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Abstract

Macrotyloma uniflorum, commonly referred to as horse gram, is an underexploited leguminous crop
with substantial potential for enhancing food security and nutritional standards, particularly in arid and
semi-arid ecosystems. This review presents a comprehensive analysis of the current understanding of
fungal pathogens affecting horse gram, focusing on their epidemiology, host-pathogen interactions, and
the genetic diversity of both the pathogens and the host. Additionally, it explores sustainable
management strategies aimed at mitigating disease impact, including integrated pest management,
biocontrol agents, and cultural practices that enhance crop resilience. By synthesising research
findings, this paper underscores the critical need for effective disease management frameworks that
align with sustainable agricultural practices. A multidisciplinary approach that combines plant
pathology, agronomy, and molecular biology is essential for harnessing the full potential of horse gram
in sustainable food systems. Overall, this review not only highlights the challenges posed by emerging
fungal pathogens but also emphasises the importance of horse gram as a resilient crop capable of
contributing to global food security.

Keywords: Macrotyloma uniflorum, horse gram, fungal pathogens, disease management, sustainable
agriculture, food security, epidemiology, genetic diversity

Introduction

Macrotyloma uniflorum, commonly known as horse gram, is an underutilised legume with
significant potential to address global food and nutritional security challenges, particularly in
arid and semi-arid regions (Aditya et al., 2019) [, Despite its resilience and nutritional
density, its cultivation, production, and productivity have seen a consistent decline over the
past two decades (Singh et al., 2022) 831, However, its inherent tolerance to abiotic stressors
and high protein content position it as a crucial crop for marginal farmers in low-fertility or
rainfed environments (Singh et al., 2024) 4. This dicotyledonous plant, belonging to the
Leguminosae family, is widely distributed across South Asia, Australia, the West Indies, and
Africa, providing nutritional security through its use as food, livestock supplements, and
green manure due to its high nitrogen availability and robust pest resistance (Wu et al., 2024)
[, Initially classified under the genus Dolichos, Macrotyloma uniflorum was reclassified in
1970 by botanist Verdcourt, a revision that placed it within a genus comprising three
economically significant species: M. uniflorum, M. axillare, and M. geocarpum (Fuller &
Murphy, 2017) 7. This taxonomic reclassification has helped to clarify botanical
distinctions, especially given prior confusion where Dolichos biflorus was erroneously
applied to horse gram, leading to misidentification with cowpea types (Fuller & Murphy,
2017) 271,

Its hardy nature and adaptability make it a critical crop for dry and marginal lands, especially
for resource-poor farmers in India, where rainfed farming accounts for a substantial portion
of agricultural land (Priyanka et al., 2021) 64, As a self-pollinating diploid legume within the
Fabaceae family, horse gram demonstrates exceptional tolerance to drought conditions and
can thrive in regions where other crops fail (Shirasawa et al., 2021; Agnihotri & Rana, 2021)
18221 This drought tolerance, coupled with its ability to grow on marginal soils and saline
conditions, positions horse gram as a crucial crop for water conservation and sustainable
agriculture in semi-arid environments (Kumar et al., 2020) 9. Its nutritional richness,
characterised by high protein and mineral content, further enhances its value as a food
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security crop, particularly in regions where malnutrition is
prevalent (Mahesh et al., 2021) 41, Furthermore, the crop
provides an inexpensive protein source for populations
relying primarily on vegetarian diets, and its deep
penetrating root system contributes to its ability to thrive
even in conditions of limited water availability (Patil &
Kasturiba, 2019; Sahoo & Mohanty, 2020) 1. 701,

