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Abstract

The aim of the research was to examine the effect of rhizospheric bacteria Azotobacter chroococcum, Pseudomonas fluorescens (strains 1
and 2) and Bacillus subtilis on the growth and yield of onion and on the microorganisms in the rhizosphere of onion. The ability of microor-
ganisms to produce indole-acetic acid (IAA), siderophores and to solubilize tricalcium phosphate (TCP) was also assessed. The experiment
was conducted in field conditions, in chernozem type of soil. Bacillus subtilis was the best producer of IAA, whereas Pseudomonas fluores-
cens strains were better at producing siderophores and solubilizing phosphates. The longest seedling was observed with the application of
Azotobacter chroococcum. The height of the plants sixty days after sowing was greater in all the inoculated variants than in the control. The
highest onion yield was observed in Bacillus subtilis and Azotobacter chroococcum variants. The total number of bacteria and the number
of Azotobacter chroococcum were larger in all the inoculated variants then in the control. The number of fungi decreased in most of the
inoculated variants, whereas the number of actinomycetes decreased or remained the same.
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Introduction

Plant growth promoting rhizobacteria (PGPR)
affect plant growth directly or indirectly by produc-
ing growth substances such as indole-acetic acid, gib-
berelic acid and cytokinins (Verma et al., 2010; Garcia
de Salamone et al., 2001), fixing dinitrogen from the
atmosphere and providing the plant with this element
(Boddey and Dobereiner, 1995) and by being antag-
onistic towards phytopathogenic microorganisms
(Velivelli et al., 2012). In recent decades, different PGPR
have been studied, including nitrogen-fixing bacteria
from Azotobacter genus and bacteria which produce
growth substances and act as antagonists, such as Bacil-
lus and Pseudomonas (McSpadden-Gardener, 2004;
Benizri etal., 1998). The interaction between rhizo-
bacteria and plants is not always stable in nature, thus
positive results obtained in controlled conditions can-
not always be replicated in field conditions (Jarak et al.,
2012). The effect of PGPR varies as a result of envi-
ronmental factors, which may affect both the growth
of bacteria and the plant. The effect of the introduced
bacteria also depends on plant physiology and agro-
nomic conditions of cultivation. In order to achieve

an optimum interaction between rhizobacteria and
the plant root, it is necessary to examine the way in
which rhizobacteria affect the plant and microorgan-
isms in soil and whether this influence changes due to
environmental factors, including the presence of other
microorganisms, as well (Stamenov et al., 2012a).
Onion (Allium cepa) is an important vegetable plant.
Due to its high adaptability, there are numerous popula-
tions and varieties of onion grown under various envi-
ronmental conditions. Onion contains a large amount
of carbohydrates and a small amount of proteins and
fats. The biological value of onion lies in its mineral
substances and vitamins. Apart from a significant
amount of mineral salts, especially potassium and sul-
phur salts, and different oligoelements, onion abounds
in vitamins (B1, B2, C, E, K), carotene (provitamin A),
glycosides, etheric oils, plant hormones similar to insu-
lin, as well as bacteriostatics (Slimestad et al., 2007). The
root system of onion has low absorbing and penetrating
abilities, therefore it requires an ample amount of eas-
ily accessible nutrients in the root zone. The amount
of easily accessible nutrients which is necessary for
optimum yield is 60-140kg N, 60-120kg P,O, and
60-180 kg K,O per hectare (Kumar, 2001). Recently,
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plant growth promoting rhizobacteria (PGPR) have
come into focus as bacteria which can provide a part
of necessary nutrients.

The aim of the study was to examine the effect
of PGPR Bacillus subtilis, Pseudomonas fluorescens
and Azotobacter chroococcum on germination, growth
and yield of onion, as well as on the microbiological
activity in the rhizosphere during the vegetation period
of onion.

Experimental
Material and Methods

Bacterial strains. The bacteria used in the study
included Azotobacter chroococcum, Pseudomonas fluo-
rescens strain 1, Pseudomonas fluorescens strain 2 and
Bacillus subtilis (from Department of Microbiology,
Faculty of Agriculture, Novi Sad, Serbia). The microor-
ganisms were propagated in appropriate nutrient media
(Handbook of Microbiological Culture Media, 2000):
Azotobacter chroococum in nitrogen-free medium with
mannitol, Pseudomonas fluorescens in King B medium
(Himedia, India), and Bacillus subtilis in nutrient agar
(NA) (Torlak, Serbia).

