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ABSTRACT

Biofertilizer is a relatively safer, environmentafriendly and cost-effective approach as an aittve to
reduce chemical fertilizer usage. The selectiomaxdterial strains with multiple beneficial charaistcs
are important to maximize the effectiveness onhib plant. Due to aforementioned interest, se\Rlait
Growth-Promoting Rhizobacterial (PGPR) and rhizbbieains were isolated from rice and legume roots,
respectively, at four locations in Malaysia namelgiversiti Putra Malaysia (UPM), Serdang, Selangor;
Besut, Terengganu; Tunjung, Kelantan and Sik, Ke@8atterial isolations were undertaken to seleet th
best isolates which exhibit multiple beneficiale=ffs to the rice plant and a total of 205 bactedtiins
were isolated and categorized as follows; 94 riphesic and 107 endophytic bacteria from rice roote
rhizobial strain from soybean and three fritimosa pudica. These isolates were screened for their abilities
fix N, and solubilize phosphate; 52 were positive fohliests. The selected isolates were then testdéfor
production and other biochemical tests such assgiota solubilization, hydrolyzing enzymes (cellelaand
pectinase) and iron siderophore productions. Rmlates, namely UPMB19 (rhizospheric PGPR from diogj
Kelantan), UPMB20 (endophytic PGPR from Besut, figganu), UPMR30 (rhizobia from soybean) and
UPMR31 (rhizobia fromMimosa) were selected for subsequent plant inoculatiets t@ith UPMB10, a PGPR
isolated from oil palm root, as the reference sirBased on 16S rDNA gene sequencing, these ldgdins
were identified under several genetasinibacillus, Alcaligenes, Bradyrhizobium, Rhizobium and Bacillus,
respectively. Results of plant inoculation testiéated that UPMB19 significantly enhanced the sagdl
height at the early growth stage (7 days aftersptamting, DAT) which could be attributed to thgher N,
fixation rate of this strain as compared to theeptstrains, except UPMB20. UPMB10 and UPMR31 also
showed significant effects with increased seedfiamght and Total Dry Weight (TDW) at the later @4
DAT) possibly due to the higher bacterial populatand IAA produced as observed in the residualienitr
solution without addition of fertilizer-N. This sty has successfully demonstrated the effectiveoieksally
isolated PGPR and rhizobial strains with multipéséficial characteristics on early growth and vigbrice
seedlings under controlled condition. The reswdvpd to be a vital information in the developmeird iquid
biofertilizer for rice; thus further studies willebdone to evaluate the effectiveness of thesetésolander
glasshouse and field conditions on growth, tiligramd yield of rice.
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1. INTRODUCTION

Rice is the major world food crop and it is the mos
important staple diet for nearly 3 billion people,
approximately half of the world population (FAO,Q2).

If the consumption trend continues, 4.6 billion pleo

(Amir et al., 2003; Zakryet al., 2012). The large
variation of nitrogen derived from atmosphere (Ndfa
values are due to the solid substrate used inathe $tudy
as compared to the liquid inoculum used in theiezarl
report. The solid substrate was reported to haverake
advantages over liquid inoculum as it providestestuntial

will consume rice by 2025 and production must be amount of carbon source, incubated for 2 weeks poio
increased by 20% to keep pace with this increasingapplication and organic substrate in the carrieiichvh

demand. To increase the local rice yield, farmensl tto
apply more chemical fertilizers which can be hasasd
to the environment when applied excessively. Atttwvely,
a relatively safer approach is to use the enviranatg
friendly biofertilizer which is also cost-effective

Research on Plant Growth-Promoting

provide ‘shelter’ for bacterial cells from direatrdight and
act as a buffer zone (Zakgyal., 2012).

Thus, it is essential to isolate native rhizobiad an
PGPR from rice grown fields for multiple beneficial
effects on the crops and for potential biofertilize
development. In the present study, isolation and

Rhizobacteria (PGPR) with non-legumes such as ricescreening of local rhizobia and PGPR with multiplant

have shown beneficial effects through biological N
fixation (Malik et al., 1997), increased root growth
(Mia et al., 2012) with enhanced nutrient uptake
(Yanni et al.,, 1997), phytohormone production
(Chabot et al., 1996), plant growth enhancement
stimulation by other beneficial bacteria and fungi

(Saharan and Nehra, 2011) and disease control

(Ramamoortht al., 2001). Pengt al. (2002), however,
reported that rhizobial inoculation known for their
symbiotic relationship with legumes, could also
increaserice grain yield, but little is known abdhe
mechanism(s) involved. The beneficial effects oé th
selected rhizobialisolates could be due to theanpl
growth-promoting abilities namely biological ;N
fixation, phosphate solubilization and plant growth
regulator/phytohormone and siderophore
similar to the known beneficial effects of PGPR
(Boddeyet al., 1997; Vermeet al., 2001; Araujoet al.,
2013; Kloepperet al., 1980). Yanniet al. (1997) have
also shown beneficial interactions of rhizobialléeson

growth-promoting abilities were conducted, followey
in vitro plant inoculation test.

2. MATERIALSAND METHODS

2.1.Sampling of Rice and Legume Roots for
Bacterial Isolation

At every location, eight sampling points, each poin
approximately 50 m apart, were randomly selectate O
healthy rice plant per point was chosen for baateri
isolation. The roots were washed twice with cleater
to remove the adhering soil particles. Three frasd
whitish root tips, each approximately 2.5 cm longre
cut and placed into a test tube containing 9 mlilste
distilled water. The test tubes were shaken mayuall

production,remove soil particles and other debris on the raois

the water was replaced with new sterile distilleatew.
The samples were taken to the laboratory in arbae
the icereplaced regularly every 6 h.

