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Abstract

Onion basal rot, a serious and persistent disease problem caused by Fusarium proliferatum, results in severe yield
reductions, impacting both quantity and quality of onion worldwide. Fusarium proliferatum penetrates roots
leading to decay and wilting of the onion plant. It is important to manage this disease to minimize its effects. Here,
we investigated the bioactivity of co-culture extract of Aspergillus ochraceus-F. proliferatum (AF) against F.
proliferatum responsible for Fusarium basal rot (FBR) in a greenhouse experiment. The results demonstrated that
the AF co-culture extract treatment reduced the percentage of infected plants to 0% and significantly enhanced all
growth parameters in infected onion plants. Moreover, the treatment with AF co-culture extract performed the
highest values in infected onion plant with total pigments of 3.24 mg/g, carbohydrates of 48.95 mg/g, proteins of
105.23 mg/g, phenolics of 41.64 mg/g, and flavonoids of 8.03 mg/g compared with monocultures extracts and
chemical fungicide treatments, and healthy control plant. This establishes that fungal co-cultures bioagents
represent a promising prospect as substitutes to chemical fungicides beside ameliorating plant growth.
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1. Introduction

Fungi exist in a variety of habitats where
soil, endophytic, epiphytic, and mycorrhizal
fungi possess diverse of functions, and
their primary and secondary metabolites
offered a variety of biological activities
and biotechnological applications
(Mohamed et al., 2021). More than 38% of
the biologically active metabolites were
derived from fungal sources (Higginbotham
etal.,2013). These metabolites encompass
nutraceutical, medical, and biotechnological
polysaccharides, lipids and fatty acids, and
enzymes and peptides (Abdou et al., 2024;
Abdeen et al., 2024; Al Mousa et al.,
2022a,b; Giavasis, 2014; Hassane et al.,
2024; Khalaf et al., 2024; Mohamed et al.,
2022) as well as low molecular weight
secondary products including mainly
phenolic acids, alkaloids, saponins,
flavonoids, and terpenoids (Pimentel et al.,
2011). Fungal secondary metabolites were
proved to exhibit diverse antibacterial,
antifungal, anticancer, antioxidant, and
wound healing properties (Al Mousa et al.,
2022c¢; 2024a,b; Hassane et al., 2022a,b).
On the other hand, fungi display a
substantial role in the production of
different mycotoxins (Abo-Dahab et al.,
2016; Hassane et al., 2017; 2018; Saber et
al., 2016). Culturing the microorganisms
as mono-cultures in normal laboratory
conditions predominatingly fail to unlock
their ultimate metabolic diversity, due to
absence of ecological stimuli indispensable
for inducing biosynthesis gene clusters
(Kwon et al., 2019). Microbial co-culture
represents a powerful tool for inducing
metabolite biosynthesis and enhancing
chemo-diversity. Combining ecological
principles with modern genetic and

biochemical techniques has enabled
researchers to unlock a wealth of bioactive
compounds that may lead to new
therapeutic agents (Selegato and Castro-
Gamboa, 2023). Allium cepa (onion)
represent one of the most important
commercial crops, widely grown in
different countries around the world
(Gebretsadik and Dechassa, 2018), and
known for its valuable nutraceutical and
medicinal properties (Omar et al., 2020).
Onion is extremely exposed to Fusarium
basal rot (FBR), associated with different
species of Fusarium, a major restriction to
onion yields worldwide.  Several
agronomic approaches have been carried
out to control Fusarium basal rot,
comprising solarization, fungicides, soil
fumigation, resistant cultivars, and long
crop rotation (Cramer, 2000). However,
fungicides have adverse effects on people,
animals, and the environment which led to
their limitation in many countries (Aktar et
al., 2009; Fan et al., 2008). Thus, natural
products have been investigated to control
myco-pathogens to underscore the need
for alternative natural, safe, and effective
plant protection agents (Oppong-Danquah
et al., 2020), and to minimize the use of
synthetic fungicides (Rongai et al., 2015).
The present study is an extended
investigation of the interesting Aspergillus-
Fusarium co-culture, profiled using HPLC
and established in vitro promising anti-
Fusarium potency (Abdelrahem et al., 2023).
Herein, assessment of in situ Aspergillus-
Fusarium co-culture impact on onion-
Fusarium basal rot plants parameters was
conducted. Furthermore, these findings
shed light for further study regarding
bioassay-guided fractionation and
commercial applications of these bioagents.
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2. Materials and methods

