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Egyptian broomrape (Phelipanche aegyptiaca Pers.) is a devastating root-parasitic weed 

that poses a severe threat to global tomato production, particularly within the arid and semi-

arid agroecosystems of Iran. Due to the parasite's subterranean life cycle, conventional 

chemical and mechanical control strategies are limited in efficacy. This study evaluated the 

biocontrol potential and plant-growth-promoting efficacy of eighteen indigenous endophytic 

fungal isolates on tomato (Solanum lycopersicum L.) cv. 'Karoon' is infested with P. 

aegyptiaca under controlled greenhouse conditions. Fungal inoculation was performed 

utilizing colonized sterile wheat seed matrices arranged in a completely randomized design. 

Comprehensive morphological and developmental traits encompassing root/shoot fresh and 

dry weights, and root length were systematically analyzed. The quantitative data revealed 

that select endophytic mutualists significantly mitigated parasitic stress and augmented host 

tolerance. Specifically, the endophytic fungus Epicoccum nigrum significantly increased 

root fresh weight compared to the infested control. Trichoderma viride exhibited the highest 

shoot fresh weight, while Microdochium bolleyi enhanced shoot dry weight, both reaching 

levels comparable to the uninfested control. Ascotricha funiculosa exhibited the highest root 

dry weight, while Fusarium tricinctum and Ascotricha chartarum produced the greatest root 

length, representing up to 57% increase compared to the infested control. These findings 

underscore that targeted endophytic fungi can serve as pivotal components in integrated pest 

management frameworks aimed at suppressing broomrape infestations. 
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Introduction 

Tomato (Solanum lycopersicum L.) is one of the most 

economically vital vegetable crops globally. According 

to recent FAO statistics, annual global tomato 

production exceeds 188 million tons (FAOSTAT, 

2024). In Iran, tomato cultivation occupies 

approximately 68,000 hectares, yielding 2.3 million 

tons; however, both cultivated area and total yield have 

declined significantly over the past decade from peak 

levels of 158,000 ha (FAOSTAT, 2024). Iran ranks 

seventh in average tomato production (3.4 million tons) 

after China (40 million tons), India, the United States, 

Turkey, Egypt, and Italy (FAOSTAT, 2024). 

A primary driver of this agricultural constriction is the 

pervasive infestation of root-parasitic weeds belonging 

to the Orobanchaceae family, specifically broomrapes 

(Orobanche and Phelipanche species) (Nosratti et al., 

2020). Within these regions, Egyptian broomrape 

(Phelipanche aegyptiaca Pers.) induces severe 

phytotoxic constraints, aggressively penetrating host 

roots via specialized evolutionary structures known as 
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haustoria to draw photoassimilates, water, and essential 

minerals (Mamnooi, 2017). This parasitic interaction 

triggers profound metabolic imbalances, culminating in 

systemic host degradation and crop yield liquidations 

ranging from 30% to total crop failure in highly 

susceptible cultivars. 

Traditional mitigation methodologies encompass 

mechanical extraction, crop rotations, chemical soil 

fumigation, and synthetic herbicides. For instance, split 

post-emergence applications of sulfosulfuron (75% 

WG) at 30 g/ha have been utilized to suppress parasite 

biomass (Modares Najafabadi & Minbashi Moeini, 

2017). Similarly, integrated chemical programs 

combining nitrogen fertilizers like ammonium sulfate 

with low-dose glyphosate applications have been 

deployed to minimize broomrape density (Bazobandi et 

al., 2015). Cultural practices, such as pot intercropping 

with leguminous species (Phaseolus vulgaris), have also 

demonstrated potential in reducing broomrape 

branching (Baneshi et al., 2016). However, these 

strategies frequently fall short due to the microscopic 

proportions, high persistence, and prolonged dormancy 

of the subterranean seed bank, alongside risks of host 

phytotoxicity (Nosratti et al., 2020). 