Volunteer leguminous plants Glycine max,

growth of rice, which was believed to be due to Mimosa pudica) in therice field were collected

increased root efficiency in water and nutrientalgpt

The reference strain UPMB1®4cillus sp.), a local
isolate from rhizosphere of oil palm roots, has rbee
studied in detail for the past 10 years. This rbaxierial

isolate has been shown to exhibit several benéficia

characteristics namely biologicak fixation (Mia et al.,

2010a), increased accumulation of N, P and K in the

plant tissue (Amiet al., 2005), increased root and shoot
growth (Miaet al., 2010b) and overall plant growth and
yield (Farzanat al., 2007) on various crops such as oll
palm, sweetpotato, banana and rice (Aatial., 1999;
Farzanat al., 2009; Miaet al., 2009; 2012)**N dilution

randomly and thenodules from each plant were
removed and placed in McCartney bottles containing
15 mL sterile distilled water. The bottles wererstb

in ice box and taken to the laboratory.

2.2. |solation of Rhizobia/PGPR

The rice root samples were transferred into Mc@grtn
bottles containing 15 mL sterile distilled watemgssterile
forceps. The bottles were shaken vigorously witfodiex
mixer for 10 sec. The solutions were used to isolat
rhizospheric bacteria. The roots were taken outsamface
sterilized by soaking in 95% ethanol for 10 selip¥eed by

technique and acetylene reduction assay reveaked th 3% sodium hypochlorite for 1 min. 6 times washethwi

the BNF rate values to be 28 and 63%, respectivelysterile distilled water.
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longitudinally using sterile blade, followed by tieal (7820A, Agilent Technologies, USA) equipped with a
sections into 5 pieces. These dissected root pieees  hydrogen Flame lonization Detector (FID) and stssl
transferred into another McCartney bottle contgrii mL  steel column with Porapak N media. The concentmatio
sterile distilled water and the bottle shaken \ogsty with of ethylene produced was calculated based on the

a vortex mixer for 10 sec. These solutionswere used standard ethylene graph at 2.1 min Retention TR .(
isolate for endophytic bacteria.

The above procedures were repeated for all 8 rice2-4. Phosphate Solubilizing ability

plants from each sampling location. 0.1 mL of the  The isolated culture was grown on Pikovskaya
solution from each bottle wastransferred onto Titypt medium to determine the ability to solubilize phoste
Soy Agar (TSA) plates and spread evenly using &¢WC  according to the method by Pikovskaya (1948). The
stick. The plates were covered with parafilm, inedr  apility to solubilize phosphate was observed by the
and placed in the incubator for 24 h at 33°C. formation of a halo zone around the colony (10 uL
Similarly, nodules from the leguminous plants were inoculum, %x10° CFU mL™) after 24 h of incubation. A
surface sterilized, dissected and crushed usingerdles halo zone will be formed when the bacterial isdate
pestle. It was transferred into a test tube coinigi® mL produce organic acid which will solubilize tri-calm
sterile distilled water and shaken using a vortéxem0.1 phosphate in the medium.
mL of the solution from each tube was pipetted ivi@ast The quantification of the solubilized phosphate was
Mannitol Agar (YMA) plate and spread evenly using a undertaken by using phosphate solubilizing index,
hockey stick. The plates were covered with parafilm according to the method by Sitegial. (2007). Phosphate
inverted and placed in the incubator for 24 h 8€33 solubilization index was derived by dividing thetaio
After 24 h, all the plates were observed for défer ~ diameter of the halo zone (colony+halo zone) wigimetter
types of bacterial growth, based on colony morpimlo of the colony. These were undertaken in triplicates
such as color and shape. Different colonies wete su ~ The phosphate solubilization quantification was
cultured into new TSA/YMA several times to get the fepeated using vanadomolybdophosphoric acid method
pure, single colony. Each of the isolates was fearsd ~ (Kumar et al., 2009; Ribeiro and Cardoso, 2012) to

onto agar slant (TSA/YMA) and kept in the refrigera ~ Measure soluble phosphate concentration in thereult
at -3°C for the next subsequent experiment. supernatants of NBRIP broth (Nautiyal, 1999). The
standard curve was prepared by a stock solution of

2.3. N, Fixation Ability KH,PO, mixed with 5mL of concentrated ,BO, and
diluted to 1 L with distilled water. The bacteriablates
were grown on TSA culture medium for 24 h.
Thereafter, 10 puL of bacterial suspension (contgini
approximately 1 CFU mL™) was inoculated into each
NBRIP broth. The control consisted of flasks camitag

The N, fixation ability was tested by growing the
isolates on N-free solid malate medium (Nfb medium)
according to the method by Dobereiner and Day (1975
Plates were incubated for 24 h at 33°C. The ahifitthe

isolates to fix M was observed by the change in color of the 100 mL of NBRIP culture medium without inoculum.eTh
media from pale green to blue after the incubgtienod.  gaqks were incubated at 28°C for 12 days undestaon
This is due to the increase in pH attributed toftinmation agitation at 100 rpm and the pH of the culture mmedin
of ammonia and nitrates from the atmosphegidixdtion. each treatment was checked. After 6 days of intrga25
The quantitative measurement of fixation rate of the 31 of each culture medium was added to 50 mL degei
selected bacterial strains was done using Acetylengpes, which were centrifuged at 8000 g for 20 @if.mL
Reduction Assay (ARA) method according to Haetlgl.  of the supernatant was transferred into a 50 mkeyeznd
(1968) and Somasegaran and Hoben (1985). About 20 mL of distilled water was added. 2.5 mL of Baiso
UL of the bacterial inoculum €l0° CFU mL™) was  reagent (Barton, 1948) was added quickly to create
transferred into a 10 mL Vacutainer (Becton, Diskin mixing action and color development was allowed 1or
and Company, USA) containing 4 mL of N-free semi min. The absorbance value was determined coloiizatyr
solid media (Dobereiner and Day, 1975). 10% ofdlie  using spectrophotometer at 430 nm. The same prazdu
was replaced with pure acetylene gas (99.8%) uaing were repeated after 12 days of incubation. The long
gas-tight syringe (Hamiltéh USA). The bacterial incubation periods (6 and 12 DAI) were chosen a&s th
culture was allowed to incubate for 1 h and 1mlthaf preliminary study revealed that these bacteriairsgtrhave
air sample was injected into a gas chromatographyslow rate of phosphate solubilization ability.
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2.5. Phytohor mone Production and mixed thoroughly. Then, the solution was fed to

