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Abstract

Fusarium wilt is one of the important and major diseases that affect pepper crops in different parts of the world. The
study aimed to determine the presence of wilt fungi associated with pepper crops in different areas of central Iraq and
to evaluate the response of different pepper varieties to infection with the possibility of reducing infection using the
biological agent Trichoderma longibrachiatum. The results of a survey of 10 areas showed the presence of Fusarium
spp. on pepper in six areas covered by the survey. The fungal isolates were purified and multiplied and their
pathogenicity was tested, where two isolates with the highest pathogenicity and an isolate with medium pathogenicity
were selected for field tests. The pathogenic isolates were diagnosed microscopically and morphologically, and the
diagnosis was confirmed molecularly, which was found to be due to the fungus Fusarium solani and registered under
the accession number (PP95237) in (NCBI). The antagonism of the biological fungus Trichoderma longibrachiatum
registered under the accession number MZ021580 against the isolated fungi was tested. The results showed the highest
percentage of antagonism against the isolate (F3), while the antagonism ranged from (82.35) to (83.88). The
pathogenicity of the pepper plant was tested for the three hybrids Carisma, Gennext and Golden Land, as the isolates
F3 and F5 of the fungus Fusarium spp. gave the highest percentage of seed rot and seedling death. To evaluate the
effectiveness of the biological control agents and varieties used to control Fusarium wilt disease on pepper, the results
showed that T. longibrachiatum led to a reduction in the disease severity. T. longibrachiatum was superior in the field
in increasing plant height, leaf area, dry weight of vegetative and root groups, fruit weight, total yield regardless the
pepper variety compared to pathogen infected and in the absence of biological factor. Golden Land was superior in the
field in most of the study indicators, especially in the presence of the biological fungus T. longibrachiatum.
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Introduction

Pepper (Capsicum annum L.) like other important vegetable crops is infected with many pathogens, especially fungi such
as Alternaria alternata (Fajardo-Rebollar et al., 2021), Fusarium oxysporum, Pythium capsici (Biri and Gomathinayagam,
2021) and Phytophthora spp. (Arora et al., 2021). Fusarium solani is one of the main causes of wilting and root rot of
pepper, leading to significant economic losses and a decrease in production (El-Kazzaz et al., 2022). It is also considered
a seed-transmitted fungus (lwuagwu et al., 2022). It is a fungus endemic to the soil and infects a wide host range of plants
(Nikitin et al., 2023). The main symptoms it causes are premature death of plants, as it causes blockage and imbalance in
the work of the bundles. Vascular, leaf drop, color changes, leaf curling, damage to reproductive structures, premature
maturation, irregular root rot and stem necrosis (Rivera-Jiménez et al., 2018), farmers have used chemical control for
decades to control plant diseases. Although chemical pesticides are effective in controlling plant pathogens, their frequent
and excessive use has led to the emergence of resistance traits in them (Wang and Ji, 2021), and pollution of water, air,
soil and food and alteration of the plant biosphere characteristics, which has led to harmful effects on humans, animals
and plants (Andrade-Hoyos et al., 2019). Therefore, plant pathologists have begun to find other means of control such as
biological control, which is an effective and environmentally feasible method for the development of sustainable
agriculture (Pérez-Torres et al., 2018). The fungus Trichoderma spp. It is one of the most important bio-fungi in
controlling plant pathogenic fungi. The reason for its use and success is that it has many mechanisms such as parasitism,
antagonism, competition for food and space (Nawrocka et al., 2018), production of volatile compounds (Hernandez-
Melchor et al., 2019), and enhancing plant growth. As well as the use of disease-resistant varieties and their cultivation in
areas infested with plant pathogens (Launio et al., 2020). The study aimed to determine the presence of wilt fungi
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associated with pepper crops in different areas of central Iraq and to evaluate the response of different pepper varieties to
infection with the possibility of reducing infection using the biological agent Trichoderma longibrachiatum

Materials and Methods
Field survey

The field survey was carried out during the summer season of 2023)) from the beginning of June to the end of
September, the survey covered 10 sites/fields in three governorates: Najaf (Al-Haidariya, Fadak Farm, Horticulture and
Forestry Project, and Bahr Al-Najaf), Karbala (Tawrij and Al-Jadwal Al-Gharbi) fields, and Babylon (Al-Musayyab and
Al-Kifl) fields. Samples were collected randomly from each site, noting the symptoms of wilting and anatomical
symptoms in a longitudinal section of the stem of infected plants. Samples were also collected with the soil surrounding
the roots for the purpose of isolating biological fungi, if any. The samples were brought to the laboratory and the fungi
causing wilt were isolated from the plants, and the number of infected plants (infection rates) were calculated based on
the infection symptoms (Al-Ghanimi, 2023):

