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Background and Objectives: The widespread use of chemical fertilizers
became common by coming the Haber-Bosch reaction product to the
market in the second decade of the twentieth century, and thereafter the
agricultural industry flourished. Nowadays, increasing usage of chemicals
has caused adverse and harmful consequences against the environment and
also increased costs of production of crop plants. The use of biofertilizers,
which potentially solubilizes phosphorus compounds in the agricultural
soil, is considered as an environmental friendly option and a superior
alternative to further usage of chemical fertilizers. New collections of
phosphate-solubilizing bacteria with a vast biodiversity are required to be
used for greater varieties of crop plantsin more different climates. The aim
of this study was verification and characterization of some active
phosphate-solubilizing bacteria isolated from several areas of wheat arable
soils located in Yazd province.

Materials and Methods: In this study, soil microorganisms were screened
and all the isolates were examined in PVK agar culture medium for halo
formation and then phosphate solubilization index and efficiency were
calculated. Phosphate release rate in liquid culture medium was measured
in pg/ml. Nitrogen fixation test using two carbon sources (glucose and
sucrose) was evaluated comparatively. All the isolates were examined for
tolerance to various environmental conditions such as temperature, salinity
and pH. Finally, the production of several types of organic acids by the
isolates was examined using thin layer chromatography.

Results: Among the bacteria, 10 isolates created a halo zone in culture
medium containing calcium phosphate and showed growth and
discoloration in nitrogen-free medium with bromothymol blue reagent.
Five isolates out of 10 showed the highest efficiency in phosphate
solubilization (equal to or more than 200% Z/C) and 5 isolates showed the
highest phosphate solubility index (between 2-4). The highest index
belonged to YC isolate (4.1), while statistical analysis showed no
significant difference between the means of solubility efficiency of
different isolates. The quantitative study showed that the amount of
phosphate released for 4 superior isolates was 150.25-203.91 pg/ml.
Statistical analysis shows that among the 10 strains tested, YS and YG
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showed the highest efficiency with the release of 203.9 and 194.8 pg/l
phosphate, respectively. These two strains were not significantly different
from YK and YC isolates. Isolates YX, YA, YP, YH, YJ and YI also
showed the least ability at the same statistical level. All the isolates were
able to fix nitrogen in the presence of glucose and 4 isolates were able to
fix nitrogen in the presence of sucrose as two different carbon sources.
Experiments carried out to show the resistance of the isolates to
environmental factors and indicated that almost all isolates can grow
adequately in the range of acidic to alkaline pH (5-9) and temperatures of
25-37 °C. The isolates were also able to tolerate salinity up to 10% (w/v).
The use of thin layer chromatography confirmed the excretion of organic
acids such as citric acid and oxalic acid by the examined bacteria.

Conclusion: The present study indicates that the isolated microorganisms
with high phosphate solubilizing ability show significant potential as a
suitable substitute to chemical fertilizers with harmful side effects.
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Index (SI) in isolates.
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Table 2. Comparison of the Phosphate Solubilization Index (SI) and Phosphate Solubilizing Efficiency (PSE)
in the isolates.

SESJ bl SLSJm el dla ks S kS i ol
Phosphate Solubilizing Efficiency ~ Phosphate Solubilization Index  Halo zone  Colony diameter Isolate
(PSE) (%Z/C) (sl (mm) (mm)
320° 4.1° 24 8 YC
200° 2.88% 18 9 YG
190° 2.9% 21 11 YK
166.6° 2.66° 15 9 YS
188.8° 2.88% 17 9 YP
200° 3 18 9 YX
250° 3.5% 20 8 Y1
180° 2.8 18 10 YA
166.6% 2.66° 20 12 YH
228.5° 3.28 16 7 YJ
ks ?
S a3 ©

(/20 Gyl ore CEMJ\; (S5 Q}Aﬂ) Led Sls e Sl BB (Sl ansls alie O > S S &S L;LAJ;JL:A Osiw A 3
In each column, the means with at least one similar letter have no significant difference (Tukey test, at the
significance level of 0.05
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Figure 2. Comparison of the halo zone production by different isolates for Phosphate Solubilization Index (SI)
and Phosphate Solubilizing Efficiency (PSE) determination (PVK agar, 28 °C, 3-5 days of incubation).

Loy e YA 5 YP Glaw s 5 Olans Ol
JEN P WIS D_f,;\_a VYL 5 TVAY Gl lais
L [y Jaren 3 0dod bay Slid Olge cp 50S
ol a2 sl 3 oS b0l (Y ISKS)
s pite Dlid Glas o bealis 3 4 by s
ol Julay o Laaslis oY Jod) ool
Jedo 5 i dls bslae 36 a3 0 e
0l O go3] 4 g Vo Olis 5l 48 das e LSS (g5be]
VAL/A 5 Yo rA ula, s 54 YG 5 YS
355 30 bl (ot o lind 1) e S5 S
YC 5 YK slaasfos s 53 ol . ls OLLS
YX slaalinr ppoes il (5 bskas LSt
So e o, S L3 LYY YH YP YA
352 Sl ases sl 3 b Ul oSS (sl e
X ) wasls ol
ssba Ol el > sbaalie L SL A
5 (8 JS8) ol Lo PH Oljs (2818 L rites
Sl L oniS lases s e a3l Slins cbile
oLt e s &S jsboles .ol ol jon PH Ol5e
PH Jluie o liSL S 5 £33 530 53 (el 2l el
J50) J, 28 a0 pes L anolie 53 £/Y—F o350
VR N PRECI PPN AR R

