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Abstract 
 

Plant growth and yield are affected by salinity. Symbiotic interactions between plants and endophytic fungi 
are a promising approach to promoting crop growth under salt-stress conditions. Here, the tolerance of the 

endophytic fungus Pleosporaceae sp. was verified under diverse NaCl levels (0, 50, 100, 150, and 200 mM). 
Subsequently, Pleosporaceae sp. production of indole acetic acid (IAA) was assessed in vitro at various salinity 
levels (0, 50, 100, 150, and 200 mM). Additionally, the effect of Pleosporaceae sp. inoculation on germination, 
growth, and biochemical characteristics of tomato (Solanum lycopersicum L.) under five levels of salinity (0, 
20, 50, 100, 150, and 200 mM NaCl) was investigated. The results indicated that Pleosporaceae sp. exhibited 
strong salt tolerance and produced approximately 138.6 ± 0.7 μg/ml of IAA under 100 mM NaCl. Moreover, 
the results showed that this symbiotic fungus significantly enhanced germination and growth under salinity. 
Pleosporaceae sp. also significantly improved proline and sugar accumulation under salt treatment. This 
study suggests that the endophytic fungus Pleosporaceae sp. can be employed to mitigate sodium chloride-
induced stress in plants, thereby improving plant growth and productivity. 
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______________________________________________________________________________
 
Introduction 
 
One of the most important environmental issues 
facing arid and semi-arid regions today is the 
increasing accumulation of mineral salts in soils, 
reducing plant growth and yield through various 
physiological stresses(Ignatova et al., 2022). Based 
on the study by Otlewska et al. (2020), more than 
20% of agricultural land across the globe is 

impacted by high salt levels, and this percentage is 
expected to reach 50% by the year 2050. The 
stages in which plants are most sensitive to salt 
conditions are germination, emergence, and early 
seedling growth; salinity reduces germination 
rates (Uçarlı, 2021). Extreme absorption of ions 
can lead to toxicity and decrease the amount of 
water available to seeds, thereby inhibiting the 
formation of primary roots (Lu and Fricke, 
2023).To combat salt stress, desalination can be 
used. In addition, salt-tolerant plants can be 
developed by conventional or innovative 
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molecular techniques; nevertheless, these 
procedures are expensive and take a long time. 
Recent research focuses on identifying alternative 
approaches to improve plant productivity under 
stressful conditions (Morales-Vargas et al., 2024). 
Soil microorganisms can colonize roots, create 
populations in plants as endophytes, and 
stimulate plant growth during stressful conditions 
(Chauhan et al., 2023). 
 
Pleosporaceae sp. is known as an endophytic 
fungus residing in plant root cortical cells in saline 
areas (Furtado et al., 2019). Byregowda et al. 
(2022) revealed that salt stress could be countered 
by colonization with endophytic fungi in host 
plants. 
 
Tomato (Solanum lycopersicum L.) is an important 
crop with high economic value and is commonly 
cultivated in areas where salt stress is particularly 
severe (Ghorbani et al., 2023). 
 
This study aims to confirm the possibility of using 
Pleosporaceae sp. to promote tomato growth 
under saline conditions to improve sustainable 
agriculture. The isolation of Pleosporaceae sp. was 
done from Anabasis prostrata Pomel. roots. The 
aptitude of Pleosporaceae sp. to improve salt 
tolerance in tomato plants was evaluated by 
measuring growth and osmotic regulation under 
saline and non-saline conditions. 
 
Materials and Methods  
 
Fungal Material  
 
In this study, the fungal endophyte strain was 
previously isolated from roots of Anabasis 
prostrata Pomel. growing in a semi-arid 
environment. The endophyte Pleosporaceae sp. 
was added to a gene bank with KJ443089 
accession number (Kouadria et al., 2023). 
 
Pleosporaceae sp. Screening based on Salt 
Tolerance 
 
Different concentrations of sodium chloride (50, 
100, 150 and 200 mM) were amended with a 
Potato Dextrose Agar medium (PDA; Difco, 
Detroit, MI: 20 g Dextrose, 4 g Potato Extract, and 
15 g Agar with pH: 5.6) in order to assess the salt 

tolerance of Pleosporaceae sp. Next, 
Pleosporaceae sp. was inoculated at each 
concentration separately onto the surface 
medium, and it was incubated at 30 °C for 14 days. 
 
