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Abstract: Salinity is one of the major limiting factors for sustainable crop production and the growth of beneficial 
microorganisms. Screening of biocontrol agent Trichoderma harzianum isolates under saline conditions could be necessary to 
select more efficient strains to alleviate salt stress through biopriming in plants. The present study aimed to investigate the 
antagonistic capacity of 14 T. harzianum isolates against Macrophomina phaseolina as well as the growth, protease activity, and 
proline content under different concentrations of salt. All isolates except Th15 and Th18 exhibited an over 85% inhibition 
against M. phaseolina at 0 mM NaCl in c and showed a noticeable decline in their antagonistic capacity as salt concentration 
increased. Colony growth decreased with increasing salt concentrations in all isolates tested. The growth of all isolates at 0 
mM was significantly higher than the other NaCl treatments except at 70 mM NaCl. Protease activity also declined with the 
increased level of salt. Isolates displayed a wide range of protease expression patterns even at the same salinity as in the case 
of proline content. Unlike protease enzyme, proline content significantly increased at 240 mM NaCl. Salinity played a 
significant role in T. harzianum isolates with regards to the growth, antagonistic capacity, protease activity, and proline content. 
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Tuzluluğun Trichoderma harzianum'un Büyüme, Antagonistik Potansiyeli, Proteaz Aktivitesi ve 
Prolin İçeriği Üzerindeki Etkisi 

Öz: Sürdürülebilir bitkisel üretimin artması ve faydalı mikroorganizmaların büyümesi için tuzluluk ana sınırlayıcı 
faktörlerden biridir. Biyokontrol ajanı olan Trichoderma harzianum izolatlarının tuzlu koşullar altında test edilmesi, biyo-
priming yoluyla bitkilerdeki tuz stresini hafifletmek için daha uygun suşlar seçmek gereklidir. Bu çalışmada, 14 T. harzianum 
izolatının Macrophomina phaseolina’ ya karşı antagonistik kapasitesinin yanı sıra büyüme, proteaz aktivitesi ve prolin içeriği 
farklı tuz konsantrasyonları altında araştırıldı. Th15 ve Th18 dışındaki tüm izolatlar, ikili kültür analizinde 0 mM NaCl'de M. 
phaseolina'ya karşı % 85'in üzerinde bir inhibisyon sergiledi ve tuz konsantrasyonu arttıkça antagonistik kapasitelerinde 
belirgin bir düşüş gösterdi. Test edilen tüm izolatlarda artan tuz konsantrasyonlarına bağlı olarak koloni büyümelerinde 
istatistiksel açıdan anlamlı azalmalar gözlemlendi. Tüm izolatların 0 mM'deki büyümesi, 70 mM NaCl hariç diğer NaCl 
uygulamalarında büyük ölçüde daha fazlaydı. Artan tuz seviyesi ile proteaz aktivitesi de azalmıştır. İzolatlar, prolin içeriğinde 
olduğu gibi aynı tuzlulukta bile farklı miktarlarda proteaz üretimi gösterdiler. Proteaz enziminin aksine, prolin içeriği 240 mM 
NaCl'de önemli ölçüde artmıştır. Tuzluluk, T. harzianum izolatlarında büyüme, antagonistik kapasitesi, proteaz aktivitesi ve 
prolin içeriği bakımından önemli bir rol oynamıştır. 

Anahtar kelimeler: Biyokontrol ajanı, Macrophomina phaseolina, litik enzim, fitopatojen. 

1. Introduction 

Biological control of plant pathogens offers an 
environmentally friendly alternative to chemical pesticides; 
thus, it has been increasingly becoming an important 
component in plant disease management (Kidwai & Nehra, 
2017). Several types of biological control agents are involved 
in biocontrol activity to suppress causative agents of various 
plant diseases and promote plant growth. It is well-
documented that Trichoderma spp., a genus of asexually 
reproducing filamentous fungi, is one of the most important 
biocontrol agents of several soil-borne plant pathogens. This 
fungus is a dominant component of fungal soil microbiota 
and exhibits varying levels of mycoparasitism against a 
wide range of plant pathogens and its biocontrol capability 
depends on specific strains rather than species (Kucuk & 
Kivanc, 2003; Gajera & Vakharia, 2012; Kidwai & Nehra, 
2017). 

