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New frontiers of plant protection research in India
Jagdish Kumar,
Joint Director
ICAR - National Institute of Biotic Stress
Management, Baronda, Raipur, Chhattisgarh

The source of the insecticidal
toxins produced in commercial
transgenic plants 1s the soil
bacterium Bacillus thuringiensis
(Bt). Bt strains show differing
specificities of insecticidal activity
toward pests, and constitute a large
reservoir of genes encoding
insecticidal proteins, which are accumulated in the
crystalline inclusion bodies produced by the bacterium
on sporulation (Cry proteins, Cyt proteins) or
expressed during bacterial growth (Vip proteins).
Deployment of transgenic crops expressing a single
specific Bt toxin can lead to problems in the field,
where secondary pest species are not affected, and can
cause significant damage to the crop. Introduction of
additional Bt cry genes into the crop can afford
protection against a wider range of pests. Commercial
use of transgenic cotton containing two Bt genes began
in 1999, 3 years after the release of the original single
Bt variety. Cotton plants expressing both CrylAc and
Cry2Ab proteins were more toxic to bollworms
(Helicoverpa zea; target pest) and two species of
armyworms (Spodoptera frugiperda and Spodoptera
exigua; secondary pests) than cotton expressing
CrylAc alone in laboratory trials. Modification of Bt
toxins by site-directed mutagenesis to increase toxicity
toward target pests has been employed as an alternative
to the "domain swap" approach. The key role of domain
II in three-domain Cry proteins in mediating
interactions with insect receptors has been exploited by
mutation of amino acid residues in the loop regions of
this domain. Mutation of Cry | Ab increased its toxicity
toward larvae of gypsy moth (Lymantria dispar) by up
to 40-fold. Potential exploitation of lectin genes to
confer insect resistance in transgenic plants has
targeted hemipteran plant pests, which are not affected
by knewn Bt toxins but have been shown to be
susceptible to lectin toxicity.
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Sikkim's Organic Trail
Dr 5. Anbalagan, IFS
Executive Director, Sikkim Organic Mission
Tadong, Sikkim

It has become commonplace p
to say that agriculture needs to
undergo a radical overhaul to
become more sustainable as the £
challenges facing agriculture today
are immense. It includes global
increase in food prices, food
shortages in many countries of the
world and challenges of climate
change. Climate change, coincident with increasing
demand for food, feed, fibre and fuel, has the potential
to irreversibly damage the natural resource base on
which agriculture depends, with significant
consequences for food insecurity.

The business-as-usual scenario of industrial
farming, input and energy intensiveness, collateral
damage to the environment and marginalization of
small-scale farmers is no longer tenable. While past
emphasis on production and yields had brought
benefits which fructified in the form of Green
Revolution but this was at tremendous cost to the
environment and social equity. The Green Revolution
brought in widespread shifts in the agricultural sector
from subsistence and low external input agriculture to
mono-cropping with high yielding varieties (HY Vs).
This agricultural paradigm required the adoption of a
'‘package’ of inputs, including irrigation, chemical
pesticides and fertilizers, and hybrid seeds bred for
disease resistance and high yield. The rise in use of
chemical inputs has also had adverse environmental
and health impacts on farmworkers and consumers. A
substantial portion of chemical input residues ends up
in the environment, causing pollution and biodiversity
decline. The extensive use of pesticides has also
resulted in pesticide resistance in pests and adverse
effects to beneficial natural predators and parasites.
Thus, in future planning for agriculture, there is need
for such crop production technologies which while
feeding the world, are also environmentally, socially
and economically sustainable.
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expression of the Man-specific snowdrop lectin
(GMNA) in transgenic rice plants using constitutive or
phloem-specific promoters gave plants that were
partially resistant to rice brown plant hopper
(Nilaparvata lugens) and other hemipteran pests.
Reductions of up to 50% in survival were observed,
with reduced feeding, development, and fertility of

SUTYIVOTS.

Bacterial cholesterol oxidase has an
insecticidal activity comparable to Bt toxins,
dependent on its enzyme activity, which is thought to
promote membrane destabilization. Expression
constructs containing part or all of the coding
sequence of the protein, or the coding sequence fused
to a chloroplast-targeting peptide, resulted in
production of active enzyme in transgenic tobacco.
Avidin has a strong insecticidal effect on many
insects, although susceptibility varies widely between
different insect species (apparently based on biotin
requirements). Expression of avidin in transgenic
maize initially aimed to produce the protein as a high-
value product, but maize seed containing more than
0.1% avidin (of total protein) was fully resistant to
larvae of three different coleopteran storage pests.
Genes encoding two Cyt P450 oxidases and a UDP
glycosyltransferase from sorghum (Sorghum bicolor)

(E)-b-farnesene is an alarm pheromone in aphids and
attracts aphid predators and parasitoids. When
Arabidopsis was transformed with an (E)-p-farnesene
synthase gene from mint (Mentha piperita), the
resulting plants showed significant levels of aphid
deterrence in choice experiments and were attractive
to the aphid parasitoid Diaeretiella rapae.

Disrupting gene function by the use of RNAi is
a well-established technique in insect genetics based
on delivery by injection into insect cells or tissues.
The observation that RNA1 could also be effective in
reducing gene expression, measured by mRNA level,
when fed to insects has led to development of
transgenic plants producing double stranded RNAs
(ds RNAs) exhibiting partial resistance to insect pests.
Transgenic maize producing ds RNA directed against
V-type ATPase of corn rootworm showed suppression
of mRNA in the insect and reduction in feeding
damage compared to controls. Similarly, transgenic
tobacco and Arabidopsis plant material expressing ds
RNA directed against a detoxification enzyme (Cyt
P450 gene CYP6AEIL4) for gossypol in cotton
bollworm caused the insect to become more sensitive
to gossypol in the diet.

