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ABSTRACT

Plant growth promoting bacteria (PGPB) was used as bio fertilizer for different crop plants as an
alternative source of chemical fertilizer that can reduce the input cost on farming. Two bacterial
isolates, Bacillus licheniformis UPMC10 and Acinetobacter sp. JITUC7 were used in this study.
Result from in vitro study showed that these bacteria were positive on siderophore and I1AA
production, phosphate solubilization and nitrogen fixation activity. Rice seeds treated Bacillus
licheniformis UPMC10 recorded an increase of 14% seed germination compared to control.
Similarly, an increase in vigor index of 659.00 was obtained when seeds were treated with
Acinetobacter sp. JITUC7. Both bacterial isolates enhanced plant height, no. of tillers and grain
weight when seeds were treated with fresh suspension of the bacteria. An average plant height of
128 cm was obtained when seeds were treated with Bacillus licheniformis UPMC10 and
Acinetobacter sp. JITUC7. The average no. of tillers (13) and grain weight (120.67 g) were
obtained when seeds were treated with Bacillus licheniformis UPMC10. Bacillus licheniformis
UPMCI10 is a potential PGPB evidenced by preliminary screening of plant growth promoting
activities, in vitro and in vivo experiment. Bacillus licheniformis UPMC10 which able to adapt
in environmental conditions and at the same time promote plant growth, has a wide potential to
be developed into bio fertilizer..
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Introduction

Rice is one of the most important food crops in the world especially in the most of Asian
countries. Rice is the staple food for more than half of the world population [1]. Demand for rice
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has been growing due to population growth, rising incomes and shift in consumer preferences in
favour of rice, especially in urban areas [2]. Sharp increases in food prices occurred in global and
national markets in 2008, and the resulting increases in the number of hungry and malnourished
people have sharpened the awareness of policy-makers and of the general public to the fragility
of the global food system [3]. Among the food commaodities concerned, it is the phenomenal rise
in rice prices which has probably inflicted the greatest damage to food security of the poorest
households in Asia [4].

Beneficial bacteria are often referred as plant growth promoting bacteria (PGPB). These
beneficial bacteria are also referred as yield increasing bacteria [5]. PGPB are defined as free-
living soil, rhizosphere, rhizoplane and phylosphere bacteria that, under some conditions, are
beneficial for plants [6]. PGPB encompasses all bacteria that exert positive effect on plant
development by various mechanisms [7].

PGPB strains use one or more direct or indirect mechanisms to enhance the growth and health of
plants. These mechanisms can be active simultaneously or independently at different stages of
plant growth [7]. PGPB have been reported to directly enhance plant growth by a variety of
mechanisms such as fixation of atmospheric nitrogen, solubilization of minerals such as
phosphorus, production of siderophores, and synthesis of plant growth hormones like indole-3-
acetic acid (IAA), gibberellic acid, cytokinins, and ethylene [8]. Indirect mechanisms involve the
biological control of plant pathogens and deleterious microbes [9], through the production of
antibiotics, lytic enzymes, hydrogen cyanide, catalase and siderophore or through competition
for nutrients and space [10].

PGPB have been demonstrate to increase growth and productivity of many commercial crops
including rice [11]-[14], wheat [15]-[20], cucumber [21], maize [22], [23], cotton [24], black
pepper [25], banana [26], tomato [27], lettuce [28], soybean [29], groundnut [30], broad bean
[31], chickpea [32], barley [33]-[35], sugar beet [36], strawberry [37], apple [38], grapes [39]
and raspberry [40].

Plant growth promoting strains of Bacillus have been widely studied for enhancement of plant
growth [41], [42]. Bacillus had plant growth promoting traits such as IAA production, phosphate
solubilization, nitrogen fixation and siderophore production [43]-[46]. Acinetobacter sp. isolates
were confirmed to be PGPB by their capabilities for nitrogen fixation, IAA production,
phosphate solubilization and siderophore production [47], [48].

The aim of this study was to evaluate seedling development and growth promotion of rice (Oryza
sativa) by plant growth promoting bacterial seed treatment.

2. Material and Methods
2.1Bacterial and Inoculum Preparation
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Two bacterial isolates, Bacillus licheniformis UPMC10 (KT958890.1) and Acinetobacter sp.
JITUC7 (KT958891.1) was isolated and characterized by molecular method prior to this study.
Bacterial cell suspensions were prepared by growth in nutrient broth for 24 hours. After 24
hours, the bacterial cells were harvested by centrifugation at 8000 rpm for 5 min. The pellets
obtained were suspended in sterile distilled water and again subjected to centrifugation, and the
supernatants were discarded. The pellets were finally collected in sterile distilled water and cell
populations were adjusted to 108 CFU/mI as measured spectrophotometrically [49].

