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aspects of our diverse contributions 
shall be touched upon in this article to 
provide glimpses of our vast range of 
activities and achievements. 

Reactor Technology
Electricity is one of the foremost 
requirements to run the engine of growth. 
In the early days of the nuclear energy 
journey, many nations understood the 
importance of this powerful source of 
energy and embarked on nuclear energy 
programmes on a massive scale. India 
too decided to include nuclear energy 
in the energy basket of the nation to 
augment electricity production in the 
country. 

The journey to master the 
technology began in right earnest with 
the setting up of the first research 
reactor in India and Asia – the Apsara 

“As of today, it is estimated 
that the use of nuclear energy 
avoids carbon emissions 
roughly equivalent to 
removing one-third of all cars 
from the world’s roads.”

reactor at Trombay in 1956. Built in 
a short span of one year, this reactor 
gave the confidence, set the tone and 
provided the thrust for sustained 
growth of the Indian nuclear sector 
thereafter. A second research reactor 
CIRUS was built in 1960 and two 
power reactors were commissioned at 
Tarapur soon after. Two more research 
reactors Dhruva and Apsara-U as well 
as 22 power reactors have since been 
constructed, commissioned and being 
operated by DAE. Six power reactors 
are under construction and several 
more are in the pipeline. 

Radioisotopes produced in 
research reactors Dhruva and Apsara 
(U) are the key requirements in almost 
all applications of radiation technology 
– healthcare, agriculture and food 
preservation. Dhruva is the workhorse 
for the production of radioisotopes in 
the country. In addition to radioisotope 
production, material irradiation 
and neutron radiography facilities 
in the research reactors support the 
power programme towards material 
characterisation and diagnostics. 

It is important to mention that 
nuclear power plants produce no 
greenhouse gas emissions during 
operation, and over the course of their 
life-cycle, they produce only 33% of the 
emissions per unit of electricity when 
compared with solar and 4% when 
compared to thermal power plants. As 
of today, it is estimated that the use of 
nuclear energy avoids carbon emissions 
roughly equivalent to removing one-
third of all cars from the world’s roads. 

Right since its inception, the 
visionary founder Dr Homi Jehangir 
Bhabha had the foresight to realise that 
the nation would need to be self-reliant 
in this sphere in order to gain complete 
mastery over the technology and forge 
an independent path. However, the 
foundations for science and technology 
R&D were poorly developed in the 
country at that stage. DAE, therefore, 
embarked on R&D programmes in 
numerous disciplines to support its 
programmes and has today emerged 
into a distinctive organisation, not only 
as a hub for R&D in all aspects of the 
nuclear fuel cycle but also for carrying 
out pioneering cutting-edge research 
work in associated areas of relevance. 

Over the decades, this blend of 
activities and disciplines has led to the 
creation of several world-class institutes 
and units of DAE, comprising a vast 
network of 30 research centres, public 
sector units, aided institutes and service 
organisations around the country, having 
footprints spanning across multiple 
sectors such as energy, healthcare, 
agriculture, food preservation, drinking 
water, environment, etc. A few salient 

Panoramic view of research reactors CIRUS and DHRUVA

Kakrapar Atomic Power Station – Site view
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Healthcare
There is minimal awareness of the 
enormous contributions being made 
by DAE in the healthcare sector of 
the country. Nuclear Medicine is a 
branch of medicine requiring the use 
of specialised pharmaceuticals known 
as radiopharmaceuticals, which are 
drugs tagged with radioactive elements 
and used for diagnostic as well as 
therapeutic purposes. Millions of 
procedures are being carried out every 
year using radiopharmaceuticals. 

The diagnostic procedures 
produce functional imaging of the 
organ after the radiopharmaceutical is 
administered. This is akin to an online 
live image of the functioning organ 
such as heart, brain, kidneys, liver, 
etc., enabling precise pinpointing 
of the malfunctioning segment of an 
organ, aiding in accurate diagnosis 
and therapy. Nuclear medicine 
procedures can diagnose abnormalities 
in the early stages of diseases such as 
cancer, neurological disorders and 
heart ailments, facilitating timely 
commencement of treatment. Just as 
novel drugs for better outcomes are 
being continuously developed by the 
pharma industry, DAE is involved in 

“The cost for eye and liver 
cancer treatment in the 
country is expected to be 
considerably lowered with the 
availability of these new-age 
procedures at an affordable 
cost.”

Sl. No. Product Name Application

1.
99mTc-Hynic-TOC/HYNIC-
TATE Neuroendocrine tumour imaging

2. 99mTc-HSA-Nanocolloid Detection of sentinel nodes in 
breast and other cancers

3. 99mTc-UBI (29-41) Infection imaging

4.
99mTc-HYNIC-
[cyclo(RGDfk)]2

Malignant tumour imaging

5. 18F-FDG Cancer diagnosis

6. Na18F Bone imaging

7. 18F-FLT Tumour proliferation marker

8.
68Ga-DOTA-TOC/DOTA-
TATE/DOTA-NOC Neuroendocrine tumor imaging

9. 68Ga-PSMA-11 Prostate cancer imaging

10. 64CuCl2
Cancer imaging & 64Cu-
radiopharmaceutical preparation

11.
131I-Lipiodol/188Re-DEDC-
Lipiodol Liver cancer therapy

12.
188Re-HEDP/177Lu-
EDTMP/177Lu-DOTMP Bone pain palliation

13. 177Lu-DOTA-TATE Neuroendocrine cancer therapy

14.
177Lu-Hydroxyapatite/90Y-
Hydroxyapatite Radiation synovectomy

15. 177Lu-PSMA-617 Prostate cancer therapy

the development of novel organ and 
disease-specific radiopharmaceuticals 
for improved outcomes. DAE 
formulates radiopharmaceuticals, 
coordinates clinical trials, creates 
harmonised protocols and provides 
imaging services at its centres. 

Cancer therapy is an important 
wing of DAE operations. Tata Memorial 
Centre  (TMC) under the aegis of DAE 
is a pioneer in cancer research and 
treatment in the country. Radiation 
therapy, as well as radiopharmaceutical 
formulations, are extensively used at 
these and other cancer centres of DAE 
and more than 5 lakh patients receive 
treatment every year. 

Radiation therapy is carried out 
with external beams of radiation –
usually from a 60Co source as well as by 
placing sealed radiation sources close 

to the tumour sites to facilitate higher 
radiation dose deliveries. This type of 
internal beam radiotherapy is known 
as Brachytherapy (Brachy in Greek 
means ‘short distance’).  Therapeutic 
radiopharmaceuticals are designed 
to deliver doses of ionising radiation 
to specific disease sites and are used 
extensively in treatments of thyroid and 
neuroendocrine tumours as well as for 
bone pain palliation. The radiochemical 

Table 1: Recently developed Radiochemicals/
Radiopharmaceuticals/Freeze-dried kits

APSARA (U) during the stage of final com-
missioning

Eye Plaque developed for the treatment of 
eye cancer
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“All diagnostic and treatment 
procedures at DAE centres are 
provided at a fraction of the 
cost incurred at privately run 
establishments, making them 
affordable to a large section of 
the society.”

moiety makes the drug molecule more 
potent and helps in reducing  the 
cycles of cancer treatment required 
to be administered, alleviating patient 
distress. 

The development of Ruthenium-106 
plaques for the treatment of eye 
cancer and Yttrium-labelled  glass 
microspheres (named BhabhaSphere) 
for the treatment of liver cancer are two 
recent noteworthy developments. The 
production of Ru-106 eye plaques and 
Yttrium labelled glass microspheres 
require specialised skills and expertise 
making them expensive in the 
international market. These are low-
cost import substitutes, costing about 
one-tenth of the equivalent imported 
products. Their use has been cleared 
by the regulatory authority and several 
patients have received treatment at 
TMH with excellent outcomes. The cost 
for eye and liver cancer treatment in the 
country is expected to be considerably 
lowered with the availability of these 
new-age procedures at an affordable 
cost. 

The recent commissioning of 
India’s largest medical cyclotron 
facility in Kolkata, Cyclone-30 has 
enhanced the capability of DAE to 
produce cyclotron-based radioisotopes 
for healthcare applications. Production 
and regular supply of  18F-FDG (PET 
detection of cancers) have been initiated 
from Cyclone-30 to cater to the need 
of this extremely important short-lived 
radiopharmaceutical in the eastern 
region of our country. Gallium-68 is 
being produced in the country for the 
first time using this medical cyclotron. 
Gallium-based radiochemicals such 
as  68GaCl3  (PET radionuclide used for 
imaging of neuroendocrine cancers, 
prostate cancer, etc.) and  201TlCl 
(myocardial perfusion imaging agent) 
for clinical utilisation are in the process 
of obtaining regulatory clearance. 

Equipment for robotic surgeries, 
DNA microanalysis, early-stage cancer 
detection equipment, teletherapy 
machines, a blood irradiator using Cs-
137, and a radioisotope extracted from 
nuclear waste have also emerged from 
the R&D efforts at DAE centres. 

All diagnostic and treatment 
procedures at DAE centres are provided 
at a fraction of the cost incurred at 
privately run establishments, making 
them affordable to a large section of the 
society.

Nuclear Agriculture
Biological systems continuously 
undergo mutations on a very slow 

time scale, governed by environmental 
conditions or on exposure to extraneous 
influences. However, direct exposure 
to ionising radiations such as gamma 
rays from a radioisotope can induce 
accelerated mutations. 

The Bhabha Atomic Research 
Centre (BARC) has an extensive 
programme on creating induced 
mutations in various crops, a technique 
known as mutation breeding. The method 
involves exposing seeds to controlled 
dose of gamma radiation, leading to 
favourable as well as unfavourable 
mutations in them. Seeds with desirable 
traits are selected  and multiplied. 
Extensive field trials are carried out 
in collaboration with state agricultural 
universities like Indira Gandhi Krishi 
Vishwavidyalaya (IGKV), Raipur, Dr 
Panjabrao Deshmukh Krishi Vidyapeeth 
(DPDKV), Akola and many others. 

