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1- Response Surface Methodology (RSM)
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Table 1- Range of Placket -Burman's model variables

O T
ol o,lowd Source of Carbon
Number of experiment S5 39,5 W 5959 ,8
Glucose Sucrose Fructose
1 -1 -1 -1
2 +1 +1 -1
3 +1 -1 +1
4 -1 -1 +1
5 -1 +1 -1
6 +1 +1 +1
7 -1 +1 +1
8 -1 +1 +1
9 -1 -1 -1
10 +1 +1 -1
11 +1 -1 -1
12 +1 -1 +1

Al e oS @lie ) 2 p)S B g Ve eamIGLE e =Y g )
+1 and -1 show 10 and 5 g.I"* of carbon sources.
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Table 2- Range of studied variables amounts in modeling

JBwo e eRia (G0 IS ylade #2380 g dkold
Independent variable Coded amount of variable Range and amounts
Xi +o +1 0 -1 -a
(2 2 p)5) 0 aste
(Carbon source (g.1%)) X1 12386 10 65 3 0.613
el X2 103 9 7 5 363
pH
(o) Cgmalis cloj Xs 1840 15 10 5 159

(Incubation time (day))
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OiSany sly P ol (129 a8 4 42 b e o ghne sl
Ly olej ity 5 (P < 0.3666) Jlnlh 15 (08 e 5 oloj
La oyl plo blite 31 4y camd (P < 0.2585) cunsSsld o pH

RSN Jao (oabalojl (glaodld 4 by po S S )l po Y Jgs
Table 3- Regression coefficients of Placket-Burman model data

;f;‘s ’Zo‘)l,j, e T b)lai P b)Loi
Mineral Parameter Coefficient T-Value P-Value
Usles 8 55560 7831  0.000
Equation constant
. Lt 00614  -0.87 0412
JIWRIE Glucose
Feldspar 598 -0.1024 -1.44 0.187
Sucrose
3559 01024  -1.44  0.187
Fructose
AJ-JLw ol 10.96 61.00 0.000
Equation constant
B el 00614  -034 0741
CaySold Glucose
Phlogopite jo)Ske -0.2662 -1.48 0.177
Sucrose
355958 -0.0614 034 0741

Fructose
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Table 4— Matrix of coded variables amounts in central composite design modeling

b puiio (g0amiaS ple 5 B sl
3 ) Amounts of coded variables )
oo 31 2 ylod (mg.I)
Experiment Number  bj S Zao - ——
Time PH Carbonsource 2% el 5"3
Feldspar  Phlogopite
1 1 1 -1 36.49 55.27
2 1 -1 1 3.48 7.44
3 0 0 0 8.55 24.08
4 -1 -1 1 2.05 5.48
5 0 0 0 8.93 12.62
6 -1 1 -1 26.63 53.9
7 0 0 0 2.43 15.68
8 0 1.68 0 82.96 121.16
9 0 0 0 9.31 32.01
10 0 0 1.68 5.74 8.04
11 0 -1.68 0 4.22 8.43
12 1.68 0 0 9.63 18.17
13 1 1 1 28.05 31.43
14 -1 -1 -1 2.05 34
15 1 -1 -1 221 9.63
16 0 0 -1.68 3.71 29.47
17 -1 1 1 30.69 62.56
18 -1.68 0 0 7.07 23.52
19 0 0 0 3.96 6.9
20 0 0 0 7.41 7.78

ol ) el CBUE by 1§35 50 5 0 Tob Slalea sy U alpo -0 Josa
Table 5- Coefficients of central composite design multi variable function for predicting released potassium

Hlwald CugS ol

Joe iy Jue s gelyl (Feldspar) (Phlogopite)
Part of model Model parameters o T ol P o,k oy T o b P ol
Coefficient T-Value P-Value Coefficient T-Value P-Value
Jo b 7.74 17.44  <0.0001 16.74 12.46 0.0002

Constant of model

e Time 1.40 0.64 0.4408 2.24 0.55 0.4770
. pH 17.49 100.65  <0.0001 26.89 7873  <0.0001
Linear C- Source -0.52 0.087 0.7737 -3.84 1.56 0.2401
s Time x Time -0.22 0.017 0.9001 0.021 4.89E-005 0.9946
9% pH x pH 12.24 5219  <0.0001 15.56 27.94 0.0004
Secondorder ¢ goyrce x C- Source -1.68 0.89 0.3675 -0.83 0071  0.7946
Time x pH -0.046 412E-004 0.9842 4.74 1.44 0.2585
u“*‘““”_x Time x C- Source -2.15 0.89 0.3666 -4.60 1.35 0.2727
Interaction pHx C- Source 0.044  3.69E-004  0.9851 -1.88 0.23 0.6445

