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This study comprises two complementary experiments to evaluate whether actinomycete
isolates can (i) enhance potassium solubility and improve soil properties, and (ii) promote
barley growth. Part | employed a completely randomized design with 29 actinomycete isolates
cultured in Alexandrov medium (three replications per isolate) to evaluate their ability to
dissolve potassium and to alter culture medium pH. Part Il examined the effects of the two
superior isolates on barley growth traits and soil properties using a completely randomized
block design with four treatments: control (C), chemical fertilizer (CF), and the two selected
isolates, S3C and S5A, each with three replications. A suite of soil properties, plant growth
metrics, and plant nutritional status was measured. In Alexandrov medium, isolates S3C and
S5A produced the lowest pH values (3.23 and 4.25, respectively) and the highest soluble
potassium concentrations (4.83 and 4.73 mg L-1, respectively). In soil, both actinomycete
containing treatments yielded the lowest pH and the highest available potassium. Additionally,
the highest available soil phosphorus was observed in the S3C treatment, and the highest
available nitrogen and iron in the S5A treatment. Plant analyses showed that the potassium
content in barley increased approximately 3 times in the S3C and S5A treatments relative to
the control. The highest plant phosphorus and iron contents were observed in the S3C and S5A
treatments, respectively. Overall, these microorganisms not only release potassium into the
soil but also enhance the broader soil nutrient status. These results support the potential of
actinomycete isolates as biofertilizers to boost crop productivity and promote sustainable
agricultural practices. Further field validation is warranted to translate these findings into
agronomic recommendations.
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EXTENDED ABSTRACT

Background and Objectives

Potassium (K) is an essential nutrient for plants, playing a critical role in their metabolism, growth, and resistance
to both abiotic and biotic stresses. In soil, K exists in mineral forms that provide only small amounts to plants. Several
factors can reduce K availability in soil, including fixation of K fertilizers into insoluble forms, leaching, and uptake by
plants. Soil microorganisms, especially those that solubilize K, are vital to the natural potassium cycle. Among these
microorganisms, actinomycetes represent one of the largest and most diverse groups of bacteria known for promoting
plant growth in an environmentally friendly manner.

Methodology

This study aimed to investigate the ability of actinomycetes isolated from citrus orchards to enhance K solubility,
improve soil properties, and promote the growth of barley plants. The research was conducted in two stages. In the first
stage, a completely randomized design was used to screen 29 actinomycete isolates (each with three replicates) on
Alexandrov medium for their ability to solubilize K and to alter the pH of the culture medium. This assessment led to the
selection of the two most effective isolates: S3C and S5A. In the second stage, a completely randomized block design
with four treatments was employed: a control (C), a chemical fertilizer treatment (CF), and treatments involving the two
selected isolates S3C and S5A. Each treatment was replicated three times on barley plants. After 40 days of cultivation,
a suite of soil physicochemical and biological properties was measured, including pH, electrical conductivity, available
phosphorus, inorganic nitrogen, available potassium, available iron, organic carbon, microbial basal respiration, and
microbial biomass carbon. Additionally, growth and morphological parameters of barley were evaluated, including stem
length, root length, fresh and dry weights of shoots and roots. Plant nutritional status was also assessed by determining
nitrogen, phosphorus, potassium, and iron contents in the aerial parts.

Results

The results indicated that the actinomycetes isolates had a significant impact on soluble K levels and pH (p<0.01).
The pH values ranged from 3.23 to 6.68, while soluble K levels varied between 1.7 and 4.83 mg LX. Among the isolates
tested, S3C and S5A exhibited the highest K dissolution rates, measuring 4.8 and 4.7 mg L2, respectively. The effects of
the treatments on all measured characteristics, except for electrical conductivity, were significant (p<0.01). The lowest
soil pH (7.1) and the highest K levels were recorded in treatments that included actinomycete isolates. The S3C treatment
produced the highest levels of available soil phosphorus, whereas the S5A treatment resulted in the highest levels of
available nitrogen and iron. In plant growth metrics, shoot length, root length, and shoot fresh weight did not differ
significantly between the CF treatment and those involving actinomycete isolates (P>0.05). K contents in the plants
treated with S3C and S5A increased three times compared to the C treatment. Additionally, the highest phosphorus and
iron contents were found in the S3C and S5A treatments, respectively. Beyond providing K in the soil, these
microorganisms enhanced the overall nutrient status by increasing the availability of nitrogen, phosphorus, and iron.

Conclusion

Overall, these microorganisms not only release potassium into the soil but also enhance the broader soil nutrient
status. These results support the potential of actinomycete isolates as biofertilizers to boost crop productivity and promote
sustainable agricultural practices. Further field validation is warranted to translate these findings into agronomic
recommendations.

Funding
The study was funded by the University of Guilan, Iran.

Authorship contribution

For research articles with several authors, a short paragraph specifying their individual contributions must be
provided. The following statements should be used “Conceptualization, Nasrin Ghorbanzadeh. and Mohammad Bagher
Farhangi; methodology, Nasrin Ghorbanzadeh.; software, Mohammad Bagher Farhangi; validation, Nasrin
Ghorbanzadeh. and Mohammad Bagher Farhangi and sina noorizadeh; formal analysis, Reza Talebi; resources, Nasrin
Ghorbanzadeh; data curation, Reza Talebi; writing—original draft preparation, Reza Talebi; writing—review and editing,
Nasrin Ghorbanzadeh; Mohammad Bagher Farhangi, supervision, Nasrin Ghorbanzadeh; project administration, Nasrin
Ghorbanzadeh; funding acquisition, Nasrin Ghorbanzadeh. All authors have read and agreed to the published version of
the manuscript.” Please turn to the CRediT taxonomy for the term explanation. Authorship must be limited to those who
have contributed substantially to the work re-ported.

All authors contributed equally to the conceptualization of the article and writing of the original and subsequent
drafts.

The authorships didn’t use generative Al and Al-assisted technologies in the writing process.

Data availability statement
Data available on request from the authors.

Acknowledgements
The authors would like to thank all participants in the present study. The authors also would like to thank anonymous
reviewers for their valuable suggestions in manuscript revision.



191 Effect of Actinomycete Isolates on Potassium Availability...

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The author declares no conflict of interest.



YAFY—YEYY Ll

) o lou QY 0459 ¢yl 91 SB g OT Wlidens Ao

Homepage: http://ijswr.ut.ac.ir

97 ol wdy s S SS9 (5t 3 by (08 1 ConnsloghsST gaasloe 36

. . Yoee. & Y - i ) .
03135395 Lumw | 7 (552 13 18 sazmo [ 0003558 ¢y guni | ' Ao L5
reza.talebil29@gmail.com :asbbL, . )|l ey (LI olKiils (55,9l pole 0uSiils (S cwdige g pole 05,5 N
Ml;l;‘) U‘)"‘ LWJ) ‘UM oKl ng))?LMS r‘:sl: cuSiisls (S ‘5..14...@‘,0 9 |551.C 05; ‘J}inm oMy Y

nghorbanzadeh@guilan.ac.ir

m.farhangi@guilan.ac.ir :aebll, .yl ) ey o DL oRisls ¢(55,0laS pole 0uSiils (S cwdige 5 pole 09,5 .
Sina2716@live.com :asbbl, .oyl ul ety LS cbla> g Co e DS liwl (65,5laS Lol ¥

PR

Ao WleMb!

St 9 el (oonl B Rl 5o CenlegiiST slaTalar GUIE () p Saa b Ragn o
WelS 25 B 55 el sl 2o 53 as el i 5 53 92 oL by 5 S sla Sy
Dol ;3 oz LUl 5 bl 1S5 a4 Cog il L 15 CenyloginiST aglaz Y2 b ol
@by Slho (Fp p fp el 0 86 g iou )0 ad Dbl S Lae PH i 5 el
b Bolas ol oSl g5k g0 a Gialel gy S ST (Shy (B g 97 ok
bt s plol 1S5 4w 4 5S5A) 5 S3Caylaz 55 CF) ) loard 055 C)) aal) Jlogi
FIAY) Jslone wamsliy )i o3 itons 5 (FIT0 o PH (23/3 ke 12 oS gLl Lasoms 45 4 s
9 PH jlade (15265 592 SBA § S3C slaTaslaz & bgype <o & (G p a5 ko FIVY
Sad jlade ol (6,505l caglogiaST slTalas gl Jled g0 0 S ey jlade o yiion
e g slade o i SBA lars )0 ol )8 el g (Gane (39,45 laiie 5 S3C jlan jo S el 8
ooty 015 i aal33l ¥ laie 4 asld s 4 Cormd S5A4 S3C (sl less 40 oS amslsy
odle olylilz gy al 8 el 1ol 3 SBA 5 S3C (slo Lo ;5 i 4 olS (52T 5 jid Jlade
3 om Lol 3l ealensl «igdT o oy BB 38 solie g carge (SB 0 ly (5Ll

o3 Gl Jgarme 6590 0 Wlgior (Slae a7 el pln]

gy i :llio £ 99

VECFAN O el 5o gLl
VEFNVIY 1655550 &b
IAEAARTARIER-SYR R TRt
VEo O 20,9,8 1Ll g )b

iguals slaejly

U S CO A A RE G
9
(o) 055

9 pely so2l ) p CanlosiaST slaTalas [0 (VF-0) i tooljg,s8 «Blaese ¢« Kip,8 (s w0yl ,8 Lo ¢ Il sl

AAYA ) BY ol S, o Clidey alme  wgr oLS a, S sl Sy
https://doi.org/10.22059/ijswr.2026.407444.670064
E— st © s oEtils S Lail aho 1,50

DOI: https://doi.org/10.22059/ijswr.2026.407444.670064



mailto:Sina2716@live.com
https://doi.org/10.22059/ijswr.2026.407444.670064
https://doi.org/10.22059/ijswr.2026.407444.670064
https://creativecommons.org/licenses/by-nc/4.0/

