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ABSTRACT
The objective of the current study was to isolate endophytic fungi and

examine their potentiality for promoting plant growth by assaying
production of ammonia, indole-3-acetic acid (IAA), and their efficiency for
phosphate solubilization. Ninety-eight fungal isolates belonging to 26
genera were obtained from the roots of seven common grasses inhabiting
the newly reclaimed fields at Arab El-Awamer, Assiut Governorate. The
grasses were Cynodon dactylon, Dichanthium annulatum, Digitaria
sanguinalis, Echinochloa colona, Paspalum dilatatum, Setaria verticillata,
and Sorghum virgatum. Fusarium was the abundant genus accounting
21.6% of the recorded endophytic fungi, Curvularia was next, with a high
recovery rate and a total count of 12.5% of all endophytic fungi. C. dactylon
roots associated with the highest fungal dominance, whereas the lowest
dominance was recorded in P. dilatatum. The cluster analysis segregated the
studied grasses into three distinct groups (A, B and C) of plants concerning
the occurrence of fungal communities. Eleven endophytic fungal species
(out of 43 spp.) were restricted to the group A (C. dactylon, S. verticillata
and S. virgatum), 8 to group B (D. annulatum and D. sanguinalis) and 6 to
group C (E. colona and P. dilatatum). Eight fungal species were common in

the three groups and 10 appeared in two groups. Out of 98 fungal isolates,
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only 10 isolates were negative for IAA production; the remaining isolates
produced IAA but with varying concentrations. Only two, F. pallidiroseum

and F. fujikuroi were found to solubilize tricalcium phosphate.

INTRODUCTION

Endophytic fungi are harmlessly present in healthy plant tissues for the entirety or
a portion of their life cycle [1]. Endophytic organisms are discovered to be present in
nearly every class of vascular plants and grasses that have been studied to date [2]. These
fungi inhabit the host plants' organs, including the root, stem, leaf, flower, fruit, and seed,
either in intracellular or intercellular spaces [3].

Endophytes are now considered a superb source of natural compounds with
antimicrobial properties. Since it was discovered that these microbes may defend against
pest and insect diseases, they have drawn a lot of attention [4]. It is documented that
endophytic fungi produce beneficial bioactive compounds within the tissues of their host
plants. This has led to a great deal of research on the interaction between microbes and
plants [1, 5]. Endophytes disrupt the metabolism of their host plants and feed on them,
while the plant controls the microbes' metabolic processes to produce and release
chemicals that may serve as defenses for the endophytes. The ability of endophytes to
associate with other species through chemical signals is essential for the host's survival
and ability to adapt to a variety of biological and environmental conditions [6]. However,
endophytic fungi can shield the host plant from biotic and abiotic stresses that can pose a
serious threat to crop food security and safety. In addition, endophytes may offer new
sources of bioactive secondary metabolites which are considered as building blocks of
many medications. Therefore, endophytic fungi have greatly influenced industry,
agriculture, medicine, and ultimately the economy [7].

The fungal diversity is associated with different tissues of the same host plant and
is also dependent on its geographical distribution and climatic conditions [8]. Analyzing
the diversity of conglomerated fungal endophytes to find new species that produce
biomolecules and their function in the ecosystem is becoming more and more difficult
these days. Hence, the diversity of various endophytic microbes has been explored for

their metabolic potential [9]. Studies involving endophytes not only shed light on
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fascinating aspects of the ecology and the interactions between these microorganisms and
plants, but they also aid in understanding the potential advantages of these interactions as
well as the variables that need to be investigated to create sustainable human practices,
particularly in agriculture.

The characterization of endophytic fungi increases the likelihood of using them as
biostimulants, biofertilizers, and biocontrol agents [10, 11]. Endophytes have recently
been found to be used in various biotechnological fields, including nanotechnology for
creating diverse nanoparticles integrated into various applications and bio-fertilizers to
increase crop Yyield and drastically reduce chemical input into the environment.
Immobilizing endophytic microbes in substances that can be applied in organic farming
to shield the soil from weeds, drying out, and other problems is another way that
microbes can be employed [12, 13].

The discovery of mycelia in healthy seeds of the rye grass Lolium temulentum by
Guerin and Freeman marked the beginning of research on endophytic fungi that inhabit
grasses [14, 15]. Many vyears later, researches on endophytic fungi concentrated on
pasture grasses, particularly after it was discovered that the teleomorph Epichloe and
endophytic Neotyphodium produced animal-toxic alkaloids [16, 17]. Endophytes are
widely found in plants other than grasses [18, 19]. Dark septate endophytes are
widespread among root-associated fungi, occurring in a variety of plant species. These
fungal characteristic melanized hyphae are thought to be crucial for the host's survival
under stress because the melanin in their cell walls may absorb and get rid of oxygen
radicals produced during abiotic stress [20]. Therefore, the dominant colonization of wild
grasses by dark septate endophytes may confer tolerance to a variety of environmental
stress factors.

The heterogeneous group of non-pathogenic fungi known as plant growth-
promoting fungi can be found inside plant roots, on the surface of roots, or in the
rhizosphere. The plant growth-promoting fungi serve to enhance the soil in addition to
giving the plant protection from different types of phytopathogens, root extension, and
plant growth development (seed germination, seedling vigour, and photosynthetic
efficiency). It is unclear exactly how the fungi promote plant growth, but it is believed

that they could aid in the high-yield production of plants, agricultural crops, and rare
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medicinal and herbal plants. They will also undoubtedly improve human health and the
health of our ecosystem [21].

