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ABSTRACT

The spore-forming Bacillus and cysts forming Azotobacter are Plant Growth Promoting Rhizobacteria
which has been used as biofertilizer in sustainable agriculture since they tolerant to dried soil. Drought
resistant microbes will be useful to coat urea in order to reduce the lost of nitrogen. The objectives of
this preliminary study were to study the effect of molasse based liquid media on the population of
Bacillus spore and Azotobacter vegetative cell and to determine the composition of four bacterial
species in liquid formula. In the first experiment The Bacillus subtilis, B. megaterium, A. chroococcum
and A. vinelandii were grown separately in 1% cane molasses enriched with 0.1% NH4CI. As control
treatment, The Bacillus and Azotobacter were grown in Nutrient Broth and Ashby’s mannitol broth
respectively. In the second experiment, different composition of said Bacillus and Azotobacter were
grown in molasses based liquid media prior to count the spore and vegetative cell. The results showed
that molasses-based media supported bacterial growth and initial ratio 1:1:1:1 of liquid inoculant was
effective to increase bacterial growth. This experiment suggested that the use of organic based media
was useful practice of liquid biofertilizer formulation for granule urea coating.
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1. Introduction

Urea is an important input for agriculture, but the efficiency of urea applications is
low. Coated urea is developed for slow release performance and enhance urea
efficiency. Sustainable agriculture is a new approach to food production in tropical
countries. This system also relies on biofertilizers which copy natural ecological
processes for plant nutrition system. Drought in the upland of tropical soil has harmful
impacts on agriculture so that the implementation of biofertilizer which tolerant to
abiotic stress is required. Microbes-coated urea technology is considered as a simpler
alternative to apply biofertilizer and urea at one time and to improve the fertilizer
effectivity. The approach to prevent ammonia volatilization is to coat urea with less
dissolved materials such as polymers and organic materials (Sigurdarson et al., 2018;
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Geng et al., 2016). Microbial coated urea for crop production (Ahmad et al., 2017;
Wahyuni et al., 2018) is not yet widely used in Indonesia.

The Plant Growth Promoting Rhizobacteria (PGPR) Bacillus and Azotobacter form spore
and cyst, respectively as natural mechanisms to adapt environmental stress (Tan and
Rammurthi, 2014; Rodriguez-Salazar et al., 2017). Heat and desiccation-resistant spore
formation by Bacillus and encystment of Azotobacter in dry soil allow both rhizobacteria
to remain viable in drought soil. Agricultural plant inoculation with PGPR has
demonstrated the wuseful practice of sustainable agriculture. The Bacillus and
Azotobacter increased plant growth through phosphate solubilizing and nitrogen fixing
mechanisms, respectively (Radhakrishnan et al., 2017, Mukhtar et al., 2018). Both
bacteria have the ability to produce phytohormones and exopolysachharide (Tang et
al,, 2020, Malick et al., 2017; Rubio et al.,, 2013; Hindersah et al.,, 2017). Those
metabolites play an important role in root development and nutrient absorption.

The commercial use of microbial biofertilizer in agriculture was usually based on
single strain inoculants to perform particular activity which induce certain nutrient
uptake by root system. Nowadays, Bacillus and Azotobacter have been commercialized
widely, numerous single-strain biofertilizers are commercially available (Nuti et al.,
2015) either in liquid or carrier-based inoculant. Liquid biofertilizer has a longer shelf
life, more tolerant te of UV rays and high temperature, and higher density of microbes
(Santhosh, 2017).

For commercial purposes, liquid biofertilizer formulation needs inexpensive media
such as organic waste from agricultural activities. Molasses is by product from the
sugarcane industry; the sugar content in cane molasses was adequate and ranged from
46-52% (Saoud et al., 2012). Sugar might be used as carbon source and energy for
heterotrophic Bacillus as well as Azotobacter. Moreover, cane molasses also contain
calcium, potassium, sodium, magnesium, sulfate, sulfite, silicate, chloride, as well as
aconitic, oxalic, malic, and citric acids (Torkashvnad et al., 2009; McMurray and Griffi,
2002). All inorganic substances are an important nutrient for bacterial cell growth and
proliferation.

