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Abstract | Rhizoctonia root rot is one of the most destructive diseases of tomato and other crops. This study
aimed to investigate antifungal efficacy of Moringa oleifera leaf methanol extract, Bacillus subtilis product
(sting), and their combination against the fungal causal agent of tomato root rot disease. M. oleifera extract
is considered as a biofungicide against plant pathogenic fungi. B. subtilis represents a promising and more
effective biocontrol and growth-promoting agent for tomato plants, regarded as an ecofriendly and sustain-
able tool in modern agriculture. In this study, the antifungal activity of M. oleifera extract and B. subtilis sting
against Rhizoctonia root rot was investigated under laboratory and greenhouse conditions. Leaf extract of M.
oleifera was analyzed by Gas chromatography-mass spectrometry (GC-MS). The main extract constitutes
were hexadecanoic acid (9.53%), hexadecanoic acid ethyl ester (10.19%), and 9,12,15-octadecatrienoic acid
ethyl ester (10.09%). In vitro assay M. oleifera extract achieved 85% inhibition against Rhizoctonia solani at the
higher concentration of 3000 pg/ml; however, when combined with B. subtilis sting at a recommended dose
of 6000 pg/ml, the inhibitory effect reached 95.33%. B. subtilis sting individually achieved 69.2% inhibition
at a recommended dose of 6000 pg/ml. The interactions among M. oleifera extract, B. subtilis sting, their com-
bination, and R. solani were evaluated through scanning electron microscopy (SEM). Ultrastructural effects
were studied and the results indicated that M. o/eifera extract caused deformities with shriveling and abnormal
coiling of pathogen’s hyphal filaments. B. subtilis sting caused shrinkage, coiling, hyphal lysis, and breakage,
while their combination caused hyphal breakdown, fragmentation, and hyphal lysis. M. oleifera extract at
2000 pg/ml reduced disease severity by 62.79%, while B. subtilis sting at 6000 pg/ml achieved a remarkable
suppression. The combined treatment was most effective, reaching 88% relative disease control (RDC) and
enhanced growth parameters, including dry weight of shoot and root. Biochemical analyses showed that the
combination treatment maximized defense responses by increasing polyphenol oxidase (PPO) activity by
67.15-65.82%, peroxidase (POD) by 78.18-70.45%, total phenols reached 5404.12 pg tannic acid/g fresh
leaves, and recorded total soluble proteins of 280.07 mg/g fresh leaves. These findings indicate that integrating
B. subtilis sting with M. oleifera extract provides a sustainable, effective strategy for disease control and growth
promotion in tomato.
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Introduction

Tomato (Lycopersicum esculentum L.) is considered
as one of the most important vegetable crops in
the world due to its nutritional value and widespread
consumption. Globally, tomato ranks as the second
most consumed vegetable crop, following the pota-
to. It belongs to the Solanaceae family, which includes
many agriculturally and economically important
plants. Tomatoes are rich in bioactive compounds,
such as tomatine and tryptophan, which play a crucial
role in human nutrition and health by contributing
to essential metabolic processes. In terms of cultivat-
ed area among processed vegetables, tomato occupies
the largest global share, followed by potato (Behiry
et al., 2023). Tomato plants are highly susceptible to
a wide variety of phytopathogens, including fungi,
bacteria, nematodes, and viruses. These pathogens
may lead to severe diseases that substantially reduce
crop yield and quality. Among the soil-borne fungi,
Fusarium oxysporum (Schltdl, 1824), Rhizoctonia sola-
ni (Kthn, 1858), Verticillium spp. (Nees, 1816), and
Pythium spp. (Pringsh, 1858) are well-documented as
major causal agents of root rot in tomatoes (Singh ez
al., 2017). R. solani is considered as one of the most
aggressive and destructive fungi, causing serious root
diseases, damping-off, and seedling mortality in to-
mato cultivations. Infection by R. so/ani is manifested
by various symptoms, including root decay, seedling
collapse, and reduced plant vigor, which collectively
lead to considerable losses in commercial production
(Channa ez al., 1995). Chemical control using fungi-
cides has traditionally been the most widely applied
approach for managing these fungal diseases. How-
ever, frequent application of fungicides has led to the
emergence of resistant pathogen strains, limiting the
overall efficacy of chemical treatments. In addition
to resistance development, extensive use of chemi-
cal fungicides poses potential hazards to the human
health and the environment, including soil and wa-
ter contamination, toxic residues in crops, and dis-
ruption of beneficial microorganisms in agricultural
ecosystems (Lahlali ez al,, 2022; Behiry ez al., 2023).
These challenges have necessitated the exploration
of environmentally friendly and sustainable alterna-
tives that can provide effective disease management
while minimizing adverse effects. One of the prom-
ising alternatives is the use of plant-derived extracts
and oils. Moringa oleifera commonly known as mo-
ringa, has recently gained attention due to its poten-
tial applications in agriculture as a natural biofungi-

cide and growth-promoting agent. M. oleifera leaves
are rich in bioactive compounds, including phenols,
flavonoids, and alkaloids, exhibiting appreciable an-
tibacterial and antifungal properties. Several studies
have highlighted the potential of M. oleifera extracts
as an eco-friendly strategy to control plant pathogens
while reducing reliance on synthetic chemicals (Khe-
dr et al., 2022; Ahmed et al., 2024). Another sustain-
able approach for disease management involves the
use of beneficial microorganisms as biological con-
trol agents. Microorganisms such as Trichoderma al-
bum (Preuss, 1851) and Bacillus megaterium (de Bary,
1884) when applied as cell suspensions or culture
filtrates, have been reported to inhibit the growth of
plant pathogens through multiple mechanisms such
as parasitism, antibiosis, and competition for nutri-
ents and space (Ashry ez a/., 2022; El-Saadony ez 4l.,
2022). Among these biocontrol agents, B. subtilis has
been extensively studied due to its strong ability to
suppress fungal diseases in tomato and other crops.
'The eftectiveness of B. subtilis is attributed to its rap-
id colonization of plant surfaces, preventing fungal
spores from reaching stomatal openings and estab-
lishing an infection. In addition, B. subtilis competes
intensively with pathogens for essential nutrients and
oxygen, effectively limiting pathogen growth. Fur-
thermore, B. subtilis produces extracellular enzymes
such as B-1,3-glucanase and proteases, which degrade
fungal cell walls, directly inhibiting pathogen devel-
opment (Asaka and Shoda, 1996; Sehsah ez al., 2022).

'The present study was designed to evaluate the effec-
tiveness of M. oleifera leaf extract, B. subtilis (sting),
and their combined application against R. solani in-
fecting tomato plants, as ecofriendly and sustainable
alternatives to chemical pesticides. Additionally, this
study investigated the activities of key oxidative en-
zymes, including peroxidase (POD) and polyphenol
oxidase (PPO), and the levels of total soluble phenols
and total soluble proteins to elucidate the underly-
ing mechanisms through which each treatment exerts
its antifungal impact. This comprehensive approach
aimed to provide insights into alternative disease
management strategies that are effective and ecof-
riendly, contributing to sustainable tomato produc-
tion and reduced reliance on chemical fungicides.

Materials and Methods

Preparation and maintenance of fungal inoculum
A pathogenic strain of Rbizoctonia solani (GenBank
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Accession No. PQ721626) was obtained from the
Fungicide Bioassay Laboratory, Central Agricultur-
al Pesticides Laboratory (CAPL), Agricultural Re-
search Center, El- Sabaheya, Alexandria, Egypt. The
strain was maintained throughout the study on potato

dextrose agar (PDA) medium and incubated at 25 °C.

Preparation and maintenance of Bacillus subtilis
Bacillus subtilis was supplied as a sting” 1.5% wettable
powder (WP) (containing 1 x 108 cells/g of product)

and manufactured by Trade Line Corporation, India.

Preparation and extraction procedure of Moringa oleifera
leaves

Dried M. oleifera leaves were provided by the Na-
tional Research Center, Dokki, Cairo, in collabora-
tion with the Egyptian Scientific Society of Morin-
ga (ESSM). For extract preparation, 200 g of dried
leaf powder were immersed in 1000 ml of methanol
in a 1-liter conical flask and subjected to mechani-
cal shaking for 7 d to ensure efficient extraction. The
resulting macerate was filtered using Whatman No.
1 filter paper. Solvent evaporation was carried out
using a rotary evaporator (Heidolph Laborota 4000,
Heidolph Instruments, Germany) to concentrate the
crude extract. The crude extract was purified to remove
undesired impurities by passing it through a 0.45 um
syringe filter (Sartorius®) as described by Ahmadu ez
al.(2020). Extraction yield was determined following
the formula reported by Mushore and Matuvhunye
(2013):

Yield (%) = (Weight of crude extract / Weight of dried
leaves) x 100

Identification of bioactive compounds using GC-MS
'The chemical composition of M. oleifera extract was
analyzed using Thermo Scientific™ Trace™ 1300 se-
ries GC-T'SQ Mass Spectrometer (Thermo Scientific,
Austin, TX, USA) equipped with a TG-5MS capil-
lary column (30 m x 0.25 mm x 0.25 pm). Approxi-
mately 1 pl of methanol diluted extract was injected
automatically in split mode with a 4-min. solvent de-
lay. The column oven temperature was programmed
from 50 °C to 250 °C at 5 °C/min., held for 2 min.,
increased to 300 °C at 30 °C/min., and maintained
for 2 min. The injector and transfer line temperatures
were 270 °C and 260 °C, respectively, and helium was
used as the carrier gas at 1 mL./min. The mass spec-
trometer operated in full scan mode with electron im-
pact ionization at 70 eV, covering m/z 50-650, and

the ion source temperature was set at 200 °C. Com-
pound identification was achieved by comparing mass
spectra with the NIST 14 and WILEY 09 libraries
(Mamoun, 2016). This methodology provided a relia-
ble profile of the major bioactive constituents present
in the leaf extract.

