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This study evaluated the antagonistic activity of fungal biocontrol agent 

Trichoderma viride UPM 29 in preventing the growth of pathogenic 

fungus Fusarium graminearum isolated from barley seeds stored in 

Nineveh seed production companies. The greenhouse results showed that 

samples of barley seeds of the Mosul Aswad 1 were planted in treated 

soil with the biological resistance Trichoderma viride UPM 29 alone, 

showed high germination rates, reaching 96.66%, followed by the 

treatment with the chemical pesticide Raxil 2%, which reached 90%. It 

also showed a significant increase in the rate of plant height, the fresh 

and dry weight of the shoot and root systems, the length of the root 

system, the number of tillers, and productivity characters such as the 

individual and biological weight of plant and the weight of a thousand 

seeds.While treatment with the pathogenic fungus Fusarium 
graminearum caused a significant decrease in the percentage of seed 

germination, plant height rate, and characteristics of the vegetative and 

root systems, such as fresh and dry weight and the number of tillers per 

plant, thus negatively affecting productivity. However, adding the 

chemical pesticide Raxil at a rate of 2% and the bio resistance agent led 

to a decrease in the negative effect for treatment with pathogenic fungi 

and for all mentioned vegetative, root and production characters.  
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Introduction 

Barley, scientifically known as Hordeum 

vulgare, plays a vital role as a significant grain. It 

serves as a crucial feed source for cattle, a staple 

food for humans, and the primary agricultural 

commodity for brewing beer. In 2016, the global 

production of barley amounted to 141 million 

metric tons, positioning it as the fourth most 

abundant grain commodity worldwide, following 

corn, wheat, and rice. [1] . Barley ranks as the 

world's fourth most widely grown cereal, following 

corn (Zea mays ssp. mays), common wheat 

(Triticum aestivum), and rice (Oryza sativa). [2]. 

Seeds serve as the foundation for agriculture and 

the production of food. The majority of essential 

crops, such as cereals, are cultivated from seeds, 

which play a vital role in the diets of both humans 

and animals. It is important to acknowledge that 

seeds can harbor various microorganisms, 

including fungi, which can potentially cause issues 

for the seeds. This can have detrimental effects on 

human health, agricultural output, and the well-

being of animals. Exposure to fungi carried by 

seeds can result in the transmission and spread of 

infections, leading to plant diseases and impacting 

the quality and lifespan of seeds, ultimately 

resulting in decreased crop productivity. Moreover, 

if contaminated seeds contain mycotoxins, it can 

pose significant health risks to both humans and 

animals if consumed. [3]. In the past, barley was 

mainly utilized as animal feed because it couldn't 

be made into dough and lacked flavor and color. 

But as living standards improved, the focus shifted 

towards the nutritional benefits of food. [4] suggest 

that substituting barley flour for wheat flour can 

boost nutritional value. Improper harvesting 

methods and poor conditions for drying, handling, 

packaging, storage, and transportation can lead to 

fungal growth[5]. Barley storage is significantly 

impacted by fungal contamination, presenting a 

significant obstacle. Fungi thrive in suitable storage 

conditions, leading to the degradation of vital 

nutrients in barley. Consequently, the quality of 

barley declines, potentially jeopardizing consumer 

interest.[6]. The microbial community found on or 

within barley seeds is composed of various species 

belonging to five distinct groups: viruses, bacteria, 

fungi, micromycetes, and protozoa. Among these 

groups, bacteria and fungi have the most significant 

impact on the properties of barley grains. This is 

mainly because they are often present in larger 

quantities and many of them have the ability to 

utilize grains as a source of nutrients. The 

composition of fungal species present in or on 

barley seeds and grains undergoes changes 

throughout the production process, starting from 

cob and grain growth, continuing through grain 

harvest, and concluding with barley burning  .[7]. 