Endophytes can enhance crop development and productivity by producing
phytohormones, antimicrobial compounds, and phosphorus, potassium, and zinc
solubilization, among other direct or indirect plant growth-promoting characteristics.
Growth-promoting fungi in fungal endophytic relationships colonize host plants and
show up asymptomatically. They are frequently useful in nutrient uptake, plant growth,
stress resistance, suppressing soil-borne pathogenic organisms and the growth of
competitors, and disease resistance [22, 23]. Endophytes like Colletotrichum,
Piriformospora indica, and Penicillium have attracted special attention because of their
tendency to generate metabolites and enzymes that promote better plant development in
stressed environments [24]. According to reports, gibberellic acid, which is released by
Cladosporium sphaerospermum, promotes the growth of soybean and rice plants [25].
Additionally, pestalotin analogue, a metabolite with gibberellin activity that promotes
germination, was discovered to be produced by Pestalotiopsis microspora [26].
Endophytes like Alternaria alternata and Fusarium tricinctum produced derivatives of
indole acetic acid that promoted plant growth [27]. Johnson et al. [28] reported that the
root endophyte Piriformospora indica modulated phytohormones that influenced the host
plant growth and development. Additionally, this endophyte improved translocation and
nutrient absorption. This is especially important in phosphorus and nitrogen absorption
from the soil. In this context, the aim of our study was to explore the fungal endophytic
diversity associated with the common grasses in a newly reclaimed field in Arab El-

Awamer, Assiut Governorate, and to explore their growth-promoting capabilities.

MATERIALS AND METHODS

- Area of study

In this study, the selected grasses were collected from four different sites at Arab
El-Awamer, Assiut Governorate. Arab El-Awamer is located at the border between the
Nile valley and the Eastern desert, about 20 km southeast of Assiut city. The farmers of
Arab EI-Awamer have been known to increase their reclamation activities of the desert

areas from about 20 years ago, and these activities continue to the present day.
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- Sampling

Twenty-one samples from seven different plant species were gathered from Arab
El Awamer, Assiut Governorate. Seven grass species (family Poaceae) were chosen
namely: Cynodon dactylon (L.) Pers, Dichanthium annulatum (Forssk.) Stapf, Digitaria
sanguinalis (L.) Scop, Echinochloa colona (L.) Link, Paspalum dilatatum Poir., Setaria
verticillata (L.) P. Beauv. and Sorghum virgatum (Hack.) Stapf. In order to isolate and
identify the fungi, the gathered plants and soil samples were collected during the
summers of 2022 and 2023, put into sterile, clean plastic bags, and brought immediately
into the lab. After being cleaned of dirt and soil particles with running tap water, the
obtained root samples were refrigerated to facilitate the isolation of endophytic fungi.

- Isolation and purification of endophytic fungi

Applying Petrini & Fisher's approach [29], fungal endophytes associated with the
collected plant roots were isolated. In summary, the roots were cleaned using running tap
water to get rid of dust, dirt, and debris. They then underwent surface protocol, which
involved immersing the root segments (about 1.5 cm each) in a 2.5% sodium
hypochlorite solution for 3.5 minutes. Next, they were treated with 70% ethanol for 2
minutes, and finally they were repeatedly washed with sterilized distilled water.

The sterile filter paper was then used to dry the sterilized root segments. Using
sterile forceps, five segments were inserted on an agar plate and cultured for seven days
at 25+2 °C. To stop bacteria from growing, fungal hyphae tips originating from plant
tissues were sub-cultured on Potato Dextrose Agar (PDA) treated with 250 mg/L
Chloramphenicol. This was done for four days at 26-27 °C [30]. For each sample, five
duplicates were made. The developing fungi were counted, isolated, purified, and
identified. For each sample that was obtained, the counts were expressed as colony
forming units, or "CFU," per 25 root segments. The process of purifying colonies
involved repeatedly sub culturing the fungal colonies in PDA until pure isolates were
obtained. The pure fungal isolates were identified morphologically using macroscopic
and microscopic features according to the different mycological keys [31].

- The biodiversity of fungal isolates
The diversity of the fungal community recovered from the collected plant samples

was calculated using the following metrics: fungal taxa, which indicates the number of
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isolated fungal species from the plant; dominance, which shows the dominance of fungal
taxa in a specific sample; the Simpson index, which indicates the evenness of the fungal
community; and the Shannon index, which is the diversity index, which estimates the
number of fungal individuals while accounting for the number of fungal taxa.
Classification and ordination techniques were used to analyze the endophytic fungal
associations. So, a presence/absence data matrix of 7 grasses x 43 fungal species was
used and subjected to classification by cluster analysis (Word’s method) using
Paleontological Statistics “PAST” software v. 4.7.0.0 [32], and a dendrogram was
elaborated. Also, ordination procedures were performed by the same software and the
Detrended Correspondence Analysis (DCA) was used to check the magnitude of change
in fungal composition along the first ordination axis. Canonical Correspondence Analysis
(CCA) was elaborated to perform the relationships between grasses and/or the fungal
species and the variations in some primary and secondary components that were indicated
by CCA biplot. The 7 variables in the CCA biplot (total soluble sugars TSS, total free
amino acids TFAA and soluble proteins SP as primary metabolites, total phenolics,
flavonoids, alkaloids, and terpenoids as secondary metabolites) were represented by
arrows pointing in the direction of maximum variation, with their length proportional to
the rate of change.
- Screening for plant growth-promoting activities by isolated endophytic fungi
- Indole-3-acetic acid (IAA) production ability test

