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CHAPTER |

INTRODUCTION

Soybeans are ra

%f in the production of other food

ybean mi -é!%soybean paste and tofu. In

addition, soybean ) eal
oo e

products such as s

mal feed. Table 1.1 shows

that at present, lland. R yRgan _consumption leading to trade

used by soyb to reduction in usage
hr st
Y= ,;
J 7L \
Table 1.1 Quantiti beans up'l S ns imported from 2005 to
xé:, \

2007. T

Quantities of soybeans

s o)

ROV, 784

: |1 395,370

1,640,835

Offlmf Agrlcultural Economlcs(2008) htto //www.oae.go.th/oae web3|te/oae imex. DhD

R8N ATRINRIAINEAGY

consumption is the country’ s low soybean yields with an average of 250 kg/rai compared with

approximately 430 kg/rai in countries which are leading soybean exporters such as the USA as

shownin Table 1.2
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Table 1.2 Average soybean yields (kg/rai) in Thailand and in countries which are leading

soybean exporters.

Ranking Country Average soybean yields (kg/rai)
No. 1 2004) 2005 | 2006 | 2007
|
1 / 465 | 370
2 == 368 881 | 457
3 |52 |9 jg | 452
2 55250 Ol 253

Source : Office of Agai

http://www.oac«@®.th/s

An ad@fitionalffacir Which dotle 0\ ke Veh, lower quantities of locally-
grown soybeans i§fthe g -' cultivation as shown in Table

1.3 as more and morgfla _' is@s‘ J*fo ) \ .!". ops which provide growers

1 3
with higher income suctifas cogigds owWey Qrn cu *'l. ation requires large amounts of

chemical fertilizer andiPestigifioiusa je

AT

Table 1.3 Soykean.e 5 oyfn yields.

oybean Yield
(kg/rai)

g0

ui
-

Source : Office of Agricultural Economics (2009).

http://www.oae.go.th/statistic/yearbook50/section2/sec?table?26.pdf
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One way to increase domestic soybean vyields is to popularize the use of
soybean rhizobium biofertilizers among soybean growers. Soybean rhizobium
biofertilizers consist of 10° rhizobial cells mixed with 1 g peat. Soybean rhizobium

biofertilizers available in the market jin Thailand need to be kept in cool places or in

. B 8
refrigerator to prevent cell | cells are more than 10" cells per

gram biofertilizer, nod h et al., 2002a, b ; Loh and
y been produced at the lab

scale by mixing strai ) 3 ractmapnitol.broth with peat at the ratio of

2007/2008 in _
2009). The aim @ff theghhe / Jis" tomdetermin X Maltion efficiency of soybean
rhizobium strai A7, se |n SC. i o ﬂo. ektilizer for soybeans as
well as to determ & th a\l age an m. | o-"‘a. ‘. i t in soil samples from the

. .lEl'
T
experimental plot in B r? oulo sl ‘"r 0

."-_ train NA7 and six rhizobial

(] .
isolates from root #odu growh ,,?‘i rlme alk pIol will also be identified by

polyphasic taxonomy. ¥ o o
& e il L

= _J‘-]n‘:
B ﬂ'i;l:fiy 'y

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ



CHAPTER Il

LITERATURE SURVEY

Soybean rhizobia are Gl : 3 lV'. , gRotile, non-spore forming rods which fix
nitrogen in root noduless g' SOk ‘ d% oybeans in rotation with other
economic crops suct ice.0 :- : &{ields of soybeans, rice, and
corn, with reducw iq lizers-usage. .

™

biofertilizers has been.j# ' 1SE ¢ , addition, use of soybean

Use of soybean rhizobium

rhizobium biofertilizer | gytrophica orm of water pollution due to

enrichment of griglifliral “réin-offy Gy ai i @l&, and phosphate from

Bradyrhizol m _ c. U which nodulates roots of
soybeans. In 1962 Jog an } -the t sl owiflg soybean rhizobia from

genus Rhizobium t@fge Bradymhizob due to differsges in growth rate, number

and type of flagella y tibj :;}.—r«;-------—--- genell@ properties. There are two

,pt-_-f

categories of soybean rhi o--———=- oybean rhizobia and slow-growing

soybean rhizobia. At p csent _ﬂ,--j

in Table 2@

Table 2.1 Fiv ﬁo
Al

S/norh/zolo"n dii (Chen et al., 1988

Q‘Uﬂ’lﬁﬁﬂ‘w g1n73

Bradyrhizobium elkanii ( Kuy?ndall etal., 1992)

qmm:n:m:m'rmma d

Some differences between fasi-and slow-growing soybean rhizobia are shown in

hizobia are recognized as shown

Fast-growers

Table 2.2.



Table 2.2 Some differences between fast- and slow-growing soybean rhizobia (Elkan &

Bunn, 1992)

Properties Soybean rhizobia

Fast-growers Slow-growers

1. Doubling time More than 6 hours

2. Type of flagella 1 subpolar flagellum

3. nifHDK W/ and*nifDK are on separate
"~.‘~o-'- ]
0K £ KX nifs oifBA  nitd
L - e g S0 O
Soybean rhizobium biofertilizerSSpresentiy-e 10le in the market need to be kept in cool

F. Ay ¥

places or in refrigerate multiplication which may lead

to inhibitioh_ noauilation gene expression g hlechanism. Quorum

sensing is *Géll-a 9 ion commonly found in
= o

bacteria when EIHI density is St 0 ecretion of an,@toinducer at levels that

trigger changes meene expression (Sharma et al., 2003). In the years 2001-2003, Loh

AUBINENINGINT

cells 1 in the stationary phase the autoinducer Bradyoxetin with the chem|cal

0 NS INgIaY

inhibits expression of nodYABC which encode enzymes in the production of Nod factor
which was involved in root nodule formation. Loh et al. (2002b) constructed 4 mutants :

B. japonicum JWS21 (nwsB Sm'Sp') ; B. japonicum JNWS24 (JNWS21 harboring
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pBGAlac1 with nolA-lacZ translational fusion); B. japonicum JNWS31 (JNWS21
harboring pZB32 with nodY-lacZ translation fusion); B. japonicum JNWS41 (JNWS21
harboring pPRJ1248 with nodD2-lacZ translational fusion). The mutants were used to

demonstrate that at high cell density, (moge than 10’ cell/ml) the expression of nodD2-

lacZ increased while that of nogh™ ‘, / 3 eaged and that nwsB was essential for the

density-dependent full exressign brl 13 / D1, and nodYABC. NwsB was
postulated to sense o-presence i Cell density which led to the
activation of nodD2 ABC leading to a decrease in

thiead

=
L

|
Figure 2.1 Sunﬂﬁary of slow-growing soybean rhizobium nod@ﬁon genetics (modified
from Stacey, 1995"

Al ANYNININS....

, nodD2, nodYABC and n‘osB Soybean roots secrete flavonoids s h as

q RIINIUIMINYTNY

between genistein and NodD1 is formed in the periplasm. This complex acts as a
transcriptional activator which binds to the promoter regions of nodD7 and nodYABC

which are known as nodD7 box and nodYABC box respectively. Wang and Stacey
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(1991) reported the 9 bp repeat sequences of nodD7 box are ATTGCTTTT GCGCGTCTA.
Binding of NodD,-flavonoid complexes to nodD, box activates the transcription of

nodD,. The transcriptional start site of nodD, lies 44 bp upstream of nodD, box as

/yyﬁc box which is made up of four 9

ﬂ TBT A CGATTTT ACCAGAT

shown in Figure 2.2

The promoter of nod

bp repeats as follows :

_. s 1.1 G, T,, (Wang and

Stacey., 1991).
Wang and of nodYABC

overlapped wit YABC lying in the nod

" Ovedlappine : andi10dYABC
Transcriptional st ite : ns ional start site of nodYABC
1 =+F- o

N pdYABC

H;I- 44{@1

Figure 2.2 D|agra?t|c representation of a DNA segment of B. japonicum nodulation

ﬂuﬁ”‘l NENINGINT

ed from Wang and Stacey , 1991).

q W'] ANINUBIINYIAY

encoded by nodVW. NodV is a kinase which autophosphorylates and transfers the

phosphate group to NodW. Phosphorylated NodW activates transcription of nodD71 and
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nodYABC possibly by influencing DNA bending as in the case of the activation
mechanism of NodD1-flavonoid complexes (Loh and Stacey, 2003).
Expression of nodD, and nodYABC is repressed by NodD, which is encoded by

nodD,. NolA product from nolA
summarizes the activation a ﬁ

lates the expression of nodD,. Figure 2.3

/1/“0!’1 gene expression.

Cnodvw g gl 2\ Vnoana@ ot Dl g B OSML ol MINO
‘.. 2 " F Y 5, ", ]/___a"’--

activation
— repression

Lo nodD, box and nodY box in the

promoters of podD i8R of nodD, and nodYABC. A

protein pro iuct NodV-autophosphorylates thi RQsSOate group to NodW.
Phosphorylated LN

=

regulates the H

#DNahd nodYABC. NolA

| —
ression Of NMOCD S WRESE=protein produoﬂNodDZ, represses the
expression of noo’%and nodYABC (Loh and Stace 2003).

fl ULINYNINYINS...

three enzymes in the synth sis of Nod factor which is essential for root hair

ammmmwﬁm UINY

deacetylase, catalyses the removal of an acetyl group of the N-acetylglucoaminyl group
at the non-reducing end of the Nod factor. NodA, N-acyltransferase, catalyses the

transfer of an acyl group (C18:1) to the N-glycosyl unit at the non-reducing end of the
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Nod factor.Nod factor of Bradyrhizobium japonicum consists of 5 N-acetylglucosaminyl

units with side chains as indicated in Figure 2.4.

MNod factor

|

Root curling

l...

