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P hosphorus (P) is one of the most
essential plant nutrients that signifi-

cantly influence overall plant growth
(Wang et al., 2009). It has an influence on
different key metabolic processes, like
development and division of plant cells,
energy transportation, signal transduction,
biosynthesis of macromolecular, photo-
synthesis, and plant respiration (Shenoy
and Kalagudi, 2005; Ahemad et al., 2009;
Khan et al., 2009). The environment does
not supply plants with soluble P. Primary
and secondary minerals and/or organic
compounds are therefore mainly the
source of P. The concentration of P in the
soil solution is much lower compared to
other nutrients and ranges from 0,001 to 1
mg / 1 (Brady and Weil, 2002). P-mineral
compounds generally contain aluminum
(Al), iron (Fe), manganese (Mn), and cal-
cium (Ca) and differ from soil to soil. For
example, P forms a complex in acid soils
with Al, Fe, and Mn, while it reacts very
strongly with Ca in alkaline soils. In all
conditions, however, the types of P soil
compounds are determined primarily
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through soil pH and soil mineral type and
concentrations (Khan et al., 2014).

The P of phosphatic fertilizers or
manure reacts extremely strongly with soil
components and then becomes unavailable
to plants. The insoluble kinds of P like
tricalcium phosphate (Ca;PO,), aluminum
phosphate  (AlsPO,4), iron phosphate
(Fe;P0O,), etc. these forms can be convert-
ed into soluble Phosphate by Phosphate
solubilizing organisms in different soil
types (Gupta et al., 2007; Song et al.,
2008; Khan et al., 2013; Sharma et al.,
2013). Generally, soil microorganisms are
more efficient in supplying P by solubili-
zation to plants from both inorganic and
organic sources. (Toro, 2007; Wani et al.,
2007) and mineralization of complex
Phosphate compounds (Ponmurugan and
Gopi, 20006).

Plants encounter multiple biotic
threats and adverse environmental factors.
Pests, parasites, and pathogens have been
identified since ancient times as the cause

of biotic stress in plants. Two types of
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fungal parasites occur: Biotrophic fungi
are certain fungi that require nutritional
supplies  from living plants and
nectrotrophs which kill the plant using
toxins (Glazebrook, 2005). In combination
with bacteria, they can cause, among other
symptoms, vascular wilts, leaf spots, and
cankers and infect various parts of a plant
(Gimenez et al., 2018). Treating plant
fungal infection with chemical pesticides
harms human health and the environment.
Therefore, an environment-friendly and
cost-effective alternative are always re-
quired. Using fungi as biological control
agents (BCAs) is an attractive treatment to
substitute dangerous pesticides and deliver
a wide field application potential (Das and
Abdulhameed, 2020).

Built on their wide scope of disease
prevention and increase in yield, fungal
biological control agents are gaining much
acceptance (Kaur and Reddy, 2017). Non-
pathogenic and saprophytic fungi that
inhabit soil can support several crops as
they not only encourage development but
also guard them against diseases (Pandya
and Saraf, 2010) examples of such fungi
include the genera Aspergillus, Tricho-
derma, Penicillium Verticillium, and oth-
ers. Isolates of Aspergillus, Paecilomyces,
and Penicillium are known to have an
antagonistic effect on soil-borne patho-
gens in the rhizosphere of crops (Noveriza
and Quimio, 2004).

Our research aims to help crop
producers to increase their production by
the introduction of novel fungal treatment
with dual function to solubilize phosphate

in the soil and to protect plants from soil-
borne pathogens. The research will focus
on screening soil for phosphate solubiliz-
ing fungi and the evaluation of their abili-
ties. The obtained fungi could be used in
the production of ecofriendly biofertiliz-
ers. Using such fertilizers could increase
the profits of crop growers, reduce the use
of harmful chemical fertilizers, reduce
greenhouse gases emission, improving soil

quality, and reduce production costs.
MATERIALS AND METHODS
Collection of rhizosphere soil sample

The soil sample was collected from
the Agricultural Genetic Engineering Re-
search Institute field near the sorghum
rhizosphere. The sample comprised of soil
adhering to the roots of sorghum. The
sample was carefully shaken in plastic
bags to separate the soil from the sorghum
roots, and immediately transferred to a
cooler until arrival at the laboratory. The
sample was stored at 4°C for further anal-
ysis.