The ability of the fungal isolates to produce indole-3-acetic acid (IAA) was
examined according to Stajkovic et al. [33]. Fungal cultures were cultivated in 50 ml of
PD broth that had been supplemented with 2 mg/ml of tryptophan for 5-7 days. After
centrifuging the cultures, 1 ml of the supernatant was combined with 1 ml of the reagent,
which was 10.8 M H,SO,4 with 4.5 g of FeCls per litre. The mixture was incubated for 25
minutes at room temperature, and absorbance of the developed pink colour was measured
by the spectrophotometer (UV-120 SPECTROPHOTOMETER, MIOSTECH PTY,
Egypt) at 530 nm. With pure 1AA, a calibration curve was created.
- Detection of phosphate solubilizing ability

By employing Pikovskaya phosphate medium (PVK) for the plate assay, the

fungal isolates were examined [34]. The medium'’s contents included 10 g of glucose, 5 g
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of CaHPOy,, 0.5 g of (NH,4)2S04, 0.2 g of NaCl, 0.1 g of MgS0,.7H,0, 0.2 g of KCL, 0.5
g of yeast extract, 0.002 g of MnSO,4.H,0, and 0.002 g of FeSO,4.7H,0. The mixture was
built up to one litre using distilled water and the pH was set to 6.8. The isolates were
inoculated on the centre of the plate in three replicates using a sterilised loop. A distinct
halo zone surrounded the colony following seven days of incubation at 28 °C,
demonstrating the isolates' capacity to solubilise phosphate.
- Ammonia production test

The production of ammonia was detected according to Stajkovic et al [35] by
using Nessler's reagent. The test for ammonia production was positive when a yellow-to-
brown colour was developed.
- Statistical analyses

Data were subjected to statistical analysis using SPSS (version 21). One-way
ANOVA was performed followed by the post hoc Duncan’s multiple-range test for

comparison between means at P<0.05.

RESULTS AND DISCUSSION

The endophytic fungi associated with different grasses

In this study, 43 fungal endophytic species belonging to 26 genera were isolated
from the roots of seven common grasses that were collected from various sites in Arab
El-Awamer. As indicated in Table 1, the total fungal count was highest in P. dilatatum,
while D. annulatum had the highest number of fungal genera. Nine species belonging to 8
fungal genera were isolated from C. dactylon, 16 species belonging to 13 fungal genera
were isolated from D. annulatum, 14 species from 10 fungal genera were isolated from D.
sanguinalis, 15 species belonging to 9 genera were isolated from E. colona, 13 species
belonging to 7 fungal genera were isolated from P. dilatatum, 14 species belonging to 11
fungal genera were isolated from S. verticillata and 11 fungal species belonging to 7
genera were isolated from S. virgatum. The overall total fungal count in this habitat
(newly reclaimed desert) was 366 CFU/ 525 root segment.
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Table 1: Total fungal count (CFU/525 root segment), number of endophytic fungal genera and
species isolated from roots of seven common grasses gathered from Arab EI-Awamer
site cultivated on PDA media at 25+2°C for 7-14 days, n = 9.

Plants C. D. D. E. colona P. S. S.
dactylon | annulatum | sanguinalis |~ dilatatum | verticillata | virgatum

Total fungal
count =366 34 56 72 40 74 48 42
No. of - 8 13 10 9 7 11 7
genera=26
No. of - 9 16 14 15 13 14 11
species=43

In general, the most common genera (found in all plant samples) were Fusarium
and dark sterile mycelium, which together accounted for 21.6% of all endophytic fungi
on PDA medium (Table 2). Curvularia sp. was the next most frequent genus, accounting
for 12.5% of all endophytic fungi. Aspergillus was detected as a moderate occurrence,
with a total count accounting for 2.46% of all endophytic fungi. The endophytic fungi:
Candida tropicalis, Curvularia lunata,C. spicifera, Fusarium fujikuroi, F. incarnatum,
Sarocladium strictum, and white sterile mycelium were isolated in low frequency with
total count at 12.8%, 4.1%, 7.38%, 5.19%, 3.55%, 2.46%, and 4.1%, respectively while
the other fungal genera were isolated in rare occurrences.

