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Abstract

Northern corn leaf blight (NCLB), caused by the hemibiotrophic fungus Exserohilum turcicum, is a
major foliar disease of maize worldwide. Reducing dependence on chemical fungicides requires the
development of sustainable strategies to manage foliar diseases in economically important crops. As
an eco-friendly alternative, we evaluated a biocontrol agent previously isolated in our laboratory
(Bacillus velezensis EM-A8; GenBank accession number OL704805) and investigated its effects on
maize under both greenhouse and field conditions. The aims of this study were: (i) characterize
phytohormone production in two different formulations containing the biocontrol agent; (ii) assess
the influence of the bacterium on plant biomass and yield; (iii) compare the efficacy of the two
formulations in controlling NCLB under field conditions; and (iv) determine whether the
formulations affected salicylic acid and phenolic compound levels in maize tissues. Our results
showed that B. velezensis EM-AS8 synthesized a broad spectrum of phytohormones, including salicylic
acid, indoleacetic acid, indolebutyric acid, jasmonic acid, abscisic acid and gibberellic acid, as well as
cytokinins such as kinetin, zeatin, and 6-benzylaminopurine. Foliar application of the bacterium
increased maize dry biomass by 30%. In field trials, both formulations effectively suppressed NCLB,
reducing the number of symptomatic leaves by 25-50% relative to untreated controls. Furthermore,
treated plants exhibited yield increases exceeding 1,000 kg/ha. In conclusion, formulations containing
B. velezensis EM-A8 provided effective biocontrol of E. turcicum while simultaneously enhancing
maize grain yield under field conditions.

Keywords: maize; biocontrol agents; Bacillus velezensis; phytohormones; maize growth stimulation

1. Introduction

Northern Corn Leaf Blight (NCLB) is one of the most widespread foliar diseases of maize. Global
yield losses caused by NCLB are estimated at approximately 2.5% [1], corresponding to nearly 30
million tons of maize in 2023 [2]. In Argentina, where maize is one of the most important crops, NCLB
causes significant yield reductions. For the 2024/2025 growing season, national maize production was
around 50 million tons, and the planted area for the following season is estimated at 9.7 million
hectares [3]. Over recent decades, the prevalence of NCLB in Argentinian maize has risen markedly,
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reaching nearly 90% annually [4]. In cases involving susceptible hybrids and favourable
environmental conditions, yield losses can reach up to 40% [5].

The causal agent of NCLB is Exserohilum turcicum, a hemibiotrophic fungus that survives
between growing seasons in crop residues and secondary hosts such as Sorghum halepense [6], [7]. Its
conidia are dispersed by wind and rain, typically reaching the lower leaves of maize plants. Infection
can occur through stomatal openings or by direct penetration of the epidermis. The pathogen initially
establishes a biotrophic phase with limited tissue damage, but subsequently shifts to a necrotrophic
phase characterized by host cell plasmolysis, xylem occlusion, and conidiophore formation [8], [9].
Typical symptoms include gray, elliptical lesions ranging from 2 to 15 cm in length, which may
coalesce into extensive necrotic areas [8]. This necrosis, together with premature leaf senescence,
reduce the plant’s ability to capture solar energy, thereby limiting the translocation of photosynthates
required for grain filling [10]. Consequently, yield losses result not only from the reduction in
photosynthetically active leaf area, but also indirectly from stem degradation triggered by the
remobilization of carbohydrates [10], [11].

Management of this foliar disease primarily aims to avoid environmental conditions favorable
for pathogen infection during the crop's critical growth stages. In Argentina, however, late sowing
dates are often preferred because they coincide with more stable rainfall patterns [10]. Another
widely adopted strategy is chemical control through fungicide applications [12]. Although effective,
this approach relies on moderately hazardous compounds and must be implemented before the
disease exceeds a certain damage threshold [13], [14]. In this context, biological control represents a
promising alternative that can be integrated into pest management strategies [15]. Foliar pathogens
interact with other phyllosphere microorganism, and the nature of these interactions — ranging from
competition to antagonism- can influence crop health by inducing resistance to pathogens [16].
Previous studies conducted in our laboratory screened native maize phyllosphere microorganisms
from their potential antagonistic activity [17], [18], [19]. In these studies, selected bacterial strains
were evaluated for their antagonistic effects against E. turcicum both in vitro and in the field, including
competition for nutrients, antibiosis, and effects on pathogen growth. Among the candidates, the
biocontrol agent (BCA) Bacillus velezensis EM-A8 (GenBank accession number OL704805) was
identified as the most promising, owing to its strong antagonistic properties and its tolerance to
phyllosphere environmental conditions, as demonstrated by our research group [17], [18], [19].

