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ABSTRACT

Efficacy of magnetic field (MF) (5 mT/12, 24, and 36 h) on growth of Aspergillus flavus, Aspergillus niger,
Macrophomina phaseolina, Fusarium solani, Trichoderma harzianum and Trichoderma viride were investigated
invitro. A. niger was the most sensitive to MF for 12 h with a growth inhibition 66.22% followed by M. phaseolina,
A. flavus, F. solani, T. harzianum and T. viride. Also, the inhibition increased with increasing exposure periods up
to 36 h. Qualitative protease and amylase activities of the magnetized pathogenic fungi were less compared to non-
magnetized fungi. Amylase activity did not detect on the medium of exposed A. niger. The effect of magnetized
Moncut 25%, Celest, and Rizolex-T 50% wp (MF) and sesame seeds cv. Giza 32 (MS) were studied on the infection
with M. phaseolina under greenhouse conditions for two seasons (2022 and 2023). (MF + MS) prevented the pre-
emergence damping — off followed by MF and NMF treatments for both seasons. The least of both post emergence
damping — off and charcoal rot incidence were noticed with (MF + MS) treatment. And it had the highest values of
peroxidase activity (PX) and total phenol content (TPC). Pre- emergence damping — off strongly and moderately
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correlated with (PX) and (TPC), recording r = - 0.85 and - 0.81, respectively. Strong correlation was cleared with
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INTRODUCTION MF doesn't produce dangerous radiation, release waste, or

The decrease in crop productivity has been attributed
to both global climate variations and population growth. To
counteract this shortage and increase agricultural
productivity, chemicals have been used for decades as
fertilizers, herbicides, and pesticides to improve the crop yield
(Xuesong et al., 2021). A report by the World Health
Organization indicated that there are 200,000 deaths per year
because of pesticide poisoning. This corresponds to at least 3
million cases per year of poisoning of people, mostly children,
therefore, natural and alternative methods or applications are
being researched to increase food quality and yield. Static
magnetic field, one of the methods used in recent years, is
used to improve plant development (Pentos et al,, 2022).

Sesame (Sesamum indicum L.) is one of the best
sources of protein (18-20%), oil (46-52%), and many vital
minerals including potassium, phosphorus, and calcium, as
well as vitamins like vitamin E (El-Saidy et al., 2009). In
Egypt sesame has been grown in a variety of soil types. The
cultivated area of sesame in Egypt in the summer season of
2020 was about 29 thousand hectare which produced about
38 thousand tons (Mahdy ez al., 2023).

Macrophomina phaseolina (Tassi) Goid is a member of
the family Botryosphaeriaceae, it causes a severe threat to oilseed
plants, specifically sesame, sunflower, corn and cotton causing
significant economic losses. Alternative methods for managing
these infections are therefore becoming more and more necessary
(Amin and Abd-Elbaky, 2024 and Machado et al., 2019).

Magnetic field (MF) technology has been shown to
significantly improve plant development in various species.
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needs an external power source (Sarraf et al, 2021). MF
affects various plant functions, such as growth, development,
protein biosynthesis and enzyme activity-(De Souza et al,
2006; Sarraf et al.; 2020 and Tirono ez al., 2021). MF has been
found to be an effective and emerging tool to control diseases
and increase tolerance against adverse environments. It
weakens and inhibits the growth of fungi and other infectious
microorganisms. This growth suppression was followed by
morphological and biochemical alterations, as well as a
decrease in fungal conidia germination and cell survival (Pal,
2005 and da Silva et al, 2021). The growth rate of
Plasmopara viticola, Rhizopus stolonifer, Asperguillus niger
and Rhizopus nigricans exposed to static magnetic field was
inhibited. Morphological changes were observable on the
conidia of Aspergillus puniceus and Alternaria alternate and
the pigmentation of the colony of Aspergillus niger changed
where the cultures remained white (Radhakrishnan, 2019).
Also, Abd El-Nabi et al., (2013) found that the MF decreased
the growth colonies of Alternaria alternata, Curvularvia
inaequalis and Fusarium oxysporum, the number of
Fusarium oxysporum conidia and the growth of M.
phaseolina, R. solani, and F. oxysporum in vitro were
suppressed by magnetic water. Abdelhameed (2014)
exhibited that the exposure of Sclerotium cepivorum to
Dynamic magnetic field led to decreasing of the disease
incidence and severity. Phytopathogenic fungi are
characterized by their ability to secrete lysosomal enzymes
such as protease, tyrosinase, Phenol oxidase, Amylase, Lipase
and Cellulase that give them the ability to penetrate and
colonize host tissues (Pal, 2005).
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Plant enzymes play a critical role in pathogenesis,
infection, and defense. Elevated activity levels of these
enzymes have been observed to correlate with infected
tissues. Peroxidases are vital enzymes that regulate plant
growth and development, eventual lignification, as well as the
protection of tissue against injury and infection (Pal, 2005 and
da Silva et al., 2021).