1Y L el g camlbogiusST b wlus W50 ) Ken 9 I

doddlo
ool sl 5 Jzil gl o Fete 5 (o g golaiBl-elazz] (goldS Jsle G (65,5l wnngs Sl )0 (sl )9S 5l (gl 50
dop B ¥ b 1 (gl Lol JS il w05t o 00538l ol Sornor & 55 (psebon AT s ja L5 a5l @ a2 |
ol ot (couxie o ille g St b (65,5LES (g 5] 08 drws (FAD, 2018) ol 00 035 (ymadsd doys Vo Y0+ Jlo b
Sl Gy Lagzme o 565 9 lie oulid 090aS b Slez gylis 50 9ds Vb E5 (el 4 by LT (el o5 col
S35 DY gamms 3 Shoe [l oniiSgame Jolse o yiptes § 5 S cind (s bl L 1l o (Silvaetal., 2022)
oo xShas, 5l ool uile Jlaul (glas g, 3BT L 039 ,4l 45" «(Khosro and Yousef, 2012) ol azwgs Jb jo slo,qis jo
s (K) el (Sharma et al., 2024; Kavya et al., 2025) cowl a8l 050 0255 JB Hob 4 o sy soosS laie 4 wiio
JU) il s uigp Fim Glgid (g olS Al g pelie )0 GullST A 5 el LS sl 2138 Slge S Sl
g il g3l Jld deais) o a5 3L 5 sieml HLid i o T sile e 5 9 (il 5o (2l3 Slge 5 O
3l as 0 VI penlsy (Meenaetal., 2016; Sun et al., 2020) aib oo )l 1) s 9 (fomajme Slo s ol )0 Cwglas g ATP
la S 4 0ailo Bl aoyd WA a5 Jo 50 el Jolome JS& 4y sl 5l o0 ¥ sgam L g a3 o0 JeS25 ) (e dwgy 039
32 lp 5 plie s 325 2l 53 o5 29800 Sl SulsS a9 5 CasSme (e ¢lald (g Game slge aiile Jlonal
Slp 1y el 5 o0S Ls ol ¢ Jose o o ] Ly (EI-Egami et al., 2024; Babar et al., 2024) scs (o ws ;0 olS
ety i 5 ol 5T WS 4o Jlonals S5 & ks (e (sla0sS Sats Bk 315 S oo palyd s Sl 8 plals
(Sharma et al., 2024) w25 o (a5 1) S o ws b8 pewly jlade (LS lawgs Jolxe

S 5 ol S o Ll oty (greels 4552 5 Sl 15 (KSMS) ks auisS o gl o 40 oS o sl 3,
55k Codlad (ST 5T s S ST adgi ¢S e 5 ety SOGET 50 Sunglie Jol metins yof slopanilSa L
el izren g lagdnen ) Mol g aty ) ol idglS ¢ pand Pl 59y (Fumty Sl (59059 9 598900 S5 9 YL
Wsd oo ok (ages ) ] G ooy Bla hgiST 5 oaS O slacaS 5 adgs o JI slavenl g ol poinse slo
Codgm 9 3 o7 )| el iy gaSiun ¢ Jlewald S dax 5l pnly (g9l sl SIS wiles o o))l 55 ] (Ghimirey et al., 2024)
5 T olse 45285 (oSS 5 (Jobs o iaSly (g lucdS Gl gl wiile plaeudlSe L 1) Jolonal moaslsy 5 00,8 J- 1,
ol sl alizee JI slaasul 0,5 ol51 e ¢ (Sun et al., 2020; EI-Egami et al., 2024) 5;,5lsS SYgams bl
S Sl 455 s Lol ol (Babar etal., 2024) oS o Jsbre JS5 4 S5 5 s ol St (ST S s
oaS o oyl 5l eslatnl 0 S go S8 yiws 5o GlalS sl aF WS o SB ol o)l 1) el 5 0ald Jloply
iz S il GadisS (rizren o udewlios 20 Lo ST (pnnie) s S sl GladisS ol nlsy
s 53 3 Jpama (6590 Wlgiioe sty 395 lsie & YT § ugrpts Plosgs tusliogs Yl g 3T uslent
a5 Sl lauly (65,5l88 axwgs 5l g ans (il (s Sla i ply o 1) olS Cuglie (rizmen 5 ol S (58 Slge (109
aisle (PGPRY'6LS wis, S e slas xSy, ciliske (slaaisS 4 winged Lo (Yo YY) o 5en 4 5155 .(Meena et al., 2015)
VimsS 3 i le sl pnagi T gyl Vligiil VaShy il Vi eligegse Vipuplasli il N mslaslsizdin] o uslol

Potassium-solubilizing microorganisms
Agrobacterium tumefaciens

Bacillus

B. subtilis

B. pumilus

B. mucilaginosu

B. circulans

Plant growth promoting rhizobacteria
Acidothiobacillus

Paenibacillus

Pseudomonas

Enterobacter

Pantoea

Erwinia

Azospirillum

Marinococcus

N WNMNRPONDORWNE



1PeB (3395958 ) osleis BY 0390 oyl S g o wlindizs  14F

Nawaz et ) oi)ls 25 olS o Shos g o, Sgap ;o Ldlate 5 Wigdi oo el Mol cows ©05Tari/ ¥ rlogts ytf Wil
9 Oy palS i aile ol slie O¥game o Slas g aly iol3dl o |, KSMS & e L3 slajiags, .l 2023
lbiiwegiiST S ol 5, ole o .(Adnan et al., 2022; Soumare et al., 2022; Nawaz et al., 2023) slosges (i ,)58 ,Sios
oy danzo b 5l 5 ol 0y lacS e (lie 4 oS wams oo ST T, (2L SL slaeg S Segiie 5 (S5 5l
2llss i o S O3 a5 e el a3 b slais, slacs iSL ol (Boubekri et al., 2021) wlows aislis wal IS
ads aile ol 5, ol by s le il 2 osdle (Gong et al., 2018) wls |, B, 5 oo s sladasme ;5 Cnglie
Sdsi gl orlie Lol allS o 1) il ciidn o S5 |y (Sl ef 9 Gy GLLAS @ Jood g olS ;o5 el
b 5 95 S b iy 4 (i Skl I3y o )l ol S o B it e (e slossS
2l g bg,B e St ooz )3 2 BB RIB) co 5 wiSue See 5 ) S S G SRy (295
> 51 .(Soumare et al., 2020) suisn oo dgue jui |, S T 0lge a3 g (o138 0lge a5 12 a5 10 5 Wgd o0 liunogiS]
s 4555 S 3o !l Lol (Etesami et al., 2017) was o bS5 b logiiST 1 ol saiS > slags 2S5l oo ,s & L
2dlighe o ) peulty 0aisS Jo latunlogiiST 5 098 oo (Fumy 5 5l S porlen ) Cosli 5 l88 Slge by Sonte
L awolie ;o ol jawgi, 3l ool lax slacawlogiaST oS aslawlin (Kavya et al., 2025) &S o Jos jlaul 55,5la8 3
Yadav and Yadav, ) wlazs S 18wy p 0550 <y a0l 59See b 7L xS betigp aile olS 0, S e slas Slgi, ple
bty POl 55 LS o ol s, 5l 0t bz CasloginiS] slamliz Ul Sl & ol g 5 ol (2019
sy 2 el ke b imas 5 ety gatl I3 (sl ST slaashi U5 Grizas 5 le St ama )3 Jsloxel

Al ai s 9> oLS

9y g dlge

iy, Il (2 Ulgi (o 32 9 CommnogiaST sloaslaer angd
DS pe (U 53 Hhwgn, 5l oS hasle bl dly el 53 (6 rmme Tdoss Sloogas 5 DS po 00yl I ComlogiST ladlox
s sk & ad Jie (65,5l pole ouSiils S (g5glsm olKtylesl 4y 5 s wiog: oads il olpl Cgiz 5 Jled slagl
CatlogiST gl YA 50l SLlS b B 5 iole] el S Lagoma 5 oty Vol s CamslogisiST gl 5l i
B SN0 5T 5 ¥ SIS e ojlac )+ lo ojlac) ISP2 S Lm0 CemaloginiS] sladslaz 4, §f m b plonl S5 s o
iy 1 g S5 8 i 53000 s ) ol 8 il el 5l e 10) ISPT L (2 s
Lo oy, sl (05" (0 stk &y B ool by (S S (6,5 b8 b &y (ke ) 53 005 V0 BT 5010 e
1o b s ] w5 /Y s A IS o IY S B S Y o) gyl ole S Laime eiumslogisiS] aglaz YA
A syl g ags (PHET L 5o 50 050 5,51 9010 (o juie Slalgas ) Sland oo (68 ) pguigol Slalgus

i g LS bl LT Sl 5 sl 55 s (m 691,815 5 i Lomn 3 ok ool iy 1S
5 5 553 it ol Ay 2 i L5 ) Jyi) & I35 s V210 5T gy 51 ke KR IGT 51 o
ite Gt b s ey (5 a5 o a1 iy 9958 51 U 5 05 0513 508 Gnslon <170 5 S ) e P+ oS
3O e g O 00ld ST a8y (o ;a0 VO o asBo Ve S ay Wae o) S0l all s L Ve o SIS j0g e S /0
Ot 9 9 00ls (IS5 slake O i o ¥ o (ISl &y 590 19y slme 5 ok yile aB30 0 Do 4y dids (0 pe Fe e
4y SuS (ugpbi 420 Ar glos 1o Ceels YF Goito @y 0l (5] oz G0l i3y 199 (19, Jole o ligd oy il ]
036 ygmamilbimgs 31 5idg e B0 ¢ e oo (VYA () Ke2 g sl ol soliiwl cusS Lo o ol 51 o) jo SV lade
A 00938l cutS e 4 ladla 51 S e

9. Serratia

10. Streptomyces

11. Azotobacter

12. Proteobacteria

13. Firmicutes

14. X-Ray Fluorescence



118 . ooplyd g camlbogiusST b wlus W50 ) Ken 9 I

o g w90l XRF 5007 s - Joor

Pyl demST porimogll aauns| o2 e S| el punsS| @ gt S | o2l s
g100g?
/vy VYV ARYAR ARV /vy Va/-¥

PH 0L o saial (6 138 Le,5 59, V Do 4y 4o )0 590 Vo g Gugrndos 4z p0 Yo (slos )0 10,800 55LeSTl )0 lamaigas
Jslows 51 b s S5 (48 )+ Sote &y 59 )+ + ) (gl 5 s 51 g ok 315 0 PH olSins b lomigas
Sugumaran and Janarthanam, ) o.& <5l 3 JENWAY) Jaws yiegigh puld oSiiws Jawgs Jolore puwly jlade g ails o9, Blads
(2007

X ) Gles Job 0 il lawgs by Mol g PH polie 5 bl aisls lis 1) puwly (S0 o (o yidon a5 alas 40
W3S (g S oslail 15 Gy, Y 9 0
olS cuils g b yloud Jlosl (S5 31 6410 paiges
Wdgs (V Jgao) sy S e o Sy syl g wisls s 1) mle S lae 10 ol (SaisS Jo o iin a5 alas 40
ad )8 13 eolaiwl 8,50 92 oLS ciS (6l 9 ol (Noorizadeh et al., 2025)