Isolation, purification and diagnosis of fungi causing wilt on pepper plants

The pathogenic fungi were isolated from the plants with symptoms of wilt infection. The stem area close to the soil
surface and the root area were separated from the rest of the plant parts at a height of 5 cm above the crown area. The
infected plant parts were washed with running water, cut into 0.5-1 cm pieces and sterilized with a solution of sodium
hypochlorite (NaOCI) at a concentration of 1% for 3 minutes, then washed with distilled water and dried on sterile filter
paper. 4 pieces were transferred to sterile Petri dishes with a diameter of 9 cm containing 15-20 ml of sterile P.D.A.
culture medium with 3 plates for each sample and the plates were placed in the incubator at 25+2°C for 2-4 days. The
fungi were then purified by planting a small piece of the hyphal tip in the center of a P.D.A. plate, incubated at 25+2°C
for 5-7 days (Pathak, 1974). Fungi were identified to the genus level by the growth pattern, colony color, and spore types,
shapes, and colors, and based on diagnostic features (Summerell and Leslie (2011).

Molecular identification of fungal isolates isolated in this study

DNA was extracted from fungal isolates using the kit (Cat. No: FAPGK100) provided by Favorgen (Taiwan, China). The
purity of the extracted DNA was measured (Williams et al. (1997). For the purpose of identifying the fungal isolates, the
PCR products amplified from the fungal isolates by polymerase chain reaction (PCR) with primers ITS1 and ITS4 were
sent to Macrogen (South Korea) for the purpose of determining the nucleotide sequence. All nitrogenous base sequences
were analyzed using BLAST (Basic Local Alignment Search Tool) and compared with the data available at the National
Center for Biotechnology Information, NCBI)) belonging to the same fungus and identified globally. Based on the
nitrogenous base sequences of the identified isolates, the phylogenetic tree was drawn using MEGA-X software (Kumar
et al., 2016).

Pathogenicity of fungal isolates on pepper seeds in pot experiment

This experiment was carried out using sterile agricultural soil inoculated with fungal isolates pre-loaded on millet seeds
at a rate of 1.5% (1.5 g/100 g soil). The inoculum was mixed in plastic bags to homogenize the inoculum with the soil,
then placed in 1 kg plastic pots, after which the soil was moistened with water, covered and left for 48 hours. Then,
pepper seeds were planted five seeds/pot and watered carefully whenever needed. After 10 days after germination, the
percentage of rotten seeds and dead seedlings was calculated (Al-Ghanimi, 2023).

Antagonism of T. longibrachiatum to Fusarium solani on P.D.A medium

The inhibitory ability of T. longibrachiatum was tested against three F. solani isolates (F3), F5 and F6) using Dual
Culture Technique on P.D.A medium with 3 replicates for each treatment, 3 replicates for F. solani in the absence of T.
longibrachiatum and vice versa. All plates were incubated at 25+2°C until the growth of the biocontrol fungus reached
the edge of the plate, after which the percentage of efficiency of the biocontrol fungus in inhibiting the growth of F.
solani was calculated (Swami and Alane, 2013).

Field experiment

Pepper seeds were planted in nursery dishes containing 50 cells and two seeds were planted in each cell, the dishes
contained peat moss only on 10/1/2024 and after two months of planting, the seedlings were transferred to the field
experiment soil. The experimental land was prepared in the winter season on 11/3/2024 where the soil was treated with
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the three F. solani isolates of the fungus and the biological T. longiprachiatum at a rate of 10 g of millet seeds loaded
with the fungus to 1 kg of soil. The soil was lightly irrigated whenever necessary to activate the fungal inoculum. After
two days, two pepper seedlings (previously planted) were transplanted to each unit with three replicates distributed as
Randomized Complete Block Design (RCBD).

The studied indicators

At the end of the experiment, the vegetative growth indicators included plant height (cm), leaf area (cm? leaf?), shoot and
root dry weight (g. plant®) were calculated. The production and yield indicators also included fruit weight (g. fruit?),
plant yield (g. plant™) and total yield (ton ha) were also measured.

Results and Discussion
Field Survey

The results of the field survey (Figure 1) showed the spread of root rot and wilt disease on pepper plants in most of the
fields covered by the survey, with an infection rate of 15-40%. The highest infection rate was recorded in the fields of Al-
Kifl, Babylon Governorate (40%), while Al-Hussainiya in Karbala recorded a rate of 15%. The spread of the disease in
these areas is attributed to the repeated cultivation of pepper crops or the cultivation of other crops belonging to the
Solanaceae family in the same fields. This led to the accumulation of pathogenic fungal inoculum that remains in the soil,
in addition to the suitability of environmental conditions for the growth of the causative fungus, especially temperatures
(Al-Ghanimi, 2023; Al-Badrani, 2023).
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Figurel. The percentage of infection with wilt and root rot fungi in 10 areas from three governorates (Najaf,
Karbala and Babylon) in central Iraq included in the study.

