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EFFECTIVE PLANT VIRUS MANAGEMENT INTEGRATES
STRATEGIES TO PROTECT AND SUSTAIN CROP HEALTH

Effective plant virus management is paramount for ensuring
sustainable crop production and global food security. This review article
delves into integrated strategies to mitigate the impact of plant viruses on
crops, underscoring the necessity of a multifaceted and comprehensive
approach to virus control. The primary objective of this research is to
synthesize current knowledge on plant virus management, emphasizing
the synergistic application of biological, chemical, and cultural practices.
The core focus of the study involves evaluating the efficacy of these
strategies both individually and in combination to formulate a robust and
holistic management plan. The study underscores the scientific importance
of integrating diverse methodologies, which not only mitigate virus
incidence but also bolster overall crop resilience, yield, and long-term
sustainability. The methodology entails a critical and exhaustive analysis
of existing literature, appraising the outcomes of various virus management
strategies across different crops, regions, and environmental contexts.
Key findings reveal that integrated management approaches, such as
deploying resistant cultivars alongside crop rotation and precision-targeted
pesticide application, markedly diminish virus transmission, severity,
and associated impacts. The research concludes that a holistic strategy
for plant virus management is indispensable for securing long-term crop
health, stability, and productivity. This work significantly contributes to
the field by providing a comprehensive synthesis of effective management
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practices, establishing a solid framework for future research and practical
application. The practical implications lie in the potential to implement
these integrated strategies across diverse agricultural systems, ultimately
fostering more sustainable crop production, enhanced food security, and
reduced economic losses due to plant viruses.

Keywords: Virus Management, Integrated Strategies, Crop Resilience,
Sustainable Agriculture, Virus Control, Monitoring, Plant Immunity,
Biosecurity.

Introduction

Plant viruses represent a profound threat to sustainable agriculture, leading
to substantial economic repercussions. The advent of novel viral diseases is
predominantly driven by global trade, climate fluctuations, and the rapid adaptive
evolution of viruses. Effective disease control strategies encompass immunization
and prophylactic measures to curtail viral spread. The cornerstone of disease
management is the swift and precise identification of the etiological agent.
Diagnostic protocols must be meticulously optimized for accuracy, ensuring
the detection of a broad spectrum of virus variants while discriminating against
outgroup viruses (Rubio et al., 2020). The genetic diversity within virus populations
significantly impacts both diagnosis and disease management; however, there
remains a dearth of information on incorporating genetic diversity into detection
methodologies. Diagnostic and disease control techniques for plant viruses are
evaluated based on their precision, detection thresholds, multiplexing capacity,
quantification, portability, and customizability. High-throughput sequencing
offers expansive and precise virus identification, facilitating multiplex detection,
quantification, and the discovery of emergent viruses. Viral pathogens constitute
a grave challenge to sustainable agriculture, inflicting billions of dollars in losses
annually. The emergence of new diseases, driven by factors such as monoculture
practices with limited genetic diversity, high-density planting, global trade of
plant materials, climate change, and the inherent capacity of viruses to evolve and
adapt, is a significant contributor to the rise of these pathogens. Effective disease
management hinges on either preventing viral entry into plants or enhancing plant
resistance to viral infections through tailored strategies specific to each virus, host,
and environmental context [15, 8].

The escalating issue of insecticide resistance poses a significant threat to
the efficacy of vector control strategies, particularly in the context of malaria
management. The study revealed that the most extensive operational use of
insecticides occurs in malaria control, followed by efforts targeting dengue,
leishmaniasis, and Chagas disease. However, IRS programs have been sluggish in
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detecting pyrethroid resistance, and proactive resistance management through the
use of alternative, unrelated insecticides remains largely inadequate. The heavy
reliance on recently introduced insecticide products raises concerns regarding
product stewardship and effective resistance management (Van den Berg et al.,
2021). To combat insecticide resistance, vector control programs must enhance
coordination in insecticide procurement, strategic planning, implementation,
resistance monitoring, and capacity building, while also exploring alternative
vector control methods. The World Health Organization initiated the Global Vector
Control Response 2017-2030 to strengthen locally adapted and sustainable vector
control efforts. Additionally, the Innovative Vector Control Consortium (IVCC)
was established to address obstacles in the development of new insecticides for
vector control [17].