Noorizadeh et al., ) susds ©lil Cans logiaiST asla g3 oLF ulsy ouidd W, slacadlad 4y bgspo s S5 -V Jooo

(2025
alos _
210 59
S5A S3C o

+ + pawigel algi

- + (ACC) DS 3,5 Juias!
. + (AA) sl Seias] Jgois]
+ + 0395 Camdd

. + pisd st

+ - 2999 0w Sl gi

Y Ges 3l YT JLiliz e 5 00 A8 LS Jsb b Ll i el (LS ol S S aiges
& 00l jeue 6y e ¥ SNl g 0,5 cyals S T 3l g S diged ol Jaie oBiolojl 4 g (5 5l aen (5 e sl
«(Loeppert and Suarez, 1996) Joleo ol ol S «(Page et al., 1982) S oSl colas colld pH Jolis S1> slo S5 5
Rowell, ) Saxe g JS (59,5 «(Olsen, 1954) al 8 4.8 (KU0,1996) IS wemslss 5,48 (Walkley and Black, 1934) J1 -y s
Mc Lean and Watson, ) Jols 5 Jgloee el g (Lindsay and Norvell, 1978) 4al,5 4 (Chen and Ma, 2001) JS ol (1994
A5 g5 o5l (1985
ez b iolas JolS (slaSsl b B o IS il iz oL iy s InlogniST Sianle b sy s &
bl 5 ol 355) oo sl ol Lo Lo .ol plol (LS oLl 05 5,5LeS suSiisls imgly AlS )3 IS5 aw g jlos
ool il 5 S 53 0 T5LS Ve oy 5 Blad s S 3 0 S5l T o5l i el 52 oL (5055 3L 5 S sla S
1y 25092 S5A 5 S3C CemlogitST aslaz 50 5 (St 9 (@lorrd 355 o Jlasl 90) (i valls 5 (IS ,0 0 SolS Y - -
a0 TV Gloo b gilisSTl jo el TA o 45 g 2etiS 5L ISP2 S lans (59, 1 5uiSS Sz gyl g0 ool (eals aglo ags
$3) 2 S ST ke (B )5 s Jobo 1T 1) JLai 00 sloaliz b Sl el jslate 4y 550 (5,685 gl
O 53l g sy SB el Sudil a0 VO ux 50 S Cagh) e g WS (g JoU j5b 0 (Seadl sla i
OleSs Slade 4y o lals aes oS jo g bl 0,5 5lS aw IS VY olaws ol Jaie  Soldl slaplals & JelS 2319
s9abge adiBo O e 4 ((gex> [ goz) 00,0 B maos IS5 )0 55y jskaie (nl dy Wl (g g2 byl disn Al
e 9 0, 13 AiB0 O SGe (sl (sem [som>) 9o,0 48 Jgill )3 s 5 22501 il e ST L LY s g 2



1PeB (33959,8 ) osleis BY 0390 oyl S g o wlindixs 145

BT 0T 9l slacads (55, 5 syl slo,dy (Schikora and Schmidt, 2001) o oaSGT s el Jlaie STL L F o bgs o1 5
A allex B il 6 )l S5, 50 (gads a2 0 YO sles 50 g, A Do 45 (0o )0 VD)

slass 4y Cuils 5o aas g0 oy dy g oS lalS ja j0 g0 Bl ¥ Gas )0 plaie Jolgd 0 9> A sae £ lalE o o
Ao yd Fo ol Cugb ) g ol )0 ugaadis 4230 V8 5 59, 10 ugmadis 4> 0 YO los o balalS wials S5 lalS e s sae ¥
Vo SB35l 0B 6585 (S9 Gha, L aeyie Sy wo 0 VO Sgam 50 aplals Cugl; il 090 Jsb jo aad (55l
s sl Jobo Jolis oS (5, Slio 5 s )5 5o o i, 5 bl g alS S b 51 lye pladl b S35 515,
Jiis ol8tglojl 4y 6321 GlocsSy 1550 ol 5l G 5 95 Sl (2)5) s el 3 055 5 (e gil) ady o sl Jsbog
3 (Ao, g 2lep Al Caod 90 12 (w005 o Ll 51 S @3 b aiad ools gicncds Jlade Ol L cds 4 baasy ;i
359 4 Oy ) Cel Y2 B YF G o ogendes 42,0 VO B £0 sloo ,o 049l 40 9 ool ools 1,8 ailflax s3elS sloans
A8 (S olul (p,5) a5 2lse laplal s 59 (JolS ol Sis 1 g ad SLis (el

Jiie olftslojl a4y s S T9 5 5y en ¥ ULl joie 5l ey 5 285 plml (5l pigas 5 Lyl (59,0 S5
59:2) oL 05 51 0,5+ 10 .o Ol cielis TA Goe 4y wgaadis 4z 0 Vo lod [0 090 St 5l s oL Slem elasl aius
g 4 13 VY 0 glod o ) lddigad s g 039380 )] au Lade HNO3 yid Lo O ladie g axtils y (o oo + /0 U 51 ouis o0l
VYo loo jo ) badiges S50 )b .o 00938 badiges a0 (H202) (y59,0m8 dunSTy yid e <SG 10l o5 diges o> b ools &l >
L Jsbowe 5 o0ty il oo 0 4 slako DT b o o igas (50 8 | g b 05 505 0 B 055 15 gl 420
Estefanetal., ) o (5 1 Sojlail yiogigdy iSioml olfiws awgy Sladge-Olobly oeiw S5y by 4 olS jaud 0l Blo  Slo ielS
s b oyal &3l 3 g ylogideds olSiiws 5l eoliiwl b puwly (GuUpta, 1999) JlalxS pin 5l soliiwl b ladiges (59,05 (2013
S o8 yal g el and o S S Colos Sl PH lade .28 5 &) s0 (SPeCrtAA 220FS, VARIAN) Jow ol i
, 35 (Jenkinson and Ladd, 1981) 5,5 0055 Cews) (y2,S 5 (Anderson and Domsch, 1993) s,Sce aly Luiss ¢ ]
Al 6 S oslal ol S sladiges

sl Jalos 3 41325
P9d Sidu 0 b bl ST Y g canlogiaST alas YA L Joloo 518 50 Solas Mals oo B s gl pise ye Giegh ol
ilises slo idu ;o alS g olKiule;l 5l sanl Caws a4y gl .o plsl 1S5 Y 5 Jless T L olas )Lolfg.@l; b B o bl

s ool EXCEl 38005 51 Lo g5 aesy sl 5 28,5 513 (o bl uloes g 43555 5,90 SAS 58l 5 5 soliciul L

sle S p cambogiaSTalas aely conlonls ooﬁﬁ" Jadz 50 Jolore muliy g PH jlade p aglas YA aly il g 4320 b
(P<+21) 091 o sirn 2oy S Jloix] s )0 asdllas 5,50

Jolzxo pwly 9 PH 0 ComlogiuniST (slads lazr ol (il ylg 49 325 =Y Jgu

Ol o Sbe A HETSY Ol s olio
K pH
alie -[2ay*e YA Soss
<[¥AY AN OA (19
YYIVY #1048 - (£) &y oy

Jokomo pawlly (K ey sl pH Lol g0 w0 yd Sy Jloda | mhaw 33 (5415 o ¥

PH Slade .cewl ool ools lad V S o cawlogaST glas YA jga> j0 cuiS laoxs Jolowe puwly g PH e ol s

e g J Glaowl adg a4 0B laalas 0gr ey S Lo FIAY B VY 5 Jolome mumls 9 #/8A B Y/YY Sg0mme 5o
oroliy (Slgiome 9y (nl 3l 5 00,5 SaS Sotme paslly (0 3131 5 (Ceig) ey ool Dl (oSlaS 525 4 o5 0L 0



1Y L ealyd g camlbogiusST b alus WG ) Ken 9 I

iy 00iS > slo 6 iSL aS wisges 5138 55 (Y- YY) o ,Ken g Olaniyan .(Meena et al., 2016) was o (yiol33l 1) Joloo
BB S Glply ol g 00,5 Jela |, e iy (SIS al g SO i sl oSO ,B L sl assle 6!1 ol zo 5 L
S g sloagl asile JT slosnl w5 b AL0 [i5i5,5] ulipogosw mely 00iiS Jo> (6 55Shgn, digw 45 Widged
il 325 pnaliy 31 (g8 (e Slge prlan (59, (sl Ll sl b g ams o alS ) Lases PH o SLaSY g Sl G i
59 ¥ CebdS 5l e et laone 50 Jolme gl jlade oS oo Sl3T Ll S sloasls 1) eelty slagygs 9 Jutens |,
PH o o s e (Swod zuld (Y JSK3) 0,5 oy (iol38l s 0 VIV Jolore muliy jlaie SBA § S3C wilas g0 codled il
59y sz CdS Sl e Bg il S lae o Jele puwly i ol lid 1) (R?=-0.81, p<0.01) puwly Ml 4

4 W)l g elS 55 agsSame (S )9 MERCPY ugust Do uphowl sl 00isS Jo (6551 jpa> 55 (gemlisSSl
.(Sugumaran and Janarthanam, 2007) cewl oals (5,155 2d )8 o <IAD o VIYE SIY o5 5

7 -a-e ab a-c a C—pH K ) -6
af [ F Fael af""_:'fOI ae aCafafag
— - = a-f - Y a-
6 ‘-1[ d-f {r cf  p- '1[ ag  ag| | _ g |
df fg c-F 09 o e -1[ £ 5

p

w

—
=

——o—

'_

'_

—

=

o

'_

'—
Gid 2 p S (shee) Jolome ol

1 -1
0 0
n o o 1 o LL LL N~ W L
988383283883 5IQL90so4lh¥HRIRseY
a PO H A5 U)(/)H(‘?) %) ) — N A9 499 0n d
< n o n n < 0 < n < <
S logiST aslos>

9 Cowl 13 o (55 loT glas gud il b yaiw (59 2 alio By > oS bnzmo 53 Jolkowo iy 9 PH jladio yr Cons logiuiS T glaas o 156 Y S
(N=3) Wil go o liliasl Gl il Lo 1o

[ —e—S3C-pH S5A-pH 7
6 —e—S3C-K S5A-K L5
* ’4;// S (t:
4 1 PR
N o )
I “’\\
S 3. ST
2 - R
1 - L1
O T T T T T T T 0
0 1 2 3 4 5 6 7 8
(o) ole)

A(N=3) w0 3 failine! Bl ol b ylg oS Lo 5o Jolomo pumsliy 9 PH ladio 3 loy Jobo 53 SBA 9 S3C ayla g0 ,ili —¥ JSs

