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Abstract

The management of soil-borne pathogens like Rhizoctonia solani is challenging due to their complex biology and limited
availability of effective active ingredients. Eco-friendly methods, such as biological control, are essential for disease
prevention and maintaining soil health. This study evaluated the antagonistic activity of actinobacteria for the
management of collar rot and web blight in cowpea. Among 50 actinobacterial isolates, 12 produced ammonia, nine
produced siderophores, and none produced HCN in vitro. Ten isolates exhibited antagonistic activity against Rhizoctonia
solani under dual culture method. Five actinobacterial consortia were tested in planta against Rhizoctonia solani in
cowpea, with comparisons to KAU PGPR Mix-2 and Carbendazim (0.1%). Treatment with consortium 3 (CR-3 and S2-2)
recorded significantly higher yield and lower incidence of collar rot, which also exhibited higher per cent inhibition of R.
solani (63.7% and 70.3%) in vitro. Per cent Disease Index (PDI) of web blight was significantly lower (19.4%) in the same
treatment and this was comparable to chemical control (Carbendazim). Identification by 16S rRNA gene sequencing
revealed that the isolates CR-3 and S2-2 were closely related to Streptomyces pratensis and Streptomyces cinereus,
respectively. These results suggest that actinobacteria could be exploited as a potential alternative to chemical
pesticides.
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Actinobacteria are a group of Gram-positive bacteria,
which can be terrestrial or aquatic, having high guanine and
cytosine content in their DNA. Most of the actinobacteria are
saprophytes, ubiquitous and are one of the most diverse groups
of bacteria in nature. Their nature varies from anaerobic
unicellular organisms to aerobic, filamentous, and spore-
forming lineages [1]. In addition to the plant growth-promoting
abilities of actinobacteria, they possess the ability to combat
pathogens and effectively manage various plant diseases.
Actinobacteria are well-recognized for their ability to
synthesize secondary metabolites, which play a crucial role in
controlling diverse pathogens, particularly those affecting
plants. Actinobacteria are regarded as potential natural
biocontrol agents in the soil [2]. Among actinobacteria,
the Streptomyces genus is a major source of bioactive
compounds [3].

Cowpea (Vigna unguiculata subsp. unguiculata (L.)
Verdcourt), an important legume crop in Kerala, is cultivated in
various regions across the state. However, its cultivation faces
significant production constraints due to soil-borne diseases. It
is an excellent source of plant-based protein, vital for improving
the diet of many people. However, collar rot and web blight
disease, caused by Rhizoctonia solani, significantly affect
cowpea productivity, resulting in substantial yield losses. These

diseases severely impact plant health and productivity, leading
to significant yield losses. Effective management strategies are
crucial to mitigate the effects of these soil-borne diseases and
ensure sustainable cowpea production. The increasing concern
over chemical fertilizer and pesticide application has driven the
need for environmentally sustainable alternatives in agriculture.
The growing concern over the adverse effects of chemical
fertilizers and pesticides has highlighted the urgent need for
environmentally sustainable alternatives in agriculture.
Sustainable practices, such as the use of biofertilizers,
biopesticides, and integrated disease management strategies,
are gaining prominence as they help maintain soil health, reduce
environmental impact, and ensure the long-term viability of
crop production systems. Adopting such approaches is
particularly important for crops like cowpea, which are
vulnerable to soil-borne diseases.

There are many reports on the use of microorganisms as
biocontrol agents as an alternative to agricultural chemical
fungicides [4]. Streptomyces spp. have been shown to trigger
Induced Systemic Resistance (ISR) in planta and inhibit
pathogen growth via induction of plant defense mechanisms
[5]. Streptomyces spp. produces a novel compound,
antifungalmycin N, which was found to be effective against
Rhizoctonia solani [6]. The application of a consortium
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consisting of Streptomyces spp. caused the highest disease
control (73%) of Rhizoctonia solaniin rice, followed by
actinobacteria AUDT502 (70%) and validamycin (purified
from Streptomyces hygroscopicus) (65%) [7]. Streptomyces
griseoviridis and  Streptomyces lydicus have shown
effectiveness against soil-borne pathogens, including species of
Rhizoctonia, Phytophthora, Fusarium, and Pythium, in legumes
and other crops [8]. In this regard, the present study was an
attempt to evaluate the antagonistic ability of actinobacteria
against Rhizoctonia solani, the fungal pathogen inciting collar
rot and web blight in cowpea.

