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Abstract

Plant viruses are a major problem for farmers in Northeast India because they grow a wide range of crops
in unique agro-climatic conditions that make it easier for diseases to spread. Recent surveys have shown
that many viruses can infect rice, vegetables, fruits and other horticultural crops in all states of the region.
Viral diseases happen more often and are worse in certain crops and seasons, but they can affect 50-80% of
crops during epidemics. Insects like aphids, whiteflies, leafhoppers and thrips that thrive in the area's
warm, humid climate are the main way they spread. Climate change and more trade have also made it
easier for new vectors and viruses to spread. For example, warmer winters could mean that insects that
carry viruses stay around all year. Also, bringing in ornamental and vegetable seedlings has brought in new
viruses. By figuring out when viruses were first introduced, we can ask questions about how they affected
things. How hard was it for native species to deal with these viruses? Plant viruses are a well-known
problem for farmers in Northeast India because they grow a lot of different crops and the weather is perfect
for disease outbreaks. Recent surveys have shown that many viruses can infect rice, vegetables, fruits and
other horticultural crops in all states of the region. Viral diseases happen more often and are worse in
certain crops and seasons, but they can affect 50-80% of crops during epidemics. Insects like aphids,
whiteflies, leafhoppers and thrips that thrive in the area's warm, humid climate are the main way they
spread. Additionally, climate change and increased trade have led to new pressures from vectors and
viruses. For example, warmer winters could mean that insects that carry viruses are around all year and
bringing in ornamental and vegetable seedlings has made it easier for exotic viruses to spread. This makes
us wonder what their effects are: How hard was it for native species to deal with these viruses?

Keywords: Plant virus, northeast India, viral disease epidemiology, insect vectors, integrated management,
crop protection, sustainable agriculture

Introduction

The Northeastern part of India has eight states which in great variety of ecology and agriculture
practices. These states include Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram,
Nagaland, Sikkim and Tripura % %1, In the states of the Northeastern part of India, agriculture
involves the production of numerous crops such as vegetables like potato, tomato and chilies, as
well as fruits like bananas and various spices such as turmeric and ginger. Rice yields the
highest return and is the staple crop in the region. Meanwhile, the region's weather is very warm
and has humidity for the whole year. In the subcontinent, such conditions creates conducive
environment for crops transmission and for the breeding of crop damaging pests within the
region [3% %1 With regard to the farming in the region, the planted crops usually create a
monoculture in farming fields. Most of the crops planted in the region and the in subcontinent as
a whole are of the same family and are the same type of crops. There are many pests like leaf
hoppers that mainly damages crops in the region. These pests reproduce quickly and the field
monoculture is devastating in the region. The same pests also survive in areas of the region with
warm temperate and pests in such areas reproduce quickly 5% 1% Extreme and negative weather
that is a result of climate change in the region cannot support the crops and pests of winter
producing a negative impact of viruses spreading . Also, the region has also increased
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its trade and activities which has a negative impact of
introducing various crops and viruses that attack the crops. An
example of a negative impact of the region's increased activities
and production of green house vegetables is the crop of viruses
that newly attack and damage crops that were previously un-
attacked %, As a result, farmers are seeing a change in the types
of viruses that threaten their crops. For example, the Tomato leaf
curl New Delhi virus (a begomovirus) is becoming more
common in tomato crops in the northeast 1084, These factors
that make the world more connected add to the region's usual
virus pressures. Plant viruses often cause chronic yield losses
rather than acute epidemics, making them easy to overlook.
Symptoms like mosaic, yellowing, ringspots or stunting can be
mistaken for nutrient deficiency or water stress [?5 971,
Historically, many viral diseases in the region went unreported
or under-appreciated. However, growing awareness and research
in recent decades have revealed that virtually every crop group
in the Northeast is affected by one or more viruses. Surveys
have found that incidence of infection commonly ranges from
20% to 50% in normal conditions and can exceed 80% during
outbreaks (%% 1, In addition, mixed infections (plants harboring
multiple viruses) are common which common often resulting in
severe disease complexes. This convergence of virus threats
poses a significant risk to smallholder farmers, who rely on
healthy crops for food and income B, A variety of traditional
and high-value crops are at risk. Potato, tomato and capsicum
(cash crops) are susceptible to aphid-borne viruses such as
Potato virus Y (PVY) and Cucumber mosaic virus (CMV);
banana plantations are susceptible to bunchy top disease
(BBTV); citrus orchards are threatened by tristeza virus (CTV);
and oilseeds and pulses are susceptible to mosaic and yellow
mosaic viruses 5% 14, Every virus outbreak or introduction puts
more strain on farmers who are already struggling with scarce
resources. Effective control is difficult and persuasive because
viruses have no cure once plants are infected, so emphasis must
be on prevention and sustainable management 4, Plant viruses
in the Northeast represent hidden threats that can undermine
crop productivity and livelihoods unless addressed with
integrated strategies 2 14,

