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Abstract

Soybean rhizobia were isolated from 101 soybean (Glycime mazx.) cultivar which had been

grown for the breeding experiment in Korea. Seven strains of the fast-growing soybean

rhizobia and nine strains of the slow-growing soybean rhizobia were celected on the basis
of their growth rate in AMA medium and their high ability of nodulation. The slow-grow-

ing soybean rhizobia were identified as Bradyrhizobium japonicum in the acetylene-recu-

cing activity, microbial characteristics, and biochemical characteristics whereas the fast-
growing soybean rhizobia were very similar to Rhizobium fredii.
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Rhizobium 59 5 AT F3FE4
THE YA £34%d @ AT 2F
Rhizobium japonicum o2 E-F=5lo] koD,
A= A" ERAe wal Rhizebium 3+ Bra-
dyrhizobium &) § %oz BRHI g,
Keyser” 5o $9% 47429 obdo A%
HFeo] A Ee5d THFIA AFHY HF ZF
T<9l slow-growing soybean rhizobia o] ®)3] A=}
%57t wE fast-growing soybean rhizobia & %
Z3te] B gz, o] TFEY yeast extract
mannitol(YEM) wi A Aol A FFEz9d 4 A4
F50, ZFHHEHen, plasmid S0, A
=2 FAA®, FPEARAY, 49 54
459, DNA hybridization 28 %0 2 25g o
o, olH& d# AY A o] FTFEL W F

A 2 AFTdH Ao 9o]AE fast-growing

rhizobia group &) AL 7IA= Y=z +F 3
A8 9o = slow-growing rhizobia group 3%
o 4de A A wEA o IFE
o A4 wulg dFx £tz fast-growing soy-
bean rhizobia &2 A3 Hql Rhizobium japon-
fcum 3 ¥l &l fast-growing Rhizobium ja-
ponicum 0 2. ALEE o gepheD, o] 8 i gt
AL THTE BFded JFAEd AE Z3
4 ndE J2A Afold g Fagol Fzs ol
Jordan*»® %-& slow-growing rhizobia £ Bra-
dyrhizobium 40 2 ALF3F] F#: e Rhizo
bium japomicum & Bradyrhizobium japonicum
oz WHslgn, Az Hed fast-growing soy-
bean rhizobia ¥ 55L& A4 oz A AQl fast-
growing rthizobia & §Avstr] W) F-of Rhizobium
oz EFHe 9vr #Z Ekan'™ 52 AR
£ 22 A 98§ o5 TF7t Rhizobium ja-
ponicum o 2 v v 5 o] 7 oFd i} Bradyrhizobium
Japonicum 2] %L ¢l 7] 9] Rhizobium
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¥ 74 fast-growing soybean rhizobia 9}
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&£%3n A AF FHF5FE 23 A3
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J
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7
o &gl
E:xs5)
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2DHY 5%

A FFAE 20% chlorox §94 4 10&£7 A4 &
T g AT F552 A3z 0.01N HC1 &
Ao 1087 AA G vhg oA 4F FH5F2 7~
83 A= AA ¥ AAH FF JF3A7 24 petri
dish 4o 9 FEAE I3 F 25°Cz =44 ¢
Aol A 297k FetAZ e Hold A F FAE P
A4 FRAANY2L AF vermiculite 7+ A 9]
A 25ml vial(Fig. D] 20mlA % 7% & 4
T 2% THFFE AET 10° cell oJAHA A
Btz F ¥ Fig. 1A9} 7] 4 w[d¥AE 4
t}% growth chamber (60 R.H., 28°C, light
intensity 1. 7X10* lux)o] 3£ o9& 14487 A=)
ek A F A4 ez AFE A EHA
A2 A&H2E Aty serum stopper & Fig.
1B o] AsA oty ¥7] 0.4mlE W F

-i° Ohl

Fig. 1. Soybean plant growing in vial after 14
days incubation(A). Soybean stem being
cut and sealed with serum stopper for
acetylene reduction assay(B).