1. Pseudomonas aeruginosa



1PeB (33959,8 ) oslois BY 0390 oyl S g o wlindizs  13A

ks oanlie Jgloes wamiliy Mo oy i PH ke 58 b sloaslaz ales ;3 wiu] adeiia ) S5 )0 a5 jobolan
ol Jgl 4z 55 50 055 o0 mrmslly 53l GBS rnliy (53l l3] s il ds B )b 3l psliy 00iS o sloaglor 1
eseirl] S by s S 4 e by I st 59,5 5T 1 s SIS Lptannl] oKL 45 s 5
S5A wlaz ¥ Jgaz ledlol Lulul eyt (Bahadur et al., 2019) aisS o o] Jslme USh 4 |y ponlty 5 Jookss sagolsa
e 5T s 55,5 20 1y oL 6 3 35750 s 5 wns OIS o5 AT 5 Ca? 81 Fe? iy sl b Sl o
Skl )3 1) pldsn a5 Wl oo jiw ladygu Lawgs ooy Bloyg ST L lagnsiyp alox I 55 (ool Jobo 231> slojeih
3T sl U5 a1y ommsliy 5 a0 o 518 2525 (o yme 5 1, L G5 desl (55158 )90 5wt b 5 wimo o oSt Gane slo S
ool 515 sla S ol S s 3 Syn slas b laShoe LS5 b ptan a5 5
Jls 4 el s 6)'L~)o|ﬂ Jole ailgs oo 55 ;500 il g0 ()l (Nawaz et al., 2023) aas oo (iwl33l 1) (b Lawald)
Bl i PH 3525 b Jslowe 56
g olF LS oS
SL sl Sy » 1)l 56
5 YAIZ VAT s cuiyp 4 andllas 0,50 S sl oals 00,9l T Jguo 10 adlllas 8 )50 S Hleandissh 3l sla S5y &y

Lo ke 00ims s o Caad 55 5 oo 18+ s B sy 5 (il oy o) 3L 5 o 5 S 5 Y
wle S y3s bl oazas )i (VAY) Yo Ls PH 5 355 0oy VIY S Jobes S Sy ,87 e (Havlin etal., 2014)

ol S ol 6y50 5l S e g ey e YT (S oS Colan ool

axfllan 0 )90 S o3 booads oS 3ud b SS9 (o p -F Jyux

cél Feas Kaa  Paa Nmo  TFe  TK TP ™ OC  CCE EC PH Sy
MY KJ™? ererrnsnsnnsansansns
— T esesssessssesssasenes 0 100g7 ceueierninncenasnesnnaees ds m* - asly

Siltyclay —— yjay  yae /8 VYE FIYY oJF <[4 oJoVF  JAF VIY  YYE VAN

loam

oJS o2 iTFe (JS mpawliy STK ¢ JS phannd TP o JS 359,550 (TN ¢ T 03955 :0C ¢J5lro puandS Ly 48 :CCE ¢ S yiSUI Cuglid Syl EC <y ] :pH
o258 2] Fean g piard 9B by (Kava (o] )8 phaand Pava ¢ R0 (559 5 Nino

6555 pled . asl oal 03,51 B Jgaz ;3 olS citls 5l S oy 2 9590 Lo Shs 2 b lews el (il )l 4558 ol
.(p<’/’ \) \)9,3
S (qwyy 390 G Shg By 3 lewd ol (il slg 4325 -0 Jgu

Ol po (pwSibe R
o Ol 2l
MBC BR oc Feas Kava Pava Nino EC pH sl
Wiy efey MRYA R B 7AT yFa sy “yav/a¥ VYo EYY/FY - [oYV** Y o
< /oA ofeeed o[y -IV¥ vs - /o) V&[5 \faVia) ooy A las
Y/¥A \l\rd YINS YENA /04 ¥/ov VS04 AISY -Iv - (£) & pois >

(A28 (359 5 Ning ¢S pSI Sl S8 iEC ey dpunl pH il o0 (5,15 20 @i 9 o yd SG Jloia ] o 45 (613 e i fF 4™ 9 ™
(2955w 8395 Tt § (1135 IMBC g 299550 dsly (yudid BR 2] y8 ] tFen ¢ w yiard BB by Kiva cp2yd ynnd Prva

S I 255 9 PH Ol i
saslive C jlas ;0 (VAY) PH (o s ol oo 00ls plis & g I Y JSS 0 S JT 0,8 g PH il slo s awlo
L syl gme B (VV) PH L 5.5 S5A 5 S3C e 50 5 cudlas (g lo gxe B (VIVA) (CF) slonds 555 jlos b aS" 0



190 L el camlbogiusST b wlus WG ) Ken 9 I

eslie i3 3yl 5l S PH it 45 CenslogiS| slaasliz olst saznsslis a8 (1Y JSa) (P>0.05) Wl olas ;S0
sloalor mal 1 S JT slgs s,See rzos ialy3l (Ghimirey et al., 2024) ool JT slaosl aiils ol (sl
Syt Sl atile (698 (sladrnl 5 00 0nST S )0 aLilgi oo 45 09b ga (39,008 Sedlges § Sligel A5 o 55 CennlogiS]
2 SB J S lade (Etesami et al., 2017) wigis S pH ol o g 0 adgs (H2S04) G 58S g sl 9 (HNO3)
Voo 5 p,S VIYO) SBA la,les ;o a5 a ol Jlake 1 eS¢ o i «(P<0.01) sls Lis (6 ,lo dme S ol ol
38 55 o) iz o @3z Giali¥l s PH o Sl als (o ¥ JS) ol saalis (0,5 Ve e S <YV C g (5
om0 (V1Y) LK 4 Xiong .(Ramalakshmi et al., 2008) ¢l ouls (5,135 ol S L awslin ;o ) sloosS
5 ool jlaie o (lo cine (ralEl s 055 jlard 90 45 00,8 (5158 (T 055 et 50 5 T 955 sl 90 3l eolil
ool aid samlin (gl pre Dglai L Jlez e S PH (o 4SS a0, wisly lid dald (s b anlie [0 Sase (g0
i3 o Gl 5o ne s 4 1y o8 5 lacs ST S lyd (st sloosS a5l & i b aF wiogas ol o5 sy
S ayy Jsb 5 S JT 00 o 35 8 oisinn 5 Ste (Siron &S inl o s ST JT 8 Gal3H e 25500
30 S sleards o Fhis s S I 0,8 e s sgmsd B Ll auie L luile 53, 3579 (R2= 0.7, p<0.05) wis sualive
3 el NN (20,5 1) S3C Lo as s (0uoyd VYD) SBA Jles o JT (2,5 jlade (o9 yii (Heydari et al., 2020)

(Alietal, 2023) sl oo gl 12 50 ol md i ke g aslos Galas ¢ o5, K 0355 ) Hlade ;o Cglas

I <
10 1
. 1.4 - a
a ==
g4 b b 12 4 b
— — N i c <=
. 3 10
=y 08 -
T 2
g o> 0.6 1
8
S 04 d
2 A [=2)
~ 0.2 A
0 0.0
C CF S3C S5A C CF S3C S5A
e e

il g0 (o2 loound 355 9 (shio Wb lo i )5 4 CF 5 C . S5 () JT (0,5 5 (W) pH jle 3 il (6 jlod 51 -Y JSCud

(1=3) Wbl go 3,0 liu] B il (b lgi 5 Conal 3 size (5 ylo] Cglis 39w ;Rily W ygins (G9y 2 diliie gy

S5 bl sl 3 i e
00l)d Jid e iy ansl 00 o0l i & g Al USE 5o ST el paslty 5 yhad ke s calizes slo e sl
PRO.01) 3l i | (ol sine stal33l OIS Lo Loy oo b a5 0 (6,:5051031 SBC Lo 15 (0,555 1 )5 oo Y +/F) S5
SWST (o 55 1 o5 ko VAIV) (CF) sliosd 55 5 (o 55k 1 o5 koo VOIV) SBA Ll jo ST pal,§ jind oo
L (Gl F US3) 051 o (o,55LS s as8 how O/Y) C Lo 51 g 1208 S3C Lo & cared Lol ((P>0.05) ols Lt 1 (gl simo
el go2l)d oUlgs 5 0gdle S3C aylam ol ouls (5,135 (Y2 Y0) ) ,Ken g NoOrizadeh lawgs a5 Y Jgu> sbvosls 45 axgs
SosliT b T sloaal b G 5 Sl S Lo 0,5 (sl L o 8)f0 2 5T gaslyd 5 Jgonels jid ol o
WS o gy bl aiile S Bland 090 & Ygans shnd (Ll ST 5 ams e Gl ) Jied Sl (sig
oAisS o (glbds s S oy Slindgh] ol S Comms ) Slind I glacisS S PH alS g ol oS ol aS
ST oS oy 5| Sl sl S s ol 1y I bl B S o 3l |, 35505 wiile (8 ol i
J> b5 p oo 4 oSS 9,5 65 5 60 slaawwl o 4 daowl (pl cdalé 4 g4 (Rawat et al., 2021) oS of;] ass b
SIS S s o0 Jlggial oS ynms oSSV g ol slavensd Jalis gl T slodansl 0,55 o 5l Dland s



1PeB (3395958 ) oslois BY 0390 oyl S g o Wligdims Yoo

0uds odst I gloasl Bp,b 5l yand Mol Liyl53l (Adnan et al., 2017) aiies Seiwl 5 SisS 5SS (Sn 3 (SIS
5 yad o 3 (6 S g Cude (Kiween (Kavya et al., 2025) cosl ool 5,155 50 pels 0usS Jo ol 5y g
salive ConpasiiST 6hls glaylast )0 S qal b gy ke oy ity (RS 0.75, p<0.01) wb sualice S qal s pplsy
sl wiile JT sloasal glsil adgi (o F US) (P<O.01) ol oLis |, (g b sine oialdl sl CF § C glalos b a5 o
BETEE VRO IE JETUN PIVIN RE 3 PSRV SJESVRIRVIN PRERIC I TR VN PR JEIC AN SV IRV RPN PR
8 ol 0 G5 iy 005 o (slnis 7S lhgiey bamsss 0 5 S ylosd sl e Siglle ] «SISSS Sl i S
$lg5 oo ol cpl 51 56 oo o151 y59,040 (Saiyad et al., 2015) aiiws Sie SB- loguwly slo S 51 euwls g5lusliT 5o
2 ety oSS s o ol sl sules 0813 5 Jolorn bty amadl (53Lunlil azis o 1, Gonn sy Loitns
sl S la SIS ;0 S Jolomols pulis 25,06 a5 ol G goul manilS0) (4959, 9dgi g Same 9 JI slodwwl adgs S
Lo 0 welgs T (slod ol 28 o5 ol basgs i 1B 5 aslty Jps (slo IS5 4 1y g 5 pggSins dS
AP SIT slayg (SheaS J525) 53,8 O L) peliy slagys « S PH (2215 5 0dle paly 00" Jo o il

