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ABSTRACY

The plant geowth promoting rhizobacierds (PGPR) is 2 group of bacterds capable of colonizing plants roats,
thereby developing a aystetn and improving plants growth and vield, The objectives of the study i3 to charscterive
the PGPR actvitles of several bacterlsl isolutes {fr-oire sereoning), @ ezamine thele activitics in sthmulating
soyhean growth (ofe screening, and w identify the bacverial specics. These were isolated fom nodules and soil
samples coflected from Mount Pancar in Bogor, West Java Provinee as well as from Bangldred Hill and Wain
River in Bast Kalimantan, Indonesia, The frsive PGPR activity chamcterization includes the N-fizing ahility,
ACC-deaminase, indole acetie scid (LAAY producton, eellulolytic sctivity, P-solubilization, Phosphomonoestesase
(FMB-ase), and nift-gens detection, The jreie PGPR activiiy with the preembouse assay was conducted on
soybean plaat (Ghaws saor L), All bacterdal isclates were idemified using molecular methods based on audeotide
sequence genersted from 168 fRNA gene, Theee isolates of soll and nodule bacterls with 7 characteristics of
PGPR (N3 fzation, ACC-demmdonse, collulolyte activity, IAA production, solubilization indes, P available, and
FhiBase activity} were successfully identified. These isclates were BOAS (Kbboiedy surfeole TnaCC BE2T), B116
(Eiehrisl sp. IoaCC B833), and B210 (Mengrossbacter plamiisponser Loal3C B841). The greenhouse assay showed duat
the plant height, pﬂaﬂt dey weight and number of flowers in soybean seedings significantly incressed with
Brugyrbizobinm sp. sweain 4167, then with Kbbredr sp. lnaCC B33 and Mamgrovibarter plandsponsor loaCC BB41,
These bactetizl isolates which were clutactedzed and screcned swsire for PGPR potentals and theis
sepresentative isolates which were identified by 168 :BNA sequence anslysis are key factors for sclectng PGER
isclates to be commetcialived later as bio-stimulant.

Eeyworde: 165 (RNA, Bangldral Hill, Mount Pascar, PGPR, Riipebarienia, Wain River
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INTRODUCTION

Bacterdal characterizadon Is one step in
determining bacterial activity as plant growth
promoting  rhizobacteda  (PGPR).  Thiz
chatacterization process involves the activitdes of
ausin phytchormones bke indole acetic acid or
IAA (Abbas o &L 2011}, ACC-deaminase
(Penrose & Glick, 2003}, sderopbore
production Filippi of o 2011}, cellulase activity
in plant oot iovasion and colonizadon
(Reinhold-Hurek 8 Hurek 1998), nitrogen fizing
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mechanisms (Flscher o 44 2007), dissolving of
insoluble phosphates with  acidification and
phosphomonoesterase Krey & o) 2013) and
WNifH gene detection test as the main coding
gene of nittogenase. The pene converts the
atmosphetic nittogen (Ng} to ammonia which is
readily uvsed by organisms (Postgate 1998;
Gilchrint & Benjamin 2017). Characterization of
PGPR activities is needed for the production of
bio-fertitizer, microbial rhizoremediation and
effective bio-pesticides producton (Adesemoye
et af, 2008 & Bhardwaj ef ol 2014).

The fluorescent bacteris, Presdomonar which
are able to fght against pathogeaic bacteria and
boost plant growth, were first categorized by
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Kloepper o o (1980). This class of otganisms is
an mportant PGPR group as all Khigsbanernia
having the ability to directly promote plant
growth are included in this PGPR group
Kapulnik o &/ 1981}, This also covers other
geners of Rbipbackria, sspecially those which
increase  plant  growth through different
mechanisms., The Rbizpbaceric group which
formz a symbicte iotemscdon with legumes
through anitrogen fization and nodule formation
are included in the sympathetic rhizobacteria
category which consists  off  Ribdgpbium,
Bradyrbizobism, Sinorbizobinm, Mesorbigobinm and
Adtinomeyeetes  in symbiotic  relationship  with
Frankia plants (Babalola & Alkdndolire 2011).
The other wnitrogen fixing, non-symbiotyic
PGPR, otherwise known as diazotrophs, and
living independendy from plaot cells aze
inchided in the free-living rhizobacteria category
(Babalola & Akindolive 2011). These include
Azparcus, Agotobacter, Acetobacter, Agospivillums,
Burkbolderia, Diasgotropbions, Egterobacks,
Cyanobacteria, Pseudomonas and Ghuonacelobacter
{Anabane, Nostoc), Alaligenes, Bacllus, Kiebsiela,
Arsthrobacter, and Servaiia (Sahatan & Nehea 2011;
Haghighi o #/ 2011; Bhattacharyya & JTha 2012).