Limited information is available regarding the growth of the consortium of Bacillus and
Azotobacter in liquid media. Mix culture of phosphate solubilizng bacteria and nitrogen
fixing bacteria are essential to improve phosphorus (P) and nitrogen (N) availability in
soil. Nitrogen and P deficiency in tropical soil are the main difficulty in increasing crop
production. The use of microbial consortia might increase the efficiency of crop
production, particularly under harsh environmental conditions (Bradacova et al., 2019).
The objectives of this preliminary study were to verify the effect of molasses-based
liquid media on the growth of Bacillus and Azotobacter and to determine the
composition of four bacterial species in a liquid formula.

2. Materials and Methods
2.1 Bacterial Species

The Bacillus megaterium, B. subtilis, A. chroococcum and A. vinelandii are belong to Soil
Biology Laboratory, Faculty of Agriculture Universitas Padjadjaran isolated from corn
rhizosphere. The Bacillus and Azotobacter were maintained on nutrient agar (HiMedia
MO001, Mumbai) and Ashby’s Mannitol Agar (HiMedia M706, Mumbeai) respectively.
Nutrient agar contained 5 g Peptone, 5 g Sodium chloride, 1.5 g peptone, 1.5 g Yeast
extract, 15 g Agar. The composition of Ashby’s media was 20 g Mannitol, 0.2 g
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Dipotassium phosphate, 0.2 g Magnesium sulphate, 0.2 g Sodium chloride, 0.1 g
Potassium sulphate, 5 g Calcium carbonate, 15 g Agar. The bacteria were sub-cultured
on agar plate at 30°C for 48 h (Fig. 1), and the free colony was transferred onto agar
slant at 30°C for 72 h before the use.

B. megaterium B. subtillis

A. chroococcum A.  vinelandii

Fig 1. Colony morphology of said Bacillus in nutrient agar plate and Azotobacter in Ashby’s plate

Table 1 showed that Bacillus and Azotobacter produced exopolysachharide,
phytohormone auxin (IAA), cytokinin (CKs) and gibberellines (GAs). Phosphatase that
is important for mineralizing organic phosphate was detected in liquid culture of
Bacillus; and both Azotobacter species fixed nitrogen as indicated by their nitrogenase
activity (Table 1).

Table 1. Characteristics of Bacillus and Azotobacter as Plant Growth Promoting Rhizobacteria

Bacteria EPS Phosphatase IAA*  CKs  GAs 1; iittr\f;;g;“ase
(g/L) (mg/L) (mg/L)  (mg/L) (mg/L) 6170 /h)
B. megatorium 8.6 0.30 1.08 0.57 0.31 -
B. Subtilis 10.8  0.18 0.96 0.85 0.56 -
A. Chroococcum 6.4 - 0.52 0.97 0.41 74.1
A. vinelandii 5.9 - 0.82 0.46 0.35 65.2
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2.2. Bacterial Growth Assay on molasses-based Liquid Media with Ammonium
Chloride

The Bacillus and Azotobacter have been grown in molasses-based media and specified
chemical media. All bacteria were grown in 1% cane molasses broth enriched with
0.1% ammonium chloride. As control treatments, Bacillus and Azotobacter were grown
in Nutrient Broth and Ashby’s mannitol broth respectively. All treatments were
replicated three times.

A total of 100 mL of different medium were poured into 250 mL Erlenmeyer flask and
autoclaved for 20 minutes. One agar slant of each pure bacterial culture was suspended
in 10 mL sterilized 0.85% sodium chloride before use. Liquid media was inoculated
with 0.1% pure bacterial culture, placed on gyratory shaker of 115 rpm, and incubated
for 7 days at room temperature.