Isolation of phosphate-solubilizing fungi
(PSF)

Nearly 10 g of soil sample was
moved to a sterilized Erlenmeyer flask
having 90 mL of sterile distilled water.
The sample was shaken at 120 rpm for 60
min. Then, a series of 10-fold dilutions of
the suspension were prepared and 300 pL
was plated on Pikovskaya’s agar from
each dilution. Pikovskaya’s agar was
made from 10 g glucose, 0.2 g NaCl, 0.2 g
KCl, 05 g (NHy S04 0.1 g
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MgSO,4-7H,0, 0.0001g FeSO4 7H,0,
0.0001g MnSO,-7H,0, 0.5 g yeast extract,
and 18 g agar in 1000 mL of distilled wa-
ter, and 0.5% tricalcium phosphate as re-
calcitrant P source (Pikovskaya, 1948).
The phosphate solubilizing fungi (PSF)
was identified after eight days of incuba-
tion at 25°C by the existence of a clear
halo zone around fungal colonies. The
experiment was repeated three times.
Identified PSF was purified by repeated
culturing on potato dextrose agar (PDA) at
25°C. Microscopic examination was per-
formed with an Olympus-FSX100 Invert-

ed Microscope.
DNA extraction from fungi

DNA extraction of fungi was per-
formed following the method of Aamir et
al., (2015). The genomic DNA was ex-
tracted from fungal cultures grown in lig-
uid PDA for five days at 25°C. Fungal
mass was obtained by filtering the culture
broth by 10 ml syringes encompassing
glass wool to retain the fungal mass and
let the broth pass through. The fungal
mass was put in a 2ml tube containing
sterile glass beads and lysis buffer (50mM
EDTA, 100 mM Tris HCI [pHS8.0], 3%
SDS). Homogenization of fungal mass
was accomplished using the Tissue Lyser
IT homogenizer (Qiagen, Germany). The
fungal homogenate was centrifuged at
13,000 rpm for 10 min and the supernatant
was transferred to a new microcentrifuge
tube. 2 of RNase A (10mg/ml) was added
to the supernatant and incubated at 37°C
for 15 min. After that, an equal volume of
phenol:  chloroform: Isoamyl alcohol

(25:24:1) was added followed by centrifu-
gation at 13,000 rpm for 10 min. The up-
per layer was transferred to a fresh micro-
centrifuge tube. Next, an equal volume of
100% ethanol was added. After precipita-
tion at -20°C for 30 min, the tube was cen-
trifuged at 13,000 rpm for 10 min to pellet
down the DNA. The DNA pellet was
washed with 70% ethanol followed by
centrifugation at 12,000 rpm for 5 min.
The DNA pellets were air-dried and dis-
solved in sterilized ddH,O.

Amplification of fungi Internal Tran-
scribed Spacer region (ITS)

The ITS region of the nuc rRNA
gene was amplified with primers ITSI:
5'TCCGTAGGTGAACCTTGCGG-3" and
ITS4: 5'-TCCTCCGCTTATTGATATGC-3’
(Wang et al., 2018). Primers obtained in
the lyophilized state were centrifuged at
1000 rpm for 5 min, deionized nuclease-
free ddH,O was added by recommended
volume described in the primers sheet to
form a concentration of 100 uM, vortexed
thoroughly until complete resuspension
then primers dilution applied 1:10 to from
a regular PCR working concentration of
10 uM. Polymerase chain reactions (PCR)
were conducted using 20-uL reaction mix-
ture containing 0.5 pL of each primer (10
pmol/uL), 1.0 uL of genomic DNA (10
ng/uL), 8 uL of 2 x PCR Master Mix
buffer (0.05 pg/ul Taq polymerase, 4 mM
MgCl,, and 0.4 mM dNTPs), and 10 pL of
ultrapure sterile water. PCR cycling con-
ditions were as follows: one initial cycle
of denaturation at 94°C for 3 min, fol-
lowed by 34 cycles of 94°C for 30 s, 50°C
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for 30 s, and extension at 72°C for 45 s,
and a final extension for 5 min at 72°C.

