Korean J. Soil Sci. Fert. Vol.50, No.6, pp.562-573, 2017

Korean Journal of Soil Science and Fertilizer

Article

https://doi.org/10.7745/KJSSF.2017.50.6.562
pISSN : 0367-6315 eISSN : 2288-2162

Population, Symbiotic Effectiveness, and Protein Profile
Patterns of Indigenous Rhizobium leguminosarum biovar
viciae to Korean Soils

Ui-Gum Kang*, Min-Tae Kim, Bong-Choon Lee, Chang-Hoon Lee', and Chung-Mok Yang
National Institute of Crop Science, RDA, Wanju 55365, Korea
"National Institute of Agricultural Science, RDA, Wanju 55365, Korea

*Corresponding author: kangug@korea.kr

Received: October 24, 2017
Revised: November 15, 2017
Accepted: November 15,2017

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 1.7X10%~1.7X10* 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.
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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 symbiotic ability (b).
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Introduction

1900t E=7 280 & T (RDA, 2002) Slo12]H#|2] [hairy vetch (Vicia villosa Roth)]+= -5} Aopalolr}
2] 91| (Undersander et al., 1990), =l Z5Fal (Campiglia et al., 2010) A EFA T 2 2}t (Dastikaite
et al., 2009) F A|A| 9] 2ot ot AR Aol A SRt HAFHH 0= o8& UTh (USDA, 2016). Sllof2]H|2|7F
L5t Rhizobium leguminosarum biovar viciae2}2] -SAJTAIS 7R A A AAte= A AR 1H17F58-257 kg N ha™!
HRAQI 7 0 2 &2 A Q141 (Cherr et al., 2006; Parr et al., 2011; Wagger, 1989), 2&A42] C:N 447} 8:1-15:1
f= 7] wizol A2A| 2l0] FEellA 447 25 0] (USDA, 2016) S 1F2H=o] ot das Agz7] 4 E
FFE 5 = AHE AU Itk (Kang, 2007; Samson, 1990). Bt opuzl, Soja]# %= mjEAZ & o]g5|o]
Eo] HAlS EoHA] (Lee et al., 2005; Maul et al., 2011) =2 A2t (Abdul-Baki and Teasdale, 2007; Choi

2011) BUBAL BT S A48 0 2 A5 9 Aol Sl E AEEAPR 5 0] 1
7V} (Abdul-Baki and Teasdale, 2007; Maul et al., 2011; Rochester and Peoples, 2005; USDA, 2016). ©|°]| =2t
Sllof2|H|z] o] A5l FR3 FFEA FFUY FANAHT T o8 A= Lo A, A4, HENE 5
o] ZHA theFstA| o] Fo 2| AL Q= FA|o|th (Andrade et al., 2002; Chemining’wa and Vessey, 2006; Mothapo
etal., 2013; Palmer and Young, 2000; Tumbure et al., 2013; Yuan et al., 2016). “1&{L} -$-2]L2tof| 4] 2] Slof2]H]|#]
ol &A1= FATFR R, leguminosarum bv. viciae (Laguerre et al., 2003)E Z=24° 2 E-85}7| K} 5lo]2]
H|z] 0] EQFuE- g et B AR EJ G Y52 4= =|HA] (Choi et al., 2011; Jeon et al., 2011; Lee et al., 2005;
Seo et al., 2000) ©E 91t AFE7IA] S-d5E7|of o] 25Tt (Ku et al., 2014). 12{E& f-2|uz}o] X459 T
= R A=A S o 85T & o, Sllof]Hl| 2] FA Tt R. leguminosarum by. viciae2] E2Ye} e} gt
| B2} w22 sflof2] %] FAY G35 Sllol=HIX]-R. leguminosarum bv. viciae 54 A7 B QHAS
o]t} (Ballard et al., 2004; Kang, 2007; Kang and Somasegaran et al., 1991; Kitou et al., 2010; Mothapo et al.,
2013). o]of] wat & Aol A= dllofe|H| 2] -BA8TLFwR] R. leguminosarum bv. viciaes WO 2 92Ul 9
=, T EoM O] AAR Eof H A VAl S-S A5k, Sllof2H|A] Akl o]z A o' A=t ot e

Aislol BYUFRIES P

Materials and Methods

>
ook
ol
ol
oy
A
tm

ol xHE| Sl A] FAY TR R. leguminosarum bv. viciae2] A ATH L} AATAZE
s 4 123l FARN} prt 22l E oA A=) 8 =ES 72 Y EG 73S Vo2 BEE 2012
A 3of| AF 5Tt AHFSH 57 F 2] 91%] 2} Sflof || 2] AEofFoll WE R. leguminosarum bv. viciae2] A1A1H