Consequently, research attention has shifted toward 

identifying sustainable biological alternatives 

(Habimana et al., 2013). Microorganisms, particularly 

root-associated endophytic fungi which colonize 

internal plant tissues without instigating pathology, 

offer a dual advantage. These microbes mitigate 

parasitic stress by synthesizing herbicidal phytotoxins, 

degrading host-derived germination stimulants (e.g., 

strigolactones) and reinforcing host defensive 

mechanisms through systemic induced resistance (SIR) 

(Chen et al., 2018).  

Among endophytic microorganisms, dark septate 

endophytes (DSE) represent a highly important group 

that form distinct dark-pigmented and septate hyphal 

structures within plant roots and play multiple beneficial 

roles (Shadmani et al., 2021 a, b). These fungi, mainly 

belonging to the phylum Ascomycota, not only suppress 

plant pathogens and promote growth but also play an 

essential role in enhancing plant tolerance to abiotic 

stresses such as heavy metals (Barkhordari et al., 2024). 

By colonizing roots, DSE fungi help the host plant cope 

with stress through mechanisms such as increasing 

chlorophyll content, photosynthetic rate, production of 

plant hormones, and inducing defense mechanisms 

(Barkhordari et al., 2024). However, despite the high 

potential of this group of fungi in the biological control 

of pathogens and abiotic stresses, few studies have 

addressed their direct role in suppressing root parasitic 

weeds such as broomrape. Therefore, in this study, 

using various endophytic fungal isolates (including DSE 

and non-DSE strains), we evaluated their ability to 

reduce damage caused by Egyptian broomrape and to 

improve the growth of tomato cv. Karoon. 

Understanding how these fungal mutualists interact with 

specific commercial cultivars, such as Karoon, is 

essential to optimizing targeted biocontrol applications. 

This investigation determines the effects of eighteen 

distinct endophytic fungal isolates on the phenotypic 

development and root architectural resilience of tomato 

cultivar 'Karoon' subjected to P. aegyptiaca parasitism.  

Material and Methods 

Endophytic fungi 

A total of 18 fungal isolates, including both dark septate 

endophytes (DSE) and non-DSE, were obtained from 

various sources (the in-house Razi University fungal 

culture collection and previous published studies) and 

used in this study. The complete list of isolates, their 

species identification, accession numbers, and 

DSE/Non-DSE status is provided in Table 1. 

Parasite identification and inoculum 

preparation 

The parasitic agent was harvested from infested tomato 

fields in Sarab Niloofar (47°01′58.75″ E; 34°22′04.91″ 

N) and Mahi Dasht (46°49′48.06″ E; 34°16′35.16″ N) in 

Kermanshah Province, Iran. Pure P. aegyptiaca seeds 

were separated using a 200-mesh sieve. The internal 

transcribed spacer (ITS) region of the ribosomal DNA 

was amplified using ITS1 (5ʹ-

TCCTCCGCTTATTGATATGC-3ʹ) ( and ITS7A (5ʹ-

GGAAGGAGAAGTCGTAACAAGG-3ʹ) primers 

(White et al., 1990; Blattner, 1990) and sequenced for 

genetic validation (GenBank accession numbers: 

ON738595 and ON738596). Fungal endophyte inocula 

were produced by incubating mycelial plugs on sterile 

autoclaved wheat grains at 25 °C for 14 days to achieve 

dense colonization. 

Greenhouse bioassays 

The trial was conducted under controlled greenhouse 

conditions organized in a completely randomized design 

(CRD) with three replications. Potting soil was 

sterilized at 121 °C (15 psi) for 45 minutes. Each pot 

was filled with 2.5 kg of sterilized soil (Texture: 21.8% 

sand, 38.2% clay, 40% silt; pH: 7.94; EC: 2.5 dS/m; 

Field Capacity: 38.4%). Pots were infested with a 

standardized concentration of 0.05 g of P. aegyptiaca 

seeds alongside 10–15 g of the respective colonized 
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wheat matrix (containing the endophyte). Seedlings of 

S. lycopersicum cv. 'Karoon' were transplanted into the 

pots (thinned to one uniform plant per pot). To maintain 

uniform carrier conditions across all treatments, 10–15 g 

of sterile (non-colonized) wheat matrix was also added 

to all control pots. Accordingly, the negative control 

(healthy plants without parasite or endophyte) received 

only the sterile wheat matrix, whereas the positive 

control (plants challenged with P. aegyptiaca alone) 

received both 0.05 g of P. aegyptiaca seeds and the 

sterile wheat matrix (without the endophyte). Irrigation 

was maintained at field capacity, and fertilization with 

micronutrients was applied every three days. 

