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I. Abstract

The current study aimed to assess Aspergillus niger and Trichoderma harzianum antagonistic potential against
major soil-borne pathogen fungi in vitro, such as Fusarium oxysporum, Alternaria solani, Pythium
aphanidermatum, and Sclerotinia sclerotiorum. A. niger and T. harzianum fungal inoculants prepared on millet
seeds were used to inoculate the sterilized soil, which was made using gypsum-based soil and sterilised with
polyethylene and formalin. To assess the impact of the fungus on plant growth, Super Queen tomato seedlings
of comparable height were cultivated in the sterilized pots with three replicates per treatment. The present study
demonstrated that 7. harzianum highly effective on the vegetative length and root length as compared with
control, while the lowest vegetative and root length were in the treated with pathogenic fungus. Furthermore the
combination T. harzianum with pathogen fungus highly increased vegetative and root length. These results show
that T. harzianum has strong antagonistic activity against F. oxysporum and greatly reduces its harmful effects.
This leads to better vegetative growth and biomass accumulation in tomato plants grown in a greenhouse. In
general, T. harzianum was the best biocontrol agent tested in this study.

Keywords : Biological Control, soil borne fungi, Aspergillus niger and Trichoderma harzianum.
I. Introduction

The tomato (Solanum lycopersicum) is a vital crop for both commercial horticulture and home gardening, owing
to its extensive consumption and nutritional significance(1, 2). Nonetheless, many fungal diseases significantly
impact tomato cultivation, resulting in substantial yield loss and quality degradation. These fungal pathogens
include Fusarium solani, , Alternaria solani, F. oxysporum, and Rhizoctonia solani (3). While chemical
management of tomato infections is often effective, numerous fungicides provide environmental hazards,
facilitate the emergence of resistant fungal strains, and create issues about food safety and human health(4).
Consequently, there is significant interest in the biological management of tomato diseases. This encompasses
numerous studies on Trichoderma harzianum, a helpful fungus acknowledged for its capacity to manage plant
diseases through mycoparasitism, the synthesis of hydrolytic enzymes, and the enhancement of plant defenses

().

Trichoderma spp. are soil fungi categorized in the phylum Ascomycota and the family Hypocreaceae. The
Trichoderma genus comprises around 500 species commonly found in soil, associated with plant roots, and in
degraded organic matter as saprophytes(6). Trichoderma species are swiftly multiplying fungus distinguished
by hyaline phialides, septate hyphae, and conidiophores that often display arboreal arrangements; their mature
conidia are typically yellow to green in color (7, 8).. Numerous Trichoderma species are extensively utilized in
agriculture due to their advantageous interactions with plants and capacity to antagonise diverse plant diseases,
rendering these fungi significant biotechnological assets for sustainable agriculture(9-11).

T. harzianum is recognised as a biocontrol agent effective against numerous plant infections, utilised in the
formulation of innovative biological fungicides in agriculture. Besides safeguarding crops, it is well
acknowledged for enhancing nutrient availability, improving plant resilience to abiotic stresses like salinity and
drought, and facilitating advantageous microbial interactions in the rhizosphere, thereby highlighting the
efficacy of plant growth-promoting fungi (12). Before its application in the field to mitigate the dissemination of
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phytopathogens, a comprehensive understanding of their properties and mechanisms is essential. Moreover,
further investigation is necessary to enhance the efficacy and safety of these fungi. The current work aimed to
evaluate the antagonistic potential of Aspergillus niger and T. harzianum against significant soil-borne
phytopathogenic fungi in vitro, including Fusarium oxysporum, Alternaria solani, Pythium aphanidermatum,
and Sclerotinia sclerotiorum. The study aimed to evaluate the efficacy of these biocontrol agents in reducing
disease incidence and suppressing the proliferation of several pathogenic fungi associated with tomato plants.
The impact of the fungus 7. hazarianum and A. niger on several vegetative and root growth parameters of
tomato seedlings in sterile soil.

I1. Methods

Soil Preparation and Sterilization

Gypsum soil sourced from a field in the Samarra district was utilised. The material was cleaned and sifted to
eliminate plant detritus and weeds. The soil was hydrated and sterilised using a 5% concentration of commercial
(37%) formalin solution. The item was thereafter encased in polyethylene for seven days and aired for three
days to eliminate formalin vapours. The soil was subsequently compacted into 1 kg perforated plastic pots.
Preparation of the Fungal Inoculum

All fungi were sourced from the laboratory of the Plant Protection Department at Tikrit University's College of
Agriculture. Local millet seeds (Panicum miliaceum L.) were utilised to prepare the fungal inocula and
inoculate the seeds with the specified fungus. The seeds were meticulously rinsed multiple times with water to
eliminate dirt and contaminants, then buried in water overnight. Superfluous water was eliminated with gauze,
and the seeds were apportioned into 50g segments for each 250ml flask. Fifteen millilitres of distilled water
were introduced to hydrate the seeds, which were subsequently sterilized in an electric arc furnace at 121°C and
one atmosphere of pressure for one hour. The flasks were subsequently inoculated by introducing five discs
(each with a diameter of 0.5 cm) of agar infused with 7-day-old fungus. The flasks were thereafter incubated at a
temperature of 25+2°C for 10 days, with the flasks being shaken every 3 days to ensure even distribution of the
fungal inoculum across all seeds and to prevent clumping(13).

