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HHILTF O OREE 6°C) RTFLTHHA L,
e it Eih: BB I BRI X 0 RS
EIRR AR R L (0—7em), F—-Fx— ST R
vy Fho 785, FE6M, RESEBHEL 2L
44 L, pH 4.8, T-C 7%, T-N 0.4%,

FEEE T EN: FEMERKOR R % » b2
GEH (0—7cm), RESEEER s, 2t SL,
pH 4.7, T-C 12%, T-N 0.6%,

JbimdE (e (T Y v ARILER L) dbisE
EEATEILMCE T A7 7 L7 7 b B, Rk kUK £,
BT pH 4.8,

JeHBERRLE (¥ U v ARIGER L) . JhE
RERIFRIREM SR ABEE 7 # 7 = — 245 (B
By, BATERE kLKL, MizL pH 4.3,

ZD5 b, {HiER XU RESEIE AR
B IMRELLTEERII LA, BRLENTLAY
BLRIETH o 272, MEi—ERREEcKG%E
TFobh, 2mm L EOR T2 REBOREREZL
TEEZR(E L7z MRS OTRED kg, faEt
#vxE+ pH 6.3, C/N 11.8, Bk-+#Ex/RLt pH 5.5,
C/N 13.9 T, MR TREELEOE
e sbny RN

£y, EHzY2 Y hThiEiiio CaCOy 2R
MLT pH7 §iCHIE Lz 2 FERS XU RRIE
ZoWTH, iz, LEOESERHIET D HNNS,
FEIARL-A-3 % =54 b (<2mm) 4 FEIRE
Lzhiz Jensen OEMEEIERY 2 RN LI EAT DL
TH{F o720 ZOiZAH, Jensen DIFEEIKA 1.5% EXR
TRELRBENCANEE L2202 @A #E L. &
RITRIERE T X 2 B E Oz S A,

TAT AT, RNEEZEDT = -2 v,
70% 72— r 5% EBKFKTCREREL, &
5 USIEA P CRERM L0 bIEEEZ RS L7,
BFERREBCTTHRELL, LIETO4AFIR 400
ml Y- —%EHUEK6 Ak, RETTIE2EERE
Bl 4B, 26°C (15 FXor 19°C (98

f) OBIRTMIEEEFOT 74 F b r v NTHWL, KE
KIIER S OHB L

K R. meliloti VX, BEHTAAERN 103 &k (-
103/NIAS) # 77 7V 7 7iZ B L, BHEBEE»S
FHmU TR L, Bl YMA BEucAF LAE
EROBBEK SRR 0.1ml 2@ FEELzEmL:,

Fusarium oxysporum v, VEIBEFHEMLE =
BIIZREESLIHM LIS D%, HWEEERE»DS
ZRERERELTHW, TH2 e —RBLUBT LT 7
NT P RIEMER R L, £ sp. medicaginis &AL EN
720 HEFElY, PDA IHHLOEL 5 2 HAES AL aT- O
KRB R B U TIRIE & Wz T - 726

TAT AT REOHAE T m 2, i D (T
ElLtBErERCHWELAZOLELITER LT, W
BRI L DR TEREOEE AR Lz, $£72, 22Tk
FSh/cifg & S BEIREKE & Dz TUERL, 2
—S3mmizEKLTR T =A 2 vt Czapek-
Dox EXRiLih LB LAE T5 (KB = 7 % &7
Lice —%, BEWHRIOAMEZ =7, 0.5mm @
S50 LT LA RS KRS Ic L - THEY
ESxaBL, ROBEEFRBCHE L, s, B
OFEBICRRLFEBTLRE 7Y v AHOWE
3, BT L AR OM A 2 £ O % BEREHIZ TR,
FRC 23 ARELTEF T rIREZEEREL,
TV v AR LT IRBRERE A 3R,