The aim of this research was to investigate the efficacy
of magnetic field at 5 mT for three periods: 12, 24 and 36
hours on the growth of some pathogenic fungi, its effect on
sesame charcoal rot disease under greenhouse conditions and
the relation between the magnetic field treatments and the
activity of some fungicides.

MATERIALS AND METHODS

Fungal Isolates:

Fungal isolates: Aspergillus flavus, Aspergillus niger,
and Fusarium solani, were kindly provided from the
Department of Mycology and Plant Diseases. M. phaseolina
was obtained from Onion, Garlic and Oil Crops Disease
Department, Plant Pathology Research Institute, Agricultural
Research Centre, Giza. Bio-control fungi Trichoderma
harzianum and Trichoderma viride were obtained from the
department of Biological Control Res. Dept. Plant Pathology
Res. Instit., Agric., Res. Center Giza, Egypt.

Laboratory Experiment:
Effect of magnetic field on fungal growth on solid media:

Plates of 7- day - old fungal cultures were exposed to a
magnetic field of 5mT for several durations: 12, 24, and 36 hours
(Beretta etal., 2019). The diameter of the fungal colonies of the
magnetized fungal plates and the non-magnetized fungal plates
(control) were measured when the fungal growth covered the
control plates following the formula:

Inhibition % = [ FGD in control — FGD in the treatment / FGD

in control] X 100
FGD: fungal growth diameter

Effect of the magnetic field on the activity of some
fungicides:
Method of magnetizing fungicides:

Each chosen fungicides (Rizolex-T 50% wp, Moncut
30% and Celest) were used at their commercial
concentrations was placed separately in glass test tubes and
put in the magnetic field of 5 mT for periods (12, 24, and 36
h.) For the control treatment, fungicides were placed in a
similar tube without magnetization. Three replicates were
made for each fungicide.

Table 1. fungicides used in this investigation.

Commercial Common . Application
name name Chemical name rate/Liter
20% Telcolofos- methyl (0,2,6
Rizolex-T ~ Telcolofos-  dichloro4methyl-phenyl 0,0 30 9L
WP50%  methyl/thiram dimethyl phosporo thioate) )
and 30% thiram
4-(2,2- difluoro— 1,3 —
Celest Fludioxonil benzodioxal —4-yl)-1 H- 1.5 ml Ke
g seed
pyrrole- 3- carbonitrile
Moncut WP .. N-(3-(1-methylethoxy)-2-
30% Flutolanil (trifuoromethyl)benzamide 20gL

Effect of magnetized fungicides on fungal growth in the
water agar medium in vitro:

Pathogenic fungi under study; A. flavus, A. niger, M.
phaseolina and F. solani and bio-control fungi; 7" harzianum and
T viride, were cultured on water agar medium plates and let to
grow for 24 h at 25+2°C. Radish seeds cv. Balady white (as a
sensitive plant) was sterilized with sodium hypochlorite at a

concentration of 2% for two minutes, washed with sterile distilled

water twice and soaked in magnetized fungicides and used as

indicator to the activity of magnetized fungicides. After 15 min of
soaking in the magnetized fungicides, they have been dried using
asterile filter paper and planted on the pre-fungal-inoculated petri

dishes, 10 seeds/ plate at 1 cm from the edge of the dish, in a

circular manner. (Allwbawi et al., 2018). After seven days, the

percentages of germination and rotted seeds were calculated,
depending on the following equations:

Germination (%) = [germinated seeds no./ total seeds no.] X 100
Rotted seeds (%6) = [rotted seeds no. / total planted seeds no.] X100
Healthy seedlings (%) = [healthy seedlings no./ total seedlings no.]

X100

Greenhouse Experiments:

Effect of magnetic field on infected sesame plants for

charcoal disease under greenhouse conditions for two

seasons:

Greenhouse experiment was conducted in plastic pots
with 30 cm in diameter each pot was filled with 5 kg of soil
and infected with M. phaseolina isolate. The most susceptible
cv. Giza-32 was obtained from the Field Crop Research
Institute, ARC, Giza and revealed in the pathogenicity test.

