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1 | INTRODUCTION

Field bindweed (Convolvulus arvensis L.) is a highly com-
petitive and invasive perennial weed that can persist in
any type of agricultural soil (Zhang et al., 2016). This
species has been described as one of the most noxious
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Abstract

Field bindweed (Convolvulus arvensis L.) has been described as one of the most
noxious weeds in agricultural soils worldwide. Furthermore, its control by con-
ventional herbicides can promote the emergence of resistant biotypes as well
as negatively affect human health and the environment. An ecological alterna-
tive for weed management is the use of phytopathogenic fungi. In this study,
68 fungal strains were isolated from C. arvensis leaves exhibiting symptoms of
fungal disease. Seven isolates were confirmed as pathogenic to C. arvensis in a
detached leaf assay. Filtered cell-free cultures (FCFC) of these seven isolates
were then evaluated. FCFC of TV1 and ET4 showed the best results, inhibiting
seedling dry weight by up to 48% in vivo and shoot dry weight up to 35% in
growth chamber assays. Phytopathogenic evaluation of both isolates showed
disease severity >67%, and an ability to inhibit root dry weight by up to 80%.
Inhibitory effects were not observed on chickpea, bean, sorghum, maize, or
tomato plants, suggesting pathogenic specificity of TV1 and ET4 to field bind-
weed. Molecular identification revealed a high similarity of TV1 (100% iden-
tity) with Macrophomina phaseolina, and a high similarity of ET4 with
Alternaria alternata (99.8% identity). To the best of our knowledge, this is the
first report of M. phaseolina showing pathogenicity against field bindweed
worldwide, and the first report for A. alternata in Mexico. The results reveal
that these fungi and/or their FCFC have the potential to be used as bioherbici-
dal agents against C. arvensis.
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weeds in the world (Pfirter et al., 1997), and it is among
the most problematic species found in agricultural
soils in Mexico (Espinosa-Garcia & Villasefior, 2017).
Convolvulus arvensis can reduce crop yields up to 50% by
competing for water, nutrients, and space, as well as
releasing allelopathic substances; it can also serve as a
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reservoir for potentially pathogenic organisms and
interfere with harvest procedures (Boss et al., 2007;
Moura et al., 2020). Its root system can extend up to 6 m
in diameter and 9 m deep (Pfirter et al., 1997), and it can
produce 1 x 10° seeds per hectare, which survive up to
30 years in the soil (Timmons, 1949). These characteris-
tics make it difficult to control by mechanical and chemi-
cal methods, and the inappropriate use of the latter can
affect nontarget plants including crops of interest
(Ibrahim & Tawfik, 2019). Chemical methods can also
favor the appearance of resistant biotypes, as well as neg-
atively affect the environment and human health
(Harding & Raizada, 2015; Huang et al., 2019).

Due to the limitations of conventional methods, it
may be necessary to develop alternative tools for weed
control, such as biological products based on microorgan-
isms (Reichert Janior et al., 2019). Among biological
agents, fungi are the most used, as they do not require a
diffusion vector (Hershenhorn et al., 2016), and they are
able to produce metabolites with bioherbicidal capacity
(Ibrahim & Tawfik, 2019). Furthermore, they may have
less of an environmental impact, which can minimize
risks to human and animal health, and they have greater
specificity than chemical methods (Harding &
Raizada, 2015; Ibrahim & Tawfik, 2019). Therefore, the
objective of this study was to isolate fungal strains from
C. arvensis leaves, and to evaluate their bioherbicide
potential on this weed.

2 | MATERIALS AND METHODS

2.1 | Isolation of phytopathogenic fungi

Fungi were isolated from C. arvensis plants with
symptoms of foliar infection. Samples were stored in plas-
tic bags and kept at 4°C during transport to the labora-
tory (Reichert Junior et al., 2019). Selected symptomatic
leaves were disinfected according to Kant et al. (2020)
with some modifications. Leaves were immersed in 1%
sodium hypochlorite (NaOCl) solution for 40 s, followed
by washing in sterile distilled water (SDW) for 1 min.
Leaves were then transferred to 30% ethanol solution for
40 s followed by three washes with SDW. Next, leaves
were placed with their adaxial surface up in wet cham-
bers made of Petri dishes containing filter paper moist-
ened with SDW, and incubated at 25°C for 7 days to
allow fungal development. After this, the fungi were sub-
cultured three times using the hyphal fragment method
(Leyronas et al., 2012) in Petri dishes with potato dex-
trose agar (PDA) (BD Bioxon®, Cat. No. 211900) medium
in order to obtain pure cultures (Souza et al., 2017). Pure
cultures were transferred to inclined test tubes containing
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5 mL of PDA medium and grown at 25°C for 7 days, cov-
ered with 7 mL of sterile mineral oil and stored at room
temperature.

