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Abstract:

In addition to being a crucial component of plant growth, phosphorus (P) is also important for preserving the
sustainability of the environment. The accessibility of phosphorus in soil, its vital importance for plant roots, and the
wider environmental effects of managing it are all covered in this abstract. The intricate interaction of multiple elements,
including soil pH, biological material content, and microbial activity, determines the availability of phosphorus in soil. It
is essential to comprehend and maximize phosphorus availability to guarantee a sufficient supply of nutrients to plant
roots. Plants absorb phosphorus mostly in the form of phosphate ions (H2P0O4). A deficiency of phosphorus in the soil
can cause stunted growth, lower agricultural yields, and general plant health problems. Plants have developed several
tactics to improve their uptake of phosphorus, such as the exudation of organic acids from their roots and as well as
symbiotic relationships with mycorrhizae fungus. These adaptations demonstrate how important phosphorus is to plant
life and ecological health.

Keywords: Phosphorus, Plant Growth, Sustainability, Soil Accessibility, Environmental Effects, Microbial Activity
Nutrient Supply, Phosphate lons
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1.1. INTRODUCTION

The physical arrangement of a root structure inside the soil is termed as "root system architecture" (RSA). It is created by
changing the rate of growth and angular orientation of each root that makes up the root systems, is necessary for plants to
efficiently absorb water and nutrients, and it has a big influence on fertiliser use and agricultural productivity globally
because of the environment's heterogeneity, an RSA is composed of very flexible nature and variety of root types with
unique functionalities (Grossman JD, Rice KJ 2012) For growth and development, plants need macronutrients, which
include phosphorus (P), nitrogen (N), and potassium (K). The growth, quality, and yield of crops are significantly impacted
by these nutrients.(Poirier and Bucher et al., 2002).Phosphorus is a major element of biomolecules like phospholipids,
proteins and nucleic acid and also involved in many metabolic processes like energy conversions and photosynthesis.
Plants absorb the phosphorus directly from H,PO4 (Ham, B.K., Chen, and Lucas (2018). Pi content is typically higher in
the top soil layers and declines with depth as a result of its slower transport as well as powerful retention in soil. (Lynch,
2007, 2013). Phosphorus is not easily available to plants due to its considerable soil mineral fixation. (Lambers H,
Martinoia E, Renton M.2015). The fossil-fuel-based phosphate rock is usually used to make P fertilizer, which is utilized
to circumvent the phosphorus constraint on agricultural productivity. (Wang et al., 2016a). The main advantage to use P
fertilizer is that it provide phosphorus in very accessible form i-e H,PO4 and H3PO4 which are readily taken up by the
plants (Behera et al., 2014).

Nevertheless, Plants only use up 20% of provided P fertilisers, with the remainder, or 80%, lost in the surroundings.
(Syerset et al., 2008). Additional factors that restrict the availability of phosphorus include the soil the pH level,
the immobilization process adsorption, chelating and phosphorus precipitation by iron and aluminium (Al) which are
present in acidic soils, and calcium (Ca), which is present in alkaline soils. (Hanlon et al., 2018; Pennand Camberato et
al., 2019). The root system architecture's responsiveness to low P situations varies significantly during development.
Numerous research and analyses have been demonstrated that genotypic adaptability to phosphorus stress condition makes
it easier for plants to acquire phosphorus by enabling modifications to root architecture (Roached et al. (2010), Pe'ret et
al. (2011), Wang et al.(2009) Phosphorus deficient roots should express more transcriptional and post transcriptional Pi
transporters to enhance phosphorus uptake from the soil. Gu et al., 2016b; Huang et al., 2013; Nussaume et al., 2011. P
deficiency cause root exudates greater or lesser extent in most plant species. These exudates include RNases, Acid
phosphatases, Carboxylates and proton all of which are essential for root growth during low Phosphorus condition (Wang
and Lambers ef al., 2020a). Plants can improve their phosphorus acquisition efficiency (PAE), or their capacity to absorb
P from the soil, and their phosphorus usage efficiency (PUE), or their capacity for crops to use the P they have acquired
to generate yield or biomass.(White et al., 2013, Wu et al., 2013, Dissanayaka et al., 2018; Rose et al., 2011; White et al.,
2013). In calcareous soil localized availability of ammonium sulphate and superphosphate promote the growth of root,
acidified the rhizosphere, enhance P utilization and acquisition efficiency. The root system of many plant species can be
influenced by soil characteristics such as moisture content, temperature, pH, buffering ability (Fageria et al., 2014).
Additionally, genotypes, Root length, Root hair, density of lateral roots as well as rhizobium, greatly influence P uptake
from the soil (Shen et al., 2011; Fageria et al., 2013).

