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are managed sustainably.

ABSTRACT

To feed the burgeoning population intensive farming practices are the right
option to growers. But intensive farming infuses heavy use of chemicals
like fertilizers, pesticides, adaptations of monoculture of hybrids and high
yielding varieties of crops. Intensive farming practices with drastic changes
in climatic condition over the years has influenced the intensity of crop
diseases and pest attack. Rice is not a exception and eventually this crop
also affected by the same practices. Sustainable management balances all
aspects starting from maintaining environment that includes soil, water
conservation and microbial equilibria to plant and animal health vis-a-vis
human health. Thus, in this article it is tried to narrate howrice diseases
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Introduction

Sustainable developmentin agriculture
has emerged as a crucial paradigm in front
of global challenges such as climate
change, resource depletion, and food
security concerns (Sandhu, 2021). The
traditional methods of farming,
characterized by intensive chemical inputs
and unsustainable practices, have often led
to environmental degradation and long-
term soil health issues. In this context,
sustainable agriculture seeks to strike a
balance between meeting the current
agricultural needs and preserving the
resources for future generations. In
addition to addressing the current risks to

crop health, sustainable rice disease
management considers the long-term
effects on biodiversity, the environment,
and farmer livelihoods (Garibaldi et al.,
2017). We can create resilient agricultural
systems that reduce our dependency on
artificial inputs and enhance the overall
sustainability of rice production by
adopting creative and holistic approaches.

Since rice is a staple food for a large
percentage of people worldwide, it is
essential to global food security.
Conventional rice farming methods,
however, have been linked to several social
and environmental issues. Not only does
the application of sustainable agricultural
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concepts to rice cultivation solve these
problems, but it also shows to be a
workable way to lessen the difficulties
caused by rice diseases. However, there are
several obstacles to the sustainable
cultivation of rice, and diseases are a major
threat to both quality and productivity. It
is more important than ever to employ
economically and environmentally sound
solutions to combat rice diseases as we
traverse the intricacies of modern
agriculture (Manoharachary and Kunwar,
2014). In the context of rice disease
management, sustainable agriculture can
be applied through the application of
techniques that minimize environmental
effects while fostering long-term soil health,
biodiversity, and disease resistance. This
strategy places a strong emphasis on the
value of precision agriculture, organic
farming, genetic diversity status, and
agroecological techniques in the
sustainable management of rice diseases.
The main ideas of sustainable agriculture
have been discussed in this review, with
how they relate to rice disease management
(Albahri et al., 2023). Crop rotation, reverse
cropping system, resistant varieties, water
management, cover crops for organic
farming practices, water management, crop
residue management, biological control
agents, crop green manure, precision
agriculture, community participation,
monitoring & early detection, and
agroecological zoning are some strategies
which help in the management of rice
diseases (Liu et al., 2023).Sustainable rice
disease management is established,
emphasizing the value of implementing
strategies that support ecological balance,
protect natural resources, and strengthen
rice crops’ resistance to changing disease

threats (He et al., 2021). In addition to
increase the quantity and quality of their rice
harvests, farmers can support the larger
objectives of social welfare and
environmental preservation by implementing
sustainable farming practices.

Crop rotation

Crop rotation isan effective but
relatively expensive means of managing
disease. Successful utilization of crop
rotation requires understandingof the life
cycle of the pathogen (Francis and Clegg,
2020). In this method growing one season
of non-host crop in the field, so the
pathogen could not survive and die which
couldlead to a break in the host-pathogen
cycle. Crop rotation altersthe physical, and
chemical properties of the soil, and
stimulates beneficial microbial activity. 3-
year rotation of rice, soybean,and corn, was
found to be effective against the rice false
smut diseases (Brooks, 2009). It was also
found that furrow-irrigated rice cultivation
systems recorded low disease severity
compared to puddled rice fields. It is
because of reduced survival period of
chlamydospores in soil.

Kumar et al. (2020) found that the
cropping intensification of rice - followedby
the inclusion ofwinter crops like chickpeas,
lentils& safflower also found to reduce the
incidence of rice diseases. In addition to
intensification conservation tillage
practices like zero tillage in direct-seeded
rice could be a strategic option for disease
managementwith productivity, energy use
efficiency, emission of greenhouse gases,
crop rotation in the rice growing areas quite
a potato also promotes the reduction of a
blast disease of rice also seen (He et al,
2021).
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Organic farming

Pest and disease control based on the
organic farming is usually maintenance of
soil fertility by balanced crop rotations,
including the use of nitrogen-fixing crops,
winter crops, additional manure of
compost,and reduction in soiltillage (Xu et
al., 2021). In the rice-crop ecosystem when
organic farming was applied it was found
that first two years the yield was reduced
up to 10-20% in comparison to inorganic
fertilizers, however during the later two
years it has been improved (Vaglia et al.,
2022).