A
2t St Ejof| A WolAZl <FHEP (Ku et al., 2014) 525 247 AAHE oFHE E-2 ‘growth pouch’o] 112
(plant)d 2/t the, B2 10817E 10°01712] 3143 EFAl R AErl | mLA-S 45HE.0 2 Foto] 4571
Aufet 7 el o] FAIH ‘growth pouch’ 2] 7H4=2A] Z&A]5 (Most probable number method). 2.2 ZAFSHAT}
(Vincent, 1970). 1 A3} R. leguminosarum bv. viciae2] A2 U= =8 OF (1.7X10%~1.7X10* cells g - soil ") E.tt
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TEFOIA] (1.7X10°~5.8 X10% cells g - soil "), sllo2|HlI2]7F A=) 2] 9= E9F (3=, 1.7X10°~6.0X10° cells g -
soil'; B, 1.7X10%~5.8 X 10 cells g - soil ") Tt Al =l= E ol A (3=, 1.7 X10%cells g - soil '; &, 1.7X10*~5.8 X
10* cells g - soil ") 22} ] =& 71 © & LElydt}.

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

5 42 Kang (1998)¥} Kang and Somasegaran et al. (1991 o] i ol &=qict. WA M-S Y2 | L Eo] g
Tt/ JE 2 dopa|Z] sllofa]Hz] < g Hal O] f-H 22-S X9t thg, 2 A ] EQRS Hd5-F-2 10812}F 1000

jus)
==
ol

S BSOS 212 mL A 4130 2 BSIolA) 2471 A4 Lo 2 Aal 174 63 AP A
ol A1S] A} B0) 8.8 eloisich, o2 -1 ARGt Bel S A e 2 A BT 2 57
Z| XA R. leguminosarum bv. viciae®] DAV GINE EQFO] AATHIA 0 2 BFrlstet. 12|31l 5HR]ESF
HET 272 DA 6 kg 10a” ASTE FolA EGAE thil BotZ-/rE gol slof2]HAlE Austaict

Table 1. Location and size of associated indigenous populations of A, leguminosarum bv. viciae of fourteen Korean
sails.

Land use Soil sample no. (location) Ijziz]:szil No. of R. lif:lrlns i’:.s:(:ﬁibll_ln; 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|Hx| Z2MEDt 4 R leguminosarum bv. viciae MY =R leguminosarum bv. viciae A3 T
o 5] AATAARS A ol o] AR 3 Ml Eo] B} mA e
o] soleliA] B3 (Table 3), 5702 ol el A7} A2j5k Sk A 23l ofe] weofs o7
B 23570 EQFO] slloj2]H|#] Ba]S-& 712t 2| F]o1od Kang and Somasegaran et al. (1991)3%} Vincent (1970)2]
HiHof| wet YEM BHZ] (Yeast extract 1g, Mannitol 10g, K;HPO,40.5g, MgSO, - 7H,0 0.2g, NaCl 0.2g, Fecl; -
6H,0 2 mg, Agar 15 g, 55 1 L, pH 6.8-7.0) oA B2 79154 Balsl). Ealgt = Korean
Hairy Rhizobium®] M 225 B KHR-2 v7-2] AT Shof] Eof FrgsGirt. o5 wt2] lof=H|x] 4=

0.



Population, Symbiotic Effectiveness, and Protein Profile Patterns of Indigenous Rhizobium leguminosarum biovar viciae to Korean Soils = 565

TFATE2 15 em (H7E) X 20 em (5£01) 8] WA Potoll R. leguminosarum bv. viciae7t G= 249 600 g B= F
A8l 52800 mL YIS T2 Pot 8= 791 1.4kgS 702 HIRE 10a T FA(N) 3, 4H(P,05) 3,72
2] (K;0) 3.4 kg "3 Al-&5to] 4550 5 FAI5IGIH. sflof=]H2] Ajrik= ‘Zq%l‘iﬂ’ FTAE A=01o] T/l
oA X1 -FH-E Pot | 4242 o A5t F 15 Fof) 1R A 2249 A Zafist ATt 213 R. leguminosarum
bv. viciae 752] 3352 FHA-S Wl YEM HiZ|oA 5 10% cells =0 2 Xt & sllofj2] %] 51 7iA]
1 mLA A A slolala| A Aalo] ststo] X3 AL ) sty mejse] o}