The seeds are eventually released 
for cultivation by the State Variety 
Release Committee and notified by 
the Central Crop Variety Release and 
Notification Committee, Ministry 
of Agriculture & Farmers’ Welfare, 
Government of India. Forty-nine 
Trombay crop varieties including 
groundnut, rice, mustard, mung 
bean, and cowpea with improved 
characteristics like higher yield, early 
maturity, improved disease resistance, 
drought tolerance, etc., have been 

S.No. Crop No. of Varieties Released

1.      Groundnut 15

2.      Soybean 2

3.      Mustard 4

4.      Sunflower 1

5.      Linseed 1

6.      Mungbean 8

7.      Urdbean 5

8.      Pigeon pea 5

9.      Cowpea 2

10.      Paddy 5

11.      Jute 1

     Total 49

Cobalt Teletherapy machine – Bhabhatron

Table 2: Trombay varieties released & notified
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developed using the radiation-induced 
mutation breeding techniques and are 
cultivated extensively in the country. 

In recognition of their exceptional 
contributions to mutation breeding 
programmes, the mutation breeding 
team of BARC has been conferred the 
‘Outstanding Achievement Award’ by 
IAEA in 2021.

Food Preservation
Pest infestation, contamination and 
mould infestation are major problems 
faced by the agricultural sector, leading 
to substantial losses to the extent of 
20-30% of the produce. Prevention of 
post-harvest spoilage is, therefore, a 
national imperative. 

Food preservation is conventionally 
carried out using chemical additives 
such as sorbates, benzoates, parabens, 
sulphites, nitrites, nitrates, etc. 
Radiation processing provides a 
healthy and eco-friendly solution to 
this problem as it eliminates the use 
of chemicals in food preservation. The 
method involves exposure of food and 
agricultural commodities to measured 
doses of gamma radiation. This process 
results in favourable outcomes such as 
disinfestation of pests, delayed ripening, 
inhibition of sprouting and elimination 
of pathogens and microorganisms 
causing spoilage. Radiation processing 
is the only method of killing pathogens 
in raw and frozen food. 

The radiation beam produces its 
effect by merely depositing its energy 
and does not lead to any radioactivity 
being generated in the target material. 
Radiation processing of food is a method 
approved by various organisations 
such as IAEA, WHO, FAO and 
FSSAI. DAE has developed irradiation 
technology for the preservation of fruits, 

vegetables, pulses, spices, seafood, etc. 
by radiation processing and transferred 
the technology to private entrepreneurs. 
Several such commercially operated 
facilities are available around the 
country. 

India is the second largest fruits 
and vegetables and third largest fish 
producer in the world. However, a 
substantial portion of the produce gets 
wasted due to the spoilage caused by the 
lack of cold chain facilities for storage 
and transport. An important recent 
contribution to the food preservation 
agenda has been the development of 
a liquid nitrogen-based system for 
refrigerated transport of vegetables, 
fruits, seafood, etc. 

Liquid nitrogen is a by-product 
of oxygen generation plants used 
extensively in industrial and medical 
sectors. A large untapped capacity, 
therefore, exists in the country for the 
generation of liquid nitrogen, making it 
relatively inexpensive. The technology 
is also an environmentally friendly 
solution since the use of diesel or CFC 
gases has been completely eliminated. 
These refrigerated vans or reefers 
as they are known, have been named 
SHIVAY (Sheetal Vahak Yantra). A 
significant advantage of SHIVAYs is 
that they possess multimodal logistical 
flexibility, being customisable to suit 
the mode of transport available at the 
sourcing location of the merchandise – 
railways, roadways or waterways.

The systems require minimum 
maintenance due to very few moving 
parts and are therefore rugged enough 
to be deployed even on rough road 
conditions. An incubation agreement 
has been signed with Tata Motors 

“A recent contribution to 
food preservation is the 
development of a liquid 
nitrogen-based system for 
refrigerated transport of 
vegetables, fruits, seafood, 
etc. improving the economics 
and profitability for growers, 
farmers and traders.”

Limited (TML) to jointly develop 
SHIVAYs for vehicular applications. 
This technology, when extensively 
deployed, will substantially reduce 
wastage and not only improve the 
economics and profitability for the 
growers, farmers and traders but 
also benefit the eventual end-users. 
An upgraded version of the system, 
“SHIVAY-V”, has been designed for 
reaching even lower temperatures of up 
to -70°C and can be used for storage 
and transport of vaccines requiring such 
low temperatures. 

In addition to the technologies 
detailed above, several other products 
and applications to serve the agriculture 
and food sector have emerged over the 
years, such as solar dryers, disinfectors, 
soil testing kits and various kinds of 
food processing techniques.

Technologies for Smart Cities
One of the objectives of the smart 
cities mission is to provide clean and 
sustainable environment through the 
application of ‘smart solutions’. DAE 
has developed a bouquet of technologies 
which can be deployed to meet this 
objective.

Liquid nitrogen based Reefer undergoing road trials

View of a bay in food irradiation facility
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the exploration and utilisation of deep-
sea resources even further for societally 
benefitting activities. The aim also 
is to make India self-reliant in ocean 
technology, create more jobs in this 
field, and enhance the capacity building 
of institutions working in this sector.

Research at the Earth’s Poles  
The National Centre for Polar and 
Ocean Research (NCPOR), Goa — an 
autonomous institute under the MoES, 
is the only organisation in India that 
provides opportunities to researchers 
for conducting field experiments at 
the Earth’s poles (the Arctic in the 
north and Antarctic in the south). 
The polar expeditions coordinated 
by MoES help execute specialised 
scientific projects at the Earth’s poles, 
which seems impossible elsewhere in  
the country. 

NCPOR administers the Indian 
Antarctic Programme and maintains 
three permanent Indian research 
stations in Antarctica (Dakshin 
Gangotri since 1984, Maitreyi since 
1989, and Bharati since 2012) making 
cutting-edge polar research possible. 
Notably, India is among the few 
countries to have multiple year-round 
research bases in Antarctica. So far, 
NCPOR has successfully concluded 
41 scientific expeditions to the 
southernmost continent. 

Moreover, India is also a 
consultative party to the Antarctic 
Treaty System, implying that it 
has the right to participate in the 
decision-making processes in the 
yearly Antarctic Treaty Consultative 
Meetings. India is also a member of 
many international bodies that govern 
Antarctic science and policy.

In the Arctic, India has held an 
Indian Arctic station called Himadri at 
Svalbard, Norway, since 2008. It has 
been a member of the International 
Arctic Science Committee since 2012 
and was granted an Observer status in 
the Arctic Council in 2013. NCPOR 
has deployed a moored observatory 
called IndARC since 2014 in the 
Kongsfjorden fjord, halfway between 
Norway and the North Pole, to monitor 
the upper ocean. The country has 
benefited by coordinating visits of 
nearly 200 scientists to the Arctic, 
which has yielded more than 100 
research publications on Arctic science. 

NCPOR has also initiated a 
programme to understand the complex 
behaviour of Himalayan glaciers. The 
Himalayan Cryosphere Programme 
operates through a research station called 
Himansh in the western Himalayas. 
The programme has monitored six 
Himalayan glaciers spread across 
230 square km in the Chandra basin. 
NCPOR has collaborated with several 
Indian universities and institutes 
under the Himalayan Cryospheric 
Observation and Modeling (HiCOM) 
programme to collect information on 
glacier melt, snowmelt, rainfall, etc. In 
the future, HiCOM would also monitor 
the thickness of glaciers and glacier 
lakes in India.

In the Southern Ocean, India has 
actively pursued research since 2004. It 
launched a multidisciplinary and multi-
institutional annual expedition from 
Mauritius to Prytz Bay in Antarctica 
to collect data on the upper Southern 
Ocean and atmosphere. This research 
has helped improve the understanding 
of factors affecting climate change and 
significantly increased India’s scientific 
publications in this area.

Low-temperature thermal desalination water plant set up in Lakshadweep islands by MoES 
converts seawater to potable water for islanders

Bharati in Antarctica (left), Himadri in the Arctic (middle), and Himansh in the Himalayas (right) are research stations set up by MoES to 
provide unique opportunities for scientific research at the Earth’s poles.
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Making India Tsunami-ready  
The great Indian tsunami of 2004 caused 
enormous damage to life and property 
in many south-east Asian countries, 
including India. Today, thanks to 
MoES, our country is equipped with 
a state-of-art tsunami early warning 
system that can issue a tsunami alert 
with a lead time of nearly ten minutes 
before a tsunami-genic earthquake 
occurs in the Indian ocean.  

The Indian Tsunami Early 
Warning Centre (ITEWC), set up by 
MoES at the Indian National Centre for 
Ocean Information Services (INCOIS), 
Hyderabad, is among the world’s 
best. ITEWC has provided timely 
tsunami advisories to stakeholders, 
including the public and disaster 
management authorities, for a decade 
now. Between 2014 and March 2021, 
ITEWC monitored 234 tsunami-
related earthquakes of magnitude ≥6.5 
and provided timely tsunami-related 
advisories and warnings. ITEWC 
is designated as a Tsunami Service 
Provider for the Indian Ocean region by 
the Intergovernmental Oceanographic 
Commission (IOC) of UNESCO and 
provides advisories to 25 Indian Ocean 
rim countries. Scientists from INCOIS 
are contributing members of the 
Intergovernmental Coordination Group 
for the Indian Ocean Tsunami Warning 
and Mitigation System towards 
improving global tsunami services. 

Although ITEWC is primarily 
focused on monitoring and warning 
tsunamis, it also plays a vital role 
in providing technical inputs and 
creating community awareness and 
preparedness. It conducts regular 
capacity building activities such as 
Tsunami Standard Operating Procedure 

workshops, training, and sensitisation 
modules for disaster management 
officers and hosts regional workshops 
and training for Indian Ocean member 
states. 

In 2020, two villages in Odisha 
(Venkatraipur in district Ganjam and 
Noliasahi in district Jagatsingpur) had 
implemented the INCOIS Tsunami 
Ready programme and become 
Tsunami Ready Communities. They 
were certified by IOC-UNESCO as 
Tsunami Ready. India has become the 
first country to implement the Tsunami 
Ready programme in the Indian Ocean 
Region with this recognition. INCOIS 
has also recently completed mapping 
of highly tsunami vulnerable coastal 
regions using 3D Global Information 
System (GIS) techniques and is now 
moving towards hosting a dedicated 
24X7 tsunami web portal.