After 7 days of pot infestation, half of pots were
planted with sesame seeds treated with magnetized Celest
fungicide at 5mT for 24h (10 seeds/pot) at the recommended
commercial dose. Another half pots were planted with only
magnetized seeds which were exposed for 30 min before
sowing with 5 mT without any fungicide treatment.

Disease incidence was recorded using the equation of;

DI= (number of infected plants/total number of plants) x100.

The treatments were arranged in a completely randomized

block design with three replicates, as follows:

1- Magnetized Fungicide (MF)

2- Non- magnetized Fungicide (NMF)

3- Magnetized seeds (MS)

4- Magnetized Fungicide + Magnetized seeds (MF + MS)

5- Infected only (positive control)

6- sesame seeds sown in un-infested soil without any

treatment (negative control)

Physiological traits:

Determination of plant peroxidase and total phenol

content:

The activity of peroxidase enzyme (POX) was
directly measured in the crude enzyme extract using the
methodology outlined by (Thimmaiah, 1999) 3gm fresh leaf
taken off from 20-day-old seedlings was homogenized at 0-
4°C in 9 ml of 0.1 M phosphate buffer (pH 7.1). The
homogenates were cooling centrifuged at 3,000 rpm (4°C) for
20 minutes (min). Total soluble phenols in fresh leaves were
determined using the colorimetric method described by
(AOAC, 1985).

Fungal amylase and protease assay

The ability of the magnetized pathogenic fungi, A.

favus, A niger, F. solani and M. phaseolina. (5 mT for 36h.)
to produce extracellular enzymes was assessed on solid
media. To visualize enzymatic activity, a particular substrate
for each enzyme was included into the culture medium as a
carbon source. A plug of the fungal growth was added in the
center of petri plate and incubated. Fungal isolates were
incubated for 3-6 days depending on their growth rate. The
appearance of a clear halo or precipitation around the fungal
growth indicates enzyme production.

Amylolytic activity of each fungus was observed
using the methodology of (Hankin and Anagnostakis, 1975)
by adding 2gm/L of soluble starch was added to PDA
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medium, after incubation, plates were flooded with 5 mL of
iodine solution. After about 10 min., the clear hallow around
the fungal growth, in contrast with a purple background,
indicates the presence of amylase.

For protease detection, the method of (Sarath ef al.,
1989) was used. 30% skimmed milk was added to PDA
medium. Following incubation, the breakdown of casein was
indicated by a distinct zone surrounding the fungal growth.

Enzymatic activities were determined according to
the scale of (Hammod, 1989).
The magnetic field device

The device used for inducing magnetic field for fungi and
seeds treatments was designed and implemented at the Center for
Maintenance of Scientific and Electronic Devices, Department of
Physics, Faculty of Science, Cairo University as shown in Fig,
(1). The magnetic force was interpreted to gauss (Gu) by using
the device standard curve (Fig. 2) then it converted to mT by
multiplying the Gu by 10 (I mT = 10 Gu). Accordingly, the
chosen magnetic field strength for treating fungi and seeds is 5
mT, which was 50 Gu that equal to 46.4 volt (Fig. 2).

Cylindrical copper coil

er supply with voltmeter

Fig.1. The device used for inducing magnetic field
(minimum 5V, 5 Gu)

:
£ 60 o
o 55 = 3
o 50 #,“
53
35 3
22 2
.U
s 20 ‘,/
g8 13 —
s B
0 Lo

1 5 10 1520 25 30 35 40 45 50 55 60
Electric current (V)
Fig. 2. The standard curve for the device that converts
the voltmeter reading (V) to magnetic field (Gu).

RESULTS AND DISCUSSION

Data presented in Table (2) show the effect of exposed
A. flavus, A. niger, M. phaseolina, F. solani, T. harzianum and
T. viride to magnetic field at 5 mT for 12, 24 and 36 h on its
diameter growth (cm) in vitro. From Fig (3) it is clear that, A.
niger was the most sensitive to the magnetic field exposure
period of 12 h with a growth inhibition 69.22% followed by
M. phaseolina, A. flavus, F. solani, T. harzianumand T. viride
with averages of 64.78, 37.00, 20.33, 11.11 and 11.11%,
respectively. Also, it is clear that, the fungal growth inhibition
increased with increasing exposure period up to 36 h with
averages of 77.78, 72.22, 53.33, 29.67, 27.78 and 22.22% for
M. phaseolina, A. niger, A. flavus, F. solani, T. harzianum and
T. viride, respectively.