These aforementioned genera are the
functional indigenous bacteria group which
colonize plants rhizosphere or endo-rhizogphere
and  possess  these  three  exceptional
characteristics, Le., biofertilization, biostdmulaton
and biocontol Their producdon of Nitogen,
Phosphotuz and IAA are requived for plane
growth and for adaptation in stressful condidon
and environment (Odoh & Kenneth 2017}, such
as In dry and saline soil (Mapelh o of 2013},
abiotic stress (Lau & Lennon 2011), marginal
soil (Redman o @l 2011} and soil packed with
chemical fertilizers (Veen & ol 1997). These also
produce environmentzlly fdendly renewable
enetgy {Jackson 1999) which hes the capacity to
sustain other agricultural practices (Noumavo &
al. 2016} and are esseotial for Improving the soil
biclogical quality (Hayat o &f 2010) theough
biogeochemical cycles (Carbon, Nitrogen, Sulfur
and Phosphorus), thereby making the elements
available in the soil (Banig e o 2008).

Nittogen and Phosphotus present in the
rhizosphere are particulady important for plane
growth in stressful conditdons (Mendes o al
2007 and are essential for optimal growth,
metabolism and development (Meena o af

2014). Plant roots could oaly ghsorh Nitrogen
and Phosphorus in the form of Ammonium and
inorganic Phosphorus and these elements are
available for plants when both nitrogen fixing
bacteria and phosphate solubtlizing bacteria are
in the soil (Malusd & Vassilev 2014). Therefore,
indigenous bacteris  were collected from
marginal and upland atess like hills as well as
lowlands like sivers, 1o serve as catalysts in the
presence of elements needed for plant growth in
marginal soils.

The objectives of the study were to
characterize PGPR activity of several bacterial
isolates (ir-¢ifre screening of PGPR), to examine
their activity in stimulating sovbean growth (G-
vive screcoing of PGPR), and to idemify the
bacterial species.

Sampling

Using the randorn sampling method, this
research was conducted at Mount Pancar area of
Bogor, West Java (6°35°0.5 5 & 106°54°46.8 E;
6°35°03.9 § & 106°54'40.6 E; 6°34°30.1 § &
106°53°3.1 B; 6°34°30.1 § & 106°33°3.1 E; and
629403 5§ & 106°5.0°3.1 E.), Waln River
(01°05°00 8 & 116°52°00 E} and Mahakam River
{0°31°11 § & 117°07°09 B}, and Bangldrai Fill
(101°44.88 § & 116°52°022 E) Fast
Kalimantan, Indonesie in 2012, The ssmples
were taken from nodoles of Paraserfawtbes
Jakataria (L) Fosberg (1 sample), Mimase padica
Lina {1 sample), Vigse snensis Endl. Bx Hassk (8
sasnples), Arachis ypegaca Linn, (1 sample). The
thizosphere of Mimoss pwdica Linn (1 sample)
was obtained from the soll sround the roots to 2
depth of 20 cm. The soil samples also taken
from the soil sarface layer to 2 depths of 20 cm
from Wain and Mahakam rivers and Bangkirai
Hil,

¥sclation and Purification

The nodules were washed in ethanol 70%,
vinged with sterile distilled water and then cut
into two pars planted in wiplicate ot a petd
dish contazining sclective medinm (3 g
polypeptone + 5 g yeast exteact + 3 g of
glucose + 1 g of MgSO.TH:O + 20 g agar +
1 L Aquadest). Plates were incubated for 5 - 7
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days at room temperatare. Besides that, solation
from soil samples was carried out. As much as 1
g of soil sample was mixed with 9wl of swetile
distilied water in 2 test tube on a vortex untl
homogeneous. Then the sofl extract from serdal
ditetion (107, 107, 10 were planted in triplicate
on a petri dish containing selective medium 5 g
polypeptone + 5 g yeast extract + 5 g of
gluocose + 1 g of MgSOLTHO + 20 g agar +
1 L Aquadest} (Vincent 1982).

Characterization of PGPR Actvity (fn-vitro
Screening)

Al agen Fiwation Aot Wiy'

The niteogen fixing ability of the bacterds was
determioed using the Dobersiner’s method
(Dobereiner 1995). The bactera were placed
into Luria Bertani Broth media and incubated
for & days. This was transferred into a tbe
containing 5 ml of semi-solid Nitvogen Free
Bromthymol blue (NFB) media at pH 7.0, and
incubated at 28 °C for 72 h. The gittogen
fization activity was manifested by the
formation of mistlike white rings koown as
pelticles, below the sarface of the NEFB medis
inside the test tube (Jha o o 2014).