Isolation, purification and identification of fungi causing pepper wilt

The results of isolation, purification and microscopic examination of the PDA culture medium of the infected pepper
plant parts showed the presence of six fungal isolates Fusarium spp. (Figure 2). They were initially identified based on
some morphological characteristics (Leslie and Summerell, 2006). White to cream colonies were observed with scattered
and divided fungal hyphae and long, slightly oblique, broad and relatively strong conidia with almost disc-shaped ends
divided by 5-7 septa (Macroconidia), and other spores were smaller, spindle-shaped or oval-shaped and rounded at both
ends (Microconidia), in addition to recording the Chlamydospores, that were large, spherical and with a thick, dark-
colored wall (Bissett, 1984).
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Figure2. Growth of fungal colonies on P.D.A. medium of F. solani isolated from pepper plants (A) and (B),
macroconidia (C) and microconidia (D) under the light microscope

Molecular diagnosis of F. solani isolates under study

Polymerase Chain Reaction (PCR) technique was used for molecular diagnosis of two isolates of the highly pathogenic
Fusarium spp. isolated from pepper plants, and an isolate with moderate pathogenicity. Bands of 550bp sequences of
nitrogenous bases were obtained, Figure (4-3). Molecular diagnosis proved that the three isolates are identical and belong
to the fungus Fusarium solani, as one of them (F3) was registered in the National Center for Biotechnology Information
(NCBI) as a new isolate under accession number PP952373.
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Figure 3. 550bp-PCR products amplified by PCR from F. solani isolates (F3, F5, and F6) isolated in this study
from pepper plants. NC: Negative control; It was performed by PCR mixture containing all reaction components
except the DNA of the fungal mycilium. M: Molecular-weight size marker by number of nitrogenous base pairs

(bp)

Vol: 2025 | Iss: 1 | 2025 | © 2025 Membrane Technology 385



Membrane Technology
ISSN (online): 1873-4049

The results of the genetic analysis using the Neighbor-Joining tree showed that the studied isolate aligned with most of
the isolates recorded in the NCBI data with a similarity rate of up to 95% (Figure 4-4), which indicates the global spread
of this fungus in various environments.

F. solani (Target)

MMED2E20.1 F. solani isolate XXTF2
HQEDBD44.1 F. solaniisolate CY220
MK174971.1 F. solani strain 172153
MK174970.1 F. solani strain 172134
OR2E7462.1 F. solani strain GMBD104
OR192927 .1 F. solani isolate F1
OG818148.1 F. solani strain QT101(5)
OQETE013.1:26-572 F. solani strain AF-1
O236706.1 F. solaniisolate Sample52
s=% | QPTETED1.1 F. solani strain AF16
OMSB0195.1 F. solaniisolate MFs1
OR152940.1 F. solani isolate F4
MMBEE2E9.1 F. solani strain WZ-123
KY949E06.1 F. solani strain GG2F92
KYD12227.1 F. solani strain FJCE
HGS2E268.1 F. solaniisolate CRWR4
OLZ14780.1 F. solani isolate ASU4E

OM502552 1 F. solaniisolate AMBE
MT271275.1 F. solani strain SMF55
MWAEBES2T 1 F. solaniisolate ¥iC3-1
MWO045613.1 F. solani strain CFE-112
MW172229.1 F. solaniisolate NEM 1

Trichoderma atroviride isolate

DAOM: 220838

—_—

Figure 4. Neighbor-Joining tree shows the genetic relationship between the fungus isolate F. solani, registered

under the number PP952373, isolated from pepper plants, and some isolates registered in the US NCBI for the
same fungus, with the isolate Trichoderma atroviride used as an out-group

Pathogenicity of F. solani isolates on pepper seeds in plastic pots

The results of Table (4) showed that all tested fungal isolates led to a high percentage of seed rot with a significant
difference from the healthy control treatment that did not record any rotten seeds and complete germination. The isolates
F3 and F5 outperformed the isolate F6 in the highest percentage of seed rot regardless of the hybrids used, as the isolates
F3 and F5 recorded a rot percentage of 53-86%.

The results of the pathogenicity capacity in plastic pots (Table (4)) showed that all the fungal isolates under study gave
different indicators for the percentage of seedling death similar to those recorded in the case of the percentage of seed rot,
as the isolates F3 and F5 had a similar effect on all varieties sometimes and superior at other times in the hybrids Carisma
and Genext where the percentage of seedling death in them was 26.67% - 46.67%, Coldland recorded the lowest
percentage of seedling death and seed rot in all isolates (13.33 to 33.33)%.

