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Physiological and Biochemical Properties of Isolates
of Rhizobia from Soybean
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ABSTRACT : Among 140 strains isolated from soybean (Glycine max L.) roots, 25 strains
(17.9%) and 115 strains (82.1%) were identified as Rhizobium fredii and Bradyrhizobium
Japonicum, respectively. The pH for the survival of R. fredii ranged from 4.5 to 9.0 and for
B. japonicum it was 5.5 to 8.0. Fifty-three strains (54%) of B. japonicum were classified to
group GT I which could not produce indole-3-acetic acid (IAA) and 45 strains (46%) be-
longed to group GT II. R. fredii and B. japonicum strains could be divided into 13 biovars
based on the acid productivity from carbon sources. These strains also could be divided
into 10 groups based on the susceptibility to antibiotics.

Key words : Rhizobium fredii, Bradyrhizoboum japonicum, indole-3-acetic acid, biovar, an-

tibiotic resistance.
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Table 1. Identification of rhizobial isolates by growth rate and acid production on YMBA medium

Strain Growth rate prolc?:xnc?ion Identification Strain Growth rate proﬁ‘ﬁgion Identification
CRS1 + B’ B CRS51 + B B
CRS2 ++ B B CRS52 + B B
CRS3 + B B CRS53 + B B
CRS4 ++ B B CRS54 + B B
CRS5 + B B CRS55 + B B
CRS6 ++ B B CRS56 + B B
CRS7 + B B CRS57 + B B
CRS8 +++ Y R CRSS58 ++ B B
CRS9 + B B . CRS59 + B B
CRS10 +h+ Y R CRS60 +4+4+ Y R
CRS11 ++ B B CRS61 +++ Y R
CRS12 + B B CRS62 +++ Y R
CRS13 +++ Y R CRS63 +++ Y R
CRS14 + B B CRS64 +++ Y R
CRS15 +++ Y R CRS65 +++ Y R
CRS16 + B B CRS66 + B B
CRS17 + B B CRS67 ++ B B
CRS18 ++ B B CRS68 + B B
CRS19 + B B CRS69 + B B
CRS20 + B B CRS70 ++ B B
CRS21 + B B CRS71 + B B
CRS22 + B B CRS72 + B B
CRS23 + B B CRS73 ++ B B
CRS24 + B B CRS74 ++ B B
CRS25 + B B CRS75 +++ Y R
CRS26 +4++ Y R CRS76 ++ B B
CRS27 + B B CRS77 + B B
CRS28 + B B CRS78 + B B
CRS29 +++ Y R CRS79 + B B
CRS30 + B B CRS80 + B B
CRS31 + B B CRS81 + B B
CRS32 + Y B CRS82 + B B
CRS33 + B B CRSS83 + B B
CRS34 + B B CRS84 + B B
CRS35 + B B CRS85 + B B
CRS36 + B B CRS86 +++ Y R
CRS37 + B B CRS87 +4++ Y R
CRS38 + B B CRS88 + B B
CRS39 + B B CRS89 +++ Y R
CRS40 + B B CRS90 +++ Y R
CRS41 + B B CRS91 +++ Y R
CRS42 + B B CRS92 +4++ Y R
CRS43 + B B CRS93 +++ Y R
CRS44 + B B CRS9%4 ++ B B
CRS45 + B B CRS95 + B B
CRS46 + B B CRS96 + B B
CRS47 + B B CRS97 + B B
CRS48 + B B CRS98 4+ B B
CRS49 + B B CRS99 + B B
CRS50 + B B CRS100 + B B
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Table 1. Continued

G2 A 129, 433, 199

Strain Growth rate proﬁl(l:::?ion Identification Strain Growth rate proﬁl?c(tiion Identification
CRS101 + B B CRS121 + B B
CRS102 + B B CRS122 ++ B B
CRS103 ++ B B CRS123 + B B
CRS104 + B B CRS124 + B B
CRS105 + B B CRS125 + B B
CRS106 + B B CRS126 ++ B B
CRS107 + B B CRS127 + B B
CRS108 + B B CRS128 +++ Y R
CRS109 + B B CRS129 + B B
CRS110 + B B CRS130 ++ B B
CRS111 + B B CRS131 + B B
CRS112 + B B CRS132 + B B
CRS113 ++ B B CRS133 +++ Y R
CRS114 + B B CRS134 + B B
CRS115 + B B CRS135 + B B
CRS116 + B B CRS136 + B B
CRS117 +++ Y Y CRS137 + B B
CRS118 +++ Y Y CRS138 + B B
CRS119 + B B CRS139 +++ Y R
CRS120 + B B CRS140 + B B

* + : Colony appeared after 5~7 days of inoculation on YMA medium. ++ : Colony appeared after 3~4 days. +++ : Colo-

ny appeared after 1~2 days.

° B : Color was changed to yellow when the strains produced acid on YMBA plates, whereas color was not changed

when the strains produced alkali (B : blue, Y : yellow).

° B and R indicate Bradyrhizobium and Rhizobium, respectively.

