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ABSTRACT

Some symbiotic characteristics of native Korean Rhizobium leguminosarum biovar viciae were analysed to
get some informations desirable for cultivation of hairy vetch (Vicia villosa Roth) using its symbiont in Korea.
The size of indigenous populations of R. leguminosarum biovar viciae was higher in seven upland soils
showing 1.7X10°~5.8X10* cells g - soil”', which appeared to be 10% and 37% higher for cultivated and
uncultivated soils of hairy vetch, respectively, than seven paddy soils with 1.7 X10%~1.7 X 10* cells g - soil .
In symbiotic potentials, however, the yields of hairy vetch treated with 10-fold-diluted (10) inoculum and
1000-fold-diluted (107) one was 11.2% and 8.8% more, respectively, in paddy than upland. Hairy vetch
inoculated with either strain KHR 106 from Sacheon or strain KHR 120 from Yesan among native Korean R.
leguminosarum biovar viciae isolates was of similar yield increment of 16% (p < 0.05) in upland soils with
native R. leguminosarum biovar viciae of 5.8X10 cells g - soil™. In case of coinoculation of the two strains,
however, the yields was not significantly increased. In especial, isolate KHR 106, KHR 120, and KHR 122
from Suwon, which has also good symbiotic effectiveness, showed different protein profile patterns each
other. As a result, hairy vetch is possibly able to use atmospheric nitrogen through symbiotic relationship with
diverse native R. leguminosarum biovar viciae in Korean arable lands. For safe and good production of hairy,
however, the use of superior strains with high symbiotic effectiveness and competitiveness will be desirable.

Keywords: Hairy vetch, Rhizobium leguminosarum biovar viciae, Population, Symbiotic effectiveness,
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Protein profile patterns of three £, legurminosarum bv. viciae isolates in the automatic gel electrophoresis
using Experion Pro260 (Bio-Rad). Here strain for lane 1 is KHR 106; lane 2 for KHR 120; lane 3 for KHR 122,
which were isolated from hairy vetch nodules (a) and examined for the symbictic ability (b).
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Introduction

1900t FE£712-8.0 2 &% (RDA, 2002) So12]#|] [hairy vetch (Vicia villosa Roth)]*= G-} HopAlopr}
YAEA|RIE]| (Undersander et al., 1990), F=$1ofl Z35FL (Campiglia et al., 2010) AV EFIA = 2 212} (Dastikaité
etal., 2009) F AAS] 2cfof ofle ol 955 AA-F R0 oL 8| 1 9Ick (USDA, 2016). SlolzslA7}
Tt Rhizobium leguminosarum biovar viciae2t] 34 BAIE 7 HA] AAtoh= A A7 58-257 kg N ha!
HRIQI A 0 2 &2 A] Q1AL (Cherr et al., 2006; Parr et al., 2011; Wagger, 1989), 2&A42] C:N 447} 8:1-15:1
91 v ] wh2o] 412 2:230] Fidsoll K 41 Rolo] (USDA, 2016) ST H20] et A48 %7 ) el
THZ T e A= AYAL 3l (Kang, 2007; Samson, 1990). #7F ohu2t, sfjofa]#|2l= m]E2hE2 o] &5 o]
EQFo] A& Zo]HA] (Lee et al., 2005; Maul et al., 2011) ZZ22HI A A2t (Abdul-Baki and Teasdale, 2007; Choi
etal., 2011; Mischler et al., 2010) EFe] E214d 7} 2 =EZof] 7]'50] 2551 (Clark et al., 1995; Jeon et al.,
2011) FHLE= HAHAA 22 2|52 0 2 A 4 Q= A& s olu 715 3-8 e s A== =] ¥
7V} (Abdul-Baki and Teasdale, 2007; Maul et al., 2011; Rochester and Peoples, 2005; USDA, 2016). ©]o]| =2t
Sllof=|H|z] o] A5l TR 3 EA FFUY BANAHTI T o8 A= Lo A, A4, NS 5
9] ZHof| A theFsH| o] Fo] 2|1 Q= Aot} (Andrade et al., 2002; Chemining’wa and Vessey, 2006; Mothapo
etal., 2013; Palmer and Young, 2000; Tumbure et al., 2013; Yuan et al., 2016). “12{L} -$-2]L2tof| 4 2] Slof2]H]|#]
ol &A= FATFRA R, leguminosarum bv. viciae (Laguerre et al., 2003)E =222 &-85}7|Hr} 5lo]2]
H|z] o] EQfu| B g e}t A E/UaT Y52 4= HA| (Choi et al., 2011; Jeon et al., 2011; Lee et al., 2005;
Seo et al., 2000) °|& 92t AEE7HA] S7d517 0]l o] 251t} (Ku et al.,, 2014). 12| B = f2juife] )& 5 W
= SRS s 2] o[- 8=l & i, Slof2]HA] SALRat R. leguminosarum bv. viciae®] E215} %k @} o
7| EZFS}E w=20] Sllofe|H| 2] 381} 5 SOl 2HIR]-R. leguminosarum bv. viciae -5/JTH A7 D @9t A%t
o]t} (Ballard et al., 2004; Kang, 2007; Kang and Somasegaran et al., 1991; Kitou et al., 2010; Mothapo et al.,
2013). ofe]l whef 2 Aol A= sllof M 2] T8/ R. leguminosarum byv. viciae's VIO =2 2vef 9
=, & EGollA o] A E o A VA s S A5k, slofe]HA] F4tell o2& A o= V= St E