Released K from Feldspar (mg.I") = 7.74 +

17.49%; + 12.24x,? (v)
RZ =94% Rzadj =88.6%
Released K from Phlogopite (mg.I"!) =

16.74 + 26.89x, + 15.56x,? (v)
RZ2=901.8% Ru?=84.4%

9 okl Sla LSl maly (ilola) o byjuiie (o5 5 ]
=9 80 A 93 Oygody (Sdmdw (slaylaged 1 eolail b cgSsld

Joe Ly oad ity mely Oliee s 3 6350 S e 5k
man JS8 ol lead s Y 9 ) C¥olee (63550 S0 g5k
stbe joban (655 0 S il Jae oS aad 00 (LS (g,
Jdo oped cups e wlal sl 03505 3y5l 0 1) pasoly Hlado
dopd WA 9 AFIY i iy o S g o0 «555 0 S yo ok
B Jae (pl bawgs aysS ol g jlwald Jolone mawliy &y 5|



AN LT — 0 oF ojlods FY wle> (S g ol 4,25 QY

gy bwg LalSie )0 el &Sl 4y dagi b Bk ) con
I sl 5 ol gl 11 36 o (6,10455 Soilislg S
Slgie 5 035 J)anliST 489 poriragll Mosl 4y 38 00 A)g
1 ylwotl 55 S oo )y ol b ST (glanY iy pamlis
ol 3 silsln 5 35 0 (50455 (ouiVlgsS Ligey alsusges opolsy
o) e bt S 5 (Sl Cluogad s il Jalse 4
D)l (Kt (Saolga (glaodyglf g 5 )

P9 9= L el (0l Hluwald (Sapdlen (Lo )
=0 & el blasil s 3 9 03)5 i 1) jlwald losd o
RSl el Al o 0l (o o posigyen (slagyg amd
goxlao, 5 4 ¥ 1) posegl ol)on sae 5 395 Al-O (slasise
(Y0 9 VY &) 395 o8]y (ygm ol ozl Sl aoeis >

a8 a5 b g 5 g n gL o8 ol oLt colallae
4yt 2l o0 Slounld o o e 0] g i qorolty (5ol
PH Lials 51 5 La SIS 4550 (VF) 4 polie ol (5boslj]
L sl St (N slotad 1y s ) S e
S5 shg e 5 I slaspul dlanly ) S (o slagysslS
g9k a4 Lo S Ly vy oad A5 (slay Loy g (003
ol slap o jlas)ls (185 polie (gluslj] ) it
oy Sl (W98 o Cgume maliy (gjlola) 5 bags S
S5 4y e 9 03,8 Gl 0 4y ]y b jodg s o JI slaspul
S e (S35 )3 ygdg a5 I slol I YL clale
Lol pSloS” S gaw )3 39290 i 40uSTL g 005
by 3y 5 o0 ol LS e ) olis o ol 4 atples
by 13 39290 (Sl by ()bl g oo Jolone i
S O s PS5 (03)95 o8 4 ol prides Cla b ctS
s (g polie b olil 4y oo ok ol Sl g g0 lo 3
(Ve 93) 93,5 0 ool g opesliy

o, oty
Predicted Potassium (mg.I'!)

[

Ol | i

i g 38 0 3103l ppnalts

Measured Potassium (mg.1?)

Ol e ey el

Predicted Potassium (mg.1)

