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This study was conducted to select rhizobia from hairy vetch (Vicia villosa Roth) with nodulation and excellent
nitrogen-fixing ability. Hairy vetch root was collected from 7 of cultivation region of all over the country, rhizobia
were isolated from the root nodules. Isolates were re-inoculated into a hairy vetch separately and studied nodulation
and nitrogen-fixing ability. As a result, total of 52 Rhizobium isolates were isolated from the hairy vetch root
nodules, among these, 16 isolates were Rhizobium which show good growth at more than 0.5% NaCl concentration.
These 16 isolates were re-inoculated separately, 8 weeks after, good root nodule formation was observed from
Rhizobium sp. RH1, RH3, RH81, RH82, RH84, and RH93 strain treated samples. Six isolates were positive for
nitrogen fixing ability, the highest acetylene reduction activity was shown by Rhizobium sp. RH84. Results suggest
that the Rhizobium sp. RH84 could be used as the possibility of its application as a green manure crop of hairy
vetches in nonuniform salt distribution reclaimed land.
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SHIZHER g7l T A2 HA (vetch) = A AAH =2

|2 =

v 2= 7| 4= At} ESE sand vetch (Goar, 1934)8+1 &

15001 ZZo] ZJujj Fo]1(Bull and Mayfield, 1992) ZHH]|Z|
(Vicia sativa L.), 3|o]2]¥|X]|(Vicia villosa Roth), TZH]|XZ]
(Vicia benghalensis L.) 218|311 &8 Z = W] X|(Vicia villosa spp.,
dasycarpa Ten. Eav.)7} d#£ZQ] 502 &4 Qict. 218y
kit AL Q= FE©] th=H(Shin and Ko, 2003), &
23} B7] SANE SRl B AAE A S48k
o] g3l QItk(Walton, 1991; Mayfield, 1999). % 3t=of A
T FEATA SPAstdoA ABE oA 2R E
SAE F5 HFHIGE o|85to] A7 o w2 FA
ol B A7 R HeHKu ef al., 2012). H|2] FoA %
gloj2|H| 2= HF o] 7Fedte] Aol & Ate] AN =
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4 g 2efjollA ASEG7A] I B H7F 6, AVdT o4
g EgoAe & A-3erha A gtk (Walton, 1991). 3o
23] &] FH|ZHERA F AL fieof TSk el satH
olo]] oJ3 77| Z2] AAZ 71451 (Mueller and Thorup-Kristensen,
2001; Provorov and Tikhonovich, 2003), ~87] ©]Z 3f|o] 2|4
2|7} Eoid Folle Bl 53 A4 F50] 7R We
o Bty daH|2E AT 4= vk A olzt sH3ltk(Stewart,
1987).

2T IE S A BAoz o A7 24EHU S
o, A% A=t B2 U EAs At 5t 1t
A& sUEA 2 T3l E 8=V BolR A Hi. gt
A= € =9 £27 Y] ol Aulz-E2] Fsf
£ Fa3sr] A= v, AR, A7, A3 AlE 59
EgNEol dasty FAAQA AF 2 A d3t WAzl 2
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= ¢ ¥ opuet B9k stk dat Bl
Negoll 9 = ES F71EY ool 1% n|ghe 2 ufe o
oA FHEA R AMEE] HeiAe 7Y S B
Zlo] 20|t}

2 AFoMe A 1R 4L st HER &
&) MFE Azt HHFERA Fo|YH|AE 7| 2H R o] &
sz} shglom, SAET 7HA R B &S 4718 T
< 98l slolgHx Y da 3FF5E wole WS 2 o)
Ak A7 o RuE T A7 Fojw| ] Aat
A 9 gfojEuR] A £ BEoF g} SE AtEokt & 5
Ath(Seo and Lee, 1998; Kim et al., 2004; Jeon et al., 2011,
Lim ez al., 2012). & Aol A= ] Zatg| 2l ofo] ot Fjof
H|z2]9] A& FA | 24& wRglon, 53] THHA QN E &
& 7Hse 71eE NSt steith & SllofEHX| o gt
A 9 5 3450l 95T #of HHR| 9 EFYT B 5
ZoN & o] 7HestH, Ad 1Yo g2 FFE £ A
wste] 11 28 7R A& AEStAL shylch 3% 2 ik 7|
9] 35t B9k i W R v A8 Hola A& Ths
gt o 2 A 7HH R BEoke Ve AE VHA & A eE AR
Hr}