In the organic system, the disease
incidence is also reduced because of
competition for space and food between the
microorganisms.In the use of chemical
fertilizers, the sufficient N, -related
nutrients cause the excessive accumulation
of nutrients in the seedlings might have
toxic effects and weaken their immune
system, while rice plants treated with a
suitable amount of organic manure showed
a better capability of disease resistance of
grew healthier (Panth et al., 2020).
Nuryanto et al., 2022 done the soil
amendment with rice, shows compost &
found a significantly reduction in sheath
blight severity. In manure compost, R.
solaniprapagules in the form of sclerotia
germination were suppressed by
mycopasitismand the maturity level of
compost also found to enhance the
inhibition of sclerotica germination (Kumar
et al., 2023).

Precision agriculture

Precision agriculture can have a
significant impact on reducing the
dependency on plant protection products

for crop protection (Anastasiou etal., 2023).
The scattered distribution of disease in
fieldswas only can be mapped by the sensor
system and can potentially decrease by
applying pesticides only as needed in the
field andthereby decrease environmental
impact. Image processing techniques
which help in accurate and timely detection
of disease and overcome the limitations of
human eye. Minimum distance Classifier
& K-Nearest Neighbour Classifier has been
used for the identification of rice blast,
bacterial leaf blight, rice brown spot and
sheath blight of rice. The accuracy achieved
by using K-NN & MDC is 87.02% and
89.23% respectively (Joshi and Jadhav
2016).

One of the precision agriculture
technology is hyperspectral imaging. The
standard deviation (STD) of the spectral
reflectance of whole rice leaves
andconstructed support vector machine
(SVM) andprobabilistic neural network
(PNN) models has been used to classify the
degree of rice leaf blast at different growth
stages. STD based SVM Model were found
most effective for identification do rice blast
(Zhang et al., 2022).

Remote sensing proves to be
particularly effective for optimizing
precision management strategies for soil-
borne diseases and nematodes due to
visible changes in foliage characteristics
resulting from root damage, the tendency
of infections to cluster in specific areas,
slow pathogen mobility in soil impeding
spatial disease spread, limited introduction
of new disease foci, and the applicability
of disease maps from one season to future
cropping seasons (Oerke, 2020). Thus,
precision agriculture techniques, such as
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remote sensing and geospatial
technologies, offer effective tools for
monitoring and managing soil-borne
pathogens and optimizing disease
management strategies.

For the prediction of the severity of rice
blast disease a machine learning model i.e.
SMOTE developed. Multispectral remote
sensing technology has been applied for the
detection of rice sheath blight disease
(Bhatia et al., 2021). In this multispectral
remote sensing technology applicability of
broadband high spatial-resolution ADAR
(Airborne Data Acquisition and registration)
remote sensing data hasbeen utilized.
Based on field symptom measurement, a
comprehensive field disease index (DI) was
constructed to measure the infection
severity of the disease andto relate to image-
sampled infections.

Geospatial techniques, such as
geoinformatics and advancements in
computing and sensing infrastructure (e.g.,
cloud-based applications driven by big
data), hold promise for sustainable disease
control by facilitating efficient monitoring
and reducing the reliance on broad-
spectrum pesticides through targeted
application in the field (Oerke, 2020). While
visual observation by human experts
remains the most common method for
determining the spatial distribution of
plant diseases and their pathogens in
farmers’ fields (Mahlein et al., 2018), it is
prone to errors, inconsistency, limited
scalability, and inefficiency in evaluating
a large number of plants over a wide area
(Wu et al., 2019). Aerial optical sensor
platforms offer an attractive alternative for
disease detection, as they enable the
capture and analysis of data from extensive

crop acreage using advanced analytical
tools, thereby facilitating disease diagnosis
and severity determination (Mahlein, 2016;
Oerke, 2020).

Microbial consortia and biocontrol
agents

A microbial consortium refers to a
group of microorganisms withdifferent
species that act together as a community
(Shamarao et al.,, 2021). It is well known
that microbes possess the ability to control
diseases, but achieving consistent results
under field conditions has been a
significant challenge (Trivedi et al., 2017;
Mitter et al., 2019). However, due to the
inconsistent performance of single-strain
inoculants in disease control, the concept
of utilizing a microbial consortium has
emerged as a promising approach (Mitter
et al., 2019). Several successful examples
of microbial consortia have been employed
for managing plant diseases (Bradaeova et
al., 2019). For instance, Suryadi et al.
(2013) utilized a microbial consortium
consisting bacteria, which effectively
controlled the soil-borne pathogens of rice
under system for rice intensification (SRI).

Biocontrol products based on microbial
agents provide safer alternatives to chemical
products, leading to increased interest in the
selection, characterization, and commercial
development of biological control agents
(BCAs) (Saravanakumar etal., 2021). Several
biocontrol agents, such as Trichoderma spp.
and Bacillus spp., have demonstrated
effectiveness against soil-borne pathogens
like R. Solani (Chaudhary et al., 2020).