SUSS ) a5 0dd I G350 &S0 ok Jho ol
o 93 Pl Ly pin 3 IS Cpl )0 .l 00008 LI Y 4 Y
Sl crwl oas aiih a5 ol 05 bawgio Hlade )3 pow i
Dby o 5 PH (o5 51 soins s () ¥ IS w30
45) 5oL yd 3 )5 FIO jgan )3 ey (silela) jlade
e 2l & e GomligSSl oy Jl38l 9 PH (138 595
Yy ¥ i JSC) ol 005 CangSslh g lusdld ) omaslty Do
22 a5 53 by Siloley Glise jo)lS e jlade (I3 (I
5 e laanld )3 (il ial3al e Wl Bl Ltals8l SIS 5
DS oS Sl g b (0 F Y ladss) 5 capsssld
gl Lol ) (Sdplie clld g 0y lp gl 2l plie
B cl (5y9p8 JI slotenl Mg sl o 2929 9 5L 0 00
Cod )5l_> o.\_:.;.{J> dlﬁdﬁ-ﬂg d‘).f cawlio UA; Zo (e
25> 33 (2 )92 2l Sl slaaig plal €85 )50
K391 )10y95 5 Sl g 23y Ul 5l ()8 @te Glois @ o)L
b G151 Ly e (o5 i) 355 e G151 23 8
Ll 39 dol 1055 il ey (Sl 58 5 S5SlS sl
e 3 (V) aib o 3olo oyl 5y plad 3)50 43 yal oyl
4y mle Cgllas sl iaS dgng 4 dgad lo b el cpl cle
bl ol 2 (W) Cl (6y958 gl e plio Mg sl
sYL glaclale b Jedoo puwlty olime ials cwl (Saoe
S g 1 sl Sy inlS ) 36 o,
bl g8 lisoggw
2 ey il Glise ¢ Jiune (sl yiie (535 o gobaw )
(75 ¥ sladsid) 392 Jlowdld I iy plp YIFF CopsSold 5
03y st pleidlo I JLaslSlis 5 (e Glgin CapsSold

-20 0 20 40 60 80 100
s (5 a5 0 513t sl

Measured Potassium (mg.l")

G35 0 5 yo oyl Jito 31 05wt b ounid] 3T ol 80S o i 9 8l (6 1503101 lacdale —) S
Figure 1- Measured and predicted concentration of released potassium by central composite design model
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Figure 2— 3 dimensional present of released K in presence of feldspar against central composite design variables
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Figure 3— 3 dimension present of released K in presence of phlogopite against central composite design variables
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Figure 4— Optimization of input parameters of the model for obtaining maximum soluble potassium concentration

lodl] Al d ol gl dige bl Glgieds iy
JS3) ad pin S lae )3 CapgSeld g jlueils Sl gl

.(\"
8 5 4o

8 Gl amligSSl gloj e g 008 gste PH Y3 I i 566
by Cngsld g bl plie jl peuliy JMool a4
oo ol .c8)8 )3 w)y 3,90 Pseudomonas fluorescens
2 b PH il cenl ;Sly (63550 <8 50 ok o ol
e ioli 8l g b oo PH Lisli8] S ebods g mawliy Ml
L adaly 53 .l Lo 53 Jbre masly iali3l s oyl
F ke slagle; > sz ya a0l LS @l 5 GgmlisSSl (o
9y yloj e cuddS L Lol 29 o diwlS” Joloro mamly )l500
e ial38) Joloee bty jlade basee 595 Ve 5l e slagle; 5o
g PH=VIYS )3 ks (o5lnljl Jlade yiSTus jimgs cpl p3 b
23 S P10 L Jolse o) Le Jlade 5 555 Ve Ll oloj

3l oad o] eslty 3o 4831 (L5 (A) o g @l
g A sy 4 S lae ) 68 i B ) codbl g sl
g o Sla (iiSTy 36 e 03l Jlasn] bl iolidl oy V&
5 3 5 Joo0gn S lo l bwgs (uSliaS JSL5 gl
sl 2l o o ) sl gloalil ) eyl Mo
= 7SL bwg Codbl 5 5lwald Sl mraly (ilobay asdllas > Jls
cls o ti e S (VA) ) 5 ) ol oS o sl
S 4y S8l eSS Jgl dl oy o8 200y Sl
5 S ol el )3 355 o0 JSi5 Joboyg e s Slo
" Oyge I GBS g5l 95 Lama 3 ol (5Ll
Jhail g b conl (e (SB=6 81 oSS LS5 305
5 05S alil e poeie I s Jlinn S 5 (29,500 slasbe
9 JiSly e
NeIFE 5 VoI5 GLapH (55 o S yo 2ok Jde yolisl
500 Y 9 WA lalej g 59 8L 51 2 45 0,5 F/AY o VIVE polie

1- Microenvironment



FOD (55l by sty Il (g3l

L8)S )8 (s y90 S dyje Laulyd )3 g cpl (Ul Lol 2 9290 (oaly (Lo S )8 A8 oanlie CupgSold joi
€9 085 i 3 b s Sl ol (LUlg5 2980 Slaiy ) Sl st 355 lgieas 1) ol Sl (gladygs L ol on SIS
)l 290 450 baalpd )3 e (gla)gSB 5 olS g5 (ST Jymaze 155 sladze (1ol 55 g alerd (ladgS (2Kl

2,8 )8 g La S8 Mool cublB b (ol b iSh (sladyguw Cunl ()50

wlods cdly lalss Umliwlc)i byl o Hls Wiy deu

&l

1-  Aleksandrov V.G., Blagodyr R.N., and llev I.P. 1967. Liberation of phosphoric acid from apatite by silicate
bacteria. Mikrobiolohichnyi zhurnal 29: 111-114.