Antifungal potential of Moringa oleifera, Bacillus subtilis
and their combination on Rhizoctonia solani in vitro

'The antifungal activity of M. oleifera extract, B.
subtilis (sting) at a recommended sting product dose
of 6000 pg/ml, and their combination were evaluat-
ed against R. solani in vitro. Seven concentrations of
methanol M. oleifera extract and untreated control
were incorporated individually into PDA plates us-
ing the poisoned food technique (Kumar ez a/., 2008).
A 5 mm mycelial disc cut from a 7-day-old culture
of R. solani using a sterile cork borer was aseptical-
ly placed at the center of each plate and incubated
at 25 °C. Treatments were replicated three times in a
completely randomized design (CRD). After 7 d of
incubation, radial fungal growth was measured in mm
using a calibrated ruler and the percentage of inhibi-
tion was recorded according to Pandey ez a/. (1982)
using the following equation.

% Inhibition = [(DC -DT)/ DCJ] x100

Where; C and T represent radial growth diameter in
the control and treated plates, respectively. IC, val-
ues were determined using linear regression analysis

(Finney, 1971).

Scanning electron microscopy (SEM) examination

For microscopic visualization of the inhibition of
R. solani growth induced by M. oleifera extract, B.
subtilis sting, and their combination at the concen-
trations of 3000 pg/ml, 6000 pg/ml, and (3000 pg/
ml + 6000 pg/ml), respectively, PDA agar plates were
prepared. A line of M. oleifera extract was streaked
at the center of the plate using a sterilized loop, two
mycelial discs (5 mm in diameter each) of an activity
growing culture of R. solani were added on both sides
of the line at contrast distance opposite to the other
edge of the plate. The same trend was made with B.
subtilis sting and their combination mixture. After 5
d of incubation, scanning electron microscopy (SEM)
examination of the culture plate was done according
to Tahmasebi ez a/. (2015). Images were captured to
visualize the interaction of the individual compounds
with R. solani. A culture plate of R. solani served as
control treatment.

April 2026 | Volume 10 | Issue 2 | Page 183

o -0
Qols Links
“*@Researchers



OPEN aACCESS

Novel Research in Microbiology Journal

Antifungal efficacy of Moringa oleifera extract, Bacillus
subtilis and their combination against R. solani infecting
tomato plant under greenhouse conditions

In vivo study

'The in vivo antifungal potential of M. oleifera extract,
B. subtilis sting, and their combination was evaluated
against R. solani under controlled greenhouse condi-
tions (28 + 2 °C, 80-90% relative humidity, 12 h pho-
toperiod). A pot experiment was conducted to assess
the disease suppression and plant growth promotion.
Steam sterilized soil was filled into 20 cm plastic pots,
which were pre-inoculated with R. so/ani. Four-week-
old tomato seedlings (var. Peto 86) were transplant-
ed into these pots. Fungal inoculum was prepared by
inoculating 500 g of pre-autoclaved wetted barley
grains with two 5 mm mycelial discs of R. so/ani and
incubated for 7 d at 25 + 2 °C. 'The colonized grains
were then air-dried, ground into a fine powder, and
incorporated into the soil at a rate of 10 g/kg, applied
48 h before transplanting near the root and crown of
each seedling.

Seven treatments, each with five replicate were applied
as follows: G1, untreated control; G2, inoculated with
R. solani; G3, infected plants treated with B. subtilis
sting at recommend dose 6000 pg/ml; G4, infected
plants treated with 1000 pg/ml M. oleifera extract;
G5, infected plants treated with 2000 pg/ml M. oleif-
era extract; G6, infected plants treated with 1000 pg/
ml M. oleifera extract combined with B. subtilis sting
at 6000 pg/ml; and G7, infected plants treated with
2000 pg/ml M. oleifera extract combined with B. sub-
tilis sting at 6000 pg/ml. Extract concentrations were
selected based on IC, values obtained from prelim-
inary in vitro assays. Thirty day after transplantation,
leaf samples were collected to assess the defense-re-
lated responses, including polyphenol oxidase (PPO),
peroxidas (POD), total phenolic compounds, and
total soluble proteins. Moreover, root disease severity
was evaluated using a 05 scale based on the extent of
root browning (Abdeljalil ez a/., 2016; Heflish ez al.,
2021), where 0 = no symptoms, 1 = 0-25% browning,
2 =26-50%, 3 = 51-75%, 4 = 76-100%, and 5 = plant
death. The disease severity index (DSI) was calculated
according to Cohen and Mosinger (1991).

DSI % = ((nxc)/Nxdf)
Where N is the total number of plant, ¢ is the number

of categories, n is the total number of infected roots
for each category, and df is the degree of freedom.

Relative disease control percentage (RDC %) was
calculated based on disease severity index according
to Abbasa ez al. (2019) as the following equation.

RDC (%) = [(DSI control - DSI treatment) / DSI
control] x 100

In addition, plant growth parameters, including dry
weight of shoots and roots were measured to evaluate
the effects of the applied treatments on overall plant
performance.

Biochemical studies

Enzyme extraction: One gram of fresh tomato leaves
was homogenized in 10 ml of sodium phosphate
buffer (0.1 M, pH 7.5) containing 0.2 M sodium
metabisulfite and sodium chloride. The homogenate
was centrifuged at 11,180 xg for 15 min at 4°C. The
supernatant was used to estimate the enzymes activity
(Tuzun et al., 1989).

Polyphenol oxidase (PPO) activity:

The PPO activity was determined in reference to
Gauillard e£ a/. (1993). The reaction mixture consisted
of 0.2 ml enzyme extract and 2.8 ml catechol solution
(0.1 M) prepared in phosphate buffer (0.1 M, pH
6.8). A spectrophotometer Turner Model 390 (Turn-
er Designs, USA) was used to measure the absorbance
of the treatment and control samples at 575 nm. The
activity was expressed as a percentage of control. Each
value was reported as the average of three replicate.

Activity (%) = (A1/A42) x 100

Where; A1 is the absorbance of the treatment sample
and A2 is the absorbance of the control sample.

Peroxidase (POD) activity:

POD activity was assessed using the previous meth-
odology conducted by Murage and Masuda (1997)
with some modifications. The reaction mixture con-
sisted of 0.2 ml enzyme extract, 1.5 ml of 20% H O

2
and 1.5 ml catechol (0.04 M). The initial rate of rise
in absorbance was determined within 1 min. at 470
nm using a spectrophotometer Turner Model 390

(Turner Designs, USA). Each value was presented as

the average of three replicate.

Activity (%) = ((A1/A42) x 100)

Where; A1 is the absorbance of the treatment sample
and A2 is the absorbance of the control sample.
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Total soluble phenols were determined according to
Slinkard and Singleton (1977) with slight modifica-
tions. A weight (0.5 g) of fresh tomato leaves was im-
mersed in 8 ml of 80% methanol and kept overnight
at room temperature. The extract was filtered, and the
filtrate was diluted to 10 ml, serving as a stock solu-
tion for subsequent analysis. 0.2 ml of the stock solu-
tion was mixed with 1.4 ml distilled water and 0.1 ml
of 50% (1 N) Folin—Ciocalteu reagent. After at least
30 sec, 0.3 ml of 20% (w/v) sodium carbonate was
added. The reaction mixture was allowed to stand for
30 min. at 40°C, and the absorbance was measured
at 765 nm using a Turner spectrophotometer, Mod-
el 390 (Turner Designs, USA). Total soluble phenol
content was standardized against tannic acid, and the
absorbance values were converted to pg tannic acid/g
fresh weight of tomato leaves. Each value represents
the average of three replicate. The results were ex-
pressed as tannic acid equivalents according to the
following formula:

pg tannic acid/g fresh weight = ((OD/K) x (10/0.2)/g
sample)

Where; OD = absorbance at 765 nm and K= the
extension coefficient =0. 0.01690 pg/ml.

Total protein content was determined according to
the method reported by Bradford (1976) with slight
modifications described by Dixon (1985). A weight
of 0.25 g of fresh tomato leaves was added to 5 ml
of acetone. The plant sample was then transferred to

5 ml of 1 N NaOH and heated at 85°C for 1.5 h,
followed by filtration. An aliquot of 0.1 ml of protein
solution was mixed with 1 ml of Bio-Rad assay dye
(prepared by diluting 1 ml of Bio-Rad dye in 5 ml
of distilled water). The developed color was measured
at 595 nm using a Turner spectrophotometer, Model
390 (Turner Designs, USA). Protein content was cal-
culated from a standard curve prepared using known
concentrations of Bovine Serum Albumin (BSA).
Each value represents the average of three replicate.

mg protein/g fresh weight = ((OD/K)x100)/g sample

K=0.029 mg/ml, and OD= The absorption at 595 nm

Statistical analysis

ANOVA for three-way Randomized Blocks was
used to statistically analyze the collected data using
MSTAT version 4 (1987). To ascertain whether the
means of the different treatments differed significant-
ly, the Least Significant Differences (LSD) test at p <
0.05 was employed.

Results

Ldentification of bioactive compounds using GC-MS
Table 1 and Figure 1 demonstrate the GC-MS
analysis of M. oleifera extract that revealed a
diverse profile of bioactive compounds. The major
identified constituents included hexadecanoic acid
(9.53%), hexadecanoic acid ethyl ester (10.19%), and
9,12,15-octadecatrienoic acid ethyl ester (10.09%).
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Figure 1: GC-MS chromatogram of M. oleifera leaf methanol extract.
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Table 1: Chemical composition of M. oleifera leaf methanol extract detected by GC-MS.