Soil inoculation with fungi:

The inoculum of each fungus, 4. niger and T. hazarianum, was incorporated into the sterilized soil at a
concentration of 1% (relative to the fungus-bearing millet seeds). Thirty grams of fungal inoculum on millet
seeds were incorporated into three kilograms of sterilized soil. The soil inoculated with fungi was partitioned
into three replicates, with 1 kilogram of fungus-inoculated soil allocated to each pot. The procedure was
reiterated for all chosen fungus, encompassing pathogenic varieties. The soil was subsequently lightly wet, and
the pot openings were covered with polyethylene film to preserve moisture. The pots were allowed to sit for a
week to facilitate the dissemination of fungi within the soil.

Experimental Treatments

On March 1, 2021, the seedlings were relocated to plastic pots and allocated according to a Complete
Randomized Design (CRD), with four Super Queen tomato seedlings of comparable height (5-7 cm) put in each
pot, and three pots designated per treatment. The trial comprised the subsequent treatments, as detailed in Table

(1):
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Table (1) Experimental coefficients and their symbols

NO. abbreviation | Treatments

1 Control Sterilizer soil + sterilized millet seeds+

2 AN Sterilizer soil + millet seeds colonized by Aspergillus niger

3 TH Sterilizer soil + millet seeds colonized by T.hazarianum

4 AS Sterilizer soil + millet seeds inoculated with the pathogen Alternaria solani

5 FO Sterilizer soil + millet seeds inoculated with the pathogen F.oxysporium

6 FS Sterilizer soil + millet seeds inoculated with the pathoge F.solani

7 PA Sterilizer soil + millet seeds inoculated with the pathogen P.aphandermatium

8 SS Sterilizer soil + millet seeds inoculated with the pathogen S.sclerotiorum

9 ANAS Sterilizer soil + millet seeds inoculated with A.niger + A.solani

10 ANFO Sterilizer soil + millet seeds inoculated with 4.niger + F.oxysporium

11 ANFS Sterilizer soil + millet seeds inoculated with A.niger + F.solani

12 ANPA Sterilizer soil + millet seeds inoculated A.niger + P.aphandermatium

13 ANSS Sterilizer soil + millet seeds inoculated with A.niger + S.sclerotiorum

14 THAS Sterilizer soil + millet seeds inoculated with T.hazarianum + A.solani

15 THFO Sterilizer soil + millet seeds inoculated with. hazarianum + F.oxysporium

16 THEFS Sterilizer soil + millet seeds inoculated with T hazarianum + F.solani

17 THPA Sterilizer soil + millet seeds inoculated with T.hazarianum + P.aphandermatium

18 THSS Sterilizer soil + millet seeds inoculated with T.hazarianum+ S.sclerotiorum
Statistical Analysis:

The results were statistically analyzed using the MINITAB statistical software, version 17. Analysis of Variance
(ANOVA) was used, and the arithmetic means of the different treatments were compared using Duncan's
multiple range test at probability levels of 0.05 and 0.01 (Al-Rawi, 2000).

III. Result

Table 2 shows that treatment with the fungus 7. hazarianum significantly increased the shoot length of tomato
seedlings. The shoot length in treatment (TH) reached 25 ¢cm, compared to the control treatment (sterile soil
only), which recorded a shoot length of 22.5 cm. Treatment with the fungus 4. niger alone, without the
pathogen, showed a non-significant increase in shoot length, reaching 21 cm. The results also indicated that
treatments combining the pathogen with the antagonist showed highly significant differences compared to
treatments using only the pathogen. Treatment (THFS) recorded the highest shoot length among all treatments
in the experiment, with a significant difference of 19.5 cm, compared to the pathogen treatment. Only the (FS)
treatment showed the highest vegetative length (12.2) cm. This was followed by the (THAS) treatment, where
the vegetative length reached (19) cm, a significant difference compared to the control treatment (AS), which
recorded a vegetative length of (10.6) cm. Next was the (THFO) treatment, with a highly significant difference,
reaching a vegetative length of (18.7) cm compared to the (FO) treatment, which recorded a vegetative length of
(11.3) cm. The (THSS) treatment followed with a significant difference, reaching a vegetative length of (18.5)
cm, showing a significant difference from the (SS) treatment, which recorded a vegetative length of (12.3) cm.
The lowest significant difference was observed in the (THPA) treatment, which recorded a vegetative length of
(17.9) cm compared to the (PA) treatment, which recorded a vegetative length of (11.4) cm. The results in the
table also showed that the treatments combining the pathogenic fungus with the antagonist exhibited significant
differences compared to the treatments using only the pathogen. Treatment (ANAS) recorded the highest shoot
length among all treatments with 4. niger, with a significant difference of 17.5 cm, compared to the treatment
using only the pathogen, and significantly compared to the control treatment (AS), where the shoot length was
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10.6 cm. Treatment (ANSS) followed with a significant difference of 17.4 cm, showing a significant difference
from the treatment using only the pathogen (SS), which recorded a shoot length of 12.3 cm. Treatment (ANFS)
followed with a shoot length of 17 cm, significantly different from the treatment using only the pathogen (FS),
where the shoot length was 12.2 cm. Treatment (ANPA) followed with a significant difference as well,
recording a shoot length of (16.3) compared to the diseaser-only treatment (PA), which recorded a shoot length
of (11.4). Treatment (ANFO), however, recorded the lowest significant difference, with a shoot length of (16)
compared to the diseaser-only treatment (FO), in which the shoot length was.(11.3)
Table (2) Effect of the fungi 7. hazarianum and A. niger on some vegetative length of tomato seedlings in
sterile soil