(Etesami et al., 2017) osS olj1 lopumly slo SIS L Lo 0 Ca?* 4 Fe®*

&l <
a a
25 1 180, b b - L
. a _ 1604 =
1 20 1 —= b i 140 -
) —E— o 120 A
4 15 - =
ke 3 100 -
2 10 B %07
o X 4
o . < 60
< 5 IS
20
0 0
c CF s3c S5A c CF s3c S5A
s
Lo )L;::

- 20 (5 Lo o9l D905 ,SKiles acygius (59 1 Ao B> T () pl5 sl 3 (1) yhund ke 1 ilitio 5o o i1 -F JSC
A(N=3) Wbl o 3 o] Gl il o ylg5 g ol I

S oaly8 (2l 9 (Sown 59y Oyt
(e 59555 e (o el oad ools las 5 D JSS 0 S pal b el 5 Sawe (355 p e o e ey
Jsozr Lobol s (1 0 JS) (P>0.05) olai ol 1 (gl sine s CF 5 S3C Loy 50 b 45w sanlice SBA Lo 4o S
S sl (59755 6 550 5B 4 0kl oo 93 10 aa0 (oo (LAS &S a9 S (2l (Sl CmlogiST laz g3 e )
&3losll s T olge 3l dame U5 @l Lansg 6yl (3550 Conll g S Some (139555 Gl s § S,
Loy 03550 @iz g oad Sl o eolamul BB (5550 Sl s ili oo S pliards Glo Sy st (aize 5 pgaisal
L oo jlos GlacSe (o 1) (59,500 Ar (g 2w Sgug 53 (YY) o) g Meena .(Sharma et al., 2016) s sgups 1) oS
Ol ppa )3 05y S e glage,50 i 5 (595 (o (ane Gialidl ]y T 5 Wisged (3,138 ey 0uiS > ol il
IR ARUNIRA RV S0

(0<0.01) ol Lis |, (sl cine Ll S ol pls b 4 0t saline SFA s 1o S5 palyé ol e o e
(P>0.05) i sanlice (55 cine ST CF 5 S3C (slalass ,0 g o oanlice C e ;3 jui S w3 ol Jlade o oS
0uiiS I slocS 3 5 (I slodmsl i iz gy g S eal b ol (ralidl o ol glapanilSe 51 (S (0 8 JS2)
Casi 1) oS gad g 0y a0 5 Wedige i (8l 0gieS il (alS (6l b pSl g 45 Ceol Laysg o e
585 s 8] o SbeaS oS85 51 g 5,8 PO (sl ol o0lall358 (a5 5 Joe LWOPB Lawsgi on wuls (sl sy s S o0



Y ol g CamlogisST b wlus J50 il Ko g I

5 ool 4 Ldlaie 5 00,8 3985 aJshor (39,0 4 0 alolids (8L b b3S slasho gl (55; (ool (sloows S Lansgs
Maciel-) aimo oo 8 () (wyiwd 30 (Jshos pudgilio gl 1) 0 5 g oo SI3T 5985 30 o 565 51 gy b 0 Lol (281
ol 5989 300 adsi oUlss lyls SBA asla> «(Noorizadeh et al., 2025) ¥ Jgoo sboosls ulul 5 .(Rodriguez et al., 2025
A58 5loy5dg 0 45 Censl ol oo 43S Lal 0,1 1) 5589 j0ms adgi Ul (yal 0gueS Lyl o 55 g2 atile el 5 LS 4z S
wms oo 5Lt ol 4y Jlasl sl 6, Lt o, B L lalS Lavgi onds yiis (slasds s b duslin ;5 WPGPB Lawsg sus
alax> (Saha et al., 2016) oS o S oLS 5l cbla> a4 g ad oo Lial3dl saisS sgame Ll o 1) ol Cds ( Shg onl g
ol el g (VYY) K0 5 5515 cloaidly b a5 ol Laal3dl ply YA sals Jlog 4 o |, S ald ool Jlaie SBA
9 b1y ool s ool clale Wil o QLB L (Sal slacS1s 1o 539,000 catiSadys sladgw 5,5 45 Woges (5155 o)],5 g
Sy S50 0l SO Wil o ol DgaeS b Bblie yo olbdasgw il eolitwl (ol plo (Zhao et al., 2024) sas ol38l

Db ely; OYgame 10 ol 05T &8, sl

&l <
35 - a a 35 - a
1
30 - T I 3.0 A
X ab | -
A 25 T 3, 251
e} I . b b
20 N 20 A
3 b 1 c
Y 15 4 15
< o T
2 10 = 1.0 - T
g 5 S 054
0 0.0
C CF s3c S5A C CF S3c S5A
e loss

By s> Wbl g0 (2 loands 095 5 (o WaL jlod i 5 43 CF 9 C .S (0) ol (0T g (A1) (mo (3595 Hloio y chlicko sl los' 51 -0 JSb
AN=3) Wby oo 8 ylaibis! Bl yzl (b ylgh g ol HIo Sxo (5 ylol glas dgui ;i Lo gygiuw (595 5 slino

S (2295500 039 Camns ) (25 9 Wby (wdd Ol ks

JMin ey el o o8l G5 oy I B S 3 S s Sam 0355 S S 5 ol kS e sl ot sl
SLEd CF 5 C jlas L1y (g)lo sxe OS] a5 0l oamlice CanslogisST sl)ls (slojlond [0 (29,50 0065 Sy (12,5 5 Al S
Sl 6 o o & almnd 355 Lot b aglia 1, Lo 5 5 logs 28T S lolp (s slassS )15 (p<O.01) wiss
Xiong et ) aisly S s bagy] Sulsilin slaoisT 5 005 Slogzge Callad § g )5 kS L33l comms Wilgi oo 395 45 S5 oo
Olid 0095 Cans ) (11,5 g Al s 10 (g o e ial8l dald a4 Cod gy 00,5 Gl yo  sliend 955 Las oS CF Lo .(al., 2017
sty S el cmaliy g yhad (95 g e gone (NE polie s 5 @y (el 1 SEL Olsien | Rl cnl 0l
Cowl oo y,l55 .(Tahat et al., 2020) sgi o o] codlad (iol38l g o) S0 ,m0 o g 4285 18 S ol il 5, st o
1S el o ylonly 51 030 Ll S Sy o |, g Sine 0y g ooy« liE yolic m el b wilgice oliond 055 a5
.(Adesemoye et al., 2009) 5.5 o Jol> bacaslogiaST polan gy cudled 5,k

obS gl ddi g oy s Sy » )l U

5 &5 AT olen ool oad 0351 £ Jgaz 10 97 oS 10 sy 9)90 Sl Ty » il laslens dely (uilly iz b
doys Sy Jlaio s 3 o plal 25 5 5 (35 5 e Jsbo wislyp ol Jsb o S5 2 st i sl e Jgar
son Sy9e robe S35 2 by 43 @l )0 Geiares (LI (gl ge ST ks, SAS G5g p Js (P<HT)) dg Iy s
(P<+1+Y) 09 Yo gmo v )0 SO Joio| mhas jo Slas cpl (g5, p Lo SlaS 0l jasin 9> oLS



1Pe0 (3395958 ) osleis BY 0390 oyl S g o Wligdims  Yo¥

1] <

., 040 q a v, 107 a
i a 3 a

2 035 1 - ? 141 b £ I
3¢ .

030 A b 2 12 1

\l T 3 T

Y 0.25 - J 10 T
S 020 K
g T ; 8

g 015 | 1 £ 6
< o

5 0.10 - 8 4] .
(@] (@]
O 0.05 2 =2

g E 7]

E 000

C CF S3C S5A 0
" c CF S3C S5A
Phaan

e

335 5 o WS Lol a7 43 CF 5C .51 () 2950 0055 G 015 3 (Gl g Ko &0l o ok 1 il (6o lond 31— JSC

ol (w5 0390 SBT3 » slouwd ol il ylg 4 x5 -7 Jgu

©la yo (il
A LI . . 4”)‘) s .
. X . T e 3Y Sl (339 F a9 plasl Job o Ol @b
R oy oo 03958 ) i L ey Jeb ]
e slgp el lgn eluil 9
TVWRA YRR Ty Y Mo fess¥ oY “a/ay FAIYE BYIVY Y Slos
SIFY Y ey ofoedd oo ofeef Y £I7 VIeY A as
o
gITY 128 a/vo IgA FEIVA WIFA YV/i¥ WSy /o -
(VAR povesy

bl 613 Sae pas g Wy gy 9 Sy Jlesia] b 0 (5510 Sme i T 4™y

olS oy y glradlge 5l (B
Slesi po olS lse pll Jsbo o it Cosload ools LSV JSS 55 52 olS Su3sls85 550 sla Sy » ALt sl Lo Saliy
o odalin C jles jo sler plail Job o eS8 9 (P>0.05) sl (g ls cixe Sglas CF 4 S3C sla)las b a5 ael sy SBA
ols lad (2al81(C) salss jlews 4y Cond (CF) slhood 995 g CanslogiaST sl (sl jlos jo aln, cp sy Job (1Y JS5)
) oo Sl Jlade 5 ool a5 Aty Job ggerme az ST .cul wald jles )3 olS sl 08 5 Sladss Casgace Sl oS
A055 g 3 50 Wi so 2ler Gl i ;o ohigdr oLS a8l el Coeal lls a5 ais (5,05 ojlail cams o lis |
1939 0 5 (el ro ST e 0 008 ol oS 5 B 5 5 (28 polie 4 (o piws Gl i) 0B G 25 elS
a5 ol jasia (Y- Y0) o, g NoOrizadeh  iagi ,o .(Saharan and Nehra, 2011) ail oLS o) § e slaaslos lawes
el 0391 35 IAA udgs 5 sLals ACC cudlad shls eyt Canis 9 Slind  SuS Jo> cobls il ogdle S3C aylos
robie g ol iz d5un 5 S b aty) (olad el (1alil g a8 Gl aty ) 0l S ime (15098 Sy sl Sz Y- o]
gools Lzals |, Jdaowe slowyiwl wlS o LSl mlaw (2als b 5 slaels ACC coJles . (Spaepen et al., 2007)04d oo oldé
=S 5 Gk 5l 50 SBA lus aS wisges )18 pizmen (Y2 YD) o, g NOOrizadeh .ouisy oo 0guge 1) yolie Gix oI
5 Sland (SoiS o 3l 5 5LeiSy Gl sk slemmil adss Gusb 5 I slse aizs ols aliordsn SlapmnilSe ||
ly olS o ,Shoe 5 0y S50t ol (2l 45 el S 0 (0l 5 (595 Sand (onl Sl 4 3B (V J5a2) (355 (ot S
g ool adgi IAA (YL Jlde oS5 Sl o o |y olS aiy; Job aulidl (Y-V-) LKen 5 Soumare .o)ls o o
a5 Wdged lo e g 5,155 K g lawd S 5l a4 puelty 9,28 Pl 4 Streptomyces griseorubens BC10