2.2 | Bioherbicidal effect of fungi in vivo

The bioherbicide potential of the isolates was evaluated
using a detached leaf assay. Leaves of C. arvensis were
superficially disinfected using the methodology described
above. Subsequently, petioles were covered with a cotton
pad moistened with SDW, placed in Petri dishes, and
inoculated at the adaxial surface of the leaf with a PDA
disc (0.5 cm in diameter) of a 7-day old fungal isolate,
using sterile PDA discs as controls (Zhang et al., 2016).
The experiment was kept at 25°C for 7 days, after which
foliar necrosis was evaluated (Foolad et al., 2000). Isolates
showing complete colonization and necrosis of the whole
leaf blade width were selected. To evaluate each isolate,
three replicates with two leaves per replicate were used,
and the tests were performed twice at two different times.

2.3 | Bioherbicidal effect of FCFC in vivo

23.1 | FCFC production

FCFC were produced according to Ibrahim and Tawfik
(2019) with some modifications. Erlenmeyer flasks
(500 mL) containing 200 mL of potato dextrose broth
(PDB) (BD Difco™, Cat. No. 254920) were inoculated
with six discs (0.5 cm in diameter) of 7-day old fungal col-
onies. Subsequently, the flasks were incubated at 30°C
and 150 rpm for 15 days. Cultures were then centrifuged
at 3350g for 10 min to separate cells, and the supernatant
was finally filtered through a 0.45-pm nitrocellulose
membrane to obtain the sterile FCFC.

2.3.2 | Bioherbicidal effect of FCFC

Seeds of C. arvensis and the crop plants chickpea (Cicer
arietinum), common bean (Phaseolus vulgaris), sorghum
(Sorghum bicolor), and corn (Zea mays) were disinfected
according to Meena et al. (2016), with some modifica-
tions. The seeds were immersed in a 1% NaOCI solution
for 5 min, followed by an SDW wash for 1 min. Subse-
quently, 30% ethanol was added for 3 min, and the seeds
were finally washed three times with SDW. Seeds were
transferred to a Petri dish with sterile absorbent paper
and inoculated with 5 mL of FCFC of each selected iso-
late. The plates were incubated in the dark at 25°C for
7 days. Subsequently, germination percentage, seedling
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length and dry weight data were collected. The test was
repeated twice with three replicates per treatment and
20 seeds per replicate. Isolates that had the greatest bio-
herbicidal effect on weeds without affecting the crops
were selected.

2.4 | Bioherbicidal effect of fungi in the
growth chamber

2.4.1 | Plant growth conditions

Convolvulus arvensis, chickpea, common bean, sorghum,
corn, as well as tomato (Solanum lycopersicum) seeds,
were disinfected and sown 3 cm deep in polystyrene ger-
mination trays (3.175 cm x 3.175 cm X 6.35 cm) contain-
ing a mixture of sand/vermiculite substrate (1:2 v/v;
sterilized by autoclaving at 121°C and 15 PSI for 1h,
repeated for three consecutive days and stored at room
temperature for at least 1 day before use). Trays were
placed in a growth chamber (Luceren®, Model RTOP-
1000D) at 60% relative humidity with a 16-h light and 8-h
dark photoperiod at 28 and 16°C, respectively. Plants
were irrigated with SDW every third day and fertilized
once per week with Hoagland's solution (Hoagland &
Arnon, 1950).

