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One of the most important macronutrients to plants is phosphorus, which increases the biological
activities in plants. Phosphorus is found as insoluble and unavailable form for plant. Some microbes
of the soil can transform insoluble phosphate shape to a more suitable shape for plants’
requirements. The current study used some microorganisms as bacteria and fungus that had the
ability to convert phosphorus. Different phosphate microorganisms have been isolated, screened,
identified; and the intrinsic antibiotic resistance was tested. One hundred bacterial isolates were
isolated from Curcuma, Ocimum and rhizospheres of Eruca plants and tested for phosphate
solubilization. The results showed nine bacterial isolates (R1B2, R2W22, R3B28, R4B31, R5C33,
R6B34, R7 C35, R8 B40, and C15) out of 100 investigated bacterial isolates, which had a potential
of phosphate solubilization ability based on Pikovasky (PVK) and National Botantial Research
Institute Phosphate (NBRIP). The media was based on clear halo zone, and the nine isolates of the
bacteria were determined using biochemical (APl 20) test. Based on the results, the identified
isolates of bacteria were: Enterobacter cloacae (R1B2, R2W22, R3B28, R4B31, R5C33, R6B34, R6
C35, R7 C35 and R8 B40), Klebsiella pneumonia (C15), Bacillus cereus (R2W22) and Bacillus
megaterium (R3B28). We found eight selected bacteria (R1B2, R2W22, R3B28, R4B31, R5C33,
R6B34, R7C35 and R8B40 and C15) which were confirmed by 16S rRNA sequence. These
sequences were submitted to the NCBI GeneBank under accession number MKO064178 for E.
cloacae R1B2, (MKO064181) for E. cloacae R4B31, (MKO064182) for E. cloacae R5C33
(MKO064183) for E. cloacae R6B34, (MK064184) for E. cloacae R7C35, (MK064185) for E.
cloacae B40R8, MK064179 for B. cereus R2W22 and MK064180 for B. megaterium R3B28.
Intrinsic antibiotic resistance test was carried out for 8 phosphate solubilizing bacteria (R5C33,
R7C35, R2W22, R8B40, R3B28, and C15) using 9 antibiotics. The obtained data revealed that B.
cereus (R2W22), E. cloacae (R5C33, R7C35, and R6B34), were resistant against six antibiotics.
While E. cloacae (R8B40 and R1B2) was resistance against eight antibiotics. B. megaterium
(R3B28) had resistance for three antibiotics. Seven isolates of fungi were isolated from soil samples
and screened for phosphate solubilization. The data showed Aspergillus niger (LA) had high
phosphate solubilization and identified based on 18S rRNA sequencing. The sequence data were
submitted to Gene Bank. Isolates of bacteria and fungi could be used as potent bio-fertilizer for
phosphate.
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Introduction

Phosphorus is very important macronutrient to plants, where dry plant weight contains about 0.2% of phosphorus. It is an
important element for phospholipids, nucleic acids, ATP, controlling reactions of key enzymes and metabolic pathway
regulations [1]. The phosphorus nutrition affects nitrogen fixation in legumes, quality of crop, and resistance against many
plant diseases [2]. Richardson [3] reported that, phosphorus in soil was found in both organic and mineral form, which
resemble from 20 to 80% in organic material and from 10 to 30% in applied fertilizers (P) available for plants. Mclaughlin et
al., [4] and Holford, [5] reported that, more than 80% of it is not used by plant because of its precipitation, adsorption, or
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conversion to organic P. In addition, total P is in the insoluble form as reported by [6, 7]. Using phosphorus fertilizing led to
increase the plant problems, more cost, and define a new alternative strategy to provide phosphorus to plant and improve
crop production [8].

Microbes activity is important in cycling of phosphorus in the soil [9]. Microorganisms in soil which convert insoluble
phosphates to soluble forms are called phosphate-solubilizing microorganisms (PSM) [10, 11], which provide P to plants and
increase the growth performance.

Activity of those microorganisms could be tested on media containing (dicalcium and tricalcium) phosphate, phosphoric
rock, hydroxyapatite, and the minerals contain P (insoluble) similar to sole conditions [12]. Activity of covered phosphate
solubilization was assessed by formation of halos solubilization (light zones) around microbes [13].

Reddy et al., [14] tested solubilization of phosphates from rock by two isolates of A. tubingensis, A. niger, isolated from
rhizospheric soils, the results showed increase P solubilization percent by A. tubingensis (AT1) strain as it used 2% of rock
phosphate.

An aim of the present study was to identify solubilizer isolates of bacteria and fungi by morphological, biochemical and
molecular characteristics using 16S rRNA for bacteria and 18S rRNA for fungi.

Materials and Methods

Collection and isolation of bacterial isolates:

Three rhizospheric soil samples were collected from Cucumis, Ocimum, and Eruca plants. The samples were taken from
different regions located at Kilo 14 district, Jeddah (Saudi Arabia). One gram of rhizosphere soil sample was placed in the
sterile falcon tubes containing 9 ml distilled water. The serially diluted soil samples (10-° and 10”7) were placed on nutrient
agar medium and incubated at 30°C for 48 h [15].

