9 RIFAEK, 2R T A
AT B T LR B SR AR P A AL

A 5 P B A 1 SR P ST AL T ) 2 g o
A6 PR LT S X PR €8 B R A 7 1) 0 5 R
Kige, RIS AERIE R ol AP e b (P 22 A Kl
i 3.43 mvd), A WERIREL . il pH o 5.0, T
AR SIZI0 1) PR 00 7 TS R R 1) e i U A ) 2 W (P 22
AR 2.26 mm/d), X AT PETEN R BE 15
Z(E22 A K#E 1.51 mm/d), HEHERE N+
&, fid pH oM 6.0, XEELERFH, Sk [ OR[E] U
14 PR €87 R I SR A 7 R 0 O R 28R 1 75 2R
AIRBAATE R 22 55, Sk — 20 e B ) 6 7 B 1Y)
RSP RIT SR DIk B At T SR A 3

ST (1) 3% IR R R 0 T Ak 1 F 9% AR R
EHATHZ T, . X2 E" % ey FH
Uy BLI 58 T T 22 R I 1 B A U 4 R
VR MR . 0l pH N 5.5; el
BT MR LA 8T B T 22 AR R 1 e A R
DRy B ERENE IR EE R | 18 pH 7E 6.0-7.0, i
AAIRIE Ry 25 °C; ARIGEENTR BT MR AR R E IR R
PR TR N A A R R AR A
JA R Bl pH (N 6.0, FIEIRE A 20 °C;
SBEFE SRS T AR SR X A ] R R T
AR 58 T A B TR 22 AR K i, RIS
TR RENE . Tl JIR R . il C/N
20:1, FRIEIREEN 24 °C. £0id pH N 7.00 ALK
KB T A B A 22 A K R e AR AR R 43 30 A ]
VRN SRR AT . feid C/N A 40:1, 3&H pH 7E
6.0-8.0, FoEIEE R 25 °C. AR, A H A H
()58 T A B FLAE AR IR A IR I % B 22 AN K,
XoF B v R R 19 3 I 9 R AR A R e, ad AR
TR REAHT 5 A SE B0 A P A6 TC ML LR 1 A1 47 F
BHLEEGEE 3), 7E590 . k. SR ST
BUEREAr, XA — e R R R, T
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T 1 X A AT AR A5 3
AR B v T

BEAh, AL IR, A0 I R B A
FEP ARG K5 7% 38 _E 1 TR 22 A4 A B AR LA 5 7%
2§ﬁﬁﬂﬁmﬁiﬂﬁﬁiﬁ%£%ﬁ%$ﬁi
FEAMFTR A Tl RR e, FRAT TSRS R 224 o B BT
ﬁTW%ﬂ% DRI A A 17 T AL S P )
SARE R TR SR RS, R IAE R B K
BT RRE, Gn: REFELE pH i 6.0 BRI 22 H Y
AR EE A 0.768 mm/d, 52 FiE LR Z AR R A
K 1.700 mm/d (3R S)FE(IR T 0.932 mm/d; BEFH
FEETE pH iy 8.0 B H A K E N 0.661 mm/d,
2 A IR A K U 1.644 mm/d (R 5)F%
X7 0.983 mm/d. 5 T & BRI AL G Ry R 5 LAY
22K R TR IR L, IR R E R 5
B9 N 22 A KRN, i pH 7.0 22 H
YA K B R 1.670 mm/d , B8] B R 2R 50 1Y A
K 2.256 mm/d (£ 5)FEAR T 0.586 mm/d. X
%%%%&ﬁ%%ﬁi%ﬁﬁkﬁ¢%*mﬂT
Bk, AAFPFERARICFREEARN, PO EMEE
R I R AL R AR R, 58 T A B R A
FHXT RS . TRAERAE R S & A = W E LY

WRE ST, HAT SR

JEERHU, AT IR A SR AT AT BB LA R A BT
PE PR I CHAG R P, A7 SRR AL A S5 R

HETZ N FESEFRILTAR | WA B0
Z5 A S KR PR R AR TS 1T BT
AL I G A S22 ARG B 280 v HE 4% 1
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