2.4.2 | Bioherbicide effect of fungi isolates

C. arvensis plants in the developmental stage with three
true leaves and 20-day old plants of chickpea, common
bean, sorghum, corn and tomato received wounds on all
true leaves by puncturing them with a sterile needle to
favor infection. Fungal inoculum was produced by grow-
ing in PDB medium each isolate, producing different fun-
gal structures: M. phaseolina produced microsclerotia
and mycelium and A. alternata conidia and mycelium.
Colony forming units (CFU) per mL was quantitated per
each isolate in order to count the infective units present
in each inoculum. Plants were individually sprayed with
the isolates selected in vivo using 1 mL of fungal struc-
tures suspended in 0.1% Tween 20 (Azumex®) at a con-
centration of 1 x 10° CFU mL ™}, with SDW used as a
control. Once inoculated, plants were covered with clear
polyethylene bags for 48 h to retain moisture. The growth
chamber trays were kept for 21 days for C. arvensis and
15days for crop plants under the aforementioned
conditions.

The severity of disease caused by pathogens was ana-
lyzed by calculating the Disease Severity Index (DSI)
using Equation (1) (Townsend & Heuberger, 1943), based
on the scale proposed by Razaghi and Zafari (2017).

This scale consists of five levels, where 0 = no symptoms,
1=1ess than 10% of the plant surface is covered
by lesions, 2 = 10%-25% coverage, 3 = 25%-50% cover-

age, 4 =50%-75% coverage, and 5= 75%-100%
coverage, resulting in the total death of the plant.

nxv)

_ 2
DSI% == x 100, (1)

where n = number of plants in each scale; v = scale
value; z = highest scale value; and N = total number of
plants.

Bioassays were performed twice independently using
a completely randomized design with 10 plants per repli-
cate and six replicates per treatment. In addition, disease
incidence, plant length, and biomass were measured. To
comply with Koch's postulates, fungi were isolated from
symptomatic C. arvensis plants from the bioassay,
and their identity was confirmed based on morphological
traits and molecular identification (Abdessemed,
Kerroum, Bahet, Talbi, & Zermane, 2019).

2.5 | Effect of FCFC in the growth
chamber

Seeds of C. arvensis, chickpea, common bean, sorghum,
corn, and tomato crops were disinfected and planted in
polystyrene germination trays, following the plant
growth conditions described above. Next, 6 mL of FCFC
from each isolate selected in the in vivo assays were
added to each cell, with PDB medium used as a control.
The trays were placed in a growth chamber under the
aforementioned conditions, and the plants were watered
with distilled water every third day and fertilized once
per week with Hoagland's solution (Hoagland &
Arnon, 1950). Fifteen days after inoculation (DAI), the
germination percentage, seedling length, and biomass
data were collected. The bioassays were performed twice,
using a completely randomized design with one seed per
cell, six cells per replicate, and three replicates per treat-
ment (Verdugo-Navarrete et al., 2021).

2.6 | Molecular identification

2.6.1 | DNA extraction

Fungal isolates were grown for 7 days in PDA medium,
after which 10 mg of fungal mycelium or 50 mg of
C. arvensis leaf tissue were collected for DNA extraction.
DNA was extracted using DNAzol (Research Center Inc.,
Cat. No. DN 127) following the manufacturer's



specifications. The quality of the DNA was monitored in a
NanoDrop 2000c spectrophotometer (Thermo Scientific),
and by visualization using agarose gel electrophoresis.

2.6.2 | DNA amplification and sequencing
The selected isolates and the initially unknown C. arvensis
weed were identified by sequencing the ITS rDNA region,
using the oligonucleotides ITS1 (5-TCCGTAGGTGAA-
CCTGCGG-3') and IT$4 (5'-TCCTCCGCTTATTGATATGC-3')
(White et al, 1990). Similarly, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and translation elongation
factor 1-o (TEF1-a) were identified using the primer
pairs gpdl (5-CAACGGCTTCGGTCGCATTG-3) and gpd2
(5-GCCAAGCAGTTGGTTGTGC-3') (Berbee et al., 1999),
and EF1-728F (5-CATCGAGAAGTTCGAGAAGG-3')
and EF1-986R (5-TACTTGAAGGAACCCTTACC-3')
(Carbone & Kohn, 1999), respectively. The PCR mix
contained 1 pL (50-100 ng) of DNA template, 1X of
reaction buffer, 1.5 mM of MgCl,, 0.4 mM of each
primer, 500 pM of deoxynucleotide triphosphate
(dNTP) (Sigma-Aldrich, Cat. No. U1240, Madison, WI)
and 1.25 U of GoTaq DNA polymerase (Promega, Cat.
No. M8295, Madison, WI) in a total volume of 25 puL.
The PCR was performed using a thermal cycler
(Labnet, Cat. No. TC9600-G). The conditions to amplify
the ITS rDNA region consisted of an initial denatur-
ation step with one cycle of 94°C for 3 min, followed by
35 cycles of 94°C for 30 s, 60°C for 30 s, 72°C for 1 min,
and a final extension step of 72°C for 5 min. The condi-
tions for GAPDH amplification consisted of an initial
denaturation step of 95°C for 2 min, followed by
35 cycles of 95°C for 1 min, 52°C for 1 min, 72°C for
45 s, and a final extension of 72°C for 10 min. For TEF1-«,
an initial denaturation temperature of 94°C for 5 min was
used, followed by 35 cycles of 94°C for 30 s, 55°C for 30 s,
72°C for 1 min, and a final extension of 72°C for 5 min.
The amplified products were purified using the commercial
QIAquick® PCR Purification Kit (QIAGEN, Cat. No. 28106,
Hilden, Germany) according to the manufacturer's specifi-
cations. The PCR products were sequenced bidirectionally
at the National Genomics and Biodiversity Laboratory
(LANGEBIO, Irapuato, Mexico). Sequences were edited in
the Bio Edit program and compared to sequences in the
NCBI (National Center for Biotechnology Information)
website using the BLAST-N software.