2.1 Fungal strains and fermentation

Aspergillus ochraceus AUMC15539 with
the registered accession number
(OR346142), and Fusarium proliferatum
AUMCI15541 (OR346141) (Abdelrahem
et al, 2023; 2024) were used in the
present investigation. A large-scale solid-
state fermentation was utilized for the
production of Aspergillus-Fusarium (AF)
co-culture extract in Erlenmeyer flasks of
IL each containing autoclaved 100 g of
rice with 110 mL of distilled water and
autoclaved (Al Mousa ef al., 2021). After
incubation for one month, flasks were
extracted thrice using ethyl acetate
(Mohamed et al., 2021), filtered and then
dried. The yield was determined and kept
for further practices.

2.2 Impact of fungal co-culture extracts in
controlling F. proliferatum pathogenicity
on onion plants in the greenhouse

Greenhouse experiment was carried out
and designed according to Riaz et al.
(2010) protocol. Clean seedling plastic
bags were prepared and filled with a
mixture of sterilized soil: sand (1:3) at a
rate of two kg/bag.

2.3 Artificial infection and treatment with
fungal extracts and fungicide

Fusarium proliferatum inoculum was
cultured on barley-washed sand (1:1 w/w)

and incubated at 28+2 °C for 15 days, then
the inoculum was mixed with sterilized
soil at 2% (w/w). Seedling plastic bags
were watered and left for one week to
establish the fungal inoculum. Fungal co-
culture extracts (1 g/L water) and the
chemical fungicide (Bellis 38%) at a
recommended dose (1 g/L water) were
used as treatments. Onion transplants
(Sabeeni variety) of uniform size,
susceptible to basal rot disease, were
surface sterilized with 1% sodium
hypochlorite and thoroughly washed with
sterilized water. The roots and stems of
onion transplants were soaked in fungal
extracts and chemical fungicide for 15
minutes before transplantation. A set of
onion transplants, not treated with
fungicides or fungal extracts, were
prepared as an infectious witness (infected
control), while another set, without fungal
infection, was prepared as a healthy
witness (healthy control). The pots were
divided into groups according to each
treatment (Hassanein et al., 2010). The
pots were irrigated as it was necessary and
fertilized as recommended.

2.4 Determination of fungal densities

Soil dilution and plate count technique
was followed to determine the total fungal
and F. proliferatum densities in the soil of
the different treatments according to the
method of Johansen et al. (1960). The
plates were examined, the fungal colonies
were counted, and the fungal densities
were calculated.
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2.5 Evaluation parameters

Measurements of several parameters were
performed to estimate the response of the
onion plants to different treatments.
Damage reduction rate (R% of leaves and
root dry weights) was calculated
according to the following equation:

R% = ZHADWR 5 100 6
Where DWA represents the dry weight of
treated plants and DWP represent the dry
weight of infected control.

The influence of the antagonist solely on
the plant (D%) was examined as the

development rate of the dry weight
according to the following equation:
D% = CHADWR 100 )

Where DWA represents the dry weight of
treated plants and DWP represents the dry
weight of healthy plants as described by
Boughalleb-M’hamdi et al. (2018).

Disease incidence and plant mortality
were recorded after 10 weeks of
transplantation (Ajmal et al, 2001)
according to the following equation 3:

Number of infected plants
DI% =
Total number of plants

X 100 3)

2.6 Morphological parameters

Plant height, root length, leaves length,
fresh weights, and dry weights were
determined and recorded (Metwally and
Al-Amri, 2020).