Fucose |

Figure 2.4 Synthg€is ofglod agfor i 20b cORStacey, 1995).

f / .7 R
Other gefies efsen ?fg ni atig xli\ 8c M, nifD, and nifk which

encode subunits ofdiie difitrog fl"“- ase (NifH Fa @rotein), alpha subunits and

1 F‘-

beta subunits of the " o--'-'-'-:'.“..‘!:'::' ), NifBl§), respectively (Fuhrmann and

o F
Hennecke, 1984). N|troge a56 1s-made U éfmer of identical NifH subunits and a

tetramer of two alpha andis pd NifK. Genetic regulation of nifH

and nifDK @ rihe'free—living nitrogen-
fixer, K/ebst/ bsiella pneumoniae

and showed thﬁﬂv ifA UAS) of nifHDK. The

integration hos®™factor (IHF) bound to the region between

m&8f RNA  Pol merase uhe -24/-12-type promoter region of
15

-
1 1
Hﬂrmﬂmmm Wﬂmﬁm

qWIRNTS, ﬂ&ﬁl%ﬂ%ﬂ mim

promoter of nifHDK in Klebsiella pneumoniae. IHF bends the DNA to allow close

binding site and the

Sigma:54 holoenz

as|s
126

contact between NifA and Sigma-54-RNA Polymerase holoenzyme for activation of

transcription of nifHDK (Lee et al., 1993; Santero et al., 1989).
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Nitrogenase activity is sensitive to oxygen because the expression of nifA is

sensitive to oxygen (Fischer et al., 1986 ; Fischer, 1996).

etal clusters of B. japonicum nitrogenase
!} acter vinelandii, each monomer of NifH
r iadis et al., 1992) while the MoFe

Cluster is made up of 4Fe-3S

There has been no report

However, in the free-living ni
or Fe protein contains
protein contains an

Iusters as shown in Figure

S oy 154

X C},s sz
Sy i

CK&%

ﬂlJEJ’JVIEWﬁWEMﬂ‘i
RIRNNT NN

cluster contains two 4Fe-4S clusters ( Kim and Rees, 1992).
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Figure 2.7 shows catalytic activity of nitrogenase where electrons are
transported via the electron acceptor Ferredoxin to the Fe Protein and to the nitrogen

substrate which binds to the MoFe protein (Voet and Voet, 1995).

Nﬂrogen@# /sm of Catalysis

gAi %@(MQADP + 16Pi)

anic phosphate)

tein)red N, +&H’

2 7 e _a¥hialnh c 16 Sefkotein)ox 2NH,+ H,

IVt and Voet , 1995)

Figure 2.7 Catalytic activity. L \oet, 1995).

wp-m-u---u-—---v-—--u-nn-u-‘-- |V|ty Of nltrogenase
indicates tha Voo‘ elt_ ould be available in

soils for use by‘ybean rhizobia in Tixing nitrogen: Fe, Mo, S. | |I

CGELLI INENFNEIN o

yleld In December, 2007 soybea?rhlzobla were |so|ated from experimental ot

q RIIAIUURIINY 1AL

obtained as shown in Figure 2.9a,b (Chansa-ngavej et al., 2009). Figure 2.9a showed
that strain NA7 was isolated from Klang Wiang but not from Nam Moub subdistrict.

Therefore, any bacteria with NA7 fingerprints isolated from root nodules of soybean
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mixed with biolfertilizer NA7 in Nam Moub subdistrict must come from NA7 in the
biofertilizer. Figure 2.9b showed that, in 2006, Nam Moub isolates with identical
fingerprints could be grouped into 6 groups represented by NA273, NA274, NA82,
NA83, NA160, and NA228.

ts in Wiang Sa district, Nan

prder of Thailand and Loas Republic.
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ST1 ST2 ST3 SJ4 SJ5 CM2

A =

]
¥
¥

i \ﬂl

: 353 \ 727

167

NAZ243
NA245
NA277T
NA2TE
NA279
NAZEO

[ '
?\sz-
Figure 2.9 RAPD-P@R i erpw

) rhizok |s ted from root nodules of 7

soybean cultivars (STH ST3,:5J4, 8J¢ M8@) grown in soils from (a) Klang
L4 -n- - "4"" !
Wiang and (b) Nam Moub '-.i.—.m---,h-- gng Sa district, Nan province (Chansa-

F- A o,
ngavej et al., 2009). “15? ‘_""'
aj selected for field

Stra&

experiments irﬁf he mbn@/‘arch) in Nam Moub
*.! il

subdistrict, N rovince, with a 15 X 24 m’ experimental plet’ The average yields of

soybean seeds CL‘\“MGO mixed with rhle‘n biofertilizer NA7 were found to be

UHINENIREART

werm)t mixed with any rhizobium biofertilizer and 220.2 kg.rai  where seeds were

mixed with market rhizobium blofe‘hzer before plantgERhizobium b|ofert|||z

IRIRININUENIIN IR

One aim of this thesis is to use DNA fingerprints to detect the ability of soybean

rhizobium strain NA7 to nodulate field-grown soybean by isolating bacteria from root
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nodules of soybean in the experimental plot one month after cultivation. The presence of
NA7 DNA fingerprints among those obtained for root nodule isolates indicated strain
NA7 could nodulate soybean roots in the experimental plot in Nam Moub subdistrict. In

addition, the thesis research aims tqQ find out the Most Probable Number of soybean

rhizobia present in soil in the exBERE ti m Moub subdistrict. Seven soybean

rhizobia isolated from roo*A@etilesSko . f ith biofertilizer NA7 as well as

soybean rhizobium strain. N/ be"den ) asic taxonomy. The results
— '7 — === ;

nous soybean rhizobia in

obtained would contri numter of

s there have been large

etal., 2001; T B i© Barch Ny patents on soybean
rhizobia and soyb ' ; auction AN In the US there is an
association kng i 0 | As: \ s, (ASA) which requests
assistance from th vefmentior ...%t he latter extend the market

to high risk countries( 0://wy n Thailand there has been

{f-nf

relatively few research on 4gh rhize agij et al., 1997; Shutsrirung et al.,

2002a,b,c; Teaumroong a yonkerd ompson et al., 1991; Yokoyama et
;ﬁ'x :
al.,1996). Mg tof § onduct Acern ith the isolation and
identificat| 1 of soybean rhizobia from various sc Sean-growing dreas (Nuntagij et al.,
1997 ; Thompsbn'e & Gharsa-ngavej, 2006a,b)
— . — - .
Teaumroong &H onkerd (19€ D" (Random| Amplified Polymorphic
L

DNA, 5 GGAA!

noduE of soybea ﬁh the authors did mﬁdaecnc the cultivar. The authors also

CGCC3’) to obtain fingerprints of 18 B. ja,oohicum isolates from root

USDA 94, USDA 35 and USDA 117‘

qWIARNTIE UNN3 mm EJ

example, in 2008, Appunu and co-workers obtained PCR — RFLP of 16S rDNA of 50

isolated soybean rhizobia by cutting PCR-amplified 16S rDNA with 7 restriction enzymes
( Cfol, Ddell, Haelll, Hinfl, Mspl, Ndell and Rsal ), cutting PCR products of the
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intergenic spacer region between 16S rDNA with and 23S rDNA (IGS) with Alul, Cfol,
and Haelll, and cutting PCR-amplified products of nifH with Cfol, Haelll, and Mspl.
Patterns of RPLFs obtained were used to group the 50 isolates into 8 haploid genotypes
or haplotypes. In addition, the IGS — PCR — RFLP patterns were used to group the 50
VI ). PCR — RFLP of nifH was used to

However, The repr: g offthe sCforadys -.“l:: Belonging to the IGS types V
iAg e M& 18230" (Glycine ) as

shown in Figure 2.

i i 4 ,.‘
Constructiongf tt s@é\g v OonCatenated sequences of the

ek, gl

J i
IV also revealed IGS ~*f;!*_:;:: isolate

housekeeping genes, presentgtive isolates from IGS types | —
pse evolutionary relationship with B.

yuanmingense CCBAU ..ﬂ.. pnstruction of the third dendrogram

with 612 bp Seq f rep es -l isolates revealed
TG 74

representat[ nmingense CCBAU

10071 (Lespe@fﬁia b aﬂepresentatives from nif
|

type Il isolate ” re closely related to B. liaoningense LMG 18280 (Glycine) with 100%

bootstrap value ( The authors coﬂﬂded that 36% of the isolates were B.

fild #3 %ﬂ%ﬁﬂﬂﬂﬂifzﬁ;

another strain with similar symblof genotype to tho of B. //aon/ngense

QRIRNNAUHNRT MY
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100 Brruhrhe robipw sp. type XIX (Vigna)
i . PACS] (Pachyrhizns)

1F= 1.|:'1 t \ : brﬂ]
" /’h\-r

rhizn

~ iy bbbz

: o+ '7.47 I- an wpr," & i
mil M
100 | Brodvrhizobine sp. VI LMG 106 wilheerbia)
H!'ﬂrhl"ﬁ.l:ﬂhl IX LMG 10677 ( Fauherlbia)

AU Ei’J NUNINYINT...

of th S between the 16S and 238 rRNA genes Appunu et al., 2008).

qmmnmum'mmaﬂ
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1on | # wemmingense CORAL 17T

o2 D 116G type L isolate SRED
98

IGS type TIT, isolate SRO4
e IGS 1y pe IT, isolate SRRR

v hevraceeeeir )

Figures 2.11 Phyl@Gengtic JUL trec=Based o lignment of concatenated

nucleotide sel enceglof d ?, ‘ 89 bo)a&/n 510 'Bk), aha B4 (482 bp) (Appunu et

al, 2008). . / sy
i

)
"

9 G (<),
A CHRU BIGIR (Glyeane)

l "BAL 23230 (Desmiadiom )

Fodate SR660

ggolate SR&D

REE ALY 100TLT (Lespedeza)

031 (Wigwa)

W (e ime)

LISy ime
, isodale I 3
nif type T, i.!.rt.ll‘.altu::| ]

wln. isolate SR106
“ ] e iy

L3 fr?r' CPAC 202 (Giveine)

ns
QRIANERENTINYIA

Figures 2.12 Phylogenetic ML tree based on 612-bp alignment of nucleotide sequences

of the nifH gene (Appunu et al., 2008).



CHAPTER III

MATERIALS AND METHODS
3.1 Field trial of soybean rhizol ic A7 at Nam Moub subdistrict
A15X24m2e>< F| ure 3.1 with four 7.5 X 6.0 m’
ibgl :3, So 994 had been set up in
December 2007 at Nam
a—
18° 46" 30" N ;V/ 'g;l;l_de'

rn part of Thailand with latitude

""“-,L;__:_ ansa-ngaVej, 2009)
.__'_‘H\-

ubplot 2

A

75m 2m

»d

L]

7.5m .

-UEVMEWI?WEJ'W‘E
QW’]Mﬂ’iﬂJﬂJW]’JVIFJ']ﬂEJ

v
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m (early harvest)

O 0O OO 00O OO Q.0

Figure 3.1 Lays#tt of @ 15X 2 Jgram) with a 2.0 X 7.5

m’ plot (lower diagfam)gehoWing gich were represented by

small circles. Soybe mixed with any biofertilizer.

L y
biofer *\- A7 or rhizobium biofertilizer

f N
Seeds in rows 2 an@ 3| ire mi -!nj:- R

available from the -.' : arealvhere plants with root nodules
were collected one month afte lanting-for N the isolation of bacteria to determine if

soybean rhizobium Liofertilizer could successfully

nodulate s@ 'oé-,,,:—;:-:;;;::::-::—,—rvﬁw lalycst area was obtained
for the detemmina o-L d¥plants whose seeds
were not obtaiﬂ!% for the dete ation“of'seybean yield (%asegaran and Hoben,
1994).