Aspergillus was represented by four species: A. flavus, A. ochraceus, A.
carbonarius, and A. terreus, and they were present in rare occurrences with total count
matches 0.55%, 0.27%, 0.82%, and 0.82%, respectively, of total endophytic fungi. The
significance of endophytic fungi as biological sources of a variety of valuable
compounds, such as metabolites that regulate plant growth, and are antibacterial,
antifungal, antiviral, and insecticidal, has been acknowledged in a growing body of
literature from a variety of disciplines in recent years. These compounds are used to
improve the growth and competitiveness of the host in nature [36, 37, 38, 39, 40, 41].
According to the current findings, endophytic fungal assemblages were found in all of the
plant species that were studied. Additionally, several plants had the same fungal genera
and species present, suggesting that endophytic fungi can be found in plants that belong
to distinct families. Table 2 shows that the root endophytic fungi isolated from the
Cynodon dactylon varied widely, of which nine fungal species belonging to eight fungal

genera were isolated from sites located in Arab EI-Awamer. Aspergillus flavus recorded
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the lowest total fungal count percentage of 5%, while dark sterile mycelia demonstrated
the highest total fungal count percentage with TC% reaching 60%. The overall fungal
count in this plant was 34 CFU/75 root segment.

Table 2 demonstrates the extensive range of root endophytic fungi that were
isolated from the Dichanthium annulatum. Of these, 16 fungal species from 13 different
genera were isolated from sites in Arab EI-Awamer. Dark sterile mycelia showed the
highest total count percentage (85.71%), while Chaetomium elatum, Sarocladium
strictum, Verticillium lecanii, and F. fujikuroi showed the lowest count percentage
(3.45%). Dark sterile mycelia were the most common genera isolated from this plant. It is
worth mentioning that Periconia macrospinosa fungus is considered the first recorded
endophytic fungus in Egypt and was isolated from Arab El-Awamer site. The overall
fungal count in this plant was 56 CFU/75 root segment. Furthermore, only the
Dichanthium annulatum plant yielded isolates of Chaetomium elatum, Cladosporium
macrocarpum, Periconia macrospinosa, Talaromyces duclauxii, and Verticillium lecanii,
suggesting that these fungi are unique to this plant.

Table 2 shows that the endophytic fungi isolated from the Sorghum virgatum
roots varied widely whereas 11 fungal species belonging to 7 fungal genera were isolated.
Curvularia spicifera showed the highest total count percentage, while Papulaspora equi,
dark sterile mycelia, and Striaticonidium cinctum showed the lowest count percentage.
The overall fungal count in this plant was 42 CFU/75 root segment. Dark sterile mycelia
and Fusarium incarnatum were the most common genera isolated from this grass. It is
worthy to mention that Papulaspora equi, which was isolated from Sorghum virgatum
roots is regarded as the first endophytic fungus ever discovered in Egypt.

The root endophytic fungi isolated from the Digitaria sanguinalis varied greatly, as
shown in Table 2. Of them, 14 fungal species from 10 different genera were isolated from
sites in Arab El-Awamer. A. terreus, C. spicifera, C. lunatus, and F. solani had the
lowest percentage of total fungal counts, at 3.8%, whereas dark sterile mycelia had the
largest percentage (65%). F. fujikuroi was the most often isolated genus from this plant.

Table 2 reveals a wide range of root endophytic fungi isolated from the
Echinochloa colona plant, including 15 fungal species from 9 fungal genera found at sites

in Arab El-Awamer. Dark sterile mycelia showed the highest total count percentage
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(64%), while A. terreus, A. alternata, A. carbonarius, A. ochraceus, Fusarium
oxysporum, and white sterile mycelium recorded the lowest total fungal count with a
percentage of 6%. Fusarium oxysporum and dark sterile mycelia were the most common
genera isolated from this plant. It is important to note that the fungus Periconia
macrospinosa, which was only isolated from Sorghum virgatum and Echinochloa colona
grasses, is thought to be the first endophytic fungus ever discovered in Egypt. The overall
fungal count in this plant was 40 CFU/75 root segment.

Table 2 shows that the root endophytic fungi isolated from the Setaria verticillata
varied widely, of which 14 fungal species belonging to 11 fungal genera were isolated.
Candida tropocalis showed the highest total count percentage (90.3%), while Eurotium
repenes, dark sterile mycelia, and F. incarnatum recorded the lowest total fungal count
percentage, with a percentage of 3.2%. Dark sterile mycelia were the most common
genera isolated from this plant. The overall fungal count was 48 CFU/75 root segment.

Table 2 shows that the root endophytic fungi isolated from the Paspalum dilatatum
plant varied widely, of which 17 fungal species belonging to 13 fungal genera were
isolated. Dark sterile mycelia showed the highest total count percentage (70.8%), while
A. carbonarius, C. lunatus, F. incarnatum, Sarocladium strictum, and F. sporothrichoids
recorded the lowest total fugal count percentage, with a percentage of 4.8%. Dark sterile
mycelia and C. lunatus were the most common genera isolated from this plant. The
overall fungal count was 74 CFU/75 root segment.