Despite its resilience, fungal pathogens pose significant
threats to horse gram cultivation, necessitating effective
disease management strategies to maintain yield stability
(Priyanka et al., 2021) 4, For instance, various fungal
diseases, such as anthracnose and rust, can severely impact
horse gram productivity, highlighting the need for robust
control measures (Bhardwaij et al., 2013) I, These measures
are critical, as grain mould alone can cause yield losses
ranging from 30% to 100%, depending on the specific
cultivar and prevailing weather conditions (Kumar et al.,
2022) B8 Moreover, integrated pest management
approaches, encompassing both cultural practices and the
development of resistant varieties, are essential for
mitigating these fungal threats and ensuring consistent crop
yields (Singh et al., 2024) B4, This review aims to
synthesise existing knowledge on Macrotyloma uniflorum,
encompassing its taxonomy, genetic diversity, nutritional
composition, and agronomic benefits, to elucidate its
untapped potential for sustainable agriculture and food
security.

Major Fungal Diseases of Macrotyloma uniflorum
Macrotyloma uniflorum (horsegram) is susceptible to
several major fungal diseases, with anthracnose and
powdery mildew being the most significant. Anthracnose is
particularly prominent, affecting various leguminous crops,
including horsegram. Powdery mildew is another critical
disease-causing considerable yield losses proportional to
disease severity and infection stage. Seed-borne fungi also
pose a significant threat, with studies identifying multiple
fungal species, including Aspergillus niger, A. flavus,
Fusarium sp., and additionally, research has identified
specific pathogenic fungi like Macrophomina phaseolina,
Phomopsis sp., Nigrospora oryzae, and Boeremia exigua
that can infect horsegram and reduce crop productivity.
Researchers recommend developing disease-resistant
varieties and adjusting sowing dates to mitigate these fungal
challenges.

Anthracnose: Anthracnose, caused by various species
within the fungal genus Colletotrichum, represents a
significant phytopathological challenge across a diverse
array of crops, including horse gram (Ahmad, 2017) &1, This
disease, characterised by necrotic lesions on stems, leaves,
flowers, and pods, can lead to substantial yield losses,
sometimes reaching up to 50% in severely affected fields
(Madhusudhana, 2019) 2. The ubiquity and genetic
variability of Colletotrichum species, particularly C.
gloeosporioides, further complicating disease management
strategies due to their broad host range and rapid adaptation
to host defences and control measures (Raghavendra et al.,
2020; Talhinhas, 2023) [65 81 Symptoms of anthracnose
often manifest as minute, circular to irregular spots on
leaves that subsequently enlarge and darken, eventually
coalescing into large, necrotic lesions (George et al., 2022)
(291, Beyond foliar damage, anthracnose can also induce
crown and stem rots, as well as seedling blight, depending
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on the specific Colletotrichum species and environmental
conditions (Bellé et al., 2019) [, In the context of horse
gram, Colletotrichum truncatum has been identified as a
primary etiological agent, exhibiting a broad host range that
includes other legumes such as soybean, cowpea,
mungbean, limabean, and fababean (Pandit, 2020) %, The
pathogenic diversity within Colletotrichum is further
exemplified by species like C. lentis, which causes
anthracnose in lentils, with distinct races exhibiting specific
virulence profiles (Talhinhas, 2023) 8. The disease
significantly impairs crop productivity through qualitative
and quantitative losses, particularly under hot and humid
conditions conducive to fungal proliferation (Mogali et al.,
2023) >4,

Leaf Spot and Blight: Leaf spot and blight diseases,
primarily caused by Cercospora and Alternariaspecies, pose
significant phytopathological concerns for horse gram
(Macrotyloma uniflorum) cultivation, often resulting in
substantial yield losses. These fungal pathogens induce a
range of symptoms from discrete necrotic spots to extensive
blighting, severely impacting photosynthetic efficiency and
overall plant vigour (Meena et al., 2020) . Early and
accurate identification of these pathogens is crucial for
implementing effective management strategies and
mitigating their economic impact (Shafique et al., 2024;
Khang et al., 2008) [’> 31 Understanding the specific
etiological agents, such as Alternaria tenuissima, which is a
predominant causal agent of leaf spot in various legumes, is
fundamental for developing targeted control measures
(Pamuenxko et al, 2019) 1. Moreover, accurate
differentiation between Cercospora and Alternaria
infections is vital, as their distinct morphological
characteristics, such as angular versus concentric blight
spots, influence diagnostic approaches and subsequent
disease management protocols (Nazneen et al., 2024) [561,

