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#55 ( Funneliformis mosseae ) FMIMEPNARZEFEFS ( Rhizophagus intraradices ) % A HLH% ( Soil organic carbon, SOC ), BR#E
FEE MK T8 ( Glomalin related soil protein, GRSP ) NI RIAA i SFa @ MR, 2502 . (1) BFh R. intraradices
RN AR T e, RS ES (Mean weight diameter, MWD ) FULfFE 4 ( Geometric mean
diameter, GMD ), & FRAKHI R IRBIR R ( Percentage of aggregate destruction, PAD ), (2) %7 F. mosseae Fl R. intraradices
B NG R IR SOC &, #Ah F. mosseae BEREALI AR L GRSP &im, MHLEF R. intraradices H) i 35 ¥E N K A1
PRAI A R L GRSP 77 L Zh 4B GRSP & hit . (3) 450 AM ELIEXT#0K SOC i R B, +3EE GRSP X SOC (4t e
25.5%~76.5%22[8], -5 4 B GRSP % SOC /i U AE 4.87%~5.93% 2 [, H. R. intraradices WIHEFVELN 5 T F. mosseae.
(4) J& GRSP, BRI GRSP I SOC X} AR LH AR B A IE 1) {2 25 500 , Forh 554230 GRSP 2 EHIKS)H 7, i & GRSP
JE IR RIS MR E RSN . 25, AM EREAIER T SRR E IR RIS DI TARE, R, intraradices 1
FFSUN I LR T F. mosseae; LI SRIRAIE 24K 55 e i GRSP, T HARE P £ 252 B GRSP 520
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Mechanism of Arbuscular Mycorrhizal Fungal Affecting Soil Aggregates in
Rhizosphere of Mulberry (Morus alba)
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(1. Institute of Mountain Resources of Guizhou Province, Guiyang 550001, China; 2. Sericultural Institute, Guizhou Academy of Agricultural
Sciences, Guiyang 550006, China; 3. College of Agriculture, Guizhou University, Guiyang 550025, China)

Abstract:  Objective  Soil aggregates, as basic units of the soil in structure, are of huge influence for water penetration and
retention in soil, topsoil erosion and plant growth. Their stability is one of the main indicators in evaluation of soil anti-erodibility.
Arbuscular mycorrhizal fungi (AMF) may adjust soil structure via influencing formation of soil macro-aggregates and stability of

water-stable aggregates. To explore the effects and potential mechanisms of arbuscular mycorrhizal fungi (AMF) affecting
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formation and stability of soil aggregates in rhizosphere of mulberry, a pot experiment was carried out. Method In the
experiment, mulberry trees were planted in the pots and the soil in the pots was inoculated with Funneliformis mosseae(F.
mosseae) and Rhizophagus intraradices (R. intraradices), separately. After a certain period of cultivation, the soils in the pots
were collected with the shaking off method, and separated into three aggregate fractions by particule size (0.25-5 mm, 0.053-0.25
mm and <0.053 mm) using the dry and wet sieving method for analysis of composition and stability of soil aggregates, glomalin
related soil protein (GRSP) and soil organic carbon (SOC) in the rhizosphere of mulberry to evaluate effects of the inoculation.

Result  Results show that R. intraradices-inoculation expanded the fraction of macro-aggregates significantly in proportion,
and increased mean weight diameter (MWD) and geometric mean diameter (GMD) of the aggregates and deceased their
destruction rate (PAD), as compared to the control. Interestingly, F. mosseae-inoculation did not have much the effects. However,
both F. mosseae- and R. intraradices-inoculations increased the content of SOC in micro-aggregates significantly. In addition, F.
mosseae-inoculation reduced total GRSP (T-GRSP) significantly in macro aggregates, while R. intraradices- inoculatioin
increased the content of T-GRSP and easily-extracted GRSP (EE-GRSP) significantly in both macro- and micro-aggregates.
Inoculation of AMF had certain negative effects on overall SOC, of which T-GRSP accounted for 25.5%—76.5% and EE-GRSP
did for 4.87%—5.93%, and the effects were more significant in R. intraradices-inoculted soils than in F. mosseae-inoculated ones.
Moreover, the composition of soil aggregates was significantly and positively related to soil T-GRSP, EE-GRSP and SOC.
Among them EE-GRSP was the main driving factor, and T-GRSP was the key factor affecting soil aggregate stability.