Purification of the PCR product

ITS PCR product was purified us-
ing the AxyPrep™ DNA Gel extraction
kit (Cat. # AP-GX-50) according to manu-
factures instructions. PCR product was
transferred into a 1.5 ml microfuge tube,
then a three X sample volume of buffer
DE-A was added. Subsequently, Half X
buffer DE-A volume of buffer DE-B was
added and mixed well. An AxyPrep col-
umn was placed into a 2 ml microfuge
tube. Then, the mix was transferred into
the column, centrifuged at 12,000 xg for 1
min. The filtrate was discarded from the 2
ml microfuge tube and the AxyPrep col-
umn was returned to the 2 ml microfuge
tube and 500 pl of bufferW1 was added.
The mix was centrifuged at 12,000 xg for
30 sec. The filtrate was discarded from the
2 ml microfuge tube. The AxyPrep col-
umn was returned to the 2 ml microfuge
tube and 700 pl of buffer W2 was added,
centrifuged at 12,000 xg for 30 sec, then
the filtrate was discarded from 2 ml mi-
crofuge tube. The AxyPrep column was
placed back into the 2 ml microfuge tube,
centrifuged at 12,000 xg for 1 min to re-
move residuals of previous solutions. The
AxyPrep column was transferred into a
clean 1.5 ml microfuge tube. 30 pl of pre-
warmed deionized water (65°C) was add-
ed to the center of the membrane and in-
cubated for 5 min at room temperature for
the elution of DNA followed by centrifu-
gation at 12,000 xg for 1 min. DNA was
quantified using the absorption of light at

260 and 280 nm (A260/280) by Thermo
Scientific™ NanoDrop 2000. The sample
was sequenced in the forward direction by

Macrogen Inc. (Korea).

Bioinformatic analysis of DNA se-
quence

The raw sequence was proofread
and edited manually with BioEdit 7.0.9
(Hall, 1999). A homology search was per-
formed using The Basic Local Alignment
Search Tool (BLAST) against the Nation-
al Center for Biotechnology Information
(NCBI) database, USA
(http://www.ncbi.nlm.nih.gov) on the
DNA level. The edited sequence was
aligned using Clustal W (Thompson et al.,
1994) and adjusted manually as required.
Finally, a neighbor-joining (NJ) phyloge-
netic tree was constructed with the Ki-
mura 2-parameter model to calculate se-
quence divergence and subjected to 1000
bootstrap replications using MEGA 6.0
(Tamura et al., 2013), with gaps treated as
complete deletions.

Antagonistic effect of phosphate solubil-
izing fungi

Phosphate solubilizing fungi isolate
was checked for antagonistic effect
against two pathogens belonging to the
genus Fusarium (Fusarium solani and
Fusarium verticillioides). The pathogens
used in the present research were obtained
from the Molecular Microbiology Lab,
Agricultural Genetic Engineering Re-
search Institute (AGERI)/ARC, Egypt.
Two-disc plugs (0.5-cm diameter) of
pathogen and antagonist (4 days old cul-
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ture) were transferred respectively to a
single potato dextrose agar (PDA) plate
(9-cm diameter). The antagonist plug was
placed on the one side of the plate (about
2 cm from the edge of the plate towards
the center), while the pathogen plug was
placed at the other side of the plate oppo-
site to the antagonist plug leaving 5 cm
between the two plugs. A plug of the PDA
medium was used as a control treatment
while the pathogen plug was placed on the
other side. Three replications (two
plates/replicate) for each treatment were
made, and the plates were incubated at
28 +£2°C for 5 days.

RESULTS AND DISCUSSION

Isolation of phosphate solubilizing fungi
(PSF)

The formation of halo zones
around colonies on Pikovskaya’s medium
is an indication that the microorganism
has the phosphate-solubilizing capability.
In the present study, six fungal isolates
were isolated from a sorghum field, only
one showed phosphate solubilizing ca-
pacity by displaying a clear zone of dis-
solved phosphate in solid Pikovskaya’s
medium, which indicated that this isolate
is phosphate solubilizing fungi (PSF) ex-
hibited the desired P-solubilizing ability
(Fig. 1). The fungal isolate was named
AG-AO01. Microscopic examination of
fungi showed that it tends to form fila-
ments (hyphae) and conidial heads of the
organism to be globose and dark brown
and the spores are carbon black/dark

brown color.

Phosphate solubilizing fungi was
reported recently as an alternative strategy
for using rock phosphate (RP) in soil ferti-
lization (Wang et al., 2018). Rock phos-
phate has a direct application for applying
phosphate to the soil, but its effectiveness
is highly dependent on the soil type which
soil PH is the most important factor (Sulb-
aran et al., 2009). An alternative was the
use of microorganisms capable of solubil-
izing rock phosphate and of releasing sol-
uble phosphorous through organic acid
production, sugar chelating, pH reduction,
and enzyme production. Several reports
have shown that certain microorganisms
can solubilize insoluble phosphate rock
and release soluble phosphate. Fungi As-
pergillus was an effective phosphate solu-
bilizer among the microbes (Wang et al.,
2018; Adhikari and Pandey, 2019).