It delves into the transformative advancements in molecular biology that have
significantly impacted plant disease diagnosis and management. It underscores the
application of serological techniques, isothermal amplification methods, CRISPR-
based innovations, and RNA-based approaches. Additionally, it explores the role
of high-throughput sequencing and RNA interference technologies, including
host-induced gene silencing and spray-induced gene silencing. Despite existing
challenges, these methodologies offer promising avenues for reducing reliance on
pesticides while boosting productivity within sustainable agricultural practices.
(Devi etal., 2024). The review also examines the concept of quasispecies in plant
virology, shedding light on the intricate dynamics within viral populations. In
conclusion, it emphasizes the potential of RNA interference and double-stranded
RNA technologies for effective plant disease management and pest control
Table 1[4, 10, 6, 7, 19].
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Table 1 — Comprehensive Overview of Plant Virus Management

Host and Crop Disease Causal Vectors Disease Effects Management References
Disease Affected Distribution Agent(s)
Tomato Tomato Worldwide, Tomato Bemisia tabaci Causes severe Management includes Yan et al.
Yellow Leaf especially in yellow leaf (whitefly) stunting, upward the use of resistant (2021)
Curl Virus tropical and curl virus curling of leaves, | tomato cultivars, regular
(TYLCV) subtropical (TYLCV) interveinal insccticide application
regions yellowing, and targeting whitefly vectors,
significantly implementing vector
reduces fruit control measures such as
yield sticky traps, and exclusion
methods like physical
barriers to protect crops
from whitefly infestation.
Cucumber Cucumber, Worldwide, Cucumber Aphids Symptoms Effective management Mohammed et
Mosaic Tomato, with prevalence mosaic (various species | include mottling, involves the use of virus- al. (2020)
Virus Pepper, etc. in temperate virus including Myzus chlorosis, leaf free seeds, cultivation of
(CMV) regions (CMV) persicae and curling, stunting, resistant varieties, control
Aphis gossypii) | and deformation, of aphid vectors using
leading to insecticides or biological
reduced fruit controls, and removal of
quality and yield. | infected plants to prevent
the spread of the virus.
Potato Virus Potato, Global Potato virus | Myzus persicae PVY causes Management practices Valkonen et al.
Y (PVY) Tobacco distribution, Y (PVY) (green peach mosaic patterns include the use of certified (2020)
particularly aphid) on leaves, leaf virus-free seed potatoes,
in temperate drop, tuber cultivation of resistant
regions necrosis, and potato varieties, control of
significant yield | aphid populations through
loss in affected chemical or biological
crops. ‘means, and crop rotation
to reduce virus persistence
in the field.
Rice Tungro Rice Predominantly Rice tungro Nephotettix Tungro A et
Disease found in South bacilliform | virescens (green disease causes include the use of resistant al. (2020)
and Southeast virus leafhopper) yellow-orange rice varieties, control
Asia (RTBV), discoloration of of leafhopper vectors
Rice tungro leaves, stunted through chemical or
spherical growth, poor biological insecticides,
virus grain filling, and and the adoption of
(RTSV) significant yield cultural practices such as
losses in rice. synchronized planting and
field sanitation to reduce
vector populations.
Barley Barley, Worldwide, Barley Rhopalosiphum BYDV leads Management involves the Stenger et al.
Yellow Wheat particularly yellow padi (bird to yellowing of cultivation of resistant (2017)
Dwarf Virus in temperate dwarf virus cherry-oat leaves, stunting, cultivars, control of
(BYDV) climates (BYDV) aphid), Sitobion | delayed maturity, aphid vectors through the
avenae (grain and reduced yield | application of insecticides
aphid) in cereal crops. or natural predators, and
timely planting to avoid
peak vector activity.
Tomato Tomato, Worldwide, Tomato Thrips (various TSWYV causes Management includes the Pappu et al.
Spotted Pepper, particularly in spotted species necrotic spots on use of resistant varieties, (2019)
Wilt Virus Peanut, etc. warmer climates wilt virus including leaves, wilting, control of thrips vectors
(TSWYV) (TSWV) Frankliniella reduced fruit through insecticides,
occidentalis) yield, and can implementation of vector
lead to plant control measures such as
death in severe | blue sticky traps, and weed
cases. management to reduce
alternative hosts.
Papaya Papaya, Worldwide, with Papaya Aphids PRSV causes Management strategics Tripathi et al.
Ringspot Cucurbits higher incidence ringspot (various species | mosaic patterns, include the use of (2022)
Virus (e.g., in tropical virus including Aphis ringspots on resistant papaya varieties,
(PRSV) watermelon, regions (PRSV) gossypii) leaves and fruits, control of aphid vectors
cucumber) reduced fruit using insecticides, crop

quality, and

significant yicld

losses in papaya
and cucurbits.