The variation in the percentage of seed rot and seedling death may be due to the parasitic nature of the fungus Fusarium
spp. and the abundance of fungal growth inside plant tissues. This obstructs the access of water and nutrients to different
plant parts, in addition to the ability of the fungus to produce enzymes and mycotoxins that lead to the decomposition of
the plant cell wall, allowing the fungus to enter stem and root tissues which prevents the seed germination and embryos
growth (Al-Ghazali, 2022). The results of the current study agree with Engalycheva (2024) that the pathogenic fungus
Fusarium spp. is one of the most important factors causing pepper wilt, seedling death, and blockage of the transport
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vessels. Al-Ghanmi (2023) showed that the fungus F. solani was the most common species in the areas under study and
causes the rot and death of pepper seedlings with an infection rate of 100%.

Tablel. Pathogenicity of six F. solani pathogenic isolates on three pepper hybrids grown in 100 gm pots for ten
days after germination under growth chamber conditions

Treatments Carisma Gennext Golden Land
Fusarium Seed rot Seedlings Seed rot Seedlings Seed rot %  Seedlings
isolates % death % % death % death %
F3 73.33 26.67 53.33 46.67 73.33 26.67

F5 73.33 26.67 73.33 26.67 86.67 13.33

F6 46.67 20 40 40 60 33.33
LSD Seed rot= 15.42

(P<0.05)

Seedlings death=12.13

Antagonism of T. longibrachiatum to F. solani on P.D.A. culture medium

The results of the antagonism test between the bio-fungus and the pathogenic fungus showed that the bio-fungus T.
longibrachiatum inhibited the pathogenic isolates of F. solani (Table 3) where it recorded an inhibition rate of 82.00%. In
general, the bio-isolate Tri recorded an inhibition ability on the pathogenic isolates F3, F5 and F6 by 83.88, 82.35 and
80%, respectively. The results of the current study are consistent with Lone et al. (2012), Subash et al. (2013) and Anjum
et al. (2020) where it was found that different isolates of the bio-fungus Trichoderma spp. significantly reduced Fusarium
wilt on pepper, especially using T. longibrachiatum. This is often due to the rapid growth of the fungus, the production of
antibiotics, the metabolic rates, the antimicrobial secondary metabolites, the physiological structure and other
mechanisms exhibited by Trichoderma spp. are major factors that affect the fungus' ability to antagonize and inhibit
other fungi.

Table2. Inhibitory effect of the bio-agent T. longibrachiatum (Tri) against pathogenic isolates of F. solani in the
dual culture method on PDA medium

Treatments Inhibition rate by

Fusarium solani isolates Trichoderma longibrachiatum
F3 83.88

F5 82.35

F6 82.71

L.S.D 0.05 0.78

Field experiment

The results showed that the pathogenicity of F. solani isolates differed on different pepper varieties, as the isolate F3
showed an infection severity ranging from 50% on the hybrid Carisma to 76% on Gennext and Golden Land, while the
isolate F5 showed almost equal infection severity on the three varieties, compared to the lowest infection severity for
isolate F6 regardless of the variety (Figure 5). In general, the difference in infection severity between different isolates is
attributed to the ability of the isolate to secrete enzymes and toxins, especially Trichothecene Mycotoxins. These toxins
are considered one of the most important specialized virulence factors in addition to the pathogenic chromosomes (strain-
specific chromosomes) which are considered one of the indicators of the pathogen's virulence (Rampersad, 2020).
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The results indicate that the Fusarium F5 isolate had the highest effect in reducing most of the vegetative growth and
yield indicators, which generally led to recording the lowest rates regardless of the pepper variety, followed by the F3
isolate with a sometimes similar effect, while the F6 isolate had the least effect in reducing the growth indicators and
yield under study.
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Figure5. Field infection severity of three F. solani isolates on Bell pepper cultivars Carisma, Gennext and Golden
Land

All plants inoculated with the pathogenic fungus recorded lower values for plant height, number of leaves, and leaf area
with a significant difference from the uninoculated control treatment. Regardless of the type of isolate, it was found that
the appearance of the Trichoderma long fungus led to an increase in the values of the growth indicators for plant height
and leaf area with a significant difference from the values recorded in the absence of the pathogenic fungus in plants
inoculated with the pathogen only, Table (4).

The pathogenic fungus also led at the same time to an increase in the leaf area rate even in the presence of pathogenic
fungi and recorded a rate three times higher than that recorded in the absence of the pathogenic fungus. The biotrophic
fungus, especially in the presence of the pathogen on infected plants, led to a significant increase of 6-10 times in the
green dry weight higher than that recorded in plants inoculated with the pathogen only, regardless of the variety. The
same context in the effect was recorded in the effect of the treatments on the dry root weight, Table (4).