Treatments Length of the vegetative system (cm)
Control 223
b
T. hazarianum (TH) 235
A.niger (AN) 2bl
A. solani (AS) 1(()1'6
F. oxysporium (FO) 13'3
F. solani (FS) 1%1'2
11.4
P. aphandermatum (PA) d
S. sclerotiorum (SS) 1%1'3
T.hazarianum+ A. solani (THAS) t1>2
. . 18.7
T.hazarianum+ F. oxysporium (THFO) c
. . 19.5
T.hazarianum+ F. solani (THFS) be
T.hazarianum+ P.aphandermatum 17.9
(THPA) c
T.hazarianum+S.sclerotiorum (THSS) l8c'5
. . 17.5
A. solani (ANAS)+ A.niger c
A.niger+ F. solani (ANFS) lc7
. 16.3
A .niger+ P. aphandermatum (ANPA) c
. . 17.4
A.niger+ S. sclerotiorum (ANSS) c
F. oxysporium (ANFO) A.nige 1c6

Different letters mean there are significant differences between groups at 0.05
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Table (3) shows that treatment with the fungus 7. hazarianum significantly increased the root length of tomato
seedlings. The root length in treatment (TH) reached 11 cm, compared to the control treatment (sterile soil
only), which recorded a root length of 9.5 cm. Treatment with the fungus A. niger alone, without the pathogen,
recorded a root length of 8.3 cm, but did not show any significant increase compared to the control treatment
without the fungus. Table 3-4 shows that treatments combining the pathogen with the antagonist exhibited
highly significant differences compared to treatments using only the pathogen. Treatment (THFS) recorded the
highest shoot length among all treatments in the experiment, with a significant difference, reaching a root length
of 7.1 cm, compared to the pathogen-only treatment (FS), where the root length was 3.5 cm. This was followed
by the (THAS) treatment, where the total root length reached 8.2 cm, a significant difference compared to the
control treatment (AS), where the total root length was 3.4 cm. Next was the (THFO) treatment, with highly
significant differences, where the total root length reached 7.1 cm, compared to the (FO) treatment, where the
total root length was 4.3 cm. The (THSS) treatment followed with a significant difference, where the total root
length reached 8 cm, showing a significant difference from the (SS) treatment, which recorded a total root
length of 4.2 cm. The least significant difference was observed in the (THPA) treatment, where the total root
length reached 7.3 c¢cm, compared to the (PA) treatment, which recorded a total root length of 3.4 cm. Table (1)
shows that the treatments combining the two pathogenic fungi with the antagonist showed significant
differences compared to the treatments using only the pathogen. Treatment (ANAS) recorded a root length of
5.1 cm, compared to the control treatment (AS) which recorded a root length of 3.4 cm. Treatment (ANSS)
followed with a significant difference, as the root length reached 6.3 cm, showing a significant difference from
the treatment using only the pathogen (SS) which recorded a root length of 4.2 cm. Treatment (ANFS) followed
with a root length of 6.4 cm, a significant difference compared to the treatment using only the pathogen (FS)
which recorded a root length of 3.5 cm. Treatment (ANPA) followed with a significant difference as well,
recording a root length of (6.6 cm) compared to the pathogen-only treatment (PA), which recorded a root length
of (3.4 cm). Treatment (ANFO) recorded the lowest significant difference, with a root length of (5 cm)
compared to the pathogen-only treatment (FO), in which the root length was (4.3 cm).
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Table (3): Effect of the fungi 7. hazarianum and A. niger on Root length of tomato seedlings in sterile soil