MATERIALS AND METHODS

The experiment was conducted at the Department of
Agricultural ~ Microbiology, College of  Agriculture,
Vellanikkara, Kerala from October 2023 to September 2024.
PGPR Mix 2 (KAU biofertilizer) is a consortium of Bacillus
subtilis and Pseudomonas florescence having a broad spectrum
of inhibitory properties with different mechanisms. Rhizoctonia
solani, a fungal pathogen of cowpea was obtained from the
Department of Plant Pathology, Kerala Agricultural University
(KAU), College of Agriculture, Vellanikkara. The culture was
sub-cultured and maintained on Potato Dextrose Agar (PDA)
for further studies.

Isolation of actinobacteria from soil and compost samples

Samples were collected from seven different sources
including cowpea rhizosphere soil (CR) from Thrissur district,
ginger rhizosphere soils (S) from Wayanad district, mangrove
forest soil (MS) from Kadappuram (Chettuva) of Thrissur
district, uncultivated soil (US) from Kerala Agricultural
University (KAU) campus, Vellanikkara, Thrissur, compost
(C), coir pith compost (Cc) and vermicompost (VC) from
Thrissur district. Actinobacteria were isolated and enumerated
from various samples using serial dilution and plating methods
[9] on starch casein agar (HiMedia Laboratories, Mumbai,
India). The Petri plates were incubated at 28 + 2 °C for a period
of five to 12 days. Pure cultures of a total of 50 morphotypes
were maintained, including isolates from the repository at the
Department of Agricultural Microbiology, KAU, Vellanikkara
which were originally isolated from the rhizosphere of rice and
black pepper for further studies.

In vitro screening of actinobacteria for indirect plant growth
promoting (PGP) activities

All the 50 isolates were subjected to indirect PGP
activities such as production of Hydrogen cyanide (HCN),
ammonia, and siderophores under in vitro conditions.

Ammonia production

Freshly grown actinobacterial isolates were inoculated to
sterile 4% peptone water. They were incubated at 28 + 2°C for
three to four days. After incubation, 0.5 ml of Nessler’s reagent
was added to each tube. The development of orange to brown
colour indicated ammonia production [10].

Siderophore production

All the actinobacterial isolates were assessed for
siderophore production on Chrome Azurol Sulfonate (CAS)
agar [11]. The isolates were spot-inoculated onto the media and
incubated for seven days at 30 + 2 °C. The yellow to orange
halo surrounding the colony indicated the presence of
siderophore production by actinobacteria.

HCN production

All the actinobacterial isolates were assessed for
hydrogen cyanide production [12]. Luria-Bertani (LB) agar was
supplemented with glycine at a concentration of 4.4 glycine/L,
cooled, and poured into Petri plates to solidify. Whatman filter
paper No. 1 dipped in 2% sodium carbonate in 0.5% picric acid
for a minute was placed in the Petri plate lids. The plates were
sealed with parafilm and incubated at 28 + 2°C for seven to 12
days. After incubation, the discoloration of the filter paper to an
orange-brown color indicated cyanide production by the
actinobacteria.

Secondary screening of actinobacterial isolates for
antagonistic activity against Rhizoctonia solani

Isolates exhibiting indirect mechanisms of plant
growth promotion were further assessed for their antagonistic
potential against Rhizoctonia solani, the fungal pathogen
inciting collar rot and web blight in cowpea, by dual culture
method [13]. The antagonistic effect was evaluated by
measuring the inhibition zone formed on the plates after
incubation at 25°C for 14 days. The inhibition percentage of R.
solani was calculated using a formula:

C-T
1= C x 100

Where;
I = Percent inhibition
C = Radial growth of the pathogen in control
T = Radial growth of the pathogen in treatment

Compatibility of potential actinobacteria with antagonistic
activity

The compatibility of the selected promising
actinobacterial isolates was assessed using the in vitro cross-
streak method. A merger of the actinobacterial growth at the
junction of two isolates indicated compatibility [14].
Compatible isolates were used for the preparation of consortia.