sanitation practices, and

the roguing (removal) of

infected plants to prevent
virus spread.
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Grapevine Grapevine Worldwide, Grapevine Xiphinema GFLV leads Management involves Bertazzon et
Fanleaf with higher fanleaf virus index to malformed the use of virus-free al. (2017)
Virus prevalence in (GFLV) (nematode) leaves, reduced planting material, control
(GFLV) temperate wine- fruit yield and of nematode vectors
growing regions quality, and through soil fumigation
poor vine vigor, or nematicides, and the
significantly cultivation of resistant
impacting grape rootstocks to minimize
production. virus transmission.
Banana Banana Southeast Asia, Banana Pentalonia BBTV causes Management strategies Kiranmai et al.
Bunchy Pacific Islands, bunchy nigronervosa stunted growth, include the use of virus- (2018)
Top Virus Africa top virus (banana aphid) bunched leaf free planting material,
(BBTV) (BBTV) appearance, and vector control through
significantly the use of insecticides or
reduced fruit natural predators, and the
production, eradication of infected
leading to plants to prevent the
economic spread of the virus.
losses in banana
production.
Tobacco Tobacco, Worldwide, Tobacco Mechanical TMV causes Management includes Reyes et al.
Mosaic Tomato, particularly mosaic transmission mottling, mosaic the use of resistant (2022)
Virus Pepper, etc. in temperate virus (via tools, patterns on varieties, rigorous
(TMV) regions (TMV) hands, or leaves, stunting, sanitation measures such
contaminated and reduced as disinfection of tools
soil) fruit yield, and hands, crop rotation,
with signi and the avoid of
economic impact | contaminated soil or seeds
on affected to minimize the risk of
crops. TMV infection.
Citrus Citrus (e.g., Worldwide, Citrus Toxoptera CTV causes Management involves the Dawson et al.
Tristeza oranges, particularly in tristeza citricida (brown stem pitting, use of tolerant or resistant (2015)
Virus lemons, citrus-growing virus citrus aphid) leaf yellowing, rootstocks, control of
(CTV) grapefruits) regions (CTV) reduced fruit aphid vectors through
size, tree decline, insecticides or biological
and in severe control, and the removal
cases, tree of infected trees to reduce
death, leading to | the spread of CTV in citrus
‘major economic orchards.
losses in citrus
production.
Materials and Methods

Data on plant virus management were compiled from NCBI, PMD, and
contemporary peer-reviewed literature. Integrated methodologies, including the
deployment of resistant cultivars and the application of cultural practices, were
evaluated for their efficacy in safeguarding and maintaining crop health. The
findings were synthesized to underscore the effectiveness of these strategies in
mitigating virus prevalence and advancing long-term crop sustainability.

Results and Discussion

Van den Berg et al. (2021) highlight the significant challenges in disease
vector control due to reliance on a limited number of insecticide classes and the
growing issue of insecticide resistance. Pyrethroids, which are the predominant
class of insecticides, have seen reduced use in the African Region owing to
extensive resistance. Organochlorines and neonicotinoids rank as the second
most utilized insecticide classes. Many nations have been sluggish in addressing
pyrethroid resistance in malaria vectors, with numerous countries delaying
the transition to non-pyrethroid insecticides for resistance management (IRS).
Proactive resistance management for malaria vectors is generally inadequate, with
notable exceptions in several African nations. Factors contributing to suboptimal
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resistance management include the lack of a cohesive national strategy, insufficient
monitoring systems, and restricted access to a diverse array of insecticides. The
deployment of new insecticide products for IRS must be accompanied by a
comprehensive long-term stewardship plan to maintain insecticide susceptibility
within vector populations [17, 10]. And Cai et al. (2023) describe Tomato leaf curl
New Delhi virus (ToOLCNDV) as an emerging pathogen that poses a significant
threat to Cucurbitaceae crops, resulting in severe yield losses. Initially identified
in China, TOLCNDYV is transmitted by whiteflies and can also be mechanically
inoculated. The virus causes symptoms such as leaf curling, yellow mosaic patterns,
vein swelling, and stunting of the plants. Economic damage from ToLCNDV has
been reported in various crops, including cucurbits, with losses reaching up to
20% in central Spain. Nevertheless, genetic resistance to TOLCNDV has been
identified in several Cucurbitaceae species [3].

