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Table 1. Tris-minimal salt medium (Zn
solubilizing)

g.L?
D-Glocose 10
Agar 15
CaCl,.2H,0 0.03
MgCl,.6H20 0.2
NazSO4 0.43
NH,4CI 1.07
KCI 1.49
NaCl 4.68
Zn3(PO4)2 1.99

(693 Joonali Sl 5 JSonil Ulg5 (S (o303

b g5 53, Jobel OlaS 5 Pl Glgs (5 (o2
el See i o A L addlas 550 sl a5
2o Jslo VoA e b 65T Jlab ¢pg il g
ol ciS Lo (59, 05 Sk g 2 7 oo
Jolelb SluS 5 (g9l> ¢ Tris-minimal salt medium
YA Gl o 6y sloasias ol ploul el (59,
A8 59y i 5l ey el () 0aSS Gugenn L az o
S-Sk s, &bl (Halo zone diameter) Class alls
Ot A (6 S 03l (el (69, Ml saimolis oS
d—lxe (55, 00T > las St colM> a3l
b gz ol S50 &y N LS
Sl s a5y a8 qedts Blads alls HaB g 5y
Tallapragada & Seshachala, 2012, Gandhi et al., )
de5u |y o> as Ll op iy o5 slaslos (2014
Jol> o sl syse a i plgieay ool ol
23,5 518 eolaial 3550 (29,500

35 Jokxol Ol i Pl g o5 (303
Cl> a3l &5 plaalas sl jshie opl sl
Wl bl wisg ools lid wel> e o SV

(Weisburg et al., 1991) 16S rRNA 5 ;55 (gl eoliswl 390 gl 55T -F Jgu
Table 2. The universal primers used based on the gene 16S rRNA, used in this study (Weisburg et al., 1991)

Primer sequence Primer
5-AGAGTTTGATCCTGGCTCAG-3' fD1
5-ACGGCTACCTTGTTACGACTT-3' rP2
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Table 3. Moisture of water holding capacity (%) and pH of carriers

Carrier Moisture of water ) o
(/) holding capacity adjusted pH Initially pH

Talk 106 6.9 7.7
Azula biochar 57 7.1 8.3
Azula 92 6.8 8.3
Apple biochar 71 7.1 75
Perlite 85 6.8 7.5
Manure 94 7 8.5
Vermicompost 101 7.1 8.2
Peat moss 69 6.9 7.9
Bran 280 7 59
Sawdust 109 6.9 5.9
Beet pulp 120 6.9 7.9
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Figure 1. Bacterial colony and halo zone around it
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Table 4. The phenotypic and biochemical assays on insoluble Zn compounds-solubilizing bacteria

Isolate Gram O/F Oxidase Gelatinase SIM™ Catalase HS Citrate Urease King’B Starch
code
ur2 - Obligate aerobes + + - + + 4+ + + -
Ur3 - Obligate aerobes + - - + - + + ; i}
Ur4 - Obligate aerobes - - - + + + + - -
ur5 - Obligate aerobes - + - + - + + - -
ur7 - Obligate aerobes - + - + - + + - -
Url10 - Obligate aerobes + + - + - + + + -
Urll - Facultative - - - + - + + . .
anaerobes
uUrl3 - Facultative - + - + - + + . .
anaerobes
uris - Obligate aerobes - + - + - + + + .
Url9 - Obligate aerobes + + - + - + + . }
ur2l - Obligate aerobes + - - + - + + + .
Ur22 - Obligate aerobes + - - + - + + + .
Ur23 - Obligate aerobes + + - + - + + - -
ur75 - Obligate aerobes - + + + + + + + -
ur80 - Obligate aerobes + + + + + + + - .

* SIM = sulfide indole motility

3.00
2.40
1.80

1.20

Solubilization index

0.60

0.00

Ur2 Ur3 Ur4 Ur5 Ur7 Url0 Urll Url3 Url8 Url9 Ur21 Ur22 Ur23 Ur75 Ur80

Bacterial isolates
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Figure 2. The solubilization index of bacterial isolates on Znz(POa)
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Table 5. Comparison of the mean interaction of bacterial isolates and zinc phosphate (ZnPQ,) on the amount
of zinc solubilization

Isolate code

ZnPO4 (mg L?)

Control
url0
url3
urll
ur2l
ur22
ur23

16.16*
69.16b
41.66°
38.66f
55.83¢
75.16%
56.16¢
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Table 6. Identification of the bacteria with highest insoluble Zn-solubilizing index, based on 16S rRNA
sequencing

Isolate code Species

Accession number

uUrl0 Pseudomonas putida MW281046
Urll Enterobacter cloacae MW281052
Url3 Enterobacter sp. MW281053
ur21 Pseudomonas fluorescens MW281054
Ur22 Pseudomonas fluorescens MW281075
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100 | Pseudomonas fluorescens C01 (MK796436)
Pseudomonas fluorescens JCM 13057 (LC507954)
Pseudomonas fluorescens CTPF5 (MK929504)
Pseudomonas fluorescens GZH02 (MN578148)
Pseudomonas fluorescens 16f (MN099303)
Pseudomonas fluorescens W-STS-8 (MT967291)
esdl Pseudomonas fluorescens CB32 (FJ422406)
51 [ Ur22 (MW281075)
43L Pseudomonas fluorescens P13 (EF487999)
Pseudomonas fluorescens KU-7 (AB266613)
Ur21 (MW281054)
Pseudomonas putida R43 (KC990820)

