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Abstract

composting, and planting.

Background Since the ecosystem is the first link in the food chain for all living things, including humans, animals,
and plants, restoring it has become a global priority in recent years, particularly in agricultural soils by expanding
the trend of fertilization and biological control instead of relying more on the use of chemical pesticides. There-
fore, this study aims to maximize and enhance the advantages of mushroom residues (MR) to make vermicompost
that can resist Fusarium Oxysporium (FO) in maize. This study was conducted in three stages: compost preparation,

Results The mixing process of vermicompost with the soil was improved by the lowest CV. The highest productiv-
ity was achieved by using a plastic rotary drum composter which had a patching size of 60 kg at a speed of 15 rpm
for 8 min. In addition, the production of vermicompost from (MR) was improved by adding the aqueous extraction
of licorice residue (LR), where helped to increase the vermicompost’s pH and the amount of dissolved Cu and Zn. The
wilt illness disease caused by FO in maize crop was decreased by adding the mixture of vermicompost (MR and LR)
to the soil infested with Fusarium, as compared to the control.

Conclusions The combination of 25% vermicompost (MR+LR) and 75% agri-soil proved to be the most effective
treatment for wilt disease control, with a disease severity score of 1.90. It was discovered that treated maize roots
produced more peroxidase and polyphenol oxidase activity compared to the control.

Keywords Vermicompost, Mushroom residues, Licorice residues, Mixing, Maize seed, Fusarium Oxysporium

Background

Recent years have seen a rise in the importance of eco-
system restoration, especially in agricultural soils by
relying less on chemical pesticides and promoting ferti-
lization and biological control. Additionally, the overall
trend is to use as much agricultural waste as possible,
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including mushroom breeding waste, to produce bio-
organic fertilizers such as vermicompost (Paymaneh et al.
2023). According to Yang et al. (2017), vermicomposting
is a crucial and useful stage in the recycling of biowaste.
Vermicompost provides a bigger supply of nutrients and
requires less time to prepare. Vermicompost is a fertilizer
rich in nutrients that is environmentally beneficial owing
to the concentration of vital nutrients for plants in it. Ver-
micompost is accelerating the transformation of organic
residues into fertilizer with the aid of earthworms and
microorganisms (Raza et al. 2023). Vermicompost gen-
erated by housefly larvae raised the organic C content of
the soil to 42%. In addition, vermicompost enhances the
enzymatic activity of the soil to 68% for dehydrogenase,
56% for phosphatases and 107% for urease. Continuously
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applying vermicompost to the soil increased soil carbon
and microbial biomass, accelerated soil mineralization,
and elevated C-, N-, and P-related enzymatic activi-
ties (Zhang et al. 2020). Reduced putrescible wastes can
be achieved through biotreatment using housefly larvae
(Zhang et al. 2012; Zheng and Zhou 2013; Ci¢kova et al.
2015; Negi et al. 2020; Cheng et al. 2021; Guo et al. 2021;
Miranda et al. 2021).

Vermicompost can only be produced through the two
processes of grinding and mixing. The feeds are fur-
ther ground down in size so that earthworms may easily
devour them. Contrarily, the mixing procedure ensures
that meals have a consistent texture and quality before
being placed in the beds (Atienza et al. 2021; Amer et al.
2022). Conventional vermicomposting takes 45 to 60 days
to produce a fully mature crop compared to rotary drum
composting which takes from 25 to 30 days. So, the dura-
tion of vermicomposting can be reduced to 15-20 days
by using drum composting (Kauser and Khwairakpam
2022). Vermicomposting was used to amend soil to
improve its physical and biological properties, as well as
to increase the amount of organic matter and soil fertil-
ity. Globally, vermicomposting is being utilized more in
sustainable agriculture as a biofertilizer that is safe for the
environment and suited for the soil. It is well recognized
that vermicomposting can affect plant diseases brought
on by soil-borne pathogens; vermicomposting’s level of
stabilization has a beneficial impact on the prevention
of disease (Millner et al. 2004; Noble and Coventry 2005;
Reham et al. 2017).