2.7 | Statistical analysis

The data of germination percentage, incidence and DSI
were arcsine-transformed. All results were subjected to
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analysis of variance (ANOVA) and Tukey's test (p < .05).
Statistical differences between treatments and controls in
the different cultures were calculated using Student's
t-test. Data were analyzed using the SPSS software (IBM
SPSS Statistics for Windows, version 25.0. IBM, Armonk,
New York, NY).

3 | RESULTS
3.1 | Isolation and purification of
phytopathogenic fungi

A total of 68 fungal isolates were obtained from
30 C. arvensis plant samples with symptoms of fungal
diseases. The plants were collected from chickpea,
bean and corn crop fields in the northern region of the
State of Sinaloa, Mexico, from December 2019 to
March 2020.

3.2 | Evaluation of phytopathogenic
fungi in vivo

Leaves treated with the isolates GU18, TV17, TV22,
ET4, EN9, N8, and TV1 showed serious symptoms
of disease in two independent experiments. The
symptomatology consisted of the presence of brown
necrotic spots and chlorosis, as well as the complete
mycelial colonization of the leaf blade width 7 DAI
(Figure 1).

3.3 | Effect of FCFC in vivo

Once the detached leaf assay was performed, isolates
GU18, TV1, TV17, TV22, ET4, EN9, and N8 were selected
to measure the effect of FCFC on the development of
C. arvensis seedlings.

The filtrates showed inhibition of C. arvensis seedling
development, although no effect on germination was
observed with any of the isolates (Figure 2 and Table 1).
The FCFC of TV1, TV22, ET4, and EN9 inhibited seed-
ling length by 87%, 81%, 80%, and 82%, respectively.
These filtrates also showed a decrease in C. arvensis dry
weight by 48%, 42%, 47%, and 40%, respectively (Table 1).

The in vivo assay of FCFC in chickpea, sorghum,
common bean, and corn showed that isolate GU18
affected length and dry weight in chickpea, bean and
corn seedlings, but not in sorghum. While TV1 filtrate
did not inhibit the development of any of the crops, iso-
late TV17 affected chickpea, bean and corn seedling
length, in addition to corn biomass. TV22 affected the
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FIGURE 1
potato dextrose agar disc without fungus.

Effect of fungal isolates on Convolvulus arvensis leaves in vivo 7 days after inoculation. Control refers to the addition of a

FIGURE 2

Effect of filtered cell-free cultures from fungal isolates on Convolvulus arvensis seed germination and seedling development

in vivo at 7 days after inoculation. Control refers to a potato dextrose broth treatment without fungal filtered cell-free cultures. Scale

bar = 2 cm.

length and dry weight of sorghum, and length develop-
ment in chickpea and bean, in addition to decreasing
corn biomass. ET4 filtrate caused a decrease in the length
of bean and corn plants, without affecting the develop-
ment of chickpea and sorghum. EN9 and N8 filtrates
caused a decrease in the length of chickpea and bean
plants, without affecting the development of sorghum,

although they did affect corn biomass (Table S1).
The effect of FCFC in vivo on C. arvensis and crop plants
was consistently observed in the two independent
experiments.