Table 2. Effect of magnetized pathogenic and nonpathogenic fungi at 5 mT for 12, 24 and 36 h on its growth diameter (cm).

Exposure time (h)
Fungi 12h 24h 36h Mean
Growth Inhibition Growth Inhibition Growth Inhibition Growth Inhibition

diameter (cm) % diameter (cm) (%) diameter (cm) % diameter (cm) (%)
A. flavus 5.67 37.00 483 46.33 420 53.33 490 45.56
A. niger 2.77 69.22 3.03 66.33 2.50 72.22 277 69.22
M. phaseolina 3.17 64.78 227 74.78 2.00 77.78 248 72.44
E solani 7.17 20.33 6.50 27.78 6.33 29.67 6.67 25.89
T harzianum 8.00 11.11 7.00 22.22 6.50 27.78 7.17 20.33
T viride 8.00 11.11 7.50 16.67 7.00 2222 7.50 16.67
control 9.00 - 9.00 9.00 9.00
L.S.D 5% 1.44 1.43 1.49 1.45
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Figure 3. Inhibition (%) of fungal growth diameter after exposure periods of 12, 24 and 36 h to magnetic field (5 mT).

Beginning at the end of the nineteenth century,
research on how electromagnetic affects living things

increased in the decades that followed as a result of
widespread electrification and the spread of communications.
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Beretta et al., (2019) and Ali et al., (2014) reported that MF
poles suppressed the growth diameter (cm) of Fusarium
oxysporum by inhibiting the DNA replication and increasing
the metabolic activity, while the MF poles stimulated the
growth of other fungi such as Alternaria alternata,
Aspergillus niger and Penicillium chrysogenium. This
stimulatory effect may be due to the indicated increase in the
metabolic activity of the fungal cell and the increase in the rate
of cell DNA replication while the northern pole inhibited the
growth of R. oryzae compared with control group. Also,
Ashnaei etal., (2024) mentioned that exposing Leptosphaeria
maculans Gol125 and Leptosphaeria biglobosa KH36, the
causal agents of Phoma stem cancer (blackleg) disease in
rapeseed to magnetic fields led to decreasing growth speed
over time in the fungal cultures. (Lednev, (2001) reported
that, weak magnetic field may induce massive changes in the
metabolism of cells and altered ion flow through cell
membranes and affected the activity of ion channels (Galt et
al., 1993; KateMelville, 2006 and Bokkon, 2008) and ion
transport in cells (Garcia-Sancho and Javier, 2004).

Data in Table (3) show the effect of magnetic field on
the activity of the fungicide Rizolex-T after exposure for 12,
24 and 36 h, emergence of radish seed and seed rot% after 7
days from incubation with fungi on water agar under 25+2°C
in vitro. Results exhibited that the magnetized Rizolex-T had
not any harmful effect on radish seed germination with T.
harzianum or T. viride which were 100% for both. Also, it can
be noticed the fungicide Rizolex-T was more toxic after
exposure to magnetic field for 24 h and prevented seed rot
caused by A. flavus, A. niger and F. solani but in case of the
treatment of M. phaseolina seed rot % increased to 13.33%.

Only the treatment of Rizolex-T exposed to MF for 36 h + A.
flavus prevented the seed rot%. In case of the treatments
infected only with the pathogenic fungi, it can be noticed that
seed rot increased in all treatments and the treatment of M.
phaseolina had the highest value with 80.00%. In this respect,
the treatments of non-magnetized fungicide showed that non-
magnetized Rizolex-T was more toxic with F. solani
followed by A. niger, A. flavus and M. phaseolina with
averages of 6.67, 13.33, 20.00 and 40.00%, respectively. The
magnetized Rizolex-T was more toxic and resulted in more
inhibition rate on A. flavus, A. niger and M. phaseolina than
non-magnetized.

In this respect, data in Table (4) show the effect of
magnetic field on the activity of the fungicide Celest after
exposure for 12, 24 and 36 h, emergence of radish seed and
seed rot% after 7 days from incubation with fungi on water
agar under 25+2°C in vitro. The same trend with Celest
treatment was cleared with magnetized Celest at the three
periods + T. harzianum and T. viride where they had the
highest germination seeds with an average of 100% for both.
Also, it can be noticed that magnetized Celest for 24 h had the
most toxic effect on the pathogenic fungi A. flavus which
prevented completely the seed rot followed by M. phaseolina,
F. solani and A. niger with averages of 6.67, 6.67 and 13.33%,
respectively. The treatments of non-magnetized fungicide
showed that the treatment of A. flavus had the least seed rot %
followed by the treatments of A. niger, M. phaseolina and F.
solani with averages of 13.33, 20.00, 26.67 and 26.67%,
respectively. In this respect, the magnetized Celest was more
toxic and resulted in more inhibition rate on A. niger, M.
phaseolina and F. solani than non-magnetized.