WA E 7% ) v AE & OFEHIT DL TIE, YM Lol
DYv=y b SN2 -RATESHZ YG e 1/
10 /KL, chic BNEOEF BRI VWERED
BULWEX (0.35%) 2mz'T, >+ —VNIZR meliloti
& F. oxysporum O/NGANIFZZEEL, 28°C 2k
UL REIRA A AR X - THISE L,
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1. Fusarium oxysporum 0OFIR L 1B¥uAak

—fz, TV Y ABEIIME AR TIE
AETEENL VA, HIEE N ATE I OREY) B kL
BRERE»SIT LIELIEBETHHESNS, 20T Eh
5, ALOMRAH L & BEH T EE2 G LT, 77 71

Table 1. Nodulation of alfalfa seedling in naturally-infested and non-infested soil
Soil Fresh wt. shoot Fresh wt. root No. of nodules Discoloration Root-infect.
(mg per plant) (mg per plant) (per plant) of root Fungi
Sown pasture 90 0.6 + F. oxysporum
Native grassland 18 5.2 1.0 + —

Soils were limed before cunducting the experiment.

Seedlings inoculated with 10* rhizobia per plant

were grown at 26-19°C (15-9 hr/light-dark) for 3 weeks.



RA: 7A7 707 7 DWMEIEK L Fusarium oxysporum 1= X HIRE & OEHE 21

Table 2. Growth and nodulation of alfalfa seedling affected by different rhizosphere soils in an early

stage of the growth*

. . Fresh wt. shoot No. of nodules Discoloration
Rhizosphere soil (mg per plant) (per plant) of root
. Not-sterilized 32 1 +
Sown pasture  {geriTogs’ 48 2.7 -
. Not- ili .
Native grassland {Stoerfltiigéﬁed 2(6) gg :L:
Water agar 61 6.8 -

* Seedlings were grown on the different soils or agar for 3 days before transplanting to seeding agar,

26-19°C (15-9 hr/light-dark) for 4 weeks,
5 replications.
** By steam, 100°C, 1 hr.

Table 3. Percent frequency of major fungi from
organic fragment in naturally-infested
soil, and root surface of alfalfa inocu-
lated with or without rhizobia

Org. Root surface of alfalfa*
Fungi fragment ot-
0.5mm) inoculated Inoculated**

Mucorales 24 4 2

Trichoderma 5

Penicillium 7

Cylindrocar pon 1 4

F. oxysporum 23 71 61

Fusarium spp. 11 7 4

Others 30 16 24

Total isolates 126 68 54

* Grown at 26-19°C (15-9 hr/light-dark) for 2 weeks.
** 10% rhizobia per plant.

77 DEE, &R T SREOREE X ARAIEK
RIEFEE L, #58: Table 1 L RTEEDTHD,
HHE R TIR AR T LT 7 VT DHHAE
BITTH 725, BREEKCBEkz HFORNOEAR
X bOTRATH -7, ZHIALT, BEhIRTA
H LB, THETEEL PR TS - 2 RERE
BT LAKRESEE EES HRCH o, HEfL
R VT LRI BHNEEESRD SR, £
ORI HE I EORE LI R D, BOALFEKS
TLEROREZTAAY, MEOHTERCHET
2 EAbhi, LT, FRFNLOBRR»SEECE
THEELRRFEOTE AT o2 05, HEMTIEDE
&z Fusarium oxysporum BELMNCHEH L7, 747
LT RS HERTEESD Y, RESRROTHR
CRESCHIELTWS EHIFEN, ok, RRECLE
OB ER R ST L2, HEmA R ELe 100
g7 b 5.7mg Ehn0EL, ThBMRRERCEE

inoculated with 10? rhizobia per plant.

Figures are means of

Table 4. Microbial changes of rhizosphere of

alfalfa by inoculating with rhizobia

Micro-organisms Not-inoculated Inoculated

Fungi (10% 15 18
Actinomycetes (10%) 4 5
Bacteria (108) 86 126
Gram-negative b. (10%) 24 33
Rhizobia (10%) — 5.4

The data correspond to Table 3 in the same experi-
ment, per 1 g of fresh soil and root.

