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Abstract

Endophytic fungi are diverse microorganisms that symbiotically colonize plant tissues without causing
visible disease symptoms. To identify and evaluate endophytic fungi associated with corn (Zea mays L.),
samples were collected from different plant organs during 2023 and 2024 in maize fields in Nahavand
County, Iran. Following surface sterilization, endophytic fungi were isolated and identified based on
morphological characteristics and molecular markers, including the ITS and tefl-o gene regions.
Morphological and molecular analyses revealed that the maize endophytic fungi comprised seven species:
Acremonium sclerotigenum, Alternaria tellustris, Aspergillus fumigatus, Aspergillus terreus, Fusarium
equiseti, Fusarium verticillioides, and Chaetomium globosum. Greenhouse experiments evaluating the plant
growth—promoting potential showed that most isolates had a significant positive effect (P < 0.05) on maize
growth parameters. The strongest growth-promoting effect was observed for C. globosum and F. equiseti,
respectively. In contrast, F. verticillioides significantly reduced growth indices and exhibited pathogenic
behavior. A review of the available literature indicated that A. sclerotigenum, A. tellustris, A. fumigatus, A.
terreus, F. equiseti, and C. globosum are reported here for the first time as endophytes of maize in Iran.
Moreover, to the best of our knowledge, there are no previous reports of A. tellustris and A. terreus as
endophytic fungi associated with maize. Therefore, the present study may represent the first report of these
two species as endophytes in maize. Overall, the findings demonstrated the considerable functional diversity
of maize endophytic fungi and highlighted the potential of selected isolates for application in sustainable
agriculture as plant growth-promoting microorganisms.
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Introduction

Corn (Zea mays L.) is one of the most important crop species globally. The high global demand for this plant, owing
to its extensive applications as a valuable food source for humans and livestock, raw material in various industries,
and feedstock for biofuel production, has led to a rapid increase in its cultivated area and production compared to
other cereal crops. In recent decades, the widespread and often indiscriminate use of chemical pesticides and
fungicides has not only resulted in adverse environmental impacts and threats to human health but has also
contributed to the emergence and spread of resistance in plant pathogenic populations to these chemicals. In this
context, biological control methods have emerged as one of the most effective approaches in sustainable agricultural
systems, playing a crucial role in reducing dependence on chemical inputs. Beneficial plant-associated
microorganisms, particularly fungi and antagonistic bacteria, have attracted increasing attention for biological
disease control and plant growth promotion due to their diverse mechanisms of action. These microorganisms can
act through competition, production of antimicrobial metabolites, induction of systemic resistance, and
enhancement of plant nutrient uptake, thereby serving as suitable alternatives to conventional chemical methods of
pest control. Among these, endophytic fungi are particularly promising for the development of biotechnological
strategies for sustainable agriculture, owing to their high taxonomic diversity, wide range of biological activities,
and ease of isolation and cultivation from various plant tissues. Endophytes are microorganisms that colonize the
internal tissues of healthy plants without causing visible disease symptoms. In maize, endophytes exhibit a spectrum
of interactions ranging from mutualistic symbiosis to potentially pathogenic behavior, and these interactions are
influenced by factors such as fungal strain, host genotype, and environmental conditions. Therefore, considering the
importance of maize as a strategic crop and the potential role of endophytic fungi in improving plant growth,
reducing chemical input dependency, and promoting sustainable agriculture, the present study was conducted to
isolate and identify endophytic fungi associated with maize and to evaluate their potential for plant growth
promotion under greenhouse conditions.

Materials and Methods

This study focused on identifying endophytic species isolated from maize in Nahavand County. Following field
surveys of maize fields, 130 samples were collected from plants that exhibited superior growth, greater height, and
higher vigor than neighboring plants. Surface sterilization of plant samples was performed as described by Song et
al. (2011). Briefly, the samples were sequentially immersed in 70% ethanol for 60 s, 2% commercial sodium
hypochlorite solution (bleach) for 3 min, and 96% ethanol for 30 s, followed by four rinses with sterile distilled
water. The samples were then dried under sterile conditions. To confirm the effectiveness of surface sterilization,
the final rinse water was plated onto potato dextrose agar (PDA) medium, and the absence of microbial growth after
incubation was considered evidence of successful surface sterilization. Morphological and morphometric
identification of the isolates was performed using standard fungal taxonomic keys. For molecular identification, one
or more representative isolates from each morphotype were selected based on their colony morphology and other
distinguishing characteristics. Genomic DNA was extracted using the cetyltrimethylammonium bromide (CTAB)
method. Partial sequences of the ribosomal DNA internal transcribed spacer (ITS) region and translation elongation
factor 1-alpha (tefl-«) gene were used as molecular markers. The obtained sequences were deposited in the NCBI
database. Phylogenetic analysis and tree construction were performed using MEGA software, and the isolates were
compared with reference sequences available in the GenBank database. To assess the robustness of the phylogenetic
tree, bootstrap analysis was performed with 1,000 replicates.