AL C-deaminase Productinn

The ACC-deaminase production  was
conducted by 2 qualitative test uwsing the
Dworkin and Foster method (1958} The
Dworkin-Foster salt media enriched with 0.3033
g of 1l-Aminocyclopropane 1-Carboxylic Acid
(ACL) substrate and 2 g of Ammonium Sulfate
were used as Nittogen sources {[Glicks of af
1995}, The ability of Dilazotrophic bacterds tw fix
atmospheric Np (fw-2irv) was shown by the
production of ACC-deaminase (positve). In the
negative control Hwberichin o was used (grown
on DF + ACC medis). The growth of the
bacterial colonies on DF + ACC media after
72 b of incubation indicated the production of
ACC-deaminase.

Indole Acetic Acid Producton

For quelitative ansalysis of JIAA production,
the bacteria were inoculated on serad-solid King
B broth media mixed with 200 pg/mi
Tryptophan, Salkowski reagents were dropped
on the formed colony and stored in a dark room
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for 30 min (Gravel e &l 2007). The resuleant
pink color indicated the productdon of IAA
(Khan o «f 2014). Those bacierla capable
of producing [AA were also  analyzed
quantitatively on Trypticase soy broth media
(ISB : 20 ml} conmining L-Tryptophen (200
pg/mi). The pink coloraton after 72 h
incubation, indicated the production of IAA on
the bacterial exteact (Mehboob o @l 2010) which
was measured using spectrophotometer at £ 540
sm with Interpolation on IAA calibradon curve
(Pattern 8 Glick 2002).

Cellulolyeic Activity

Using  the  Poonambalam — method
(Ponnambalam o «f 2011), the cellulolyde
aciivity of the bacteria was tested qualitadvely
by the presence of halo zone around the
bacteral colonies,

Inorganic Phosphate Solubilization

The qualitative analysis of inorganic P
solubilization was carried out on a petri dish by
inoculating bacteria on Pikovskaya solid media
with (.5% Cas(PO4ras the P source which were
incubated for 7 days (Chen & ol 2006). The
formation of halo zone around the bactesial
colondes indicated that P was dissolved from the
Ca™. The solubilization index (81} was then
obtained using the formula: SI = Colony
diameter + halo zone dismeter/colony diameter
(Premono & Vieck 1996). The quantitative
analysis was also carried out by inoculating the
bacteria on Pikovskays lguid media aad
orthophosphate in a2 solution, and measured
after incubation for 3, 6, and 9 days (Vassilevs o
al. 2000.

Phosphomonoesterase (PidE-ase) Activity

The analysis of exeracelldar activity of PME-
ase in acid was done by adding 0.5 M CaCl; and
alkalice (0.5 M NaOH) to a tube inoculated with
bacteria. Then, 0.115 M p-nirophenyl
phosphate  disodium  (pNPF} was  added
(Tabatabai & Bremner 1969). The sbsorbance of
pNFP fommed a yellow colomaton wpon
incubation for 7 days. This was measured using
a specttophotometer at the wavelength of 400
nm. The PME-ase activity unit s defined as
pmol/h, which is the amount of p-nitrophenal
released in 1 mi extracellular enzyme solution
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fractionated from 1.0 ml of culrare after 7 days
of ncubation (Widawatl & Sudians 2016).

Bioassay in Green House (fo-vive Screening
of PGPR)

Bloassay in the greenhouse (fr-wivs) were
prepared by using the PGPR bacteda showing
good potential from the f-sifve test, and were
applied on soybean (Ghame max L) Merr, var
Grobogan as the test plant. The experiment
used a completely randomized design with liguid
ingculant 25 the treatment having 2 single isolave
(isolate codes; LIPI12-3 B136, LIPI1Z.3 Bl44,
LiPI12-3 Bl46, LIPI12-3 B157, LIPT12-3 B183,
LIPT12-3 B188, LIPT12-3 BO45, LIPI12-3 B054,
LIPI12-3 B100, LIPH2-3 Blls, LIPIIZ2.3
B210), Bradyrisyobsum sp. 4167 for the putpose
of comparizon and the control treatments were
without inoculants plus N (KNG, 0.05%) and in
other samples, minus N. Bach treattnent was
repeated 10 dimes and the procedures include: 1)
cleaning of Soybean sceds with ethanol 70% and
soaking in stedle distilled water for one hour; 2}
putdng of seeds on wet filter paper in 2 stegle
petrl dish and incubating at room temperature
umtil the seed gorminate; 3) soaking of the
sprouts for 1 h in 25 ml. of every liquid culture
of inoculant treatment (bacterial population
10* cfu/mL) from the tested bacteriz; 4) planting
of the sprouts in pots (2 sprouts per pot) filled
with sterile sand covered with sand contsining
paraffic  (to  avoid contamination); 5}
maintaining the humidity of the planting media
at 24% by watering with Miller's solution every
day through capillaries installed on the pot and
covered with cotton. The application of nittogen
to control plants withowt the inoculants were
carried cut by wateting Milller's solution added
with KNG:; 0.05% Saono o &f 1976). Plam
growth measurements, lke the plare height,
plant dry weight and number of flowers weze
taken 2 months after sprout formation. The data
were then analyzed with SPSS software version
160 and the significant differences among
treatments  were  determined by  Duncan's

