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Abstract

The role of plant-growth promoting rhizobacteria (PGPR) in
sustaining organic crop production system is indispensable. As such, this
study characterized and evaluated the rhizobacteria isolated from the
rhizospheres of wild lily sp. and sugarcane in the City of Batac, Ilocos
Norte, Philippines. Initially, 15 bacterial isolates were purified and
characterized
morphologically.
However,
isolates
with
similar
characteristics were discarded and only six were evaluated to determine
their effect on the early growth of glutinous corn (Zea mays L.) through a
pot experiment. Promising isolates were biochemically characterized to
determine their classification.
Corn plants inoculated with bacterial isolates were significantly taller
than the control from 14 to 28 days after planting (DAE). At 28 DAE, the
heights of the corn plants inoculated with LR10 (44.50cm), SC5 (43.00cm),
SC4 (42.50cm), LR9 (42.33), and LB1 (40.67cm) were comparable to
those inoculated with LR (39.33cm) but significantly taller than the control
(35.37cm). The total biomass of corn plants inoculated with LB1 produced
the heaviest (3.20g) followed by those inoculated with LR1 (2.57g) and
SC4 (2.40g). Results of biochemical characterization indicate that isolate
LB1 is classified as Paenibacillus polymyxa, LR1 as Bacillus subtilis, and
SC4 as Bacillus subtilis.
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The roles of plant growth-promoting
rhizobacteria (PGPR) in crop production are
essentials. PGPR are free-living soil bacteria
that, when inoculated on seedlings before
planting, would effectively colonize the root
system and then enhance the growth and
yield of the host plants (Kumar et al, 2014).

Introduction
Synthetic fertilizer is indispensable in
providing adequate nutritional needs of crops
to attain higher yields. However, with the
goal of providing the needs of the fastgrowing population in Asia, particularly in the
Philippines, synthetic fertilizer and pesticide
application needed in producing crops had
increased
tremendously
causing
groundwater contamination (Gumtang et al,
1999) and natural ecosystems degradation
(Tilman et al, 2002). Prolonged use and
excessive application of synthetic fertilizer
destroys soil crumbs-mixture of humus and
clay that resulted to a highly compacted soil
with reduced drainage and air circulation due
to depletion of organic materials and trace
nutrients. Furthermore, the soil becomes
more acidic, which jeopardizes the
microorganisms that are both beneficial to
soil health and eventually the plants.

Moreover, PGPR are commonly
isolated in the plant rhizosphere, a narrow
zone closely surrounding the roots
(Sivasakthi, 2013) that is characterized by
intense microbial activities stimulated by the
root exudates. Afshan et al (2015) described
various ways that have been hypothesized to
elucidate how PGPR benefit the host plant.
These include the ability to: a) manufacture
plant growth regulators or phytohormones
such as indole acetic acid (IAA), cytokinins,
and gibberellins (Glick, 1995; Haque and
Dave, 2005; Marques et al, 2010); b)
increase asymbiotic N2 fixation (Sahin et al,
2004; Khan, 2005); c) solubilize inorganic
phosphate and mineralize organic phosphate
and/ or other nutrients (Glick, 1995;
Lazarovits and Nowak, 1997; Jeon et al.,
2003); and d) antagonize the effect against
phytopathogenic
microorganisms
by
producing siderophores, the synthesis of
antibiotics, enzymes, and/or fungicidal
compounds, and competing with detrimental
microorganisms (Dey et al, 2004; Lucy et al,
2004).

As such, development of alternative
technologies that would revitalize or
rejuvenate soil health and sustain production
of safe and quality food like organicallygrown crops is imperative. Growing organic
products is a holistic management system
that avoids the use of synthetic fertilizers,
pesticides,
and
genetically-modified
organisms. Likewise, it minimizes air, soil,
and water pollution and optimizes soil health
and
productivity
of
interdependent
communities of plants, animals, and people
(FAO, 2007). In implementing Republic Act
10068 (popularly known as the Organic
Agriculture Act of 2010), all sectors are
obliged to improve soil fertility, in order to
increase farm productivity, reduce pollution
and environmental destruction. However, its
promotion had faced many challenges like
inadequate production support, policy gaps,
as well as fragmented and inadequate
research and development among others.
Thus, the need to develop inquiry-based
technologies that produce organic inputs is
crucial
for
the
successful program
implementation.

