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Spatlal Predlctlon Modellng fbr Sd'il pH Based on Multlscale *Geographlcal Welghtedx

Regression MGWR) and Its Inﬂuencnig Factors f. o o

ZHAO Ming- song1 2P , CHEN Xuan- qiang'**), XV Shao-j -Jie ',J QIU Shi-gi't, WANG Shi- hang
(1 Selfool ofy Ceomatlcs Anhm University of Science 'and Technologv Hualnan 232001 China; 2. Key Laboratory of Aviation-aerospace-ground Cooperative Monitoring and

o

Early Wammg of Coal 'Mmmg induced Disasters of Anhui Higher EdU( atlon Insmuté's Huaman 232001, China; 3. Coal Industry Engineering Research Center of Collaborative
Monitoring of* Mlnlng Area’s Environment and Disasters, Huainan 232001, China)

Abstract: ';\nhui, Henan, Jiangsu, and Shandong provinces were selected as the study area. A total of 599 soil samples and nine environmental factors of soil pH were
collected. The spatial distribution of soil pH was modeled based on multi-scale geographically weighted regression( MGWR) , mixed geographically weighted regression( Mixed
GWR), geographically weighted regression(GWR) , and multiple linear regression( MLR) models. Then, the spatial difference in the effect of environmental factors on soil
pH was revealed using MGWR and quantile regression models. The results showed that: (D) soil pH showed significant global and local spatial autocorrelation at different spatial
distances, and the clustering characteristics were obvious. ) The MGWR model was the best among the four models, and the Ridj of MGWR, Mixed GWR, GWR, and MLR
were 0. 64, 0.62, 0.59, and 0.48, respectively. The residual of MGWR had the strongest independent distribution and the weakest spatial autocorrelation with a global
Moran’s I of 0.07. ) Three types of GWR predictions showed that the spatial distribution of soil pH decreased gradually from north to south in the study area, with the highest
in northemn Henan and the lowest in southern Anhui. @ MGWR modeling results showed that there was strong spatial heterogeneity of mean annual precipitation ( MAP) ,
multi-resolution valley bottom flamess( MRVBF) , and elevation affecting soil pH. MAP had a stronger effect on soil pH in northern Jiangsu and most parts of Shandong. The
positive effect of MRVBF on soil pH was stronger in northern Jiangsu and western Shandong. The negative effect of elevation on soil pH was stronger in northern and central
Jiangsu. &) The quantile regression analysis showed that the mean annual precipitation had a significant negative effect on soil pH at different quantile levels of soil pH, and
influence intensity decreased with the increase in pH quantile level. MRVBF had a significant negative effect on soil pH at a low quantile level(# =0. 1 to 0.4) but had no
significant effect on soil pH at a high quantile level(6=0.5 to 0.9). These resulis can provide an important reference for mapping soil properties and analyzing its influence
factors based on the MGWR model in large regions.

Key words: soil pH; multi-scale geographically weighted regression(MGWR ) ; mixed geographically weighted regression; quantile regression; digital soil mapping
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Fig. 1 Location of study area and soil samples
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1.3.4 R HBLINALIAT (Mixed GWR)

Mixed GWR 4 iy B A% 55 1 4505 14 1128 B4 Oy
Jt A i HARE A Ry i, AT

I
Y, = By (u,;,v;) + Zﬁk(ui’vi)xik + Z'ylziz + &
i=1 i=1

(6)
A, 2, FEHARERIHRE y, WA, 2R
ARt 5 A5G [ AR R () 2R 50— R A & SR Y R AR
ABHR SR L5 A (5) AR Mixed GWR
Mﬁ?ﬂi/\ﬁﬁrDXTIWE'E’H’EFH&FT*WFEiﬁW
PRFRIE R | RO T 4 s i, TR A 1 8 BX

%E’JVEFHM‘F@% ltﬂuﬁTﬂWc J”M/Ejy%iﬁ
1.3, 5 yﬁr“iﬂiibmlﬁua(McWR) &
"MGWR Ea’a‘%aﬁrgﬁlﬂ‘rafﬁﬁﬁ JEJR'