Cercospora species are characterised by their slender,
septate conidia and distinct conidiophores, which emerge
from stomata or directly from epidermal cells
(Basavarajappa et al., 2023) I7]. These fungi typically induce
circular to angular leaf spots with distinct margins and often
a chlorotic halo, differentiating them from the more diffuse
lesions caused by Alternaria species. Conversely, Alternaria
species, particularly A. alternata, exhibit dark olive-brown
to blackish-brown septate mycelia and conidia that are often
arranged in long chains, with tapering apices and ranging in
colour from light to dark brown or olivaceous green (Magsi
et al., 2024) I These morphological distinctions,
particularly in conidial morphology and sporulation
patterns, are critical for microscopic identification and
differentiation between Cercospora and Alternaria
infections in host tissues. Furthermore, Alternaria spp. are
noted for their production of characteristic concentric rings
on leaves and pods, leading to significant defoliation and
seed loss in severely infected areas (Sharma et al., 2023) [8%,
The pathogenicity of Alternaria species is further evidenced
by their ability to induce light to dark brown patches with
characteristic concentric zonation, often leading to complete
drying and blightening of leaves in severe cases (Anembom
et al., 2022) M. Such symptoms, particularly those
associated with Alternaria tenuissima, often manifest as
small, chlorotic, water-soaked lesions that progressively
expand, become necrotic, and coalesce, resulting in a ragged
or blighted appearance and subsequent defoliation (Kumar
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et al., 2022) 381, Molecular approaches, such as multi-locus
phylogenetic analyses, further refine species identification
within Alternaria, revealing distinct clades like A.
arborescens despite morphological similarities with A.
alternata and A. tenuissima (Elfar et al., 2023) %2, This
genetic differentiation is crucial for understanding host
specificity and disease epidemiology, especially since
morphological markers can be unreliable due to genotype-
environmental interactions (Sadia et al., 2021) [6°,

Root rot and wilt: Root rot, a significant disease in various
legumes including horse gram, is primarily caused by soil-
borne fungal pathogens such as Macrophomina phaseolina
and Fusarium oxysporum (Kulkarni et al., 2019; Hassan &
Khalaphallah, 2023) 7. % Macrophomina phaseolina is
particularly problematic due to its broad host range and
enhanced virulence under conditions of low moisture and
high heat, leading to significant yield losses (Sadhana et al.,
2024) 681 (Mohanapriya & Balabaskar, 2017) [5. This
ubiquitous pathogen, first identified in India in 1936, is
responsible for a range of disease symptoms, including
charcoal rot, dry rot, and seedling blight across more than
500 economically important crops (Princejayasimha et al.,
2023; Madhusudhana, 2019) [63 42 Its necrotrophic nature
allows it to survive in soil as a saprophyte in the absence of
a host, contributing to its persistence and widespread impact
on agricultural systems (Sharma & Pande, 2013) ["°],
Rhizoctonia solani, another prevalent soil-borne pathogen,
is characterised by its ability to cause damping-off, foliar
blight, and root and crown rot in a wide array of hosts
globally (Hanif & Dawar, 2016) 2, This fungal complex,
often designated as a species complex due to its genetic
diversity, lacks asexual spores and instead propagates
through mycelial growth and the formation of sclerotia,
allowing it to persist in soil and plant debris for extended
periods (Sandhu et al., 2023) "l The pathogenicity of
Rhizoctonia solani is further complicated by its extensive
host range, encompassing numerous crops and ornamental
plants, making its management particularly challenging
(Mageshwaran et al., 2022) 143, Furthermore, environmental
stressors like soil pH, reduced moisture, and elevated
temperatures exacerbate the growth and pathogenic activity
of Rhizoctonia bataticola, a critical member of this genus
causing dry root rot in chickpeas and other legumes (Saxena
et al, 2022) [, This pathogen, also known as
Macrophomina phaseolina, can cause significant losses in
various pulse crops, including mungbean and urdbean,
ranging from 30-40% (Swehla et al., 2020) ¥, The disease
manifests as dark brown lesions at the stem base,
accompanied by bark shredding and easily detachable plants
due to rotted root portions (Kulkarni et al., 2019) F71. The
characteristic symptoms of root rot include scattered
necrotic brownish to black lesions in the roots, which
progress to rotting and the withering of lateral roots,
culminating in prematurely dried, straw-colored foliage
(Patil et al., 2022) 162, The disease development is further
exacerbated by high temperatures between 25 and 35 °C and
low soil moisture conditions, which are highly conducive to
the pathogen's proliferation (Babu et al., 2017) [¢],