Differential antagonism of Trichoderma species against 
phytopathogen Macrophomina phaseolina has been well-

studied (Etebarian, 2006; Khalili et al., 2016). M. phaseolina 
leads to charcoal rot disease, responsible for economically 
important yield losses in a variety of crop plants, and may 
infect the root of more than 500 plant species worldwide 
(Khalili et al., 2016). The variable severity of charcoal rot 
infestations is attributed to environmental changes such as 
water stress, drought, heat, and high temperatures (Singh, 
Pandey, Dubey, & Maheshwari, 2008; Vinale et al., 2008; 
Khalili et al., 2016). Those studies ignored the effect of salt 
which is one of the major abiotic stresses limiting plant 
growth and yield (Rawat, Singh, Shukla, & Kumar, 2011). 
The high incidence of charcoal rot disease might be the 
result of the elimination of biocontrol agents under adverse 
soil conditions such as high salinity. It was reported that 
tolerance of Trichoderma strains to salt is variable and salinity 
tolerant Trichoderma isolates could be more effective to 
increase crop productivity under salt stress (Rawat et al., 
2011; Rawat, Singh, Shukla, & Kumar, 2013) 

Lytic enzymes are involved in the biocontrol activity 
of Trichoderma harzianum because such enzymes play an 
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important role in the lysis of cell walls of filamentous plant 
pathogenic fungi during the antagonistic interaction. 
Proteolytic activity is a prerequisite to lysing whole fungal 
cells (Markovich & Kononova, 2003). Moreover, the 
proteases produced by Trichoderma species may be involved 
in inactivating extracellular enzymes of phytopathogenic 
fungi (Markovich & Kononova, 2003). T. harzianum isolates 
produce varying levels of proteases even under the same 
conditions. In a study, the proteolytic activity of two T. 
harzianum isolates was found to be significantly higher than 
that of the other strain under the same conditions (Marco, 
Valadares-Inglis, & Felix, 2003). 

Proline, an amino acid, plays several highly beneficial 
roles in plants under stress conditions and acts as an 
important osmolyte (Hayat et al., 2012). It also enables 
plants to maintain osmoregulation and recover from 
oxidative damage quickly (Ahmad et al., 2015); therefore, 
plants tend to accumulate more amount of free proline in 
response to different stress conditions. Besides stressful 
conditions, the other way of increasing proline content for 
plants is the inoculation of T. harzianum. Accumulation of 
proline content can be increased in plants inoculated with T. 
harzianum under both normal and stress conditions. It was 
reported that T. harzianum alone causes an increase of 
32.08% in proline content while the inoculation of this 
fungus to drought-stressed plants increases by 80.8% (Mona 
et al., 2017). Similarly, an increase in proline content by 
inoculation of T. harzianum was also observed under NaCl 
stress (Ahmad et al., 2015). 

The biocontrol and antifungal effects of different T. 
harzianum strains against plant pathogens differ from strain 
to strain and depend on ecological factors; therefore, the 
strains exhibit different behaviors based on the 
physiological tests (Kucuk & Kivanc, 2003). In addition, to 
decrease the adverse effects of salinity and fungal diseases, 
screening salinity tolerant isolates would be necessary to 
select more efficient isolates to be used through biopriming 
to mitigate salt stress in plants (Rawat et al., 2011; Amaresan, 
2016). The objectives of this study were to investigate 
antagonistic capacities of 14 T. harzianum isolates against 
plant-pathogen M. phaseolina as well as to determine the 
growth, protease activity, and proline content under 
different salt concentrations. 

2. Materials and Methods 

2.1. Isolation of Trichoderma harzianum spp.  

Approximately 420 soil samples were taken from cotton-
farming regions of Harran province in Turkey. Serial 
dilutions were prepared from soil samples and inoculated 
onto petri dishes containing Martin’s Rose Bengal Medium 
and Trichoderma Selective Medium. After a 5-day incubation 
period at 28 oC, the colonies defined as Trichoderma were 
identified based on the colony and spore characteristics 
under the microscope (Kucuk & Kivanc, 2003; Amaresan, 
2016). 

2.2. Resistance of Trichoderma isolates to salt concentrations 

A 5-mm diameter disc of T. harzianum isolates was placed 
onto PDA containing different concentrations of NaCl (0, 70, 
150, 240, 300, 350 mM). The development of the isolates and 
spore formation in salt-containing agar plates were 
examined at 30 oC during the 5-day incubation. 