Hislol BYUFEINE Ptk

Materials and Methods
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ol XHEF| Il A] FAY TLHQ R. leguminosarum bv. viciae2] AATHEQF AATAZE
s 24 120 AR et 7 E ol A=Y 2 =ES 720 EY 7S Ve ® HEE 2012
| 3o JFsHT. AFIR 57 F7go] Y@} sflof 2| %] AfjafofFoll whE R. leguminosarum bv. viciae2] A48

2t FtAEjof|A] WolAZl <FHEP (Ku et al., 2014) 525 247 AAHHE FHS E-2 ‘growth pouch’o] 112
(plant)®] /gt ohe, B2 10815E] 10°81712] 3]4gt EYA R AEFR | mLA-E 4510 2 JFoto] 4371
Aufet 7 el o] FAH ‘growth pouch’ 2] 7H42A] ZSA]5 (Most probable number method) 2.2 ZAFSHAT}
(Vincent, 1970). 1 A3} R. leguminosarum bv. viciae2] A2 U= =8 F (1.7X10%~1.7X10* cells g - soil ") H.Tk
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HFE OFofl A (1.7 X10*~5.8X10% cells g - soil "), Sllo12|H[x]7F AuiE] ] 2= EQF (3=, 1.7X10°~6.0 X 10’ cells g -
soil'; B, 1.7X10%~5.8 X 10 cells g - soil ) Tt Al =l= EFollA] (3=, 1.7X10%cells g - soil '; &, 1.7X10*~5.8 X
10* cells g - soil ") 22} ] =& 71 © & LElydt}.

SAXELL| EATHEIMS 2 Table 18] 573 2|ol| B R. leguminosarum by. viciae2] H AT A

5 £4-2 Kang (1998)¥} Kang and Somasegaran et al. (1991 Vo] HiHof| =3itt, A A-g Yo | L Eo] o
Tt/ e 2 doba|Z] sllofa]Hz] < g Hal O] f-H 228 29t thg, 2 A ] EQRS Bd5-F-2 10812}F 1000

jus)
==
ol

S BSOS 212 mL A 4130 2 BSIol A 2471 A0 Lo 2 Asl 171 63 AV A
olald|x]o] xAKiel Balse 4:515iodry. o] P S2tet AlE Ao} Al s A g iAo & S BAT 70 57
Z) A2 R. leguminosarum bv. viciae2] AAVA TS EFQ| AAVANA© 2 Hrlolint. 1|1l SAAESF
HET) thE+E A4 6 kg 102" AGTE FolA ESAEN thal Bot5-75-5 Eol sllof=2|HIx]E Aulst it

Table 1. Location and size of associated indigenous populations of . leguminosarum bv. viciae of fourteen Korean
soils.