LS NN S SRS FYCUCT { BN TP KPS RN SV SP [1%

Aoy Yhe Dyd g pauS ol Wl 9s.q0 ;o Nocardiopsis alba BC11 4 Streptomyces griseorubens BC10 slaa, oo
Sl CenglogiiST sl ylos b (5l gime M 5 (559 50 45 0 osalins CF jlos )3 29 plwil S 5 5 ()59 (n i
CrnzlogiiST shls (slajless ;5 olS (plon plail a3 5 5 (55 (0 5 @ V USS) ol Las | (sl gime DS SCiS (39 50
DL slaaiy; 05,5 055515 (slp @V ey aeunaginiST (PRO.0D) ol i |y (s o sinn ial3él aals Jlas 4y Eapn
gyl da Jgi8  JI slaaul i > slaaul il slaawl aiile poe slocaS 5 g, 9 22l 5 ogl 5 Jdo a4 axl cpulasjlo
JLoio S oo 0358lS7 1) Jhugin ) &S (plalamnaoginiST o (e 4023500 6 5YL (28 (5] daaiy ) Lawgs apaling 5 Laai
(Silvaetal., 2022) $gis oo oL 0055 Gy 5 2l polie Cax ulidl g i cudlad g wiyle 138 dlge il yo (gl (6 i

)] <
407 a a 25 1 a ab ab
35 =
ab T T T
<+ 20
53“ 30 | T T 1 3 b 1 1
3 :
R . 1 6] 1
v 20 A 3
3 15 E 10 -
3 3
’1 101 :]3 5
T 5 3
0 0
c CF s3c S5A C CF S3C S5A
)L""’ )L°'3"
c S
7 1 0.8 -
a a
o 6 1 o 071 _I_
3 -[ ab i)
N 5 - 0.6 1 b b
3 1 T ab
= - Y 05 A _I_
5 47 1 - 3
": “ 04 A
Y )
o %1 b '3; c
@ o 0.3 -
21 1 2 02
1 A 0.1 4
0 0.0
c CF S3C S5A I CF s3c S5A
e s

©9) 2 Ml B9y aibly oo (2 lsoadh 955 g (i WLl o’ o ) 4 CF 9 C g2 oL S0 39lgd9,590 s Si1g p2 lidio (gl jload by -V S
A(N=3) wiisly oo 3y luliw! Bl il (b ylgd g ! 310 o (5 ylol glds Sgui ;b Wy g

oL yhud 9 (359555
LIS 6l ,loss 45 (e b el 00l o3l lis g Gl A U )0 93 oL Laud g 3s,s  cilie slalews sl
U155 5 09dle S3C  SBA CewulogiST aslaz 55 52 isls (,Las C 5 CF (slolass b1, (6l gime M3 g (s s ConglogissS|
Sy S 53 ks Gl o wisls (L3 Lo gy i (¥ J5i) Wit (3355508 s (Yl (U155 (51,15 pemnliy v
Etesami and Adl, 2020; ) ail o (55 5 Gl Sguge 5 yimwgid ol o quwly Sl Jold a5 0SS o S0 |y LS
.(Damathia et al., 2025

llgs pac dyaz gy b as ols lii |y g)lo cxe S o les wlo b a5 0l oanline S3C e jo oLS jaud Jlade oy i
|y 6 sne sl 33l M 35 S5A Jlaws ;5 jand jlade 5529l b il se Joud LB (Y Jgoz) Slawd ol )5 SBA aylos
opl lawgs LS aby sl S 0 wglhe Ll ple 0,90 eoly8 5l L3506 wles oo a8 (p<0.01) ols yLis C 4 CF sla,les b
0B b ags s (Las (2alial ol VIO o /T o5 4 aals e 4y Cas SBA § S3C ayluz o obS jaud jlude il aylos



1PeB (33959,8 ) oslois BY 0390 oyl S g o wligdizs  YoF

).fz.mé Lu éb—‘ LsLQJl? 5 0)434.1 |) °L.‘5 .la....:34 IR g.)u\.‘> )M )J‘)J 99 (4 &‘3.7‘5@ )M OJHSJ:> 6[&6,.5[4 0).3)15 as &‘005.0.;
(Raymond et al., 2020) was yil33l Sasl ol )8

<l o
18 ; . a 030 | a
4 16 I - 0.25 .
33 1.4 1 1 b
Re}
v, 12 1 M. 0.20 A c —
210 A E T
i o b = 015
S 5] c
S 06 A = 010 1 .
@ 4] °© = -
0 | 0.05
0.0 0.00
c CF s3C S5A c CF s3C S5A
Slows e

W ygims (59 32 Arliien By > . bly oo (o2 baonds 995 9 (Sd WBLE lod i 35 43 CF 9 C .92 ol yunsd 5 (359 yid 5 iliin (61 Lo oy —0 JSL
A(N=3) 0l oo 3 il Bl yl o ylgs g ol 413 Sxe (5 ylol glis 39w ,Kils

obS (ol 9 ey
LIS o 53 50 olF mely e Cewl 00 00ls lis o g @l A USE 45 93 olS ] g ey 1 ciliie gl Lo sl
s 43 oS ags by i (P<O.01) wols oLis 1) (5,15 ime M1 C o CF (slo Lo L g 090 e o0 yidis CaslogiS|
(Ahemad ool oo (iol38l pewls oo Jo sladslos sla L )0 b el 0 (s ;0 g PH Ll 5l aiy ) Jaxe S 0gug0
5 I Glooul mi 5 (S pH malS ( o9,50e 08¢5 Cas) ialidl S LubS iolp8l b o, e b 0 and Kibret, 2013)
Srad ool 00 18,8 oL bawgi puwly Cd glp 5 cwlie byls (Khan et al., 2007) S slaes 31 collad ol58l
sanlice (R2=0.98, P<0.01) oy, 0955 Comtj 52,5 3 (R2= 0.96, p<0.01) _1ig S i 3 oS iy o IS sime g Coso
oty S S 3 sy (550l5T o W0 (Lol 5 Uas s butas) Gilis Jsbo )5 slapacly 055 s
6Bk ey b aslin ol Ol (6,8l by S 0 baldwsimgdl (55, pledgum JoSid rizmo 30 oLS Loy i (gl y
S097 S mhw 59, phdg ST (nl 2 ogdle WS oo w05 ) ol ST (S93len 5 and o0 Sl S SIS a5
(Man etal., 2014) sas oo (il S5 2L Loles Joe ;5 1) porirnsl] 5 pomdins ol (s3losls] g puly 5l of Lot

s wlsl 5 .(p<0.01) ols Las 1) (5 ,lo cme B o )loss Lo b a5 o ssalien SBA jless 10 oLS o] jlake oy i
oS g ol Ol o8l cas aS cnl 989 00 g8 oUlgs slils SBA 4 lu> «(Noorizadeh et al., 2025) ¥ Jsux
Gial3l y axals 1) g8g amm ader SUls a5 olE ui ) S e slags 1SL cate b s (V1Y) o es 5 Sharma .osd oo
S 385 s S5 )3 Ulg5 pas o8, e 53 S3C Jlas 1o ol awg (ol i e wisged (5155 @i ol o el i
2l S5 yeb 4 aS 8l Cuws S3C wlax Lawgs ‘Sﬂ ool adgr a4 lgs o |y ralial faliols las 2ol58l ul s ¥ osals jleg 4
5 oS o e |y o] JMonil caims oo 20l badagsme s, 5o 1, S PH bl (a8 oo Lgy 5 05,5 &I S5 153 511,
95w Jlsbaul a4 55 (V) +) o] K g Prasad .(Kavyaetal., 2025) wiwes oo il38l ol sl 1) ol 090 (o yiws o
ool i S o el (2l 4 Sl 00l 5,15l ogdle winges U315 S o ol Slge (il g opal cenl o 1,
.(Zhang et al., 2019) aas oo i3l 1) olS Loy

51 ol 03 g olS S35lshge el Sy St s (slomsss 395 31 o3litl ol (T 31 (ST ol B ol
P 2l yols Cunsg dedn 0 alas cpl bl wishy L Slewd 555 L) Sl ml 30 CawlogiiST sl | ool
3,8as Dgups o g Al ALl olS Wy L U e SV il dy oo sl 4 g Wdgs iiee (sliewd 365 Hlew 4 Cus S

-\-’9*~’°L§u-“-‘55@s



Ve ol g o loginsST b alaz 23U 1ol 5os o I

] o

H oo

30 4 b 60 A
50 -

Ho

2.5 A

2.0 1 40 -

HHo

1.5 A

(@ 100914 oL esly
(Mg KG Ly oS ool

1.0 1

0.0 0

c CF S3C S5A c CF ssC S5A
o e

~ogw (595 2 Al Bgyo 0idl g0 (2l 355 g siio wbLE Hlow oi i 41 CF 3 C .92 ol (01 g gy p Ciliseo (5l jlous ol -4 S
A(N=3) Wbl o 3 loiliw] Gl ol (o g5 g ol 13 Sxo (5 ol gl 39w ,Kiky by

& S 4o
i cmliand GBSy 5 65 cine 5 Cerio Sl Algico SBA 5 S3C CemyloginST sloaylaz 5 ool a5 ols s gl
S5l oS (sl | by s oot el L5 45 paalty 005 > (gl logiiS] sl azils oL Syjaleped 5 S
S S 25 b R0 (Sgms 3l i S50 3 1y T 5 Shed (g Alez 1ol 55 0550 38 ol ple e asl sl
Olgie A CanogisST slaslas sl s oelasls e 1 5o S Gﬂ DS 2 29,590 0395 Cows) 9§ S 05, Ko
Sogeds sy g plond WS Bras jI LU ame Gy SIS alS (Jeaze 650,00 Gl 6l ey sloosS
el (55570 5ol 25 slotrog 4 loazily ol o sl ae 50 50 Ll Joidly ()0 4z ST 005 o0 (Slaity Sk (55,5L88
W i Se
o ol
5 Jsl oy @9l adbilly dlagh (B ,5 (65)5laS pole oaStadly (IS Rl Bk Sl gty ul 5 (Jle coles
el ool ploul B ais g ple ol dlaghy pizen
OB s g o)L
ks g el dposls gylel Jolowi 5 a5 dools (55510,8 (g plawl 5 (b Jolpe &S 50 (olune sk 4y Sy s
able &S jlive dllie (5leles 5 (el el il SS9 (o) p dllie ugiing and @l 5 Sl