B AU Il e B R e ﬁﬁ{iéﬁ%fiﬁﬂ‘
iﬂﬁﬁnT%Wﬁ” ] FETE MGWR FP/AN itizﬂT

/ 9” —ﬁo(‘u 7)>+ ZB“(M 0% +,

f‘#‘ (G, v,) W /I\#'EE’J S ARy, A, N
A A AR AR TE | LM By (uy, v,) AT
ﬁwhwkm%ﬁm,qﬁ%MméﬁJ%mm
v,) AR E T B8 bwj G 8925 A & 0 L2 5 A
H A5 1 Y 0] ZR L
1.3.6 KA
BERURGEVE O 1 FH LR 4845 : Lin [Q— S0k Py
VAR 2 %0 (Lin’s concordance correlation coefficient,
LCCC) | “FH4a %} 1% 7 ( mean absolute error, MAE) |
Y/ MR1% 22 (root mean square error, RMSE ) DA A ¥
B UUE RBU(RS) . LCCC S Hb A S B (i A0 900
Z I —E ki 7k MAE HIR i 2t 52 PR -5 1
(T 22 5 R, e PR ) 4 728 Sk 1 /2%
R L.
2po, 0
LCCC = —=——=""5 5
(0-P)" +0, +0,

(8)
1 n
MAE_7;|0L.-PL.\ (9)

RMSE = {%i(oi_ay] (10)

w~»>i<a—092
R:dj =1- (11)

w—p—UEXO—O)

K, n WA BELp ﬁ;&l?ﬂa%n?ﬁuﬂl (EGOEEPSES
5, 0, 1 P, A i W SERREATRINAE ; O 1P 4y
SRS BRE S BNE R o, B o, 5301 92 PR
{RLFR RO A9 s o 2.

23 (AR AY A1 45 tho T AR HE AR (14 5% 22 i 44t
FIPPAG ) A% 22 235 8] [ AR DG ME T [T LA )22
UE BRI Y 2l | Bk 25 A7 25058 1Y) 225 [) A OGP 0 o3
SRR A7 7F — S R Al 3 20 0 T Ji A 2. B ik
4 AAEBEVEN R ARSI , A58 3838 s X e 358 pH

R 2% 1 25 mamﬁﬁMﬁ%;%w@&ﬂm
. _~
1.4 BORab a5 534 -

@é%mﬁi%pHﬁLﬁ%mmﬁﬁmw
A#ﬁ@%41%@ﬁ%ﬁ&%ﬂwfw@%m%
um*ﬁ(Dﬂ%ﬁ%ﬂﬁl¥ﬁﬁTﬁ%ﬁﬁ£
h%l?ﬁﬂ‘%ﬁﬁﬂﬁl?@mgiﬁ%@i*
IBM SPSS Statlstlcs 26 fj\#FEF'EﬁJZ 6 /\19?]:[;]
IR B b 0 pH 4 R IR 3 23 ) 1 ARG z‘“
M£Bm7ﬁ#*mm<3ﬂ%ﬁﬁ$mﬂﬁl
T AT MGWR\ Mixed GWR . GWR 5 MLR L*ﬁ,?‘

(}r, MGWR 2.2 Fl GWR 4.0 Bt 52 %, L5 e A
e

fE, & G55 B mIE A MGWR |9 2 5050 #r 25
BER %) 45 pH 52 19 25 8] 53 P, o6 55 [l )5
1 TBM SPSS Statistics 26 K44 H1 58 L.

2 F#HREIE

2.1 4 pH (ARG THRHE

W58 X £ pH W F- 308N 7. 10, 25 115 Fl 72
4.20 ~9. 18, AR R BN 15. 35%, J& TP S5A8 3 (%
2). NI UESE 30 . TP AL B, Ar ik 22 0
AR S RS AR 43 B 5T XM £ ERE AR (pH >
7.5) 15 42.57% , FE A TEILER ; T ERE R (6.5 <
pH<7.5) /5 28.55%; etk L4 (pH <6.5) 1f
28. 88% , EL S ATAE L BT 8 (& 2) . N4
B 3 pH PHERA , K/NHERF R > 1A > 7T
I > TR AR ST RBOR/NHEIT By - 8> I8 > TR
> INZR, 2R L3 pH [HAE B R E RO, IR

M) 158 pH B 78 5772 B /).
2.2 B3 pH (EZS 8] A S Hr

XPEREA ) L4 pH HEAT 4 Jm) 2 (8] [ AH SC A
B, FEBRIAZS [ B BE R 56. 4 km R AFTE R 1)