Retention Peak Chemical name

time (min) area (%)

Chemical class

24.18 3.00 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl Fatty Alcohols and Isoprenoids

24.38 0.63 2-Methylhexadecan-1-ol Fatty Alcohols and Isoprenoids

24.65 0.60 2-cis-9-Octadecenyloxyethanol Fatty Alcohols and Isoprenoids

25.00 1.07 9-Icosyne Alkyne

26.33 9.53 Hexadecanoate (Hexadecenoic acid) Fatty acids

26.76 0.84 9-Hexadecenoic acid, ethyl ester Fatty acid esters

26.95 10.19  Hexadecenoic acid, ethyl ester Fatty acid esters

28.15 2.06 Trimethylsilyl palmitate Fatty acid esters

28.68 3.27 Ethyl 9a-linolenate Fatty acid esters

28.8 0.53 10-Octadecenoic acid, methyl ester Fatty acid esters

29.12 3.67 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl-, [R-[R*,R*-(E)]]- Diterpene alcohol

29.36 1.68 Methyl 13,16-octadecadiynoate Fatty acid esters

29.48 3.60 trans-13-Octadecenoic acid Fatty acids

29.91 10.09  9,12,15-octadecatrienoic acid ethyl ester Fatty acids

30.01 2.21 9-Octadecenoic acid (Z)-, ethyl ester Fatty acid esters

30.57 1.75 Stearic acid, ethyl ester Fatty acid esters

31.09 0.50 trans-13-Octadecenoic acid, trimethylsilyl ester Fatty acids

31.24 0.63 (Z,7)-1,3-dioctadecenoyl glycerol Glycerolipids

33.41 0.59 3-Ethyl-3-hydroxyandrostan-17-one Steroids and Sterols

33.91 0.93 1-methyl n-l-alpha-aspartyl-l-phenylalanate Pharmaceuticals compounds

34.06 0.45 2,3-Dihydroxypropyl (9E)-9-octadecenoate Fatty acid esters

35.79 1.66 1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester Phthalate ester

36.98 0.41 8-(3-octyl-2-oxiranyl)octanoic acid Oxygenated fatty acids

38.77 3.39 n-Heptacosane Alkanes

39.86 0.60 2,3-Bis[(trimethylsilyl)oxy]propyl(9z,122)-9,12-octadecadienoate Glycerophospholipid derivatives
(silylated

40.46 0.40 5-Fluoro ADB metabolite 7 Pharmaceutials compounds

40.99 8.84 n-Tetratetracontane Alkanes

42.03 0.88 9,12-octadecadienoicacid(z,z)-,2,3-bis[ (trimethylsilyl)oxy]propyl ester ~ Fatty acids

Other notable compounds were 2,5,7,8-tetramethyl-
2-(4,8,12-trimethyltridecyl)-6-chromanol  (7.43%)
and tetratetracontane (8.84%). Overall, the identified
compounds were classified into several chemical
groups, with fatty acids representing the predominant
class (24.10%), followed by fatty acid esters (22.93%),
steroids and sterols (8.02%), terpenes (7.43%), fatty
alcohols and isoprenoids (4.23%), and diterpene
alcohols (3.67%). These chemical classes are widely
recognized for their antimicrobial and antioxidant
activities, providing a chemical basis for the observed
bioactivity.

Effect of Morina oleifera extract, Bacillus subtilis (sting)
and their combination on R. solani in vitro
The crude methanolic extract of M. oleifera leaves

yielded 17.2%. In wvitro assay presented in Figure 2
revealed that increasing concentrations of the extract
considerably inhibited the radial growth of R. so/a-
ni. Specifically, the extract achieved 85% inhibition at
3000 pg/ml, 63.33% at 2000 pg/ml, and 15.4% at 250
pg/ml. When combined with B. suétilis sting 6000
png/ml (a recommended dose), the inhibitory effect of
M. oleifera extract was enhanced, reaching 95.33% at
3000 pg/ml, 72.33% at 2000 pg/ml, and 19.67% at
250 pg/ml. B. subtilis sting achieved 69.2% inhibition
at a recommended dose of 6000 pg/ml. InTable 2, the
IC, of the methanolic M. oleifera extract was evalu-
ated as1045.65 pg/ml, indicating a relatively uniform
sensitivity among the tested fungal population. These
findings demonstrate that combined application of
M. oleifera extract at 3000 pg/ml and B. subtilis sting
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Figure 2: In vitro effect of M. oleifera, B. subtilis (sting) at a recomended dose, and their combination on inhibition
percentage of R. solani. Different letters denote significant changes among the treatments within the same bar, using

the least significant difference test (p < 0.05).

at 6000 pg/ml can achieve enhanced inhibitory ef-
fects, suggesting a synergistic potential effective for a
biological control strategy.

Table 2: Evaluation of IC ., of methanolic M. oleifera,

leaves extract against R. solani.

Treat- IC,, IC,, Limit IC,, Slope*
ment (pg/ml) (pg/ml) confidence (pg/ml) = SE**
Upper Lower

M. oleifera 421.82 1045.65 1195.52 906.58 5868.32 1.711+
extract 0.14

Slope* refers to the slope of the toxicity line, SE™ refers to the standard
error of slope (n=7 treatments).

Scanning electron microscopy (SEM) examination

Interaction between Moringa oleifera extract and
mycelia of R. solani: Scanning electron microscopy
studies on the effect of Moringa oleifera extract on
R. solani showing deformities with shriveling and
abnormal coiling of hyphal filaments (Figure 3al).
lysis of hypha was occurred (Figure 3a2), loss of
structural integrity of test fungus near the interaction
zone, and The hyphal width of R. solani was greatly
reduced (Figure 3a3) In contrast, hyphae of R. so/ani in
control plates showed structural integrity with normal

branching and a normal hyphal width (Figure 3d).

Interaction between Bacillus subtilis and mycelia of
Rbhizoctonia solani

Studies on the impact of B. subtilis sting on R. sola-
ni hyphae revealed coiling, hyphal lysis, and breakage
(Figure 3b1), and deformation in hyphae occurred
leading to their shrinkage (Figure 3b2), compared to
that of healthy hyphae in control plates (Figure 3d).

Interaction between (a combination of Moringa oleifera
extract + B. subtilis sting) and mycelia of Rhizoctonia
solani

Breakdown and lysis of numerous hyphae of R. solani
were observed (Figure 3cl), fragmentation and ab-
normal coiling of pathogen hyphae was noticed (Fig-
ure 3¢2), and hyphal shriveling occurred (Figure 3¢3)
due to the inhibitory effect of M. oleifera extract + B.
subtilis mixture, compared to the control (Figure 3d).

Efficacy of Moringa oleifera extract, Bacillus subtilis and
their combination against R. solani infecting Tomato
Plants in the greenhouse

Data presented in Figure 4A, B revealed that all treat-
ments considerably reduced the percentage of tomato
seedling root rot in the greenhouse trial. The disease
severity index (DSI) was substantially declined while
the relative disease control percentage (RDC%) rose
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Figure 3: Scanning electron micrographs of R. solani mycelia affected by M. oleifera extract, B. subtilis sting,
and a combination of both. Interaction between R. solani and M. oleifera extract showing (al) deformities
with shriveling (white arrow) and abnormal coiling of hyphal filaments (yellow arrow), reduced hyphal width
(vellow arrow), (a2) lysis of hypha (white arrow) and (a3) loss of structural integrity (white arrow) of tested
fungal pathogen. Interaction between R. solani and B. subtilis sting showing (bl) coiling (vellow arrow),
hyphal lysis (white arrow) and breakage (blue arrow), and (b2) deformation in hyphae (white arrow) and
shrinking (vellow arrow). Interaction between R. solani and a combination of M. oleifera extract + B. subtilis
sting showing (cl) hyphal breakdown (yellow arrow) and lysis (white arrow), (c2) hyphal fragmentation
(white arrow) and abnormal coiling (yellow arrow), and (c¢3) hyphal shriveling (white arrow). (d) Normal
hyphal branching and width in control plates.

compared to the untreated control treatment. In this
situation, B. subtilis sting at 6000 pg/ml considerably
reduced the severity of root rot, recording RDC of
74.22% and DSI of 18.3%.

Upon combination of M. oleifera extract (2000 pg/ml)
with B. subtilis sting (6000 pg/ml), DSI of 8.333 and
RDC of 88.37% were recorded, indicating that this
was the most effective treatment to reduce the root

rot of tomato seedlings, followed by the combination
of M. oleifera (1000 pg/ml) with B. subtilis sting (6000
pg/ml), recording DSI of 15 % and RDC of 79.79%.
These results are encouraging because they exceeded
the control rate obtained with these treatments. In the
meantime, the fungicidal activity of M. oleifera extract
was enhanced when B. subtilis sting and M. oleifera
extract were combined in two concentrations. The
results highlight the potent fungicidal activity of M.
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oleifera extract, which was further amplified by syn-
ergistic interactions with B. subtilis sting, suggesting
a promising strategy for controlling R. solani in the
greenhouse.

Biochemical studies

The impact of Moringa oleifera extract, Bacillus subtilis
and their combination on polyphenol oxidase and perox-
idase activity

Figure 5A illustrates the impact of M. oleifera extract
and its combination with B. subtilis sting on polyphe-
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resulted in an increase in PPO activity by 60.395%,
whereas the M. oleifera extract at 2000 and 1000 pg/
ml enhanced the activity by 55.275% and 43.197%,
respectively. However, when M. oleifera extract and B.
subtilis sting were combined at the optimum dosages
of M. oleifera extract (2000pg/ml) + B. subtilis sting
(6000pg/ml) and M. oleifera extract (1000 pg/ml) +
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Figure 4: (4) Disease severity index (DSI) of M. oleifera extract, B. subtilis and their combination against R. solani
infecting Tomato Plants under greenhouse. Different letters denote significant changes among treatments within the
same column, using the least significant difference test (p<0.05). (B) Relative disease control % of M. oleifera_extract,
B. subtilis and their combination against R. solani infecting tomato plants under greenhouse.
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Figure 5: The effect of M. oleifera, B. subtilis and their combination on polyphenol oxidase (PPO) (A) and peroxidase
activity (POD) (B) in tomato plant leaves infected with R. solani. Different letters denote significant changes among
treatments within the same column, using the least significant difference test (p<0.05).