Table 2: Total fungal count (CFU/75 root segment) and percentage of total counts (TC%), of
endophytic fungal genera and species isolated from roots of different studied grasses
gathered from Arab EI-Awamer area; and cultivated on PDA media at 25+2°C for 7-14

days, n=09.
S Site 1 Site 2 Site 3 Site 4
- IFungi TC%TCITC|%TCITC|%TC|TC|%TC
Aspergillus flavus 1 20 1 5 0 0 0 0
S |Beauveria bassiana 0 0 2 11 | 0 0 0 0
;>; Candida tropicalis 0|l o |o|] o [0] 0o |1] 10
_cg Curvularia spicifera 0 0 7 37 0 0 4 40
— |Dark sterile mycelia 3 60 2 11 0 0 1 10
-8 Fusarium incarnatum 1 20 0 0 0 0 0 0
& |F. proliferatum o]l o [o] o Jo| o [1] 10
5 Sarocladium strictum 0 0 2 11 0 0 3 30
White sterile mycelia 0 0 5 26 0 0 0 0
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5 Site 1 Site 2 Site 3 Site 4
> TFungi TClwTClTC|%TC|TCl%TC[TC[%TC
TC =34 5 19 0 10
Aspergillus terreus 0 0 0 0 115010 0
Candida tropicalis 5 117.24| 0 0 0 0 0 0
Chaetomium elatum 11345]0 0 0 0 0 0
Cladosporium macrocarpum| 0 0 0 0 2110010 0
£ |Curvularia lunatus 0ol o [o] o Jof o [1]1429
© |C. spicifera 21690 |0 0 0 0 0 0
2 |Dark sterile mycelia 14 148.28 | 0 0 2 110.0 | 6 |85.71
& |Fusarium sporothrichoids | 0| 0 [0 ] 0 |2 ]100]0] 0
g F. fujikuroi 1134510 0 2110010 0
‘= |Periconia macrospinosa 0 0 0 0 31150 |0 0
*g Rhizoctonia solani 2169 [0 0 |[0o] 0 [0] O
5 Sarocladium strictum 113450 0 211000 0
0 |Talaromyces duclauxii 2169 |0 0 0 0 0 0
Talaromyces sp. 0 0 0 0 4 1200 1] 0 0
Torula sp. 0 0 0 0 2 11000 0
Verticillium lecanii 11345 |0 0 0 0 0 0
TC =56 29 0 20 7
Chaetomium piluliferum 0 0 3 9.7 | 0 0 0 0
Curvularia spicifera 2 16670 0 0 0 0 0
Dark sterile mycelium 0 0 1 3.2 2125010 0
= Exserohilum rostratum 0 0 8 1258 |0 0 0 0
% Fusarium proliferatum 0 0 0 0 2 125010 0
o|F. fujikuroi 0 0 0 0 111250 0
'S |F. incarnatum 113330 0 111250 0
g F. Pallidiroseum 0 0 171548 | 0 0 0 0
;—‘5’ Fusarium sp. 0 0 0 0 2125010 0
& |Papulaspora equi 0 0 1] 32 |0 0 0 0
9 |striaticonidium cinctum 0] o |1]32|0] 0o |0o] O
TC =42 3 31 8 0
Fungal genera=7 2 6 2 0
Fungal species = 11 2 6 5 0
Aspergillus terreus 1138 |0 0 0 0 0 0
Stachybotrys elegans 51192 |0 0 0 0 0 0
Candida tropicalis 0 0 81308 |0 0 0 0
Curvularia lunatus 51192 |1 3.8 0 0 0 0
.« |C. spicifera 1138 |2 77 |0 0 0 0
'S | Dark sterile mycelia 0| 0 |o| 0 [13] 65 |0 | O
?’3, Fusarium incarnatum 8 13080 0 0 0 0 0
§ F. oxysporum 2| 77 |0 0 0 0 0 0
« |F- solani 1] 38 |0 0 0 0 0 0
S IF. fujikuroi 3|115[7]269|1| 5 |0 o
§; Papulaspora equi 0 0 2 | 1.7 |2 10 | O 0
O |Periconia macrospinosa 0 0 0 0 1 5 0 0
Torula sp. 0 0 0 0 3 15 |0 0
White sterile mycelium 0 0 61231 |0 0 0 0
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5 Site 1 Site 2 Site 3 Site 4
- Fungi TClwTClTCl%TCTCl%TC[TC[%TC
TC=72 26 26 20 0