Biocontrol agents provide not only effective 

disease control but also present safe and 

environmentally friendly alternatives. The concept 

of biocontrol revolves around the introduction of 

antagonists into agricultural systems. By harnessing 

the power of a living and reproducing biocontrol 

agent, it becomes feasible to continuously and 

naturally suppress pathogens without the need for 

chemical intervention. In contrast, chemical 

methods can disturb the microbiological 

community, leading to an unfavorable environment 

for the growth and prosperity of beneficial 

organisms. [8]. Therefore, employing antagonists 

directly would offer a more reliable method to 

introduce microorganisms into the soil, with the 

objective of biologically managing soil-borne plant 

pathogens. Extensive research has demonstrated 

that biocontrol agents produce a wide range of 

antibiotic compounds and effectively prey on other 

harmful fungi. [9]. T. viride has been widely 

acknowledged as an exceptionally effective 

biocontrol agent in combating soil-borne diseases 

in field crops, specifically Fusarium wilt. [ 01 ]. The 

objective of this study is to 

1. Study of the pathogenicity of Fusarium 

graminearum under greenhouse conditions to 

evaluate its effect on seed germination and some 

characteristics of the shoot and root system and 

productivity of barley plants. 

2. Evaluation of the antagonistic ability of 

the biocontrol agent Trichoderma viride against 

pathogenic fungus Fusarium graminearum under 

greenhouse. 

3. Study the effect of the biocontrol agent 

Trichoderma viride  and on shoot and root 

characteristics of barley variety Mosul Aswad 1 

 

Material and Methods: 
The effect of the pathogenic fungus Fusarium 

graminearum and the biological control agent 

Trichoderma viride UPM 29 on the germination of 

barley seesds and their plants under  greenhouse 

conditions. This experiment was conducted in a 

completely randomized design, with three 

replicates , Sandy clay soil was autoclaved and 

transferred in to sterilized pots each containing 5 kg 

soil, pots were inoculated with Fusarium 

graminearum and the bioresistant Trichoderma 

viride UPM 29  growing on PDA for 7 days at the 

rate of   petri dish / pot which mixed with the 

surface of the soil at depth 1-3 cm according to 

.[11]. Then the pots kept in greenhouse for 3 days 

before sowing the seeds , Pots containing non-

inoculated soil were used as control . Three 

replicates were used per treatments. Pathogen free- 
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seeds were surface sterilized and planted (10 seeds 

/ pot) in both inoculated and non-inoculated soils. 

The duration of the experiment lasted four months 

(from 12/15/2023 to 4/15/2024), and for the 

purpose of confirming the pathogenic fungus, the 

seeds that did not germinate were detected and the 

pathogenic fungus re-isolated from them. The 

percentage of germination was calculated, in 

addition to calculating the average plant height, the 

wet and dry weight of the root and shoot groups, 

the number of shoots, the length of the tiller, the 

individual weight, the biological weight of the 

plant, and the weight of a thousand seeds. The 

results were analyzed statistically and compared 

according to Duncan's multinomial test. The 

experiment consisted of the following treatments: 

1. Soil contaminated with Trichoderma viride UPM 

29 

2. Soil contaminated with the pathogenic fungus 

(Fusarium graminearum, isolated from barley seed 

Mosul Aswad 1 variety). 

3. Soil contaminated with pathogenic fungi 

Fusarium graminearum, addition of Trichoderma 

viride UPM 29. 

4. Soil contaminated with the chemical pesticide 

Raxil at concentration 2%  

5. Soil contaminated with pathogenic fungi 

Fusarium graminearum addition of chemical 

pesticide Raxil at concentration 2%  

6. Autoclave soil (as control) 

Result and Discussion:  

Percentage of seed germination of barley seeds 

    The results in Tab . (1) showed no significant 

differences between the various treatments, while 

the treatment with the biocontrol agent achieved 

the highest germination percentage, reaching 

96.66%, and did not differ significantly from the 

rest of the treatments except for treatment with the 

pathogenic fungus alone, which achieved the 

lowest germination rate, reaching 70%. 

 
Table 1. The effect of different treatments on the 

percentage of seed germination of barley 

Treatments Percentage of seed 

germination% 

Autoclave soil (control) 90 A 

Soil treated with T.viride 

UPM 29 

96.66 A 

Soil treated with pathogenic 

fungus F.graminearum alone 

70 B 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

86.66 A 

Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

90 A 

 

 

90 A 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05. 

 

The effect of different treatments on the 

Characteristics of the vegetative and root system of 

barley plants  

1.Plant height rate (cm)  

     The results of Table (2) show that the treatment 

with the biological resist agent Trichoderma viride 

had the highest rate of plant height, which 

amounted to 58,330 cm, and did not differ 

significantly from the control , which was 58,110 

cm. The lowest significant plant height was in the 

treatment with the pathogenic fungus alone, which 

amounted to 52,077 cm, and did not differ 

significantly from the treatment with the chemical 

pesticide Raxil added to pathogenic fungi 

amounted to 53.663 cm. 