Treatments Root length (cm)
9.5
Control
ontro ab
11.
T. hazarianum (TH) a 0
8.3
A.ni AN
niger (AN) be
4
A. solani (AS) 3e
43
F. i FO
oxysporium (FO) de
. 3.5
F. solani (FS) .
3.4
P. aphandermatum (PA) .
4.2
S. scleroti SS
sclerotiorum (SS) de
. . 8.2
T.hazarianum+ A. solani (THAS) be
. . 7.1
T.hazarianum+ F. oxysporium (THFO) bed
T.hazarianum+ F. solani (THFS) 73
’ ' bed
. 7.3
T.hazarianum+ P.aphandermatum (THPA) bed
. . 8.0
T.hazarianum+S.sclerotiorum (THSS) be
A. solani (ANAS)+ A.niger >
' g cde
A.niger+ F. solani (ANFS) 6.4
.niger+ F. so cde
. 6.6
A.niger+ P. aphandermatum (ANPA) cde
. . 6.3
A.niger+ S. sclerotiorum (ANSS)
cde
. . 5.0
F. oxysporium (ANFO) A.nige cde

Different letters mean there are significant differences between groups at 0.05
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Table (4) shows that treatment with the fungus T. hazarianum alone without a pathogen showed a significant
increase in the wet and dry weight of the vegetative body, reaching 8.37 g for wet weight and 3.37 g for dry
weight, compared to the control treatment without a fungus, where the wet weight was 6.56 g and the dry weight
was 2.74 g. This was followed by treatment with the fungus A. niger alone without a pathogen, where the
weight of the vegetative body also did not show any significant increase compared to the control treatment
without a fungus, where the wet weight of the vegetative body for treatment (AN) was 6.11 g and the dry weight
was 2.33 g. The treatments combining the two pathogenic fungi with the antagonist showed highly significant
differences compared to the treatments using only the pathogen. The (THFS) treatment recorded the highest
weight among all treatments in the experiment, with a very clear and significant difference. The weight of the
wet and dry vegetative parts reached (5.89 and 2.18 g) respectively, compared to the (FS) treatment using only
the pathogen, where the weight of the wet and dry vegetative parts reached (1.45 and 0.81 g) respectively. This
was followed by the (THAS) treatment, where the weight of the wet and dry vegetative parts reached (5.13 and
2.31 g) respectively, with a significant difference compared to the control treatment using only the pathogen
(AS), where the weight of the wet and dry vegetative parts reached (1.19 and 0.47 g) respectively. Following the
treatment (THFO), the weight of the wet and dry vegetative mass reached (5.02 and 2.12 g) respectively,
compared to the treatment of the pathogen only (FO), in which the weight of the wet and dry vegetative mass
reached (1.55 and 0.20 g) respectively. Following this, treatment (THSS) showed a significant difference in
fresh and dry vegetative weight (5.08 and 3 g, respectively), compared to the pathogen-only treatment (SS),
which recorded fresh and dry vegetative weights of (1.85 and 0.64 g, respectively). The lowest significant
difference was observed in treatment (THPA), where the fresh and dry vegetative weights were (1.85 and 4.17
g, respectively), compared to the pathogen-only treatment (PA), which recorded fresh and dry vegetative
weights of (1.77 and 0.50 g, respectively). The results in Table (3-4) show that the treatments combining the two
pathogens with the antagonist showed significant differences compared to the pathogen-only treatments.
Treatment (ANAS) recorded a fresh and dry vegetative weight of (3.22 and 1 g, respectively), compared to the
pathogen-only treatment, which was significantly higher than the control pathogen-only treatment (AS). The wet
and dry foliage weights were 1.19 and 0.47 g, respectively. This was followed by the ANSS treatment, which
showed a significant difference, with wet and dry foliage weights of 3.33 and 1.30 g, respectively,
demonstrating a significant difference from the pathogen-only treatment (SS), which recorded wet and dry
foliage weights of 1.85 and 0.64 g, respectively. Next was the ANFS treatment, which recorded wet and dry
foliage weights of 4.10 and 1.63 g, respectively, also significantly different from the pathogen-only treatment
(FS), where wet and dry foliage weights were 1.45 and 0.81 g, respectively. Treatment (ANPA) followed with a
significant difference as well, as it recorded the weight of the wet and dry vegetative body (3.89 and 1.04 g)
respectively, compared to the pathogen only treatment (PA), which recorded the weight of the wet and dry
vegetative body (1.77 and 0.50 g). As for treatment (ANFO), the weight of the wet and dry vegetative body
reached (3.02 and 1.68 g) respectively, compared to the pathogen only treatment (FO), in which the weight of
the wet and dry vegetative body reached (1.55 and 0.20 g) respectively.