ﬂaum NENINGINT

Bacterla were isolated from root nodules of soybean collected from the early

rvest area (Figure dules_c d t anting were s ed-
TN I AR TN IR D

Jordan (1982). Bacteria isolated from root nodules were grown on plates contalnlng

yeast extract mannitol (YM) agar medium with 25 ug. mi”" congo red. Purified isolate

was kept in YM agar slant at 4°C for short-term storage and in 10% glycerol for long-
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term storage. Each isolate was grown in YM broth at 30°C, 200 rpm, for 4 days for
RAPD-PCR fingerprinting.  Composition of YM medium was as described by
Somasegaran and Hoben (1994) as follows: (g/l), mannitol 10.0; K,HPO, 0.5; MgSO,

+7H,0 0.2; NaCl 0.1; yeast extract ionized water 1 liter with 25 pg.ml-1 congo
red. \\\ ’ //
= &

3.3 Bacterial strams _____’

Bacterial st S consisted of those isolates
obtained as descr ?Sj i ' 2 2 I ng ype strains:

Bradyrhizobiu
Bradyrhizobium | ' Type'strai - SRC

J o,
Bradyrhizobium lia gegsedl yj ="n3f‘|'. B

3.4 Determination Q t46ro ates-and inglsolates
; y o7 t’
Each is@late gWas Fstreaked.-on. niainii Congo red at the final
j B it?".i’ i 'i\'. 1
concentration of 2540. i and'i -‘-|_"F"'ﬂ * 5 C 0 5 vs. If visible colonies were

\

observed at least on' ay aftertheubati isolatedwas determined to be a fast-

ere observed at least 5 days after

3.5 Isolatlorl
Slant (;ﬂ/e anﬁt 30°C for 2 days. One
|
loop of each h Wated isolate was inoculated into 50 ml YM%@edium. The culture was

harvested after g‘ at 200 rpm, 30°C, m|d log phase. 100 pl 2.5 mg. ml”’

FUBAMENINEING -

250 pl of DNAzol” (Invitrogen) Waﬁ'Edded to the solut which was gently m|

qRIRNT. TUHNIINAE

precipitated with 500 ul ice-cold ethanol at -80° C for 15 min. The mixture was

centrifuged at 10,000 rpm, 4°C, for 15 minutes, washed with 70% ice-cold ethanol, air
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dried and dissolved in high-purity distilled water. Quantity and quality of the isolated
DNA were determined by absorbance at 260 nm and OD,, /OD,,, ratios followed by

0.8% agarose gel electrophoresis by standard methods (Sambrook et al., 1989).

Sequence of RPO W

primer CRL-7 was 5’%0 SW\athl

in the unserved s i islSchefield and Watson, 1985).

3.6 RAPD-PCR fingerprinting land, 1990)

ardson et al. (1995). Sequence of

in, 1996). RPO1 is the 20 mer

0 y v ’ \ A L 5 . .
seconds, 72°C ) cycles -"-,1 oY GO minutes. Isolates with
¥ - " % L

4
%

identical RAPD-PCRAfingelprifts \vere put inte he same,orolips.

\

gt 200 rpm, 30° C, for 4 days, were

i actorfal stfain gro
added ont@r _~ M2 and CM 60 in

Somasegaran and

Hoben (1994).

(ﬁ ea‘@were fed with Nitrogen-
free medium. position of Nitrogen-free medium for soybea

A. Leonard | ars \g ced in a 28°-32°C tMrature controlled greenhouse for 28

aﬁd as a soybean rhizobium.

qmmnmum'mmaﬂ

was given in Appendix
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3.8 Polyphasic taxonomy of soybean rhizobia
3.8.1 Colony morphology

Cells of each strain in slant culture were streaked on petri dish with YMA

containing Congo red at the final concentration of 25 ug. mi".  Plates were incubated

at 25° C for 10 days before obsegvi f/ﬁ/phology

containing Bro

d on petri dish with YMA
ug. mi'.  Plates were
incubated at ymol blue reactions.
Resultant yellow g@fniegfngiCs He=8eCh - t(s) which changed the
dye from blue to yeli o I secreted alkali product(s)

= .'| '..‘ a_‘.. .__;
which did not ch@hge fife céloj omth k(% aran and Hoben, 1994).

3.8.3 Detrmingtionfo 2 1L ag - o- pgative staining

Cells of eacllf so hiZobial S8l werc Sireaked on petri dish with YMA
containing Congo ref 25 ml”", incubated at 25° C for 5
days. A small drop ofdistill Xt to a single colony. The plate was
tilted to run water through ;f.'af;,ﬁé uspension. A Pasteur pipet was
used to ge@ \sion onts

e copper grid, and

rnjedge of a Whiteman

.1 The otur'lr Stic acid for one minute.

no. 1 filter papjﬂ
The grid was iMMmediately, swiftly, and completely dried with ragged torn edge of a
Whiteman no.1 filte: &r and left to dry in Msiccator overnight before observing

AUEINENITWEARS

eswh Equipment Center, Chulalongkorn University.

QW’]ﬁﬁﬂﬁm HRYAINYUIAY

streaking onto plate containing YMA plus Congo red as previously described. Seed

culture was prepared by inoculating one loop of activated cells into 50 ml YMB in an
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Ehrenmeyer flask. The culture was incubated in an incubator shaker at 200 rpm, 30°C
for 4 days. Five ml of seed culture were distributed into 45 ml of YMB in 250 ml
Ehrenmeyer flasks. The flasks were placed in temperature-controlled incubator shakers
setat 25°C, 30°C, 37°C, and 40°C, At gne day intervals, 0.5 ml samples were taken,
serially-diluted and 0.1 ml % plate ccontaining YMA plus Congo red as
previously described a //‘ efore counting colony forming

units (CFU) to deter CF%nI o tlme

e © =
‘
Biolog
carbon and nit
rhizobium cells fro Je-We ates containing YMA plus

Congo red asydfevi ibed. FPlales wene - O days at 25°C. Cells

L N %
were scraped intog@lologhs i on fluid & DE f of transmission adjusted
to 52% on a spectro ot' | I3 i atic S w culture was aseptically
. e ‘ll 1
added into each w, t#f Biolog ;.-L“ wellplate, inc \.~ at 30°C for 24 hours before

obtaining optical densil§f re .::} ,f_‘; 5902 pan@eters. The in-built program of

the Biolog processing unit “was=used=it fCulate the dual wavelength readings

,"_ #:J?lﬁ J'i
compared with the reagin """1' "' A : ic

sources. RQurafay th-readings_of more t control well were

nith neither carbon nor nitrogen

interpreted o plus symbol (++)

—

and three plus lﬁ mbol (+ ual Wa}ﬂallﬁngth readings of three

and five times fth e of the control well respectwely

Pl %J ANUNINEIN i :

168
168 rDNA of soybean rh|z£lum strain NA7 ﬂell as six isolated sOYel

0 the prlmers 271 and 149 rwere as desorlbed % Dorsch and Stackerbrandt (19 2

follows: 5" GAGTTTGATCCTGGCTCAG3’ and 5ACGGCTACCTTG TTACGACCT3'. PCR
mixture consisted of 10x PCR buffer 2 ul, 10mM dNTPs 2 ul, primer 27f (10 pmolepl '1)
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and primer 1492r (10 pmolepl 05 ul, DNA 200 ng, Taq polymerase(5 unitsepl 0.2
ul, distilled water to 20 pl. PCR program was as follows: 95°C 30 seconds, 95°C 60
seconds, 48°C 60 seconds, 72°C 120 seconds (30 cycles) followed by 48°C 60

seconds, 72°C 300 seconds (1 cycle). PCR mixture was sent to the Genome Institute

7f, 1241f, 1492r, 1385r, 1100r, 907r,
; as described by Dorsch and
l&y comparisons of 16S rDNA
a

Bf8bable Number

'd

1' e - 7
Soybean seeds culfiWat &M 60 Wel

Je-sterilized by 95% ethanol and 5%

H,O, (Jordan,1982). Thes ’_f“'j .J##; cedling agar (0.75% agar) and

incubated @° '— E

radical Ienq ath pouch. 100 ml of

sterilized nitroﬂ—fre poﬁes (Somasegaran and
L]
Hoben, 1994)=<¥he pouches were arranged in a rack and ubated at 25° C in a

temperature contr‘@mlnated incubator.

ugmgmmw g%

One gram of soil sample fron‘the experimental p in Nam Moub subdlstr t was

QRIRNNIN INIINBINY

pouches (four replicates). MPN was calculated after 4 weeks using the MPN Table

of similar size and

(Appendix G).
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Flgur 3.3 Serial dﬁtﬁfor MPN iSomasegaer Hoben, 1994).

AUEANENINGANS
qmmmmumiﬂma" ]



CHAPTER IV

RESULTS

4.1 Isolation of fast- and slow-gii g be root nodules
A total of 198 baciErigaersisole 1 ules of soybean cultivar CM 60

2d in the experimental plot in

——

mixed with soybean

—

Nam Moub subdistrict,. Wi Wd on the length of time
required for colonies IS (Yecsie nitol Agar with 25 pgeml”

) ’.""q_ - . .
OMP "“"x. ast-growing isolates and

ohy roatinodules
Figure 4.1 : RCFR DN/ . o'ﬁ'g E‘\,l oybean rhizobium strain
. 1 - '\:]"'l L
NA7 and 51 slow-gro Oteriasisolat DO av.“';\- of soybean cultivar CM 60
mixed with soybe iz@bi iofertilizer NA7 and \ in the experimental plot in
Nam Moub subdistrict@Viang=Sa=aistrie = ey inCel The results showed 13 out of
51 slow-growing isolates or" te: 51« 98 isolates had identical fingerprints
. e e 1 T & .
with those of strain NAZ=ASSHming-that isolate was obtained from one

nodule, 6.3{;.3}

to be occupied by

1

NM 124
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=] STl TG B0 S DT TN S e 30 O o e S T S e S = e e S — e
Foeiman g Do T el e o S S b B S e B i I
™ o L oL g g ™ i e M owg! | Lo Bl iy Dot ol Kol ng | s 14
:Fj“:jg}gj::;jr:;j:gu | ::j::jr“lN-’JrlfI-'JFI-'J:‘-W-WI!'IFIQQFIg[_!gﬂf_]"’:::ﬁ
SESsSSESES=ESSES 1 ““‘"““"FEE;EEE;?EEE;;’,/..r.ﬂ.r'_'.i.-ﬂ'.}-"-}
5 = F ; b F i A A A A A A A AT AP A A S P P I

- -

Figure 4.1 RAPD-PGR DNA fihgenp m:i I! \ obilg strain NA7 and 51 slow-

growing bactepif isolgtedffrofh, rodtEHoe \1_0."'-_,_* 'L“ ar CM 60 mixed with

soybean biofertilizg 7 Ad'ang pr .‘; :M"." ; in Nam Moub subdistrict,

Wiang Sa distri€t, Nagforg I% rn # :\? RL-7 was used in the DNA
%

fingerprinting. ArtgWs | |catm 'E entical DNA fingerprints to

those of soybean rhizol rain-NA7 -Lal

FA7:

lar size standard.