Table 3. Effect of magnetic field on the activity of Rizolex-T fungicide after exposure for three periods on radish seed
germination and seed rot % after seven days from incubation with fungi on water agar under 25+ 2 °C in vitro

experiment.

. Non-magnetized
Periods (h) 12 24 36 Mean Infected only fungicides

oarameters 5% Sed  Sed . Seed  Sed  Sed Seed Seed  Seed  Seed  Seed
Funai germination( rot germination( rot (%) germingion rot Germination  rot  Germination rot Germination rot

9 %) (%0 %) ) () Q) Q) (&) (%) () (%)
A flavus 8000 2000 10000 000 10000 000 9333 6.67 4000 6000 8000  20.00
A. niger 8667 1333 10000 000 9333 667 9333 6.67 3333 6667 8667 1333
mapszzfﬂ;”a 6000 4000 8667 1333 8000 2000 7556 2444 2000 8000 6000 4000
F. solani 9333 667 10000 000 8667 1333 9333 6.67 4667 5333 9333 667
T. harzianum 10000 000 10000 000 10000 000 10000 000 10000 000 10000 000
T viride 10000 000 10000 000 10000 000 10000 000 10000 000 10000 000
LSD 5% 889 507 318 181 493 281 524 299 2030 1157 889 507

Table 4. Effect of magnetic field on the activity of Celest fungicide after exposure for three periods on radish seed
germination and seed rot % after seven days from incubation with fungi on water agar under 25+2 ° C in
vitro experiment.

Non-magnetized

Periods (h) 12 24 36 Mean Infected only fungicides
Porameters 0% 1 S Sed Sl Sed S Sed Sed S S
Fungi germination  rot  germination ot (%) germination rot germination  rot germinaion rot  germination  rot
(*0) (0 (o) ) (0 (*0) (o) o) ()] (*0) ()]
A. flavus 86.67 1333 100.00  0.00 66.67 3333 8444 1556  40.00  60.00 86.67 13.33
A. niger 80.00  20.00 86.67 13.33 80.00  20.00 8222 17.78 33.33 66.67 80.00 20.00
M. phaseolina 66.67 3333 93.33 6.67 66.67 3333 75.56 24.44 20.00 80.00 73.33 26.67
F solani 80.00  20.00 9333 6.67 60.00 4000  77.78 2222 4667 5333 73.33 26.67
T harzianum 100.00 0.00 100.00 0.00 100.00  0.00 100.00 0.00 100.00 0.00 100.00 0.00
T viride 100.00 0.00 100.00 0.00 100.00  0.00 100.00 0.00 100.00 0.00 100.00 0.00
LSD 5% 7.57 431 3.18 1.81 1029  5.87 6.31 3.60 2030  11.57 7.15 4.08

Data in Table (5) show the effect of magnetic field on
the activity of the fungicide Moncut 25% after exposure for
12, 24 and 36 h, emergence of radish seed and seed rot% after

7 days from incubation with fungi on water agar under
25+2°C in vitro. The treatments of magnetized Moncut + T.
harzianum and T. viride had the highest seed germination%
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as the above two magnetized fungicides (Rizolex-T and
Celest) with average of 100% for both. Also, the MF exposure
for 24 h had the best effect compared to the other periods (12
and 36 h) and the magnetized Moncut prevented the seed rot
caused by A. niger and F. solani followed by A. flavus and M.
phaseolina with averages of 6.67 and 13.33%, respectively.
The magnetized Moncut was more toxic and resulted in more
inhibition rate on A. niger only than non-magnetized. In case
of non-magnetized fungicides, A. flavus had the least seed
rot% followed by M. phaseolina, F. solani and A. niger with
averages of 13.33, 20.00, 20.00 and 26.67%, respectively.
Generally, from the above three tables (3, 4 and 5) it
is clear that in case of magnetized and non-magnetized
fungicides, the treatments of T. harzianum and T. viride had
the best germination seed% with 100.00% because they are
nonpathogenic fungi and exposed the above three fungicides
to MF for 24h had the best toxic effect on the tested
pathogenic fungi more than another periods (12 and 36 h).
The effects of magnetic field are usually divided into four
different categories (“‘positive’, “‘negative’’, ‘‘undefinable’ or
“null”’) according to their possible consequences on
environmental bioremediation: 1. “‘positive” (+) effects:
stimulation of the degradation of contaminants, increase in
metabolic activity or in the activity of specific enzymes; 2.
“negative’ (-) effects: reduction of the degradation of pollutants,
reduction in metabolic activity; 3. ‘‘undefinable” (x):
modifications in the activity of enzymes that are not involved in
the degradative metabolism, modifications in the cell form and
the characteristics of the cell wall and its electrostatic charge 4.
“null” (=): absence of significant effects on the aspects indicated
above (Berettaetal., 2019 and Allwbawi et al., 2019) investigate
the degradation of chemical compounds of five pesticides
(Bayfidan EC, Bulldock EC, Oberon SC, Galaxy SL and Trayf