 

Table 1. Endophytic fungi utilized for the suppression of broomrape (Phelipanche aegyptiaca) in tomato (Solanum 

lycopersicum L.) cv. Karoon 

DSE: Dark septate endophytes; Non-DSE: Non-dark septate endophytes.*Isolates obtained from the in-house Razi 

University fungal culture collection have not been deposited in NCBI GenBank; therefore, accession numbers are indicated 

by dashes (—). 

Growth and morphological parameters 

Plants were harvested 70 days post-transplantation. 

Shoot fresh weight (SFW) and root fresh weight (RFW) 

were recorded immediately. Shoot dry weight (SDW) 

and root dry weight (RDW) were determined after oven-

drying at 70 °C for 48 hours until a constant mass was 

achieved. Root length (RL) was quantified using a 

digital caliper. 

Statistical analysis 

Data normality was verified via the Shapiro–Wilk test. 

A one-way analysis of variance (ANOVA) was 

executed using JMP statistical software. Mean 

comparisons were performed using Duncan’s Multiple 

Range Test at a significance level of alpha = 0.05. 

Results 

Soil physicochemical properties 

The detailed physicochemical properties of the 

experimental soil substrate are presented in Table 2. The 

soil texture was classified as clay loam (21.8% sand, 

38.2% clay, 40% silt) with a saturated paste pH of 7.95 

References 
Accession 

numbers 

DSE/Non-

DSE 
Isolate Species 

Jamali (2021a) MW916314 Non-DSE RU-AsCh Ascotricha chartarum 

Shadmani et al., (2021a) KX343031 DSE RU-MiBo Microdochium bolleyi 

Razi University fungal 

culture collection 
KP324973 Non-DSE RU-RoTo Rhodotorula toruloides

 

Shadmani et al., (2021b) KX061184 DSE TC-26-6 Alternaria sp. 
Shadmani et al., (2021b) KX343029 Non-DSE RU-FuTr Fusarium tricinctum 

Shadmani et al., (2021b) KX061186 DSE TBL-33 Alternaria sp. 

Mehrmoradi et al., (2020) MK459302 DSE RU-ChEl Chaetomium elatum 

Mehrmoradi et al., (2020) MK651117 Non-DSE RU-BeBa Beauveria bassiana 
Shadmani et al., (2021) KX061191 DSE TW-24-2 Alternaria sp. 

Razi University fungal 

culture collection 
-* Non-DSE RU-TrRo Trichothecium roseum 

Razi University fungal 

culture collection 
- Non-DSE RU-TrKo Trichoderma koningii 

Razi University fungal 

culture collection 
 Non-DSE RU-TrKon 

Trichoderma 

koningiopsis 

Razi University fungal 

culture collection 
- Non-DSE RU-TrAt Trichoderma atroviride 

Shadmani et al., (2021) - Non-DSE RU-ClRo Clonostachys rosea 

Razi University fungal 

culture collection 
- Non-DSE RU-EpNi Epicoccum nigrum 

Razi University fungal 

culture collection 
- Non-DSE RU-TrVi Trichoderma viride 

Razi University fungal 

culture collection 
- Non-DSE RU-TrAe 

Trichoderma 

aeruginosum 

Jamali (2021b) OK324153 Non-DSE RU-AsFu Ascotricha funiculosa 



Mohammadi et al. Endophytic fungi as biological control agents of broomrape in tomato 

 

 

44 

Journal of Advances in Plant Protection 2026, 3(1): 41-52                                                                                     Doi: 10.22103/japp. 2026. 27402.1051 

and electrical conductivity of 2.5 dS/m. Field capacity was 38.4%, and soil organic carbon content was 0.99%.