IAA (Indole Acetic Acid) Production  
 
The ability of Pleosporaceae sp. to produce IAA 
was examined. In order to achieve this, 
Pleosporaceae sp. was cultured on Potato 
Dextrose Broth (PDB) at various NaCl 
concentrations (0, 50, 100, 150, and 200 mM) 
accompanied with 0.1g/L of tryptophan. Next 
that, the culture was incubated at 30°C for 7 days. 
Following the incubation time, cultures were 
centrifuged for 20 minutes at 8000 rpm. 1 mL of 
the supernatant was combined with 4 mL of 
Salkowski reagent (consisting of 125 ml of distilled 
water, 3.75 ml of 0.5 M FeCl3.6H2O, and 75 ml of 
concentrated H2SO4), and the mixture was 
incubated for 20 minutes at room temperature. 
The development of a pink color signifies the 
production of IAA. Using a spectrophotometer 
Jenway 67155 UV/Vis (Stone, UK), the absorbance 
was measured at 520 nm, and the IAA standard 
graph (Gordon and Weber, 1951) was used to 
calculate the amount of IAA. 
 
Spore Suspension Preparation 
 
On PDA medium, Pleosporaceae sp. was permitted 
to develop and sporulate. The culture was 
incubated at 28–30 °C for 7 days. After using 
distilled water to scrape the spores off the agar 
surface, they were suspended in a 0.05% Tween 
80 solution. After that, the spore suspension was 
gathered and shaken for two minutes in a sterile 
test tube. Hemocytometer was used to measure 
the suspension's concentration microscopically 
after it was filtered through a double-layered 
mesh filter that had been serially diluted (Akagi et 
al., 2015). 
 
Plant Material, Salt Treatments and 
Pleosporaceae sp. Inoculation  
 
Tomato seeds (Solanum lycopersicum L. var. 
Rudolph) were blotted dry onto sterile filter paper 
after being surface sterilized for five minutes using 
a sodium hypochlorite solution (NaClO, 5%) and 
rinsed three times, for one minute each time, in 
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sterile distilled water. After sterilization, tomato 
seeds were immersed in Pleosporaceae sp. spores’ 
suspension (10⁷ spores/mL) or distilled water and 
then allowed to germinate on Petri dishes within a 
Phytotron (BINDER) at 25 °C for 7 days under non-
saline (0 mM) and saline conditions (20, 50, 100, 
150 and 200 mM of NaCl). Pre-germinated 
seedlings were transferred to pots (19 cm in 
diameter and 50 cm in length), filled with 
autoclaved soil. In each pot, ten seedlings were 
planted with three replicates (10 seedlings/pot 
and 3 pots/treatment). The experiment was 
carried out under greenhouse conditions with 12 
h light, relative humidity of 55–65% and 25/18 °C 
(day/night). 
 
Four (4) sets of treatments were included in the 
randomized complete block design experiment. 
The treatments included controls and endophyte-
inoculated tomato plants under non-saline 
conditions (0 mM), controls for salt stress (20, 50, 
100, 150, and 200 mM) and combinations of 
fungal inoculation × salt conditions (20, 50, 100, 
150, and 200 mM). 
 
Growth Measurements 
 
Germination percentage, root and shoot lengths 
were measured. 
 
Analyses of Proline Accumulation in Tomato 
Seeds  
 
Proline accumulation was determined using Troll 
and Lindsley's  (1955)methodology. One gram of 
fresh plant material was homogenized in 2 mL of 
40% methanol. Then, 1 mL extract was mixed with 
2 mL glacial acetic acid and 2 mL of ninhydrin 
reagent (1.25 g ninhydrin dissolved in 20 mL 
phosphoric acid 6 mol L⁻¹ and 30 mL glacial acetic 
acid). After 60 minutes of boiling at 100 °C in a 
water bath, 5 mL of toluene was added to the 
mixture. Utilizing a spectrophotometer Jenway 
67155 UV/Vis (Stone, UK), the absorbance 
measurement was done at 528 nm. The content of 
proline was calculated as mg g⁻¹ of fresh weight 
(FW) by using a calibration curve. 
 