Nanotechnological applications in plant

disease management still infancy. However, there have
been some examples where nanotechnology have
been used for nanosized silica silver, (S1 Ag) particles
which were successfully used for contorllling fungal
pathogens viz. Pythium ultimum, Magnaporthe
griseaus, Botrytis cinerea, Colletotrichum
gleosporioides , Rhizoctonia solani and also bacterial
pathogens such as Xanthomonas campestris. Iron nano
particles coated with carbon have been used for
treating specific plant parts (local applications). A
product of nanotechnology “Nano- Gro” has been
launched as plant growth regulator and immunity
enhncer. Another product “Nano-5" is available in the
market as natural mucilage organic solutions for
controlling several plant pathogens and pests.
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have been transferred to Arabidopsis, resulting in the
production of the cyanogenic glycoside dhurrin from
Tyr. The resulting plants produced hydrogen cyanide
on tissue damage and showed enhanced resistance to
attack by the flea beetle Phvllotreta nemorum, a
specialist feeder on crucifers. Other secondary
metabolites that have been produced in transgenic
plants include the alkaloid caffeine (in tobacco; by the
introduction of three genes encoding N-methyl
transferases. Engineering volatiles emitted by plants
offers possibilities for new methods of crop
protection. Volatile composition has been altered in
tobacco by RNA interference (RNAi) - mediated
suppression of a cytP450 oxidase gene expressed in
trichomes, and in Arabidopsis by constitutive
overexpression of a plastid dual linalool/nerolidol
synthase. The transgenic plants deterred aphid
colonization but were not wholly resistant. Volatiles
can also be used as attractants for natural enemies of
pests; for example, Arabidopsis plants transformed
with the maize terpene synthase gene TPS10 emitted
the sesquiterpene volatiles normally produced in
maize and attracted parasitoid wasps that attack maize
pests. Volatiles used by insects to communicate with
each other can also be exploited; the. sesquiterpene

Sustainable agricultural approaches can be in
many forms, such as agro-ecology, organic agriculture,
ecological agriculture, biological agriculture, etc.
There are tremendous efforts in our country by Central
and various State Governments to promote sustainable
forms of agriculture. Today, Sikkim is a model State
and the initiatives of the Government of Sikkim in
supporting sustainable management practices to




deliver long-term benefits to the communities are
comprehensive with results on the tields.

Organic agriculture was considered to be an
important option for the small and marginal farmers of
the State. Organic farming is not new to Sikkim.
Farmers have been practicing organic agriculture for
several decades, wherein different farming practices
were largely in harmony with nature and the use of
synthetic agro-chemicals was negligible. The farmers
used animal compost and crop residue recycling as the
principal soil fertility management strategies. To this
end the farms in Sikkim could be defined as organic by
default.

The policy initiatives of Government of Sikkim
gave paramount importance to the Sikkim's position as
arepository of biodiversity (Sikkim is located in one of
the 'biodiversity hotspots' of the world). Further, with
increasing severity of climate change, it was felt that
there is a need to increase food production in a
sustainable way so as halt the degradation of
ecosystems, ecosystem functions and the loss of
natural resources and biodiversity.

At a time when the desire for a sustainable
agriculture was gaining universality, yet agreement on
how to progress towards it remaining elusive, a
decision was taken by the Government of Sikkim in the
year 2003 through a resolution in the State Legislative
Assembly to create farming methods and models that
enhance sustainability and also mitigate climate
change. This was the first policy initiative towards
developing an organic farming state and with this;
Sikkim became the first State in the country to enact
such a far sighted and visionary policy for adoption of
organic farming concepts.

Several notable initiatives were taken between
the period 2003 and 2010 such as framing of action
plan, discouraging use of chemical fertilizers,
providing manure production infrastructure such as
rural compost, vermi compost, establishment of bio
fertilizer production unit, soil testing facilities, organic
seed production units etc. As a part of capacity building
of farmers, numerous trainings have been imparted to
farmers about organic farming and its advantages. Pilot
projects on organic certification were carried out
between the period 2006 and 2008 and an area of 8,157
hawas certified.

The organic movement in the State was given a
formal approach with the launch of the Sikkim Organic
Mission on 15" August,~2010 with the following
objectives:

To promote Sikkim as an Organic State.
To brand organic product of the state as "Sikkim

Organic”

To outline measures to discourage use of chemical
fertilizers and pesticides in Sikkim and gradually
substitute plant nutrients by organic manures and
fertilizers as well as manage control of diseases and

insect pests by biological control measures.

To develop the basic infrastructure and statutory
development, pre-requisite to initiation of actual
organic farming in Sikkim.

To create or develop market linkage for organic
produce along with the evolvement of suitable
strategies.

To formulate a policy of organic farming in Sikkim.

The Sikkim Organic Mission has been an
article of faith for all. Every Department had played its
role to make the Organic initiative a success. To
mention a few, the Human Resource Development
Department introduced a chapter on Organic Farming
in the course curriculum of class V. The Urban
Development Department in order to avoid sale of
chemical inputs for agriculture, amended the norms for
issue of Trade Licence by replacing the term
“Chemical Inputs” with “inputs of organic origin”.
The Forest Department has banned the burning of
organic plant materials. The Police Department kept a
vigil at the entry points to prevent entry of prohibited
inputs.