Greenhouse experiments were conducted to evaluate the effects of native fungal isolates on maize growth. The
experiments were conducted using a completely randomized design (CRD) with three replicates. The obtained data
were analyzed using SPSS software (version 27), and means were compared using Tukey’s test at a significance
level of 5% (P < 0.05).

Discussion of Results & Conclusions

Based on morphological and molecular analyses, seven fungal species, namely Acremonium sclerotigenum,
Alternaria tellustris, Aspergillus fumigatus, Aspergillus terreus, Fusarium equiseti, Fusarium verticillioides, and
Chaetomium globosum, were identified as maize endophytic fungi. Greenhouse experiments indicated that most
isolates had a significant effect (P < 0.05) on improving maize growth. Inoculation with A. sclerotigenum
significantly enhanced plant growth, resulting in a 43% increase in shoot dry weight, a 19% increase in root dry
weight, a 12.98% increase in plant height, and a 44.58% increase in root length compared to the control.
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In contrast, A. tellustris showed a relatively moderate growth-promoting effect, with increases of 3.5% in shoot dry
weight, 35.91% in root dry weight, 16.22% in plant height, and 24.91% in root length compared to the control.
Greenhouse evaluation of A. fumigatus and A. terreus revealed that inoculation with these isolates increased shoot
dry weight by 32.94% and 34.69%, root dry weight by 37.15% and 23.83%, plant height by 19.46% and 22.65%,
and root length by 59% and 48.58%, respectively, relative to the control. Inoculation with F. equiseti significantly
improved maize growth, increasing shoot dry weight by 46.19%, root dry weight by 32.81%, plant height by 17%,
and root length by 32.62%, respectively, compared to the control. Conversely, inoculation with F. verticillioides
resulted in a significant reduction in growth parameters, including a 29.23% decrease in shoot dry weight, a 43.34%
decrease in root dry weight, a 13% reduction in plant height, and a 19.33% reduction in root length, indicating its
pathogenicity. Similarly, C. globosum significantly promoted plant growth, increasing shoot dry weight by 50.48%,
root dry weight by 62.84%, plant height by 17.94%, and root length by 62.33%, respectively, compared with the
control. Overall, the comparison of greenhouse results revealed that C. globosum and F. equiseti exhibited the
strongest plant growth-promoting effects.

Based on the available literature, A. sclerotigenum, A. tellustris, A. fumigatus, A. terreus, F. equiseti, and C.
globosum are reported here for the first time as endophytes associated with maize in Iran. Moreover, no previous
reports exist regarding A. tellustris as a maize endophyte; therefore, this finding may represent one of the first global
records of this species as an endophyte in maize.

Morphological and molecular characterization of the seven isolates confirmed that F. verticillioides exhibited
pathogenic behavior by significantly reducing growth parameters, whereas the remaining isolates showed plant
growth-promoting effects. These results highlight the considerable diversity of endophytic fungi associated with
maize, with most isolates exhibiting beneficial effects on plant growth.

Identification based on morphological traits and molecular markers (ITS and tefl-a) further confirmed the rich
biodiversity of maize-associated endophytes in Iran. Most isolates enhanced plant growth, with C. globosum and F.
equiseti exhibiting the highest growth-promoting activity, whereas F. verticillioides acted as a pathogenic
endophyte. Overall, the findings demonstrate that endophytic fungi associated with maize possess considerable
functional diversity, and a substantial proportion of the identified isolates has the potential to improve plant growth.
This highlights their promising application in sustainable agricultural systems and the reduction of dependence on
chemical inputs. However, further studies are required to investigate the behavior of these endophytes in other host
plants, their role in pathogen suppression, and their effects on plant metabolites, hormones, and micronutrient uptake
using advanced experimental approaches.
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Figure 1. Effect of fungal isolates on the growth of corn plants (a) control, (b) Aspergillus fumigatus, (c) Chaetomium globosum,
(d) Alternaria tellustris, (e) Acremonium sclerotigenum, (f) Aspergillus terreus, (g) Fusarium equiseti, (h) Fusarium verticilliodes.
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Table 1. The effect of the studied fungal isolates on the growth indices of corn plants under greenhouse conditions,