 

Table 2. Soil physicochemical properties 

Value Unit Soil Property 

21.8 % Sand 

38.2 % Clay 

40 % Silt 

2.5 ds/m Electrical conductivity 

25 % Calcium carbonate 

0.66 mg/kg Sodium (Na) 

7.95 _ Saturated paste pH 

0.99 % Soil organic carbon 

15 mg/kg Soluble calcium 

3.5 mg/kg Magnesium 

25 mg/kg Phosphorus 

5 mg/kg Ca/Mg 

1.27 g/cm
3
 Bulk density 

52 % Saturation moisture 

38.4 % Field capacity 

23.3 % Permanent wilting point 

 

 

Effect of endophytic fungi on shoot fresh 

weight 

Shoot fresh weight (SFW) varied significantly among 

treatments (P < 0.05, Fig. 1). The uninfested control 

(healthy plants) showed an SFW of 37.66 ± 2.81 g. 

Infestation with P. aegyptiaca drastically reduced SFW 

to 3.83 ± 0.99 g. Among fungal treatments, 

Trichoderma viride produced the highest SFW (43.43 ± 

7.78 g), which was statistically similar to the uninfested 

control. Microdochium bolleyi also restored SFW 

to 37.66 ± 11.92 g, while Fusarium tricinctum reached 

32.43 ± 5.42 g. In contrast, Rhodotorula toruloides 

(9.16 ± 3.19 g) and Alternaria sp. (TC-26-6) (12.6 ± 

3.09 g) performed poorly, not differing significantly 

from the infested control (Table 3). 

Effect of endophytic fungi on shoot dry 

weight 

Shoot dry weight (SDW) followed a similar pattern 

(Fig. 2). The uninfested control had an SDW of 11.6 ± 

0.87 g, while the infested control dropped to 4.76 ± 1.58 

g (59.0% reduction). Microdochium bolleyi exhibited 

the highest SDW (12.66 ± 1.48 g), surpassing even the 

uninfested control. Trichoderma viride (10.36 ± 0.89 g) 

and Fusarium tricinctum (8.33 ± 1.19 g) also performed 

well. Several isolates, including Rhodotorula toruloides 

(4.4 ± 1.0 g) and Alternaria sp. (TC-26-6) (4.4 ± 0.1 g), 

were statistically indistinguishable from the infested 

control (Table 3). 

Effect of endophytic fungi on root fresh 

weight 

Root fresh weight (RFW) was severely suppressed by P. 

aegyptiaca (Fig. 3). The infested control yielded only 

1.76 ± 1.12 g, compared to 11.73 ± 0.81 g in the 

uninfested control. Epicoccum nigrum produced the 

highest RFW (22.3 ± 7.8 g). Microdochium bolleyi 

(16.96 ± 5.7 g) and Trichoderma viride (9.36 ± 1.12 g) 

also significantly exceeded the uninfested control. In 

contrast, Rhodotorula toruloides (2.2 ± 0.7 g) 

and Alternaria sp. (TC-26-6) (2.83 ± 0.36 g) showed no 

improvement over the infested control (Table 3).
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Fig. 1. Effect of endophytic fungal isolates on shoot fresh weight (g) of tomato (Solanum lycopersicum L.) cv. 'Karoon' 

under Phelipanche aegyptiaca infestation. Values represent means ± standard error. Different letters indicate significant 

differences according to Duncan's Multiple Range Test (P < 0.05). Trichoderma viride and Microdochium bolleyi produced 

the highest shoot fresh weights (43.43 g and 37.66 g, respectively), statistically similar to the uninfested control (37.66 g). 