Media:

Agar medium was used for bacteria and Potato Dextrose Agar (PDA, Oxoid) was used for fungal cultivation (Pikovskaya
medium) (PVK) [16], and National Botanical Research Institute's phosphate growth medium (NBRIP) [17] were used for
detection of microbe’s phosphate solubilizing. Muller- Hinton medium Muller- Hinton medium was used for the disk
diffusion assay method.

Screening of solubilizing phosphate bacterial isolates using two media (PVK) and (NBRIP). One hundred bacterial isolates
were screened on (PVK) and (NBRIP) media supplemented with Cas (POa4)2 to detect phosphate solubilizing bacteria.

Isolates of bacteria and fungi were incubated for 7 days at 30 °C [18] the clear zone diameter and colony diameter were
(Colony diameter+Halo zone)
colony diameter

measured on 1%, 2", 31 4" and 71 days. The formula that was used for solubilization index (SI) =

[19].

Study of morphological and biochemical characteristics of isolates:

Gram stain and the method of Sallisaw were used to study morphological characteristic of high phosphate solubilizing
bacterial isolates. Biochemical tests were carried out by using API 20-[20].

Amplification of the 16S rRNA from the selected strains:

Genomic DNA samples from eight isolated phosphate solubilizing bacteria were extracted using Gene lute TM Bacterial
Genomic Kit (Sigma Aldrich- USA). The regions of the 16S ribosomal genes (rRNA) of the genomic DNA extracted were
amplified by polymerase chain reaction (PCR). The amplification of the approximately 1492 bp DNA fragment were
performed with the highly conserved 16S rDNA universal primer pair, fD1 and rP2 [21], with the following sequences: fD1:
5’AGA GTT TGA TCM TGG CTC AG-3’ and rP2: 5°-TAC GGY TAC CTT GTT ACG ACTT-3".

Intrinsic antibiotic resistance test (IAR):

Intrinsic antibiotic resistance test was used to study the bacterial resistance or sensitivity to antibiotics. Plates of culture
medium were incubated by spreading bacterial culture on agar surface of the Mueller-Hinton agar medium (MH). Filter
paper disc containing different concentration of antibiotics, 100 pg/ml of: Levofloxacin (Lev), Tobramycin (TMN),
Tigecycline (TGC), Vancomycin (VA) and Clindamycin (CM) while 50 pg/ml Fusidic acid (FA), ampicillin/sulbactam
(SAM) 20 pg/ml and Taxo A (A), and 10 pg/ml Metronidazole (MET) were then placed on plates. The plates were incubated
at 30°C after inoculation.

Fungal isolation and identification:

To isolate and detect fungal phosphate solubilization, soil samples were collected from King Abdul Aziz University region,
and the fungal isolates were morphologically identified [22].

Fungal molecular identification using 18S rRNA:

Chromosomal DNA of A. niger (LA) was amplified with primers derived from the cDNA sequence. The 18S rRNA gene
was amplified using PCR. Two oligonucleotide fungal primers were used for amplification, NS1 (forward) 5' GTA GTC
ATA TGC TTG TCT C 3 and NS8 (reverse) 5 TCC GCA GGTCA CCT ACG GA 3’. PCR was performed in a final

volume of 30 p@ with 20 ng of genomic DNA as the template and EF-Taq (Sol Gent, Korea) as follows: initial denaturation
at 95 °C for 2 min., 35 cycles of 95 °C for 1min., 55°C, and 72 °C each for 1min. and final elongation for 10 min. at 72 °C.
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The products of amplification were purified with a multiscreen filter plate (Millipore Corp., Bedford, MA, USA).
Sequencing reactions were performed using a PRISM Big Dye Terminator v3.1 Cycle Sequencing Kit. The DNA samples
containing the extension products were added to Hi-Di formamide (Applied Biosystems, Foster City, CA). The mixture was
incubated at 95 °C (5 min.), 5 min on ice and then analyzed by ABI Prism 3730XL DNA analyzer (Applied Biosystems,
Foster City, CA). The sequence was searched against BLAST algorithm (http://www.ncbi.nlm.nih.gov/BLAST/). GenBank
accession numbers for sequences were obtained.

Optimizing physiological conditions (PH & temperature) for phosphate solubilization of A. niger (LA):

A. niger (LA) strain cultures were checked for optimization for phosphate solubilization at two different temperatures (28
and 40°C) and pH (5, 6, 7, and 8) on PVK medium plates. Two methods (fungal disk & spore suspension) were used.

Fungal disk:

A. niger (LA) was grown on PVK medium at 28°C for 5 days. Six mm-diameter wells were punctured in the medium using
sterile cork borer. A. niger (LA) grown on PVK plates inverted inside the well on PVK plates and incubated at 28°C for 4
days with continuous observation for zone diameter. PVK plates not inoculated were maintained as control according to [23,
24].