0.4ml 9] acetylene & Atstell A viale] F A}
o 25°CoellAl 2 A7 wkgA Fol FA712 0.5
ml & gas chromatograph o] F8ld AazA Y
4 2Astg o specific activity & A 7% 44
=& nmole ethylene © 2 el gl =
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W2 W g AMAWX) Fo 4 2~74 A=
woksted AP g T g8 ¥ 2
&L crystal violet 2 @AstY Hulgd oz I
Astg e, 2.8 9L Hucker oz #A3}
ok Motility = wbzAl A9 A o)A AEA
2 T v stlA A23gled, I &
AL A vt Iy d 43 & Bz

5. MlZel E3 Mchz|zt 53

79 AT AdA2E 2397 A4 AMA 9
ANAE gl A5 245 2 T 2
Azelste] AMA AANA 2 @4 AA At o
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Table 1. Growth type on AMA and nodule fresh weight by the isolated strains

Growth Nodule fresh Growth  Nodule Growth  Nodule
Stock No. type weight*  Stock No. type fresh Stock No. type fresh
(day) (mg) (day) weight* (day) weight*
1 4 2.4 35 4 3.7 69 4 2.3
2 4 2.5 36 4 3.3 70 4 2.2
3 5 3.5 37 5 2.3 71 4 3.1
4 4 2.3 38 4 3.5 72 5 3.7
5 1 — 39 4 3.4 73 4 2.9
6 5 2.0 40 4 2.3 74 4 2.3
7 1 -+ 41 4 4.5 75 4 2.2
8 4 2.5 42 1.5 — 76 4 3.9
9 3 2.3 43 5 5.4 77 4 2.4
10 4 4.0 44 4 2.3 78 4 3.5
11 4 2.0 45 4 3.0 79 4 2.4
12 5 4.1 46 1.5 2.2 80 4 2.2
13 4 4.2 47 4 2.3 81 3 2.3
14 4 7.5 48 4 3.1 82 4 2.2
15 4 3.6 49 4 4.0 83 4 2.3
16 4 2.2 50 4 2.3 84 5 4.4
17 5 3.5 51 4 3.5 85 4 4.5
18 3 2.3 52 5 6.5 86 1 +
19 4 2.3 53 4 5.4 87 4 2.2
20 4 2.2 54 4 2.2 88 4 3.0
21 5 9.6 55 4 2.3 89 4 10.7
22 4 3.7 56 1.5 — 90 4 3.1
23 4 3.8 57 4 4.3 91 4 2.9
24 4 3.7 58 4 3.9 92 4 4.4
25 5 3.6 59 4 2.3 93 4 3.2
26 4 12.0 60 5 1.9 94 4 3.0
27 4 4,1 61 4 1.8 95 5 2.3
28 4 3.3 62 3 2.2 96 4 2.4
29 4 2.2 63 4 2.3 97 1 —
30 4 2.2 64 4 3.5 98 4 2.5
31 5 2.3 65 4 4.0 99 4 2.6
32 4 4.2 66 4 3.5 100 4 4.3
33 4 2.3 67 4 3.0 101 4 2.7
34 4 3.0 68 4 2.9

* Nodules from 25 plants of each strain were picked from the roots and pooled onto moistened
filter paper. Values are average total nodule fresh weight (mg)/plant.

ARd Azdgd 1mlEFE 93k 300 ml

AMAZL 3" Azrseteaed] Y= Aw o g3t 3

Ak o A&AEE AAH o2 FFxE 600nm Z+ 39 A3 L RMM ] x]226] 4] mannitol &
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Table 2. Acetylene reduction activities of the growing type £o] WA=}, o] & fast grower

fast- and slow-growing soybean rhi-
Zobia isolates

Strains Specific activity*

Slow-growing

ROKS 14 256 -+ 97
ROKS 21 322 + 101
ROKS 26 387 + 115
ROKS 41 174 + 76
ROKS 43 217 = 82
ROKS 52 242 + 77
ROKS 53 221 = 68
ROKS 85 153 £ 57
ROKS 89 342 + 103
Fast-growing
ROKF 5 —
ROKF 7 49 + 21
ROKF 42 —
ROKF 46 —
ROKF 56 —
ROKF 86 42 + 19
ROKF 97 —

