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Summary

In order to improve effectiveness of rhizobia- legume symbiotic nitrogen fixation, ecological

and physiological characteristics of indigenous rhizobia distributed in Korea, that is, symbiotic

effectiveness of indigenous soybean rhizobia, nitrate reductase activities of the soybean bacteroid
from five different soils, and differences of host-infection abilities among the soybean cultivars

under population densities of the same indigenous soybean rhizobia, were investigated. The results

were summarized as follows:

1.

The number of indigenous soybean rhizobia was ranged from 9.2x10? cells per gram of soil in
calcareous soil Il to 42.4x103% cells per gram of soil in calcareous soil I in Danyang.

The symbiotic effectiveness of indigenous soybean rhizobia from five different soils was high
in the case of soybean continuously cultivated, and calcareous soil I that population densities
of indigenous soybean rhizobia were observed highly.

Inverse relationship was observed between total nitrogenase activity (TNA) and nitrate
reductase activity (NRA) from the soybean bacteroids (r=-0.502*), but the correlation
between nitrate reductase and specific nitrogenase activities (SNA) could be devided into two
groups. It was classified into group I which is high in SNA and low in NRA, and group II
which is low in SNA and high in NRA.

The infection ability of the indigenous soybean rhizobia in the same soil conditions showed
the reciprocal difference among each soybean cultivars. In Kwangkyo and Jangyeup, the
symbiotic effectiveness appeared by infection of indigenous soybean rhizobia was higher than
it of the other soybean cultivars,
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Table 1. Chemical properties of the soil used

pH oM Av.
Soil source P,05

(1:5) (%)

Exch. (me/100g) Act. Cu Zn Mn

Fe

(ppm) Ca Mg K Na (%) (ppm) (ppm) ( ppm)

Soybean cultivated
Soybean continuously cultivated
soil ( Chungbuk Danyang )
Calcareous soil 1
( Chungbuk Danyang)
Calcareous soil 2
( Chungbuk Danyang)
Newly reclaimed soil
( Gyeonggi Hwaseong )

Soybean un - cultivated
Saline soil
( Gyeonggi Hwaseong )

6.95 2 64 31

6.3 310 68

668 212 46

606 119 15

6% L29 44

85 L18 092 007 355 245 168 479
35 074 08 009 091 265 5 60 920
1430 456 0.27 0.25 281 49 199 607

LO5 121 0.28 007 247 304 117 68

L01 25 116 218 071 368 232 178

X29em)o 2 - Joith o]E FolgPL MEE

A 538 BEY % Brockwell % 2 2| Fgkol| #3}o]
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+85 LEATHRAES] EREEHE Y nitrate
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Table 2. Most probable number of indigenous R, japoricum in soybean cultivated-and wmn-cultivated soils

Soil source

Most probable number (g~! soi )

Cultivar Estimate Confidence limits (95% )
Soybean cultivated
Dan— yeup
Soybean continuously cultivated soil 14. 7 x 10° 41— 52 1x10°
Calcareous soil | 42 4 x 10* 10. 4 — 172 7x 10°
Calcareous soil 11 14. 7 x 102 41— 52 1x 10
Newly reclaimed soil 42 4 x 102 10. 4 — 172 7x 10
Soybean un - cultivated
Saline soil 0x0 0x0
Soybean cultivated
H-25
Soybean continuously cultivated 91 8 x 10 22.9 — 367 2 x 102
Calcareous soil 1 42 4 x 10?2 10. 4 — 172 5% 102
Calcareous soil 11 9, 2x 10® 23— 66.7x 10?
Newly reclaimed soil 42. 4 x 102 10, 4 — 372 5x 10?
Soybean un - cultivated
Saline soil 0x0 0x0

(b FAB) A3t FkE 1 %3 (E& A s
B FEALEA XTE 2EREY BEl =
iAol A 42.4 X 10° cells/g soil 2} B2 A
o wgta, BKE 1485 A3 /el %
AxE 10 #F) L34+ 14.7 X 10? cells/g
soil & XS] ¥ LFATHREERE Lact Rif
of BAMel H—25MMS st gdle KEE€ 5
UL S BRI B Bk AEE L8
A 91,8 X 10% cells/g soil & 7}A wotu A
Aok L 94 mKE [ +Eo R Jelytth
F—3 t¥cjels +HATHMEE: GE T A%
oAl 4t 1.5~ 42.4 X 10° cells/g soil o] H# H— 25
W] 79 9.2~ 918 X 10? cells/g soil o] EME
E= S +EHATEGESY Biool MRS o
+ Ao
KEE RET Aol g Tl de +FATH
BEC| Ad EAS W2 I dsich Fiem
dlA LERME] BET 4+ Y+ #HS BEmEe
BERFYcls t#lo] MEE v $3 BRHIES &
et (4 2 il t% 3¢ Ao YAge
Hiltbold % ' 2 {-io| IRKEEZ} H2 @l HK,
#/m mEE @Y KAt 4d L EATREERL
BT 10 ~ 10° cells/g soil g o}, $%mp, me~} &
Z3 £ WMol E 10°~10* cells/g soil & +F AT
BRENIL B BMOY R, BME 4685

