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Figure 1. Soil sampling position.
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Table 1. The longitude and latitude coordinates of the sampling positions.

(b)) 2l 20

(55D ol Jsb

Latitude (South) Longitude (North) o
“ e
(mgkg") Sb= s @ sl o511 sl 4ids o b 4ids o Sample
Potassium value (mgkg™") Second Minutes Degree  Second Minutes Degree
312 11 44 48 0 5 35 1
660 5 58 48 2 10.48 35 2
362 7 51.07 48 6 10.54 35 3
312 2 51.1 48 4 10.56 35 4
660 2 51.03 48 1 10.47 35 5
610 0 51.05 48 4 10.47 35 6
610 7 51.06 48 4 10.48 35 7
460 4 51.07 48 1 10.48 35 8
894 8 51.06 48 2 10.47 35 9
510 7 51.03 48 6 10.44 35 10
410 7 51.03 48 6 10.44 35 11
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Table 2. XRF of biotite, muscovite, potassium feldsparand, hematite.

S S

ey Sty S S
w Hehmatite Potasgium feldspar Muscovite Biotite Weight Composition
eight percent Weight percent Weight percent percent

4.93 58.46 42.8 32.56 SiO,
91.04 0.25 1.65 11.32 Fe,0;
0.25 19.5 38.54 17.24 Al,O4
2.06 1.45 0.04 0.98 CaO
0.39 0.11 0.08 17.46 MgO
0.2 16.86 11.11 9.25 K,0

<1 <1 <1 <1 La & Lu*
0.26 2.6 0.9 0.45 Na,O
0.21 0.17 0.1 0.07 P,0s
0.28 0.28 4.78 2.89 LO.IP
0.03 SO; - 0.08 SO;
- 0.23 - 0.69 BaO
0.35 - - 7.01 TiO,
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Table 3. Aleksandrov &pikovskaya culture media.
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(g) ,laas osle (g) ,laas osle
Value (g) Material Value (g) Material

10 Succrose 5 Glucose
0.1 NaCl 0.1 CaCoO;
0.5 MgSO, 0.006 FeCl;
0.2 Yeat extrat 2 Ca3(PO4),
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0.1 MnSO,.H20 0.5 MgS0,.7H,0
) (cslea) FeSOy 3 Minerals
5 ®anros) Caz(PO4),
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Table 4. Analysis of variance based on the effect of the mineral and bacteria types on release of potassium (mg kg™).

oo Sils EpESH ol
Mean square DF Source
100079565.0** 2 Mineral s
4041186.6** 30 Bacteria (s sU
1552320.0%* 60 Bacteria* Mineral (S SU
44991.2 186 Error s>

significant difference at P < 0.05.
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Table 5. The results of comparison of means based on the effect of mineral and bacteria types on release of
potassium (mg kg™).

e (mgkg") Sk 3l Gl !
Treatment Mean (mg kg']) Standard deviation
F1 338.8" 26.2
F2 358.8"¢ 44.8
F4 411.9"° 40.7
F5 185.9°¢ 20.5
F6 172.6° 16.3
F7 132.8° 14.1
F8 166.0¢ 26.2
F9 24247 50.8
F10 505.0° 32.9
F11 136.1° 20.5
F12 372.0"° 37.3
F15 239.17¢ 26.2
F17 132.8° 29.4
F18 136.1° 41.0
F19 534.9" 70.2
F20 352.1%° 63.6
F21 24247 453
F24 185.9°¢ 24.9
F25 531.6" 215
F27 202.6™° 56.4
F29 179.3°¢ 58.9
F30 298.97¢ 44.8
F31 22587 448
F32 195.9°%¢ 33.9
F33 152.7¢ 24.4
F34 505.0" 49.1
F37 388.7"° 49.7
F38 202.6™° 43.1
F39 195.9°%¢ 44.8
F40 23587 24.9
F41 146.1° 36.7
Bl 4302.9° 122.1
B2 4103.5% 40.7
B4 3339.1° 2453
B5 1461.4™ 107.7
B6 2608.0° 215.4
B7 2259.0" 186.5
B8 1843.6" 164.5
B9 2824.0¢ 224.2