The Department of Agriculture enacted a
legislation, “The Sikkim Agricultural, Horticultural
input and Livestock Feed Regulatory Act, 2014" in
order to regulate the import, sale, distribution and use
of inorganic agricultural environmental inputs and
livestock feed to make the State of Sikkim an Organic
Farming State. This is the first such Legislation in the
country. Organic Regulatory Inspectors have been
appointed to prevent, detect and investigate offences
related to the Act. The Departments of Agriculture and
Horticulture, in collaboration with ICAR Research
Complex Sikkim Centre, Gangtok, brought out a
publication titled. “Handbook of Organic Crops
Production in Sikkim" a first of its kind in the country.
The handbook provides a complete package of practice
on organic farming methods for more than 30 crops.
The Government has also established the Sikkim State
Organic Certification Agency (SSOCA) in the year
20135, another notable achievement.

Sikkim, by the end of 2015, was able to convert
76,169.6 ha of its cultivated area into organically
certified cultivation in compliance with NPOP. To
mark this special occasion, the Sikkim Organic




Festival-2016 was organized in January, 2016, The
event was graced by Hon'ble Prime Minister on India,
Shri. Narendra Modi who declared that Sikkim had
become the first completely organic farming State in
the country. Being the second smallest state in the
country after Goa, Sikkim took a giant, bold leap
towards becoming the first fully organic farming State.

The Government of Sikkim has given the

highest priority to the agriculture sector. After
becoming the fully certified organic farming State, the
focus has now shifted to creating wvalue chain to link
growers with consumers and to support the
development of entire value chain starting from inputs,
seeds, certification to creation of facilities for
collection, aggregation processing, marketing and
brand building initiative. Our farmers need support -
support for entitlement to scientific knowledge; for
equitable access to resources and financial services; for
investment in processing and marketing infrastructure.
This all has been done in a participatory mode. What is
required is a grand alliance of people's organizations,
private enterprises, governments and other
organizations. The concern is not just to produce and
distribute more food, but to do this in a sustainable
manner and to guarantee the access of present and
future generations to a wholesome and nutritious diet.

Need for Smart Plant Protection Techniques for
Revolution in Agriculture
Dr. Harender Raj Gautam
Professor and Head

Innovations and new
technologies in agriculture have
always paid dividends. India ushered
in 'Green Revolution' in the second
half of the 20" century with the
introduction of high yielding
varieties of wheat and rice in
irrigated conditions with application

of chemical fertilizers and pesticides. The gains of the
'Green Revolution' continued for 3 to 4 decades and
then there was a continuous decrease in the incremental
increase of the food grains productivity accompanied
with problems of soil degradation, pesticide residues in
the food articles and environmental degradation. Now,
we need to go for a'technology revolution' to accelerate
the growth in the agriculture sector. Smart agriculture
has the potential to double the food production in 40
years with lesser impact on climate change.
Deciston-making i1n agriculture 1s increasingly
becoming digitalized through the use of robotics,
sensors or drones. Emerging digital technologies like
global networks, increasing computing power, geo-
information systems, sensitive optical sensor systems,
and robotic and actuator technologies are going to
withdraw the famers to the control rooms and machines
to the fields. Smart agriculture involves the
incorporation of information and communication
technologies into machinery, equipment, and sensors
for use in agricultural production systems. New
technologies such as the internet of things and cloud
computing are expected to advance this development,
introducing more robots and artificial intelligence into
farming.

As diseases and pests results in 25-35 per cent
losses in the harvest, plant protection also needs new,
innovative and smart techniques to address
forthcoming challenges that require more precision.
Disease diagnostics is an important task in the right
prescription for the management and here technology
can play an important role. Remote sensors can detect
plant disease occurrence directly in the field in real time
and before visible symptoms tems are present, as light
reflectance of a healthy leaf will differ from that of a
stressed leal. This enables farmers to use timely,
targeted crop protection strategies. Thermography and
chlorophyll fluorescence sensors measure changes in
leal’ surface temperature and in chlorophyll activity,
respectively. These sensors are powerful for picking up
early stress responses, but they lack the ability to
distinguish between different pathogens.
Technological advances in machine vision, global
positioning systems (GPS), laser technologies,
actuators, and mechatronics (embedded computers,
micro-sensors, electrical motors, ete.) will immensely
increase our capabilities in right diagnosis of the
diseases and site-specific application of pesticides.
Hyperspectral sensors and imaging techniques have
shown an enormous potential to provide new insights
into plant-pathogen interactions and for the detection
of plant diseases. Different optical sensors, such as red,



