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Abstract :

This study aimed to evaluate the antagonistic activity of endophytic fungi iso-
lated from the roots, stems, and leaves of sunflower (Helianthus annuus) and ol-
ive (Olea europaea) against selected plant pathogenic fungi, including Fusarium 
sp., Rhizoctonia solani, and Botrytis sp.

The isolates were identified as Phyllactinia sp., Aspergillus niger, Penicillium 
sp., and A. terreus. Dual culture assays on potato dextrose agar (PDA) were con-
ducted to assess their antagonistic potential. The highest inhibition rates against 
Fusarium sp. were recorded for Phyllactinia sp. (65.9%) and A. niger (64.5%), 
while A. terreus exhibited moderate inhibition (35.1%).

Moreover, the extract of A. terreus enhanced cucumber (Cucumis sativus) seed 
germination and reduced fungal infection caused by Fusarium oxysporum. These 
results highlight the potential of endophytic fungi—particularly Phyllactinia sp., 
A. niger, and A. terreus as promising biological control agents and sustainable 
alternatives to chemical fungicides in modern agriculture.
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النشاط التضادي للفطريات المستنبتة  المعزولة 
من أوراق عباد الشمس والزيتون والذرة ضد بعض الفطريات الممرضِة للنبات

أبراهيم بشــار كاظم      ،    دينا يوســف محمد
مستخلص:

 هدفَــت هــذه الدراســة إلى تقييــم النشــاط التضــادي للفطريــات الداخليــة المعزولــة من جــذور وســيقان وأوراق 
عب��اد الش��مس )Helianthus annuus( والزيت��ون )Olea europaea( ضــد بعــض الفطريــات الممرِضــة للنبــات، 

.Botrytis sp و Rhizoctonia solani و .Fusarium sp بــا في ذلــك
A. ter� و .Penicillium sp و Aspergillus niger و .Phyllactinia sp اتـ�م تحديـ�د العـ�زلات عـلى أنهـا
reus. وق��د أُجري��ت اختب��ارات الزراع��ة المزدوج��ة عل�ى وس��ط آغ��ار البطاط��ا الدكست�روز )PDA( لتقييــم قدرتهــا 
 A.بنســبة %65.9 و .Phyllactinia sp لــكلٍّ مــن .Fusarium sp ــة. وسُــجلت أعــى نســب تثبيــط ضــد التضادي

ــبته 35.1%. ــت نس ــطًا بلغ ــا متوس ــر A. terreus تثبيطً ــن أظه ــبة %64.5، في ح niger بنس
عــاوةً عــى ذلــك، عــزّز مســتخلص A. terreus إنب��ات ب��ذور الخي��ار )Cucumis sativus( وقلّــل مــن الإصابة 
ــة -  ــات الداخلي ــات الواعــدة للفطري ــج الإمكان ــرز هــذه النتائ ــة الناجمــة عــن Fusarium oxysporum. تُ الفطري
وخاصــة Phyllactinia sp. و A. niger و A. terreus - بوصفهــا عوامــل مكافحــة حيويــة فعّالــة وخيــارات 

مس�ـتدامة بديل�ـة ع�ـن المبي�ـدات الكيميائي�ـة في الزراع�ـة الحديث�ـة.
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INTRODUCTION
Endophytic fungi are microorgan-

isms that live inside healthy plant tis-
sues without causing harm. They pro-
mote plant growth, enhance nutrient 
uptake, and improve resistance to biotic 
and abiotic stresses by producing bio-
active secondary metabolites, includ-
ing alkaloids, phenolics, terpenoids, 
steroids, lactones, and quinones. These 
compounds exhibit diverse pharmaco-
logical activities, including antimicro-
bial, antioxidant, anticancer, antifun-
gal, antiviral, and anti-inflammatory 
effects (Da Silva et al., 2022 and Naga-
raju etal.,2025).