Meanwhile, plants such as wild lily
and sugarcane are known for their resilience
to biotic and abiotic stresses that might be
due to the synergistic effect of the microbial
communities associated with them such as
Psuedomonas (Botelho and MendonçaHagler, 2006) and Bacillus species. Both of
which are known for their biocontrol and
biofertilizer properties.
The information generated herein
regarding the functional diversity of PGPR
associated with the rhizospheres of lily and
sugarcane is crucial for understanding their
ecological role and potential utilization in
sustainable crop production.
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Generally,
the
study
isolated,
characterized, and evaluated the growth
promoting activity of bacteria isolated from
the rhizospheres of sugarcane and wild lily.
Specifically, it isolated plant growthpromoting
rhizobacteria
from
the
rhizospheres of sugarcane and wild lily;
morphologically characterized the selected
bacterial isolates; evaluated the plant
growth-promoting activity of bacterial isolates
on the early growth stage of corn; and
biochemically characterized isolates having
plant growth-promoting activity.

Plant Inoculation
Effect of bacterial inoculation on plant
growth was examined on glutinous corn
since grasses are generally sensitive to
nitrogen deficiency and responsive to
supplemental N applications, through a pot
experiment under screen-house condition.
Seeds were planted on pots containing 1.5kg
sterilized soil and were pre-germinated for
four days with two seedlings per pot. Two
days after germination, 5mL inoculum was
applied at the base of the seedlings per pot.
Six distinct bacterial isolates plus a negative
control were used as treatments and set-up
in Complete Randomized Design (CRD) with
three replications per treatment. Plants were
harvested 30 days after emergence and data
sets were recorded for plant height, shoot
and root dry weight, and total biomass.

Methodology
Sample Collection, Isolation
and Purification of Bacteria
Roots and bulbs of wild lily and roots
of sugarcane were carefully collected by
uprooting the root system and then placed in
a plastic bag and cooler ready for
transporting to the laboratory. Samples
weighing 20g of the lily roots (LR), peels of
the lily bulbs (LB), and sugarcane roots (SR)
were taken after gently washing with distilled
water. They were separately placed in
250mL flasks containing 90mL sterile distilled
water and shaken (120rpm) in an orbit
motion for 30min. Ten-fold serial dilutions for
each sample were made and 0.1mL aliquots
from the 10-6 to 10-10 were spread onto plates
containing nutrient agar. The plates were
incubated for 36hr at 30°C and only plates
with 25-250 colonies were counted and
considered for characterization (Breed and
Dotterrer, 1916; Tomasiewicz et al, 1980).
Five bacterial isolates from LR, LB, and SR
were selected. Different colonies appearing
on the medium were isolated for
characterization such as size, colorpigmentation, form, margin, elevation,
surface, texture, and opacity as described by
Somasegaran and Hoben (1994). The Gram
reaction was performed as described by
Vincent and Humphrey (1970).

Biochemical Characterization
of Promising Isolates
Isolates LB1, LR1, and SC4 which
showed plant growth-promoting activity were
submitted to the Nueva Viscaya State
University DNA-Based Indexing Laboratory
for biochemical characterization using plate
technique.
Statistical Analysis
Data on plant height, shoot biomass,
root biomass, and total biomass were
subjected to analysis of variance (ANOVA)
and differences among treatment means
were compared using least significant
difference (LSD) test at 5% level using
Statistical Tool for Agricultural Research
(STAR) version 2.
Results and Discussion
Evaluation of Isolated Colonies
Population count of the 15 bacterial
isolates ranged from 8 x 107 to 4.8 x 1012 cfu
g-1 of rhizosphere samples (Table 1). The
high number of colonies observed from the
3
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different samples implies greater microbial
activities and higher possibility of PGPR
isolation.