LTWB T ELFBETHLERDS & b,
Wiz, 2hHOLEOES EOWIE & FHAIEDORHR
FIENDDLID, HEPUDTNLT 7 VT 7 2FhLh
o1iEc 25°C T I EMAFT S EAOL, RELE 2N
FE L/ %% Jensen OIEBRERICB L CIRINERZ EEL
FDHOEBERIT Lz, TO#RIL Table 2 0L

DTH5,

Fhic kg, o X > AR HEOEFTRRIE
B shien, —F, KEHTETII2RVIROBEE
£ URK O KD ARRTD » 72 HELIBOBGITRIT
AT HREEN I S s i L7z, RERDOL DK D
BIF AR R A R Lo

HEHRIZ T F. oxysporum [ZHIR T D LA
NLBROENSHETCH 722 n b, ZOHEDRIRK
BT RrIionT, RSB OF BT &RV E
OEBCES TAT AT FIRED T v 5 OEL, 85
i iRE o RO R A, BSNeRERE,
Fh7h Table 3 8L 4 DEBDTHS,

FEEWTE B O SRk B it Mucorales ¥ XK F. oxy”
7, TAT 77 7HRE TR OF
oxysporum HEHETHBR LA, TOE, REEOEE
- T7 eI RbT5HmRH D, F. oxysporum
OHBHE L LRl T L,

sporum %<,
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Table 5. Interaction between inoculating rhizobia and Fuserium on the growth of alfalfa*
Fresh wt. shoot Fresh wt. root No. of nodules s :
Treatments (mg per plant) (mg per plant) (per plant) Disease index
~F, +R 36 19 5.8 —
+F, +R 31 18 4.5 +
-F, —R (KNOgy) 88 31 — -
+F, —R (KNOjyp 76 23 — +-+

* Grown on seedling agar inoculated with or without 102 rhizobia (R) and 10° conidia of Fusarium (F) per

test tube, 26-19°C (15-9 hr/light-dark) for 4 weeks.

fths, IFrEOEEICX - T, RETEIMEOMEWE
LIEMT 5 2 LB SN, & CHEROEENRKE
WESTHotme AR ZOEBRITEWT, MEED E
e BT AT AT r DAEBEITIFEASES
SN o,

TATr AT DR E 7 F U 7 A DRYEE OF
Fm DT, X HIC Jensen OEIHERER L THEOER
DOFEC LB EER R L, BN EERECIRE
(KNOg) % 0.05% AL THEEOBEERELZH -/
Z DFEEI: Table 5 [TRENB EEDTH D,

o LTt F. oxysporum OEENT Fhizd ¥
TV o 08, TREER o IR AR DE B
DILDBEVWDINER SN, £, MEEORGIE
ROBENZELL, £BOBRIHALHTH -7 TD
B, AIRAC D ERMECHRERICERE LRADE
BAED LN,

2, 7HUD LRI BORBAZEK

SR, HEhOREESEFLTLRER LM
WHEOHLZ LB HLNTE Y, HIEALIE (Sup-
pressive soil) & FEFNTIHE L OEEZ D TW
L1 BRETL, TARMEDOTF Y T ARIZDN
AR L DT FETED I DL, ZOT
b, BHEAHHL, BREERLE (FRIE

%
T
b

Figures are means of 5 replications.

