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Article History Abstract

In the realm of agro-ecosystems and soil science, the intricate interplay
Received: 30/09/2023 between soil microorganisms and plant nutrition continues to be an area
Revised: 15/10/2023 of profound scientific interest and practical significance. One facet of
Accepted:30/10/2023 this complex dynamic, often overlooked but of critical importance, is

the role played by micronutrient-releasing bacteria in mediating the
acquisition of essential trace elements by plants. Zinc and silicon are
essential micro-nutrients for plant growth, and their availability in soil
significantly influences crop productivity. However, conventional
fertilization methods often fall short in providing these crucial elements
in an environmentally friendly manner. In response to this nutritional
challenge, nature has devised a remarkable ecological strategy wherein
a diverse assembly of microorganisms, herein referred to as
"micronutrient-releasing bacteria," are enlisted as indispensable agents
in the mobilization and delivery of these micronutrients to plants. This
abstract explores the potential of zinc and silicon micro-nutrient-
releasing bacteria as Dbiofertilizers. These microorganisms have
demonstrated the ability to solubilize and mobilize zinc and silicon
from soil minerals, making them readily available to plants. This not
only enhances nutrient uptake but also reduces the need for chemical
CC License fertilizers, thus mitigating the environmental impact associated with
CC-BY-NC-SA 4.0 their production and application.

1. Introduction

Modern agriculture faces the challenge of ensuring food security while minimizing the environmental
footprint. This has led to a growing interest in sustainable agricultural practices, including the use of
biofertilizers. Zinc and silicon are essential micro-nutrients for plant growth, and their availability in soil
significantly influences crop productivity. However, conventional fertilization methods often fall short in
providing these crucial elements in an environmentally friendly manner. The application of zinc and silicon
micro-nutrient-releasing bacteria as biofertilizers offers several additional advantages, including improved
soil structure, enhanced stress tolerance in crops, and the potential to reduce pest and disease pressures. This
abstract provides an overview of the mechanisms underlying the action of these bacteria, their potential
benefits for sustainable agriculture, and the challenges and considerations associated with their practical
implementation. harnessing zinc and silicon micro-nutrient-releasing bacteria as biofertilizers holds promise
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in promoting sustainable agriculture, increasing crop yields, and reducing the ecological footprint of modern
farming practices. Further research and field trials are needed to fully realize the potential of these microbial
agents and to develop effective strategies for their integration into agricultural systems.

2. Zn-Solubilizing Rhizobacteria (ZSR) and its working mechanism

Chemical fertilizer application only partially meets plant needs since, within 7 days of application, 96-99%
of applied Zn transforms into various insoluble forms depending on the type of soil and physicochemical
reactions (Saravanan et al. 2004). Zinc solubilizers, which have the ability to change different inaccessible
forms of metal into available forms, can avert this issue. These bacteria have the uncommon ability to
solubilize tiny amounts of insoluble zinc compounds like zinc phosphate, zinc oxide, and zinc carbonate
from the topsoil surface.Many bacteria, primarily those connected to the rhizosphere, have the ability to
mobilize Zn into a form that is readily available (Cunninghan and Kuiack 1992). By mobilizing complex Zn
in the soil, the ZSB are a viable substitute that could provide Zn essentiality for plants. According to
Saravanan et al. (2007), many genera of rhizobacteria related to Thiobacillusthiooxidans, Acinetobacter,
Bacillus, Pseudomonas, and Thiobacillusferrooxidans are zinc solubilizers.Trichoderma and
arbuscularmycorrhizae fungi have both been found to have the ability to solubilize zinc (Paul and Clark
1989).By using protons, chelated ligands, and oxidoreductive systems found on the cell surface and
membranes, these microbes mobilized metal forms. The production of phytohormones, antibiotics,
siderophores, vitamins, antifungal compounds, and hydrogen cyanide were only a few of the properties this
bacterium displayed that were advantageous to plants (Goteti et al. 2013).0n a sandy loam soil in Argentina,
Rosas et al. (2009) noticed that the seed inoculation with Pseudomonas aurantiaca increased wheat grain
yield by 36%. Cakmak et al. (2010) found a favorable association between grain Zn and protein
concentration. It is anticipated that these inoculations will contribute to the production of grains with
improved Zn bioavailability because they considerably increase the methionine content in both wheat types'
grains compared to the control. The results showed that Pseudomonas and Bacillus seed inoculation
considerably increased the nutritional concentration of N and P in maize leaves (Goteti et al. 2013).