. _ AAS for K content determination.
Fully grown bacterial cultures were inoculated 001

mL Tryptic Soy Broth (TSB) and shaken on an orbital 2.7.1ron Sequestration (Sider ophor e Production)
shaker for 24 h. 1mL of the bacterial culture was
transferred into a new 100 mL TSB with the additadn

5 mL L-Tryptophan as the precursor of Indole-3-&cet
Acid. TSB without bacterial inoculation served &® t i ]
control. 1.5 mL of the bacterial culture were tfensed CAS agar plates were spot inoculated with eacinef t
into sterile Appendorf tube and centrifuged at 7006 bacterial strain and incubated for 48 h at 33°C.
for 7 min. The supernatant (LmL)wasmixedwith 2mL of Development of an orange halo zone around the g¢ln
Salkowsky reagent (2% of 0.5 M FeCln 35% ML inoculum, k10° CFU mL™) indicates a positive result
perchloric acid) according to the method by Gordod ~ as the siderophore removes Fe from the Fe-CAS dye
Weber (1951). The solution was allowed to settle2f® complex and gives the medium its characteristie balor.

min and_ development of a pink color would indickté _ (}?.8. Cellulase Enzyme Production

production. The absorbance values were determine

using a spectrophotometer at 535 nm and compared to Carboxy Methyl Cellulose (CMC) agar plates were
the standard curve to determine the IAA concemmati prepared by screening for cellulose enzyme proghucti
The 1AA standard curve was prepared using pure #A  according to the method by Kasaaal. (2008).

Chrome Azurol S (CAS) agar similar to that
described by Schwyn and Neilands (1987) was prépare
to detect the siderophore production by the baxteri

0, 5, 10, 15, 20, 25, 30, 35, 40 and 45 pg hdf IAA. A sterile paper disc was dipped into microbial
Supernatants of uninoculated test tubes were used aculture and transferred onto the CMC agar platég T
control, where no visible color was observed. plates were incubated overnight at 33°C. After

incubation, the plates were flooded with Congo red
solution for 15 min, followed by de-staining withe
The selected isolates were grown on a modifiedsalt solution for 15 min. Unstained areas indicate
Aleksandrov agar medium to determine the ability to where the CMC has been degradeddue to production
solubilize potassium (Het al., 2006). About 10 pL of of cellulose by the bacterial strain.
bacterial suspension (containing approximately® 10
CFUML™) were streaked onto the media, incubated at
33C and observed at 5 and 10 Days After Incubation Pectinase agar plates were prepared to screen for
(DAI). The ability to solubilize muscovite mica a  Pectinase enzymes production, according to the adeth

source of insoluble form of potassium was derivedie Py Yogeshet al. (2009). . . o
formation of clear halo zone around the colony. A sterile paper disc was dipped into microbial oxet
The quantitative estimation of potassium and transferred onto the pectinase agar platespiBtes

solubilization rate was examined based on the Hatte were incubated overnight at 33°C. After incubatiur

- , - plates were flooded with 50 mM iodine solution ik
abilities to release K from media supplemented with nin 1o opserve the halo zonewhich indicates théitybi
muscovite mica as an insoluble source of potassme.  of the strain to produce pectinase enzyme.

mL of overnight culture of each isolate was inotedsto ) . i
100 mL of Aleksandrov broth and the amount of K 2.10. Bacterial Identification using 16S rDNA
released in the broth was estimated at 5, 10 andAl5 Gene Sequence

from triplicate flasks, in comparison with a set of The selected strains were identified by partial
uninoculated control. The broth cultures were gequencing of the 16S rDNA gene. Genomic DNA was
centrifuged at 10,000 rpm for 10 min to separate th jsplated from the bacterial culture by using Geromi
supernatant from the bacterial cells and insoluble DNA Mini Kit (Geneaid). 16S rDNA gene was amplified
potassium. The available K content in the supemata using universal forward (5-
was determined by Atomic Absorption Spectrometer AGAGTTTGATCMTGGCTCAG-3") and reverse (5'-
(AAS) (Perkin Elmer, AAnalyst 400 AAS). One mL of GGTTACCTTGTTACGACTT-3") primers (Integrated
the supernatant was taken in a 50 mL volumetriskfla DNA Technologies, USA). 50 pL reaction mixture was
and the volume was made to 50 mL with distilledevat prepared containing 5 pL of DNA template, 5uL 10X
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PCR Reaction Buffer, 0.75 uL 10 uM of each primérs,

ML 10 uM dNTPs mix, 0.5 pL 5u/uL Taqg polymerase,
3uL 25 uM MgC} and 34pL ultra-pure water. PCR

reactions were carried out in a thermal cycler (Midi

The solution was mixed thoroughly using vortex
mixer for 30 sec. 1mL of the bacterial suspensiomf
each solution was transferred into a series ofttdmts at
10-fold dilutions each and streaked on TSA/YMA &t g

Personal Thermal Cycler, Bio-Rad) using cycles asthe Colony Forming Unit (CFU) by total plate count

follows: 5 min at 94°C, 30 sec at 94°C, 30 sect5 1
min at 72°C and final extension for 5 min at 727®e
amplified 16S rDNA gene was purified with a Gel/PCR
DNA Fragments Extraction Kit (Geneaid) and out-

sourced for sequencing (First Base Laboratories Pvt
Malaysia). The sequence data was

Ltd., Selangor,
aligned and analyzed to identify the bacterium &ad
closest neighbors by using BLAST (NCBI, USA).

2.11.Plant Inoculation Test
Chamber

in Plant Growth

technique, according to method by Somasegaran and
Hoben (1985). The optical densitiesof the bacterial
cultures were also undertaken by transferring 1.50Mm

the bacterial suspension into 2 mL cuvette and usaty

a spectrophotometer at 600 nm absorbance.

Sets of sterile 500 mL measuring cylinders and
stainless steel sieves were prepared for growtheofice
seedlings according to the method by Egedaerl.
(1999). About 50 mL sterile N-free nutrient soluiso
were added to each cylinder followed by 5 mL of the
respective phosphate buffer saline-washed bacterial
inoculum, according to the treatments (approxinyatel

Bacterial cultures were prepared by growing them in 10"® CFU mL™?, 1 mL per seedling)T@able 1 and 2).

