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Abstract 
   The experiment was conducted in the fields of the Faculty of Agriculture, Tikrit University, 
during the summer season of 2021.The fungus culture residues were tested with five salts of some 
microelements, namely iron sulfate FeSO4, manganese sulfate MnSO4, sodium molybdate 
Mo3Na, and zinc sulfate ZnSO4.Boric acid H3BO3, and the sixth treatment, a combination of 
these elements, inhibited the disease of rhizoctonia mold on the cowpea plant Vigna unguiculata, 
which is caused by the fungus Rhizoctoia solani. The treatment of molybdenum and zinc and the 
mixture of elements excelled with the highest germination percentage, which was 100%, while it 
reached the lowest percentage when compared to 45%.  The highest rate of infection with the 
pathogenic fungus in the control treatment was 42%, while the highest infection severity in the 
control treatment was 55%. As for the percentage of chlorophyll, it reached the highest percentage 
when treated with the mixture of elements with the mixture of residues, as it reached 59 spad, 
compared to the control, which amounted to 39 spad.  In terms of yield weight, the treatment with 
molybdenum was excelled with the mixture of residues, amounting to 1253.17 gm, while the 
control treatment amounted to 895.38 gm. The treatment of molybdenum, zinc and succulents 
mixture excelled in the weight of cowpea seed, reaching 30.59, 30.66 and 30.32 gm, respectively. 
The treatment with the mixture of elements gave a higher number of grains in one pod, and it was 
10.6 grains. As for the qualitative traits, The treatment of the mixture of elements gave the highest 
percentage of phosphorous elements, which reached 0.55%, and in the percentage of protein, it 
reached the highest percentage when treated with the mixture of elements and the molybdenum 
element, which amounted to 24.53 and 24.05%, respectively. 
Keywords, cowpea, mineral elements, molybdenum, zinc, fungus culture residues, rhizoctony 
mold. 
 