2.2 Screening of Plant Growth Promoting Activity
2.2.1 Indole Acetic Acid (IAA) Production

Bacterial isolate were grown in NB and incubated in incubator shaker with 150 rpm agitation at
room temperature (28 £ 2°C) for 24 hours. One ml of bacterial culture was inoculated into 100
ml of sterile NB amended with 5 ml L-TRP solution and grows for 48 hours. The broth was
centrifuged at 12000 rpm for 5 minutes and 1 ml of supernatant was added to 2 ml Salkowski
reagent. The colour density of the mixture (red colour development which indicated IAA
production) was measured using UV spectrophotometer at 530 nm absorbance [50]. The amount
of IAA production was determined based on standard curve of IAA. The experiment was
performed with a completely randomized design with three replications.

2.2.2 Siderophore Production

Bacterial suspension (10 ul) was dispensed by using pipette onto sterile filter paper (6.00 mm)
which was placed on Chrome azurol S (CAS) agar [51] and incubated at 30°C for 5 days.
Development of yellow-orange halo zone around the bacterial growth was considered as positive
for siderophore production and the diameter were measured. Experiment was performed with a
completely randomized design with three replications.

2.2.3 Phosphate Solubilization

Bacterial suspension (10 ul) was dispensed by using pipette onto sterile filter paper (6.00 mm)
which was placed on National Botanical Research Institute’s phosphate growth medium
(NBRIP) [52] and incubated at 28°C for 7 days. Phosphate solubilization activity was assessed
by measuring the clear halo zone around bacterial colony. The experiment was performed with a
completely randomized design with three replications.

2.2.4 Nitrogen Fixation
Bacterial suspension (10 pl) was dispensed by using pipette onto sterile filter paper (6.00 mm)
which was placed on nitrogen free media [53]. After 7 days of incubation period at 28+2°C, the
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isolates ability to fix nitrogen was observed by green to blue coloration of the nitrogen free
media. The experiment was performed with a completely randomized design with three
replications.

2.3 Effect of PGPB on Seed Development and Growth Promotion of Rice
2.3.1 Rice Seed Treatments

Bacillus licheniformis UPMC10, Acinetobacter sp. JITUC7 and their combination were used as
fresh suspension. Seed of MR219 obtained from Malaysian Agriculture Research and
Development Institute (MARDI). Seed of MR219 were surface sterilized with 2% sodium
hypochlorite for two minutes. Seed treatments was achieved by soaking rice seeds in 108
CFU/ml bacterial suspension (100 g/500 ml), prepared as described earlier, and amended with
0.2% sterilized carboxymethyl cellulose (CMC) as a sticker. After that, seeds that treated with
bacterial suspension were incubated at 26°C in incubator shaker at 150 rpm for 6 hours to
facilitate attachment of bacterial cells to the seed coat. Later, the seed were allowed to dry in
incubator at 30°C. The seeds treated with sterile distilled water amended with CMC served as
controls.

2.3.2 In vitro/Laboratory Assessment

The germination tests were carried out according to the paper towel method. PGPB treated seeds
and control were seeded onto paper towels. One hundred seeds were placed equally on the
germination paper pre-soaked in distilled water and covered with another pre-soaked paper
towel. Arranged seeds on paper towel were rolled up along with polythene wrapping to prevent
drying of towels. The rolled towels were incubated for 14 days at 24+1°C. After incubation,
paper towels were unrolled and number of germinated seeds were counted and represented in
percentage. The vigor index was calculated by using the formula [54]. To assess vigor, the length
of the root and shoot of an individual seedling was measured. The vigor Index was calculated
using the formula VI = (mean root length + mean shoot length) / germination (%). The
experiment was performed with a completely randomized design with three replications.