Cutting-edge Research on 
Climate Change 
Climate change scientists utilise Earth 
System Models (ESMs) that integrate 
interactions among the Earth system 
components such as atmosphere, ocean, 
land, cryosphere and biosphere, and 
predict climate under a wide variety 
of conditions. ESMs are being used in 

recent times to understand the impact of 
human-induced perturbations (such as 
greenhouse gas and aerosol emissions, 
land use and land cover changes, etc.) 
on the global climate system. 

The MoES has developed an 
advanced ESM facility at the Indian 
Institute of Tropical Meteorology 
(IITM), Pune, called IITM-ESM. 
It has a global climate modelling 
framework that allows ultra-modern 
studies on climate change, including 
deriving climate projections for the 
future. Notably, IITM-ESM is the first 
climate model from South Asia that 
has contributed to the sixth assessment 
report of the Intergovernmental Panel 
on Climate Change. In the next five 
to seven years, MoES plans to set up 
a next-generation IITM-ESM. It would 
improve numerical modelling, climate 
change assessments, and prediction of 
monsoons manifold. 

Expanding Seismology Research 
The National Centre for Seismology 
(NCS) in New Delhi is equipped to 
collect real-time data and accurate 
information on earthquakes, such as 
their location and depth. The data is 
disseminated within a few minutes to 
the public and stakeholders through the 

The Indian Tsunami Early Warning Centre (ITEWC) set up by MoES at the Indian National Centre for Ocean Information Services 
(INCOIS), Hyderabad (left) and a buoy moored in the ocean for collecting data on tsunamigenic earthquakes (right)

Location of the 3 km deep borehole at Gothane, Karad (marked as a red dot on the map) in 
Maharashtra (left) and the drilling site of the BGRL near Koyna (right)
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exploratory project at IITM that 
examines which clouds can be used to 
enhance rainfall and how should they 
be seeded to make it rain in a drought-
prone area. Cloud seeding uses few 
(that is, two to four) cylindrical flares 
containing calcium chloride transported 
into the cloud using an aircraft. At the 
cloud base, the aircraft burns these 
flares within 6-8 minutes. The burning 
of flares releases Calcium chloride 
molecules inside the cloud, which settles 
on the water vapour molecules in the 
cloud, causing the clouds to downpour. 
The feasibility of using cloud seeding 
to enhance rainfall in tropical regions 
such as India was unknown until the 
recent past.

In Munnar, Kerala, the MoES 
maintains India’s highest cloud physics 
observatory at an altitude of 1820 
metres above sea level. The observatory 
is equipped to study cloud physics 
which would improve understanding of 
thunderstorms, lightning, and mountain 
weather in a big way. 

The Indian leadership has always 
maintained that science must be 
strongly inclined to service citizens. 
The father of our nation, Gandhi Ji, 
considered science without humanity 
a sin. Shri Jawahar Lal Nehru, first 
Prime Minister of India and a strong 
protagonist of scientific temper in the 
Indian society, advocated science for 
societal benefit. The current Prime 
Minister of India, Shri Narendra Modi, 
has insisted that science must meet 
the rising aspirations of Indians. The 
MoES, through its socially benefiting 
services and achievements, strives to 
live up to goals set by the visionary 
leadership of India for a bright and 
better future. 

latest digital communication modes, 
including social media. 

MoES has a network of 115 
stations across the country called the 
National Seismic Network to monitor 
earthquakes and provide valuable 
information about their distribution, 
type, and risk in various settings. A 
unique project of the NCS is the scientific 
deep drilling in Koyna, Maharashtra, 
to address specific questions around 
the physics of earthquakes. A deep 
borehole laboratory called Borehole 
Geophysics Laboratory (BGRL) set up 
in 2015 near Koyna,  is equipped with 
specialised equipment, nearly 4 km into 
the Earth’s interior to understand what 
makes Koyna a hub for seismological 
activity. Very few countries have 
such an elaborate facility to study 
earthquakes. 

Studies undertaken by MoES in 
BGRL have shown that earthquake 
activity in Koyna is modulated by the 
annual monsoon loading and post-
monsoon unloading cycles of the Sivaji 
Sagar reservoir. Although it was known 
that frequent earthquakes in Koyna 
began after the impoundment of the 
Sivaji Sagar reservoir in 1962 but what 
causes the earthquakes was unknown. 
In the coming years, scientific deep 
drilling will expand to up to 7 km 
below the Earth’s surface. This would 
facilitate detailed observations of 
changes in physical and mechanical 

properties of rocks at a depth where 
the energy that causes earthquakes 
is released. The knowledge gained 
from this project will help understand 
triggered earthquake activity in India 
and other parts of the world. 

An important offshoot of the 
BGRL project is the study of life under 
extreme conditions. Drilling through the 
deep Earth has provided an opportunity 
to discover microbial life that can 
withstand temperatures of nearly 80 
degrees Celsius. This interdisciplinary 
research aims to unravel subsurface 
microbial diversity and aids the global 
quest of understanding the limits of life, 
mechanisms of microbial interaction 
with the environment, their adaptation 
and their function in this planet and 
beyond.

Mitigating Water Scarcity  
Several areas in our country are battling 
drought or water scarcity. How useful 
would it be to make clouds pour in 
regions that are water tense? The Indian 
Institute of Tropical Meteorology 
(IITM) in Pune, an institute under 
MoES, has been working on a 
unique project called CAIPEEX that 
aims to enhance rainfall in drought-
prone regions by using an innovative 
technique called cloud seeding. 

CAIPEEX or Cloud Aerosol 
Interaction and Precipitation 
Enhancement Experiment, is a special 

The highest Cloud Physics Laboratory of India at Munnar, Kerala, set up by the National 
Centre for Earth Science Studies (NCESS), Thiruvananthapuram, an institute under MoES

A cloud raining after cloud seeding experiment as part of CAIPEEX IV and the aircraft used for seeding the cloud. The rainfall after cloud 
seeding was measured through a network of automatic rain gauges placed on the ground surface in Solapur, Maharashtra.
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PROGRESS in science and 
technology is the very foundation 
of enhancing the comprehensive 

national power of the country and 
strengthening national security in every 
domain. The technological backbone of 
any armed force of a nation is indigenous 
defence research and development. 
In India, the Defence Research and 
Development Organisation (DRDO) 
has played a pivotal role in developing 
defence systems encompassing 
advanced technologies and providing 
critical fighting capabilities to the 
armed forces.

The genesis of DRDO can be 
linked to the creation of the Directorate 
of Technical Development (DTD) 
in 1945 – post World War II. Two 
years later, India became independent 
leading to the appointment of the 
Scientific Advisor to the Prime 
Minister. Establishment of the Defence 
Science Organisation (DSO) happened 
in 1948 and under this first laboratory 
was created in 1950. In 1958, the 
Defence Research and Development 
Organisation (DRDO) was formed by 
merging DSO and DTD, with Scientific 
Adviser to Raksha Mantri as its Head.  
DRDO had 10 laboratories at that time.    

Today, DRDO has grown into a 
leader in the domain of strategic systems 
and other defence technologies. Starting 
from the design of simple equipment to 
the development of the most advanced 
systems DRDO has continued its 
quest for indigenous defence systems 
development. From the first grant of  
Rs 15 Lakh in 1950 and a yearly budget 
allocation of Rs 3.17 Crore in 1961-62, 
DRDO now has a budget allocation of 
about Rs 20,000 Crore for the fiscal 
year 2021-22. In spite of the denials 
and embargos from various control 
regimes, DRDO has been persistently 
moving in the direction of defence 
technology growth.

In the process of developing 
contemporary and advanced systems 
for defence, DRDO has acquired 
a large number of inherent diverse 
technical capabilities. These include 
design, development and integration 
of highly complex systems using 
cutting-edge technologies. DRDO 
has across various domains of 
defence applications – Aeronautics, 
Combat Vehicles, Naval Systems, 
Missiles, Armaments, Electronics, 
Engineering Systems, Instrumentation, 
Information Systems, Special 

Materials, Life Sciences, Advanced  
Computing, Warfare Simulation and 
Training.

Missiles, Armament and 
Ammunition 
Starting from the mid-eighties of the 
previous century, the technology 
demonstration of ballistic missiles 
has culminated into India’s missile 
deterrence programme consisting of 
Prithvi and Agni series of ballistic 
missiles meeting different ranges and 
requirements. India is the seventh 
country in the world to have long-range 
ballistic missiles. 

India is also the fifth country 
in the world to have developed an 
indigenous ballistic missile defence 
programme. Ballistic Missile Defence 
systems to intercept targets in exo- 
and endo-atmospheres are designed 
and developed by DRDO. Mission 
Shakti, the anti-satellite technology is a 
milestone towards building the Nation’s 
strength to defend its space assets. India 
is the fourth nation in the world to have 
demonstrated this capability based on 
indigenous technology.

The development of Air-to-Air, 
Surface-to-Air, Anti-Tank Missiles, 

THE JOURNEY OF 
BUILDING DEFENCE 
TECHNOLOGICAL 
CAPABILITY

Dr G. Satheesh Reddy
Secretary, Department of Defence 

Research & Development 
and Chairman, DRDO
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Smart Bombs, Guided Rockets, Air 
launched Missiles and Anti-Radiation 
missiles for different segments of 
defence operations has not only 
enhanced our defence capability but 
given a big boost to our international 
image and also saved a large share of 
foreign exchange. 

‘Astra’, the first indigenous 
beyond visual range air-to-air missile 
has enabled India to join the select 
group of nations that possess a weapon 
of this capability and performance. 
After integration with Su-30MKI 
aircraft, it is planned to be integrated on 
the indigenous Tejas, upgraded Mirage 
2000 and MiG-29 fighter aircrafts.

Astra Mk-2 with two-pulse 
propulsion is being developed to 
further enhance the kill zone of Astra 
Mk-1 missile. Astra Mk-2 will achieve 
a longer kill range, one of the highest 
amongst all air-to-air beyond visual 
range missiles available across the 
world thus far. To further increase 
the ‘kill range’ to nearly double of the 
Mk-2 and ensure the wider ‘no escape 
zone’, DRDO has successfully tested 
and validated the solid fuel ducted 
ramjet propulsion technology. 

BrahMos is the fastest supersonic 
cruise missile of its kind in the 
world that can be launched from the 
ground, aircraft and ship. The latest 
development is that an air-launched 

variant of BrahMos became operational 
on Su-30MKI fighters of Indian Air 
Force. 

