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Abstract

Objective

Root rot is a serious disease of tomato (Solanum Ilycopersicum L.). It caused by the soil-borne
fungus Rhizoctonia solani. This disease leads to major yield losses in tomato production
worldwide. The aim of the present study was to isolate and identify the most virulent isolate of R.
solani. Moreover, we aimed to evaluate the biocontrol ability of Trichoderma harzianum and
aqueous clove (Syzygium aromaticum) extract. The aim was to evaluate both individually and in
combination against tomato root rot under laboratory and greenhouse conditions.

Materials and methods

Several isolates of R. solani were obtained and tested for pathogenicity. Among them, isolate R4
showed the highest virulence. It has 100% disease incidence and 98.67% disease severity. So, it
was selected for further experiments. Aqueous clove extract was prepared at concentrations of
5% and 10%. Trichoderma harzianum was cultured and applied as a spore suspension. Dual
culture assays in vitro were used to evaluate the antifungal effects of these agents firstly. After
that, greenhouse experiments were conducted to assess their effects on disease incidence, disease
severity, and plant growth parameters. LSD test at a 5% significance level was statistically used

to analyze data.


https://orcid.org/0009-0005-0144-1259
https://orcid.org/0009-0006-5502-2452
https://orcid.org/0009-0005-6012-5184

o S,

Agricultural Biotechnology Journal, 2026, 18(2)

o

Results

In vitro results showed that both 7. harzianum and clove extract significantly inhibited the growth
of R. solani. Complete inhibition of fungal growth was observed when both agents were applied
together. In greenhouse experiments, the combined treatment of 7. harzianum and clove extract
significantly reduced disease incidence (13.33%) and disease severity (9.33%), in comparison to
the infected control. In addition, this treatment improved tomato plant growth. Because it resulted
in higher fresh weight (43.33 g), dry weight (9.33 g), shoot length (46.33 cm), and root length
(10.33 cm).

Conclusion

The findings of the current study shows that Trichoderma harzianum and clove extract work
synergistically to control Rhizoctonia solani. This natural and eco-friendly method can effectively
reduce tomato root rot. It also can increase plant growth. This combination shows strong potential
as a safe alternative to chemical fungicides. Therefore, it is better to further evaluate it under field
and laboratory conditions.
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Introduction

Tomatoes (Solanum lycopersicum L.) are significant nutritional and economic importance in
addition of using it in the food industry. They contain important compounds such as lycopene,
beta-carotene, vitamins (A, C, and E), flavonoids, and phenolic acids, making them vital for
promoting human health and supporting global food security (Collins et al., 2022). Many tomato-

producing countries suffer economic losses due to diseases, particularly fungal infections endemic
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to their soils. They cause various diseases most notably root rot (Ptaszek et al., 2023).
Undoubtedly, Rhizoctonia solani is one of the most soil-borne fungi. It affects tomato crops. It
infects its root and stopped water and nutrient absorption. This result symptoms such as stunted
growth, yellowing leaves and surly causing death for the plant (Arasu & Al-Dhabi, 2023;
Meshram & Adhikari, 2024). Traditional control methods which always used chemical fungicides
have been used. Although effective, these methods are harmful to the environment and, in addition
to posing potential risks to human health, contribute to the production of pesticide-resistant
pathogens (Bakkali et al., 2008; Liu et al., 2026). To avoid these problems, we must develop
environmentally friendly alternative methods, such as biological control agents and plant extracts
(Ongena and Jacques, 2008). Trichoderma harzianum is a well-established biocontrol fungus
known for its multiple antagonistic mechanisms, including mycoparasitism, antibiosis, enzyme
secretion (e.g., chitinases, glucanases), and competition for nutrients and space (Harman et al.,
2004; Guzman-Guzman et al., 2019). On the other hand, clove (Syzygium aromaticum) extract,
particularly rich in the bioactive compound eugenol, has shown strong antifungal properties
against a broad spectrum of phytopathogens (Pitiwittayakul et al., 2025; Giménez-Santamarina et
al., 2025). This study was designed to isolate and identify the most virulent R. solani isolate and
evaluate the individual and combined effectiveness of 7. harzianum and aqueous clove extract
under in vitro and greenhouse (wooden shade) conditions. The study implemented two extract

concentrations (5% and 10%) and applied statistical analysis to assess treatment efficacy.