1.2. Phosphorus availability to soil

P-deficient soils can be of two main types: (a) soil with lower total P content and (b) Despite having a high total P
concentration, the soil has limited plant P availability because P is retained well and moves more slowly.

Even in soils with high levels of P, only 1% of the P is freely accessible and soluble, while the remaining 90% is often
securely bonded to soil particles in either inorganic or organic form (Jewell et al., 2010).

The soil has access to between 30 and 65 percent of the phosphorus in the soil in organic form, which is unavailable to
plants, while the remaining portion is present in inorganic form. The naturally occurring forms of phosphorus in soil
include decomposing plants, animal remains, and soil microorganism. (Requejo and Eichler-Lébermann et al., 2014).

P is only absorbed in its oxidized state by Pi, a weakly mobile and cellular ion with a strong capability to establish a
connection to several organic and cations molecules in the soil. Pi resides in the pH range of 5 to 6, and plants prefer to
absorb it in the form H,PO4 (Maharajan et al., 2018). It is the least phytoavailable nutrient because its availability greatly
decreased as it is formed complexes of calcium, iron oxide and aluminum resulting in "Pi fixation" or "Pi retention" in the
soil. Since most of the Pi is inaccessible to plants, soils frequently have total Pi reserves that are larger than the Pi
accessible to crops Gaxiola et al.(2011). The intracellular concentration of Pi (520 mM) required for the best plant
development and yield are far higher than the soluble Pi concentrations found in many soils throughout the world, which
range from 1 to 10 mM (Tran et al., 2010).

Researches on the phytoavailibilty of organic P form in soil describe that it relies on environmental factors and condition
as well as rhizosphere microbial activity. Plants are unable to utilize the natural P in the soil or added phosphorus from
fertilizer until it is hydrolysed or digested to release P in the plants roots or in microbial soil solution. (Alori et al., 2017,
Ali et al., 2019b). According to meta-analysis study crop yield would not improve by the over use of phosphorus in the
soil rather it degrades the aquatic quality (Ros et al., 2020). The factors which affect the P availability in soil is depend
upon the organic matter content, environmental factors and buffering capacity. Higher soil acidity, reduced cation
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exchange and greater water retention capacity are particular characteristics of soil which affect the P availability in soil
(Sanderson and Sanderson et al., 2006). Immediately after fertilizer application more than 80% of the P might become
inaccessible to plants due to adsorption, precipitation (usually caused by an interaction with Al3+ and Fe3+ in acidic soils
and Ca2+ in calcareous soils or microbial inactivation (Gustafsson ef al., 2016; Roberts and Johnston et al., 2015). It is
very necessary to understand the long-term dynamics of phosphorus in soil which is essential for taking full advantage of
legacy P (Liu et al., 2014a).

Followings are classification of the inorganic forms of P in the soil.

1-Plant available (Soil solution form) 2-SORBER phosphorus 3-Mineral phosphorus

Plant available (Soil solution phosphorus) Phosphorus in soil solutions that is easily absorbed by plants is known as plant
accessible phosphorus. It is composed of inorganic phosphorus that has been dissolved into water or soil solutions. Sorber
phosphorus is composed of inorganic phosphorus compounds that are bound to the clay's surface iron and aluminium
oxides. Slowly released phosphorous comes from this lake. The accessibility of Phosphorus in mineral rich soil like Podzol
varies depend on the soil's organic matter concentration, mineral content, buffering ability, management practises, as well
environmental conditions. (Quintero et al., 2003; Kang et al., 2009).

P availability increased by 4.6 times on average across all soil types when fertilisers and charcoal were added, especially
in acidic soils (pH 6.5). As compared to moderate and alkaline soil types, there is 5.1 fold greater P availability (Glaser
and Lehr et al., 2019).Immobilization and mineralization, two methods that are predominantly mediated by soil microbes,
result in substantial P fluxes between organic and inorganic Phosphate pools in the soil. (Oberson and Joner et al., 2005;
Richardson and Simpson ef al, 2011).