Due to the cultivation of a variety of crops and unique
agroclimatic conditions that promote disease epidemics, plant
viruses are widely recognized as a devastating obstacle to
agriculture in Northeast India [°l. A variety of viruses infecting
rice, vegetable, fruit and other horticultural crops in all states of
the region have been described through recent surveys. Viral
disease prevalence and severity vary by crop and season, but
during epidemics, they can reach 50-80% [ 1001 They are
largely transmitted by insect vectors (aphids, whiteflies,
leathoppers, thrips) that flourish in the area’s warm humidity.
Furthermore, new vector and virus pressures have been brought
about by climate change and increased trade 3%, For instance,
warmer winters could keep virus-carrying insects around year-
round and the import of ornamental and vegetable seedlings has
opened up exotic virus establishing such past virus introductions
allows us to ask questions about their impacts: How difficult
were these viruses for indigenous species to cope with [1°2, Plant
viruses are well known as a devastating constraint to agriculture
in Northeast India due to cultivation of diverse crops and
exclusive agro-climatic conditions which facilitate disease
epidemics [, Recent surveys have identified a range of viruses
that infect rice, vegetables, fruit and other horticultural crops in
every state in the region 1. Viral disease prevalence and
severity vary by crop and season, but during epidemics, they can
reach 50-80% [1114, They are largely transmitted by insect
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vectors (aphids, whiteflies, leafhoppers, thrips) that flourish in
the area’s warm humidity 1%l Furthermore, new vector and
virus pressures have been brought about by climate change and
increased trade. Warmer winters, for example, may keep virus-
carrying insects around all year round and the importation of
vegetable and ornamental seedlings has made exotic viruses
more accessible. Knowing about these previous virus
introductions enables us to enquire about their effects: How

difficult were these viruses for indigenous species to cope with?
[26, 84]

Historical Context and Key Researchers

e Over the past 20 years, plant virology has become more
popular in Northeast India. Initially, knowledge of viral
diseases came from isolated case reports and overseas
studies on similar agroclimates 4, For example, mosaic
symptoms in tobacco and peas were occasionally noted in
Assam in the mid-20th century but received little follow-up.
Formal research on plant viruses in the region began only
with the establishment of dedicated pathology labs 62, The
timeline of virology research in the region spans from
occasional case reports of mosaic and yellowing in the mid-
20th century, to systematic surveys in the 2000s. For
instance, in the 1980s, the Regional Agricultural Research
Station, which was founded in Shillong in 1963,
progressively expanded its plant virology capabilities.
1990s and early 2000s, state agricultural universities in
Assam, Tripura and Manipur had active plant disease
laboratories [52,

e These institutes have produced notable scientists. Numerous
reports on virus outbreaks have been published by
researchers at Assam Agricultural University and the ICAR
Research Complex for NEH Region, including Drs. Nirmal
Mandal, Somnath Roy and Amrita Banerjee 3. One of the
first thorough citrus surveys in the area was carried out in
2017 by Dr. A. K. Singh and associates, who discovered
Citrus tristeza virus in Khasi mandarin orchards in
Arunachal, Assam, Meghalaya, Nagaland, Sikkim and
Tripura. Similarly, work by Palash Nath and co-workers
(2019) identified Alfalfa mosaic virus in Assam potato
fields (a first report for India) and by Banyumali and Deka
(2019) on potato leafroll and other tuber viruses [,