to 28 DAE At 14 DAE, the height of corn
plants inoculated with LR1 (34.90cm); LR3
(34.40cm), LR5, SR4 (34.37cm), and LB1
(33.70cm) was statistically the same, but
SR5 (31.43cm) and the control (28.40cm)
were significantly different.
The relative
increase in height of the inoculated plants
over the control ranges from 7.15 – 22.89%.
At 21 DAE, corn plants inoculated with LR5
(42.47cm), LR3 (40.93cm), and SR4
(39.30cm) were the tallest but comparable to
those inoculated with SR5 (38.77cm), LB1
(37.43cm) and LR1 (37.23cm). The
uninoculated corn plants were the shortest
(34.03cm). At this stage, the relative increase
in height of the inoculated plants over the
control ranged from 9.40 to 24.80%. At 28
DAE, the same trend was observed except
for LB1 (40.67cm), which was statistically the
same as LR5 (44.50cm), SR5 (43.00cm),
SR4 (42.50cm), and LR3 (42.33cm). The
relative increase in height of the inoculated
plants over the control ranged from 11.20 to
25.81%. Tiwari and Thrimurthy (2007) and
Deepa et al (2010) suggests that PGPR can
directly increase plant growth via different
processes
such
as
the
following:
atmospheric nitrogen fixation; siderophores
production that chelates iron and makes it
available to the plant roots; increased uptake
of nitrogen, phosphorus, and potassium; and
synthesis of phytohormones, indole acetic
acid, gibberlic acid, and auxin.

Table 2 presents the morphologic
characteristics of the 15 bacterial isolates.
Results indicate that 67% of the bacterial
isolates were gram positive bacteria.
Generally, most gram positive bacteria are
beneficial whereas gram negative bacteria
are pathogenic. All of the isolates were white
to off-white, circular, with raised elevation,
and had sharply-defined edges.
Screening for PGPR Activity on Corn
Plants

Out of the 15 isolates subjected to
morphological characterization, only six
distinct isolates were evaluated for plant
growth-promoting activity on corn plants.
Table 3 shows that no significant differences
on height were observed among treatments
at 7 DAE. However, significant differences on
height among the treated plants and the
control were observed starting from 14 DAE
Table 1. Population count of bacterial
isolates from the rhizospheres and
bulbs of sugarcane and wild lily
ISOLATE
Sugarcane
SR1
SR2
SR3
SR4
SR5
Lily Bulb
LB1
LB2
LB3
LB4
LB5
Lily Root
LR1
LR2
LR3
LR4
LR5

POPULATION
COUNT
8.0 x 107
1.7 x 109
7.0 x 109
5.7 x 1011
4.0 x 1012

On the other hand, significant
differences were observed on the shoot
biomass, root biomass, and total biomass of
the test plants (Table 4). Corn plants
inoculated with LB1 isolate produced the
heaviest biomass (2.23g), which is 81.30%
heavier than the control. Relative increase of
shoot biomass of inoculated corn plants over
the control ranged from 3.25 to 81.30%. In
terms of root biomass, corn plants inoculated
with LR1 obtained the heaviest with LR1
(1.03g), which was similar to those
inoculated with LB1 (0.97g) and SC4 (0.87g)
with relative increase of 74 – 106%. Others
were
comparable
to
the
control,
which ranged from 0.47 – 0.53g. For the

3.3 x 108
7.0 x 108
2.2 x 1010
2.0 x 1010
1.5 x 1012
4.9 x 108
2.5 x 109
2.7 x 109
5.3 x 1011
4.8 x 1012
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Table 2. Morphologic characteristics of selected bacterial isolates from the bulb and
rhizospheres of wild lily and sugarcane
ISOLATE
Sugarcane
SR1
SR2
SR3
SR4
SR5
Lily Bulb
LB1
LB2
LB3
LB4
LB5
Lily Root
LR1
LR2
LR3
LR4
LR5