L ORTT AT 77 7 ORI KRR L,
SR 7 S B W I O MR PR & FE 2R R T
P+ B T BIc ERT RS RS L, @
W RARBRA DI 2 B R D, WY S AR
BOTETHE T LBREND BRI, T, HIEFIZE
175 F. oxysporum OEHLDHEEE 2V E 7 FPAFA
Ptk - THELREZATD, PREBETIHERRN
HOBENRLLNEDIL, FEHETIRELIRE

ShzztwiBes (Fig. 1, 2),

WtgiconT, pH Z3EHMELLEEE, -3
¥ 254 FRIESLT Jensen OIGHEWE R IRM U2 EE
2 LA, ThERT/LT 7L 7 7 OEFE LRI
IR, 755 U RE O M AL & F kR, Table
6 BLINT OEBEITHS,

FFTAT AT s OEBESRD &, KRNI LT
SNk T4 MEAOWE], FER{GERORRLE
CRPEMOELRCR TS X VR EE PSS D,
RIS RR B L% F IR v micd - 72
(Fig. 3, 4, -S— 3% =741 FEROEA Z DB
MR D IERE T W,

WHEORES L RIRBEOTHE I 7L A,
Thi REED F. oxysporum Hitoh7z2%, HRt
BT TEMEIEL, COREMROEEEZLALL

Table 6. Growth and nodulation of alfalfa seedling in disease-conducive and suppressive soils*
Limed soil Soil mixed with vermiculite
Soil Shoot (mg Root (mg Disease nlggﬁlz:fs Shoot (mg Root (mg Disease nlggm%fs
per plant) per plant) index (per plant) per plant) per plant) index (per plant)
Conducive soil
Not-inoculated 31 33 + - 76 80 + —
Inoculated** 33 38 + 0 100 87 = 7.4
Suppressive soil
Not-inoculated 53 38 - — 94 100 — —
Inoculated** 50 40 — 1.5 133 92 — 9.5

* Grown at 26-19°C (15-9 hr/light-dark) for 3 weeks.

** Tnoculated with 10t rhizobia per plant.
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Table 7. Microbial changes of rhizosphere of alfalfa grown in disease-conducive and suppressive
soils by inoculating with rhizobia*
. Bacteria Gram-nega. b. Rhizobia Fungi Fusarium
Soil pH (10%) (108 10hH (109 Go)**
Limed
Conducive soil
Not-inoculated 7.4 230 83 — 16 31
Inoculated 7.4 272 106 16 13 38
Suppressive soil
Not-inoculated 7.5 201 31 — 8 22
Inoculated 7.5 215 30 9 13 6
Mixed with vermiculite
Conducive soil
Not-inoculated 7.0 265 83 — 6 71
Inoculated 7.0 300 103 54 10 60
Suppressive soil
Not-inoculated 7.1 273 81 — 5 29
Inoculated 7.0 330 97 54 4 9

* The date correspond to Table 6, per 1 g of fresh soil and root.
**  Percent frequency of occurrence on root segments.

TS FEESKE W 2T S,
WCTHREOMAEDHIRC X, FX4t%ETd pH
FHEL 722 L0 X - TEHRICTHECT 5 MR & 7
S7m75, MEOZFY v AEITHL I NELEL DS
WHBE RS TR Ui, FERROES, REOBE T
WodBENE o LBEX -7 (Fig. 5, 6), %7z, W
b X BATR oI AR Eh o4 (Table 4) O &
507, MEEHOEE X - THREROEMGID 5,
Iy BT, WE7F Y v AROHEERSL
AT A AN S - 72

3. THUSLEOEFICHTHIRNEORE

R. meliloti OIET I35 F. oxysporum OHNH
i in vitro THRT L7z

TR U7- YGA IHc mE 2z wipcifg Lz lh, »
IUHRE R L 20t 7 Y v AFEEE Lo
HOTHECDWTHE LA, H53 Fig. 7, 8145
N2 X3 Wil F. oxysporum DEAIZ BiEE4
L, B HOEEE L SEEMEY S, 2k
L7 A s ik b o Uik BIEL L © %
&, NSNS AR T B EORBENL S,
BFoWEIT - T oalETorkd Sld o L
L, BRI REEPHERTE L0 ) K52 Li3El
DENII o .

