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Abstract 

Phosphorus (P) is one of the most growth-regulating macronutrients in plants. P is a significant 

mineral component for plant development and is constantly expected in huge amounts. Phosphorus 

lack in plants causes a decrease in yield and development. To conquer the P lack, Plants change 

their root structure (phenotypically) as they assume a fundamental part in improving the 

accessibility of phosphate in the soil. Wheat (Triticum aestivum L.) is a fundamental oat crop that 

offers adequate nutritious calories for people and creatures.  This review explains the component 

of phosphorus, what phosphorus means for the development of wheat and the retention strategy for 

phosphorus from natural and inorganic sources inside the soil. In this survey, we additionally 

examine the microorganisms present in natural and inorganic soil associated with phosphate 

solubilization. This study turns into a significant means to wheat cultivators and scientists for 

feasible and higher wheat creation by further developing phosphorus use productivity in low info 

farming. 
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Introduction 

Phosphorus, secondary growth 

controlling macronutrient after nitrogen. P 

performs various essential tasks in all living 

beings including plants. In loam, P is present 

in organic and inorganic forms. Deficiency in 

P can lead various plants to decrease in their 

growth and yield. Plants change their 

phenotype particularly, they modify their 

root structure in response to P deficiency. 

(Elanchezhian, Krishnapriya, Pandey, Rao, 

& Abrol, 2015; Panigrahy, Rao, & Sarla, 

2009). Food grains have been tamed for more 

than 10,000 years, performing a decisive 

function in the improvement of human social 

processes. Nowadays, Cereal grass is still 

crucial, the primary crop in the world with 

more than 2.8 Gt of conjunctive grain 

manufactured (FAO, 2013). 

Wheat  (Triticum aestivum L.) is one 

of the important foodstuffs cultivated in 

South Asia. Wheat is the imperative crop 

having the main task of providing food to a 

big part of the world's population. About 53% 

of human calories come from bread and other 

wheat products.  Furthermore, this plant is 

one of the most adapted cereal species to 

several climatic circumstances counting to 

the agricultural situation of dryland farming 

(Ohly et al., 2019). To formulate its farming 

stake efficiently and sustainably, it's essential 
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to approve trials to lessen the input of 

expensive chemical fertilizers. The bacterial 

inhabitants related to the rhizome of wheat 

have been said to be an enhancer of 

capitulation and also function as an opponent 

to soil-borne phytopathogens (Mukhtar et al., 

2017). 

Pakistan is an agricultural country as 

26% of GDP (growth domestic products) 

comes from agricultural areas. It is a big task 

to fulfill the food wishes of the unexpectedly 

growing populace in our United States. For 

sustainable agriculture, there's a surge to 

apply cutting-edge agriculture practices with 

lesser inputs for the profitable production of 

food and fiber. Developments in microbial 

biotechnology have made it feasible to apply 

beneficial microorganisms in substitute to 

luxurious chemical fertilizers and pesticides 

(Ahmed et al., 2017). During the years 2011-

2012, wheat was cultivated on an area of 

8666 thousand hectares and the total 

production was 23.5 million tons 

(Anonymous, 2011-2012). The average yield 

(2500 kg/ha) of wheat is much lower than 

other wheat-growing countries of the world 

and is far below its yield potential. 

Microorganisms, critical to the 

cropping structures and soil habitat, perform 

particular roles in surroundings functioning 

through controlling nutrient, biking 

reactions, critical for retaining soil fertility. 

Although soil microorganisms perform many 

essential strategies they vary in their useful 

talents and in lots of cases we do not 

recognize their actual roles (Fatima et al., 

2019) (Alewell et al., 2020). 

Naturally, Phosphorus is found in 

various organic and inorganic types. Its 

accessibility level is less in soils due to its 

fixation like unsolvable phosphates of iron, 

aluminum, and calcium. In this regard 

shortage of P is a very significant chemical 

aspect limiting plant growth and as a result, 

commonly artificial fertilizers are used to 

attain optimal yields. Soluble types of P 

fertilizer employed are easily joined as 

unsolvable types that direct the extreme and 

continual appliance of P fertilizer to cropland 

(Leinweber et al., 2018).  

 Rock phosphates are considered the 

major resources of phosphate fertilizers. 

They show very low costs as compared to 

soluble phosphorus fertilizers. Phosphate 

rocks are apatitic, possessing different 

percentages of P2O5 in a calcium matrix. 

Mineral types of phosphorus represent the 

leading storage places of phosphorus; signify 

mainly through rocks and remnants produced 

throughout the ecological period (Ohly et al., 

2019). These major minerals (oxyapatite, 

hydroxyapatite, and apatite) are mainly 

distinguished by their insolubility. A huge 

part of dissolved inorganic phosphate is 

functional to farming earth like artificial 

fertilizer is speedily inactivating soon behind 

the appliance and befalls as inconvenient to 
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plants.  A smaller amount of phosphorus is 

obtainable instantly upon appliance; 

however, in acid soils with sufficient rainfall, 

the suspension of rock phosphate can sustain 

the recommended stage of P over time (Basu 

et al., 2021). 

 The exploitation of artificial 

fertilizers to raise crop yield is life-

threatening. It spoils our natural environment 

and causes soil pollution and also risks for 

consumers. So to control these problems 

plant growth-promoting rhizobacteria 

(PGPR) is the best option for better plant 

development. PGPR is the gathering of 

different bacteria which is present in the 

ground part of the soil. PGPR is more useful 

as compared to artificial fertilizers due to 

their low cost and safety. These bacteria exist 

in external and internal fragments of the plant 

(Alewell et al., 2020).  

These microbes cause such a type of 

immune system in plants that are resistant to 

disease-causing pathogens and operate 

several biological processes for example 

nitrogen fixation, iron sequestering, and 

produce hormones and enzymes. These 

microorganisms also help to fulfill 

micronutrient availability in soil. Like 

Phosphate, Iron, Zinc, Copper, Molybdenum, 

Boron, and Chlorine. These microbes are 

accountable for the collapse of large 

complexes into smaller ones so able to reach 

every part of the plant (Beed et al., 2011).      

    The rationale and significance of this 

review is to enhance the phosphorus content 

of wheat and how phosphorus affects the 

growth of wheat. Plant growth-promoting 

rhizobacteria (PGPR) are rhizosphere and 

soil bacteria which are beneficial for plant 

production through various means. The 

phosphate mineralization capacity of the 

microbes is measured to be among the strong 

crucial characteristics linked with plant P 

nourishment. Due to adverse ecological 

damage by artificial fertilizers as well as their 

rising expenses, the utilization of Plant 

health-promoting rhizobacteria (PGPR) is 

profitable in the supportable farming 

appliance. Newly solubilizing microbes 

reveal the fascinating interest of agriculturists 

as soil inoculums to develop plant 

intensification and output (Fasim et al., 2002; 

Roy et al., 2017). 