On the other hand, the effect of the treatments did not differ much from the previous in the case of the effect on the yield
indicators for fruit weight and total yield. It was noted that the values of the yield indicators decreased significantly (by
30-40%) due to the effect of the pathogenic isolates compared to those recorded in the control treatment. At the same
time, the presence of the biotrophic fungus, even in the presence of infection with the pathogenic fungus, had a

Tabled. Field infection severity of three F. solani isolates on Bell pepper cultivars Carisma, Gennext and Golden

Land
Pepper Plant Leaf Shoot Root Fruit Total
Cultivars  Treatments height area DWg DWg weight yield
Con C 31.33 12.39 113.47 19.86 29.76 595.13
T 45 26.36 136.15 20.67 54.45 1089.00
F3 C 16.67 8.50 12.22 4.81 1.33 26.67
Carisma T 34.67 10.58 120.66 15.12 29.73 594.67
E5 C 13 2.32 10.57 6.99 0.00 0.00
T 33 12.30 117.37 13.65 30.40 608.00
F6 C 20.33 6.62 22.34 9.38 1.96 39.13
T 37 9.08 123.50 13.36 25.18 503.53
Average 28.87 10.31 94.62 12.98 21.60 432.02
Gennext Con C 33.33 9.65 66.97 11.79 24.81 496.27
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T 53 11.28 133.62 18.18 36.02 720.40
F3 C 12.67 2.41 21.08 6.58 3.62 72.40
T 37.67 12.20 126.32 14.89 20.82 416.47
F5 C 23 1.74 23.33 8.59 9.57 191.47
T 34.67 10.86 126.33 17.56 33.73 674.67
F6 C 24.33 2.25 26.01 7.35 4.00 80.07
T 32.67 16.04 116.64 11.42 28.02 560.40
Average 31.41 8.30 80.04 12.05 20.08 401.52
Con C 29.67 15.49 117.63 9.98 31.40 628.07
T 39 22.74 117.45 16.07 65.91 1318.20
F3 C 18.67 2.13 12.09 8.40 0.00 0.00
Golden T 26.67 29.11 93.48 14.10 44.81 896.20
land F5 C 16.67 1.66 12.09 7.77 4,52 90.40
T 28.67 17.79 78.26 14.75 51.29 1025.80
F6 C 21.67 3.38 44.06 8.42 17.34 347.20
T 34 21.98 72.15 10.47 35.45 712.60
Average 26.87 14.29 69.03 11.24 31.34 627.31
Cont. uninfected 38.56 16.32 114.21 16.09 40.39 807.84
F3 24.50 9.88 81.92 10.65 16.72 334.40
F5 24.83 7.78 61.32 11.55 21.59 431.72
Average F6 28.33 9.89 67.45 10.06 18.66 373.82
Tri positive 36.33 16.69 122.30 15.02 37.98 759.99
Tri negative 21.78 5.24 40.15 9.16 10.69 213.90
Cultivar 2.69 2.12 1.11 1.27 5.31 107.50
L.S.D. Tri 2.19 1.73 0.90 1.03 4.34 87.80
(P<0.05) F. isolates 3.10 2.45 1.28 1.46 6.14 124.20
Interaction 7.60 6.002 3.13 3.58 15.03 304.2

significant effect on increasing the fruit weight by approximately 3 times and the total yield by 3-4 times compared to
those in which the biotrophic fungus did not appear (Table 4).

The increase in growth parameters in the presence of the biological fungus T. longiprachiatum is often attributed to the
fungus activities (Patrick et al., 2001) in promoting plant growth, especially enhancing root length, increasing the number
of root hairs, and transporting more available nutrients. This also includes the release of organic acids and the synthesis
of plant-stimulating compounds, such as growth hormones (indole acetic acid, cytokines, gibberellins, and zeatin) (Zhang
et al., 2013). As indole acetic acid has the ability to promote root growth (Nieto-Jacobo et al., 2017). It is also noted that
plant shoot and root dry weights were always higher in the presence of T. longiprachiatum over the control treatments
uninoculated with pathogenic isolates and even those infected with the pathogenic F. solani isolates. The biological
factor reduces the effect of the pathogen, enhances plant growth, and improves vegetative and root growth indicators to
give higher fresh and dry weight (ZK, 2024). In addition, T. longiprachiatum ability to produce (IAA) that enhances root
growth, leading to an increase in root mass and the area of colonization of beneficial microbes, thus enhancing nutrients
absorption (Al-Janabi, 2022). The biological fungus may also help the plant to produce gibberellin and its importance in
increasing vegetative growth, root growth development, and wood and cellulose formation (Castro-Camba et al., 2022).
This eventually leads to a greater yield of fruit weight, which is also reflected in the total yield depending on the
treatments (Duan et al., 2023). These results are consistent with Ji et al. (2020) on flowering Chinese cabbage that the
biological fungus enhanced the absorption of nutrients and improved the quality and productivity of plants. Similarly,
Bedine et al. (2022) found that the use of six strains of the probiotic fungus T. gamsii isolated from bean roots liberated
phosphate and enhanced the bean plant’s utilization of available phosphorus, thereby improving plant growth, total
protein content, and chlorophyll content. Other results were observed in tomato, where the use of the probiotic fungus T.
harzianum enhanced fruit quality, nutrient content, and total yield (Nzanza et al. (2012). This is consistent with similar
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results (Duan et al. (2023) on pepper, where Trichoderma spp. enhanced the plant’s ability to absorb nutrients, increase
pepper fruit quality, and total yield.