Spore suspension method:

Fresh speculated A. niger (LA) culture prepared on PVK medium was selected for preparation of spore suspension. Twenty
ml sterile water was spread in aliquots on a culture plate and the fungal colony surface was lightly scratched off using a
sterilized spreader [25]. A sterile glass bottle with Whatman No. 42 filter paper was used to filter cultures. Spore counts were
taken using a hemocytometer and the suspension was adjusted to have approximately 1 x 107 spores per 1 ml. 20 pl of spore
suspension was added to each side of the hemocytometer. The average number of conidia calculated in one cell of
hemocytometer was 4,37 x 107 conidia /ml.

Results:

Collection of samples and isolation of bacteria:
One hundred isolates were obtained, of which 40 were from Cucumis sativus, 20 from Eruca sativa and 40 from Ocimum
basilicum; they were preserved at 4°C. These isolates were screened for phosphate solubilization.

Screening of phosphate solubilizing bacteria using (PVK) and (NBRIP) media

Phosphate solubilizing bacteria (PSB) showing clear zone were selected. The result indicated that 9 isolates (R1B2, R2W22,
R3B28, R4B31, R5C33, R6B34, R7C35, R8B40, and C15) showed a clear zone. Screening data of PVK and NBRIP media
is shown in Fig. 1. Seven isolates out of 9 showed a clear zone using PVK medium. Results of solubilization index (SI) on
PVK showed 3, 2.7, 2.6, 2.5 for (R1B2) (R4B31) (R7C35) (R5C33, R840 and R2W22), respectively and no clear zone with
(C15) and (R3B28) (Table 1). Table 2 showed that Sl was 4, 3.6, 3.5, 3.3, 2.8 and 2.6 for (R3B28) (C15) (R1B2 and R5C33)
(R840) (R7C35, R4B31, and R6B34) (R2W22), respectively on NBRIP medium. The isolates (C15) and (R3B28) illustrated
clear zone on NBRIP and not on PVK media.

Sl was ranged from (2.5 to 2.2), (2.5 to 2.1), (2.6 to 2.4), (2.3 t0 2.7), (2.5 to 2.1), and (2.4 to 2.2) for (R2W22), (R5C33),
(R7C35), (R4B31), (R8B40), and (R6B34) on PVK medium, respectively; S| for (R1B2) isolate in seventh day was 3 (Fig.
2). Also, Sl was ranged from (2.6 to 2.2), (2.4 to 3.5), (2.8 to 2.5), (3.6 t0 2.4), (3 t0 3.3), (2.8 t0 2.4), (3.3 t0 2.4), (4 t0 2.2),
and (2.7 to 2.5) for (R2W22), (R5C33), (R7C35), (C15), (R1B2), (R4B31), (R8B40), (R3B28), and (R6B34) on NBRIP
medium, respectively (Fig. 1).

Fig. 4 shows comparisons of Sl between two media. Results indicated that all isolates possess phosphate solubilization
activity on NBRIP medium except (R840) isolate that possess high phosphate solubilization activity on PVK. Also, higher SI
was observed for (R2W22), (R6B34), and (R7C35) isolates after 1 day of incubation on both media, for (R3B28) isolate at
the first day on NBRIP medium, for (R840) isolate at the first and second days on both media, for (R5C33) isolate at the first
and seventh days of incubation on both media, and for (R4B31) at the 7™ and 1% days of incubation on both media. The
results in 3 day of incubation showed higher SI on NBR medium for (C15) and after 7 and 3 days of incubation on PVK
and NBRIP media for (R1B2).
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Fig. 1: The phosphate solubilizing zone formed on PVK and NBRIP media containing Cas (PO4)2 by bacterial isolates.

Table 1: Phosphate solubilization of bacterial isolates on (PVK) agar medium after incubation at 30°C up to 7 days.
One day Four

(PVK) Two days Three days days Seven days
5 5 3 5
—_ —_ (5] —_ [} — (5] —_ (<3} —
Isolates code @ g . g, g Sl E g, g SI E § g Sl E g, g SI E § g Sl
REC|SE S| 35& L SISk R
5 O3 2| O3 21903 2 |03 2 1903
(=] (=] (=} (=]
N N N N
Eruca sativa
(R2W22) 0.6 04 |25(08| 06 [24|09| 07 |23 | 1 (08|23 (11| 09 |22
Cucumis sativus (R5C33) 0.6 0.4 25108 0.7 2.4 1 0.9 23| 12 1 22112 ] 09 |21

Cucumis sativus (R7C35)| 0.5 0.3 26 | 07| 05 |25 1 08 |25|12|08|24|13]| 09 |24

Cucumis sativus (C15) - - - - - - - - - -

Ocimum basilicum

o ] ] ] S |- 04|02 |3
Ocimum basilicum 08 | 06 [23| 1| 08 |23|13| 1 |24|13| 1 |25|17| 1 |27
(R4B31) ‘ ' ' ' ST . N .