A A FHH 0 2 AESIA FAHEITT 5% R. leguminosarum bv. viciae's AL SHITE

R. leguminosarum bv. viciae2| S||02|HIX| PSS} ZZAIE Pot AFNA] sllojgH|x]ete] ZAa 7}
Q<=3 R. leguminosarum bv. viciae w5252 O 2 oF ZAFHFA| -2 A8 A2 5l 285 mof| YIA|3H =
A 4FE A B oI AR ARE o] ofsfatH A Table 29} 29It A=
FESLT ph7}of B E WALOD] §71BE Aol FEINK 8 o), 2, k1ol 2
TR =2 7ol it 183 AR =R. leguminosarum by. viciae7} EF 1 g B 5.8 X 10 cells 4|45kl
ATt R. leguminosarum bv. viciae 5-2] 78E-2250 mL AZFE kAT &of| IPitelpia=2 Bt 2] 23t 5o 2]H|
A APER BA60 % W, DL W YEMER] AN mL 333510 cells S5 2 B 2
TN T mLE TEA floll vtelazn]sl o2 2aX] "olma|i A HA] Bat A2t A47ME (200 mesh 271) 5 ¢
4 ol 0 BEAR AP SR B 1o 29 S, HE Al 3 gk
ool dolglis WA B 25 m719] AET o] BelT G0 2 T S} wolx] 9] gel 791

&9 o?d FlO EE

NG $537 252 A2 D50 PF @2 7oL SRHE Ae 1) 7, 20 e 2o
of oAl Wit FRAE A4S FAj) meste] Aelgh 1] 2 A F 47) Ael S ol AR At

l:ﬂ
o} AR sleleials Q] Hlmg 27 ek s 7507 Apulsted 48tk

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]ux]of s 3T -94=5t R, leguminosarum
bv. viciae 75-2] FEdS =5t flofl (Kang et al., 1996) A Tl 7] 5542 Experion Pro260
(Bio-Rad, Hercules, CA) 47| ES AF25I3LE HA 755 YMB HI R0l 4] 10% cells mL™ ©]A4H0 2 8okt vjoF
ol 5 mLE 12,000 rpm F7122 1027+ AHERSH & ZHEo] 10 mM tris-HCl 5 mL2 7} 22 2702 tf
A EZ)T} ORS, X 7E0] LDS sample buffer?} 10 mM tris-HC1] 1:1 30 0.2 mLo] @EMA|A 357 2ol 1l

Za A3l HshHA 3027t Vortex #2]5te] 217G &ttt T12]al T o] Fapek 172 SfsiA 2
ZFF 10~250 kDa H$]2] recombinant proteins= g2t Experion Pro260 ladder& AF8-5HAT.

Al
o]
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EAEM SAS T2 9.1.3 WA (2006) 22 AlQ AZA-S ARk A v} BARRA 519
Results

8
o] =R HESO] (Table 1) A A2 Table 37 A9kt slojefH| %] o] 27gat 2R, TF-F7h= Al
E%S 109 S1Aste] 552 wiek 10008 3]415] 1 AETS o BT EoF Tkl fro2]Ql 2pol 7t it sf|of=
H| 2] 0] AEFE ESS 108 A4S A1 7HE =& EG] FH] =EU0INAL (p < 0.05) F HAl= 11449
TEGeIom 7H W2 B o] HEGOISIEH, 9 =EYT 14 HEYO A2 daHleE a4
ha 60 ke AFHE o] Rk o 591k ERS 10000 SAEEAE el slojelA) BEFE Az frel
A Aol Shie T419] g} H1oFe] WEGR ASJH RE Eofo] ol T Eepcislh 1000 S4HE £
& FollA sllof=HIx] Az o] AhA]= sl xS ARl RAITE R. leguminosarum by. viciae®] AAE %
7 EF 1g @ 6.0X10° cells 7581 AR =E k11 6.0 X 10° cells 7521 HYo] E=E o] t} Zho| 714 =9k, o]
£ Efo| HQl AL Flof2H|x]7} A= HA] R. leguminosarum by. viciae2] AAEE7}15.8 X 10% cells 502
EoE O RFE R} 1.7 X107 cells 55591 =913t 114 0] =8 QF Wl HoFo] RFEQFH T =t} T=1d] EoFd
% R. leguminosarum bv. viciae 77-=2] slo{e]H| 2] S G A5 wolslr] flsf sof=H| x| o] A= = 5
2|77 gFO 2 WP Al B A3} (Kang and Somasegaran et al., 1991), 38743 -5 WEF EQF 3302