Determination of Total Soluble Sugar Content  
 

Tomato plants' soluble sugar content was 
measured according to Schields and Burnett 
(1960)method. One gram of fresh plant material 
was extracted in 5.25 mL of 80% ethanol for a 
period of 24 h. Dilution of the resulting extract was 
carried out ten times with 80% ethanol. Next, 2 mL 
extract were added to 4 mL anthrone reagent (2 g 
anthrone dissolved in 1000 mL sulfuric acid). By a 
spectrophotometer Jenway 67155 UV/Vis (Stone, 
UK), the developed blue-green color was 
measured at 585 nm. Since glucose was used to 
create a standard curve, the results are expressed 
in mg g⁻¹ of fresh weight (FW). 
 
Statistical Analyses  
 
Two-way ANOVA has been used for the analysis of 
the results with STATBOX v6.4 software, and 
means were compared with the LSD test (P < 0.05). 
 
Results  
 
Screening of Pleosporaceae sp. Salt Tolerance 
 
The analysis demonstrated that the Pleosporaceae 
sp. mycelial growth was significantly affected by 
salinity (Fig. I). At 100 mM NaCl concentration, 
Pleosporaceae sp. showed the highest mycelial 
growth, reaching 6.1±1 cm compared with the 
control (without NaCl), demonstrating its ability to 
alleviate NaCl stress. In contrast, Pleosporaceae 
sp. mycelial growth decreased when NaCl 
concentration exceeded 100 mM. 
 
Indole Acetic Acid (IAA) Production 
 
The synthesis of indole acetic acid by 
Pleosporaceae sp. under different NaCl 
concentrations is shown in (Fig. II). Data indicated 
that the highest IAA level of 138.6±0.7 μg/ml was 
achieved at 100 mM NaCl. This indicates that the 
100 mM NaCl concentration was optimal for IAA 
production by Pleosporaceae sp. at 0.1 g/L 
tryptophan. 
 
Germination Rate 
 
NaCl treatments significantly decreased the 
germination rate of tomato seeds compared to 
the control. Moreover, germination was totally  
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Fig. I. Effect of NaCl levels (50, 100, 150 and 200 mM) on Pleosporaceae sp. mycelial growth (cm). Means followed by the 
same letter are not significantly different (P < 0.05) according to LSD test 
 

  

 
Fig. II. Indole acetic acid production by Pleosporaceae sp. under salt stress (µg/ml). Means followed by the same letter are not 
significantly different (P < 0.05) according to LSD test. 
 

 
Fig. III. Effect of NaCl, Pleosporaceae sp. application, and their interactions on germination rate of tomato seeds (%). Means 
followed by the same letter are not significantly different (P < 0.05) according to LSD test. 
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inhibited under high saline stress (100, 150, and 
200 mM) in non-Pleosporaceae sp. treated seeds 
(Fig. III). Data showed a total inhibition of 
germination in tomato plants subjected to high 
concentrations of NaCl (100, 150, and 200 mM) 
conducted in the absence of Pleosporaceae sp. 
In the present study, it was found that 
Pleosporaceae sp. stimulated tomato plant 
germination even at high salinity levels (100, 150, 
and 200 mM). 
 
Shoot and Root Lengths 
 
The obtained results showed that the shoot (Fig. 
IV a) and root lengths (Fig. IV b) of tomato plants 
inoculated with Pleosporaceae sp. increased 
significantly (P < 0.05) compared to non-
inoculated ones. Indeed, a growth reduction was 
observed. Moreover, these characteristics were 
significant in the inoculated tomatoes under 
different salinities. The highest shoot length (0.9 ± 
0.1 cm) was measured in the inoculated plants 
treated with 20 mM NaCl. The longest root (14±1 
cm) was recorded in inoculated plants without salt 
treatment. 
 

Total Soluble Sugar and Proline Accumulation 
 
A significant decrease in soluble sugar content was 
noted in tomato plants under saline conditions. 
Under control conditions, the sugar content of 
Pleosporaceae sp.-inoculated tomato leaves was 
higher (61.1±6.1 mg/g FW) than non-inoculated 
plants (56.2±6 mg/g FW). Except for the 20 mM 
NaCl treatment, increased salinity significantly 
improved the sugar content in the inoculated 
plants compared to the treatments without 
Pleosporaceae sp. However, the recorded sugar 
levels remained lower than those observed in the 
control plants (both Pleosporaceae sp. associated 
and non-associated tomato plants). Sodium 
chloride treatment induced higher sugar 
accumulation in inoculated tomato plants under 
100 mM of salinity (Fig. V a). 
 