Comparisons Q ide igure 4.1 indicated that the 51

slow—growi@ 1 !& as shown in Table
0 , 8 groups of slow-

;‘ —

growing bacteriﬁ: ' . M

AVSIRENITHRY AT

NA2 or|g|na||y isolated in 2006 Chansa ngavej et al., 2009). Four groups of root

nodule isolates represented bE N 2-2, NM22-3, and NM22-30 Wynot

RANATAIIIEARS

shown in Appendix C
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Table 4.1 Slow-growing bacteria with identical DNA fingerprints were put into the same
groups. A total of 8 slow-growing strains (including strain NA7) were isolated from root

nodules of soybean cultivar CM 60 mixed with soybean biofertilizer NA7 before planting.

Isolated from Nam
Groups [Moub in 2006 by
Chansa-ngavej
et al. (2009)
NA7 NM22-1, N : 2281 . -19,|No
NM22-20, N 3; , N : 3 22-34,
NM22- :
NM12-42 INM22-15, 22-21, ! -35,|Yes (NA160)
NM22:58P N Va5 7 '
NM22-2  [NM22-44 ~. T
NM22-3  NM22-18F NVl 17 N2 ih ) 22%1 No
NM22-42, 26 N?ﬁ?ﬁ 3
NM22-5 [NM22-9, NM22-1f NM2 -36, -43 Yes (NA82)
NM22-7  [NM22-8, NM22-22, £ 7 ’ Yes (NA273)
NM22-18 INM22-26, NM32-48..25~ - o, No
NM22-30 |N

1
-

= -
43 Polyphasic!&onomy of M

4.3.1 Authegtication tests of 6 bacterial isolates

AULINININGINT

haV| identical DNA fingerprints Were selected for authentication tests to determine if

AR INEIRY

isolates were soybean rhizobia.
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control
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(b) NM22-11
%

control
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(c) NM22-13

control
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(d) NM22-15

control
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(e) NM22-25

control
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(f) NM22-30

control
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Figures 4.2 (a)-(f) showed the representative isolates from 6 groups produced nodules
on roots of 5 soybean cultivars (ST1, ST2, SJ5, CM2 and CM60).
4.3.2 Colony morphology

Figure 4.3 showed colony morphology of soybean rhizobium strains consisting

of strain NA7 and the representai rong t
plus Congo red plates. AMge S i
.

groups of bradyrhizobia grown on YMA

ongo red. |n addition, all colonies

$ which is one characteristics

NM22-13

-
|
v

Can

S
J W N

r

q

q4 ﬂ]kﬁg off sbyb€an rfizabium stra sﬂﬂétra aﬂ

u
e 6 selected strains grown on plus Congo red plates.

Al 1

\
0
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4.3.3 Bromthymol blue reactions

Figure 4.4 showed Bromthymol blue reactions of soybean rhizobium strains NA7
and the 6 selected strains which were representatives from 6 groups of bradyrhizobia

grown on YMA plus Bromthymol blue plates. The results showed strains NM22-8 and

'tbe selected rhizobium strains.

Slue alkali reaction and the

——

previously-observed Irregul

4.3).

NM22-13

‘ .
AUEITE

NM22- NMZ22-30

AIIBINTUINIINGAY
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4.3.4 Number and type of flagella
Figure 4.5(a)-(e) showed negative staining results for 5 representative strains
from the 5 groups of soybean rhizobia. All strains contained one subpolar flagellum as

expected (Jordan, 1982).

(b) NM22-11

(c) NM22- 13 [ ( (e) NM22-30

Figure 4.5 (a)-(e): g resul .."1. strains of soybean rhizobia.

- .
il ol iy
I

4.3.5 Growth at differenttempy
"{ ﬂ';f. ﬁy o
4.6 sh of s S Sh(f‘d strain NA7 did not

Fig

increase in“aumber-whenincubated = 8 lerefereStrain NA7 could be

used to pro_l‘i 3 e*ebility to maintain cell

numberswhilew biofertilizer was Keptat roon emperature.iﬂ.

qRA9N
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CFU/ml NM22-8 CFU/m NM22-11
-10° 10°

3 4 5 Day
'‘NM22-30

—25

~-30

37

< 40

1 1 21 3 4 5Day
-4.'J

mg ANYNINYINT
qmmnmﬁm%ﬁmﬁw

suitable for use in the production of soybean rhizobium biofertilizers that can be kept at
room temperature because cells will decrease in number upon storage at room

temperature.
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4.3.6 Utilization/Non utilization of carbon and nitrogen sources

Appendix D showed results obtained with the Biolog test kit on the
utilization/non-utilization of 95 carbon and nitrogen sources by three reference strains.
The consensus results were obtained from 7 determinations. Since the Biolog machine

at the Center for Agricultural Biot Kasetsart University at Kampangsaen
campus, Nakorn Pathom_ % the Biolog test was conducted
7 times for the reforengazs cause th &Ome delay in the transport of

cell cultures from E_%gnaggkr aKorn thom A

age of the culture might play

a part in the results izati '--.' the carbon and nitrogen
Sources. i s ithis_thests were as accurate as

e,

possible under i | e eh hihe @mphangsaen campus for
the use of the Bio ' Jitic 0, it was planned that the
strain identifica i s ‘, \ i ':‘In“- )llowed by confirmation

by the Biolog re : ‘ onomy employed in this

research.

Results of § o (4 three r@fe8llce strains in Appendix D
showed that the carb :_ ed Byl all the three reference strains
were found to be Tween 40, vr=--2‘—,-< 10se, Pyrurvic acid methyl ester, Succinic

acid mono-methyl-gs . -Hydpaxybutyric acid, -

Hydroxybuliiesaete====Keto-giutarte=actet=D-=Facte=aete=Riapionic acid, Sebacic

acid, Succi o4 Ae. 0, .
— I_ﬁi
The foIlH ing carbon and 0g€ ources were :J\Eh utilized by the three

reference strains .d-] Cyclodextrin, Glycogen, N- cetyl D-Galactosamine, N-Acetyl-D-

AUy nun iﬂﬂ NI

se D-Sorbitol, Sucrose, D-Lrehalose, Tulanose, Xylitol, Cis-Aconitic aC|d D-

ammmmmim BINY

Asparagine, Glycyl-L aspartic acid, Glycyl-L-glutamic acid, L-Histidine, Hydroxy-L-
Proline, L-Ornithine, L-Proline, L-Serine, L-Threonine, D,L-Carnitine, Urocanic acid,

Inosine, Uridine, Thymidine, Phenylethyl-amine, Putrescine, 2-Aminoethanol, 2,3-
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Butanediol, D,L- [I-Glycerol phosphate, [ -D-Glucose-1-phosphate, D-Glucose-6-
phosphate.
The following carbon source could be used by both B. elkanii and B. japonicum

. L-Fucose, Citric acid, Formic acid, —A?ne L-Pyroglutamic acid.

No carbon nor nitr used by both B. elkanii and B.
liaoningense.

Both B. ja,o . //%n/ng und to use D-Mannose, L-
.—_—n

Aspartic acid and
The follovvi_ng, rdgense " used by B. japonicum only

: Dextrin, D- i ' -} I c acid, L-Alanine, L-

The followi 2t "niragel’ Soulices BduIdBe, used by B. liaoningense
only: [ —D-Gla fcibnic agid lact : 32 5tion ™cid, Itaconic acid, and
r-Amino butyric agil. & Y

'y e - ! .'.I |
Based on the itive-Biologirés ull | "3\'.‘3 1G¢c strains, the results seemed
¥ \ r ‘ 1 \ A
ity the ,1;1\@-_ Silfe kanii *-\I d'8.

were found to use 5 cg cg};";;?;i.?’ﬂﬁ [ro esWhich B. liaoningense could not
r e F,

to suggest a clos Japonicum because both

use. A close relationship was_a ween B. japonicum and B. liaoningense

because bﬁ/\/ere oun Ise-3-comn egen sources which B. elkanii
could not Both-B-—elkanii-and—-B-—lia SharSsthe use of common

-

carbon/nitrogef:s0
= o
In conclHt ion, based 0 ommoen positive Biolog ‘@ults on the carbon and

nitrogen sources t?t could be used by two strams B. elkanii was found to be closely

AUy IMENINEING

Appendlx E showed Blolog.gsults of the representative isolates from 6 groups.

RIS AMIINGINY

31, and 24 carbon and nitrogen sources differently from B. elkanii NBRC 14791, B.

Jjaponicum NBRC 14783, and B. liaoningense NBRC 100396 respectively. Therefore,
NM22-8 was found to be similar to B. elkanii NBRC 14791. By the same kind of
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analysis of results, NM22-11 was found to use 4, 19, and 14 carbon and nitrogen
sources differently from B. elkanii NBRC 14791, B. japonicum NBRC 14783, and B.
liaoningense NBRC 100396 respectively. Therefore, NM22-11 was found to be closely
similar to B. elkanii NBRC 14791.

were also found to be B. e/kx\\

Table 4.2 Identlflcatl NA7

13, NM22-15, NM22-25, NM22-30, and NA7

nd@sﬂains from 6 groups of
E

bradyrhizobium strai 5 jologfest restitesan:th ilization/non-utilization of 95

carbon and nitrogen.sQi
2!

srently from

|[dentification

pingense

‘NEeRC %00396
1.9 k )l 4. B. elkanii
5% \ (22.8%) B. elkanii

WA N

N 14 (13.3%) B. elkanii
1(10.5%) B. elkanii
i13.300) B. elkanii

) )
NMB225 ’ B. elkanii

|
e
bl

NM22-

5(14.3%) 27 (25.7%)

AU ’JVIEJVI?WEI’Wﬂ?

QW’]Mﬂ‘iﬂmW]’mFJ']ﬂEJ
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4.3.7 Identification by 16S rDNA sequences of strain NA7 and representatives

of soybean rhizobia from 6 groups

Figure 4.7 showed 16S rDNA nucleotlde sequence of soybean rhizobium strain

NM22-8. Comparisons of 16S fstraln NM22-8 (Length=1455 bp) with
corresponding sequenc |nd|cated the strain could be
10 with it ‘_-_ﬁ/1456 (99%), gaps = 5/1456

(0%), or Bradyrh/zgﬂ___w 2 : entities = 1450/1456 (99%),
gaps = 5/1456 ﬁ dm.s \PASB083 with identities = 1450/1456

6059 with identities =

Bradyrhizobium jap

(99%), gaps =
1450/1456 (99% sp. SEMIA 5021 with

identities = 1450/1 1408\ 251456 (8%), BhSa8hizobium sp. SEMIA 5036

Wor Braly hizobium sp. SEMIA
5043 with identit | (900Nt 2%/ 166 05t or Bradyrhizobium sp.
SEMIA 5060 witfl | }! ""-"’ Y| 45610%), or Bradyrhizobium
sp. SEMIA 5020 JWi / itias¥ = _.; 9 gaps = 5/1456 (0%) or
Bradyrhizobium sp. SE 10 A 450/%56 (99%), gaps = 5/1456 (0%).
1 : Soybean rhizobial strains as shown in
Appendix G showed..e f)“W

According@ le et al. |
be the sark 1

Bradyrh/zob/ur@pon/cu -

ﬂLlEJ’JVIEJVITNEﬂﬂ‘i
QW’]Mﬂ’iﬂJﬂJW]'JVImﬂEJ

difference among the strains.
s difference could

Id be identified as
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Figure 4.7 16S rD Asé ence &oybean hium 'k-i in NM22-8. Nucleotide
llotser o

seqguences of sequenc€ing PURAEESAWEre sh €s.