green, and blue wave bands, three-dimensional (3D)
imaging, chlorophyll fluorescence imaging,
thermography. and multispectral and hyperspectral
imaging. have been investigated for the detection of
plant diseases. A method based on visible spectrum
image processing was able to detect symptoms of
citrus greening diseases caused by Candidatus
liberibacter on leaves with high detection accuracy.
Citrus canker caused by Xanthomonas axonopodis
caused foliar symptoms that were analyzed to evaluate
the efficacy of image analysis and the image analysis
was more accurate than visual observations. Artificial
Intelligence (Al) technology helps in detecting disease
in plants, pests and poor nutrition of farms. Al can
identify a disease with 98 per cent accuracy. Machine
Learning (ML) is another potential area to bring
efficiency and precision in the area of plant protection.
The main application areas of ML in plant-pathogen
interactions have thus far been the prediction of gene
regulatory networks, genomic selection for disease
resistance and prediction of pathogen effector proteins.
ML can also combine diverse technologies such as
hyperspectral imaging with genomic selection. ML has
also been applied to predict bacterial and fungal
effectors, which typically lack informative sequence
homologies or motifs. ML can also combine diverse
technologies such as hyperspectral imaging with
genomic selection, ML has also been applied to predict
bacterial and fungal effectors, which typically lack
informative sequence homologies or motifs. A Berlin-
based agricultural tech startup developed a multi-
lingual plant disease and pest diagnostic app, which
uses various images of the plant to detect diseases.
Plantix uses Machine Learning technigues in its
software algorithm that can detect soil defects, and
plant diseases in agriculture based on soil patterns.
Farmers can see the information through their
smartphone camera along with techniques and
solutions to fix the problem. In this way, the
application uses Al and ML to solve plant diseases.
Over seven million farmers have downloaded this app
and it has helped identify over 385 crop diseases
among field crops, fruits, and vegetables. Google is
working to train Al to recognize 5,000 species of plants
and animals, which would improve drone ability to
detect pest disease and crop damage. Al sensors can
also detect and target weeds and then decide which
herbicide to apply within the region. Many
technolegical companies have developed robots,
‘which use computer vision and artificial intelligence to
monitor and precisely spray on weeds. These robots are
able'to eliminate 80 per cent of the volume of the
chemicals normally sprayed on the crops and bring
down the expenditure of herbicide by 90 per cent. Such

robots like the spraying and weeding robots recently
acquired by John Deere can reduce agrochemical use
by an incredible 90 per cent. Companies like Blue
River Technology are using automation and robotics to
discover efficient ways in order to protect crops from
weeds. The company has developed See & Spray robot
which leverages computer vision to monitor and spray
weed on cotton plants precisely. Spraying with
precision can be helpful in preventing herbicide
resistance. Another company DroneFly estimates that
drones can spray fertilizer 40 to 60 times faster than
doing so by hand. In China, drones are being used to
spray pesticides in cotton fields. These can spray over
1.544 square miles at one go.

Tartan Sense from Bangalore designs robots
for small farms, applying computer vision and robotics
to build precision sprayers. These robots are able to
detect weeds or diseased plants, and to spray them
precisely. Tartan Sense's first product, Brij Bot, has
been a weed spraying robot for smallholder cotton
farmers, whose task is to reduce weeding costs by up to
70 per cent. Cropln is a Bangalore-based start-up that
offers SaaS tools for farm management, business
intelligence, CRM system solutions to forecast and
improve sales. It utilizes technologies based on Big
Data, Al algorithms, geotagging or satellite
monitoring. These services also allow farmers to
analyse and interpret data coming from their farms and
obtain information on crop health in real time. The
World Bank chose Cropln to be a technology partner
for an Indian government and World Bank public-
private partnership project, which is intended to
introduce technological changes into agricultural
practices in Madhya Pradesh and Bihar, as well as to
help farmers cope with the climate change and
subsequent unpredictable weather conditions.

Computer vision technology, data from loT
sensors on the ground and from drones flying above the
cultivated land can be merged to achieve more optimal
solutions. High-resolution drone cameras are capable
of collecting precision field images which can be
passed into a neural network system to detect areas
with weed, disease or identify stress levels in plants at
their different growth stages. Algorithms are already
capable of detecting 26 diseases in 14 crop species with
99% accuracy. If the plants are classitied as infected,
drones can also deliver remedies. Other models that
predict pest attacks with Al and machine learning
algorithms facilitate their forecasting based on weather
conditions and plant life cycle.




Novel sensors deployed on robots can reduce
pesticide use by both detecting pests and diseases and
precisely targeting the application of insecticides and
fungicides. Robots and drone mounted sprayers would be
able to target pesticides to the plants that need them, in
contrast to current practices, which waste 95% to 99% of
pesticides and herbicides because they are blanketed across
entire fields. Most of this is wasted, but it promotes
resistance among pests and weeds, rendering the harsh
chemicals ineffective and encouraging farmers to use more.
Some pesticides used in this way are also harmful to
pollinators, such as bees. and their blanket use has been

banned. Further, curricula of future academics in agriculture
as a whole and also in plant pathology need to be an
amalgam of biology and engineering and experts with
training in both biology and computer science will be central
for ML-driven progress in the field.

Volo Drone launched by autonomous drone-based
transportation startup Volocopter in partnership
with the agricultural and industrial heavy
equipment company- John Deere to dispense
pesticides, liquid fertilizer etc.

ICT based Pest Surveillance and Advisory
System: A path breaking initiative
Dr Niranjan Singh
Scientist (Computer Applications)
NCIPM, IARI Campus, Pusa, New Delhi

Pest surveillance or
monitoring is the cornerstone of the
philosophy of integrated pest
management (IPM) as compared to
calendar-based treatments. IPM
stresses monitoring of pest and
determines when the action is
necessary to be taken. The basic
purpose of surveillance is to
determine whether pests are present in the field at a
level to initiate pest management interventions.
Through regular and systematic pest surveillance,
epidemic situations can be avoided by detecting
damage before endemic establishment of a pest in any
area. New technologies have made significant impact
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in the field of pest management but not much of
Information and Communication Technology (ICT) is
being implemented by the agencies. Use of ICT for pest
surveillance and pest management advisory services
constitutes e-pest surveillance and advisory system that
is basically an internet-based system of capturing pest
information from fields and producing — instant and
customized pest reports to the plant protection experts
to advise the state agriculture agencies who further
advise concerned farmers and the same information is
available for agricultural policy planners.