Land use Soil sample no. (location) I;Iziz];lsgcil No. of . lif:llms iI;O.S:;LIl_In; bv. viciae.
1 (Godeok-myeon, Yesan) Uncultivated 1.0X10°
2 (Dongsong-up, Cheorwon) Uncultivated 1.7X10?
3 (Seodun-dong, Suwon) Cultivated 1.7X10*
Paddy 4 (Seodun-dong, Suwon) Uncultivated 1.0X10°
5 (Sandong-myeon, Namwon) Uncultivated 6.0X10°
6 (Gosung-up, Gosung) Cultivated 1.7x10*
7 (Gosung-up, Gosung) Uncultivated 6.0X10°
8 (Seodun-dong, Suwon) Cultivated 5.8x10*
9 (Seodun-dong, Suwon) Uncultivated 1.0x10*
10 (Sandong-myeon, Namwon) Uncultivated 1.7X10°
Upland 11 (Gosung-up, Gosung) Uncultivated 1.7X10°
12 (Sangdong-myeon, Miryang) Cultivated 1.7Xx10*
13 (Sangdong-myeon, Miryang) Uncultivated 5.8X10°
14 (Imha-myeonm, Andong) Uncultivated 1.7X10?

sloi2|HIx| Z2ME0t 4 R. leguminosarum bv. viciae MY =R leguminosarum bv. viciae A3 T
W= SR AE G AN A4 SllelefHR] AR AEFAE =L B 0] A} H A W
EF] slof=H| %] Be]Ex} (Table 3), 57140 = sllof2|HI2]7F AAISHL Qle AR 227 mh=e] ek i+
B 23573 EQFO] sflof2]H| ] Bia]S-& 712t 2] o1od Kang and Somasegaran et al. (1991)3} Vincent (1970)2]
Hitao] w2t YEM HiA] (Yeast extract 1g, Mannitol 10g, K,HPO,0.5g, MgSO, - 7H,0 0.2g, NaCl 0.2g, Fecl; -
6H,0 2 mg, Agar 15 g, 55 1 L, pH 6.8-7.0) SollA EFHE R 7954 Belsleic). E2]gt 5= Korean
Hairy Rhizobium®] M2 225 © KHR-S w5-2] Y7IHD Sof| 2o YrgstGirt. ol& w=2] slof=H|x] 4R
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TFATE2 15 em (H7H) X 20 em (5£01) 2] WA Potoll R. leguminosarum bv. viciae7t G= 2492 600 g 8= F
A8l 52800 mL Y3 T2 Pot 8= 791 1.4kgS 702 HIRE 10a T A (N) 3, Q4H(P,05) 3,72
211034 ke A 4010} 1350 2 210k, el A ek £18 A elel R
oA 15 Pot & 4242 o] Aottt 15= ol 7Rt A 2- 249 A Alistolct. =2lRt R, leguminosarum
b, viciae F7-9] HE-E SRS M YEM WA 5 10" cells 4202 Aileret  slofel|) 42 A
51 mL 2 A, AR Sl A Aol 2-8tetel A3 S E} el Ask Bl g ) o} 7
A J2E FH 0 2 HESIA FAEHTT 59t R, leguminosarum bv. viciae's A sHSITE

R. leguminosarum bv. viciaeQ| &[0{2|H|X| HSSat ZZAI& Pot A|FlA sllof2]Hx]2te] 3 a7t
TR R. leguminosarum bv. viciae w7282 HV/F 0 = 9F IAFHFA A2 35 Af72] s 285 mof] xR =1
Aegste AR S i AollA “A]HP@‘P_E# A BEFE] o|aora] £/4J2 Table 29 23Ut AAESS
FEAL pH7Fof dZ= S molom frlee Aol ov radita 2|ehg 22, s, nh1vlso] 217
SFH =2 AHsRo| 9Tt T18]11 AJEX] ]—L: R. leguminosarum bv. viciae7} E%F 1 g & 5.8 X10cells A]2J5taL QL
ol