Multiple Range (p < 0.05).

Identification and nifld Gepes Test of
Bacteria

The bactena were identified following the
Otsuka (2008) method and using the 165 rRNA
gene sequence with 168-9F (S'GAGTTTGAT
CCTGGUTCAGS) with 165-1510R $'GGCTA
CCTTGTTACGAS) and 165-785F (B'GGATT
AGATACCCTGGTAS) with 163-802R (5'CCT
CTCTATGGGCAGTCGGTGATS)  primers.
The phylogenetic affiliations and taxonomical
hierarchy based on 168 fRNA were determined
using  the CLASSIFIER wol  (hitp//
www.rdponemsneduy of RDP-I dambase
(Cole e & 2009). The ##H genes test of bacteda
was performed using the Poly of &/ (20109
2010b) method with oiflf 5.GGCAA
GGGLGETATCGGCAAGTC Fand nifHr 5°-
CCATCGTGATCGGETCGGEATE-S.

RESULTS AND DISCUSSION

Izolation and Purificatdon

The isoladon showed vatious physical
charactedsdes like shape, color, and size of
different bacterial colondes. The 12 experitmental
isolates of indigenous bacteria consisted of
Tisolates {24, 4a, 4e, 122, 7b, 11h, 132} from root
podules and rhizosphere in the Pancar Moontain
area and 5 isolates (7-0-1L, 18Na, 20La, 31Ng,
33Nz} from the soll of the Mahskam River and
Bangkirad Hills in Kalimantas, The pure isolates
were given the LIPI codes and oumbers, and
stored in a freezer maimtgined at -20 °C for
identification, and these were LIPI-12-3 isolates,
nanely  B045, B8054, BI00, Bi1s, Bl36h,
Bldda, Bld6, Bigda, B157, B183a, Bl188a and
210 (Table 1).

Characterization of PGPR Activity (Jo-vitre
Screening)

The isolates were screened for nitrogen
fixation, ACC-deamivase, cellulolytic actvity,
IAA production, solubilization index (&8I,
available P and PMBase in acid aocd alkaline
activity (Tables 2 & 3),
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Table 1 Isolation results and isclates number