Ocimum basilicum
(R8B40)
Ocimum basilicum
(R3B28)
Ocimum basilicum
(R6B34)

0.4 0.3 23|06 | 04 |25|07 | 06 2208|0721 1 08 |21

0.7 0.5 24109 | 07 (23|11 09 22 12| 1 |22]16 | 13 |22

Table 2: Phosphate solubilization of phosphate solubilizing bacteria on (NBRIP) medium up to seven days of incubation at

30°C.
(NBRIP) Two Three Four Seven
One day days days days days
o} ki e o} ko
Isolates code g | 8 g | 58 2| »8 g | »8 g | >8
< S e S| 8 S S| 8 S S| =] S e S| 8 S 2 S
S | 3 & S | 5§ S | 5§ S | & S | 5§ |
2| 935 2| O35 2| ©C35 2 | O35 e | 02
(=] (=] o (=] (=]
N N N N N
Eruca sativa
(R2W22) 05 0.3 26 | 07 0.5 2508 0.6 24 0.9 0.7 24 | 1 0.6 2.2
Cucumis sativus | 0.7 0.5 24108 0.6 24109 0.8 25 11 0.9 29 | 15 0.6 35
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(R5C33)
Cucumis sativus
(R7C35) 0.7 0.4 28 | 0.8 0.5 27 | 09 0.6 2.6 1 0.7 26 | 1.2 0.7 2.5
Cucumis sativus
(C15) - - 0.8 0.3 3.6 0.9 0.5 28 | 1 0.7 2.4
Ocimum basilicum
(R1B2) - 0.4 0.2 3 0.5 0.2 35 0.6 0.3 33| 07 0.3 3.3
Ocimumbasilicum
(R4B31) 0.7 0.4 28 | 09 0.5 2.8 1 0.6 2.6 11 0.7 26 | 14 1 2.4
Ocimum basilicum
(R8B40) 0.7 0.3 33|09 0.4 33| 1 0.5 3 1.1 0.7 27 | 11 0.8 2.4
Ocimumbasilicum
(R3B28) 0.3 0.1 4 |05 0.3 26 | 05 0.4 2.3 0.6 0.5 22 | 07 0.5 2.2
Ocimumbasilicum
(R6B34) 0.5 0.3 27 | 0.7 0.4 28 | 0.8 0.5 2.6 0.9 0.6 25 | 14 0.8 25
__ 35
@3
5 25
g 2
S 15
T 1
s
= 05
=)
=2 0
Q
7z 3 N o N D
P P P B P D S P oF
V@R F
NN & R

Isolates code

m(PVK) mSI mSI mS| mSI

Fig. 2: Phosphate solubilizing isolates on Pikovasky agar medium (PVK) after 7 days of incubation at 30°C.
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Fig. 3: Phosphate solubilizing bacteria on (NBRIP) medium after 7 days of incubation at 30°C.
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Fig. 4: Index of phosphate solubilization on both PVVK and NBRIP media after 7 days of incubation

Biochemical and molecular identification of phosphate solubilizing bacterial isolates (PSB):

Gram staining was used, nine phosphate solubilizing bacterial isolates inoculated on the glass slide of the smear. The results
showed that, 7 out of 9 phosphate solubilizing bacteria were gram-negative (R1B2, R5C33, R7C35, R8B40, R4B31, R6B34,
and C15) and two (R2W22 and R3B28) were gram-positive. Based on the results of biochemical tests using AP1-20 system,
isolates were identified as Enterobacter cloacae (R5C33, R7C35, R8B40, R1B2, R4B31, and R6B34), Klebsiella pneumonia
(C15), Bacillus cereus (R2W22) and Bacillus megaterium (R3B28). The identification of eight selected bacterial isolates
(R1B2, R2W22, R3B28, R4B31, R5C33, R6B34, R7C35 and R8B40, and C15) was confirmed by 16S rRNA gene sequence
data. The sequences were submitted to the NCBI GeneBank (www.ncbi.nIm.nih.gov) under accession numbers MK064178
for E. cloacae R1B2, MK064181 for E. cloacae R4B31, MK064182 for E. cloacae R5C33, MK064183 for E. cloacae
R6B34, MK064184 for E. cloacae R7C35, MK064185 for E. cloacae B40R8, MKO064179 for B. cereus R2W22, and
MKO064180 for B. megaterium R3B28 (Table 3). The results of the phylogenetic tree based on 16S rRNA sequence analysis

are shown in figures 5-8.

Table 3: BLAST search for the DNA sequence in NCBI (GenBank).