SEXNELL| HATYEMS U=t ‘a‘—‘?—-‘q 75‘ Ao SR A ] o2 7A] F8.4]
=]
e

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 92b" 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 109b 108 a 6.25 abc 163 b 137a 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 167b 114a 6.88 ab 110b 112a 5.50 ab

12 119b 129 a 5.25be 134b 115a 4750

13 110b 124 a 5.63 be 158b I1la 5.25ab

14 174 b 133a 5.50 be 1250 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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101 B3 10004 SHAHETH 22 2 1) slofell A7 AeR 14 =0k (108 547 44.4; 10001 3]
HHE 53.1), St Apisk2 1° b ot =R (100 Jéixé%—zw.s; 10008 3J47% 55.2)7} 59 =0
(108] S]A7E 45.8; 10004 3|474E 49.4) 0 = Q83 4= oIt

sloj2|H|x| SMS} 2= R leguminosarum bv. viciae M Table 304 HAA VAR 50] S5t A

=2 214 okt 4=, 11780 =EFollA B3R, leguminosarum bv. viciae Zt 7%—%9} AP o) 'he oFar} o)+

7H EQFo]| A gok= ;101 2| z] o] B S oA B2|]t R, leguminosarum bv. viciae Z} TwT SNA E"h—*ﬁ‘ﬂi
Sloje]HA] TR w5 AEste] A2/t 4442 Table 49F Q)T 0]% 7190 Bl s 4Lt
T KHR 113, 7/d 9] KHR 130 54 7P =S8k (p < 0.05), He]E 7= APd S KHR 107, Th7-9] KHR
113, =99 KHR 128 HZTollA 718 =7 YT (p < 0.05). T12] 11 slojajH 2] o] A= gite] 7F £ 7|2
3 (p < 0.05) AAEFO] AR 375 A KHR 106 (6.4 g plant™ A4H, ¢AFS] KHR 120 (6.4 g plant™ 4841, 4=
YOIKHR 122 (62 g plant ' 7Aho)3let. o & BTl 2 SiA] AR e SR A oiH] slloje]ux] o] A=A 7L &
SAGI7} Rt ot 282 Slof 2 HIAIE AHlSkL = AR 22 B2 ©] KHR 106 (66.0)2 Slloj2] |21
AefsA] Q= it arelH /\}EH =E ] 2323 KHR 120 (73.6)°] 31tk

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™ 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 117a 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 #F2| §|0{2|H|X| MEZ 13} Table 42] PotA| Fof|A SR aT} Qb2 A
HFe R, leguminosarum bv. viciae KHR 10637 KHR 1202] A ATH= Table 52+ 3ttt T 551 9llof2]
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H]| 2] 0] A8 AYATEES Table 42] A 21} nE7 |2 &2 KHR 106 7522 KHR 120 755 7kl 8-2)4 ¢l 2fo| 7} glol 2|9t
7F7}5.19 tha' 7} 5.18 tha' 0 2 LFEhITh. T12fu} o] 59 3h2 FHE-0) AR F-2]2 0 2 =Stk (p < 0.05).
Z =

52 o FEA ol A AR ego] BEHE 0] 050 450 2 Wekort Ryl sfofa Anct
L 11% F5EI90, TR Al 7o ol4el 2ol HolA) sk

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! M7|HE AL Table 404 dflol2|H| 2] o] AE Y R O] = R,
leguminosarum bv. viciae KHR 106, KHR 120, KHR 122 2] 3++50]] tfjofjA] Tl @71 5= H AT=Fig. 174
Lokt izl o] Bapek Bar e AR 2t tka2] ©] KHR 106 v (Lane 1)2] 73-9-22.41 kDa 2] ©Hi2l0] 83.3%,

o], okt T AR S] KHR 120 w5 (Lane 2)+=21.19 kDa®] A1°] 60.5% ] u% Y AE59 KHR 122

1%
5 (Lane 3)=21.25 kDa2] Z10] 68.0% ©]2ith. 18] B & o] & 375t thil 2l o] EX ZHo| A A& T2 35
o
=

s
o 4 9l9irk

KDa Remarks for the lanes

750 Mol. Wt. Conc. 0
Lanes (kDa) (ng ul) % Total

22.41 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 2119 18287  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 37.82 555 278

ladder 1 2 g 47.43 899 4.50

Fig. 1. Protein profile patterns of three £, feguminosarumbv. 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