  Deficiencies in digesting P or 

nitrogen (N) often limit plant growth in many 

parts of the world, thus requiring farmers to 

use expensive chemical fertilizers to obtain 

satisfactory yields (Menezes et al., 2018; 

Adesemoye and Kloepper, 2009). Although 

most soils contain sufficient amounts of 

phosphorus, it is often not in a chemical form 

that is available to plants. In fact, as much as 

90% of P-fertilizers added in calcareous soils 

are converted into insoluble phosphates. 

Fortunately, free-living Phosphate 

Solubilizing Bacteria (PSB) that colonize the 

plant-soil were reported to increase 
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concentrations of available P. PSB belong to 

a larger group known as Plant health 

Promoting Rhizobacteria (PGPR). PGPR 

mediates or enhances plant enlargement 

through a number of methods including 

nitrogen-fixation (symbiotic or not), P-

solubilization, and production of 

phytohormone-like compounds (Babalola, 

2010). Plant growth-promoting rhizobacteria 

(PGPR) microorganisms belong to diverse 

genera (e.g., Azotobacter, Azospirillum, and 

Pseudomonas, etc.) that exhibit quite distinct 

physiological and metabolic properties 

(Yadav et al., 2017). 

  Various researches reveal the 

phosphorus uptake mechanism, how different 

nutrients affect the wheat plant, and the role 

of phosphate solubilizing bacteria in the 

wheat plants. Phosphate solubilizing bacteria 

community structure and multiplicity were 

evaluated by means of PCR denaturing 

gradient gel electrophoresis (PCR-DGGE) 

organization to fingerprint Phosphate 

solubilizing precise 16S rRNA gene 

segments augmented from community DNA 

(Bewley et al., 2006). 

 PGPR has been established for the 

induction of various crops in both laboratory 

and field trials. It has been found that Strains 

of Pseudomonas putida and Pseudomonas 

fluorescens have enlarged root and shoot 

expansion in canola, lettuce, and tomato plus 

crop capitulate in potato, radishes, rice, sugar 

beet, tomato, lettuce, apple, citrus, beans, 

ornamental plants, and wheat (Getahun et al., 

2020). 

  Bacterial systems can get a 

considerable quantity of vitamins and 

minerals from standard systems, enhancing 

the rhizosphere by essential however, and 

inadequate nutrients. Crop bacterial ecology, 

therefore, thrives in viable farming by 

extensive biological constancy and 

ecological value. The organisms particularly 

having phosphate solubilizing aptitude 

amplifies the accessibility of dissolved 

phosphate and can develop plant enlargement 

through rising the effectiveness of biological 

nitrogen fixation or improving the 

availability of further trace constituents like 

iron, zinc, etc and with the construction of 

plant health-enhancing regulators 

(Ponmurugan and Gopi, 2006). Within the 

phosphorus-insufficient situation, this 

organization affects either enhanced 

absorption of the obtainable phosphates or 

represents inaccessible phosphorus resources 

available in the plant. It is investigated that 

Pseudomonas spp. improve the amount of 

nodular, dry weight of nodules, yield 

mechanism, granule amount, vitamin or 

mineral accessibility, and absorption in 

soybean crops (Son et al., 2007). 

There are several studies on PSB 

performed in both growth chamber and 

greenhouse circumstances which reveal that 
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PSB inoculation greatly enhances the growth 

rate and P absorption of the plant (Yu et al., 

2011). Continuous rise in both length (root, 

shoot) and dry weight of( root, shoot) of 

Vigna radiata plants introduced with 

phosphate solubilizing bacterial strains can 

be recognized as a larger uptake of nutrients 

particularly phosphate. In contrast with a 

single injection, inculcate demonstrates 

elevated intensification action and P 

absorbance; this records that both strains 

operate cooperatively with one another to 

encourage green bean plant expansion. 

  Although, phosphate Solubilization 

isn't the single-mode to encourage plant 

expansion via phosphate solubilizing bacteria 

as they facilitate plant enlargement through 

rousing the effectiveness of phytohormones 

creation like auxins, cytokinins, gibberellins 

as well as vaporous alloys (Podile and 

Kishore, 2006). Improved plant 

intensification following inoculation of PSB 

strains can be certified to the capacity of the 

genetic variants to build phosphate 

obtainable plus at the same time manufacture 

plant production improving things (Ali et al., 

2010) as explained in figure 3. 

Vikram and Hamzehzarghani 

(2008), Ghanem and Abbas (2009) 

discovered the same improvement in plant 

multiplication and P absorption of mung 

beans as a result of PSB inoculation. It shows 

the enhancement in plant altitude, quantity of 

twigs, the quantity of shell, granule mass, and 

ultimately elevated kernel and stalk yields in 

Vigna radiate plants following the inculcate 

of B. megaterium in the salt pretentious part 

of the rhizosphere.  

  Enlarged intensification and 

phosphorus absorption have been accounted 

for by Azotobacter chroococcum in wheat 

(Kumar et al., 2001), Pseudomonas 

fluorescens in peanut (Dey et al., 2004). 

Pseudomonas species in wheat (Banba and 

Antoun, 2006 and both Pseudomonas species 

and Bacillus cereus in butternut show 

improved growth rate.  

   Fernandez et al., (2007) stated that 

the shoot length of soybean plants enlarged 

following the inoculation of Burkholderia sp. 

PER2F by 40% and 60% while contrasting 

with uninoculated soil/kernel and 

uninoculated soil/kernel treated with 

dissolvable phosphorus correspondingly. On 

the other hand in canola plants inoculation of 

Bacillus and Xanthomonas express the rise in 

height and biomass, except P content 

experimented by de (Getahun et al., 2020).  
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Wheat 

 

 

 

 

 

 

           Figure 1: wheat plant 

Wheat is a grass usually cultured to 

gain its kernel, a cereal granule that is 

globally stapled rations. Several species of 

wheat jointly build the genus Triticum. But 

mainly generally cultivated is regular wheat 

(T. aestivum). It belongs to the family 

Poaceae. Wheat is the major source of 

carbohydrates. It is frequently utilized for 

crumpets, cookies, flake, chapattis, bread, 

biscuits, noodles, flour, and grain for 

domestic animals, sales, roasted grain, and so 

forth.  

Wheat is the main source of 

carbohydrates. Internationally wheat is the 

principal source of vegetable protein in 

human food possessing a protein content of 

approximately 13% that is comparatively 

elevated in contrast to other main cereals 

rather than short in protein value for 

contributing necessary amino acids (Ohly et 

al., 2019). 