TSB/YMB for 24 h, followed by centrifuging at 40@D

Five 5-days old rice seedlings were aseptically

for 40 min. The supernatants were then removedtransferred onto the sieve in the cylinder and stdjli so
aseptically and replaced with 20 mL 0.85% sterile that only the roots were in contact with the nuatrigolution.

phosphate buffer saline.

Tablel. Treatment design and description of the plant
inoculation test (Control/PGPR and rhizobia)

Treatment Description

T1: Ng—- PGPR Control 1 (without N)
T2: N33— PGPR Control 2 (with 33% of N)
T3: Ny + PGPR 1 UPMB19

T4: Ny + PGPR 2 UPMB20

T5: Ng+ PGPR 3 UPMR30

T6: Ny + PGPR 4 UPMR31

T7: Ny + PGPR 5 UPMB10

T8: N33+ PGPR 1 UPMB19

T9: N33 + PGPR 2 UPMB20

T10: Ns3+ PGPR 3 UPMR30

T11: Ns3+ PGPR 4 UPMR31

T12: Ng3+ PGPR 5 UPMB10

Note: [All treatments were laid in Completely Randomized
Design (CRD) with three replicates and harvested &ftand
14 Days of Transplanting (DAT); NO: Treatment wittho
inorganic fertilizer-N, N33: Treatment with 33% iforganic
fertilizer-N recommended rate]

Table 2. Rhizobial and PGPR strains used for inoculatiomiae
variety MR219

Strains Species Isolated plant species
UPMB10  Bacillussp. Elaeis guineensis Jacqg.
UPMB19 Rhizospheric PGPR strainOryza sativa L.

isolated from rice roots
UPMB20 Endophytic PGPR strain Oryza sativa L.

isolated from rice roots
UPMR30 Rhizobial strain Glycine max
UPMR31 Rhizobial strain Mimosa pudica

////A Science Publications

346

The lids of the cylinders were covered with alumamifoil
and incubated in a plant growth chamber at 30°Cl#br
days with alternate 12 h day and night cycle.

2.12. Statistical Analysis

Data on phosphate  solubilization index,
phytohormone production and plant inoculation test
theplant inoculation experiment were subjected to
Analysis of Variance (ANOVA) using SAS software.
Means were compared by Least Significant Difference
(LSD) Test at a probability level of 0.05.

3.RESULTS

A total of 205 isolates were obtained from thisdgtu
which came from four distinct locations across Mala.
The bacterial isolates were categorized as follo9vs;
rhizospheric and 107 endophytic bacteria from roms,
one rhizobial strain from soybeai®Glycine max) and
three from Mimosa pudica (Table 3). The highest
number of PGPR was isolated from Besut, Terengganu,
followed by UPM, Selangor, Tunjung, Kelantan ank, Si
Kedah with a total number of 93, 45, 41 and 22ait,
respectively. Results also showed that samplings sit
with long history of rice cultivation namely at Tjung,
Kelantan and Besut, Terengganu tend to have higher
numbers of endophytes from the total isolates (6%%
compared to the relatively new rice cultivatioresitat
Sik, Kedah and UPM, Selangor (27-44%). Fifty two of
these bacterial isolates were positive for both Kbe
fixation and phosphate solubilization ability tesising
agar platesTable 4 and Fig. 1).
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Table 3. Rhizospheric and endophytic classification andritistion of bacterial isolates from four locations

Location Crop Classification Isolates Percentage
Sik, Kedah Oryza sativa Rhizospheric 16 73
Endophytic 6 27
Total isolates 22 100
Tunjung, Kelantan Oryza sativa Rhizospheric 16 39
Endophytic 25 61
Total isolates 41 100
UPM, Selangor Oryza sativa Rhizospheric 25 56
Endophytic 20 44
Total isolates 45 100
Besut, Terengganu Oryza sativa Rhizospheric 37 40
Endophytic 56 60
Total isolates 93 100
Total PGPR isolates collected 201 -
UPM, Selangor Glycine max Root nodule (legume) 1 25
Mimosa pudica 3 75
Total Rhizobial isolates collected 4 100

Table 4. N,-fixation and phosphate solubilization tests result

Location Isolates Positive tests op-fikation and phosphate solubilization
Sik, Kedah 22 4 (18.2%)

Tunjung, Kelantan 41 12 (29.3%)

UPM, Selangor 49 6 (12.2%)

Besut, Terengganu 93 30 (32.3%)

Total 205 52 (25.4%)

Note: [Figures in parenthesis represent the percentafies per locatign

N-free agar plate Pikovskaya agar plate

(a) (b)

Fig. 1. N-free(a) and Pikovskaya(b) agar plates after uhatton with selected isolates for 24 h. Positindications are shown
by the change in color from green to blue in (aj &armation of halo zone around the colony in b

A total of 52 isolates (25.4%) from the total of520 The five isolates from the current study were then
isolates have dual beneficial characteristics ngrhg} subjected to other biochemical tests such as
fixation and phosphate solubilization. quantification of N fixation, phosphate and potassium

Based on the IAA_production, five isola_\tes WETI€ solubilization rates and qualitative observation of
selected, namely UPMB19 (Tunjung rhizospheric id h d hvdrolvzi ducti b
PGPR), UPMB20 (Besut endophytic PGPR), UPMR30 SICEropiore and hycrolyzing enzyme production by
(UPM Soybean) and UPMR31 (UPMimosa) and the using Acetylene Reduction Assay (ARA), phosphate
reference strain UPMB10, which produced 23.681, Solubilization index and vanadomolybdophosphoric
3.327, 13.225, 8.932 and 19.670 pg “Mmiof IAA, acid method, Aleksandrov broth media, Chrome Azurol

respectively Table 5). S (CAS), cellulase and pectinase agar, respectively
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Table 5. IAA production of the selected PGPR/rhizobial atels

No Isolates IAA (ug/mL) No. Isolates IAA (ng/mL)
1 UPMTr1 1.460 27 Besut e 14 1.212
2 UPMr 2 2.175 28 Besut e 15 7.424
3 UPMr3 1.303 29 Besut e 16 7.052
4 UPM Mimosa 1 (UPMR31) 8.932 30 Besut e 17 1.929