ol M Lol A= 102 cells/g soit LUF2 Bl &
L7t #-3 wut ok

Moawad % *» & KGRIE WMol A REHEIR| o
2= +HATRGES serogroup Hil| BBEEo g
REY RS WAL BE 28 TEATREREEE
1.7 ~ 40 X 10* cells/g soil 24 serogroup 123¢]10
~50 %% R oW RS BEE FEHY %4
HASg o ol X Wi KR SR LEXEH
MR HEY B2 sl BRE AHY fE R
Wy RBE K 4 serogroup ] B4 & ER
2 MY o+ ek

MMl EEAEHERNS 2R e IBEE
BE v Rt 1380 BB Hgel4 L oz m
wisl=, #s BkE 19 A9 tHo] BBy A
ERHol PBEI S AR AG=, L] FEWER
WA Y BEmel ERche BRWHES] +EAERE
WY BEE KA Aor AzbHet?? L BERGHRE
MR BRERE Y FKEEEN v+ S L
TRR RAGE ¥ Y 1ol Po| LMo RE
FFp| FodF BN U RETAIZ BHES Hoa
& o el 8100 ®Fe] LNERKS BEN
e FEASESE tEATHRENA o8 BREET
BN REES ETAAT A% 20~ 40 BRH
o, B4 H— 25+ 5~ 15 Eige] HEERES
Ean Wo® wol M—% LHEATHREEE-T 3
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[ Nodule number Nodule fresh weight A:::::.:ﬁ':t;ne reducing
. . . a 1 l
Cultivar Dilution (plant ) (mg/ plant ) (nmola C,H, / plant hr)
10 20 30 40 50 20 40 60 80 100 10 20 30 40
1 i i 1 I i 1 1 1 i L 1 A 1
o
H-25 4
\
*C n)
Dan-ye
an-yeup 10°
7/
104 ul

Soil; OO Soybean continuously cultivated soil

®-~-@® Calcareous soil |
[O--- Calcareous soil [
M—% Newly reclaimed soil

source

Fig. 1. Effects of soil dilution on number of nodule, nodule mass, and total nitrogenase activity in a plant

-infection test.
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Table 3. Effectiveness of indigenous rhizobia from different sample soils

Host Fresh TNA SNA Protein in  Nitrate reductase activity
le C,H bi ]
Soil source nodule mass (nmole C;H, (nmole C,H, bac teroid Aerobic Araerobic
plant /g fresh /g fresh assay assay
(mg/ plant ) nodule /hr )  nodule/hr) (mg/g nodule) (pmole NO™,/mg protein/
hr )
Soybean conti
nously culti - Soybean 718 + 343/ 185+36.2 327.1+74.4 440.71+84. 7 9 7a* 7.2a
vated soil
Calcareous
soil ” 705+ 194 15L8+14.5 150.9+19.4 372 3+17 8 9. 5bc 4. 0b
Calcareous
soil ” 599+ 74 11L.24+29.3 2000+ 753 3137159 4 6.0b 4.6b
Newl lai -
ewiy rec " 205+ 12 6L 114203 237.7+459 2928+293 3 7c 327b
med soil
Bean cultiva-
an cubiVa™  Bean 277+ 25 215.2+ 52  59b 7. 5a
ted soil

a; Values + standard error of the mean of three replicates.