I1CT based pest surveillance

The goal of using ICT for pest surveillance is to
capture the pest information from farmer's field,
transferring it to a centralized database, compilation,
reporting and dissemination of data to different
stakeholders using internet. In fact, pest surveillance
provides field-specific information on pest incidence
and crop injury leading to appropriate selection and
application of pest management procedures by pest
management professionals. Fields are scouted to
determine what pest management practices need to
apply and when? Thus, the success of the
recommended pest management procedures depends
on the accurate and timely completion of all the pest
surveillance activities. So, the use of information and
communication technologies facilitates in reporting
pest situations of different locations at a click of mouse
and plays an important role in pest management
decision making. Therefore, ICAR-National Research
Centre for Integrated Pest Management (NCIPM),
New Delhi took initiative to develop an ICT based
surveillance system for Soybean and Cotton in year
2009 in collaboration with State Department of
Agriculture, Pune, Maharashtra and its success has
been demonstrated. The system has been continuing till
date in the state. More crops including horticultural
crops have been included into the system. The system
has also been replicated in other crops and states across
the country.

Preparations for pest surveillance

An elaborate preparation is necessary for
successful pest surveillance and thus it improves the
efficiency of the activity. Preparation includes pest
scouts training, field selection, sampling plan and
material required such as data books, set of guidelines,
electronic devices, software etc. Before starting
scouting, a well thought sampling plan should be
prepared which includes crop distribution in the area,
field selection, field size, route through the field,
selection of spots in the field and finally the number of
plants to be surveyed from different spots. The sample



plan is the procedure to draw a sample to estimate the
population of different pests or the crop damage. A pest
scout should also have access to published information
and portable handouts on guidelines for crop pest
surveillance. Completely randomized plan is best for
pest surveillance so that each spot in a field has equal
chance of scouting. The scouts should be educated
about the identification of pests and their sampling
plan and its execution. A well thought time schedule is
must for taking pest observations considering pest
biology and crop growth. One has to carefully plan
surveillance frequency since the success of any
programme heavily depends upon it. Information such
as crop variety, agronomic practices, pesticide applied
efc. 1s also to be recorded. Better preparation helps to
anticipate and measure the economic significance of
pest problems and comprise the baseline information
of future planning.

Development of ICT based pest surveillance and
advisory system

Keeping in view the size of data and internet
connectivity in remote areas, three tier architecture
based system was designed consisting three major
functional components viz. database; offline data entry
& transfer application; online pest reporting &
advisory application. Following is the Information
flow chart of the system:

Data collection Offline data entry Data
verification, compilation and transfer into database
online pest reporting & advisory issuance Pest
advisory dissemination

The interconnection and arrangement of these
modules is shown in the picture below.

Different software components of ICT based
pest surveillance system were developed to acquire
pest data from fields and to analyze the data for
reporting of pest status in turn for issuing advisory for
pest management using internet.

The system was developed in ASP.net
‘environment using C# & Java languages, Google@
APL SQL Server 2000 and XML technologies. The
development of the system was very systematic and
accomplished in different phases, having elaborate

discussions with all the stakeholders and insertion of
their valuable suggestion.
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Impact of ICT based pest surveillance and advisory
system-— a glimpse

Constant and timely watch over pest scenario
of the crop with the help of ICT based pest surveillance
system aided in identifying the pest hot spots across the
state. Staff of state agriculture department was geared
up to manage epidemic situations through awareness
creation and supply of critical pest management inputs.
The pest affected areas across the crops under pest
surveillance viz., soybean, cotton, rice, tur and gram
get implemented with scientifically based pest
management practices over wider area which in turn
aids in increased productivity of the crops per se in the
region.

While the technological inputs relating to crop
production inclusive of crop protection are yield
enhancing, the ICT tools aid in rapid dissemination of
information related them facilitating their adoption at
the growers' level. Successful execution of ICT based
pest surveillance and advisory system in Maharashtra has
demonstrated area wide implementation of plant
protection in the context of Integrated Pest
Management (IPM). It has integrated not only the pest
management options in respect of the target crops for
an effective and efficient plant protection over space
and time but also brought personnel of research,
extension and farmer communities under the same
umbrella where the information flow is across all
directions in a quicker pace.




Role of Entomopathogenic Fungi in Insect-pest
Management
PL Sharma and Nidhi Sharma
Department of Entomology, UHF, Nauni

Due to various environmental impacts of
chemical pesticides, current emphasis is on the
development of safe and sustainable pest management
strategies. In this context, biological control involving
microbials becomes an important component of
mtegrated pest management. Among microbials,
entomopathogenic fungi are the most important and
commonly exploited due to their easy delivery,
availability of a large number of pathogenic strains,
broad host range and ability to penetrate insect cuticle.
Furthermore, they have the ability to colonize the
thizosphere and may act as saprotrophs for their
survival in the absence of suitable host.

Mode of infection:

The first step in the infection process is the
attachment of the infective units (conidia, spore,
zoospore) to the insect cuticle. The infective unit
germinates and penetrates the cuticle by enzymatic
action and the physical pressure by the germ tube or
infection peg from appresoria. After reaching the
haemocoel, the fungus quickly multiplies through
budding to produce yeast phase hyphal bodies to fill the
haemocoel cavity. At this stage the death of the host
insect occurs and the fungus starts to multiply and grow
through mycelial phase. Fungal mycelium then
invades almost all the host organs and penetrates
through the cuticle to the exterior of the insect and the
cadaver is covered with a mat of mycelium. This stage
is shortly followed by the production of infective units
which are ready for further dissemination to spread the
disease to other susceptible hosts.