Name Strain code GenBank accession number Identity %

E. cloacae (R1 B2) R1B2 MK064178 99

B. cereus (R2W22) R2w22 MKO064179 99

B. megaterium (R3B28) R3B28 MK064180 99

E. cloacae (R4B31) R4B31 MKO064181 99

E. cloacae (R5 C33) R5C33 MKO064182 99

E. cloacae (R6B34) R6B34 MK064183 99

E. cloacae (R7 C35) R7C35 MKO064184 99

E. cloacae (R8B40) R8B40 MK064185 99
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Fig. 5: Phylogenetic tree based on 16S rRNA sequence analysis and the relation between E. cloacae (R1B2, R4B31) and the

most closely related bacterial species.
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Fig. 7: Phylogenetic tree based on 16S rRNA sequence analysis and the relation between E. cloacae (R5C33, R6B34) and the
most closely related bacterial species.
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Fig. 8: Phylogenetic tree based on 16S rRNA sequence analysis and the relation between E. cloacae (R7C35, R8B40) and the
most closely related bacterial species.

Intrinsic antibiotic resistance patterns of phosphate solubilizing bacteria (PSB):

Intrinsic antibiotic resistance (IAR) study of high PSB strains was carried out for 8 (R1B2, R2W22, R3B28, R4B31, R5C33,
R7C35 and R8B40, and C15) PSB using 9 antibiotics. The results indicated that all strains were sensitive to Levofloxacin
(Lev) and resistant to Taxo (A) and Clindamycin except (E. cloacae (R1B2); six strains were resistant to 6 antibiotics; B.
cereus (R2W22), E. cloacae (R5C33, R4B31, and R7C35) were resistant to 6 antibiotics (Table 4). E. cloacae (R1B2) was
resistant to 7 antibiotics and B. megaterium (R3B28) was resistant to 3 antibiotics. E. cloacae (A36) showed resistance to
three antibiotics: ampicillin, neomycin and rifampin and sensitivity to five antibiotics: chloramphenicol, streptomycin,
kanamycin, tetracycline and amikacin [26]. B. cereus showed resistance to 6 antibiotics: Vancomycin (VA), Clindamycin
(CM), Fusidic acid (FA), ampicillin/sulbactam (SAM), Taxo A (A), and Metronidazole (MET), and sensitivity to
Tobramycin (TMN) and Levofloxacin (Lev). The gram-positive bacterium, B. cereus was resistant to ampicillin,
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tetracycline, chloramphenicol, erythromycin, kanamycin, and streptomycin [27]. B. megaterium (R3B28) strain showed
resistance to 3 antibiotics: Metronidazole (MET), Taxo A (A) and Clindamycin (CM). Timmusk et al., [28] reported that
five strains of B. megaterium were sensitive to all used antibiotics (ampicillin, chloramphenicol, kanamycin, and
tetracycline).

Isolation and screening of phosphate solubilizing fungi:

Soil samples were collected to isolate fungi and detect phosphate solubilization. Isolates identified as 7 strains of fungi: one
isolate of Aspergillus niger (LA), three isolates of A. flavus, one of Alternaria sp., one isolate of Penicillium sp., and one
isolate of Fusarium sp. Screening of fungal isolates for phosphate solubilization indicated that one (Aspergillus niger (LA)
out of 7 isolates of fungi showed clear zone and solubilize phosphates using PVK medium.

Table 4. Sensitivity (S) and resistance (R) of PSB isolates for antibiotics.

LEV | MET | VA FA | TMN | TGC A SAM | cm ar:%i;){ic
Bacterial strains (ng) | (mcg) (ng) (ng) (ng) (ng) (ng) (ng) (ng) resistance
Diameter of the inhibition zone (mm)

B. cereus (R2W22) o T ® ®) ®) B 0 ®) ®) ®) 6
E. cloacae (R5C33) S 1 ® ®) ®) 0) 0) ®) ®) ®) 6
E. cloacae (R7C35) o 1 ® ®) ®) 0 o) ®) ®) ®) 6
ey ol e ® 0|l ® | ® | ®]| ¢
E. cloacae (R4B31) o1 ® ®) ®) B 0 ®) ®) ®) 6
E. cloacae (R8B40) o1 ® ©) 0 0 ®R) ©) @) ©) 6
E. cloacae (R1B2) ® | ® R) R) ) (R) (R) R) (R) 8
B. megaterium (R3B28) | (S) | (R 0 I 0 0 (R) I ®) 3

Levofloxacin (Lev), Tobramycin (TMN), Tigecycline (TGC), Vancomycin (VA) and Clindamycin (CM) while 50 pg/ml
Fusidic acid (FA), ampicillin / sulbactam (SAM) 20 pug/ml and Taxo A (A), and 10 pg/ml Metronidazole (MET). Diameters
of the inhibition zone were measured inclusive of the diameter of the disc, according to which the isolates were considered
Sensitive (>21mm), Intermediate (16-20) and Resistant (<15) (48).

Molecular identification of Fungi

One fungal isolate (LA) was selected to be identified using 18S rRNA gene sequencing. The molecular method confirmed
the isolate to be A. niger with 100% identity to 18S rRNA gene sequences of A. niger in NCBI database. The accession
number for A. niger (LA) is MK070508. The results of the phylogenetic tree based on 18S rRNA sequence analysis are
shown in Fig. 9.
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----------------------------------------------------- Asperaillus niger(on1214629321)

Fig. 9: Phylogenetic tree based on 18S rRNA sequence analysis and the relation between A. niger (LA) and the most closely
related fungal species.

