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Abstract

Phosphate chemical fertilizers have traditionally been used to address phosphorus deficiency in
agricultural production. However, the use of such fertilizers has been restricted in many countries
due to the non-renewable nature of their raw materials and their detrimental impact on the ecological
health of the environment. Therefore, it is essential to develop efficient and environmentally-friendly
alternatives to meet plants' phosphorus needs. In this regard, phosphate-solubilizing bacteria (PSB)
are capable of enhancing phosphorus nutrition and improving plant performance. Recent efforts to
uncover the complex mechanisms involved in the solubilization of insoluble phosphates by PSB have
focused on the key role of genes involved in this process and the secretion of organic and inorganic
acids. These acids, by chelating metal ions such as calcium, iron, and aluminum or by lowering the
soil pH, release stabilized phosphates. Additionally, the production of exopolysaccharides (EPS) by
PSB chelates metal ions and reduces many cations stabilizing phosphate, facilitating phosphorus
uptake. Moreover, the secretion of enzymes like phosphatase and phytase helps release phosphorus
from organic matter. In this context, the use of omics technologies has also enabled more precise
analysis of these processes in natural systems and their application in organic farming. Studies
indicate that harnessing the biodiversity of PSB and gaining a deeper understanding of their genetic
regulation can significantly enhance plant performance and the sustainability of agricultural systems.
This review highlights the potential role of PSB in organic agriculture as a sustainable approach to
increasing phosphorus bioavailability.

Keywords: Enzymatic degradation, phosphatase, phosphorus mineralization, solubilization
mechanism, yield increase.

Fallah Nosratabad, A., Khoshru, B., Khosravi, H. 2025. Increasing the bioavailability of phosphorus through
phosphate solubilizing bacteria to improve organic farming systems, Applied Soil Research, 13(1): 93-113.

1.Professor of Soil and Water Research Institute, Agricultural Research, Education and Promotion Organization, Karaj, Iran.
2.Postdoctoral Researcher, Soil and Water Research Institute (SWRI), Agricultural Research, Education and Extension Organization
(AREEO), Karaj, Iran.

3.Associate Professor of Soil and Water Research Institute, Agricultural Research, Education and Promotion Organization, Karaj, Iran.
*Correspondence: bahmankhoshru@yahoo.com

ay


mailto:bahmankhoshru@yahoo.com

v yd conl 3 Sy ) o33l

S 30 Slawd ouisS Jo sy s xSL G5k 3 ywd odl 8 Cann j (sl 38
S, (5559l (S potumamn S gty

Al . E. o« -:5:-* A \ T « . . .
S9pms Slgd 9}“’9’0‘“‘&‘?‘°L?“-‘J""’C)L9L"):‘.J‘°

OF XA D i pdy b VEY O F il s fl)

odS

XS o0 )8 colaiul 090 (63,0laS Sladsi o aud 04eS Sin Jo glp i job 4 Slawd Slend sloogS
SeslsST ceodls 1 oy il g ads) mlie o9 pigbasazs Jds 4 b ysiS Sl gl )3 oS g5 cnl 505 Ll
ool gl G il b 55l 5 0aT S (05l sl Sl 457 sl (59,0 ol s sansl 00 Sgae emy jlarmo
S5t § (5 imd 4385 Lol 4y ;018 (PSB) Wlawd uisS J> sl iSL il cpl jo .l anwgd Haud 4 LS 5L
Ly Jloeal Slind Dol 1 50530 oz 6o, g5l itS slinly jo il clo M ansl o GlalS o Slos
oSS b laaal (gl WIazils 35 pe5 e 5 T ool i 5 Al )d ol 1o S, o) ool i s PSB
g S e ST 1) adients laclind (S PH 2als b pssieosll 5 0] qomndS aile o3l clogysy 0,5
Jind ol (liad 00T s (gl 5315 olas 2l 5 o5 clayss (33,5 IS L 55 PSB Lawgs laay 5L Lyg3ST
ol 53 S o oS T lgo 51 pind gjluslyl 4y 5l g 5blind wle a3l i opmizran LS o et |
2Ol ol g b lapiucs ;o 1) laanl b ol 5GBSl b uSiegl (slagsslid 5l eolinal b,
lasliis 1 s <50 s PSB s £555 51 (65l 10 500 45 0t oo 3 Slalllas sl 03,5 o3 SIS (65,5l
O 4 gy Gl ST SaS (65,5l8S glapiacs gl 5 GlalS o Sles i Sadizr Soue 4 Wil e Ll (S
3310 o0 Aad oml By Gl sl Sl Bl Gl 4 ST 65,5LaS 50 PSB ogill