Table (4): Effect of the fungi T. hazarianum and A. niger on Root length of tomato seedlings in sterile soil
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Shoot fresh weight (g)
Treatments
Dry Fresh
2.74 6.56
Control
ontro . -
T. hazarianum (TH) 3.37 8.37
a a
2.33 6.11
A.ni A
niger (AN) . -
0.47 1.19
A. solani (AS
solani (AS) oh .
2 1.
F. oxysporium (FO) Oho C55
. 0.81 1.45
F. solani (FS) s .
0.50 1.77
P. aph PA
aphandermatum (PA) oh )
.64 1.
S. sclerotiorum (SS) 0.6 85
g c
2.31 1
T.hazarianum+ A. solani (THAS) 3 5.13
be ab
T.hazarianum+ F. oxysporium (THFO) 2'22 5:])32
T.hazarianum+ F. solani (THFS) 218 5.89
c ab
1. 4.1
T.hazarianum+ P.aphandermatum (THPA) (31;5 b 7
T.hazarianum+S.sclerotiorum (THSS) 3.0 5.08
ab ab
1 3.22
A. solani (ANAS)+ A.ni
solani ( S) niger . o
1.63 4,10
A niger+ F. solani (ANF ’
niger solani ( S) i S
1.04 .
A niger+ P. aphandermatum (ANPA) (f) 3b8c9
1.30 3.33
A .niger+ S. scleroti ANSS
niger sclerotiorum ( ) o -
1.68 3.02
F. ium (ANFO) A.ni
oxysporium ( ) A.nige o -
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Different letters mean there are significant differences between groups at 0.05

The results in Table (5) show that treatment with the fungus 7. hazarianum alone, without a pathogen, did not
produce a significant increase in root mass. The wet weight was 1.45 g and the dry weight was 0.55 g, compared
to the control group, which had a wet weight of 1.35 g and a dry weight of 0.51 g., as shown in Figure (1). This
was followed by treatment with the fungus 4. niger alone, without a pathogen, which also did not show a
significant increase in root mass. The wet weight of the root mass was 1.12 g and the dry weight was 0.40 g, as
shown in Figure (2). The treatments of mixing the two pathogenic fungi with the antagonist showed highly
significant differences compared to the treatments of the pathogen only. For the (THFS) treatment, the wet and
dry weights were (0.76 and 0.37 g) respectively, compared to the treatment of the pathogen only (FS), in which
the wet and dry weights of the root total were (0.08 and 0.006 g) respectively, as shown in Figure (3). This was
followed by the (THAS) treatment, where the wet and dry weights of the root total were (0.88 and 0.26 g)
respectively, with a significant difference compared to the control treatment of the pathogen only (AS), where
the wet and dry weights of the root total were (0.18 and 0.008 g) respectively. This was followed by the
treatment (THFO) with highly significant differences, as the weight of the wet and dry root total was (1.2 and
0.52 g) respectively, compared to the treatment of the pathogen only (FO), in which the weight of the wet and
dry root total was recorded as (0.16) and (0.009) g respectively. The THSS treatment followed with a significant
difference, recording wet and dry root weights of 1 and 0.40 g, respectively. This showed a significant
difference compared to the pathogen-only treatment (SS), which recorded wet and dry root weights of 0.10 and
0.001 g, respectively. The least significant difference was observed in the THPA treatment, which recorded wet
and dry root weights of 1.01 and 0.40 g, respectively, compared to the pathogen-only treatment (PA), which
recorded wet and dry root weights of 0.06 and 0.005 g, respectively.

The results in Table (3-4) show that the treatments combining the two pathogenic fungi with the antagonist
showed significant differences compared to the treatments using only the pathogen. Treatment (ANAS)
recorded a wet and dry root weight of 0.63 and 0.03 g, respectively, compared to the treatment using only the
pathogen, and then to the control treatment (AS), where the wet and dry root weights were 0.18 and 0.008 g,
respectively, as shown in Figure (4). Treatment (ANSS) followed with a significant difference, recording wet
and dry root weights of 0.41 and 0.02 g, respectively, thus showing a significant difference from the treatment
using only the pathogen (SS), which recorded wet and dry root weights of 0.10 and 0.001 g, respectively. This is
followed by the (ANFS) treatment, where the weight of the wet and dry root total was (0.32 and 0.01 g)
respectively, with a significant difference compared to the pathogen-only (FS) treatment, in which the weight of
the wet and dry root total was (0.08 and 0.006 g) respectively. Treatment (ANPA) followed with a significant
difference as well, as it recorded the weight of the wet and dry root total (0.58 and 0.02 g) respectively,
compared to the pathogen-only treatment (PA), which recorded the weight of the wet and dry root total (0.06
and 0.005 g) respectively, as shown in Figure (5).. As for treatment (ANFO), it recorded the lowest significant
difference, as the weight of the wet and dry root total reached (0.35 and 0.01 g) respectively, compared to the
pathogen-only treatment (FO), in which the weight of the wet and dry root total reached (0.16) and (0.009) g
respectively.