Indole-acetic acid (IAA) production. IAA produc-
tion was examined using Gordon and Weber method
(Gordon and Weber, 1951). Using Salkowski reagent
(1ml 0.5 M FeCl, in 50 ml 35% HCIO,) the production
of TAA in a medium containing 0, 200 and 500 pg/ml
of L-tryptophane was determined. The volumes of
100 pl of 24 h bacterial culture (standardized to OD_
0f 0.625), were introduced into 100 ml of liquid media:
Pseudomonas into King B medium, Bacillus into NA
medium and Azotobacter into nitrogen-free medium
with mannitol. After 24 h and 48 h, incubation at 28°C,
5ml of the suspension was centrifuged at 1,957 xg
for 15 minutes. An amount of 2 ml of Salkowski rea-
gent was added into 1 ml of supernatant. Twenty-five
minutes later, the intensity of the development of pink
colour was measured at 530 nm.

Phosphate solubilization. The ability of isolates to
solubilize tricalcium phosphate (TCP) (CaCO,(PO,),)
was investigated in a Pikovskaya medium (amount g
I"": KC1 0.2 g, MgSO, x7H,O 0.1 g, glucose 10 g, yeast
extract 0.5 g, FeSO,x7H,O 0.002g, MnSO,xH, O
0.002g, (NH,), SO,0.5g, Ca (PO,), 5g). An amount
of 1 ml bacterial culture, respectively (standardized
to OD_, of 0.625) was introduced into the cooled
medium, poured into a Petri dish and carefully mixed.
After five days of incubation at the temperature of 28°C,
transparent zones around the colonies were measured.

Siderophore production. The ability of sidero-
phore production was determined by the method

of Milagres etal. (1999), using chrome azurol agar
(CAS agar). Appropriate nutrient media for Bacil-
lus, Pseudomonas and Azotobacter were poured into
Petri dishes. After they had solidified, the media were
cut into halves and one half was removed. CAS agar
was poured into the empty halves of the Petri dishes.
The bacteria were introduced into the halves with the
nutrient medium. The incubation lasted five days at
the temperature of 28°C. In those strains which pro-
duce siderophores, the blue-green colour of CAS agar
turned into orange along the demarcation line between
the two media.

Field experiment. The experiment was conducted
in Backi Brestovac (Vojvodina, Serbia), in carbonate
chernozem soil. The soil was characterized by the fol-
lowing properties: pH in H,0:8.06, pH in KCI: 7.19, %
CaCO;:4.62, % humus: 2.63, % N: 0.13, mg P,O,/100 g
soil: 22.27, mg K,0/100 g soil: 18.12. The experimen-
tal design was a randomized, complete block with four
replications. The size of the experimental plots was
10 m? (10 m long, 1 m wide). The sowing was performed
on 12 March, 2012. The spacing in a row was 5 cm and
25 cm between the rows.

Bacterial treatments. The onion seed (Damascus
f1 hybrid, Holland) was inoculated with four bacterial
strains: 1. Azotobacter chroococcum; 2. Bacillus subtilis;
3. Pseudomonas fluorescens, strain 1; 4. Pseudomonas
fluorescens, strain 2; and with a mixture of strains Azo-
tobacter chroococcum + Bacillus subtilis + Pseudomonas
fluorescens, strain 1+ Pseudomonas fluorescens, strain 2
(ratio 1:1:1:1). The control was not inoculated. An
amount of 50 ml of the inoculum having the density
of 10%/ml was introduced into 200g of sterile peat.
The inoculated peat was applied into rows, directly to
the onion seed. Standard agrotechnical practices were
applied during the vegetation period.

The effect of inoculation on onion growth. The
germ growth was observed five and ten days after the
inoculation. The onion seeds were washed with ster-
ile tap water and placed on plastic trays with a moist
filter paper. The trays were covered and placed to the
incubator at 28°C. After 48 hours the shoots of equal
length were selected. The onion roots were dipped into
a bacterial suspension (10® CFU/ml) for 1.5 hours. In
the control the roots were moistened in sterile water.
Then the onion seedlings were placed on the tray with
a moist filter paper, covered and incubated at 28°C.
After five and ten days the length of the roots and the
shoots was measured.