Sguty I, Slawd oaiS > slag iSh Gk 5l awd emld e Gl NFE o gy O gbs o) g bl i 2B
MIV-AY tain N o)led Y al> (S (60 )5 Clados (S (65,5l sl

Olrl @S «85,5LaS @y 5 Uiael Olindios lojles 925 O 5 S Dlibod dunge (o2mg% SLiwk)
Ol @5 «65,5lS @y 5 Shigel colinios plojls 548 O 5 S Sl dnnge d 2ol Kigsy-Y
Ol @S «6555leS gy 5 beel clinizg lojlu 9sS OT g S Slidiod dummge iy} jlutslo-Y
bahmankhoshru@yaho0.com : g xS o st

af


mailto:bahmankhoshru@yahoo.com

\f’f )Le,g s\ O)Lo.oi: s\\“ ».\.1.’>

S 60,5 Slagss

O s oS IS b g VL oy e
O‘MQJBJMOM&MBWIQSOLjd‘f
T okS s 5l g 008 s 38 SlapeslS
Sz osS 5l ooliw] 15 o ek A g 098 0
Oz LS vsye Tl s Cans Grsudss
il b (oo BB il Gy mhaw o
(Priyam et al., 2019) Wi o
Sl SB jand Sl s (o p ek 4 55 lnl o
FEAY L Sldlae oL Ve v 5l in wialie 2|
G o5l Ae b jao 5l Sl Gl 3los] ) diged
a3 )3 1,8 sy 0,50 (2017) ol e g ReZaEH Loy
i 5eSls a5 sl 03l Lt i () Jgaz) Can
— ke VIO Ll ol 5,585 oS i
Slaaiges 5l oo 3V F sgux leis g 009 p S okS 1305
PSS 0 p Sk Vol G i Ll SL-
Fosl Gt 9 )l el 20055 4 (siks A wies
P pSake Vel S Gl jsiS slS ws s
Gy po 45 it oolitiasl LB Hand e o ,S5lS
o) a8 aalys Ll s sdss (2alS el il 555
.0

doddo

Slawd 65 3ol @5ln JsSse JeSis 5o jhed
g3 g 0dy Jolie (ooled yo 5 0)l0 Sl 28 (ATP)
ol S e eS8 GlS des 5l e Ologzge
DNA) S5 )2 be )0 e 15215l (50 el &6 pase
sl 1y islgosind cladisn 45 ool RNA
ok 50 el S lgea oSl S o
Mg 50 Hhud le (S (pwlul (ploedion la STy
e Sl o5 s 5 smgih sl b ATP
oLS ok g ails JoSas b )0 oy adsl Sy 5l (5551
sl &S lalS gl o 45 hnd onl ol ol (Sb>
il g g Codle Lai> gl 0ndy Dlagzge ples
(Zhu et al., 2018) sl (5,9,

Gl alidl i Cumez Gl ol > o
o0l (65,slaS Y game 3, Sles ulydl 4 ks g lae
el 5 G5l b ghsdal Jy ool
@ e o Al el oy 4 Sl glacl
Wlgios (2 g oad whaw a2l )3 Jpazme ag als
205 (o 4 e

) B2 E55 wlwly jeiS Thaw 5o axdllae 9 90 LSS rdigei 1o (o yuwd BB phwd wuo )0 g Cardg - Joua
(Rezaei et al., 2017)

Table 1. Status and percentage of available phosphorus in the studied soils of Iran based on land use type
(Rezaei et al., 2017).