Mushrooms are a vital component in the human diet
to prevent and treat various diseases. In the upcom-
ing years, mushrooms are expected to meet the growing
demand for their nutritional content and active ingredi-
ents (Barbosa et al. 2020). Remains from mushrooms are
typically considered as agricultural trash and disposed
of in landfills, incinerators, or open fires, strewn on the
ground, or composted with animal manure without being
properly utilized. Since inappropriate disposal could
result in environmental problems such soil contamina-
tion, air pollution, and water pollution, this has presented
a considerable barrier (Collela et al. 2019).

Meng et al. (2018) improved soil nutrient profiles sup-
porting tomato seedlings and yield by using both separate
and combination applications of composted biogas slurry
and wasted mushroom substrates. Spent mushroom sub-
strates have previously been widely accepted for crop
fertilization. Similar to (Collela et al. 2019), they used
mushroom substrates obtained from Agaricus bisporus
in tomato production increased by 20% Compared to
untreated tomato.

Moreover, Glycyrrhiza glabra "licorice". is an herba-
ceous perennial belonging to Leguminosae family. Erk
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sous is the common traditional arabic name and one of
the preferred beverages in Egypt. The licorice root has
been utilized for thousands of years due to its therapeu-
tic properties. It is still popular in the Arab Area and
in many parts of Europe (Falet et al. 2019; Tabrizi et al.
2021). Pistachio nut shells that have been zinc chloride-
impregnated and licorice remnants together were used
by Moradi et al. (2020) as a possible biosorbent to take
the place of mercury in aquatic solutions.

On the other hand, Asasian et al. (2012) noted that
agricultural residues with soft structures, such as licorice
residues, rice husks, and bagasse, cannot be converted
into adsorbents with good enough properties despite
having relatively large amounts of carbon. Furthermore,
Ruangjanda et al. (2022) discussed how cassava pulp,
eggshells, Azolla biomass, and fruit peels affected the
spent mushroom substrate’s ability to degrade because
using just spent mushroom substrate may not be appro-
priate for vermicomposting. Patra et al. (2022) showed
a comparison to compost produced without the use of
earthworms, vermicompost prepared from mushroom
spent waste, water hyacinth (Eichhornia crassipes), eaf
litter (Tectona grandis), and cauliflower waste showed
excellent nutritional and microbiological qualities. Fur-
thermore, Hiebeckova et al. (2020) discussed that ver-
micomposting from spent mushroom substrate showed
less electrical conductivity and raised the bacterial/fungal
ratio as well as total P.

One more popular cereal grain worldwide is maize
or corn. It is the primary food crop in many nations
throughout the world, outpacing wheat and rice in
regard of area, yield, and productivity (Walder et al.
2017; Lanubile et al. 2017). It is quite frequently
referred to as the "Queen of Cereals" since it offers
the highest potential for genetic yield. and nutritional
value (Maschietto et al. 2017). The rainy season is when
maize is mostly grown, and it is used as a primary
source of food, fuel, fodder, and industrial raw materi-
als. (Sharma and Rayamajhi 2022). In Egypt, one of the
important crops in the rural economy and livelihood is
maize (Salama 2019). Egypt produces 7.50 million Tons
on 1.46 million ha. Egypt imported 7.88 million Tons
worth $1.88 billion in 2020 as domestic maize pro-
duction is insufficient to meet the demand (FAOSTAT
2022). On the other hand, Fandohan et al. (2003) noted
that fungi are the second-leading cause of maize deg-
radation and loss in the field after pests and the fun-
gus could harm farmers’ maize by 50 to 80 percent.
One more significant fungal pathogen affecting crops
is Fusarium (fusarium ear rot), which produces dis-
ease complexes in maize (Orsi et al. 2000; Walder et al.
2017). These fungi obstruct the plant’s water-conduct-
ing vessels, and when the infection advances into the
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leaves and stems, it inhibits the flow of water, resulting
in yellowing and foliage wilting, and then it can reduce
maize grain yield and quality. Moreover, it causes a
significant economic loss, as well as mycotoxin-con-
taminated grains that pose a concern to human health
(Lanubile et al. 2017; Maschietto et al. 2017).