Isolate number
Mo Souree of sample - TIET
1 Soil (Wain River, Ballipapan, East Kalimantan, Indonesia) 18Na LIPI12-3-B045
2 Sofl (Wain River, Bakpapar, Fast Kalimantan, Indonesis) HTa LIPIi2-3-H054
3 Soil (Bangkivai Fill, Balikpapan, Hast Kalimantan, Indonesia) 31Na LIPI12-3-B100
4 Boil (Kalimantan) FO1L 1IPI12-2-B116
5  Boot coduls of Aligis feleaieria (L) Fosberg (Pancar Mountain) Za LIPI12-3-B136h
6  Root nodule of Mimssa fwdise Linn (Pancar Mountain) 4a LIPI12-3-B144a
¥ Rhizophere of Mimssa padics Lino. (Pancar Mountala) 4 LIPI12-3-B145
8  Suil (Pancar Mountain) 123 LIPiiZ2-3-B184a
9 Rootnodule of Vigea s Bodl, Bx Hagsk, (Pancar Mountsin) 7hs LIPI12-3-B157
10  Rhizosphere of Vigne siwennis Badl Bx Hassk, (Pancar Mougnitain) 11k LIPII2-3-B183
11 Root nodule of Arabir bypagues Linm.(Pancar Mountain) 13 LIPI12-3-B168a
12 Soil (Mahakam River, Balilpapas, Hast Kalimantan, Indonesia) 33Na LIPI12-3-8210
Table 2 Screened isclates for nitrogen fization, ACC-desminage and cellninlytic activity
Isolate code: 1IPT12-3- Pz fzation ACC-deaminase Cellulnlytic actieity
1 BO45 + + +
2 BONM + e +
3  BIOG + - +
4  Blls + + +
5  Bih + - +
& Blids - - -
7 Bi4g + - +
8 Blida - + -
9  BIS? - + S
16 Bi83a + - +
11 Bigss = + e
12 By + + +
Table 3 Screened fsolates for TAA, EP, svaillsble P and PMBase activity
o Tobcods  IAAsfr 48 H - P available e
LIPL-2-3- (ppm) (opi) e —
i B45 84.35 & (.28 40 + 290 114 £ (1 020+ 00 0221 00P
2 BO54 76.56 + (1.3 - - - -
3 B10D 95.32 £ (.24 - - - -
4 Blig 104.96 & 0.5 100 & 1.5¢ 1.57 £ 0.3 074 & 0.8 (.50 & 0.4
5 B136b 88.0% L (.1c 2L 083 Lol 011 X0 Q11 X040
6 Bidda 8844 + 0.2 20 £ 1.0 1.05 & 0.(b .13 £ 0.0 010 £ 0.0
7 Bi4é 7646 L Q.28 - - - -
8 Bis4s 83145 % 0.1k 2015 146 + Q.2 0132000 GATRO0
o B157 8508 + 0.04 200+ 206 200 + 0.8 0.86 + 0.0 (.64 + (1.0
10 B183a 87.26 £ 0.1¢ 80+ 214 1.87 £ 0.0 GBI L 00 055200
it Bi88z 83145 + (.10 50 + 250 1.18 + o.ev 815+ o0 020 + 00
1z B2 10413 £ 0.1 100+ 1.0 1,51 & 0.0 032100 04740k

Mote: Means with the same superseript in the saime column do not significently differ at p < 0.05.

The in-oitrw screening produced eighe isolates
(B045, B054, B100, B8116, B136b, B146, B183b
and B210) which were positive for nitrogen
fixing activity as Indicated by the formation of
pellicle-like white ring under the surface of NI'b
media inside the test tube after 5 days of
incpbation. Six isolates (B045, B116, Bl84q,
B157, Bi88a and B210) were positive in the
production of ACC deaminase, indicated by the
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formation of colonies in DF + ACC media after
48 hours of incubatdon. Bight isolates (B045,
BO54, B100, Blls, B136b, B146, B183a and
B210) were positive in the cellulolytic activity as
indicated by the formation of halo zone around
the colopies on CMC medis. Another, nine
isolates (B045, B116, B136h, Bidda, Bldds,
B157, B183a, B188a and B210) exhibited their
ability to solubilize phosphate in the Plkovskaya
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solid media as indicated by the formation of
some halo zones around the colonies, as well as
in Pikovskays Hguid media after 5 days
incubation (Table 3}, All the twelve isolates
produced the growth hormone TAA as indicated
by the formation of & reddish pink color after
the bacterdal colonies were given Salkowski
reagent and incubated for 3 hours in a derk
room (Gordon & Weber, 1931). In conclusion,
the presence of this IAA prdmarily lndicated that
these bacteria are potential PGPR. This
confitms the study of Abbas ¢ o (2011), as well
as Mano and Nemoto (2012), that the main
character of the PGPR group 15 s ability
produce TAA, since it is the frst identified plant
growth promoting howmmone. The gquantitative
analysis also showed that the TAA vield ranging
from 76.56 - 104.96 ppm (with isolates B116
and B210 having the highest TAA) which were
achieved after 48 hours of incubation. This TAA
vield was far higher than those of Kishi & al
(20125 (5834 ppm), Widawatt (608 ppm,
Widawatl and Sudiana (2016} (9.56 ppm), as well
as Suliasth and Widawad (2017} (19.98 ppm).
This fuctuating yield may be influenced by the
condition of bacterial culture in the synthetic
medis. The conditon of the culture extract, the
substrate growth stage, the presence of I~
tryptophan 200 pg/mU) which is an essential
arcino acid synthesized in plant chloroplasts and
used as a precursor by bacteda to produce IAA,
are all fundamental to the amount of IAA
produced by bacteriz in the synthetic medis
(Ahmmad ef o/ 2008).

The PGPR i screening produced three
isolates (B045, Bl1s, and B210) with 7
characteristics, namely Na fixation, ACC-
dearninase, cellulolytic activity, [TAA production,
solubilization index, P available, and PMEase
activity (Tables 2 & 3; Figs. 1 & 2). These results
were superior to that of Kusumawatd of af (2017}
having only 1 isolate with 4 PGPR
charactedstics, namely N; fixation, cellulolytic
activity, IAA production and solubilization
indes.