5 UPM Mimosa 2 1.367 31 Besut e 18 0.994
6 UPM Soybean 1 (UPMR30) 13.225 32 Besut e 19 0.808
7 Besutr 1 4.131 33 Besut e 20 7.207
8 Besutr 2 1.242 34 Besut e 21 0.870
9 Besutr 3 1.895 35 Besut e 22 2.299
10 Besutr 4 2.361 36 Besut e 23 0.870
11 Besutr 5 1.957 37 Tunjung r 1 (UPMB19) 23.681
12 Besutr 6 8.553 38 Tunjungr 2 4.611
13 Besutr 7 8.560 39 Tunjungr 3 3.903
14 Besute 1 0.932 40 Tunjung e 1 2.442
15 Besut e 2 0.777 41 Tunjung e 2 2.730
16 Besut e 3 1.304 42 Tunjung e 3 1.912
17 Besut e 4 1.336 43 Tunjung e 4 3.040
18 Besute 5 1.367 44 Tunjung e 5 4,788
19 Besut e 6 2.799 45 Tunjung e 6 3.283
20 Besut e 7 (UPMB20) 23.327 46 Tunjunge 7 5.451
21 Besut e 8 0.683 47 Tunjung e 8 4.633
22 Besut e 9 1.646 48 Tunjung e 9 5.584
23 Besut e 10 3.666 49 Sikr1l 4.013
24 Besut e 11 1.469 50 Sikr 2 4.500
25 Besut e 12 6.151 51 Sikel 3.571
26 Besut e 13 7.518 52 Sik e 2 4.080

Reference strain (UPMB10) 19.670
Note: [Values are based on average of 3 replicatesgfitesent rhizospheric PGPR, “e” endophytic PGPR]

The results of ARA showed a considerable amount ofslight decline at D10. UPMR30 also recorded ancase
ethylene produced by the selected strains whichge@n from D2 to D4, followed by a gradual decline uibtilO.
between 15.60-19.95 nmol ,i&/mL/hour Fig. 2). The quantification of phosphate solubilization b t
UPMB19 and UPMB20 have significantly higher bacteria in the current study was repeated using a
nitrogenase activities with an increment of 28% andrelatively — more  accurate  technique  called
24%, respectively, compared to the lowest ethy|enevanadomolydophosphonc acid method. The amount of
produced by UPMB10. soluble phosphate derived from the solubilizatioh o

Phosphat lubilization ind h d that isolat insoluble form of phosphate [tricalcium phosphate,

ospnate solubization incex SHowe a ISOaeCag(POA')z] was measured. All inoculums media (NBRIP
UPMB10 has significantly the highest phosphate . : .

S : . broth) showed a continuous drop in pH upon badteria
solubilization index compared to the other isolates

. . ) _ inoculation and prolonged incubation perioéig; 4).
throughout the incubation period of 10 dapg(3). The The pH of the uninoculated broth remained consgnt

values gradually increased from 2.14 at two daysraf 7 o throughout the duration of the 12-days expenime
incubation (D2) to 2.51 at the end of the incubaperiod  The amount of P solubilized was directly relatedtte
(D10). Similar trend was observed for strain UPMB20 drop in media pH. Inoculation with strain UPMR31

with increment of index value from 1.31 to 2.00h&t  showed the highest drop of pH (25%) at 12 Days Afte
isolates, UPMB19 and UPMR31, recorded a graduallncubation (DAI), compared to the pH at 6 DAI,

increase in index value from D2 to D8, followed &y followed by the broth inoculated with UPMB10 which
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showed a pH drop rate of 9.7%. At 6 DAI, UPMB10 ranged from 10.70 pg mt to 14.15 pug m[*, with
reduced the pH of media to 5.45 which was the léwes UPMB10 able to significantly solubilize the highds&t
among the treatment and this resulted in a sianitiy followed by UPMB19, UPMB20, UPMR30 and
high inorganic phosphate solubilization (51.14 pigm  UPMR31 Fig. 6). He selected isolates were also tested
P) compared to the other straifig. 5. However, upon  for other biochemical tests such as siderophore and
prolonged incubation, UPMR31 reduced the media pHhydrolyzing enzyme productiorT éble 6 and Fig. 7).

to the lowest value at 4.71 and hence produced theéAll isolates were able to produce siderophose, with
highest phosphate solubilization rate (61.87 ugnL UPMB19 and UPMB20 showing a slightly higher
This was also true for inoculation with UPMB10, kit production rates through the halo zone observation.
the drop in pH to 4.92 and the rate of phosphateMeanwhile, isolates UPMB10, UPMB19 and UPMB20
solubilization at 56.59 pg mt. were able to secrete cellulase while the abilitprimduce

Amount of K solubilized by these bacterial strains ~ Pectinase only existed for the latter strain.

2

Lh

19.32a 18.47ab

20 [19.320]
17.06ab
15.6b
1 -
- I
0 T T T

UPMBI10 UPMB192 UPMB20 UPMR30 UPMR31

¥

Nmol C2H4/mLhour

Lh

Fig. 2. Acetylene reduction assay of the selected isobgs: Different letters within each column are gigantly different at 0.05 level

3 .
BUPMBI10 BUPMB19 QUPMB20 BUPMR30 OUPMR31
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o
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Fig. 3. Phosphate solubilization index of the selectedaitad Note: Different letters within each column argnificantly
different at 0.05 level
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Fig. 4. Changes in pH of the medium by bacterial inocolzdi

70
: m 6 DAI 012 DAI

u;
[
u;

29.59b

I’ solubilized (png/ml.)