2¢r Pseudomonas putida SY4 (MH142393)
33|l pseudomonas putida GPo1 (AJ249825)

44|, Pseudomonas putida PASS3-rapib (EU043323)

g || Pseudomonas putida Pp 165 (KF278708)

741 Ur10 (MW281046)
Enterobacter sp. MF 84 (KY587336)
Enterobacter sp. MZ2 (MN905526)
Ur13 (MW281053)
Enterobacter sp. B5 (LC498102)

0.020

Enterobacter cloacae R1 (MF772442)
Ur11 (MW281052)
95 Enterobacter cloacae TUTXS-04 (KY818668)
4a| Enterobacter cloacae RJ30 (KC990813)
37! Enterobacter cloacae RN2 (KC990822)

100|933
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Figure 3. Phylogenetic tree of 16SrDNA partial sequences from selected five bacterial strains
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Table 7. Variance analysis of the effect of time and solid carriers on bacterial population

Source of variation df MS
Carrier 10 13.5™
Time 8 82.2™"
C*T 80 0.338™
Error 198 0.040™"
CV (%) 2.91

olo & Job 53 cilides sl ool 50 (6551 Coronr vy (koo dumslilo — A Jgur
Table 8. Comparison of the mean of the bacterial population (log) in different solid carriers in nine months

Time (month)

carriers 1 2 3 5 6 7 8 9

Talk 8.39b  8.15bcd 4.89k 489% 4481 339m 31mn 3.05n 21llo
Biochar Azula 8.89a 88%9a 8l1lbcd 7.89d 7.07ef 6.39gh 6.07hi 5.39j 507jk
Azula 8.89a 8.89a 8.89a 7.89d 6.74fg 6.41h 6.1hi 511jk 5.04jk
Vermicompost 8.99a 8.89a 7.99d 794d 7.39e 6.4gh 6.07hi 539] 5.04jk
Perlite 8.89%a 8.89%a 839b 7.89d 7.07ef 6.1hi 6.11hi 515jk 499k
Manure 894a 8.89a 789 d 789d 6.99f 6.07hi 599i 507jk 4.94k
Bran 8.89a 889a 81lbcd 794d 7.11ef 6.07hi 599i 511jk 499k
Sawdust 8.99a 8.94a 839b 7.89d 6.99f 6.07hi 5.99i 511jk 499k
Peat moss 899a 8.89a 839b 799d 7.39e 594i 594i 507jk 499k
biochar Apple 899a 889a 836bc 794d 7.1lef 6.39h 6.07hi 517jk 5.07jk
Beet pulp 8.80a 8.89a 839b 79cd 6.94f 6.07hi 5.99i 511jk 494Kk
LSDo.0s 0.3220

N, 55l sixe 6)La'| Ol a0 0 ozl oy SSls Qy.)"' bl S jiie By > (55l sl Silo
Means with similar letters are not significantly different at 5% probability level according to Duncan tests.
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Various Carrier Efficacy in Superior Isolate Survival
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Abstract

Zinc (Zn) is one of the micronutrients that is in calcareous soils in low solubility forms that is not
usable for the plant. One of the ways of supplying Zn of the plant in these conditions is the use of
microorganisms that increase the solubility of zinc-insoluble compounds in the soil. Biofertilizers
play significant role in sustainable agriculture. Therefore, to provide them, different carriers are used
to increase the longevity and survival of the bacteria. This study aimed to evaluate the effect of Zn
solubilizing bacteria isolated from saline soils and to evaluate the survival of the superior strain in
various solid carriers during nine months in a completely randomized two-factor basis design (carrier
and Time) performed with three repetitions. Solid carriers included perlite, peat moss, sawdust, sugar
beet waste, manure, vermicompost, azolla, biochar (azolla and apple), bran, and talc. In this study,
bacterial inoculants prepared with the same initial population after storage at room temperature were
compared for the survival of the bacteria. For counting the bacteria in microbial carriers, after dilution
series preparation, the MPN counting method was used each month. The results showed that out of
24 samples of the rhizosphere soil, 15 strains of Zn-solubilizing bacteria were isolated and purified.
Five isolates found to be the most efficient solubilizing insoluble Zn compounds were examined for
molecular identification. Based on gene 16S rRNA sequencing, three isolates belonged to the genus
of Pseudomonas, and two to Enterobacter. The highest solubility index (2.28) was related to
Pseudomonas fluorescens strains which were used for inoculation of microbial carriers by the Ur 22
strain. The results of bacterial count in the carriers showed that among the tested carriers, the highest
population counted after nine months in carriers of apple biochar (5.07 cfu g*) and azolla biochar
(5.07 cfu g1), and the lowest population was obtained in talc carrier (2.11 cfu g ). In general, it can
be said that among the tested carriers, biochar is recommended due to its good properties and cost-
effectiveness.
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