The Bacillus spores and Azotobacter cells were counted at day 3, 6, and 9. Enumeration
of viable Bacillus spore was carried out by serial dilution method on Nutrient Agar
Plate after heating the bacterial suspension at 75°C for 10 minutes. Counting of N-
fixing Azotobacter were performed in the by serial dilution method on N-free Ashby’s
medium (Widati et al., 2015)). The media which increase Bacillus spore and Azotobacter
cell will be used in second experiment.

2.3. Growth of Bacillus and Azotobacter Consortia in Molasses-based liquid media

Based on the first experiment, molasses-based media enriched with ammonium
chloride was increased Bacillus spores and Azotobacter cell and will be used in the
second experiment. All bacteria were grown individually in molasses-based media said
in first experiment. A total of 0.1% and 1% of mother liquid inoculant was mixed with
700 mL of molasses-based liquid media in 2L Erlenmeyer flask at room temperature for
72 hours on 115 rpm gyratory shaker.

The Bacillus megaterium, B. Subtilis, A. chroococcum, and A. vinelandii liquid inoculants
were then mixed with the volume ratio of 1:1:1:1; 1:1:2:2; and 2:2:3:3 to final volume of
100 mL. The 0.1% and 1% of bacterial mixed culture then each transferred to 250 mL
Erlenmeyer flask with three replications. All cultures were incubated for 9 days in
room temperature on 115 rpm gyratory shaker. The Bacillus spore and Azotobacter cell
count were performed at by 3, 5 and 7 by Serial Dilution Plate Method on nutrient agar
for Bacillus and Ashby’s Mannitol Agar for Azotobacter. The best composition then
stored for 28 days at room temperature prior to acidity, electrical conductivity, E. coli
and Salmonella population, and phytohormone production.

Prior to statistical analysis, log transformation was applied to all bacterial population
data. The population density in the first and second experiment was analyzed using
Duncan’s multiple range test (p<0.05).

3. Results and Discussion
3.1 Viability of Bacteria in Molasses-Based Liquid Culture with Ammonium Chloride

The viable spore of Bacillus after heating the culture at 75°C for 10 minutes reached 10°-
1020 CFU/mL in agar plate; the spore population was increased from day 3 to day 9
irrespective of growth media (Table 2). Statistical analysis showed that at 9-day
incubation, nutrient broth media more support the growth of bacterial spores
compared to molasses, but the acidity of Bacillus liquid culture in the nutrient broth
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was 8.76 and 7.82 for B. subtilis and B. megaterium respectively. In contrast the acidity of
molasses-based culture was 5.3. High pH of media might have inhibited Bacillus
growth due to less tolerance to alkalinity. Koni et al. (2017) stated that B. subtilis
proliferate optimally in the medium with acidity of 5.5.

Table 2. Spore population of Bacillus in molasses and nutrient liquid media after 9-day

incubation
Bacillus Spore Population (10° CFU/mL)
Growth Media

Day 3 Day 6 Day 9
Molasses 1% + NH4Cl1 + 0,1% BS 43 530 b 35,500 b
Molasses 1% + NH4ClI + 0,1% BM 6.7 940 a 87,000 b
Nutrient Broth BS 9.0 430 b 465,000 a
Nutrient Broth BM 1.4 390 b 210,000 a

Values in a column followed by the same letter were not significant based on Duncan’s multiple range test
(p<0.05). BS: B. Subtilis, BM: B. megaterium.

The population of Azotobacter at 9-day incubation did not depend on growth media,
but Table 3 clearly showed that at day 3 the population of Azotobacter in molasses-
based liquid culture of A. chroococcum was higher than A. vinelandii. Moreover, at day 9
the population of Azotobacter in all media were not differ.