Pl 5 IS8 a4 L aelpbly Sl g dllie )0 Bain g oS Lo

Golel Jeloi 5 4528 «laslre plosil doools (55510,5 5 Siolejl plosl dadigas (s5luoslel 5 angs (ol Lo 2 gl oaian s
i esiions 455 el 5 SOl ypais 5 ulos daosl

5 sl el @l J5S 5 o n ieghy plsl Jolie n o)l raghy (b 0ol e ipg ety
e g5lw ale

e il g aslllas (fag p Ol Grghy (b )d S8l ((Kiw Bl desre ipges odian gl

lie gl g anlllas o roghy » )l (g (Fhb )0 CS lan w0oliig, 95 L o,z oty

lodgets oolisul allie (5)I5 wil$ )5 (egrtas (9o p (e Slas slid 5 Moo (egman Aea la)lpl 5l B ain s

e ywd B o sl cales o 5 ,b 5l Lol gt (sbrosls iesls (o lAS ST il Canlow g bools ay o s A5l



1PeB (33959,8 ) oslos BY 0390 oyl S g o Wligéizs  Yof

& Sl
Dyise 6Nl sole 5 6,3l laslas al] b 4 p e sl ]

o295 SN Jgel 51 59
elsl aen 0l 390 Eadg0 onl g Wlosges Cule, cole imgi cpl Lal g plxl yo |, IS Jgol (B aiasss

&8l o)l
5,05 wilie o la5 i ol s el s L

&L

5 Slins ool ) LoyosSs 5 sloaist 5l golawd ols syl -OTAA) Slyainss gyl 5 ooy sioms ¢ soisle o500 ylogal
AYYANYEY (O« ! ST 5 o Sl glaios s, Lasl s 3o esly (gLl

REFERENCES

Adesemoye AO, Torbert HA, & Kloepper JW. (2009). Plant growth-promoting rhizobacteria allow reduced application
rates of chemical fertilizers. Microbial Ecology, 58(4): 921-929. https://doi.org/10.1007/s00248-009-9531-y.

Adnan M, Fahad S, Saleem, MH, Ali B, Mussart, M, & Ullah R. (2022). Comparative efficacy of phosphorous
supplements with phosphate solubilizing bacteria for optimizing wheat yield in calcareous soils. Scintific Reports,
12, 11997. doi: 10.1038/s41598-022-16035-3.

Adnan M, Shah Z, Fahad S, Arif M, Alam M, Khan IA, Mian IA, Basir, A, Ullah H, & Arshad M. (2017). Phosphate-
solubilizing bacteria nullify the antagonistic effect of soil calcification on bioavailability of phosphorus in alkaline
soils. Scientific Reports, 7: 16131. https://doi.org/10.1038/s41598-017-16537-5.

Ahemad M, & Kibret M. (2013). Mechanisms and applications of plant growth promoting rhizobacteria: Current
perspective. Journal of King Saud University, 26(1). DOI: 10.1016/j.jksus.2013.05.001.

Ali A, Karim H, Julhijjah R, Wahyuni S, Anita Sari F, Rante H, Hala Y, & Jumadi O. (2023). Plant growth-promotion
and Fusarium biocontrol by culturable indigenous actinomycetes isolated from Indonesian onion cultivar. Available
at SSRN 4376013.https://doi.org/ 10.2139/ssrn.4376013.

Anderson TH, & Domsch KH. (1993). The metabolic quotient from CO, (qCO,) as a specific activity parameter to assess
the effects of environmental conditions, such as pH, on the microbial biomass of forest soils. Soil Biology and
Biochemistry, 25(3): 393-395. https://doi.org/10.1016/0038-0717(93)90140-7.

Babar S, Baloch A, Qasim M, Wang J, Wang X, Li Y, Khalid S, & Jiang C. (2024). Unearthing the soil-bacteria nexus to
enhance potassium bioavailability for global sustainable agriculture: A mechanistic preview. Microbiological
Research, 288: 127885. https://doi.org/10.1016/].micres.2024.127885.

Bahadur I, Maurya R, Roy P, & Kumar A. (2019). Potassium-solubilizing bacteria (KSB): a microbial tool for K-
solubility, cycling, and availability to plants. Plant Growth Promot. Rhizobact. Agric. Sustain. Theory and Practice,
257-265. doi: 10.1007/978-981-13-7553-8_13.

Boubekri K, Soumare A, Mardad I, Lyamlouli K, Hafidi M, Ouhdouch Y, & Kouisni L. (2021). The screening of
potassium- and phosphate-solubilizing actinobacteria and the assessment of their ability to promote wheat growth
parameters. Microorganisms, 9: 470. https://doi.0g/10.3390/microorganisms9030470.

Chen M, & Ma, LQ. (2001). Comparison of three aqua regia digestion methods for twenty Florida soils. Soil Science
Society of America Journal, 65(2): 491-499.

Damathia B, Pathania D, Jha A, Sable H, Singh P, Singh V, Rustagi S, & Chaudhary V. (2025). Emergence of potassium
solubilizing microbes-assisted crop processing for sustainable food production and microbial complexities. Food
and Bioproducts Processing, 135: 521-535. https://doi.org/10.2136/sssaj2001.652491x.

El-Egami HM, Hegab RH, Montaser H, El-Hawary MM, & Hasanuzzaman M. (2024). Impact of potassium-solubilizing
microrganisms with potassium sources on the growth, physiology, and productivity of wheat crop under salt-
affected soil conditions. Agronomy, 14: 423. https://doi.org/10.3390/agronomy14030423.

Estefan, G. (2013). Methods of sail, plant, and water analysis: a manual for the West Asia and North Africa region.

Etesami H, & Adl SM. (2020). Can interaction between silicon and non—rhizobial bacteria help in improving nodulation
and nitrogen fixation in salinity-stressed legumes? A  review. Rhizosphere, 15, 100229.
https://doi.org/10.1016/J.RHISPH.2020.100229.

Etesami H, Emami S, & Ali Alikhani H. (2017). Potassium solubilizing bacteria (KSB): Mechanisms, promotion of plant
growth, and future prospects - a review. Journal of Soil Science and Plant Nutrition, 17 (4): 897-911. Doi.
10.4067/S0718-95162017000400005.

FAO. The State of Agricultural Commodity Markets—2018. Agricultural Trade, Climate Change and Food Security;
FAO: Rome, Italy, 2018; ISBN 978-92-5-130565-2.

Ghimirey V, Chaurasia J, Acharya N, Dhungana R, & Chaurasiya S. (2024). Biofertilizers: A sustainable strategy for



https://www.researchgate.net/journal/Journal-of-King-Saud-University-Science-1018-3647?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.1016/j.jksus.2013.05.001
https://doi.org/10.1016/j.micres.2024.127885
https://doi.og/10.3390/microorganisms9030470
https://doi.org/10.2136/sssaj2001.652491x
https://doi.org/10.3390/agronomy14030423
https://ui.adsabs.harvard.edu/link_gateway/2017JSSPN..17..897E/doi:10.4067/S0718-95162017000400005

YV el o lognsST b alas b il es g I

enhancing physical, chemical, and biological properties of soil. Innovations in Agriculture, 7: 1-11. doi:
10.3897/ia.2024.128697.

Ghimirey V, Chaurasia J, Acharya N, Dhungana R, & Chaurasiya S. (2024). Biofertilizers: A sustainable strategy for
enhancing physical, chemical, and biological properties of soil. Innovations in Agriculture, 7: 1-11. doi:
10.3897/ia.2024.128697.

Gong Y, Bai JL, Yang HT, Zhang WD, Xiong YW, Ding P, & Qin S. (2018). Phylogenetic diversity and investigation of
plant growth-promoting traits of actinobacteria in coastal salt marsh plant rhizospheres from Jiangsu. China.
Systematic and Applied Microbiology, 41: 516-527. https://doi.org/10.1016/j.syapm.2018.06.003.

Gupta Pk. (1999). Soil, plant, water and fertilizer analysis. Published by Agrobios (INDIA).

Havlin JL, Tisdale, SL, Nelson WL, & Beaton JD. (2014). Soil Fertility and Fertilizers.

Heydari L, Bayat H, & Hamzei J. (2020). Short-term effects of bio-fertilizers application on some soil physical and
chemical properties. Journal of Water and Soil Conservation, 27(1): 71-89. https://doi.org/10.22069/
jwsc.2020.16986.3238.

Jenkinson DS, & Ladd JN. (1981). Microbial biomass in soil: measurement and turnover. in: Paul, E. A. and Ladd, J. N.
(ed.) Soil biochemistry: Volume 5 New York Marcel Dekker, Inc. pp. 415-471.

Kavya V, Jayaprakash R, & Shankar M. (2025). Effect of potassium solubilizing bacteria and foliar application of
potassium on soil nutrient status and soil biological properties in paddy (Oryza sativa) in coastal acid soils of
Karnataka. International Journal of Research in Agronomy, 8(1): 403-408.

Khan MS, Zaidi A, & Wani PA. (2007). Role of phosphate-solubilizing microorganisms in sustainable agriculture—A
review. Agronomy for Sustainable Development, 27: 29—43. https://doi.org/10.1051/agro:2006011.

Khosro M, & Yousef S. (2012). Bacterial biofertilizers for sustainable crop production: A Review. Journal of Agriculture
and Biological Sciences. 7: 307-316.

Kuo SM, & Morgan DR. (1996). Active noise control systems (Vol. 4). Wiley, New York

Lindsay WL, & Norvell WA. (1978). Development of a DTPA soil test for zinc, iron, manganese and copper. Soil Science
Society of American Journal, 42: 421-428. https://doi.org/10.2136/sss2j1978.03615995004200030009x.

Loeppert RH, & Suarez DL. 1996. Carbonate and gypsum. Methods of soil analysis: Part 3 chemical methods. 5: 437-
474,

Maciel-Rodriguez M, Moreno-Valencia FD, & Plascencia-Espinosa M. (2025). The role of plant growth-promoting
bacteria in soil restoration: A strategy to promote agricultural sustainability. Microorganisms, 13: 17909.
https://doi.org/10.3390/microorganisms13081799

Man LY, Cao XY, & Sun DS. (2014). Effect of potassium-solubilizing bacteria-mineral contact mode on decomposition
behavior of potassium-rich shale. The Chinese Journal of Nonferrous Metals, 24: 48-52.