Due to their capacity to inhibit C. arvensis in vivo,
strains TV1 and ET4 were selected to conduct tests in a
growth chamber.



Isolate Length (cm) Dry weight (mg)
GU18 3.30 + 0.09¢ 5.21 + 0.24°

TV1 1.16 + 0.03 3.62 + 0.04*

V17 2.66 + 0.11° 5.67 + 0.09°
TV22 1.69 + 0.04° 4.06 + 0.06"

ET4 1.74 + 0.07° 3.74 + 0.21%°

EN9 1.55 + 0.11° 418 +0.17°

N8 512 + 0.15° 5.40 + 0.26°
Control 8.85 + 0.26 7.02 + 0.14¢

SOTELO-CERON ET AL.

TABLE 1 Effect of filtered cell-free
cultures on the development and
germination of Convolvulus arvensis

Germination (%)
96.67 + 5.77%
91.67 + 2.88*
95.00 + 8.66"
95.00 + 8.66*
80.00 + 10.00*
95.00 + 8.66*

100.00 + 0.00*
90.00 + 10.00%

seedlings in vivo.

Note: Data followed by different superscript letters in a column differ significantly (p < .05). Control refers

to the treatment with potato dextrose broth.

3.4 | Plant pathogenicity test
C. arvensis plants inoculated with isolates TV1 and ET4
showed a disease incidence of 100%. Necrotic spots and
chlorosis in cotyledons were visible 3 to 4 DAI,
and symptomatic areas expanded into true leaves and
stems 5 to 6 DAL Disease development resulted in partial
colonization of treated and emerging shoots (Figure 3 and
Figure S1), resulting in DSI values of 88% and 67% for TV1
and ET4, respectively (Table 2). The inoculated pathogens
were re-isolated to accomplish Koch's postulates and their
identity was confirmed by morphological and molecular
methods, thus finding similarity with the original isolates.
Isolate TV1 significantly inhibited C. arvensis root
length during its development by 46% in comparison to the
control. Isolates TV1 and ET4 inhibited shoot length by
57% and 49%, respectively, and decreased root dry weight
by 80% and 58%. The highest inhibition of shoot dry weight
was observed with isolate TV1 (64%) followed by treatment
with ET4 (51%), as compared to the control (Table 2).
Isolates TV1 and ET4 did not exhibit any disease
symptoms or negative effects on the development of
chickpea, bean, sorghum, corn, or tomato plants
(Table S2 and Figure S2). The effect of these isolates was
consistent in the two independent experiments.

3.5 | Evaluation of FCFC in the growth
chamber

The filtrates of strains TV1 and ET4 induced a decrease in
the development of C. arvensis seedlings (Figure 4 and
Figure S3), with root length inhibition ranging from 21% to
26% and shoot inhibition ranging from 63% to 69%
(Table 3). No difference in dry weight was observed between
treatments and control in the roots; however, shoot

FIGURE 3

Effect of fungal isolates TV1 and ET4 on
Convolvulus arvensis plants 21 days after inoculation. Control

refers to treatment with sterile distilled water. Scale bar = 2 cm.
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TABLE 2 Effect of phytopathogenic fungi on Convolvulus arvensis development, incidence, and disease severity in the growth chamber.
Length (cm) Dry weight (mg)
Isolate Root Shoot Root Shoot Incidence (%) DSI (%)
TV1 4.89 + 1.00* 16.93 + 2.02* 3.20 + 0.93* 16.83 + 2.81° 100.00 + 0.00" 88.00 + 5.66°
ET4 7.20 + 0.82° 19.93 + 1.54% 6.70 + 0.90* 23.15 + 2.19° 100.00 =+ 0.00° 67.00 + 11.49°
Control 9.05 +1.52° 39.02 + 1.52° 16.07 + 4.49 47.38 + 4.46° 0.00 + 0.00° 0.00 + 0.00°

Note: Data followed by different superscript letters in a column differ significantly (p < .05). Control refers to the treatment with sterile distilled water.

Abbreviation: DSI, Disease Severity Index.

FIGURE 4  Effect of filtered cell-free cultures from TV1 and
ET4 isolates on the germination and development of Convolvulus
arvensis 15 days after inoculation. Control refers to a potato
dextrose broth treatment without fungal filtered cell-free cultures.
Scale bar = 2 cm.

inhibition ranged from 30% to 35% (Table 3). As in the
in vivo results, no germination inhibition was observed
(Table 3).