Fi DN soybean rhizobium

strain 22-1 15 SONS-0 ) 6GE-0f-S NM 1 (Length= 1456 bp)

L

showed the “Strain 71 with identities =

1451/1455 (9“, gaps = 4/1455 (0%), or Bradyrhizobiugnlsp. SEMIA 6099 with

i utm mj m ’N;E!ﬁﬂ?z:“::

Bracwv/zob/um elkanii strain SEMW6414 with identities. = 1451/1455 (99%), =

AR TINYINY

= 1451/1455 (99%), gaps = 4/1455 (0%), or Bradyrhizobium sp. SEMIA 6118 with

identities = 1451/1455 (99%), gaps = 4/1455 (0%), or Bradyrhizobium elkanii strain
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SEMIA 5002 with identities = 1451/1455 (99%), gaps = 4/1455 (0%). Alignments of the
above-mentioned sequences were shown in Appendix G. The results indicated that

strain NM22-11 was Bradyrhizobium elkanii.
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sequencesigf e
e |
Figurgs} 4.9, 4. showed @F rDNA sequences of
soybean rhlzobla stralns NM22-13, Nl\/|22 15, NM22-30, NM22-25, and NA7

AU HINININEINT

as Bradyrhizobium elkanii. Strain NM22-30 was found to be the same as strain
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Figure 4.10 16S rDNA sequence of soybean rhizobium strain NM22-15. Nucleotide

sequences of sequencing primers were shown in boxes.
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Figure 4.12 16S rDNA sequence of soybean rhizobium strain NM22-25. Nucleotide

sequences of sequencing primers were shown in boxes.
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1: pium sstrain NA7.  Nucleotide
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WARING

CHAPTER V

DISCUSSION

One of the 132 isolate rhizopium strains (NA7) isolated from Klang

: |
Wiang subdistrict, Wiangsasdh ' selected for use in the lab-scale

cultivation year

4%(Chanthapeiaf j, 3009 iom,of Badteria which had identical

greenhouse sc

reported poor nodul@tiongability @ “T"’f : 1de @icenhouse conditions when
. u: - '\

competed with indigengllis spylean-Thiz ob ps alkg@dy present in the soils ( Botha

et al., 2004; Pinochet et :' )3, Stree 994). In addition, soybean rhizobium

biofertilizer produced fol Fv“'__--‘: I experiment consisted of cells of

rhizobial s@ ,,,,,,,,,,, _1 )f strain NA7 in the

biofertilizer ha e formation through

the quorum—seri;ﬁ:f gme

i
-
‘Eﬂl.
Apart frém the biotic factor influencing the outcome of the field trial experiment,

o etal _contents e, in sails_also have an_influence in
ility @8 gofa@etdrs Qfith gsﬁvﬂ. earch for

a mﬂ effective selection method of soybean rhizobia for field testing might include

factors su

selection of strains with high efficie(y in metal uptake.ﬁ1 988 Ohara and Co—\/Uers

WAL

coevolution of metal availability and nitrogen assimilation in cyanobacteria an

microalgae. At present, there is no comparable report on the relationship between
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metal availability and soybean rhizobia nitrogen fixing potential resulting in higher
soybean yields.
In 1987 Lawson and co-workers noted that survival of Rhizobium leguminosarum

used in biofertilizers depended on their ability to survive in relatively hostile climate. The

same could be true for soybeaghRikzobi d e production of the inoculants. With

global warming, it is impcrativestoNin )M f high soil temperatures on the
survival of soybean rhizeBiasees m&tion of inoculants.
= = - - ;
It is interes e an rhizobia identified by

Bradyrhizobiu deposited at SEMIA

Rhizobium Cul 009) reported that at
L Brazil housed 142 rhizobial
for approximately 47

leguminous plan S SROMstribUtes Sthesa %bhizobial strains including

soybean rhizobia fog heiicia produg =N lants in Brazil. Binde et al.
(2009) reported th R'B finge »\ tifg using the primer BoxR1 is
routinely used for qu culdre collection as well as in the

quality control of strains be Ng 1 ommercial production of inoculants for
various leguminous g 57 iRling is proposed for use in the
monitoring gl i e ess of inoculant strains il = esis, it is proposed
ygentrol of strains during

==t
g of the ,ﬂ%cess of soybean root

=
production prcll:gss as we

nodulation in the f‘alds DNA fingerprinting is also a tool in the studies of competitive

AULINBNINGINT

Results of identical DNA fin erprmts as shown in Appendix C showed 4 new

q RS IR e dy

sequences of 16S rDNA showed no new slow-growing soybean rhizobia were found in
the experimental plot in Nam Moub subdistrict, Wiang Sa district, Nan province.

Although strain NA7 and 6 representative isolates from the 6 groups of isolated
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Bradyrhizobia were identified by the Biolog test kit as B. elkanii and by 16S rDNA as
B. japonicum NM22-8, NM22-30) and B. elkanii (NM22-11, NM22-13, NM22-15, NM22-
25, and NA7) their RAPD-PCR fingerprints were not the same (Appendix C). The results

were similar to those reported by Bi d
constructed from 16S rDNA seglSACE
compared with dendrogrdMEsCoRst i

osedeby-Binde et al. (2009) is used to

t al. (2009) who reported that dendrograms

w genetlc diversity of rhizobia when
fingerprints. The researchers

rfference of 15 nucleotides or

more. If the criteri

"eS=DNA sequences with those
—
i t

deposited at thesis. However, the

findings may s pybean rhizobia in Nam
t 9 by Dowdle and Bohlool

",

rifZobia in Hubei province

{ i I d ".Ii
Colony morplogyf ofsing Slof-growi ol |\ Slkamli(N\22-11, NM22-13, NM22-
15, NM22-25, and _' as irregylatl Slimybdllo e tnats SNaponicum (NM22-8, NM22-

nr-*

30) were round and p 38 f‘.,r..fa IS ed morphology of root nodules of
i '
these two species of slow-glowihgesoybean 20ia should be different as well.
Weayger and erick (1974a,b) a gulation.containing up to 10°

Rhizobium “Yanenictm—-cels—to-soi-samples— : h of soybeans in a

greenhouse:l i D id not help increase
= o

soybean yieldsﬂﬂndigenous oybea obim MPN was mq@han 10° MPN per gram

soil. Their field e?errments confirmed the flndln s. Lupwayi et al. (2000) suggested

“ﬁ"’ﬁlﬂmﬁﬂﬂ'ﬁwﬂ’mﬁiﬁ

adhere to small, medium, apnd large soybean seeds, respectively. The MPN

q R InYIaY

indigenous soybean rhizobia and the need or dose of soybean inoculation in Thai soils.



CHAPTER VI

CONCLUSION

the developw 7 an rlﬂoblumﬂm the biofertilizer industries.
-__F._,_r
The aim re 0 detechifa.Seyx ium strain NA7 used in

the lab-gget ' I dgBempete with indigenous
soybean o X eX et dia Bidig Nam Moub subdistric,
Wiang Sa di ag Fovi oe. i 9€gprints using either RPO1 or
CRL-7 o wdle used & A8\ P S8 bacteria with identical
DNA fingergfints g6 tifos€ of N2 . ithentehyesults showed NA7 could

nodulate®©.6% btynod ,!;r f.l Sl CM%80 previously mixed with
4L ‘
NA7 biofer r?"*f ) /phasig! 3 e ymy of 6 selected soybean

rhizobia showeg N-growing Bradyrh/zob/um elkanii and
Bradyrhizobium /a,o MPN ation of indigenous soybean rhizobia

A L .
in the experimenta eve RN per gram soil.

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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APPENDIX A

BACTERIAL GROWTH MEDIA AND PLANT NUTRIENT SOLUTIONS

Preparation of all bacte ‘
described by Somase

NaOH. The medium was

’
then autoclave at 121°C for 15 min. After autoclaving, the

ensuri even mlxmi Aelted agar with medlMefore pourlng onto ietrl dishes and

YMA with Congo Red

JRIANAS. AN Y

deionized water. 10 ml of Congo Red stock solution were added to 1 liter of YMA. The

as sHﬂfn to suspend the agar

edium was shaken to

final Congo Red concentration was 25 },tg.ml' . The medium was autoclaved at 121°C

for 15 min.
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N-free Nutrient Solutions

Stock Solutions Chemicals glliter

1 CaCl,.2H,0 2941
-

136.1

6.7

123.3
87.0
0.338

0.247
0.288
0.100
0.056
0.048

. % A ¥
Warm wate vvja' sed tah fp AreS utiens™o get the ferric-citrate into

solution. Ten liters o ‘,.-;-,-;g-_-_,
e

® To 5 liters of wate

n were prepared as follows:
1 stock solution and mix,

® Dilute to
.G

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂlﬂJW]'mmﬂEJ
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APPENDIX B

CHEMICALS AND SOLUTIONS

adad d to he final volume was made
ojadjus ' ore autoclaving at 121°C for

1. Solutions for DNA extra
Saline-EDTA solut
15 mM NaCl, 10

0.9 g NaCl, 0.2 e

to 100 ml. 0.1 N
A

15 min.

DNAZzol

#

AUEINEN NGNS
IR IUNNINGA Y
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APPENDIX C

RAPD-PCR FINGERPRINTS OF ISOLATES WITH IDENTICAL

RPRINTS

F

TFELLINN
DE-TINN
RL-TCNMN
P1-TTINN
TT-CTNN

6T
SCLINN

NM22-30

Rl

NM12-42

95-TENN
0S-TTNN
CP-TCHIN
IP-TTINN
-CCAN
N

RPOI

CN
-TTNN
|-l
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APPENDIX D

Utilization/Non-utilization of 95 carbon and nitrogen sources by three reference strains

as determined by the Biolo C 5
determinations. *\\

‘Consm 7 determinations

nsus results were obtained from 7

_g-

e e
Carbon/Nitrogen s(

GN2 Mij -"" z
.|

a-Cyclodextrin !