Tz 2

sllofa[Hix| 27 & X Rhizobium B 22|

gloj 2|l 2] {2 <] et ot A $iste], dof2]H]
27} A= Qe A Qo B A A5, R, G, A4,
Fob, Al 222 FEA] GAolA ol X E RS
ok At ofe]H x| 2] H#el= 95% ek 18, 2% Rfotd4
A UEFCR 287 Y AHtty, SRFLE SES| AlF &
HAZ MIES At I GHES YM agar (0.04% yeast
extract, 1% mannitol, 0.05% K,HPO,4, 0.02% MgSO4+7H-0,
0.01% NaCl, 1.8% agar) Hjx|o]| 28 8|40 g T0] 28°C B
7)ol A 3-4 47t v gstgict. £2]5 colony= THA] <5 Bt
&] 20% glycerol stock AE] 2 -80C of] st AEstA Tt &
e o7 F7Y colony F Rhizobium &7H2 A7 )
HjoFEl #A|o] A genomic DNAS %% 3 27F (5-AGA GTT
TGA TCC TGG CAG-3")¢} 1492R (5'-GGT TAC TTG TTA
CGA CTT-3') Zajo|n 2 A}&5}e] PCR WP 0.2 ZZ5le] of
71X E& EA4519 2L, Rhizobium 402 SRIE F35F 2 A E

of A3ttt

o My A

B35 Rhizobium & FFE52] & AL Hrstr] A
YM 4] & mAER] Ae] 0.5, 1, 3, 5%2] NaCl& H715t &
@ ABE A=E AT AA| v Alolli= Rhizobium < <t
Z2 0D 0.10] H7 HE3}e] 28°CojlA] 130 rpmO.2 3-7U7F
sleralol 1 S HES 580 nmolH FPE vlmalolch
(Ultrospec 3000, Amersham Pharmacia Biotech). ILH| B %F A|
o= Z} Rhizobium & F32ZE OD 0.10] 4] ZF50] de 5,

6 well plate (SPL, Korea)o]l 5 pl¥ 53 S 2 HE & spreading
stol 28T oM 37U A 7 L A% H=E Selshar
7 520] A2 YM iAo 7] 22 0.01% 2] NaCl2 3
T EETTE

Hog EMs Ed

sloje]H|R] o gt el & FAdeS Fst] Yot B
TEEE FojgHA] TR ST T RIZ JH FEH
Zstatt. dlojgHlA] T FEXSH SHA e oA
M S4E HER 55 29 wot ALgstglen, FAAFE
A AA & A Atste] g ol ARS-sElTh =H A2 95%
of|gk-2(absolute for analysis, Merck)2 14 30%, 2% sodium
hypochlorite solution JUNSED 2.2 387t 8] & HodH 557
2 o2 H A A}

AAE 2/3 71 AL 18 AFHEHAE 3 em, Zo] 15 cm)}
AR} ANE FHFOR Ho] 2 &2t Hd pot (FHE 8
cm, A2 8 cm) Q] F 7}HA] A|H7R Lol ARHEYAL, AES}
42 121CoflA] 3087 BFS & ARE3HATh FAt A
S = A HiR] AollA] 344w & B SRR 3
4=310] 2x 10° CFU/ml 5 29] 74 @t o2 ¢Egich. B
ALk EAo] @A) Werela S2F2] 29 CMC (carboxymethyl
cellulose) & 40l 28 F mgsisic. Fbon 54 28 5
£o} e el A WAL pot B 5 mid B AETAT
7} At 3ukEstg T 2022 C 2 fAHE S8 24 Yo
A Ahare] e 827t S AT ¥, WAE WS 4, 2
7), A} mepe vl BT,

Acetylene EHES S5t H4 T1Hs AY

2 Rhizobium & 7+ FF50| I3t A4 185 EHS
A slAZ WA E 872 A_AIX] £ o|uf] FAHE B
A Fske] acetylene (CoHz) €l &3t ethylene (C:H,) AF/d%F
< gas chromatography 2 2Q15}¢iTh 9o Be|5 J5 A%
AT} FUsHA AN S ARG A E T RS} DA S TTFS

2 AL AFTR Lieo] 217 AAJSHT,

857 ASA1 Fojeil ) el B2 AP A1F 5 5
B2 AASI §2]Z = 50 ml serum bottled]] Y31 1 Ful=
uhe thg, 5 ml 718 W F 5% acetylene gasE FUHA
o). 30C ol 4] 6087 ¥FSAIZ] 5 A ethylene gas L gas
chromatograph-FID (Shimazu GC-2010, Japan)E |-} &
FEASIG 48 A-oZE= HP-AL/S (length 50 m,
diameter 0.53 mm, film 15 m, Agilent technologies, USA)E A}
2351903, Carrier gas= He& ARE3}4Th Injector, detector,
column &%= 7}2}F 200C, 250C, 110C & 28 Sk EA514
t}.