* nmoles ethylene formed per hour/plant

mannitol & % E 9 o] e Ak of
o FEAE 2T 39 AEARE B2
Pow, o # HFF-S AMA plate ol A8
T& 2o} oA FF FHTo g FLE
Arsz 2434 FAFddA. L7 4L
A WAAEL A8 4 FAEA] stock solution
€ 10mg/ml 5 A =A3ste membrane filter &
&3 A A 2143 . Minimal inhibitory concen-
tration (MIC)= AF T & FAFAH A 2o] 2
Aot AHg8he ok

4 2 4t AAAYL Keyser® F9 wyo]
Fatglem, dukde A8 A¥YL Manual for
general bacteriology?¥o] &3} of.

'TET
R A Table 15 zZo] AM
&0 AYA dF &

& 2% 944%¢ 3o slow grower Fo|
Phos 2949 439 258 b2

A& Zreteted \dE F2 4w wEAq

4¢ E3hd FAR

AMA zA M A AAA2 A$EE w2t fast-
growing soybean rhizobia 7 FF& AWy,
AEEE7 vz EHIAYF] £4% slow-
growing soybean rhizobia 9 %2 Au3lg o
o] F % group & ¥H¥H FeA4S FAEH
d#4-E vzt b FL& A80F 2 Aoz A4
ZEe] ol %9 vlzdy FFEA LGt (Ta
ble 2).

g Keyser? Fo] ¥23 #5522 A7) 7o
647k "lgtelqom AEF FE R FFo W B
gol ol qg BuIged £ Add4 £
fast grower £ FF2te] THFIHH o] =
ol & w7 g v

o oir‘ g

(=]

2. E421d

b

=5

AESE FH A Hel o8] AAA fast gro-
wer 7 -31-—.—9} slow grower 9 FF& acetylene 3
L g3t Ax3AHE S48 A= Table
23} zZr}, Slow-growing soybean rhizobia 9 T
9] specific activity & A 7+ 153~387 nmole ¥
A ethylene A H-& o,
goybean rhizobia 7 FF %] 4 ROKF 7 # ROKF
86 & cpecific activity 7} 47 A 717 49 nmole}
42nmole o] F#YHF g Bgeon & FFEL o}
& v} ek} activity & R gl gH Stower® %o
KeyserVst ¥2)q #& AHgotd #59 A% &
Z 719 acetylene 39 %-& &4 A9 ZTF w
2 Aol gtrte wxg dge Hattori” 5& %
Qg TFE A43le Bradyrhizobium japon-
fcum 61AT6 % £% 719 A4anAHE 24T 4
3 2 F 3 TF & acetylene 34 Ho] AL o]

fast-growing

% wHEd & A4 2 TFES A
T ES Y AezAEE Gf 249 £ de
7+ 9E Aez AAso

3. EEY 53

Table 3¢] etk wl go] F group EF Z+F
olger, 27E 1.8-2.6X0.7-1.2um oYz B
E FFE ko) %_%.9_ o]_E,_:]—;_ )051951:’— B
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Table 3. Morphological characteristics of the fast- and

glow-growing soybean rhizobia isolates

Strains Form Size (um) (WX L) Gram staining Motility
Slow-growing o
ROKS 14 Rod (LI~L X2 1~2.6) — Motile
ROKS 21 ” (0. 5~0.7) X (0. 9~1. DD - ”
ROKS 26 ” (0.8~1.2) X (L. 2~1. 5) — "
ROKS 41 ” (0. 9~1.3) X (1. 3~1.6) — ”
ROKS 43 ” 0.8~1.0)x (1.1~1.3) — "
ROKS 52 ” (1.2~1.4) X (2. 4~2.8) — ”
ROKS 53 ” 0.8~1.2) x (1. 2~1.6) — ”
ROKS 85 ” €0.7~0. D X (1.2~1. 4 — ”
ROKS 89 ” 0. 7~0. D X (1. 2~1. 4) - "
Fast-growing
ROKF 5 Rod 1. 0~1. 1D X (1. 4~1.6) — Motile
ROKF 7 " (0. 8~1. 1) X (1. 3~1.6) — ”
ROKF 42 ” (0. 8~0.9) X (1.6~1.8) — 4
ROKF 46 ” 0.9~1L. DX 2~1. 40 — ”
ROKF 56 ” (0.8~1.0) X (1. 9~2. 1) - ”
ROKF 86 ” (0.9~L DX (L. 3~15) - ”
ROKF 97 ” (1. 0~1.2) X (2. 0~2.3) — ”