In this concern, synthetic fungicides are traditionally
applied to treat this disease. However, because fungi-
cides were used carelessly, the toxicity accumulated,
which lead to a change in the ecological balance of the
soil by killing off the useful microorganisms. In the cur-
rent study, the importance of implementing biological
approaches (restoring the ecosystem) as an alterna-
tive form of disease control has been highlighted by
increased awareness of the risks associated with fun-
gicides. Thus, the goal of this investigation is to maxi-
mize the benefits of mushroom residues to produce
vermicompost that can resist Fusarium Oxysporium in
maize.

Methods
Experiment materials
Agricultural residues and soil

» Mushroom residues (MR)

The MR was collected from BIOTECH farm at
Ismailia Desert Road, Ismailia governorate, Egypt.
It was contained from breeding soil and deformed
mushrooms.

« Licorice residues (LR)

The LR was collected from Licorice drink manufac-
turers production and results of aqueous extract of
licorice roots.

+ Sail

The clayey soil was obtained from the Unit of Iden-

tification of Microorganisms, Plant Pathology Research
Institute (A.R.C.), Giza, Egypt.

Table 1 The chemical properties of agricultural residues and soil
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Chemical properties of the mushroom residues (MR),
licorice residues (LR), and clayey soil are displayed in
Table 1.

Maize seeds

The seeds of maize 324 (Zea mays L.) white hybrids
three-way cross (TWC 324) were obtained from the Field
Crop Research Institute, ARC, Giza, Egypt. In order to
disinfect the seeds, they were immersed in a 5% sodium
hypochlorite solution for 3 min.

Plastic rotary drum composter (PRDC)

The reactor unit was manufactured according to the com-
mon model (Kauser and Khwairakpam 2022). The length,
diameter, and thickness of the drum are 0.93 m, 0.58 m,
and 0.005 m, respectively. The drum can hold between
100 and 150 kg of wet waste and about 50 to 75 kg of
the final product. With the aid of center axes in two side
bases, the drum is supported by a metal stand and rotates
mechanically. In order to properly mix, agitate, and aer-
ate the ingredients during rotation, a 50 mm angle is set
inside the drum. It was fixed in the middle of the two
bases with two horizontal rotation axes and based on side
holders that hold the drum. A hand is attached to one of
them that allows the barrel to be rotated by hand. The
barrel is open in a part of the side space that allows filling
when it is up and empties when turned downwards and
the hole is closed when turning vermicompost or mix-
ing fertilizer with the soil. Inside the cylinder, there are
holes in the opposite direction of the opening fill to drain
the surplus water, good ventilation, and worms’ exit after
decomposition.

Experiment description

This experiment was carried out at three steps as shown
in Fig. 1. The first step was done at Ali farm, Elqnayat,
Elsharkia Governorate, Egypt, while the second step was
conducted in Agricultural Engineering Research Institute
(AEnRI), ARC, Giza, Egypt during summer 2021. In addi-
tion, the 3rd step was executed during season 2022 at the
Unit of Microorganisms Identification, Plant Pathology
Research Institute, ARC, Giza, Egypt.

Agricultural residues pH Ec N K P Fe Mn Zn Cu

MR 6.60 8.94 1.88 0.68 0.06 0.24 0.004185 0.00238 0.001235
LR 9.90 0.83 4.20 0.20 0.035 1.075 11.40 23.60 25.00
Sterilized clay soil 7.88 2.96 0.000333 0.0360 0.00055 0.000671 0.000652 0.000468 0.000774
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Fig. 1 Steps of experimental study

Step 1 (Compost preparation)

The chopping of MR was conducted by a hammermill
(screen-less) with long track conditions, at 700 kg/h of a
feeding rate with drum speed of 3000 rpm, and 48 h of
sun drying at 27 °C (Amer et al. 2022). To prepare licorice
residue, a 50 gm of licorice root was soaked in 500 ml
water (water extract) at room temperature with sporadic
shaking for 48 h. Mixture was filtered by cheese cloth to
get the residues of cold-water extract that from above the
filter (Falet et al. 2019).

Step 2 (Composting)

The residues were placed in layers even in the middle of
PRDC before allowing the larvae to appear, stir the com-
post twice a week for ventilation to reduce the tempera-
ture, distributing moisture, non-decomposing materials
and larvae, and preventing the increase of larvae in lim-
ited areas.