The dietary symphony of the wheat 

granule differs fairly with distinctions in 

weather and loam. On a standard basis, the 

seed contains 12 % water, 70 % 

carbohydrates, 12 percent protein, two 

percent fat, 1.8 percent minerals, and 2.2 

percent basic fibers. Thiamin, riboflavin, 

niacin, as well a little quantity of vitamin A 

are there, however, the refining methods 

eliminate most of those nutrients with the 

fiber and microbe (Mukhtar et al., 2017). 

Production of wheat  
 

Wheat is the primary basic meal 

meant for the optimum of the populace and 

the biggest granule supply for inhabitants of 

Pakistan. Wheat produces commonly in the 

form of rotations among the United States of 

America i.e.  Wheat-cotton-wheat and wheat-

rice-wheat (Vita et al., 2018). 

The input of wheat in feed addition 

in farming is 12.5% and to GDP is 2.6%. 

Throughout the time of 2012-13, wheat grew 

to be cultivated on a place of 8.7 million 

hectares; furthermore, entire manufacturing 

emerged at 24.2 million plenty (Anonymous, 

2012-13). There are many elements 

responsible for a decreased place beneath 

wheat nurturing plus the common give up of 

wheat. These contain the materialization of 

fashion among agriculturists to implement 

BT cotton farming on maximum land 

because of less cost of wheat and an 

excessive fee of production. Some more 
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aspects, along with water scarcity, weed 

opposition, and absence of technical facts to 

the farmers that motivate discount in yield of 

wheat (Thapa et al., 2017). With those 

aspects, maximum vitality is the 

inaccessibility of chemical manure at the 

appropriate time throughout the development 

period. It needs a version of a few change 

means to diminish the usage of pricey as well 

as hardly accessible chemical manures to 

fulfill dietary desires of vegetation. Bio-

fertilizers stand totally on PGPR and provide 

a striking solution due to the reality that 

PGPR features normal units of plant crucial 

small and large nutrients whilst connected 

with the plant rhizome. This PGPR beautify 

the plant boom and capitulate through means 

of the usage of solving distinctive nitrogen 

into ammonia and formulate it accessible to 

plant, solubilize the phosphorous determined 

within the loam in inaccessible paperwork 

moreover offer the plant increase stimulants 

(Vita et al., 2018). 

All over the world, commonly soils 

under farming are friable and scarce in plant 

nutrition, mainly phosphorus. Therefore 

insufficiency of mineral nutrients is the 

reason for less crop yield. Potential trials to 

enhance the health of plants in salinated soils 

are the implementation of microbial 

inoculants that are able to upgrade salt stress, 

encourage plant development, and manage 

plant diseases (Lugtenberg and Kamilova 

2004; Lugtenberg et al., 2013). Wheat 

requires a number of nutrients (Table 1). 

 Implementation of bacteria that is 

directly linked with the roots of the plants 

through alleviating stress releases an 

innovative highly developed tool used for 

fighting nutrient deficiency in desert soil. 

Several pieces of research revealed that 

utilization of favorable bacteria can increase 

a plant’s conflict towards unfavorable 

ecological pressures such as severe aridity, 

saltiness, nutrient insufficiency, and acid 

rock infectivity. These types of inoculants 

play a significant role in the progress of 

livable cultivation during unfavorable 

circumstances (Dodd and Perez-Alfocea 

2012). The injection of the kernel of diverse 

crop plants like Solanum Lycopersicum,  

pepper, canola, bean, and lettuce, with PGPR, 

improve rhizome and shoot expansion, dry 

mass, fruitage, and kernel capitulate and 

improve resistance against diseases of plants 

(Yildirim and Taylor 2005; Egamberdieva et 

al., 2013). PGPR also changes the association 

between water and plant due to an improved 

osmotic adjustment. 

Rhizosphere 

Plant rhizosphere is defined as the 

soil closely present near to the plant root 

organization where roots discharge huge 

amounts of catabolites or anabolites from 

existing absorbent hair or fibrous root 

structures.  For bacterial movement in root 

zone metabolites serve as chemical indicators 
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and as well as signify the central nutritional 

supplies that exist to maintain intensification 

and diligence in the rhizosphere. The 

rhizosphere microbiota consists of microbes, 

fungi, nematodes, protozoa, algae, and 

micro-arthropods (Raaijmakers et al., 2001). 

A number of the microorganisms that occupy 

this district are bacteria that are competent to 

colonize extremely powerful manners in the 

rhizome or the area around the rhizome of 

crop plants. These bacteria are recognized as 

plant growth-promoting rhizobacteria 

(PGPR). They play a significant role in plant 

efficacy, growth, and robustness in different 

ways. From totally soil microbes 98% of 

microbes are not able to culture. As a result, 

it is primarily hard to detect, categorize, and 

justify their utility.  In recent times nucleic 

acid-based procedures counting the study of 

genetic material from soil trials have 

discovered vast multiplicity in the 

rhizosphere occupied microbiota (Suzuki et 

al., 2006). 

  Direct plant development 

endorsement might outcome as any from 

enhanced nutritive attainment/hormone 

inducement. Various methods are concerned 

with the inhibition of plant parasites that are 

also ultimately associated with plant 

development. There are many microbial 

species found in soil that might differ from 

thousands to millions. 

Phosphorous 

Soil contains many macro and 

micronutrients, one of them is Phosphorus 

that exists in the smallest amount as 

compared to other nutrients found in soil. The 

accessible amount of inorganic phosphorus in 

soil is  2μM and this amount is numerous 

orders of amount lesser than that in plant 

tissues (five–twenty mM). Furthermore, 

when an interaction between P and C, Al, 

happens, the accessibility of P becomes less 

to the plants. The Regular natural amount of 

phosphorus in soil is 20-80 % and it must be 

mineralized into inorganic type primarily 

then it is offered to plant up-take. 

  During investigations there are 

many bacterial species that act like phosphate 

solubilizers in yields, moreover, few of them 

are utilized the same as biostimulants by 

agriculturists. These bacteria are capable of 

changing unsolvable types of phosphorus to 

accessible types. This will enhance the 

digestion of phosphorus in plants. The 

present study is about extraction and 

particular recognition of PSB that were 

passed out in the Thal desert. Detection and 

phylogenetic investigations of superior 

extracts were carried out with 16S rRNA 

gene sequencing (Nobandegani et al., 2015). 

Bacteria need Phosphorus for proper 

functioning such as biological data storage,  

transport, energy metabolism, and membrane 

reliability. That’s why Bacteria produce 

some large molecules that are rich in 

phosphorus components (Menezes et al., 

2018). 
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  Phosphorus is a key macronutrient 

because its fundamental task is in metabolic 

way e.g., vitamin or mineral absorption, 

inhaling or exhaling process, organic 

oxidation, photosynthesis, and multiplication 

in favor of the development of plants. 