e Dr. R. Deka and his team at AAU Jorhat looked at rice and
vegetable germplasm to see if they could handle viruses.
Scientists from extension services, like J.K. Mahanta, have
done field surveys in many states to find out how many
people are getting the virus. ICAR-Indian Institute of
Vegetable Research and ICAR-NRC on Citrus are two
national institutes that have worked together from time to
time to study crops in the Northeast (4],

e These joint efforts, which are often published in journals
like Indian Phytopathology and Virus Disease, have slowly
helped us learn more about the viruses in the area. Before
the 2010s, most surveys were just descriptions, but now
molecular diagnostics (ELISA, PCR) are widely used 4,
Recent genetic sequencing initiatives in Northeast India
have started to identify virus strains, indicating that certain
viruses in the hills are closely linked to those in Bangladesh
and Myanmar, implying cross-border transmission ©8, The
history of plant virology in the Northeast is one of quick
learning. Before, plants with virus symptoms were ignored,
but now researchers can quickly figure out what's wrong
and fix it, thanks to the work of local scientists and
institutions [,
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Viruses and Crop Diseases in Northeast India

The Northeast has a lot of different types of crops, so it has a lot
of different types of plant viruses. There are a lot of RNA
viruses, such as Potyviridae (Chilli veinal mottle virus, Potato
virus Y), Geminiviridae (Chilli leaf curl virus, Bhendi yellow
vein mosaic), Bromoviridae (Cucumber mosaic virus),
Tospoviridae  (Groundnut  bud  necrosis  virus) and

https://www.agronomyjournals.com

Closteroviridae (Citrus tristeza virus) [®°1. Badnavirus (Rice
tungro bacilliform virus) and Nanovirus (Banana bunchy top
virus) are two DNA viruses that affect staple and perennial
crops. Table 1 shows the most common viruses that have been
found in Northeast states, as well as their main host crops and
ways of spreading 27631,

Table 1: Major plant viruses identified in Northeast India, their host crops, vectors and areas of occurrence [661,

. — Virus Major Host Crops (in NE . States/Regions
Virus (Abbreviation) Family/Genus India) Vector (Transmission) Reported
. - . Badnavirus . . Assam, Manipur,
Rice tungro bacilliform virus (RTBV) (Pararetro) Rice Leafhoppers (Nephotettix spp.) Tripura
Rice tungro spherical virus (RTSV) Waikavirus Rice Leafhoppers (Nephotettix spp.)] Assam, Tripura
Banana bunchy top virus (BBTV) Nanovirus Banana (cultivated and wild) Aphids (Pentalonia spp.) Assam, Nagaland
Papaya ringspot virus (PRSV-P) Potyvirus Papaya, some gourds Aphids (Myzus persicae group)| Assam (sporadic)

Cucumber mosaic virus (CMV) Cucumovirus

Cucurbits, Tomato,

Aphids (Aphis, Myzus) | AASam. Meghalaya,

Solanaceous crops Tripura
Chilli veinal mottle virus (ChiVMV) Potyvirus  [Chilli peppers (Capsicum spp.) Aphids (Myzus/ Aphis) Meghalaya, Assam
Chilli leaf curl virus (ChiLCV) Begomovirus Chilli, Tomato Whiteflies (Bemisia tabaci) Assam
Tomato leaf curl New Delhi virus . . e . . Assam, Nagaland
(ToLCNDV) Begomovirus Tomato, Okra, Cucurbits Whiteflies (Bemisia tabaci) (ikely)
Potato virus Y (PVY) Potyvirus Potato, Tomato Aphids (Myzus persicae) Assam
Potato leaf roll virus (PLRV) Luteovirus Potato Aphids (Myzus persicae) Assam
Alfalfa mosaic virus (AMV) Alfamovirus Potato, Alfalfa, Cowpea Aphids; mechanical (sap) Assam
Tobacco mosaic virus (TMV) Tobamovirus | Tobacco, Tomato, Brassicas Mechanical (tools, sap, Assam

clothing)