4 J5) E A S, 42 5 Moran’s 150.70 (P <0.01)
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Table 2 Statistical characteristics of soil pH value

kA R KM EREIVRAE He/ME SEEIE bRz ERRE % it £ U
AR 599 9.18 7.27 4.20 7.10 1.09 15.35 0.39 2.29
VIR 479 9.18 7.30 4.20 7.10 1.10 15. 49 0.40 2.29
e 120 9.07 7.22 4.65 7.09 1.05 14. 81 0.37 2.26

L 140 8.67 6.03 4.60 6.37 1.09 17.11 0.48 2.07

] 178 9.18 8.07 5.00 7.89 0. 81 10.27 -0.99 3.70

bIpiN 159 8.68 6.90 4.20 6.90 1.04 15.07 -0.45 2.29

IR 122 8.21 7.20 5.17 7.06 0.62 8.78 -0.68 3.15

L 3pH{L
= <55

® 55~6.5
® 6.5~7.5
s 7.5-8.5
s\ ® >R85

e~ | ) I o
dr maEgas® | 0 Y
Fig. 2/ Dlsmbu-tlon of soil samples in the slﬂdy area.J
"

‘f'ﬁi-'ij;t%% pH u%é%éﬂ‘ﬁﬁi TIOO 300 300
400 500l 800 |kt 19 2 i) B B8 i fi\
Moransi {543 5 0.65 (P <0.01) . 0.58 (P <
0.01). 0.52(P<0.01).0.47(P <0.01) . 0.43 (P
<0.01)H10.39(P <0.01). BIEK | 7EA[F]23 6] FE 25
B L, -4 pH 35S B i G 2 R) A e, FLRE
Eéﬁﬂﬂﬁ%@ﬁ%ijﬁ, 4 J&) Moran’s I {HZ T
Bk, B4 JRy 28 ) ) AH DGR 0 559

FEAN ) 25 1) i B B L, P 9T X 3 pH 2
IR AR BL Y SRy 25 1] 2R 2R AR AR SCAN R R BRIA S
[ 5 B 1) e s ) [ ARG R SR (&1 3) . AF
FEIX AT 298 MK ASAETE B 2 Rl s [ 2 o
“r-rm T R AL 156 S (4 pH {H B HoAs W) 22
SBUNIFE R RE ) FE A TR ACES &
AL AR R 253 142 A (3 pH HIRK
H A8 25 SR N RE SRR ) R AT
LR
2.3 LT LR GWR A+ pH 23 i) g

Lia Z TR B TR A LU, EASORG B Hh R BN
K} :MGWR > Mixed GWR > GWR > MLR (% 3). 3
Fh GWR FERL AR BE 2 T MLR #58 GWR X 43 TR
[ 2 (Al or B b PR PR X £ 338 pH AR R L, 8t

_I:lgpli"i’f [HEEES

#5-1 (H-H) T =00
« W-fif (H-L) ° v
{IE-IE (L-L) . 8 f
Tﬁl‘.l""{LH] w\“u/ t|1—1."50km

E 3 j‘!%ﬁ pH )EJI:IB ;:
Elg 3 | Local spatlal cluster of soil pH r_.#

RUfig B e “?%?Uﬁﬁiﬂ@iﬁ%,ﬁ%ﬁ%ﬂ@ﬁﬁﬂ%
579 GWR MO MLR BEA H AlCe {H R
KT 74.31, — Bk R AlCe fHIS/ 2 DL ERSIAH
STy BAL ALY R §£§5|Z7‘5*D(residual sum
of squares,RSS) [ T 88. 42, R 2T 011, Uk
W] GWR LAY Pl A% 2 6 47 Jay 08 1m0 05 1) 5 =X 4%
et T MLR 42 Jmy [nl AR08 2 1 A (] 25 ]
fr EEREE N X L pH A R BE A9 22 524, L
KHBFE T T 1Y 1 Foe RS 2
*3 BHRBNEELER
Table 3 Modeling results of each model

AR B HE B o
MGWR  Mixed GWR  GWR MLR
AlCe 924.49  1040.65 1078.84  1153.15
RSS 153. 41 195.96 208. 70 297. 12
R 0.64 0.62 0.59 0.48

Kl 4 RIS UEZs R 255 I A 16 b5 K 76 30 UEAS
= B A : MGWR > Mixed GWR > GWR >
MLR. MGWR 7ESESE R R,,> 4 0. 57, %) pH 78 5
[ ffRERE 1385 T 57%, MAE H1 RMSE é}%‘ﬂﬁo 53
F10.66, LCCC {4 0.76, 55 Mixed GWR Al % i
GWR IR B #0 . I HIS T 1 43 A R B MGWR
PIIIESS JAE 12 1R A 15 B3 ) b, R,
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R L MEWR MO AR IR (1, 5 5 Kb e
—F 3 Fh GWR BRI ZRSE FIESERY R,
EATE 0. 05 ~0.07 LA, R B GWR S H el i 5 7Y
P B e e k.