Lands of the
Olsen P Agricultural lands  Orchard lands  Rainfed lands  Irrigated lands whole
country
Average P (mg kg™ 10.89 16.01 7.9 13.2 115
P percentage less than
10 (mg ko)) 65 59 75 59 64
P percentage between
10-20 (mg kg'!) 22 20 19 23 22
P percentage greater 13 21 6 18 14
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Table 2. Effects of PSB on plant performance along with their ability in the laboratory

Inoculated Place of
Reference Effects on plant isolation- PSB
plant
Country
_ Increasing the amount of Golden Azotobacter
Khosravi phosphorus & other macro & VR .
. . Delicious Soil, Iran chroococcum
etal.,, 2009 micro elements in the leaves of red
. Apple Trees AF146
apple seedlings
17.1% increase in seed yield, Wheat
Hussain et phosphorus solubility in the (Triticum Rhizosphere- Bacillus (MWT-
al., 2016 laboratory was 355 ppm, auxin Pakistan 14)

production capacity was 618 ppm

® Lead pyromorphite
" Hydroxyapatite

8 Immobilization

9 Native microbiota

\-

aestivum L.)

! Antibiosis

2 Competition

8 Lysis

4 Mycoparasitism
5 Remediation
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Increased in stem length by 35.9%,
Increase in root length by 39.2%,

Lietal, colonization of root surfaces &
2017 - - .
external & internal epidermis
tissues.
The simultaneous inoculation of
PSB & AM increased the
Mahanta et . .
al. 2018 absorption of phosphorus in the
' root & shoot by 47.88%, 77.57%
& 37.55%, 41.95%, respectively.
The increased in the shoot dry
. . weight by 44 & 42% respectively,
Sf;'lkh;g'm the phosphorus solubility in the
" laboratory were 477.2 & 545.2
mg/l.
Increased of grain yield &
phosphorus content by 10.85% &
Kumawat 11.3%, respectively, phosphorus
etal., 2022 solubility in the laboratory 169.8 &
115.8 mg/l & produced auxin 48.7
& 46.38 ppm, respectively.
The increased of shoot phosphorus
werel153.42% & 106.8%,
respectively, & the grain yield
Rawat et were 84.5% & 74.39%,
al., 2022 respectively. Solubilized
phosphorus under laboratory
conditions were 688.18 & 570.9
mg/l.
The shoot & root P increased by
80.35% & 261.3%, respectively, &
He & S
Wan. 2021 the total dry weight _m_cre_ased was
' 431.5%. P solubility in the
laboratory is 304.5 mg/I.
Increased of germination rate, root
Munir et length & shopt weight by 16 88 &
al.. 2019 33% respectively, P solubilization

potential in the laboratory was
966.9 mg/l
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Table 4. Phosphate biofertilizers registered in the country's comprehensive database of fertilizer materials

Row Fertilizer name Company Registration number
Iran Ignition (in
1 Phosphate microbial cooperation with Soil
fertilizer and Water Research
Institute)
2 Barvgr 2 P.hf)Sphate Zist fannavar Sabz 89980
biofertilizer
3 Alkane phosphate Alkane 00118
biofertilizer
4 Phosphobacter Dayan KhOSh]fh prvaran Zist 21724
annavar
5 Phosphofica Zist farayand Nutrica 90645
6 Phosphoran Plus Fannavarelazrlstl Tabiat 95854
7 Phosphoran Bioran Fannavari Zisti Tabiat 84936
Gara
8 Phosphozist Kar Gostar Nogan 47084
9 Bio-fras P Khotote Sabz Sepahan 630393
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