ALY, R. leguminosarum by. viciae 52| 7452 250 mL AZFE2kA T S50 I A2 Hat % 2|3t 5f|of 2]
A APERE B0 % W, B W YEMERO] AN mL B 333X 10 cell 3522 BRI 2
o7 mL B 157 3l vlol 20 2 23 Wol el el Tt A2l LA (200 mesh ) 5 ¢
4 Yol &0 Heh 28 A Bele o R S 79 BESHAC HEE dlele e St
2 ol Wolglis LA 5170 265 m=17]2] Aol £l el m 0w 79 $47} ol 9 ol 79
NG 97 258 22 BHE0 2 1% Aelth 7] 70 BUAE Relth 17] 7, 103 e 2o
o 0 2 52 A 1 Sl eI U2 ) e S Al
ok A8 SofelalAls Qo] Bl 24 o AP 7597k Alstel 2-steiict

Table 2. Physicochemical properties of upland soils used for hairy vetch cultivation by Korean R leguminosarumbuv.
viciaeisolates.

Av. Av. Ex. cations
Soil texture H T-N O.M. C:N .
P P,0s SiO, K Ca Mg
1:5 % g kg’1 ratio mg kg’1 mg kg’1 ------------- cmol. kg'1 -------------
Loam 73 0.17 22 7.4 810 76 0.9 12.6 2.5

R. leguminosarum bv. viciaeQ| THHE! M7|HSEHAM sjof2]u|z]of s ZA TSR, leguminosarum
bv. viciae w52] 543E F-Eo17] $l9l (Kang et al., 1996) At Tl 7] 5542 Experion Pro260
(Bio-Rad, Hercules, CA) 2471 ES A185140} WA #5525 YMB iAo A 108 cells mL™! o]Ak0 & ufjekst ujjoF
ol 5 mLE 12,000 rpm F7122 1027+ AR & FHE0] 10 mM tris-HCl 5 mL2 7} 22 2702 tf
22)5t ohe, ZAE0] LDS sample buffer?} 10 mM tris-HC12] 1:1 0 0.2 mLof| @EFA|A 387 Zo] 11
A2l HatstaA 3027) Vortex 2| 2]5te] 7] 9E st 1e|al Tl o] Zak 2 SlshA =
2F 10~250 kDa H$] 2] recombinant proteins= Z 23t Experion Pro260 ladder& AF8-5HAT.
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EAEM SAS T2 9.1.3 HH (2006)02 AlQ A AlkE A v} BARELA 519]

SEXNEYS| HATHAMS et g5l e Aol T SH-20] e Aol 0|27 7] F84]

o 1= oFu HHE 9FO] (Table 1) A4 T AHANS-S Table 3 E'Jr 2otk slofe| x| o] 24 L5, LR Al

5 108) S}sj5to] HETS 1ok 1000 S}SeH HERE 1) B EF 7ol §o14 Aot gigiet. Hofe]
A9 DR EFE 100 ST A9 S ESJo] IS ROl (<005 A 24
FEpelslent 1y e mge wou Lmeisied, dil entet o4 dudel 42g dedla ate

& ZolA sllofeH|z] <] ﬂtﬂf‘]h ;101 ?4‘31] A& Zﬂ‘ﬂﬂ SEA= AT R, leguminosarum bv. viciae©) /\1@.%15
7t EF 1g T 6.0X10° cells $521 AR =E116.0 X 10° cells 7521 HY O] =E o] t} o] 71 &3k, o]
£ Efo| Bl AL gloj2H| x| 7} A= HA] R. leguminosarum by. viciae2] AAEE7}15.8 X 10% cells 502
=0 o] HFE QKL 1.7 X107 cells 5501 =913 1143 0] = oF Wl vIQko] RFEQFH T} t=qtct 13 Eﬂ EoF
& R. leguminosarum bv. viciae 52| slo12H| 2] AR} H =5 mjetstr] i sloj2fHz|e] a4
2277 gLo = UEA 2 A3} (Kang and Somasegaran et al., 1991), 38372t A5 IHEO]' EF3E

rlo 1= i

Table 3. Symbiotic potentials of native Korean A, leguminosarum bv. viciae populations in whole-soil inoculum
inoculated on Hairy vetch.