Mungbean yellow mosaic India virus

(MYMIV) Begomovirus

Mungbean, Urd bean

Whiteflies (Bemisia tabaci) |[Meghalaya, Manipur

Bhendi (Okra) yellow vein mosaic virus

(BhYVMV) Begomovirus

Okra (Bhendi)

Whiteflies (Bemisia tabaci) Assam

e Table 1 shows that there are a number of conclusions that
can be made. First, a lot of viruses are common. For
example, rice tungro (RTBV+RTSV) can be found in rice
fields in Assam and Tripura and Citrus tristeza virus (CTV)
can be found in all of the northeastern states that were
surveyed. Second, many viruses attack important crops. For
example, potato farmers in Assam have to deal with both
PVY and PLRV, which are carried by aphids. Chilli farmers
have to deal with potyviruses (ChivMV) and
begomoviruses (ChiLCV) [l Third, both annual and
perennial crops are affected. Annual vegetable crops get
diseases like mosaic and leaf curl, while perennial
plantations (like bananas and citrus) build up viruses over
time, which can cause slow declines ©7],

e The variety of virus families in the area shows that
management must also be varied 3. For example, crops in
the Northeast have at least a dozen different virus families
and each one needs its own way to be found and controlled.
A single crop can be infected by more than one virus. For
example, CMV and a leaf curl virus are often found in chilli
peppers at the same time 2%, There have been reports of
synergistic co-infection; for example, a study in Assam
found that chilli plants infected with two viruses had much
worse mosaic and fruit deformation than plants infected
with only one virus . This mixed infection phenomenon
highlights the necessity for integrated diagnostics (testing
for multiple viruses) and multi-target management (681,

e Geographic surveys indicate that a lack of reported
infections frequently signifies insufficient sampling rather
than genuine absence %1, For instance, Potato virus Y
(PVY) has been confirmed in potatoes from Assam, but
there hasn't been much testing in Meghalaya and Arunachal

Pradesh. Because tubers move between states, it's safe to
assume that PVY will eventually be reported there.
Likewise, the Chilli veinal mottle virus (ChiVMYV) found in
Assam and Meghalaya suggests potential transmission to
Tripura and Manipur if whiteflies migrate between
greenhouses. Coordinated surveys and regional pathogen
databases would help fill in these gaps [¢71.

Vector Dynamics and Ecology

In Northeast India, insect vectors are the main cause of plant
virus outbreaks and endemic. Aphids, whiteflies, thrips and
leafhoppers are some of the most important sap-sucking insects
(Table 2) B, The local climate, cropping patterns and plants
have had a big impact on these insect populations for a long
time. For example, an early monsoon can cause aphids to
multiply quickly on rice and vegetables. On the other hand, long
dry spells can stop some vectors from reproducing but help
others that can handle heat and dryness. Seasonal migrations are
also important. For example, many whiteflies and aphids move
from South India to the Northeast in the winter, when the
weather is cooler, to reinvest crops %88, The area has a mix of
forests and farms that provide shelter for many vector species all
year long Bl Because viruses spread mostly through vectors,
weather patterns that affect vector life cycles are very important
and sticky (. For instance, warmer winters let more vector
populations survive until spring and dry spells that aren't normal
for the season can stress plants and make them more likely to get
sick. Research in the area has shown that biodiversity, such as
wild plants and forest patches, helps many insect species survive
bad weather, giving them a constant source of potential virus
carriers 89, To control viruses in practice, you need to know
how different insects live and how they interact with crops 16281,
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Table 2: Major virus vectors in Northeast India. Each vector category is associated with typical viruses and the crops they impact 4571,