2-  Archana D.S. 2007. Studies on potassium solubilizing bacteria. Doctoral dissertation, UAS, Dharwad.

3- Ashrafi-Saeidlou S., Rasouli-Sadaghiani M.H., Asadzadeh F., and Barin M. 2016. Modeling Phosphate
Solubilization by Pseudomonas fluorescens Using Response Surface Methodology. Water and Soil Science 4.2:
299-324. (In Persian with English abstract)

4-  Ashrafi-Saeidlou S., Rasouli-Sadaghiani M.H., Asadzadeh F., and Barin M. 2017a. Quantitative Modeling of the
Potassium Release from Feldspar by Bacillus sp. Iranian Journal of Soil and Water Research 1: 95-103. (In Persian
with English abstract)

5-  Ashrafi-Saeidlou S., and Rasouli-Sadaghiani M.H. 2017b. Potassium release kinetics from K-bearing minerals in
presence of silicate-solubilizing microorganisms. Iranian Journal of Soil and Water Research 3: 639-649. (In
Persian with English abstract)

6- Ashrafi-Saeidloul S., Rasouli-Sadaghiani M.H., Samadi A., Barin M., and Sepehr E. 2018. Evaluation of non-
exchangeable potassium release from K-bearing minerals by different extractants. Journal of Water and Soil 31(6):
1740-1754. (In Persian with English abstract)

7- Avakyan Z.A., Belkanova N.P., Karavaiko G.l., and Piskunov V.P. 1985. Silicon compounds in solution bacteria
quartz degradation. Microbiology 54(2): 250-256.

8- Bin L. 1998. A study on how silicate bacteria GY92 dissolves potassium from illite. Acta Mineralogica Sinica 2:
018.

9- Chapman H.D., and Pratt P.F. 1978. Methods of analysis for soils, plants and waters. p. 30-43. Division of
Agricultural Sciences. University of California, Berkeley, USA.

10- Chen H., and Chen T. 1960. Characteristics of morphology and physiology and ability to weather mineral baring
phosphorus and potassium of silicate bacteria. Microorganism 3: 104-112.

11- Cunningham J.E., and Kuiack C. 1992. Production of citric acid and oxalic acid and solubilization calcium
phosphate by penicillium billai. Applied and Environmental Microbiology 58: 1451-1458.

12- Dordipour E., Farshadi-Raad A., and Arzanesh M. 2010. Effect of Azotobacter chrococoum and Azospirillum
lipoferum on the release of soil potassium in pot culture of soybean (Glycine max var. Williams) Journal of
Agroecology 2: 593-599. (In Persian with English abstract)

13- Friedrich S., Platonova N.P., Karavaiko G.l., Stichel E., and Glombitza F. 1991. Chemical and microbiological
solubilization of silicates. Acta Biotechnologica 11(3): 187-196.

14- Gangoliya S.S., Kishor G., and Singh N.D. 2015. Phytase production through response surface methodology and
molecular characterization of Aspergillus fumigatus NF191. Indian Journal of Experimental Biology 53: 350-355.

15- Garrido-Vidal D., Pizarro C., and Gonzélez-Saiz J.M. 2003. Study of process variables in industrial acetic
fermentation by a continuous pilot fermentor and response surfaces. Biotechnology progress 19(5): 1468-1479.

16- Hosseinpur A.R. 2004. Application of Kinetic Models in Describing Non-exchangeable Potassium Release in
Some Soils of Hamadan. Journal of Sciences and Technology of Agriculture and Natural Resources 8: 3.85-94. (In
Persian)

17- HImer P., and Schinner F. 1992. Solubilization of hardly-soluble AIPO4 with P-solubilizing microorganisms. Soil
Biology and Biochemistry 24: 389-395.

18- Lian B., FuP.Q., Mo D.M., and Liu C.Q. 2002. A comprehensive review of the mechanism of potassium releasing
by silicate bacteria. Acta Mineralogica Sinica 22(2): 179-183.