= Laaslis 35U (lslams o Jsdsr) bl

y

el aallas 3 oS Ans o OLES Jols il
52 Glls S s 4 byl 5N
Sty gl b aglie o Sl JS > e la
5 Glaine (Jlo b a0 al e alie Slallas 3l ol
Aeromonas sp., : 5L St 4 s ¥ ((Y4)1) O, 1Ses
|, Raoultella terrigena , Proteus mirabilis
Ol 5 5l 5 (g3lwlr oIS w50 sl
035 dme 53 S oLl lid Sas |> el
SYVVA LYY o oliud Sas = Ll
BV VY essdme 5o Dlind SWS = e ls
ot 53 (Vo) sl eds a5 S wge b ol 6l
Pseudomonas aeruginosa ;| —ils 4 su ¥ il
CiS iwyply 3l el 1 Bacillus subtilis
Slid Ss = LS s 53 el addaie =
o=l esdle 4 asls QLAS 1, 00/4 LB YO/E
sy 53 JBTPVK e 555 55 coiS L lagy 5o
b S GBI s Glis dla wadl g Slied ondS
YY) S slw) 2o Lo Y/Y B Y/ o b
panllr Slind SuuS o Oljm oS o)
Sl PVK Lo 3 oad Ol glaglir  sles
53,8 Ay ol S le am s YA gles s
JYAY L5 5 o YC, YG, YS slaala
AL e e S5 Se V0N /04 5 V48/A


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bacillus

V€Y £ a)h».fs NY D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

sI3T Jind Jloie b o 5 4 &S il 035 Ll w5
5ol sl celu A s 1) e S e O e
Oyme ol VY 51 ey 2 s p S o hn A
MWLy it 05 5 ko3 40 B olS asals
3 bl e (Y0) sl Ll 530 (’J—fu—’k‘—“"
sl ol Sus = cdle (YY) Ol ses
oo Lds aslrag,y JLs S ledd 1o slas SU
Olie cp S 5 Lals 13t 5550 da 508
Ak e S5 Sen LUAE 350 s 1y Sl
o=l e as Wos s sl 8 Serratia s sSU ¢l
ey SalS YN0 sV 5l s PH Ol o)
Lo (YY) oS 5 e (Y cul o3 S
ol S Sl b sl lags s gslalier
slag Sy as aaBl o e 5545 50 g
05 Slind Ol uldl Sy Slis oS |~
“ﬁf}fflzs;“ﬁr)ful?‘ O/ Sl St i
o=l esde 4 il IS s 03 0 S Le Ye/0
VYT 1 olS (i3 ay Ol Ll 55 Lag SL
R P R PN e Vil PIY |V >y P

.(YV)

S e b 550 Y Sl ey PH Sl s
Lad s 8L S 51 55, ¥ 2208 51 e 4 1
Laol pH e Lo (g5lslins D g (E S
O] baaslas 5 JnS €ged PH o Ll il ass
51 e ol Csa (laosls o sa Lokl 34
Gl g a5 Lsls OLES (8L S 5l 55,0 cadS
Lol s UG L labie cidle 3L YS 5 YK
SYX YH YA YI.YG Y] YP clasli= L
Ayls lsbas LMl YC
Ad G3lolay e 3L glail5S 0 St
sBacillus .k S Jslize slag sSL 3
ol s e Ol &S ol ol 81| Pseudomonas
sl Al w5 5 Wy e 4 o S
L T sladal ol Lot sl e a5 s
Eol 50,8 55 Jols Sliesd tile ol sl
Slis Al Jleesl LS 5 3lwalsl 5 IDl
L (T Y ) OLLSen 5 5500 (V) 558 o oS
5 Sliwd Su S | Olye S5 s aallas
LS CiS aeyie S 5l el s slags S
RS e S Al s LS 558 55 Allium cepa

olisasdsm Sbaase S5 4 Glate Sl Ol s

53350 55 o gl R 5 Slid Shla) n balis ST bty 4 Y dds

Table 3. Analysis of variance of phosphate release and pH changes after 2 and 5 days.
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0.0249 0.0017 296.7 11
Error

* Significant at 5% probability levels
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Figure 3. Phosphate solubilization abilities of the bacterial isolates (ugml™), after 5 days incubation in PVK
Broth, 28 °C, 150 rpm. In each column, the means with at least one similar letter have no significant difference
(Tukey test, at the significance level of 0.05).
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Figure 4. The rate of pH changes after 2 and 5 days of incubation in PVK Broth, 28 °C, 150 rpm.
In each column, the means with at least one similar letter have no significant difference
(Tukey test, at the significance level of 0.05).
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Table 4. Analysis of variance of isolations growth at acidic (5), neutral (7) and basic (9) pH.
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* Significant at 5% probability levels
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Table 5. Analysis of variance of isolations’ growth at 25, 37, and 45 °C.
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Culture at 45 °C Culture at 37 °C Culture at 25 °C
* * * lLaas o>
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* Significant at 5% probability levels
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Table 6. Analysis of variance of isolations’ growth at 0, 5, 10, and 15% NaCl.
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* Significant at 5% probability levels
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Figure 5. Effect of different environmental conditions on the selected isolates growth, pH effect (5 (1a), 7 (1b),
9(1c) - temperatures effect (25 °C (2a), 37 °C (2b), 45 °C (2c)- NaCl concentration effect (0% (3a), 5% (3b),
10% (3c), 15% (3c). Nutrient broth medium, 48h, 28 °C. In each column, the means with at least one similar
letter have no significant difference (Tukey test, at the significance level of 0.05.
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Figure 6. Comparison of the isolate's ability in nitrogen fixation using two different carbon sources
(glucose and sucrose) (Right), Isolates that can stabilize nitrogen using both types of carbon sources (Left).
NFB medium, 28 °C, 3-5 days incubation.
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Table 7. Qualitative comparison of the color change caused by nitrogen fixing isolates on NFB medium.
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