XA ) 4 pH Bk 22 HE AT 4 R AR R A
(i) 19 AF DA 30, 25 S 3¢ Y i A R 78 1) 37k 2 B AE A
—E B A { A O (B 5) , Hizs 18] { A O
% 2 55 K % M. MLR > GWR > Mixed GWR >
MGWR. MGWR HY%% 2225 [6] F AH G VE i 55 , 5k 26 0
ST AR TE R, 4 i) Moran’s 1T {X K 0.07 (P <
0.05) ,7E%5 8] b AF7E - R 2K AL 19 A, K- 2R
KA 4 A H R JE Mixed GWR B AL H 4 )
Moran’s I 4 0. 10( P <0.01) , 7E2S 8] P AF7E -1
R 20 4 MRARRIE AN 22 4~ GWR BRI 4
J& Moran’s 1 0. 17(P <0.01) , 7E25 6] | 771 i -
E R AL 40 A, IR R 28 44 30 4~ MLR B[
42 J5) Moran’s 1 24 0.33 (P <0.01) , 7E45 8] FFEAE
- SR AL 85 A MR- R 54N 54 4~ MGWR A
A BE S W25 [8] X6F 52 Jy 38 850N, 38 25 1 T AN () 52 i)
P71 25 S A0 A FH R A5 30 R AR T 5 28 g 3 2
R B S

o

2.4 FETF MGWR 114 pH il il <l

BT 4 P A R 5% DR - M R T T A5 X
135 pH 23] 4345 (18 6) . 5T IX 4 48 A AR L e
ACHRAHE 5, LB b X 3 pH e fIG, T g i X
. MGWR 1 Mixed GWR A5 %1 B 351 1) 5] 12 45
23 ) A% SRy AR AL, 25 R k. 538 GWR A1 MLR
TN 2 S BT AL, BB T 4 AR A B e (B A
R (P L A BB X 3. £ 358 pHL A 25 1] 43
AMENEEGETHE R WK (2 4) 4 BB T i 151
1) pH BHEA T 7. 13 ~ 7. 20, Y08 25 TR AE 5 445
pH 48 7. 10, R W FU0 ] 1] 25 2R 385 £7 A AS [ A2 B
F Al LS. 1 498RE 5 pH SEPRE PR HEZE N 1. 09,
To ] B 45 R A FRE2E N T 0. 67 ~0. 77, F Wil 1]
S5 IAFAE— R 7 W RN . MGWR T30 il /51 45
SOIIME | b2 DL KA pH B 590 L )5 138 pH
SHUNRE Sl I SESES gy
2.5  PREEPRFN I pH 2w Y 2S ) S BT
2.5.1 ZREHBEANAL N R B

MGWR IbRHEAL T3 R B G i 45 R L3R 5. &
ey G MAEASEL 479, MRRTF . #% B . EVI #1 MAT
i 4 Jm ROE  HH ZBUEA L)y, 3R WX s
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- HEpH{i
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I 3.0-8.5

(c) GWR -85

(d) MLR

6 i pHHELER
Fig. 6 Results of soil pH mapping
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Table 4  Statistical characteristics of mapping results of each model

pH {ELIR 5375 L 5L/ % -
17 H 35 H by

AH <5.5 5.5-6.5 6.5~7.5 7.5-8.5 >8.5 pH P pH F5ifEE
SRR E 9.52 20. 03 27. 88 34.89 7.68 7.10 1.09
MGWR 1.66 17. 66 44.26 34.97 1.45 7.17 0.76
Mixed GWR 1.66 18.21 50.27 29.80 0. 06 7.13 0.72
GWR 2.29 15.22 44.94 34.97 2.58 7.20 0.77
MLR 2.03 10.70 51. 60 34.72 0.95 7.18 0. 67