Bivassay in Green House ({n-wive Screening
of PGPR)

The isolates were tested d-ofp and were
found positive for their effectiveness as PGPR
(I'able 4). All the isclates tested on the soybean

plants showed positve effects on plant height,
plant dey weight and number of flowers
compared to conwol (N}, These results were
inferdor compared to control (+N} and plant
growth was perceived to be smaller. This was
caused by the N from chemical fertilizers which
was easily absorbed by the plant roots compared
to the N produced by nittogen fixing bactera
whereln more time was needed for the roots to
absoth, Chemical ferdlizers showed ao
immediate Iimpact on the plant growth, however,
the environment got contaminated in the
process.  Although  the biological organic
fertilizers, Le, fzation of N with the help of
bacteria, showed slow plant growth, these are
environmentally fdendly and produced plants
that ate safe for human consumption. The
PGPR conmined in blo-stdmulant Mix (14
isolates) increased the soil fertility by raising the
population of bio-fertlizer bacteria, boostng
root nodule formation, increasing soil pH, and
by positively improving soybean growth and
production, even in 2 marginal sofl (Widawatl e
al. 2015).

The PGPR screening (#s-vivs) on sovbean has
obrained the best performing isolates which
were LIPI2-3-B116 and LIPI2-3-B210 (dngle
isolate). The isolate had similar efficacy as thar
of the inorganic fertilizer "NPK" and
comparative  isolate  (solate number 4167=
Bradyrbizobium sp) (Table 4). These were the
PGPR isolates with the highest TAA vield, P
available, and highest PMHase (Widawad, 2015).
Similar results were also observed in the study
on Bradyhizobinm japonicum, which produced
IAA, available P, and highest PME-ase, also had
the highest positive effect on the plant growth
(Masinkovié & o/ 2016},

Niftf Genes Detection and Identification

The identification and detection of st gene
on the eight isolates from root nodules and
ghizogphere in the Pancar Mountain region, as
well as the four isolates from the soll in the
Mahakam dver and Bangliral Hills, Kalimantan,
resulted in two Rbigebinm radivhacter strains, two
Bukholderic  antbing  steains,  Ochrobacirum
Dresdogvignonense, Prosdomonas betel, Klebsieln sp.,
Khbsielle  varfirols, Hwiwrobacter  sp.,  Pawfvea
eypripedss, Tolumonas osonensis (presumably a new
species), and Mangrovibacer plantisponsor (Lable 5).

297



BIOTROPTA Vol 27 No. 3, 2020

Table 4 Stmulating bacterial activity in soybeas growth (fn-sive screeniop of PGPR)

High

Mo Isolate code () Dry 'g@;pse: plaot Mumber of flowers
1 LIPI2-3-BO45 4116 & 0.4 4.84 & G 155 & 25
2 LIPIZ-3.B0S4 3724 4+ 2.0 3.87 + 0.0 1516 * (.4
3 LIPI2-3-B100 33320k 305 & 00 10.5 & 0.304
4  LIPI2.3.B1i6 44.83 + 0.1% 555+ 0.1 2516 + 0.1
5§  LIPI2-3-B136h 42,04 + 1,54 4.20 & 0.1 16.66 & (ie
& LIPI2-3-Bldda 3866 % (18 4.10 & 0.5 15.5 & .58
7 LIPIZ3-Bi45 3833400 366 & 04 10.5 & .20
8§ LIPI2-3-B184s 32,69 & (.30 333+ 01 316 & 0.6
g LIPI2-3-B157 3725+ 0.4 354 4 (.38 15+ 294
10 LIPI2-3-Bi83a 32.70 & Q.54 306 & 0O 6.66 & 0.0%
11 LIPI2.3.B188s 3766 & 0.0 3.55 & (.1 15 & B0
12 LIPIZ-3-B210 4433 + 0.2% .95 & G4 0332010
13 4167 {comparative control) 46.00 + 3.1% 5.58 & 0.1 25.00 £ 2.9¢
14 Control +N 4716 £ 0.1 599 4 .58 22.50 + 0.6F
15  Control-N 17.88 + 0.5 257203 0.33 & .22

MNote: Means with the same seperscript do not significandy differ st p < 405,
Table § Idensdfication of sif genes snd InaCO Het code
_ Palrwise
Scientific name o . .
Code [ — ; m&f{.:;xty Tazonosde group Mifh genes InaCC sumber
Elehsivila variteela . Datected 1 FuaCC