Vector Category Example Species Transmitted Viruses (examples) Affected Crops
Aphids Myzus persicae, Aphis gossypii Potyvi_ruses (PVY, ChiVMV,_ PRSV); Potato, Tomato, Chilli, Cucumber,
' Alfamovirus (AMV); Cucumovirus (CMV) Papaya
Aphids Lipaphis erysimi Potyviruses of crucifers (e.g. Turnip mosaic) Mustard, Rapeseed, Cabbage
Whiteflies Bemisia tabaci complex Begomoviruses (ChiLCV, MYMIV, BhYVMV) | Tomato, Chilli, Okra, Beans, Cucurbits
Whiteflies Trialeurodes vaporariorum Crinivirus (Cucurbit viruses), Begomoviruses Cucurbits, Eggplant, Tobacco
Thrips Thrips palmi Orthotospoviruses (GBNV, related viruses) Chilli, Tomato, Peanut
Thrips Scirtothrips dorsalis Orthotospoviruses (GBNV) Chilli, Citrus ornamentals
Leafhoppers (rice) [Nephotettix virescens, N. nigropictus| Rice tungro viruses (RTBV + RTSV) Rice
Leafhoppers (rice) Recilia dorsalis Rice grassy stunt virus (RGSV) Rice
Planthoppers Sogatella furcifera Rice ragged stunt virus, RGSV Rice
Nematodes Trichodorus spp. (stubby-root Tobraviruses (Tobacco rattle virus, TRV) Potato, Soybean
nematodes)
Parasitic vine Cuscuta reflexa (dodder) Can acquire multiple sap-transmitted viruses Wide host range (connects fields)

e Table 2 shows that a lot of vectors can carry more than one
virus and can infect a wide range of hosts. The green peach
aphid (Myzus persicae), for instance, spreads both CMV
and potyviruses like PVY, which makes it a major pest in
many crops % Leafhoppers on rice only spread rice
viruses, while whiteflies on vegetables spread a variety of e
begomoviruses. Changes in vector populations over the
course of the year are important. For example, rain can
lower the number of whiteflies but raise the number of
thrips, which changes which viruses become dominant (417,

e Cropping practices also have an effect on vector populations
in Northeast India. Planting virus-resistant types can slow
down the spread of the virus through vectors. On the other
hand, using a lot of pesticides to kill one pest (like
leafhoppers on rice) can accidentally help other pests (like

thrips on groundnut) thrive [l Also, communal agro-
ecosystems in the Northeast make it easy for viruses and
vectors to move between fields of different farmers. Rice
and pulse fields in the same village can, for instance,
become sources of aphid-borne viruses for each other [?°,

Common field weeds are places where viruses can live. For
example, some types of Amaranthus and Eupatorium that
grow along field edges often have Cucumber mosaic virus
or begomoviruses without showing any signs of illness /2,
These weeds let viruses and vectors live on between
growing seasons. To stop disease cycles, it is best to
manage weed hosts like Sesbania, Eupatorium and
Parthenium around fields of vegetables and legumes [81,

Table 3: Occurrence of selected plant viruses in Northeast Indian states (v’ indicates recorded presence). Many pathogens occur in multiple states,
often spreading via shared vectors and seed trade 51,

Virus Arunachal Pradesh |Assam|Manipur | Meghalaya | Mizoram | Nagaland |Sikkim|Tripura

Rice tungro viruses (RTBV, RTSV)

v v

Banana bunchy top virus (BBTV) v

v v v v v v

Cucumber mosaic virus (CMV)

v v

Chilli veinal mottle virus (ChiVMV)

v

Chilli leaf curl virus (ChiLCV)

Potato virus Y (PVY)

Potato leaf roll virus (PLRV)

Alfalfa mosaic virus (AMV)

Tobacco mosaic virus (TMV)

NINENINININENENEN

Mungbean yellow mosaic India virus (MYMIV)

Bhendi yellow vein mosaic virus (BhYVMV)