Accession number . .
Fungi species

ITS tefl- o
PX925145 | PZ620878 @ Acremonium sclerotigenum
PX925168 = PZ740466 Alternaria tellustris
PX956416 = PZ740468 Aspergillus terreus
PX956415 | PZ740467 Aspergillus fumigatus
PX925235 | PZ740470 Fusarium equiseti

PX929850 PX651939 Fusarium verticillioides
PX925236 = PZ740469 Chaetomium globosum
Control

Dry weight of

Dry weight Aerial part Root length

aerial of root(g) height(cm) (cm)

Part (g)
7.34+0.55°¢ 3.85+0.50° 74.30+0.75°  34.70+2.60°
5.31+0.46% 4.39+0.34% = 76.43+1.83¢ 29.98+2.86"
6.82+0.63°¢ 4.43+0.34¢ = 78.56+2.41¢  38.16+1.00°
6.91+0.65¢ 4.06+0.23  80.66+0.66° 35.66+1.33¢
7.50+ 0.30¢ 4.29+0.525¢  77.00+0.72¢ 31.83+1.69b°
3.63+0.43¢2 1.83+0.142 57.16+£1.308  19.36+0.342
7.72+0.75¢ 5.26+0.68° = 77.56+1.51¢ 38.96+2.56¢
5.13+0.31b¢ 3.23+0.26%  65.76+1.29>  24.00+1.1%

“The means followed by different letters in the same row are significantly different (p < 0.05, paired-bootstrap).
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Figure 2. Acremonium sclerotigenum : a and b Surface and reverse of the colony on PDA media, c. Phialides, d. Conidium, e. Conidiophores
and Phialides. Scale bars= 10 um.
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Figure 3. Phylogenetic tree of Acremonium sclerotigenum isolate constructed using MEGA.10 based on combined sequences of the
ITS region and the TEF1- o gene, rooted with Pestalotiopsis hawaiiensis as the outgroup. The isolate from the present study are
indicated in bold. The scale bar represents 0.02 sequence divergence among the different isolates.
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Figure 4. Alternaria tellustris: a and b Surface and reverse of the colony on PDA media, ¢ and d. Clamidospore, e.
Conidium. Scale bars= 10 um
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Figure 5. Phylogenetic tree of Alternaria tellustris isolate constructed using MEGA.10 based on combined sequences of the ITS
region and the TEF1- a gene, rooted with Stemphylium botryosum as the outgroup. The isolate from the present study are indicated
in bold. The scale bar represents 0.02 sequence divergence among the different isolates.
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Figure 6. Aspergillus terreus: a and b Surface and reverse of the colony on PDA media, c, d and e. Clamidospore and vesicle, f.
Conidium. Scale bars= 10 pm.
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Figure 7. Aspergillus fumigatus: a and b Surface and reverse of the colony on PDA media, c, d and e. Clamidospore, vesicle and
phialide, f. Conidium. Scale bars= 10 um.
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Figure 8. Phylogenetic tree of Aspergillus isolates constructed using MEGA.. 10 based on combined sequences of the ITS region
and the TEF1-a gene, rooted with Penicillium sclerotiorum as the outgroup. The isolates from the present study are indicated in
bold. The scale bar represents 0.05 sequence divergence among the different isolates.
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Figure 9. Fusarium equiseti: a and b Surface and reverse of the colony on PDA media, ¢ and d. Conidium, e.
Clamidospore. Scale bars= 10 pm.
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Figure 10. Phylogenetic tree of Fusarium isolates constructed using MEGA. 10 based on combined sequences of the ITS region and the
TEF1-0 gene, rooted with Fusarium falciforme as the outgroup. The isolates from the present study are indicated in bold. The scale bar
represents 0.01 sequence divergence among the different isolates.
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Figure 10. Fusarium verticillioides: a and b Surface and reverse of the colony on PDA media, ¢ and d. Conidiophor, e and f. Conidium.

Scale bars= 10 um.

doi: 10.22108/bjm.2026.148476.1671



doi:%2010.22108/bjm.2026.148476.1671

A OLen 5 o 155 /i 5l Ot g 55 (Zea Mays) &3 b ol jon Slag B ollis 5 5luli

Y JS8) Bs odalin jollsS Sl gl 93 5
b N (S35 T ol S5 ol
Sy L1 RSBL i o s bl tefl-a 05 5ITS
Ch. globosum skl LU e YL Ol il s

