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Like any other living things plants also need food for their development, growth and productivity. 
So there are 16 essential elements which are required by plants for healthy development and 
productive growth. Agricultural chemical application has been used for a long time. This is 
the rout terrestrial and aquatic pollution; and ecological destruction. So it is must to replace 
pollutant source with eco- friendly approaches. Rhizobacteria, Strains of Bacillus species, 
including B. subtilis, B. cereus, B. amyloliquefaciens, B. pumilus, B. pasteurii, B. mycoides, B. 
sphaericus, P. polymyxa, P. azotofixans, and B. endophyticus influence the growth, development, 
and yield of crops under controlled and varied natural conditions either directly or indirectly 
through various mechanisms. Bacillus species like any other PGPR has capacity to induce plant 
growth promotion by either direct or indirect modes of action. Bacillus is the most abundant 
genus in the rhizosphore which has the ability to secrete and release a number of metabolites 
that are released by these strains, which strongly influence the nutrient availability of the plants. 
This is through direct mechanisms; by producing bacterial volatiles phyto-hormones which has 
stimulatory role and, reduction of the ethylene level in plant, upgrading plant nutrient status 
(liberation of phosphates and micronutrients from insoluble sources; non-symbiotic nitrogen 
fixation) and prompting disease-resistance mechanisms (induced systemic resistance).
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Introduction
Cabbage is an important source of vitamin A, B and C and 
contains minerals like P, K, Ca, Na, and Fe. It is highly 
consumed vegetables all over the world. They belong to the 
genus Brassica of the family Cruciferae. Vegetables, like all 
other living things, need food for their survival, development, 
growth and productivity. There are 16 essential elements 
which are required vegetables like any other plants for the 
achievement of healthy development and productive growth. 
These essential elements are divided in to macro and micro-
elements [1]. The elements are Carbon, hydrogen, and oxygen; 
are derived from the atmosphere, soil and water. The other 
13 essential elements are (nitrogen, phosphorus, potassium, 
calcium, magnesium, sulfur, iron, zinc, manganese, copper, 
boron, molybdenum, and chlorine). They are supplied from 
the sources either from soil minerals and soil organic matter 
or by organic or inorganic fertilizers [2].

In developing nations all over the world, and especially among 
resource-poor farmers, soil infertility is the most constraint 
limiting vegetable yield. There are three well known mechanisms 
used for soil fertility restoration; adopting the concept of integrated 
soil fertility management encompassing a strategy for nutrient 
management-based on natural resource conservation, biological 
nitrogen fixation, and increased efficiency of the inputs [3].

Important components of integrated nutrients managements 
are called Biofertilizers. It is cost effective, eco-friendly and 
renewable source of plant nutrients to supplement chemical 
fertilizers in sustainable agricultural system [4]. Biofertilizers 
are products of different types of living cells (microorganisms). 
They promotes plant growth by converting nutritionally 
essential elements (nitrogen, phosphorus) from unavailable 
to available form through biological process such as nitrogen 
fixation and solubilization of rock phosphate [5]. There for 
these beneficial microorganisms in biofertilizers accelerate 
and improve plant growth and protect plants from pests and 
diseases [6].

The conversion of Rhizobacteria cells from vegetative bacteria 
into nitrogen-fixing bacteroids involves a modification of cell 
structure and function, most probably with an underlying 
developmental pathway. The rhizosphere is the area of soil 
that is instantly near to the root surface and that is affected 
by root exudates. There are different types of substances such 
as carbohydrates (sugars and oligosaccharides), organic acids, 
vitamins, nucleotides, flavonoids, enzymes, hormones, and 
volatile compounds that diffuse from the roots and stimulate 
the microbial activity. This activation makes a dense and 
active microbial population that interacts with the roots and 
within it [7].
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Bacillus species
Bacillus is the most abundant genus in the rhizosphere, and 
the PGPR activity of some of these strains has been known 
for many years, resulting in a broad knowledge of the 
mechanisms involved. There are a number of metabolites 
that are released by these strains, which strongly influence 
the environment by rising nutrient availability of the plants. 
Bacillus species are naturally present in the closely contact 
with plant roots. Bacillus subtilis is able to continuously 
manage stable contact with higher plants and promote their 
growth [8]. Bacterial inoculation in plant micro propagation 
system, at the beginning of the acclimatization phase can be 
observed from the perspective of the establishment of the soil 
microbiota rhizosphore [9]. Rhizobacteria, Strains of Bacillus 
species, including B. subtilis, B. cereus, B. amyloliquefaciens, 
B. pumilus, B. pasteurii, B. mycoides, B. sphaericus, P. 
polymyxa, P. azotofixans, and B. endophyticus influence the 
growth, development, and yield of crops under controlled and 
varied natural conditions either directly or indirectly through 
various mechanisms [10].