UubA o6 g FupalE o] R0 FMWAIE 7= A A VA LTt o] EQFAA] A9} (Kang and Somasegaran et
al., 1991; Kang et al., 1992), &-582] 7+ (Kang and Somasegaran et al., 1991; Lima et al., 2009) ~12]3L 7;%_]5\_117‘4
2 9] HF A of] (Chemining’wa and Vessey, 2006; Kang et al., 1991; Kitou et al., 2010; Yuan et al., 2016) F&
Hb=t} B AT o|A ZAFE R. leguminosarum bv. viciae2] A4 A= TEQFo| =& QFH T} 5f|o] 2] W %] ZHuli =] Oﬂ
A 10%, TR 37% 71 o] E94th (Table 1). GO AAVARA 50 2 2 slof2]u|x] A2 P4 e o]
ottt 2 108 SJ4R B AT tll =Rl HEFHT 11.2% =314 10008 S1434E3= te 8.8% T
=k (Table 3). 127 ==E YO R. leguminosarum bv. viciae w50 WEF w-FRHTF 520 2 SR AAjof|
E7olal =2 sllefefHR] HEAte Kol A2 kg Ay o] et w7t e Soshe A o= siiA
=21t (Kang, 1998; Kang and Somasegaran et al., 1991). 12|31 Table 3] A4V A4S vt O 2 51

ottt =9, 3174 0] =EQFA B9t R, leguminosarum bv. viciae w552 dl|o12|H|X] A= 84 Bt gk
(Table 4) Z¥2} 6.1 gplant™, 5.7 g plant™, 5.6 g plant™ © 2 AXIE| =t 0]25 =743 Table 3] 104 S| E
O]:_,] 7(-1_:_:[7_ 7—]%%]7&}?] o]:_L]- el Z] 0]-0:]]:]— EO]ﬂ:ﬂ J,]__]’l 7451\14/\]—3]: Oﬂ/\] Oﬂ/\]- 64¢g plant (KHR 120 —T—]—._'Z_) _] 6.2
g plant” (KHR 122 wF), 114 5.8 g plant” (KHR 129 +5) 0.2 4] o7}t [A] S H YLt oA HolA &
OFS JAHZEFA LR T FIE dolH = AL TAA S A|FL 9550 HGATE LFER)= 7]|Z0]
= 4= 93-S FRIE 4= Tt (Kang and Somasegaran et al., 1991).

H770]| oJshH (Kang and Somasegaran et al., 1991; Mothapo et al., 2013) t57-2] A A = 5241=-0] 214l
ofl IS Hh= I, 2lUet F Tt Bradyrhizobium japonicum®) 5732 412173 ]:Q(K , 1998) ot
S| R. leguminosarum bv. viciae7} s=E ol B} HE QFof] wWo] BIZ3E 712 (Table 1) 52121 Sflof=2]H] %]
7h o]l EYH o] F Zol fA71A] Gis WESF FRIoA 4] S48 4= A7) whize] obd7HA Z*Q?«iﬂr. 1™
WFEQFol| MAISE R. leguminosarum bv. viciae :r?'—rEE]' Z]tof| slof=]HIA S AulolA] QXX R. leguminosarum
bv. viciae BE7}1.0X10° cells g - soil ! 50 2 Lhe oAk} -0 =g kS Floj2|| 2] o] AZAYARS ZTTAIF]
e Ho] @'@' A3Fo] =1 (Table 3, 4), ©1+= Bradyrhizobium japonicum VX7t =2 EFA F-2] A2
AleFo] Toh k7 (1998)2] H 1o} It o AMAISIAl Q= R, leguminosarum bv. viciae2] TFFA S =
of|o]=2]H]| %] 2] AHiEE (Mothapo et al., 2013), ZHHl ZF5- (Depret et al., 2004; Grossman et al., 2011), F73-2 A}
o] (Kaschuk et al., 2006), R. leguminosarum bv. viciae Z3EAEH 15 (de Fatima et al., 2007) 51| thet AES]