Table 4. Cultural characterstics of the fast- and slow-growing soybean

rhizobia isolates

Colony
Strains
Color Form Elevation Margin Slime/Mucoid
Slow-érowing
ROKS 14 Clear white Circular Convex Entire S
ROKS 21 White 1” ” ” M
ROKS 26 ” ” ” ” S
ROKS 41 ” ” ” ” M
ROKS 43 ” ” . ” ” M
ROKS 52 Clear white ” ” ” S
ROKS 53 ” ” Flat ” S
ROKS 85 White ” Convex ” S
ROKS 89 ” ” Flat ” S
Fast-growing

ROKF 5 Light orange Circular Flat Entire S
ROKF 7 Clear white ” ” ” S
ROKF 42 ” ” ” ” S
ROKF 46 White ” ” ” S
ROKF 56 ” ” ” ” S
ROKF 86 Light orange ” ” r” S
ROKF 97 Slight gray ” Convex ” S
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Table 5, Mean generation times of the fast-
and slow-growing soybean rhlzobla

isolates
Strains Mean gen(zﬁilgon times*
Slow-growing
ROKS 14 8.5
ROKS 21 9.6
ROKS 26 6.9
ROKS 41 7.3
ROKS 43 10.7
ROKS 52 1.5
ROKS 53 12.3
ROKS 85 7.3
ROKS 89 12.1
Fast-growing
ROKF 5 3.5
ROKF 7 3.3
ROKF 42 4.7
ROKF 46 4.5
ROKF 56 4.1
ROKF 86 3.8
ROKF 97 2.9

* Mean of three replicates

Z Q& A= #2H Yk Fast grower § FF75
& AMA WA Bol A 4547 B A} A4
7)o) A &= pleomorphism Y45 ARHJor TE
Fol A endospores = FHE A &gtk TE FF
ol 4 meotility = =& =3 o0, slow grower &
fast grower Bt} motility 7} # ok

1. WUEE S¥

79 ¥ ¥ EA.& Table 404 7ro] AMA
ZA A gl EEY FFEEL white E&
clear whiteE Velig oy 9B
&£ slight gray 8¢ vehil & colony & # A3
gt F group %7} colony o] e A= cir-
cular § &, elevation 48] A & fast group2 o
A flat type o]l 21} slow growers] 4] & convex
type & o] 4tk Colony margin & %+ group &
5 entire 3 FHE JeEidd. AMA ZAH
Aol 4] fast group & W7 = colony 7 o] 1~4
mmAE} ot slow groupo]A: 0.5~2
mm 24 Hzd Fgaz, g QF7t Ao A=A

light orange

RE F3= slime & mucoid A2 5 ¢ oH
102 o} Ao Al = colony & colony 7} HA A A A
2 7Y% F g A=E H3led oad 43
E& F T colony £33 Z F3s o

5. H3 Mozt

zZ+ F5e HAE AWAZE A3 9 A
FARE v gHor é?‘éﬁ}%‘l—cﬁl ol A& 44
o 9% AFFY g A Ax, 2 A
7= Table 50] A ¢} 7o] fast group& 2~44] 7k,
slow group & 6~124 7+9] BT A7 71-& et
W ek o2& A HAE Keyser Fo] F3ofA] of
Aot AE AT ¥ fast growing-soy-
bean rhizobia o] A1 2] A4 7] 7ke] 2~4 A] 7to E H
23 A dAstz g dypF oz AFHA<
fast-group @1 R. meliloti, R. leguminosarum,
R. trifolii = A|d]>] 7ko] 2~4A 7k, slow group
ol B. japonicum & 6 A7}t o] A9 H A7}
of g%t g zHT o 2 AN £
5 fast-growing soybean rhizobia &= %<3} host
specificity & 7}3 B. japonicum B.vF= A3 gl
fast group rhizobia o] © A3t Foz eyt
}.