Bacillus species used as biofertilizers which is directily 
influence plant growth through the synthesis of plant growth 
hormones, Phosphate solubilizing, improved P solubilizzation 
and availability, raising N, P, K and iron (Fe) nutrition 
availability and uptake . Disease control roles of Bacillus 
are complex interrelated processes performed by direct 
and indirect mechanisms that embrace synthesis of some 
metabolites (auxin, cytokinin and gibberellins), induction 
of 1- aminocyclopropane 1 carbocylate (ACC) deaminase, 
production of siderophore, antibiotics, hydrogen cyanide 
(HCN), and volatile compounds [11].

Advantages and application of bacillus species in 
vegetable production
Implementation of biotechnology especially concerning Plant 
growth-promoting rhizobacteria has been hindered by the lack 
of consistency and variation in responses, that are obtained 
in field trials from site to site, year to year, or for different 
crops [12,13]. Today PGPR are widely used in developing 
countries, and inoculants are used on millions of hectares of 
land. The plant growth promoting effects of PGPR mainly on 
vegetable seedling is mainly depends on morphological and 
physiological changes of the inoculated plant roots and their 
functions, and the enhancement of water and mineral uptake 
[14].

Role of bacillus species on yield and productivity of 
vegetable seedlings
Balanced quantities and sufficient availability of nutrients is 
compulsory for optimum plant growth and productivity [15]. 
Worldwide, soil infertility is the most important constraint 
limiting crop yield. Adopting the concept of integrated soil 
fertility management encompassing a strategy for nutrient 
management-based on natural resource conservation, 
biological nitrogen fixation, and increased efficiency of the 
inputs are well known mechanisms used for soil fertility 
restoration [16]. Important components of integrated nutrients 

managements are called Biofertilizers. Biofertilizers has 
multidirectional advantage for the users; for example cost 
effective, eco-friendly and renewable source of plant nutrients 
to supplement chemical fertilizers in sustainable agricultural 
system [17].

Biofertilizers are products of different types of living cells 
(microorganisms) which inoculated to seed, plant surface 
or soil, colonize the rhizosphere or the interior of the plant 
and promotes growth by converting nutritionally essential 
elements (nitrogen, phosphorus) from unavailable to available 
form through biological process such as nitrogen fixation 
and solubilization of rock phosphate [18]. Therefore, these 
beneficial microorganisms in biofertilizers accelerate and 
improve plant growth and protect plants from pests and 
diseases [19].

For example the major influencing factors for vegetable plant 
growth regulators are nutrient availability and up taking like 
any other plants. This is highly determined by Rhizobacteria 
specifically Bacillus species in cabbage plant and seedling. 
According to nutrient content of cabbage seedlings was highly 
influenced by PGPR treatments [20]. PGPR applications 
increased the plant nutrient element content, with the exception 
of Na and Cu. The highest concentrations for N and P were 
recorded in B. megaterium TV-91C, while in B. subtilis TV-
17C for Ca, Na, and Fe and in P. agglomerans RK-92 for K, 
Mg, and Mn (Figure 1).

Mechanisms used by bacillus species for plant growth 
promoting
Bacillus species like any other PGPR has the capacity to 
induce plant growth either direct or indirect modes of action. 
Direct mechanisms includes producing bacterial volatiles 
phyto-hormones which has stimulatory role and, reduction 
of the ethylene level in plant, upgrading plant nutrient status 
(liberation of phosphates and micronutrients from insoluble 
sources; non-symbiotic nitrogen fixation) and prompting 
disease-resistance mechanisms (induced systemic resistance) 
[21-23].