27} a& Folke Aoz wE|Qlek RHA, Table 19] MY 565 =EGT ¢t dohde] TEGOIAE= R
leguminosarum bv. viciae2] AU =7} 2O 2 1.7X 107 cells g - soil ! 50| A=H = o5 EAZ 10004
S| E]E SllofgH|R|of|A] Big]go] th HEAE|QIT) (Table 3). ©]2{3F AiH= Kang and Somasegaran et al.
(19919 Al elM &= SIE]l=H, A g FASAIE g4 9] WA L Y = Growth pouch’E 0|87 2%}
2| O] BA9HA] (Turk and Keyser, 1993; Woomer et al., 1988) tzo] ob A7 AYZHE| ATt Z12] 37 Table 4114 3]jo]
2] FA Gt 3t w2 GRIH R. leguminosarum bv. viciae KHR 10632 KHR 120, KHR 122+ THi2
A719FM A= vk 72 A= (Fig. 1), o121t @742 sllof2]#ix| o] A HAtl A R. leguminosarum by.
viciae 355 = & 5= QIR o1& w7} Bradyrhizobium japonicum A8 $-2lURo] E2FS} Bl w1 of| ikt
A s E|QIt 59] A58 e 22 ot Theket sflofe]H 2] FE20] T Al 7Hsd 0] It Mothapo
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et al. (2013)> T}t SllojefHz] FF= AulishH o] 7744 thefdo] EoIttal SH3AL, Zhang et al.
(2001)> E2¥2} H R. leguminosarum bv. viciae w5 S521E0] §lole A 2710l {74} ol Fo] dojubaA o
Xt SFTE. Yuan et al. (2016)2 EZF R, leguminosarum bv. viciaeZ7} ThFH] EEoH= AE A R,
leguminosarum bv. viciae2] so12H|2] FFAIRE SRI5H=t, 2 Al@oA % ALg KHR 106 w2 KHR
120 55 EZFR. leguminosarum by. viciae?} 5.8 X10 cells g - soil ! AA5H= EFof|A] sl|oja|H|A] of] ZEs}o]
16%2] F-2141Q1 SllofefH| 2] S aatE 1 4= lSlt). T8jut & 5 EgaliA &3S thie sllof2]H%] 9]
Ao S7HEE Ak ISIARE g 2o FEAL R o] HESHA] o> Aol HIsA Ik -2 418
Aol & Holz] ittt TR g AAKR] 2 A5 ATt -3t sf|of= | ] o] PRIl Sk fIsiA
g Eo] vt Al g 2] EARE Rt e] 797

A7 o] 93 R. leguminosarum bv. viciae w5 ©1F85hH= o] HiE2] o 71 0 2 T E| Q)T (Ballard et

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

J

Conclusions

LUt A EAE ZHES] sllof2H|x]E AHuS vl A4 TRt Rhizobium leguminosarum biovar viciae
O] 28 IS HET B4 0 7 5AR|of| BESH= EZFR. leguminosarum biovar viciae2] 2 714 E4-& £
St Avl= ok} Atk R, leguminosarum biovar viciae2] AAEIEE w=EQF 73%0f| 1.7X10°~1.7X10% cells g -
soil”!, HEF 72lAE 1.7X10°~5.8X10* cells g - soil ' 2 BroflA] =R} 10% (slo12]# 2] AiA])~37% (31012]
H| 2] AR AL 7H o = deh Z1eu BESRS 10812F 10004 S s 455t sllof= 2] o] A NS =B
O] TEQFHTEZF7F 11.2%, 8.8% T =T} EJOA E2|RtR. leguminosarum biovar viciae w5~ 7 -8 7'd AR
Al 2 mRE2le] KHR 1063 S ottt IEH ARZle] KHR 1202 HES slof=lixle E2F R
leguminosarum biovar viciae?} 5.8 X 10 cells g - soil ! A A15k= ol A ZF2}F5.19 tha' 75,18 t ha' @] AE YAEFRS
HOHA 16% STE AT (p < 0.05). ZLe{u o[5S 9t HERt sllofe|H| 2] o] HE it v= 57t 49Kt
FolZQ1 2to] glo] 5% 7t Wkt T2 1 KHR 106 o= 22.41 kDa2] 221k 71 thii o] Za4) thil o]
83.3%, KHR 120 w=121.19 kDa®] Z10] 60.5% o]l o™, olsXct FA a7 2 4+ AE52 KHR 122 o
F21.25kDa®] Z1°] 68.0% ©]31tt. o] At & ufl, -2|uet 5 A ol 4] Sllof=H| =] E Aule B¢ thadRt
EZ}R. leguminosarum biovar viciae °| 23t 35 A4 T3 @I 7| E R, Hof £ AB5-2 QA=

Aeo] 53 TRAA AT Ho] 940 o] FEol o] HiEAT Ao Hekslr)

[e)
-
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