Epidemiology and Disease Dynamics

Globally, food security is paramount, and the continuous
emergence and resurgence of crop fungal diseases,
exacerbated by climate change and evolving agricultural
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practices, significantly imperil crop yields and quality
(Wang, 2023) 2, Understanding the epidemiology of these
plant pathogens is therefore critical for developing effective
management strategies and ensuring sustainable agricultural
production, especially given their role in mediating
ecosystem processes (Wang, 2023; Miller et al., 2022) [92.53],
Fungal diseases alone contribute significantly to worldwide
yield losses, with estimates suggesting up to 40% of crop
yields are lost to various pests and pathogens (Djuikem,
2023) D9, Specifically, fungal pathogens are a major
concern due to their prolific spore production, extensive
dispersal capabilities, and high mutation rates, which
collectively enable rapid adaptation and widespread disease
propagation (Taylor & Cunniffe, 2023) 7], This adaptive
capacity is further complicated by the interaction of fungal
diseases with environmental factors, such as temperature
and humidity, which can dictate the severity and timing of
disease epidemics (Vijaykumar et al, 2024) [0,
Consequently, comprehending the intricate dynamics of
pathogen spread within host populations is essential for
anticipating and mitigating the burden of fungal diseases on
agricultural productivity (Miller et al., 2022) B3, For
instance, arid legumes like horsegram frequently experience
stagnant productivity due to their pronounced susceptibility
to root diseases, underscoring the urgent need for in-depth
pathological investigation (Gautam et al., 2016) [28],

Geographic distribution and disease incidence patterns
These patterns are heavily influenced by the diverse
ecological conditions prevalent across different regions,
particularly in areas like India with its rich biodiversity,
where various dispersal methods, including wind, water, and
animal vectors, facilitate fungal spread (Dhar et al., 2024)
(171, Moreover, certain fungal diseases may exhibit episodic
outbreaks driven by generalist pathogens with diverse
inoculum sources, leading to sudden yet recurrent epidemics
under favourable environmental conditions (Dentika et al.,
2022) [61, These dynamics underscore the necessity of
accurate disease incidence and severity estimations, which
are crucial for assessing the negative impacts on crop
quality and for informing timely detection and identification
efforts (Hyde et al., 2024; Dormatey et al., 2020) [34 201,
Accurate assessments of disease incidence and severity are
also vital for understanding the broader ecological
implications, such as the potential for fungal pathogens to
reduce host fitness and alter plant community structures
(Dietzel et al., 2019) 8. In India, where agricultural losses
due to pests and diseases are substantial, fungi account for
approximately 22% of these losses, with about 85% of plant
diseases worldwide attributed to fungal pathogens (Todawat
& Rathod, 2025) 81, These statistics highlight the critical
need for a deeper understanding of fungal pathogen
dynamics in crops such as horsegram, especially given the
increased incidence and severity of diseases in other
susceptible legume cultivars in recent years (Pandey et al.,
2018) 51,