Direct plant growth promotion role of bacillus species
Biofertilization role of bacillus species: Bacteria (Bacillus 
species) generally influence physical and physiology of plant 
in various ways. This physiological change mostly is the cause 
for increasing plant growth and yield via increasing level of 
plant hormone within their tissue; this enhances growth of 
plants in a various directions. Biofertilizing role of PGPR, 
particular by Bacillus species has capability of initiating plant 
growth by increasing nutrient uptake of plants and regulating 
amount of hormone production in plants tissue [24].

Rhizobacteria determines plant growth specifically vegetable 
plant growth, health and productivity by different types of 
mechanisms such as enhancing solubilization of mineral 
nutrients, stimulation of root growth, and suppression of 
root diseases [25]. This types plant growth promoting ways, 
make easy nutrient up take, increase nutrient availability and 
stimulate plant root growth and are commonly referred as 
biofertilizers. Biofertilizers are considered as the major and 
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incomparable role to increase the production of vegetable 
crops in low input agricultural systems [26].

There are many reports which show from different 
perspectives concerning PGPR activities of vegetable plant 
growth enhancement. The most cited mechanisms used by 
PGPR to promote plant growth are as follows; as soon as 
colonization occurs, PGPR interact with the plant host and 
enhance the nutrient uptake of host plants by (1) biological 
N2 fixation, (2) increasing the availability of nutrients in 
the rhizosphere, (3) inducing increases in root surface area, 
(4) enhancing other beneficial symbiosis of the host, and 
(5) combination of modes of action (Vessey, 2003). Some 
studies also indicate that the effective PGPR increase plant 
growth basically by changing the whole microbial community 
structure in rhizosphore. PGPR are soil microbes which has 
the capacity of fixing N2, solubilize mineral nutrients and 
mineralize organic compounds [27, 28].

Role of bacillus species in phosphate solubilization
Phosphorus (P) is very important for plant growth and is 
found in every living plant cell. It is involved in various 
physiological activities of plant functions, including energy 
transfer, photosynthesis, transformation of sugars and 
starches, nutrient movement within the plant and transfer of 
genetic characteristics from one generation to the next. On the 
other side deficiency of P can severely limit plant growth and 
productivity, particular by vegetables’ [29].

In agricultural systems and crop production, abiotic stress 
which is, phosphorus deficiency results into significant 
contribution in diminution of crop productivity and yields of 
vegetables [30]. So in order to avoid or mitigate diminution of 
vegetable yield and environmental disaster, microorganisms 
especially Bacillus sp. (Bacillus megaterium TV-91C, 
Pantoea agglomerans RK-92, and Bacillus subtilis TV-17C) 
play significant role in influencing the availability of soil P to 
plant roots; and increasing P mobilization in soil [31].

For example 50% to 80% of the total soil P is represented 
by Organic P represents, and most plants are unable to utilize 

these sources of P [32]. So participation of Several bacterial 
species specifically Bacillus sp [33]. has a great advantage for 
phosphate-solubilizing. The idea of P solubilization is justified 
by the study by bacterial strains were confirmed with B. 
megaterium TV-91C, P. agglomerans RK-92, and B. subtilis 
TV-17C strains showed capacity to solubilize phosphate after 
inoculation (Figure 2).

Role of bacillus species in ammonia production
Biological nitrogen fixation performed yearly, up to 100 
million tons of N2 for terrestrial ecosystems and from 30 to 
300 million tons for marine ecosystems. Additionally, 20 
million tons result from chemical fixation due to atmospheric 
phenomena. On the beginning of 19th century the first 
industrial production of Rhizobium inoculants began (Mosier, 
2002). According to an FAO report, manufacture of nitrogen 
fertilizer for 2007 was 130 million tons of N2, and this should 
further rise in the coming years [34].

On the other side extensive use of chemical fertilizer has a 
great impact on environment. A amount of added fertilizer is 
lost as a result of denitrification and leaching of soil by rainfall 
and irrigation [35]. The major source of water pollution 
caused by eutrophication is this leaching. As a consequence, 
extending application of biological nitrogen fixation by any 
means is an important issue. So application of PGPR has the 
capacity to solve the problems of environmental pollution, 
waste management and nutrient availability and up taking 
role. While biological nitrogen fixation (BNF) is performed, 
nitrogen is reduced in electron-transfer reactions. This does 
synthesis of ammonia and release of hydrogen. After that 
ammonium which is produced used for the next synthesis of 
bio-molecules (Table 1).