Conclusion  In short, all the findings suggest that AMF can significantly improve the composition and stability of soil

aggregates in the rhizosphere of mulberry. R. intraradices was more effective than F. mosseae. The formation of soil aggregate

depends mainly on EE-GRSP, while their stability is subject mainly to the influence of T-GRSP.

Key words: Arbuscular mycorrhizal fungi; Aggregate; Glomalin related soil protein; Soil organic carbon

LS SR mcs () PG R b DX TR L A 0 A iy
RIXEL, PR A G, REE . K
TR E . PURREE 2, E SRR ZiZ X
BT RRLE K R B ARSI N, Rk, g
KAPRFFRE I 545 . A BAESEREAW
TP HEAT IR TR, 2 S b X A S R IR B
SRR MR RARAE A A A B AR T, X
TR BE S REE . RIZ DI R SAEY) A K
MK, HARE PR PP R b o M ) B R bR 2
— Bl 5@ w A R R (Ri2> 0.25 mm) 4%
i, HIRIEEY e 548 ( Mean weight diameter,
MWD ). JUAEYE 4 ( Geometric mean diameter,
GMD ) FlHA KB IR % ( Percentage of aggregate
destruction, PAD) e+ B Rk R e M, #riR
B RGAEYR S T FErh, ARCREAR (Arbuscular
mycorrhizal, AM ) FLJ& B85 KHR ALY IE AL AL G
&, AR HEAE Y AR N A SRR IR AR E
AT 150 25 Vs AR A A 28 R e bl 9k o A ) L ) %
RS R ROR st e vEDY Hop ) AM R
MR 22 B8 TE EREPR R A KW 4 —KBA H
RIK” PEREM R SRR, RISk R RAH G I
M ( Glomalin-related soil protein, GRSP), &+

A RIRIE U A, REUSHE R KA
BB N M HERE . 2R, R AM A
AEfZHE R GRSP i, JEmifE k4 58 K R A AL
It e st e e Y, N GRSP 1R N A P
Sh 4 ot - 5 PR R AR (T RN AR EL A T A A
YEMI® ZRE ( Morus alba ) 55 AM EHIE A4z
KR AR A B R G TR AM H T 1R
TR S L R, SRAAR Bl -4 GRSP Xt 44
VA 3R AR i R M5 b 1 A MR 5 A B I P i i
YEHMTEIRER

B BRI S R e AT HL ( Soil
organic carbon, SOC) HAEEMYIAEPIEH,
1M SOC J& 45487 2 A S AATE B 5 et Y T BE R 45 9]
Y5 GRSP [AlJE: A BRI 15 Fa e i 3 220K 8 K
T AM LA AN A AT SR AR A A 2 R TR 45 R
KPRER SOC &, Wil SOC $#HULE Z 1Y
PO, Bk e st L, R
il AM LA Je FLAR ] A HE 4 R4 1A R A4 b i) SOC A
Al ARk i AN VE#E . 1 SOC 5 GRSP X R %Y, &
B AT - A R AR R e R e
TE AM BB EFH T SRANAR Bl 4 8 P R AR 1 1l 5
FE 22 TRl 32 ) GRSP F1 SOC (R4 . ABIFFE 547

http://pedologica.issas.ac.cn



34 HIAESE: AM

775

BAL SR A g, TR AM S -
B R SR e AL, HiT AM B X
SOC. GRSP K -1 A SR AR Y ehe 2 2000 FVES AEBL A
T Ay 25 DX SR A K8 T R0 1 S PR B i it o
w5 H A

1 bRk

1.1 kA

PRI EE PGSR ( Funneliformis mosseae )
FIR AR A #E5E ( Rhizophagus intraradices ) )74
Ll Bl Be A Yo g i . DATIYb S e . =
5 ( Trifolium repens L.) FEK ( Zea mays L.)
JfE FHATY R, KERE SR (BFEER
112~137ind10 g ), W% . RYARB LTV,

B R SRR 2 5, FFH 0.5%
NaClO FA{H# 20 min, JCH K e T 5 #&
TR ERYORE SR, WA T B K AR T VR i, 2
NG TR . W Jom i & o e 7
AR BE T A P 9 i i 2 A T

P R 7 S A Ll B2 B AR S e
NARYE S B, R 10 KGy BY%-60
WEOKE ., HHEEEMET N pH 6.70, A ML
43.63 gkg!, &% 3.69 gkg', &M 0.337 gkg',
44 3.76 gkg ',