 

 

Table 3. Growth parameters of tomato (Solanum lycopersicum L.) cv. 'Karoon' inoculated with endophytic fungi under 

Phelipanche aegyptiaca infestation (values are mean ± SD). 

Root fresh 

weight (g) 

Shoot dry 

weight (g) 

Root dry 

weight (g) 

Root 

length (cm) 

Shoot fresh 

weight (g) 
Species 

7.76 ± 2.32 7.50 ± 1.48 4.03 ± 0.81 30.00 ± 6.8 24.56 ± 6.78 Ascotricha chartarum 

16.96 ± 5.7 12.66 ± 1.48 4.16 ± 1.65 24.66 ± 4.84 37.66 ± 11.92 Microdochium bolleyi 

11.73 ± 0.81 11.60 ± 0.87 4.40 ± 0.47 31.00 ± 1.2 37.66 ± 2.81 Uninfested control 

2.20 ± 0.7 4.40 ± 1.0 0.73 ± 0.24 22.33 ± 1.45 9.16 ± 3.19 Rhodotorula toruloides 

2.83 ± 0.36 4.40 ± 0.1 0.80 ± 0.11 17.33 ± 2.66 12.60 ± 3.09 Alternaria TC-26-6 

9.13 ± 1.09 8.33 ± 1.19 2.70 ± 0.17 30.33 ± 2.18 32.43 ± 5.42 Fusarium tricinctum 

6.56 ± 2.2 6.70 ± 2.55 2.23 ± 0.73 28.33 ± 3.28 15.1 ± 2.86 Chaetomium elatum 

5.7 ± 0.78 6.43 ± 0.5 1.80 ± 0.25 18.66 ± 1.85 23.66 ± 2.56 Beauveria bassiana 

4.26 ± 0.82 5.23 ± 1.28 1.53 ± 0.29 20.66 ± 0.66 15.43 ± 4.03 Alternaria TW-24-2 

4.46 ± 0.67 2.53 ± 1.07 0.96 ± 0.12 24.00 ± 2.3 16.53 ± 1.87 Trichothecium roseum 

4.63 ± 0.63 4.96 ± 1.06 1.40 ± 0.2 19.00 ± 2.51 19.73 ± 5.03 Trichoderma koningii 

5.50 ± 2.0 6.76 ± 0.92 1.00 ± 0.35 26.00 ± 3.46 18.8 ± 6.86 Trichoderma koningiopsis 

3.63 ± 0.61 7.43 ± 2.61 2.03±1.18 26.00 ± 3.51 14.96 ± 2.31 Trichoderma atroviride 

6.10 ± 2.18 5.63 ± 0.6 1.00 ± 0.35 23.66 ± 2.9 20.2 ± 4.85 Clonostachys rosea 

22.3 ± 7.8 7.93 ± 1.71 4.16 ± 1.71 21.66 ± 1.2 15.13 ± 2.41 Epicoccum nigrum 

7.7 ± 1.05 6.36 ± 0.92 1.90 ± 0.4 28.66 ± 2.18 25.4 ± 6.83 Trichoderma aeruginosum 

5.50 ± 0.4 4.76 ± 0.29 1.30 ± 0.1 23.33 ± 1.76 16.43 ± 2.49 Alternaria TBL-33 

9.36 ± 1.12 10.36 ± 0.89 3.56 ± 0.66 28.66 ± 2.33 43.43 ± 7.78 Trichoderma viride 

7.16 ± 1.07 1.73 ± 0.17 5.46 ± 0.32 21.00 ± 2.51 20.93 ± 0.47 Ascotricha funiculosa 

1.76 ± 1.12 4.76 ± 1.58 1.00 ± 0.5 19.33 ± 1.76 3.83 ± 0.99 Infested control (P. aegyptiaca) 

All values are presented as mean ± standard deviation (SD). 
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Fig. 2. Effect of endophytic fungal isolates on shoot dry weight (g) of tomato (Solanum lycopersicum L.) cv. 'Karoon' 

under Phelipanche aegyptiaca infestation. Values represent means ± standard error. Different letters indicate significant 

differences (P < 0.05). Microdochium bolleyi exhibited the highest shoot dry weight (12.66 g), exceeding the uninfested 

control (11.6 g). 