Soil sample 10-fold-diluted (10‘1) inoculum 10-fold-diluted (10‘3) inoculum
no." No. of nodule Nodule dry wt  Shoot dry wt No. of nodule Nodule dry wt  Shoot dry wt

plant™ mg plant” g plant” plant” mg plant” g plant”

1 92b7 131a 6.25 abc 88b 111a 6.13 ab

2 114b 151 a 5.75 be 120 b 140 a 5.13 ab

3 118b 132a 5.75 be 9% b 124 a 5.50 ab

4 150b 131a 6.00 be 113b 119a 5.88 ab

5 163 b 163 a 7.63a 128 b 136 a 6.13 ab

6 128 b 138 a 6.13 abc 87b 106 a 5.63 ab

7 107b 133 a 6.00 be 117b 107 a 438D

8 109 b 108 a 6.25 abc 163 b 137 a 4.88 ab

9 75b 138 a 5.50 be 121b 121 a 5.25ab

10 75b 147 a 513¢ 101b 90 a 5.13 ab

11 167 b 114a 6.88 ab 110b 112a 5.50 ab

12 119b 129 a 5.25be 134b 115a 475D

13 110b 124 a 5.63 be 158b I11a 5.25ab

14 174 b 133 a 5.50 be 125b 90 a 4.88 ab

60 kg N ha™! 332a 147 a 6.75 abc 332a 147 a 6.75a

T See foot notes to Table 1.
T Numbers followed by the same letter within a column are not significantly different (Duncan test, p <0.05).
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108R 31454 F2 10008 3]43ESH 445 & o sllof=iH|2|7F Ak 1148 =E9F (108 314974 44.4; 10004 3]
MHZ 53.1), slof=HIE AElSIA] Y= At =EF (108 S145F47.8; 10008 S144F 55.2)7 U =B
(108} 3]4974F 45.8; 10008 314974E 49.4) 0 = F=eh 4= JISITh

3110 2| H| x| 42',— HS I} 24 R. leguminosarum bv. viciae M2 Table 304 AATHAA 50| £45t A 0
2 3Rl of|it, =9, 1A 0] =EFof| A B3R, leguminosarum bv. viciae 2t 7——rf'—zr$} AP HES} T4 23
73 EoF 1}‘35‘}% slloja|u|z] o] B S oA B=|3t R, leguminosarum bv. viciae Z} 7o FollA ESFTEZ
sllof2| 2] BT -9L45H AFS] 3dFE A Este] A 2gh 4d 42 Table 49+ Z9)Th O]% 719t Ba) s 4L v
TS] KHR 113, 7/d 2] KHR 130 4E-ollA 7P =% (p < 0.05), H2]S FAE= AF9] KHR 107, th+2] KHR
113, S KHR 128 HEollA 7Hg =7 UeRdth (p < 0.05). 2124l sflof=2|#|z] o] AeAitel 71 2 71948
SH(p < 0.05) FA =R A9 3755 APA S KHR 106 (6.4 g plant’ 254, of|4F2] KHR 120 (6.4 g plant” A§4h), 4=
YOIKHR 122(6.2 ¢ plaﬂt iho)glet. o8 BT 2 A AR e S5 A oijH] sllofe]w ] o] ZAEARARF 7L &
SAGT7} Rt ot 282 Slo 2 HIAIE AHESIAL = AR 22 B2 ©] KHR 106 (66.0)2 Slloj2] =21 &
ZRfsiA] o= oAt e *}EH = EoFo]] B3 KHR 120 (73.6)°]th

Table 4. Effect of some Korean isolates of £, leguminosarumbv. viciae on the growth and root nodule development of
hairy vetch in pot.