The filtrates did not affect the development of chick-
pea, bean, sorghum, corn, or tomato plants (Table S3 and
Figure S4). The effect of FCFC in the growth chamber on
C. arvensis and crop plants was consistent in the two
independent experiments.

3.6 | Molecular identification

The PCR of the ITS region of isolates GU18, TV1, TV17,
TV22, ET4, EN9, N8, and C. arvensis yielded products of
~650 bp. The sequences obtained were compared with
those reported in the database of the National Center for
Biotechnology Information (NCBI). According to the

BLAST-N results (100% identity, 100% coverage, and
value E = 0), the isolates belong to the genera Macropho-
mina (TV1), Alternaria (TV17, TV22, ET4, and EN9), and
Fusarium (GU18 and NB8). Initially unknown, the weed
was identified as C. arvensis (100% identity, 100% cover-
age, and value E = 0). The obtained ITS sequence of C.
arvensis was registered in the GenBank under the acces-
sion number OP286632.

Isolate TV1 was identified at the species level by
amplification and sequencing of the TEFl-a gene
(350 bp), while isolate ET4 was identified by amplifica-
tion and sequencing of the GAPDH gene (600 bp). TV1
sequences showed and an E value =0, 100% identity, and
99% coverage with M. phaseolina, while ET4 sequences
showed an E value = 0, 99.8% identity, and 100% cover-
age with Alternaria alternata. Both sequences, EF1-a of
isolate TV1 and GAPDH of isolate ET4, were registered
in the GenBank under the accession numbers OP296502
and OP296501, respectively.

4 | DISCUSSION

The objective of this work was to obtain fungal isolates
capable of inhibiting the development of the weed
C. arvensis. Isolates TV1 (M. phaseolina) and ET4
(A. alternata) and their FCFC were selected for their bio-
herbicidal effect.

Although biological control of C. arvensis by phyto-
pathogenic fungi has already been reported (El-Sayed &
Hurle, 2001; Ibrahim & Tawfik, 2019; Pfirter et al., 1997),
there are no reports of M. phaseolina phytopathogenicity
on C. arvensis. In this study, the phytotoxic effect of
M. phaseolina on the host plant could be related to the
production of cell wall hydrolytic enzymes (Marquez
et al., 2021), which could support the entry of the biologi-
cal agent or phytotoxins produced by it (Ghorbani
et al.,, 2005; Harding & Raizada, 2015; Reichert Junior
et al, 2019). Such phytotoxins include phaseolinon,
botryodiplodin, and patulin, which have been reported to
play an important role in the initial stage of infection in
M. phaseolina, causing wilting of seedlings and necrotic



TABLE 3
Length (cm)
Isolate Root Shoot
V1 4.02 + 0.35 3.82 + 0.39*
ET4 4.27 + 0.30° 3.24 + 0.16*
Control 5.40 + 0.05° 10.37 + 0.04°

SOTELO-CERON ET AL.

Effect of filtered cell-free cultures on development and germination of Convolvulus arvensis seedlings in the growth chamber.

Dry weight (mg)

Root Shoot Germination (%)
3.48 +0.39° 8.36 + 0.39% 83.33 + 28.87%
3.31 + 0.45% 9.05 + 0.48" 72.22 +19.24*
3.32 + 0.40° 12.90 + 0.40° 94.44 + 9.62*

Note: Data followed by different superscript letters in a column differ significantly (p < .05). Control refers to treatment with potato dextrose broth.

lesions on leaves and roots (Abbas et al., 2020;
Bhattacharya et al., 1987; Marquez et al., 2021; Salvatore
et al., 2020).

C. arvensis can be naturally infected by A. alternata
(Abdessemed et al., 2021), as is the case for isolate ET4.
Alternaria species have been evaluated for their potential
as mycoherbicides against weeds such as Parthenium
hysterophorus (Abdessemed et al., 2020; Saxena &
Kumar, 2007, 2010), Xanthium strumarium (Abdessemed
et al, 2020; Abdessemed, Kerroum, Bahet, & Zermane,
2019), Parthenium sp. (Meena et al., 2016), and Amaranthus
retroflexus (Ghorbani et al., 2000; Lawrie et al., 2000, 2001;
Lawrie et al., 2002; Qiang et al., 2006).