B. liaoningense

NBRC 100396

Dextrin

Glycogen _
Tween 40 T+
Tween 80 . F4+
N-Acetyl-D-Galactosaj _
N-Acetyl-D-Glucosamine 7 r'}-"‘-ﬁ.’f - -
Adonitol 'a'—'%"i i i
L-Arabinose e ﬂi::, : T
D-Arabitol -

D-Cellobiose -

h ]
i-Erythritol - .:1 -
D-Fructose i” - + m _

Maltose - - -

D-Mannitol - + -

D-Mannose - + ++
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Consensus results from 7 determinations

Carbon/Nitrogen sources on Biolog
B. elkanii B. japonicum B. liaoningense
GN2 MicroPlate
NBRC 14791 NBRC 14783 NBRC 100396

D-Melibiose 1F F . - B,

-Methyl-D-Glucoside i .

D-Psicose -3 - }

D-Raffinose

A — e - I V —
ﬁ/ b | :
L-Rhamnose / = R

D-Sorbitol

Sucrose

D-Trehalose

Turanose

Xylitol g JdU0 ]

Pyruvic Acid Methyl er /4 r'l r ; + ++

Succinic Acid Moro-Methiff-Es {== + ++

Acetic Acid Sy , . L

Cis-Aconitic Acid - A -

Citric Acid R, ¥ i

Formic Acid 2 - ++ _

D—Galactonic:*r» id L

h"ﬁ
D—Galacturo&b = = = _1' +

D-Gluconic A¥teL il it

D-Glucosaminic {F@ - ‘.Lllji _
—

D-Glucuronic Acid - - R

++

Y- y“ybutyrlc / Cld

p-Hydroxy Phenylacetic Acid ‘ - =I B u

a-Keto Glutaric Acid + + T+

a-Keto Valeric Acid - - R

D,L-Lactic Acid +++ +4+ 4
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Carbon/Nitrogen sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

Malonic Acid

Propionic Acid

Quinic Acid

D-Saccharic ACid ———

B. japonicum

NBRC 14783

B. liaoningense

NBRC 100396

m—
Sebacic Acid .’;'/

g

Succinic Acid —

Bromosuccinic Acid

Succinamic Aci

Glucuronamide

L-Alaninamide

D-Alanine ! f

5.

L-Alanine y

L-Alanyl-glycine | F |

L-Asparagine

L-Aspartic Acid

L-Glutamic Acid =

Glycyl-L-Aspartig Aci

Glycyl-L-Glu
L-Histidine 43

++

+++

+++

++

++

++

Hydroxy—L—ProIinei” :
=

L-Leucine

L-Threonine

D,L-Carnitine

Y-Amino Butyric Acid
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Consensus results from 7 determinations

Carbon/Nitrogen sources on Biolog
B. elkanii B. japonicum B. liaoningense
GN2 MicroPlate
NBRC 14791 NBRC 14783 NBRC 100396

Urocanic Acid i sl - _
Inosine . -
Uridine - ‘ :
Thymidine — & . - - .
Phenyethyl-amine ?/‘, = _
Putrescine - _ ; : ‘ _

.

2-Aminoethanol L _

2,3-Butanediol _g _ Y J TR - ] }

Glycerol 4 y 7 _ -

D,L-0-Glycerol pha ¥ E .

a—D—GIucose—1—Phqs' ter,-i' b 3 B

D-Glucose-6-Pho hatq-' i . - -

)

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU
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APPENDIX E

Determination with the Biolog test kit of the ability to utilize or not utilize 95 carbon and

nitrogen sources by three reference si

Carbon/Nitrogen so

on Biolog GN2 Mi

Felkanii  NBRC 14791

i ——— 5 6 7 consensus

- e =
0l-Cyclodextrin f’ L - ) ) - -

Dextrin e / \ + 4 + R

Glycogen = 3 = - - _

Tween 40 + ot |t ot .

Tween 80 ' + ot ot ot

N-Acetyl-D-GalactosdMine i Y ke % B R B R

N-Acetyl-D-Glug#8amine F I E - - -

Adonitol Y N - ' 1 b . B i

L-Arabinose 4 f + | | ER

D-Arabitol _ I B e\ i b : . . .

D-Cellobiose : - ki - - - _

i-Erythritol - L - - - R

D-Fructose - - - - - _

L-Fucose e gl + + B B n

D-Galactosg - - - _

Gentiobio - - _

0-D-Gluco ' - - _

m-Inositol o —- - - -

By

Ol-D-Lactose

Lactulose

L-Rhamnose - - - - - - - _

D-Sorbitol - - - - - - - _

Sucrose - - - - - _ _ _
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Carbon/Nitrogen sources

B. elkanii NBRC 14791
on Biolog GN2 MicroPlate
1% 2" 3" 4" 5" 6" 7" consensus
D-Trehalose - - - - - - - R
Turanose - - - - - - - R
Xylitol S - - - ++ -
Pyruvic Acid Methy! Ester +4+ +4+ +++ | 4+ +++
Succinic Acid Mono-Methyi: - +++ +++ +4++ +4++
Acetic Acid - + el " +++ +++ o+ o+
Cis-Aconitic Acid '__‘——". . = = - - . }
Citric Acid - 5 e + 4+ 4+ 4+ +++
Formic Acid e : = 4t
D-Galactonic A acto - o - R R
D-Galacturonic Acj % S - R R
D-Gluconic Acid . +++ 4+ 4+ +++
D-Glucosaminic AGi - + E L - R R
D-Glucuronic : - B - R R
Ol-Hydroxybutyric A ! - 5 - - ++ _
B-Hydroxybutyrie®cid N [ + ++ + ER .
Y-Hydroxybutyric Aci 4 ? + +++ +++ +4++ 4+
p-Hydroxy Phenylacétic Aci - L + - - -
Itaconic acid 3 B - - - R
Ol-Keto Butyric Acid —— = - - - - - -
0O-Keto Glutaric Acid e - o+ - + 5
Ol-Keto ValerictAci - - R
D,L-Lactic Aei 4+ ot T4
Malonic Aci il - R R
il
Propionic Acid | Tt Tt "
Quinic Acid 4ET - - - R R T+
D-Saccharic Acid ‘ R R Tt
ﬁ"‘ PAcidl I —i - + ++
g ++ ++
B@nbsuccinic Acid + =y + | At | o ++
Succinamic Acid f + + & — + et i+
+ + + ++
L-Alanine - - - - - - - +

L-Alanyl-glycine

L-Asparagine
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Carbon/Nitrogen sources

on Biolog GN2 MicroPlate

B. elkanii NBRC 14791

1 2 3 4 5 6 7 consensus
L-Aspartic Acid - - - - - - R 4
L-Glutamic Acid =y - - - + - R T
Glycyl-L-Aspartic Acid S - - - - _

Glycyl-L-Glutamic Acid

L-Histidine

Hydroxy-L-Proline

L-Leucine

L-Ornithine

L-Phenylalanine .«

L-Proline

L-Pyroglutamic Acig

D-Serine

L-Serine

L-Threonine

D,L-Carnitine - - e+ R

L7

Y-Amino Butyric ACid ' j i L L B +

Urocanic Acid

Inosine

Uridine

Thymidine

Phenyethyl-amine

Putrescine - - _

2-Aminoetfiaio

2,3-Butanediel # |

Glycerol S ﬂl_ . . +
D,L-O-Glycerol sphate - - R

0l-D-Glucose-1 —Photath | B

QRIAN TN INAE
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Carbon/Nitrogen sources on Biolog

GN2 MicroPlate

B. japonicum NBRC 14783

1" i o 4" 5" 6" 7" consensus
0Ol-Cyclodextrin ' / = - - - _
Dextrin -+ o+ o+ +
Glycogen + - _ - + -
Tween 40 + — £k - s o
Tween 80 — _2 S + ++ 4+ ++
N-Acetyl-D-Galactosamine s 3 - - - _
N-Acetyl-D-Glucosamine s s - f - - B .
Adonitol - - - - R
L-Arabinose + 4+ + ++ T+
D-Arabitol + R + +
D-Cellobiose r X - e = - -
i-Erythritol i ] ; ] ]
D-Fructose F\ I"l + + + - ++ +
L-Fucose * S R + +
D-Galactose I t - 4 1 B } B
Gentiobiose f z . B - R R
Ol-D-Glucose L - - R
m-Inositol = S - - - R
0-D-Lactose s = : - }
Lactulose ) L - R
Maltose i - R R
D-Mannitol - . a Tt +
D-Mannose i” i -iII B o *
D-Melibiose - - - - = - - - R

"n

B Methyl-D-Glucoside

D-Sorbitol

L =aTAaWE2

: S 9
i { QY NI 1 dbl

Turanose - - R R R K
Xylitol - - - - - - - _

Pyruvic Acid Methy| Ester + + + ++ ++ ++ +++ ++
Succinic Acid Mono-Methyl-Ester + + + - +++ ++ +4+ ot
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Carbon/Nitrogen sources on Biolog
GN2 MicroPlate B. japonicum NBRC 14783
7 2" 3" 4" 5" 6" 7" consensus
Acetic Acid + + + +++ ++ ++ ++ ++
Cis-Aconitic Acid - - 5 - - - R R
Citric Acid ++ + T +
Formic Acid ++ ++ ++ T+
D-Galactonic Acid Lactone + - +
D-Galacturonic Acid - T4
D-Gluconic Acid ++ R T+t
D-Glucosaminic Acid - + R
D-Glucuronic Acid - T4
Ol-Hydroxybutyric Acid - +4 +
B—Hydroxybutyric Acid ot T+
Y-Hydroxybutyric Acid ot +
p-Hydroxy Phenylacetic Ag + _
Itaconic acid ++
Ol-Keto Butyric Acid - _
Ol-Keto Glutaric Acid - + +
Ol-Keto Valeric Acid - - R
D,L-Lactic Acid ++ o+ T+
Malonic Acid - + R
Propionic Acid - T4 +
Quinic Acid T+ Tt Tt
D-Saccharic Acid | o+ T
Sebacic Acid . T+
Succinic Acid o+ T+
Bromosuccinic Acid s ++
Succinamic Acid ++ T
Glucuronamide ‘ - + - - + - - R
° £
L-Alanineg § f - + + 5 + +
L-Alanyl-glycine - ‘+ - - . B e u

Glycyl-L-Aspartic Acid

Glycyl-L-Glutamic Acid

L-Histidine
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Carbon/Nitrogen sources on Biolog

GN2 MicroPlate

B. japonicum NBRC 14783

7 2" 3" 4" 5" 6" 7" consensus

Hydroxy-L-Proline - - - - - - - _
L-Leucine + + + ++ ++ + ++ ++
L-Ornithine ﬂnl f - - R R
L-Phenylalanine Yy i . Tt