In addition to suppressing pathogen, biocontrol agents (BCAs) can also promote plant growth.
Several studies have demonstrated that certain Bacillus species not only control pathogens but also
enhance maize growth under field conditions [20], [21]. Both pathogen colonization and BCA activity
are known to influence salicylic acid (SA) and phenolic compound levels - molecules central to
physiological processes such as germination, flowering, and senescence, as well as plant responses to
biotic and abiotic stresses [22], [23], [24], [25]. Salicylic acid is a phenolic compound that promotes the
expression of pathogenesis-related proteins that reinforce cell walls, induce lysis of infected cells, and
trigger the hypersensitive response, ultimately leading to localized cell death [15], [22]. Furthermore,
it is a key molecule in the establishment of systemic acquired resistance (SAR) [26]. The response
elicited by enhances plant defenses against subsequent infections, operating both locally and
systemically [27]. While SA is strongly associated with resistance to biotrophic pathogens, its role in
defence against necrotrophic and hemibiotrophic organisms remains less clearly defined [25].

To better understand the effects of B. velezensis EM-A8 on maize and its interaction with E.
turcicum, the present study pursued the following objectives: (i) to evaluate the biostimulant activity
of B. velezensis EM-A8 using two formulations under greenhouse and field conditions; (ii) to analyze
its capacity for phytohormone synthesis in both formulations; (iii) to assess its biocontrol efficacy
against NCLB under natural disease pressure; and (iv) to quantify total phenolic compounds in maize
plants following foliar application of the BCA under field conditions with natural E. turcicum
incidence.

2. Materials and methods
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2.1. Inoculum preparation

Bacillus velezensis EM-A8 was originally isolated from the maize phyllosphere in corn fields
located in the southern region of Cérdoba Province, Argentina. Two inoculum formulations were
prepared: Formulation 1 (F1) consisted of cultures grown in nutrient broth, while formulation 2 (F2)
was also supplemented with 5 g L-1 molasses and 10 g L-1 yeast extract (Sartori et al., 2025). Both
formulations were adjusted with glycerol to reach 0.97 aw and incubated for 24 h at 140 rpm and 25
°C until reaching final level of 108 CFU mL-.

2.2. Biostimulant activity of B. velezensis EM-AS8 under greenhouse conditions

To evaluate the biostimulant effect of B. velezensis EM-A8 on maize, a greenhouse experiment
was conducted using a randomized complete block design with three blocks. Each block consisted of
ten replicates of maize plants cultivated in pots containing 0.5 L of natural soil. Treatments included
foliar application of F1 and F2 at the V2 stage, with evaluations performed at the V4 stage. Control
plants (C) received no formulation. The variables measured were plant height, fresh and dry biomass.
For dry biomass determination, plant material was placed in paper envelopes and oven-dried at 60
°C in a forced-air stove for 12 h. Fresh and dry biomass were quantified using a gravimetric scale.
Data were subjected to analysis of variance (ANOVA), and means were compared using the DGC
test [28] at a significance level of p <0.05. Statistical analyses were performed using Infostat software
[29].

2.3. Phytohormone determination and quantification in bacterial formulations

To explore the potential mechanism underlying the biostimulant activity of B. velezensis EM-AS,
the presence and concentration of phytohormone were determinated in both F1 and F2. For
extraction, 10 mL of each formulation was centrifuged, and the resulting supernatant was mixed with
2.5 mL of ethyl acetate. This mixture was centrifuged again, and the organic phase was recovered
and evaporated to dryness. Samples were then resuspended in 100 pL of methanol, and 10 puL
aliquots were injected into an Alliance 2965 chromatograph (Waters Inc., California, EE.UU.)
Chromatographic separation was performed under a methanol:0.2% acetic acid (40:60) gradient at a
flow rate of 0.2 mL min'. Data acquired and analysed were conducted using MassLynxTM 2.1
software with a Quatro UltimaTM Pt mass spectrometer (Micromass, Manchester, UK). Data
acquisition and analysis were conducted using MassLynx™ 2.1 software with a Quattro Ultima™ Pt
mass spectrometer (Micromass, Manchester, UK). Phytohormone quantification was based on
calibration curves generated with known concentrations of each hormone and their corresponding
deuterated internal standards. The HPLC-MS analysis was performed by the Plant Physiology Group
(Grupo de Fisiologia Vegetal, FCEFQyN, Universidad Nacional de Rio Cuarto, Argentina). The
phytohormones quantified included salicylic acid, indoleacetic acid, indolebutyric acid, jasmonic
acid, kinetin, zeatin, benzylaminopurine, abscisic acid, and gibberellins.