The obtained results demonstrated that proline 
levels in non-Pleosporaceae sp.-inoculated tomato 
plants exposed to saline conditions of 50, 100, and 
200 mM exceeded the values recorded in tomato 
plants grown under favorable conditions (Fig. V b). 
 
Discussion 

 
Fig. V. Effect of NaCl, Pleosporaceae sp. application, and their 
interactions on sugar content (a) and proline content (b) of 
tomato seeds (mg/g FW). Means followed by the same letter 
are not significantly different (P < 0.05) according to LSD test. 
 

 
Fig. IV. Effect of NaCl, Pleosporaceae sp. application, and their 
interactions on shoot length (a) and root length (b) of tomato 
seeds (cm). Means followed by the same letter are not 
significantly different (P < 0.05) according to LSD test. 
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This research displays tolerance improvement in 
Pleosporaceae sp.-inoculated tomatoes under 
NaCl stress. To our knowledge, this study presents 
the first in vitro and in vivo experimental evidence 
of the ability of Pleosporaceae sp. fungi to 
promote plant salt stress tolerance. 
Pleosporaceae sp. is a pigmented endophytic 
fungus from the Ascomycetes phylum that may 
play a role in host tolerance to stressful conditions 
(Furtado et al., 2019). Pigmented fungi that live 
inside plants are frequently found in salty 
environments and could be crucial for plants to 
survive and resist high salt levels, as stated by Sun 
et al. (2012). These fungi produce high levels of 
pigments that can protect plants growing in saline 
environments (Venkatachalam et al., 2019). In 
recent years, the evaluation of fungal strains 
tolerance to saline conditions has received 
considerable attention. In fact, numerous studies 
have described the tolerance of endophytic fungi 
to different sodium chloride concentrations 
(Ghorbani et al., 2023; Jalili et al., 2020). The 
obtained results indicated that Pleosporaceae sp. 
was halotolerant. 
 
Endophytic fungi tolerance to salt stress can be 
explained by several mechanisms. According to 
Kondrasheva et al. (2022), endophytes produce 
Indole Acetic Acid (IAA) in vitro, and this 
production increases under salt stress conditions. 
The current study's findings support the ability of 
Pleosporaceae sp. to produce this plant hormone 
(IAA); this suggests that Pleosporaceae sp. may 
play an effective role in promoting plant tolerance 
to salt stress. Improved plant growth in abiotic 
stress conditions can be attributed to the 
production of plant growth-promoting substances 
(IAA and GAs) by endophytic fungi (Ghorbani et al., 
2023). Shahzad et al. (2022) showed that plants 
can overcame the the negative effects of salt 
stress by application of exogenous IAA. 
 
According to the study's findings, the germination 
percentage of tomato plants decreased 
significantly with increasing salinity. Additionally, 
several studies have reported that salinity reduces 
the germination percentage of tomato plant 
(Nasrin and Mannan, 2019) and prolongs the 
germination time (Adilu and Gebre, 2021). Zhang 
et al. (2023)attributed this decrease to an osmotic 
dormancy mechanism that plants develop under 

stressful conditions, which represents an adaptive 
strategy to environmental constraints. Wei et al. 
(2008) reported that glycophytes and halophytes 
plants respond to salinity in the same way, by 
reducing the total number of germinated seeds 
and delaying the germination process initiation. 
The negative effects of salt stress on seed 
germination can be the consequence of ionic 
imbalance or salinity-induced toxicity (de la 
Reguera et al., 2020). In addition, the reduction in 
the final germination rate corresponds to an 
increase in external osmotic pressure and/or an 
accumulation of Na+ and Cl- in the embryo, which 
affects the water uptake of plants (Tebini et al., 
2022). 
 