Aspergillus terreus 0 0 0 0 0 0 1 6
A. carbonarius 0 0 0 0 0 0 1 6
A. ochraceus 0 0 0 0 0 0 1 6
Alternaria alternata 0 0 0 0 0 0 1 6
Cladosporium cladosporoids| 1 8 0 0 0 0 0 0
C. herbarum 0 0 0 0 0 0 3 18
g Curvularia spicifera 3 25 0 0 0 0 0 0
© |Dark sterile mycelia 0 0 7 64 0 0 8 47
8 |Fusarium oxysporum 0|l o [3]| 27 |0o] 0o |1] 6
8 |F. sporothrichoides 217 |0 0 |O| O |O| ©
% F. sambucinum 2 17 |0 0 0 0 0 0
e F. pallidoroseum 2 17 0 0 0 0 0 0
% Periconia macrospinosa 0 0 1 9 0 0 0 0
L |White sterile mycelia 0 0 0 0 0 0 1 6
Yellow sterile mycelia 2 17 0 0 0 0 0 0
TC =40 12 11 0 17
Fungal genera=9 4 3 0 6
Fungal species = 15 6 3 0 8
A. carbonarius 0 0 0 0 0 0 1125
Candida tropicalis 0 0 281903 | 0 0 0 0
Cladosporium cladosporoids| 1 | 11.1 | O 0 0 0 0 0
Curvularia lunatus 4 1444 1 0 0 0 0 0 0
C. tuberculata 2 122210 0 0 0 0 0
Dark sterile mycelia 0 0 1 3.2 0 0 11125
% Eurotium repenes 0|l o |1]32]0] 0 |0Oo] 0
= |Exserohilum pedicellatum 111110 0 0 0 0 0
.2 |E. rostratum 0| 0 [0] 0 [O] O [1]125
§ F. incuratum 0] o [1]32|0o] 0o |o] o
« [F. proliferatum 0 0 0 0 0 0 3 1375
S |Humicola isolens 0 0 0 0 0 0 11125
% Macrophomina phasoliana | 1 | 11.1 | 0 0 0 0 0 0
white sterile mycelium 0 0 0 0 0 0 1] 125
TC =48 9 31 0 8
Fungal genera =11 4 4 0 6
Fungal species = 14 5 4 0 6
A. carbonarius 1 48 | 0 0 0 0 0 0
Alternaria alternata 2,195 |0 0 0 0 0 0
g Candida tropicalis 51238 |0 0 0 0 0 0
< [Chaetomium piluliferum 0 0 2169 |0 0 0 0
E Cladosporium cladosporoids| 2 | 95 | 0 0 0 0 0 0
S |Curvularia lunatus 1] 48 |0 0 0 0 3 |125
£ |C. spicifera 0| 0 |6]27[0] 0 |0] O
 |Dark sterile mycelia 1 48 |1 0 0 0 0 17 | 70.8
% Fusarium incarnatum 1 48 | 0 0 0 0 0 0
O |F. sporothrichoids 1 48 | 0 0 0 0 0 0
F. fujikuroi 4 119010 0 0 0 0 0
F. oxysporum 0 0 6 1207 | 0 0 0 0
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5 Site 1 Site 2 Site 3 Site 4

- Fungi TCI%TCITCI%TC|TC|%TC|TC|9%TC
Rhizoctonia solani 0 0 15/517 |0 0 0 0
Rhizopus stolonifer 0 0 0 0 0 0 2 | 83
Sarocladium strictum 1148 |0 0 0 0 0 0
White sterile mycelia 0 0 0 0 0 0 2 | 83
Yellow sterile mycelia 2195 1|0 0 0 0 0 0
TC =74 21 29 0 24

Biodiversity of endophytic fungi in the host grass
Data in Table 3 indicate that Cynodon dactylon has the highest fungal dominance

whereas Paspalum dilatatum has the lowest dominance. Setaria verticillata has the
higher Shannon and Simpson diversity indices. The data referred to high variation in the
abundances of endophytic fungi associated with C. dactylon, compared to other studied
grasses, as indicated by the lowest evenness value, while endophytes associated with

Setaria verticillata have less abundance variation and hence the highest evenness value.

Table 3: Biodiversity of endophytic fungal community recovered from collected plant

samples.
: Plar.1ts C. D. D. E. colona | . P. S. verticillata | S. virgatum

Fungal dive dactylon | annulatum | sanguinalis dilatatum

Taxa (S) 9 16 14 15 17 15 10
Individuals 14 20 19 17 19 16 12
Dominance (D) 0.133 0.075 0.086 0.073 0.064 0.070 0.111
Simpson (1-D) 0.867 0.925 0.914 0.927 0.936 0.920 0.889
Shannon (H) 2.107 2.692 2.552 2.670 2.799 2.686 2.254
Evenness (e"/°) 0.913 0.923 0.917 0.963 0.966 0.978 0.952

The seven studied grasses were separated into 3 groups by the application of cluster
analysis to the presence/absence data set of 43 fungal species x 7 grasses (Figure 1).
Group “A” included C. dactylon, S. verticillata and S. virgatum. Eleven endophytic fungi
were associated only with the roots of one, two, or the three grasses of this group. Group
“B” included two grasses, D. annulatum and D. sanguinalis, and 8 fungal species were
associated only with one or both grasses of this group. Also, group “C” included E.
colona and P. dilatatum where 6 fungal species were found to be only isolated from the
roots of one or both grasses. It is worth mentioning that 8 endophytic fungi were isolated
from at least one plant species from the three groups, while 10 fungal species were

isolated from two groups of grasses.
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Figure 1: Cluster analysis showing the fungal communities recovered from collected
plant samples

The ordination analysis (DCA) of the data set separated the three groups along the
first and second DCA axes (Figure 2). The first eigenvalue accounts for 53.6% of the
total variation and the second eigenvalue accounts for another 32.3% of the variation for
a cumulative 85.9%. Thus, the first axis captured the greatest proportion of the variation
in the endophytic fungal species composition among grasses. This DCA reflects the
differences between these groups especially group “B” that represented far away from

axis 1 and group “C” that was close to axis 1, while group “A” represented between both.
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Figure 2: Detrended correspondence analysis diagram (DCA) showing ordination of the studied
grasses on axes 1 and 2 as classified by cluster analysis into three groups as indicated