2.4. Field Trials

The field trials to evaluated the biocontrol efficacy of B. velezensis EM-AS8 formulations (F1 and
F2) against E. turcicum were conducted in three maize fields located in the southern region of
Cordoba, Argentina (coordinates: -33.013683, -64.132552; -33.009594, -64.111725; -33.006628, -
64.488574). The trials were carried out during two consecutive maize growing seasons (2023-2025).
The experimental design consisted of eleven randomized complete blocks, each comprising three
treatments: foliar application of F1, foliar application of F2, and plants without inoculum control (C).
Each experimental unit consisted of two rows, 20 m in length. Treatments were applied at the V8
phenological stage by foliar spraying. The following parameters were evaluated under field
conditions after B. velezensis EM-AS8 application:

2.4.1. NCLB severity and number of affected leaves
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Total number of affected leaves per plant was recorded, and disease severity was assessed every
ten days on the ear leaf and the leaves immediately above and below. Disease severity was measured
according to the Bleicher scale (1988). Leaf tissue samples were also collected to evaluate phenolic
compounds concentration. For this, samples were frozen at -80 °C until lyophilisation.

2.4.2. Leaf phenolic compound level

Total phenolic compounds were quantified from 0.1 g of lyophilized leaf tissue incubated for 2
h with 3 mL of methanol:water:hydrochloric acid (80:19:1). Samples were then centrifuged for 5
minutes at 3000 rpm, and 0.1 mL of supernatant was mixed with 0.75 mL of Folin-Ciocalteu reagent
(10%). After 5 min, 0.75 mL of Na2CO3 was added. Absorbance was read at 725 nm after 90 min of
reaction. The standard curve was prepared with different concentrations of gallic acid, ranging from
0.5 to 500 mg . L-1. Results were expressed as mg gallic acid equivalent per g of dry weight.

2.4.3. Yield components

Yield components were estimated by determining i) number of rows per ear; ii) number of
kernels per row, and iii) weight of 1000 kernels. Measurements were taken from physiologically
mature ears collected from 15 randomly picked plants per treatment and control. Kernel moisture
content was measured with a hygrometer, and yield values were adjusted to 14.5% moisture.

2.5. Statistical analysis

Analysis of variance (ANOVA) was performed for NCLB severity, number of affected leaves
and phenolic compound concentrations, and yield components using Infostat software [29]. Means
were compared using the DGC test at a significance level of p <0.05.

3.. Results

3.1. Biostimulant activity of B. velezensis EM-AS in the greenhouse trial

As described in materials and methods, plant height and biomass (fresh and dry) were evaluated
to determine the biostimulant activity of B. velezensis EM-A8. Analysis of variance revealed that
treatments had no significant effect on plant height (F: 1.55; d.f.: 2; p=0.2185). Control plants reached
an average height of 47.23 cm, while plants treated with F1 and F2 had 46 and 49.51 cm, respectively.
Fresh biomass was higher in treatment F2 (3.77 g.plant-1) compared to F1 (3.15 g.plant-1) and the
control (3.13 g.plant-1), although these differences were not statistically significant (F: 2.13; d.f.: 2;
p=0.1255). In contrast, dry biomass production showed significant differences among treatments (F:
3.68; d.f.: 2; p=0.0296). Plants treated with F2 produced significantly more dry biomass (0.44 g plant™)
than those treated with F1 (0.37 g plant?) or the control (0.34 g plant) (Figure 1).