A total inhibition of germination in tomato plants 
subjected to high concentrations of NaCl and 
conducted in the absence of Pleosporaceae sp. 
was observed. The obtained results are consistent 
with those of de la Reguera et al. (2020), signaling 
that high salt concentrations led to germination 
blockage. Hadjadj et al. (2022) revealed that toxic 
and osmotic combined salt effects are responsible 
for this inhibition. However, germination of 
tomato plants was improved by Pleosporaceae sp. 
According to Ghorbani et al. (2018), the 
endophyte Piriformospora indica improved 
tomato growth under salt stress compared to non-
inoculated plants. Endophytic fungi have a 
significant impact on plant adaptation to 
environmental stress conditions, including 
drought, heat, salinity and nutrient stress (Ameen 
et al., 2024). On the other hand, Verma et al. 
(2022)showed that some plants couldn’t survive 
stressful conditions in the absence of their 
associated fungi.  
 
The results showed that treatment of tomato with 
sodium chloride resulted a growth reduction, 
corroborating the results reported by Ghorbani et 
al. (2023). Moreover, shoot lengths decreased as 
the NaCl concentration rises. Despite the negative 
effects of salt stress on shoots and roots, the 
obtained results revealed that root lengths seem 
to be less impacted than shoot lengths, which are 
significantly affected. Singh et al. (2012)signaled 
similar findings. Moreover, these characteristics 
were significant in the inoculated tomatoes under 
different salinities. The highest shoot length (0.9 ± 
0.1 cm) was measured in the inoculated plants 
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treated with 20 mM NaCl. The longest root 
(14±1cm) was recorded in inoculated plants 
without salt treatment. The results of this study 
indicated that tomato plants exposed to salt stress 
and inoculated with Pleosporaceae sp. exhibited 
improvements in shoot and root growth. 
According to Otlewska et al. (2020), endophytes 
employ direct or indirect strategies to enhance 
plant salt stress tolerance, such as improving 
nutrient uptake, accumulating osmolytes, and 
producing certain phytohormones. The 
endophytes, Phoma glomerata and Penicillium sp. 
secreted gibberellic acid and indole acetic acid to 
promote rice growth under salt stress conditions 
(Manjunatha et al., 2022; Waqas et al., 2012).   
 
Accumulation of osmolytes such as proline, 
glycine betaine and sugars is the most common 
strategy for plants to tolerate stress conditions 
(Liu et al., 2022). Under salinity stress, raising the 
concentration of these osmolytes can maintain a 
favorable water potential gradient for soil water 
absorption and plant damage reduce (Zhao et al., 
2021). In this study, tomato plants decrease their 
sugar content under salt stress. Laksana et al. 
(2023)indicated that sugar amounts decreased 
substantially in plants exposed to salty conditions 
compared to non-subjected ones. 
 
Inoculation of Pleosporaceae sp. increases total 
soluble sugar content in tomato seeds compared 
with untreated ones under normal or stress 
conditions. According to Ismail et al. (2018), both 
under stressful and non-stressful condition, 
Aspergillus japonicus increases the amount of 
soluble sugar in sunflower and soybean plants 
when compared to non- Aspergillus japonicas-
associated plants. According to Li et al. (2017), 
endophytic fungi have the ability to reduce the 
negative impacts of environmental stresses and 
promote plant growth via synthesis, degradation 
and storage of sugars. Several reports have shown 
that endophytic fungi protect plants from 
environmental stresses by enhancing their 
antioxidant activity; this change promotes the 
accumulation of sugars, which may lead to 
scavenge ROS or avoid oxidative cell damage 
(Badawy et al., 2021). 
In addition to its osmotic effect, proline is also 
involved in the detoxification of reactive oxygen 

species and protein stabilization (Atta et al., 2024). 
Plants often increase their proline levels as one of 
their typical reactions to different types of stress, 
such as salty conditions. This is an initial step in 
how plants adapt to challenging environments 
(Kumar et al., 2015). 
 
Compared to non-colonized tomato plants, the 
inoculated ones showed lower proline levels. 
However, Li et al. (2017)reported different 
findings; demonstrating that proline content was 
increased by inoculating Chlorophytum 
borivilianum plants with the endophyte 
Brachybacterium paraconglomeratum.  
 
Conclusion 
 
we introduce this desert-adapted halotolerant 
fungal endophyte, Pleosporaceae sp., isolated 
from halophyte plant, as a novel environmentally 
friendly way to help tomato (Solanum 
lycopersicum L.) cope with salinity stress.  Future 
studies on the epigenetic, cellular and molecular 
levels are needed in vitro and in planta to 
understand the mechanisms by which these 
endophytes enhance plant growth and yield under 
salt stress; and will help to understand how 
endophytes interact with their hosts. 
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