2.3. Antagonistic activity of Trichoderma isolates  

Macrophomina phaseolina was used as a plant-pathogen. T. 
harzianum spp. and M. phaseolina obtained from soil were 
actively grown in sterile petri dishes containing PDA 
(Potato Dextrose Agar) at 25±2 oC for 7 days. A 5-mm 
diameter disc of the selected 14 T. harzianum isolates was 
inoculated onto PDA containing different concentrations (0, 
70, 150, 240, 300, 350 mM) of NaCl with a 5-mm diameter 
disc of plant-pathogen taken from actively growing colonies 
and incubated at 25±2 oC for 7 days. The distance between 
the inoculum of the isolates on the petri dishes was 5 cm 
(Kucuk & Kivanc, 2003). The diameters of growth zones of 
the pathogen and antagonist fungus were measured and the 
percent inhibition of the growth was calculated by the 
formula (y-z / y) x 100.  

y = micelle development of the pathogen (in control petri 
dishes) (mm) 

z = micelle development of the pathogen against 
antagonism of T. harzianum (mm) 

2.4. Protease activity  

The extracellular protease activity was performed based on 
the release of azo casein-based amino acids and small 
peptides in fungal culture. A 3-mm diameter disc of T. 
harzianum grown on PDA containing 0 and 240 mM NaCl 
was cut from the medium with the help of a cork-borer. The 
disc was removed with a pipette tip and placed in 1.5 mL 
Eppendorf tubes. 120 µL (1% w/v) azo-casein prepared in 
50 mM Tris-HCl (pH 8.8) was added to the tubes. Fungal 
growth and azo-casein hydrolysis were performed with 
incubation of tubes for an hour at room temperature. Protein 
breakdown (proteolysis) was terminated by adding 300 µL 
(10% w/v) cold trichloroacetic acid (TCA). The aliquot was 
centrifuged at 15 000 g for 10 min. 350 µL of supernatant was 
taken and mixed with 300 µL of 1 M NaOH. Afterward, the 
mixture was centrifuged at 15 000 g for 10 min and the 
protease activity was measured on a 440 nm microplate 
reader (Sambrook, Fritsch, & Maniatis, 1989; Haab, 
Hagspiel, Szakmary, & Kubicek, 1990). Since the 
antagonistic activity was importantly declined at over 240 
mM NaCl, we did not test protease activity and proline 
content at higher salinities. 

2.5. Determination of proline content  

Protein measurement was made according to the Coomassie 
Brilliant Blue G-250 method (Bradford, 1976). Micelles were 
collected by adding 8-10 mL sterile distilled water on the 
micelles of the isolates developed on PDA in petri dishes at 
25±2 oC for 7 days. The isolates were grown on PDA 
supplemented with 0 and 240 mM NaCl for the estimation 
of proline content. The collected micelle mass was 
homogenized in phosphate buffer (pH 7) and centrifuged 
for 10 min at 10 000g. The protein content of the supernatant 
obtained was determined according to Bradford (1976). 2 
mL of the supernatant obtained from protein extracts was 
mixed with a 2 mL ninhydrin solution (1.25 ninhydrin, 30 
mL of acetic acid, and 20 mL of 6M phosphoric acid) and 
boiled at 80 oC for 55-60 min. The reaction was terminated 
by keeping the samples on ice and proline was separated by 
adding 5 mL of toluene. After 15-20 min, the content was 
separated into 2 different phases and measured at 520 nm 
using a UV-Vis spectrophotometer. Proline concentration 
was determined using calibration curve. L-proline solution 
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was used as a standard (Bates, Waldren, & Teare, 1973). 

2.6. Statistical analysis 

Before one-way ANOVA, Bartlett’s test was used to test for 
equality of variances. Bonferroni post hoc test was employed 
for the growth and antagonistic activity results (P < 0.05) 
and a two-sample t-test was conducted for protease activity 
and proline content experiments to determine differences in 
means (P < 0.05) in SPSS. 

3. Results and Discussion 

Most plants are sensitive or moderately sensitive to salinity. 
Among several methods employed to improve plant 
growth and productivity in salty environments, inoculation 
of salinity tolerant Trichoderma strains through seed 
biopriming proved to be an effective strategy in inducing 
salt tolerance (Rawat et al., 2011). Therefore, we tested the 
growth and antagonistic effect of T. harzianum isolates as 
well as protease activity and proline content under different 
concentrations of salt. 