Introduction 
Cowpea V.unguiculata is one of the plants sensitive to the R.solani fungus. Thies et al., 2005 
mentioned that this type of cowpea is one of the most affected types of other plants by this disease, 
where this fungus causes great economic losses (Hussein, 2019).This fungus causes several 
diseases, including the damping off seedlings before and after emergence, rotting of roots and 
bases of stems, and rotting of seeds and fruits (Nirupama et al. (2017). near the branching zone 
with a transverse barrier, While its sexual stage, Thanatephorus cucmeris, belongs to the basidid 
fungi (Nasraoui, 2016), R. solani lives in the soil and attacks the plant in its various stages of 
growth, when suitable conditions are available for the fungus with stressful conditions for the plant 
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such as insect infection and thirst, as well as exposure to chemical pesticides (Jabr et al., 2002).The 
fungus penetrates the plant walls in several methods, including through natural openings and 
chemical methods, paving the methods by secreting some wall-dissolving enzymes, including 
Cellulase, Pectinase, and Phosphatase Weinhold & Sinclair, 1996). lower crown region of ancient 
plants (Huang et al. 2011),The fungus spends the harsh conditions in the soil in the form of fungal 
filaments or a stone body, and it can remain in this state for years until suitable conditions are 
available. Despite the fact that chemical compounds have led to good results, they are not a correct 
solution due to the pollution caused by these compounds to the soil and the elements of the 
environment and human health (Monfil and Casas-Flores 2014), so it has become necessary to find 
safe, effective and long-term alternatives To protect these plants from diseases. The depleted 
medium is a by-product after the completion of the fungi harvesting operations (A. bisporus), and 
it consists of agricultural residues and straw such as wheat straw, barley, rice, corn stalks, horse 
and poultry waste, cottonseed and gypsum.  The depleted medium is sterilized by steam prior to 
use in agricultural production and is considered an ideal material for soil conditioners with its 
content of activated organic substances in addition to its high ability to retain water in dry 
conditions and its ability to drain water in conditions of excess moisture (Romaine and 
Schlagnhaufer 1982). Lemaire et al. (1985) also studied the diversity of soil microorganisms that 
promote accelerated decomposition processes, nutrient availability and soil aggregate formation 
(Webster and Buckerfield, 2002) Studies have also shown that it contains P3+, Ca2+, Mg+2NH4+, 
Na+ cations, and the pH value ranges between 7.4-8.6The addition of the depleted medium to the 
soil raised the level of Mg, P, and K (Maher, 1994). These residues also contain a large proportion 
of protein, phosphorus, and calcium, amounting to 11, 0.9, and 5.4%. Fazaeli and Msoodi (2005) 
stated that the depleted medium contains organic matter and its chemical and physical traits and 
vitality, which enhances the ability to be used as a soil conditioner and reformer, and gives the 
ratio of carbon to nitrogen in fungi cultivation residues an important indicator of the availability 
of nitrogen, up to 30:1.The importance of the microelements lies in the fact that the deficiency 
hinders plant growth naturally, the presence of iron promotes the formation of chlorophyll and 
stimulates enzymes involved in respiration, in addition to its importance in cell division and normal 
growth. As for the element manganese, it is an activator for enzyme reactions such as oxidation, 
reduction and hydrolysis, and it activates the reduction of nitrite and hydroxylamine to ammonia. 
As for zinc, the formation of growth hormones (auxin), the formation of seeds and grains, and 
promotes maturity, plant height, and protein synthesis.  The importance of boron comes from its 
contribution to the formation of plant hormones and an increase in the flowering group and the 
water relationship in the plant. 
As for molybdenum, it is important because it is essential for plant growth and is necessary for 
reducing nitrates and fixing nitrogen (Ronen, 2007).  Due to the importance of cowpea yield and 
its susceptibility to rhizoctonia rot disease, the current study aimed to evaluate the efficiency of 
the residues of the food medium of the fungus Agaricus bisporus fortified with microelements in 
controlling the rhizoctonia rot disease on cowpea plant disease. 
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MATERIALS AND METHODS 
The experiment was conducted in the fields of the College of Agriculture, Department of Plant 
Protection, where the fungus R. solany was isolated from the roots of the infected cowpea plant, 
and the isolation was renewed by taking a swab from the plate containing the original isolate by 
means of an inoculation needle into a plate containing an environment of PDA and incubated for 
4 days at a temperature 25 m. An amount of 5 kg was taken from the fungus culture consumables 
to loam soil, and the proportion was 2/5 of the fungus culture residue and 3/5 of the mixed soil, 
and elements were added to it, which included iron sulfate FeSO4, manganese sulfate MnSO4, 
sodium molybdate MO3Na, and zinc sulfate ZnSO4 and boric acid H3BO3 by 100 ml of each 
element, at a concentration of 200 ml kg-1, and the sixth treatment is a mixture of the elements 
mentioned according to the ratio divided into five units. get rid of formalin residue, Mixing the 
spent fungi medium obtained from the fungi production farm - College of Agriculture / University 
of Tikrit, to which the elements were added to the sterilized soil. The mixture was placed in plastic 
pots, at the average of 5 kg in pots of 24 pots, distributed over 6 treatments that included soil 
mixture with fungi farm residues to which the elements mentioned above were added in order, and 
the seventh treatment was the control treatment. 5 pieces (dimensions of the piece 1 cm2) were 
taken from the colony of the pathogenic fungus R. solani, age 5 days, by cork cutter and added to 
the pots three days before planting the seeds, then 5 seeds of cowpea (cultivar ...) were planted in 
each pot. it watered regularly as needed, each recurrence as 10 plants i.e. 2 pots, and studied the 
following traits: 
Germination percentage: The germination percentage was estimated by calculating the number of 
germinated seeds to the total number of seeds x 100 
Estimating the infection rate The infection rate was estimated by calculating the number of infected 
plants in one treatment to the total number of plants in the same treatment multiplied by 100 

infection rate=
    

       
 X100 

Estimation of infection severity: It was estimated according to Mckinney's treatment, (1923). The 
severity of the injury was calculated based on the appearance of infection and according to the 
evidence set by (Al-Hashemi, 2011). 
The degree of appearance of infection 
0 The plant is healthy, the root system is large, and the roots are white 
1 Intermediate brown discoloration of the roots on the roots and yellowing of a certain number of 
leaves 
2 Complete discoloration of the roots with an overall yellowing of the leaves 
3 The coloration extends from the roots to the bases of the stems 
4 general death 
The severity of infection was estimated according to the following formula: 

                ..       

   ∗   

×100 
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Estimation of chlorophyll: The percentage of chlorophyll in plant leaves was estimated in the 
morning with a SPAD device, where three plants were randomly taken from each replicate and the 
leaf was placed in the device to measure and record the percentage 
Moisture percentage in the grain: 100 g of beans were taken from each refined and weighed 
immediately after harvest, then put in an electric oven for 72 hours at a temperature of 60 until the 
weight was fixed, then weighed again, and the dry weight was subtracted from the total weight 
Yield estimation Estimate the yield by collecting pods after the ripening process and weighing 
each treatment , Estimating the weight of 1000 grains by taking 1000 grains representing the 
experimental units and weighing and extracting from them the weight of one hundred grains 
Determination of phosphorous The concentration of phosphorus in cowpea plant was estimated 
using a spectrophotometer according to the method described by (Watanabe and Olsen and his 
group, 1982) using sodium bicarbonate (0.5) standard and the color phase using ammonium 
molybdate and ascorbic acid and measuring the phosphorus concentration using a 
spectrophotometer at The wavelength is 840 nanometers 
Protein estimation: the total protein in cowpea beans was determined according to the method of 
Magomaya et al. (2014), 
The experiment was designed and analyzed according to The Randomized Complete Block Design 
(RCBD) 
Results and discussion 
The effect of some elements added to the soil with fungus culture residues on the infection 
rate of cowpea plant 
Figure (1) on the percentage of seed germination shows that the treatment of molybdenum, zinc 
and the mixture of elements had a germination rate of 100%, while the germination rate of the 
control treatment was 55%, while the other treatments of iron, manganese and boron were 90, 75 
and 80%, respectively. 