2.7 Determination of photosynthetic
pigments content

The pre-weighed samples of onion tubular
leaf were impregnated in ethanol (20
mL/gram), homogenized wusing a
homogenizer at 1000 rpm for about 5
minutes, and filtered using a cheesecloth.
The obtained extracts were centrifuged at
5000 rpm for 10 min, the supernatants
were separated, and absorbances were
read at 400-700 nm using UV-VIS
spectrophotometer for chlorophyll a at
666 nm, for chlorophyll b at 653 nm, and
for carotenoids at 470 nm. The amounts of

present pigments were calculated
according to the formulas of Lichtenthaler
and Wellburn (1983).

Chlorophylla = 15.65 Asss — 7.340 Aess )
Chlorophyllb =27.05 Ass3 - 11.21 Asss 5)

Carotenoids= 1000 Asro-2.860 (ChLa)-859 (ChLb)/245  (6)

Total pigments = chlorophylla + chlorophyllb + carotenoids ~ (7)

The pigment content was expressed as
mg/g of fresh weight by the following
equation:

__ Chla (pg/mL) x Extract volume (mL)

Chl.a

®)

Fresh weight of sample (g) x 1000

2.8 Determination of biochemical compounds
2.8.1 Estimation of carbohydrates

Anthrone-sulphuric acid method depicted
by Fales (1951) was adopted for
carbohydrates determination, where 100
mg of fresh leaves were soacked in 5 mL
of 2.5 N-HCI, hum for 3 hours in water
bath, followed by sodium carbonate
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neutralization, and then filtered. One mL
of filtrate was mixed with 5 mL of freshly
prepared Anthrone reagent, kept at 90 °C
for 10 minutes, and then tubes were cooled
to room temperature. The absorbance was
measured at 620 nm against a blank and
the amount of carbohydrates was
expressed as glucose equivalent (mg/g)
using a standard curve of glucose.

2.8.2 Determination of protein content

The Lowry method (Lowry, 1951) was
utilized to estimate total protein by
centrifugation of leaf extract (100 mg leaf
samples in 10 mL of sodium phosphate
buffer (pH 7.5)) at 10,000 rpm for 10 min.
0.1 mL of the supernatant was diluted to
1 mL, mixed with 1 mL of reagent C (1
mL of copper sulfate (0.5%) and 50 mL of
sodium carbonate (2 g), 0.4 g of sodium
hydroxide (0.1 mol /L), and 1 g of sodium
potassium tartrate dissolved in 100 mL of
distilled water), and shake for 10 min.
Consequently, 0.1 mL of 50% Folin—
Ciocalteu reagent was added, and samples
were left at room temperature for 30 min.
After that, the absorbance was measured
at 650 nm. The total protein was
expressed as BSA equivalent (mg/g) using
a standard curve of Bovine serum albumin.

2.8.3 Estimation of total phenolic and
flavonoid contents

The total phenolic content of PCE extract
was amounted according to Kupina et al.

(2018). milled onion leaves (0.1 g) were
homogenized in 10 mL of 70% acetone,
then centrifuged at 5000 rpm for 10 min,
and 1 mL of supernatant was mixed with
2.5 mL Folin—Ciocalteu reagent and one
mL sodium carbonate. The mixture was
vortexed, incubated at room temperature
for 30 min in dark. After that, using UV-
visible spectrophotometer, sample
absorbance was measured at 750 nm. The
phenolic content was expressed as gallic
acid equivalent (GAE mg/g) using a
standard curve equation. Meanwhile,
measuring the total flavonoids content
was performed by homogenization of
milled onion leaves (0.1 g) in 10 mL of
80% ethanol, centrifuged at 5000 rpm for
10 min, and 0.5 mL of each extract was
mixed ethanolic solution of AlCI3;.6H-O.
After 10 min, the sample absorbance was
measured at 430 nm (Quettier-Deleu et
al., 2000). The flavonoid content was
expressed as quercetin equivalent (QE
mg/g) using a standard curve equation.

2.9 Statistical analysis

Data were displayed as mean+SE and
demonstrated by analysis of variance
(one-way ANOVA) using the SPSS
software, version 16 (IBM, Armonk, NY,
USA) with multiple comparison tests
(Duncan) as being below the 0.05 level of
significance. Principal component
analysis (PCA) was carried out using the
graphical presentation was obtained using
Origin 2018 software (USA, Origin Lab).
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3. Results

The study comprised the treatment of F.
proliferatum-infected onion transplants,
with Aspergillus-Fusarium co-culture and
their mono-culture extracts along with
commercial fungicide. After that, several
significant parameters were determined
including damage reduction rate, root and
leaf length, fresh and dry weight,
photosynthetic pigments, and biochemical
compounds.