ISR 7 e 1) F A 4 JR v TR B - 4 pHL (AL
TWI, MRVBF , M3 F1 MAP A9 5845 /0N, 26 B HG)
-4 pH 15 A7 AR R 19 23 8] S M 1E R A
FEWFFE X AR Ak 22 S 3 K. D2 e R A A AL
1A 22 B8 7 B (R TP (B ) 48 XHER &, MAP | ¥
#& . MRVBF I MRRTF X #F5% X 4- ¢ pH =5 [8] 531
OR R EE A . N SCLAL MAP ., ¥4k . MRVBF Al
MRRTF BARAELLIENE R 56 (R 7)) , B *H 5
FXF - 48 pH R0 7S R] 25 7
MAP # [RJA R ELE AT - 0. 679 ~ - 0. @‘5 z
[ 7 (a) ], S EAFEH -0, 43;5*%[1

5), Bl MA;%zﬁﬁij S 1 .

w@?@%r % MAP [y} H & i
(| \ ,—f :
2, ff/, [ - /‘.f,-;:

NiAD s
LR SR EES 4

B -0.680 ~—0.587
[1-0.587 ~-0.515
[_1-0.515--0.436
[ 1-0.436--0338
[ -0.338--0.239
B -0.239--0.167

MRVBF -
L ACTEES /g
I -0.074-0.000

[ 0.000~0.085
[ 10.085-0.153
[10.153-0.206
[ 0.206~0.260
B 0.260-0.325

94(%

. i A FE I 5 PR 2 R 4
TS Tk T - AR O, 4 e T
SR T2 B A PR 2 A MR L. A0
FRACH AL A4 M X, MAP B 107 585024 1
s, WL ICHRAY MAP % -5 pH (5 60
et (LA T 22 BT 30 VT R X 7 i
SEICI MAP X 4 pH USRS,
S pH A 7 3 bl 22
5, FE R B AR -1.233 ~ 0.068 1] Jil 9 7 5
AP = 0. 362 iym—o 174 (%
Filh @ﬂfs) T8 P A

B pHE %ﬁ:ﬁ 5,\1.5,@»%@1”
WALHL f]ﬁra‘ﬁﬂﬁgn . ﬁaﬁmm%@%}/

N
A

B -1249--1.021
[ -1.021--0.766
[ -0.766~-0.507
(=]

=

-0.507 ~-0.253
=0.253 ~ 0.000
B 0.000~0.075

MRRTF =
ol Ak lal 09 2 %
B -0.171--0.160
[ -0.160~-0.147
[ -0.147 —0.133
C_1 -0.133--0.117
B -0.117--0.102
=

=-0.102~-0.088

E7 MGWR WiRELEIERRY S
Fig. 7 Standardized regression coefficient distribution in MGWR model
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Table 5 Standardized regression coefficients of MGWR

AR e SEMH i /M H i RKRME MLR #%(
R 43 -0.339 0.726 -1.774 -0.474 0. 965 7.108 **
TWI 216 -0.003 0. 051 -0.084 -0.010 0.112 0.074
MRVBF 229 0. 143 0.119 -0.073 0. 186 0.325 -0.193"

MRRTF 470 -0. 140 0. 028 -0.171 -0.151 -0.089 -0.079
353 478 -0.079 0.016 -0.108 -0.076 -0.057 -0.215*
R 138 -0.362 0. 449 -1.233 -0.174 0. 068 0.244 "
EVI 478 -0.055 0. 006 -0.067 -0.054 -0.047 0. 090
NDVI 385 0. 084 0. 042 0. 028 0.070 0. 154 -0.126
MAT 467 0. 088 0.016 0.059 0. 092 0.118 0.331*
MAP 278 -0.435 0.178 -0.679 -0.49%4 -0.175 -0.853*

1) = FR P<0.05, == Fn P<0.01

I % 7Y 4 X 1L M B X 9K B R 300 ~
1700 m. FEE MGG THE , BT A BT R, B K of
FRRTOR 2 P P AS T8 - S A AR A8 3
ff LS R O 1 & R %M X L 4 pH T
WHEALT 6. 5, T2 55 M A3 Mt (14 6) Ik
BLT MAP R3O +48 pH A4 7 4 . 1 0] 2 0
A8 P 7E T G 3 o1 A 36, A DX 44 0