z =
7Y v ABED, AR U0S ORI TR

TERPEMED 7 » 7OBKEBI R > T WD T EIXL
1F LIS I %, Thornton'® (¥,
DFAFFREI R — SR ETHE
WERIEET 2 RREE TN, F. oxysporum |IiEl
B ERE R TR BERLOTH D, BRI/ -
SR OFT Fusaria p3EELZ DTV EHUT
W, Frz, BALY X, —HT KLREO~ 2R
WA ERTHRTEETL2HRS BT L, F. oxysporum
X AR E F.osolani = X5 IREHRAERNTHS &
LT D, TR L EH IR T L F. oxysporum
IBERTHHEIh, FOREMER S AFHEZAEN
TR A BUET WREME S K& v Zh O D MEITHEX
2, R EO AT EH#T v A RO S L KHE
WATRAETHL LWIHEZHL TS, 73V T AEH
OEEEIZ L DS OELEIS LERD D LBHRD,
R ICRR IR T 5 IR SRR O R R AL
MEs S ThiE, 73 Y v ABEICIRS S, BRFEEE
DA < LS TEERIOAEEMINESZ LS &,
R EN R EE2 S x s s Lix P TS
5, Lanl, TBEDYINET OERRE CIRIVE X iR EFA4
BoRRET LA EFRRCETT 5 550, mEok
R R E DOIFE TR 2 PEETHS 5, —iF
17, F. oxysporum T X DIREVIEGA D S HREL R
Lyvisiar 25 c &3/, hoFEFicb~~hilE
O THHEN TS, L72h-T, REEOFZACIREA
DOEIRFNEERZIZFNIEEBEELEFIIECL S &

=a2=Y=FVF
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HHTEDTESL, AROERTALNBE X 31T, HE
D F. oxysporum HSEHET SyEEX N7~ FABTARF S8
e RR TR, B VWIIHEER FeoEBEHEBRIIRVL
Th, 7F U7 ADEEPIT X - TR T E LR
LD b oD, ATFLLBEELEESTX
ol WS T RV, 9 LAREEOMEzhET
LHELABBREWTHAS,

—F, WHRFEEO PR ISR LS LI gD
ZERETS L, HEOROREFEECH LHNLE
ORI YRELBOR O A& & Bt Ky
Lo L7203-T, Bz ERE RSB35
DT, LLAZOHEDEEDLE LR DEAIZX
DL Wb 5 WREM AR E Vv, F|TDH, F
oxysporum \TIRG U7z AR AN EIRAEIR 2 5 T R A
Bt LR LIELIEBESW /LI ATDHD, 0D
Tk, EL BN oMEEEL LR PRI IRE
DEFICS BET L LA NERLR W, E4, F
oxysporum ORI FIERERT VI vEBO L£RD EE
ENE, R RBREOWHICEREY L5 TR
HHAH5,

< ARHAMC BT 5 B & LERE L OERCOW
Th, £ Tu OEM® 25, FRickhus, 7
FIHA 2 Y VIR S THEA XOBBRREHE L
BT F. oxysporum T X HIREIFEHCEHbN, #ig,
RB R E BRI HEI s R 855 5, [AROBER
VX Phytophthora megasperma = L% &4 XD REH
ZHERD LR, REEBEN BT Phytophthora O
A T LERDONIIZ A VAT A 25N 57
Epd, BEANOBELEEZREMTLOTIERWrEHEL
Tnhe, ZDWET, Pythium, Ascochyta, I5LX
Fusarium THEHLNE D, BHREEEHTLH2
FHTRZOERIZReLTH LI,

WERSEE 7Y v AHCERERAERTHES H
EES L METH S, Antoun ef alb T XiuE, 1R
WEOHH ¥ WEO 45 o5t T 585 T, R
ERET ALY LABRLATVWAY, 204 Tu
DRI OEAE S S Y BENTH 55, FHROE
B G, R. meliloti DN T T F. oxysporum DBERIT
AFHERL LN b TE, MEZRAL,D
HEHEERTET 2 Lhiiv, Lal, BRLER
ERSBHLNE S PIE B 5 B0 AMBH D, DL
%, EEORBECHREES LT 5 PEETH
HEWEES.