1.4. Phosphorus uptake in roots and its mobilization mechanism by soil micro organism

Plants need a variety of different mineral nutrients to carry out essential functions for healthy growth and development. A
crucial nutrient for plant development and growth, phosphorus is used by plant for carrying out these processes. The
majority of the Pi accessing the root is absorbed by the symplasm in the outermost cell layer or root hairs (RH). The two
methods by which plants absorb Pi are known as direct uptake and AMF-mediated uptake. Direct uptake involves a direct
interaction with the root system and the soil solution. (Smith 2011).

PHT]1 transporters are typically used for Pi uptake, export, utilisation, and remobilization since they serve as the main
route for Pi entrance into plants through soil solutions. Most PHT1 genes are highly expressed in roots., particularly in
root hair cells, root caps, and outer cortex where Pi uptake was improved. (Schunmann et al., 2004a). The expression of
several PHT1 gene in roots was independent no matter how much Pi is present in soil-based solutions (Shin et al., 2004;
Seo et al, 2008). PHT1 proteins have also been discovered to transport other solutes, including phosphate,
nitrate, arsenate, selenite, sulphate, and chloride ions. (Zhang et al., 2014; Gu et al., 2016).There are nine PHT1 genes in
Arabidopsis (AtPHT1; 1 to AtPHT1;9). (Mudge et al., 2002; Shin ez al.,2004) 13 PHT1 genes present in rice (Paszkowski
et al.,2002; Liu et al., 2011) and in soybean 15 PHT1 transporter genes are present (Qin et al., 2012; Fan et al., 2013).
According to in silico investigations,PHT1 proteins all share the same structure and arrangement having 12 putative
membrane-spanning sections split into two distinct sets of six domains that are connected by a charged hydrophilic
loop,On the interior of the cell, both N- and C-terminus ought to be in line. (Rausch and Bucher et al., 2002; Liu et al.,
2011). Pi absorption in Arabidopsis reduced by approximately 57% under low P conditions when AtPHTI1; 1 and
AtPHT1;4 are disturbed. AtPHT1;4 plays a significant function in acquiring phosphorus in P-starved plants ,
approximately 329%—43% of The mineral phosphorus uptake and an overall 32%-43% of Pi uptake from the soil through
AtPHT1;2 and AtPHT1;3. Ayadi et al., 2015; Shin et al., 2004; Misson et al., 2004.) Phosphorus distribution into the
plant's aerial portions and xylem loading are the responsibility of transporters.Pi is transported through the root cortex to
the xylem via phosphate 1 (PHO1). It also contributes to Pi export from the cell and a drop Pi concentrations in the vacuole,
along with root-to-shoot Pi export. The expression of (AtPHO1) A. thaliana PHOL1 in shoot led to an increase in shoot Pi
content and a strong release of Pi into the extracellular medium, further demonstrating its function.Stefanovic et al., 2011;
Arpat et al., 2012).

Through a variety of mechanisms microorganism can increase the plant capacity to enhance P acqusition that can be
summed up as follows: 1-By Increasing root growth, either by extending roots (e.g., through mycorrhiza associations) or
hormonally stimulate root growth, lateral root branching, or roots hair production ; and through Phytostimulating
(Richardson et al., 2009a; Hayat et al., 2010). 2- By changing the way of absorption, the soil solution contains more
orthophosphate ions, and the movement of organic phosphorus is either directly or indirectly promoted. (Seeling and
Zasoski et al., 1993) 3- By incorporating metabolic pathways which are thought to be effective in mineralizing
and solubilizing of Phosphorus (Richardson et al., 2009a). Phosphorus (P) may be more easily soluble from minerals
when it is released by microbes in the form of LMWOAAs, protons and other secondary organic compounds (Jones and
Oburger, 2011). In actuality, P-solubilizing microorganisms can be categorised as 0.5-0.1% of the soil's fungi and 1-50%
of soil bacteria. (Gyaneshwar et al., 2002). The rhizosphere is a type of bacterium known as Plant-growth-promoting
rhizobacteria (PGPR). which may enhance PAE mainly by influencing the accessibility of nutrients, such P, or by
tangentially generating phytohormones or developmental regulators for plant development and growth. (Richardson et al.,
2009).