McLean EO, & Watson ME. (1985). Soil measurements of plant-available potassium. In Potassium in Agriculture. 277—
308.

Meena KK, Kumar M, Kalyuzhnaya MG, Yandigeri MS, Singh DP, & Saxena AK. (2012). Epiphytic pink-pigmented
methylotrophic bacteria enhance germination and seedling growth of wheat (Triticum aestivum) by producing
phytohormone. Antonie Van Leeuwenhoek, 101:777-786. https://doi.org/10.1007/s10482-011-9692-9.

Meena RK, Singh RK, Singh NP, Meena SK, & Meena V.S. (2015). Isolation of low temperature surviving plant
growth—promoting rhizobacteria (PGPR) from Pea (Pisum sativum L.) and documentation of their plant growth
promoting traits. Biocatalysis and Agricultural Biotechnology, 4. 806-811.
https://doi.org/10.1016/j.bcab.2015.08.006.

Meena VS, Bahadur I, Maurya BR, Kumar A, Meena RK, & Meena SK. (2016). Potassium-solubilizing microorganism
in evergreen agriculture: an overview. Journal of Sustainable Agriculture and Environment, 1-20. doi:
10.1007/978-81-322-2776-2.

Nahidan S, Hashemi S, & Zafari D. (2019). Evaluation of Phosphate Solubilizing and Potassium Releasing Ability of
Some Trichoderma Species under in-vitro Conditions. Iranian Journal of Soil and Water Research, 50(5): 1231-
1242, 10.22059/ijswr.2019.269564.668057. (In Persian).

Nawaz A, Qamar ZU, Marghoob MU, Imtiaz M, Imran A, & Mubeen F. (2023). Contribution of potassium solubilizing
bacteria in improved potassium assimilation and cytosolic K*/Na* ratio in rice (Oryza sativa L.) under saline-sodic
conditions. Frontiers in Microbiology, 14:1196024. doi: 10.3389/fmicb.2023.1196024.

Noorizadeh S, Golmaohamadi M, Farhangi MB, Banihashemian SN, Mahdavi V, Atighi MR, & Unc A. (2025).
Antibacterial properties and plant growth-promoting effect of actinobacteria obtained from citrus orchards in Iran.
Journal of Plant Pathology, 1-13. https://doi.org/10.1007/s42161-025-02043-5.

Olaniyan FT, Alori ET, Adekiya, AO, Ayorinde BB, Daramola FY, & Osemwegie OO. (2022). The use of soil microbial
potassium solubilizers in potassium nutrient availability in soil and its dynamics. Annual Microbiology, 72, 45. doi:
10.1186/s13213-022-01701-8.

Olsen SR. (1954). Estimation of available phosphorus in soils by extraction with sodium bicarbonate (No. 939). US
Department of Agriculture.

Page AL, Miller RH, & Keeney DR. (1982). Methods of Soil Analysis. Part 2. Chemical and Microbiological Properties.
American Society of Agronomy, Soil Science Society of America, 1159.

Prasad J, Karmakar S, Kumar R, & Mishra B. (2010). Influence of integrated nutrient management on yield and soil
properties in maize-wheat cropping system in an Alfisol of Jharkhand. Journal of the Indian Society of Soil Science,



https://doi.org/10.1016/j.syapm.2018.06.003
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.1016/j.bcab.2015.08.006
https://doi.org/10.22059/ijswr.2019.269564.668057

1PeB (33959,8 ) osleis BY 0390 oyl S g o Wligdims  YoA

58(2): 200-204.

Ramalakshmi K, Kubra IR, & Rao LJM. (2008). Antioxidant potential of low-grade coffee beans. Food Research
International, 41(1): 96-103. https://doi.org/10.1016/j.foodres.2007.10.003.

Rawat P, Das S, Shankhdhar D, & Shankhdhar SC. (2021). Phosphate-solubilizing microorganisms: Mechanism and their
role in phosphate solubilization and uptake. Journal of Soil Science and Plant Nutrition, 21: 49-68.
https://doi.org/10.1007/s42729-020-00342-7.

Raymond NS, Gémez-Mufioz B, van der Bom FJT, Nybroe O, Jensen LS, Miiller-Stéver DS, Oberson A, & Richardson
AE. (2020). Phosphate-solubilising microorganisms for improved crop productivity: a critical assessment. New
Phytologist, 229(3). 1268-1277. https://doi.org/10.1111/nph.16924.

Rowell DI. (1994). Soil science method and application, longmangrop, Limitation Score. Computers and Geosciences,
33, 1316-1326.

Saha M, Sarkar S, Sarkar B, Sharma BK, Bhattacharjee S, & Tribedi, P. (2016). Microbial siderophores and their potential
applications: A review. Environmental Science and Pollution Research, 23: 3984-3999.
https://doi.org/10.1007/s11356-015-4294-0.

Saharan BS, & Nehra V. (2011). Plant growth promoting rhizobacteria: A critical review. Life Sciences and Medicine
Research, 21: 1-30.

Saiyad SA, Jhala YK, & Vyas RV. (2015). Comparative efficiency of five potash and phosphate solubilizing bacteria and
their key enzymes useful for enhancing and improvement of soil fertility. International Journal of Scientific
Research, 5: 1-6.

Schikora A, & Schmidt W. (2001). Iron stress-induced changes in root epidermal cell fate are regulated independently
from physiological responses to low iron availability. Plant Physiology, 125: 1679-1687. doi:
10.1104/pp.125.4.1679.

Sharma A, Shankhdhar D, & Shankhdhar SC. (2013). Enhancing grain iron content of rice by the application of plant
growth promoting rhizobacteria. Plant, Soil and Environment, 59(2):89. DOI: 10.17221/683/2012-PSE.

Sharma P, Kumawat KC, & Kaur S. (2016). Plant Growth Promoting Rhizobacteria in Nutrient Enrichment: Current
Perspectives. In: Singh, U., Praharaj, C., Singh, S., Singh, N. (eds) Biofortification of Food Crops. Springer, New
Delhi. https://doi.org/10.1007/978-81-322-2716-8 20.

Sharma R, Sindhu SS, & Glick, BR. (2024). Potassium solubilizing microorganisms as potential biofertilizer: A
sustainable climate resilient approach to improve soil fertility and crop production in agriculture. Journal of Plant
Growth Regulation, 43:2503-2535. https://doi.org/10.1007/s00344-024-11297-9.

Silva GC, Kitano IT, Ribeiro IAF, & Lacava PT. (2022). The Potential Use of Actinomycetes as Microbial Inoculants
and Biopesticides in Agriculture. Frontiers in Soil Science, 2:833181. doi: 10.3389/fs0il.2022.833181.

Soumare, A., Boubekri, K., Lyamlouli, K., Hafidi, M., Ouhdouch, Y., & Kouisni, L. 2020. Efficacy of phosphate
solubilizing Actinobacteria to improve rock phosphate agronomic effectiveness and plant growth promotion.
Rhizosphere. 17: 100284.

Soumare A, Djibril SA, & Diédhiou AG. (2022). Potassium sources, microorganisms, and plant nutrition—challenges
and future research directions: a review. Pedosphere, 33, 105-115. doi: 10.1016/j.pedsph.2022.06.025.

Spaepen S, Vanderleyden J, & Remans R. (2007). Indole-3-acetic acid in microbial and microorganism—plant signaling.
FEMS Microbiology Reviews, 31(4): 425-448. https://doi.org/10.1111/j.1574-6976.2007.00072.x.

Sugumaran P, & Janarthanam B. (2007). Solubilization of Potassium containing minerals by bacteria and their effect of
plant growth. World Journal of Agricultural Sciences, 3(3). 350-355. https://doi.org/10.1016/j.bcab.2017.09.011.

Sun F, Ou Q, Wang N, Guo Z, Ou Y, Li N, & Peng C. (2020). Isolation and identification of potassium-solubilizing
bacteria from Mikania micrantha rhizospheric soil and their effect on M. micrantha plants. Global Ecology and
Conservation, 23 (e01141). https://doi.org/10.1016/j.gecco.2020.e01141.

Tahat MM, Alananbeh KM, Othman YA, & Leskovar D.I. (2020). Soil health and sustainable agriculture. Sustainability,
12: 4859. doi:10.3390/5u12124859.

Walkley A, & Black IA. (1934). An examination of the Degtjareff method for determining soil organic matter, and a
proposed modification of the chromic acid titration method. Soil Science, 37(1): 29-38.
http://dx.doi.org/10.1097/00010694-193401000-00003.

Xiong W, Guo S, Jousset A, Zhao Q, Wu H, Li R, George A, & Shen, Q. (2017). Bio-fertilizer application induces soil
suppressiveness against Fusarium wilt disease by reshaping the soil microbiome. Soil Biology and Biochemistry,
114: 238-247. https://doi.org/10.1016/j.s0ilbio.2017.07.016Get rights and content.

Yadav N, & Yadav AN. (2019). Actinobacteria for sustainable agriculture. Journal of Applied Biotechnology and
Bioengineering, 6: 48-51.

Zhang Y, Liang Y, Zhao X, Jin X, Hou L, Shi Y, & Ahammed, GJ. (2019). Silicon compensates phosphorus deficit-
induced growth inhibition by improving photosynthetic capacity, antioxidant potential, and nutrient homeostasis in
tomato. Agronomy, 9: 733. https://doi.org/10.3390/AGRONOMY9110733.

Zhao Y, Liang H, Zhang J, Chen Y, Dhital YP, Zhao T, & Wang Z. (2024). Isolation and characterization of potassium-
solubilizing rhizobacteria (KSR) promoting cotton growth in saline-sodic regions. Microorganisms, 12, 1474,
https://doi.org/ 10.3390/microorganisms12071474.



https://doi.org/10.1016/j.foodres.2007.10.003
https://doi.org/10.1016/j.foodres.2007.10.003
https://doi.org/10.1111/nph.16924
https://doi.org/10.1007/978-81-322-2716-8_20
https://doi.org/10.1007/s00344-024-11297-9
https://pubmed.ncbi.nlm.nih.gov/?term=Vanderleyden+J&cauthor_id=17509086
https://pubmed.ncbi.nlm.nih.gov/?term=Remans+R&cauthor_id=17509086
https://doi.org/10.1016/j.bcab.2017.09.011
https://doi.org/10.1016/j.gecco.2020.e01141
https://doi.org/10.1016/j.soilbio.2017.07.016
https://doi.org/10.1016/j.soilbio.2017.07.016
https://doi.org/