Soils " Isolates No. of nodule Nodule dry wt Shoot fresh wt Shoot dry wt
plant'1 mg plan'['1 -------------- g plant'1 --------------
KHR 104 211b 101 ab 28.8 ab 5.9 ab
Sacheon soils KHR 106 195 ab 97 ab 332a 64a
KHR 107 142 ab 117 a 28.8 ab 6.1a
KHR 111 132 ab 63b 28.8 ab 5.8 ab
Daegu soils KHR 113 234 a 115a 26.8 ab 53 ab
KHR 114 154 ab 93 ab 31.8a 6.0 ab
KHR 115 158 ab 92 ab 29.0 ab 5.9 ab
Yesan soils KHR 118 199 ab 115a 28.8 ab 6.0 ab
KHR 120 184 ab 87 ab 31.8a 6.4a
KHR 122 148 ab’ 99 ab 30.0 ab 62a
Suwon soils KHR 124 206 ab 106 ab 27.6 ab 5.4 ab
KHR 128 151 ab 115a 29.0b 54b
KHR 129 154 ab 93 ab 30.8 ab 5.8 ab
Gosung soils KHR 130 229 a 106 ab 30.9 ab 5.6 ab
KHR 135 157 ab 92 ab 28.9 ab 5.5 ab

T Suwon soils from No. 4; Yesan soils from No. 1; Gosung soils from No. 6 in Table 1
T Numbers followed by the same letter within a column are not significantly different (Duncan test, p < 0.05).

R. leguminosarum byv. viciae 32| §|0{2|H|X| MEE 13} Table 42] PotA| Fo|A B ET} Qb2 A
HFe R, leguminosarum bv. viciae KHR 1062 KHR 1202] A ATH= Table 52+ et T 551 dllof2]
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]0] A2 RS Table 4] A2 HE7 A2 KHR 106 229 KHR 12075 7Hof) 8912191 o)} 101 x]ut
2}2}5.19 tha 7} 5.18 tha' © & Uehete}, 1efitol s 4ﬁ€$ﬁ%¥ﬂﬂiﬁ%ﬂﬂii%%4@<0%)%
2 55t 5 SOl Al AR A o] BHEHE A12]9] 950, 450 2 Wero Lt g sofaj|A] ket
1% Z5E9LT, The A2 7eh-gol2e] 2ol 2 Kolx] ek,

Table 5. Shoot yields of hairy vetch inoculated with Korean A, feguminosarumbv. viciaeisolates in upland soils.

Strains Shoot dry wt. Yield index
tha %
KHR 106 5.19+025a 100
KHR 120 5.18£0.19a 99.8
KHR 106 + KHR 120 491+0.39 ab 94.6
Uninoculated 434+0.34D 83.6
R. leguminosarum bv. viciae2| THHE! H7|HE AL Table 40f4] sllof2|H|x] o] AE Y O] = R,

leguminosarum bv. viciae KHR 106, KHR 120, KHR 1229] 3+t5=of] thaljA] Tl 7] 952 ¢+ 2= Fig. 17}
2ot ghaA o] Bajek B Al S ™ uke] ] KHR 106 w5 (Lane 1)9] 7-9-22.41 kDa 2] Tl E 0] 83.3%
o], o}t ;1™ ARl KHR 120 v (Lane 2)+=21.19 kDa 2] %101 60.5% ©|%.o™, U A&=52] KHR 122
7 (Lane 3)+=21.25 kDa®] 1] 68.0% ©|3Ith. 12|H= o} 3w+ Tl d o] 4 ST A& e w54
<

S
%% 99

KDa Remarks for the lanes

750 Mol. Wt. Conc. o
Lanes (kDa) (ng ul) % Total

2241 24,345 83.29

23.62 482 1.65
Lane 1
56.93 768 2.63
150 s 74.89 343 1.17
100 e 21.19 18,287 60.52
75 — 26.32 1,330 4.40
0 — Lane 2
= 47.58 1,467 4.86
25 — 63.55 1,935 6.40
7 Sem— 21.25 13,573 67.97
—_— 26.44 831 416
Lane 3
1.2 37.82 555 2.78
Biddar T 2 3 47.43 899 4.50

Fig. 1. Protein profile patterns of three A, leguminosarumbv. viciaeisolates in the automatic gel electrophoresis using
Experion Pro260 (Bio-Rad). Here strain for lane 1 is KHR 106; lane 2 for KHR 120; lane 3 for KHR 122.
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Discussion