Table (5) Effect of the fungi 7. hazarianum and A. niger on some vegetative length of tomato seedlings in
sterile soil
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A. solani (AS
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Different letters mean there are significant differences between groups at 0.05
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Figure (1): A, Control: B, treatment with T.hazarianum

Figure (1): A, Control: B, treatment with A.niger
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-

o

Figure (3): A, treatment with FS: B, treatment with THFS

"

A

Figure (5): A, treatment with SS: B, treatment with THSS
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Discussion

The existence of advantageous bacteria in the plant microbiome is essential for the advancement of novel
biocontrol agents and enhancers of plant growth. Microbiome engineering is an emerging agricultural
biotechnology that entails the control or alteration of the plant microbiome to use its advantages in enhancing
plant output and resilience to environmental stressors(14-16). Consequently, altering the plant microbiome
through plant-associated microbes like Trichoderma spp. may significantly enhance sustainable agriculture
practices.

The current investigation concurs with (17) that the effective utilisation of Trichoderma isolates can alleviate
Fusarium wilt disease, produced by F. solani in cherry tomato plants, while concurrently enhancing the growth
and development of cherry tomatoes.

Numerous investigations have demonstrated that Trichoderma spp. predominantly manage root, shoot, and
postharvest diseases through their antagonistic capabilities, which are activated by several biocontrol pathways
(18, 19). Benitez et al. .(20) assert that Trichoderma spp. provide indirect biocontrol of fungal soil-borne
pathogens by competing for nutrients and space, modifying environmental conditions, promoting plant growth,
augmenting plant defence mechanisms, and inducing antibiosis, or direct biocontrol via mycoparasitism.
Trichoderma spp. initiate the synthesis of hydrolytic or lytic enzymes during mycoparasitic contacts, including
glucanase, chitinase, and protease, which decompose the chitin polymers of the fungal pathogen cell wall (21,
22). Moreover, Trichoderma can synthesise antibiotics or low-molecular-weight diffusible compounds such as
tricholin, harzianic acid, peptaibols, viridin, 6-pentyl-pyrone, and heptelidic acid, which inhibit the proliferation
of other bacteria (19). The interplay of indirect and direct biocontrol processes is influenced by Trichoderma
spp., crop plants, and environmental conditions, including nutrient availability, pH, temperature, and iron
content(20). Consequently, Trichoderma spp. may serve as effective biofungicides and alternative agents against
soil-borne fungal infections (23).

The current work concurs with (24), which shown that T. harzianum, utilised as a biological agent, hindered the
growth of F. oxysporum isolates examined in vitro and diminished infection in the screen house. The results
indicated that 7. harzianum suppressed the growth of F. oxysporum when introduced into pots with tomato
plants. This may happen from the rapid proliferation of the antagonist, leading to conflict for nutrients and space
with the pathogen, ultimately causing the antagonist to colonize the pathogen. The study by (25)observed that T.
harzianum's method of action involves competing with F. oxysporum for nutrients and space, mycoparasitism on
the pathogen, and likely the release of antibiotics. The swift proliferation and competition for nutrients and
space by the antagonist impeded the growth of Fusarium oxysporum infecting tomato seedlings. A comparable
study conducted by (26) demonstrated the effectiveness of Trichoderma spp. against (FOL) affecting both pre-
and post-seedling stages of tomato plants. Research conducted by (27) revealed that fusarium wilt of tomato,
induced by Fusarium oxysporum f. sp. lycopersici, is among the most economically significant diseases in
principal tomato cultivation areas globally. A study by (28)identified Fusarium oxysporum as a severe disease
responsible for crop losses ranging from 10% to 50% in certain tomato cultivation regions. Recently, ,
(29)showed that in a greenhouse experiment, the simultaneous inoculation of five Trichoderma isolates
mitigated damping-off caused by P. aphanidermatum and enhanced the survival rate of tomato plants by 74.5%.
Ghazanfar et al. (30) demonstrated that the fungus Trichoderma improved seed germination and augmented the
plant's systemic resistance, hence facilitating and greatly enhancing plant growth. The fungus 7. harzianum
actively reduces the occurrence of the pathogenic fungus Fusarium oxysporum by generating systemic
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resistance via the enzyme Phenylalanine ammonia-lyase. The data by (31) indicate that the fungus Trichoderma
diminished the severity of early blight caused by A. solani by 80%.