UPMB10 UPMB19 UPMB20 JPMR30 UPMR31

Fig. 5. Phosphate solubilization rate of the selectedatesl Note: Different letters within each column aignificantly
different at 0.05 level
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Fig. 6. Potassium solubilization rate of the selectedata at 5 DAI Note: Different letters within eacblumn are
significantly different at 0.05 level
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Fig. 7. Chrome Azurol S (a) cellulose (b) pectinase (c)ragiates after inoculation with selected isolatéste: Positive
results areindicated by the formation of halo zonead the colonies

Table 6. Assessment of siderophore and hydrolyzing enzymoduztion of selected isolates

Strain Siderophore production Cellulase production ectiRase production
UPMB19 ++ T+ ;

UPMB20 ++ + -

UPMR30 + - -

UPMR31 + - -

UPMB10 + +++ +++

Note: + = Positive; - = Negative

Table 7. Bacterial identification using 16S rDNA gene arnipéfion
Molecular Identification

Isolates 16S rDNA fragment length (bp) Closest inedatin NCBI NCBI accession number  Similarity (%)

UPMB10 1451 Bacillus subtilis KF649246.1 97
strain Ljb-4

UPMB19 1441 Lysinibacillus xylanilyticus ~ JN999887.1 94
strain GDLY1

UPMB20 1443 Alcaligenes faecalis KF641851.1 97
strain B17

UPMR30 1486 Bradyrhizobium japonicum  DQ517954.1 99
strain HHB-02

UPMR31 1429 Rhizobium etli bv. mimosae DQ648573.1 99
strain Mim-1

The selected bacterial isolates were identified vial4 Days After Transplanting (DAT), plants were
sequencing of its 16s rDNA gene. As shown in harvested and various parameters including plant
Table 7, BLAST searches against the NCBI height and Total Dry Weight (TDW) and bacterial
nucleotide database revealed close relationship t population and IAA production in the residual natri
known plant-associated bacteria, including ganer solution were taken.
Bacillus, Lysinibacillus, Alcaligenes, Bradyrhizobium Inoculation with UPMB10 and UPMR31 produced
and Rhizobium. significantly taller rice seedlings at 17.15 cm a5
These five selected isolates were then used imtpla cm and heavier total dry weight at 74.7 mg and 4.6
inoculation studies in plant growth chambers undermg, respectively, at 14 DATF{g. 8 and 9). All other
sterile condition. The rice seedlings were inocediat inocula also resulted in significantly taller rice
during transplanting at the rate of 2 mL/seedliAg. seedlings at 7 and 14 DAT and total dry weight
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without fertilizer-N application. UPMB19 treatment population in all treatments except for UPMB19 whil
produced the tallest riceseedlings at 7 DAT but notUPMB10 maintained the significantly high population

towards the end of the experiment.

at 2.6<10° CFU mL™.

Results on survival of bacteria in residual plant At 7 DAT, UPMB10, UPMB20 and UPMR30
nutrient solution showed that UPMB10 and UPMR31 significantly increased the IAA production to 0.678
isolates survived better in the residual nutriesitison 0.592 and 0.603 pg mt, respectively Fig. 11).
by maintaining their population at %80° and 6.610°  ~ UPMB10 maintained a significantly higher 1AA,
CFU mL?, respectively Fig. 10). In the current study, 0.774 pg mLC!, at 14 DAT. A similar result was also
the addition of 33% fertilizer-N lowered the badagr observed for treatment with UPMR31, 0.773 pg L

B7DAT B14DAT
17.5a
16.55ab -

16 15.05b 15.3b

14 12.3ab
g b2 9.8¢c §
é 6.150 \

6 % %

Y BN

Uninoculated UPMBI10

12.65ab
b 11.4b

772722222222

UPMB19 UPMB20 UPMR30 UPMR31

Fig. 8. Effects of rhizobial and PGPR inoculation (with fertilizer-N) on height of seedlings at 7 and 1AD Note:
Different letters within each column are signifitlgrdifferent at 0.05 level

76

74
- 70.7a 70.4a
70
68
66 - 65.2¢c

Total dry weight ( mg )

64

60
Uninoculated UPMB10

00% N W33%N

UPMB19 UPMB20 UPMR30 UPMR31

Fig. 9. Effects of rhizobial and PGPR inoculations on T@#\seedlings provided with 0 and 33% fertilizer-M(DAT) Note:
Different letters within each column are signifitlgrdifferent at 0.05 level
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062D 6.86b 6.66b
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Logl0 CFU/mL

UPMB10 UPMBI19 UPMB20 UPMR30 UPMR31

Fig. 10. Total bacterial population in residual plant nefri solution provided with 0% and 33% fertilizeralN7 DAT
Note: Different letters within each column are signifitly different at 0.05 level

0.90 @7 DAT 014 DAT
0.80
0.70
0.60 _
0.50 : 0.451ab

0.603
0.498ab

0.467ab ]

0.40
0.30
0.20 -
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IAA (pg/mL)

0.178b

Ininoculated  UPMBI10 UPMBI19 UPMBZ0 UPMR30 UPMR31

Fig. 11. Effects of different isolates on Indole-3-acetadaproduction at 7 and 14 DAT with 0% fertilizeradldition
Note: Different letters within each column are signifitigrdifferent at 0.05 level

4. DISCUSSIONS higher chances of bacterial interactions with thee r
plant roots.PGPR and rhizobia play more important
Several locations were chosen to observe biodiyersi roles especially in supplying nutrients to the pdaim a
of bacterial isolates due to different cultural @gymic less fertilized soil. Adesemoye and Kloepper (2009)
practices and geographical distribution. It is reported an equivalent plant growth, yield and ieuatr
hypothesized that there would be greater chances ofiptake of tomato when supplied with 75% of
beneficial bacterial interactions with plant rodtem recommended fertilizer with addition of microorgsmi
locations which practice minimal and chemical-free inoculants, compared to fully fertilized plant$N
planting systems, namely in Terengganu, Kedah andstudies in 2012 have revealed that UPMBBac{llus
Kelantan. Isolation at Sik, Kedah represented aomaj sp.) fixed 67% of nitrogen in the young oil palm thgiu
rice growing state located on the north-west cadst biological N, fixation (Zakryet al., 2012). It seems like
Peninsular Malaysia. Rice fields at Tunjung, Kedant the PGPR isolates at sites with long history oferic
and Sik, Kedah practiced the System of Rice cultivation have developed a survival mechanisniraga
Intensification (SRI) which is a chemical-free syst harsh rhizospheric environment by acquiring anitgtiib
Bacterial isolation at these locations are vitad do the penetrate the cell wall and reside within the risgues
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as endophytes. One of the probable mechanismdaghr  nodules of chick pea (Ahmadet al.,, 2008);
prod_uction of hydrolyzing enzymes namely cellulasel Corynebacterium agropyri, Enterobacter gergoviae and
pectinase, as suggested by Reinhold-Hurek and Hurelgacillus amyloliquefaciens (Ng et al., 2012) and from rice
(1998). Besut produced the highest number of PGPRsoil diazotrophic isolates (Nahest al., 2009) which
isolation and this was anticipated since the raeners  ranged from 7.03-22.02, 3.56-24.32 and 32-69 pg‘mL
at Besut practised minimal chemical fertilizer 8yt  respectively, when using the same concentration of
which increased bacterial interactions with plambts. tryptophan as the precursor (1 mL/20 mL broth). I1AA
Nutrients were supplied to the plant through proquction is believed to be crucial for promotinfroot
conventional system at UPM, thus lesser baCte”alelongation and root hair development. Bisweisal.
population was found. Meanyvhile: organic farmingeeq (2000) suggested a probable connection between
n K_edah and Kelantan which did not apply qhemlcal increased tiller production and yield of rice with
fertilizers yvould.not hav_e.t.he starter plant nuttefor change in hormonal balance, particularly 1AA, doe t
the bacteria to interact initially with the plardgots for thizobial inoculation. Duangpaencgt al. (2012)