References

1.

10.

11.

12.

13.

14.

15.

16.

Vol:

Anjum, N. A. D. E. E. M,, Shahid, A. A, Iftikhar, S. E. H. R. I. S. H., Mubeen, M. U. S. T. A. N. S. A. R,
Ahmad, M. H., Jamil, Y. A. S. H. A,, ... & Abbas, A. Q. L. E. E. M. (2020). Evaluations of Trichoderma isolates
for biological control of Fusarium wilt of chili. Plant Cell Biotechnology and Molecular Biology, 21(59-60), 42.

Nzanza, B., Marais, D., & Soundy, P. (2012). Yield and nutrient content of tomato (Solanum lycopersicum L.) as
influenced by Trichoderma harzianum and Glomus mosseae inoculation. Scientia horticulturae, 144, 55-59.

Subash, N., Meenakshisundaram, M., Unnamalai, N., & Sasikumar, C. (2013). In vitro evaluation of different
strains of Trichoderma harzianum as biocontrol agents of chilli. International Journal of Biology, Pharmacy and
Allied Sciences, 2(2), 495-500.

Al-Janabi, Rami Abdul Rahman Abdullah (2022). Induction of some elements of integrated control for eggplant
seedling death disease, Solanium melongena L., caused by some pathogenic fungi. Master’s thesis, College of
Technology, AlMusayyib: 63 pages.

Andrade-Hoyos P, Luna-Cruz A, Herndndez EO, Gayosso EM, Valenzuela NL and Curefio HIB. 2019.
Antagonismo de Trichoderma spp. vs. hongos asociados a la marchitez de chile. Revista Mexicana de Ciencias
Agricolas 10(6): 1259-1272.

Duan, X., Zou, C., Jiang, Y., Yu, X., & Ye, X. (2023). Effects of Reduced Phosphate Fertilizer and Increased
Trichoderma Application on the Growth, Yield, and Quality of Pepper. Plants, 12(16), 2998.

Rampersad, S. N. (2020). Pathogenomics and management of Fusarium diseases in plants. Pathogens, 9(5), 340.

Barna, B., Smigocki, A. C., & Baker, J. C. (2008). Transgenic production of cytokinin suppresses bacterially
induced hypersensitive response symptoms and increases antioxidative enzyme levels in Nicotiana spp.
Phytopathology, 98(11), 1242-1247.

Perumal, K., Praveena, K., Stalin, V., & Janarthanam, B. (2006). Assessment of selected organic manures as plant
growth hormones and their impact on the growth attributes of Alium cepa L. Current Science, 8, 46-51.

Bissett, J. (1984). A revision of the genus Trichoderma. 1. Section Longibrachiatum sect. nov. Canadian journal of
botany, 62(5), 924-931.

Behr, M., Motyka, V., Weihmann, F., Malbeck, J., Deising, H. B., & Wirsel, S. G. (2012). Remodeling of
cytokinin metabolism at infection sites of Colletotrichum graminicola on maize leaves. Molecular plant-microbe
interactions, 25(8), 1073-1082.

Lone, M. A., Wani, M. R., Sheikh, S. A., Sahay, S., & Dar, M. S. (2012). Antagonistic Potentiality of
Trichoderma harzianum against Cladosporium spherospermum, Aspergillus niger and Fusarium oxysporum.
Journal Biology, Agriculture and Healthcare, 2224-3208.

Biri, B., & Gomathinayagam, P. (2021). Response of hot pepper (Capsicum annuum L.) to major fungal diseases
under field and greenhouse conditions in Horo Guduru Wollega, Oromia, Ethiopia. African Journal of
Agricultural Research, 17(6), 923-932.

Castro-Camba, R., Sanchez, C., Vidal, N., & Vielba, J. M. (2022). Plant development and crop yield: The role of
gibberellins. Plants, 11(19), 2650.

El-Kazzaz, M. K., Ghoneim, K. E., Agha, M. K. M., Helmy, A., Behiry, S. I., Abdelkhalek, A., ... & Elsharkawy,
M. M. (2022). Suppression of pepper root rot and wilt diseases caused by Rhizoctonia solani and Fusarium
oxysporum. Life, 12(4), 587.

Engalycheva, 1., Kozar, E., Frolova, S., Vetrova, S., Tikhonova, T., Dzhos, E., ... & Kostanchuk, Y. (2024).
Fusarium Species Causing Pepper Wilt in Russia: Molecular Identification and Pathogenicity. Microorganisms,
12(2), 343.