The plant height and the dry mass were measured
three months after the sowing (the phase of 5-6 leaves).
The bulb size and the bulb weight were measured three
months after the sowing and at the end of the vegeta-
tion period (early August). The onion yield (t/ha) was
determined at the end of the vegetation period.
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The effect of inoculation on the microbial popula-
tion in the rhizosphere of onion. The rhizospheric soil
was sampled for the purpose of microbial analysis 30,
90 and 150 days after sowing. The number of microor-
ganisms was determined by the method of agar plates
in the appropriate nutrient medium: The total micro-
bial count was performed in soil agar, (dilution 10-),
the fungi in potato-dextrose agar (Hy media) (dilution
107*), the number of actinomycetes in Krasiljnikov agar
(Hy media) (dilution 10~°), the total number of bacteria
in nutrient agar (NA) (Torlak, Belgrade) (dilution 10-)
and the number of azotobacter in Fiodorov medium
(Hy media) (dilution 10-?). All microbial analyses were
performed in three replications and the average num-
ber for all three samplings was calculated per 1.0 g of
absolutely dry soil.

Data analysis. Statistical analysis was performed
by using the statistical software STATISTICA, version
12.0 (Hamburg, Germany). The significance of each
treatment was established by one way ANOVA and the
means were separated by Fisher’s test (P <0.05).

Results and Discussion

Indole-acetic acid (IAA) production. Indole-ace-
tic acid (IAA) is the main auxin in plants, controlling
many important physiological processes including cell
enlargement and division, tissue differentiation, and
responses to light and gravity. Diverse bacterial species
(Bacillus spp, Streptomyces sp., Rhizobium sp., Azoto-
bacter, Pseudomonas) possess the ability to produce IAA
(Ahmad et al, 2005). According to Loper and Schorth
(1986), 80% of bacteria isolated from the rhizosphere
are capable of producing IAA. In our research, all the
strains were producing IAA. The best production was
observed after 48 hours of incubation in the presence of
500 pg/ml of L-tryptophan (Table I). The best producer
of IAA was Bacillus subtilis.

Phosphate solubilization and siderophore produc-
tion. Phosphorus is found in soil in its organic and inor-
ganic compounds. PGPR play a role in transforming

inaccessible compounds (both organic and inorganic)
into forms accessible to plants. Bacterial strains belong-
ing to the genera Pseudomonas, Bacillus, Rhizobium,
Azotobacter, Achromobacter, Agrobacterium, Micro-
coccus, Aerobacter, Flavobacterium and Erwinia are
capable of solubilizing insoluble phosphate compounds
such as tricalcium phosphate and dicalcium phos-
phate (Rodriguez and Fraga, 1999). Our research has
shown that both Pseudomonas fluorescens strains are
better TCP solubilizers than Bacillus and Azotobacter
(Table IT). Ravindra Naik et al., (2008) tested 443 strains
of Pseudomonas. Their research showed that 80 strains
(18%) produced phosphate solubilization on Pikov-
skaya’s agar medium by inducing clear zones. Fluo-
rescent pseudomonad strains have also been reported
as phosphate solubilizers due to the excretion of organic
acids by many other researchers (Bano and Musarrat,
2004; Cattelan et al., 1999; Pandey and Palani, 1998).

Siderophores are high-affinity Fe** chelating com-
pounds. In cases when accessible iron is lacking, plants
and microorganisms produce siderophores which take
Fe** out of its componds, bind it and form a Fe** sidero-
phore complex. This complex is transported to the sur-
face of a bacterial cell or root cells, transported into
the cell and reduced to Fe?. Plants are capable of bind-
ing the bacterial Fe** siderophore complex, thus PGPR
help in providing the plant with iron (Kalinowski et al.,
2000). It has been proved that a large number of rhizo-
spheric microorganisms, including Bacillus subtilis,
Pseudomonas sp. and Azotobacter sp., produce sidero-
phores (Jankiewicz, 2006, Jarak etal., 2012). In this
research, Pseudomonas fluorescens strains were better
siderophore producers (Table II). This is in accordance
to investigation of Djuri¢ et al. (2011). In their work,
three siderophore-producing isolates of Pseudomonas
fluorescens were detected. Parani and Saha (2012) also
proved the existence of three siderophore producing
Pseudomonas strains.