UukA 6 2 FupalE o] 8.2 FMIAIE 7= A A VA o] EQFAA] Ak 9} (Kang and Somasegaran et
al., 1991; Kang et al., 1992), &-5-522] 7+ (Kang and Somasegaran et al., 1991; Lima et al., 2009) “12]37 A 4714
2 9] ¥F A o] (Chemining’wa and Vessey, 2006; Kang et al., 1991; Kitou et al., 2010; Yuan et al., 2016) F&F=
Hh=t} B AT oA ZAFE R. leguminosarum bv. viciae2] A4 A= TIEQFo| =& QFH T} 5f|o]2|H| %] ZHul=]of|
A1 10%, FAEIA] A= 37% 71 B =0T (Table 1). EGS] A8 S0 =2 2 ofof 2| 2] HE/84Fg-E o]
SR 108] B4R EQRE HETS o =Edo] TEIHT 11.2% =217 100048 3143532 o= 8.8% H

R =2 sllofgHlA] HEtEE Bl A2 19k AAa o] 9t o e Kok
]3It (Kang, 1998; Kang and Somasegaran et al., 1991). Z12]1! Table 32] A4 1435 A4S vgf O 2 5l
ottt =9, 3174 0] =B QR B2|St R leguminosarum bv. viciae w552 dl|o12MIX] AE Y T Hotake
(Table 4) 2+ 6.1 g plant™, 5.7 g plant™, 5.6 g plant” 22 AR =H], 0|2t =972 Table 32] 1048 S|HE
¥ FET EAAH T AAIetATE. EFE Fa HEAARF AT okt 6.4 g plant (KHR 120 75F), -9 6.2
g plant” (KHR 122 ¥5), 1/ 5.8 g plant' (KHR 129 w5°) 2.2 A] o] 53 upb7FA] 743k BTt o] oA &
G AFONA Lol NS Yot e AATHHANS Al S0 ERAEE L= 710]
= 4= Q82 @IE 4= QJ3Itt (Kang and Somasegaran et al., 1991).

of| ©JoA (Kang and Somasegaran et al., 1991; Mothapo et al., 2013) t=7w2] A A = 24150 ZfjHj
ofl FFS Hh= I, 2u=t F Tt Bradyrhizobium japonicum®] “573 A A A4S (Kang, 1998) L
<ol R. leguminosarum by. viciae?} ==E ol A it EEQF] go] FaEet Z12 (Table 1) 5215431 ofof2{H] =]
Zh=loll mYE o] % 2ol H71A] ¢ WES T 414 A o %17 o] obd7H A= QI “1-iE
WrE okl AAISE R, leguminosarum bv. viciae w-=FETE Z|2ol| Slloj2|H|2]E AulsER] QAL R. leguminosarum
bv. viciae W7} 1.0X10° cells g - soil ' FF 02 G2 ofjilart =10 =B QR o] 2] o] ABAY HE TSI
w5 ol Ias 7o =t (Table 3, 4), ©1= Bradyrhizobium japonicum =7} =2 EoFo|A F2] ZEA
AbeFo] Wkttt S 7k (1998) 2] Haret g5t o A A15tal Q1= R. leguminosarum bv. viciae2] T SHO|AM
of|o]=2] s %] 2] AHiEE (Mothapo et al., 2013), ZHHl 2F5- (Depret et al., 2004; Grossman et al., 2011), F73-2 Auj
o5 (Kaschuk et al., 2006), R. leguminosarum bv. viciae 358 o35 (de Fatima et al., 2007) 5°Il theH HES]
27} S Sohs Ao wHE|QIL SHA, Table 19] A 555 =E s Aot e] HEFA = R
leguminosarum bv. viciae2] AT U7} ZSAH O 1.7 X107 cells g - soil ! TF0| =t = 05 B 10004
SIAAERY slloje]H|=|o|A] BejSo] th AR QIT (Table 3). ©]23t A= Kang and Somasegaran et al.
(19912 Al ellA = SIE| =d], HAa7d FAFSAIE g ollA 9] WA L Y Ev= ‘Growth pouch’E 0|87 2|2}
2| O] BA9HA] (Turk and Keyser, 1993; Woomer et al., 1988) tzo] ob A7 AJZF=| ATt 12|37 Table 40114 g]jo]
2] FA Gt 43t w2 GRIH R, leguminosarum bv. viciae KHR 10632 KHR 120, KHR 122+ THi2
A719FM Az oh e 72 E = (Fig. 1), o121t @782 sllofe]#ix| o] A AL R. leguminosarum by.
viciae EAT= L 4= YRI5t O[5 F7 Y Bradyrhizobium japonicum A8 $-2Uztol] E2Fe} = 2o theks}

