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ABSTRACT
Background and Objective: Cowpeas are cultivated to obtain their green pods, which are used as food
for humans. The plants are used as green fertilizers to improve soil qualities and increase fertility. The aim
of the study was to assess the biological fungus efficiency of T. harzianum in inhibiting the fungus R. solani
in the culturing medium. The test of two types of cowpea seeds, which are white and red cowpeas,
referred to the existence of five genera of fungi. Materials and Methods: The pathogenicity of the
isolated fungi from the seeds of two types of cowpea was tested. After hardening, a disc of 1 cm diameter
was planted in the center of the dish from each fungus separately and that was from the edge of pure
farms aged five days and with three replications for each, then the dishes were incubated. Results: The
percentage of germination reached 10% in the treatment of (Rhizoctani solani), the treatment of
(Aspergillus niger) was 33.3%, while the fungus Alternaria alternate had the least effect on the germination
of (Calendula seeds). The percentage of germination was 60% compared to the control treatment, in which
the percentage of germination of (Calendula seeds) was 90%. Conclusion: The test of the biological
fungus efficiency of Trichoderma harzianum in inhibiting the fungus Rhizoctonia solani in the culturing
medium showed a high antagonism degree, where the degree of antagonism reached 1, while the
biological fungus efficiency of Trichoderma harzianum was less antagonistic strength for both fungi
Aspergillus niger and Penicillium sp.
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INTRODUCTION
The cowpea crop Vigna unguiculata (L.) belongs to the leguminous family (Leguminaceae) and it is one
of the leguminous crops that are appropriate for human consumption in the world, especially in
developing countries, as it provides a suitable protein source for rural and civilian communities and the
use of its waste as fodder for animals, as well as leads to an increase in nitrogen in the soil1. The cowpea
protein is rich in the amino acid (Lysine), where its percentage in protein ranges from 22-35%.
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The first origin of cowpea cultivation is in Africa, especially Ethiopia and Sudan, then the cultivation moved
to Niger, Nigeria, Senegal, India and China and also moved to the Americas and European countries in
the eighteenth century. Others believe that Asia continent is the first home for the cultivation of cowpea2.
In Iraq, cowpea cultivation entered in the sixteenth century and its cultivation spread widely, cowpeas
became a basic material that the Iraqis relied on, as part of the summer meal3. Cowpeas are cultivated to
obtain their green pods, which are used as food for humans and their plants are used as green fertilizer
to improve soil qualities and increase fertility, due to the existence of bacterial nodules on their roots. Its
plants are also used as animal fodder, in addition to the fact that its dry seeds contain a high percentage
of protein 23.4% and carbohydrates 56.8%, as well as the existence of some nutrients such as calcium and
iron with some vitamins such as A, B1 and B24. The cowpea crop in the governorates of Iraq is exposed
to many causes of soil endemic disease that causes seedling fall diseases, root rot and stem ulcers5,6. The
disease of seed rot and seedling death (Damping-off diseases) is one of the most important diseases of
the leguminous family, which is caused by several funguses, the most important of which are Sclerotinia
sclerotiorum, Pythium spp. and Rhizoctonia solani3.

Several strategies have been used to combat soil fungi and chemical control is one of the most widely
used methods because of its ease of use and the speed of its impact on the causes. However, the repeated
use of chemical pesticides led to the appearance of many problems, including the appearance of
resistance7.

Therefore,  the efforts of researchers were directed to the use of microorganisms in combating plant
pathogens,  especially  root  pathogens. Among the microorganisms used in this field are types
Trichoderma spp., Pseudomonas spp., Phytophthora erythroseptica, Pythium ultimum and Bacillus spp.8.

The biological control of the pathogens inherent in the soil has received wide attention from many
researchers and among the organisms in the field of biological control that have received special attention
are the fungal species of the genus (Trichoderma), including the fungus (T. harzianum)7. The study aimed
to assess the biological fungus efficiency of T. harzianum in inhibiting the fungus R. solani in the culturing
medium. The test of two types of cowpea seeds, which are white and red cowpeas, referred to the
existence of five genera of fungi.

MATERIALS AND METHODS
Study area: The experiments were applied in the Plant Pathology Laboratory, Wasit University, Iraq for
the period 12/1/2023 to 26/12/2023. Three replicates were used in the experiment.