Akash Surface-to-Air Missile 
(SAM) is deployed with the Indian Air 
Force and Indian Army to defend the 
air space of the country. quick reaction 
SAM has been developed for mobile 
air defence applications, which will 
enter into production shortly. DRDO 
in partnership with Israeli Aerospace 
Industries has developed medium range 
surface to air missile with a longer kill 
range for the tri-services application. 

Akash-NG SAM is being designed 
and developed for providing air 
defence cover against fighter aircrafts, 
helicopters, UAVs, sub-sonic cruise 
missiles and low radar signatures 
targets. Long Range Surface-to-Air 
Missile is being taken up by DRDO 
to increase the air defence against air 
threats emanating from longer ranges.

DRDO has also developed the 
smart anti-airfield weapon, which is a 
state-of-the-art deep-penetration and 
high explosive glide bomb designed 
to target runways of an airfield from 
stand-off distance with great precision. 

New generation anti-radiation 
missile called Rudram series, air-to-
ground, long-range, precision, stand-
off supersonic weapons are being 
developed for varying ranges for 
launching from the aircrafts of IAF. 

Multiple missiles for Navy are 
being developed. These include 

helicopter-launched short range naval 
anti-ship missile and aircraft launched 
medium range anti ship missile. Only 
USA, Russia and China have the 
capability to launch anti-ship missiles. 

The long range anti-ship missile 
is a land launched medium-range anti-
ship missile, which will be able to 
target naval surface targets. Extended 
range anti-submarine rocket is a ship-
launched rocket being developed by 
DRDO for anti-submarine warfare. 
Long Range long range land attack 
cruise missile is being developed with 
launching capability from ship and land 
platforms against land targets. 

Third generation fire and forget 
anti-tank missile Nag and Helina 
helicopter launched anti-tank missile 
are equipped with an infra red imaging 
seeker with ‘Lock-on Before Launch’ 
capability. Man-Portable Anti-Tank 
Guided Missile (MPATGM) is in 
advanced stage of development. In 
addition, the laser guided anti tank 
missile for MBT is in final stages of 
development.

Stand-off Anti-Tank (SANT) 
Missile is a helicopter launched anti-
tank missile equipped with an active 
radar seeker with ‘Lock-on Before 
Launch’ capability.  

India has been building many 
systems for the Indian Army. The Main 
Battle Tank (MBT) Arjun has been 

Agni

Astra

‘‘DRDO has delivered multiple 
bridging systems to the Indian 
Army which are deployed at 
strategic locations.’’

ASAT Interceptor
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developed by DRDO for the Army 
keeping in view Indian conditions.  
The tank has been in service with the 
Indian Army since 2004 and Arjun 
MK-1(A) is being inducted with many 
improvements over Arjun MK-1. 
The New Generation Main Battle 
Tank (NG-MBT) is envisaged as the 
futuristic MBT of the Indian Army. 
It will be a medium tank powered by 
1500 HP engine and armed with a 
125 mm smoothbore gun. Allelectric 
turret drive, explosive reactive armour 
and active protection system are being 
developed for the new generation of 
tanks. 

DRDO has delivered multiple 
bridging systems to the Indian Army 
which are deployed at strategic 
locations. Recently, Mountain Foot 
Over Bridge has been developed and 
will be shortly delivered for active use 
in the field by production agency.

Pinaka free flight rocket system 
has been the workhorse artillery 
weapon for the Indian Army for many 
years. Pinaka rockets are launched 
from a multi-barrel rocket launcher 

which has the capability to launch a 
salvo of rockets. DRDO has developed 
the extended range Pinaka-ER with 
improved propulsion and new warhead 
configurations. 

ATAGS 155 mm gun has been 
developed with the longest firing 
range in the world. 155 mm shells 
also have been developed for ATAGS 
indigenously so that there will not 
be any deficiency.  The gun can fire 
existing ammunition being used by 
erstwhile Bofors and other guns.

An advanced version of the hand 
grenade, Multi-Mode Hand Grenade, 
with several security features has been 
developed and is being produced in 
large numbers by Ordnance Factory 
and private industry. DRDO has also 
designed  5.56x30 mm  Joint Venture 
Protective Carbine (JVPC) which 
has features like high reliability, low 
recoil, retractable butt, ergonomic 
design, single hand firing capability, 
and multiple Picatinny rails.

Unmanned Aerial Vehicles 
(UAVs)
DRDO developed UAV Lakshya has 
been proven and is being successfully 
utilised by the Services. It is a cost-
effective re-usable subsonic aerial 
target system powered by a gas turbine 
engine and launched either from land or 
ship.

Nishant is a multi-mission UAV with 
day/night capability used for battlefield 
surveillance and reconnaissance, target 

tracking & localisation, and artillery 
fire correction. A sophisticated image 
processing system is used for analysing 
the images transmitted from the UAV. 

Rustom-I is an all composite, 800 
kg class remotely piloted aircraft system 
having capabilities of Intelligence, 
Surveillance, Reconnaissance, Target 
Acquisition/Tracking and Image 
Exploitation. Rustom-I is the first 
Indian remotely piloted system to 
have conventional take-off and landing 
capability. It has autonomous flight 
mode and Get-to-Home features. 

Rustom-II is a platform 
being developed for long duration 
surveillance and reconnaissance, target 
identification, target tracking and 
battlefield damage assessment. It can 
carry a variety of various electro-optical 
and intelligence payloads. This will 
provide continuous wide area coverage 
and yet be able to identify small targets. 
Another multi-mission UAV is being 
developed to carry out Intelligence, 
Surveillance, and Reconnaissance (ISR) 
roles. 

Abhyas being developed is 
expendable, low cost, high speed 
unmanned aerial target fitted with 
sensors and is GPS enabled. It will 
have onboard actuators, a flight control 
computer and a miss distance indicator. 
In addition, supersonic aerial targetis 
also under development.

Fighter Aircrafts
Developing fighter aircrafts is an 
extremely complex process involving 
cutting-edge technologies in numerous 
fields. First Technology Demonstrator 
of Tejas, flew its maiden flight on 
4 January 2001. Since then, Tejas 
prototypes and limited series production 
aircraft flew over 4,400 development 
flight test sorties culminating in 

“India is the 7th country in 
the world to have long-range 
ballistic missiles; 5th in the 
world to have developed an 
indigenous ballistic missile 
defence programme and 4th 
nation in the world to have 
demonstrated anti-satellite 
technology.”

Brahmos

Abhyas

Akash-NG
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to reach the level of manufacturing 
to meet the stringent quality 
assurance requirements specified for 
aviation equipment. This is a major 
contribution towards self-reliance in 
the manufacturing of the product and 
its life-cycle support. LCA project has 
made India ‘AtmaNirbhar’ in most 
contemporary technologies related to 
fighter aircrafts.

DRDO has started the design and 
development of the next-gen fighter 
aircraft LCA Tejas Mk-2, the 4.5+ 
generation multi-role fighter aircraft. 
Tejas Mk-2 will incorporate more 
weapon stations capable of carrying 
higher weapon load compared to Mk-1 
and retractable air-to-air refuelling 
probe.

Advanced Medium Combat 
Aircraft (AMCA) is India’s Fifth 
Generation Stealth Fighter Aircraft 
(FGFA) and is being developed 
indigenously by DRDO. Only USA, 
Russia and China have so far developed 
FGFA. AMCA will include every 
advanced stealth technology. The 
aircraft will be equipped with state-of-
the-art indigenous radar, inbuilt feature 
for passive detection of aircraft and 
internally mounted electronic warfare 
suite. AMCA will be a twin-engine 
fighter primarily designed for stealth 
to enable it to penetrate deep inside 
enemy territory and attack heavily 
defended targets with the help of net 

its initial operational clearance in 
December 2013 and final operational 
clearance in February 2019. Tejas 
development timelines achieved by 
India are comparable with those of 
many other contemporary aircraft 
designed elsewhere in the world.

Tejas Mk-1 is an all-weather 
multi-role fighter capable of carrying 
close combat and beyond visual range 
air-to-air missiles coupled with multi-
mode air-interception radar for the air 
defence role. It is capable of delivering 
all types of conventional bombs and 
Laser Guided Bombs in the ground 
attack role. Tejas Mk-1 is the smallest 
and lightest in its class of contemporary 
supersonic combat fighter aircrafts. 
The aircraft is equipped with advanced 
avionics systems and sensors for an 
excellent flying experience.

Technologies for deck-
based landing and take-off have 
been successfully developed and 
demonstrated as part of the LCA-
Navy programme. Two prototypes of 
the Naval version of the LCA, Navy 
Trainer and Navy Fighter, successfully 
undertook maiden arrested landing 
and ski-jump take-off onboard INS 
Vikramaditya in January 2020. Both 
the aircrafts conducted a total of 18 
ski-jump take-offs and 18 arrested 
landing onboard INS Vikramaditya 
in five days. DRDO has nurtured 
and hand held the Indian industry  

centric warfare operations and data 
fusion based enhanced situational 
awarenessfor the pilot. 

Radars and Surveillance 
Systems
The contribution of DRDO in 
improving the air defence ground 
environmental system of the Nation 
is immense. Many radars have been 
designed and developed by DRDO, 
which are network ready. 

Weapon locating radar called 
Swathi to identify the location of hostile 
artillery, mortars and rocket launchers, 
based on the projectile trajectory has 
been developed exclusively for army 
applications. This radar has got export 
orders also. Battle field surveillance 
radar has been developed for frontline 
units of the Indian Army and hundreds 
of these radars are already being used 
in the field. Low level tracking radar 
for applications in mountains has been 
developed and is being used by the 
Indian Army.

Through wall imaging radar, a 
sensor used for detection and location 
of static and moving targets, especially 
human beings behind walls, is under 
development. foliage penetration radar 
is under development for detection of 
personnel and vehicles hiding behind 
camouflaged tree and forest cover for 
low-intensity conflict. Many of the 
DRDO developed radars are integrated 
to provide a composite air situation 
picture to display and control every 
airborne platform over the entire Indian 
airspace including the island territories. 

The lower range ‘Aslesha’ low 
level light weight radar can be carried 
by two people. It can also be carried 
under slung below a helicopter. These 
radars are deployed to plug gaps in the 
air defence surveillance especially in 
mountainous and remote areas. 