% Duncan’s Multiple Range Test, 5% level .

trogenase activity )2 150 ~ 325 mole/g fresh nod-
ue/hre] @EZA KT HURE> FHBHL> HKE
I >EKE] L8] BYs SXKEEL w4 et
whet,

F23 £3dA LEATREERS REELR ¥
SREENS A2 HEel v LEREERST B3
W el A REEEEC] wasd MEYT UL
v, #s| FBAEMel| A LEATHEEEE otE
Mol sl MEs wyro v FE2), HEHRE H sp-
ecific nitrogenase activity = A< w325 ¢+U3
oh(%3). HETAH FHEVL g HEAA BER
K Y EXEEHS FEREES AEN Lol 1%
o] BmbEH wHd =t FEES ¢ Al 2
FRo T Fig+#e pHyt 6.1 24 vl2 L
pH 6.4 ~7.0 B} wW3kd ¥uk ohiel s HMS
£o] 15 ppm REEA EE) dob KTAEHE TRo
ERE Zoz 44 + gk

REES SMx 92 B4 LEAIRBE
mEele] sehme) fEA A LEREES ENclte
Ao HBRGRIT 3T tEREES RE BB
FE BEY BEHEA] HEIRKE Y, B e
pHE v£3 Bi## 24 ¥ PRERY 24 X
Aoz Ao B\E/ dv Bkl LERY
PN RAE B o2 Bods de ¥
afolzl, ¥ & A Eelt sholels nif* gene ¥} nif”

gene ¥ 22 FEEs| wl-Fol LERBEY FEI x
otk o] B EMR ¥ 4BH i wel B
R ¥ EXREEN BB HHo] o2 Az Azd
o,

TS KtEol ARAE 1Ml KEE A % 30
H& KEEM bactercide| EMBTMFE HHEST X
4ol4 Be olF EERY EHE 3.7~97 pmole
NO,” /mg protein hr2| ®E2 4 Hmel SREER
%4 otz vebgel o] F FEHol A w4 Hehd
SRR AT EEEEHS B8 bacteroid 24 9.
7 pmole NO;” /mg protein hr $l3 Rl HBE%R S|
{88 bacteroid+= 3.7 g mole NO,” /mg protein hr
24 48 LB BEoBRET Ao uAl debgdos,
we| bacteroid & EERTREENE HobT Ao,
oj2l &t BH- BRY SW B EHSH BEge
bacteroid Mol 4| A gict, o 2dt BB #Kl 4
edka Fa5HA] Rme bacteroid ol 4| EERIES
& A HEo R e, MfEsl RS el A
—sivlebs HREe] B ¥ T8 BB ATRE
o HEREEE O] thEo whel R YeY ol& ER
Ehel MRS 4 vk A%E% sl
Ao FmRIEER S B B R RE, B
o] EME 23l BEREM et HE ] #ie
Hub o, & EHRl AL RS MR  bactroid
pyol| EHsl MRBES HESl FEol B H4E
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3 REEY £B Y e Hidl =i &R
2 #EY F Utk

F 494 nitrogenase ( specific nitrogenase activ-
ity )¢} nitrate reductase?| S BES ¥u AKE
SRR e B4 M bactercidol| 4| nitrogenase
o] FEM-S Eto ), nitrate reductase 2| iEHS 5
B SEEEESN A Al YAl ebytet 8 o] B5REER
o EHS BEET By Ead =letd AR
o} #4538k Manhart 220 2] g} Fhel whef BAH
fime| bacteroid ol 4| 2 nitrate reductase®| B
FiEM2 ZH=cls nitrogenase$} nitrate reductase
el = IE9 MMMt oS Aoloh, 28k AER
BHY BEE A EKFoR EHe B +
v KT #ERIEe] sELc g o8
Ee FlATe] SREEY K¥Edl4 AHERCR 4
z+ o,

2. XE 287 +% XTEgRe SREEHEY
nitrate reductase 2| ;Ef%

e i3 +F BAEBC R—3 Ll A X
o SAED ERETHEI bacteroid Foll 4 FRET
EEE Ed BEY B Ri4e Ao

BREVHES GBI vx3td 3B HlMEl A
0.44 ~ 1. 11 gr/plant & KT MEHEY BEY EZR
£ ¥gw, ¥#oh mEe 1.0 gr/plant PlEow A
o mgrod, Walzl kK 117882 XS SfdAe
0.5 gr/plant BE2A A AL BABRE 232