 
Table 2. The effect of different treatments on plant 

height rate (cm) of barley 

Treatments Plant height rate(cm) 

Autoclave soil (control) 85.110 A 

Soil treated with T.viride 

UPM 29 

85.330A 

Soil treated with pathogenic 

fungus F.graminearum alone 

53.663A 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

75.773 A 

Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

52.077A  

 

 

56.687 A 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05. 

 

2.The length of the root system  

    The results in Table (3) showed that the highest 

significant value for the average length of the root 

system was achieved in the treatment with the 

chemical pesticide alone, and it reached 25.5 cm 

and did not differ significantly from the treatments 

with the bio resistance agent , the control treatment, 

the treatment with the bio resistance agent  to 

which the pathogenic fungus was added, and the 

treatment with the chemical pesticide Raxil to 

which the pathogenic fungus was added, it was 

24.333, 22.49, 21.99, and 20.25 cm. As for the least 

significant value for the length of the root system, it 

was in the treatment with the pathogenic fungus 

only and amounted to 19.10 cm. 

 
Table 3. The effect of different treatments on the length 

of the root system (cm) of barley plant 

Treatments The length of the Root 

Autoclave soil (control) 22.493 ABC 

Soil treated with T.viride 

UPM 29 

42.333AB 

Soil treated with pathogenic 

fungus F.graminearum alone 

19.100C 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

21.993ABC 
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Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

20.250C  

 

 

25.500A 

 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05. 
 

1.Wet weight of shoots (g) of barley plants  

     The results in Table (4) showed  that there are 

significant differences in the relative average wet 

weight of barley plants. The highest average wet 

weight was in the treatment with the chemical 

pesticide Raxil plus the pathogenic fungus, as it 

differed significantly from the rest of the treatments 

and amounted to 10.71 gm , while there was a 

significant decrease in the wet weight in the 

treatment with pathogenic fungi only  it amounted 

to 4.703 gm. Treatment with the bio resist agent 

plus the pathogenic fungus also had a positive 

effect on the wet weight of the barley plant, 

reaching 8.5733 gm when compared to the 

treatment of the pathogenic fungus alone. 

2.Dry weight of shoots (g) of barley plants 

    The results in Table No. (4) show that there are 

significant differences in the shoot dry weight of 

barley plants, where the highest average dry weight 

in the treatment with the biological resistance agent 

to which the pathogenic fungus was added reached 

4.2733 gm, and this value did not differ 

significantly from the dry weight value in the soil 

treatment with the chemical pesticide Raxil only it 

reached 4.7133 gm, while the least significant 

value for dry weight was in the treatment with the 

pathogenic fungus alone and amounted to 1.953 

gm. 

 
Table 4. The effect of different treatments on wet and 

dry weight of barley plant shoot 

Treatments Wet 

weight(gm) 

Dry 

weight(gm) 

Autoclave soil (control) 8.9833C 3.4000B 

Soil treated with T.viride 

UPM 29 

8.6433C 3.2600B 

Soil treated with pathogenic 

fungus F.graminearum alone 

4.7033D 1.9533C 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

8.5733C 4.2733A 

Soil treated with chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the 

chemical pesticide Raxil 

only 

10.7100B 

 

 

13.0633A 

 

3.233B 

 

 

4.7133A 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05. 

 

3.Wet weight of the root mass (g) of barley plants 

    Table (5) shows the effect of different treatments 

on the wet weight of the root system of barley 

plants, where the treatment with the chemical 

pesticide Raxil only achieved the highest value for 

the dry weight of the root system, which amounted 

to 1.7333 gm and was significantly different from 

the rest of the treatments, followed by the treatment 

with the chemical pesticide Raxil plus the 

pathogenic fungus, which amounted to 1.3300 gm  

and differed significantly form the rest of the 

treatments, then the treatments for the bio 

resistance agent  to which the pathogenic fungus 

was added, the control treatment, the treatment 

with the bio resistance agent only, and the 

treatment with the pathogenic fungus alone, and 

amounted to (1.0233, 0.8333, 0.7733, and 0.6300) 

gm , respectively. 