2.3.3 In vivo/Glasshouse Assessment

A glasshouse experiment was conducted at Ladang 2 complex of Univeristi Putra Malaysia
(UPM). Seeds treated with PGPB and control was prepared as described earlier. Soil obtained
from rice fields in Tanjung Karang, Selangor was sterilized at 240V for 1.5 hours. Fifteen kg of
sterile paddy soil were filled in plastic pails and all were applied nitrogen (2.1g Urea pot1),
phosphorus (1.2g P205 pot™1) and potassium (1.1g K20 pot™1) fertilizers according to MARDI
recommended rates NPK 120:70:80 kg/ha. Fresh tap water was the main water source used in
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the glasshouse experiment. During the growth of seedlings establishment, the water level was
maintained at 4 cm above the soil surface. The flooding was maintained throughout the growth
period until two weeks before harvesting when the water was drained out in order to hasten
ripening and drying of the grains. During the experimental period, the occurrence of other pests
and diseases were closely monitored in order to avoid yield losses due to other factors including
insects and weeds. Rice plants were cover by net in order to avoid insect’s infestation. Plant
height, no. of tillers and grains weight were measured after 120 days of planting. The experiment
was carried out in a Randomized Complete Block Design (RCBD) with three replication of three
seeds each plastic vials.

3. Results

3.1Screening of Plant Growth Promoting Activity

Bacillus licheniformis UPMC10 and Acinetobacter sp. JITUC7 were able to produce IAA at 4.42
and 4.16 mg/L respectively. Both of these bacterial were also able to produce siderophore shown
by 6.00 and 10.00 mm orange halo zone around bacteria colony on CAS agar respectively. These
two strains were able to solubilize phosphate indicated by 11.00 and 12.33 mm clear halo zone
around the bacteria growth on NBRIP agar respectively. Both of these bacterial strains also
showed positive result on nitrogen fixation activity evidenced by green to blue coloration of the
nitrogen free media (Table 1).

Table 1: Preliminary screening of plant growth promoting activities

Bacterial strains Siderophore IAA Phosphate Nitrogen
production (mm) | production | solubilization (mm) | fixation
(mg/L)
Bacillus licheniformis 6.00 + 0.58 ° 4.42 +0.26 11.00£0.00? Positive
UPMC10 :
Acinetobacter sp. 10.00+£0.582 4.16 £ 0.05 12.33+0.88% Positive
JITUC? ’

* Means in column followed with same letter (s) are not significantly different (t-test P>0.05)
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3.2 Effect of PGPB on Seed Development and Growth Promotion of Rice
3.2.1 In vitro/Laboratory Assessment

There was significant different on percentage germination, shoots length, roots length, and vigor
index of seedlings for treatment with PGPB compared with control. The percentage germination
of rice seeds treated with different PGPB ranged from 86.67% to 89.33%. Percent germination of
control seeds without PGPB treatment was 75.33%. The shoots length of seedlings with PGPB
treatment ranged from 7.54 cm to 8.47 cm, whereas for control seedlings, the shoots length was
7.48 cm. The roots length of seedlings ranged from 11.19 cm to 12.74 cm for seeds treated with
PGPB, compared with 8.72 cm in the control. The vigor index of rice seedlings treated with
different PGPB ranged from 1625.30 to 1874.60. The vigor index of control seedlings without
PGPB treatment was 1220.60 (Table 2).
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Figure 1: In vitro assessment on seed germination and seed vigor performance with
Bacillus licheniformis UPMC10 and Acinetobacter sp. JITUC7? using roll towel method (14
days assessment)
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Table 2: Effect of seed treatment with PGPB on seed germination and seedling vigor of rice
under laboratory conditions

Treatment Germinatio Shoots Roots length | Vigor Index
n (%) length (cm) (cm)
Bacillus 89.33 8.00+£0.22 | 12.32+0.15 | 1816.70
licheniformis 3.38¢2 ab a 88.05 2
UPMC10
Acinetobacter sp. 89.06+ |847+0.23%|12.74+£1.05| 1874.60 %
JITUCY 2.652 a 184.4 @
Bacillus 86.67+ |7.54+014°|11.19+1.02 | 1625.30 +
licheniformis 1.20@ ab 117.27
UPMC10 +
Acinetobacter sp.
JITUCY
Control 7533+ |7.48+0.18°|8.72+0.08°| 1220.60 +
1.45° 42.42°

* Means in column followed with same letter (s) are not significantly different (Tukey’s Test

P>0.05)

3.2.2 In vivo/Glasshouse Assessment

There was significant different on plant height, no. of tillers and grain weight of plant treated
with PGPB compared with control. In general, all the PGPB treated plants showed positive
growth responses among all parameters recorded under glass house conditions compared with
the control. Specifically all the PGPB enhanced plant height, no. of tillers and grain weight. The
highest plant height of 128 cm resulted from plants treated with Bacillus licheniformis UPMC10
and Acinetobacter sp. JITUC7. The highest no. of tillers of 13 and grain weight of 120.67 g was
recorded by plants treated with Bacillus licheniformis UPMC10 (Table 3).
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Table 3: Effect of seed treatment with PGPB on growth promotion of rice under glasshouse
conditions