Furthermore, phosphorus is a structural 

element of the phospho-peptides, phospho-

lipids, cofactors, DNA or RNA, and 

chromatins (Gouda et al., 2018). 

Occurrence of phosphate solubilizing 

bacteria (PSB)  

Within the era of 1903 scientists 

discovered the rhizospheric phosphorus 

solubilizing microbes (PSM) that are present 

in our ecological system (Khan et al., 2007). 

Bacteria are measured to be present as highly 

efficient in phosphorus solubilization as 

compared to molds. Within the entire 

microbiota, residents in loam PSM phosphate 

make up one to 50%, while PSF (phosphorus 

solubilizing Fungi) is just 0.1 to 0.5 % in the 

Phosphate mineralization perspective. 

Mycorrhizal fungi and PSMs are considered 

among the microorganisms that are linked 

with phosphorus acquisition. Within the loam 

microbial populations, ecto rhizospheric 

strains from Pseudomonas, Bacilli, and 

endosymbiotic rhizobia have been illustrated 

as efficient phosphate solubilizers (Igual et 

al., 2001). The dominant phosphate 

solubilizers are strains from the bacterial 

genera Pseudomonas, Bacillus, Rhizobium, 

and Enterobacter, along with Penicillium and 

Aspergillus fungi. Bacillus megaterium, B. 

circulans, B.subtilis, B. polymyxa, B. 

Sicamous, Pseudomonas striata, and 

Enterobacter are formulated as the 

imperative strains. Furthermore, the 

nematode fungus Arthrobotrys oligospora 

possesses the capacity for solubilization of 

non-detrital sedimentary rock phosphate 

(Duponnois et al., 2006).  

A very metabolically energetic vast 

proportion of PSM is determined in the loam 

as compared to the other resources (Vazquez 

et al., 2000). Generally, Bacilli are found in 

loam, while spirilla are much uncommon in a 

normal atmosphere. The PSB is universal but 

has dissimilarities in type and residents inside 

the diverse topsoil. A populace 

mineralization bacterium relies on diverse 

loam characteristics (corporeal and chemical 

characteristics, natural material, phosphate 

content) and enriching actions. The majority 

of PSB originated during farming plus a 

variety of ground soils. 
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Figure 2: Types of wheat 

Mechanisms of phosphate & PSB   

There has been a non-prevent look 

for viable options to the chemical phosphate 

fertilizers. Soil microbes play a high-quality 

role in the metabolism of complicated 

molecules e.g. Insoluble phosphorus 

complexes are converted into soluble forms 

of phosphorus, which are then taken up by 

using flowers as nutrients. Microorganisms 

and their interactions in soil play a critical 

characteristic in mediating the distribution of 

P a number of the available pool in soil 

answer and the general soil P through 

solubilization and mineralization reactions 

(Bhattacharyya and Jha, 2012; Goes et al., 

2012). Zn is a key element for plant 

development because plants need an 

appropriate equilibrium of every necessary 

nutrient for standard development and best 

capitulation. 

There are a lot of microbes that exist 

within the soil that are capable of solubilizing 

an inaccessible type of calcium-bound 

phosphorus through eliminating organic 

acids which perform both actions to instantly 

solubilize rock phosphate or chelate calcium 

ions to convey phosphorus into the mixture. 

Few species of bacteria also possess 

solubilization and mineralization aptitude for 

organic and inorganic phosphorus (Khiari 

and Parent 2005). The mechanism of 
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phosphate solubilization is carried out via 

diverse bacterial procedures counting organic 

acid manufacturing and proton extrusion.  

Phosphorus solubilization action 

depends on the capacity of bacteria. These 

bacteria liberate metabolites like organic 

acids that utilize their hydroxyl and carboxyl 

grouping to chelate the cation bond to 

phosphate after this transforms into a 

dissolvable structure (Mohamed et al., 2018).  

Phosphorus solubilization is by 

means of huge amounts of saprophytic 

microbes and molds performing on warily 

dissolvable loam phosphates, primarily 

through the chelation-mediated method. 

Artificially produced phosphorous is 

mineralized through the exploitation of 

organic and inorganic acids released via PSB 

in which hydroxyl and carboxyl set of acids 

chelate cations (Al, Fe, and Ca) and diminish 

the acidity or basicity in fundamental soils 

(Chauhan et al., 2017). 

Organic acids formed via PGPR for 

P-solubilization encompass malic acid, acetic 

acid, citric acid, oxalic acid, lactic acid, 

formic acid, gluconic acid, and a couple of of-

Keto-gluconic acid (Gulati et al., 2010). 

Gluconic acid appears to be the maximum 

recurrent mediator of mineral phosphate 

solubilization. Also, 2-ketogluconic acid is a 

different natural acid in P solubilization 

(Gulati et al., 2010). Both Bacillus and 

Azospirillum strains had been decided to 

provide mixtures of lactic, isovaleric, 

isobutyric, gluconic, and acetic acids 

(Scervino et al., 2011). In natural bacterial 

subculture, natural acid manufacturing has 

been tested by using special sugars such as 

sucrose, glucose, fructose, D-xylose, and 

mannitol (Perrig et al., 2007). 

The most important literature relates 

to PSB and its possible exploit to raise loam 

fecundity. A few filamentous non-

mycorrhizal fungi are involved in the 

solubilisation of phosphate, particularly 

Aspergillus species and Penicillium species 

(Singh et al., 2011). The valuable possessions 

of these phosphate-solubilizing fungi molds 

such as Aspergillus on various harvests, 

Trichoderma, Penicillium, and vesicular-

arbuscular mycorrhizae have been verified. 

Importance of phosphorus on wheat 

growth (root, shoot, grain) 

Requirements of phosphorus vary 

yearly according to the rotation of the wheat 

plant. At the germination phase, P is 

mandatory for sprout and rhizome expansion 

(Engels et al., 2012). Following the 

commencement of maturity, the granule turns 

out to be the central sink for P. therefore 

requirement of phosphorus for rising granule 

could be continued from incessant post-

anthesis P absorption or from the 

remobilization along with the transport of 

endogenous P (Wang et al., 2016). 
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Wheat crumb expansion can be 

separated into three stages. Early 14 days 

subsequent anthesis, due to high 

multiplication granules, enlarge speedily. At 

this stage, P is necessary for different 

functions i.e vivacity transmission, nucleic 

acid production, and cellular progressions 

(Iwai et al., 2012). Afterwards, granule 

stodgy is raised and consists of an 

accelerative storeroom for starch, proteins 

and nutrients. This period ends within 

fourteen and twenty days. Lastly, the end 

stage is distinguished via swift H2O thrashing 

and decline in granule metabolic action 

(Ferreira et al., 2012). 