A total of 14 T. harzianum strains were isolated from 
cotton-farming regions of Harran province in Turkey. These 
isolates were screened for their growth and spore-formation 
ability under different salt concentrations. The results 
revealed that the growth of all these isolates was decreased 
with increasing salt concentration (Table 1). The best colony 
growth was observed at 0 mM NaCl. Bonferroni post hoc test 
analysis showed that the growth at 0 mM NaCl in all isolates 
was significantly higher than the other NaCl treatments 
except at 70 mM (P < 0.05). Spore production was observed 
only at higher salt concentrations by some isolates (Table 1). 
Similar to the results of our experiments, the other 
researchers demonstrated that salt appeared to have a 
significant negative impact on the mycelial growth of T. 
harzianum isolates (Kredics, Antal, & Manczinger, 2000; 
Rawat et al., 2013; Amaresan, 2016). Salt amendments led to 
a progressive drop in mycelial growth of Trichoderma 
isolates. Rawat et al. (2013) revealed that of 45 T. harzianum 
isolates, only five isolates were salinity tolerant and able to 
grow and sporulate up to 240 mM NaCl. However, our 
results showed that T. harzianum isolates were able to grow 
and sporulate in the growth medium containing up to 350 
mM salt. This may be due to strain differences.  

Table 1. Growth of T. harzianum isolates at different levels of 
salinity 

Colony growth (cm) 

Strains 0mM 70mM 150mM 240mM 300mM 350mM 

Th1 9.2 8.6 8.5 7.6 6.2 3.5 
Th2 9.1 8 7.6 7.4 6 2.5 
Th3 9 8.3 8 7.4 7.3 7.2 
Th4 9.2 9 8.6 8 8* 6.2 
Th5 9 8.2 8 7.7 7.1* 5.8* 
Th6 9.1 8.7 8 7.5 6.7 5.8* 
Th7 9.2 9 8.6* 7.9 7.8* 7.5 
Th8 9.2 9 8 7.9 7.6 7.4 
Th9 8.8 7.4 7.2* 6.9 5.2* 4.4* 
Th13 8.9 8.2 8 7.8 7.8 6.5 
Th14 9.2 8.8 8.2* 7.1 6.6* 5.5 
Th15 8.9 7.8 7.1 7 6.8* 6.4 
Th17 9 8 7.7 7.5 7 5.4* 
Th18 8.8 5.9 5.7 5.1 4.6 4.3* 

* denotes spore production 

The antagonistic capacity of T. harzianum strains 
against phytopathogen Macrophomina phaseolina was also 
tested under different saline conditions in dual cultures. The 
greatest percent inhibition was observed at 0 mM NaCl 

(Table 2). All the isolates showed an over 85% inhibition at 
0 mM NaCl against the pathogen except two isolates (Th15 
and Th18). The inhibition rate was correlated with 
increasing salt concentrations. An increase in NaCl 
concentration consistently decreased the percent pathogen 
inhibition in all the isolates tested (Table 2). The present 
result is in good agreement with that obtained by the studies 
(Kredics et al., 2000; Rawat et al., 2013) indicating that the 
antagonistic capacity of T. harzianum against phytopathogen 
Fusarium oxysporum was reduced with increasing salinity 
and tends to disappear at higher levels of salt. The salinity 
tolerant isolates revealed significantly greater antagonistic 
capacity against the plant-pathogen on saline medium 
compared to the salinity sensitive strains (Rawat et al., 2013). 
Similar observations were also made against Rhizoctonia 
solani (Kashyap, Solanki, Kushwaha, Kumar, & Srivastava, 
2020). 

Table 2. Percent pathogen inhibition of T. harzianum isolates at 
different levels of salinity 

Pathogen inhibition (%) 

Strains 0mM 70mM 150mM 240mM 300mM 350 mM 

Th1 86.1 86.1 84.7 79.2 69.4 27.5 
Th2 85 80 75.1 68 62.2 22.2 
Th3 96 86.1 85.4 84.7 53.6 51.8 
Th4 90.3 85.7 80.4 78.6 62.1 55.8 
Th5 87.7 87.5 72.2 70 68.7 52.6 
Th6 88.9 86.7 77.5 72 60.8 51.2 
Th7 91.7 86.1 83.3 81.9 53.6 43.7 
Th8 88.9 87.5 84.7 79.2 69 44.6 
Th9 88 86 80 75 56.5 38.5 

Th13 87 84.3 83.7 81.9 62.2 47.4 
Th14 90.3 86.1 84.7 83.2 42.2 33.7 
Th15 54.7 50.6 49.2 41.7 38.8 27.2 
Th17 86.1 84.7 83.6 78.6 53.2 47.4 
Th18 53.3 51.9 48.4 46.2 44.9 39.7 