1. Exclusion of Pathogens via Crop Quarantine: Trade routes facilitate the
rapid transport of plants and pests, necessitating stringent quarantine regulations
to prevent the introduction of pathogens into new regions. These regulations,
governed by international agreements and national plant protection organizations
(NPPOs), aim to restrict pathogen movement into both novel and limited-
distribution areas. For instance, the EU Plant Health Directive is mandated
across EU member states, while U.S. federal legislation encompasses nationwide
regulations with potential state-specific additions. International phytosanitary
efforts are regulated by organizations such as the WTO-SPS Agreement and
the IPPC under FAO. Quarantine measures adhere to international standards set
by entities like the IPPC and RPPOs, including EPPO in Europe and NAPPO
in North America (Barba, Ilardi, & Pasquini, 2015). These recommendations,
while not legally binding, guide national governments in formulating risk-based
regulations. The EU, for example, enforces pathogen-free standards for imports
from non-EU countries, while specific pathogens like PPV are prohibited due to
their economic impact [2].

2. Exclusion of Pathogens through Crop Certification: Pathogens primarily
spread via infected propagative materials such as rootstocks and buds. To mitigate
this risk and ensure high-quality planting material, various certification frameworks
have been established. Certification involves collaboration among scientific
and technical bodies to guarantee adherence to cultivar type and sanitary status
throughout production stages. Key steps include: selecting high-quality plants,
maintaining pathogen-free nuclear stocks, and producing certified plants under
rigorous conditions. Certification standards are outlined by organizations such
as NAPPO and EPPO, addressing steps for pathogen exclusion and detection
methods, and ensuring that multiplication history is documented [2].
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3. Control of Pathogens by Eradicating Infected Cultivars: Eradication aims
to remove pathogens before they become widespread, applicable to plants, fields,
or regions. Effective eradication requires timely action, including regular surveys
and removal of infected trees. While eradication efforts, such as those targeting
PPV, face challenges, timely intervention is crucial for success [2, 9, 14].

4. Controlling Viral Insect Vectors: A few temperate fruit tree viruses are
vectored by insects, with PPV being notably transmitted by aphids. Controlling
vectors is vital but should be combined with other measures like plant eradication
and certification. Insecticide treatments alone are insufficient, as they do not
prevent transmission by transient vector species (Barba, Ilardi, & Pasquini, 2015).
However, strategies such as preemptive tree removal and the use of mineral oils
can reduce virus spread [2, 9, 14].

5. Elimination of Pathogens from Planting Material: Virus elimination
techniques include thermotherapy, tissue culture, and cryotherapy. Combining
these methods, particularly thermotherapy with shoot-tip grafting or meristem
culture, effectively eradicates viruses. Cryogenic techniques, like vitrification and
encapsulation—dehydration, have shown high eradication rates and are valuable
alternatives when traditional methods fail [2, 9, 14].

6. Selection of Tolerant and/or Resistant Crop Cultivars: Developing virus-
resistant cultivars is crucial for managing plant viruses, especially in perennial
crops. While breeding for resistance is a long-term endeavor fraught with
challenges, some progress has been made. Studies on virus resistance, particularly
for PPV, have identified limited sources of natural resistance. For instance, resistant
germplasm has been used in breeding programs, and molecular analyses have
identified genomic regions associated with resistance [2, 9, 14].

7. Transgenic Approaches to Induce Virus Resistance in Temperate Fruit
Trees: Genetic engineering offers a path to introduce resistance traits through
specific DNA sequences. However, transformation and regeneration in fruit
trees remain challenging, with limited success in commercial genotypes. Early
transgenic strategies involved expressing virus-derived sequences, but resistance
often depended on RNA-mediated mechanisms rather than viral proteins (Barba,
Ilardi, & Pasquini, 2015). For example, the plum cultivar ‘HoneySweet’ displayed
resistance through post-transcriptional gene silencing, showing the complex nature
of transgenic resistance strategies [2, 9, 14].