4.Dry weight of root mass (g) of barley plants 

    The results in Table (5) indicate that the lowest 

significant value for the dry weight of the root 

system was in the treatment with the pathogenic 

fungus, which caused a significant decrease of 

0.393 gm compared to the control treatment, which 

had a value of 0.380 gm. The highest value for the 

dry weight of the root system was in the treatment 

with the chemical pesticide Raxil only and 

amounted to 0.41333 gm, which did not differ 

significantly from the control treatments, the 

treatment with the bio resistance agent alone, the 

treatment with the bio resistance to which the 

pathogenic fungus was added, and the treatment 

with the chemical pesticide Raxil to which the 

pathogenic fungus was added, and amounted to 

(0.380, 0.3033, 0.3933, and 0.2933) gm, 

respectively. 

 
Table 5. The effect of different treatments on wet and 

dry weight of barley plant root 

Treatments Wet 

weight(gm) 

Dry 

weight(gm) 

Autoclave soil (control) 0.38000A 0.8333CD 

Soil treated with T.viride 

UPM 29 
0.38000 0.7733D 

Soil treated with pathogenic 

fungus F.graminearum alone 
0.27000A 0.6300D 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

1.0233C 0.39333A 

Soil treated with chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the 

chemical pesticide Raxil 

only 

1.3300B  

 

1.7333A  

0.29333A  

 

0.41333A 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05 

 

5.The number of tillers of barley plants 

  The results in Tab:(6)showed that the number of 

tillers for the barley plant recorded a significant 

decrease in the pathogenic fungus treatments and 

amounted to 2.3, while its value in the treatment 

with the chemical pesticide Raxil only reached 4.6. 
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Table 6. The effect of different treatments on the number 

of tillers of barley plants 

Treatments Number of points 

Autoclave soil (control) 4.3333 A 

Soil treated with T.viride 

UPM 29 

4.0000A 

Soil treated with pathogenic 

fungus F.graminearum alone 

2.3333B 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

4.3333A 

Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

4.000A  

 

4.667A 

 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05 
 

6. The spike length of barley plants 

    The results in Table (7) show that there are no 

significant differences between the spike length 

values in all treatments. The highest spike length 

value was achieved in the treatment with the 

chemical pesticide Raxil only and amounted to 

6.4133, while the lowest value was achieved in the 

treatment with the pathogenic fungus and amounted 

to only 5.710. 
 

Table 7. The effect of different treatments on the spike 

length of barley plants 

Treatments The length of the barley 

spike (cm) 

Autoclave soil (control) 5.7100 A 

Soil treated with T.viride 

UPM 29 

6.3167A 

Soil treated with pathogenic 

fungus F.graminearum alone 

5.9000 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

6.3267A 

Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

6.2267A 

 

 

6.4133 A 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05 
 

The effect of different treatments on the 

productivity of barley plants 

1.Individual plant weight (g) of barley plants 

    The results of Table (8) show that the highest 

significant value for individual plant weight was in 

the treatment with the chemical pesticide Raxil to 

which the pathogenic fungus was added, which 

differed significantly from the rest of the treatments 

and amounted to 0.56667 grams, then followed by 

the treatment with the chemical pesticide Raxil 

alone and amounted to 0.48667 grams, then the 

treatment with the biological resistance to which 

the pathogenic fungus was added. Then the 

treatment of the bio resistance agent alone, then the 

control treatment, amounted to 0.493333, and 

0.35000 g, respectively, while the treatment of the 

pathogenic fungus alone recorded the least 

significant value for plant weight, 0.28333 gm. 
 

Table 8.The effect of different treatments on Individual 

plant weight (g) of barley plants 

Treatments The Individual plant 

Weight (g) 

Autoclave soil (control) 0.35000D 

Soil treated with T.viride 

UPM 29 

0.40667C 

Soil treated with pathogenic 

fungus F.graminearum alone 

0.28333E 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

0.493333B 

Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

0.56667A  

 

0.48667B 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05 
 

2.The biological plant weight (g) of barley plants 

    The results of Table (9) show that the highest 

significant value for the biological plant weight 

was in the treatment with the chemical pesticide 

Raxil to which the pathogenic fungus was added, 

and it amounted to 25.487 grams, then it was 

followed by the treatment with the chemical 

pesticide Raxil alone and it reached 24.607 grams, 

then the treatment with the bio resistant agent 

alone, then the treatment with the bio resistant 

agent to which the pathogen fungus was added then 

the control  treatment reached 22.847, 22.720 and 

18.950, while the pathogenic fungus treatment 

alone recorded the lowest significant value for 

plant weight and was 18.167 g. 
 