hY)
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Continue Table 5.
e (mgkg") Kk 3l Gl !
Treatment Mean (mg kg Standard deviation
B10 5416.2° 102.4
Bl11 1361.7" 226.6
B12 4834.6° 490.7
BI5 879.8°" 308.2
B17 1494.6™ 183.5
B18 2009.8" 162.8
BI19 35883 238.5
B20 3887.4% 310.9
B21 813.4°Y 122.1
B24 1129.1™ 142.9
B25 36714 508.9
B27 746.97 142.9
B29 1328.5"™" 102.4
B30 846.6"" 285.9
B31 4203.2% 373.0
B32 1810.4" 0.000
B33 780.17™ 367.1
B34 863.2°° 266.9
B37 3688.0°F 5312
B38 1727.3" 310.9
B39 1112.5™ 215.4
B40 763.5" 146.8
B41 647.27 102.4
Ml 1677.4" 164.5
M2 1660.8" 141.0
M4 1195.5™™ 102.4
M5 647.2%% 169.5
M6 414.6"° 81.4
M7 314.9°¢ 40.7
M8 746.97 47.0
M9 198.5%%¢ 62.2
M10 2026.4" 183.5
Mi1 364.7"° 40.7
M12 1743.9% 169.5
M15 464.4~ 162.8
M17 630.6" 130.8
M18 198.5%%¢ 47.0
MI19 1062.6™ 203.5
M20 1777.1" 2453
M21 148.7° 62.2

"
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Continue Table 5.
e (mgkg") ke 3kl Gl ol
Treatment Mean (mg kg Standard deviation
M24 447.8%° 117.5
M25 1677.4™ 188.0
M27 830.0°" 102.4
M29 647.297 310.9
M30 414.6"° 146.8
M31 1345.1%" 124.4
M32 530.9"° 188.0
M33 614.0"" 141.0
M34 431.2% 142.9
M37 863.2°° 266.9
M38 331.5"° 23.5
M39 813.4°" 81.4
M40 215.2%¢ 70.5
M41 198.5™° 62.2

O3l Sloe 2 1 LaoSiln alie sl Jsdr 3 55V Gy Mt g8 5 Sl bl GG @ by o w550 M 5B F

Sl bajles (Ao 5 0 Cl:.w 59) Dl sme Dl pde s tias0lis wlis oY G K Pl Ot a5 das e OLAS STl

F, B and M are related to Feldspar, Biotite and Muscovite minerals, respectively. The latin letters in the table show the
results of comparison of the averages according to Duncan's test. Similar letters in each column indicate no significant

difference between treatments at P < 0.05.
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Table 6. Correlation between pH of culture media and the released potassium from feldspar, biotite and
muscovite and phosphorus from tricalsium phosphate.

i o5 55 Sl SIS e o
Tricalsium phosphate Feldspar Muscovite Biotite
-0.613** -0.377* -0.562%** -0.561** 1 pH

e Lo s S s Aoy 0 Clahﬂja)!;w;:w&ex&;bu%;gﬁ 5
* Correlation is significant at the 0.05 level. & ** Correlation is significant at the 0.01 level.
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Clind dS 65 5 ol olula, el o 02 b SL gl Ll S das e Ol
AR Ll s @ SL e cds L Vool al s bl B 5l Lad silala,
08 438 215 8 e S oo WV/T-88/48 CLS ys edilay iud o 5t s ls sme Aoy
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Table 7. Analysis of variance based on the effect of the bacteria types on release of phosphorus and iron (mg kg™).

(AD) Sl o Sl (Gind) a0 0o EESRES ol
Mean square (iron) Mean square (phosphorus) DF Source
597374.64** 247325541%* 30 Bacteria (s sU
19648.92 2639456 62 Error U

o3 ) s Ao 30 C?E.—/J) O3 3 s gme o S )
* ** Significant at 5% and 1%.
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Table 8. The comparison of means of the releaseed phosphorus and iron (mg kg) in inoculation of culture

media with isolated bacteria.