Vegetative parts of the plant perform 

a vital task in overall plant phosphorus 

finances. They serve as conversion cargo 

space for P prior to its later transport to the 

rising granule. According to P accessibility, 

the percentage of entire plant P which is 

established in granules is estimated to 

fluctuate from 30% to 90% at ripeness. In 

food grains approximately 50 to 90% of 

particle P was predictable as a derivative of 

re-mobilized P from vegetative parts 

according to genotypes and extension 

circumstances (Veneklaas et al., 2012). 

Remobilization of phosphorus is mandatory 

for its transport to granules.  

Numerous inquiries express that 

senescence in vegetative parts like leaves 

persuades nutrient remobilization. On the 

other hand, P remobilization might also 

happen through vegetative enlargement when 

plant countenance P insufficiency. 

Particularly its potency within phloem and 

xylem, the phosphorus turns out to be 

willingly accessible to be related to 

descended parts. While wide research 

focuses on the consequence of premature P 

restriction on plant expansion, fewer 

endeavors have been dedicated to the 

perspective of the result of delayed 

phosphorus restriction and its effect on 

capitulate and PUE, especially in wheat 

(Wang et al., 2016).  

Approximately 70% of granule 

carbon is instigated from C incorporated 

through granule stodgy (Masoni et al., 2007).  

In the period of vegetation, an inadequate P 

contribution to plants can lead to decline in 

plant development plus a higher rhizome 

shoot percentage. This type of alteration 

within the biomass allotment outline is one of 

the policies that plants employ to amplify 

admittance to a bigger P resource in the loam.  

Decline in granule capitulation and 

granule quantity is accounted for in cereals 

too. But the delayed period P restriction is 

recognized to contain fewer contacts on the 

granule capitulate (Peng and Li 2005). Batten 

and Wardlaw (1987) investigate that foliar or 

rhizome relevance of phosphate stimulants 

throughout granule expansion hinders leaf 

senescence lacking a momentous raise in 
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granule capitulates in wheat. As a result, it 

can be implicated that granule development 

will not be inadequate via P furnish in the 

post-anthesis phase and that P remobilization 

would be sufficient to maintain the rising 

granule. One strategy to check this theory is 

to force the plant to depend on the 

endogenous P basis through granule stodgy. 

This can be attain through 

eliminating the exogenous P bringing within 

the post-anthesis phase and then evaluate the 

perspective of P remobilization from wheat 

parts and their involvement to closing 

granule P. so far, a lot of researches have 

been completed with rice but small data has 

been accounted concerning P remobilization 

and P divider between diverse parts in wheat 

within various P deliver over the post-

anthesis stage. For instance Julia et al. (2018) 

investigated P division and remobilization in 

rice plants and establish that post-anthesis P 

absorption is a serious donor to granule P 

content as it signifies 40 to 70% of the mid-

air P assembling at adulthood. 

Durum wheat is one of the 

significant cereal crops in the Mediterranean 

region. While genotypic differences for P 

competence have been recognized to happen 

in wheat (Wang et al., 2010). There are small 

concerns relating to the potential methods 

which might inspire such differences 

particularly through the post-anthesis stage. 

A plant’s aptitude to manage with P restraint 

does not rely on its capability to absorb and 

accumulate P but engross methods of P 

transfer and P remobilization to sink organs 

too (Veneklaas et al., 2012).  

If huge origin organizations are 

significant for competent P attainment, P 

remobilization is influential, especially 

within the condition of P inadequacy through 

granule growth (Wang et al., 2010).  

Role of phosphors & other nutrients in 

wheat growth 

Wheat is the essential staple food and 

conveys the majority of the protein 

requirements of the earth. The several 

nutrient scarcities are the key aspects that 

lessen the capitulation and income. Wheat 

crop requires nitrogen, phosphorus, 

potassium, sulfur, boron, iron and zinc for its 

appropriate development and multiplicity. 

(Mitra 2017). Nitrogen is an element of 

crucial constituents in cells, counting amino 

acids, DNA and RNA, chlorophyll, 

polypeptides and stimulants. The exploit of 

nitrogen improves photosynthesis gathering 

(Lawlor et al., 1989).  

Phosphorus 

It is a fundamental element of many 

physiological tasks like power build-up and 

conduction, photosynthesis, breathing, cell 

segregation, and cell extension that involve 

energy-rich phosphate composite products 

such as ATP, ADP. Phosphoproteins, nucleic 

acids, nucleotides, phospholipids are crucial 
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elements too. 

The vital constituent in plant 

metabolism is phosphorus. From start to 

finish, the plant's primary maturation 

mechanism, the requirement for phosphorus, 

is dominant. The small mottling of the aged 

leaves in P has an incomplete plant and the 

leaves emerge to be murky green. Leaves 

facing P insufficiency are more curled as 

compared to babyish leaves. Furthermore, 

occasionally adult leaves are enclosed with 

babyish leaves and new the adulthood of 

plants with small heads. 

The plant absorbs P simply after 

irrigation 3-4 weeks after germination (Iqbal 

et al., 2003). The quantity of phosphorus 

from wheat is not spoiled through the manure 

holding phosphates. The plants will 

persevere in unfavorable ecological 

possessions with Phosphorus (Jamal and 

Fawad, 2019). Compulsory plant 

phosphorus, kernel wetness, and consequent 

rainfall boost phosphorus manure 

temperature capitulation. When NP 

stimulants are utilized, phosphorus 

symphony in wheat is more privileged than 

phosphate only. 

Uptake of nitrogen might ensue pending the 

flexible dough, while P is limiting. When 

both Na and P are constrained, N soil 

incorporation profits await the plants grown 

up (Boatwright and Haas, 1961). The farming 

proportions like plant tallness, granule 

quantity for each spike, granule mass, and 

trial mass are noticeably enhanced with 

conducting of 180 kg of N ha-1 and 90 kg of 

P2O5 (Ibtida, 2010).  

as soon as wheat was provided P at 90 kg ha-

1, the manufacture of wheat was significantly 

improved from 2920 kg ha-1 up to 3560 kg 

ha-1; the capitulate was bigger by 22% and 

the quantity of span, tillers, spikes, and wheat 

plants was significantly elevated (Khan et al., 

2007). 

Potassium (K)  

For plants including osmoregulatory, 

cellular extension, stomach regulation, 

enzyme activation, protein synthesis, 

photosynthesis, phloem loading, and 

transport and uptake, potassium is crucial for 

plants. The K uptake by plants is 

considerably influenced through enlargement 

speed and plant symphony (Shabala, 2017). 

Sulfur (S)  

Sulfur is a protein building block and an 

essential component in the creation of 

photosynthetic pigment. Crops cannot reach 

their full capitulate or protein content 

potential, lacking adequate Sulfur. S is 

essential in plants because it aids in the 

production of amino acids as well as the 

production of secondary metabolites 

(Karamanos et al., 2013).  