Role of bacillus species in nitrogen availability and 
uptake by vegetables
In the soil nitrogen occurs in the forms of both organic and 
inorganic and within different seasonal changes characterized 
by a heterogeneous distribution in the soil. Nitrogen inputs by 
the processes of fixation reactions and transformations of N2 

Figure 1. Schematic illustration of important mechanisms known for plant growth promotion by PGPR. 
*Different mechanisms can be broadly studied under (1) Biofertilization, and (2) Biocontrol of pathogens. Biofertilization encompasses: (a) 
N2 Fixation, (b) Siderophore production, (c) Pinorganic solubilization by rhizobacteria. Biocontrol involves: (a) Antibiosis, (b) Secretion of 
lytic enzymes, and (c) Induction of Systemic Resistance (ISR) of host plant by PGPR.
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between different pools have significant implications for plant 
growth and for the loss of N2 from soil systems.

Mineralization of organic forms of N2 to ammonium (NH4+) 
is mediated by Microbial and its succeeding nitrification 
to nitrate (NO3

-) is a significant role for N2 availability and 
has pressure on root activity and rhizosphere dynamics. 
According to evidences from researchers the soluble organic 
forms of N2 (e.g. low molecular weight compounds such as 
amino acids) may also play a significant role. The rhizosphore 
of particularly Bacillus species has significantly affects the 
uptake of different N2 forms. It is directly influenced by soil 
pH in the immediate vicinity of the root and subsequent 
influence on nutrient acquisition, especially in relation to the 
availability of P and various micronutrients (e.g. Zn, Mn and 
Fe) [36].

Protons uptake occur by influence of NO3- influx changes 
the rhizosphore pH, this net release protons for NH4+ uptake, 
this can also bring about changes in the nature of substrates 
exuded from roots or the quantities of exudates released, 
and consequently may have major impact on the structure of 
microbial communities around the root . Mostly mass flow 
and diffusion are the mechanism through which NO3− and 
NH4+ reach the root surface [37].

The concentration of nitrate in soil solution is typically 
present in the form of mM and, and its mobility is relative to 
orthophosphate, is more mobile. Thus indicate that it has the 
potential able to move in the soil up to several mm per day. On 
the other side ammonium has less motion or mobile since it 

eagerly adsorbs to the cation exchange sites in soil. But it has 
lower rates for both mass flow and diffusion. Diffusion and 
mass flow is the major pathway for inorganic N2 uptake and 
additionally it is difficult to differentiate diffusion from root 
interception. It is generally accepted that interception of N2 in 
soil solution following root extension accounts for a minute 
amount of N2 taken up by plants.

Siderophore production of rhizobacteria (Bacillus species)

Siderophores play a vital role in the bio-control of numerous 
soil-borne plant diseases and in plant iron nutrition. 
Extracellular metabolites released by PGPR for the action of 
microbial Fe- chelating low molecular weight compounds. 
The formation of siderophore occurs due to the presence 
of PGPR in rhizosphere amplifies the rate of Fe3+ supply to 
plants and due to this plant growth and productivity enhanced. 
Additionally, this compound after chelating Fe3+ makes the 
soil Fe3+ deficient for other soil microbes and consequently 
inhibits the activity of competitive microbes.

Siderophores has the capability to enhance affinity of iron 
(III) chelators, low molecular weight that transport iron into 
bacterial cells. The composition of the systems is ferric-
specific ligands (siderophores) and their cognate membrane 
receptors as chelating agents in bacteria. Consequently, 
siderophores have been shown to be involved in the 
suppression of Fusarium oxysporum. Because siderophores 
causes the limited supply of iron (III) in the rhizosphere, and 
causes its shortage to pathogens and this hinder the growth of 
pathogens (Figure 3). 

Figure 2. Movement of phosphorus in soils.