After 30 d of R. solani infection of tomato plants,
results presented on Figure 5B demonstrated that
the use of M. oleifera extract and its combination
with B. subtilis sting altered the activity percentage
of peroxidase (POD). Application of B. subtilis
sting enhanced POD activity by 57.747%, whereas
the activity of POD at 2000 and1000 pg/ml of M.
oleifera extract recorded 46.713% and 38.967%,
respectively. However, the combination of M. oleifera
extract (2000ug/ml) + B. subtilis sting (6000pg/ml)
and M. oleifera extract (1000pg/ml) + B. subtilis sting
(6000pg/ml) resulted in a remarkable increase in the
POD activity by 78.183 and 70.446%, respectively.

Impact of Moringa oleifera extract, Bacillus subtilis and
their combination on the total phenol (ug tannic acid /gm
fwt) and total soluble proteins (mg protein/gm fwt) in
leaves of tomato plant infected with Rhizoctonia solani
In the presence study, the contents of total phenol
and total soluble proteins were increased remarkably
in tomato leaves in all treatments, compared to the
untreated control (Figure 6A). The best treatments
involving the contents of total soluble phenol was
recorded by M. oleifera extract (2000 pg/ml)+B. sub-
tilis sting (6000pg/ml ) with a value of 5404.12 pg
tannic acid/g fresh weight of leaves of tomato, and
the second place of increase was observed in seedlings
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treated with M. oleifera extract (1000 pg/ml)+B. sub-
tilis sting (6000ug/ml ) recoding a value of 5111.383
Hg tannic acid/g fresh leaves. However, B. subti-
lis sting, M. oleifera extract at 1000 and 2000 pg/ml
recorded 4913.883, 4365.63, and 4676.93 pg tannic
acid/g fresh leaves; respectively, compared to the con-
trol (3185.147. pg tannic acid/g fresh leaves). Results
presented in Figure 6B demonstrate an appreciable
increase in contents of total soluble proteins, par-
ticularly in M. oleifera extract at 1000 and 2000 pg/
ml + B. subtilis sting, recording 222.457 and 280.067
mg protein/g of fresh leaves, respectively. There was
no detected considerable difference between the two
concentrations of M. oleifera, but B. subtilis sting dis-
played a remarkable increase of 203.310 mg protein/g

of fresh leaves.
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Impact of Moringa oleifera extract, Bacillus subtilis and a
combination of both on the morphogenesis of tomato plants
Figure 7 presents the obtained data on the effects
of adding M. oleifera extract, B. subtilis (sting), and
a combination of both to tomato seedlings trans-
planted in R. solani-infested soil on the dry weight
of shoots (Figure 7A) and roots (Figure 7B). The ob-
tained results showed that the plants treated with B.
subtilis (sting) had a higher dry weight of shoots and
roots compared to all the other treatments. B. subti-
lis sting recorded the highest shoot dry weight (3.37
g), followed by the healthy plants (2.55 g), whereas
the infected plants and those treated with M. oleifera
extract (1000-2000 pg/ml) or in a combination with
B. subtilis sting (6000 pg/ml) showed no considerable
differences, where the shoot dry weight values ranged

from 1.17 to 1.48 g.

M. oleifera M. cleifera Molefera

B. subtilis E. subtilis

M. oleifera M.oleifera

pg/ml) + B. subtilis  + B. subtilis

Figure 6: Impact of M. oleifera extract, B. subtilis and their combinations on the content of the total phenol (A) and
total soluble proteins (B) in leaves of tomato plant infected with R. solani. Different letters denote significant changes
among treatments within the same column, using the least significant difference test (])SO. 05).
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Figure 7: Effect of M. oleifera extract, B. subtilis, and a combination of both on dray weight of shoot (A) and dray

weight of roots (B) of tomato seedlings plants infected with R. solani. No significant differences were observed among
treatments using the least significant difference test at (p<0.05).

'The dry weight of roots expressed no appreciable dif-
ferences among all the tested treatments, as the re-
corded values belonged to the same statistical group
according to the LSD test at p < 0.05. Dry weight of
roots values ranged from 0.20 g in infected plants to
0.50 g in plants treated with B. subtilis sting. Healthy
plants recorded 0.336 g, while treatments with M.
oleifera extract (1000 and 2000 pg/ml) resulted in dry
weight of roots of 0.26 and 0.32 g, respectively. Com-
bined treatments of M. oleifera extract (1000 and 2000
ng/ml) with B. subtilis sting (6000 pg/ml) recorded
values of 0.44 and 0.34 g, respectively.

Discussion

Plant-derived extracts such as M. oleifera are rich
in bioactive compounds, including tannins, sapon-
ins, terpenoids, alkaloids, flavonoids (e.g., quercetin

and kaempferol), and glycosides, providing antimi-
crobial, antioxidant, and enzyme-inducing activities

(Emad-ElDin ez a/., 2016; Ahmadu e# al., 2020).

In the current study, GC-MS analysis of the crude
leaf methanol extract of M. oleifera revealed a di-
verse profile of 39 bioactive compounds, many of
which have been previously reported in other plant
species. Our finding is in agreement with the results
reported by Ahmed ez al. (2024), who observed that
the major constituents of M. oleifera extract includ-
ed hexadecanoic acid, hexadecanoic acid ethyl ester,
and 9,12,15-octadecatrienoic acid ethyl ester, along
with notable compounds such as 2,5,7,8-tetrame-
thyl-2-(4,8,12-trimethyltridecyl)-6-chromanol and
tetratetracontane. These compounds were classified
into several chemical groups, with fatty acids and fatty
acid esters representing the predominant classes, fol-
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lowed by steroids and sterols, terpenes, fatty alcohols,
isoprenoids, and diterpene alcohols. Fatty acids and
their derivatives have been widely reported to exhibit
antifungal activity against plant pathogenic fungi by
disrupting cell membrane integrity, inhibiting my-
celial growth, and reducing pathogen biomass. For
example, linolenic and linoleic acids substantially re-
duced mycelial growth of R. solani in vitro, indicating
the effectiveness of fatty acid compounds against this
pathogen (Walters ez al., 2004). In contrast, sterols
and chromanols are primarily associated with anti-
oxidant protection, stabilizing cell membranes and
scavenging free radicals, which may enhance plant
defense responses under stress (Ahmed ez a/., 2024).

Bacillus spp. were well-recognized microbial biocon-
trol agents that offer a safe and sustainable strategy
for managing plant pathogens such as R. solani. Such
bacteria produce resilient endospores, enabling sur-
vival under harsh environmental conditions, and pro-
mote plant growth by inducing systemic resistance.
They also act as antagonists through the secretion of
diverse antimicrobial compounds, including lipopep-
tides, antibiotics, enzymes, and volatile organic com-
pounds, while competing with pathogens for space
and nutrients. Several Bacillus-based biopesticides
have already been commercialized for the control of
R. solani, demonstrating their practical potential in
sustainable agriculture (Abbasa ez al., 2019). Com-
bination of these bioactive products may explain the
synergistic effects observed in this plant methanol
extract when applied against R. solani and support
the potential use of M. oleifera as a natural biocontrol
agent.

In in vitro assay against R. solani, the current investi-
gation showed that M. oleifera methanol extract had
antifungal activity. The combination of M. oleifera ex-
tract and B. subtilis sting displayed the best fungicid-
al activity against R. solani. Our in vitro results are
consistent with Ahmed ez a/. (2024) who assessed
the methanol crude extract of M. oleifera suppress-
ing the radial growth of Botrytis cinerea (Pers,1794)
demonstrating its antifungal effectiveness.Moreover,
the current results are compatible with Majumder ez
al. (2024) who reported appreciable antifungal activi-
ty of M. oleifera leaves, which were extracted with dif-
ferent solvents (i.e., water, acetone, ethyl acetate, and
hexane), and were tested against major soil-borne
pathogens, including R. solani and Fusarium spp.

The current study’s findings are consistent with a re-
cent study conducted by Abdel-Hafez ez a/. (2021),
which demonstrated that the M. oleifera extract had
the highest impact on the linear growth of sever-
al fungal pathogens, including, F solani (Mart.)
(Sacc,1881), F oxysporium (Schltdl, 1824), and R.

solani upon using ethanol and aqueous extracts.

Our results are harmony with Al-Husnan ez al.
(2016) who reported that the aqueous extract of M.
olifera leaves inhibited a broad range of fungi, includ-
ing Aspergillus niger (van Tieghem, 1867), A. flavus
(Link, 1809), Alternaria spp., Fusarium spp., Rhizopus
stolonifer (Ehrenb.) (Vuillemin, 1902), and Penicilli-
um sp., Additionally, M. olifera leaf ethanolic extract
has shown antifungal efficacy against many dermato-
phytes (Chuang ez al., 2007). Moreover, the obtained
results are in agreement with the previous study re-
ported by El-Mohamedy and Abdalla (2014), who
assessed the efficacy of M. oleifera oil concentrations
and discovered that the tested extracts inhibited the
germination of spores of . oxysporum, Alternaria sola-
ni (Sorauer, 1896), A. alternate (Fr.) (Keissl., 1912),
and inhibited the germination of R. solani, Sclero-
tium rolfsii (Sacc,1911), and Macrophomina phaseolina
(Tassi.) (Goid, 1947) with varying values.