3.1 Determination of the microbial
densities in the soil

The treatment with the AF co-culture
extract presented significant reduction,
superior to mono-cultures, in the total
fungal (11.33 x 10°) and F. proliferatum
(3.67 x 10% counts and exhibited
significant reduction as compared with the
non-infected plants and Bellis (Figure 1).

3.2 Disease incidence and damage rate

The efficacy of AF co-culture and its

monocultures on infected onion plants
showed that extract of AF co-culture
significantly decreased the disease index
(DI) and demonstrated a mean infection
frequency of 0.0% compared to 13.30%
and 6.67% in Bellis treatment and healthy
control, respectively. The damage
reduction rate was maximum for AF
extract (84%), while Bellis treatment
reported a damage reduction rate of 59%.
The extracts’ impact was less noticeable
for Aspergillus mono-culture extract with
values 0f 4%. The AF co-culture exhibited
the highest development rate (D%),
reaching 68% of the total shoot and root
dry weights, thus reflect the best behavior
of AF extract treatment (Figures 2 and 3).
Infected control plants showed 100%
disease incidence, where the bulb was
soft, irregular in shape, and discolored at
the basal plate with a reduction of 50% in
height and 60% in weight compared to the
healthy control. Thus, AF extract offered
sustainable  superiority over  other
treatments.

B Total count ™ F. proliferatum

P e A o e

-:l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'l-'

Healthy Infected A

Treatment

Figure (1): Influence of different treatments on total count of F. proliferatum
and fungi in the onion plants rhizosphere.
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Figure (2): The damage redaction and development rate of the dry leaves and

root weights.
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Figure (3): The influence of fungal extracts of single- and co-cultures, and
Bellis on onion basal rot, disease incidence (%), under greenhouse conditions.

3.3 Growth parameters

Growth parameters included total plant
height (TH), leaf height (LH), root height
(RH), total plant fresh weight (TFW), leaf
fresh weight (LFW), root fresh weight
(RFW), total plant dry weight (TDW),
leaf dry weight (LDW), and root dry

weight (RDW) (Figure 4). The effectiveness
of AF co-culture extract treatment
revealed a significant increase in all
parameters, offering reasonable superiority
over other treatments, for the whole plant,
root, and shoot with TH (59.67 cm), LH
(36.00 cm), RH (23.67 cm), TFW (16.12 g),
LFW (13.05 g), RFW (3.07 g), TDW (4.84
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g), LDW (4.19 g), and RDW (0.35 g). Low treatments with monocultures A and F
effects on plant parameters were found in  extracts compared with healthy control.
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Figure (4): The influence of fungal extracts of single- and co-cultures, and
Bellis on the growth parameters of infected onion plants (A; height, B; fresh
weight, and C; dry weight).

3.4 Photosynthetic pigments content extract treatment, followed by the Bellis
treatment (3.18 mg/g). The AF co-culture

The highest total pigment content (3.24  treatment scored the highest chlorophyll a
mg/g) was noticed with AF co-culture content (1.63 mg/g), followed by the
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healthy control (1.59 mg/g), while the
infected control exhibited the lowest
chlorophyll a content (1.20 mg/g). The
treatment with Bellis led to the higher
chlorophyll b content (1.21 mg/g),
followed by healthy control (1.07 mg/g),
and the AF co-culture treatment (1.00

displayed the lowest chlorophyll b content
(0.80 mg/g). Treatment with AF culture
extract showed the highest carotenoid
content (0.61 mg/g), followed by healthy
control (0.58 mg/g) and Bellis displayed a
moderate level (0.55 mg/g). The infected
control displayed the lowest carotenoid

mg/g), while the infected control content (0.45 mg/g) (Figure 5).
4.0 A B Total pigments B Chlorophyll a
35 D Chlorophyll b O Carotenoids
3.0 1
2.5 1

£20-
£ 15 A
=
8 1.0 4 Be
g BHI-
O 0.5 A : i ;
00 - ﬁ .
Healthy Infected A F
Treatment

Figure (5): Single- and co-cultures extracts impact on total pigments,

chlorophylls a and b, and carotenoids.