 

Boron (B)  

Marschner investigates that Boron is 
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a fundamental element for cell multiplicity 

plus elongation in meristematic tissues, floral 

organs, and for flower male productiveness, 

pollen tube germination along with its 

elongation and seed/fruit formation. 

Furthermore, in Boron scarce soil seeds 

produce irregular seedlings. Boron is 

required in lesser amount by wheat. However 

wheat is susceptible to Boron insufficiency 

(Martens and Westermann, 2018). 

How does Phosphorus affect the growth of 

wheat? 

A huge amount of microbes 

including (Bacillus spp., Pseudomonas spp., 

Burkholderia spp.) and fungi (Aspergillus 

spp., Penicillium spp.) are recognized to 

amplify accessibility of phosphorus to plants 

and profitable plant expansion through both 

process decomposition of natural phosphate 

and via solubilization of unsolvable inorganic 

phosphates in loam during the creation of 

organic acids (Saxena et al., 2014). A huge 

set of such microbes and fungi are known as 

phosphate-solubilizing microbes. Moreover, 

these microorganisms are measured to 

contain possible utilization like biostimulants 

to progress plant expansion and granule 

capitulation of diverse harvests (Adesemoye 

and Kloepper 2009). Incorporation with 

phosphorus solubilizing fungi (A. niger and 

Penicillium spp.) amplified arid biomass of 

chickpea plants through 22–33% contrast 

among untreated controls. 

Earlier investigations express that A. 

niger and Vibrio proteolytic is the main 

energetic phosphate solubilizing group. Ekin 

(2010) proved the maximum kernel 

capitulation of sunflower with 50% fewer of 

the suggested manure P (43.7 kg P/ha) while 

utilizing it in combination with phosphate-

solubilizing microbes. Although arbuscular 

mycorrhizal fungi are recognized to raise 

manure P, exploit effectiveness through 

rising its mobility in loam and falling 

obsession, such fungi possess benefit just at 

small P accessibility in loam (Ghorbanian et 

al., 2012). 

The majority of the investigations on 

the PSM are performed on throb crops and 

also on P solubilizing microbes; however 

scanty details are accessible on phosphate 

solubilizing (PSB) molds intended for 

cornflakes harvests such as wheat. Hence, 

current investigation is carried out to execute 

the outcomes of phosphate solubilizing 

molds on the development and multiplicity of 

wheat (Menezes et al., 2018).  

Granule capitulation of wheat was 

significantly affected through manure P and 

PSF controls every year. Immunization by 

PSF manure P and their connections 

demonstrate a momentous result on mean 

phosphorus absorption in 30 and 60 day aged 

wheat shoots. Although after propagation of 

90 days, no momentous outcomes of PSF are 

practical on P content in leaves. After one 
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month of propagation of P content in wheat 

leaves amplified with PSF irrespective of the 

P stage (Roy et al., 2017).  

Although enhancement in P content 

is important at 0% and 50% phosphorus after 

two months of an implant. The mean 

phosphorus content in wheat leaves enhanced 

considerably with manure P purpose over no 

P at all the three development phases of 

wheat. The rise in P content of wheat leaves 

by PSF over no PSF is larger on starting 

development phases whilst phosphorus 

absorption is inadequate in rhizome 

expansion. Later on development phases, 

wide origin development facilitates higher 

absorption of P together from soil manure, 

thus dipping the position of PSF on 

phosphorus absorption (Alewell et al., 2020). 

Phosphorus and PSF inoculants 

greatly affect the loam of harvested wheat.  

Research indicates that Olsen-P content is 

normally lesser in PSF contrast to without 

PSF treatments mostly because of 

enhancement in phosphorus absorption by 

wheat. As the amount of phosphorus 

enlarges, it also improves the Olsen-P 

content. On the other hand, earlier studies 

reveal a rise in the accessibility of soluble 

phosphate through PSF and PSB (Panhwar et 

al., 2011). The PSF possesses enhanced P 

accessibility within crop development and 

the variation vanishes with the passage of 

time of wheat harvest. 

This is accomplished when PSF 

provides notably elevated (through 12.6%) 

granule capitulation as compared to the 

control only through rising decomposition of 

inaccessible phosphorus type into the loam. 

Researchers demonstrated the probability of 

utilizing PSF (Penicillium bilaii) like bio-

inoculants in conjunction with 50% of the 

suggested P fertilizer dosage to produce 

wheat capitulate comparable to 100% 

phosphorus while no PSF has been 

employed. Though further enduring 

investigations on diverse loam categories 

with unreliable phosphate availability, pH, 

and P fixation capability are required before 

PSF could suggest which wheat cultivators to 

use (Roy et al., 2017). 

With increasing phosphorus levels, 

significant increases in nitrogen uptake by 

wheat were observed. It was caused by 

probable dealings between nitrogen and 

useful phosphorus. Phosphorus fertilization 

increased nitrogen accumulation as it 

supplemented higher productivity. This could 

be due to an increase in the amount of 

phosphorus within loam mixtures as the 

phosphorus appliance increases. 

Increased intake of phosphorus is the 

quality of elevated phosphorus plus higher 

granule and straw capitulation by high P 

quantity (Panhwar et al., 2011).   

In contrast to the arid material 

creation, the P amount inclined to be poorer 
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as loam productiveness increased, which 

could be attributed to the comparatively 

elevated speed of arid subject gathering 

contrast by phosphorus absorption speed. 

Total P intake through wheat plants, like arid 

material construction, was significantly 

influenced through inhabitant P. Moreover, 

ranking stages of functional P. Amplified 

potassium intake via granule and straw could 

be attributed to the synergistic outcome of 

phosphorus and potassium on origin 

enlargement. This nutrient's larger absorption 

may enhance the potassium content of 

granules and straws (Alewell et al., 2020). 

Beneficial biofertilizer 

microorganisms speed up and stimulate plant 

expansion and also defend plants against 

pathogens. Usage of PSMs able to raise 

harvest capitulates approximately seventy 

percent. Incorporation of partially a quantity 

of NP stimulant with biofertilizer provides 

capitulation with the maximum fertilizer 

velocity and production costs are decreased 

by reducing the use of manure. 

Nitrogen fixers, potassium 

solubilizers, and phosphorus solubilizers, or 

with the combination of molds and fungi, are 

species widely used as biofertilizer 

components. Studies have shown that these 

microorganisms are present in various 

numbers in the soil and that a significant 

number of microorganisms are present in the 

soil.  