Fungal disk method for qualitative estimation of A. niger (LA) phosphate solubilization:

Colony and zone diameters (cm) were observed on PVK medium for A. niger (LA), after two, three and seven days, then the
index was calculated. The results showed that after two days of incubation at 28 °C and pH of 5, 6, 7, and 8, SI was 3.1, 2.4,
2.3, and 2.3, respectively. Sl after three days was 2.2 at all pH values (5 6, 7, and 8). After two days of incubation at 40 °C, SI
values were 2.6, 2.3, 2.3, and 2.2 at pH of 7, 5, 6 and 8, respectively. The results showed that the maximum clearing zone was
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at 28°C and pH 7, and phosphate solubilization was greater at 28 “C than 40 ‘C. The best results were observed after two days,
while there was a decline in third day (Table 5 and Fig. 10).

Spores suspension method for qualitative estimation of A. niger (LA) for phosphate solubilization:

After two days of incubation at 28 °C, Sl values were 2.7, 2.5, 2.4, and 2.3 at pH 7, 5, 6, and 8, respectively. Sl after three days
were 2.3, 2.2, 2.2 and 2.1 at pH 7, 5, 8, and 6, respectively (Table 7 and Fig. 12). The results indicated that after two days of
incubation at 40 °C, Sl values were 2.3, 2.3, 2.2, and 2.1 at pH 7, 8, 6, and 5, respectively. Sl after three days was 2.1 at all pH
values (5, 6, 7, and 8) (Table 8 and Fig. 13).

Table 5: Solubilization index measurement of A. niger (LA) at 28 “C under different pH (5, 6, 7 and 8).

28°C Zone diameter | Colony diameter SI Zone diameter | Colony diameter Sl
2days 3days
pH 5 2 15 2.3 3.6 3 2.2
pH 6 24 1.7 24 47 42 21
pH7 2.7 1.3 31 3.9 33 2.2
pH 8 2.7 2 2.3 36 2.9 2.2

Fig. 10: Clear zone of A. niger (LA) at 28 “C under pH 5, 6, 7, and 8 on PVK medium.

Table 6: Solubilization index measurement of A. niger (LA) at 40 “C under pH (5, 6, 7 and 8).

40°C Zone diameter Colony diameter S| Zone diameter | Colony diameter S!
2days 3 days
pH5 25 1.9 23 43 3.9 2.1
pH 6 2.4 1.8 23 5.7 49 2.2
pH 7 35 2.2 2.6 5.7 5.3 21
pH 8 3 25 2.2 4.7 4.2 21

Fig. 11: Clear zone of A. niger (LA) at 40 °C under pH 5, 6, 7, and 8 on on PVK medium.
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Table 7: Solubilization index measurement using spore suspension of A. niger (LA) at 28 °C under pH 5, 6, 7, and 8.
28°c Zone diameter | Colony diameter | Sl 2days | Zone diameter | Colony diameter 3dsalys
pH 5 15 11 25 3.9 3.3 2.2
pH 6 2.6 1.9 2.4 41 35 21
pH7 3.4 2.0 2.7 44 3.4 2.3
pH 8 2.3 1.8 2.3 3.8 8.2 2.2

Table 8: Solubilization index measurement using spore suspension of A. niger at 40 °C under different PH (5, 6, 7 and

Fig. 12: Clear zone of A. niger (LA) at 28 °C under pH 5, 6, 7, and 8 on PVK medium.

8).

. . . Sl . . Sl

40°C Zone diameter | Colony diameter Zone diameter | Colony diameter
2days 3 days

pH5 2.6 2.3 2.1 3.9 35 2.1
pH 6 3 25 2.2 3.8 34 2.1
pH7 2.8 2.1 2.3 4.2 3.6 2.1
pH8 3.2 2.4 2.3 4.3 4 2.1

Fig. 13: Clear zone of A. niger (LA) at 40 °C under pH 5, 6, 7, and 8 on PVK medium

Discussion:

The plant growth promoting bacteria (PGPB) are rhizosphere and soil bacteria which will improve plant development [29].
S. maltophilia has been isolated from both Ocimum and Mentha plants and tested against pathogenic fungi [30]. As reported
by Chabot et al. [31], bacteria solubilizing inorganic phosphate could raise phosphate content and profit crops like maize,
lettuce, and legumes when inoculated alone. Sundara-Rao and Sinha [32] isolated these bacteria from the rhizosphere of the
many terrestrial plants.
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Biotechnological approaches could be used instead of chemical fertilizers [33]. PGPB were used to reduce the chemicals in
agriculture [34]. P fertilizer in the soil increased the cost of agriculture and environmental problems [35-37]. PSM in the soil,
transform P (insoluble) into an available form. The major P-solubilization mechanism in PSM is secretion of organic acids.
Crop growth could be promoted by the presence of many PSM in the soil [38]. Nikmehr et al. [39] reported that phosphorus
was the most essential macro element required for plants growth, and 0.1% of which is available to plants because of low
solubility [40]. The most stable organic forms of phosphorus in soil, resemble 50% of the total organic P [41]. Root is the
main organ for absorbing minerals and water and participates in material transport [42]. The fresh and dried plant weight and
plant height are significantly increased with the improved root system [36, 43]. Previous studies reported that different
species of bacteria (Enterobacter sp. and B. cereus) that solubilize phosphate, were isolated from rhizosphere of various
plants such as sunflower, Chinese cabbage, and potato. Pseudomonas strains were isolated from lettuce, Chrysanthemum,
Eruca sativa and maize plant rhizospheres [35, 36, 44, 45], and walnut [46]. Enterobacter cloacae was isolated from
Portulaca oleracea [26].

Vazquez et al. [47] obtained phosphate-solubilizing bacterial strains B. licheniformis, B. artrophaeus, Bacillus
amyloliquefaciens, Panibacillus macerans, E. aerogenes, Entrobacter taylorae, E. asburiae, and P. stutzeri from mangrove
rhizosphere.

Our results were screened on PVK and NBRIP media, and reported that 9 out of 100 isolates had halo zone around the
colonies; these isolates included 5 isolates (R1B2, R3B28, R4B31, R8B40, R6B34) from Ocimum basilicum, 3 isolates
(R7C35, C15, R5C33) from Cucumis sativus, and 1 isolate (R2W22S) from Eruca sativa.

Seven isolates out of 9 showed a clear zone on PVK medium plates. IS ranged from 3 to 2.1 and from 4 to 2.6 on PVK and
NBRIP media, respectively. The isolates (C15) and (R3B28) showed a clear zone on NBRIP and not on PVK media. Also,
Karpagam and Nagalakshmi [48] reported that, six out of 37 isolates collected from the soil and screened on Pikovskayas
agar medium containing tricalcium phosphate (TCP) (insoluble) were able to solubilize phosphate, and Sl ranged from 1.13
to 2.23. Halo zone was better on NBRIP as reported by [17], who compared NBRIP with P\VK medium and concluded a
larger and clearer zone on NBRIP; this was because of the inhibitory effect of yeast extract on mineral phosphate
solubilization by bacterial strains. Solubilization of phosphate by different genera of bacteria was based on organic acids’
production such as gluconate, ketogluconate, acetate, lactate, oxalate, tartrate, succinate, citrate, and glycolate [2, 49, 50].
Carbon source utilized as control substrate of organic acid produced for P solubilization and the highest P solubilization has
been observed when glucose, sucrose, or galactose were used as sole source of carbon in the medium [51, 52].

Based on biochemical tests, the isolates were identified as E. cloacae (R4B31, R5C33, R6B34, R7C35, R8B40, and R1B2),
K. pneumoniae (C15), B. cereus (R2W22) and B. megaterium (R3B28). ldentification of selected eight bacterial isolates
(R1B2, R2W22, R3B28, R4B31, R5C33, R6B34, R7C35 and R8B40) was confirmed using sequencing of 16S rRNA region.
Ul Hassan and Bano [53] reported that, strongest soil bacteria in phosphate solubilization were Enterobacter, Bacillus,
Rhizobium, and Pseudomonas. The best optimum conditions for E. cloacae to solubilize phosphate in this study were at 30
°C and pH 7, which was in agreement with [26] and [54] for E. hormaechei.

Sl was different between Enterobacter isolates, ranging from 2.5 to 2.1 for E. cloacae (R5C33) and E. cloacae (R8B40), and
from (2.6 to 2.4), (2.4 to 2.2), and (2.3 to 2.7) for E. cloacae (R7C35), E. cloacae (R6B34), and E. cloacae (R4B31),
respectively. Sl for E. cloacae (R1B2) was 3. Sl for B. cereus (R2W22) ranged from 2.5 to 2.2. on PVK medium. S| ranged
from 2.1 to 3 for all strains. SI was ranged from (2.4 to 3.5), (3 to 3.3), (2.8 to 2.5), (2.8 to 2.4), (2.7 to 2.5), and (3.3 t0 2.4)
for E. cloacae (R5C33), (R1B2), (R7C35), (R4B31), (R6B34) and (R8B40), respectively. Sl ranged from 2.6 to 2.2 and from
4 to 2.2 for B. cereus (R2W22) and B. megaterium (R3B28), respectively. Sl for K. pneumoniae (C15) ranged from 3.6 to
2.4 on NBRIP medium agar plates. Comparisons between solubilization indexes using both media reported that all isolates
possess phosphate solubilization activity on NBRIP medium. Also, the highest SI was calculated for B. cereus (R2W22), on
the first day of incubation on NBRIP agar medium. Also, 17 Bacillus isolates were isolated from soil samples, and the
potential of phosphate-solubilizing ability was observed on the plates of PVK agar medium and UBPSB-07 isolate showed
relatively high SI (1.4 in 72 hrs.) [55]. The phosphate solubilization of B. cereus [56] and B. megaterium [57] has been
reported. B. megaterium was tested on (NBRIP) medium containing phosphate, pH was gradually declined, and the clear
zone (which indicated phosphate solubilization) was significantly increased [58]. Jena and Rath [59] found that, the best day
of phosphate solubilization was third day of incubation for the five bacterial isolates. Also, Walpola and Arunakumara [60]
reported that E. ludwigii and E. hormaechei strains on the second and third days of the incubation showed the highest
efficiencies. This study also recorded the highest efficiencies in phosphate solubilization for E. cloacae (R6B34) and E.
cloacae (R7C35) isolates after one day of incubation, for E. cloacae (R840) isolate at the first and second days, for E.
cloacae (R5C33) isolate at the first and 7t days, for E. cloacae (R4B31) at the 7™ and 1% days, and for E. cloacae (R1B2)
after 7 and 3 days on PVK and NBRIP media. But, R. leguminosarum had highest dissolve of phosphates on day 7 of
incubation on PVK agar medium [61].