Two types of vermicompost were prepared for use in
the experimental to compare these vermicompost for
Fusarium resistance in Maize; the first type was ver-
micompost produced from MR only and second type
produces from 75% of MR and 25% of LR.

All treatments were placed in PRDC with keeping it
open at temperature (30+5.00 °C) under normal condi-
tions. Samples are sprayed with water almost twice a
week. In addition, the average of moisture content of all
tratments was regularly measured within the study period
and maintained 70% using (Vakdon, BOOCPTS52W), and

then organic mixtures were biodegraded by housefly lar-
vae. Due to their higher fecundity and quicker develop-
ing time than black soldier fly larvae, house fly (Musca
domestica L.) larvae were chosen for waste biotransfor-
mation (Ci¢kov4 et al. 2015).

All of these substrates were subjected to 20 days of
biodegradation. Organic combination was exposed to
natural fly oviposition, which triggered the biodegrada-
tion process inside the containers. The containers were
covered with a net, and larvae were collected ten hours
following natural oviposition. Then, after 25 days are free
from larvae, they are left to dry and prepare for use.

In order to optimize these parameters (six vermicom-
post types), soil mixture tests were carried out in prepa-
ration for the application of vermicompost in agriculture
(Table 2). These parameters were done in a five opera-
tional mixing times (4, 6, and 8 min), three batching sizes
(50, 60 and 75 kg) and manual mixing to choose as con-
trol treatment to choose the best treatment for soil prep-
aration for cultivation.

Step 3 (Planting)
+ Isolation and identification of F. oxysporum wilt

Samples of Maize (Zea mays L.) plants with the
usual wilt disease signs were gathered from six dif-
ferent governorates, i.e., El-Behaira, EIl-Qalyobia,
El-Sharkia, Kafr-El Sheikh, El-Garbia and EIl-Giza.
Samples were transferred at the Unit of Identification
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Table 2 All treatments used in the experiments

Treatments Soil Soil clay
infested (%)

Vermicompost (%)

MR, (%) LR (%) Clay, %

Cu10 No 100 NPK
co Yes 100 NPK
T™M70 Yes 100 NPK+Topsin-M (70%)
VIMILO Yes 0 100

0 50 - 50
VIM7L2 Yes 0 100

0 375 12.5 50
V7M1LO Yes 25 75

25 375 - 375
V7M7L2 Yes 25 75

25 28.125 9375 375
V5M1LO Yes 50 50

50 25 - 25
V5M7L2 Yes 50 50

50 18.75 6.25 25
V2M1LO Yes 75 25

75 12.5 - 12.5
V2M7L2 Yes 75 25

75 9.375 3.125 125

of Microorganisms using ice box. Isolation and iden-
tification methods according (Abou-Zeid et al. 2018).

+ DPathogenicity test

Ten isolates of E oxysporium (FO) were subjected
to pathogenicity tests at the Unit of Identification of
Microorganisms under greenhouse conditions. A sus-
ceptible maize cultivar was used for the pathogenicity
test of the FO isolates that were obtained.

+ Inoculum preparation

The most aggressive isolate from the evaluated iso-
lates was chosen and employed in the current inves-
tigation. For FO, sterilized clayey soil with a different
vermicompost treatment (5% formalin) was placed
in plastic pots (30 cm in diameter) (Abou-Zeid et al.
2002). The soil was watered and left for a week to
ensure that the pathogenic fungi were evenly distrib-
uted throughout the soil. In the control treatment, the
same volume of sterilized, non-inoculated sorghum
grains was added to the soil.

+ Greenhouse experiment
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Five seeds of maize per pot were sowed after being
sterilized. For each particular treatment, three replicates
were employed. At 14 and 45 days after the initial vacci-
nation, the experiment came to the end.

On a scale of 1 to 5, the root rot severity brought on
by the isolates on corn seedlings was rated as follows: 1
= germination and healthy seedling with no visible root
colonization; 2 = germination and lesions on 1 to 19% of
the root; 3 = germination and lesions on 20 to 74% of the
root; 4 = germination and lesions on 75% or more of the
root; and 5 = no germination and complete colonization
of seed.