 

 

 
 

Fig. 3. Effect of endophytic fungal isolates on root fresh weight (g) of tomato (Solanum lycopersicum L.) cv. 'Karoon' 

under Phelipanche aegyptiaca infestation. Values represent means ± standard error. Different letters indicate significant 

differences (P < 0.05). Epicoccum nigrum produced the highest root fresh weight (22.3 g), followed by Microdochium 

bolleyi (16.96 g), both significantly exceeding the uninfested control (11.73 g). The infested control had the lowest root 

fresh weight (1.76 g). 
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Effect of endophytic fungi on root dry weight 

Root dry weight (RDW) followed a similar trend (Fig. 

4). The infested control had an RDW of 1.0 ± 0.5 g, 

while the uninfested control reached 4.4 ± 0.47 g. 

Ascotricha funiculosa exhibited the highest RDW (5.46 

± 0.32 g), statistically similar to the uninfested control. 

Microdochium bolleyi (4.16 ± 1.65 g) and Epicoccum 

nigrum (4.16 ± 1.71 g) also performed well. Notably, 

Clonostachys rosea (1.0 ± 0.35 g) and Trichothecium 

roseum (0.96 ± 0.12 g) showed no significant difference 

from the infested control (Table 3).

 
Fig. 4. Effect of endophytic fungal isolates on root dry weight (g) of tomato (Solanum lycopersicum L.) cv. 'Karoon' under 

Phelipanche aegyptiaca infestation. Values represent means ± standard error. Different letters indicate significant 

differences (P < 0.05). Ascotricha funiculosa showed the highest root dry weight (5.46 g), statistically similar to the 

uninfested control (4.4 g) and significantly higher than the infested control (1.0 g).  

 

 
Fig. 5. Effect of endophytic fungal isolates on root length (cm) of tomato (Solanum lycopersicum L.) cv. 'Karoon' under 

Phelipanche aegyptiaca infestation. Values represent means ± standard error. Different letters indicate significant 

differences (P < 0.05). Fusarium tricinctum (30.33 cm) and Ascotricha chartarum (30.0 cm) produced root lengths 

statistically indistinguishable from the uninfested control (31.0 cm), representing a ~57% increase over the infested control 

(19.33 cm). 
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Comparative summary of DSE versus non-

DSE performance 

Dark septate endophytes (DSE), including 

Microdochium bolleyi and Alternaria spp. (TC-26-6, 

TBL-33, TW-24-2), showed variable performance. 

Microdochium bolleyi consistently ranked among the 

top performers for shoot fresh weight, shoot dry weight, 

and root fresh weight. However, non-DSE isolates such 

as Epicoccum nigrum (root fresh weight), Trichoderma 

viride (shoot fresh weight), Ascotricha funiculosa (root 

dry weight), and Fusarium tricinctum (root length) 

outperformed DSE isolates in specific parameters 

(Table 3). 

Discussion 

The quantitative data obtained from this investigation 

provide compelling evidence that specific root-

associated fungal endophytes can significantly improve 

the phenotypic performance of Solanum lycopersicum 

cv. 'Karoon' under severe stress from the parasitic weed 

Phelipanche aegyptiaca in Iran. To our knowledge, this 

is among the first studies to demonstrate the potential of 

endophytic fungi, particularly isolates from the genera 

Epicoccum, Microdochium, Fusarium and Ascotricha, 

in mitigating broomrape infestation in tomato (Cignitas 

et al., 2024). This finding extends the known biocontrol 

potential of these microorganisms from traditional 

phytopathogens and abiotic stressors- to the challenging 

context of root-parasitic plants. 