Table 9. The effect of different treatments on the 

biological plant weight (g) of barley plants 

Treatments Biological plant Weight 

( g) 

Autoclave soil (control) 18.167 B 

Soil treated with T.viride 

UPM 29 

22.847A 

Soil treated with pathogenic 

fungus F.graminearum alone 

18.950B 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

22.720A 

Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

25.487A  

 

24.607A 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05. 
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3.The weight of 1000 seeds (g) of barley plants 

    The results in Table (10) indicate that the highest 

significant value for the weight of a thousand seeds 

was in the treatment with the bio resistance agent to 

which the pathogenic fungus was added and it 

amounted to 33.533 gm then it was followed by the 

treatment with the chemical pesticide Raxil, to 

which the pathogenic fungus was added, and it 

amounted to 31.237, then the treatment with the 

chemical pesticide Raxil alone , the bio resistance 

agent alone ,the control treatment reached 26.387, 

25.230, and 23.110, while the treatment of the 

pathogenic fungus alone recorded the lowest 

significant value for the weight of a thousand 

seeds, which was 16 grams. 
 

Table 10 .The effect of different treatments on the 

weight of 1000 seeds (g) of barley plants 

Treatments weight of 1000 seeds 

(g)  

Autoclave soil (control) 23.110BC 

Soil treated with T.viride 

UPM 29 

25.230AB 

Soil treated with pathogenic 

fungus F.graminearum alone 

16.000C 

Soil treated with pathogenic 

fungi F.graminearum, 

addition of T.viride UPM 29. 

33.533A 

Soil treated with the chemical 

pesticide Raxil + pathogenic 

fungus 

Soil treated with the chemical 

pesticide Raxil only 

31.237AB  

 

 

26.387AB 

*Numbers that have the same alphabet vertically have no 

significant difference according to Duncan's multinomial 

test at a significance level of 0.05 

 

     Several research studies have shown that 

Fusarium spp. growth can impact germination 

capacity. additionally, Fusarium spp. may generate 

unknown proteinases during infection, leading to 

the synthesis or activation of barley proteinases 

involved in the germination process[12  ].Numerous 

research studies have provided evidence of a 

decline in the quality of various cereals due to the 

existence of Fusarium species.[13].Pathogenic 

fungi have the ability to secrete cellulase and 

pectinase enzymes, which cause root ulceration, 

seed rot, and seedling death, in addition to secreting 

some compounds with a toxic effect on plants, such 

as Phenyl Acetic Acid and its alpha- and beta-

hydroxy derivatives, which lead to the killing of 

seed embryos .[14]. Fusarium infection, caused by 

a fungus, has the potential to cause two crop 

diseases: Fusarium Head Blight (FHB) and 

Fusarium damaged kernels (FDK). These diseases 

can significantly impact the yield, kernel quality, 

and seed germination percentage, leading to 

reduced agricultural productivity.[15]  Furthermore, 

the occurrence of Fusarium spp. in barley grains is 

associated with gushing, which refers to the 

excessive foaming and eruption of beer when it is 

opened .[16,17] .Fusarium spp. infection can result 

in the formation of diverse hydrolytic enzymes, 

including cutinases, proteinases, xylanases, and 

cellulases. These enzymes that degrade cell walls 

are essential for the pathogenicity of the fungus and 

are likely to be involved in the colonization of 

barley grains. Among these enzymes, proteinases 

are the most crucial, and protein degradation can 

significantly influence the malting or brewing 

quality of the diseased grain. .[18].Rotting roots 

cause loss of shoot numbers, seed atrophy and 

shrinkage, and loss of nutritional value, which 

leads to significant crop losses. [19] .The 

pathogenic fungus F. oxysporum produces 

metabolic substances that cause comprehensive 

seed rot and abnormal growth of seedlings. 