LIPT2-3-B045 98.16 Gammaprotechacteris wf] geter B827

Lip2-3-B054 Fasmioen cypripedii 90.63 Gammaproteobacterla  Detectad 1 Tua (O

st petes BE28

LIPT2-3-B100 Tl — 99,932 Gammaprotaobacheria Deﬂ:x:m:i i FnalCC

st penes Ba31

TIPT2-3-Bll6 Klebriella sp, 100 Gammaprotechacterds Detected 1 TnaCC

st penes BE33

LIPT2-3-B136b  Kiiwbivr mdichostsr  99.65 Alphaprotecbacteria Undetected InaCiO

B834
LIVIZ-3-Bidda  Hbizpbiver rudishacfer 9972 Alphaproteobacteria Undetected FaCO
B833

LiF2-3-B146 Oelrobactesm 108 Alphaproteobacteria Undetected LoaCC
Prewdagrignonsse BE36

LIPT2-3-B184s  Esderobarier sp. 98.539 Crammapeoteobacteria Undetected %;C

LIP12-3-B157 bolderia anilina  959.84 Betaproteobacteris Undeseeted InaCC
Ba38

LIF2.3-Bl83a  Peowdononas batsd, 99,719 Gapmaproteobacteria Undetsoted IngCC
BR3Y

LIPT2.3-B188a  Bodbolderin authing 99,863 Betaproteobacteria Undetectad FngCC
Ba40

LIPT2-3-B2th A ampropibacter 99,927 Gammaprotzobacterds  Detected 2 ToallC

planSransor #ift] penes Ba4L

The isolates LIPI2-3-B136b, LIPI2-3-Bl44s,
LIPI2-3-B157 and LIPIZ-3-Bi88a from the
same matenal (root nodules) comprised two
different genera (Table 3}. The LIPI2-3-B136b
and LIPI2-3-Bl44a isolates were identified as
the genus Rbiwhiyw, from the family
"Alphaproteobacterda” and are known as root
nodule bactetia. The LIPI2-3-B157 and LIPI2-
3-B1882 were identified as the Bardbolderiz of
the "Betaproteobacteris” family, This was
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possible because the Bwrklolderia sp. also have
the abillty ro form nodudes. This confinned the
results of Moulin & «f (2001), that the strains of
Barkbolderia sp. (STM678 and STM815} showed
nodulation ability.

Hence, it is generally accepted that legumes
are not only nodolated by members of the
Rbigobizeens in the Afpbaprofobactesia, but also by
members of the Befuprozeobacteria (usudly called
legume-nodulating  B-profesbacierid o B-
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thizobia®y. The PCR result on several isolates
(Pamfosa  cypripedsi, Tolumonas  ecomensis  and
Moangrosivacter planfisponser) detected the nifH
gene and the presence of this gene indicated that
the isolates have nitrogen fxation ghility (Ash o
al, 1993). Pawiecs cppripedii Isolates {(LIPI2.3-
BOSA), Tolumonas osomensis (LIPI2-3-B100), and
Mangrowibaster  plantisponser  (LIP12-3-B210),
showed positive mitrogenase activity (Table 2).

Similar results were found in gensbasieria (Ben-
Porath & Zehr 1994) and Paswibacillus agotefiscansy
{Rosado e o/ 1998,

These results were also confirmed by the

phylogenetic trees. The isolates showed the best
ahility both it and dwwiws, and had a
significant impact on the soybean plants
(Figs. 1 & 2).

I imtormedia ATCC 331107 (AF310217)

Klupvers azcorbata ATCU 334337 (AFO08579)

Citrobackier fresmdii DEM 30039 (AJ233408)
Lelliottia nimipressuralis LMG 10245 (Z96077)
Kiebelelln sp. LIPTI2-30116
81 _‘F Elebsiella oxptova STCCIIIEIT (AF130440)
ganensis W14 (JOUT0300)

- Evierobacter aerogenes NCTCEW {AF231468)
e Respaltelis Sevigens ATCC 3325T (AT 128442)

= Rapultella dlecirico 1GB" (ABTE2001)

-------------- Bamidsells planticols AYCUC 225317 (AF13944%)
84 | Rgoultella ovnithinolytica ATOC 318987 (AF129441)
Exserobacter converogenys MG 25957 (ZR6078)
Engerobacter arlurine JOM 6051° (ABM4TA4)
g4 Klebsiella prowsoniae subsp. rhinoscleromats ATOU 13885 (AF130983)
; s subap. czaenge ATOU 112967 (AF130982)