Kumar et al. (2024) discuss the complexities associated with vector
management in India, focusing on the containment of vector-borne diseases
such as malaria, visceral leishmaniasis, and lymphatic filariasis. Contemporary
control strategies including chemical insecticides, bed nets, and environmental
modifications are increasingly ineffective due to challenges like insecticide
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resistance, outdoor biting behavior, and climatic shifts. Innovative vector
control measures are emerging, such as insecticide-treated nets, neonicotinoids,
clothianidin, and novel formulations. The study underscores the urgent necessity
for enhanced resources and support to foster the development and implementation
of advanced vector control technologies, offering crucial insights for future
research and development endeavors [9]. And in their review, Tatineni and
Hein (2023) discuss the profound impact of plant viruses on global agriculture,
highlighting the significant losses in crop yield and quality. They elucidate
the complexities introduced by emerging viral strains, evolving agricultural
practices, co-infections, and climate change, which challenge effective epidemic
management. The authors emphasize the use of risk-reducing measures such as
exclusion, avoidance, and eradication techniques. They also point out that next-
generation sequencing technologies offer promising avenues for detecting novel
viruses in quarantine samples. While genetic resistance in crops remains a robust
strategy, the long-term efficacy and acceptance of transgenic methods are still
under scrutiny. Additionally, they note the potential of CRISPR/Cas9 technology
for developing virus-resistant, non-GMO crops [16, 6, 7]. And the same time;
Vector-borne diseases (VBDs) such as malaria, dengue, and leishmaniasis inflict
considerable morbidity and mortality across the globe, with a disproportionate
impact on the most impoverished communities. Vector control has proven to
be a more effective strategy than pharmaceuticals or vaccines in mitigating the
transmission of these diseases (Wilson et al., 2020). Nevertheless, the emergence
of insecticide-resistant vectors and the implications of global environmental shifts
underscore the need for sustained investment in evidence-based vector management
strategies [20]. And Countries should foster coordination among their vector
control programs to enhance efficiency, quality, safety, and sustainability. This
can be achieved by sharing information, infrastructure, and human resources. In
some instances, a national-level entity manages all vector-borne diseases, whereas,
in others, distinct programs address malaria, visceral leishmaniasis, and dengue.
Centralization can boost operational efficiency, whereas decentralization can
improve safety and sustainability (Van den Berg, Velayudhan, & Yadav, 2021). It
is imperative to embrace intersectoral collaboration in vector control, particularly
in regions experiencing declining malaria and rising dengue cases. Strengthening
entomological capabilities and standardizing application techniques and safety
measures for personnel are critical. National guidelines and protocols play a crucial
role in maintaining continuity of entomological expertise and resources at both
the national and district levels [18].
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Types of Plant Pathogens

Plant pathogens are classified into three categories based on their energy
acquisition methods: necrotrophs, hemibiotrophs, and biotrophs. These
classifications influence plant responses to pathogens.

1 Biotrophic Pathogens: Biotrophic pathogens derive nourishment from living
host cells using complex mechanisms. Some, like Uromyces fabae and Blumeria
(Erysiphe) graminis, are obligate biotrophs that cannot grow on artificial media.
Non-obligate biotrophs can grow on artificial media and only damage host cells.
Biotrophs form haustoria that penetrate host cell walls but not plasma membranes,
with nutrient exchange occurring at the perihaustorial membrane. Pathogens like
Ustilago maydis and Cladosporium fulvum do not form haustoria, and nutrient
exchange happens via the apoplast.

2 Necrotrophic Pathogens: Necrotrophic pathogens are opportunistic,
unspecialized pathogens that kill hosts quickly and feed on their remains. They
do not form haustoria and enter plants through openings or wounds, secreting
lytic enzymes and phytotoxins. Examples include Cochliobolus (corn leaf blight),
Alternaria (early blight of potato), and Botrytis (grey mold). Necrotrophic
pathogens primarily infect young, weak plants and can be grown on artificial media.
Plant immunity against these pathogens involves phytohormones, pathogenesis
proteins, and secondary metabolites. Despite some resistance, necrotrophic fungi
like Fusarium and Rhizoctonia can cause significant crop loss.

3 Hemibiotrophic Pathogens: Hemibiotrophic pathogens exhibit
characteristics of both biotrophs and necrotrophs, transitioning from a biotrophic
phase to a necrotrophic phase. This transition involves suppressing the host’s
immune response, leading to extensive damage and death. Examples include fungi
such as Magnaporthe grisea, Phytophthora, Pythium, Fusarium, Colletotrichum,
and Venturia, and the bacterium Pseudomonas syringae [14].
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Figure 1 — A brief overview of vector control history includes the following
terms: CL (cutaneous leishmaniasis), DDT (dichlorodiphenyltrichloroetha
ne), GMEP (Global Malaria Eradication Programme), HAT (human African
trypanosomiasis), IRS (indoor residual spraying), ITN (insecticide-treated bed
net), VBD (vector-borne disease), and VL (visceral leishmaniasis) [20].
https://doi.org/10.1371/journal.pntd.0007831.g001
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Moya-Ruiz et al. (2023) delve into the prevalence and spatial distribution
of aphid-borne viruses affecting cucurbits in Spain, underscoring the imperative
for robust pest and disease management strategies. Aphids and whiteflies
present substantial threats to vegetable crops, inflicting considerable damage and
serving as vectors for a variety of plant viral diseases. The inadequacy of current
control measures, as highlighted by Moya-Ruiz et al. (2023), underscores the
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necessity for comprehensive surveillance programs and a deep understanding
of virus epidemiology to ensure sustainable food production. The study offers
crucial epidemiological insights, including the symptomatic manifestations
of virus-infected plants, and highlights the pressing need for further research
and the development of innovative approaches to combat aphid pests and
their associated viral pathogens. A nuanced understanding of the intricate
epidemiology of cucurbit viral diseases will enhance the efficacy of management
strategies targeting these pests and the viruses they transmit in agricultural
settings [11, 1]. And Machine learning is increasingly employed to elucidate
plant virus pathogenesis, particularly in the context of extensive big data. This
approach aids in formulating effective management strategies and comprehending
host-virus dynamics (Ghosh, Chakraborty, Kodamana, & Chakraborty, 2022).
Machine learning techniques are capable of deciphering patterns in virus evolution
and devising control measures. Conventional statistical data analysis methods are
being supplanted by advanced machine learning and deep learning technologies.
Both supervised and unsupervised learning methodologies hold significant
promise in biological research, with supervised learning emphasizing labeling and
classification [5, 12, 13].

