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‘ ABSTRACT ’ Crop protection largely focuses on the curative control of biotic stress on plants like pests, diseases and weeds. Most of the

studies related to plant protection were based on the host parasite interaction and the solutions often equaled the
development, transfer and adoption of single component technologies such as new crop varieties or agrochemicalsl. The use of synthetic
agrochemicals can be largely credited for managing pest on food crops and thereby increasing yields in agricultural production. Although it has
significantly reduced the crop losses, the extensive and unguarded use of agrochemicals opened a new dimension of environmental toxicity
hazards. In due course, these pesticides started contaminating drinking water sources, soil and air affecting food-safety, public health and the
environment2 and the development of herbicide resistant weed populations in crop production systems3.To meet the growing demand of safe
food for world's population in present and future; the global agricultural production has to undergo rapid transformation. Much research is being
conducted to develop more holistic and integrated approach for pest management avoiding the use of hazardous chemicals. The greater impact
will be seen when the technology based greener approaches to crop protection will be adapted by the growers.
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1 Introduction:

The goal of addressing hunger and achieving food security becomes
more challenging looking to the present world population of 7.3
billion, which is projected to reach 9.7 billion by 2050 and 11.2 billion
by 2100°. In addition, global life expectancy is projected to increase
due to better availability of healthcare and food. This growing global
population also sees a direct consequence as increased urbanization,
reduced land holdings, climate change and water scarcity. Recent
estimates indicate that up to 34% of the world's land surface could be
used for agriculture, although approximately 20% has been deemed
marginal and unsuitable for rainfed agriculture. Therefore, careful
management and protection of the most productive agricultural lands
will be required, along with novel approaches to achieving increased
production on marginal lands.

To increase the productivity of crop per acre, the use of agrochemicals
for increasing was a good move but only for a limited term.
considering the hazardous effects of chemical use on soil, water and
food toxicity, it is essential that we explore more sustainable, safe and
environment friendly options shifting from complete chemical
approaches to eco-friendly technology-oriented approaches and
integrated systems-oriented approaches that consider innovation as a
combination of technological and non-technological advances across
different levels (plot, farm, region)’.

With increasing population and a warming climate, additional factors
will also influence the global availability of food, possibly leading to
water scarcity and decreased water quality. Approximately 70% of
global freshwater consumed is used in agriculture’. Increased
production on the reduced land resources will likely require more
water for irrigation leading to increased water scarcity. The present
review aims to examine recent and emerging technological trends for
the crop protection, the role of regulation in new technology
development for increased production and improved sustainability in
agriculture.

Developments and Emerging Trends in the Crop Protection:
Farming being one of the oldest human activities since the dawn of
civilization, has undergone gradual transformations identifying
locally suitable crops, cropping patterns and production practices both
by farmers and researchers. To attain food self-reliance for the
increasing trend of population, India initiated technology led research
for integrated crop production packages including high yielding
varieties, use of agrochemicals and integrated pest management to
have a sustainable agriculture production. As a result of these efforts,
the country became not only self-reliant but an exporter in agro-
produces also.

Emerging Technologies:

Biotechnology has, to date, delivered specific agronomic traits
designed to overcome production constraints for perhaps 12 million of
the world's farmers ’. This technology support to the crop production
has drastically improved productivity and profitability of a large

number of farmers and has made important, positive socio-economic
and environmental contributions. Till now, very limited agronomic
traits have been successfully commercialized so far in certain crops,
yet the research conveys a hope for further augmentation in crop
production through technology. The gains from the insect resistant
traits and herbicide tolerant traits have largely helped farmers to cut
down costs and save environment from unwanted chemicals in
farming systems. This has also increased the profit margins and more
harvest.

Genetic Engineering:

This technology has led to the production of Genetically Modified
Organisms (GMOs) by recombinant DNA technique, gene editing and
RNA interference (RNAi). With these advanced GMOs, insecticide
applications is being reduced and need based herbicide applications is
getting popularity among the farmers in many parts of the world.
Adoption of GMO crops has also led to increased adoption of
technology based farming, conservation tillage practices, reducing the
unwanted contamination of agrochemicals in soil, air and water. Apart
from benefits at input levels, the output traits which have proved
beneficial to the farmers are enhanced yield and reduced weed
interference. This technology is looking forward to develop fortified
food to address malnutrition and deficiencies. The “golden rice” is
genetically engineered to produce B-carotene, the precursor to vitamin
A, as well as an increased level of absorbable iron®. Similarly, other
potential developments from genetic engineering technology include
improved food safety for addressing microbial contamination and
allergen detection, edible vaccines and therapeutic monoclonal
antibodies produced from plants’

Very recently, targeted technologies like 'zinc-finger nucleases
(ZFNs), CRISPR-Cas9 and transcription activator-like (TAL)-effector
nucleases (TALENs)' have been developed for site-specific gene
modification. An alternative technology is RNAi, whereby RNA
molecules used to down regulate the expression of genes can be
incorporated and expressed in the plant as well as can be sprayed

directly onto the plant as a biological agent .