Cultivation mediums used for isolating and diagnosing fungi
Potato dextrose agar medium: Preparing a medium by taking 200 g of peeled potato tubers cutting it
into small pieces and boiling them with 500 cm3 of distilled water for 20-30 min in a beaker. The mixture
was filtered into a glass beaker using a piece of gauze. The other ingredients of agar 17 g and dextrose
20 g were added to half a liter of warm water with continuous stirring to ensure complete dissolution and
homogeneity and then the filtrated potato with water that was added to its agar and dextrose and
completed the volume to 1 L, distribute it in glass beakers as needed, closed with cotton stoppers and
sterilized by autoclaving at a temperature of 121°C and a pressure of 15 pounds/inch2, for 20 min, after
the end of the sterilization period, the nutrient medium is either poured into the dishes or preserved until
use and when it used, chlorophenicol is added to it.

Propagation  of  the  isolated  pathogenic  fungi  vaccine:  The seeds were local millet (Panicum
miliacem L.). It has been used for preparing fungal vaccines. the number of seeds that were used in this
experiment was 50 seeds for each color. They have washed well in order to remove dust and impurities.
After that, they place in the water for 6 hrs and leave on a piece of gauze for half an hour to remove the
excess water from them. Then, 500 mL was used in the glass beaker with 100 g of the seeds.
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The beakers were inoculated separately, by placing 5 tablets of 0.5 cm diameter P.D.A from the nutrition
medium for the seven days old fungi in each beaker. The flasks were incubated at a temperature of
25±2°C for 14 days, taking into consideration the shaking of the flasks every 3 days to ensure the
distribution of mushrooms, on all 14 seeds.

Isolation, identification and purification of fungi associated with cowpea seeds: Random samples
were brought from the seeds of two types of cowpea, which were obtained from local markets and the
State Company for Seed Production and Certification in Wasit Governorate. The water agar method was
used for this, where 50 seeds of each type were superficially sterilized by commercial Sodium Hypochlorite
(NaOCl) with a concentration of 2% for 2 min, after which they were washed with sterilized distilled water
three times to remove the remnants of the sterilized solution, then the excess water was removed using
filter paper. Then, the seeds were transferred by sterilized forceps to Petri dishes containing the nutrient
medium PDA, with ten seeds per plate and three replicates for each group, approximately equal distances
from each other within one dish. Then the dishes were incubated at a temperature of 25±3°C and after
four days, the developing fungal colonies were examined and purified in fresh cultivation medium and
the developing fungi were diagnosed to the species level depending on the approved taxonomic
characteristics9.  The  frequency  and  appearance  of  the  diagnosed  fungi  were  calculated  according
to the Eq.:

Number of fungal coloniesFrequency (%) = ×100Total number of fungal colonies

Number of seeds in which the fungus appearedAppearance (%) = ×100Total number of used seeds

After purification and identification of the isolated fungi from the seeds, they were cultivated on the PDA
nutrient medium and placed in 20 mL test tubes in a slanted shape and those tubes were incubated in the
incubator at a temperature of 25±3°C for 4 days, after that the tubes were kept in the fridge until use.
Considering its renewal in the same manner which is described, whenever it needs.

Pathogenicity of isolated fungi of cowpea seeds on petri dishes: The pathogenicity of the isolated
fungi from the seeds of two types of cowpea was tested in petri dishes (9 mm) containing the nutrient
medium (PDA) which was prepared as mentioned previously. After hardening, a disc of 1 cm diameter was
planted in the center of the dish from each fungus separately and that was from the edge of pure farms
aged 5 days and with three replications for each, then the dishes were incubated. The seeds were sterilized
with sodium hypochlorite 2% concentration for 2 min, then they were washed with sterilized distilled water
several times to remove traces of sterilization, then they were placed on filter paper to remove excess
water and then 10 seeds were cultivated inside each dish in a circular motion around the developing
colonies for 48 hrs for both fungi and at a distance of 1 cm from the edge of the diametrical growth in
a circular motion, then the dishes were incubated again in the incubator and after seven days the
percentage of seed germination was calculated10 and according to the following equation:

Number of germinated seedsGermination (%) = ×100Total number of seeds

Use of some biological techniques to resist isolated fungi from the seeds of two types of cowpea
biofactor fungus: In this study, an isolate of the biological fungus (T. harzianum) was used and obtained
from the biological resistance laboratory, College of Agriculture, University of Kufa by Dr. Azhar Hameed,
the teacher at Wasit University, College of Agriculture, which was brought from the Arab Republic of
Algeria, where the fungus was grown and propagated on the nutrient medium (PDA) and kept in the
fridge at a temperature of 4°C for subsequent laboratory and field studies.
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Efficiency test of the biological fungus (T. harzianum) in inhibiting isolated fungi from cowpea: The
experiment was made to study the antagonistic ability of (T.harzianum) fungi against pathogenic fungi
by using (double culture technique) in petri dishes containing the nutrient medium (PDA) that is sterilized
and to test the antagonistic ability of (T. harzianum) fungi against the pathogenic fungi (R. solani),
(Alternaria alternate), (A. niger), (F. oxysporum), (Penicillium sp.), the plate was divided into two equal parts
and the center of the first section was inoculated with a 0.5 cm diameter disc of pathogenic fungi using
a sterilized cork piercing near the edges of the grown colony on the nutrient medium (PDA) at 7 days old
as well. As for the center of the second section of the petri dish, it was inoculated with a 0.5 cm disc from
the edges of the colony of the biological resistance fungus (T. harzianum) at the age of 7 days. Each
treatment was repeated three times. A comparison treatment was also carried out by inoculating the
centre of the first section of the dish with pathogenic fungi or the biological resistance fungus only11.

The dishes were placed in an incubator at a temperature of 25±1°C for one week. The antagonistic
potential was estimated according to a scale (10) consisting of 5 degrees:

C Antagonistic fungus covers the entire dish, including the pathogen
C Antagonistic fungi cover two-thirds of the dish
C Antagonistic fungi cover half of the dish
C Pathogenic fungi cover two thirds of the dish
C Pathogenic fungi cover the entire dish

The fungi is considered effective if the degree of antagonism is between (1 and 2). The biological factor
is antagonistically effective when it shows a degree of antagonism equal to (2) or less with isolates of
pathogenic fungi.

RESULTS AND DISCUSSION
Isolation, identification and purification of fungi associated with cowpea seeds: Table 1 shows the
genders and types of fungi that were isolated from the seeds of two cultivars of cowpea plants, as five
genders were isolated and identified, most of them were imperfect fungi. The results of the study showed
that there was a fluctuation in the total isolates of isolated fungi from seeds, where the highest frequency
of the fungus (F. oxysporum) was recorded, reaching 67.9% and a lower frequency value for (Alternaria
alternate), which was 50%.

Pathogenicity of isolated fungi from cowpea seeds on petri dishes: All tested fungi made a significant
reduction in the percentage of germination of Calendula seeds significantly. Table 2, the percentage of
germination reached 10% in the treatment of the fungus (R. solani) and it took first place in the effect on
seed germination, followed by the treatment of the fungus (F. oxysporum) at 20%, then the treatment of
fungus (A. niger) 33.3% followed by treatment with Penicillium sp., by 53.3%.

The fungus (A. alternate) had the least effect on the germination of Calendula seeds, as the percentage
of germination was 60% compared to the control treatment, in which the percentage of germination of
Calendula seeds was 90%. The germination of Calendula seeds is affected by the variance between fungi.
They may be due to the difference in the pathogenicity between fungi. This means the fungi vary in the
severity of their effect on the plants. The genetic structures played important roles in them. The three
metabolic activities of microorganisms are important in causing pathogenicity. The pathogenicity is able
to make pathogens according to the mechanism of action of these metabolic products9.