Materials and methods

Isolation, identification and pathogenicity tests of Rhizoctonia solani: Tomato Root samples
showing symptoms of root rot were collected from 5 fields in Babylon gouvernante, Iraq.
Infected root tissues were cut into small segments (0.5-1 cm), surface-sterilized with 70% ethanol
for 30 seconds, followed by immersion in 1% sodium hypochlorite for 2 minutes, and then rinsed
three times with sterile distilled water. Sterilized segments were cultured on Potato Dextrose Agar
(PDA) medium and incubated at 25+2°C for 5 days. The fungal colony's properties, the
mycelium's nature and the structures it creates, and the accepted taxonomic keys were used to
diagnose the fungus down to the genus and species level (Domsch & Gams, 1980). Emerging
fungal colonies were purified and sub-cultured. Pathogenicity tests were performed on healthy
tomato seedlings to determine the most virulent isolate. The percentage of germination then
computed using the following equation:

No. germinated seeds

Germination (%) = %100
Total number of seeds
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Preparation of Aqueous Clove Extract (Syzygium aromaticum): The clove aqueous
extract was prepared using the soaking method. Dried flower buds of S. aromaticum (100 g) were
ground and soaked in 1 L of hot sterile distilled water (80°C) for 24 hours with intermittent
stirring. The extract was filtered through sterile muslin cloth followed by Whatman No. 1 filter
paper. The filtrate was stored in sterilized glass bottles at 4°C until use. Two concentrations (5%
and 10%) were prepared and applied in all bioassays.

In vitro evaluation of the antifungal activity of 7. harzianum and clove extract: The
antagonistic effect of Trichoderma harzianum and clove extract against R. solani (isolate R4) was
assessed using the dual culture technique on PDA medium. A 5 mm mycelial disc of R. solani
was placed in the center of a Petri dish, while either 7. harzianum or clove extract was applied
2.5 cm away from the pathogen. Plates were incubated at 25+ 2°C for 5 days. Fungal colony
diameters were measured and the inhibition percentage was calculated using the following
formula:

Colony diameter in control treatment - Colony diameter in treatment

Inhibition (%) = : : %100
Colony diameter in control treatment

Evaluation under wooden shade (greenhouse conditions): Greenhouse trials were
conducted using 25 cm plastic pots filled with soil artificially infested with R. solani (R4). Tomato
seedlings aged 21 days were transplanted into the pots. Treatments were arranged in a completely
randomized design (CRD) with three replicates per treatment. The treatments included: R4 = (R.
solani), T = (Trichoderma harzianum), C = (Clove extract), Bel = (fungicide beltanol), and Con.=
(control) and considered as following:

R4, T+R4, C+R4, T+C+R4, R4+Bel, T, C, T+C, Con.
After 45 days of treatment, plants were evaluated based on disease incidence (%), disease severity
(%), fresh and dry plant weight (g), Shoot and root length (cm).

Statistical Analysis: All data were subjected to one-way analysis of variance (ANOVA)
using a completely randomized design (CRD). Means were compared using the Least Significant
Difference (LSD) test at a 5% level of significance (P < 0.05). Statistical analyses were performed

using SPSS software version 25 or its equivalent.

Results and discussion

The results of the laboratory assay revealed clear antifungal activity of both the aqueous
extract of clove (Syzygium aromaticum) and the biocontrol fungus Trichoderma harzianum in
inhibiting the growth of Rhizoctonia solani, the primary causal agent of root rot disease in tomato

plants. The most virulent isolate was selected from among 5 isolates of the pathogenic fungus by
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testing the effect of the fungus on the germination rate of tomato seeds, where isolate R4 gave the

lowest germination rate and complete death of the seeds (Table 1).