Seasonal occurrence and host susceptibility stages: The
interplay between environmental variables, such as
fluctuating temperatures and humidity, and the phenological
stages of horsegram, significantly dictates the susceptibility
to fungal pathogens, often leading to enhanced disease
proliferation during specific growing seasons (Nema &
Singh, 2025) B7. This seasonal susceptibility is further
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compounded by the continuous exposure of plants to biotic
stress from both symbiotic and pathogenic organisms, where
resistance is typically the rule and disease the exception, a
phenomenon known as non-host resistance (Lattanzio et al.,
2006) ™. The underlying mechanisms of non-host
resistance often involve preformed physical or chemical
barriers on the plant surface that prevent pathogen invasion,
or a lack of support for the invading pathogen's lifestyle
within the host (Lattanzio et al., 2006) 4. However, plants
can also synthesize induced defense compounds in response
to biotic stress, which are often restricted to the damaged
tissue and contribute to the overall defense response
(Lattanzio et al., 2006) [“11,

Disease forecasting models: The development and
application of robust disease forecasting models are
therefore crucial for predicting disease outbreaks, thereby
enabling proactive rather than reactive disease management
strategies. These models, often leveraging multi-omics
approaches, allow for a detailed account of plant-microbial
interactions and can facilitate the development of predictive
tools for how microbes and plants respond to stress under
environmental changes, thereby identifying novel targets for
disease control and improving the development of resistant
plant varieties (Hyde et al., 2024) 34, Such models integrate
complex data sets, including environmental parameters, host
genotypes, and pathogen virulence factors, to offer
sophisticated insights into disease risk and progression,
thereby refining precision agriculture practices and reducing
reliance on broad-spectrum interventions (Sharma et al.,
2024) 7], For instance, the severity of fungal diseases like
leaf rust and powdery mildew, frequently observed in
various regions, has been correlated with erratic rainfall
patterns and higher temperatures, underscoring the
importance of meteorological data in predictive models
(Bijlwan et al., 2025) (Vijaykumar et al., 2024) (1% %01,

Fungal Disease Management Strategies

Cultural Control: Crop rotation, seed treatment, and
residue management are fundamental cultural control
methods that disrupt pathogen life cycles and reduce
inoculum loads in the soil (Xu, 2011) ¢, Optimised
irrigation practices and intercropping further contribute to
an unfavorable environment for fungal proliferation while
enhancing agroecosystem diversity (Farzana et al., 2025;
Sharma et al., 1997) 8], For instance, longer crop rotations
and managing crop residues are critical for reducing primary
inoculum, as fungal pathogens often persist on plant debris
or within the soil (Debaeke et al., 2014) [**l. Strategic water
management, such as the temporary removal of water in rice
paddies, has been shown to significantly reduce insect pests
and, by extension, the vectors for certain fungal diseases,
leading to improved grain yields and biomass ratios
(Sharma et al., 1997) "8l Diversified cropping systems,
including crop rotation and intercropping, have also been
shown to modulate the soil microbiome, thereby enhancing
suppressiveness against soil-borne pathogens like Fusarium
wilt and reducing the overall abundance of fungal genera
that include potential pathogens (Marin-Guirao et al., 2025)
8 Such practices are integral to an integrated pest
management approach, which combines various strategies to
maintain pest populations below economically damaging
thresholds  while  minimizing environmental impact
(Bhattacharjya, 2024) [, These integrated strategies often
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incorporate resistant cultivars and biological controls,
alongside judicious pesticide application, to manage disease
effectively and sustainably (Bhattacharjya, 2024) [0,
Implementing integrated disease management strategies,
which encompass cultural practices like crop rotation and
the use of resistant cultivars, along with biological controls,
is crucial for minimizing fungicide dependence and
mitigating resistance development (Ceresini et al., 2024) [*2,
Additionally, the strategic arrangement of landscape
mosaics at a regional level can prevent unwanted spore
dissemination from primary inoculum sources to host plants,
thereby reducing overall disease pressure (Debaeke et al.,
2014) 1. Furthermore, the careful selection of sowing times
and sites can prevent disease outbreaks by avoiding periods
or locations conducive to pathogen development or where
inoculum is absent (Mendoza-Mendoza et al., 2024) [0,
This proactive approach, combined with methods such as
burning crop debris, which can drastically reduce inoculum
levels by up to 90%, or incorporating residues into the soil
through tillage, aims to minimise the initial pathogen burden
(Farzana et al., 2025) 1241, Crop rotation, specifically, serves
to separate crops from pathogens both spatially and
temporally, preventing the establishment and proliferation
of specialised fungal species that thrive in monoculture
conditions (Kerdraon, 2019; West et al., 2023) B %, For
example, diversified crop rotations have proven effective in
reducing pest populations, such as the wheat midge, by
disrupting continuous host availability (Sharma, 2023) (8%,