Measurements and calculations

Coefficient of variation (CV)

Coeflicient of variation (CV) was used as a mixing per-
formance indicator. Also, standard deviation (SD) was
calculated as an amount of variation in sample popula-
tion. The CV under 5% is considered good, and between
5 and 10% is considered unimproved, as reported by
Golub et al. (2019).

SD
CV,% = —= x 100
X

where SD: standard deviation; X: average of samples
population.

Standard deviation is an amount of variation in sample
population, defined as equation:

a2 — (Za)?

n—1

Vermicompost physical and chemical properties
The analysis was done in (AEnRI) and Soil, Water and
Environmental Institute Lab, ARC.

Enzymes activity in maize roots

Root samples were promptly homogenized with liquid
nitrogen at 14 and 45 days after inoculation with the
various ingredients (Ojha and Chatterjee 2012). At 4 °C,
2 ml of 0.1 M sodium phosphate buffer (pH 7.00) was
used to extract one gramme of the powdered material. At
4 °C and 4000 rpm, the homogenate was centrifuged for
20 min. The peroxidase activity (min~! g™') was deter-
mined according to Hartee (1955). The polyphenol oxi-
dase was calculated following the methodology of Mayer
et al. (1965), when -1, 3-glucanase activity was meas-
ured as described by Miller (1959).
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Fig. 2 Effect of mixing time on coefficient of variation

Table 3 Physical and chemical properties of the vermicompost

Physical and MR LR VIM1LO V2M7L2

chemical

properties

pH 6.60 9.90 6.88 8.00

Ec 8.94 0.83 430 5.20
1.88 4.20 240 2.80

K 0.68 0.20 0.87 0.60

p 0.06 0.035 0.50 0.23

Fe 0.24 1.075 0.94 1.78

Mn 0.004185 11.40 16.40 15.06

Zn 0.00238 23.60 10.66 11.90

Cu 0.001235 25.00 13.60 47.00

Bulk density (g) 0.3889 04396 0.5620 0.5466

Repose angle 58.34° 54.23° 36.66° 3431°

Friction factor 41° 40° 24° 22°

Statistical analysis

According to the methodology provided by Sneddecor
and Cochran (1980), statistical analysis was performed
using the F-test for significance at p 0.05 and computing
least significant difference (LSD) test, values to distin-
guish means in distinct statistical groups.

Results

Mixing vermicomposting with soil

The results revealed that the mixing time and batching
size were important factors effect on CV of the mixing
process. With respect to the effect of mixing time on
CV, Fig. 2 represents the CV under three mixing times
and three batching sizes. The results showed that by

Table 4 Pathogenicity test of F oxysporum on Maize under
greenhouse conditions

Isolates Governorate Localities Disease severity
1 Sharkia Hehia 2.70
2 Behaira Etay-El Baroud 3.80
3 Kafr-El Sheikh Kleen 430
4 Kafr-El Sheikh Sakha 5.00
5 Sharkia Menia-Elamh 1.90
6 Garbia Tanta 330
7 Qualubia Miet-Kinana 4.20
8 Qualubia Toukh 4.50
9 Giza Bdrasheen 2.80
10 Giza Giza 3.00
Control 0.00
LSDat5% 0.795

increasing the mixing time from 4 to 8 min, the CV of
the mixing process decreased in all types of vermicom-
posting mixing by 25%, 50%, and 75% of soil at batching
sizes of 50, 60, and 75 kg, respectively. This contrasts with
manual mixing when the CV rose throughout all mixing
processes.

Vermicompost physical and chemical properties

Table 3 shows the changes that occur to the physi-
cal and chemical properties of produced vermicom-
post from different agricultural residues. It was noted
that the produced vermicompost from MR and LR was
recorded an increase in the pH level from 6.60 to 8.00
compared to the pH of the produced vermicompost
from MR. On the other hand, electrical conductivity
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Table 5 Disease severity in infested maize crop under
vermicompost

Treatment code Disease severity

Ccu10 0.00
cl10 5.00
T™M70 1.50
SC10 3.20
VIMILO 4.80
VIM7L2 4.30
V7M1LO 4.50
V7M7L2 4.00
V5M1LO 4.10
V5M7L2 3.80
V2M1LO 3.50
V2M7L2 1.90
LSDat5% 0.607

(Ec) in vermicompost resulting from (MR and LR) was
increased from 4.30 to 5.20 as compared to the ver-
micompost resulting from MR. From another side, the
nutritional characteristics (N, P, Cu) contents increased
in the both type of vermicompost MR and (MR and LR)
compared to the used agricultural residues.