1.2 Xt

IR T 50 M A8 Ak B2 g A ol i 53 B ik 3 21
T, W CK (X ), Fm (#:F0 E mosseae ) F
Ri ($%Fh R. intraradices ) 3 NMAbHE, BEASAGEEEE 3
ANEE, W 9 %, ey KR EEN L
e R IR, WA KE L 5.0 kg HEmE
50 g (X FEN 45 5 19 K B TR Do

BRSNS KB Y 1 e 2 0k
R 2/3 b RS EEER 2 AR IA BN R BRI
RAEB SRR T 30 g, FHREMFREREALC
PR L RO AL E s K S [ E R AT R
K+, TR . REaEFRWINE, A
ARERIE R K, B 2 d AR URTE 200 mLAR T K
K, AERKIREE 25~28 °C, JEHRESE] 8~10h-d ™' 1E
ABACASE T, — AL E 7 d 7 A AR
FEKA B RA R A B, AR S
Hidt 40 d IS A FHK, AT 7 d J5 UL SR

Pl 392 A SR AR B
1.3 HREESHH

RIS RE , FHE RO A A B S iR
BB bR R R AR ISR AR e, 2H
HAfE Sem, W 10em JEHIN HIESR R, FHEI
BEHR R 8 B - 5 v VEAR R o B Bk 4 B AR R BT
1 em KE/NBH FIE AM HE R YR, HillE S
18 Phillips Al Hayman!*! i 1] 25 5 e (275 915 24 04
e 0. 10%., 20%. -+, 100%F 1= e B 45
B FARB AR Y%

- 458 PH AR G 53 B R 0 RN T 0 7 A 25
B RS DT, ISR R, SOCHET .
FREJG-AE, T4 R4 15 GRSP Al SOC % &l
€. H GRSP 43 55 #2HL ( easily extractable, EE) -
GRSP F1 & (total, T) -GRSP Wi4l4r, &%
HR[16-17177 700 5% 5 SOC R FH 85 i A0 S AL -2 4
P sz e
1.4 tHXIHE

TR FRFE 5 AM BB R Y R 1A KR

AM HFERYCR (%) =Y (0x<HRBE+10%x4
BB +20% < MR BEE+ - +100% <M B 5 )/ Mk Bkl

T B RE E ML MWD, GMD #il PAD &
e, HabE AR

W, (%) =my/ Smix100;
MWD (mm) = (YX W) I SW,; ;
GMD (mm) =exp[ (XW;-1gX; ) ISWil;

PAD (%) =[(>0.25 mm HLAF % M A B k- >
0.25 mm KEaPEAI BRI ) />0.25 mm HLIEL E 1 H
BK]x100,

Krf, WS RAREN TS, m &0
19439020 0.25~5 mm KPR 0.053~0.25 mm
AT SRR F1<0.053 mm 3 5 TR AR 3 4200 ) 1128
Wi (g), Ym N EIERER TR (g),
X N1 GGE BN AR EZ (mm),

+1 T-GRSP. 11 E-GRSP i+ SOC &
AR AR -

+ 1€ T-GRSP = ( Y T-GRSP; ‘W) / Y Wi;
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+ 3% EE-GRSP = ( YEE-GRSP; ‘' W;) / Y W;;
+ 3 SOC = (3SOC; ' W;) / S Wi,

A f, T-GRSP; . EE-GRSP; 1 SOC; 4% i %+
L% T-GRSP. EE-GRSP Fl1 SOC.
AM EL X 118 SOC mysn, HEAR R

FEFRN (%) = (R SOC 37 5% If
SOC F-#)F&i ) / XFHE SOC & %100

+ 1% T-GRSP 1+ 1% E-GRSP %} +1 SOC 14
Fo, RN

+3E T-GRSP Y 5 1t = + 1 T-GRSP & &/1 1
SOC & & x100%:;

+1% E-GRSP itk = 148 E-GRSP & i/ 1
HE SOC F#E%100%.