Citrus tristeza virus (CTV) v

Rice grassy stunt virus (RGSV)

Groundnut bud necrosis virus (GBNV)

Papaya ringspot virus (PRSV)

NINENINEN

The table shows that farmers often face the same virus threats  Impact and Severity Patterns

across state lines. A virus might not have been found yetina o
certain state, but it could be waiting to be found. For example,
the fact that there is no PVY in Meghalaya is probably due to a
lack of testing, not because it is actually absent [,
Additionally, vectors like whiteflies and aphids do not adhere to
borders; a viral outbreak in Assam during one season frequently
foreshadows infections in neighbouring Nagaland or Tripura in
the subsequent season. So, regional cooperation in keeping an
eye on things and quickly sharing information is important to
stop new outbreaks from spreading %, .

~78 ~

In the Northeast, the effects of plant viruses are mostly
linked to how crops are grown and the weather. A lot of
viruses cause big, long-term yield losses instead of sudden
crop failures and damage %!, When rice tungro is present,
it can cut paddy yields by 30-60% in a year when it is most
common, especially if the area grows varieties that are more
likely to get it. Vegetable crops are also affected: fields of
chilli peppers with a lot of ChiVMV or begomovirus
infection may see a 40-70% drop in fruit yield 4.

In real life, how bad it is depends on how things are done in
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that area. Under high virus pressure, farmers say that whole
patches of chilli or tomatoes can become unmarketable. For
instance, when a begomovirus (ChiLCV) gets into a field of
chilli, it can spread to more than half of the plants in just a
few weeks, which can kill them [, In one outbreak in
Assam, growing both chilli and tomatoes together caused
the virus to spread to both crops at the same time, making
losses worse. Epidemics of more than one virus can be
worse than single infections. A traditional field study found
that pepper plants that were first infected by one virus later
became infected by another virus and the damage from both
viruses was worse than from either virus alone 71,

The severity is not the same throughout the region [2,
During heavy monsoons, tungro epidemics happen often in
the low-lying, irrigated rice fields of Assam and Tripura. In
the cooler highlands of Meghalaya and Arunachal, on the
other hand, the virus is less common in rice "1, A survey of
older Khasi mandarin orchards found that older trees (over
10 years) had much higher CTV loads than young trees.
This shows that the virus builds up over time P4, Viruses
can slowly kill banana and citrus orchards over the course
of several years. Mixed infections make the disease worse:
having more than one virus in a single host plant usually
causes the worst symptoms [, Farmers often notice that
when one virus starts in a mixed crop stand, other viruses
quickly follow. In extreme cases, this can lead to almost
complete crop loss & 201,

Emerging Challenges and Future Directions

A number of new problems are likely to affect the spread of
plant viruses in the Northeast. Climate change around the
world is likely to make aphids, whiteflies and other vectors
more active and able to live in more places. This could
bring viruses that were only found in tropical areas to the
hills of Northeast India ", For instance, if winters are
warmer, vector populations may be able to survive all year
and start infections early in the spring. Crops can get
stressed out by rains or heat waves that aren't normal, which
can make them more likely to get sick. These changes mean
that viruses that used to be minor threats could become
major ones [*7],

Growing trade of seedlings and planting materials between
states and countries is also a danger. It's now common to
bring subtropical vegetable and fruit cultivars from other
Indian states or nearby countries and they may even bring
new viruses with them [, The growth of protected
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cultivation (greenhouses and net-houses) to meet the
demand for vegetables gives vectors new places to live and
can cause viruses that only happened outside to spread.
Surveillance must therefore encompass nurseries and
greenhouse producers, in addition to open fields. For
example, a recent virus outbreak in a tomato greenhouse in
Meghalaya was linked to infected plants that were brought
in from outside the state (%81,