plant growth promotion. This hypothesis was Sufgbrt conducted the same method as in the current stydy b

by Anderson and Peterson (1978) who suggested the ) . , . .
irr):portance of starter fertilizer( in su)gar beet 8v§l]uleare Selecting endophytic bacteria based on their IAdupetion

was limited root growth due to nutrient deficiersie and showed that several high IAA-producing bacteria
The soil microbes also required minimal supply of m_creased shoot and root length of rice, whllepcmigthe
nitrogen as starter-N to grow and establish to poed ~ Mghest number of shoots per plant and shoot hefght
beneficial effects on oil palm seedlings (Ai'shethal., paper germination on Petri dish and in pot experime
2010). Nevertheless, the numbers of PGPR isolated n€ Acetylene Reduction Assay (ARA) is an indirect
from each location were almost similar with findingy ~ Method to quantify Biological NFixation (BNF) rate
Jha and Subramaniam (2012), Panhwaal. (2012) since it measures the conversion of acetylenehyleste
and Bhromsiri and Bhromsiri (2010) who had by the nitrogenase enzymes, similar to the rednatib
collected 35, 43 and 68 bacterial strains, respel; N, to NH; in BNF by diazotrophs. The ethylene produced
from various locations of rice field. by these bacterial strains were much higher thaseth
N,-fixation ability was the first screening criterid ~ recorded by Katupitiyaet al. (1995) with Azospirillum

the isolates since this characteristic is vital anetial to (Cszﬂ?plég?/ﬁgla:io'lr]h'gvhsicglsoprtordgce%er?ncl}c/)mifre dnm?h
the plants as a potential alternative to reducenated N- : lour. ThIS 1S & ue w 0 Wi
fertilizer application. Bacterial strains with dual 9idZotrophisolates from rice by Nafeeral. (2009) which

-8 -3
beneficial characteristics isolated from this stuae rarrget_s frorfntr?.ﬁlob tot 1.'2;1? _nmpl tﬁsz»/ cfu/hrl. The
slightly higher than isolation percentage o$-fixing selection of these bacterial strains in the cu y was

bacteria from Korean rice fields (Islaehal., 2012), 32 ?r:gflzlni?rfetrr:ﬁizzi)l(\lt 5?;temv3ﬁilflea“sct)irl]l E?esr:e;? 'rlgt“r?:r
out of 165 (19.4%) and lower than isolation of g 9 Y

. . positive effects of the plant-bacterial interaciion
diazotrophs from pepper vine (Zaleyal., 2010, 14 out Meanwhile, phosphate solubilization index value for

of 45 (31.1%). Diazotrophs contain nitrogenase erey UPMB10 and UPMB20 showed a gradual increased

and thL.JS Cap"’?b'e of fixing atmospheric nitrogero int from D2 to D10 which suggested that these bacterial
ammonium which are subsequently absorbed by plants aing could still solubilize more insoluble phbate

via Biological N Fixation (BNF) process (Bodd&yal., oy en after 10 days of incubation period. Thus, eHem
1995). It has been reported by Vargasl. (2012) thal  pGpR strains could be more beneficial to plantssesi
rice seedlings can obtain variable contributionsnfr 4 insoluble phosphate solubilization process rau
BNF namely increased lateral root development andine soil for a longer period. Phosphate solubilizat
ethylene signalling responses upon inoculation with gceyrs when the microbes release metabolites ssch a
diazotrophic bacteria such aospirillum brasilense organic acids (Ramachandreral., 2005; Panhwaet al.,

$p245 andBukholderia kururiensis M130. o 2012) which will reduce the media pH and consedyent
The IAA production by bacterial isolates in thisd¥  solubilize the insoluble tricalcium phosphate 5@&)..
were almost similar with selected isolatesAaftobacter, This criterium is vitally important in the prelinany

fluorescentPseudomonas and Bacillus from rhizospheric  screening for potential biofertilizer inoculum, esgally

soils of different crops namely mustard, barseefmeat;  to minimize the excessive inputs of inorganic piagp
sugarcane, brinjal, onion, cauliflower, cabbage amat  fertilizers in soil environment, as earlier suggesby
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Sitepuet al. (2007). This criterium was also assessed by colonizing the root interiors of rice plant (Preathl,

Afzal and Asghari (2008) whereby inoculation with
Phosphate Solubilizing Bacteria (PSB) along with 30
40% of P fertilizer resulted in improved grain yiebf

2006). Hence, there is a probability that strairViB29
could also become endophytic with its cellulase
production. Vessey (2003) also had earlier stated i

wheat compared to sole application of P fertilizer review that PGPR which have cellulase and pectinase

without PSB. There are reports of contradictoryultss
between halo zone plate detection and P solubdizan
liquid culture (Rashidet al., 2004). Nautiyal (1999) has
shown that phosphate solubilization test based BRIR
broth assay has higher efficiency up to 3-fold.r¢yamic
phosphate solubilization was directly related te th
decline in pH (Aseaet al., 1988) and this has been
reported to be due to the production of organidsaind
acid phosphatases by the microbes (Petead., 2007;

activities could certainly aid in the infection pess by
gaining entry into the root system.