Onion growth. As PGPR produce plant hormones,
the use of these bacteria usually enhances germina-
tion and early plant growth. In this research, the seed
inoculation affected onion germination and growth

Table I
Indole-acetic acid (IAA) production (g ITAA/ml)
after 24 h after 48 h
Microorganisms L-tryptophan pg/ml L-tryptophan pg/ml
0 200 500 0 200 500
Pseudomonas fluorescens 1 2.42 5.39 7.07 5.32 12.82 12.93
Pseudomonas fluorescens 2 1.93 3.18 3.25 7.06 7.68 11.00
Bacillus subtilis 12.07 19.75 20.53 16.93 26.89 31.71
Azotobacter chroococcum 3.73 6.23 8.28 5.56 9.32 10.4

The datas are mean values of three repetitions.
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Table II
Phosphate solubilization and siderophore production

Phosphate Siderophore

Microoreanisms solubilization production

& (halo zones- (halo zones-

mm/5 day) mm/5 day)
Pseudomonas fluorescens 1 7.34 6.70
Pseudomonas fluorescens 2 9.55 7.50
Bacillus subtilis 5.65 5.20
Azotobacter chroococcum 4.50 3.50

The datas are mean values of three repetitions.

Table III
The effect of PGPR on the germ length of onion
Germ length (mm)
Treatment
5 days 10 days
Azotobacter chroococcum 8.90 11.80
Bacillus subtilis 8.40 8.90
Pseudomonas fluorescens 1 6.00 10.20
Pseudomonas fluorescens 2 6.20 9.60
Mixture 6.90 8.40
Control 4.90 9.10
LSD 0.05 1.22 1.25
The datas are mean values of ten repetitions.
Table IV
The effect of PGPR on the onion growth sixty days after
inoculation
Length of | Mass of Bulb
the above | the above
Treatment mass
ground | ground (@)
part (cm) | part (g) &
1. Azotobacter chroococcum 44.00 29.00 2.26
2. Bacillus subtilis 46.00 27.56 1.86
3. Pseudomonas fluorescens 1 44.66 20.96 2.20
4. Pseudomonas fluorescens 2 45.16 15.00 2.36
5. Mixture 35.96 30.56 1.16
6.Control 32.80 24.80 2.20
LSD 0.05 6.51 12.95 1.18

The datas are mean values of ten repetitions.

(Table III, Table IV). Five days after the inoculation, the
seedling was longer in all the inoculated variants than
in the control, whereas ten days after the inoculation,
the stimulating effect was visible in the variants with
Azotobacter chroococcum and Pseudomonas fluorescens
strains. Sixty days after the inoculation the length of the
part above the ground was greater in all the inoculated
variants than in the control. The fresh mass of the part
above the ground was smaller in the variants inocu-

Table V
The effect of PGPR on the bulb size and onion yield

Bulb Bulb .
. Yield
Treatment diameter mass
(t/ha)*

(cm) (g)
Azotobacter chroococcum 7.33 173.66 34.73
Bacillus subtilis 7.00 144.00 28.80
Pseudomonas fluorescens 1 7.66 111.33 22.26
Pseudomonas fluorescens 2 6.80 121.66 24.33
Mixture 7.33 130.00 26.00
Control 6.33 88.00 17.60
LSD 0.05 1.40 35.52 7.10

The datas are mean values of ten repetitions.
* calculated value

lated with Pseudomonas fluorescens strains, whereas the
fresh mass of the bulb was greater in all the inoculated
variants (apart from the variant with the mixture of
strains). However, the increase was not statistically sig-
nificant. This could be explained by the high variability
of the data within treatments. The effect of the treat-
ments was not strong enough to produce a statistically
significant result.

Similar results were shown by Jarak et al. (2006) who
reported a better germ development and early growth
of alfalfa and red clover with the use of azotobacter,
rhizobia and actinomycetes. Similarly, Stamenov et al.
(2012b) reported that PGPR enhance the growth of
English ryegrass. Joo et al. (2005) inoculated the pepper
seed with Penibacillus polymyxa and Bacillus subtilis. In
all the inoculated variants, the length and the mass of
the above ground part and root significantly increased.