Due to environmental and health 
concerns associated with chemical 
pesticides, there is increasing interest 
in biological control methods using 
endophytic fungi (Othman and Ka-
key, 2021). These fungi protect plants 
through mechanisms such as antibio-
sis, mycoparasitism, induced system-
ic resistance, and the production of 
growth-promoting hormones, includ-
ing indole acetic acid and gibberellic 
acid (Tedsree et al., 2022). Endophytic 
and rhizospheric microorganisms have 

shown antagonistic effects against sev-
eral phytopathogens, including Fusar�
ium and Rhizoctonia species (Nagaraju 
etal.,2025). For example, Phyllactinia 
sp. has been used as a biocontrol agent 
against Rhizoctonia solani, the patho-
gen responsible for the Rhizoctonia–
Meloidogyne complex in chickpea (El-
Nagar and Ghanem,2024).

Biocontrol agents (BCAs), mainly 
bacterial and fungal isolates from the 
phyllosphere, endosphere, or rhizo-
sphere, are effective alternatives for 
controlling plant diseases (Segaran and 
Sathiarely, 2019). In this context, ex-
ploring endophytic fungi from medici-
nal and oil-rich plants such as sunflow-
er (Helianthus annuus) and olive (Olea 
europaea) is particularly valuable. 
These plants are rich in bioactive com-
pounds and have been used for over 
5,000 years in traditional medicine for 
their antimicrobial, anti-inflammatory, 
and antioxidant properties (Jadhar et 
al., 2020).

The current study focuses on isolat-
ing and identifying endophytic fungi 
from sunflower and olive plants, evalu-
ating their antagonistic activity against 
pathogenic fungi (Fusarium sp., Rhi�
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zoctonia solani, and Botrytis sp.), and 
assessing the effect of Phyllactinia sp. 
extract on cucumber seed growth and 
resistance to Fusarium solani. This re-
search contributes to the development 
of eco-friendly, fungal-based biocon-
trol agents as sustainable alternatives 
to synthetic fungicides.

 
Materials and Methods

Isolate the endophytic fungi.
Endophenotypic fungi were isolat-

ed from the roots, stems, and leaves of 
sunflower and olive plants from Dia-
la Governor (33 ° 57 ‘59, N, 44 ° 54 
‘58 ″ E; decimal: 33.9664, 44,9161). 
According to Al-Nuaimy and Hawar 
(2024), the isolates were and they in-
cluded the following species :Phyllac�
tina sp, A.niger, A.terreus, and Penicil�
lium. 

 Collecting Plant-pathogenic fungi.
The Department of Plant Protection 

at the College of Agriculture, Univer-
sity of Baghdad, provided the recog-
nized types of plant-pathogenic fungi 
(Fusarium, Rhizoctonia solani, and 
Botrytis sp.). The isolates were stored 
in PDA growth media in the refrigera-
tor until needed.

Evaluation of the inhibitory abil-
ity of endogenous fungi extracted 
from the root, stem, and leaves of 
olive and sunflowers against plant 
pathogenic fungi using dual culture 
technology.

Using a sterile cork hole, a 5 mm 
diameter disc of fungal growth was 
extracted from 7-day-old fresh fungal 
cultures of each endophytic fungus and 
plant pathogen, isolated from the root, 
stem, and leaves of the olive plant. The 
two discs were placed 1 cm from the 
edge and approximately 6 cm apart on 
potato dextrose agar (PDA) medium in 
a single Petri dish.​ A comparison plate 
(control) containing only the patho-
genic fungus was prepared.

​The plates were incubated at a tem-
perature of 28± 2°C for 7 days.

​The diameter of the pathogenic fun-
gus colony was measured (calculated 
as the average of two perpendicular 
diameters) across the different treat-
ments.