3.5 Biochemical compounds

It was worth notable that the AF co-
culture extract demonstrated the highest
efficacy in increasing the total
carbohydrates of onion leaves (48.95
mg/g dry weight). Furthermore, the
protein content of onion leaves was raised
by the treatment with AF extract (105.23
mg/g), while the lowest protein content
was detected in the infected control
treatment (75.00 mg/g) (Figure 6). The
phenolic content of leaves treated with AF
co-culture extract was higher than with
mono-culture extract treatments with a
maximum increase of 41.64 mg/g,

followed by the chemical fungicide and
healthy control (31.45 and 31.93 mg/g,
respectively), meanwhile the infected
control reported the lowest phenolic
content (27 mg/g). Total flavonoids
maximum yield was detected with the AF
extract (8.03 mg/g), followed by the
healthy control (7.85 mg/g). The lowest
flavonoid content was detected in the
infected control (7.15 mg/g) (Figure 6).
Figure (7) revealed a heat map of F.
proliferatum 1infected onion transplants
response to different treatments including
mono- and co-culture extracts and
commercial fungicide regarding soil
microbial densities, disease incidence,
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morphological  growth  parameters,
photosynthetic pigments, and biochemical
compounds. Plots with red color refers to
high response of plant estimated parameters
to various investigated treatments. The AF
co-culture extract recorded the highest
positive impact on Fusarium-infected onion

Concentration

Healthy Infected

B Carbohydrate EProtein OPhenolic

regarding damage reduction, development
rate, plant height, fresh weight, dry weight,
total pigments, carbohydrates, proteins,
phenolic, and flavonoids, while reduction
of total fungal count and F. proliferatum
count reduced significantly with AF co-
culture treatment.

OFlavonoids

Bellis

Treatment

Figure (6): Effect of single- and co-cultures extracts, and Bellis on total
biochemicals contents in infected onion plants.

Extract (AF)

T. C. of total fungi
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Chlorophyll a
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Carotenoids
Carbohydrates
Proteins
Phenolics

Flavonoids
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Extract (F)
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Color index
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Figure (7): A heat map of F. proliferatum infected onion transplants response
to different treatments in greenhouse experiments.
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The principal component analysis
revealed two  components  with
eigenvalues greater than one, with group
factors correlated with fungal and F.
proliferatum  counts, plant weight,
pigments,  carbohydrates,  proteins,
phenolics, and flavonoids. The first factor
accounted for 75.3% and the second factor
was 7.0%. Factor 1 showed a high loading
linked to fungal densities, and dry weight.
Carotenoids, carbohydrates, chl. a,
phenolics, flavonoids, and leaf and root
dry weight possessed strong positive
loadings, while dry weight, chl. b, and

total proteins had a negative correlation.
Components with factor 2 high loadings
comprised fungal counts. PC1, accounting
for a significant portion of the variance in
the indices of microbial densities, dry
weight, and photosynthetic pigments, was
influenced by monoculture and co-culture
extracts (Figure 8). On the other hand, AF
co-culture, Bellis treatment, and healthy
control were substantially linked with
growth  parameters,  photosynthetic
pigments, and phytochemical constituents;
these clusters were illustrated by the PCI
and PC2 high positive values.

[ & A & F AF _*  Bellis HC ™ Ic‘l
40 I I I I
T. count |
Chl.
il Car. *
-
20 1
T. pig.
- R. ]
c\c Carb.
= i Ph.
To 1y A
ol
@] g
] Pro.
=
=20 L
-40 T T T T T T T T
-10 -8 -6 -4 -2 0 2 4 6 8 10
PC1 (75.3%)

Figure (7): PCA score plot of the data set derived from diverse treatments on
investigated parameters in greenhouse artificially infected onion plants.