EC) using the magnetic field interacted with two fungal species
Aspergillus falavus and A. terres. The magnetized Bulldock
exhibited more toxicity and a higher inhibition rate on A. flavus
compared to the non-magnetized variant, while magnetized
Bayfidan was more toxic to A. terres. The magnetization process
is accompanied by various alterations in the chemical and
physical properties of water, including elevated dissolved oxygen
levels, decreased surface tension, enhanced solubility of solids
and electrical conductivity, increased availability of soil nutrients,
improved cell membrane permeability, and reduced viscosity
relative to normal water. Plant growth and development will
benefit from these changes in magnetized water as they will boost
plant absorption, speeding up essential processes (Toledo et al.,
2008).

Greenhouse Experiments:

Results presented in Table (6) show the effect of
magnetized both fungicides and sesame seeds cv. Giza 32
(MF + MS) on infection with M. phaseolina. The
magnetization of them prevented the pre-emergence damping
— off followed by MF and NMF treatments with averages of
6.28 and 13.30% at the first season and 6.70 and 13.30% at
the second season. The least post emergence damping — off
was noticed with (MF + MS) treatment followed by MF and
NMF treatments with averages of 3.30, 10.00 and 10.00%,
respectively in the first season. The same trend cleared in the
second season where (MF + MS), (MF) and (NMF) showed
the least post emergence damping — off with averages of 6.70,
13.30 and 16.70%, respectively. At the same time, the
treatment (MF + MS) had the least charcoal rot incidence with
averages of 6.37 and 10.00% for both seasons, respectively
followed by MF and NMF with an average of 13.30% for
both in the first season and 13.30 and 16.70% in the second
season, respectively.

Table 5. Effect of magnetic field on the activity of moncut 25% fungicide after exposure for three periods and the effect
on radish seed germination and seed rot % after seven days from incubation with fungi on water agar under

25+2 ° C in vitro experiment.

. Non-magnetized
Periods (h) 12 24 36 Mean Infected only fungcides
Furgi germination rot germination rot germination rot germination rot germination rot germination rot
(*0) (%) (%0) (*0) %) (%) ) () () (*0) %) ()
A.flavus 86.67 1333 9333 6.67 6667 3333 222 1778 40.00 60.00 8667 1333
A. niger 7333 2667 100.00 0.00 6667 3333 8000 2000 3333 66.67 7333 2667
Mphaseolina 80.00 20.00 86.67 1333 6000  40.00 7556 2444 2000 80.00 80.00  20.00
E solani 80.00 20.00 100.00 0.00 60.00 40.00 80.00 20.00 46.67 5333 80.00  20.00
T harziarum 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00 10000  0.00
T viride 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00 10000  0.00
LSD 5% 6.52 372 326 1.86 1121 6.39 6.34 361 20.30 11.57 6.52 372

Table 6. Effect of magnetized Celest and sesame seeds cv. Giza 32 on infection with M. phaseolina under greenhouse
conditions during 2022 and 2023 seasons.

Season 1st season 2nd season

Treatment  \ Parameter Pre- Post- Charcoalrot Healthy Pre- Post- Charcoalrot  Healthy
Magnetized Fungicide (MF) 6.28 10.00 13.30 70.42 6.70  13.30 13.30 66.70
Non-Magnetized Fungicide NMF)  13.30 10.00 13.30 63.40 1330 16.70 16.70 53.30
Magnetized Seeds (MS) 16.70 13.30 16.70 53.30 1628 1530 20.30 48.12
MF+MS 0.00 3.30 6.37 90.33 0.00  6.70 10.00 83.30
Infested soil only 25.30 20.00 20.00 34.70 30.00 2250 22.50 25.00
control (un-infested soil) 0.00 0.00 0.00 100.00 0.00  0.00 0.00 100.00
LSD 5% 3.34 2.38 242 7.99 3.81 2.65 2.71 8.89