​The antagonistic activity of the iso-
lated endophytic fungi was determined 
by assessing the rate of growth inhi-
bition of the pathogenic fungus, using 
the following equation:
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Growth inhibition (%) = 
( D1 – D2/D1) ×100 

Where:
​D1 = The diameter of the pathogen-

ic fungus colony alone (control).
​D2 = The diameter of the pathogen-

ic fungus colony in the dual culture 
(with the antagonistic fungus ( Mishra 
et al., 2017)

Here’s a rephrased version of your 
text in English to reduce similarity and 
ensure originality:

The antagonistic relationship be-
tween the endophytic and pathogen-
ic fungi was examined to determine 
whether it manifested as growth inhi-
bition (indicated by a clear inhibition 
zone between the colonies), over-
growth of one fungus on the other, or 
cessation of growth upon contact be-
tween the two. The outcomes of this 
assay were evaluated according to the 
growth inhibition scale ranging from 0 
to 4, as described by (To et al., 2020) 

 and illustrated below.
0  =No growth inhibition, 1 = 1-25% 

growth inhibition, 2 = 26-50% growth 
inhibition, 3 = 5175% growth inhibi-
tion, 4 = 76-100% growth inhibition.

Evaluation of the Antifungal Ac-
tivity of Endophytic Fungal Filtrates 
Against Selected Plant Pathogenic 
Fungi.

Endophytic fungal isolates exhib-
iting strong antagonistic activity were 
selected using the dual culture tech-
nique. These included Phyllactinia sp., 
Aspergillus niger, Penicillium cherme�
sinum, and A. terreus. Each 250 mL 
Erlenmeyer flask containing 150 mL 
of potato dextrose broth (PDB) was 
inoculated with two 5 mm agar plugs 
28± 2°C for 7 days old fungal cultures 
and incubated with shaking at 125 rpm 
for 14 days. The fungal biomass was 
separated using Whatman filter paper, 
and the resulting filtrate was passed 
through a 0.22 µm Millipore mem-
brane filter to remove spores, yielding 
a sterile, cell-free endophytic fungal 
filtrate (Kharwar et al., 2012).

● Assessment of Endophytic Fun-
gal Filtrates Against Plant Pathogen 
Growth. 

The endophytic fungal filtrates ob-
tained from the previous step were in-
corporated into warm, sterile potato 
dextrose agar (PDA) at approximately 
45–50°C to achieve a final concentra-
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tion of 60%. The mixture was thor-
oughly mixed and then poured into 
sterile Petri dishes. Sterile PDA medi-
um without filtrate served as the con-
trol.After solidification, each plate was 
inoculated at the center with a 5 mm 
diameter mycelial disc taken from the 
actively growing margin of the test-
ed pathogenic fungi (Fusarium sp. , 
Botrytis sp., and Rhizoctonia solani). 
The inoculated plates were incubated 
at 27°C for seven days. 

The results presented In Table 1 in-
dicate a variation in the antagonistic 
activity of the endophytic fungi iso-
lated from sunflower and olive against 
the different plant pathogenic fungi. 
Among these isolates, Phyllactinia 
spp. And A. niger showed the strongest 
antagonistic effects against the patho-
genic fungus Fusarium, with inhibition 
rates of 65.9% and 58.53%, respective-
ly. The endophytic fungal species Phyl-
lactinia exhibited the highest inhibition 
rate of 62.91%. In contrast, against the 
pathogenic fungus R. solani, the A. 
niger species demonstrated the great-
est antagonistic activity, achieving an 
inhibition rate of 68.53%.In terms of 
antagonistic activity against the patho-

genic fungus A. terreus, most endo-
phytic fungi displayed lower inhibition 
rates than those recorded against Fu-
sarium and R. solani and botyrtis spp 
. Among them, A. terreus and A. niger 
showed inhibition levels ranging from  
35.10%.

The limited antifungal effect ob-
served at low concentrations is con-
sistent with findings by Adnani et al. 
(2024), who emphasized that many 
crude fungal extracts require purifica-
tion or optimized extraction solvents 
to achieve strong antifungal activity. 
Meanwhile, the slight increase in rad-
icle elongation at 25% concentration 
corresponds with evidence that low-
dose fungal metabolites can trigger 
mild stress responses and IAA-asso-
ciated growth pathways in early seed-
lings (Da Silva et al., 2022).