The bioherbicidal effect of A. alternata could be due to
its ability to produce tenuazonic acid. This phytotoxin is
produced by members of the Alternaria genus (Chen &
Qiang, 2017; Ismaiel & Papenbrock, 2015) and has the
potential to inhibit the activity of p-hydroxyphenylpyru-
vate dioxygenase (Meazza et al., 2002), affecting shoot and
root elongation of seedlings (Chen & Qiang, 2017; Marfori
et al., 2003; Tylkowska et al., 2003; Zonno & Vurro, 1999).
Furthermore, tenuazonic acid can interrupt the electron
transport of photosystem II (PSII) (Chen & Qiang, 2017),
which favors the formation of reactive oxygen species
(ROS) (Apel & Hirt, 2004; Laloi et al., 2004), causing cell
destruction and leaf necrosis (Chen & Qiang, 2017,
Wan et al., 2001).

In the present study, the application of isolates TV1
and ET4, as well as their filtrates, decreased the develop-
ment of C. arvensis without affecting chickpea, bean, sor-
ghum, corn, or tomato (a crop close to Convolvulaceae
family), which demonstrates their potential as bioherbici-
dal agents. The specificity of mycoherbicides has already
been observed in A. alternata (Abdessemed et al., 2020;
Babu et al., 2003; Kotan et al., 2013; Siddiqui et al., 2010),
which may be attributable to specific host toxins derived
from some fungi (Abdessemed et al., 2020; Meena &
Samal, 2019; Tsuge et al., 2013), in combination with
phytohormones produced by these microorganisms that
could have inhibitory or growth-promoting effects
depending on the metabolite (i.e., toxin/phytohormone)
concentration, of the species plant, the physicochemical

characteristics of the soil, the presence of other microor-
ganisms, and so forth (Nehl et al., 1997; Sindhu
et al., 2018; Verdugo-Navarrete et al., 2021).

The growth inhibition of C. arvensis caused by the
TV1 and ET4 filtrates was lower in the growth chamber
assays than in the in vivo tests. Indeed, the metabolites
produced by these isolates may have a short half-life (Li
et al.,, 2003). It is also possible that periodic watering
diluted the filtrates, lowering the inhibitory effect of the
filtrates. This phenomenon was previously reported by
Zhou et al. (2019), who found that the effect of the sec-
ondary metabolites of A. alternata in the plant is greater
when their concentration increases.

The level of disease and weed inhibition by phyto-
pathogenic fungi could be increased by combining the fil-
trates and/or pathogens (Abdessemed et al., 2021). While
a bioherbicide is not expected to show the same effect on
plants as synthetic herbicides, bioherbicides can provide
a competitive advantage for crop seedlings through weed
infection and seedling growth retardation (Souza
et al., 2017). In order to improve the bioherbicidal effect,
formulations and integrated management approaches
must be developed. Importantly, bioherbicide develop-
ment may contribute to improving sustainable agricul-
ture practices (Boyetchko et al., 2002; Meena et al., 2016;
Pfirter et al., 1997).

Although A. alternata has been shown to act as a
pathogen of C. arvensis in other countries, this is the first
report to describe this interaction in Mexico. This is also
the first report of M. phaseolina showing pathogenicity
against C. arvensis anywhere in the world, to the best of
our knowledge. The fungal isolates and FCFC of TV1
(M. phaseolina) and ET4 (A. alternata) were selected out
of 68 strains for their in vivo bioherbicidal effect. In
growth chamber assays, these isolates inhibited
C. arvensis development, without affecting the develop-
ment of crops of agricultural interest. Since the metabo-
lites present in FCFC should be important for their
phytotoxicity effects, it is possible to visualize a manage-
ment strategy involving the combination of filtrates
and/or fungal agents as well as their formulations in
order to maximize the bioherbicidal effect. Further
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assessments should be carried out under greenhouse and
open field conditions to confirm C. arvensis control. It is also
advisable to expand testing on various crops of interest to
confirm the absence of negative effects on plant development
and to validate the specificity of the selected isolates. Finally,
future studies should aim to conduct metabolomic studies to
elucidate the possible compounds involved in the bioherbici-
dal mechanisms used by TV1 and ET4 on C. arvensis.
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