Bacterial strains Isolated from Nitrogen fixation Phosphate solubilization
Bacillus megaterium TV-91C Sugar beet + wt

Pa11toea agglomerans RK-92 
Bacillus subti/is TV- I7C

Pear 
Rye

+ 
t

st 
Wt

Table 1. Nitrogen fixation and phosphate-solubilizing activity of the tested bacterial strains after inoculation of Bacillus sp.to Brassica oleracea.

+:Positive reaction; s+:strong positive reaction; w+: weak positivereaction
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Iron is one of an essential element for all vegetables. Even 
if it the abundant element on the earth crust but it is hardly 
soluble and therefore not suitable for uptake by plants. 
The concentration of Fe3+, the form of iron ions available 
for plants, is only 10-18 M. the combination of microbes 
Bacillus sp. and vegetable (Brassica oleracea) Plants 
produce and excrete chelators and/or phytosiderophores 
which bind Fe 3+ and transport it to the root surface where 
it is either reduced to Fe2+, that is subsequently taken up 
by the plant, or it is absorbed as a Fe 3+ phytosiderophore 
complex by the plant [38].

Indirect plant growth promotion role of bacillus species
Phytostimulation effects of bacillus species: Plants 
hormones are chemical messengers that determine plant 
growth and development; and also have the ability to affect 
a plant's response to its environment. These chemical 
messengers are organic compounds that are effective at very 
low concentration. They are typically synthesized in one part 
of the plant and are taken to another location to the acting 
site. There are five major classes of plant hormones have been 
identified. These classes of hormones are; auxins, cytokinins, 
gibberellins, abscisic acid and ethylene. Directly or indirectly 
these hormones determine plant growth and developments 
including cabbage in their cell division, cell elongation, and 
plant cell differentiation. Hormones are varies based on their 
site of action, developmental stage of their action and need 
concentration. They are stimulating and act together with 
specific target tissues to cause physiological responses, such 
as growth or fruit ripening. Generally the final physiological 
response of plants including vegetables is the result of two or 
more hormones acting together.

Role of Bacillus species in production of IAA for 
growth improvement
Regulation of plant development including organogenesis, 
tropic responses, cellular responses such as cell expansion, 

division, and differentiation, and gene regulation is the major 
signaling function or role of hormones.

According to BS Saharan of 2011 diversified bacterial species 
possess different capability of producing phytohormones, 
auxin or IAA. Different biosynthesis pathways have been 
identified frequently. Particularly IAA biosynthesis is 
widespread among plant-associated bacteria. Interactions 
between IAA-producing bacteria and plants lead to diverse 
outcomes on the plant side, varying from pathogenesis to 
phyto-stimulation. Bacteria use this phytohormone to interact 
with plants as part of their colonization strategies. IAA can 
also be a signaling molecule in bacteria and therefore, can 
have a direct effect on bacterial physiology.

Studies additionally mentioned that PGPR influences plant 
growth and development by the production of phytohormones 
such as auxins, gibberellins, and cytokinins. The effects 
of auxins on plant seedlings are determined by their 
concentration. The bacterial strains which produce highest 
amount of auxins such as indole acetic acid (IAA) and indole 
acetamide (IAM) causes maximum growth and yield of wheat 
crop in non-sterilized soil. Mostly this enhance plants to 
have a greater amounts of fine roots which have the effect of 
increasing the absorptive surface of plant roots for uptake of 
water and nutrients.

Rhizobacteria particularly Bacillus sp. are the first group 
of bacteria, which determine the ability of vegetable plants 
to release IAA that can help to promote the growth and 
pathogenesis in plants. The IAA production is studied in 
Rhizobium strains associated only with a few legume hosts.

Bacillus megaterium from the rhizosphere is able to produce 
IAA and thus it helps in the plant growth promotion specifically 
cabbage (Brassica oleracea). For example inoculation of 
cabbage (Brassica oleracea) plant with different Bacillus 
sp. has develop capability of IAA production which highly 
increases the growth by the N, P, K, Ca and Mg uptake of the 

Figure 3. Possible microbial contributions to plant Fe-nutrition.
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vegetable plant. Fundamental variation of growth on rooting 
and root dry matter of cuttings of cabbage (Brassica oleracea) 
grown on Bacillus sp. inoculated substrate was observed. 
The same result were also recorded on cucumber, tomato and 
pepper are inoculated with different strains of PGPR which 
produce IAA, there is a significant increase in the growth of 
the vegetables (Table 2). 