Overall, the results support the clas-
sification of Phyllactinia sp. extract as 
a dual-function metabolite source, with 
strong antifungal activity at high con-
centrations and potential growth-pro-
moting effects at lower doses. Further 
purification or fractionation is recom-
mended to enhance its antifungal spec-
ificity( Anwar et al., 2022).
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The antagonistic interactions between 
endophytic fungi isolated from sunflow-
er and olive root, stem, and leaves and 

plant-pathogenic fungi, as illustrated in 
Figures 1–3, demonstrate the occurrence 
of different forms of antagonism.

Table 1. Endophytic fungi isolated from the roots, stems, and leaves of sunflower and olive, 
and their corresponding percentages of growth inhibition against plant-pathogenic fungi, as 
determined by the dual culture method on PDA medium incubated at 27 ± 2°C for 7 days.

Endophytic fungi isolates Fusarium R.solni Botyrtis spp
Phyllactina 65.9±0.00 62.91±1.59 54.1±3.12

Pencillium sp 41.5±1.12 40.1±2.12 36.11±0.00
A.niger 64.53±0.00 58.53±0.00 38.12±1.00

A.terrues 35.10±2.12 31.22±1.22 35.10 ± 0.12

Figure 1. Antagonistic activity of endophytic fungi isolated from Aloe vera leaves 
against the pathogenic fungus Fusarium sp., evaluated by the dual culture method on 
PDA medium and incubated at 27 ± 2 °C for 7 days. The pathogenic fungus appears in 
the upper part of the images. Description: (A) A. niger vs. Fusarium (B) A. terreus vs. 
Fusarium (c) Phyllactina  sp vs. Fusarium  (D) Penicillium  vs. Fusarium.
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Figure 2: Antagonistic activity of endophytic fungi isolated from 
Aloe vera leaves against the pathogenic fungus  R.solani, evaluated by 
the dual culture method on PDA medium and incubated at 27 ± 2 °C for 
7 days. The pathogenic fungus appears in the upper part of the images: 
Description :(A) A.terreus vs R.solani (B) Penicillium sp vs R.solani  )C) 
Phyllactina sp  vs. R.solani (D)A.niger vs  R.solani.
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Figure 3: Antagonistic activity of endophytic fungi isolated from Aloe vera leaves 
against the pathogenic fungus Botrytis sp, evaluated by the dual culture method on 
PDA medium and incubated at 27 ± 2 °C for 7 days. The pathogenic fungus appears in 
the upper part of the images: Description: (A)A.niger vs Botrytis sp (B) Penicillium sp 
vs Botrytis sp (C) Phyllactina vs Botrytis sp (D)A.terreus vs Botrytis sp .

Testing the activity of Phyllactina 
sp extract on cucumber seeds against 
Fusarium oxysporum.

The activity of Phyllactinia sp. ex-
tract against Fusarium oxysporum 

showed a clear concentration-depen-
dent pattern. The 100% extract fully 
inhibited fungal growth and reduced 
cucumber seed germination, while 
50% and 25% concentrations caused 
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partial inhibition and induced moder-
ate changes in radicle and secondary 
root growth.

This behavior aligns with recent 
studies showing that crude fungal 
metabolites often act as antifungal 
agents at high concentrations and plant 
growth promoters at lower doses. El-
Nagar and Ghanem (2024) reported 
that crude extracts containing mixed 
secondary metabolites often exhibit 
a shift from stimulatory to inhibitory 
effects, depending on the concentra-
tion. Similarly, Nagaraju et al. (2025) 
demonstrated that compounds such as 
phenolics, lactones, and organic acids 
may enhance root development at sub-
lethal levels but become phytotoxic at 
higher doses.

Testing the activity of Phyllactinia 
sp extract on cucumber seeds against 
Fusarium oxysporum.