Using a SEM, we observed reduction of the hyphal
width of R. solani and loss of their structural integrity
as a result of M. oleifera extract treatment. Addition-
ally, shriveling, aberrant coiling, and lysis of hyphal
filaments were observed, these results were referred
to presence of a wide range of antimicrobial bioactive
compounds in the M. oleifera extract able to inhibit
the growth of the tested pathogen (Goss ez a/.,2017).
M. oleifera leaves contain some crystalline alkaloids,
fatty acid, proteins, glycosides, and niazirin suggested
to be responsible for antimicrobial activities (Adan-
donon ez al., 2006). However, there are few reports on
the use of M. oleifera to control plant pathogens. Stoll
(1988) reported the fungicidal effect of M. oleifera
leaf extract on some soilborne fungi such as Rhizoc-
tonia spp. The findings of this study confirmed that
M. oleifera extract can be used as natural fungicides to
control pathogenic fungi, reducing the dependence on
the synthetic fungicides (El-Mohamedy ez 4., 2014).
One of the most interesting results obtained in this
study was using the effective biocontrol activity of the
commercial formulation of B. subtilis (sting), which
caused shrinkage, coiling, hyphal lysis, and breakage

of the fungal mycelium. The reason was that the an-
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tifungal compounds in culture supernatant produced
by the B. subtilis sting inhibited mycelial growth of
R. solani or killed the pathogenic fungi (Chen et al,,
2016). Morphological changes of R. so/ani mycelium
caused by B. subtilis sting were consistent with the
conclusions of Ben ez 4/.(2015) and Chen ez al. (2016),
which also revealed that the antifungal compounds
present in B. subtilis filtrates play a key role in their
biological control mechanisms. Rashad ez a/. (2022)
showed that B. subtilis inhibited the mycelial growth
of R. solani, indicating its potent antagonistic behav-
ior. Several Bacillus spp. have been reported as bio-
logical control agents for plant diseases (Mnif ez a/.,
2015; Ali ez al.,2016; Gu et al., 2017). They have con-
vincing antagonistic properties because these bacteria
synthesize broad-spectrum antibacterial compounds
(Huang ez al.,2014). Antimicrobial compounds from
Bacillus spp. protect the plants by directly inhibiting
the invading pathogens.

In addition to the direct individual antifungal activity
of M. oleifera and B. subtilis sting against R. solani, this
study showed that using a combination of M. oleifera
extract and B. subtilis sting against R. solani caused
the pathogen hyphae to shrive, coil abnormally, break
down and fragment, and ultimately lyse. These ultras-
tructural studies revealed the interactions between R.
solani and the combination of M. oleifera extract and
B. subtilis (sting), and attributed these effects to two
types of antagonisms: hyperparasitism and antibiosis
(Kumar ez al., 2013). The harmful effects of M. oleif-
era extract on the pathogenic fungi were restricted in:
(a) partial or complete inhibition of mycelia growth,
and (b) alternation in physiology and biochemistry of
the fungal cells (Lee ez al., 2007; Chuang ez al., 2007,
Hadi and Kashefi, 2013).

Under controlled greenhouse conditions, the present
study demonstrated that application of M. oleifera ex-
tract at a concentration of 2000 pg/ml resulted in a
relative disease control (RDC) of 62.79% against R.
solani. Notably, the integrated treatment combining
M. oleifera extract with B. subtilis sting at the recom-
mended dose of 6000 pg/ml exhibited superior effica-
cy, achieving the highest reduction in root rot severity

with an RDC of 88%.

‘These outcomes are consistent with the findings re-
vealed by Goss ez al. (2017), who reported that both
leaf and seed extracts of M. oleifera substantially in-
hibited the mycelial growth of R. solani in cabbage.

Their study further indicated that the two extract’s
types did not differ considerably in their antifungal
performance and were effective in suppressing both
R. solani and F solani. In a previous study conduct-
ed by (Akinyeye e a/., 2014), the suppressive activ-
ity observed during weeks eight and nine after crop
emergence was likely attributable to the abundance
of flavonoids and phenolic constituents within M.
oleifera extracts, where these compounds were being
well-recognized by their broad-spectrum antimicro-
bial potential. Additional a study has similarly docu-
mented the capacity of M. oleifera extracts to disrupt
essential metabolic pathways in the fungal pathogens,
enhancing their disease-control effectiveness (Park ez

al.,2011).

Our greenhouse results agree with Sehsah e al.
(2022) who cleared that B. subtilis sting exhibited a
pronounced capability to suppress Cercospora leaf spot
severity in field evaluation. This reduction in disease
intensity may be attributed to the rapid colonization
of leaf surfaces by B. subtilis cells, creating a protective
biological film that prevents pathogen spores from
accessing natural openings and initiating infection. In
addition, this bacterium’s competitive ability for oxy-
gen and nutrients on the phylloplane effectively de-
prived the pathogen from essential resources, limiting
its growth and infection potential.

Biochemical analyses further indicated that all ap-
plied treatments appreciably enhanced the activities
of PPO and POD. These enzymes play crucial roles in
plant defense by oxidizing polyphenols into antimi-
crobial quinones and promoting the lignification of
plant cell walls during pathogens invasion (Hassan ez
al.,2007; She-ze et al., 2008; Khalil ¢z al., 2022). Our
obtained findings are in agreement with Sehsah ez a/.
(2022), who reported that M. oleifera seed extract and
B. subtilis cell suspension markedly increased PPO
and POD activities in plants infected with Cercospora
leaf spot.

'The accumulation of phenolic compounds also played
an essential role in reinforcing plant resistance. In
this study, free phenols; known for their antimicrobial
properties, were notably elevated in the treated plants.
Phenolic compounds not only directly inhibit patho-
genic microorganisms but also participate in enhanc-
ing the signaling pathways and act as precursors for
lignin biosynthesis, providing additional structural
resistance (Hammerschmidt, 2005). Currently, the

April 2026 | Volume 10 | Issue 2 | Page 194

o9 .
Sols Links
GResearchers



OPEN aACCESS

Novel Research in Microbiology Journal

observed rise in total phenolic content was positively
correlated with an enhanced plant disease resistance

(Abo-Elyousr e# al., 2009).

Moreover, the current treatments resulted in a marked
increase in total soluble proteins content, important
components of plant defense responses. These pro-
teins accumulate rapidly during pathogen attack and
contribute remarkably to suppressing disease devel-
opment (Wang ez al., 2005; Ahmed ez al., 2022). The
induction of genes encoding pathogenesis-related
proteins (PRPs) is recognized as a critical mechanism
for establishing durable and broad-spectrum resist-
ance against fungal pathogens (Veronese ez al., 1999).

Our results of plant defense responses are in agree-
ment with Sehsah ez a/. (2022) who showed that the
biochemical responses observed upon applying the B.
subtilis and M oleifera extracts have activated multiple
defense pathways, ultimately leading to remarkable
suppression of Cercospora leaf spot.

Treatment of tomato plants with B. subtilis (sting) ef-
tectively reduced root rot disease caused by R. solani,
leading to an increase in plant dry weight. Moreover,
the application of B. subtilis sting appeared to stimu-
late overall plant growth, as evidenced by increases in
both shoot and root dry weights. These findings are
consistent with (Abbasa ez a/., 2019), who reported
that Bacillus spp. play a substantial role in controlling
diseases caused by R. solani and function as both bi-
ological control agents and plant growth promoters.
Similarly, Rashad ez a/. (2022) observed that B. subtilis
SR22 reduced Rhizoctonia root rot in tomato by up
to 51% under greenhouse conditions, and enhanced
most evaluated growth parameters by approximately

35%.

Earlier studies also support the current observations.
SchmiedeKnecht ez a/. (1995) reported that bacter-
ized tomato plants exhibited better growth, greener
foliage, and higher yields compared to the untreat-
ed controls. Likewise, Bochow (1992) demonstrated
that root treatment with B. subtilis increased rooting
and mitigated disease symptoms following inocula-
tion with F oxysporum f. sp. radicis-lycopersici. Further-
more, the present results align with the previous find-
ings reported by Gwa and Ige (2025), who revealed
that M. oleifera extract displayed antifungal activity
against 4. niger in tomato plants. They added that in-
creasing the concentration of M. oleifera extract was

associated with enhanced plant height, leaf number,
branch number, and leaf area even in the presence of
higher 4. niger spore concentrations.

Conclusions and Recommendations

Rbhizoctonia root rot is a major threat to tomato pro-
duction. This study demonstrated that M. oleifera leaf
extract, B. subtilis sting, and their combination effec-
tively suppressed R. solani. Leaf extract of M. oleifera
was analyzed biochemically using Gas chromatogra-
phy-mass spectrometry (GC-MYS). In in vitro assay,
M. oleifera extract achieved 85% inhibition against
R. solani at 3000 pg/ml. The interactions among M.
oleifera extract, B. subtilis sting, their combination,
and R. solani were evaluated through scanning elec-
tron microscopy (SEM). Ultrastructural effects were
studied and the results indicated that M. oleifera ex-
tract caused deformities with shriveling and abnor-
mal coiling of pathogen’s hyphal filaments. B. subti-
lis sting caused shrinkage, coiling, hyphal lysis, and
breakage, while their combination caused hyphal
breakdown, fragmentation, and hyphal lysis. M. oleif-
era extract at 2000 pg/ml reduced disease severity by
62.79%, while B. subtilis sting at 6000 pg/ml achieved
69.2% inhibition. The highest efficacy was observed
with the combined treatment, achieving 88% rel-
ative disease control. The combined treatment also
enhanced plant growth and defense plant responses,
increasing PPO activity by 67.15%, POD by 78.18%,
total phenols to 5404.12 pg/g fresh leaves, and to-
tal soluble proteins to 280.07 mg/g fresh leaves. Our
findings indicate that integrating B. subtilis sting with
M. oleifera extract represents a promising sustainable
strategy for managing Rhizoctonia root rot, providing
both effective disease suppression and growth promo-
tion in tomato plants. This study recommends the use
of the combined treatment of M. oleifera methanol
extract and B. subtilis sting as a potential ecofriendly
alternative to chemical fungicides, suitable for both
laboratory and field applications, and highlights the
importance of the bio-agents and biofungicides for
disease management.
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extract, Bacillus subtilis (sting), and their combined
application on tomato plants as environmentally safe
and sustainable alternatives to chemical pesticides.