Table 3. Count of Azotobacter colonies molasses and nutrient liquid media after 9-day incubation

Azotobacter Population (10° CFU/mL)

Growth Media
Day 3 Day 6 Day 9
Molasses 1% + NH4CI + 0,1% AC 14.2 a 465 a 60,000 a
Molasses 1% + NH4Cl +0,1% AV 1.6b 40.5b 11,625 a
Ashby A. chroococcum 51b 210 a 15,000 a
Ashby A. vinelandii 6.2b 80b 17,500 a

Values in a column followed by the same letter were not significant based on Duncan’s multiple range test
(p<0.05). AC: A. chroococcum, AV: A. vinelandii

The main substance of molasses was sugar, mainly sucrose, as well as macro- and
micronutrients (Torkashvnad et al.,, 2009). Sugar is very essential for heterotrophic
bacterial growth, such as Bacillus and Azotobacter. Inorganic substance, along with the
sugar in molasses, showed prominent role in cell growth and proliferation. To obtain
the energy through aerobic metabolism, Azotobacter spp. use glucose, sucrose, and
mannitol s carbon sources (mukhtar et al., 2018); while Bacillus capable of using many
type of carbohydrates as single sources of carbon and energy (Stiilke and Hillen, 2000).

3.2. Bacterial Viability in Different Composition of Bacillus and Azotobacter Species

The Bacillus spore population, as well as Azotobacter population in molasses-based
liquid culture consortia, were not depend on bacterial composition and initial
inoculant concentration (Fig. 2). The spore population in all composition irrespective
of initial inoculant concentration was increased from day 3 to day 7. In contrast, the
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population of Azotobacter in any composition with 1% initial liquid inoculation was
slightly decreased from day 3 to day 5, but increased from day 5 to day 7.
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Fig 2. Bacillus spore population (left) and Azotobacter cell population (right) at the different compositions of
B. subtilis, B. megaterium, A. chroococcum and A. vinelandii with initial inoculant concentration of 0.1%
(above) and 1% (below) during 7-day incubation in molasses-based broth.

The count of Bacillus spore of all composition was up to 1010 CFU/mL in plate agar;
while Azotobacter population reached 108 CFU/mL. For the purpose of efficiency, equal
composition of the four bacterial species has been chosen to store for 28 days before
inoculant properties determination as well as spore and Azotobacter population count.
The increase of Bacillus spore was consistent with Azotobacter cells. The growth of both
bacteria in molasses-based broth is in accordance with the curve growth of Azotobacter
in similar liquid culture at room temperature for 8 days (Alami et al., 2017). However,
in the contrary, the biomass of and curve growth of Bacillus has been declined at 10

hours after inoculation in chemical media enriched with molasses (Shasaltaneh et al.,
2013).

In the harsh conditions, the Bacillus form spore (Tan and Rammurthi, 2014), while
Azotobacter synthesize the cysts (Rodriguez-Salazar et al., 201. Molasses was the only
source of carbon in our experiment, but ammonium chloride was added as nitrogen
source. At 7 days, the composition of liquid culture might have to change due lower
nutrient content and higher cell exudates in limited salts and mineral for bacterial
growth. This circumstance induce both bacteria to form resting spores that germinated
while plating in the agar media.
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3.3. Phytohormones in Liquid Biofertilizer Consortia

The second experiment showed that three bacterial compositions of 1:1:1:1 (v/v) might
be used to develop liquid biofertilizer consortium since the population of four bacteria
after 7-day incubation did not differ significantly (Fig 2). For determine the properties
of said composition, liquid biofertilizer was stored for a month in room temperature
(24-27°C).

After one-month storage, analysis of phytohormones by using HPLC showed that
bacterial composition and initial bacterial concentration induced the production of
gibberellin, kinetin and zeatin (group of cytokinins) and indole acetic acid (Table 3).
Phytohormone biosynthesis by rhizosphere microbes might be excreted out of the
microbial cell and go through root cells (Wong et al., 2015). The microbial as well as
plant phytohormones are known to affect growth processes and defense against
environmental stress. According to Patel and Saraf (2017), the presence and amount of
IAA, gibberellin and cytokinin are depended on the microbial species and even strain.