Plant growth-promoting Rhizobacteria 

(PGPR) 

PGPR is also known as plant health-

promoting bacteria or (PHPR) or nodule-

promoting rhizobacteria (NPR). The use of 

artificial chemical fertilizers to raise crop 

yield is life-threatening. It spoils our natural 

environment as it causes soil pollution and 

also risks for consumers. To overcome these 

problems, plant growth-promoting 

rhizobacteria is the best option for better 

plant development. PGPR is the gathering of 

different bacteria which are present in the 

ground part of the soil. PGPR is more 

functional as compared to artificial fertilizers 

due to their low cost and safety. These 

bacteria exist in external and internal 

fragments of the plant. These microbes cause 

such a type of immune system in plants that 

is resistant to disease causing pathogens. And 

carry out several biological processes for 

example nitrogen fixation, iron sequestering, 

and produce hormones and enzymes 

(Grobelak et al., 2015). PGPR comprises a 

great range of bacteria and when these 

bacteria connect with the host plant and 

multiply with that plant then it enhances the 

growth of that plant. Plant health promoting 

rhizobacteria play a role in various triple 

actions producing fastidious composites for 

the plants, assisting the absorption of definite 

nutrients from the loam as well as defending 

plants from infection (Basu et al., 2021). 
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Nutrient solubilization by PGPR 

Usually, soils contain adequate 

quantities of plant nutrients however 

regularly they exist in unsolvable forms that 

are not easily accessible for the utility of 

plants. In this regard, Rhizobacterial Bacillus 

species release numerous metabolites that are 

able to powerfully raise nutrient accessibility 

to plants. After investigating hundreds of 

bacterial variants for improving plant health, 

actions stated that B. amyloliquefaciens S54 

extensively improved plant enlargement via 

upgrading the Nitrogen, Phosphorus, and 

Potassium also chlorophyll variants of 

plants(Basu et al., 2021).  

Infusion of groundnut sprout with B. 

thuringiensis was appeared to enhance the 

solubilization of sparingly soluble phosphate 

composites in loam as a result elevated crop 

capitulate plus raise the quantity of solvable 

P. Inoculation of B. thuringiensis with wheat 

plants increases absorption of phosphorus in 

plants. B. megaterium var. phosphaticum 

immunizes in poor mineral soils, 

consequently raising phosphate accessibility 

and digestion in pepper and cucumber. 

During various research, an improved 

nutrient solubilization capacity of B. pumilus 

of farinaceous in Mongolia is reported. 

Considering nutrient solubilization, Bacillus 

species are possibly very competent 

rhizobacteria, equivalent to Pseudomonas. 

Besides this, many studies now reveal that 

Bacilli rhizobacteria are better PGP 

applicants than Pseudomonas species (Wang 

et al., 2014).  

  Systems of P-solubilization have 

been linked with the discharge of organic 

acids in which their hydroxyl and carboxyl 

groups chelate the cations bound to the 

phosphate, eventually transferring it into 

soluble types. Verification recommends that 

these Phosphate solubilizing bacteria (PSB) 

employ the sugars in root transduce and 

consequently generate the organic acids 

which are accountable for phosphate 

solubilization. Organic acids are also derived 

from bacilli rhizobacteria and have a distinct 

role in phosphate solubilization. But the 

effectiveness of solubilization relies on the 

type of organic acids discharged into the 

medium and their concentration (Kalayu 

2019).  

The recognition of definite Bacilli 

rhizobacteria able to construct numerous 

organic acids concurrently could also 

indicate a bigger solubilization perspective of 

unsolvable inorganic phosphates and other 

nutrients and perhaps sufficient according to 

the condition of nutrients to plants. These are 

the most efficient phosphorus solubilizers of 

rhizospheric Bacillus species B. megaterium, 

B. circulans, B. coagulans, B. subtilis, B. 

Sicamous, and B. cereus. To diminish the 

requirement of artificial fertilizer utilization 

of phosphate solubilization bacteria is a very 
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efficient method (Getahun et al., 2020).  

  Furthermore, Bacilli rhizobacteria 

are also associated with the solubilization of 

many other nutrients.  Potassium is also 

present in very few amounts naturally in soil. 

Numerous Bacillus species from pepper and 

cucumber are reported to enhance potassium 

availability for plants. B. circulans are 

associated with potassium recruitment. B. 

Aryabhata is reported as involved in zinc 

solubilization. Although the majority of the 

research is carried out in laboratory 

circumstances, these demonstrations have 

very little information on the transferability 

of these traits in-ground environments. 

Potassium solubilization and mechanisms of 

solubilization through the majority of the 

rhizobacteria in diverse crops and there are 

potentials for more increasing the 

manufacturing of harvest through the 

utilization of potassium solubilizing 

rhizobacteria as bio manure (Lee et al., 

2017). 

Some strains of Rhizobium are 

concerned with phosphate solubilization. 

However, research on the phosphate 

solubilizing capability of Rhizobium strains 

are scanty yet. The major benefit of utilizing 

rhizobia as a phosphate-solubilizing 

microorganism is their valuable dietetic 

consequence is phosphate mobilization and 

nitrogen fixation (Sridevi & Mallaiah 2009). 

Strains from Pseudomonas are 

amongst the very influential phosphate 

solubilizers. The major system for inorganic 

phosphate solubilization is the construction 

of natural acerbic and acerbic phosphatase is 

significant insolubilization of natural 

phosphorus within the rhizosphere. 

 

Genes associated with phosphorus uptake 

in wheat (Table 2) 

 These are the main genes involved 

in phosphorus uptake in wheat. It is 

investigated that wheat, barley, maize, and 

rice contain purple acid phosphatase (PAP) 

genes that play a significant role during 

germination. Alkaline phosphatase (ALP) is 

determined by bacterial genes that 

decompose organic phosphorus (P) into 

soluble phosphorus in loam that is why it is 

vital for the intake of phosphorus (P) at the 

stage of vegetation (Ragot et al., 2015). In 

cereals, phytic acid (PA) or inositol 

hexakisphosphate (IP6) is a famous 

phosphate storeroom plus the main chelator 

of significant micronutrients (iron, zinc, 

calcium, etc.). Genes concerned with delayed 

stages of PA biosynthesis are identified in 

harvests such as maize, soybeans, and barley 

but none have been reported from wheat. 

(Ragot et al., 2015). 

Future prospects of using phosphate 

solubilizing bacteria 

Phosphate-solubilizing bacteria 

possess an imperative function in plant 
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nourishment by improving P absorption in 

vegetables and other grassland plus their 

utilization like PHPR is essential to the 

natural compost of farming harvest. 

Therefore, the exploitation of microbes that 

are able to solubilize phosphate required 

more progress for the inoculation of bacteria. 

Larger considerations must be considered to 

examine the application of a novel grouping 

of phosphate solubilizing microbes plus 

further PHPR for a better outcome. Method 

elucidates the synergistic relations supposed 

to be a theme of more study to reveal the 

synthetic origin of these communications. 

conversely, heritable treatments of phosphate 

solubilizing 332 H. Rodríguez, R. 