1.5 HEE

KR SPSS 23.0 X & kA7 5L 2 U7 2243
#r . Duncan Z 8 [L# |, #HX 5341 ; H SigmaPlot 13.0
. R G D7 FE AL AL ( Structural equation
modeling, SEM) ™ DI Al M# T GRSP #1 SOC
Xt A R i S e MRS AE T, S B S i e
fFik, f&8) IBM SPSS Amos 21.0 $ATHIRLES, i
(ESIR

1) AR B Sk B A R AR A 5], RIS
BB R

2) JFJR B SO A AR AR AR i, JF AL v
ARG IRZEA RIS AR

3) MGG AT e PR PR E R B ST, AR HE )

B AR IE IR R A T, B S SRR DL GA T TR
EG R AL AT DL A T 30 o

4) 4 DAk T 1 H R 8iSe i1 i ( Convergence
statistic, C.S.) HUE/NTF 1.002 i}, FR&SHUAH
H O IR B RSbRE, BLB 3 T B s e 25 i Ah i
FEF .

5 )RR I Tk 0 5 A ) A AR AR Al R
PR, g 5T p {8 ( Posterior predictive p,
PPp ) A HITEH A 0.05~0.95 Z I8, i 24 BLAE 50 A
T 0.25~0.75 I F 7R B BB R i P A A

2 4 AR

2.1 AMERHEGHER, ARKNESHMRE G

FeFP AM HTH 47 d 5, SRR ARG T 0E 3
WAL, ] AM HEE R, H
Fm AbHRA R Y (47.53% ) & =T Ri (43.10% ),
HP# e s W tkm e (52 1), Bl la
WR, Ri AbFOR P SRR & W (1
7.20% ), Fm HI Ri MRS BB EGAR (R
G3A 19.1%F1 50.4% ), Ri A% TR Btk SR,
Fm {344 /1<0.053 mm R A RIKE B (36.4% ),
M Ri XfUIEA BEZW . R8T, LA R KL
G AT R AR B L 1] P e ZRARAR U R SR A | RT3
. B EEAIRIK, R R intraradices BT R AN
AL THAP F mosseae. K 16 BRI, 5 CK XTI,
PP F mosseae F MWD .GMD H1 PAD $0i AHH
E3HP R, intraradices 31N MWD F1 GMD,
F A% PAD.

F1 AMEEREER. MRS SHE

Table 1 AM infection rate, plant height and stem diameter of mulberry relative to treatment

B Az

Plant height/cm Stem diameter/cm

b3 (ER/ES
Treatment Infection rate/%
CK 0.00 + 0.00C
Fm 47.5+0.70A
Ri 43.1+0.66B

8.39+0.35B 1.63+0.11B
9.78 £ 0.35A 1.94 + 0.07A
9.24 £ 0.23A 1.86 + 0.14A

e PIHE £ bR 2, n=3. [ —FIR AR FRFRLMIZ 25 B2 (P<0.05), FF. Note: Means = SD, n=3. Different
letters in the same column indicate significant difference at 0.05 level between treatments. The same below.
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iEZIE I Ml%ﬂ\
Powder clay- Micro- Micro-
aggregates aggregates aggregates

PR IARZ % Composition of soil aggregates

R AR GNER
Mean weight diameter Geometric mean diameter

PR PR 4

Percentage of aggregate destruction

PR AR 22k Stability of soil aggregates

e ARG FERRAF IR 255 8% (P<0.05), AR/NGFEERIR R A BN RDRL F] 2 55 B2 (P<0.05). IRELH
FrifEM 25 (=3 ). Note: Different capital letters indicate significant difference ( P < 0.05 ) among treatments in the same composition of soil

aggregates . Different small letters indicate significant different ( P < 0.05) among soil compositions in the same treatment. The error bar is

standard deviation ( n=3) .

BT AR b B S P SR AR S R TR

Fig. 1

22 TEAVBMRKEESRHEXITEERSE

P 2 o, Fm AT Ri A0 P 0 s A1 3 7k SOC
Fri, HREMRHAR Y SOC . 5 CK AL, Fm
i AR R A R IK T-GRSP &4, X HoA: g i A
W M R BERINAK AR A R4 T-GRSP
T, WERITR B RIK T-GRSP & i [A]—4bH
KA T-GRSP #2253, Hp CK M Fm %
PR B, T Ri I KA R b s . $Rh