Nanomaterials

Nanomaterials have emerged as a novel
approach to the management of plant
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pathogens. These materials, characterized
by their small size and unique properties,
offer several advantages in controlling plant
pathogens (Sharma et al.,, 2019). Studies
have demonstrated the potential of
nanomaterials in inhibiting the growth and
activity of various soil-borne pathogens,
including fungi, bacteria, and nematodes.
Nanoparticles such as silver, zinc oxide,
and copper oxide have shown antimicrobial
properties, while nanocomposites and
nanocarriers have been utilized for targeted
delivery of biocontrol agents. The
application of nanoparticles directly to soil,
seeds, or leaves is a straightforward
approach to protect plants against disease.
However, it is crucial to consider the impact
of nanoparticles on non-target species,
particularly mineral-fixing/solubilizing
bacteria, when applied to soil. In the
management of soil-borne pathogens,
researchers have explored the use of
nanoencapsulation techniques to enhance
antioxidant and antimicrobial functions.
Cadena et al. (2018) highlight the
importance of selecting the appropriate
encapsulation form, considering both the
safety of bioactive compounds and
controlled release, while also assessing the
potential effects of nanomaterials on
human health and the environment.

Additionally, nanotechnology-based
formulations have displayed enhanced
stability, prolonged activity, and reduced
environmental impact. Although the use
of nanomaterials in agriculture is still in
its early stages, further research is needed
to fully understand their mechanisms of
action, potential risks, and long-term
effects on the environment and soil
ecosystem. Nonetheless, nanomaterials

hold promising prospects for the
development of sustainable and effective
strategies for managing soil-borne
pathogens in agriculture.

Deciphering the Genetic diversity of
plant pathogens

“Genetic diversity” describes the range
of various genetic traits (alleles) within a
population of organisms or a species. It is
a key component of biodiversity and
essential to a population or species’ long-
term survival and adaptability
(Mukhopadhyay and Bhattacharjee, 2016).
A population’s gene pool stores genetic
variety, when organisms reproduce, allele
combinations that are made up of all the
alleles in the population emerge. Genetic
diversity has a significant impact on the
evolutionary potential of pathogen
populations. When genetic variation is
reduced, it results in lower average fitness
for populations and decreases their ability
to adapt and persist over the long term.

Fisher’s fundamental theorem of
natural selection underscores the
importance of additive genetic variance in
ecological and morphological traits related
to fitness for a population’s ability to adapt
to changing environments (Zhan and
McDonald, 2005). Pathogen populations
with higher levels of genetic diversity are
expected to adapt more rapidly.
Consequently, they can adjust more
quickly to plant disease management
strategies such as the wuse of
agrochemicals, resistant plant varieties,
and biocontrol agents. As a result, these
diverse pathogen populations are more
challenging to control. Allele frequencies
measure genetic variation. Alleles are
different versions of genes that can occupy
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the same locus on a chromosome. They
provide insight into the genetic diversity
of the population (Bernatchez, 2016). In
population genetics, we typically take
evolutionary processes that have an impact
on pathogen populations into account.
These forces include natural selection,
gene flow, reproduction and mating
systems, genetic drift, and mutation.

Populations should be at “Hardy-
Weinberg equilibrium” in the absence of
the impacts of mutation, genetic drift, gene
flow, and selection. “Hardy-Weinberg
equilibrium”- The (p2+2pg+q2) is a formula
by “Wilhelm Weinberg” and “G. H. Hardy”,
is used to test how allele frequencies shift
throughout generations in a population
(Templeton, 2021). Plant pathogen genetic
diversity arises from a complex interplay
involving mutation, gene flow,
recombination, random genetic drift, and
natural selection. Genetic diversity of plant
pathogens such as bacteria, fungi, viruses,
and nematodes are critical for
understanding and managing plant
diseases. Phenotypic variation is caused
by genetic variation. Population
differentiation refers to variations in the
frequencies of alleles (or nucleotides in
sequence data) among subpopulations
(Steenwyk et al., 2016).

It can arise from a combination of
factors such as random genetic drift and
selection. When gene flow is limited,
stochastic changes in allele frequencies
among pathogen populations can lead to
the random fixation of neutral genetic
variations, resulting in nonadaptive genetic
differentiation. Conversely, selection for
traits related to the pathogen’s ecology, like
pathogenicity, aggressiveness, resistance

to agrochemicals, temperature sensitivity,
and reproductive success, can lead to
adaptive genetic differentiation among
genetically isolated pathogen populations.

Conclusion

Lots of researches are going on
sustainable crop production, keeping in
mind the targeted production as well as
crop health and overall health of the whole
biodiversity. Simply the causal organisms
of plant diseases are not visible in naked
eyes and it observed at a time when lot of
damages are happened. Easy way of
managing diseases is applying agro-
chemicals. To avoid huge uses of agro-
chemicals in rice diseases sustainable
management practices is good option.
Although remarkable breakthrough is not
achieved but progress in some of the fields
are really striking, particularly deciphering
the genetic diversity of plant pathogens,
precision agriculture, nanomaterials and
application of microbial consortia.
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