Important species:

Species
Bemneria bassiana

Hast insect
Many inzects i the orders Coleoptera, Hemiptera,
e st Hymenopiten.
Beauverla brovgniartil | White grubs
Merarhizive anisopline | Coleopterans and Crthopierans especially root grubs,
lpguists and grasshoppers
RNl ke gphids, whiteflics, thrips and soalcy
Metarhizium Lepidopterans especially Noctuids like Spodopiera linea
(= Nomuraea) rileyvi and Helicoverpa armidseri =
dzarig (= Paecilomyees) | Sucking pests like whiteflies, scales and aphids
Jumtasorosed

Lecanicellium lecanit

Hivsutella thompsonii | Phytophagous mites
‘Advantages:
1. Being specific they are safe to the non-target

‘arganisms like predators, parasitoids,
pollinators, etc. .

2, They are safe to the environment with no ill
effects on the human health.

3. They have multiple modes of insect killing,
hence no problems of resistance by insects.

4. They have genes for secretion of insect toxins,
hence can be improved by biotechnological
research.

5. They can be used endophytically to activate or
improve the plant immune system against the
target pest.

6. They have the ability to persist in the
environment to ensure long term suppression of
the pests.

Disadvantages:

1, They are slow in action and require specific
environmental conditions for pathogenesis.

2. They have narrow host range, therefore,
different bioagents are required to control
different pests.

3 They have short shelf life and need to be used
within few months for better results.

4. Different strains vary in virulence, hence

identification of a correct strain is crucial.
Generally local strains are more effective than
the exotic ones.

Apple root borer and white grubs infected with
Metarhizium anisopliae

. R 1 3 o er
Maize aphid and greenhouse whitefly infected with
Lecanicillium lecanii

WOt

Spodoptera litura infected  Spodoptera litura infected
with Metarhizium rileyi with Beauveria bassiana
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Prediction Models for Managing Foliar
Discases of Apple
Kishore Khosla
College of Horticulture and Centre of Excellence
for Horticulture Research and Extension
Thunag, Distt. Mandi HP

Over the growing season, apple orchards are
under constant threat from a large number of insects,
fungal, bacterial and viral pathogens. Early pest and
disease detection are critical for appropriate and timely
deployment of disease and pest management
programme. The primary purpose of predictive models
for diseases is to help growers in timing fungicide
application. Use of disease-forecasting models
together with other farming management practices can
lead to significant savings. For this, various workers
around the globe have worked out various prediction
models and management programmes based on a
number of vears field observations on incidence,
severity, time of infection and taking into account
current and forecasted weather data. Accurate
prediction of potential for infection and inoculum
availability is critical to preventing infections during
the primary period for foliar diseases of apple such as
apple scab (Venturia inaequalis), which overwinters in
infected apple leaves on orchard floor. For its
management, models that estimate development and
release of the primary inoculum (Gadoury &
MacHardy 1982), and its subsequent infection of the
host have been created and deployed (Holb, 2006;
Mills, 1944). Heat units, referred to as degree-days
(DD) is another model (Allen, 1976; Baskerville &
Emin, 1969) as the base temperature used for ¥V
inaequalis ascospore development is 0°C (32°F).
Below this temperature, little or no biological activity
occurs (James & Sutton, 1982a; MacHardy &
Gadoury, 1985). Gadoury and MacHardy (1982)
developed a temperature-driven model (New
Hampshire model) which tracks ascospore maturation
from the time the first mature spores are available to
the point at which they have all matured and been
ejected. Mills (1944) stated that at given inoculum in
the orchard, hours of wetting and concurrent average
temperatures are used to calculate whether or not there
would be an infection event and its severity. When
leaves are wet, infection at warmer temperatures
requires less time than at colder temperatures. RIMpro
(Relative Infection Measurement Program) suggested
by Trapman and Pelfliet (1997) predicts maturation
process of overwintering scab lesions as basis of its
forecast. Some computer-based early warning systems

such as WELTE, METOS, HP-100, ADEM have been
designed to determine infection periods for apple scab.
For more complex decision support-system for
managing scab, RIMpro (RIMpro B.V., Zoelmond,
Netherlands) have been developed by Marc Trapman
at Hudson Valley Research Laboratory with assistance
from many European scientists. In addition to
providing information on apple scab, also contains
software modules that provides management
information for apple powdery mildew and
Marssonina leaf blotch also. This programme can be
accessed via computer or smart phone. To assist
growers to adopt an improved strategy for managing
apple powdery mildew, a mathematical model was
developed recently at Horticulture Research
International at East Malling to simulate the dynamics
of secondary mildew. The model (Podem,
Podosphaera East Malling) was written in Turbo
Pascal, rewritten recently in Delphi, and implemented
on an IBM-compatible PC. An empirical model for
forecasting incidence of alternaria leaf spot in apple
has been given by Kim et al. (1987) to predict initial
disease occurrence and subsequent progress of disease
and the model was constructed on the basis of modified
degree day temperature and frequency of rainfall.
Cumulative degree portion that is over 10°C in the
daily average temperature was used as a parameter to
determine the relationship between temperature and
initial disease occurrence. MBCAST model developed
by Kim et al. (2019) is a recent predictive model for
Marssonina leaf blotch on apple and consists of two
sub models, ASM (Airborne Spore Model) and IRM
(Infection Rate Model), to estimate airborne spore
catches and daily infection rate respectively, of
Marssonina leaf blotch on apple. It was developed on
the basis of field observations on airborne spore
catches, weather conditions and disease incidence.