Symptoms of wilting appear on the infected 

seedlings, as they begin to bend at the top, and the 

leaves turn yellow and begin to dry. When the 

stems of the wilted seedlings fall, a black scar 

appears in the area of separation from the interior 

tissue. [20,21]. The Trichoderma fungus produces 

compounds and secondary metabolites that increase 

root growth, which may be the reason behind the 

increase in the wet and dry weight of the root 

system [22].These results are consistent with 

results  reported by [23] that use of the T.viride 

with the pathogenic fungi Rhizctonia spp and 

F.solani resulted in an improvement in the growth 

characteristics of the black cumin seed plant the dry 

weight of the root and shoot values also increased 

significantly due to the ability of the bio resistance 

agent to provide nutrients and minerals for the 

plant. 

 

Conclusion:  

     The results of the sensitivity of the barley 

variety Mosul Black 1 to the pathogenic fungus F. 

graminearum that added to the soil before planting 

showed that it caused a significant decrease in the 

percentage of seed germination, the rate of plant 

height, the wet and dry weight of the shoot and root 

systems, the number of tillers , the length of the 

root system, and in productivity characters that 

included plant weight. Individual, biological, and 

weight of one thousand seeds. Also showed the 

efficiency of isolation of the bio resistant agent 

Trichoderma viride UPM 29 as biological control 

agent against the pathogenic fungus F. 

graminearum.  That decreased the effect of the 

pathogenic fungus on the characteristics of 

germination, vegetative and root systems, and 

productivity. 

 

ACKNOWLEDGEMENTS  
     The authors are very grateful to Northern 

Technical University, College of Agricultural 

Technology, Plant Production techniques, for their 

facilities, which helped to improve the quality of 

this work. 

References 



Ali A. Abdullah /NTU Journal of Agricultural and Veterinary Sciences (2025) 5 (2) : 144-150 
 

150 

 

[1 ].FAOSTAT, United Nations 2016. 

[2]FAO. 2020. Situación Alimentaria Mundial. Nota 

informativa de la FAO sobre la oferta y la demanda 

de cereales. Organización de las Naciones Unidas 

para la Alimentación y la Agricultura. 

[3]Martín, I.; Gálvez, L.; Guasch, L.; Palmero, D. Fungal 

Pathogens and Seed Storage in the Dry State. Plants 

2022, 11, 3167. https://doi.org/10.3390/ 

plants1122316. 

[4] Narwal, S., Kumar, D., Sheoran, S., Verma, R. P. S., 

and Gupta, R. K. (2017). Hulless barley as a 

promising source to improve the nutritional quality of 

wheat products[J]. J. Food Sci. Technol. 54, 2638–

2644.doi: 10.1007/s13197-017-26696. 

[5]Rajeev, B., Ravishankar, V. R., and Karim, A. A. 

(2010). Mycotoxins in Food and Feed: present Status 

and Future Concerns[J]. Comprehens. Rev. Food Sci. 

Food Saf. 9, 57–81. doi: 10.1111/j.1541-

4337.2009.00094.x 

[6]Marcus, S., Stefan, H., Lorenzo, D. C., Martin, D., 

Karl, S., Emanuele, Z., et al. (2016). Impact of fungal 

contamination of wheat on grain quality criteria[J]. J. 

Cereal Sci. 69, 95–103. doi: 

10.1016/j.jcs.2016.02.010. 

[7]Niessen, L. Fungal contamination of barley and malt. 

In Brewing Microbiology: Current Research, Omics 

and Microbial Ecology; Bokulich, N.A., Bamforth, 

C.W., Eds.; Caister Academic Press: Poole, UK, 

2017;pp.197–244.ISBN 978-1-910190-62-3. 

[8]Anusha, B. G., Gopalakrishnan, S., Naik, M. K., and 

Sharma, M. (2019).     Evaluation of streptomyces 

spp. and bacillus spp. for biocontrol of fusarium wilt 

in chickpea (Cicer arietinum l.). Arch. Phytopathol. 

Plant Prot. 52 (5-6), 417–442. doi: 

10.1080/03235408.2019.1635302 

[9]Kumar, M., Vipul, K., Meenakshi, R., and Seweta, S. 

(2019). Effect of volatile and non volatile compounds 

of trichoderma spp. against fusarium isolates causing 

chickpea wilt in punjab. Plant Archiv. 19, 159–162. 

[10]Mei, L. I., Hua, L. I. A. N., Su, X. L., Ying, T. I. A. 