 
Figure (1) The effect of some elements added to the soil with fungus culture residues on the 

germination percentage of cowpea seeds 
The effect of some elements added to the soil with fungus culture residues on the infection 
rate of cowpea plant 
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Figure (2) shows the two treatments with molybdenum and the mixture of elements excelled on 
the rest of the treatments, where it did not indicate a significant infection rate, followed by the 
treatment with zinc, where the infection rate reached 8%, while the control treatment reached 52%. 

 
Figure (2) The effect of some elements added to the soil with fungus culture residues on the 

percentage of infection of cowpea plant 
 
The effect of some elements added to the soil with fungus culture residues on the severity of 
infection of cowpea plant 
Figure (3) related to the severity of the infection was shown to be greater than the treatment with 
molybdenum and the treatment of the mixture of elements, as it did not show any percentage of 
the severity of the infection, followed by zinc, the treatment with the element zinc, as it reached 
8%, while the severity of the infection when the control treatment was 55% 
 

 
Figure (3) The effect of some elements added to the soil with fungus culture residues on the 

severity of infection of cowpea plant 
 
The effect of some elements added to the soil with fungus culture residues on the percentage 
of chlorophyll in cowpea leaf 
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Table (1) shows a variation in the amount of chlorophyll between one treatment and another. The 
treatment of the mixture of elements, the treatment of molybdenum, and then the treatment of zinc 
showed a clear excelled on the rest of the treatments in the first month, as the quantity reached 69, 
68, and 66 spad, respectively. As for the control treatment for the first month, it was 39, and the 
treatment of the mixture of elements and the treatment of zinc and molybdenum retained excelled, 
where the amount of chlorophyll reached 68, 66, and 64 Spad, respectively, while the control 
treatment for the third month reached 33 Spad. 

 
Figure (4) Effect of some elements added to the soil with fungus culture residues on the 

amount of chlorophyll in cowpea leaf 
Effect of microelements added to soil with fungus culture residues on some trait of cowpea  
Table (1) shows significant differences in some trait of the bean between the treatments included 
in the experiment. In terms of yield weight, the molybdenum treatment with the zinc treatment was 
significantly excelled on the rest of the treatment. The total yield for them reached 1253.17 and 
1194.42 gm, respectively, while the control treatment reached 895.38 gm. As for the weight of 100 
grains only, the zinc treatment, the molybdenum treatment, and the elemental mixture treatment 
were 30.66, 30.59, and 30.32. While the control treatment amounted to 27.56 g, the relative 
humidity in the cowpea seed recorded its highest value when the manganese treatment amounted 
to 75, followed by the iron and zinc 74%, while it reached 72% when the control treatment. They 
reached 10.06, 9.63, and 9.53 pills, respectively, while they were 8.44 grains for the control 
treatment. 
  

Table (1) Effect of microelements added to the soil with fungus culture residues on some 
yield traits 

treatments The plant 
yield (g) 

The number of 
grains in pod 

The moisture 
content of a 
grain of 100 
g 

number of 
grains in a 
pod 

fungus residues + Fe 983.68 28.24 74 9.53 
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fungus residues + Mn 931.49 27.73 75 8.93 
fungus residue + Mo 1253.17 30.59 73 9.48 
fungus residues + Zn 1194.42 30.66 74 9.63 
fungus residues + Bo 945.71 28.76 74 9.06 
fungus residues + mix 
elements 