Conclusion

In conclusion, the consideration of plant viruses therefore plays a crucial role
in ensuring plant health and safeguarding productivity in agriculture. This review
has provided a list of various strategies that when combined presents a holistic
and complex approach to managing plant viruses. The effectiveness of these
strategies is based on their ability to address different aspects of the viral spread
throughout the human body, including preventive measures, diagnostic procedures
at the initial stages of the viral infection, and various types of intervention.
The evidence supports the belief that an integrated pest management strategy,
involving genetic engineering, bio-control, cultural and chemical, offers the best
safeguard to protect plants from viruses. The effectiveness of these integrated
strategies is well supported by modern literature, which emphasizes the constant
need for evolution and new developments due to the emergence of new viruses.
It underlines the importance of cooperation between researchers, agronomists,
and policymakers in the elaboration of such approaches. Scientific research in the
area has improved the understanding of viruses, especially in virology and plant
pathology, thus driving progress in virus control measures. While the understanding
of the interaction between viruses and their host increases, further work should
be devoted to increasing the efficiency of these approaches and discovering fresh
approaches to viral control, including gene editing and sustainable agriculture.
In other words, crop management cannot be based solely on one or the other
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but rather a combination of all the presented approaches to ensure sustainable
management of crop diseases and pests. By reducing the effects of plant viruses
at source and strengthening the systems that support agriculture in a world of
evolving environmental conditions, this strategy pays off in the long run. The
research supports this hypothesis, affirming that the practice of managing plant
virus diseases is exiting and progressive field that holds great potentiality to
increase food security in the future.

Highlight

- Integrated Approach: Effective plant virus management requires the
integration of multiple strategies to achieve comprehensive protection and
sustainability.

- Resistant Cultivars: The use of genetically resistant plant varieties is a
fundamental strategy for reducing virus incidence and enhancing crop resilience.

- Cultural Practices: Implementing cultural practices, such as crop rotation
and sanitation, plays a crucial role in minimizing virus transmission and
maintaining soil health.

- Chemical Controls: The judicious application of chemical treatments,
including antiviral agents and pesticides, complements other management
strategies and helps control virus spread.

- Monitoring and Surveillance: Regular monitoring and surveillance are
essential for early detection and management of virus outbreaks, ensuring timely
interventions.

- Education and Training: Educating farmers and stakeholders about virus
management techniques and best practices enhances the adoption and effectiveness
of integrated strategies.

- Sustainability: The integration of these strategies contributes to long-term
sustainability by reducing reliance on single-method approaches and promoting
overall crop health.

- Research and Innovation: Ongoing research and technological
advancements are critical for developing new management techniques and
improving existing ones.

- Economic Impact: Effective virus management strategies help reduce crop
losses and improve yield, thus positively impacting the agricultural economy.

-Global Relevance: The principles of integrated plant virus management
are applicable across different regions and cropping systems, highlighting their
universal significance in global agriculture.
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19.11.24 . OacsIn mbsIFapyra KaObUITaH B