e New tools for managing viruses are coming from
improvements in technology. High-throughput sequencing
(HTS) can quickly find both known and new viruses in
small samples. However, it takes money and expertise to
understand the data [*31. In the future, it might be possible to
find virus symptoms early over large areas using remote
sensing drones or field sensors. However, these tools need
to be tested in local conditions first (33, On the biological
front, new ideas are coming up, like gene-silencing sprays
(RNA interference) and the creation of transgenic plants
that can resist viruses. These have worked well in other
parts of India. These could be good for crops in the
Northeast, but right now they have to deal with regulatory
and adoption issues [,

e Policy and institutional actions will also have an effect on
the future. Stronger phytosanitary rules at state borders,
community seed banks that keep virus-free stock and farmer
cooperatives that keep an eye on diseases together could all
help stop the spread of viruses 34, For instance, some citrus
farmers in Assam now keep registered virus-free mother
blocks for budwood. This is a good idea that should be used
more often. Working together with other countries in the
region (like doing surveys with Bangladesh or Myanmar)
could help find viruses that cross borders early on [,
Education and extension will be important. Teaching
farmers how to spot early signs of a virus and how to
respond correctly can make new threats easier to handle and
more organised. In short, Northeast India will need flexible,
forward-thinking plans to deal with these changing
problems and situations 24,

Sustainable Management Approaches

To control plant virus diseases in the Northeast, you need long-
term, all-around strategies. Viruses don't have a direct chemical
cure for plants once they get infected, unlike fungal diseases
8351, So, prevention and a whole-person approach are important.
Table 4 shows the different ways of doing things, from old-
fashioned cultural practices to cutting-edge technologies [,

Table 4: Strategies for sustainable management of plant viruses in Northeast India 48],

Strategy Key Actions

Advantages / Notes

Resistant/Tolerant

Cultivars

Develop and use crop varieties with genetic resistance to specific
viruses (e.g., tungro-resistant rice, CMV-resistant squash).

Reduces infection rates and yield loss; sustainable long-term.
Limitation: resistance genes may break down over time and are not
yet available for all crops.

Clean Planting

Material via tissue culture or heat therapy).

Use certified virus-free seeds, tubers, seedlings or scions (obtained [Prevents introduction of viruses at planting. Requires lab testing and

certification programs.

Crop Rotation and
Diversification

Rotate susceptible crops with non-hosts (e.g. legumes after
tobacco); interplant with trap/intercrop species.

Breaks virus-vector cycles; reduces soil inoculum. Limitation:
farmers need profitable alternative crops.

Rouging (Removal
of Infected Plants)

Regular scouting and timely removal and destruction of
symptomatic plants (especially in vegetable gardens and vineyards).

Removes local virus reservoirs. Effective early in disease buildup;
labor-intensive.

Field Sanitation and

Weed Control

Eliminate volunteer plants, weeds and crop residues that harbor
viruses or vectors; clean farm tools and machinery.

Reduces alternative virus hosts and vector breeding sites. Involves
routine effort.

Vector Management|

- Cultural (e.g. planting okra as a trap for whiteflies).

Adjust planting dates to avoid peak vector periods; use trap crops

Lowers vector landing rates. Requires local knowledge of vector
phenology.

Vector Management|
- Biological

Conserve and release natural enemies (lady beetles, parasitic wasps,
predatory mites) to control aphids, whiteflies, thrips.

Environmentally safe; supports long-term control. Usually slower
acting; best combined with other methods.

Vector Management|
- Chemical

Apply selective insecticides targeting vectors (e.g. Imidacloprid for
aphids, Spinosad for thrips) with caution.

Rapidly reduces vector numbers; can break virus cycles. Downside:
resistance development, non-target effects and pesticide residues.
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Effective control usually combines several of these measures 7],
For example, using a virus-resistant crop variety, coupled with
certified clean seed, regular rogueing of infected plants and
timely release of predatory insects can drastically lower virus
incidence compared to any single approach alone 22,