II. References

Bergougnoux V. The history of tomato: from domestication to biopharming. Biotechnology advances.
2014;32(1):170-89.https://doi.org/10.1016/j.biotechadv.2013.11.003:

Rashid TS. Efficacy of Trichoderma harzianum as a Natural Biocontrol and Growth-Promoting Agent Against
Selected Tomato Fungal Pathogens. Journal of Phytopathology.
2025;173(4):70130.https://doi.org/10.1111/jph.70130:

Panno S, Davino S, Caruso AG, Bertacca S, Crnogorac A, Mandi¢ A, et al. A review of the most common and
economically important diseases that undermine the cultivation of tomato crop in the
mediterranean basin. Agronomy. 2021;11(11):2188.https://doi.org/10.3390/agronomy11112188:

Duchenne-Moutien RA, Neetoo H. Climate change and emerging food safety issues: a review. Journal of food
protection. 2021;84(11):1884-97.https://doi.org/10.4315/JFP-21-141:

Xiao Z, Zhao Q, Li W, Gao L, Liu G. Strain improvement of Trichoderma harzianum for enhanced biocontrol
capacity:  Strategies and prospects. Frontiers in microbiology. 2023;14:1146210.|
https://doi.org/10.3389/fmicb.2023.1146210:

Ismaiel A, Lakshman DK, Jambhulkar PP, Roberts DP. Trichoderma: Population structure and genetic diversity
of species with high potential for biocontrol and biofertilizer applications. Applied Microbiology.
2024;4(2):875-93.https://doi.org/10.3390/applmicrobiol4020060:

Jaklitsch WM. European species of Hypocrea part II: species with hyaline ascospores. Fungal diversity.
2011;48(1):1-250

Bissett J, Gams W, Jaklitsch W, Samuels GJ. Accepted Trichoderma names in the year 2015. IMA fungus.
2015;6(2):263-95.https://doi.org/10.5598/imafungu

Tyskiewicz R, Nowak A, Ozimek E, Jaroszuk-Sciset J. Trichoderma: The current status of its application in
agriculture for the biocontrol of fungal phytopathogens and stimulation of plant growth.
International journal of molecular sciences.
2022;23(4):2329.https://doi.org/10.3390/ijms23042329:

Dou K, Pang G, Cai F, Chenthamara K, Zhang J, Liu H, et al. Functional genetics of Trichoderma
mycoparasitism. Advances in trichoderma biology for agricultural applications: Springer; 2022.
p- 39-83.

Mukherjee PK, Mendoza-Mendoza A, Zeilinger S, Horwitz BA. Mycoparasitism as a mechanism of
Trichoderma-mediated suppression of plant diseases. Fungal Biology Reviews. 2022;39:15-
33.https://doi.org/10.1016/1.fbr.2021.11.004:

Rahman M, Borah SM, Borah PK, Bora P, Sarmah BK, Lal MK, et al. Deciphering the antimicrobial activity of
multifaceted rhizospheric biocontrol agents of solanaceous crops viz., Trichoderma harzianum
MC2, and Trichoderma harzianum NBG. Frontiers in Plant Science.
2023;14:1141506.10.3389/fpls.2023.1141506:

Dewan MM. Identity and frequency of occurrence of fungi in roots of wheat and rye grass and their effect on
take-all and host growth: University of Western Australia; 1988.

Page 163

D00

UTJagr This is an open access article under the CC-BY-NC-SA license

\..\-

University of Thi-Qar Journal of agricultural research ‘q ’)

(https://creativecommons.org/licenses/by-nc-sa/4.0/ )



https://iasj.rdd.edu.iq/journals/journal/issue/20226
https://doi.org/10.54174/utjagr.v13ii
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1016/j.biotechadv.2013.11.003
https://doi.org/10.1111/jph.70130
https://doi.org/10.3390/agronomy11112188
https://doi.org/10.4315/JFP-21-141
https://doi.org/10.3389/fmicb.2023.1146210
https://doi.org/10.3390/applmicrobiol4020060
https://doi.org/10.5598/imafungu
https://doi.org/10.3390/ijms23042329
https://doi.org/10.1016/j.fbr.2021.11.004

yd UTiagr "‘\.

University of Thi-Qar Journal of agricultural research ‘q ’)

Thi-Qar Journal of agricultural research =

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339 Volume 15, Issue 1 (2026) T
https.//iasj.rdd.edu.iq/journals/journal/issue/20226 https.//doi.org/10.54174/utiagr.vi3ii 24.

del Carmen Orozco-Mosqueda M, del Carmen Rocha-Granados M, Glick BR, Santoyo G. Microbiome
engineering to improve biocontrol and plant growth-promoting mechanisms. Microbiological
research. 2018;208:25-31.https://doi.org/10.1016/j.micres.2018.01.005:

Roell GW, Zha J, Carr RR, Koffas MA, Fong SS, Tang YJ. Engineering microbial consortia by division of
labor. Microbial cell factories. 2019;18(1):35.https://doi.org/10.1186/s12934-019-1083-3:

Vimal SR, Singh JS, Kumar A, Prasad SM. Plant genotype-microbiome engineering as nature-based solution
(NbS) for regeneration of stressed agriculture: a review. Scientia Horticulturae.
2023;321:112258.https://doi.org/10.1016/j.sci

Awad-Allah EF, Shams AH, Helaly AA, Ragheb EI. Effective applications of Trichoderma spp. as biofertilizers
and biocontrol agents mitigate tomato Fusarium wilt disease. Agriculture. 2022;12(11):1950