Author’s Contribution

Rasha E. Selim: Conceptualization, methodology,
investigations, data curation, writing review, editing
and project administration.

Sahar M. Moussa: Methodology, data statistical
analysis, writing review and editing.

Hanan  F.B. Youssef:  Conceptualization,
methodology, investigations, data curation, writing
review, editing and project administration.

'The final version of the manuscript was approved by
all the authors.

Ethical approval
Non-applicable.

Funding source
'This work was not funded by any source.

Generative Al and Al assisted technology statement

The authors declare that no generative Al and Al
assisted technology was used in the creation of this
manuscript.

Statement of conflict of interests
The authors have declared no conflicts of interest.

References

Abbasa, A., Khan, S.U., Khan, W.U,, Saleh, T.A.,
Khan, M.H.U,, Ullah, S., Ali, A. and Ikram,
M., 2019. Antagonist effects of strains of
Bacillus spp. against Rhizoctonia solani for
their protection against several plant diseases:
Alternatives to chemical pesticides. Compt.
Rendus Biol., 342(3): 124-135. https://doi.
org/10.1016/j.crvi.2019.05.002

Abdel-Hafez, S.S., Ali, I.N., El-Korashy, M. A. and
Ismaiel, ML.I., 2021. Effectiveness of some plant
extracts as safe control means against damping-
off and root rot diseases in canola plants. J.

Appl. P1. Prot. Suez Canal Univ., 10(1): 21-27.
https://doi.org/10.21608/japp.2021.222792
Abdeljalil, N.O.B., Vallance, J., Gerbore, J., Bruez,
E., Martins, G., Rey, P. and Daami-Remadi,
M., 2016. Biocontrol of Rhizoctonia root rot in
tomato and enhancement of plant growth using
rhizobacteria naturally associated with tomato.
J. Plant Pathol. Microbiol., 7: 1000356. https://
doi.org/10.4172/2157-7471.1000356

Abdel-Kader, M.M., Abdel-Kareem, F., EI-Mougy,
N.S.and EI-Mohamady, R.S.,2013.Integration
between compost, Trichoderma harzianum and
essential oils for controlling peanut crown rot
under field conditions. J. Mycol., 7: 1-7. https://
doi.org/10.1155/2013/262130

Abdelwahab, A., Mohammed, H., Mohammed, A.
and Fathalla, A., 2023. Investigation of some
endophytic bacteria as biocontrol agents against
root—rot pathogens. J. Plant Prot. (Suez Canal
Univ.), 12(1): 1-6. https://doi.org/10.21608/
japp.2023.336025

Abo-Elyousr, K.A.M., Hashem, M. and Ali, E.H.,
2009. Integrated control of cotton root rot
disease by mixing fungal biocontrol agents and
resistance inducers. Crop Prot., 28: 295-301.
https://doi.org/10.1016/j.cropro.2008.11.004

Adandonon, A., Aveling, T.A.S., Labuschagne,
N. and Tamo, M., 2006. Biocontrol agents in
combination with Moringa oleifera extract for
integrated control of Sclerotium-caused cowpea
damping-off and stem rot. Eur. J. Plant Pathol.,
115:409-418. https://doi.org/10.1007/s10658-
006-9031-6

Ahmadu, T., Ahmad, K., Ismail, S.I., Rashed,
O., Asib, N. and Omar, D., 2020. Antifungal
efficacy of Moringa oleifera leaf and seed
extracts against Botrytis cinerea causing gray
mold disease of tomato (Solanum lycopersicum
L.). Braz. ]J. Biol.,, 81(4): 1007-1022. https://
doi.org/10.1590/1519-6984.233173

Ahmed, S.M., Selim, R.E., Sabra, F.S. and Aamer,
H.A., 2022. Commercial algae products as
biocide treatments for controlling squash
powdery mildew disease. Alexand. Sci.
Exchange J., 43(4): 669-679. https://doi.
org/10.21608/asejaiqjsae.2022.278533

Ahmed,S.M., Tawfeek,E.E. Aamer,H.A.andSelim,
R.E., 2024. Effect of Moringa extracts against
gray mold disease of strawberry after harvest. J.
Sustain. Agric. Sci., 50(2): 25-36. https://doi.
org/10.21608/jsas.2024.293551.1461

April 2026 | Volume 10 | Issue 2 | Page 196

o9 .
Sols Links
GResearchers


https://doi.org/10.1016/j.crvi.2019.05.002
https://doi.org/10.1016/j.crvi.2019.05.002
https://doi.org/10.21608/japp.2021.222792
https://doi.org/10.4172/2157-7471.1000356
https://doi.org/10.4172/2157-7471.1000356
https://doi.org/10.1155/2013/262130
https://doi.org/10.1155/2013/262130
https://doi.org/10.21608/japp.2023.336025
https://doi.org/10.21608/japp.2023.336025
https://doi.org/10.1016/j.cropro.2008.11.004
https://doi.org/10.1007/s10658-006-9031-6
https://doi.org/10.1007/s10658-006-9031-6
https://doi.org/10.1590/1519-6984.233173
https://doi.org/10.1590/1519-6984.233173
https://doi.org/10.21608/asejaiqjsae.2022.278533
https://doi.org/10.21608/asejaiqjsae.2022.278533
https://doi.org/10.21608/jsas.2024.293551.1461
https://doi.org/10.21608/jsas.2024.293551.1461

OPEN aACCESS

Novel Research in Microbiology Journal

Akinyeye, A.J., Solanke, E.O. and Adebiyi, 1.O.,
2014. Phytochemical and antimicrobial
evaluation of leaf and seed Moringa oleifera
extracts. Int. J., 4(6): 2307-2083.

Al-Husnan, L. and Alkahtani, A., 2016. Impact of
Moringa aqueous extract on pathogenic bacteria
and fungi in vitro. Ann. Agric. Sci., 61: 247-250.
https://doi.org/10.1016/j.20as.2016.06.003

Ali, G.S., El-Sayed, A.S.A., Patel, J.S., Green,
K.B., Ali, M. and Brennan, M., 2016. Ex vivo
application of secreted metabolites produced by
soil inhabiting Bacillus spp. efficiently controls
foliar diseases caused by Alternaria spp. Appl.
Environ. Microbiol., 82: 478-490. https://doi.
org/10.1128/AEM.02662-15

Asaka, O. and Shoda, M., 1996. Biocontrol of
Rbizoctonia  solani damping-off of tomato
with Bacillus subtilis RB14. Appl. Environ.
Microbiol., 62 (11): 4081-4085. https://doi.
org/10.1128/aem.62.11.4081-4085.1996

Ashry, N.M., Alaidaroos, B.A., Mohamed, S.A.,
Badr, O.A., El-Saadony, M. T. and Esmael, A.,
2022. Utilization of drought-tolerant bacterial
strains isolated from harsh soils as a plant
growth-promoting  rhizobacteria  (PGPR).
Saudi J. Biol. Sci., 29(3): 1760-1769. https://
doi.org/10.1016/}.sjbs.2021.10.054

Behiry, S., Soliman, S.A., Massoud, M.A,,
Abdelbary, M., Kordy, A.M., Abdelkhalek, A.
and Heflish, A., 2023. Trichoderma pubescens
elicit induced systemic resistance in tomato
challenged by Rbhizoctonia solani. ]. Fungi, 9:
167. https://doi.org/10.3390/j0£9020167

Ben, K.S., Kilani-feki, O., Dammak, M., Jabnoun-
Khiareddine, H., DaamiRemadi, M. and
Tounsi, S.,2015. Efficacy of Bacillus subtilis V26
as a biological control agent against Rhizoctonia
solani on potato. C. R. Biol., 338: 784-792.
https://doi.org/10.1016/j.crvi.2015.09.005

Bochow, H., 1992. Phytosanitary effects of Bacillus
subtilis as biocontrol agent. Mededelingen
Van de Faculteit Landbouwwetenschappen,
Universiteit Gent, 57 (2b): 387-393.

Bradford, M.M.A., 1976. Rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle
of protein-dye binding. Anal. Biochem., 72:
248-254. https://doi.org/10.1016/0003-
2697(76)90527-3

Channa, M.Y., Pathan, ML.A., Solangi, G.R. and
Wondiar, M., 1995. Studies on Rbizoctonia

solani (Kuhn) causing root rot of lentil. Sarhad
J. Agric., 11: 495-499.

Chen, X\Y., Zhang, Y.Y,, Fu, X.C, Lj, Y. and
Wang, Q., 2016. Isolation and characterization
of Bacillus amyloliquefaciens, PG12 for the
biological control of apple ring rot. Postharv.
Biol. Technol.,, 115: 113-121. https://doi.
org/10.1016/j.postharvbio.2015.12.021

Chuang, PH., Lee, C.W., Chou, J.Y., Murgan, M.,
Shain, B.J. and Chen, H.M., 2007. Antifungal
activity of crude extracts and essential oil
of Moringa olifera. Bioresour. Technol.,
98:  232-236.  https://doi.org/10.1016/].
biortech.2005.11.003

Cohen,Y.,Gisi,U.and Mosinger, E.,1991. Systemic
resistance of potato plants against Phytophthora
infestans  induced by unsaturated fatty
acids. Physiol. Mol. Pl Pathol.,, 38(4):
255-263. https://doi.org/10.1016/50885-
5765(05)80117-1

Dixon, R.A., 1985. Plant cell culture: A practical
approach. IRL Press. Oxford, Washington.