Filamentous fungi were highly important in phosphate solubilization. The samples from soils were collected to isolate fungi
and detect phosphate solubilization. One A. niger (LA) isolate out of 7 isolates of fungi showed a clear zone on PVK
medium, which was in accordance with Nopparat et al. [62], who identified 145 phosphate solubilizing fungal isolates, and
A. niger had high phosphate solubilization. Furthermore, Aspergillus sp. isolates were capable of solubilizing all the natural
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phosphates. A. tubingensis (AT1), A. niger and some Penicillium species showed solubilization activity [56, 63, 64]. A. niger
was more dominant than Penicillium sp. and Aspergillus sp. [65]. Fusarium sp. along with Aspergillus and Penicillium sp.
were isolated from tomato rhizosphere with a high proportion of phosphate solubilization [24]. Also, A. niger (LA) was
identified using sequencing of 18S rRNA gene.

In this study, the colony and zone diameter (cm) was observed on PVK medium for A. niger (LA), and Sl was calculated
after incubation for two days at 28 ‘C as 3.1, 2.4, 2.3, and 2.3 at pH 7, 6, 5, and 8, respectively.Sl after 3 days was 2.2 for all
pH values. While after two days of incubation at 40 °C, SI were 2.6, 2.3, 2.3, and 2.2 at pH 7, 5, 6, and 8, respectively. The
maximum clearing zones were at 28 °C, and pH 7, and phosphate solubilization was greater at 28 "C than 40°C after two
days, declining in three days. Naik et al. [66] reported that, SI gradually was increased with the increasing hour of incubation
and A. niger showed a maximum solubilizing index of 2.0 after incubation for 5 days. In this study, SI was 3.0 after 1 day at
28 °C and pH 7. EI-Azouni [23] noted that Sl of phosphate-solubilizing fungal strains ranged between 2.42 to 3.15, and
reported higher SI for A. niger strain than the Penicillium italicum. Both A. niger strains were grown at different pH and
temperatures to solubilize TCP, and maximum clearing zones were observed at pH 7.2 and 20 °C. The maximum Sl was
calculated 2.2 and 1.12 by strains 1 and 2, respectively [67]. Two fungi out of 20, isolated from the saline soils, showed a
significant zone of P solubilization, increasing up to the 71" day [68]. Phosphate solubilization depends on growth,
nutritional, and physiological conditions of the culture [69]. The maximum SI was shown by A. niger (LA), ranged from 2.7
to 2.3 after 2 days at 28 °C. Elias, et al. [24] reported that solubilization index of 3 isolates of phosphate solubilizing fungi
ranged from 1.10 to 3.05 at 7th day of incubation at 25-28 “C.

Bacteria are more effective than fungi in phosphorus solubilization [70]. Antarikanonda et al [71] reported that fungi are
more active than bacteria in solubilizing phosphate. Penicillium sp. and Aspergillus sp. strains were active for phosphate
solubilization in both solid and liquid media supplemented with tricalcium phosphate [72]. Inoculation with the soil mineral
phosphate solubilizing fungus, P. bilaii, could increase phosphate absorption by plants [73]. P. variable poorly solubilizes
inorganic phosphates in vitro [74]. Several bacterial strains such as Pseudomonads and Bacillus and fungal strains such as
Aspergilli and Penicillium have been identified as PSM. Their performance under in situ conditions is not reliable, and
therefore needs to be improved by using either genetically modified strains or co-inoculation techniques [75].

Conclusion

Improved knowledge is the best alternative method to reduce the application of chemical fertilizers, which in turn reduces
the pollution of the environment and the cost of production, and increases the yield in terms of quality and quantity, in
addition to the search for good ways to reduce the damage of chemical fertilizers such as the use of bacterial and fungal
isolates due to good solubility of phosphate. These bacterial strains need to be improved genetically to obtain modified
strains.
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