In planta evaluation of the efficacy of actinobacterial consortia
for management of collar rot and web blight in cowpea

The Five most promising and efficient consortia were
evaluated under sterile conditions for the management of collar
rot and web blight in cowpea. The experiment was conducted
from June to September 2024 using a completely randomized
design (CRD) in the net house of the Department of
Agricultural ~ Microbiology,  Vellanikkara.  Seeds  of
Bhagyalakshmy variety were treated with the KAU culture of
Rhizobium sp. (strain Rh4), with three to four seeds sown in
each pot. 75% of the recommended fertilizer dose as per the
Package of Practices recommendations was uniformly applied
across all treatments. The talc-based consortia and PGPR Mix-
2 were applied as soil treatments, and Bavistin (0.1%
Carbendazim) was applied as foliar spray one week after
sowing, followed by a second application one month later. The
talc-based consortium was used at a rate of 10 g per 5 kg of
potting mixture (10 g per polybag). The population of
actinobacteria in one g of the talc-based formulation was 108
CFU ml*. Rhizoctonia solani was mass multiplied using paddy
seeds and incubated at 28 + 2°C for two weeks. After 15 days
of application of consortia, plants were challenge-inoculated
with R. solani. Then upon symptom appearance, the plants were
drenched with the consortia again at 10-day intervals thrice.

Biometric and yield parameters were assessed at regular
intervals up to harvest. Observations on collar rot disease
incidence were recorded from 60 DAS (after five days
of application of actinobacterial consortia, until harvest at an
interval of 10 days. Disease incidence was calculated using the
formula:



Disease
incidence (%) =

Number of infected plants
Total number of plants observed

x 100

The severity of web blight was observed before
treatment application and again at 10 and 20 days after the
application of treatments. The infection level was assessed by
examining the affected plant parts, considering the size of
lesions, along with the yellowing and drying of infected leaves.
A 0-9 scale [15] was used for scoring the disease.

Percentage of Disease Index (PDI) of web blight was
calculated as follows:

_ Sum of grades of each leaf . 100

PDI = Number of leaves assessed Maximum grade used

Statistical analysis

Analysis of variance (ANOVA) suitable to CRD was
performed on the collected data using GRAPES version 1.0.0
[16] statistical software.

RESULTS AND DISCUSSION

Actinobacteria are recognized for their metabolic
diversity and production of bioactive compounds. They release
natural products which can inhibit the growth of pathogenic
bacteria and fungi. Several Streptomyces species have been
reported to produce enzymes that degrade components of fungal
cell walls, including chitinases, hemicellulases, cellulases, and
glucanases [17-18]. The role of these enzymes in contributing
to the antifungal activity and biocontrol capabilities
of Streptomyces was investigated [19].

Cowpea is an important pulse crop but faces several
operational constraints, including pests and diseases that hinder
its production and yield from seedling through harvest. Collar
rot and web blight caused by Rhizoctonia solani Kuhn is a
major soil-borne disease significantly hindering the cultivation
of this high-value crop. The prevalence of high temperature and
humidity aggravates the situation and results in severe yield
losses [20]. Although the pathogen can be controlled with
extensive and repeated fungicide applications [21], the adverse
effects of these chemicals on human health and the
environment, along with the high costs, highlight the need for
more affordable and environmentally sustainable disease
management strategies. Therefore, cowpea was selected as a
test crop for testing the efficiency of actinobacteria for plant
growth promotion and disease management. In this context, the
present study focused on the isolation of actinobacteria from
different soil and compost samples, followed by their
characterization and evaluation of the antagonistic potential of
actinobacteria in managing collar rot and web blight in cowpea.

Isolation of actinobacteria from soil and compost samples
Actinobacteria were isolated using starch casein agar,
following serial dilution plate method. Among different soil and
compost samples analyzed, cowpea rhizosphere soil (CR)
recorded a significantly superior population of actinobacteria
with a population of 42.9 x 10%fu g*. This was followed by
coir pith compost, which recorded a population of 19.0 x 10°
cfu g*. The lowest population was recorded in mangrove forest
soil and ginger rhizosphere soil with a population of 1.1 x 108
cfu g* and 1.2 x 10% cfu g* respectively. Reports indicate that
rhizosphere soils are good sources of microorganisms, due to
the presence of root exudates. For instance, Sreevidya et al.
[22] isolated actinobacteria from the rhizosphere of chickpea
with plant growth promotion. Gopalakrishnan et al. [23] used
herbal vermicompost to isolate actinobacteria, which were then

employed for the biological control of the Fusarium wilt of
chickpea.