The pathogenicity ability of (R. solani) is due to its secretion of many lytic enzymes such as cellulase,
pectinase and calctodonase, which work on the breakdown of the cell wall, specifically the middle lamina
due to its pectin and cellulose content12.
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Table 1: Isolated fungi from the seeds of two cultivars of cowpea
Isolated fungi First cultivar (white cowpea) Second cultivar (red cowpea) Total
Alternaria alternata 50 0 50
Aspergillus niger 42.8 44.4 43.6
Fusarium oxysporum 69.2 66.6 67.9
Penicillium sp. 37.5 14 25.7
Rhizoctonia solani 15 7 22

Table 2: Pathogenicity of some fungi isolated from the seeds of two cultivars of cowpea plant using the seeds of calendula
Fungi name Germination percentage of Calendula seeds
Alternaria alternata 60
Aspergillus niger 33.3
Fusarium oxysporum 20
Penicillium sp. 53.3
Rhizoctonia solani 10
Control 90
LSD 0.05 6.5

Table 3: Antagonistic ability test of biological resistance fungi (T. harzianum) according to the bell scale with some fungi
Isolated fungi Degree of antagonism of the fungus (T.h.) with fungi
Alternaria alternata 3
Aspergillus niger 4
Fusarium oxysporum 2
Penicillium sp. 4
Rhizoctonia solani 1

The fungus (F. oxysporum) is characterized by the fact that it secretes many decomposing enzymes outside
and towards the plant host and these enzymes are (Lipase), which increases the pathogenicity ability of
the fungus, as well as the mycotoxins that the fungus is characterized by its production13.

Effect of (T. harzianum) in inhibiting the growth of fungi in nutrient medium PDA: The results
indicate that the fungus (T. harzianum) had a significant effect in limiting the growth of the pathogenic
fungus (R. solani) as it gave an antagonism degree1 based on the scale of Bell 1982. The inhibitory activity
of (T. harzianum) against the pathogen was due to its various and well-known mechanisms in controlling
pathogens, including competition for food, space and its ability to produce antibiotics and some enzymes
that decompose pathogen cell walls such as (protease enzyme), β-1,3 (glucanase) and (chitinase)14. These
results were in agreement with the studies of many researchers on the ability of the biological resistance
fungus (T. harzianum) to reduce the effect of (R. solani)1, The results of Table 3 indicate a high antagonistic
feature of T.h.1, fungi against other fungi. The degree of antagonism was 4 against both (Penicillium sp.)
and (A. niger). As for the fungus (oxysporum Fusarium), the degree of antagonism for the bio resistance
fungus T.h.1 was 2, while the degree of antagonism with the fungus (A. alternate) was 3 and this may be
due to the secretion of antibiotics by the fungus A.a., to defend itself. The results of the experiment
showed that the mycelium of the biological resistance fungus T.h.1 grows in all cases above the other
mycelium and this agrees with what was found15. From the results of this experiment, it was found that
the biological resistance fungus T.h., when antagonized with the fungus R.s., a yellow halo formed in the
area where the two fungi meet and it is believed that they are toxic secretions released by the resistance
fungus to kill the other fungus and feed on it by a (Necrotrophic) method and this is consistent with what
was reached16.

It was mentioned by Neergaard11 that the mechanism of the biological resistance fungus T.h. Through
microscopic observations in double cultures, it is found that the mycelium of the biological resistance
fungus T.h., is coiling in a spiral shape around the mycelium of the pathogen R.s. The fungus pathogen
R.s. secretes materials that are rich in (galactose sugar), which the fungus feeds on, in addition to the fact
that the walls of the fungus contain (chitin) in the form of (N-Acetylglucosamine), which is a catalyst for
the biological resistance fungus to secrete the enzyme (Chitinase), which leads to the decomposition of
the walls of the fungal hyphae of the pathogenic fungus to break down this complex sugar17,18.
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CONCLUSION
The study concludes that the fungus (T. harzianum) had a significant effect in limiting the growth of the
pathogenic fungus (R. solani). The inhibitory activity of (T. harzianum) against the pathogen was due to
its various and well-known mechanisms in controlling pathogens, including competition for food, space
and its ability to produce antibiotics and some enzymes that decompose pathogen cell walls such as
(Protease).

SIGNIFICANCE STATEMENT
The pathogenicity of fungi isolated from the seeds of two cultivars of cowpea showed that the percentage
of germination of Calendula seeds was significant. The germination of Calendula seeds is affected by the
variance between fungi. They may be due to the difference in the pathogenicity between fungi. This means
the fungi vary in the severity of their effect on the plants. The genetic structures played important roles
in that three metabolic activities of microorganisms are important in causing pathogenicity.
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