LCA- Tejas

‘‘DRDO has started the design 
and development of the next-
gen fighter aircraft design 
of LCA Tejas Mk-2, the 4.5+ 
generation multi-role fighter 
aircraft.’’
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‘Arudhra’ medium powered and 
‘Ashwini’ low level tracking radars are 
in final stages of testing and will be used 
for providing air defence surveillance 
in three dimensions at different ranges. 
These will be configured specifically 
for use in mountain regions to ensure 
maximum coverage.

Active electronically scanned 
array based indigenously developed 
‘Uttam’ radar for fighter aircraft has 
been flight tested on the LCA aircraft. 
The performance of the radar is 
very promising. Uttam radar will be 
equipped in Tejas and AMCA fighters.

Two indigenously developed 
‘Netra’ Airborne Early Warning 
& Control (AEW&C) aircrafts are 
operating with IAF. ‘Netra’ AEW&C 
aircraft are equipped with indigenously 
developed mission systems for air 
situation picture of the battlefield. 

DRDO developed ground based 
mobile electronic systems having 
electronic surveillance measures and 
communication surveillance measures 
have been deployed.

Tripod mounted compact Anti-
Drone system integrated with jammer, 
electro-optical tracking system, and 
radar was successfully demonstrated 
during August 2020. Detection, 
jamming, and destruction of Drones 
were successfully demonstrated. The 
system was deployed for security 
during Republic Day celebrations 2021. 

The laser dazzler developed by 
DRDO is used as a non-lethal method 
for warning and stopping suspicious 
vehicles/boats/aircraft/UAVs from 
approaching secured areas during both 
day and night. It is capable of dazzle 
and thereby suppresses the person’s/

optical sensor’s actions with disability 
glare in case of non-compliance to 
orders. It also dazzles and distracts 
aircraft/UAVs.

 
Electronic Warfare Systems
Electronic Warfare (EW) plays a crucial 
role in modern day air combat. Several 
elements of EW self-protection suite 
developed by DRDO are installed on 
IAF fighter and transport aircraft and 
helicopters. These are radar warning 
receivers, countermeasures dispensing 
system, missile approach warning 
system, jammers etc. DRDO has 
developed software defined radios in 5 
form-factors to provide wireless secure 
communication capability to both 
mobile and fixed forces as required by 
the Indian Navy.

Naval Systems and Applications
DRDO has worked on the development 
of materials for the construction of 
naval platforms. High strength steels 
for the construction of submarine hulls 
have been developed. Henceforth, all 
Indian submarines will be made with 
Indian steel. Besides, for shipbuilding 
DRDO has developed steel plates that 
are about one fourth to one eighth the 
cost of imported plates. 

Some other technologies 
developed by DRDO include titanium 
sponge produced indigenously from the 
sands of Kerala; rubber tiles to reduce 
transmitted noise for submarines; epoxy 
putty for fixing the tiles; air independent 
propulsion system that enhances the 
submerged endurance of the submarine.

DRDO is in advanced stage of 
development of submarine periscope. 
Submarine hoistable masts for 

periscope, radar and communication 
antennae are also being developed. 
DRDO is developing a universal 
vertical launcher capable of launching 
all the indigenous missiles onboard 
Indian Naval Ships.

Sonars developed by DRDO are 
in use in various ships and submarines 
of the Indian Navy. The Sonar suites 
are being productionised by M/s BEL. 
Sonar domes and sonobuoys developed 
by DRDO are also being used by the 
Indian Navy.

Underwater Weapons and 
Countermeasure Systems 
DRDO has developed multi-purpose 
torpedoes along with Torpedo fire 
control systems for the Indian Navy. 
Advanced light weight torpedo is an 
anti-submarine, electrically propelled, 
self-homing torpedo which can be 
launched from ship and rotary-wing 
aircraft. Varunastra is ship launched, 
heavy weight, electrically-propelled, 
anti-submarine torpedo capable of 
targeting quiet submarines, both in 
deep and shallow waters in an intense 
countermeasure environment. 

Electrical heavy weight torpedo, 
a new generation torpedo that can 
be launched from both ships and 
submarines for anti-submarine warfare, 
is under development. Jalastra, a 

AEW&C (Netra) Anti-Drone System

“An Anti-Drone system 
integrated with jammer, 
electro-optical tracking 
system and  radar was 
deployed for security during 
the 2021 Republic Day 
celebrations.”
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medium weight torpedo capable of 
being launched from naval platforms, is 
also under development.

For launching light weight 
torpedoes from onboard Indian 
ships with anti-submarine warfare 
role, DRDO has developed triple 
tube launchers, which are being 
productionised by the private industry 
and are deployed on many Indian Navy 
Ships.

Mareech advanced torpedo 
defence system is a torpedo detection 
and countermeasure system capable 
of detecting, confusing, diverting and 
decoying incoming torpedoes. DRDO 
has also demonstrated missile assisted 
release of light weight anti-submarine 
torpedo system for underwater warfare 
operations far beyond torpedo range. 

Other Systems
Advanced support systems have been 
developed by DRDO to enhance 
survivability, sustainability, mobility, 
performance and habitability of soldiers 
in extreme & toxic environments, 
high altitudes, deserts, underwater, 
aerospace, closed micro-environments 
of ships, aircrafts and areas of low 
intensity conflicts. Some examples 
are life support systems (i.e., Oxygen 
Support System, Protective clothing 
& equipment) and communication 
Systems. 

Heavy drop parachutes, Combat 
Free Fall systems and a number of other 
personnel parachutes are being used by 
the Parachute Regiment and Special 
Forces for combat/special missions at 
about 30,000 ft. Pilot parachutes for 
Mig-21, Mig-27, MiG-29, Su-30 MKI, 
Jaguar and Mirage-2000 have also been 
indigenised. 

State-of-the-art food technologies 
including post-harvest technology; 
ready-to-eat food products; packaging 
systems and processing technologies 
for fresh and processed food for Armed 
Forces have been developed. Glacier 
caps, face masks, jackets, glacier 
gaiters, gloves, ponchos for protection 
of head from cold in Glacier region are 
being used by Indian Army.

Technologies have been developed 
related to protection against explosives 

and fire. Advanced oxidation process  
technology is developed for the 
treatment of toxic and hazardous 
effluents. Stabilisation/solidification 
technology is developed for the 
disposal of toxic heavy metals and other 
concentrated toxic/hazardous organic 
wastes. DRDO has also developed 
precipitative, adsorptive and electro-
chemical techniques for the treatment 
of heavy metals and polyurea based 
polymeric coatings for blast mitigation.

DRDO is also equipped with 
many advanced test facilities for the 
development of defence technologies. 
Hypersonic wind tunnel test facility, 
shore-based test facility, manoeuvring 
basin, EMI/EMC setups, shock and 
vibration setups for various parameters, 
aeronautical test range and many 
other facilities are also being used by 
Indian industry for making the defence 
systems.

Glorious History & Bright 
Future
During the journey of 63 years after its 
inception, DRDO has been continuously 
developing defence systems for the 
Nation, often in collaboration with 
various R&D laboratories. 

While a brief glimpse of some of 
the systems has been provided here, 
there are many other systems that have 
been developed and deployed in the 
service of the nation. 

DRDO is working on upcoming 
technologies like Quantum, 
Hypersonics, advanced materials for 
defence applications, network enabled 
defence systems and AI for defence. 
and Artificial Intelligence for Defence. 
Hypersonic Technology Demonstrator 
Vehicle (HSDTV) has been successfully 
tested last year, making India the 
fourth country in the world to have 
demonstrated this technology. DRDO 

laboratories are working on a well 
laid out plan for the next generation 
of missiles, aircrafts, tanks, sensors, 
underwater systems and armaments. 

While close hand-holding of 
DRDO with Indian industry partners 
has helped spawn a robust defence 
industry in the country, DRDO is 
promoting innovation in startups and 
students through its various schemes. 
DRDO of the 21st century is taking up 
challenging assignments with an eye on 
the future defence preparedness of the 
country.

Hypersonic Technology 
Demonstrator Vehicle

Hypersonic Wind Tunnel

“While close hand-holding of 
DRDO with Indian industry 
partners has helped spawn 
a robust defence industry 
in the country, DRDO is also 
promoting innovation in 
startups and students through 
its various schemes.”
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“The growth of other sectors 
and overall economy depends 
on the performance of 
agriculture to a considerable 
extent. Because of these 
reasons agriculture continues 
to be the dominant sector in 
the Indian Economy.”

“CIVILISATION, as it 
is known today, could 
not have evolved, nor 

can it survive, without an adequate 
food supply” – this quote by Norman 
Borlaug underlines the importance of 
agriculture for mankind. 

The Indian situation amply testifies 
to this eminent quote. We have made 
significant strides to attain and sustain 
food self-sufficiency. Today, Indian 
agriculture is rapidly transforming 
with the technological infusion, policy 
reforms, fast-changing food habits 
and growing trade opportunities. 
Agricultural growth is critical for 
sustainable and inclusive economic 
growth. 

Indian Agriculture and rural 
life have undergone tremendous 
transformation since independence. 

Agricultural development is an 
integral part of overall economic 
growth and was the main source of 
national income and occupation at the 
time of Independence. It contributed 
about 50 per cent to India’s national 
income and around 72 per cent of total 
working population was engaged in 
agriculture at that time. Although the 
contribution of agriculture to national 
GDP is decreasing over the years, it 
is important that the growth of other 
sectors and overall economy depends 
on the performance of agriculture to a 
considerable extent. Because of these 
reasons agriculture continues to be the 
dominant sector in the Indian Economy. 

At the present juncture, when 
the entire economy shrank due to the 
COVID-19 pandemic, the agricultural 
sector registered growth and 

agricultural production also continued 
to grow like past years. Agriculture has 
sustained its growth momentum despite 
a slowdown in the economy – the sector 
grew by 4% during the year 2019-20. 
India has 159.7 million hectares of 
arable land (second largest after the US) 
and experiences all the 15 prominent 
climates existing across continents and 
has 46 out of 60 soil types that are there 
in the world. 
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and frontier areas to offer solutions 
to problems relating to agriculture. 
The research is carried out through a 
chain of 102 ICAR institutes, 71 All 
India Coordinated Research Projects, 3 
Central Agricultural Universities, and 
67 State Agricultural Universities. 

ICAR has focussed on different 
aspects of Agricultural Research such 
as food security and supply; food, 
nutrition and human health promotion 
and next-generation food system; 
climate and energy needs; sustainable 
use of natural resources; food safety; 
small business innovation and product 
development; agricultural education 
and workforce development and 
working towards rural prosperity.