BEEE 7 ) v Al e ofiiiase L, %<
ELEFMCIERBR L REF L SBEECHARLTVWS L

EREERWE b G, BRYOT Y Y v ARIEE
BEEEMTEOM I ZDZ LRTBL TS, X5
2, A=3% 51 FRIBALUTEREZRMLES
17, FERIBER LT ROBRSEME R RIS
RIFZh 572 b w S THIL, HEOAF IR SE
TR TRREIBRMTHL L 2E S TS, i
Kb, BFALALZECOIREROE®EBERA T
LM E T OERBESATEET S LA 5N TS S,
—H T, &9 Uiz ties 725+ HRo Wb
WIE#, 7ok FWIES: pH B SHIRIMEME S v o 72
FEELHRLTWEERE EHBTES,

FEFMEATE IR LT THEORE: SR ERD
F. oxysporum D5 ENT 5, TOHIBET(EER
TEX OFEMCEWD, BREOEEIC L - THEERR
ELTRT L2 2 BTV IREOEZE T XL,
LA IETIAEOLE PSP E v, 2D kL
R & ORI S TR A» - 22, BNEEZED
TREOMEEOBRELZALIrOAGRED L X5 ITE
bhb,

BEICH e B EEAT LI Lick T, D
MAmE D7 r S OB ST X TEI LIS
WZ & T, Azotobacter chroococcum (DO NT D
WMEVITFORENLAITES S5, HiF - BEUMIz X
iE, BEBEOEELL - THLHERHLIOME S
RETHIET 5, £, REERIZES BEoLEFRE
CHETLZEREZLNS R, TLHHEEIIRWT
3, RRE AT S REPCHEMEM, 2 W ITEEOM
By WREE b ABEMME O B XL BESh
Lo WERIZLT D, REEOBEECL - Tk bR
AOMMOREMAY, & < ICHEEEEINT 5 HE R4
L=z &, VWb S IEE® bacterization (WHEL)
DEE® AL BIEREENE L ALEbN S,

A LA 7 # ) o ARIEA L E (BhEHE),
FLOMREM IR (FRA3) 13, JLEER RS
BEIMASNBMEREOEMIFRC X > THRERT
7oo HLMBERET D,

51 B X &
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Root discoloration and poor rhizobial nodulation of alfalfa seeding were simultaneously found

with pasture soil that was naturally infested with Fusarium oxysporum.

Pasteurization of the soil

exhibited no root discoloration and an increase in nodule formation.

In an artificial inoculation test with R.meliloti and pathogenic F.oxysporum,

severity of the

root rot was less in nodulated seedling than in non-nodulated one applied with nitrate nitrogen.

Nodulation examination using Fusarium-suppressive soil revealed that healthy growth and

good nodulation were demonstrated and occurrence of Fusarium on the root surface was appar-

ently low in coparison to that with conducive soil.

Rhizobial inoculation, on the other hand, brought about microbial changes in the rhizosphere

of host plant, particularly a significant increase in bacterial population.

In vitro, hyphal growth of F. oxysporum was suppressed by multiplying of R.meliloti in a

mixed culture.
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Explanation of Figs. 1-8: Hyphal growth of F. oxysporum in disease-conducive soil (1), compared
with that in suppressive soil (2). Naturally infected root rot of alfalfa seedling in disease-
conducive soil (3), and non-infected in suppressive soil (4). Occurrence of Fuserium (5), and
bacteria (6), on the root segments of alfalfa in disease-conducive, and suppressive soil, respec-
tively. Restricted growth of F. oxysporwm in the mixed culture with R. meliloti inoculated
immediately (7), and after multiplying of the bacteria (8).
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