Predominant colonies were purified by repeated sub-
culturing on starch casein agar medium. A total of 50
actinobacteria (including 21 isolates from the Department of
Agricultural  Microbiology  repository) with  different
morphological characters were selected for further studies.

In vitro screening of actinobacterial isolates for indirect PGP
traits

Fifty isolates of actinobacteria were screened in vitro for
various indirect PGP activities such as the production of HCN,
ammonia, and siderophores. Microbial production of HCN has
been suggested as an important antifungal activity to control
root and soil-borne pathogens. Hydrogen cyanide is a secondary
metabolite that hinders the growth and development of
competing microorganisms by inhibiting several metal
enzymes, especially copper-containing cytochrome ¢ oxidases
[24]. In the present investigation, none of the isolates exhibited
the ability for HCN production under in vitro conditions. This
is contradictory to a report by Chaiharn et al. [25] where
four Streptomyces species isolated from rice rhizosphere
produced HCN and exhibited significantly higher growth
inhibition of Pyricularia sp. (87.3%, 80.0%, 82.2%, and 80.5)
in a dual culture plate.

Another mechanism for the inhibition of plant pathogens
by antagonistic microbes is the production of ammonia. This is
a form of nitrogen, which can affect plant-pathogen interactions
by altering the defensive capabilities of plants and the virulence
of the pathogen. In the present investigation, among 50 isolates,
12 isolates (CS-4, Cc-6, CS-6, WA-7, C-2, S4-5, VC-5, DPS-5,
CR-3, Cc-4, CR-4, and DPS-6) exhibited ammonia production.
Kaur et al. [26] made similar observations, by detecting
ammonia production in 13 out of 62 actinobacterial isolates.

Actinobacteria can produce siderophores that facilitate
iron uptake as well as the production of antibacterial and
antifungal compounds that protect plants from pathogen
infection [27]. In the present study, nine isolates ((US-3, US-4,
Cc-1, S2-2, WA-26, WA-22, CS-9, S4-2, and VC-5) exhibited
yellow to orange zones around the colonies. Siderophores
chelate the available iron and prevent the iron nutrition of
respective phytopathogens [28]. For example, Streptomyces PC
12 has been described as an effective biocontrol agent
against Pyricularia sp infection as well as to boost rice growth
under iron deficiency conditions [25].

Secondary screening for antagonistic traits against Rhizoctonia
solani under in vitro conditions

Twenty isolates exhibiting indirect mechanisms of PGP
traits in primary screening were tested for antagonistic activity
against the fungal pathogen Rhizoctonia solani under in vitro
conditions by the dual culture method. Ten isolates (CS-4, S2-
2, US-3, US-4, CR-3, CR-4, DPS-5, Cc-6, Cc-4, and Cc-1)
exhibited inhibition of Rhizoctonia solani (Fig 1). Among the
10 isolates, significantly higher inhibition percentages were
observed in CS-4, S2-2, US-3, US-4, CR-3, and DPS-5, with
inhibition rates of 74.0%, 70.3%, 65.1%, 64.8%, 63.7%, and
62.9%, respectively. The 10 promising isolates exhibiting
antagonistic activity in vitro against the fungal pathogen R.
solani, were further tested for compatibility.
Compatibility  of actinobacteria
antagonistic activity

The 10 selected promising isolates were tested for
compatibility by cross streak method. Among all the possible
combinations of 10 isolates containing two in each

potential exhibiting



combination, only five combinations (CR-3 x US-4, US-4 x
DPS-5, CR-3 x S2-2, DPS-5 x CS-4 and CR-3 x DPS-5)
exhibited compatibility and others were non-compatible. These
five combinations of isolates were selected for the preparation
of five different talc-based consortia. Inconsistent field

performance of bioinoculant applied individually could be
overcome by using combinations of several different types of
microbial strains and therefore consortial formulations are of
great importance in sustainable agriculture.
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Fig 1 Antagonistic activity of actinobacterial isolates against Rhizoctonia solani in secondary screening
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Fig 2 Secondary screening for antagonistic traits against
Rhizoctonia solani under in vitro condition

Evaluation of selected actinobacterial consortia for
management of collar rot and web blight in cowpea

The antagonistic activity of actinobacterial consortia was
evaluated in planta under greenhouse conditions using a sterile
potting mixture. Seven treatments, each with four replications,
were maintained. The first five treatments were the selected
antagonistic consortia, T1: consortium 1 (CR-3 + US-4), Tu:
consortium 2 (DPS-5 + US-4), Ts: consortium 3 (CR-3 + S2-2),
Ta: consortium 4 (DPS-5 + CS-4), and Ts: consortium 5 (DPS-
5 + CR-3). Teconsisted of PGPR Mix-2 from KAU, and
chemical treatment with Carbendazim at 0.1% was included as
the seventh treatment (T;) to compare the efficacy of
actinobacteria with the fungicide application.