OCIMIIK BUPYCTbI TUIMII BACKAPY OCIMJEP/IH
JEHCAYJIBIFBIH KOPFAY )KOHE CAKTAY
CTPATEI'USAJIAPBIH BIPIKTIPEJI

Ocimoix supycvin muimdi 6ackapy ecimOiK wapyaulblivbl2blHblY
mypakmul OHIMIH dcoHe dHcahanOblK a3vlK-mynik Kayincizoieiu
KamMmamacols emy YuwiH Maywizovl 6oavin mabuviiadvl. Byn wony
MAKanacel 6CiMOiK 6UPYCMapulHul OaKbLIOAPad dCEPIiH HCeHII0emy YUlin
Oipikmipineen cmpamecusnaposl 3epmmelioi, supycmaposl daKwiiayead
KON KblpJibl HCOHe KeuleHOl mociloiy Kaxcemminiein kopcemeoi. Byn
sepmmeyoiy Hezizei mMaKcamvl OUONOSUANBIK, XUMUSIBIK HCOHE MOIOEHU
madcipubenepoi cunepeemuKaivblk Koaioanyovl baca Kepceme Omulpbin,
ecimMOiK gupycmapuii backapy 6otblHua a2blmodzbl OiliMOI cunmesoey
bonvin mabwiiadsl. 3epmmeyOiy Heizei Oazbimbl CeHIMOI HCOHEe MYymac
backapy scocnapvin Kypy yWliH ocbl cmpameusiapobly muimMoiniiein
JiceKe dicoHe Oipikmipin bazanayovl Kammuowsl. 3epmmey opmypii
aoicmemenepoi OIpIKmMipyOiH 2blLibiMU MAKbBI30bLIbI2LIH aman emeoi,
onap upycmuly Mapanybli d3aumuln KaHa KOUMAl, COHbIMEH Kamap
JHcannvl 0aKbLIOAPOLIH MO3IMOLNI2IH, OHIMOINIZIH HCOoHe Y3aK Mep3imMOi
MypaKkmoliblabli apmmulpaosl. Qoicmeme spmypii 0aKblLIOap, AUMaKmap
JICOHe Kopulaean opma KoOHmekcmmepi 00tblHua 9pmypii 6upycmapobl
backapy cmpame2usniapbiibly Homudiceaepin bazanai omeipsin, oap
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a0ebuemmepoi ColHU dHCOHe MObIK mandayosl maian emeoi. Heeizei
KOPbIMbIHOBLIAP AYbICNALbL e2iCner Kamap mo3imoi copmmapoul KOL0aHy
JHCOHE HAKMbI MAKCAMMmMbl necmuyuomepoi KOJLOAHY CUAKMbl KeueHOl
backapy mocindepi upycmuly OepiiyiH, ayblpiblablH JHCOHE CO2aH
oatiianvicmol ocepaepoi aumapiviKmail memeHoememinin Kepcemeoi.
3epmmey ocimoixmepoiy supycmapuii backapyosly mymac Cmpameusicol
Y3aK Mep3imMOi 6CIMOIK OEHCAYIbI2bIH, MYPAKMbLIbIZLIH HCOHE OHIMOLNIIH
KAMMAMAacyl3 emy YWin Kaxcem 0e2eH Kopblmulhoviea keaeoi. by scymuic
muimoi backapy moxcipubeciniy KeueHOI CUHme3iH KaMmamacsl3 emy,
bonawak 3epmmeynep MeH NPAKMUKANLIK KOJIOAHY Ywlin 6epik Heeis
KYpY apKblivl caniaza aumapiavlkmail yiec Kocaowsl. IIpakmuxanvly
canoapvl spmypii aybliuapyaublisblK xcyliesiepinoe ocvl OIpikmipineeH
cmpamezuanapobl dicy3eze acbipy oneyeminoe Hcamulp, Caiibln Kenzenoe,
OCIMOIK APy auUbLIbIZbIHbIY MYPAKMBLIbIZ6IH APMMbIPYed, a3blK-myJiK
Kayincizoiein apmmuolpy2a dHcoHe 6cCiMOIK 8UpPYCmapbiHaH OONAMbIH
9IKOHOMUKATBIK Ubl2bIHOAPObl A3aumyaa MyMKIHOIK bepeoi.

Kinmmi ce30ep: supycmapmen kypecy, bipikmipineen cmpame2usnap,
oakplioapaa mosiMoinix, mypakmol aybll WUaApYauLbLIblebl, BUPYCMAPMEH
Kypec, MOHUMOPUHE, 6CIMOIKmMepOiy UMMYHUmMemi, OUOKayincizoix.
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3®PEKTUBHOE YIIPABJIEHUE BUPYCAMHW PACTEHUI
UHTET'PUPYET CTPATEI'MU 3AIIUTHI U COXPAHEHUA
3JIOPOBbSI CEJIbCKOXO3SMCTBEHHBIX KYJIBTYP