Microbial and Botanical Technologies:

Use of microbes in enhancing agricultural production have been well
known now. Generally, the common microbe or plant based
agricultural products are sourced from naturally occurring micro-
organisms, plant extracts or other organic matter. With the help of new
technologies, the gut bacteria of various macro-organisms such as
beneficial insects, mites and nematodes are being used for pest
management and soil productivity enhancement. They are classified as
bio pesticides and bio stimulants. Bio-pesticides include plant
extracts, organic acids and semio-chemicals and can also include
secondary metabolites of many plants. It also includes bacteria and
fungi having antagonistic properties. Biological products generally
are a part of most successful integrated pest management technologies
and are often used in conjunction with conventional crop protection
products to reduce residues while maximizing yields. Bio-stimulants
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are used to increase the vigor of the crop by modifying plant
physiology for managing abiotic stress, improving root establishment,
facilitating the uptake of nutrients and the likes.

OrganicAgriculture:

There is a strong coherence between organic agriculture and biological
agents used for crop production. The non-chemical technologies using
botanical, biological and organic products like organic manure,
compost, vermiculture and the likes are essential for organic
cultivation. Technological advances allow increased efficiency of soil
nutrient management and non-chemical weed control in organic
systems. The holistic system of organic crop production can cover all
aspects of self-sustaining farm from animal rearing to post harvest.
These technologies aim at meeting challenges like economically
justifiable operating costs, recurring source of renewable energy, high
energy efficiency, time economy , labor inputs, animal welfare and
ecological sustainability. Studies suggested eco-friendly weeding
methods, including destroying weeds by heat (torching or steaming),
by blocking off-light (covering the plants), mechanical weeding, and
solarization to kill off plant seeds in the soil "',

Seed Treatments:

The use of seed treatments for healthier crops has been helping farmers
to address soil borne diseases. A major advantage of seed treatment
compared to broadcast application of chemicals is that the treated seed
is typically located below the soil surface, significantly reducing
runoff losses of crop protection coatings . There are numerous
additional benefits and uses of this technology. It has been witnessed
that systemic activity can be positive for a soil-applied compound
since it has no effect on insects that do not consume the leaves or other
portions of a plant, leaving most beneficial insects unharmed "

Precision Agriculture:

Precision agriculture uses the high-end technologies like geospatial
information and sensors to increase the yield and manage the resources
optimally. Such an approach help the farmers in reducing the cost of
agriculture by investing in need based options for production and
protection of crops. Other technological tools widely used for
precision agriculture include digital farming which utilizes high-
resolution geo-positioning systems (GPS) and geographic information
systems (GIS) in addition to real-time data with precise information of
the crop in the field area. Satellite mounted sensors, drones or UAVs
are very commonly used to generate high-resolution images of large
plantations and the results are analyzed to automate nutrient and
pesticide applications by planters. Such an approach of minimizing
inputs also reduces loss of nutrients and crop protection products in
runoff. There is a tremendous development in technology based
advances in farming and many are expected to be developed in near
future also.

No and Low Tillage:

No-tillage farming systems are actively promoted by National and
International research and development organizations to conserve
soils and through soil conservation ensure food security, biodiversity
and water conservation. Instead of tilling before seeding, seeds are
deposited directly into untilled soil by opening a narrow slot trench or
band. Today, it is also seen as a measure to be supported under the
United Nations Framework Convention on Climate Change *. The
lack of tillage helps promote infiltration of water (and nutrients and
crop protection chemicals present in the water) reducing runoffas well
as soil erosion. Globally, adoption rates of no-till technology vary by
region to region, with the largest percentages found in South America
(47%), North America (38%) , Australia and New Zealand (12%) , and
much lower rates in other regions of the world"*.

Regulations in Technology Development:

The key challenge being faced by modern agricultural technologists is
to develop low cost, sustainable and innovative approaches by
integrating multiple technologies to minimize environmental impact
while avoiding resistance development, ecological imbalance and
inadaptability by the users. Since their introduction, there has been
tremendous progress in reducing the potential risk that synthetic
chemicals pose. Improved screening processes, identification of taxa-
specific modes of action and extended and better validated testing
protocols have all contributed in managing the risk in using chemical **.
The rate of use of agrochemicals have fallen significantly as well as
their environmental detections are also tending downwards ',
indicating an increase in overall safety but at the same time, the public

concern towards GM crops have increased significantly. For arisk free
technology development, it is very important to regulate the
development of both engineering and biological technologies, because
these technologies are either close to biological processes like
developing biocontrol agents or their functioning impacts the
environment. It is equally important to understand, assess and plan for
management of risks posed by the new technologies being introduced
into the system. Any technology to be developed, should quantify the
risks and benefits while at the same time working on the potential
alternatives.

The agricultural production and protection industry is evolving at a
very fast pace. Research and development programs have now been
more responsible of the impact on both ecology as well as
environment. The technologies should address the people,
environment and their profit requirements. To develop more efficient,
user friendly and eco-friendly technologies, more interactions and
collaborations are required among academic, government, industry
and regulatory scientists for designing, developing and facilitating the
adoption of innovative technologies to enable farmers to increase
production of safe food.
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