401 20
Aa cCK

IZZin0 181
== R

~30 Aa

‘an Aa

=

%NJ Ba AaAb

S Bb

S Bb

# 201

x® Bc

=

&

=

- 10f

B A

Powder clay-

BRI AR KR
Powder clay-  Micro- Micro-
aggregates  aggregates aggregates

IR Composition of soil aggregates

I ARIRE FhER IR
1R 22 2k D A v O 2 (

1‘1‘1@%2% PNZIE N
Micro- Micro-
aggregates  aggregates aggregates

AR AR Composition of soil aggregates

— BB AR AR B E (P<0.05), ARE/NGFREER R

n=3 ), Note: Different capital letters indicate significant difference( P < 0.05 )among treatments in the same composition

Composition and stability of soil aggregates relative to treatment

F. mosseae F1 R. intraradices ‘B4 H¥ %6 B1 84K
EE-GRSP &1, {HIEM R. intraradices Xt K A R IAFN
A1 SR K EE-GRSP & & Y5200 i 3% K THefh F
mosseae. [A]—AbFRFR BN A H 1A+ BE-GRSP &
T, M ETHIER AR Rk, % 2 5ox, Fm Al Ri
Xf - HEA LB ROV A B, JEHE Ri 15-9.17%., -
T-GRSP {4 /55 HLFE 25.5%~76.5%2 ], + 1 EE-GRSP
B 5 FUFE 4.87%~5.93%22 0], JfH Ri ¥J&F Fm,

Aa

+ 1 5 LRk #6% FEE-GRSP/(g kg ')

% I
A TZIE SENR G GIE JEIPNGIE S

Powder clay-  Micro- Micro-

aggregateS  aggregates aggregates
AR AR Composition of soil aggregates

— AL B[RRI ] 25 5 B3 (P <0.05 ),

of soil aggregates . Different small letters indicate significant different ( P < 0.05) among soil compositions in the same treatment. The error

bar is standard deviation ( n=3) .

K2 +EEAHLEHA GRSP &&=

Fig. 2 Contents of soil organic carbon and glomalin-related soil protein relative to treatment
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Table 2 Soil organic carbon, effects of AM inoculation and proportion of glomalin-related soil protein in soil organic carbon relative to treatment

43 T-GRSP 5 [t

b2 I LR R RN + 4% EE-GRSP it
T—GRSP proportion for
Treatment  Soil organic carbon/ (g-kg')  Mycorrhizal effect/% EE—-GRSP proportion for SOC/%
SOC/%
CK 22.7+0.71A 0.00 31.1+1.67B 5.05+0.24B
Fm 22.4+0.22A -1.32 25.5+241C 4.87+0.42B
Ri 20.6 +0.17B -9.25 76.5 +£2.04A 5.93 £0.15A

23 Ak, KESEHXTEZGNHARGEE ZBAT 5, T-GRSP. EE-GRSP Fll SOC X} £ k4%

4:0p-A| YRR I 1 1] S S RO A AT SRR (R 3),
i & 3 RS C.S.<1.002., FF 5 W p S A G RN % B EE-GRSP>T-GRSP>

& PPp A+ T 0.05~0.95 ZI[a] . 2 515 BN SOC, M EE-GRSP J& 5% i |41 54 20 B 1y 3= 23K
DIC>10, dWIFR il Bk il . AR bRtz sh T

1071.0

BRI |

C.S.=1.0003;PP,=0.25;DIC=29.86

H: BIHosE ik (B) T-GRSP 5 EE-GRSP Z A #i3k ) FoR A48t A JLAR SC R B0 ] 17 Sk 3278 D4R 1 X0 SR AR 1 1Y) 1 42 (R 2R
KF, REABEIABAALZE (%, P<0.05). FI[[. Note: In the figure, two-way arrows indicate that the two variables are covariant,

and the one-way arrows do they are in direct causal relationship, and the data next to the line is the path factor( *, P<0.05 ). The same below.
13 GRSP. SOC X P 5 M ZH B 52 ) ) 235 ¥y J5 At 2 2

Fig. 3 Structural equation model ( SEM ) showing effects of GRSP and SOC on soil aggregate composition

% 3 GRSP. SOC xf 1% [ B KA B BY SN 4 #7

Table 3 Effects of GRSP and SOC on soil aggregate composition

SR A5 BRI 1Bz ovd SKON
Impact factor Direct effect Indirect effect Total effect
T-GRSP 0.24%* 0.01 0.25%
EE-GRSP 0.28%* 0.01 0.29%*

SOoC 0.09%* 0.00 0.09%*

. *, P<0.05. T[E. Note: *, P<0.05.The same below.