Next Generation Sequencing- Expanding Omics
in Plant Virology
Anil Handa and Shelly Kapoor
Department of Plant Pathology, UHF, Nauni

Next-generation sequencing (NGS) refers to

the deep, high-throughput, in-parallel DNA
sequencing technologies developed a few decades
after the Sanger DNA sequencing method first
emerged in 1977 and then dominated for three decades.
The NGS technologies are different from the Sanger
method in that they provide massively parallel
analysis, extremely high-throughput from multiple
samples at much reduced cost. NGS technologies using
DNA, RNA, or methylation sequencing have an




enormous impact on advanced molecular plant
pathelogy particularly plant virology. NGS is the
choice for large-scale genomic and transcriptomic
sequencing because of the high-throughput production
and outputs of sequencing data and the lower cost
compared to the traditional Sanger first-generation
sequencing method. The wvast amounts of data
generated by NGS have broadened our understanding
of structural and functional genomics of plant viruses
providing new insight into the diversity of plant
viruses. NGS today is more than ever about how
different plant viruses use genetic information and
molecular biology to survive and reproduce with and
without mutations andcause diseases in plantsunder
changing environments.

Next-generation sequencing has significantly
increased the number of novel plant viruses discovered
and characterized both in host plants and in insect
vectors. More than 100 novel DNA and RNA plant
viruses from different genera and families have been
reported in the recent years. Only two novel viroids,
however, were discovered: persimmon viroid 2 and
grapevine latent viroid. This trend has been observed in
crop plants but also, to a very large extent, in wild plant
species through the use of NGS in metagenomic
approaches. Likewise, the sequences of many novel
virus and viroid strains have been reported. In addition
to discovering novel viruses, the complete nucleotide
sequences of many known viruses were determined by
NGS for complete virus characterization and/or virus
identification in known and new hosts or for other
reasons. For example, NGS has shown that the
artichoke latent virus (ArLV) is a member of the genus
Macluravirus, family Potvviridae, and that ranunculus
latent virus should be considered as a strain of ArLV but
not a distinct species; potato virus Y and potato virus S
have been identified in Maori potato (Selanum
tuberoswm) and turnip mosaic virus in rengarenga
(Arthropodium cirratum) which is a new host. NGS
analyses do not generally provide the final word on a
new virus or viroid. The genome sequence generally
has to be finalized using PCR-based approaches and
Sanger sequencing and. as a general rule, the existence
of the new virus or viroid should always be sought
using an alternative technique. In addition, NGS
librarypreparation methods with minimal bias should
be used in order to obtain accurate and easy to interpret
data. Another area where NGS has proven very
valuable is in the detection-of isolates, strains, or
variants of known wiruses -t_l‘yat escape

existing detection procedures and, particularly, PCR
assays. The data obtained may afford a better
knowledge of the polyvalence or specificity of existing
assays and, if needed, facilitate the design of new
detection primers of broader specificity for improving
the classical detection assays. For example, the NGS
discovery of a non-detectable isolate of plum bark
necrotic and stem pitting associated virus led to
develop a new PCR assay of broader specificity..

NGS has provided a very powerful alternative
for detection and identification of plant viruses and
viroids without a priori knowledge of pathogen
sequence as required for PCR-based detection and
identification methods. For this reason, NGS has
become a universal approach for accurate detection
and identification of many novel and known plant
viruses. Viroids are also accurately and easily detected
and identified by NGS. Thus, NGS has the potential to
be used as a primary diagnostic tool for plant viruses
and viroids as the cost of sequencing platforms has
become more competitive and affordable. Currently,
the cost of NGS-based diagnostics is still high as
compared to that of a PCR or serological assay, so that
the technique is limited to situations where
exhaustiveness is critical, such as quarantine or when
trying to identify a causal agent, or to situations
involving high value added samples, such as nuclear
stock mother plants used for production of certified
planting materials. It should be stressed that nucleic
acids purifications and sequencing bank preparation
protocols may have to be optimized and fine-tuned to
particular plant species that may contain inhibitory
substances that may otherwise interfere with the
sensitivity of the detection procedure.

White Thread Blight on Pome Fruit Plants in
Himachal Pradesh
Shalini Verma and HR Gautam
Department of Plant Pathology, UHF, Nauni

White thread blight disease (WTBD) is an
emerging foliar disease on apple in Himachal Pradesh.
The disease was observed in apple orchards of Lug
Valley in Kullu district of Himachal Pradesh with 2-3
per cent disease incidence. Poor maintenance
significantly increased the levels of disease
occurrence and severity. Older apple trees also
appeared more susceptible than younger ones. The
disease caused by Ceratobasidium stevensii is
worldwide in distribution and it has been reported on
several important plant species including 18 fruit
trees.



Usually, thread blight symptoms are noticeable
on the interior or shaded portions of the tree in early
summer or during rainy season. The typical symptoms
of this disease include wilting and browning of
leaves. The white thread blight disease derives its name
from white mycelial strands (threads) of the fungal
pathogen that grow underneath apple branches,
petioles and leaves causing leaf blight. Blighted leaves
show distinct brown to dark-brown decay followed by
defoliation. Dead leaves with mycelia are major
source of inoculum. The disease spreads by wind, rain,
insects and human activities.