GRAM
REACTION

MORPHOLOGICAL CHARACTERISTIC

+
+
+
-

White, punctiform, raised colonies with entire margin
White, large circular, flat colonies with entire margin
Off-white, circular, flat colonies with entire margin
White, punctiform, raised colonies with entire margin
White, irregular, raised colonies with undulate margin

+
+
+

Cream, filamentous, convex colonies with filiform margin
White, circular, flat colonies with entire margin
Off-white, punctiform, convex colonies with entire margin
White, circular, flat colonies with entire margin
White, irregular, convex colonies with undulate margin

+
+
+
+

Off-white, circular, convex colonies with entire margin
White, circular, flat colonies with entire margin
White, irregular, flat colonies with undulate margin
White, filamentous, convex colonies with filamentous
White, irregular, flat colonies with entire margin

Table 3. Plant height (cm) of corn plants from 7 days to 28 DAE as affected by the
bacterial isolates
PLANT HEIGHT (cm)
TREATMENT
Control
LR1
LR3
LR5
SR5
SR4
LB1
CV (%)

7 DAE
ns
14.33
16.47
15.27
13.87
15.13
16.77
14.37
8.63

14 DAE
**
28.40 c
34.90 a
34.40 a
34.37 a
30.43 b
34.37 a
33.70 ab
5.61

21 DAE
*
34.03 b
37.23 ab
40.93 a
42.47 a
38.77 ab
39.30 a
37.43 ab
7.00

28 DAE
*
35.37 b
39.33 ab
42.33 a
44.50 a
43.00 a
42.50 a
40.67 a
6.64

In a column, means followed by the same letter are not significantly different using LSD at 5%.
CV – Coefficient of variations
ns – not significant
* - significant at 5% level
**- significant at 1% level
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Table 4. Shoot, root and total biomass of corn plants at 28 DAE as affected by the
bacterial isolates
TREATMENT
Control
LR1
LR3
LR5
SC5
SC4
LB1
CV (%)

BIOMASS (g)
Root
**

Shoot
**
1.23 c
1.53 bc
1.57 b
1.53 bc
1.27 bc
1.53 bc
2.23 a
10.99

0.50 b
1.03 a
0.53 b
0. 50 b
0.47 b
0.87 a
0.97 a
14.98

Total
**
1.74 d
2.57 b
2.10 c
2.03 c
1.73 d
2.40 b
3.20 a
10.42

Means followed by the same letter in a column are not significantly different using LSD at 5%.
CV – Coefficient of variations
** - significant at 1% level

total biomass, corn plants inoculated with
LB1 produced the heaviest with 3.20g that
was significantly different from LR1 (2.57g)
and SC4 (2.40g) that gave an increase over
the control by 83.90%, 47.70% and 37.93%,
respectively. Dey et al (2004) and Gray and
Smith (2005) reported that rhizobacteria
produce indole acetic acid, which is needed
in root initiation, cell division, cell
enlargement, and root surface area
expansion, as well as, the consequent
access to soil nutrients via enhanced root
formation. Poonguzhali et al (2008) reported
that the PGPR from the rhizosphere of
Brassica campestris can produce 6.02–29.75
μg/ml of IAA. The variations in the ability of
PGPR to produce IAA among plant growthpromoting bacteria were also reported earlier
(Mansour et al, 1994; Zahir et al, 2000).The
variations were due to the following:
countless biosynthetic pathways; location of
the genes involved; regulatory sequences;
and the presence of enzymes to convert
active free IAA into segmented forms, which
are beneficial to the host plants (Patten and
Glick, 1996).

Biochemical Characterization
Results of biochemical tests are
presented in Table 5. They confirmed that
the three promising bacterial isolates were
gram positive. Their colony colors ranged
from creamy white to dirty white. Nitrate
reduction test was positive in all of the three
isolates. This means that these bacteria are
able to perform nitrification on nitrate and
nitrite to produce molecular nitrogen.
Reduction of either nitrate or nitrite provides
energy for the growth of the bacteria in the
absence of oxygen, with nitrate reduction to
nitrite via nitrate reductase contributing more
significantly to proton motive force (energy
production), than nitrite reduction (Berks et
al, 1995; Zumft, 1997).
Meanwhile, urease test showed
negative reaction, which indicates that the
bacteria cannot degrade urea via the enzyme
urease.