In this respect, (Abd EI-Nabi et al., 2013) exhibited
that the exposure to Dynamic magnetic field decreased the
percentage of disease incidence and disease severity of S.

cepivorum on onion plants. (Tirono et al., 2021) reported that
treating sesame seeds with magnetic fields from 0.1 mT t0 0.3
mT led to earlier emergence time of sprouts and more
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resistance to F. oxysporum wilt attacks. Also, (Ashnaei et al.,
2024) exhibited that the magnetic field treated rapeseed plants
decreased Phoma stem cancer (blackleg) disease by around
6% under greenhouse conditions.

Regarding to data mentioned in Table (7), it is clear
that magnetized pathogenic fungi (A. flavus, A. niger, M.

phaseolina and F. solani) had less qualitative protease and
amylase activities compared to non-magnetized. In case of
exposed A. niger treatment, amylase activity did not detect on
the medium. In contrast there are no differences with protease
and amylase activities between the exposed and unexposed F.
solani.

Table 7. Effect of magnetic field on Protease and Amylase activities produced from the tested pathogenic fungi (5SmTfor 24 h).

- . A flavus A. niger M. phaseolina F. solani
Pathogenic fungi NV
Enzymes activity M NM M M NM M NM
Protease ++ +++ + +4++ + +++ +++ +++
Amylase + ++ - + + ++ ++ ++

M: magnetized, NM: Non-magnetized
— :negative activity, + : moderate activity, + + : good activity, +++ : highest activity.

The magnetic field energy has a significant impact on
the characteristic metabolism of organisms; these changes
occur in the exchange of ions through the cell membrane and
in the movement of cells (Jabir and Sabah 2017). Ali et al.,
(2014) reported that Fusarium oxysporum, Penicillium
chrysogenium, Aspergillus niger, Alternaria alternate and
Rhizopus oryzae and were influenced by MF energy for 3
days at 28°C and pH 6.5 and amylase and protease activities
were significantly increased. Also, (Hashim et al., 2016)
mentioned that the amylase specific activity of Fusarium sp.
and Mucor sp. was greatly enhanced by the Southern and both
Poles treatments, whereas it was significantly lowered by the
opposite with Alternaria sp. and Penicillium sp. compared
with the control. On the other hand, the Northern Pole
treatment significantly decreased the amylase specific activity
of Alternaria sp., Fusarium sp., and Penicillium sp. Many
parameters, such as fungal species, temperature, pH, substrate
concentration, the presence of an activator or inhibitor, and
the various impacts of the northern, southern, and two poles,
can alter the activity of the enzyme.

The most reasonable explanation of the decrease of
enzyme specific activity (amylase) after exposing the fungi to
the Northern magnetic field is attributable to the probable
interface of the negative charge of magnetic field with the
release of the stimulating effect of (Ca2+). Veerana et al.,
(2022) examined radio-frequency electromagnetic field (RF-
EMF) for its possibility to enhance production of an enzyme,
a-amylase, in a filamentous fungus, Aspergillus oryzae. They
reported that activity of a-amylase measured in media were
300%, 180%, and 150% in the RF-EMF exposed (10 min)
sample than control (no RF-EMF) during incubation (16, 24,
and 48 h after RF-EMF exposure). The elevation of the Ca2+
level may have acted as a secondary signal that leads to the
activation of pathways involved in intracellular gene
expression and extracellular secretion of a-amylase.

(Jabir and Hashim 2017) mentioned that Northern
pole significantly decreased the protease specific activity of
Alternaria sp., Aspergillus niger, and Penicillium sp., the
Southern pole and both poles significantly decreased protease
activity of Alternaria sp. and Penicillium sp. (Sumardi et al.,
2018) studied the effect of 0.2mT magnetic field exposure
treatment for 10 minutes toward medium components to the
production of protease in Bacillus sp. and they reported that
qualitative Proteolytic Activity test on Bacillus sp. indicated
that the bacteria were able to produce the enzyme more than
the unexposed media.

Moreover, regarding the data in Table (8) the
magnetized both of the fungicide and sesame seeds (MF +
MS) increased peroxidase activity compared to infested soil +

nonmagnetized seeds and uninfested soil + nonmagnetized
seeds treatments. (MF + MS) treatment had the highest value
followed by MS, MF and NMF with averages of 1.85, 1.62,
1.52 and 1.42, respectively. On the other hand, the same trend
cleared with total phenol content where the same arrangement
of the previous treatments showed the averages 10.17, 8.20,
7.23 and 6.67, respectively.