+H pH %ﬁ?ﬁﬁﬁ,ﬁﬂiﬂfﬂ:w\jﬁﬁ@%}ﬂtiﬁ% pH_d

il m’EFFJW’% | /8] & Jx
“MRVBF EL’JIEUEI ZBAEA T <0. 073 C07325 7
IEHUEW(«:)] PHEATE K 0. 143 Fi 0! 186(%5>

%W T MRVBF it 3 pH EGIEmVEFFJ MRVBF jifl |

G BRI K5, W45 4 X ok 1
R WIS VE T S 24, 123 pH HI BN
FBC R Y 725 (4 T 7 1L AR P B AT SR AL, 3
B X 5 MRVBF % + 5 pH (% 1F [ /E FHASE | (R 4
HTELLZR AR . V175 rh BB AT R 2R Hb X 3 4
X3 MRVBF X} 44 pH 9 1E [a] /E FHEC S .

MRRTF @[ H Z2EE A T - 0. 171 ~ - 0. 089
[E7(d) ], HEMFBER - 0. 140 A1 - 0. 151 (&
5), B AE I MRRTF /N B0 A0r S ERTE ) ¥
ML, L A T 3738 1 0L 45 R85

RE T 2% WKV AERI AR XTI 55 , BT LA - 0 pH {EPFHXT
BR. IEU%W@WE%E?ﬁmfﬁ_ﬁﬁi“j@ﬁ'ﬁiﬁ
2 XA 7 05 T BT AR S 1 | 2B B R LA i
SEICIH MRRTF %518 pH 5% i 53 (GBS b
TET R P I X %%ED%%E ok 4 X 3, MRRTF X

_‘...

ii%pHE’J,%n S 8 . w1
2.5.2 53\14’ @uazﬁi

DL S pHAE Y 0. 1~ 0. 9 3£ 9 A7 5 k]
FUSHTARTR pH KR BRI PR T A T 25 S,
BEgh SRR SRR IR 25 R LK 6 FIE 8. 24+ 3 pH
A FARTR KT E B, 25 PR 280 5 A e K 22 5+
TWI, SERE | V3 FD MAT 4 75 [ 19 22 500 B 151X
HEAL M ERIASE RS MLR 25 0 8%A
25t

F6 LTI pH HAEEIARED

Table 6  Soil pH quantile regression coefficient

WH B B TWI MRVBF MRRTF 353 3R EVI NDVI MAT MAP
MLR #%%  7.108 * 0.074 -0.193* -0.079  -0.215"  0.244* 0. 090 -0.126  0.331* -0.853 ™
6=0.1 6.122* 0. 097 -0.334" -0.089  -0.193 0.304* 0.265 -0.341%  0.409* -1.014 ™
6=0.2 6. 468 ** 0. 049 -0.213 -0.122  -0.229*  0.303* 0.217 -0.297* 0.394* -1.010™
6=0.3 6.738 0.053 -0.305*  -0.021  -0.251™ 0.257* 0. 180 -0.259* 0.314™ -0.942
0=0.4 6.943 0. 068 -0.298** 0.024  -0.207"  0.233* 0.129 -0.150  0.347* —-0.946
6=0.5 7.135* 0. 067 -0.172 -0.035 -0.164 0.197* 0. 181 -0.158  0.382* -0.974
6=0.6 7.395 0. 035 0. 004 -0.185% -0.203*  0.246™ 0. 006 -0.021  0.429* -0.929 ™
6=0.7 7.597 = 0.014 -0.045 -0.112  -0.246™ 0.254*  -0.019 -0.021 0.333 -0. 800
6=0.8 7.793 % 0.031 0. 004 -0.166* -0.291"  0.296* 0.089 -0.073  0.424* -0.829*
6=0.9 8.036 0.076 0. 094 -0.133% -0.157*  0.343* 0.155* -0.146%  0.456 ™ -0.774 ™

1) #* 3R P<0.05, #x R P<0.01; 0 HREUS, 288 LILAR(4)

7& MLR #5581t MRVBF %} + 3% pH & i & i
Y. AR5 52 BBl ) o MRVBF S0 250 (0
0.1 ~0.4) /K iy +3 pH 5 532 /e M, B IF13
FEAEXHER T MLR (815 H ) 28 B L, 4B

MRVBF 158 B Kk F MLR B, 76 + 3 pH /7
IMEBUKEIE (0 24 0.5 ~0.9) , MRVBF Ay [8] )5 &
AR HHX + 58 pH /E A58 B /N T MLR £ 5
FP VR SR EE ($2 6) . 7E MLR FPdl BE X} + 358 pH 2
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