N., Huang, W. K., Jie, M. E. I., et al. (2019). The 

effects of trichoderma on preventing cucumber 

fusarium wilt and regulating cucumber physiology. J. 

Integr. Agric. 18 (3), 607–617. doi: 1016/S2095- 

3119(18)62057-X. 

[11  ]Saydam,C.M.;Copeu and Sezgin,E.(1973).Studies 

on the inoculation technique of cotton wilt caused by 

Verticillium dahlia Kleb. Investiqation on the 

laboratory inoculation techniques.J.Turkish 

Phytopathology.2:69-75. 

[12]Nogueira, María & Decundo, Julieta & Martínez, 

Mauro & Dieguez, Susana & Moreyra, Federico & 

Moreno, María & Stenglein, Sebastian. (2018). 

Natural Contamination with Mycotoxins Produced by 

Fusarium graminearum and Fusarium poae in 

Malting Barley in Argentina. Toxins. 10. 78. 

10.3390/toxins10020078. 

[13]Martínez, Mauro & Ramirez Albuquerque, Diana & 

Dinolfo, María & Biganzoli, Fernando & Fernandez 

Pinto, Virginia & Stenglein, Sebastian. (2020). 

Effects of Fusarium graminearum and Fusarium poae 

on disease parameters, grain quality and mycotoxin 

contamination in barley (part II). Journal of the 

Science of Food and Agriculture. 100. 

10.1002/jsfa.10354. 

[14  ]Rush, C. M.; D.E. Carling ;R.M. Harveson and J.T. 

Mathieseon(1994). Prevalence and pathogenicity of 

anastomosis group of Rhizoctonia solani from wheat 

and sugar beat in Texas. Plant Dis. 78 : 349 – 352. 

https://journal.djas.uodiyala.edu.iq/index.php/dasj/art

icle/view/2903 

 [15] Tekauz, A., McCallum, B. and Gilbert, J., 2000. 

Fusarium Head Blight of barley in western Canada. 

Canadian Journal of Plant Pathology 22: 9-16. 

[16]Sarlin, T., Laitila, A., Pekkarinen, A. and Haikara, 

A., 2005. Effects of three Fusarium species on the 

quality of barley and malt. Journal of the American 

Society of Brewing Chemists 63: 43-49. 

[17]Christian, M., Titze, J., Ilberg, V. and Jacob, F., 

2011.Novelperspectives in gushing 

analysis:areview.Journal of the Institute of 

Brewing117:295-313. 

 [18]Schwarz PB, Jones BL and Steffenson BJ, Enzymes 

associated with Fusarium infection of barley. J Am 

Soc Brew Chem 60:130–134 (2002) 

[19]Smith JD, Kidwell KK, Evans MA, Cook RJ, Smiley 

RW (2003). Assessment of spring wheat genotypes 

for disease reaction to Rhizoctonia solani AG-8 in 

controlled environment and direct-seeded field 

evaluations. Crop Sci., 43: 694-700. 

[20]Trivedi,L. and Rathi,Y.P.S.(2015).Detection of seed 

mycoflora from chickpea wilt complex seed borne 

Fusarium oxysporum F.sp. Cicer diseased seeds 

world Journal of pharmacy and pharmaceutical 

science.4:1242-1249. 

[21]Jmenez, R.M ;Pablo, Castillo,Maria del Mar Jmenez-

Gasco,Blanc B.Landa and Juan A. navas-Casta. 

Fusarial wilt of chickpea : Biology, ecology and 

management. Crop Protec., 2015; 73: 16-27. 

[22]Hasanloo,T.and Kowsari, M .(2010).Study of 

different  Trichoderma strains on growth 

characteristics and silymarin accumulation of milk 

thistle plant ,  Journal of Plant Interactions , 5: 45 – 

49. 

[23]Alwan, D. S., Sabea, A. A.-K. E., & jumaa, N. A. 

(2012). EVALUATION OF EFFICACY OF THE 

BIOLOGICAL CONTROL FUNGI Trichoderma 

harzianum AND Trichoderma viride IN 

PROTECTION BLACK CUMIN SEED AND 

SEEDLING FROM INFECTION WITH FIELD 

FUNJI Fusarium solani, Fusarium lateritium AND 

Rhizoctonia sp. Diyala Agricultural Sciences Journal 

, 4(2),105–115.Retrievedfrom. 

 

 