Biological Control: It involves the strategic introduction of
beneficial microorganisms or natural enemies to suppress
fungal pathogens, offering an environmentally benign
alternative or complement to chemical interventions
(Guzméan, 2021) 9, This approach harnesses the power of
ecological interactions, utilising antagonistic fungi, bacteria,
or even predatory nematodes to outcompete, parasitise, or
inhibit the growth of pathogenic fungi, thus minimising
disease incidence and severity (Manzoor et al., 2024) 47,
For example, the application of various microorganisms can
induce systemic resistance in plants, making them less
susceptible to subsequent pathogen attacks, while certain
endophytes can directly antagonise pathogens through
competitive exclusion or antibiotic production. Moreover,
biofungicides, derived from naturally  occurring
microorganisms or their metabolites, are increasingly being
developed as potent tools for managing fungal diseases
without the ecological drawbacks associated with synthetic
chemicals (Ceresini et al., 2024) [*2, These biological agents
represent a crucial component of integrated pest
management strategies, particularly in organic farming
systems where synthetic chemical use is restricted (Rojas et
al., 2018) 161, The careful selection and deployment of these
biocontrol agents are paramount, necessitating a deep
understanding of their ecological niche and interaction
mechanisms with both host plants and target pathogens to
ensure efficacy and environmental compatibility. However,
the efficacy of biological control agents can be influenced
by environmental factors, pathogen populations, and the
availability of suitable antagonists (Hamim et al., 2024) 1,
Consequently, further research is needed to develop more
robust and consistent biological control strategies that are
effective across diverse agricultural settings (Elkhairy et al.,
2023) [231,
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Chemical Control and Its Disadvantages: Despite their
effectiveness in preventing crop losses and improving
yields, the widespread application of chemical fungicides
faces mounting scrutiny due to the emergence of pathogen
resistance and concerns regarding environmental
accumulation and non-target effects on ecosystems (Seyi-
Amole & Onilude, 2021) ", Moreover, overreliance on
these synthetic compounds can lead to the development of
fungicidal resistance in pathogenic fungi, underscoring the
urgent need for sustainable and eco-friendly alternatives
(Shai et al., 2024; Reddy et al., 2024) [3 €61, This imperative
has driven extensive research into biological control agents,
which are increasingly recognised as a viable and
sustainable alternative for managing fungal diseases in
cereals and other crops (Dehbi et al., 2023) [*3], For instance,
endophytic fungi represent a promising avenue, as they
establish symbiotic relationships with host plants, producing
an array of bioactive compounds that directly antagonise
phytopathogenic fungi while simultaneously promoting
plant growth (Manathunga et al., 2024) (81, Furthermore, the
non-judicious application of agrochemicals has led to
widespread environmental damage, necessitating the
exploration of microbial metabolites and other biological
control agents as sustainable alternatives for crop protection
(Verma et al., 2020) 1, The indiscriminate use of chemical
pesticides has also been linked to detrimental effects on
human health, including neurological and respiratory
disorders, further emphasising the need for safer alternatives
(Dehbi et al., 2023) [*1, This has spurred significant research
into developing novel fungal biocontrol agents and
evaluating their efficacy in diverse environmental contexts,
offering a more sustainable approach to disease
management compared to the environmental consequences
and potential for resistance development associated with
chemical pesticides (Shaili et al., 2025; Menjivar et al.,
2025) [76.51],