Table:1-Effective microorganism with Zn solubilizing mechanism

Sr. No. [ Name [ Insoluble Znform | Mechanism of solubilization | References
Fungi
1 Penicilliumluteum ZnO, Zn3(P0O4)2 Production of Gluconic acid White C. et al. (1997)
2 Aspergillusniger ZnO, Zn3(P0O4)2 Production of Organic acids, citric White C. et al. (1997)
A. nomius acid and oxalic acid
A. oryzae
3 TrichodermaharzianumRifai Metallic Zn Sequestering Zn and increasing the | Altomare C. et al. (1999)
oxidative dissolution process
4 Beauveriacaledonica Zn3(P0O4)2 Acidolysis Fomina M. et al.(2004)
5 A. terreus (ZSF-9) Zno, ZnCO3, Decrease in pH Anitha S. et. al. (2015)
Zn3(P0O4)2
Bacteria
6 Pseudomonas fluorescens Zn3(P0O4)2 Production of organic acid Di Simine C.D et al. (1998)
7 Pseudomonas aeruginosa ZnO, Zn3(P04)2 Production of gluconic acid and Fasim F. et al. (2002)
ketogluconic acid
8 Pseudomonas sp. & Bacillus sp. Zno, ZnS and Production of organic acids36 Saravanan V.S. et al. (2004)
ZnCO3
9 GluconacetobacterDiazotrophicus ZnO  ZnCO3  or | Production of gluconic acids and it’s Madhaiyan M. et al. (2004) &
Zn3(P0O4)2 derivative 5-ketogluconic acid Saravanan V.S. et al. (2007)
10 Klebsiella sp. Pseudomonas sp. ZnO, Zn3(P04)2 Production of organic acids Sharma P. et al. (2014)
11 Acinetobactercalcoaceticus ZnO, ZnCO3 Organic acid production Goteti P. K. etal. (2013)
12 Bacillus cereus ZnO, Zn3(P04)2 Organic acid production Kumar A.S. et al. (2017)
13 B. aryabhattai ZnO, Zn3(PO4)2 | Production of malic acid, malonic | Vidyashree D.N. etal. (2018)
ZnCO03 acid, succinic acid, citric acid,
propionic acid, keto-D-gluterate and
gluconic acid
14 B. megaterium, KY 687496 Zno, Zn3(P0O4)2 Production of gluconic acid Dinesh R. et al. (2018)
ZnCO3
15 Pseudomonas taiwenensis Zno, Zn3(P0O4)2 Production of keto-D-gluterate, Vidyashree D.N. et al. (2018)
ZnCO3 citric acid, propionic acid,gluconic
acid and oxalic acid
16 Acinetobacter  sp.  (TM56), | ZnO ZnSO4 Production of organic acids Othman N.M.I. et al. (2017)
Serratia sp. (TM9)

Numerous mechanisms, including the synthesis of chelating agents or the release of metabolites such organic
acids and proton extrusion, can solubilize zinc (Sayer and Gadd 1997). Additionally, the creation of
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inorganic acids including carbonic, nitric, and sulfuric acids could aid in solubilization (Seshadre et al.
2002). Zinc solubilization results show that each isolate had a different solubilization potential. A key
process of solubilization has been found to be the production of organic acids by microorganism isolate,
particularly 2-ketogluconic acids (Fasim et al. 2002). In the cycle of nutrients, this solubilization quality is
crucial. All cases had a pH decline and medium acidification. In 72 hours, a higher solubilization of soluble
zinc sources was accomplished. Additionally, there was a correlation between the zinc-solubilizing potential
and zinc levels found in plant leaves. Simine et al. (1998) showed that a strain of Pseudomonas fluorescens
solubilized zinc phosphate. They discovered that the secretion of gluconic acids in the culture medium aids
in the solubilization of zinc salts. According to their study's findings (Subramanian et al. 2009), an acidic pH
can solubilize bacteria because it produces more organic acids, more readily available zinc in the rhizosphere
of culture broths, and zinc absorption by plants.According to Fasim et al. (2002), Pseudomonas aeruginosa
has the ability to solubilize ZnO in a liquid medium. Additionally, bacterial inoculation has the capacity to
raise the amount of Zn that is bioavailable in rhizosphere soil (Whiting et al. 2001) and in plants (Biari et al.
2008). For the mobilization of zinc and iron, PGPR produced siderophores (Saravanan et al. 2011),
derivatives of gluconic acids, such as 2-ketogluconic acid and 5-ketogluconic acid, and several other organic
acids (Tariq et al. 2007). Since most soils are high in Zn content but low in soluble Zn, these bacteria can be
employed to solubilize insoluble sources of Zn like ZnO and ZnCO3.both Bacillus and Pseudomonas
species.have a lot of potential to be dissolved in the soil system for the absorption of economically efficient
Zn (Saravanan et al. 2003). Plants may benefit from rhizosphere microorganisms in a variety of ways,
including through the mobilization of nutrients and their ability to act as a biocontrol agent (Khalid et al.
2009).