| Serial number | Gene | Major function | References |
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1- GmACP1 The Overexpression of this gene increase | Zhang D et al.,2014
phosphorus efficiency by 11-20% in soybean
hairy roots.
2- ZmPTF1 Enhances maize's ability to tolerate low | LiZetal, 2011
phosphorus levels by controlling root development
and carbon metabolism.
3- OsPTF1 Increases the phosphorus content of transgenic | YiK et al.,2005
plants by 30%.
4- OsPht1-8 Distribution and remobilization of phosphorus JiaHetal, 2011
5- AtPHR1, OsPHRI, | Increase the content of phosphate in the shoot and
OsPHR2 the expression of different phosphorus | Wu P, Xu JM .2010
transporters.
6- OsPT1, OsPT6 uptake of phosphorus and increase phosphorus | ZhouJ et al.2008
accumulation Seo HM et al.,2008
7- LaGPX-PDEI1 control the growth of root hair and promote | Cheng Letal., 2011
, LaGPX-PDE2 glycerophosphodiester breakdown
8- AtPHO,  AtPHOI- | During phosphorus starvation the overexpression | Stefanovic A , et
H1, AtPHO1-H10 of this gene increase phosphorus acquisition al.,2007
9- GmEXPB2 The expression of this gene increases lateral root | Guo WB et al., 2011
elongation, which increases phosphorus uptake.
10- AtPAPI15 Enhances the leaf's intracellular APase activity, | Wang X ., .2007
which in turn improves phosphorus usage
effectiveness and yield.
11- PvPS2-2 Increase roots dry mass, root hair densities and | Liang CY et al,
phosphorus concentration as a means of increasing | 2012
the efficiency of phosphorus acquisition in stem
hair.
12- LASAP2, OsPAP10a | Under  phosphorus-deficient  environments, | Wasaki J et al., 2009
(NC_008394.4) increase production of dry matter and phosphorus
accumulation.
13- AtAVPIOX, When there is a phosphorus shortage, the | Yang H et al.2007
LeAVPID-1, concentration of root hairs increases.
LeAVPID-2
14- At2g01060 irrespective of phosphorus availability, increases | Lundmark M et
the accumulation of phosphorus in the shoot al.,.2011
15- GmEXPB2 (B- | Improved response of the root system to Pi | (Guo etal. 2011)
expansin) shortage, which improved soybean PE

1.5. Phosphorous use efficiency
The poor availability of phosphate (Pi) and its limited flexibility to plants hinder plant growth and agricultural production.
Sun et al. (2018), Kochian (2012), Shen et al. (2011), etc. Plants only absorb 20 to 30 percent of the provided P (Vance et
al., 2003; Richardson and Simpson, 2011). In many agroecosystems P containing fertilizers are used to ease these limits.
In aquatic settings, this state causes eutrophication and dangerous algal blooms, results from phosphorus (P) discharge
from soils, which leads to the phosphorus (P) enrichment of water bodies (Zak et al., 2018). Plants can increase phosphorus
use efficiency by improving their P acquisition efficiency (PAE, or their capacity to absorb P from the soil) or P utilization
efficiency (PUE, or their ability to use the P acquired to produce biomass or yield) (Hammond et al., 2009; Rose et al.,
2011; White et al., 2013; Wu et al., 2013; Dissanayaka et al., 2018). The emphasis on improving PAE has grown over the
past few decades which includes increasing root density and increasing the number of lateral root branches (Hammond
et al., 2009; George et al., 2011; White et al., 2013; Sun et al., 2018; Wang et al., 2019). The solubilization of soil P is
facilitated by increased root exudation of protons, organic anions, and enzymes (Pang et al., 2018; Robles-Aguilar et al.,
2019; Wen et al., 2019).
Microbes and their interactions which include arbusclar mycorrhizae fungi that increase the soil volume used to acquire
phosphorus. Since shallowness root system may affect P uptake because the top layer of soil typically rich in phosphorus
as a result, plant adaptation in root structure may help to boost phosphorus acquisition efficiency (PAE) (Van de Wiel et
al., 2016). Additionally, modifications in root architecture that include basal root horizontal growth, shallower growth
angles, longer lateral roots, more root hair, and adventitious axial root lengths are crucial for P acquisition. (Lynch and
Brown, 2001; Vance et al., 2003;Richardson et al., 2011; van de Wiel et al., 2016). PUE (Plant use efficiency) could be
classified into PAE (Plant acquisition efficiency) and IPUE (White and Veneklaas, 2012).By improving PAE Efficiency
of phosphorus utilization (PUE) in P-deficient soils can be increased, This might be accomplished by picking crop species
with improved root system, higher hairy production in roots, phosphate transporter, root exudates, and root symbiosis, as
well as genetic make-up, uptake, and internal utilisation efficacy. A shallow root design allows for the enlargement of the
roots inside a Phosphate-fertilized soil containing an inorganic P pool, as opposed to a deep root architecture that promotes
24