3.2. Phytohormones detection and quantification in formulations

Phytohormone profiling of the bacterial formulations demonstrated that B. velezensis EM-AS is
capable of synthesizing growth-promoting compounds. As shown in Table 1, five out of the nine
phytohormones assessed were detected in F1, including salicylic acid, indoleacetic acid, kinetin,
zeatin, and 6-benzylaminopurine. In contrast, F2 contained all nine phytohormones evaluated and at
higher concentrations than those found in F1.

3.3. Field trial

3.3.1. NCLB severity and number of affected leaves

NCLB severity and number of affected leaves were evaluated across three fields at different
sampling times. In Field 1, which was evaluated in the same campaign year as Field 2, no significant
differences among treatments were detected for severity (F = 1.17; d.f. = 2; p = 0.3167) or number of
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affected leaves (F = 1.58; d.f. =2; p = 0.2117). Mean values were 5.59 + 3.46% for severity and 2.62 *
0.70 for the number of affected leaves (Figure 2).

In Field 2, ANOVA revealed significant differences in NCLB severity (F=4.14; d.f.: 2; p=0.0187).
Control plants showed significantly higher severity (3.78%) compared to F1 (3.06%) and F2 (3.19%).
However, the number of affected leaves was not significantly different among treatments (F= 2.96;
d.f.=2; p=0.0561) with an overall mean of 2.59 + 0.76 affected leaves.

In Field 3, conducted two years later, no significant differences were observed among treatments
for NCLB severity (F=1.36; gl=2; p=0.2615), with mean values of 1.67 + 1.42 %. Similarly, the number
of affected leaves was not significantly different (F=2.56; gl=2; p=0.0819) averaging 1.34 + 0.95 leaves.
However, when analysing individual sampling times, significant differences were detected 47 days
after treatment application (sampling time 4) (F=9.50; d.f. =2; p=0.0034). At this point, control plants
had more affected leaves (3.67) compared to F1 (2.50) and F2 (2.33).

3.3.2. Leaf phenolic compound concentration

ANOVA revealed significant differences in phenolic compound concentration between fields
(F= 6.3; gl= 2; p=0.0025). Field 3 presented the highest levels (18.96 mg GAeq per g of dry weight)
followd by fields 2 (16.06 mg GAeq per g of dry weight) and Field 1 (15.61 mg GAeq per g of dry
weight) (Figure 3). However, within each field, treatments did not significantly affect phenolic
compound concentrations (Field 1: F=0.05; d.f.=2; p=0.9473; Field 2: F=1.52; d.f.=2; p=0.2465; Field 3:
F=0.39; d.f.=2; p=0.6801).

3.3.3. Yield components

Yield component data are shown in Table 2. Respect to the number of rows per ear, was not
affected by the application of the treatments for fields 1 and 3. In Field 2, however, control showed
significantly higher values (p=0.0304) than F1 and F2.

Regarding the number of kernels per row, in field 1, no significant differences were found, with
mean values ranging from 27.67 to 28.27. In Field 2, F2 significantly increased kernel number
compared to F1 and C (p=0.0031). In Field 3, both formulations (F1 and F2) resulted in significantly
higher values compared to the control (p < 0.0001)

Thousand kernel weight (g) was significantly affected by treatments in all fields (p<0.0001). In
Field 1, the highest weight was obtained for F2 treatment, followed by F1 and C. In Field 2, F1 showed
the highest value followed by F2 and C. In contrast, in Field 3 this parameter was significantly higher
in control (p<0.0001), followed by F1 and F2.

The estimated yield was significantly higher in C and F2 in Field 1 (p<0.0001), but C yielded
significantly less in Field 2 (p<0.0001) obtaining significantly higher values for the treatments. There
were no statistical differences between treatments for grain yield in Field 3 (p=0.4628).