Pathogenicity test

Data in Table 4 pertain to wilt disease brought on by
FO. The isolate No. 4 from (Sakha) was discovered to be
noticeably more aggressive than the other isolates and
to have the greatest illness severity (5). The strain No.

Page 7 of 10

5 (Menia-Elamh), which had the lowest disease sever-
ity (1.90) in the infection and was the least virulent,
allowed the fungus to enter the grains more easily.

Green houses experiment

Disease severity

Information in Table 5 showed that treated maize with
different vermicompost reduced the wilt disease’s dis-
ease severity caused by E oxysporum compared to con-
trol (untreated). Fungicide Topsin-M (70%) TM70 and
V2M7L2 were the most effective substances in control-
ling wilt disease that recording 1.50 and 1.90 of disease
severity, respectively. In the meantime, wilt disease
severity was reduced by all evaluated bioagents. On
the other hand, VIM1L0 and V7M1LO were the lowest
effective treatments in controlling wilt disease which
recorded 4.80 and 4.50 of disease severity, respectively.
These results were in agreement with Millner et al.
(2004); Noble and Coventry (2005); Reham et al. (2017).

Enzymes activity

Data in Table 6 revealed that treated maize roots
resulted an increase in peroxidase and polyphenol oxi-
dase activity compared with (uninfestedand infected)
control treatments at both measuring times. In gen-
eral, the activities of peroxides and polyphenol oxidase
enzyme at 14 days post-treatment were higher than
those at 45 days post-treatment. The highest increased
peroxidase activity was recorded (1.336 and 1.101) at
14 days and (1.259 and 1.067) at 45 days, respectively,
and polyphenol oxidase activity were recorded (1.15
and 1.01) at 14 days and (0.971 and 0.971) at 45 days,

Table 6 Enzymes activity of infested maize roots as treated by the different vermicompost

Treatment code Enzyme peroxidase activity

Enzyme polyphenol oxidase activity

Enzyme gluconase activity

14 days 45 days 14 days 45 days 14 days 45 days

Ccu10 0.12 0.03 0.10 0.03 0.01 0.287
crio 044 041 0452 0.221 0.03 0.291
TM70 0.50 0.121 0515 0461 0.132 0449
sC10 0.801 0.721 0.854 0.769 0.096 0.389
VIM1LO 0.507 0442 0.583 0511 0.069 0.202
VIM7L2 0.53 0412 0.658 0576 0.072 0.46
VZM1LO 0.646 0.537 0.69 0.621 0.082 0.227
V7M7L2 0.691 0431 0.776 0.6 0.085 0.5
V5M1LO 0.792 0.664 0.862 0.782 0.099 0.346
V5M7L2 0.801 0.711 0912 0.832 0.111 0.59
V2M1LO 1.15 0.971 1.01 0.971 0.125 0.563
V2M7L2 1336 1.259 1.101 1.067 0.165 0.825
LSDat5% 0.151 0.071 0.184 0.131 0.071 0.151
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respectively, with V2M7L2 and V2MI1LO in infested
maize plants with E oxysporium and treated compared
with other treatments at 14 and 45 days, respectively.
In contrast to other treatments, TM70 showed the low-
est peroxidase activity on both measuring times. On
the other hand, all treatments increased the activity of
B-1,3-glucanase after 45 days in roots infested with E
oxysporium more than those after 14 days of infection.
The maximum increased in -1,3-glucanase activity was
recorded (0.165 and 0.125) at 14 days and (0.825and
0.563) at 45 days in inoculated roots with E oxysporium
and treated roots with V2M7L2 and V2M1LO at both
measuring times compared with other treatments.