root proliferation deep within an uncultivated or low P soil. P acquisition through the rhizosphere is favored by axially
roots, especially basal roots, which extend close to the soil's surfaces and permit other roots axes to be closer to topsoil.
Fujita et al. (2004).

Morphological Effect of phosphorus Factors influencing
parn?arnetgrs deficiencies contradictory effects
Low

Root length ==
precipitation
Root biomass D
— (o)

s
Root length per
shoot biomass —} Increase Qev:gzr::@

1.8. Symbiotic microbial interactions improve soybean phosphorus efficiency (PE).

More than 65% of all land plant species that are known to exist (n > 200,000) form the mycorrhiza (AM) symbiosis,
considered most important symbiosis on the planet, because of its beneficial effects on soil’s fertility. All legumes are
included in this, along with numerous other essential agronomic crop species like rice, maize, and wheat (Uddin et al.,
2011). Pi is released into plant cells by the AMF from pools of Pi that remain inaccessible to plant roots. Fungi that
intimately grow between and within the cells of the roots and form heavily branching hyphae are associated with AMF.
Arbuscules then form at the hyphal ends and are encircled by the plasma membrane of root forming effective interface
for communication and nutrition exchange between two species. Outside of the roots, fungus hyphae are widely dispersed
and easily pass through small soil pores to access nutrients like phosphorus. (Yang et al., 2012). Using phosphorus
transporters found in cortical cells, fungi absorb carbon from host and transfer phosphate for host uptake to
the periarbuscular interface (Smith at al., 2008). In higher phosphorus conditions (HPC), the beneficial effects of AMF
colonisation were significantly diminished (Paszkowski et al., 2002). Lower phosphorus conditions have resulted in an up
to 30-fold increase in AMF-regulated Pi absorption. (Guimil€ et al., 2005).

Local resistance
to root

hyphal network extend beyond
the phosphorus depletion
zone and access for greater P
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In a symbiotic system rice absorbs more than 70% of phosphorus by AMF (Yang et al., 2012). In agricultural contexts,
Auxin and ethylene concentrations influence the host plant's development of lateral roots and hairy roots. (Rubio at al.,
2009).

It is very important for cereal crops to have the proper AMF that decreases the need for phosphorus fertiliser,
environmental pollution, carbon consumption, and provides a greater amount of to the host. In an extremely low P soil
condition, field treatment of soybean with efficient rhizobia has resulted in a 95% rise in tissue P content. (Qin et al.
2012).Rhizobia led to a shallow and broad root system because of nodule development, enhanced total length of the root,
root surface area. (Yang et al. 2017) Rhizobia-soybean symbiosis affect the expression of Pi transporter genes (GmPT1
to GmPT14) in the Phtl group. (Wang et al. 2016b)High-affinity Pi transporter GmPTS5, displayed significant expression
to physiological response of soybean roots during condition of low phosphorus. Further research revealed the key role of
GmPTS5 which is situated in plasma membrane of root that facilitate the transfer of Pi to the nodules across the membrane.
Through transformation of the hairy root the usage of Agrobacterium rhizogenic has proved effective, used to enhance
symbiotic interaction between roots and microbial populations present in the rhizosphere (Yamada et al. 2012; Kereszt et
al. 2007). The hairy roots transformation approach promoted nodulation, which increased the symbiosis between soybean
and rhizobia. (Yang et al. 2010).