6. Sxizid Sd

20 579 2ARAYE 24 AHx Table 6]

A9} zFe] 223 fast group 4 FE-& slow group

AnE ¥ g2 FFY 7 o)34E ZAgFA

EE FFEL glycerol & ¢ A3t sorbitol 59
g3 HF 5L o] 2319 ¢}, &4 Graham 5223 Fred
52 Ay Aol fast grower & slow grower
Bt obd 3 ol g40] Aot 44e muag

o, Sadowsky 5% 3 Stowers 592 9] o] &
go o] A fast grower £-& glucose, sucrose,
Wad ol &gl ¥
3 slow grower o] 4] &= arabinose, xylose, galac-
tose 59 o] &80 ¥tz mustgch
Glenn 532 slow grower ol 4] = 29 F& o] &
e F v A AgEe o] ARl e
AL Gy Yo o] # g Abel wiFeja 2 AY

oA &% fast-growing soybean rhizobia &

arabinose, xylose, fructose 7}

slow-growing soybean rhizobiaz} o] 4% + 9%
235 22 33RE AT 5 9= AH5) e
‘ﬂ: P2 slow grower FE£9 Az HAAG

2Aq Aolst Yt e medFz gon,
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Table 6. Utilization of carbon sources by the fast-

and slow-growing soybean rhizobia isolates*

Carbohydrates

Slow-growing ROKS

Fast-growing ROKF

—
'y
(33
—~

26

41

43

52

53

oo
(52

89 42 46 56

[S)]
o]
D
O
3

Glycerol
Ribogse
Xylose
Arabinose
Fructoze
Galactose
Glucose
Mannose
Mannitol
Rhamnose
Sorbitol
Cellobiose
Lactose
Maltose
Sucrose
Raffinose
Dextrin
Inositol
Inulin
Starch

+ ok
+ o+ o+
+ okt

I+ o+ o+ o+
|+ o+ o+
T

!
I
I

!
l
|

T

+ o+

=+

T T I A RN

T e S S S

P

|

* Three replicates

F ool 4o FPPdebs FAL 2 wE A%S
EdE 2& 9%e oA Aoz 4490

7. BMEN WA sS4

FAEA 6559 A AP B coli % 0]
238 4 Muntller-Hinton =] 2] 22¢} AMA ] ] o
A FY FAEE HE2A 3% A% 2FRA
o wlsted ekl Aolst Yfet MICHe A
Astede AFe 99k 4 2 FEd B4
Ao g F4E ebd Az Table 740
A 2= whe) 7ol BE FF & gentamycin, kan-

amycin, neomycin,
FRAAE g54

th, Group &2 %

rhizobia &= slow-growing soybean rhizobia ¥
E g4l A9 o s 1ge

19 ot

streptomycin 2
o] dlulstg x|t carbenicillin
o gAAE ¥ FEAdAE AL

9 = fast-growing

R

\_

eh gl

soybean

o}

+ o

+ o+ o+
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R S e S S S S
o T e
e S S
o+

i
e

R T e
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+ o b+ o+
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8. walx =4

Table 8% fast group 3} slow group ¢ A 214
A 4L May AstzA TEEAA A% @t
9 ARFE FREAOE Fad %] 42 9
=4 fast group -2 yeast extract mannitol &l #] o}
A AL yAsta, slow group & d7tEE 44
at9d 2, fast group & gelatinase <FAeld slow
group & 24, NaCl 2%¢] 4] fast group & A%
%}9\2 o\ slow group & ExtelE 5 A48 Ao]

34 g

olei gt AFx Keyser® Fo] #eg #FE9
Aks §44E ARAE A F 992, o
Al fast groupoff F3otx 158 vlS HiA 4
Fx gl 8\ Ry 25 catalase, urease,
oxidase 444 evgled, HSE 445
= ls}l F‘/l- 9o g citric acid & o] 2-3}x Z