The biometric parameters of cowpea are recorded and
the number of effective nodules was significantly higher in all
treatments except for T+, chemical control. This could be due to
the synergistic effect of actinobacteria and Rhizobium in

actinobacterial treatments. Earlier reports indicated that
actinomycete co-inoculation with Bradyrhizobium
japonicum further ~ stimulated soybean growth through

increasing nitrogenase activity of root nodules, nutrients
uptake, and seed weight at harvest compared to plants

A. Compatible isolates
(CR-3 x US-4)

Fig 3 Compatibility of potential actinobacteria with antagonistic
activity

B. Non-compatible isolates
(CR-3 x CS-4)

inoculated only with B. japonicum [29]. Treatment with
consortium 3 (CR-3 and S2-2) significantly increased yield
attributes including the number of pods per plant (29.3), seeds
per pod (10.5), test weight (20.0 g), fresh weight of pods (171.0
g plant™), and dry weight of pods (19.9 g plant™), compared to
all the other treatments. This indicated that by enhancing plant
growth and inducing early flowering, these actinobacterial
isolates improved the yield also in cowpea.

Observations on disease incidence of collar rot from 60
DAS (after five days of application of actinobacterial consortia,
PGPR Mix-2 and carbendazim at 0.1%) until harvest at an
interval of 10 days are presented in (Table 2). At 60 DAS, the
per cent disease incidence (%) of collar rot in cowpea was
significantly lower in treatments Ts, Ta, T, and T7(16.6%,
24.9%, 22.2% and 13.8% respectively), as compared to the
other treatments (Fig 3). At 70 DAS, Ts and T recorded
significantly lower incidence of collar rot (16.6% and 11.1%
respectively). At 80 DAS and harvest, T3 (consortium 3 (CR-3
+ S2-2)), T (PGPR Mix-2 of KAU) and T; (Carbendazim at
0.1%) recorded significantly lower per cent disease incidence
of 11.1%, 19.42% and 11.1%. The actinobacterial isolates CR-
3 and S2-2 contributed to reducing the per cent disease



incidence as they showed higher per cent inhibition of 63.7%
and 70.3% under in vitro conditions against Rhizoctonia solani.
An investigation by Singhet al. [30] also revealed that

actinobacteria from the Streptomyces genus decreased the
disease incidence caused by Rhizoctonia solaniin tomato
plants by 47-63%.

T1 Tz T3

Ts

Ts Te Ty

Fig 3 Symptoms of collar rot at 60 DAS

Per cent Disease Index (PDI) was calculated based on the
damage caused by R. solani to the foliage. Disease scoring was
conducted using a 0-9 scale [15] (Fig 4). Initial observations
before imposing the treatments, PDI of web blight of cowpea
was significantly higher in five treatments: T: (41.0%),
T2 (42.85%), T4 (35.9%), Ts (44.7%) and Te (37.30%). After 10
days of treatment application (actinobacteria/
PGPR/Carbendazim), PDI was significantly reduced in
T7(23.4%) and T3 (25.6%) when compared to other treatments
(Table 3). Similarly, after 20 days of treatment application, PDI

was significantly reduced to 19.4%in T, (Carbendazim at
0.1%) and 21.6% in Ts(consortium 3 (CR-3 + S2-
2)). This indicated that T3 consortium containing CR-3 and S2-
2 isolates of actinobacteria could be a possible alternative to the
chemical for the management of web blight and collar rot in
cowpea. This is in agreement with the findings of Diaz et al.
[31], who reported that the combination of
two Streptomyces strains  (CBQ-EA-2 and CBQ-B-8)
significantly reduced the disease severity caused by R.
solani compared to the untreated and inoculated control.

o 5

In planta evaluation, treatment with consortium 3 (CR-3
+ S2-2)was equally effective aschemical control
(carbendazim) in significantly reducing the incidence of collar
rot and severity of web blight in cowpea. The same treatment
also significantly increased the yield attributes. Later
identification by 16S rRNA gene sequencing revealed that the
isolates CR-3 and S2-2 were closely related to Streptomyces

.