Based on 16S rDNA gene sequencing, UPMB19,
UPMB20, UPMR30, UPMR31 and UPMB10 were
identified under several genera:Lysinibacillus,
Alcaligenes, Bradyrhizobium, Rhizobium and Bacillus,
respectively.Bacillus subtilis has been explored as a
great biocontrol agent in various crops by actisgaa
elicitor of plant induced systemic resistance (I&Rpests

Rodriguez and Fraga, 1999) Similar findings were gnd pathogens (K|oeppa al., 2004; Lugtenberg and

found in this study which further supports the poerg
reports. Meanwhile, a group of researchers frorm&hi
have also shown that P released from insoluble fofrm
phosphate was negatively correlated to the solytign
(Liu et al., 2012). Several strains &hizobium were

Kamilova, 2009; Lucyet al., 2004). Lysnibacillus
xylanilyticus was isolated by other researchers from a
compost of fruit and vegetable waste and showneto b
able to solubilize tri-calcium phosphate, produce
phytohormone (IAA), carried riif gene for BNF activities

phosphate compound, hydroxyapatite and
mechanism involved was the production of 2-
ketogluconic acid by the rhizobial strains (Halderd
Chakrabartty, 1993).

theaeﬁivum) under controlled conditions (Hayeital., 2013).

Alcaligenes faecalis has been shown to secrete IAA as
plant growth-promoter in young lettuce seedling
(Barazani and Friedman, 1999), while others have

Potassium solubilization rates for these bacterial ;|assified this strain as a salt-tolerant bactenal a

strains were higher thaBacillus mucilaginous MCRCp1
which was reported to solubilize K at the rate @%4ug

potential human pathogen (Egamberdieval., 2008).
Bradyrhizobium and Rhizobium are two well-known

mL™ after 4 days of incubation (Sugumaran and pacteria in lequme symbiosis, with vital roles ardule
Janarthanam, 2007). The bacteria might producesacid formation and BNF (Nguyest al., 2012; Suzukét al.,

alkalis or chelants which enhance the releaseesheahts
from potassium bearing minerals such as muscovia.m

2014; Klonowskat al., 2012).
Results from the plant inoculation test showed that

Siderophore production test using CAS agar plate isisolates from different crops are able to increése

useful for rapid screening of potential benefitiatterial
isolates; bacteria with the ability to produce sigdore
can enhance plant growth by increasing the avéithabi
of iron near the roots for plant uptake (Alexanded

growth of rice plants (taller and heavier) sinceMB10
was isolated from oil palm and UPMR31 was from
Mimosa pudica. UPMB19 produced tallest seedlings in
the early observation but not towards the lattegest

Zuberer, 1991). Several reports have claimed thatindicating that this strain has the ability to prie

hydrolyzing enzyme production, particularly cellsda
and pectinase, could be the mode of entry for dutevia
into the roots and act as endophytes. This is lseceell
wall is mainly composed of cellulose while the niad
lamella between cell walls contains mainly pectin.
However, this probability has not been fully stutia

seedling growth as early as 7 DAT, while UPMB10 and
UPMR31 performed better at 14 DAT. The beneficial
effects of bacterial inoculation were possibly ded
through biological N fixation particularly when no
fertilizer-N was provided. Treatment with UPMB1%al
showed significantly higher Nfixation rate compared

diazotrophic endophytes (Reinhold-Hurek and Hurek, to the other strains except UPMB2Bid. 1). A greater
1998), thus the significance of this study. Strain rhizobial inoculation effects on plant photosynikes
UPMB20 is an endophyte, while strain UPMB19 was rate has been reported with zero-N treatment, cogapa

isolated from rice root rhizosphere. Previous stusiyig

to treatment with 90 kg N Ha(Penget al., 2002).

Scanning Electron Microscopy (SEM) has shown thatYanni et al. (1997) also stated that two endophytic

UPMB10 has the ability to act as an endophyte byisolates of Rhizobium
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significantly increased shoot and root growth @krin
plant growth chamber experiment. This early growth

biological N, fixation and phytohormone production and
indirectly to phosphate and potassium solubilizatjo

promotion effects on rice seedlings has also beenron siderophore and hydrolyzing enzyme productions

observed by Vargaat al. (2012) upon inoculation with
diazotrophic bacteria which promoted lateral root
development. Ashrafuzzamaat al. (2009) reported a
significant increase in plant height, root lengtid ary
matter production of shoot and root of rice seefima
pot experiment. Isolates UPMB10 and UPMR30
maintained a significantly higher bacterial popiolat
possibly due to their abilities to actively interagth the
rice roots when provided with zero amount of feait-

N. Similarly, Chiet al. (2005) and Jamest al. (2002)
observed high endophytic rhizobial population ineri
which reached 910" rhizobia per crtissues and 0
CFU per gram of fresh weight, respectively. The
increased population of UPMB19 with increased
fertilizer-N supply indicates that this PGPR fawur
condition with minimal inorganic-N for a population
increment of 44% compared to the treatment witto zer
fertilizer-N. The importance of minimal fertilizéd-as a
starter nutrient for plants and bacteria to growd an
interact beneficially has been well-demonstratedtiner
researchers (Becket al., 1991; Miaet al., 2010a). This
could have led to the increase in plant height wtal
dry weight observed in UPMB10 and UPMR31
inoculations. The significantly higher IAA produmtis

These strains belong to gendacillus, Lysinibacillus,
Alcaligenes, Bradyrhizobium  and  Rhizobium,
respectively. Hence, these findings could be usafd
crucial for the preliminary biofertilizer developmtefor

rice and other non-legume crops in Malaysia and the
tropics. These initial findings are useful as adfamental
information on the effects of local beneficial stsaon
early plant growth, thus a subsequent glasshoude an
field trials need to be undertaken to elucidate the
contributions of these PGPR and rhizobia on titigrand
yield of rice with reduced fertilizer-N rates.
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