_____ ; sonide sabsp. sinilipneumonice GTADM® (HG933295)

Klehsielln olby CW-D 3 (EF154517)

ipmesmoniae subsp. quasipneumonioe U1 AQSY (HGSI3296)
Elehsielia promiomeagis (AFI0G1ITL)
b Klebsiclia prenonise sobep. pressmoniae ATCC 138837 (AF130961)
‘K feheielia preumonioe subap. preumonioe DEM 301047 (I87276)
e -Elehsiviio singaporensiz LX3® (AV250285)
u m&mﬁa variicolal IR 9 (AJT83916)
6 | Klebeielia sp. LIPTIZ-38 045

Egcharichia coli ATCCI17757 (KBU723}

Figuee 1 Kibhsialla sp. LIFI12-3B045 performed by MIBEGAS
Notes: Neighbor-joining ree based on $BNA gene sequences showing the phylogeneiic
posidons of LIPII12-3B045 and relaved species in the family Huterobacteracese;
Eerberichia eof ATCC 117787 (X80725) was used as 2 group; Bar, 0.008 K. Bootsteap
values greater than 70 in 100 replicates are shown,
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Mangrovibacter plantispornsor MSSRFAF

19 B Mangrovibacter vivingensis TULL-A"
Bacter sp. LIPI12-

Cronobacter sabazakii B31T

Erwinia coviovorg DSM 301857

Satmonella cholerassuiy DSM 148467

T Ewterobacier disvolveny LMG 2683
i Kosvkonia cowanii CIP 1073007
7 Enterobacter cloacae subsp. cloacee ATCC 13047
Citrobacter freundii DSM 30039°
Cedecea davivae DBEM 45687
Plesiomonas shigelloides ATCC 14029
oo
0. 0%

Figure 2 Mangroadbacier sp. LIPI2-3B210 performed by MIEGAS

Notes: Meighbor-joining

tree based on 168 fRNA gene sequences showing the phylogenetic position of

LIPT12-38210 and rolaved species in the family Bnterobacterinceas; Phviawonar shipelioider ATCC 140257
(X T46BB) was used as an outgroup; Bas, 0.005 Kauc, Bootsteap values greater thar 70 in 100 replicates

are showws

The phylogenetic tree showed that LIPT12-
3B116 isolate was supported by bootstraps value
81% at branch points with Kbbdells oxyloca
ATCC 131877 that estimated the degres of
confidence with the sequence of Kisbsislls wotvca
ATCC 131827 with bootstraps value greater
than 70% (Fig. 1), The LiPI12-38116 isolate is
similar to Kbbsells ocofewa ATCC 131827
sequences as shown in the database. The
LiPH2-3B045 isolate was alse supported by
bootstraps value 86% with Kbl sriiols
FZR9™ (Fig. 1). The LIPI12-3B045 isolate has
sitmilarity with Riebsiells variicola FZRY sequences
from the database with a confidence degree of
86%. The phylogenede wtree showed that
LIPYI2-3B210  isolate was supported by
bootsteaps value 100% at branch points with
species of Mangrovibacrer yisangennis "TULL-AT
(Fig. 2). As seen in the 100 degrees of trust from
the bootstaps value of more than 70, the isolate
LIPY12-3B210 is  similar to  Mangrsshacker
yixangennis TULL-A". However, the bootstraps
value that appears in the phylogenetic tree,
which is 100 and stll branching, is showing that
isolate LIPI12-3B210 is closer to Mangrovibacker
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yiringensic TULL-AT than to Mangroseibacter
Plantisponser MSSRE40T,

CONCLUSION

Three isolates of soil and nodule bacteda
were identified as BO4S (Kleboiella varicols InaCC
B827), B116 (Kisbsiedls sp. InaCCB#33) and B210
{(Margrosibacier plantisponsor IaaCC B841). The
seven PGPR  chamscteristics they  exhibited
include N2 fizxation, ACC-deaminase, cellulolytic
activity, TAA production, solubilizaton index, P
available and PMEase acdvity. The greeshouse
assay showed that the plant height, plant dry
weight and number of flowers of the soybean
seediings  significantly  increased — with
Bradyrbizpbism sp. strain 4167, then with Kiboella
sp. InaCC B833 and with Mangrovbacter
Plastisponser TnaCC BB41. The baciesial isolates
which were chamicterized and screencd én-wifre
for PGPR powcaotials sod thelr tepresentative
isolates which were identified by 165 RNA
sequence analysis, are key factors in selecting
PGPR isolates to be commercizlized later as the
future bio-stimulant,
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