Integrated Disease Management (IDM): Integrated
disease management effectively combines genetic
resistance, cultural practices, biological control, and
chemical interventions to provide comprehensive and
sustainable  protection  against  fungal diseases
(Bhattacharjya, 2024; Hyde et al., 2024) [0 34 This
multifaceted strategy aims to optimise disease control while
simultaneously reducing the development of fungicide
resistance and minimising adverse environmental impacts
(Vilvert et al.,, 2021; Fenta & Mekonnen, 2024) [ 251
Implementing this approach requires a deep understanding
of pathogen biology, host plant genetics, and agroecosystem
dynamics to tailor control measures effectively (Sharma et
al., 1997) I8 It emphasizes proactive management by
utilising predictive models and surveillance to anticipate
disease outbreaks and enact timely, targeted interventions,
rather than depending solely on reactive measures.
Additionally, the integration of host plant resistance through
either conventional breeding or genetic engineering
provides a fundamental layer of defence, thus decreasing the
need for intensive external interventions and enhancing
overall crop resilience (Sharma et al., 1997) '8, Advances
in gene editing technologies, particularly CRISPR-Cas9,
offer promising opportunities for developing disease-
resistant plant varieties, further strengthening this
foundational layer of defence (Hyde et al., 2024) B4, Such
biotechnological innovations enable the rapid development
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of resilient crops with broad-spectrum resistance to multiple
pathogens, marking a significant advancement over
traditional single-gene resistance strategies (Wani et al.,
2022; Dormatey et al., 2020) [%3 201,

Knowledge Gaps and Future Research Directions
Despite notable advancements in our understanding of
fungal disease mechanisms and the development of control
strategies, several knowledge gaps remain, particularly
regarding the long-term ecological impacts of novel
biocontrol agents and the molecular complexities that drive
the evolution of pathogen resistance (West et al., 2023) [*4,
Continued research is vital to clarify the intricate
interactions within the plant microbiome that contribute to
disease suppression and to create durable, multigenic
resistance strategies in crops through advanced breeding and
genomic technologies (Dormatey et al., 2020; Wani et al.,
2022) 20 €1 This effort includes the enhancement of
monitoring and forecasting systems, as well as the selection
and breeding of disease-resistant crop varieties, to promote
sustainable and high-yield production while minimising
environmental impact (Chen et al., 2023) 31, Furthermore,
ongoing investigation into plant defence pathways and
pathogen virulence factors is crucial for developing more
effective and long-lasting resistance mechanisms (Arnon,
1949) B1. A thorough understanding of disease epidemiology
and pathogenesis, combined with timely interventions, is
necessary to reduce production costs and environmental
risks (Chen et al., 2023) [*31. Additionally, exploring novel
pest control strategies such as harnessing pathogen
population dynamics and examining the role of wild plants
in disease epidemiology is essential for achieving
sustainable agricultural production (Fielder et al., 2024;
Michelmore et al., 2017) 26521,

Conclusion

The resilience of Macrotyloma uniflorum (horse gram)
positions it as a vital crop for enhancing food security
amidst increasing climate variability. Effective control
strategies, including integrated pest management and the
breeding of resilient varieties, are imperative to mitigate the
significant yield losses attributed to fungal diseases. The
establishment of sustainable agricultural practices that
leverage the genetic diversity and inherent adaptability of
horse gram will be crucial in safeguarding its production.
Future research should prioritise the exploration of
molecular ~ mechanisms  underlying host-pathogen
interactions as well as the development of biocontrol agents,
thereby contributing to the resilience of agro-ecosystems in
arid and semi-arid regions. Addressing these research gaps
will not only enhance the understanding of Macrotyloma
uniflorum response to biotic stressors but also promote its
cultivation as a cornerstone of sustainable food systems.
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