3. Silicon-Solubilizing Rhizobacteria (SSR) and its working mechanism

There are many different microbes in soil, but only a small number of them are capable of releasing silica
from natural silicates (Meena et al. 20144, b, c). These include Bacillus caldolytyicus, Proteus mirabilis,
Bacillusmucilaginosusvar. siliceous, and Pseudomonas). These SSB are capable to breaking down silicate,
particularly aluminum silicates (Al2SiO5). During their development, these bacteria created a number of
organic acids that may be involved in the weathering of silicates. These organisms aid in the release of
potassium from minerals that contain K.

There are several Bacillus species among the bacteria that have been found. Farmers all around the world use
biofertilizers to increase plant growth and crop yield by releasing nutrients through seed inoculation and soil
application. Microorganisms' solubilization of silica is regarded as a source of silicon for plants. According
to Avakyan et al. (1986), these bacteria boost the growth, chlorophyll content, test weight, filled grains,
biomass, and yield of rice crops. Higher yields of maize, potatoes, wheat, and tomatoes were obtained when
SSB was applied to the soil. (Aleksandrov1958)

As part of their metabolism, silicon microorganisms emit organic acids that have a dual function in silicate
weathering. These provide H+ ions to the medium, which promotes hydrolysis, and make organic acids like
citric acid, keto acids, oxalic acids, and hydroxylcarbolic acids readily available to plants. According to
Joseph et al. (2015), some bacterial isolates can convert insoluble minerals such silicates, phosphates, and
potash into soluble form by secreting organic acids, alkalis, and polysaccharides. By generating proton,
organic ligands, hydroxyl anion, extracellular polysaccharides, and enzymes, bacteria make silicates
available (Barker et al. 1998).

Table:2 List of various disease cause due to deficiency of Zn and Si micronutrients.

Sr. No. | Metal responsible for plant disease crop Common name of disease | Scientific name of disease
1 Chickpea Root Rot Fusarium
Citrus Mold Penicilliumcitrinum
Zinc Cotton Wilt _ Verti_cillium _
Pea Powdery Mildew Erysiphepolygoni
Peanut Rot Rhizoctoniabataticola
Wheat Head Scab Fusariumgraminearum
2 Silicon Paddy Blast Magnaporthe oryzae
Brown spot Bipolaris oryzae
Turf grass Powdery mildew Blumeria graminis

Available online at: https://jazindia.com 2520



Journal of Advanced Zoology
Discussion and future prospective

In conclusion, harnessing Zinc-Solubilizing Rhizobacteria (ZSR) and Silicon-Solubilizing Rhizobacteria
(SSR) as biofertilizers holds great promise for promoting sustainable agriculture, increasing crop yields, and
reducing the ecological footprint of modern farming practices. These microorganisms play a pivotal role in
solubilizing and mobilizing essential micronutrients, such as zinc and silicon, from soil minerals to make
them readily available to plants. This not only enhances nutrient uptake but also reduces the dependency on
chemical fertilizers, thus mitigating the environmental impact associated with their production and use.
However, to fully realize the potential of these microbial agents, further research and field trials are needed
to fine-tune their application methods, optimize strain selection, and address specific challenges associated
with different soil types and environmental conditions. Additionally, education and awareness programs
should be implemented to encourage the adoption of ZSR and SSR biofertilizers among farmers and
stakeholders in the agricultural sector. By doing so, we can advance sustainable agriculture, increase food
security, and contribute to a more environmentally friendly and resilient farming system.
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