Cytokinin role of Bacillus species for plant growth
Plant hormones generally are assumed to interact with specific 
receptors that reside either on the cell surface or within the 
cytoplasm. Cytokinin is one of the plant hormones which has 
important role of regulators of development and environmental 
responses of plants that execute their action via the molecular 
machinery of signal perception and transduction. Two 
identified cytokinin receptor have important role in plant 
growth promotion. There are two groups of cytokinin such 
as; steroid hormone receptor model while the other fits the 
membrane receptor model [39].

According to (Marschner, 2010) there is the links between 
temperature and Cytokinin signaling, and an involvement 
of calcium ions in Ck signaling. Tryptophan also enhances 
the production of IAA in Bacillus amyloliquefaciens FZB42. 
Plants inoculated with the bacillus sp. together with Ag+ ion 
and L-tryptophan (Trp), give the highest root dry weight, and 
significantly increase the uptake of N, P and K compared to 
non-inoculated control plants.

Ethylene hormone regulating role of rhizobacteria for 
plant growth
Ethylene is also one of the hormone determine growth and 
development of plants, however it has different effects on 
plant growth depending on its concentration in root tissues. 
When its concentration is increased, it causes reduction of 
crop yield and growth by inducing defoliation and cellular 
processes that lead to prevent or retard stem and root growth 
as well as premature senescence. Based on environmental 
variation for example, under different types of stress, such as 
cold, draught, flooding, infections with pathogens, presence of 
heavy metals, among others, plants respond by synthesizing 
1-aminocyclopropane-1- carboxylate (ACC), which is the 
precursor for ethylene. When 1-aminocyclopropane-1- 
carboxylate (ACC) is secreted into the rhizosphere and is 
re- adsorbed by the roots, it is converted into ethylene. These 
types of accumulation of ethylene leads to a descending spiral 
effect, causes poor root growth. This hinders and reduces 
capability to acquire water and nutrients this results additional 
stress. PGPR in nature has the capacity to degrade ACC in 
the rhizosphere can help to restore a healthy root system that 
is needed to cope with environmental stress. Rhizobacteria 

degrade ethylene via the enzyme ACC deaminase. This 
enzyme can reduce or avoid some of the dangerous effects of 
the high ethylene levels [40].

Bacillus species role on growth rate of cabbage 
(brassica oleracea) seedling
The seedling determines high yield production of vegetable 
crops. Because the final yields of most vegetable crops are depends 
on their Seedling qualities, establishment and uniform plant 
growth and development. Therefore in order to increase yield of 
vegetable crops and maintain plant health growth, application or 
inoculation of Plant growth promoting rhizobacteria specifically 
Bacillus sp. has significant potential in nitrogen fixation, mineral 
solubilization and disease suppression.

Nitrogen is one of the essential substances in plant growth and 
the production of food and feed. Because it is the key elements 
in cellular synthesis like; enzymes, proteins, chlorophyll, DNA 
and RNA. Nitrogenase in rhizobial bacteroids are essential 
enzymes for symbiotic N2 fixation action of vegetable crop 
with the combination of Bacillus sp. This process of biological 
nitrogen fixation (BNF) and recycling nitrogen is currently 
utilized in agriculture, and it will be also provide promising 
yields for important in crop and vegetable crop productivity 
for the future, especially in sustainable systems. Studies show 
that PGPR treatments improve the growth parameters of 
cabbage seedlings significantly.

Conclusion
Bacillus megaterium strain TV-91C, Pantoea agglomerans 
strain RK-92, and B. subtilis strain TV- 17C bacillus species 
inoculation has a great effect on the growth, nutrient, and 
hormone content of cabbage seedlings. So application of 
Rhizobium genus specifically bacillus species has not only the 
advantage of healthy growth of seedling, role of enhancing 
yields, plant diseases suppression and cost minimizing role 
but also provide a significant advantage in waste management 
(phythoremidation) and environmental pollution mechanism. 
Plant growth-promoting rhizobacteria (PGPR) particularly 
bacillus species treatments increased fresh and dry shoot 
and root weight, stem diameter, seedling height, chlorophyll 
reading values, and leaf area of cabbage seedlings compared 
with the control.
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