2025 | Iss: 1 | 2025 | © 2025 Membrane Technology 390



Membrane Technology
ISSN (online): 1873-4049

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

Vol:

Fajardo-Rebollar, E., Estrada, K., Grande, R., Ek Ramos, M. J., Vargas, G. R., Villegas-Torres, O. G., ... & Diaz-
Camino, C. (2021). Bacterial and fungal microbiome profiling in chilhuacle negro chili (Capsicum annuum L.)
associated with fruit rot disease. Plant Disease, 105(9), 2618-2627.

Ji, S., Liu, Z., Liu, B., Wang, Y., & Wang, J. (2020). The effect of Trichoderma biofertilizer on the quality of
flowering Chinese cabbage and the soil environment. Scientia Horticulturae, 262, 109069.

Gonzalez-Gordo, S., Rodriguez-Ruiz, M., L6épez-Jaramillo, J., Mufioz-Vargas, M. A., Palma, J. M., & Corpas, F.
J. (2022). Nitric oxide (NO) differentially modulates the ascorbate peroxidase (APX) isozymes of sweet pepper
(Capsicum annuum L..) fruits. Antioxidants, 11(4), 765.

Hernandez-Melchor DJ, Ferrera-Cerrato R and Alarcon A. 2019. Trichoderma: importancia agricola,
biotecnoldgica y sistemas de fermentacion para producir biomasa y enzimas de interés industrial. Chilean Journal
of Agricultural and Animal Sciences 35(1): 98-112.

Bedine, M. A. B., lacomi, B., Tchameni, S. N., Sameza, M. L., & Fekam, F. B. (2022). Harnessing the phosphate-
solubilizing ability of Trichoderma strains to improve plant growth, phosphorus uptake and photosynthetic
pigment contents in common bean (Phaseolus vulgaris). Biocatalysis and Agricultural Biotechnology, 45, 102510.

lwuagwu, C. C., Ezeh, N. W., Nwogbaga, A. C., Aguwa, U. O., lheaturu, D. E., & Ejiofor, M. E.
Antifungal.(2022). In-Vitro Effects of Ethanol and Acetone Extracts of Aframomum Melequeta Lin. and
(Azadirachta Indica Lin.) on Seedborne Fungal Pathogen (Fusarium Solani) of Sweet Pepper (Capsicum Annum
Lin.) in Awka, Anambra State Nigeria. Sumerianz Journal of Agriculture and Veterinary, ISSN(e): 2617-3077,
ISSN(p): 2617-3131 Vol. 5, No. 2, pp. 20-33.

Jameson, P. E. (2023). Zeatin: The 60th anniversary of its identification. Plant Physiology, 192(1), 34-55.

Kosova, K., Prasil, I. T., Vitamvas, P., Dobrev, P., Motyka, V., Flokova, K., ... & Vankova, R. (2012). Complex
phytohormone responses during the cold acclimation of two wheat cultivars differing in cold tolerance, winter
Samanta and spring Sandra. Journal of plant physiology, 169(6), 567-576.

Kumar, S.; G. Stecher and Tamura, K. (2016). MEGAY: molecular evolutionary genetics analysis version 7.0 for
bigger datasets. Molecular Biology and Evolution. 33:1870-1874.

Launio CC, Labon KO, Bafiez AM and Batani RS. 2020. Adoption and economic analysis of using biological
control in Philippine highland farms: Case of Trichoderma koningii strain KA. Crop Protection e105177.

Leslie, J.F., and Summerell, B.A. (2006). The Fusarium Laboratory Manual. Blackwell Publishing, Ames, IA.
Pp:388.

Luo, L. (2012). Plant cytokine or phytocytokine. Plant signaling & behavior, 7(12), 1513-1514.

Masald, 1., & Oca, J. (2020). Evaluation of a portable chlorophyll optical meter to estimate chlorophyll
concentration in the green seaweed Ulva ohnoi. Journal of Applied Phycology, 32(6), 4171-4174.

Nawrocka J, Matolepsza U, Szymczak K and Szczech M. 2018. Involvement of metabolic components, volatile
compounds, proteins, and mechanical strengthening in multilayer protection of cucumber plants against
Rhizoctonia solani activated by Trichoderma atroviride TRS25. Protoplasma 255(1): 359-373.

Nieto-Jacobo, M. F., Steyaert, J. M., Salazar-Badillo, F. B., Nguyen, D. V., Rostas, M., Braithwaite, M., ... &
Mendoza-Mendoza, A. (2017). Environmental growth conditions of Trichoderma spp. affects indole acetic acid
derivatives, volatile organic compounds, and plant growth promotion. Frontiers in plant science, 8, 102.