Cane Molasses was reported elsewhere to be an efficient and effeective carbon source
for bacterial growth (Shasaltaneh et al., 2013; Alami et al., 2017; Riddech, 2019). The
trytophane in the molasses was an indole precursor by which the bacteria synthesize
IAA (Shasaltaneh et al.,, 2013). The results showed that along with IAA, other
phytohormones has been detected (Table 4) which is verified that cane molasses were
suitable industrial waste for producing liquid organic fertilizers (Riddech, 2019).

Table 4. Phytohormones in molasses-based liquid culture with different bacterial composition

Mother culture initial concentration of ~ Gibberellin ~ Kinetin Zeatin IAA
some bacterial composition* (mg/L) (mg/L) (mg/L) (mg/L)

1% (1:1:1:1) 0.53 9.25 0.14 23.86

1% (1:1:2:2) 0.69 1.17 0.85 26.30

1% (2:2:3:3) 0.51 1.89 0.40 21.60

0.1% (1:1:1:1) 0.80 1.18 0.14 25.51

0.1% (1:1:2:2) 0.65 2.73 0.14 25.75

0.1% (2:2:3:3) 0.46 3.99 0.21 26.92

*Composition of B. megaterium, B. subtilis, A. chroococcum and A. vinelandii by volume

The Bacillus and Azotobacter are well known phytohormone-producing rhizobacteria.
Auxin produced by Bacillus sp. and in bioassay can increase the growth of potato
plants (Solanum tuberosum) because auxin helps root development (Din et al., 2019;
Akinrinlola et al., 2018). Azotobacter chroococcum Az d10, B. megaterium P1-04, and B.
mucilaginosus B-1574 synthesized cytokinins (CK) and indolalacetic acid (IAA), the
forms of CK is dihydrozeatin riboside, isopentenyl adenosine, and trans-zeatin riboside
to stimulated germination and growth (Patel and Saraf, 2017).

At the end of the experiment, all composition of liquid biofertilizer were analyzed for
biological and chemical properties in relation to Ministry of Agriculture regulation for
biofertilizer and organic fertilizer no 1 year 2019 (Table 5).



ISSN: 2337-9782, E-ISSN: 2580-6815

Table 5. Properties of one-month-old liquid biofertilizer consortia compared with The National

Regulation
Average biologice}l and chemical Liquid Biof?rtilizer National Regulation
prorties Consortium
Count of Bacteria (Bacillus spore) >1010 CFU/mL >107 CFU/mL
Count of Bacteria (Azotobacter) >107 CFU/mL >107 CFU/mL
Contaminant, E. coli <103 MPN/mL <103 MPN/mL
Contaminant, Salmonella <103 MPN/mL <103 MPN/mL
Acidity 3.71 3.0-8.0

These results verified that the quality of one-month-old Bacillus-Azotobacter liquid
fertilizer was in accordance with national regulation. Since there is no bacterial count
difference between tested composition, the future research to study the shelf life of
inoculant will be only performed for 1:1:1:1 composition due to practical and
economical purpose.

4. Conclusion

Molasse-based broth enriched with ammonium chloride supported the growth of
Bacillus and Azotobacter, and induced the formation of Bacillus spore which will be
important to cope with drought soil. Consortia of B. subtilis, B. megaterium, A.
chroococcum and A. vinenaldii in molasses-based liquid media consisted of 1010 Bacillus
spore/mL and 108 CFU/mL of Azotobacter vegetative cell. Moreover, the liquid
biofertilizer contained phytohormone Gibberellic acid, Cytokinin as well as Indole
Acetic Acid. Indeed, this liquid biofertilizer properties was in accordance with The
Indonesian Government Regulation about the quality of biofertilizer. This study
suggested that cane molasses was a useful organic matter for biofertilizer formulation.
Mixed liquid inoculant of Bacillus and Azotobacter may further be used as active
ingreadient to coat granule urea. However, some experiments concerning their
viability during liquid inoculant scale-up should be performed.
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