19- Lian B., Wang B., Pan M., Liu C., and Teng H.H. 2008. Microbial release of potassium from K-bearing minerals
by thermophilic fungus Aspergillus fumigatus. Geochimica et Cosmochimica Acta 72(1): 87-98.

20- LiuW., Xu X., Wu X., Yang Q., Luo Y., and Christie P. 2006. Decomposition of silicate minerals by Bacillus
mucilaginosus in liquid culture. Environmental Geochemistry and Health 28(1-2): 133-140.

21- Liu D., Lian B., and Dong H. 2012. Isolation of Paenibacillus sp. and assessment of its potential for enhancing
mineral weathering. Geomicrobiology Journal 29(5): 413-421.

22- Malakouti M.J., Shahabi A., and Bazargan K. 2006. Potassium in Iran agriculture. Sana publication, Tehran, Iran.



AN LT — 0 oF ojlos MY ol (S g T a5 FOF

23-

24-

32-

33-
34-

35-

36-

37-

38-

(In Persian)

Mao J., Kwak 1., Sathishkumar M., Sneha K., and Yun Y.S. 2011. Preparation of PEI-coated bacterial biosorbent
in water solution: optimization of manufacturing conditions using response surface methodology. Bioresource
Technology 102: 1462— 1467.

Meena V.S., Maurya B.R., Verma J.P., Aeron A., Kumar A., Kim K., and Bajpai V.K. 2015. Potassium
solubilizing rhizobacteria (KSR): isolation, identification, and K-release dynamics from waste mica. Ecological
Engineering 81: 340-347.

Mousavi A., Khiamim F., and Shariatmadari H. 2015. The kinetics of potassium release from K-feldspar,
compared with muscovite under the influence of different extractants. Journal of Sciences and Technology of
Agriculture and Natural Resources 67: 229-240. (In Persian with English abstract)

Padmavathi T. 2015. Optimization of phosphate solubilization by Aspergillus niger using plackett-burman and
response surface methodology. Journal of Soil Science and Plant Nutrition 15(3): 781-793.

Prasad M.P. 2014. Optimization of fermentation conditions of phosphate solubilizing bacteria- a potential bio
fertilizer. Merit Research Journal of Microbiology and Biological Sciences 2(2): 031-035.

Sarikhani M.R., Oustan S., Ebrahimi M., and Aliasgharzad N. 2018. Isolation and identification of potassium-
releasing bacteria in soil and assessment of their ability to release potassium for plants. European Journal of Soil
Science 69: 1078-1086.

Shahab S., and Ahmed N. 2008. Effect of various parameters on the efficiency of zinc phosphate solubilization by
indigenous bacterial isolates. African Journal of Biotechnology 7 (10): 1543-1549.

Sharmila M., Ramanand K., and Sethunathan N. 1989. Effect of yeast extract on the degradation of
organophosphorus insecticides by soil enrichment and bacterial cultures. Canadian Journal of Microbiology 35:
1105-1110.

Sheng X.F., and Huang W.Y. 2002. Study on the conditions of potassium release by strain NBT of silicate
bacteria. Scientia Agricola 35: 673-677.

Singh G., Biswas D.R., and Marwaha T.S. 2010. Mobilization of potassium from waste mica by plant growth
promoting rhizobacteria and its assimilation by maize (Zea mays) and wheat (Triticum aestivum L.): a hydroponics
study under phytotron growth chamber. Journal of Plant Nutrition 33(8): 1236-1251.

Sparks D. L. 1989. Kinetics of Soil Chemical Processes. Academic Press, Sandiego, CA.

Styriakova I., Styriak I., Nandakumar M.P., and Mattiasson B. 2003. Bacterial destruction of mica during
bioleaching of kaolin and quartz sands by Bacillus cereus. World Journal of Microbiology and Biotechnology
19(6): 583-590.

Swetha S., Varma A., and Padmavathi T. 2014. Statistical evaluation of the medium components for the
production of high biomass, a-amylase and protease enzymes by Piriformospora indica using Plackett—-Burman
experimental design. Biotechnology 4: 439-445.

Tisdale S.L., Nelson W.L., Beaton J.D., and Havlin J.L. 2003. Soil Fertility and Fertilizers. Prentice-Hall of India,
New Delhi, India.

Ullman W.J. Kirchman D.L. Welch S.A., and Vandevivere P. 1996. Laboratory evidence for microbioally
mediated silicate mineral dissolution in nature. Chemical Geology 132(1): 11-17.

Whitelaw M.A. 2007. Growth promotion of plants inoculated with phosphate solubilizing fungi. Advances in
Agronomy 69: 99-151.