Table 1. comparison between isolates of Rhizoctonia solani to choose the most aggressive one

Isolations Seeds Germination
R1 333
R2 16.3
R3 253
R4 0.00
RS 18.6
Control 96.6
L.S.D. (0.05) 8.674 *

*: P<0.05

Efficacy of clove extract in inhibiting the pathogen: The results (Table 2) showed that
the clove extract at 5% concentration reduced the colony diameter of the pathogen to 1 cm, with
an inhibition rate of 88.8%, while the higher concentration (10%) completely inhibited fungal
growth (100%), with statistically significant differences confirmed by LSD test at the 0.05
probability level (P < 0.05). This confirms the presence of eugenol compound and other active
compounds in clove extract which have an inhibitory effect to R.solani (Giménez-Santamarina et

al., 2025; Pitiwittayakul et al., 2025).

Table 2. Effect of the Clove Extract and Biocontrol Fungus on R. solani in Laboratory

Fungal Colony Pathogenic Fungus

Treatment Concentration (%) Diameter (cm) Inhibition (%)
Clove Extract (Syzygium 5 1 88.8
aromaticum) + R4 10 0 100
Trichoderma +R4 0 100
Control 9 0
L.S.D. (0.05) 2.074 * 9.437 *
*: P<0.05

These findings suggest that clove extract can serve as a safe and effective botanical
alternative to chemical fungicides in managing R. solani. This aligns with Bakkali et al. (2008),
who emphasized the antifungal potential of plant extracts rich in phenolic compounds.

Efficacy of Trichoderma harzianum Against R. solani: The dual culture assay between T.
harzianum and R. solani (Trichoderma + R4) resulted in complete inhibition of pathogen growth
(100%), with no fungal colonies observed in the culture medium. This confirms the high
antagonistic activity of T. harzianum, which operates through several mechanisms, including:
secretion of hydrolytic enzymes such as chitinases and -1,3-glucanases, competition for nutrients

and space, and production of antifungal metabolites (Guzman-Guzman et al., 2019; Shabani et

259



o S,

Agricultural Biotechnology Journal, 2026, 18(2)

o

al., 2024). These results are consistent with previous studies, including Yao et al. (2023), which
demonstrated the ability of T. harzianum to suppress Rhizoctonia growth through direct
mycoparasitism and antagonism. While in the control treatment the fungal colony diameter
reached 9 cm with 0% inhibition, indicating the pathogen’s normal growth in the absence of any
suppressive agents. This serves as the baseline confirming the effectiveness of the tested
treatments.

Results of wooden shade experiment: The results of the shade house experiment
demonstrated a significant efficacy of both biological agent and clove extract treatments in
mitigating the harmful effects of Rhizoctonia solani on tomato plants, compared to the infected
control treatment (R4), as shown in Table 3. It recorded the highest disease incidence (100%) and
severity (98.67%). This confirm that R. solani is the main causative fungi of root rot in tomato
plants. It reflects the high pathogenic potential of R. solani, as previously reported by Nassary
(2025) and Hussein et al. (2025). They reported 85% and 56% as infection and infection Severity,

respectively.

Table 3. the effectiveness of treatments on rate and severity of infections under wooden

shade conditions

Treatments Infection (%) Infection Severity (%)
R4 100 98.67
T+R4 40.00 28.00
C+R4 46.67 32.00
T+C+R4 13.33 9.33
R4+Bel 6.67 4.00
T 6.67 5.33
C 6.67 5.33
T+C 0.00 0.00
Con. 0.00 0.00
L.S.D. (0.05) 9.514 * 8.730 *
*: P<0.05