4. Discusion

In this study, we evaluated a biological control strategy for northern corn leaf blight (NCLB).
This disease is typically managed through early sowing or chemical fungicides applications;
however, these measures are often insufficient to provide reliable protection. Moreover, synthetic
fungicides can be hazardous to human and animal health, leaving toxic residues in the environment.
In this sense, biological control is an alternative strategy to the use of chemical compounds, involving
the use of beneficial microorganisms for disease control. Biological control represents a sustainable
alternative, relying on beneficial microorganisms to suppress plant diseases. In this context, we
assessed both the biocontrol and biostimulant activities of Bacillus velezensis EM-AS8 in maize. As a
first step, a greenhouse trial was carried out to determine whether the laboratory-prepared
formulations (F1 and F2) exerted a biostimulant effect on maize growth. The results of this assay
demonstrate that the bacteria promote plant growth, as evidenced by a 30% increase in dry biomass
production. One of the mechanisms by which growth-promoting bacteria exert their biostimulant
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effect is by through the production of phytohormones that regulate plant development [30], [31].
Therefore, we analysed whether B. velezensis EM-AS releases phytohormones related to growth and
defence. The results revealed the presence of five phytohormones in F1 and nine in F2. Moreover, the
phytohormones common to both formulations were detected at higher levels in F2. This difference in
the type and concentration may be attributable to the composition of the liquid media used for
formulation production. In the case of F2, the medium was enriched with molasses and yeast extract,
which may have stimulated metabolite production. In both formulations, salicylic acid was the
predominant phytohormone. This compound plays a central role in vital processes such as stress
tolerance, activation of defence mechanisms, photosynthesis and growth and development [23], [24],
[25]. In maize, [32] and Ali et al. (2023) [33] reported that salicylic acid alleviates the deleterious effects
of salinity and enhances grain yield, while Li et al. (2023) [34] demonstrated that exogenous salicylic
acid maintains photosynthetic rates under heat stress. With respect to defence, salicylic acid enhances
antioxidant enzyme activity, regulates cell wall strengthening, and induces systemic acquired
resistance [35]. Consistent with this, Li et al. (2022) [36] observed that a maize mutant with enhanced
resistance to Curvularia lunata accumulated higher levels of salicylic acid and jasmonic acid.

Indoleacetic acid and indole butyric acid are auxins naturally present in plants. These hormones
regulate key aspects of plant growth and development, including root elongation, shoot formation,
leaf morphogenesis, and kernel development. With respect to grain yield, indoleacetic acid stimulates
sugar and protein metabolism during kernel differentiation and promotes nutrient allocation to the
endosperm [37], [38]. In this context, IAA production by plant growth-promoting Bacilli promotes
root and coleoptiles elongation [39]. Moreover, auxins are involved in plant defence. Our
phytohormone analysis in F1 and F2 confirmed that B. velezensis EM-A8 produces both indole acetic
and indole butyric acid, which may account, at least in part, for the increased dry biomass and yield
observed in the greenhouse and field trials.

Jasmonic acid (JA) is known to enhance plant tolerance to abiotic stresses, including high
temperature [40] and salinity [41]. In maize, Tayyab et al. (2020) [42] demonstrated that JA positively
influences plant performance under drought stress. However, the capacity of Bacillus spp. to produce
JA has not yet been clearly correlated with their ability to induce resistance in plants [43]. In our
study, B. velezensis EM-AS8 produced JA in formulation F2, whereas no detectable levels were
observed in F1.

Besides, both F1 and F2 showed the presence of cytokinins kinetin, zeatin and 6-
benzylaminopurine which may help explain the higher biomass observed in the greenhouse trial and
the increased grain yield recorded in the field trial. Cytokinins are phytohormones able to induce the
cell division and regulate multiple developmental processes, such as nutrient mobilisation, seed
germination, root growth, stress response and apical dominance [44]. Abscisic acid is involved in
plant development as well as in abiotic stress resistance. This phytohormone mitigates the harmful
effects of drought, chilling and soil salinity, thereby contributing to yield improvement [38], [45]. In
this research, abscisic acid was detected in F2 but not in F1, which could partially account for the
differences in dry biomass production observed between the two formulations of the same bacterium.

Gibberellins are ubiquitous phytohormones that regulate plant growth by promoting cell
division, stem elongation and grain development and mitigate abiotic stresses [46], [47], [48]. In
maize, Cui et al. (2020) [49] reported that gibberellin application at two phenological stages increased
grain yield through different yield components, such as grain weight or kernel number, depending
on the timing of application. In this work, gibberellins were detected in F2 but not in F1. Their
presence in F2 may help explain the greater biomass accumulation observed in plants treated with
this formulation in the greenhouse trial.