Treatment Plant height Tillers/ Grain weight/
(cm) plant pot ()

Bacillus licheniformis 128 +2.082% | 13+0.332| 120.67 +3.072
UPMC10

Acinetobacter sp. JITUC7 | 128+2.08?% |12+0.57%| 113.20+6.86%

Bacillus licheniformis 127 +0.332% | 12+0.33%| 11345+269?2
UPMC10 + Acinetobacter
sp. JITUCY

CONTROL 121+0.67° |[10+0.33°| 81.6+1.31°

Means in column followed with same letter (s) are not significantly different (Tukey’s Test
P>0.05)

4. Dicussion
4.1 Screening of Plant Growth Promoting Activity

From in vitro screening, both bacteria demonstrated a promising potential in plant growth
promotion. Ability to produce siderophore and IAA are essential for plant growth promoter.
Bacillus spp. and Acinetobacter spp. have been reported and well known for siderophore and
IAA production by numerous studies [26], [47], [55]-[61]. Bacteria with phosphorus
solubilization and nitrogen fixation ability may provide an available form of phosphorus and
nitrogen for plant growth development. Utilization of plant growth promoter with phosphate
solubilizing characteristics could reduce phosphate fertilizer application by 50% [62], [63].
Kennedy et al., (2004) [64] stated in their study that nitrogen-fixing bacterial can fix annually
great amounts of nitrogen which equivalent to 60-90kg N ha-1. Therefore, utilization of
nitrogen-fixing bacteria is cost wise and environmental friendly compared to conventional
nitrogen fertilizer. Bacillus was among the most powerful phosphate-solubilizing microorganism
[65] which abundantly populated in soil ecosystem.
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4.2 Effect of PGPB on Seed Development and Growth Promotion of Rice
4.2.1 In vitro/Laboratory Assessment

Based on preliminary screening in this experiment, treated seeds demonstrated higher value
(p>0.05) compared to control treatment in each parameter examined in this study (germination
percentage, shoot length, root length and vigor index). A number of studies suggest that PGPB
enhances seed emergence, plant growth, crop yield, and contribute to the protection of plants
against certain pathogens and pests [41], [66]-[69]. PGPB inoculation significantly enhanced
seed germination and seedling vigor, however, the rate of enhancement varied with bacterial
strains [70].

4.2.2 In vivo/Glasshouse Assessment

Result trend for rice growth promotion as shown in Table 3 was similar to seed germination and
seedling vigor experiment, where treated seeds demonstrated higher result (p>0.05) compared to
untreated seeds. Although there was no significant different among treated seeds (p>0.05), single
treatment of Bacillus licheniformis UPMC10 demonstrated higher grain weight and tiller
production compared to single treatment of Acinetobacter sp. JITUC7 and combination of
Bacillus licheniformis UPMC10 and Acinetobacter sp. JITUC7. Although Acinetobacter sp.
JITUC7 demonstrated promising result during preliminary screening and seedling germination,
Bacillus licheniformis UPMC10 showed higher value in grain weight and tiller production per
plant. This is due to the ability of Bacillus to survive in in vivo experiment where environmental
factors could be the constraint.

The variability in the performance of PGPB may be due to various environment factors that may
affect their growth and exert their effects on plant. The environmental factors include climate,
weather conditions, and soil characteristics of the composition or activity of the indigenous
microbial flora of the soil [70]. Factors affecting the survival of bacterial in the soil include
certain abiotic factors including soil temperature and moisture, nutrient presence and pH of the
soil [71]. Efficient colonization also supports better functioning of PGPB [72]. PGPB also have
to compete with the local bacteria and other soil organism in the root zone for colonization [73],
[74]. In this study, Bacillus licheniformis UPMC10 ascertain its potential as a good candidate of
PGPB through in vivo experiment due to several factors. Nelson (2004) [8] mentioned that
Bacillus survive for prolonged periods in competitive and challenged environments. Garcia et al.,
(2004) [75] proved that inoculation of Bacillus licheniformis on tomato and pepper demonstrated
considerable colonization which can be used as biofertilizer without altering normal management
in greenhouse.
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5. Conclusion

Our results demonstrate that Bacillus licheniformis UPMC10 has a potential as plant growth
promoter, which is an added advantage for practical agriculture system. It is evidence that these
bacteria could possibly serve as eco-friendly and sustainable alternative to the hazardous
chemicals used for management of crop disease and growth promotion.
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