R A Ae 4 52 wolglel, TNA:
236 ~ 480 n mole C,H,/plant hr 24 Sifdfkid %4
ERIF o, REpEiel wiy MEdde T
NA7} ¢ fHmolgla, ML A5 HREHHRE
A A o} Mfldcl TNAZE sbab v debydel 2
2y} SNAE 230 ~ 659 n mole C,H,/plant hr 2.4 &
fafel BEY 2RE v 8] A, KE 117
B 4 RE F KT A4 =3 mEaEgel 8
RE AR BOLS REEHNES ¥ ERE
R wololul AT X =+ EHEY BHIKkE
FRE7E T Aoloh a3 ERHED I R 3
£ Bl A EREER-S THEHS R o223
| ab, #3] Shibles%? 2 BMRKEE 300kg/10 a g
Ayl HslA 2 HEHMT 28~32kg/10 a2l EF
7t BRE ool REEo = Ye e ERgS 25
kg/10 a BEZA 21 FEES ABHoT KR AA
of qtvlar 8}, kohl %170 & BEHKFE 1idl4 K
RN Besd R 8 20%% AALS o
o LT HHE EREET ABHoE T4
o EEd EX FIAES #mads glovd &
Bt BREEe] SXREE #FL BA] HelA4e 1
A4 2= ¥ HEEHRS ARMH2E B3l 54
o LERMES FHks BaEs 88 T FEEAY
o] BEY oz AR

o] bacteroid ol 4| EXREEN BB-L Mo-Fe
2} Mo EE #E=) nitrogenased| HI 428

Table 4. Comparision of the effectiveness. of indigenous soybean rhizobia between soybean cultivars

Fresh nodule TNA SNA Nitrate reductase activity
Cultivar &/ mass ( nmole C,H, ( nmole C,H, Aerobic assay Anaerobic assay
(g/plant) / plant / hr ) nodule / hr ) ( gmole NO~, /=g protein/ hr )
1L Dan-yeup 1020 032/ 235, 8 be 231 1aV 5 3d 4. 8¢
2 Hwang-kum 0.73+0. 08 320. 5ac 443 3a 1L 5bc 13.6b
3. Hill 0.80+ 0. 05 347, 9ac 439. 0 a 6 6cd 8. 4cd
4. Jang-yeup 0.88+0 05 488. 9a 555. 6a 4.7d 6 2de
5. Kwang-kyo 1 110 30 423 6ab 437. 5a 8. 4cd 10. 7 be
6 Kang-rhim 0.60+0 19 241 7hc 457. 0 a 2. 0a 20. 3a
7. Nam- cheon 0.44+0. 00 288, 6 bc 658 5a 15. 3 be 12 8b
8. Akisirome 0 740 03 255. 0 be 341 1a 15 1b 13 1b
9. Suweon-117 0530 20 267. 8 b 6531 a 8 3cd 7. 2 be
10. Jung-weon 0. 28+ 0. 04 197. 0¢c 765. 3 a 12 5 bc 13.4b

3/ Values + standard error of the mean of two replicates.
b/  Cultivars followed by the same letter were not significantly different at the 0. 005 level probaility using

Durcan’s Multiple Range test.

¢/ Cultivar # 1—9; soybean host plant, cultivar 310 ;bean host plant.
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B BRI AM KEFTY FEs EXE  ammonia
2 WBHA7IER 4 el FIASH =l klcas %
9.0 3G BEe] bacteroid il 4 nitrogenase
9] EM-S BWICHT®} ATP- generating system .24
sodiun hydrosulfite& ER3h4, oA &l p-hy-
droxybutylate, 8- hydroxybutylate dehydrogenase,
NAD*, benzylviologen ¥ methy viologen-& & 8t
e FEY 5 Qok3 stgch ¥HE Werner %%
< KGR A EREEN Eitel 3 @3 B
ol bacteroid2] #KIZ | amyloplast 2] o] Hpnst
3, mitocondriaz} AW 4 ATP BEEe] st
A& B gglclm stgdvh. Fawcett -2 52 en-
ergy B#3 F3le] bacteroidell 4 poly- 8 ~hydrox-
ybutylate®| FR-E MEE U, Paou ¥ 2 R
& hRIFe bacteroid= thE 2] bacteroid AR
o 8~10 &2 ¥ ohdl el RT3
SRS Wttty @&t Ak
LLE2) @iES 2 n|Fo] Hol W@ SAEBE
o] thEAL FMEMEHS nod genedt nif genes| EME
W ELBRE ] ERAA & Aoz #EREY

hemogloin &

o] Rt Kucas® 9 ol —Hehe Adkelslet

EEEYS RE M EKECl = BT BEMERT
8 B AT MR EEke HEATRA WY Bt
o] chEche B EM3le ABTY EWHT REE
of & o2 Azt

T T T T
> E [
£ 3 500 [ 5 r=-0 502% _
'.§ £ (hs (n=20)
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Fig. 2. The relationship between total nitrogenase
and nitrate reductase activity of Rhizobium
bacteroids under aerobic assay conditions.
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