4. Discussion

The co-culturing of two fungal species has

been an efficient approach to induce the
accumulation of new bioactive secondary
metabolites (Marmann et al., 2014). Co-
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cultivation with endophytic fungi can
avoid Dbiotic stress antagonistically
through direct or indirect methods
(Shinwari et al., 2019), where direct
antagonism relates to the biosynthesis of
special metabolites enabling the decline of
the phytopathogen population
surrounding the host plant, while the
indirect mechanism aids crop resistance
improvement against phytopathogens
(Pundir and Jain, 2015). Our study
concerned to evaluate the potency of
Aspergillus-Fusarium co-culture along
with Aspergillus and Fusarium axenic
cultures  extracts to monitor F.
proliferatum-causing onion basal rot
experimentally in a greenhouse. The
results established that the AF co-culture
extract exerted significant reduction in
onion FBR incidence as well as improving
growth parameters of infected onion. The
AF co-culture extract decreased the total
fungal and F. proliferatum counts and
reduced the percentage of infected plants
to 0% compared to Bellis treatment
(13.30%) and healthy control (6.67%),
thus proves a strong suppression
efficiency of AF co-culture extract against
F. proliferatum. Biological control agents
can be helpful in decreasing the soil
inoculum potential of soilborne pathogens
and therefore improve soil health and
overall health of plants (Joshua and
Mmbaga, 2020). Ghanbarzadeh et al.
(2014) reported that fungi inhibit
Fusarium proliferatum growth not only
through rapid proliferation but also via
bioactive compounds production.
Aspergillus ochraceus has intermediate

antifungal effects against various fungi,
including A. alternata, B. cinerea, F.
oxysporum, and F. solani (Morales-
Sanchez et al., 2021). Karim et al. (2022)
proved that mixed fermentation of
Aspergillus tubingensis and Trichoderma
asperellum suppressed F. oxysporum,
while Reis et al. (2020) indicated that
Aspergillus flavus outcompetes Fusarium
verticillioides in maize. Regarding onion
growth parameters, the infected onion
plants treated with AF co-culture revealed
significant amelioration in all growth
parameters with values higher than
monocultures extracts and the healthy
control. In addition, photosynthetic
pigments were enhanced by AF co-culture
extract treatment assuring the co-culture
efficiency in boosting plant vitality and
development. The AF  co-culture
treatment resulted in increasing the total
carbohydrates of onion leaves (48.95
mg/g dry weight), protein content (105.23
mg/g), phenolic content (41.64 GAE
mg/g), and flavonoids (8.03 QE mg/g)
over other treatments. Endophytic
aspergilli are promising reservoirs for
bioactive compounds (Sharaf et al.,
2022). The utilization of endophytic
Aspergillus on infected plants led to a
noteworthy augmentation in the levels of
photosynthetic pigments, total proteins,
total carbohydrates, and total phenols
when compared with the infected control
plants that were not treated (Attia et al.,
2024). Plant and fungal extracts have been
shown to be effective in many plants at
inducing systemic resistance, reducing
disease incidence, and improving plant
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growth and production (Hussein et al.,
2018). Principal component analysis
revealed that the AF co-culture extract
treatment was substantially correlated
with growth parameters, photosynthetic
pigments, and phytochemical
constituents. The PCA is a statistical
factorial analysis method permits the
reduction of a set of unrelated variables
into a smaller number of dimensions
(Pessel and Balmat, 2008). The
dimensions of the data space exceed the
number of characteristic variables
necessary to describe these data as there
are correlations between the descriptive
variables of data distribution. The higher
the correlations between data descriptive
variables, the smaller the number of useful
characteristic ~ variables  for  their
representation (Konishi ez al., 2015).

5. Conclusion

The co-culture of A. ochraceus and F.
proliferatum successfully enhanced the
potent antifungal activities against F.
proliferatum, making it a promising
candidate for biocontrol applications. The
significant improvements in antifungal
efficacy, phytochemical content, and
plant growth parameters demonstrated the
potential of co-culture extracts as natural
alternatives to conventional fungicides.
Further research and development could
lead to the commercialization of these
extracts, providing sustainable and eco-
friendly  solutions for  managing
phytopathogenic fungi in agricultural
settings.
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