L-Proline - +

L-Pyroglutamic Acid - ++ ++
D-Serine R T T+
L-Serine - R R
L-Threonine A - +

D,L-Carnitine lll l 3 ++ R
Y-Amino Butyric Acid ‘lljt_ - ++

Urocanic Acid l"’['t‘ - - .
Inosine l’ - R
Uridine _ ’ ) )
Thymidine Y i ] ] ]
Phenyethyl-amine ' ﬂ - _ _
Putrescine \ ﬂ - - R
2-Aminoethanol ’ I||r - - R
2,3-Butanediol r - + _
Glycerol R Tt +
D,L-0-Glycerol Phosphate - ++ R
Ol-D-Glucose-1-Phosphate - R
D—GIucose—G—Phos&a ++ R

ﬂuﬁﬁﬂ

NINYNT

MURIINYIA Y
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Carbon/Nitrogen sources

on Biolog GN2 MicroPlate

B. liaoningense NBRC 100396

st

consensus

QOl-Cyclodextrin

Dextrin

Glycogen

Tween 40

Tween 80

N-Acetyl-D-Galactosaming, g

N-Acetyl-D-Glucosamine

ar’

Adonitol

L-Arabinose

D-Arabitol

D-Cellobiose

i-Erythritol i

D-Fructose

L-Fucose i

D-Galactose

Gentiobiose -'

—

+

0-D-Glucose

m-Inositol

Ol-D-Lactose

Lactulose
Maltose
D-Mannitol

D-Mannose

D-Melibiose

o |+t

++

++

+++ |+t

4+

4+

4+

4+

++

++ +

++

4+

4+

1% @Eﬂ(,.;h]':{%}

Xylitol - - - - - X - _
Pyruvic Acid Methyl Ester + + + - +++ 4+ 4+ T4
Succinic Acid Mono-Methyl-Ester + + + - ++ ++ ++ ++
Acetic Acid + + + - 4+ ++ ++ ++
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Carbon/Nitrogen sources

on Biolog GN2 MicroPlate

B. liaoningense  NBRC 100396

7¥ 2" - 4" 5" 6" 7" consensus

Cis-Aconitic Acid - - - - - - R R
Citric Acid - k- - - - - R R
Formic Acid | - +++ - - _
D-Galactonic Acid Lactone o + +++ ++ ++ ++
D-Galacturonic Acid + - T4 +
D-Gluconic Acid + I + 4= S| At | 4+ A
D-Glucosaminic Acid + _— - E B - R R
D-Glucuronic Acid - & - R R
0l-Hydroxybutyric Acid - 4 A - + B }
B—Hydroxybutyric Acid ( [ + +++ 4+ +++ e+
Y-Hydroxybutyric Aci - T4 T+
p-Hydroxy Phenylacetic Aci s _ - - _
Itaconic acid f + ++ ++ T
Ol-Keto Butyric Acid - - = - - -
Ol-Keto Glutaric Acid 1 + +++ +++ 4+
Ol-Keto Valeric Acid f i Yy a 5 - - R
D,L-Lactic Acid yf . + + | | —
Malonic Acid f 2 : - - .
Propionic Acid e +F + + ++ 4
Quinic Acid — e . . . . .
D-Saccharic Acid + - +

Sebacic Acid hrr + +
Succinic Acid - N T+
Bromosuccinic Ae# ,'! + 4 ++ e+ -

- et

Succinamic Acid H| + +@ N T+ Tt
Glucuronamide + + - - ? B } }

L-Alaninamide

GlycyI—L—ASpértic Acid

Glycyl-L-Glutamic Acid

L-Histidine

Hydroxy-L-Proline
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Carbon/Nitrogen sources
B. liaoningense  NBRC 100396
on Biolog GN2 MicroPlate

st nd rd th th th th

1 2 3 4 5 6 7 consensus

L-Leucine + + + ++ ++ ++ ++ ++

L-Ornithine

L-Phenylalanine

L-Proline

L-Pyroglutamic Acid

D-Serine

L-Serine

L-Threonine

D,L-Carnitine

4+ +

Y-Amino Butyric Acid 4 ;

Z//7 1 MR S
/7L = AR

Urocanic Acid

Inosine

IIJHJ:- Li \\L\

Uridine

Thymidine

Phenyethyl-amine

Putrescine

i

2-Aminoethanol

2,3-Butanediol

* \:‘; Eﬁi
4 W
7 araas "\

Glycerol

D,L-0-Glycerol Phosphate

0l-D-Glucose-1-Phosphate - "...f»-'" 'JTIB?

D-Glucose-6-Phosphate

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ
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Determination with the Biolog test kit of the ability to utilization or not utilization 95

carbon and nitrogen sources by 7 st

NM22-13, NM22-15, NM22-

Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

S

‘1

. elki

QOl-Cyclodextrin

Dextrin

Glycogen

Tween 40

Tween 80

=

N-Acetyl-D-

Galactosamine

N-Acetyl-D-

Glucosamine

Adonitol
L-Arabinose

D-Arabitol

D-Cellobiose

i-Erythritol

-—-J

from 7 deter i

2

rhizobium strains (NA7, NM22-8, NM22-11,

nic

NA7

147

Consensus
results from 3

determinations

++

++

++

++

++

++

D-Fructose

L-Fucqg

e a
By

GentioBios - -
o-D cose - 5 + - - - E
m-Inositol

Maltose - - - - - - -
D-Mannitol - + - - - - -
D-Mannose - + ++ - - - -

D-Melibiose
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

B-Methyl-D-

Glucoside

D-Psicose

D-Raffinose

L-Rhamnose

D-Sorbitol

Sucrose

D-Trehalose

Turanose

Xylitol

Pyruvic AcidI
Methyl Ester

Mono-Methyl-

Ester

Succinic Acid f

Acetic Acid

Cis-Aconitic Acid

Citric Acid

Formic Acid

D-Galacturoni®

Acid

D—Galaotonicfg!
Acid Lactone ™=

|
D-Gluconic Acid =

B.

liaoningense

NA7 Consensus

results from 3

NBRC 100396 | 1°

determinations

+ ++
++ ++ ++

+ + +

++ ++ ++

+ +

D-Glucosaminic

Y-Hydroxybutyric
Acid

4+

++ -

++ + +

p-Hydroxy
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Phenylacetic Acid

Itaconic acid

O-Keto Butyric

Acid

0-Keto  Glutaric

Acid

O-Keto Valeric

Acid

D,L-Lactic Acid

Malonic Acid

Propionic Acid

Quinic Acid

D-Saccharic Acid

Sebacic Acid

Succinic Acid

W17
..\\\ Hl

Bromosuccinic

Acid

Succinamic Acid

Glucuronamide

L-Alaninamid

D-Alanine

L-Alanine

L-Alanyl-glycine

B. NA7 Consensus
liaoningense results from 3
NBRC 100396 | 1" | 2" 3 | determinations

++ ++ ++ ++

++ ++
+ ++
++ ++
++ ++ ++
+ + +

L-Asparagine

L-Aspartic Acid

Hydroxy-L-Proline - - - % = 2 =ity
L-Leucine - ++ ++ ++ ++ ++ ++
L-Ornithine - - - - - R R
L-Phenylalanine - + - + - - -
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Consensus results from 7 determinations

Carbon/Nitrogen

sources on Biolog B. elkanii

GN2 MicroPlate NBRC 14791

B.

B. japonicum

liaoningense

NBRC 14783

NBRC 100396

NA7

Consensus
results from 3

determinations

L-Proline -

L-Pyroglutamic

Acid

D-Serine

L-Serine

L-Threonine

D,L-Carnitine o i N . -~ ) i}

Y-Amino  Butyric

Acid

7 71 Em \\‘L‘ - -
IV = l\\\
' ENT AN

Urocanic Acid

Inosine

Uridine

Thymidine

Phenyethyl-amine

Putrescine

2-Aminoethanol

2,3-Butanediol

Glycerol

D,L-0-Glycerol

Phosphate

0.-D-Glucose-1=

Phosphate

D-Glucose-6- i

Phosphate

ﬂLlEJ’JVI
QW’]Mﬂ'ﬁm

NINYNT
1AINYIAY
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

QOl-Cyclodextrin

Dextrin

Glycogen

Tween 40

Tween 80

N-Acetyl-D-

Galactosamine

N-Acetyl-D-

Glucosamine

Adonitol

L-Arabinose

D-Arabitol

D-Cellobiose

i-Erythritol

D-Fructose

B.

liaoningense

NM22-8

NBRC 100396 | 1°

Consensus
results from 3

determinations

L-Fucose

D-Galactose

Gentiobiose

0-D-Glucose

m-Inositol

Ol-D-Lactose

Lactulose

Maltose

D-Mannitol

D-Mannose

D-Sorbitol

Sucrose

D-Trehalose

Turanose
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Carbon/Nitrogen

Consensus results from 7 determinations

sources on Biolog

GN2 MicroPlate

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Xylitol

Pyruvic Acid

Methyl Ester

Succinic Acid
Mono-Methyl-

Ester

Acetic Acid

Cis-Aconitic Acid

Citric Acid

Formic Acid

D-Galactonic

Acid Lactone

D-Galacturonic

Acid

D-Gluconic Acid

D-Glucosaminic

Acid

D-Glucuronic

Acid

O-Hyd roxybu@

Acid

B—Hydroxybu
Acid

o

Y-Hydroxybutyric =
Acid

117
7/

B. NM22-8 Consensus
liaoningense results from 3
NBRC 100396 | 1" | 2" 3 | determinations
+ + - +
+ - +
- +
- +
- +

¥a0|d
O-Keto Butyric

O-Keto Valeric

Acid

D,L-Lactic Acid

+++

++

+++
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii B. japonicum

NBRC 14791 NBRC 14783

Malonic Acid

Propionic Acid

Quinic Acid

D-Saccharic Acid

Sebacic Acid

Succinic Acid

Bromosuccinic

Acid

Succinamic Acid

Glucuronamide

L-Alaninamide

D-Alanine

771 <=
N ENE

L-Alanine

44 & rr"

L-Alanyl-glycine

L-Asparagine

l" PN
INGTZ

L-Aspartic Acid

L-Glutamic Acid

Glycyl-L-Aspartic
Acid

Acid
L-Histidine

Hydroxy-L-Proline

GchyI—L—GIut@

\N\\//77

B. NM22-8 Consensus
liaoningense results from 3
NBRC 100396 | 1" | 2" 3 | determinations
+ + - +

+ - +

L-Leucine =

L-Ornithine

L-Pyf@dlutamic

Acid

D,L-Carnitine

Y-Amino  Butyric

Acid
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Carbon/Nitrogen

Consensus results from 7 determinations

sources on Biolog

GN2 MicroPlate

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Urocanic Acid

Inosine

Uridine

Thymidine

Phenyethyl-amine

Putrescine

2-Aminoethanol

2,3-Butanediol

Glycerol

D,L-0-Glycerol

Phosphate

0-D-Glucose-1-

Phosphate

D-Glucose-6-

Phosphate

ax)
Carbon/Nitroge e
sources on Biolo

GN2 MicroPlate

B. elkanii

BRC 14791

B. japonicum

NBRC 14783

B. NM22-8
liaoningense
NBRC 100396 | 1 2" 3¢

Consensus
results from 3

determinations

liaoningense

NBRC
6

Consensus
results from 3

determinations

Galactosamine

N-Acetyl-D-

Glucosamine




84

Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Adonitol

L-Arabinose

++

D-Arabitol

D-Cellobiose

i-Erythritol

D-Fructose

L-Fucose

D-Galactose

Gentiobiose

0-D-Glucose

m-Inositol

Ol-D-Lactose

Lactulose

Maltose

D-Mannitol

D-Mannose

D-Melibiose

B-Methyl-D-

Glucoside

D-Psicose

D-Raffinose

L-Rhamnose k]