Emerging Challenges and Future Directions

e There are new problems with the spread of plant viruses in
the Northeast. Changes in the climate around the world are
expected to make virus vectors like aphids and whiteflies
live in more places and be active for longer periods of time.
Viruses that used to live in tropical areas can now live in the
Northeast's higher altitudes "], For example, warm winters
can cause aphids to reproduce more quickly, which can lead
to a virus that spreads quickly and starts earlier in the spring
194, Unseasonal rains and heat waves can change how plants
get sick. This means that changes to the virus that may have
seemed unimportant at the time are now very important to
public health [36],

e The growing trade in planting materials across state lines
and around the world is another worry. Vegetables and
fruits from subtropical regions are now often brought in
from other Indian states and nearby countries, sometimes
carrying hidden viruses [ The recent growth of
greenhouse and polyhouse farming (to grow vegetables
when they're not in season) has unintentionally made new
virus niches . Viruses such as Tomato leaf curl New
Delhi virus and Begomovirus species are being found more
and more in crops grown in greenhouses, which are warm,
virus-friendly places. This means that surveillance is now
needed for more than just farmers in open fields; it also
needs to be done for greenhouse producers and nurseries
[49]

e Progress in areas like science has both pros and cons. High-
throughput sequencing (HTS), for instance, can quickly find
both new and known viruses in plant samples. This can help
find viral threats that weren't known before %1, But the
region is only just starting to get the money and skills it
needs to use these tools. In the next few years,
environmental DNA (eDNA) sampling and remote drone
imaging may help the technology in agriculture find virus
outbreaks early 1. Conversely, research is being conducted
worldwide on the application of biocontrol utilising RNA-
interference (RNAI) sprays and advantageous endophytes,
along with CRISPR-mediated resistance. It is possible that
adapting these new methods for Northeast crops could lead
to big breakthroughs, but we need to see how well they
work in the field first, since research is still going on [®61,

e Policy and institutional support will be the most important
factors in determining future outcomes. Better quarantine
measures, like those at state and international borders (like
those between Myanmar and Bhutan), could stop new
viruses from coming in. Community seed banks that keep
virus-free germplasm of local crops also give farmers clean
starting materials (8. Along with farmer cooperatives,
extension networks could help with area-wide management
campaigns and make localized actions work better. For
instance, it could help citrus growers work together to pool
resources, which would make their efforts stronger, to
support &mbito managed campaigns 7). For example, citrus
growers could work together to test their orchard trees every
year and only use buds from certified mother plants 71,

e A coordinated plan is needed for the future: constant
surveillance to find new viruses early, money spent on
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breeding for resistance and strong extension to put IPM into
action on the ground [, Working together on projects with
research centers and countries next door can help keep an
eye on viruses that cross borders %8, In short, Northeast
India needs to stay alert and flexible, using both old and

new ways of doing things to deal with new virus problems
[10, 24]

Conclusion

Many plant viral infections can be treated, but they are still a
growing problem for farming in Northeast India. This review
found infections that hurt nearly all of the major crops in the
area, which led to a drop in yield. Complicated cropping patterns
and a climate that is resistant to viruses and insecticides make it
easier for viruses to move around and stay in one place. We can
still make big changes, though, because there are already or are
being developed several effective management systems. Some
of these are growing and distributing virus-resistant (tolerant)
crops, controlling pests in an integrated way (including
managing vectors and reservoirs) and making, distributing and
using healthy planting materials. For instance, sound genotypes
can help reduce losses from rice tungro and certified tubers can
help keep PVY outbreaks under control. Crop rotation, good
field management and weed control all help lower the main
inoculums sterile source. Biological control, along with selective
pesticides, keeps vector populations in check. Working together
with farmers and reaching out to the community can help these
changes have even more benefits. As we deal with the ever-
changing problems of climate change, global trade and plant
viral trade, this partnership is more important than ever. We
need to keep studying to keep track of new viruses and find new
ways to control them. It's encouraging that the Northeast has
gone from being almost "virus ignorant” to watching and
reacting. The farming groups in Northeast India can protect
themselves well against viruses by keeping up this drive and
combining old ways with new science. Getting good crop health
in this area will take careful planning, creativity and teamwork,
but it is possible if everyone works together.
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