1188.27 30.32 73 10.06 

control 895.38 27.56 72 8.44 
LSD 10.42 0.69 0.41 0.39 

 
The effect of micronutrients added to the soil with fungus culture residues on the amount of 
phosphorus and protein in cowpea plant 
Table (2) shows significant differences between the treatments, where the highest amount of 
phosphorus was recorded when the mixture of elements was 0.55, and it was 0.54 when the 
molybdenum treatment, and the zinc treatment was 0.52 mg L-1. As for the control treatment, the 
amount of phosphorus was 0.39 mg L-1.As for the amount of protein in 100 gm grain only, it 
reached its highest percentage when the juice mixture treatment and the molybdenum treatment 
were 24.53 and 24.05 mg L-1, respectively, while it was 19.89 mg L-1 when the control treatment 
Table (2) The effect of microelements added to the soil with the residues of fungi culture on 

the amount of phosphorus and protein in the cowpea plant 
treatments Phosphorus in plant parts 

mg kg -1 
Protein in 100 gm of 
Cowpea grain (%) mg kg-1 

fungus residues + Fe 0.50 23.11 
fungus residues + Mn 0.37 21.86 
fungus residue + Mo 0.54 24.05 
fungus residues + Zn 0.52 23.94 
fungus residues + Bo 0.47 22.07 
fungus residues + mix 
elements 

0.55 24.53 

control 0.39 19.89 
LSD 0.04 0.95 

 
It is noted through the results that there are varying differences between the treatments as well as 
the differences with the control treatment. The medium of the depleted fungi cultuer contains 
organic materials, where they are fertilized materials that support the plant and contain qualities 
that improve the physical properties of the soil, as well as stimulating and providing the soil with 
microorganisms that may contribute to the improvement. From Soil Properties (Hayyawi and Al-
Issaw, 2019) The results showed that the fortification of the fungus waste media with elements led 
to a significant increase in the germination rates of cowpea seeds under conditions of infection 
with the pathogen R. solani, compared to the lowest germination rates recorded in the treatment of 
the pathogenic fungus only.  The reasons for this are due to the role of the studied mineral elements 
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in stimulating plant growth and stimulating germination in addition to their effect against 
pathogenic fungi, and this result is consistent with what was mentioned by Al-Daradji (2022), The 
study showed the use of elements to inhibit the enzymes of the pathogen, and this process in turn 
leads to a decrease in infection due to its effect on the virulence factors of the pathogen, since the 
enzymes are among the most important virulence factors in the fungus. (Al-Daradji, 2002) The 
results showed that the encouragement of the cowpea plant in all the studied factors, which 
included the use of compost with mineral elements, compared to the treatment of the pathogenic 
fungus only. The results showed an increase in the percentage of chlorophyll in the cowpea 
plant.This may be due to the entry of the elements into the vital activities of chlorophyll 
construction, as well as their entry as enzyme accompaniments that enter into the vital reactions of 
the plant in general, while we note that the lowest percentage of chlorophyll was recorded in the 
treatment of the pathogen only as a result of the decomposition and attack of plant tissues and the 
inhibition of plant growth by it (Marschner), 1995 Hänsch ; and Mendel, 2009) The effect of the 
fungus culture residues with the added mineral elements was reflected on the productive traits of 
the cowpea plant, and the results showed a significant increase with the elements in the number of 
grains per pod The grain yield of one plant and the weight of 1000 grains in all treatments 
compared to the control treatment. Zinc, molybdenum and the mixture of elements showed the 
highest productivity traits.This excelled may be due to its role as enzyme chaperones that 
encourage plant growth and encourage the vital processes of growth. micro mineral elements are 
of importance not only to nutrition, but also to the role of protection, where they are the first line 
of defense for plants from pathogens and parasites (Walters and Bingham, 2007). ,And the 
mechanism that takes place through the inhibition of the pathogen and the reduction of its virulence 
is the reduction of the action of enzymes, especially chitinase, betaglucanase, and protease, as 
stated in a study for publication conducted by Hassan (2017) and another accepted for publication 
by Aldarraji et al. (2220).Among the characteristics that were studied was the amount of 
phosphorous and nitrogen, and the results showed a significant increase in all treatments, and the 
highest treatments were molybdenum and the mixture of elements compared to the lowest 
percentages for the pathogenic fungus treatment only. Studies have indicated the role of zinc in 
binding to the active sites of enzymes, which are closely similar through catalytic double or triple 
sites that bind to it, thus inhibiting the enzyme. This study was compatible with the current study 
because the treatment with zinc showed a significant excelled over other treatments, in addition to 
that, it is considered at the same time an enzyme stimulant as well as the molybdenum element. It 
is an effective activator for many enzymes, as well as its role in fixing nitrogen in the bacterial 
nodules of cowpea by increasing the activity of the enzyme Nitrate Reductase - NR.Molybdenum 
also activates photosynthesis and its role in activating enzymatic antioxidants (Ronen, 2007), while 
the decrease in the aforementioned percentages is attributed to the harmful effect of R. solani on 
plant roots, which leads to cell decomposition and inhibition of root functions in the absorption of 
minerals for the purpose of growth. (Ajayi -Oyetunde and Bradley, 2018) 
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