Many studies have demonstrated that certain strains of fungi and bacteria can stimulate plant
growth through different mechanisms [50], [51], [52], [53], [54], [55]. For example, Adesemoye et al.
(2008) [50], evaluated Bacillus subtilis and Pseudomonas aeruginosa strains in Solanum lycopersicum L.
(tomato), Abelmoschus esculentus (okra), and Amaranthus sp. reported up to 30% increase in dry
biomass after 60 days, for both bacterial strains. While many studies have documented plant growth
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stimulation by applying microorganisms to the rhizosphere or seeds, to our knowledge, no studies
have evaluated microbial application directly to the foliar area, as proposed in this research.

Beneficial bacteria provide a wide range of plant growth-promoting abilities for agricultural use,
such as biocontrol activity, phytohormone production and nutrient solubilisation. However, the
effectiveness of these bacteria under field conditions may differ from greenhouse or laboratory results
due to environmental variations [56]. Therefore, effective integration of such tools into production
systems requires scaling the experiments to field conditions to confirm bacterial functionality. Since
our greenhouse trial demonstrated the biostimulating activity of B. velezensis EM-AS8 and that Sartori
et al. (2017b) [19] confirmed its ability to control NCLB, we conducted a field trial to assess its
biocontrol capacity, its effect on foliar concentration of phenolic compounds, and its impact on grain
yield in maize under field conditions.

Phenolic compounds constitute a broad group of metabolites that play an important role in
resistance to pathogens including resistance to fungal disease [57]. In plant-beneficial microbe
interaction, several Bacillus spp. have been shown to induce systemic resistance by enhancing
phenolic compounds accumulation [58]. However, in our study, no significant differences in leaf
phenolic compound concentration were observed between treatments and the control. Thus, we
could not demonstrate that B. velezensis EM-A8 enhances maize resistance to NCLB through phenolic
compounds accumulation under field conditions. In contrast, Wallis & Galarneau (2020) [59] reported
that phenolic compounds generally increased in plants following interactions with beneficial
microbes, pathogens and insects. Similarly, Li et al. (2022) [36] found elevated levels of
phenylpropanoids in a maize mutant line resistant to Curvularia lunata.

On the other hand, the three field trials revealed a decrease in NCLB severity and in the number
of affected leaves following the application of F1 and F2. These findings are in line with Sartori et al.
(2017b) [19], who reported lower incidence of NCLB and common rust in maize after treatment with
two antagonists, one of which was B. velezensis EM-AS8. Similar results have been described in the
same pathosystem by Zhang et al. (2021) [60], who observed that Klebsiella jilinsis 2N3 reduced NCLB
severity, and by Ding et al. (2017) [61], who showed inoculation with B. subtilis DZSY21 decreased
NCLB intensity in maize. Likewise, Chen et al. (2022) [62] found that treatment with Paenibacillus
polymyxa SFO5 significantly reduced the disease index of banded leaf and sheath blight.

Grain yield in the field trials was estimated based on its components: number of rows per ear,
number of kernels per row and thousand-kernel weight. The number of rows per ear did not differ
significantly among treatments, averaging around 16 rows. In contrast, application of F1 and F2
increased the number of kernels per row by 4.11% and 8.33%, respectively, in. This is consistent with
Satorre et al. (2003) [63], who reported that the number of rows per ear is more strongly determined
by genetics while the environment exerts less influence on this trait in the selected hybrid. Thousand-
kernel weight was also significantly higher in F1 (9.22%) and F2 (11.29%) compared to the control.
Because grain yield is directly affected by biomass production [11], the greenhouse trial results
support the expectation of yield improvements not only due to reduced NCLB severity but also
through the biostimulant activity of the bacteria. The superior performance of F2 relative to F1 may
be explained by the presence of gibberellins, which are known to stimulate plant growth. In this
sense, Balderas-Ruiz et al. (2020) [30] showed that B. velezensis promoted biomass accumulation in
mango plants in addition to its biocontrol effect against anthracnose. Etesami et al. (2023) reviewed
multiple applications of Bacillus spp. and concluded that B. velezensis can enhance crop yields by
producing phytohormone and other growth regulators that alleviate stress and promote plant
growth.

5. Conclusions

In conclusion, both formulations of B. velezensis EM-A8 demonstrated efficacy in controlling
NCBL under field conditions and exhibited biostimulant activity in maize. In greenhouse trials,
increased biomass production was observed, while in field trials, yield improvements were recorded.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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These finding indicate that B. velezensis EM-AS8 formulations have a dual potential: serving both as a
preventive strategy against E. turcicum and as a biostimulant to enhance maize productivity.
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