¢ USDA : United Stated Department of Agriculture.
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Fig. 1. Growth curves of rhizobial isolates in yeast
extract (YM) broth medium.
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Table 2. Effect of initial pH on growth of rhizobia®
) pH of YM broth
Strains
35 4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0
CRS41(B.j.Y -° - - + + + + + + + + -
CRS49(B.j.) - - - + + + + + + + + +
CRS86(R.f) - + + + + + + + + + + +
CRS133(R.f) - + + + + + + + + + + +
CRS138(B.j.) - - - + + + + + + + + +
CRS140(B.j.) - - + + + + + + + + + +
USDA76(B.j.) - - - + + + + + + + + +
USDA110(B.j.) - - - + + + + + + + + -
* Rhizobia strains were cultured on YM broth medium and growth rates were determined by turbidity at 660 nm.
*(B. j.) : B. japonicum, (R.f.) : R. fredii.
€+ : growth, — : no growth.
Table 3. Identification of biovars of rhizobial isolates by the acid production on various carbon sources
Biovar Ara’ Glu. Man. Gal Rha Strains
1 +° + + + + CRS106, CRS117, CRS119, USDA110, USDA122
2 + - + + + CRS47
3 + + + - - CRS54, CRS66
4 - + + + - CRS131, CRS132
5 + + - - - CRS55
6 + - + - - CRS110
7 + - - + - CRS23
8 - + - + - CRS113
9 - - - + + CRS15
10 + - - - - CRS27, CRS36, CRS41, CRS104, CRS105, CRS109, USDA94
11 - + - - CRS133
12 - - + - - CRS42
13 - - - - - CRS1, CRSS5, CRS6, CRS7, CRS10, CRS12, CRS13, CRS16,

CRS17, CRS20, CRS28, CRS34, CRS35, CRS45, CRS46, CRS49,
CRS50, CRS51, CRS57, CRS63, CRS68, CRS69, CRS71, CRS78,

CRS86, CRS87,

CRS90, CRS101, CRS108, CRS115, CRS120,

CRS121, CRS123, CRS124, CRS126, CRS127, CRS128, CRS129,
CRS130, CRS134, CRS135, CRS136, CRS137, CRS138, CRS140

* Abbreviations for carbon sources are as follows; Ara. : Arabino:., Glu. :

Rha. : Rhamnose.
® + : positive, — : negative.
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Table 4. IAA production by the Bradyrhizobium species in Tris-YMRT broth

IAA  Group

Strains

CRS3, CRS7, CRS10, CRS13, CRS15, CRS16, CRS22, CRS23, CRS24, CRS25, CRS27, CRS31,
CRS33, CRS34, CRS35, CRS36, CRS37, CRS38, CRS39, CRS41, CRS42, CRS46, CRS47, CRS

52, CRS53, CRS54, CRS55, CRS56, CRS57, CRS68, CRS69, CRS77, CRS96, CRS98, CRS99,
CRS101, CRS102, CRS104, CRS105,

CRS106, CRS107, CRS108, CRS109, CRS110, CRS111,

CRS112, CRS113, CRS115, CRS116, CRS127, CRS132, CRS138, USDA110,

USDA122

CRS1, CRS5, CRS17, CRS19, CRS20, CRS21, CRS28, CRS30, CRS32, CRS40, CRS43, CRS44,
CRS45, CRS48, CRS49, CRS50, CRSS1, CRS59, CRS66, CRS71, CRS72, CRS78, CRS79, CRS

+ GT II 80, CRS81, CRS82, CRS83, CRS84,

CRS85, CRS88, CRS95, CRS97, CRS100, CRS119, CRS

120, CRS121, CRS123, CRS124, CRS125, CRS131, CRS134, CRS135, CRS136, CRS137, CRS

140, USDA76, USDA9%4

* + : IAA production by the strains, —

: No IAA production by the strains.

Table 5. Grouping of the rhizobial isolates by antibiotic resistance

Antibiotics

Group

Kana." Strep. Vanc. Amp. Nov.

R. fredii B. japonicum

1 + + + + +  CRS117

+
+ 4+ + + +

|

[« EN B R

I+ + + +

9
10

|+ +
+

CRS86, CRS89, CRS90

CRS63, CRS128, CRS133

CRS1, CRS5, CRS6, CRS12, CRS17,
CRS20, CRS28, CRS45, CRS49,
CRS50, CRS51, CRS66, CRS71,
CRS78, CRS119, CRS121, CRS123,
CRS124, CRS126, CRS127, CRS129,
CRS131, CRS132, CRS134, CRS135,
CRS136, CRS137, CRS140, USDA76
CRS7, CRS10, CRS27, CRS34,
CRS35, CRS36, CRS42, CRS46,
CRS47, CRS68, .CRS69, CRS104,
CRS105, CRS106, CRS108, CRS109,
CRS110, CRS115, CRS138

CRS16, CRS23, CRS41, CRS102,
CRS130

CRS113

USDAS%4

CRSS55

USDA110

CRS13, CRS1S5, CRS54, CRS57
USDA122

* Kana.
ppm), Nov. : Novobicocin (10 ppm).

Kanamycin (25 ppm), Strep. : Streptomycin (100 ppm), Vanc. : Vancomycin (10 ppm), Amp. : Ampicillin (50
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