Agricultural Revolutions in 
India
ICAR has played a pioneering role in 
ushering the Green Revolution and 
subsequent developments in agriculture 
in India through its research and 
technology development, thus making a 
visible impact on national food security. 
The introduction, development and 
widespread adoption of semi-dwarf, 

The post-Independence journey 
of Indian Agriculture has been quite 
impressive despite several limiting 
factors such as uncertainties of weather, 
declining soil health, increasing 
atmospheric temperature and emergence 
of more virulent pests and pathogens. 
Our food-grain production has crossed 
the 300 million-ton mark during  
2020-21. Technological advancements 
in agriculture have been influential in 
driving changes in the farm sector. 
Although the amount of land and labour 
used in farming declined, the total farm 
output increased more than 5 times 
between 1950-51 and 2020.  Similarly, 
the yield (kg/ha) has increased about 
four times during the same period.

Agricultural Research System
India has one of the largest and well-
coordinated public agricultural research 
systems in the world. The Indian 
Council of Agricultural Research 
(ICAR) is an autonomous organisation 
under the Department of Agricultural 
Research and Education (DARE), 
Ministry of Agriculture and Farmers 
Welfare, Government of India. ICAR 
was established on 16 July 1929 as a 
registered society under the Societies 
Registration Act, 1860. 

The historical development of 
agricultural research goes back to 
the year 1869, when the Imperial 
Bacteriological Laboratory was 
established in Pune, which was 
subsequently shifted to Mukteshwar 
(Uttar Pradesh) and now is part of the 
Indian Veterinary Research Institute, 

Izatnagar, Bareilly. The Imperial 
Agricultural Research Institute was 
established at Pusa, a village in the 
Darbhanga district of Bihar in 1905 
with donations from Henry Phipps 
of the USA. There was a disastrous 
earthquake in 1936 and the institute 
was shifted to New Delhi, and today it 
is known as the Pusa Institute (Indian 
Agricultural Research Institute). ICAR 
was established in the year 1929.

ICAR is responsible for planning, 
coordinating and promoting agricultural 
research, technology development, 
knowledge dissemination and education 
in the country.  It also coordinates policy 
development in agricultural research, 
education and extension and manages 
agricultural education to enable 
quality human resource development. 
Its institutes cover a broad range of 
categories: crops, horticulture, natural 
resources, agricultural engineering, 
veterinary and animal science, and 
fisheries. ICAR also supports a network 
of 723 entities known as Krishi Vigyan 
Kendras (KVKs) and responsible for 
frontline extension for technology 
application, adoption, knowledge 
management and capacity development 
for Agri-based Rural Development.  

This 90-year-old organisation 
has played a major role in promoting 
excellence in higher education in 
agriculture and coordinating education 
in all State Agricultural Universities 
(SAUs) and Central Agricultural 
Universities (CAUs). ICAR is directly 
involved in undertaking fundamental as 
well as applied research in traditional 

The Indian Agricultural Research Institute (IARI), Pusa, New Delhi

“India has 159.7 million 
hectares of arable land 
(second largest after the US) 
and experiences all the 15 
prominent climates existing 
across continents and has 46 
out of 60 soil-types that are 
there in the world.”
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productivity enhancement, and 
management of natural resources. 
Genetic enhancement is a major option 
to bridge the demand and supply gap 
under normal situations as well as 
under stressful environments. Research 
has contributed towards the genetic 
alteration of crops, improving soil 
productivity and controlling weeds and 
pests. 

Our research programme focussed 
on cereals, oilseeds, pulses, fibre 
crops, forage crops, sugar crops, and 
horticultural crops.  The new varieties 
not only give higher yield but also 
tolerate various biotic and abiotic 
stresses due to environmental factors. 
The enhancement of productivity, 
as well as nutrient content, has also 
assumed significance in more recent 
years. 

In this direction, ICAR has 
released 5999 varieties for cereals, 
oilseeds, pulses, fibre crops, forage 
crops, sugar crops and other crops. 
This list includes 55 varieties developed 
through marker-assisted selection to 
fulfil various requirements of farmers.  
Short-duration varieties of paddy such 
as PR 121 and PR 126 need 15-25% 
lesser irrigation than long-duration 
varieties like PUSA 44 and thus reduce 
water footprint. 

photo-insensitive, input-responsive 
and high yielding varieties of wheat 
and rice in the late 1960s brought an 
unprecedented transformation in the 
national agricultural economy and food 
security, under the leadership of ICAR. 

In just four years, 1966 to 1970, 
India’s wheat production doubled, 
from 11 million tons to over 21 million 
tons. This was termed the “Green 
Revolution” by William Gaud of the 
USAID in 1968, and the same year, the 
government of India commemorated it 
by issuing a postal stamp. About 80% 
of the production gains were attributed 
to yield enhancements, underpinning 
the driving role of technology. This 
transformed the nation from a state of 

Green revolution postal stamp

Honourable Prime Minister of India dedicating 17 biofortified 
varieties to the nation

ship-to-mouth in the 1960s to the state 
of Right to Food today.

 
Enhancing Productivity 
At the time of independence, the 
challenge was to provide adequate food 
to our growing population. Today, 
the challenge is to provide safer and 
nutritious food to promote better 
health. The world is undergoing several 
transformative changes such as growing 
population, changing lifestyles, 
expanding urbanisation and accelerated 
climate vagaries that are throwing new 
challenges for the national agricultural 
research system. 

In the Indian context, the key issues 
affecting agricultural productivity 
include decreasing sizes of agricultural 
land holdings, continued dependence 
on the monsoon, inadequate access 
to irrigation, imbalanced use of soil 
nutrients resulting in loss of fertility 
of soil, uneven access to modern 
technology in parts of the country, lack 
of access to formal agricultural credit, 
limited procurement of food grains by 
government agencies, and failure to 
provide remunerative prices to farmers.

Crop Production
ICAR played a significant role in 
technology development enabling 
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During the past five-six years, 71 
biofortified varieties in different crops 
were developed to provide nutritious 
food and address the problem of 
malnutrition in our country. These 
crops are naturally biofortified with 
vitamins, minerals and amino acids and 
have reduced level of anti-nutritional 
factors. Honourable Prime Minister of 
India dedicated 17 biofortified varieties 
to the nation in October 2020. These 
varieties have been brought under 
the seed chain to make biofortified 
foodgrains available to the public 
distribution system. It is estimated 
that the biofortified crop varieties are 
grown in more than 4 million ha in the 
country. 

ICAR has emphasised on 
developing good agricultural practices, 

precision farming, regional crop 
plans, climate-resilient and water-
economising technologies to enhance 
productivity and income security to 
farmers. Stress tolerance traits such as 
disease resistance, drought tolerance 
and submergence tolerance were 
transferred to high yielding crops 
resilient to adverse climatic variations. 
About 1020 climate-resilient varieties 
that withstand various biotic and abiotic 
stresses in different climatic and soil 
types have been developed during the 
period 2015-2021.

ICAR has focused research on Agri-
Genomics and genome editing. Genome 
editing is a precision mutagenesis 
tool for genetic improvement of 
crops. Transgene-free genome-edited 
mega rice cultivar MUT1010 with 

enhanced yield and stress tolerance 
was developed by editing four different 
genes. Reference genomes sequence of 
wheat, pigeon pea and jute has been 
developed. Development of 50K SNP 
Chip for rice has been developed to be 
used for marker-assisted breeding of 
rice.  

ICAR works on various 
horticultural crops such as fruits, 
vegetables, flowers, spices, plantation 
crops, and medicinal and aromatic 
plants. A total of 1,596 high-yielding 
varieties and hybrids of horticultural 
crops (fruits, vegetables, ornamental 
plants, plantation and spices, medicinal 
and aromatic plants and mushrooms) 
have been developed. As a result, the 
productivity of horticultural crops like 
banana, grapes, potato, onion, cassava, 
cardamom, ginger, turmeric has 
increased significantly. 

Quality standard for export 
purpose has been developed for apple, 
mango, grape, banana, orange, guava, 
litchi, papaya, pineapple, sapota, onion, 
potato, tomato, pea, and cauliflower. 
By using biotechnological tools, 
transgenics in brinjal and tomato have 
been developed. Improved techniques 
for the production of disease-free 
quality planting material have been 
developed for citrus, banana, guava, 
potato, cassava and sweet potato. 
Micro-propagation techniques have 
been standardised for various fruits, 
spices and other vegetative propagated 
plants and widely utilised for rapid and 
mass multiplication of various species. 
Organic farming, coastal agriculture 

“A major contribution of 
ICAR is the eradication of 
Rinderpest disease from 
the country. Rinderpest was 
declared eradicated in 2011, 
making it the first animal 
disease to be eliminated in 
the history of humankind. 
For centuries, Rinderpest 
caused the death of millions 
of cattle, buffalo, yak and wild 
animals, leading to famine 
and starvation.”

Soil health cards have been prepared and 
distributed to farmers by ICAR
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and Island ecosystem have been 
addressed to enhance productivity and 
manage carbon emissions in the region.

Integrated Pest Management (IPM) 
was adopted as a major thrust area of 
crop protection. IPM aims at minimal 
use of hazardous chemical pesticides 
by using alternate pest control methods 
and techniques. Bacillus and neem-
based pesticides are being granted 
regular registration status under the 
Insecticides Act, 1968. IPM modules 
have been used for pest management 
in Basmati rice (Export quality), 
cotton, vegetables, fruits, pulses and 
oilseed. Implementation of ICT based 
pest monitoring is being carried out in 
pulses. 

ICAR has revolutionised quality 
seed production and strengthened the 
system to address farmers’ needs. 
Seed hubs for pulses (more than 150), 
oilseed (more than 35) and millet were 
established in SAUs, ICAR Institutes 
and KVKs for accelerated production 
within a specific time frame.

Land use maps and soil survey 
maps have been prepared for effective 
land utilisation for sustainable use of 
natural resources. Soil resource maps 
of the country (1:1 million scale), 
states (1:250,000 scale) and 55 districts 
(1:50,000 scale); soil degradation map 
of the country (1:4.4 million scale) 
and state soil erosion maps (1:250,000 
scale) have been prepared and are being 
used by various agencies. 