An Y na
slloj2|H|X| Ba|E Sale| Rhizobium A B2

B} B Welzolq FAGRT Yt RO F Len



Table 1. Isolation of hairy vetch root nodule bacteria from various sites

Sample sites Number of Number of
P isolates Rhizobium sp.
Jeonnam J anghe'l%ng 6 6
Gangjin 5 3
Dangjin 2 1
Chungnam Yesan 39 20
Jeonbuk Buan 20 10
Gyeongbuk Yecheon 28 8
Gyeonggi Pyeongtaek 7
Total 107 52

Rhizobium < 5= 1888 A& FejS o2 e Eajd T 4
7% FAATA O 23t Tk A5 ARl sl ol A
|3 Qlch(Alexander, 1991; Long, 1996; Gharzouli ef al., 2013).

gloje|u|z| o] He]jZ o 2RE Rhizobium 475 EE|517]
S8 77 Ao eI A7 g M Eozne 2 1077
O] Al F2YE &2 5HTH(Table 1). ZF &2 7552 NCBI
BLASTZE £A5to] 28] 49 574 9 G7IMEY FALE £
Astyiet A Aol 22 6719 colony 25, A 43
oA B2 H 5719] colony 3 37]2l 60%7} Rhizobium 20|13}
o} A& o Holl= 24 colony®] 29%7}, U A] A Hofl A=
50% ©]A}2] colony”} Rhizobium &2 2 Q1= it EEF 52
We] Rhizobium2 R. etli, R. leguminosarum, R. cellulosilyticium
T2 IRIEHUHAR vl AAD.

o R @

ARAAY B=sHA Q77 HEE B2 nAES AS0]
oL Ao 2 LA SIthElas et al., 1997). o|H3 A oA
slojziAe] Balgol Haksle] FAsl7] e Rhizobium
o @ AFHE F0% A 02 A2 B AT Rhizobium
Som Bl AUE #530 NP4 AF vl 23 52749
w5 FolA 30% 2 1671 w527k NaCl 0.5% ©)/¢9] dA|ef
Al Wi A Aol A A8 7Fs-8FATE. Rhizobium sp. RH1, 3, 81, 82,
84, 93 #F=0.5% NaCl =714 8351931, RH10, 35, 129
#+FE= 1% NaCl =714, RH6, 76, 99, 101, 106, 122, 128
3% NaCl 5 =7HA] L35 tHTable 2). AR71A] L5= A
U S AEEA G2 TR F 5271 0.33% o)/l

Table 3. Characteristics of nodules formed in vermiculite
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Table 2. Growth limit concentration of Rhizobium spp. isolated from
hairy vetch root nodule isolates

Growth limit conc.

Isolate No. of NaCl (%) Sample sites
RH1 0.5 Yesan
RH3 0.5 Yesan
RH6 3 Yesan

RH10 1 Yesan
RH35 1 Yesan
RH76 3 Yecheon
RHS81 0.5 Yecheon
RH82 0.5 Yecheon
RHS84 0.5 Yecheon
RH93 0.5 Yecheon
RH99 3 Dangjin
RH101 3 Pyeongteak
RH106 3 Yesan
RHI122 3 Jangheung
RHI128 3 Gangjin
RH129 1 Gangjin

o O B2t sttt A 15HH 0.5% ool A
o] 7H5%t 16702 Rhizobium & w5= 7HAA] Aol A= B5
o] 7HsE AL R Atr Htt.
SLdsE Md

0.5% ©]Are] NaCl %ol A A8 7153 1671 2] Rhizobium
T+FE AA FolgHlX] TRl FE A, AEe] BeE I
FIFS FE=A| pot tests B3 eIttt 16709 F5¢ dist
of A4 AP} AN + AE AFFE Yol 2L AFS 2
I} T XY+ 25 Rhizobium sp. RH1, RH3, RH81, RHS82,
RH84, RH932| 67]] #FE& 53t slojefH| ] oA Haj=o] §
At 28y T AEEE s 37y gl &
o|7} QI%lth. AA A= 2t slojeu|x] o BejEe] 4=
= 157 W¥o RH84, RHS2 18]11 RH939] &0 2 My
29 g7t Eol FAEAAL T 27]= 12 mm HYE FASH
St} B2 A2 HE ol wet S, B2, gL H2
AL Holon B2 nE Ay WA= eFdFo|¢lth(Table 3,
Fig. 1). 24 + A& A|@oA= A4 Ag e updrpA 2 5