Phosphate transport and signalling systems that contribute to Pi homeostasis at the cellular level

In order to adjust to the decreased supply of Pi, plants have developed extensive regulatory systems. These regulatory
mechanism involve both internal and outer sensing, concentrations of phosphorus along with systemic and local signalling
pathways. Plant’s phosphorus metabolic balance is controlled by systemic reactions, which are based on the whole plant's
Pi state, Pi acquiring capability, P transfer, remobilization, and net Phosphorus usage efficiency Ham et al. (2018); Zhang
et al. (2014).
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The systemic indicators Pi, RNAs, InsP, sugars, and hormones have all been found to internally interact with the Pi state
of the entire plant. (Balzergue et al., 2011).The disruption of AtIPK1 gene in Arabidopsis decreased the amount of InsP6
in vegetative tissues, also have an effect on Pi sensing. Pi homeostasis is regulated through the interaction of InsP
molecules with the domain containing protein SPX (Wild et al., 2016), that play a role in Pi sensing. OsSPX3/4/5/6 and
AtSPX1/2 are the basic and functional repressors of OsPHR2 and AtPHR1 Shi, 2014; Wang, 2014c; Zhong, 2018; Lv et
al., 2014; 2014; Wang et al., 2014c) the key controllers of Pi signalling and homeostasis in rice and Arabidopsis (Zhou et
al., 2008; Rubio et al., 2001).

Increase level of InsP encourage combination of SPX protein through OsPHR2 and AtPHR1 (Wild et al., 2016). When
InsP levels fall, OsPHR2 and AtPHRI1 cannot bind to SPX protein. In order to regulate the expression of PSR-related
genes, OsPHR2 and AtPHR1 are released. A 26S proteasome pathway is used to degrade SPX4/6; this releases PHR2 into
the nucleus and causes PHO1:H1 and PSR genes to be produced. Due to WRKY6 degradation being controlled by the
ubiquitin E3 ligase PRU1, PHOI expression is unrepressed. PHT1 gene expression is activated when PHR1 and PHR2
connect to PIBS.PHT1 proteins (OsPHT1; 8and OsPHT1; 2) are dephosphorylated by phosphatase PP95, and PHF1 (Pi
transport traffic facilitator) helps PHT1 migrate from the ER to the PM by binding with non-phosphorylated PHT1
proteins.
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2.0. Root system architecture is affected by limited P availability

The configuration of the roots, their depth, the dimension and quantity of their external roots and hairs on the roots, as
well as how they spread out throughout the soil, all contribute to the root system's architecture. Additionally, the
management of fertilisers and the pH level of the rhizosphere have a significant impact on how roots and phosphorus are
distributed in the soil profile. (Jing and c0.2010)

2.1. Development of primary roots in responses to low P:

Species and genotype differences affect the primary root's adaptation response to low P. Substantial P deficiency situation

reduces the growth of primary roots as its initial reaction. (Williamson et al., 2001; Jain et al., 2007; Tyburski et al., 2010,
2012; Pe'rez-Torres et al., 2008). A primary root, which emerges first in both dicots as well and monocots, is made of
meridional tissue that is formed during embryogenesis. The primary root's growth becomes restricted after getting into
contact with the low-P medium; In the region of root extension, this is associated with an overall reduction in
differentiation of cells and proliferation (Ticconi et al., 2004; Sa 'nchez-Caldero 'n et al., 2005 ; Svistoonoff et al., 2007).
In low phosphorus soil condition, shallow roots that effectively utilize topsoil elementary resources (Lynch and Ho, 2005;
Ho et al., 2004).)
With the discovery of numerous genes and gene transcription factors (TFs), it is now known that P uptake, transport, and
the remobilization in addition to the regulation of primary elongation of roots in an environment of low P availability are
all crucial processes. Seventy percent of all root phosphorus transport activity is accounted for by PHTI1; 1 -9
(PHOSPHATE TRANSPORTER 1; 1 - 9) group of nine high-affinity Pi transporters (Shin et al., 2004). PHT1; 5 has
recently been found to negatively affect the growth of primary roots as a result of decline in P availability (Nagarajan et
al., 2011).
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2.2. Low P concentrations cause lateral roots to grow.

Additionally, decrease Pi availability encourages lateral root synthesis and lengthening, root hair development and length
of roots, and drastically alters the roots system's spatial layout. As soil exploration is increased by lateral roots, it increases
the absorptive surface to absorb more P (Zhu et al., 2005a).and solubilisation of phosphorus (Lynch, 1995, 2007).
Increased lateral root density results from the relocation of mitotic activity to the site of lateral root development under
reduced concentration of phosphorus (Tyburski et al., 2012).However, there are species- and genotype-specific differences
in how lateral roots respond to P deficiency.