24 BHE, RESEMAXTEFAMARMGEIE  SOC X &iaE EFE IR A %  EE-GRSP #il SOC
TE MR AR AR YR B (& 4 d~ 4f), &%
W 4 a—& 4c iR, T-GRSP B F 51 MWD | NEHTZE R (% 4), T-GRSP 2+ Bk
GMD F1 PAD, Fxt SOC A BEWFEmIER, M EMEREEZmAE T, HEM RS .
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C.S.=1.0008;PP,=0.28;DIC=19.96

C.S.=1.0014;PP,=0.29;DIC=20.27

C.S.=1.0001;PP,=0.29;DIC=20.03

F: a-c 7024 T-GRSP 5 SOC Xf +- £ R &k MWD . GMD Al PAD 510 ; d- f 43324 EE-GRSP 5 SOC Xf + 1 R & MWD,
GMD #l PAD 50, Note: a-c: Effects of T-GRSP and SOC on MWD, GMD and PAD, respectively; and d- f: Effects of EE-GRSP and

SOC on MWD, GMD and PAD, respectively.

Kl 4 GRSP. SOC X P 2R AR e 1 5 i F) 45 4y R A 8
Fig. 4 SEM showing effects of GRSP and SOC on soil aggregate stability

% 4 GRSP. SOC xF* 15 B BB K72 TE 1% Y SR 20 47

Table 4 Effects of GRSP and SOC on soil aggregate stability

T MWD GMD PAD
BR[O SKON Ny AN L1173 I AN, EESON RSO SN
I:lpaCt Direct Indirect Total Direct Indirect Total Direct Indirect Total
et effect effect effect effect effect effect effect effect effect
T-GRSP 0.97* -0.16 0.81* 0.76* 0.09 0.85%* —-0.73* -0.10 —0.83*
SOC 0.23 0.00 0.23 -0.14 0.00 -0.14 0.16 0.00 0.16
EE-GRSP 0.13 0.25 0.38 0.18 0.24 0.42 —-0.14 -0.25 —-0.39
SOC -0.60 0.00 —-0.60 -0.58 0.00 —-0.58 0.59 0.00 0.59
3 i ® HRATUFR AR A BB A P & X A AT R 2 P Dy Hh At

3.1 AM EEX TEFAZREE . GRSP & SOC HI#NT
TEENAZIT, AM HE#EZ 0 H R
AR AR BT K RS P R R s T Y - e i 0 T
SRR RI, B K SR S AT - ek A K
F 0.25 mm MIKEREA SRR & ik 30.78%~45.19%,
MR S5 T B HBIE 30 cm 4L 115 MWD F1 GMD 284k
FEl 43514 0.507~0.785 mm F1 0.220~0.315 mm, 2
RS 0 N R AM B S, R v
b DX M (0 R R AR SRR i 2R BH , Herp
R F mosseae BIRRZE H1>0.25 mm /KFRPEAT R 1A S
. MWD Fl GMD 70l R = i 15.7%. 29.2%7F
17.9%, AR E, M R intraradices WIS HLFE
HHERHARIKRE /35 . MWD Al GMD & &5, 1
PAD & E AL, RI AM H B X 38 A SR AR Rl K

P 226 T SRR g Se A — kS, DA 52 e - e /K AR
KA RKAIE S FaEET, WFss R, AM E#
RY RG24 %E R IR, FrEmmR g
2R 10 DD XF 3 PR SR AATE 1 5 K Atk HA T I A A
HVER . SR, ARIe 2R 5, SRR
R intraradices 1R YR T HFN E mosseae, {HX}
U A P SR AR B R 3 i 48 AT SR AR K R e P
PR B R . X SHEY R AM AR 22 . 18
FHORETL) GRSP A —E R,

GRSP | VZAFAET HARSA, HEERRE 1 B HAbAR K
B 3 f5~10 5, TRRE AN/ INBUR S AR
() - HEARIS5HE , PRITEERR R “HBAEK” P, A
SR BN, B R intraradices WG, TXEKH
Bk, MIBIRIAK T-GRSP & HIK i ] Rk EE-
GRSP &8t m, MR R, intraradices
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fSEA AR B - 498 GRSP X K A S ik ik 38 Je e e A
BB e ER . AM ETERERS /2 GRSP, H 2L
BT BTG , & SOC TR B BRI,
T EL B R A - e AL P A B4 2 — 1Y ARHF
FAER (2, £ 2) WoR, M AM BFEFBFEAH
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