o At Sl 5] A5 Qs e ofuli: Take slofelulx] 5] w9l A 71541 21Ek Mothapo

i
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et al. (2013)-> ThRt sfloje]Hz] FE-& Aalishd ZR+te] 147 theddo] EolIHal 61311, Zhang et al.
(2001)> E2¥2} Hl R. leguminosarum bv. viciae w5+ S5A1E0] §lole A 2710l {742} o] 5o dojubaA o
Xt SFTE. Yuan et al. (2016)2 EZF R. leguminosarum bv. viciaeZ7} ThFoH] E3EoH= AE A R,
leguminosarum bv. viciae2] so12H|2] FFAIE SRIoH=t, 2 Al@oA % ALg KHR 106 w2 KHR
120 55 EZ}FR. leguminosarum bv. viciae?} 5.8 X10 cells g - soil! A|215H= E | A] 3l|loj2]H]2] of F%-5}o]
16%2] F-o14 1 sllojefHlz] SRS SIS 4= Uit 1o F 55 SotolA FEFE vl slof2]=x] <]
Ao S7HE = Ak ISIARE g 2 o FRAL R o] HESHA] o2 Aol HIsiA E f-o] 213
Aol & Holz] ehatet. TR g AAKREo] 2 A5 A ATt -3t sfof= | ] o] HAIQ] Sk f1sliAl
o] veRt el 2] EAERwtate] R o] oA A7l 3RS T e 4 Sl
HAanHHo| 59t R, leguminosarum bv. viciae F55= ©180k= Zo] B & 710 2 TR 9T} (Ballard et

al., 2004; Chemining’wa et al., 2006; Kang and Somasegaran et al., 1991; Lima et al., 2009).

Conclusions

LUt A A 2SI sllof2H|xE AHufe vl AT TRt Rhizobium leguminosarum biovar viciae
O] 28 7t AS HET B4 0 7 57 R|of| BESH= EZFR. leguminosarum biovar viciae2] 2 714 E4-& £
S Avh= okgat 2tk R, leguminosarum biovar viciae2] AU EE E=EOF 73] 1.7X10°%~1.7X10* cells g -
soil”!, BHEOF 730 A= 1.7X10%~5.8 X10* cells g - soil ' & ol A =1 T} 10% (sllof2]#| =] Al 2])~37% (sllo18]
H| 2] AR AY) 7h o =0k v BESRS 10812F 10004 S siA 455t sllof=H| %] o] A TS =B
O] TEQFHTEZF7F 11.2%, 8.8% T =T} EJOlA B2|RtR. leguminosarum biovar viciae w5~ 7 -8 7'g AP
Al 2 mR=2le] KHR 1063 S ot AE® ARZle] KHR 1202 HES slofelixle B2t R
leguminosarum biovar viciae?} 5.8 X 10 cells g - soil ! A A15k= ol A ZF2F5.19 tha' 7} 5.18 t ha' @] AEAYAEFRS
HOlHA 16% = AT (p < 0.05). 12|t o[5S St HE 1t sllofe|H|x] o] HEAd g2 v 5t o H
FrolAel o] glo] 5% 71F Wttt T18] 7 KHR 106 w5 22.41 kDa ] AR 71 thilgo] d
83.3%, KHR 120 w=21.19 kDa®] Z10] 60.5% o]l o™, olsHct FA a7 e 4+ AE52 KHR 122 +F
F=21.25kDa®] Z1°] 68.0% ©]31tt. o] At & ufl, -2|uet 5 A ol A Sllof2 MRS Aule B¢ theRt
E2Z}R. leguminosarum biovar viciae ©|| 28t 3524 FFBI} 7|t =X ek, Hoh 2 A5-S floiAd=

=]
Aeo] 3 TR AT] S48 20 HEolgo] riHT Aoz BaHlt
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