-9 of. 5} Graham?®® 59 B 3o o3}

29 B. japonicum TE°] olgt RFAHEE A

wo e v
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Table 7. Growth response of the fast- and slow-growing soybean rhizobia isolates to antibiotics

Strains

MIC value (ug antibiotic/mi)

Carbencillin Gentamycin Kanamycin Neomycin Streptomycin Tetracycline

Slow-growing
ROKS 14
ROKS 21
ROKS 26
ROKS 41
ROKS 43
ROKS 52
ROKS 53
ROKS 85
ROKS 89

Fast-growing
ROKF 5
ROKF 7
ROKF 42
ROKF 46
ROKF 56
ROKF 86
ROKF 97

100
100
100

50

100
100

50
50

100

25
50
25
50
25
50
25

@

S
o = = NN U NN

A R )

o Do ow
NN DN e G e

12.5
3.1
12.5
3.1
12.5
6.2
6.2
6.2
3.1

6.2
12.5
3.1
3.1
6.2
6. 2
3.1

50
12.5
25.0
12.5
50.0
12.5

6.2

6.2
12.5

6.2
25.0
6.2
6.2
12.5
12.5
6.2

12.
6.
12.
6.
25.

W o W oo

w o w e o

N =N D N U

N NN = NN

12.5
6.2
6.2

12.5

12.5

12.5
6.2
6.2
3.1

6.2
12.5
3.1
6.2
6.2
3.1
3.1

Note: The MIC value was defined as the minimum concentration of the antibictics that completely
prevented rhizobial growth.

Table 8. Physiological characteristics of the fast- and slow-growing soybean rhizobia isolates

Charateristics

Slow-growing ROKS

Fast-growing ROKF

21

26

41

43

52

53

7

42

46

56

86

97

Production
Acid
Alkali
Catalase
Oxidase
Urease
3-ketolase
H.S
Gelatinase

Reduction
Nitrate

Utilization
Citrate

Tolerance
2% NaCl

+ 4+ 4+ +

+ + + 4+

[

+ o+ o+ o+

+o ot

!

4

!

+

I+ o+ o+

+

+ o+ +

_I_

+ o+ +

+

+ + +

_|._

+ o+ +

[

+

+ o+ o+

+

++ +
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4R Aoz Busgxm, H,S B3 Ao, citric
acid ¥] o) -2 4 & R. meliloti & Q@ FF|Ant A
FHo = Aoz nadgch WddF W4g
o 3 APAe fast group & slow group A}o)
g d7AA} Bo] RaFHPEANS®, gRie
A¥ A ¢l fast group & slow group R.o}r Ao =
dulgtz RGN E AFol AL BAFA
o Graham?® %9 rhizobiad WA ®I9]
o esl fast group %o R. meliloti 7} wmAd W
Aol g Aer nudgdh

webA] A g AQA S P F fast-growing
soybean rhizobia ¢} slow-growing soybean rhizo-
bial 9 %Sy, A4nAH, qPEFHq
4 9 4394 54L& 2499 257 Az
L EFYE A A slow-growing soy-
bean rhizobia &= Bradyrhizobium japonicum o
2 ¥A5¢ e, fast-growing soybean rhizobia
+ Elkan'® F-o] ==& Rhizobium fredii &+ 4
A oermz R fredii 2 A3 oh

q 2
el A AGANH 2 Q= HF(Glycine maz.)
101 F549 5= ¥8 TFTe $58d AMA
ZAMA A AKEr 2 ZHFFAHG

2} fast-growing soybean rhizobia 7 #5-9} slow-
growing soybean rhizobia 9 FF & Awdlgch
AA T4 el AESA 54 4 g3
A 5AL zA% AF slow-growing soybean
rhizobia &= Bradyrhizobium japenicum 5 Q3
34 27, fast-growing soybean rhizobia &= Rhi-

zobium fredii 8¢ FAFEFS o).

ArzARE,
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