Fraga/Biotechnology Advances 17 (1999) 

319–339 microbes to enlarge their phosphate 

solubilizing capacities with the incorporation 

of this quality in strains with other plant 

enlargement improving possessions is not 

just significant as well as appear to be 

practically realistic (Getahun et al., 2020).  

Furthermore, choice through the 

traditional genetic process of mutants with 

enlarged multiplication of natural acetic and 

phosphatase performance might comprise a 

successful approach that cannot be 

underrated. To gain better strains, 

recombinant DNA technology is the best 

method. In this genetic manipulation agenda, 

the first step should be the cloning of genes 

concerned with mineral phosphate 

solubilization, for example those that 

persuade the synthesis of organic acids and 

phosphatase encoding genes (Derkx et al., 

2014).  

Techniques like sub-cloning of these 

DNA strains within a suitable carrier and 

their reallocation and impression (over-

expression) within chosen host strains proved 

to be a flourishing method in favor of 

enhancing the phosphate solubilization 

potential of chosen strains. Receiver strains 

must be chosen also for the impression of a 

definite phosphate solubilizing action that is 

enhanced or for the existence of several more 

significant characteristics concerned in plant 

expansion endorsement which must 

positively harmonize the latent to liberate 

phosphate from an unsolvable substrate. 

Furthermore, other studies examine the 

constancy as well as the utility of the 

phosphate solubilization feature; formerly 

the microorganisms have been vaccinated in 

loam among ordinary and hereditary 

customized strains (Ahmad et al., 2018).  

The endurance and organization of 

the injected strain can be contrived through 

less determination as a result restricting the 

efficacy of the appliance. Furthermore, the 

alleged danger concerned with the discharge 

of heritably engineered bacteria in loam is the 

issue of debate, specifically the hold option 

of parallel transmits of the introduced gene to 

further loam microbes. Because of these 
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rationales, utilization of hereditary reporter 

systems like bioluminescence genes or green 

fluorescent protein genes is critical in 

examining the destiny and endurance of the 

strain in soil (Rodrı́guez et al., 1999). 

Genetic engineering of the phosphate 

solubilizing traits should ultimately be 

intended for chromosomal incorporation of 

the genetic material for elevated constancy of 

the trait and evade parallel transport of 

introduced genetic material into loam. 

Moreover, this approach should avoid the 

threat of metabolic load initiated through the 

existence of the plasmid in the bacterial cell. 

Conversely, chromosomal incorporation 

might contain drawbacks of less emergence 

of the performance because of the small 

replica amount of the genetic material, in 

contrast with plasmid harbored genes. 

Another option to this state may be the 

incorporation of multiple copies of the 

selected gene. Moreover, utilization of 

influential and species definite promoters that 

would be triggered in the precise ecological 

situation of soil is one more attractive 

strategy to victorious chromosome impact in 

the engineered strain (Sharma et al., 2013). 

 

Conclusion 

This study provides information 

regarding soil-crop phosphorus (P). 

Phosphorus is a key macronutrient because of 

its fundamental metabolic way e.g., vitamin 

or mineral absorption, inhaling or exhaling 

process, organic oxidation, photosynthesis, 

and multiplication in favor of the 

development of plants. Furthermore, 

phosphorus is a structural element of the 

phospho-peptides, phospho-lipids, cofactors, 

DNA or RNA, and chromatins (Gouda et al., 

2018). 

There are many bacterial species that 

act like phosphate solubilizers in yields, 

moreover, few of them are utilized the same 

as biostimulants by agriculturists. These 

bacteria are capable of changing unsolvable 

types of phosphorus to accessible types. This 

will enhance the digestion of phosphorus in 

plants. Bacteria need Phosphorus for proper 

functioning such as biological data storage 

and transport, energy metabolism, and 

membrane reliability. That’s why Bacteria 

produce some large molecules that are rich in 

phosphorus components (Cembella et al., 

1982). The rhizosphere microbiota consists 

of microbes, fungi, nematodes, protozoa, 

algae, and micro-arthropods (Raaijmakers et 

al., 2001). These entire microorganisms 

enhance soil fertility as a result plant growth 

and yield is increased. 
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Figure 3: The phosphorus uptake mechanisms from both organic and inorganic sources. 

 

 

 

 

 

 

 

 

Table 1: The nutrients and their functions in the wheat plant  
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SN NUTRIENTS FUNCTION 

1 Phosphorus (P)  

 

It transfers energy and carries out protein metabolism. 

Sugar Phosphates, phospholipids, coenzymes, 

Nucleotides, and nucleic acids are vital to this field.  

 

2 Nitrogen (N)  

 

It improves the tallness of the plant. The production of 

catalysts, nucleic acids (DNA, RNA), proteins, stimulants, 

vitamins, alkaloids, and so on has a momentous position.  

 

3 Potassium (K)  

 

It is liable to build ionic power plus osmotic ease and 

impose a stimulator of over 40 enzymes. This offers 

infection tolerance and dearth defense.  

 

4 Sulfur  

(S)  

Bonds that are crucial for supporting the polypeptide 

organization in wheat plus assisting to uphold the 

viscoelastic properties of wheat gluten are the fabrication 

of sulfhydryl (S-H) too.  

 

5 Boron  

(B)  

It is assumed to be vital for plant meristem cells to produce 

and enlarge. The development of flowers, pollen 

germination, and cation incorporation is important. 

 

6 Zinc (Zn)  

 

This is vital for various enzyme mechanisms (for example 

dehydrogenase, carbon dioxide, protease, peptidase, and 

dehydrogenase of alcohol).  
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Table 2: Phosphatase genes 

Gene Name Function References 

Purple acid phosphatase 

(PAP) genes 

plays a significant role in germination. Ragot et al., 

2015). 

Alkaline phosphatase 
(ALP) 

Bacterial genes that decompose organic 

phosphorus (P) into soluble phosphorus in loam. 

Hence vital for P uptake. 

Ragot et al., 
2015). 

Inositol 
hexakisphosphate (IP6) 

 

 Famous phosphate storeroom plus main chelator 

of significant micronutrients (iron, zinc, calcium, 
etc.). 

Ragot et al., 
2015). 

TaPht1;4, High-affinity phosphate transporter gene shows a 

vital function in plant phosphate accession under 

phosphorus destitution. 
 

Liu et al., 2013 

TaPHT1.2 A broad consanguinity phosphorus conveyer 

predominantly explicit in roots, evoked under 
conditions of phosphorus lack. 

Miao et al., (2009) 

TaPHT1 More ordinarily exhibits in the roots of 

phosphorus-coherent genotypes (e.g., Xiaoyan 54) 

as compared to ineffective ones (e.g., Jing 411) 

under circumstances of phosphorus insufficiency 
and under controlled conditions. 

Miao et al., (2009) 

 

 