The substantial increase in root fresh weight (RFW) 

mediated by Epicoccum nigrum indicates that this 

endophyte acts as an effective biostimulant, enhancing 

nutrient uptake and photosynthetic allocation towards 

the roots, thereby countering the carbon drain imposed 

by P. aegyptiaca. This aligns with previous reports 

showing that E. nigrum possesses multiple plant-

beneficial traits. Beyond our previous findings on its 

role in suppressing wheat bacterial leaf streak 

(Barkhordari et al., 2024), other studies have shown E. 

nigrum can produce antifungal compounds, induce root 

growth, and exhibit various extracellular enzyme 

activities (Li et al., 2023). Recent work has also 

demonstrated its ability to disrupt pathogen membranes 

and induce oxidative stress via secondary metabolites 

(Fu et al., 2025). The convergent results suggest E. 

nigrum possesses broad-spectrum stress mitigation 

capabilities, likely mediated by secondary metabolites 

and growth regulators that enhance host tolerance across 

diverse challenges. 

The restoration of shoot biomass by Microdochium 

bolleyi (SFW: 37.66 g vs. 3.83 g in infested control) 

aligns with previous reports showing that this fungus 

can improve plant growth and act as a biocontrol agent 

(Shadmani et al., 2018, 2021a, b). Notably, M. bolleyi is 

a well-studied dark septate endophyte (DSE) in cereal 

roots and has been proposed as an ideal model organism 

for studying plant-endophyte interactions. This 

functional conservation across different stress regimes 

from heavy metal toxicity and fungal pathogens to 

parasitic weeds, strongly suggests M. bolleyi possesses a 

robust and versatile suite of plant-beneficial traits. 

These likely include the production of siderophores, 

phytohormones, and volatile organic compounds 

(VOCs), as well as the induction of systemic resistance. 

The consistent high performance of M. bolleyi across 

multiple growth parameters in our study reinforces its 

potential as a key component of microbial consortia for 

integrated stress management. 

Our findings on the efficacy of endophytic fungi are 

consistent with a growing body of literature on their use 

in sustainable agriculture. Endophytic fungi can 

promote plant growth through increased micronutrient 

acquisition, root development, and production of VOCs 

(Beniwal et al., 2026). They induce plant immune 

responses and enhance tolerance to various abiotic 

stresses (Beniwal et al., 2026). A recent systematic 

review confirms that endophytes play a crucial role in 

enhancing plant resistance against pathogens and insect 

pests while simultaneously promoting growth through 

induced systemic resistance (ISR), 

entomopathogenicity, and phytohormone production 

(Hendra et al., 2026). Specifically, in the context of 

parasitic weed control, soil microorganisms can 

suppress Phelipanche spp. through multiple 

mechanisms: direct antagonism of the parasite, 

enhancement of the host’s defense responses, and 

interference with chemical signaling between host and 

parasite, such as strigolactone degradation (Pongpamorn 

et al., 2026). 

A notable observation from our study is the differential 

performance between DSE and non-DSE isolates. While 

Microdochium bolleyi (a DSE) consistently ranked 

among the top performers across multiple shoot and root 

parameters, specific non-DSE isolates such as 

Trichoderma viride (SFW), Ascotricha funiculosa 

(RDW), and Fusarium tricinctum (root length) 

outperformed DSE isolates in certain traits. For 

instance, Trichoderma species are renowned for their 

biocontrol capabilities, which include suppressing a 

wide range of phytopathogens through mycoparasitism, 

antibiosis, and the induction of systemic resistance 

(Guzmán-Guzmán et al., 2025). They also promote 

plant growth by producing phytohormones such as IAA, 

gibberellins, and cytokinins (Guzmán-Guzmán et al., 
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2025). This suggests that, in the context of biotic stress 

from a parasitic weed, non-DSE isolates offer 

comparable or even superior growth-promoting benefits, 

underscoring that the functional advantages of 

endophytic fungi are context-dependent, varying with 

the nature of the stressor and the host-endophyte 

compatibility. 