O JS2) s S b1 68 Cogn 5als 18

ol b 3 il Lsls Ol SIS sbesT =t
ezl Gy la Lot li Hls fme (iol 8l Cooge 4l
PYIAF ¢ o152 (slaplLl St (35 G, 04 /FA Lol 55l
sol& FLl (s )3 VAT cady ) oSis 055 oy
VS i el les 4 S ) sk sl PY/YY
L slacs ), Oliv 5 ks g gozeeys () g
ol ©553L s Chaetomium (%) glulid jzme (sladlS”
RS-51 alds glols ¢ JiSUge alsd b ol jan (oY)
A4S 4B 1, Ch. globosum o szea

aLa ,, 5 Ascomycota a=Ls 4 Chaetomium .
azl, Sordariomycetes s, Pezizomycotina
s, Gl Chaetomiaceae oslgl= o Sordariales
o3l gie 58, e ol .(MycoBank)
Lap prms 5 5 &los 28 ST, 503 5 Chaetomiaceae
Fro 5l i 0SB LN syls Calies o Lal e Gbls
Ch. globosum 8" Wleds i 18 e ool 53 455
Lgh o s Latls 65 Ol e

5 Ny le baee Chaetomium sbas S
38 S e Lo S goaS (olS ( aLS Ll (ST
5 sk 4z 53 W LIS Lsa 5 A8 e i, ke
() Lyl sl ols o 55 cage i JT 5l
Lilg oo i ol lael Wlesls OLES suaze Sldlas
Calin OBLE iy 5 olsn il I sl Ol e
5 Bl Jolse K5 sm 87 55 5 Lss g5luli
e (5 00) wBl wsls 5B ol St sl
oyi 55 Olpl 53 edbelnil (JsS05e 5 Sl Slalllas
AL Glab skl 45 sama )3 |, Chaetomium lag S
S sl 3 S sl cpl Lol 6(F9) Wiles S b 487

RG] d‘J‘.’.‘ BE) QJS

. moniliforme .2y oU) F. verticillioides s5
g 31 S (Gibberella fujikuroi :Cs ) s s
5 bkl Sysea Lol STl ) szt
3kt Vgmme 5 303 5 g olE 15 5 Shus) bl
oS dal oy il cplbtibe o BL (g 5les rj)k;jjj
(Dl 53U Gl T Lok o) YL sles il
Usea 5 )b (gmjer ol lg 0 65 0l
N 5l Syl slasoley 5355 b 5 ley
S 955Gl W5 copl 08l L(OF) ST bl |
S g o Sas AT esdle ()6 ol L s
(0F) 358 g0 o smma ol 5 Olusil D (51
Calisee slaw $ & Wlosls Ol sumze sla iyl
Lol eloud (g5l o y3 5 b gl &y o as FUsArium
F. verticillioides 5 cul &slize LT o156 0w s
(00) dns o 0L 1y l3sslon il o i Y gane
S e B 1) (658, 68 35 ol A il
B F. verticillioides was o OLis anlllas ol (glaasl
ol b 4 a5 LSl A Olnl 63 s )55 L
53 Jb (6 8 ey 4 Coadle Dy b skl K S LS e
Olsea e ol 51 EIE o) ol 258 Jods 23
el O 53 S5 b skl
Chaetomium globosum Kunze, Mykologische Hefte

1:16 (1817).
.sljfsu'l.w a3 YO by ,3 PDA Lo gy, “fji

o 43 e 5 L 43l b S5 2S5
o I 303 sy e ol ol e y3 8, 2ty
b o8 bLsST (shls 68 ol il ks 0,5 05 &
Sl s Slage b BLSLT oy ol &) 4 (53,5 400
ol SLls Ul 8 Wisg ot bl Slsz e 5 o3l
el Glags tling LS5 Lle L s BBy b e
Bl oSl s s odalive Lage plo 31 jo,5 5 i
LK) S el g oy Sen ¥Y0 B VA 550>
G S p s bl a6y Ll o)l

doi: 10.22108/bjm.2026.148476.1671



doi:%2010.22108/bjm.2026.148476.1671

V0 DA osle sl Jlo (5,0 gulidins ) 4

Veoils ety e S f a0 (o887 5¢ PDA Ls o35 afﬁ&:w&,,ch.ﬂ.b sa . Chaetomium globosum -\Y s

o3 S
Figure 12. Chaetomium globosum: a and b Surface and reverse of the colony on PDA media, ¢ and d. Ascocarp, e. Hypha, f. Conidium.
Scale bars= 10 pm.
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Figure 13. Phylogenetic tree of Chaetomium globosum isolate constructed using MEGA.10 based on combined sequences of the ITS region
and the TEF1-a gene, rooted with Subramaniula anamorphosa as the outgroup. The isolate from the present study are indicated in bold. The
scale bar represents 0.01 sequence divergence among the different isolates.
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