Thread blight, once established in an orchard,
18 difficult te control with fungicides. Applying
preventive fungicide sprays on trees prior to infection
may help protect the orchard from this disease. Certain
cultural practicessuch as avoiding hollow areas and
other poorly ventilated and shaded areas when
selecting an orchard site can also prevent the disease.
Pruning to promote better penetration of sunlight and
air is also an important management strategy. Prune out
blighted twigs and branches when disease pressure is
low.

Management of Important Forest Nursery Diseases
Manica Tomar
Sr. Plant Pathologist
Directorate of Extension Education, UHF, Nauni

Nursery is pre requisite for producing quality
seedlings in lesser input and nursery management is a
potential tool to execute the activity as successful
means The availability of quality seedlings at lower
cost offers ample scope for large scale planting. Putting
efforts on quality seedling production offers scope for
sustainable agriculture. India has only 23.81% forest
cover (Annual Report, CAZRI), which is far below the
. recommended 33% of our National Forest Policy,

1988 Forests provide multipurpose benefits such as
timber, fodder, fuel and minor forest produces. They
also help in conserving soil and water, offering food
and shelter for wild life. adding to the aesthetic value
and recreational needs of man. Diseases and insect

pests constitute major biological determinants of forest
productivity, particularly in nurseries and plantations.
They cause heavy damage to seedlings and hence
reduce both quantity and quality of planting stock.
Large-scale mortality in the nursery due to disease
problems could seriously affect the plantation
programme by reducing the stock of seedlings. In
plantations, they cause major problems resulting in the
reduction of biomass production or loss of valuable
germplasm collections. Further, the infected seedlings
are weakened and unable to withstand the adverse
field/plantation conditions. Thus, the economic loss
resulting from nursery diseases are considerable.
Therefore, raising disease free, healthy tree seedlings is
not only important for maintaining a good nursery
stock but also essential in establishing a healthy stand
in the field for better productivity. The major diseases
encountered in forest nurseries are discussed below.

Damping off:

« Among the nursery
diseases, damping-off'is
the most prevalent and
highly destructive
disease and cause heavy
loss of seedlings. This
causes preemergence
and post-emergence
damping off depending
on the stage of growth
of seedlings when they
are attacked.

« This disease is caused by various soil fungi such as
Pythium, Phytophthora, Fusarium and
Rhizoctonia of which the last two fungi are quiet
prevalent in forest nurseries in India.

« High soil temperature, excessive soil moisture,
high soil pH (alkaline), high nitrogen content, low
light intensity due to shading, stiffy or clayey soil
with poor. ) .

« Post emergence damping off drainage, dense
sowing are the conditions which favour the disease
development in serious proportion.

Control Measures: The disease has been managed
through:

= Cultural practices aimed at favouring plant growth

and discnuraginIg the growth of plant pathogen
= Formalin is applied as soil fumigant to manage the

disease. Also, seed dressing with fungicide
(Bavistin) in certain cases found very effective.

Rootroi:

« It is caused by Rhizoctonia, Phytophthora,
Fusarium species. It causes weakening of roots,
plants shrivel and ultimately dies.




Control Measures: Drenching with T, viride (20g/kg
soif) + tebuconazole +  trifloxystrobin (0.1%) or T.
harzianum (20g/kg soil) + tebuconazole +
trifloxystrobin (0.1%) was found to be effective.

a) b) c)
a) Initiation of browning of collar portion and roots

b) few or none secondary root formation and drying
¢) complete blackening of roots and necrosis

Leaf Web Blight

« It is caused by Rhizoctonia solani. The disease
appears in the nursery atter the regular monsoon
rains set in.

« Development of grevish brown blotches which
increase in size with the advancing fungal hyphae
and ultimately engulf the entire leaf blade. The
infected adjoining leaves get joined together by the
fungal hyphae as if caught in a spider’s web, hence
the name web blight. The disease spreads through
contact of the overlapping foliage.

Control Measures: The disease has been managed
through integrated approach which includes measures
such as sanitation and cultural practices. Application of
Bavistin 0.1% is found effective.

Alternaria Leaf spot and blight:

« It is caused by Alternaria alternata. It appears late
in the growing season in the last week of October or
early November. It attacks the leaves when the
leaves become old and contain less soluble sugars.

s  Control Measures: Application of Dithane M-45
(0.25%) at fortnightly intervals is found very
effective.

Powdery Mildew:

« This disease is caused by Odium, Erysiphae species

« White floury patches seen on the surface of the
leaves. These patches coalesce and cover the whole
leaf lamina giving greyish white appearance.
Severely infected leaves and leaflets defoliate
prematurely.

e Control Measures: Foliar spray of Bavistin
fungicidal solution (0.01%) is found to be effective
in minimizing the disease.

Integrated Nursery Disease Management

Diseases are important limiting factors in the
production of forest seedlings within nurseries. High
moisture and nutrients supplied to nursery seedlings often
promote proliteration of important pathogens. Selection of
apparently healthy seeds/propagules for seedling
production, Seed dressing with (.2% Carbendazim/Methyl
thiophanate/Benomyl/Thiram, sowing in
sterilized/fumigated, clean beds and adequate watering,
using sterilized budding knife, secateurs, and scissors
during budding and grafting, transplanting seedling after
root dip for 3-5 min in 0.02% Carbendazim solution,
Frequent examination of seedling health and removal of
diseased stocks are some of the methods of disease
management.

Healthy nursery

Nurseries showing root rot
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