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Abstract:
Original Research

Soybean charcoal rot, caused by Macrophomina phaseolina, is an economically

Received: 07 October 2025 important disease affecting various oilseed crops in northern regions, particularly in
Revised: 13 November 2025 Golestan and Mazandaran provinces. This fungus can lead to seedling death, seedling
Accepted: 05 December 2025 blight, crown rot, stem rot, charcoal rot, and root rot under favorable conditions. The

current study utilized a factorial design in a completely randomized setup with 3
replications and 2 factors. The first factor included T. harzianum and M. phaseolina,
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treated soybeans was higher during the initial hours compared to the control group.
Additionally, the severity of M. phaseolina disease was lower in the T. harzianum
DOI: 10.22034/13PP.2025.2021871.500 treatment group than in the positive control. These findings contribute to a better
understanding of the interactions between T. harzianum and the biological control of
M. phaseolina, demonstrating its efficacy in disease management.
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Extended Abstract
Introduction

Plant diseases are one of the most crucial factors limiting
crop yields worldwide (Zhang et al. 2016). One such disease
is soybean charcoal rot caused by Macrophomina
phaseolina (Tassi) Goid, which infects not only soybeans
but also other economically significant crops like corn,
sorghum, beans, cotton, sesame, sunflower, melon, tobacco,
and safflower (Su et al. 2001; Purkayastha et al. 2006; Singh
et al. 2008). One method for managing this disease is the use
of chemicals, but due to the wide time window of host
susceptibility, the long-term survival of the pathogen as a
saprophyte in the soil, and the production of sclerotia, there
is no effective chemical control method (Wrather et al. 1998;
Mengistu et al. 2011). The extensive use of chemical
pesticides has resulted in issues such as safety risks,
environmental pollution, loss of biodiversity, and pathogen
resistance (Rani et al. 2021). Therefore, there is a need for a
more effective and environmentally friendly strategy to
control plant diseases instead of chemical pesticides, and
biological control with Trichoderma fungi is one such
approach. Trichoderma species play a crucial role in the
biological control of plant fungal pathogens. This control is
achieved indirectly through competition for access to
nutrients and growth space, which leads to changes in
mechanisms and antibiosis, or directly through mechanisms
such as mycoparasitism (Benitez et al. 2004). Therefore, this
study aims to investigate the effect of T. harzianum
treatment in controlling soybean charcoal rot disease, as well
as to evaluate the activity of antioxidant enzymes and the

extent of disease spread.

Methods and Materials

The present study was conducted using a factorial design
in a completely randomized setup with 3 replications and 2
factors. The first factor consisted of T. harzianum and M.
phaseolina, while the second factor was the sampling times

after pathogen inoculation. The comparison of enzyme

means and disease development was carried out using LSD
at the 0.01% significance level with SAS 9.1 statistical
software. Graphs illustrating enzyme activity and disease
development were created using Excel software.

First, the seeds of the Saman cultivar were disinfected.
Then, they were germinated and transferred to pots with
sterile soil before being moved to the greenhouse. After three
weeks, the seedlings were sprayed with a suspension of T.
harzianum spores (Yadav et al. 2019). After 48 hours, a five-
millimeter piece was removed from the edge of a five-day-
old M. phaseolina colony on PDA culture medium. This
piece was then placed on the stem of three-week-old soybean
plants after being wounded and secured with parafilm
(Talapov et al. 2021).

Sampling was performed at 24, 48, 72, and 96 hours after
treatment, and disease severity was assessed on day 30. To
study enzymatic activity, leaf extract was first extracted, and
the activities of CAT, PPO, and GPX enzymes were

measured using a spectrophotometer.

Findings

The results of the analysis of variance showed that the
effects of treatments on the rate of disease development were
significant. In plants treated with T. harzianum, after
infection with M. phaseolina, disease development was
reduced by about 75% compared to control plants (positive
control).

The results of the analysis of variance for enzyme activity
showed that the activity of CAT and GPX enzymes was
significant at the one percent level in all sources of change.
However, the activity of PPO in the treatment-time was
significant at the five percent level, but not in other sources.

The CAT enzyme activity in plants treated with T.
harzianum increased up to 48 hours after, and decreased
slightly at 72 hours, but then increased again at 96 hours. In
contrast, the activity of this enzyme in control plants
increased up to 72 hours and then decreased at 96 hours.
However, at all hours examined, CAT enzyme activity in
plants treated with T. harzianum was higher than in control

plants after infection.
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The CAT enzyme activity in plants treated with T.
harzianum increased up to 48 hours after treatment,
decreased slightly at 72 hours, but then increased again at 96
hours. In contrast, the activity of this enzyme in control
plants increased up to 72 hours and then decreased at 96
hours. However, at all time points examined, CAT enzyme
activity in plants treated with T. harzianum was higher than
in control plants after infection.

The PPO enzyme activity increased in T. harzianum-
treated plants at 24 and 48 hours after infection compared to
control plants. However, at 72 and 96 hours, the level of
activity of this enzyme in control plants was higher. The
highest level of activity of this enzyme in T. harzianum-
treated plants was 5.60 at 24 hours, while it was 5.67 at 96
hours in control plants.

The activity of the GPX enzyme in plants treated with T.
harzianum increased at 24 and 48 hours, decreased at 72
hours, and then increased again at 96 hours, with the highest
enzyme activity recorded at 11.01. In contrast, control plants
showed a decrease in activity at 48 hours, but it increased at
72 and 96 hours, with the highest activity recorded at 96
hours at 8.55. When comparing the enzyme activity between
treated and control plants, except at 72 hours, the enzyme
activity in plants treated with T. harzianum was higher than

in control plants at other times examined.

Discussion and Conclusion

Various biological stresses, including plant pathogenic
fungal infections, induce oxidative stress in cells by
stimulating the production and accumulation of reactive
oxygen species (ROS). Among the important ROS, 02~ and
H»0, are the most crucial and accumulate rapidly in the cell
in response to stress induction. These molecules play a
signaling role at low concentrations (Zhang et al. 2008), but
excessive ROS concentrations lead to oxidative damage, cell
death, lipid peroxidation, and destruction of cell membrane
structure (Mittler 2002; Sharma et al. 2012). Therefore,
rapid detoxification of ROS is essential to prevent oxidative
damage. To modulate the ROS levels induced by biotic

stress, plant cells have developed a complex and efficient

ROS scavenging system in which antioxidant enzyme
systems such as CAT, PPO, and GPX play key roles (El-
Beltagi et al. 2011; Li et al. 2015; Schliiter et al. 2022).

The present study showed that T. harzianum was able to
induce defense responses in soybean plants against M.
phaseolina. The data indicated a significant increase in CAT,
PPO, and GPX activities in T. harzianum treatment
compared to M. phaseolina infected control plants, which
effectively reduced charcoal rot disease.

This research contributes to a better understanding of the
interrelationships and provides theoretical foundations
related to the use of T. harzianum in the biological control of
M. phaseolina. However, due to the complexity of the
underlying mechanisms, further studies on the induction of

resistance to M. phaseolina by T. harzianum are necessary.
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Fig 3. Shows a comparison of the average changes in activity levels of CAT, PPO and GPX enzymes in different time

periods following treatment with Trichoderma harzianum When compared to the C+, columns with the same letters are

not significantly different.
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