Journal of Water and Soil (5323UiS @aluo g pole) S g O 4 i
Vol. 33, No. 4, Sep-Oct. 2019, p. 647-658 i FEV-50A .o ITAA LT — poo oF o)leis FY¥ ul

Optimization of Potassium Dissolution by Pseudomonas fluorescens Using
Placket-Burman Design and Response Surface Methodology

S. Ashrafi-Saeidlou!- A. Samadi? - MH. Rasouli-Sadaghiani®*- M. Barin*- E. Sepehr®
Received: 20-04-2019
Accepted: 10-07-2019

Introduction: Among the elements, potassium (K) is the third important macronutrient for plant nutrition
that plays a significant role in plant growth and development. The development of intensively managed
agriculture has led to the consumption of increasing amounts of K, low K supply has therefore become an
important yield-limiting factor in agriculture. However, more than 98% of potassium in the soil exists in the
form of silicate minerals such as illite and lattice K in K-feldspars which K cannot be directly absorbed by
plants. Potassium and other minerals can be released when these minerals are weathered. Some microorganisms
can play a role in releasing K from minerals. They solubilize K-bearing minerals through different mechanisms
including chelation, acidolysis, pH reduction, exchange reaction, complexation, biofilm formation and secretion
of organic acid and polysaccharides. Since the use of potassium solubilizing microorganisms (KSMs) as K-
biofertilizers reduces the agrochemicals application and supports eco-friendly agriculture, so it is imperative to
isolate the KSMs and optimize various growth parameters so as to improve their activity.

Materials and Methods: The present study was an attempt to model and evaluate the effects of pH,
incubation time and different amounts of carbon source on K release by Pseudomonas fluorescens using Placket-
Burman design and response surface methodology with a central composite design. At the first step, 12
experiments based on Placket-Burman design were carried out to screen and identify the effective carbon source
in potassium release. According to the results of the first step, response surface methodology with the central
composite design was employed to evaluate and model the effects of the coded independent variables including
pH (3-10), incubation time (1-18 days) and carbon source (0.6-12 g L) on K release from feldspar and
phlogopite. After the completion of each period, samples were centrifuged at 3000 rpm for 10 minutes and
filtered using Whatman paper (No. 41). Potassium concentration of samples was measured by flame photometer.
Used minerals in the experiment including feldspar and phlogopite were grounded and filtered through a 230
mesh sieve. In order to remove exchangeable K, the samples were saturated by calcium chloride solution (with a
ratio of 2:1), after washing with HCI, samples were then dried at 105°C for 48 hours.

Results: Results showed that there was no difference between carbon sources, applied at the first step of the
experiment, so each can be employed as alternatives to each other in the culture medium. The central composite
design showed R? of 0.944 and 0.918 with RMSE of 0.82 and 1.47 for predicting K release of feldspar and
phlogopite, respectively, indicating high efficiency. Sensitivity analysis of the central composite design revealed
that the pH is the most important factor in K release. The highest concentration of the K was observed at the
highest levels of pH. Incubation time also had an impact on potassium release. In the early stages of the
incubation time, the trend of potassium release was increasing, in middle stages, K amount decreased but it was
accelerated over long times of incubation. The maximum potassium release in presence of phlogopite and
feldspar was 121.16 and 96/82 mg L™, respectively, which was observed at pH= 10.36, sucrose amount= 6.5 g L"
! during 10 days. Potassium amount in this treatment hence increased by 31.52% as compared to feldspar.
According to central composite design, maximum potassium release of feldspar and phlogopite was obtained at
pH=10.36 and 10.34, sucrose concentrations of 2.26 and 6.92 g L' at 18 and 2 days, respectively.

Conclusion: Our results showed that pH had a significant impact on K release by Pseudomonas fluorescens
using response surface methodology. Overall, increasing incubation time along with high pH leads to the high
amounts of K release from minerals. Different minerals released different content of potassium. Application of
soil K-bearing minerals in combination with efficient potassium solubilizing bacterial strains as biofertilizers is
required to replace chemical fertilizers and reduce the crop cultivation cost. Many bacterial strains have been
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found to solubilize minerals and improve plant growth under laboratory and greenhouse conditions, but their
ability under field conditions remains unexplored. The capability of these bacteria, considering the soil and plant
type, and environmental factors, should be thus evaluated under field conditions.

Keywords: Aleksandrov medium, Central composite design, K-bearing minerals, Potassium solubilizing
bacteria