31kl Sl o Lajy oyl 31kl Sl ol Loy i Sl

Standard deviation The released Fe Standard deviation The released P Bacterial isolate
192.931 1766.667° 712.70 17201.90°f 1
141.951 1810.000% 2336.73 22249.52¢
135.790 2661.667° 1069.04 1472571 4
108.012 1050.000™" 587.09 7201.90°" 5
29.533 958.333%! 971.24 5106.67™ 6
99.331 1110.000™* 712.70 8059.05™" 7
89.660 1431.667' 1553.29 739238 8
62.361 883.333" 1069.04 11297.14" 9
117.851 2083333 2033.73 3472571 10
52.015 931.667" 712.70 15487.62°™ 11
20.548 1023.333" 1366.92 21201.90° 12
29.439 940.000" 466.57 5011.43™ 15
204.342 1393.333" 1366.92 10820.95" 17
64.807 2060.000° 841.12 8154.29™ 18
81.650 1100.000™" 123443 18154.29° 19
62.361 1216.667% 1406.17 26820.95° 20
190.671 1246.667%" 1517.85 15487.62°™ 21
20.950 921.667" 1655.06 9678.10%* 24
88.066 1096.667"" 2468.85 37011.43° 25
183.953 1031.667™ 587.09 13487.62%" 27
82.698 1118.333™* 1899.99 9201.90% 29
43.205 1560.000°" 485.62 8344.76" 30
108.012 1600.000" 1166.42 23582.86" 31
173.269 1253.333%" 1406.17 6630.48"" 32
206.074 830.000' 749.91 539238 33
153.641 1128.333™* 2103.88 13392.38%" 34
83.367 1965.000 1866.28 33011.43° 37
116.833 1300.000¢" 587.09 16535.24° 38
62.361 833.333' 617.21 5582.86™ 39
40.277 923.333" 1166.42 9297.14% 40
23.921 921.667" 233.28 3582.86° Control

sl Loy 0 L;)LJA.:L‘);):WQ}LE 55 o0l DL (Y O G oS s (Rl G5t s o

Similar letters in each column indicate no significant difference between treatments at P < 0.05.
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Table 9. The results of biochemical tests.

Strain

37 31 25 20 19 12 10 4 2 1 PR (U
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Yellow Cream Cream  Yellow Yellow orange Cream orange Cream Cream color PLRES
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Table 10. 16SrDNA sequence of isolates 1, 2, 4, 10, 12, 19, 20, 25, 31 and 37.

ol Ao s 05 Sl oskan S3503 eoled A 1S 5 SIS -
Identifity GenBankmatch Accessionnumber  Nucleotid(pb) Organism Strain
99.8 Lc04(T) Ay024335 1342 Ensifer morelensis 1
99.9 CIP70.29(T) APQP01000001 1404 Acinetobacter pittii 2
100 NBRc12165(T) BCWMO01000033 1322 Brevundimonas vesicularis 4
99.4 JAJ28(T) Aj249382 1405 Pseudomonas frederiksbergensis 10
98.8 NRRLNRS666(T) 078473 938 Paenibacillus lautus 12
99.5 DSM20119(T) X83408 1394 Pseudarthrobacter oxydans 19
100 YIMHb-3(T) Kp990658 1043 Enterobacter tabaci 20
99.5 OHA11(T) HG940537 1398 Pseudomonas helmanticensis 25
99.2 LMG25706(T) GL890774 1042 Enterobacter mori 31
99.6 EN-119(T) Jtlo01000001 1008 Enterobacter ludwigii 37

Strain 31
Strain 37

Enterobacter mori LMG 25706" (GL890774)

Strain 20

Enterobacter tabaci YIM Hb-3" (KP990658)

Enterobacter ludwigii EN-119" (JTLO01000001)

Enterobacter cloacae subsp. cloacae ATCC 13047" (CP001918)
Escherichia coli ATCC 11775 (X80725) Gammaproteobacteria

Strain 2
9 I
10 RAcinetobacter pittii CIP 70.29" (APQP0O1000001)

'Pseudomonas aeruginosa JCM 5962" (BAMAOQ1000316)
Strain 25

Strain 10

o

0 | Pseudomonas frederiksbergensis 1A128" (AJ249382)
9 ¥ pseudomonas helmanticensis OHA11" (HG940537) J
Xanthobacter agilis SA3 s’ (X94198)

10 gStrain 4
7 0 I Brevundimonas vesicularis NBRC 12165 (BCWM01000033)