Discussion

Mixing vermicomposting with soil

The results indicated that the CV decreased by increas-
ing mixing time and the same trend at all batching sizes
under the conditions and variables of the experiments.
This may be due to the increasing the movement of the
components for a long time, which in turn caused charg-
ing of the components through electrostatic charges,
which in turn led to an increase in fine-grained on the
surface of the large-grained. These results were in agree-
ment with Alkoaik et al. (2018). The results showed that
the best values for CV were at a mixing time of 8 min
and a patching size of 60 kg, due to its higher productiv-
ity compared to 50 kg. So that, this treatment was chosen
to mixing vermicompost with soil under third stage of
experiments.

Vermicompost physical and chemical properties

Increasing pH level of the produced vermicompost from
mushrooms compared to the pH in natural mushroom
resides. It appeared conceivable that these outcomes are
caused by the microbial breakdown of organic acids, as
well as the production and buildup of ammonia (NH,)
(Negi and Suthar 2018). These results were in consist-
ent with Ruangjanda et al. (2022; Patra et al. 2022). The
decreases of pH were observed in vermicompost pro-
duced from MR and LR compared to agricultural resides
which were caused by the balance in pH of mushrooms
and licorice. These results were in agreement with Yavari
et al. (2009). Decreasing (Ec) in vermicompost resulting
from MR and (MR and LR), these alterations could be
due to how housefly larvae and microorganisms use and
absorb soluble salts (Mahaly et al. 2018; Raza et al. 2022).
These results were in agreement with Ruangjanda et al.
(2022; Patra et al. 2022; Hiebeckova et al. 2020). From
another side, the nutritional characteristics (N, P, Cu)
contents increased in the both type of vermicompost MR
and (MR and LR) because of the existence of larvae that
modified the biological activity, produced nitrogenous
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excreta, enzymes beside mineralized phosphorus and
copper and breakdown of organic matter, reduced vol-
ume (Gong et al. 2019). These results were in consistent
with Yavari et al. (2009); Ruangjanda et al. (2022); Patra
et al. (2022); Raza et al. (2022). On the contrary, there has
been a decrease in (K) and might be caused by the lea-
chate produced during the degradative processes (Zziwa
et al. 2021). These results were in agreement with Ruang-
janda et al. (2022).

Enzymes activity

These findings were in line with those reported by Zhang
et al, (2011), who stated that licorice pulp application
boosted plant height, leaf area, shoot dry weight, flavo-
noid content, and N, P, and K uptake. In addition, at the
highest degree of licorice pulp application (20% v/v), all
evaluated traits. On the other hand, plants require cop-
per, a micronutrient, to grow and develop. It was a part
of numerous enzymes, including ascorbic acid oxidase,
polyphenol oxidase, and cytochrome oxidase (Wang et al.
2013). Moreover, the addition of copper sulfate to all
planting techniques significantly reduced the incidence of
root rot disease and enhanced yield quantity and quality.
Furthermore, copper sulfate inhibited the growth, sporu-
lation, and/or sclerotia of most root rot fungi in vitro. FO,
Rhizoctonia solani, and Sclerotium rolfsii were the most
successful (Zhang et al. 2011).

Conclusions

The mixing process of vermicompost with the soil was
improved by the lowest CV. The highest productivity
was achieved by using a plastic rotary drum composter
(PRDC) which had a patching size of 60 kg at a speed of
15 rpm for 8 min. As a result, the third step of the tests’
treatment of mixing vermicompost with soil was cho-
sen. When agri-residues were turned into vermicom-
post using LR and MR, the amount of dissolved Cu and
Zn increased significantly, and the vermicompost’s pH
also rose as a result of these effects. In comparison with
controls, the wilt illness generated by a mixture of ver-
micompost (MR and LR) and soil infested with the more
aggressive FO was less severe. (untreated). The most
effective treatments for wilt disease, with a disease sever-
ity of 1.90, were 25% vermicompost (MR+LR) and 75%
agri-soil revealed that, on both days, treated maize roots
had higher peroxidase and polyphenol oxidase activity
than control treatments.

Abbreviations

FER Fusarium Ear Rot

MR Mushroom Residues
LR Licorice Residues

cv Coefficient of Variation
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