with different labels
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Canonical correspondence analysis (CCA) was used in this study as an attempt to
assess the relationship between the endophytic fungal species and some variables in the
host grasses (Figure 3). The seven variables, which included some primary and secondary
metabolites in grasses, contributed independently to the overall ordination. In the CCA
biplot (Figure 3), the first axis was negatively correlated with total terpenoids and
flavonoids and positively correlated with other metabolites. The second axis was
negatively correlated with total terpenoids and free amino acids and positively correlated
with other metabolites. The ordination biplot produced by CCA showed that most fungal
species occupied the positive sides of both axes. This led to the suggestion that
endophytic fungi prefer to associate with the more nutritive grasses as indicated by the
arrow length of soluble sugars and proteins, and also phenolics and alkaloids. On the
other hand, the total terpenoids displayed a negative correlation with endophytic fungal
association. However, variations in the contents of primary and secondary metabolites
showed that there are non-significant differences between the three groups, except in

terpenoids (data are not shown here).
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Figure 3: Canonical correspondence analysis (CCA) biplot of axes 1 and 2 showing the
distribution of studied grasses and associated endophytic fungi as affected by some
metabolic variables. The biplot represents the fungal species that associated with two or

three groups.
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Additionally, the current study found that the plants' fungal endophyte abundance,
absence, and presence varied significantly. Paspalum dilitatum and Dichanthium
annulatum, the two plants with the greatest number of fungal species, had 17 and 16
fungal species, respectively, indicating that some plants have more endophytic fungi than
others. Aspergillus and Fusarium, two endophytic fungi that are present in most plants,
exhibited varying relative rates in their host plants. The study found that the isolated
endophytic fungi had different levels of host specificity. Some species, such as Alternaria
alternata, Aspergillus terreus, and A. flavus, showed a strong affinity for particular
plants, whereas others seemed to be able to colonize multiple plant hosts.

Endophytes' host specificity has been the subject of conflicting studies, with some
studies suggesting that they can only stimulate the growth of plants that are closely
related to their original host [42]. In this study, some endophytic fungi were detected only
in a single host grass. For example: Beauveria bassiana was isolated only from C.
dactylon; Chaetomium elatum, Curvularia. macrocarpum, Verticillium lecanii,
Talaromyces duclauxii, and Talaromyces sp. were isolated only from D. annulatum;
Cladosporium herbarum was isolated from E. colona; C. tuberculata, Exserohilum
pedicellatum, Macrophomina phasoliana, Exserohilum rostratum, Rhizopus stolonifer
and Humicola isolens were isolated from S. verticillata; Eurotium repens was isolated
from P. dilatatum; F. solani and Stachybotrys elegans were isolated from D. sanguinalis;
and Striaticonidium cinctum was isolated from S. virgatum. Bettucci et al. [43] and
Arnold et al. [44] had previously reported similar results [45].

On the other hand, a non-specific endophyte like Periconia macrospinosa was
recently described as a distinct dark septate endophyte that lives in the roots of different
plants [46], and this matches with our results where Periconia was isolated from three
grasses (D. annulatum, D. sanguinalis, and E. colona). Also, Fusarium was the most
dominant genus and isolated from the seven studied grasses. This is in agreement with the
previous studies, which revealed that Fusarium is considered a common endophyte of
native and cultivated plants, especially grasses [47, 48]. The wide diversity of grass
endophytes includes species from the following Fusarium species complexes: F.
chlamydosporum, F. fujikuroi, F. incarnatum, F. equiseti, F. oxysporum and F.

sambucinum [49, 50, 51, 52, 53, 54]. Fusarium verticillioides and F. proliferatum are
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found in asymptomatic native grasses in the USA [55]. However, in this study F.
fujikuroi, F. incarnatum, F. oxysporum, F. pallidiroseum, F. proliferatum, F.
sambucinum, F. solani and F. sporotrichioides were isolated from the selected grasses.
As an endophytic fungus of wild grass, Sarocladium strictum was isolated in this
study. These findings are consistent with several earlier investigations, where Sieber et al.
[56] reported that Sarocladium strictum is a well-known endophyte in Poaceae and has
been isolated from wheat tissues in multiple investigations. According to Anjos et al.
[57], Sarocladium species are widespread endophytes of tropical pasture grass and may

help host plants withstand biotic and abiotic stresses.

Estimation of plant growth promoting activities by isolated endophytic fungi

Plant growth promoting properties such as indole-3-acetic acid (IAA) production,
phosphate solubilizing activity (PSA) and ammonia production of 98 fungal isolates were
tested. Ten isolates were negative for IAA production; the remaining isolates were tested
positive, albeit at varying concentrations. While the other examined isolates were positive
for ammonia production, albeit at varied concentrations, five isolates tested were negative
for this as well. The ammonia production capability of the studied endophytic fungal
isolates was detected in peptone water media (Table 4). The maximum ammonia
production among these isolates was found in Curvularia spicifera, followed by
Curvularia lunata, Fusarium fujikuroi, Fusarium pallidiroseum, and Chaetomium
elatum. Moderate activity was observed in Sarocladium strictum, dark sterile mycelia,
Cladosporium cladosporoids, and Alternaria alternata, while the minimum activity of
ammonia production was observed in Exserohilum pedicellatum (Figure 4).