El-Mohamedy, R.S. and Abdalla, A.M., 2014.
Evaluation of antifungal activity of Moringa
oleifera extracts as natural fungicide against
some plant pathogenic fungi in vifro. Int. J.
Agric. Technol., 10(4): 963-982.

El-Mohamedy, R.S.R. and Abdallah, A.M., 2014.
Antifungal activity of Moringa oleifera oil and
seed extract against some plant pathogenic
fungi. Middle East J. Agric. Res., 3(2): 242-249.

El-Mohamedy, R.S.R., Abdel-Kader, M.M., Abd-
El-Kareem, F. and El-Mougy, N.S., 2013.
Essential oils, inorganic acids and potassium
salts as control measures against the growth
of tomato root rot pathogens in vitro. J. Agric.
Technol., 9(6): 1507-1520.

El-Saadony, M.T.,, Saad, A.M., Elakkad, H.A,,
El-Tahan, A.M., Alshahrani, O.A., Alshilawi,
M.S., El-Sayed, H., Amin, S.A. and Ahmed,
AL, 2022. Flavoring and extending the shelf
life of cucumber juice with aroma compounds-
rich herbal extracts at 4 C through controlling
chemical and microbial fluctuations. Saudi
J. Biol. Sci., 29(1): 346-354. https://doi.
o1g/10.1016/j.5jbs.2021.08.092

Emad-El-Din, G.G., Esmaiel, N., Salem, M.Z.
and Gomaa, S.E., 2016. In vitro screening
for antimicrobial activity of some medicinal
plant seed extracts. Biotechnol. Wellness Ind.,
5(4): 142-152. https://doi.org/10.6000/1927-

April 2026 | Volume 10 | Issue 2 | Page 197

o9 .
Sols Links
GResearchers


https://doi.org/10.1016/j.aoas.2016.06.003
https://doi.org/10.1128/AEM.02662-15
https://doi.org/10.1128/AEM.02662-15
https://doi.org/10.1128/aem.62.11.4081-4085.1996
https://doi.org/10.1128/aem.62.11.4081-4085.1996
https://doi.org/10.1016/j.sjbs.2021.10.054
https://doi.org/10.1016/j.sjbs.2021.10.054
https://doi.org/10.3390/jof9020167
https://doi.org/10.1016/j.crvi.2015.09.005
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.postharvbio.2015.12.021
https://doi.org/10.1016/j.postharvbio.2015.12.021
https://doi.org/10.1016/j.biortech.2005.11.003
https://doi.org/10.1016/j.biortech.2005.11.003
https://doi.org/10.1016/S0885-5765(05)80117-1
https://doi.org/10.1016/S0885-5765(05)80117-1
https://doi.org/10.1016/j.sjbs.2021.08.092
https://doi.org/10.1016/j.sjbs.2021.08.092
https://doi.org/10.6000/1927-3037.2016.05.04.4

OPEN aACCESS

Novel Research in Microbiology Journal

3037.2016.05.04.4

Finney, DJ., 1971. Probit analysis. 3* edition.
Cambridge Univ. Press, pp. 333.

Gauillard, F.,Richard-Forget,F.and Nicolas,].,1993.
New spectrophotometric assay for polyphenol
oxidase activity. Anal. Biochem., 215: 59-65.
https://doi.org/10.1006/abio.1993.1554

Goss, M., Mafongoya, P. and Gubba, A., 2017.
Moringa oleifera extracts effect on Fusarium
solani and Rhizoctonia solani growth. Asian Res.
J. Agric., 6(1): 1-10. https://doi.org/10.9734/
ARJA/2017/29835

Goss, M., Mafongoya, P. and Gubba, A., 2017.
Rbizoctonia  solani control in field-grown
cabbage (Brassica oleracea) using Moringa oleifera
extracts, Beatrice, Zimbabwe. Int. J. Plant
Soil Sci., 19(4): 1-9. https://doi.org/10.9734/
IJPSS/2017/29837

Gu, Q., Yang, Y., Yuan, Q.M., Shi, G.M., Wu, L.M.
and Lou, Z.Y., 2017. Bacillomycin D produced
by Bacillus amyloliquefaciens is involved in
the antagonistic interaction with the plant
pathogenic fungus Fusarium graminearum.
Appl. Environ. Microbiol., 83: 01075-01017.
https://doi.org/10.1128/AEM.01075-17

Gwa, V.I. and Ige, D.R., 2025. Effect of moringa
(Moringa oleifera 1..) aqueous seed extract
on tomato (Solanum Ilycopersicum L.) plant
artificially inoculated with Aspergillus niger
causal agent of black mold disease of tomato.
Plant Pathol. Quarant., 15(1): 68—80.

Hadi, M. and Kashefi, B., 2013. Study on effect
of some medicinal plant extracts on growth
and spore germination of Fusarium oxysporum
schlecht. In witro Am. Eurasian J. Agric.
Environ. Sci., 13(4): 581-588.

Hammerschmidt, R., 2005. Phenols and plant-
pathogen interactions: The saga continues.
Physiol. Mol. Plant Pathol., 66: 77-78. https://
doi.org/10.1016/j.pmpp.2005.08.001

Hassan, M.E.M., Abd EI-Rahman, S.S., El-
Abbasi, I.H. and Mikhail, M.S., 2007. Changes
in peroxidase activity due to induced resistance
against faba bean chocolate spot disease. Egypt.
J. Phytopathol., 35: 35-48.

Heflish, A.A., Abdelkhalek, A., Al-Askar, A.A.and
Behiry, S.1.,2021. Protective and curative eftects
of Trichoderma asperelloides Ta4l on tomato
root rot caused by Rbizoctonia solani Rs33.
Agronomy, 11: 1162. https://doi.org/10.3390/
agronomy11061162

Huang,].F.,Wei, Z.,Tan,S.Y.,Mei,X.L.,Shen,Q.R.
and Xu, Y.C., 2014. Suppression of bacterial
wilt of tomato by bioorganic fertilizer made
from the antibacterial compound producing
strain Bacillus amyloliquefaciens HR62. J. Agric.
Food Chem., 62: 10708-10716. https://doi.
o1g/10.1021/j503136a

Kanjanamaneesathian, M., Chantarat, S. and Yong,
S.,1996. Germination inhibition of Rhizoctonia
solani by Bacillus subtilis and drenching as
possible application method to deliver bacterial
antagonists. Warasan Songkhlanakharin, 18:
135-144.

Khalil, M.S., Abd EI-Aziz, M.H. and Selim, R.E.,
2022.Physiological and morphological response
of tomato plants to nano-chitosan used against
bio-stress induced by root-knot nematode
(Meloidogyne incognita) and Tobacco mosaic
tobamovirus (TMV). https://doi.org/10.1007/
$10658-022-02516-8

Khedr, R.A., Sorour, S.G.R., Aboukhadrah, S.H.,
El-Shafey, N.M., Abd Elsalam, H.E., El-
Sharnouby, M.E. and El-Tahan, A.M., 2022.
Alleviation of salinity stress effects onagro-
physiological traits of wheat by auxin, glycine
betaine, and soil additives. Saudi J. Biol. Sci.,
29(1): 534-540. https://doi.org/10.1016/j.
sjbs.2021.09.027

Kumar, A., Shukla, R., Singh, P., Prasad, C.S. and
Dubey, N.K., 2008. Assessment of 7Zhymus
vulgaris L. essential oil as a safe botanical
preservative  against  post-harvest  fungi
infestation of food commodities. Innov. Food
Sci. Emerg. Technol., 9: 575-580. https://doi.
org/10.1016/j.ifset.2007.12.005

Kumar, K.V.K., Yellareddygari, S.K.R.,Reddy, M.S.,
Kloepper, J.W., Lawrence, K.S., Miller, ML.E.,
Sudini, H., Surendranatha Reddy, E.C., Zhou,
X.G. and Groth, D.E., 2013. Ultrastructural
studies on the interaction between Bacillus
subtilis. MBI 600 (Integral®) and the rice
sheath blight pathogen, Rhizoctonia solani. Afr.
J. Microbiol. Res., 7(19): 2078-2086.

Lahlali, R., Ezrari, S., Radouane, N., Kenfaoui,
J., Esmaeel, Q., EI-Hamss, H., Belabess, Z.
and Barka, E.A., 2022. Biological control
of plant pathogens: A global perspective.
Microorganisms,  10:  596.  https://doi.
org/10.3390/microorganisms10030596

Lee, S.O., Gyung, J.C., Kyoung, S.J., Kyoung,
L.H., Kwang, Y.C. and Jin-Cheol, K. 2007.

April 2026 | Volume 10 | Issue 2 | Page 198

o9 .
Sols Links
GResearchers


https://doi.org/10.6000/1927-3037.2016.05.04.4
https://doi.org/10.1006/abio.1993.1554
https://doi.org/10.9734/ARJA/2017/29835
https://doi.org/10.9734/ARJA/2017/29835
https://doi.org/10.9734/IJPSS/2017/29837
https://doi.org/10.9734/IJPSS/2017/29837
https://doi.org/10.1128/AEM.01075-17
https://doi.org/10.1016/j.pmpp.2005.08.001
https://doi.org/10.1016/j.pmpp.2005.08.001
https://doi.org/10.3390/agronomy11061162
https://doi.org/10.3390/agronomy11061162
https://doi.org/10.1021/jf503136a
https://doi.org/10.1021/jf503136a
https://doi.org/10.1007/s10658-022-02516-8
https://doi.org/10.1007/s10658-022-02516-8
https://doi.org/10.1016/j.sjbs.2021.09.027
https://doi.org/10.1016/j.sjbs.2021.09.027
https://doi.org/10.1016/j.ifset.2007.12.005
https://doi.org/10.1016/j.ifset.2007.12.005
https://doi.org/10.3390/microorganisms10030596
https://doi.org/10.3390/microorganisms10030596

OPEN aACCESS

Novel Research in Microbiology Journal

Antifungal activity of five plant essential
oils as fumigant against postharvest and
soilborne plant pathogenic fungi. Plant Pathol.
J, 23(2): 97-102. https://doi.org/10.5423/
PPJ.2007.23.2.097

Link, H.F., 1809. Observationes in Ordines
plantarum  naturales. Dissertatio  prima,
complectens Anandrarum ordines Epiphytas,
Mucedines Gastomycos et Fungos Der
Gesellschaft Naturforschender Freunde zu
Berlin.Magazin fu'rdie neuesten Entdeckungen
in der gesamten Naturkunde 3, 1-42.