Fig 4 Grades for scoring web blight of cowpea

pratensis and Streptomyces ramulosus, respectively. The
antagonistic mechanisms of these isolates were confirmed by in
vitro results, where CR-3 exhibited a positive reaction for
ammonia production, and S2-2 showed a positive reaction for
siderophore production. Thus, consortium 3 (CR-3 and S2-2)
could be used as a potential alternative to the chemical
Carbendazim.

Table 2 Effect of different treatments on per cent (%) disease incidence of collar rot in cowpea at various intervals

Per cent disease incidence of collar rot in cowpea (%)

Treatments

60 DAS 70 DAS 80 DAS At harvest
T1: Consortium 1 (CR-3 + US-4) 33.3(35.1)® 305 (33.3)® 27.7 (3L.1)% 27.7 (3L.1)%°
T,: Consortium 2 (DPS-5 + US-4) 27.7 (3L.1)* 24.9 (29.9) 30.5 (33.4) 30.5(33.4)®
Ts: Consortium 3 (CR-3 + S2-2) 16.6 (23.8)b 16.6 (23.8) 11.1 (21.6)« 11.1(21.6)
T4: Consortium 4 (DPS-5 + CS-4) 24.9 (29.5)° 27.7 (31.5) 27.7 (31.5)2 27.7 (31.5)2
Ts: Consortium 5 (DPS-5 + CR-3) 41.6 (40.1)° 41.6 (40.1)? 41.6 (40.1)° 38.8(38.5)"
Te: PGPR Mix-2 of KAU 22.2 (27.7) 22.2 (27.7)° 19.4 (25.5)bed 19.4 (25.5)<d
T: Carbendazim at 0.1% 13.8 (19.1)¢ 11.1 (16.7)° 11.1 (16.7)¢ 11.1(16.9)¢
CD (0.05) 11.92 10.38 11.22 11.27

*DAS - Days after sowing
Figures given in parenthesis are transformed values

Means followed by common letter(s) are not significantly different by one-way ANOVA at P = 0.05



Table 3 Effect of different treatments on per cent disease index (PDI) of web blight in cowpea

Per cent disease index PDI at 10 davs of PDI
Treatments (PDI*) L y At 20 days of application
before treatment application application of treatments of treatments
T Consortium 1 (CR-3 + US-4) 41.0(39.8)2 38.0(38.0)2 34.4 (35.6)?
T,: Consortium 2 (DPS-5 + US-4) 42.8 (40.8)2 39.8 (39.1)? 37.4 (36.7)°
Ts: Consortium 3 (CR-3 + S2-2) 30.8(33.6)° 25.6 (30.3)¢ 21.6 (27.6)
T4: Consortium 4 (DPS-5 + CS-4) 35.9 (36.7)® 32.9 (34.9)® 30.7 (32.4)®
Ts: Consortium 5 (DPS-5 + CR-3) 44,7 (41.9)2 41.7 (40.2)? 41.3 (37.8)?
Te: PGPR Mix-2 of KAU 37.3(37.6)* 34.3 (35.8)® 30.3 (33.3)®
T7: Carbendazim at 0.1% 29.9(33.0)° 23.4 (28.5)° 19.4 (25.5)¢
CD (0.05) 5.85 6.32 6.68

*PDI - Per cent Disease Index
Figures given in parenthesis are transformed values

Means followed by common letter(s) are not significantly different by one-way ANOVA at P = 0.05

CONCLUSION

The present investigation revealed that treatment with
consortium 3 consisting of Streptomyces pratensis strain CR-3
and Streptomyces ramulosus strain S2-2 was equally effective
as chemical control (carbendazim) in significantly reducing the
incidence of collar rot and severity of web blight in cowpea.
This suggests that native actinobacteria are promising
candidates for the biological control of R. solani in cowpea.

Exploration of the secondary metabolites produced by
actinobacteria for novel antimicrobial, antifungal, and
biostimulant compounds and also the potential of actinobacteria
to mitigate abiotic stresses, such as drought, salinity, and
nutrient deficiency may be carried out. These isolates may
further be evaluated under field conditions before
commercialization. Thus, Actinobacteria represent a promising,
eco-friendly, and sustainable alternative to pesticides in
agriculture.
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