The results of soaking cucum-
ber seeds in Phyllactinia sp extract 
demonstrated variable growth respons-
es depending on both the concentration 
and duration of exposure. As shown 
in Figure 4, seeds treated with 100% 
ethyl acetate crude extract exhibited 
pronounced growth inhibition when 

soaked for periods exceeding 24 hours. 
Conversely, treatment with a 50% ex-
tract concentration promoted the for-
mation of secondary roots, although 
this stimulatory effect diminished with 
longer soaking times of 48 and 72 hours 
(El-Nagar & Ghanem, 2024). At a low-
er concentration of 25%, the extract 
slightly enhanced radicle elongation 
and secondary root initiation in a small 
number of seeds after 24 hours, with 
only 3–4 seeds showing early signs of 
growth after 48 and 72 hours.

In vitro antagonistic assays further 
revealed that the Phyllactinia sp ex-
tract exhibited weak antifungal activ-
ity against Fusarium spp. when incor-
porated into agar media. This suggests 
that while certain active metabolites in 
Phyllactinia sp. may promote seed ger-
mination at low concentrations, their 
antifungal potential under the tested 
conditions appears to be limited (Ad-
nani et al., 2024). Overall, these re-
sults indicate that low concentrations 
of Phyllactinia sp extract may be more 
favorable for enhancing cucumber seed 
growth. In contrast, the observed weak 
antifungal effect could be attributed 
to the low concentration or purity of 
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bioactive compounds. Further optimi-
zation—such as employing alternative 
solvents or extraction techniques like 

centrifugation may be required to ob-
tain metabolites with stronger antifun-
gal properties (Nagaraju et al., 2025).

Figure 4: Testing of the active extract of Phyllactina sp 
in different concentrations against Fusarium oxysporum.
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The results indicated that the extract 
of Phyllactina spp displayed potent an-
tifungal activity in a concentration-de-
pendent manner. Complete inhibition 
of Fusarium growth was achieved at 
100% extract concentration, whereas 
partial inhibition was observed at 25% 
and 50% concentrations, which also 
exhibited varying effects on seed ger-
mination.The results demonstrate that 
the crude extract of Aspergillus terreus 
exhibits a clear concentration-depen-
dent inhibition of Fusarium oxyspo-
rum, with the 100% extract showing 
the strongest suppression, while the 
50% concentration maintains an effec-
tive balance between antifungal activ-
ity and seed viability. Recent studies 
confirm that A. terreus produces bioac-
tive metabolites such as itaconic acid, 
lovastatin, and various fatty deriva-
tives that contribute to its antifungal 
potential. These findings support the 
possible development of A. terreus ex-
tracts as biofungicides; however, fur-
ther purification of active compounds 
and evaluation of phytotoxicity and 
field performance remain essential for 
agricultural application(Tedsree et al., 
2022  & Nagaraju etal.,2025). 

Conclusion
The present study demonstrated that 

endophytic fungi isolated from sun-
flower (Helianthus annuus) and olive 
(Olea europaea) plants possess nota-
ble antagonistic activity against sev-
eral plant pathogenic fungi, including 
Fusarium sp., Rhizoctonia solani, and 
Botrytis sp. Among the isolates, Phyl�
lactinia sp. And Aspergillus niger ex-
hibited the highest inhibitory effects, 
indicating its strong potential as a bi-
ological control agent. In contrast, 
A. terreus showed moderate antifun-
gal activity but displayed interesting 
growth-promoting effects on cucumber 
(Cucumis sativus) seeds when applied 
at lower extract concentrations.

The findings suggest that the bio-
active compounds produced by A. ter�
reus may enhance seed germination 
and root development at sublethal dos-
es, although their direct antifungal ef-
ficiency against Fusarium oxysporum 
remains limited under the tested condi-
tions. Therefore, optimizing extraction 
techniques or purification methods 
could improve the potency of these 
metabolites for future applications.
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   Overall, this research highlights 
the dual potential of endophytic fungi 
as both biocontrol agents against plant 
pathogens and natural growth promot-
ers for crops. Further studies focusing 
on metabolite characterization, formu-
lation, and field-level validation are 
recommended to advance their use as 
sustainable alternatives to chemical 
fungicides in modern agriculture.
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