Lines that carried the "many short lateral roots" genotype demonstrated higher shoot biomass and a greater P-acquisition
efficiency in low-P conditions than lines having "a few lengthy lateral roots." Compared to genotypes with limited lateral
roots, the genotypes having greater lateral root density revealed higher growth rates, biomass residue, and P uptake. (Zhu
et al., 2005a, 2005b). Relationship among root system architecture and P-acquisition efficiency in different crop species
has also been research. Role of LRs for uptake of the nutrients and growth in rice was assessed when wild type is compared
with the mutant deficient in LR production. (Liu et al., 2013). Findings demonstrated that, in nutrient-sufficient conditions,
LRs are important for acquiring elements with a lower mobility, such as phosphorus, magnesium, and Copper. However,
in the pot trials, when soil P availability increased, LRs' apparent contribution to shoot and root biomass increased. Recent
research of elevated rice cultivated under condition of Large LRs are more significant than tiny LRs for overall phosphorus
absorption in dehydrated conditions, as demonstrated by phosphorus deprivation. A Upland rice produced in P-deficient
soil recently proved this in a study that under dry circumstances, LRs having large area considered more important than
short LRs for total P absorption. (De Bauw et al., 2020).
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2.4. Root hair development in adaptation to low phosphorus levels :

When P levels are low, a plant's initial response is to produce more root hair.. (Jain et al., 2007; Ma et al., 2001). a tubular-
shaped roots cell termed as trichoplast, is the site of root hair production a root architectural feature and are crucial to the
acquisition of vital plant nutrients. Root hair is an essential architectural feature to obtain essential plant nutrients from
soil and easy way to investigate a broad rhizosphere region.

In model plant, Arabidopsis, Approximately more than seventy percent of the root surface regions are covered with root
hair. (Parker et al. (2000). Cells in the lateral root cap and xylem progressively assemble auxin as a result of local
signalling of Low P in the soil (Bhosale et al., 2018; Wendrich et al., 2020). The TMOS/LHW gene transcription factor
(TF) complex promotes the synthesis of cytokinin in response to auxin that has accumulated in the xylem. In this case,
cytokines functions as a mobile signal, increasing the root hair density.

Increased density of root hair and the growth of lateral roots contribute to greater phosphorus acquisition efficiency.
(Gilroy and Jones, 2000; Wang et al., 2016). The growth of root hairs is influenced by auxin, sucrose, and ethylene Song
and Liu (2015); Niu et al. (2013). According to certain reports, auxin homeostasis is essential for the extension of root
hairs when there is little exogenous P available. Song and Liu (2015); Niu et al. (2013). For conserving P intake and
stability in yield in low P soil areas, RH characteristics may be effective strategies.

2.5. Conclusion:

In summary, the amount of phosphorus existing in soil is an essential element that influences the development and growth
of the roots of plants and has a big impact on the ecosystem. The availability of phosphorus, its significance for
development of plant roots, and its effects on the surrounding ecosystem have all been covered in detail in this review
article. An important mineral for plant growth, phosphorus is especially important for the development and maintenance
of root systems. Sufficient availability of phosphorus promotes strong root growth, which in turn improves nutrient intake,
water absorption, and general plant health. On the other hand, a lack of phosphorus can result in decreased plant output,
slowed root growth, and eventually financial losses in agriculture.

A balance must be struck between supplying plants with enough phosphorus and avoiding overusing it, which can result
in environmental issues such soil erosion, eutrophication of aquatic environments, and water pollution. Mitigating these
environmental issues requires sustainable phosphorus management techniques, such as accurate fertilizer application,
organic matter recycling, and the use of phosphate-efficient crop cultivars.

In summary, soil phosphorus availability is a complex problem with significant effects on agricultural productivity, plant
root growth, and environmental sustainability. A comprehensive strategy that incorporates environmental stewardship,
agricultural efficient methods, and scientific research is needed to address these issues. By doing this, we can make sure
that the nutritional requirements of plants are met, the environment is protected, and our food supply is secure for future
generations.
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