Onion yield. At the end of the vegetation period,
onion bulbs were taken out and their size and yield
were measured (Table V). The bulb diameter was larger
in all the inoculated variants but the increase was of no
statistical significance. The bulb weight and the yield
significantly increased in the variants with Azoto-
bacter chroococcum, Bacillus subtilis and the mixture
of the inoculants. Both Azotobacter chroococcum and
Bacillus subtilis take part in other important processes
apart from promoting plant growth. Azotobacter
can fix 60-80 kg N/ha and thus partly provide the plant
with this element (Yanni and El-Fattah, 1999, Kennedy
etal, 2004), whereas Bacillus subtilis is a bioagent
against phytopathogenic fungi (Kloepper et al., 2004).
These properties certainly promote plant growth and
increase onion yield. The use of azotobacter results in
an increased yield of other plant species, too. Kumar
etal. (2001), and Hajnal Jafari et al. (2012) reported that
the use of azotobacter led to an increased yield of wheat
and maize. The research conducted in field experiments
by Mrkovacki et al. (2012) showed that inoculation of
sugar beet with Azotobacter chroococcum resulted in an



1 Onion growth promotion by rhizobacteria 87

Table VI
The effect of PGPR on the number of microorganisms in the onion rhizosphere

Treatment TN 10°g™ TB 10°g™ AC10°g™ F10'g™! AZ 10%g™!
Azotobacter chroococcum 329.00 249.90 11.94 3.05 168.01
Bacillus subtilis 1069.90 1227.28 26.05 24.72 153.05
Pseudomonas fluorescens 1 63.94 1039.75 11.51 4.80 106.06
Pseudomonas fluorescens 2 439.82 995.24 29.92 10.33 115.34
Mixture 663.66 1029.96 24.99 3.61 109.50
Control 165.40 95.57 23.79 14.34 70.20
LSD 0.05 196.55 215.80 6.08 3.50 29.42

The datas are mean values of three repetitions.

TN - total number of microorganismas; TB — total number of bacteria;
AC-number of actinomycetes; F-number of fungi; AZ-number of azotobacter

increased root yield and amount of extractable sucrose
from the sugar beet. Nieto and Frankenberger (1991)
investigated the effect of Azotobacter chroococcum
on the morphology and growth of maize in vitro, in
a greenhouse and in the field, and concluded that the
plant growth was enhanced thanks to hormone produc-
tion by azotobacter.

Microbial population in onion rhizosphere. The
microbial diversity in the rhizosphere depends on root
exudates, soil properties, agrotechnical measures and
ecological factors. In this research, the number of the
investigated groups of microorganisms was large and
typical of fertile soils such as chernozem (Table VI).

Plants exude various organic and inorganic sub-
stances through their roots into the rhizosphere. The
larger the number of monosaccharides and easily dis-
integrable organic acids in the rhizosphere, the larger
the number of rhizospheric microorganisms. Onion
roots exude aminoacids, sugars and organic acids
which influence positively the rhizosphere (Tawaraya
etal., 1995) creating favorable conditions for different
microorganisms. Introducing microbiological fertiliz-
ers into soil can change the number and species of the
indigenous microbial population. In this research, the
total number of microorganisms (apart from treatment
with Pseudomonas fluorescens strain 1), the total num-
ber of bacteria and the number of azotobacter increased
in all the inoculated variants (Table VI). The number
of fungi decreased in most of the inoculated variants,
whereas the number of actinomycetes decreased or
remained the same.

In conclusion, we demonstrated that the applied
microorganisms produce IAA and siderophores and
solubilize TCP. Azotobacter chroococcum is also capa-
ble of fixing atmospheric nitrogen. Bacillus subtilis has
an antagonistic effect on phytopathogenic fungi and
Pseudomonas fluorescens produces other biologically
active substances such as hydrogen cyanide (HCN) and
gibberellins. Some Pseudomonas fluorescens strains are

used as biocontrol agents because they protect plant
roots from phytopathogenic fungi such as Fusarium
and Pythium. The introduction of these microorgan-
isms into the rhizosphere leads to activation of useful
microbiological processes, increase in the number of
bacteria and decrease in the number of fungi. These
PGPR species are already being used in the produc-
tion of wheat, maize, sugar beet, rice, pepper, tomato,
cucumber etc. The obtained results have shown that
PGPR can also be used in onion production.
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