Majumder, S., Rani, V., Singh, S. and Srivastava,
K., 2024. Antifungal activity of moringa
(Moringa oleifera) leaf extracts against major
plant pathogens. Indian J. Agric. Sci., 94(9):
1033-1036. https://doi.org/10.56093/ijas.
v94i9.131712

Mamoun S.M.,2016. Application of GC/EIMS in
combination with semi-empirical calculations
for identification and investigation of some
volatile components in basil essential oil. Int.
J. Anal. Mass Spect. Chromatogr., 4: 14-12.
https://doi.org/10.4236/ijamsc.2016.41002

Mnif, 1., Grau-Campistany, A., Coronel-Leén,
J., Hammami, 1., Triki, M.A. and Manresa,
A., 2015. Purification and identification of
Bacillus subtilis SPB1 lipopeptide biosurfactant
exhibiting antifungal activity against Rhizoctonia
bataticola and Rhizoctonia solani. Environ. Sci.
Pollut. Res. Int., 23: 6690-6699. https://doi.
0rg/10.1007/s11356-015-5826-3

MSTAT, 1987. MSTATversion 4 (Computer
software). Michigan State University. https://
mcardle.wisc.edu/mstat/index.html.

Murage, N. and Masuda, M. 1997. Response
of pepper and eggplant to continuous light
in relation to leaf chlorosis and activities
of antioxidative enzymes. Sci. Hortic., 70:
269-279. https://doi.org/10.1016/50304-
4238(97)00078-2

Mushore,].and Matuvhunye,M.,2013. Antibacterial
properties of Mangifera indica on Staphylococcus
aureus. Afr. ]. Clin. Exp. Microbiol., 14(2): 62—
74. https://doi.org/10.4314/ajcem.v14i2.4

Pandey, D.K., Tripathi, N.N., Tripathi, R.D. and
Dixit, S.N., 1982. Fungitoxic and phytotoxic
properties of the essential oil of Hypris
suaveolens. J. Plant Dis. Prot., 89(6): 344-349

Park, E.J., Cheenpracha, S., Chang, L.C,
Kondratyuk, T.P. and Pezzuto, J.M., 2011.

Inhibition  of  lipopolysaccharide-induced
cyclooxygenase-2 and inducible nitric oxide
synthase expression by 4-[(2'-O-Acetyl-a-
Rhamnosyloxy)] benzyl isothiocyanate from
Moringa oleifera. Nutr. Cancer, 63(6): 971-298.
https://doi.org/10.1080/01635581.2011.5899
60

Rashad, Y.M., Abdalla, S.A. and Sleem, M.M,,
2022. Endophytic = Bacillus subtilis SR22
triggers defense responses in tomato against
Rbizoctonia root rot. Plants, 11: 2051. https://
doi.org/10.3390/plants11152051

Schmiede, K.G., Bochow, H. and Junge, H., 1995.
Biological control of fungal and bacterial
pathogens of potato. Mededelingen faculteit
landbouwkundige en toegepaste biologische
wetenschappen, Univ. Gent., 60(2a): 335-342.

Sehsah, M.D., El-Kot, G.A., EI-Nogoumy, B.A.,
Alorabi, M., El-Shehawi, A.M., Salama, N.H.
and El-Tahan, A.M., 2022. Efficacy of Bacillus
subtilis, Moringa oleifera seeds extract and
potassium bicarbonate on Cercospora leaf spot
on sugar beet. Saudi J. Biol. Sci., 29: 2219-2229.
https://doi.org/10.1016/j.sjbs.2021.11.039

She-Ze, Z., Fan, Z. and Bao-Zhenl, H.S., 2008.
Enhancement of phenylalanine ammonia lyase,
polyphenoloxidase, and peroxidase in cucumber
seedlings by Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae) infestation.
Agric. Sci. China, 7(1): 82-87. https://doi.
0rg/10.1016/51671-2927(08)60025-5

Singh, N., Raina, S., Singh, D., Ghosh, M. and
Heflish, A., 2017. Exploitation of promising
native strains of Bacillus subtiliswith antagonistic
properties against fungal pathogens and their
PGPR characteristics. J. Plant Pathol., 99: 27—
35.

Siripornvisal, S. and Ngamchawee, K., 2010.
Utilization of herbal essential oils as biofumigant
against fungal decay of tomato during
storage. Proceedings 16™ Asian Agricultural
Symposium, Bangkok, Thailand., pp: 655-658.

Slinkard, K. and Singleton, V.L.,1977. Total phenol
analysis: Automation and comparison with
manual methods. Am. J. Enol. Viticult., 28: 49—
55. https://doi.org/10.5344/ajev.1977.28.1.49

Stoll, G., 1988. Protection naturelle des Ve ge”
taux en Zone Tropicale (Natural Protection of
Plants in Tropical Zone). Eds Margraf Verlag.,
CTA, Agrecol.

Tabassum, N. and Vidyasagar, G.M., 2013.

April 2026 | Volume 10 | Issue 2 | Page 199

o9 .
Sols Links
GResearchers


https://doi.org/10.5423/PPJ.2007.23.2.097
https://doi.org/10.5423/PPJ.2007.23.2.097
https://doi.org/10.56093/ijas.v94i9.131712
https://doi.org/10.56093/ijas.v94i9.131712
https://doi.org/10.4236/ijamsc.2016.41002
https://doi.org/10.1007/s11356-015-5826-3
https://doi.org/10.1007/s11356-015-5826-3
https://mcardle.wisc.edu/mstat/index.html
https://mcardle.wisc.edu/mstat/index.html
https://doi.org/10.1016/S0304-4238(97)00078-2
https://doi.org/10.1016/S0304-4238(97)00078-2
https://doi.org/10.4314/ajcem.v14i2.4
https://doi.org/10.1080/01635581.2011.589960
https://doi.org/10.1080/01635581.2011.589960
https://doi.org/10.3390/plants11152051
https://doi.org/10.3390/plants11152051
https://doi.org/10.1016/j.sjbs.2021.11.039
https://doi.org/10.1016/S1671-2927(08)60025-5
https://doi.org/10.1016/S1671-2927(08)60025-5
https://doi.org/10.5344/ajev.1977.28.1.49

OPEN aACCESS

Novel Research in Microbiology Journal

Antifungal investigations on plant essential
oils, A review. Int. J. Pharm. Pharm. Sci., 5(2):
19-28.

Tahmasebi, P, Javadpour, F. and Sahimi, M., 2015.
Three-dimensional stochastic characterization
of shale SEM images. Transport. Porous Media,
110(3). https://doi.org/10.1007/s11242-015-
0570-1

Tuzun, S., Rao, M.N., Vogeli, U., Schardl, C.L. and
Kug, J.A., 1989. Induced systemic resistance to
blue mold: early induction and accumulation
of P-1,3-gluconases, chitinases, and other
pathogenisis-related proteins (b-proteins) in
immunized tobacco. Phytopathology, 79: 979-
983. https://doi.org/10.1094/Phyto-79-979

VanTieghem P.V.,1867.Description d'une nouvelle
espéce d’Aspergillus: A. niger,” in Annales des
sciences naturelles botanique (Paris: Victor
Masson et fils, Place de 1’école de médecine),
pp- 40-244.

Veronese, P., Crino, P., Tucci, M., Colucci, F.,
Yun, DJ., Hasegawa, M.P, Bressan, R.A.

and Saccardo, F., 1999. Pathogenesis-related
proteins for the control of fungal diseases of
tomato. In: Genetics and breeding for crop
quality and resistance proceedings of the
XVEUCARPIA congress, pp. 15-24. https://
doi.org/10.1007/978-94-011-4475-9_2

Vuillemin, P., 1902. Recherches sur les Mucor-

inéers saccharifiantes (Amylomyces). Revue My-
cologique Toulouse, 24: 45-60.

Walters, D., Raynor, L., Mitchell, A., Walker,

R. and Walker, K., 2004. Antifungal
activities of four fatty acids against plant
pathogenic fungi. Mycopathologia,
157(1):  87-90.  https://doi.org/10.1023/
B:MYCO.0000012222.68156.2¢

Wang, X., El-Hadrami, A., Adam, L.R. and Daayf,

F., 2005. Local and distal gene expression of
pr-1 and pr-5 in potato leaves inoculated with
isolates from the old (US-1) and the new (US-
8) genotypes of Phytophthora infestans (Mont.)
de Bary. Environ. Exp. Bot., pp. 1-11. https://
doi.org/10.1016/j.envexpbot.2005.04.006

April 2026 | Volume 10 | Issue 2 | Page 200

o9 .
Sols Links
GResearchers


https://doi.org/10.1007/s11242-015-0570-1
https://doi.org/10.1007/s11242-015-0570-1
https://doi.org/10.1094/Phyto-79-979
https://doi.org/10.1007/978-94-011-4475-9_2
https://doi.org/10.1007/978-94-011-4475-9_2
https://doi.org/10.1023/B:MYCO.0000012222.68156.2c
https://doi.org/10.1023/B:MYCO.0000012222.68156.2c
https://doi.org/10.1016/j.envexpbot.2005.04.006
https://doi.org/10.1016/j.envexpbot.2005.04.006