Effectiveness of treatments in reducing disease incidence and severity: The combined
treatment (T+C+R4) significantly reduced both disease incidence and severity, reaching 13.33%
and 9.33%, respectively. These results are shown in Table 3 with statistically significant
differences based on LSD test (P<0.05). This indicates a synergistic interaction between the
biological agent and the plant extract in suppressing disease development. The individual
treatments (T+R4 and C+R4) also showed notable reductions and were 40% ,46% for infection
and 28%, 32% for severity respectively. But the greatest effect was achieved when both were
applied together. These findings are consistent with Christova et al. (2024), who reported that

combining biocontrol agents with plant-derived compounds can enhance antifungal efficacy.
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Shade house experiment: The combined treatment (T+C) recorded the highest values for
root length (27.67 cm) and shoot length (45.83 cm), followed by R4+Bel and T+C+R4. In
contrast, the infected control (R4) exhibited the shortest root (0.667 cm) and shoot (9.17 cm)

lengths (Table 4). It indicates the damaging effect of the pathogen on plant development.

Table 4. The effect of treatments on shoot and root length of tomato plants under wooden

shade conditions

Treatments Shoot Length (cm) Root Length (cm)
R4 9.17 0.667
T+R4 35.67 7.80
C+R4 39.67 7.20
T+C+R4 46.33 10.33
R4+Bel 46.33 11.33
T 41.67 18.00
C 39.50 19.00
T+C 45.83 27.67
Con. 30.67 5.17

L.S.D. (0.05) 8.263 * 6.449 *
*: P<0.05

These results support the findings of Shabani et al. (2024), who explained that 7. harzianum
promotes plant growth by producing natural growth regulators and improving nutrient uptake,
while the role of clove extract as Thabet and Khalifa (2018) findings which is prophylactic, which
reflects positively with plant health and improved growth indicators. The (T+C) treatment also
resulted in the highest fresh weight (71.00 g) and dry weight (14.13 g), followed by R4+Bel and
T+C+R4. Conversely, the infected control (R4) showed the lowest values for fresh (1.23 g) and
dry weight (0.233 g), as shown in Table 4. It highlights the severe root damage caused by the
pathogen and its role in stunting plant growth. These findings underline the crucial role of
biological and botanical treatments in alleviating physiological stress induced by fungal infection.

It is noteworthy that treatments such as T, C, and T+C resulted in plant growth and
development metrics that surpassed even those of the healthy control, indicating not only a
protective role against disease but also a stimulatory effect on plant vigor. This observation is in
line with what recent reviews have reported, like that by Guzman-Guzman et al. (2019) and Arif
et al. (2024). They noted the plant growth-promoting properties of Trichoderma spp. They briefly
discussed the role of Trichoderma spp. as major growth promoters around hormonal regulation,
particularly the auxin signaling pathway in plants as well as improving the physiological response

of plants in reaction to harsh environmental conditions.
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Table 4. The effect of treatments on fresh weight and dry weight in tomato plants under

wooden shade conditions

Treatments Fresh Weight (g) Dry Weight(g)
R4 1.23 0.233
T+R4 27.67 6.27
C+R4 22.00 4.43
T+C+R4 43.33 9.33
R4+Bel 67.67 11.67
T 45.67 8.43
C 53.33 9.30
T+C 71.00 14.13
Con. 10.67 5.76

L.S.D. (0.05) 12.079 * 5.122 %
*: P<0.05

Conclusion: This study shows that Trichoderma harzianum fungus and clove extract
(Syzygium aromaticum) have a good inhibition effect against to fungus Rhizoctonia solani. It
proves their ability to be as a part of integrated disease management with sustainability since they
are considered safe alternatives to chemical pesticides. While the effectiveness of the plant extract
alone was dependent on the concentrations used, the fungus used as bio-agent completely
inhibited the pathogen. We therefore, infer that when used together these agents will cause an
even higher effect on controlling root rot in tomatoes for further researches. Our findings provide
that biocontrol agent either individually or together can control this pathogen infection on tomato
plants. There was also observed high efficacy when used in combination with significant
improvement all parameters measured. We therefore suggest further field researches towards

improving the efficacy of this agent and develop it as biopesticide for field use.
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