250) e A, BEA, HEMS wolT, BFE UF FE

Hal g4s

Isolate No. Number of formed nodule Nodule color Nodule shape Nodule size (mm)
RH1 2 white circle, oval 1-1.5
RH3 7 pink circle, oval 0.52
RHS81 7 pink circle, oval 0.52.2
RH82 11 pink, pale red circle, oval 1-2.2
RH84 13 pink, pale red circle, oval 1.82
RH93 9 white circle, oval 0.72
Control” 0 - - -

* Control means non-inoculated with Rhizobium sp.
-, none
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Table 4. Characteristics of nodules formed in vermiculite + peat moss

Isolate No. Number of formed nodule Nodule color Nodule shape Nodule size (mm)
RH1 32 white, pink oval 2.5-3
RH3 20 pink oval 2
RHS81 24 pink oval, flower 4
RHS82 19 white, pink, red oval, flower 3-4
RHS84 17 pink oval 3
RH93 52 white Flower 5-6
Control” 0 - - -

*Control means non-inoculated with Rhizobium sp.
-, none

ERIF 9] Fo] FAHA BFol Tt Tyt HF ol wek 17-
52719) g2 e Zo] FAE e, 1 27]= 2-6 mmE T
S} H(Table 4, Fig. 2). 3L H2] 59| Tl A4 Al 9k
ot27] RH93, RH1 12]31 RH819] =22 FAH Rt} o]
Egol w2t F4EE 25 Aot 27171 Aol vt ol
< AR 70l e EG W 715 Tl i Aol= o
), AR AR o] A& Aoll= f71E dgel v e 4
A A FTY] -2t AR 237 U Ao F5E B,
Rhizobium-g HE3HA| g2 FHFTT A= 2l 5o] A=A
B2 A2 Hol(R= H|A|A]) Rhizobium?| 5714 HEL 3
of|H|x] 9] B & Tee] Y vl Aol AREHH, ol
Sloj2)H| x| 9] =u] ol e FFL v Ao AlmHT

Acetylene EHES S5t HA T1Hs 2101

Acetylene o] 2J3l ethylene FAFORE A IAH L
spelaly] Sfatel Aaaks AlRTolA MBS ARste] Go
223 A3} Rhizobium sp. RH84, RH3, RH819] 2202 A4
1750] Eoth(Table 5). o]= FYs Wi o2 A3l Table
4¢t= o E 2z B39 Aert W 2717 2 RH93L o
£ A FFo vls] AF o2 A4 nAFo] W2 vy, e
29 A7t Ao 3717F -2 RH847) A4 150 7MY &=
2 A28 RIS o] AR Hof AL uAFo| HEZ9
Nt 27194 A Eh el YR Mz I Qe

ﬁ ‘ [} . )' l‘ h ' /\‘ A | Al ’A JR P - "b‘!;\
Fig. 1. Nodules of 6 isolates formed by artificial inoculation in
vermiculite. Hairy vetches grown for 8 weeks after inoculation. (A)
RHI, (B) RH3, (C) RH81, (D) RH82, (E) RH84, (F) RH93.

Table 5. Nitrogen fixation activities of Rhizobium spp.

Isolate No. Nitrogen fixation activities

RH1 6,786
RH3 18,536
RH81 11,854
RHS82 6,351
RHS84 25,158
RH93 7,020

Control 0

* Ethylene height measurement were used as nitrogen fixation. At this point
the acetylene height was 3.5 million.