Animal Husbandry
Animal husbandry is an integral part 
of our agricultural system and animal 
genetic resources are our traditional 
strength. ICAR focuses on several 
species like cattle, buffaloes, goat, 
sheep, camel, pig, horse, donkey, yak, 
mithun, poultry, and duck. It carries out 

basic and strategic research in cutting-
edge technologies in animal genetics 
and breeding, nutrition, physiology and 
reproduction, animal health and animal 
products technology. 

The focussed research areas in 
animal science include germplasm 
conservation and improvement, 
livestock nutrition, preventive health 
care, vaccine production and handling 
emerging diseases, and milk and 
meat product development. The 
livestock population of India has been 
characterised in their natural home 
tracts to identify and register 197 breeds 
and get them notified in The Gazette of 
India. This includes 50 breeds of cattle, 
17 breeds of buffaloes, 34 breeds of 
goats, 44 breeds of sheep, 9 breeds of 
camel, 7 breeds of horses, 19 breeds of 
chicken and 3 breeds of dog. 

Vaccines and diagnostics have 
been developed for the effective control 
of livestock diseases. Vaccines/vaccine 
candidates developed include H5N2 
DIVA marker vaccine against Avian 
Influenza virus, Sheep pox vaccine 
(Srinagar strain), VLP based IBD 
vaccine for poultry, Classical Swine 
Fever live attenuated vaccine, Equine 
Influenza vaccine for respiratory 
viral infections, brucella vaccine 
and Thermo-tolerant type ‘O’ FMD 
Vaccine candidate. 

Milk Revolution
During the 1950s and 1960s, India was 
a milk deficit nation and was importing 
milk/milk powder. Operation flood was 
launched to expand dairy cooperatives 
and infrastructure development.  The 

dairy industry is growing steadily at 
6.4%, well above the global annual 
growth rate of 2.2%. The per capita 
availability of milk in the country 
increased to 394 gm/day in 2018-19, 
which is much higher than the world 
average of 294 gm/day. 

Genetic improvement of livestock 
species is being carried out to 
increase production performance with 
respect to milk yield, body growth 
and reproductive performance. The 
conservation of animal and avian 
genetic resources is the priority of 
ICAR and several breeds of cattle, 
goat, sheep, camel and poultry have 
been conserved in their original habitat 
as well as in the form of embryo, semen 
and DNA. Production of cloned buffalo 
calves has been carried out from dead 
progeny-tested buffalo bull (from 
seminal plasma-derived somatic cell) 
and Wild buffalo through inter-species 
cloning. 

Fisheries
Blue Revolution has enhanced fish 
production and has made India the 
second largest fish producing country in 
the world. To diversify fish production 
at commercial scale, breeding and  
seed production technology of several 
food fishes and ornamental fishes 
has been developed. A genetically  
improved uniform rohu called Jayanti 
Rohu with 17% higher growth 
realisation per generation was 
developed through systematic selective 
breeding. 

Species diversification of 
freshwater aquaculture for over a dozen 

“Poultry is one of the fastest-
growing segments of the 
agricultural sector in India 
with around 8% growth rate 
per annum. India is one of the 
world’s largest producers of 
eggs and broiler meat.”

Happy Seeder (Source: Wikipedia)
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important fish species such as carps and 
freshwater prawns has been successful 
including packages of practices of their 
breeding and seed production. Marine 
cage-culture has been used for farming 
high-value fish species and technical 
support has been provided to install 
cages along the Indian coasts. Similarly, 
several value-added fish products, 
products of aquaculture importance and 
nutraceuticals from seaweeds have been 
developed.

Mechanisation and Digitisation 
of Agriculture 
Farm implements and machines 
were developed for improving farm 

mechanisation in the country to save 
time and labour, reduce drudgery, cut 
down production cost, reduce post-
harvest losses and boost crop output 
and farm income. 

Precision machinery has been 
developed for efficient agricultural 
operations in irrigated, rain-fed and hill 
agriculture, horticulture, livestock and 
fisheries production. The machineries 
are fuel-efficient and designed to meet 
our social and environmental conditions 
(small land holdings, difficult terrain 
and different farming systems). 

Since women are the main 
workforce of agriculture, machines 
like maize-sheller, okra-picker, etc. 

have also been developed keeping 
in mind their specific requirements. 
Energy management and utilisation 
of conventional and non-conventional 
energy sources in agricultural 
production and processing activities are 
some of the focussed areas of current 
research. 

ICAR has developed 210 
technologies/implements/ machines 
and about 23197 prototypes of farm 
machines. A mechanised solution was 
also provided for rice crop residue 
burning leading to reduction in fire 
events from 127774 in 2016 to 61332 
(about 52%) during 2019 through 
in-situ residue management using a 
machine called Happy Seeder. 

ICAR vigorously pursued the 
deployment of digital platforms in 
agriculture and the application of ICT 
for farmer’s empowerment. More than 
180 mobile apps have been developed 
on different aspects of farm and 
farmer-related services. KVKs are also 
providing mobile agro-advisories and 
other services to farmers. KVKs have 
even been linked with common service 
centres to provide demand-driven 
information and services to farmers.

Education and Innovation
Agricultural education is being 
promoted by ICAR by establishing new 
central agricultural universities. The 
accreditation of SAUs is being carried 
out to enhance the quality of education 
and standards in SAUs. National 
Higher Agricultural Education Project 
(NHAEP) is being implemented to 
provide training to students and faculty 
members in cutting edge technologies 
and emerging areas of science. 

ICAR has also established 
the Netaji Subhash International 

“ICAR has played a major 
role in promoting excellence 
in higher education in 
agriculture and coordinating 
education in all state 
agricultural universities 
and central agricultural 
universities”

ICAR is deploying digital platforms in 
agriculture for farmer’s empowerment
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Fellowship for overseas doctoral 
degree programme. IARI-Jharkhand 
and IARI-Assam have been established 
in Jharkhand and Assam, respectively. 
Rajendra Agricultural University, 
Samastipur, Bihar was upgraded to 
Rajendra Prasad Central Agricultural 
University for enhancing education 
quality in Eastern India. 

ICAR has also been engaged 
in the development of efficient and 
effective technology transfer systems 
for shortening the time lag between 
technology generation and adoption. 
The motto of the Council, “Agri Search 
with a Human Touch” speaks volumes 
of the importance that the Council 
attaches to transfer of technology 
to the major stakeholder — the 
farming community. Similarly, ICAR 
established 50 Agribusiness Incubators 
(ABI) since 2016 and supported 1476 
start-ups/entrepreneurs/incubatees 
during 2014-20.

ICAR Technologies – Making 
Impact
Basmati rice is a highly valued 
agricultural commodity in the 
international market for its cooking and 
eating quality. About 90% of Basmati 
rice trade in overseas market is shared 
by India. 

USA Basmati 1121 semi-dwarf 
variety was developed by ICAR-IARI 
in 2003. It has an advantage over 
traditional basmati varieties which were 
tall, prone to lodging, photoperiod 
sensitive and low-yielding. This variety 
has extra-long slender grains (cooked 
length up to 22 mm), pleasant aroma 
and requires less cooking time. It gives 
an average yield of 4.0 t/ha over 2.5 
t/ha of traditional basmati varieties. 

Consequently, export earnings from 
Basmati varieties increased nearly  
six-fold, from Rs. 5,573 crores 
in 2006-07 to Rs.32,806 crore in  
2018-19 (at 2018 prices). The annual 
export earnings from PB-1121 are 
estimated at Rs.19,939 crore (i.e. 
US$ 2926.7 million) during Triennium 
Ending (TE) 2018-19.  

HD 2967 is a semi-dwarf wheat 
variety developed by ICAR-IARI. 
It was first released for the North-
Western Plains Zone (NWPZ) during 
the year 2011 and later extended 
for cultivation in the North Eastern 
Plains Zone (NEPZ) in 2014-15. This 
variety gives an average grain yield of  
5.04 t/ha in NWPZ and 4.54 t/ha in 
NEPZ. The total economic surplus 
generated from HD 2967 is estimated at 
Rs. 62,405 crore (at 2018 prices) during 
the past eight years (2011-2018). The 
total economic surplus generated from 
this variety was estimated at Rs.12,889 
crore for TE 2018-19 (at 2018 prices).

India is the largest producer of 
pomegranate in the world with nearly 
86% of area under Bhagwa variety 
(2.05 lakh ha). The annual economic 
benefit for the year 2017-18 is Rs 9,617 
crores at 2018 prices. Bhagwa variety 
holds a major share in the pomegranate 
exports from India. On the export 
front, pomegranate export earnings 
increased from Rs 21 crore from 
10,315 MT in 2003-04 to Rs 688.47 
crore (98.98 million US$) from 6.78 
lakh MT. The direct total economic 
surplus/benefits since the adoption 
of dogridge rootstock for raising 
grape crops was 15,212 crores during  
1996-97 to 2017-18 (at 2018 prices). 
The economic surplus for the year 2017-
18 was Rs.1,721.6 crore. Exports of 
fresh grapes earned a foreign exchange 
of US$ 334.91 million (Rs.2,335 crore) 
while the value of export of raisins was 
the US$ 26.217 million during 2018. 
Nearly 90% of these exports are based 
on the fruits obtained from grapes 
raised on dogridge rootstock.

Future Perspective 
The Food and Agriculture Organisation 
(FAO) of the United Nations defines 
food security as a situation where all 

“The Prime Minister has 
envisioned making India a 
USD 5-trillion economy by 
2024-25. The agriculture 
sector is aiming to contribute 
at least USD 1 trillion and to 
provide a momentum to our 
economic development.”

people have, at all times, physical and 
economic access to sufficient, safe and 
nutritious food that meets the dietary 
needs and food preferences for a 
healthy and active life.  According to 
FAO estimates in The State of Food 
Security and Nutrition in the World, 
2020 report, 189.2 million people are 
undernourished in India.

Mainstreaming of biofortified 
crops and consumption of more fruits 
and vegetables would be desirable for 
better nutrition outcomes.  Economy 
and Ecology should move together. The 
major priorities for India are to adopt a 
comprehensive strategy for enhancing 
public expenditure on agricultural 
research and education, processing, 
market infrastructure and market 
intelligence. The digital revolution 
has opened new windows for Indian 
farmers. Technologies like precision 
agriculture, e-extension, drone-led 
operations, smart warehousing and 
transport optimisation, real-time yield 
estimation and price information, 
credit and insurance management 
and e-marketing have proven their 
applicability in making agriculture 
predictable and profitable. 

