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Phosphate growth medium
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Table 1. Maximum SI index values of different isolates.

[EYeNeS
ST (mm) Strains
(csls) Ols
24 72
Time(hour)
<2 49-30-29-1.14-1 _
3<SI<2 33 18-23 53-17-15-14
>3 36-34-26-24-24-20 21-8-7 42-16

OFUS ok 53 balts b Sliud wdS(s 5 a5 (mg 1) i 5lasl3T =Y Jyix
Table 2. Release of phosphorus (mg1") form tricalcium phosphate source by isolates at different times.

72 48 24 72 48 24
Ll laa
celo . celo .
strains strains
Hour Hour
76.9 46.8 2.45 24 142 133 77.9 1
2.17 1.30 0.350 26 305 374 323 7
2.17 1.63 3.15 29 0.00 0.00 0.00 8
1.86 1.95 0.35 30 29.5 7.72 1.28 12
225 193 84.3 33 4.28 6.61 10.3 13
236 204 24.8 34 301 328 327 14
167 138 182 36 268 210 207 14.1
0.00 0.00 0.00 37 3.00 2.10 1.99 15
0.00 0.00 0.00 42 146 103 68.0 16
2.17 0.960 0.28 49 134 128 107 17
218 146 4.70 51 297 267 213 18
0.00 0.00 0.00 52 20.3 18.3 2.35 20
262 263 248 53 344 359 362 21
189 154 3.85 23
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Table 3. Release of phosphorus (mg1") from aluminum phosphate source by isolates at different times.

72 48 24 72 48 24
laa i Laa
celo . celo .
strains strains
Hour Hour
2.79 1.35 0.350 24 1.32 1.21 1.18 1
0.930 0.580 0.350 26 133 8.06 4.78 7
0.620 0.605 2.45 29 0.00 0.00 0 8
1.55 1.63 2.80 30 10.1 9.36 4.50 12
2.79 2.25 0.00 33 0.00 0.330 0 13
4.34 3.58 0.35 34 5.96 7.27 6.07 14
6.99 7.36 2.07 36 7.62 5.12 4.89 14.1
0.00 0.00 0.00 37 2.98 2.78 2.75 15
0.00 0.00 0.00 42 0.00 0.00 0.00 16
0.310 0.00 0.00 49 0.00 0.00 0.00 17
3.32 1.99 0.00 51 6.63 4.94 1.40 18
0.00 0.660 0.670 52 3.32 1.99 0.00 20
6.65 4.98 0.00 53 4.03 0.320 0.00 21
2.17 0.00 0.00 23
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Table 4. Extracellular of phytase activity (mU ml”) in different strains.
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Table 5. Auxin production (mg 1") in different strains after three days.
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Table 6. Semi-quantitative measurement of alpha-amylase, protease and cellulose enzymes.
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- - - 24 - - - 1
- - ++ 26 ++ - - 7
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- - ++ 30 - - - 12
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- - + 34 + - + 14
s - * 36 + - + 14.1
- - + 37 ++ ++ . 15
- + ++ 42 + - - 16
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- ++ - 52 . - + 20
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- - - 23
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- No halo, + diameter of the halo 1-2, ++ diameter of the halo 2 - 3, +++ diameter of the halo > 3 mm.
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Table 7. Identification of selected isolates by 16S rRNA sequence.
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99.82 KJ877659.1 Serratia marcescens MSSRF QS71 7
99.91 KMBS871861.1 Sphingobium yanoikuyae CH1-1-2 13
99.40 KP260658.1 Enterobacter hormaechei DD3 21
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Abstract

Background and Objectives: Plants growth in agricultural soils are affected by several
biological factors. Plant growth promoting bacteria can improve growth and yield of agronomic
plants through direct and indirect mechanisms. Minimizing consequences of using high amount
of fertilizers and obtaining sustained level are the aims of sustainable agriculture. Using
microorganisms due to improving soil fertility and nutrients uptake, lead to increase growth and
yield of plants and ameliorate soil health. The aim of this research was to isolate and purify
bacterial isolates from animal manures, to evaluate their plant growth promotion characteristics
and identify the selected isolates.

Material and Methods: In order to characterize growth promotion properties of bacteria in this
study, 10 samples of animal manures from different regions were collected. 27 isolates based on
halo production, growth rate and morphological characteristics in NBRIP medium were purified
and then their typical PGP including auxin, Siderophore, HCN production, insoluble phosphates
solubilization and secretion of protease, Cellulase, a-amylase and phytase were evaluated and
finally selected isolates based on 16STRNA were identified.

Results: Among all of the isolates, maximum phosphorous from tri-calcium phosphate (373 mg/1)
and aluminum phosphate (13.3 mg/l) was released by isolates NO. 7. Significant negative
correlation (r= -0.86, P<0.01) between maximum solubilization of tri-calcium phosphate and pH
was observed. Isolate NO. 21 produced greatest amount of auxin (52.8 mg/l). Only isolates
NO. 30 and 53 were positive in HCN production. Among 27 isolates only three of them had the
ability to secret protease, cellulase and a-amylase. The utmost halo was measured by isolate
NO. 49 in production of these three enzymes. Evaluation of extracellular phytase production
showed that only 6 isolates were capable to produce the enzyme. The analysis of the 16S rRNA of
the selected isolates showed highly similarity to bacteria belonging to the genera Enterobacter,
Sphingobium, Serratia. Only one of the three selected isolates produced weak halo in CAS-agar
medium and another two isolates didn't show the siderophore prodction capability.

Conclusion: Plant growth promotion characteristics of bacterial isolates, in this research,
showed that some of the isolates had the potential to be used as PGPB. Those isolates capable of
producing protease, amylase and cellulase enzymes not only have usability in agriculture but
also because of the importance of this group of enzymes, especially protease and amylase in
industry, can also be considered.

Keywords: Tri-calcium phosphate, Aluminum phosphate, Auxin, Phytase, Plant growth
promotion
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