Regarding host-endophyte compatibility, we 

acknowledge that direct evidence such as microscopy, 

TEM, or serological assays was not obtained in this 

study; instead, compatibility was assessed indirectly 

through significant growth promotion and the consistent 

absence of disease symptoms, which are widely 

accepted as strong circumstantial indicators of 

successful endophytic establishment (Card et al., 2016; 

Hardoim et al., 2015). We explicitly recognize this as a 

limitation. It is noteworthy that Ascotricha chartarum 

has recently been reported as an endophytic fungus from 

healthy tissues of damask rose (Rosa damascena) in 

Iran for the first time (Atghia et al., 2025). This finding 

supports the endophytic nature of this species, at least in 

the context of Rosaceous hosts. However, the specific 

mechanisms by which A. chartarum and A. funiculosa 

exert their growth-promoting effects in tomato under 

Phelipanche stress remain to be elucidated. These may 

include rhizosphere competition, production of volatile 

organic compounds, or other beneficial plant-microbe 

interactions that do not necessarily require extensive 

intracellular colonization. The context-dependent nature 

of fungal lifestyles where a single species can exhibit 

endophytic, saprobic, or even pathogenic behaviors 

depending on the host and environmental conditions 

should also be considered. 

We have added direct colonization assays (e.g., qPCR, 

FISH, or confocal microscopy) to our future research 

priorities to unequivocally confirm the presence of these 

isolates inside tomato root tissues. Furthermore, we 

agree that competitive interactions between the parasite 

and biocontrol agents in the rhizosphere could have 

contributed to the observed effects, and we cannot 

entirely rule out this possibility. However, the 

differential performance among isolates with some 

consistently enhancing biomass while others 

specifically stimulated root elongation suggests that the 

benefits are not solely due to uniform soil-level 

competition, as such competition would likely produce 

more homogeneous responses. The well-documented 

endophytic lifestyle of key genera such as M. bolleyi 

and E. nigrum further supports our interpretation that 

endophytic behaviors are at least partially involved. 

Finally, we fully concur that final yield (fruit/tuber 

weight) would have provided the most robust criterion 

for ranking overall efficacy, but our greenhouse study 

focused on vegetative parameters under controlled 

conditions. We have now acknowledged this gap and 

emphasized that future field trials must include yield 

data to validate the practical superiority of the most 

promising isolates. 

Nevertheless, the beneficial effect of F. tricinctum calls 

for caution. This species is recognized as a weak 

pathogen with a broad host range and is known to 

produce mycotoxins, including enniatins, moniliformin, 

and T-2 toxin, which pose risks to crop safety (Wang et 

al., 2022). However, pathogenicity and mycotoxin 

production are highly strain-dependent, and several 

endophytic strains have demonstrated strong biocontrol 

activity without causing disease symptoms (Niu et al., 

2026). Our isolate, obtained from healthy wheat, did not 

induce any disease symptoms in tomato under the tested 

conditions. Nonetheless, comprehensive safety 

assessments including host pathogenicity tests, 

mycotoxin profiling, and evaluation of non-target 

effects remain essential prior to any field application.  

The observed variations among endophyte genera where 

specific strains maximize biomass accumulation while 

others stimulate structural elongation highlight the 

complexity of these symbiotic relationships. These 

findings suggest that a multi-species consortia approach 

could provide comprehensive defense by 

simultaneously enhancing root biomass and linear root 

development, laying the groundwork for a more robust 

integrated pest management (IPM) framework for 

Iranian tomato growers. However, future research 

should focus on: (i) elucidating the specific molecular 

mechanisms employed by the most effective isolates, 

such as their VOC profiles, phytohormone biosynthesis, 

and ability to degrade strigolactones or directly inhibit 

haustorium development; (ii) evaluating the 

compatibility and synergistic effects of these strains in 

defined consortia under field conditions; and (iii) 

conducting comprehensive biosafety and 

ecotoxicological assessments, including strain-level 

pathogenicity tests, mycotoxin profiling, and evaluation 

of non-target effects, to ensure the safe deployment of 

these promising biocontrol agents, particularly for 

Fusarium isolates. 
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