Moreover, the citrate utilization test
showed a positive reaction, which indicates
that the bacteria can utilize citrate as their
6
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sole carbon source. They use the enzyme
citrase or citrate-permease to transport the
citrate into the cell. These bacteria also
convert
the
ammonium
dihydrogen
phosphate to ammonia and ammonium
hydroxide, which creates an alkaline
environment in the medium.

means that the bacteria can produce certain
exoenzymes, including a-amylase and oligo1,6-glucosidase to degrade the starch into
subunits for the organisms to utilize. On the
other hand, sucrose and galactose tests
showed negative reaction by the bacteria.
However, Manitol tests showed positive
reaction indicating that the bacteria are
motile and can be used in the fermentation
process. The positive reaction of the bacteria
to xylose test indicates that they belong to
the genus Bacillus (Sharma et al, 2013).
Only isolate LB1 showed positive reaction to
lactose, cellobiose, and fructose tests.
Isolate LB1 can breakdown the cellobiose,

The three bacteria showed a positive
reaction to the catalase test, which manifests
that the bacteria are either aerobic or
facultative anaerobes and could convert
hydrogen peroxide into water and oxygen.
Further, the starch hydrolysis test showed a
positive reaction to the three bacteria, which

Table 5. Biochemical characteristics of the three promising plant-growth promoting
bacteria
BIOCHEMICAL
CHARACTERIZATION

BACTERIAL ISOLATE

LR1
+

SR4
+

LB1
+

Creamy white

Creamy white

Dirty white

Nitrate reduction

+

+

+

Urease
Citrate utilization

+
+

+
+

+
+

Catalase

+

+

+

Acid processed from
Sucrose

-

-

-

Galactose

-

-

-

Mannitol

+

+

+

Xylose

+

+

+

Lactose

-

-

+

Glucose

+

+

+

Mannose

+

+

+

Cellociose

-

-

+

Fructose

-

-

+

Maltose

+

+

+

Trehalose

+

+

+

Bacillus subtiltis

Bacillus subtiltis

Paenibacillus polymyxa

Gram staining
Colony color

Identification
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which is characterized by a disaccharide
derived from the condensation of two
glucose molecules linked in a bond. Based
on the tests conducted, the promising
isolates of LR1 and SR4 are Bacillus subtilis,
as well as LB1, which is Paenibacillus
polymyxa.

LR1 and SC4 are Bacillus subtilis and LB1 is
Paenibacillus polymyxa; all of which are
reported to have plant growth-promoting
activity. However, molecular characterization
should be done to confirm the identification
of the promising bacterial isolates before
they could be packaged as biofertilizers and
be used in support to the organic agriculture
program of the Department of Agriculture.

Reports revealed that Bacillus
species showed yield increase in rice (Sudha
et al, 1999), barley (Çakmakçı et al, 2001;
Fahin et al, 2004), wheat (de Freitas, 2000;
Çakmakçı et al, 2007), maize (Pal, 1998),
sugar beet (Çakmakçı et al, 1999), and
sugarcane (Sundara et al, 2002). Similarly,
Bacillus strains increased the total bacteria
and the PSB population, and/or root and
shoot dry weight, as well as the total N and P
uptake by plants (Canbolat et al, 2006). Plant
growth responses were variable and
dependent upon the inoculant strain, soil
organic matter content, growing stage,
harvest date, and growth parameters
evaluated (Çakmakçı et al, 2006).
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On the contrary, Paenibacillus
polymyxa has a range of reported properties,
including nitrogen fixation (Coelho et al,
2003; Çakmakçı et al, 2006), phosphorus
solubilization (de Freitas et al, 1997),
antibiotic production (Rosado and Seldin,
1993), cytokinin production (Timmusk et al,
1999), and increased root and shoot growth
(Sudha et al, 1999).
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