The ability of endophytic fungus linked to many grasses to synthesize ammonia
promotes plant growth and aids in controlling the full metabolism required for plant
lifecycles. Host grasses readily absorbed ammonia produced by endophytic fungus. The
current study found that a large number of endophytic fungi that were isolated from wild

grass roots could produce ammonia in a peptone water broth medium [58].
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Figure 4. Screening for ammonia production by selected fungi were grown on peptone water
media for 5-7 days, (n = 3). (A) Curvularia spicifera, (B) Exserohilum
pedicellatum, (C) Fusarium pallidiroseum, (D) Curvularia lunatus, (E) Cladosporium
cladosporoids, (F) Sarocladium strictum, (G) Dark sterile mycelia, (H) Fusarium
fujikuroi, (1) Chaetomium elatum, (J) Alternaria alternata, (K) Control.

In this study, two isolates only that found to have the activity to solubilize
phosphate. This was observed as a distinct halo zone surrounded by an opaque
background around the fungal culture spot. Regarding both isolates, Fusarium
pallidiroseum was found to be more active in tricalcium phosphate solubilization than
Fusarium fujikuroi as shown in Figure 5. Phosphates are inorganic compounds that can
be found in both free and mixed forms in soil, water, and many other plant parts.
Phosphates are necessary for the plant's respiration, photosynthesis, and general growth
and development. Microbes play a crucial role in the transport and solubilization of
organic phosphate in plant roots. In addition, endophytic fungi that were isolated from
grass roots shown the ability to break down the complex form of phosphate compounds
that were supplied in the medium. These results corroborate the phosphate solubilizing

ability of endophytic fungi, which was demonstrated in earlier studies [59, 60].

Figure 5. Colony features and clear zone formation for TCP solubilization on PVK agar after 7
days (left = above view, right = below view). (A) Fusarium pallidiroseum, (B)
Fusarium fujikuroi, (C) Control.
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The most potent isolates, from the positive isolates, were chosen to measure the
amount of IAA in liquid medium in presence of a fixed concentration of
tryptophan. Amongst 10 selected isolates, Curvularia spicifera and Exserohilum
pedicellatum produced the highest quantity of IAA (73.67 and 72.29 pgml?,
respectively) after one week of growth. The isolates of other fungal genera also produced
a significant amount of IAA ranging between 19.21 and 63.55 pg.ml™ (Figure 6 and
Table 4).

Numerous studies and reports have examined the production of IAA by microbes
associated with plants [61, 62]. In this study, Curvularia spicifera, Alternaria alternata,
Fusarium spp., and Chaetomium elatum, isolated from different grasses, produced IAA in
liquid medium supplemented with L-Trp. According to earlier research, pure cultures of
endophytic fungi (such as Alternaria alternata, Aspergillus fumigatus, Chaetomium
globosum, C. acutatum, C. gloeosporioides, Fusarium spp., M. cinnamomi, Paecilomyces
spp., Penicillium spp., and Phoma spp.) cultivated in liquid medium supplemented with
L-Trp could produce IAA [63, 64].

e

Figure 6. Screening for IAA production by selected fungi were grown on media for 5-7 days, (n = 2). (A)
Curvularia spicifera, (B) Exserohilum pedicellatum, (C) Fusarium pallidiroseum, (D) Curvularia
lunatus, (E) Cladosporium cladosporoids, (F) Sarocladium strictum, (G) Dark sterile myclia, (H)
Fusarium fujikuroi, (I) Chaetomium elatum, (J) Alternaria alternata, (K) Control.
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Table 4: Screening of plant growth promoting activities of endophytic fungi. Data are means * SE,
means with different letters are significantly different at P< 0.05 according to Duncan’s test.

Fungal isolate IAA production (ug/ml) Phosphate NH;
solublization (SI£S.E)

Alternaria alternata 19.21+0.40° - ++
Chaetomium elatum 23.09+0.94° - +++
Cladosporium cladosporoids 55.63+0.16° - ++
Curvularia lunatus 57.59+0.81° - +++
Curvularia spicifera 73.67+0.97° - +++
Dark sterile mycelia 36.72+0.63° - ++
Exserohilum pedicellatum 72.29+0.89° - +
Fusarium fujikuroi 35.37+1.78° 1.37+ 0.06 +++
Fusarium pallidiroseum 63.55+1.58" 1.49+0.07 +++
Sarocladium strictum 41.72+0.57° - ot

+++ Strong, ++ Moderate, + Weak

CONCLUSION

Altogether, 98 endophytic fungal isolates belonged to 43 fungal species, and 26
genera were identified from the roots of seven common grass. The diversity of
endophytic fungi was found highest in the roots of the Paspalum dilatatum plant (17
fungal species, 13 genera). Dark sterile mycelium and Fusarium were the most common
fungi isolated from all plant samples, followed by Curvularia, which was recovered in
high occurrence, while Aspergillus was recorded in moderate occurrence. After screening
of all isolated fungal isolates for IAA production, ammonia production, and phosphate
solubilization, data showed that Curvularia spicifera produced the maximum amount of
IAA among the selected isolates after 1 week of growth. The maximum ammonia
production among these isolates was found in Curvularia spicifera, followed by
Curvularia lunata, Fusarium fujikuroi, Fusarium pallidiroseum, and Chaetomium
elatum. The maximum tricalcium phosphate (TCP) solubilisation activity among tested
fungal isolates was observed in Fusarium pallidiroseum with a solubilisation index of

followed by Fusarium fujikuroi.
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