The protease activity of the biocontrol agent T. 
harzianum isolates in media supplemented with different 
concentrations of salt is shown in Table 3. Protease 
productions by all the isolates were negatively correlated 
with an increase in salt concentration. The highest protease 
activity was observed at 0 mM compared to 240 mM NaCl 
in all the isolates. Protease production of the isolates at 0 
mM NaCl was significantly higher than those at 240 mM 
(two-sample t-test, P < 0.001). The isolates tested showed a 
wide range of protease activities, ranging from 12.4 to 28.1 
U mg-1 and from 4.7 to 14.8 U mg-1 (at 0 and 240 mM NaCl, 
respectively). The maximum levels of protease (28.1 and 
14.8 U mg-1) were produced by Th14 (at 0 and 240 mM NaCl, 
respectively) (Table 3). As in the case of our study, Marco et 
al. (2003) reported that T. harzianum isolates produce 
different amounts of proteases under the same conditions. 
In addition, similar to the current study, a recent study 
revealed that Trichoderma isolate produces varying levels of 
proteases at different salinities and protease activity is 
declined with the increased level of salt stress from 0 to 250 
mM NaCl (Kashyap et al., 2020). It is well-established that 
proteases are involved in competition for protein substrates, 
in inactivating extracellular enzymes of phytopathogenic 
fungi as well as in the mycoparasitism by degrading the 
protein components of the cell wall of fungal pathogens 
(Markovich & Kononova, 2003; Kredics et al., 2005; Gajera & 
Vakharia, 2012). In literature, the previous investigations 
ignored the effect of salinity on proteolytic activity except 
Kashyap et al. (2020) who worked with only one Trichoderma 
isolate, which required the necessity to investigate more 
isolates.  
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Table 3. Protease activity and proline content of T. harzianum 
isolates at different levels of salinity 

 Protease activity (U mg-1) Proline content (µmoles g-1) 

Strains 0mM 240mM 0mM 240mM 

Th1 20.7 8.1 0.12 6.52 
Th2 19.9 12.8 0.06 7.06 
Th3 24.8 14.1 0.13 7.05 
Th4 23.4 8.3 0.08 8.48 
Th5 12.4 10.3 0.11 6.51 
Th6 16.5 9.7 0.10 6.17 
Th7 16.7 13.8 0.12 8.13 
Th8 14.8 11 0.09 7.87 
Th9 17.3 7.3 0.12 5.98 

Th13 26.8 10.2 0.08 9.06 
Th14 28.1 14.8 0.16 7.27 
Th15 27.9 10.3 0.09 10.08 
Th17 20.5 10.8 0.14 7.19 
Th18 12.6 4.7 0.06 6.96 

Proline plays an important role in ROS scavenging and 
maintaining osmoregulation in plants (Ahmad et al., 2015). 
It also protects metabolic processes under adverse 
conditions by replacing water, thus keeping the stability of 
important cellular structures (Zhifang & Loescher, 2003). To 
increase proline content, plants are inoculated with 
Trichoderma isolates. Previous studies reported that total 
proline content in plants could be increased with 
Trichoderma treatments and the contribution of proline 
accumulation differs in the isolates (Rawat et al., 2011; 
Rawat, Bisht, Upadhayay, & Kukreti 2016; Mona et al., 2017; 
Yasmeen & Siddiqui, 2017). In these studies, some strains 
significantly increased total proline content in mycelia cells 
while other isolates could not exhibit significant effects. 
Similarly, our result showed that the strains displayed a 
wide range of proline production at both salinities. The 
proline content of the isolates ranged from 0.06 to 0.16 µmol 
g-1 at 0 mM and from 5.98 to 10.08 µmol g-1 at 240 mM NaCl 
(Table 3). This variability in proline production of different 
isolates might explain more or less accumulation of proline 
in plants treated with Trichoderma strains. Proline content of 
the isolates at 240 mM NaCl was found to be significantly 
higher than those at 0 mM (two-sample t-test, P < 0.001).  

In conclusion, higher salinity appeared to have a 
significant negative effect on the growth, antagonistic 
capacity, and protease activity of T. harzianum isolates but 
significantly increased proline content. The isolates 
responded differently to the tested parameters. We suggest 
here that the salinity parameter should be taken into 
consideration when working with T. harzianum isolates with 
regards to the growth, antagonistic potential, protease 
activity, and proline content. 
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