Identification and phylogenetic analysis
of the AG-A01 isolate

DNA was extracted from Fungi.
Then, the amplification of the selected
Internal Transcribed Spacer (ITS) region
resulted in a band with approximately 600
bp (Fig. 2) which is the expected size ac-
cording to the designed primers. THE
purified PCR product was sent to sequenc-
ing and the resulted sequence was com-
pared to sequences in the gene bank using
The Basic Local Alignment Search Tool
(BLAST) on the NCBI website. The iso-
late AG-A01 was identified as Aspergillus
niger with similarity 100% with Aspergil-
lus niger isolate WA-TKA small subunit
ribosomal RNA gene. Phylogenetic tree
analyses with bootstrapping of the partial
sequence (398 bp) of the fungi ITS region
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suggested that this isolate was more close-
ly related to Aspergillus niger than any
Aspergillus group (Fig. 3). The AG-A01
isolate groups with Aspergillus niger with
strong statistical support and shares 100%

nucleotide sequence identity.

Antagonism effect of AG-A01 strain

The antagonism test showed clear-
ly that there was a significant reduction in
mycelial growth of tested pathogens after
the confrontation with Aspergillus niger-
isolate AG-AO1 (Fig. 4). The pathogens
Fusarium solani and Fusarium verticil-
lioides exhibited a similar reduction of
mycelium which reached nearly 99%.
This reduction could be explained for the
ability of Aspergillus niger to grow faster
than the two fungi and preventing even
their spores to grow and multiple. The
results of this test agreed with the findings
of many reports illustrated the role of As-
pergillus species in the biocontrol of plant
pathogens. For instance, Anwer et al.,
2017 who obtained an isolate from Asper-
gillus niger that can soluble phosphate and
act as a biocontrol agent. Ruangsanka,
(2014) stated that Aspergillus niger isolate
had the highest pathogen inhibition per-
centage (64%) against the devastating
soil-borne pathogen F. oxysporum. Asper-
gillus niger was also reported as a poten-
tial biocontrol agent for controlling fusari-
um wilt of tomato (Sharma et al., 2011).
In conclusion, in the current study, we
isolated an efficient phosphate solubiliz-
ing fungus which is also a strong biocon-
trol agent. Due to its several positive ef-
fects, the Aspergillus niger isolate has the

potential to be developed as a commercial
product which can increase crop nutrient

uptake and, hence increasing their yield.
SUMMARY

Phosphorus (P) is one of the most
important plant nutrients that greatly af-
fect overall plant growth. P-mineral al-
ways presents in soil with the insoluble
condition. Phosphate compounds general-
ly contain aluminum (Al), iron (Fe), man-
ganese (Mn), and calcium (Ca) which vary
according to soil type. Phosphate solubil-
izing fungi play a major role in rising soil
phosphate bioavailability for plants by
realizing phosphate from its compounds.
The present study was aimed to isolate
and characterize phosphate solubilizing
fungi from Egyptian soil using a solid
Pikovskaya (PVK) medium. In total, 6
fungal isolates were able to grow on
Pikovskaya (PVK) medium but only one
isolate (AG-AO1) showed phosphate-
solubilizing capacity. DNA was extracted
from the isolate followed by amplification
of selected Internal Transcribed Spacer
(ITS) region and DNA sequencing. After
analyzing the DNA sequence, the isolate
AG-A01 was identified as Aspergillus
niger. The fungal isolate also displayed an
antagonism effect against two plant path-
ogens (Fusarium solani and Fusarium
verticillioides). Thus, we consider this
fungal isolate as a promising tool for the
development of an efficient bio-fertilizer
for the plant which has the potential to
protect plants from pathogens especially

fusarium species.
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Fig. (1): (A) phosphate solubilizing fungi screening plate (B) Isolate AG-A01 clear zone of
dissolved phosphate in solid Pikovskaya’s medium (Picture from the back of the
plate), (C) Microscopic Examination of fungal isolate.

750 bp
500 bp

Fig. (2): PCR product of Fungi ITS region
Lane 1 and 2 are the same.
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Fig. (3): Phylogenetic tree for ITS sequence of isolate AG-A01. The NJ phylogram was inferred from
partial ITS sequence data. Bootstrap percentages of >70% derived from 1000 replicates are indicated
at the nodes. Bar = 0.0050 substitutions per nucleotide position.

Fig. (4): Dual culture assay. (A) Fusarium solani growing on PDA (B) Fusarium solani and As-
pergillus niger growing on PDA (C) Fusarium verticillioides growing on PDA (D)
Fusarium solani and Aspergillus niger growing on PDA