Zin NA, Badaluddin NA. Biological functions of Trichoderma spp. for agriculture applications. Annals of
agricultural sciences. 2020;65(2):168-78.https://doi.org/10.1016/j.a0as.2020.09.003:

Abdel-lateif KS. Trichoderma as biological control weapon against soil borne plant pathogens. African Journal
of Biotechnology. 2017;16(50):2299-306

Benitez T, Rincon AM, Limén MC, Codon AC. Biocontrol mechanisms of Trichoderma strains. International
microbiology. 2004;7(4):249-60

Mukhopadhyay R, Kumar D. Trichoderma: a beneficial antifungal agent and insights into its mechanism of
biocontrol potential. Egyptian Journal of Biological Pest Control.
2020;30(1):133.https://doi.org/10.1186/s41938-020-00333-x:

Parmar H, Bodar N, Lakhani H, Patel S, Umrania V, Hassan M. Production of lytic enzymes by Trichoderma
strains during in vitro antagonism with Sclerotium rolfsii, the causal agent of stem rot of
groundnut. Afr J Microbiol Res. 2015;9(6):365-72

Mukesh Srivastava MS, Vipul Kumar VK, Mohammad Shahid MS, Sonika Pandey SP, Anuradha Singh AS.
Trichoderma-a potential and effective bio fungicide and alternative source against notable
phytopathogens: a review. 2016;10.5897/AJAR2015.9568.10.5897/AJAR2015.9568:

Abdulkadir H, Ekefan E, Gwa V. Antagonistic potential of Trichoderma harzianum against F. oxysporum f. sp.
lycopersici isolates causing Fusarium wilt disease of tomato (Solanum lycopersicum L.). FUDMA
Journal of Agriculture and Agricultural Technology. 2023;9(1):143-
9.https://doi.org/10.33003/jaat.2023.0901.19:

Hermosa R, Viterbo A, Chet I, Monte E. Plant-beneficial effects of Trichoderma and of its genes. Microbiology.
2012;158(1):17-25

Babychan M, Simon S. Efficacy of Trichoderma spp. against Fusarium oxysporum f. sp. lycopersici.(FOL)
infecting pre-and post-seedling of tomato. J pharmacogn phytochem. 2017;6:616-9

Aydi Ben Abdallah R, Jabnoun-Khiareddine H, Nefzi A, Mokni-Tlili S, Daami-Remadi M. Biocontrol of
Fusarium wilt and growth promotion of tomato plants using endophytic bacteria isolated from
Solanum elaeagnifolium stems. Journal of Phytopathology. 2016;164(10):811-24

Ghazalibiglar H, Kandula D, Hampton J. Biological control of Fusarium wilt of tomato by Trichoderma isolates.
New Zealand Plant Protection. 2016;69:57-63.https://doi.org/10.30843/nzpp.2016.69.5915:

Page 164

D00

UTJagr This is an open access article under the CC-BY-NC-SA license
(https://creativecommons.org/licenses/by-nc-sa/4.0/ )



https://iasj.rdd.edu.iq/journals/journal/issue/20226
https://doi.org/10.54174/utjagr.v13ii
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1016/j.micres.2018.01.005
https://doi.org/10.1186/s12934-019-1083-3
https://doi.org/10.1016/j.sci
https://doi.org/10.1016/j.aoas.2020.09.003
https://doi.org/10.1186/s41938-020-00333-x
https://doi.org/10.33003/jaat.2023.0901.19
https://doi.org/10.30843/nzpp.2016.69.5915

//'L-I-'? ;{;ﬁ\\_

University of Thi-Qar Journal of agricultural research lr’ /‘q ’)\\|
\ /
N

Thi-Qar Journal of agricultural research

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339 Volume 15, Issue 1 (2026) o
https.//iasj.rdd.edu.iq/journals/journal/issue/20226 https.//doi.org/10.54174/utiagr.vi3ii 24.

Elshahawy IE, El-Mohamedy RS. Biological control of Pythium damping-off and root-rot diseases of tomato
using Trichoderma isolates employed alone or in combination. Journal of Plant Pathology.
2019;101(3):597-608.https://doi.org/10.1007/s42161-019-00248-z:

Ghazanfar MU, Raza M, Raza W, Qamar MI. Trichoderma as potential biocontrol agent, its exploitation in
agriculture: a review. Plant Prot. 2018;2(3):109-35

Anand T, Senthilraja G, Senthilkumar P. Biological management of early blight disease of tomato caused by
Alternaria solani. ] Mycopathol Res. 2023;61(1):91-6

Page 165

S0¢0

UTJagr This is an open access article under the CC-BY-NC-SA license
(https://creativecommons.org/licenses/by-nc-sa/4.0/ )



https://iasj.rdd.edu.iq/journals/journal/issue/20226
https://doi.org/10.54174/utjagr.v13ii
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1007/s42161-019-00248-z