Nikitin, D. A. ; Ivanova, E. A. ; Semenov, M. V. ; Zhelezova, A. D. ; Ksenofontova, N. A. ; Tkhakakhova, A. K.
and Kholodov, V. A. .2023. Diversity, Ecological Characteristics and ldentification of Some Problematic
Phytopathogenic Fusarium in Soil A Review. Diversity.15-pp. 49.

Papathanasiou, T., Gougoulias, N., Karayannis, V. G., & Kamvoukou, C. A. (2021). Investigation of the total
phenolic content and antioxidant capacity of three sweet pepper cultivars (Capsicum annuum L.) at different
development and maturation stages. Periodica Polytechnica Chemical Engineering, 65(2), 219-228.

2025 | Iss: 1 | 2025 | © 2025 Membrane Technology 391



Membrane Technology
ISSN (online): 1873-4049

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Parisi, M. ; Alioto, D. and Tripodi, P. 2020. Overview of biotic stresses in pepper (Capsicum spp.): sources of
genetic resistance, molecular breeding and genomics. International Journal of Molecular Sciences. 21 ( 7)- PP.
2587.

Pathak, V. N. (1974). Laboratory manual of plant pathology. Oxford and IBH Publishing Co. NewDelhi, India .pp
212.

Pérez-Torres E, Bernal-Cabrera A, Milanés-Virelles P, Sierra-Reyes Y, Leiva-Mora M, Marin-Guerra S and
Monteagudo-Hernandez O. 2018. Eficiencia de Trichoderma harzianum (cepa a-34) y sus filtrados en el control de
tres enfermedades fungicas foliares en arroz. Bioagro 30(1): 17-26.

Rivera-Jiménez MN, Zavaleta-Mancera HA, Rebollar-Alviter A, Aguilar-Rincén VH, Garcia- Santos G, Vaquera-
Huerta H and Silva-Rojas HV. 2018. Phylogenetics and histology provide insight into damping-off infections of
‘Poblano’ pepper seedlings caused byFusariumwilt in greenhouses. Mycological Progress 17: 1237-1249.

Rosa-Martinez, E., Garcia-Martinez, M. D., Adalid-Martinez, A. M., Pereira-Dias, L., Casanova, C., Soler, E., ...
& Prohens, J. (2021). Fruit composition profile of pepper, tomato and eggplant varieties grown under uniform
conditions. Food Research International, 147, 110531.

Schéfer, M., Britting, C., Meza-Canales, I. D., GrolRkinsky, D. K., Vankova, R., Baldwin, I. T., & Meldau, S.
(2015). The role of cis-zeatin-type cytokinins in plant growth regulation and mediating responses to
environmental interactions. Journal of experimental botany, 66(16), 4873-4884.

Stirk, W. A., Gold, J. D., Novék, O., Strnad, M., & Staden, J. V. (2005). Changes in endogenous cytokinins during
germination and seedling establishment of Tagetes minuta L. Plant Growth Regulation, 47, 1-7.

Summerell, B.A., & Leslie, J.F. (2011). Fifty years of Fusarium: how could nine species have ever been enough?.
Fungal Diversity 50(1), 135-144.

Swami, C. S., & Alane, S. K. (2013). Efficacy of some botanicals against seed-borne fungi of green gram
Phaseolus aureus Roxb. Bioscience Discovery, 4(1), 107-110.

Wang, L. and Ji, P. 2021. Fitness and competitive ability of field isolates of Phytophthora capsici resistant or
sensitive to fluopicolide. Plant Disease. 105(4)- 873-878.

Zhang, F., Yuan, J.,, Yang, X., Cui, Y., Chen, L., Ran, W., & Shen, Q. (2013). Putative Trichoderma harzianum
mutant promotes cucumber growth by enhanced production of indole acetic acid and plant colonization. Plant and
Soil, 368, 433-444.

ZK, Y. A. S. A. K. (2024). Evaluation of the Efficiency of Biocontrol Agents, Including Bacillus paramycoides,
Bacillus subtilis, Trichoderma longibrachiatum, Talaromyces oumae-annae, and Trichoderma harzianum, to
Control Pepper Root Rot Disease Caused by Rhizoctonia solani in Babil Province, Irag. Euphrates Journal of
Agricultural Science, 16(2).

Williams, K. P., Liu, X. H., Schumacher, T. N., Lin, H. Y., Ausiello, D. A, Kim, P. S., & Bartel, D. P. (1997).
Bioactive and nuclease-resistant L-DNA ligand of vasopressin. Proceedings of the National Academy of Sciences,
94(21), 11285-11290.

Patrick, J. W., Zhang, W., Tyerman, S. D., Offler, C. E., & Walker, N. A. (2001). Role of membrane transport in
phloem translocation of assimilates and water. Functional Plant Biology, 28(7), 697-70

Vol: 2025 | Iss: 1 | 2025 | © 2025 Membrane Technology 392