Table 8. Effect of magnetized Celest fungicide and sesame
seeds cv. Giza 32 on the activities of peroxidase
and total phenol in leaf extracts of sesame plants
(as optical density/minute/g fresh weight).

Treatment 2% season
Peroxidase  Total phenol

Magnetized fungicide (MF) 1.52 723
Non- magnetized fungicide (NMF) 1.42 6.67
Magnetized seeds (MS) 1.62 8.20
MF+MS 1.85 10.17
Infected soil 0.73 547
control (non-infested soil) 1.05 6.47
LSD 5% 0.14 0.55

(Gang et al., 1994) mentioned that treating wheat
seedlings with magnetic fields had increased the activity of
Peroxidase (POX). Also, (Kursevich and Travkin 1973 and
Atak et al., (2003) found that magnetic field treatment had
elevated catalase, peroxidase, superoxide dismutase and
glutathione reductase to the highest levels in barley seedlings.
(Atak et al., 2007) revealed that peroxidase activity
significantly increased when soybean shoot tips were put into
petri dishes and exposed to a magnetic field for a period of 2.2
and 19.8 s at a magnetic flux of 2.9-4.6 mT. In this respect,
(Abdolmaleki et al., 2007) found that suspension-cultured
tobacco cells exposed to static magnetic field at a magnetic
flux of 10 and 30 mT for 5 h/day caused an increase in the
activity of peroxidase activity. In this respect, (Saletnik et al.,
2022) exhibited that MFs caused high activity of antioxidant
enzymes depending on the intensity of the MF, application
time, and type of plant.

In Artemisia sieberi seedlings, magnetic field priming
changed total phenolic content as well as antioxidant
enzymatic activities (Azimian and Roshandel, 2015). Masahi-
Chaharsoughi et al., (2016) reported that the total phenol
content and antioxidant activity in comparison with control
samples had Significantly increased in Portulaca oleracea
treated with different electromagnetic field (1200, 1800,
2400, 3600 G at 20 min). Also, (Mansourkhaki et al., 2019)
showed that SMF increased markedly total phenolic and
flavonoid compounds in magnetized Silybum marianum
seedlings. (Afzal et al., 2023) reported that when a magnetic
solution is applied to plants, it activates key enzymes of
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phenolic metabolism. Currently, the positive effect of SMF
on the quantitative and qualitative values of phenolics may be
dependent upon the possible modulation of the PAL enzyme
by SMF seed treatment.

The correlation coefficient values between pre- and
post - emergence damping-off from one hand and peroxidase
activity and total phenol content from another hand in the
sesame plants are illustrated in Figure (4). The results in (Fig.
4A and B) showed that the pre-emergence damping-off
strongly correlated and moderate correlated with peroxidase
activity and total phenol contents of sesame plants, recording

r=-0.85and - 0.81, respectively. Also, strong correlation was
cleared with the post-emergence damping-off and peroxidase
activity and total phenol contents, recording r = - 0.89 and -
0.85, respectively (Fig. 4 C and D). In case of infected sesame
plants with charcoal rot it can be noticed that the peroxidase
activity and the total phenol contents had moderate correlation
with infection recording r =- 0.81 and -0.84, respectively (Fig.
4E and F) in contrast the non-infected sesame plants had low
correlation with peroxidase activity and total phenol contents,
recording r = 0.62 and 0.61, respectively (Fig. 4 G and H).
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Fig. 4. Correlation coefficient between pre-, post-emergence damping — off and charcoal rot disease and each of

peroxidase activity and total phenol contents.

These results are in harmony with that mentioned by
(Khalifa et al., 2007) who reported that there is a correlation
between induced resistance of charcoal rot on sunflower
plants and increasing the activity of peroxidase enzyme and
phenol compounds content. The same trend mentioned by
Mohammadi and Kzami (2002) with wheat heads, (Li et al.,
2003) with maize stalk rot and (Fatoh et al., 2024) with maize
charcoal rot who found that resistance to these diseases is
significantly correlated with the enzymatic activities of
peroxidase and polyphenol oxidase. Also, (Shoaib et al.,
2022) stated that a reduction in the disease of charcoal disease
in mung bean may result in greater photosynthetic pigment
and more production of effective antioxidant defense
enzymes (e.g., SOD, CAT, POX, and PPO) in host plants.
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