D-Sorbitol i“

B.

liaoningense

NM22-11

NBRC
100396

Consensus
results from 3

determinations

&+

Sucrose

D-Trehalose

ethylfEs
Acetic Acid =it
Cis-Aconitic Acid - - - - - - R
Citric Acid +++ + - + + - +
Formic Acid +++ ++ - ++ |+t T
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Consensus results from 7 determinations

Carbon/Nitrogen B.
) NM22-11 Consensus
sources on Biolog B. elkanii B. japonicum | liaoningense
results from 3

GN2 MicroPlate NBRC 14791 | NBRC 14783 NBRC

1% 2" 3¢ determinations

100396

D-Galactonic  Acid

Lactone

D-Galacturonic Acid - f ’ - - - _

D-Gluconic Acid ++ -+ ++ ++ Tt

D-Glucosaminic Acid — - -

D-Glucuronic Acid = - r - - - -

Ol-Hydroxybutyric
Acid ; ul

B—Hydroxybutyric
++ ' + ++ + ++ ++
Acid /

Y-Hydroxybutyric J
Acid f J f

p-Hydroxy ‘ |

Phenylacetic Acid #

. . i ¥ L -
Itaconic acid I e - - - -

Ol-Keto Butyric Acid f - - - - - _

Ol-Keto Glutaric Acid + " ! - . _ _

0l-Keto Valeric Acid - — _ C - . . B

D,L-Lactic Acid + e : T+t T+ T Tt

Malonic Acid AE i
Propionic Acidg “-1 + +

Quinic Acid g'! il - B

T
D-Saccharic Acid i“ ++ +++._£Ey++ ++ 4+
Sebacic Acid g +++ ++ + ++ + 4 Tt

Succinic Acid ‘ 3 ++ £ 4+ | o+t ++ N

Gluﬂwamlde

L-Alaninamide

L-Alanyl-glycine - - } k 3 d .

L-Asparagine - - - - - - -

L-Aspartic Acid - ++ ++ - - - -

L-Glutamic Acid - ++ - - - - -
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Glycyl-L-Aspartic
Acid

Glycyl-L-Glutamic
Acid

L-Histidine

Hydroxy-L-Proline

L-Leucine

L-Ornithine

L-Phenylalanine

L-Proline

L-Pyroglutamic A(i-i

D-Serine

L-Serine

L-Threonine

D,L-Carnitine

Y-Amino Butyric Acid

Urocanic Acid

Inosine

Uridine

Thymidine
Phenyethyl-a

Putrescine il

2-Aminoethanol Hl |

B.

liaoningense

NM22-11

NBRC
100396

st

Consensus
results from 3

determinations

</

2,3-Butanediol

Glycerol

a-D T cosre—1 -

Phosphate
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 1479

QOl-Cyclodextrin

Dextrin

.Ja

B.

jaoningense

B

NM22-13

st

Consensus
results from 3

determinations

Glycogen

Tween 40

Tween 80

N-Acetyl-D-

Galactosamine

N-Acetyl-D-

Glucosamine i

Adonitol

L-Arabinose o

D-Arabitol

D-Cellobiose

i-Erythritol

D-Fructose

L-Fucose

D-Galactose
Gentiobiose
0-D-Glucose

m-Inositol

Ol-D-Lactose

=
-1
4

++

4+

4+

++

++

++

Lactulose

D-Raffinose

L-Rhamnose

D-Sorbitol

Sucrose
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Consensus results from 7 determinations

Phenylacetic Acid

(X—Kﬂ?;lutanc Acid

Carbon/Nitrogen B
) NM22-13 Consensus
sources on Biolog B. elkanii B. japonicum | liaoningense
) results from 3
GN2 MicroPlate NBRC 14791 | NBRC 14783 NBRC l ) ;
1° 2" 3 determinations
. \ 100396
D-Trehalose - ‘ HH - _ _ _
Turanose ' ’ - - - _
Xylitol - - - _
Pyruvic Acid Methyl
++ ++ ++
Ester
Succinic Acid Mon&*®
++ ++
Methyl-Ester -
Acetic Acid ’ . . R
Cis-Aconitic Acid - _
Citric Acid - _
Formic Acid NENENS +++ T+t
D-Galactonic Acid
Lactone ]
D-Galacturonic Acid - - _
D-Gluconic Acid ++ T4 T+t
D-Glucosaminic Acid - - _
D-Glucuronic Acid - - - _
Ol-Hydroxybutyric
Acid
B Hydroxybu@
e +++ 4+
Acid
Y-Hydroxybut g-!
"' + +
Acid 1
I
p-Hydroxy

Ol-Keto Valeric Acid

4
Propionic Acid T+ ——
Quinic Acid - ++ - _ _ ~ ~
D-Saccharic Acid A e - +++ ++ ++ ++
Sebacic Acid +++ ++ + + + 4 +
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Succinic Acid

4+

Bromosuccinic Acid

++

Succinamic Acid

Glucuronamide

L-Alaninamide

D-Alanine

L-Alanine

L-Alanyl-glycine

L-Asparagine

L-Aspartic Acid

L-Glutamic Acid J

Glycyl-L-Aspartic
Acid

Glycyl-L-Glutamic
Acid

o

++

++

L-Histidine

Hydroxy-L-Proline

L-Leucine

L-Ornithine

L-Phenylalanipe

L-Proline

L-Pyroglutami al

D-Serine H!

B.
NM22-13 Consensus
liaoningense
results from 3
NBRC l i :
1° 2" 3 determinations
100396
dJ+++ ++ ++ ++ ++
+ + - + +
+ ++ + ++ ++
+ - - - -

L-Serine

L-Threonine

Phenyethyl-amine

Putrescine

2-Aminoethanol

2,3-Butanediol
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Carbon/Nitrogen

sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Glycerol

D,L-0-Glycerol

Phosphate

0-D-Glucose-1-

Phosphate

D-Glucose-6-

Phosphate

Carbon/Nitrogen

sources on Biolog

GN2 MicroPlate

NBRE 147972
1

T ——
BEaHEL)

QOl-Cyclodextrin

Dextrin
Glycogen

Tween 40

Tween 80

B.
NM22-13
liaoningense
NBRC . . .
1° 2" 3"
100396

Consensus
results from 3

determinations

Wiz

J.

e E

N-Acetyl-D-

Galactosamine

NM22-15

Consensus
results from 3

determinations

+ ++
++ ++
++ ++

A o? "
L-Arabinose

D-Fructose

L-Fucose

D-Galactose

++
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

Gentiobiose

0-D-Glucose

m-Inositol

Ol-D-Lactose

Lactulose

Maltose

D-Mannitol - -

D-Mannose

D-Melibiose

B-Methyl-D-

Glucoside

D-Psicose

D-Raffinose

L-Rhamnose

D-Sorbitol

B.

liaoningense

NM22-15

NBRC
100396

st

Consensus
results from 3

determinations

Sucrose

D-Trehalose

Turanose

Xylitol

Pyruvic Aci@wy

Ester
Succinic Acid

Methyl-Ester H |

T+

++

++

++

++

Acetic Acid

++

++

++

Acid

D—Gﬂton-ic

Lactone

D-Glucosaminic Acid

D-Glucuronic Acid

U-Hydroxybutyric
Acid
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Consensus results from 7 determinations

Carbon/Nitrogen B
) NM22-15 Consensus
sources on Biolog B. elkanii B. japonicum | liaoningense
) results from 3
GN2 MicroPlate NBRC 14791 | NBRC 14783 NBRC l ) ;
1° 2" 3 determinations
100396
B—Hydroxybutyric +++
++ + 4+ | | A+t

Acid
Y-Hydroxybutyric F /

+ = + ++ + ++
Acid —
p-Hydroxy — = —
Phenylacetic Acid
Itaconic acid g - _ R R _
Ol-Keto Butyric Acid 5 i - = - R
0l-Keto Glutaric Aci + + = - _
Ol-Keto Valeric Acid - - - - _
D,L-Lactic Acid -y + +4 T4 T+t T+
Malonic Acid r I.i - - _
Propionic Acid d I"' i + + + ++ T+
Quinic Acid ¥ & L . . .
D-Saccharic Acid + - - i ++ 4
Sebacic Acid / - + ++ ++ + Tt
Succinic Acid o+ ++ T+ Tt Tt
Bromosuccinic Acid +++ — 4+ + + + +
Succinamic Acid e ot |t | o .
Glucuronami }e t- ] - _

i

L-Alaninamid =1 ]
D-Alanine g'! o - -
L-Alanine i” o R i@ R R R
L-Alanyl-glycine - - - . - - _
L-Asparagine ‘ g ! £ - - _

L-Histidine

Hydroxy-L-Proline

L-Leucine

L-Ornithine
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations

B. elkanii

NBRC 14791

B. japonicum

NBRC 14783

L-Phenylalanine

L-Proline

L-Pyroglutamic Acid

D-Serine

L-Serine

L-Threonine

D,L-Carnitine -

Y-Amino Butyric Acid

Urocanic Acid

Inosine

Uridine

Thymidine

Phenyethyl-amine

Putrescine

2-Aminoethanol

2,3-Butanediol

Glycerol

D,L-0-Glycerol

Phosphate

(X—D—Glucoset i

Phosphate
D-Glucose-6- g'!

et
Phosphate H| l

o

++

B.

NM22-15 Consensus
liaoningense
results from 3
NBRC
1% 2" 3¢ determinations
100396
3 R _ _

Cmn/Nitrogen

sources on Biolog

WIARN

J/iaoningense

1

C
396

NM22-25

QOl-Cyclodextrin

Dextrin
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Consensus results from 7 determinations
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Carbon/Nitrogen
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Consensus results from 7 determinations
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Consensus results from 7 determinations
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Alignment of 16S rDNA sequences.
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APPENDIX H

Table for determination of the most probable number for soybean rhizobia
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APPENDIX |

determination of MPN

DiIuti%
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F MPN of soybean

rhizobium per ml

of suspension at

ﬁ'lutiieve 1

MPN of soybean rhizobia = 7.06 x10° MPN/g soil
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