Aot ekt R84S Helgh A9 T 7hAle) A@T B
ofl A 234 WA At H-242 HQla, RH3¥} RH81S A2
A= 22 99 A& B Grh(Tables 3 and 4). ¥ He]
o] AL o= RHI1, RH82, RHI3& AtfxoZ e 24
A2 EHYrh ole FHE R F24& A k=
leghemoglobin©] ¥a] & o] AkAF 3} nitrogenase 2] B =
o A4 o] dojdtt= 71£9] B a1ote UX| gtk (Bergersen
and Turner, 1976; Dazzo and Hrabak, 1981; Ott et al., 2005).
AF oz B M HwWek 377} |ARRE RH3, RHSI,
RH84 & 7P =2 A4 14 Y-S Hol= RH4E HFHoRE
Adslgich RH849] 16S rRNA f37}F €71 E& £4819 L
™, phylogenetic tree S 319 Rhizobium sp. 7+2] {72 TA|
E A5} chFig. 3). 1 A3}, R gallicum™} R hainanense®}

Bl tob ok

GBS FR
Fig. 2. Nodules of 6 isolates formed by artificial inoculation in
vermiculite + media. Hairy vetches grown for 8 weeks after inoculation.
(A) RH1, (B) RH3, (C) RH81, (D) RH82, (E) RH84, (F) RH93.
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Fig. 3. Neighbor-joining tree based on almost-complete 16S rRNA gene sequences, showing phylogenetic relationships between strain RH84
and species from Rhizobium genus. Scale bar, 0.2 substitutions per nucleotide position.

= §AA 2oz} v A Y, R leguminosarum, R. etli, R
ropicisk 7V SAFR AIE Bk AF7HA sole et
ZA BAZ A Y= R leguminosarum®} RH84= 7%
°F2 {ABIREE, AAZ R leguminosarumlZ T H
RHI20 g7 slolalx] Belg 34 golH 2a5S o
1A ZBtATHAR HlAA). o), ZFE e FY Foj A
mals Ao SAZ SAAE 2= R leguminosarum BTk
RHS47} T} Soat #29le ZWaks Aol waty
RH84= $4=3t ““E]I FALI =2 A 1502 ol
MRS ] - 7RI 2R B 4718 el 2
FFE & AR ARHY £ A4 2% Rhizobium sp.
RH84+= n|AYEX}AIE] (Korea Collection for Type Culture)©f|
F=2 y|esigon, 7|8 s KCTC12024BPE oquhzm
2 52T SHHER FHsk= oHR=

25 P45 A 1 50] ¥4t B fU1ES —7W
7= Aeg A ok A7 sojgHIx o gt A+
= gj5E Aul & 4= (Shin er al., 2000; Ryoo, 2008), AL=7}
X|(Kim et al., 2007), E%F27 7]A a3H(Yang et al., 2012)°]
Zo] grEolA QIich eyt o3 ARgte g FO £
E7} Bt A3 7HE R of] Fof WX & A-&-5k= = AT 9
< A0 E A= ofo] £ Atolxs A9 Foje]uA]
A R of| A BE] S0l FAYS= Rhizobium<S E831HaL, 1 5
0.5% )49l & s=ollA 50| 7Fa3t Rhizobium-=- 3o 2]H]
20 ¥zt A-gstact. 1 At sf|ojux] Y HaZo TSt
= Rhizobium?] £330 w2} A4 1A 50] EEiA= AL g9l
sttt olggt Atz wohst o 2 Aol A E&| St Rhizobium
sp. RH84= gjoj2|ul[ x| o] &-§- A] Ak FSiol] & FFE v
A 3 99 Aoz A7 =) &3 Rhizobium sp. RH849] thst
FHe] S4E mersh, A7) 2HA) 24 AReIA ) slofe]

H| 2] &] Ak S 7/ ofl Bt AF-E AlEstaat gtk
<L)

AFolM= oA 27 He s e Do 1Y

50| &3t Rhizobium 455 E2|5t1A} 5}t A9 ?—__]—‘—
ol o HlX] Al A G| =3 & BT OoRHE 4
E3t9aL, Flojgju x| ol £ #58 AHFsHA -rfqiﬁ‘“

S} A4 1S5S ERIstgh 1 A3}, 52719) Rhizobium <
I8 Beskn, of % 0.5% NaCl S olelA] Aehe

Rhizobium2 165t50|%ith. s JALL 167 45 &

Rhizobium sp. RH1, RH3, RH81, RHS82, RH84 RHO939] #F
£ HET BTN Sooigch B A DS Sl

A3} Rhizobium sp. RH847} 713 &2 acetylene reduction

activity & MG ol2iet A F de] REs} BRAY 1

A1 48 Ao Sl 191 95 il 3] =
8 7Ps € Folrt 2ute BerE.

ZAte) o

B A= sHTER IS EARG oI A
q 5

A A DTS o4 SN BEE U oS F
7497 08} 714 A% B0} KRIBB 7| RL4419 0] A7

] %) o] oJ3) = 5t
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