L Alphaproteobacteria

Rhizobium leguminosarum USDA 2370' (MRDLO1000029)
9 Strain 1

9
13 Ensifer morelensis LcO4' (AY024335)
[ Bacillus subtilis subsp. subtilis NCIB 3610" (ABQLO1000001)
. " T

10 Paenibacillus polymyxa ATCC 842 (AFOX01000032) Firrmicutes

10 Strain 12

° z Paenibacillus lautus NBRC 15380' (BIMF01000051)
I— Micrococcus luteus NCTC 2665 (CP00162)8

10 Pseudarthrobacter oxydans DSM 20119" (X83408) Actinobacteria
° 10 Mstrain 19
o

=)

Bacteroides fragilis NCTC 9343 (CR626927)

0.05

e S Shskd s, Y IS
Figure 2. Phylogenetic tree Of Bacteria.
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Abstract

Background and Objectives: About 98% of the soil's potassium is in the form of minerals that
are not available to plants. On the other hand, the continues use of fertilizers has unintended
consequences for different habitats. Acid producing microorganisms can transform silicate
minerals that contain potassium and release available potassium for plants. The aim of this study
was to isolate and identify potassium, phosphorus and iron solubilizing bacteria from the
minerals of these elements (potassium silicate, tricalcium phosphate, and hematite) from the soil
around potato roots in order to make biofertilizers from plant growth-promoting bacteria.

Materials and Methods: Potassium solubilizing bacteria were isolated from the soil around
potato roots. The isolates were tested and selected in terms of their ability to release potassium
from three minerals (biotite, muscovite, and feldspar potassium) qualitatively by spot cultivation
based on the emergence of the halo (Halo method) or changing the color of Aleksandrov
medium. Then, to estimate the ability of the isolates for releasing potassium, they were cultured
in Aleksandrov liquid medium. To investigate the ability for solubilizing t minerals, ricalcium
phosphate the isolates were cultured in the same way as described above, but in the Pikovskaya
medium. To investigate the ability for solubilizing iron, the modified Pikovskaya medium with
hematite mineral was used. This study was performed by a completely randomized factorial
design, in which, the minerals used in three levels (muscovite, biotite and feldspar potassium)
were the first factor and 30 bacterial isolates were the second factor to release potassium. To
analyze the release of phosphorus and iron, a completely randomized design was used and only
the ability of 30 isolates for solubilizing of one mineral (tricalcium phosphate or hematite) was
tested separately. Statistical analysis was performed with SAS software. Isolates were examined
and identified using morphological, biochemical and molecular tests. Then, 10 superior isolates
were identified and the plant growth promoting ability tests were performed on them.

Results: Among 30 isolates, 10 top isolates were separated and identified for potassium,
phosphorus and iron releasing ability. Flame photometric studies showed that the amount of
potassium released by the isolates in the medium containing biotite was 647.18 mg/kg from
control to 5416.16 mg/kg from number 10, in the medium containing muscovite was 148.68
mg/kg from number 21 to 2026.36 mg/kg from number 10, and in the medium containing
potassium feldspar was 132.76 from number 7 to 534.88 mg/kg from number 19. The amount of
phosphorus released by the isolates was 3582.85 mg/kg from control to 37011.42 mg/kg from
number 25 and the amount of iron was 830.00 mg/kg from number 33 to 2661.66 mg/kg from
number 4. In this study the released potassium from biotite and feldspar minerals by bacterial
isolates was the highest and the lowest one, respectively. There was a high correlation between
bacterial acid production and solubilizing minerals ability.
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Conclusion: 10 top isolates were separated and identified from the soil around potato roots
based on evaluating potassium, phosphorus and iron releasing ability. In addition to being
potent for releasing potassium, these isolates were also capable of producing auxin and
siderophores, and also inhibiting pathogenic fungi (which are characteristics of PGPR bacteria).
It is suggested to utilize these isolated bacteria in the production of biofertilizers to increase the
bioavailability of potassium, phosphorus and iron for plants and to improve the growth and
productivity of crops, especially potatoes.

Keywords: Biofertilizer, Biotite, Hematite, Muscovite, Potassium Feldspar, Potassium
Solubilizing Bacteria, Tricalcim phosphate
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