Dppexmuenoe ynpasienue supycamu pacmeHnutl umeem
Klouegoe sHauenue 0asi obecneyenus yYCmouuue020 npou3eo0cmed
CeNbCKOXO3ANUCMEEHHBIX KYIbMYP U 2100aNbHOU NPOO06OIbCINEEHHOU
besonacrocmu. Ima 0030pHas CMAmMbsL ROZPYHCAEMCL 8 UHIMESPUPOBAHHbIE
cmpame2uu CMAYEHUs 030€lCMEUs. GUPYCO8 PACMENUN HA YPOdICall,
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NnoO0YepKUBAS: HEODXOOUMOCHL MHO20ZPAHHO2O U KOMIIEKCHO20 N00X00d
K KOHmponio Hao eupycamu. OCHO8HAS Yenb OAHHO20 UCCAEO08AHIUSL
— CUHMEe3UPOBAMb COBPEMEHHble 3HAHUL O YNPABIEHUU SUPYCAMU
pacmenuil, aKyYeHmMupys 6HUMAHUE HA CUHEP2eMU4ecKom NPUMeHeHUU
OUONO2UYECKUX, XUMUYECKUX U KYIbIYPHBIX Memo008. OCHO8HOe 6HUMAHUe
8 UCCIe008aHUL YOeTAEMC s OYeHKe IPDEeKMUGHOCMU IMux cmpamezuti
Kak no omoenbHoCmu, max u 8 KOMOuHayuuy 071 paspabomri HAOeHCHO20
U yerocmHoeo niama ynpasienus. Hccnedoganue nooueprusaem
HAYUHYIO 8ANCHOCTb UHINESPAYUY PA3TUYHBIX MEMOOUK, KOMOopbvle He
MONLKO YMEHbUAm 3a601e64eMOCHb UPYCAMU, HO U YKPENIAom
00WYI0 YCMOTMUBOCNb, YPOHCAUHOCMY U O0ICOCPOYHYIO YCHIOUYUBOCT
CebCKOX03AUCMBEHHBIX KyAbmyp. Memoodonocus exnouaem 6 cebds
KPpUMUu4eckutl 1 uCHepnvleaiowull HaIu3 Cywecmsyowell 1umepamypbl,
OYEHKY Pe3VIbImamos pasiuiHblx Cmpamezutl YnpasieHus eupycamu Ha
PA3HBIX KYIbMYPAX, 8 PA3TUYHBIX PECUOHAX U IKOTOSUUECKUX KOHMEKCMAX.
OcHogHble pe3ynbmanivl HOKA3bI8aiom, Yno UHMeZpupo8antvle NOOX00bl K
VAPABReHuo, maKue Kax UCnoab308anue YCmouuusbix COpnos 6 COUemaHuiL
¢ ce80060POMOM U YEeNeHANPABGIEHHbIM NPUMEHEHUEeM NeCmUuyudos,
SHAUUMENbHO YMEHbUWAM nepeoady eupycos, ux msicecms u
conymcmsyouue nociedcmeust. B ucciedosanuu 0enaemes 6b1600 0 MoM,
UMo YeroCmHas cmpamezus YnpasieHus 6Upycami pacmenuil A61sAemcs
He3amMeHUMOl 0711 0becneyeHUst 00120CPOUHO20 300P08bsl, CIMAOUTLHOCIIU
U NPOOYKMUBHOCIU CeNbCKOXO03AUCMBEHHbIX KyAbmyp. Dma paboma
SHAYUMENbHO BHOCUM BKAAO 6 00AACHb, NPe0OCmAaBAs 8CECMOPOHHULL
CUHME3 IPHEKMUBHBIX MEMOO08 YNPAGTEHUS U YCMAHABIUBAS NPOUHVIO
OCHO8Y 071 0YOYWUX UCCLe008AHUN U NPAKMULECKO20 NPUMEHEHUS..
Ipaxmuueckue nocredcmsus 3aKI0OUAMC 8 NOMEHYUaLe pearu3ayuu
IMUX UHMESPUPOBAHHBIX CINPAMESUll 8 PA3TUYHBIX ASPAPHBIX CUCTEMAX,
umo 8 KOHeuHoOM umoze OyOem cnocodocmeosams Oojee YCmouyugomy
nPOU3BOOCMEY CEAbCKOXO3AUCMEEHHBIX KYIbMYpP, YAYUUEHUIO
NPOO0BOILCMEEHHOU DE30NACHOCTU U CHUNCEHUIO SKOHOMUUECKUX NOMePb
U3-3a 8UPYCO8 PACMEHUl.

Knrouesvle cnosa: 6opvba ¢ eupycamu, KOMIIEKCHble CIMpameuu,
VCMOUNUBOCb CeNbCKOXO3AUCMBEHHBIX KVIbMYP, YCMOUUUBOe CeNbCKOe
xo3a1icmeo, 6opvba ¢ 8UPYcamu, MOHUMOPUHS, UMMYHUMEN pacmeHuil,
ouosawuma.
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