ICAR is also gearing up research to 
limit carbon emission in agriculture to 
fulfil our global commitment. The multi-
dimensionality of doubling farmers’ 
income necessitates transforming 
agriculture from a production-
centric to a holistic agri-food system. 
Research reorientation now demands 
greater thrust on innovation to bridge 
knowledge and technology gaps to 
address supply chain management in 
agriculture. 

The Prime Minister has envisioned 
making India a USD 5-trillion economy 
by 2024-25. The agriculture sector 
is aiming to contribute at least USD 
1 trillion and to provide momentum 
to our economic development. The 
slogan of Jai Jawan, Jai Kisan, Jai 
Vigyan encourages agricultural science 
and technology to remain globally 
competitive as well as achieving the 
goal of Atmanirbhar Bharat. 
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INDIA of the 21st century is an 
emerging country with an aspiration 
of faster, sustainable and inclusive 

growth. As Science and Technology 
(S&T) emerges globally as one of 
the major drivers of socio-economic 
development, it has to play a major role 
in achieving the desired goals. 

The country offers a unique 
opportunity in the form of the large 
demographic dividend and a huge 
talent pool for national development 
through its excellence, relevance and 
performance. In the fast-growing Indian 
economy, there is an increasing demand 
for scientific inputs for problems in a 
variety of socio-economic, industrial 
and strategic sectors. It is high time that 
India, as a fast-growing nation, converts 
those challenges into opportunities. 

To achieve this, several S&T 
interventions are required. Some of 
the emerging challenges being faced by 
the S&T sector include low investment 
in R&D; inadequate linkages amongst 
the academia, the researchers and the 

industry; weak innovation ecosystem 
to convert ideas into useful acceptable 
products and processes; poor coupling 
between technology and trade; low base 
of full-time equivalent scientists per 
million populations, etc.

The following reforms are needed 
to strengthen our science, technology 
and innovation ecosystem.

Reforms in S&T for Societal 
Development
Science & Technology/Research & 
Development must be geared up for 
solving national problems by providing 
clean and potable water, enhancing 
food productivity and nutritional 
values, providing affordable healthcare 
solutions, energy security, tackling 
climate change and National security 
through S&T interventions. Such 
measures are necessary, particularly 
because the mere development of 
technologies and technology solutions 
are not adequate to solve major national 
problems. 

The delivery of R&D outputs and 
linkages with the user community are 
essential. End-to-End solutions, based 
on technologies, call for strong internal 
linkages amongst the Indian science 
sector as well as with relevant socio-
economic ministries of both the central 
and the state governments.

Action Points
•	 A suitable oversight and monitoring 

mechanism may be formed to 
oversee the implementing sector-
specific R&D mission programmes/
projects. 

•	 Six sector-specific Task Forces on 
R&D mission on water, agriculture, 
health, energy, climate change 
and National security may be 
constituted.

Reforms in S&T/R&D for 
Global Impact
India ranks at the 6th position in scientific 
publications and 10th in patents, which 
includes only resident applications. 

Shri Neeraj Sinha
Senior Adviser (S&T), NITI Aayog

Shri Seepana Mohit Rao
Young Professional, NITI Aayog

Dr Ashok A. Sonkusare
Dy. Adviser (S&T), NITI Aayog

REFORMS AND 
ACTION POINTS 
TO STRENGTHEN 
SCIENCE, 
TECHNOLOGY 
AND INNOVATION 
ECOSYSTEM IN INDIA
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The total number of patent applications 
filed by scientists and inventors in India 
increased to 61,788 in FY 2018-19 (up 
to December 2018) from 47,857 in the 
FY 2017-18. India ranks at the 12th 
position in the Nature Index in 2020 
(https://www.natureindex.com/annual-
tables/2020/country/all), based on 
counts of high-quality research outputs 
in natural sciences. India improved its 
rank on the Global Innovation Index 
for the second year consecutively. 
From being ranked at the 81st position 
in 2015, India improved its ranking to 
52nd in 2019 and further to 48th in 2020. 
This shows that Indian R&D has the 
potential to make a global impact.

Action Points
•	 Increase public investment in R&D 

and encourage the private sector to 
invest in R&D. 

•	 Double the present strength of the 
total number of full-time equivalent 
of R&D personnel. 

•	 Focus R&D on emerging disruptive 
technologies like big data, 
automation, AI, IoT, Blockchain, 
Cyber Security, Micro-Electro-
Mechanical Systems (MEMS), 
Nanotechnology, Biotechnology, 
Energy Storage, Genetics, 3-D 
printing, etc.

•	 Formulate mission-mode 
projects on National Mission on 
Interdisciplinary Cyber-physical 
Systems and National Mission 
on Quantum Technologies and 
Applications.

•	 Identify global issues and initiate 
global collaborative R&D 
leveraging mechanisms like 

Global Innovation and Technology 
Alliance, Department of Science 
and Technology.

Reforms in S&T/R&D for 
Breaking Silos, Infusing Team 
Spirit & Competitiveness
There is a need to work in the mission 
mode, as an integrated S&T community, 
and fill the translational gaps through 
definite goals. It has become imperative 
to bring in more synergy between the 
Government, the public and the private 
institutions also. It is envisaged that 
different departments/laboratories will 
work together on identified projects and 
ensure that not only is the technology 
developed, but it is also transformed 
to reach the targeted segment of the 
society.

Science and Technology (DST), 
Government of India, for identifying 
sectoral S&T interventions. 

•	 User Ministries to contribute 1% of 
their budget to a non-lapsable fund 
operated by an Inter-Ministerial 
body for merit-based R&D funding 
of socially relevant technologies.                                         

•	 Identify major areas of S&T 
interventions for addressing 
national priorities during the next 
3-5 years. 

•	 Identify futuristic S&T areas for 
international competitiveness. 

•	 Pursue technology development in 
areas identified in the Technology 
Vision 2035 of the Technology 
Information, Forecasting and 
Assessment Council (TIFAC).

Reform in S&T/R&D 
for Commercialisation of 
Technologies Developed in 
Government Laboratories
Some institutions have in-house 
mechanisms for technology transfer. 
However, there is a need to set up a 
dedicated institution for technology 
transfer. This will take care of the 
sourcing, designing, packaging, 
consultancy, field verification, 
marketing, backup support and 
dissemination of technology, etc.

Action Points
•	 Ensure industry partnership right 

from the conceptualisation stage of 
technology development projects. 

•	 Create a comprehensive National 
Technology Portal of indigenous 
technologies available for 
commercialisation. The National 
Innovation Foundation has recently 
launched the National Innovation 
Portal, which includes grassroot 
innovations which are ready for 
commercialisation. This portal can 
be scaled up and its focus may be 
elevated to include all the national 
innovations ready for technology 
translation.	        		

•	 Create an empowered Technology 
Commercialisation Cell/Value 
Addition  Centre in each lab, with 
an appropriate budget, for:  
*	 up-scaling the technologies, 

Action Points
•	 Identify multi-agency S&T missions. 
•	 Sign MoUs between S&T 

departments/labs/institutions and 
universities to facilitate collaborative 
and interdisciplinary R&D. 
 

•	 Create mechanism for mobility of 
scientists from R&D labs/academic 
institutions to industry and vice 
versa. 

•	 Create a common portal for facilities 
available in each lab and academic 
institutions for sharing them with 
the research community.

•	 Revive S&T Advisory Committees 
(STACs) in each Ministry and Inter-
Sectoral S&T Advisory Committee 
(ISSTACs) of the Department of 
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*	 demonstrating industrial-scale 
pilot production,

*	 coordinating with investors for 
incubation of entrepreneurs,

*	 bridging the gap between 
industry and development team, 

*	 formal technology transfer, 
*	 commercialisation and 

marketing and
*	 technology consultancy 

services.

Reforms in S&T/R&D for 
Strengthening Start-up 
Ecosystem
India has been ranked 20th among 
100 countries, based on the strength 
of its start-up ecosystem in the year 
2020 (https://www.startupblink.com/
startups/india). To develop the Start-up 
culture, Government grants like Fund 
of Funds for Start-ups, India Aspiration 
Fund, Venture Capital Scheme and 
Multiplier Grants Scheme are currently 
operational.

Besides, 13 Atal Incubation Centers 
(AICs) are established by the NITI 
Aayog to foster 5,000-6,000 innovative 
Startups. 1500+ start-ups have been 
incubated in 13 AICs in the first phase, 
with close to 10% focusing on women 
empowerment. 5,415  schools have 
been selected till March 2019, and a 
target of 10,000 schools has been set 
for establishing Atal Tinkering Labs by 
the end of 2020. 13 Start-up Centres, 
16 Technology Business Incubators 

(TBIs) and 6 Research Parks have 
been approved by the National Expert 
Advisory Committee (NEAC). This 
is a joint initiative by the Department 
of Science and Technology and 
the Ministry of Human Resource 
Development under the Start-up India 
scheme.

Further, Patent Rules, 2003 and 
Trade Mark Rules, 2017, have been 
amended to streamline processes and 
make them more user-friendly. Start-
ups Intellectual Property Protection 
(SIPP) scheme was launched to 
encourage innovation and creativity 
in start-ups. Under this scheme, 80% 
rebate for patent filing fees and 50% 
for trademark filing is provided to the 
start-ups. Support for International 
Patent Protection in Electronics and 
Information Technology (SIP-EIT) 
offers reimbursement of up to 50% of 
expenses incurred in patent filing on the 
actual expenditure, whichever is less.

Action Points
•	 Government authorities can 

incentivise angel investments by, for 
instance, abolishing the angel tax or 
giving other kinds of tax benefits. 

•	 Government should set-up a seed 
fund and give grants to start-ups as 
effective initiatives. 

•	 More start-ups should be acquired 
by large, established companies so 
that it is easier for them to capture 
markets.

Reforms in S&T/R&D for 
Encouraging PPP in R&D
The competitiveness of the nation is 
determined by its ability to translate 
inventions into successful technologies. 
Such translation can be achieved only 
by cooperation and collaboration with 
the private sector. There is a need to 
evolve operating models of Public-
Private Partnership (PPP) in R&D. 
The following are possible reasons 
for the PPP in R&D falling short of 
expectations:
•	 R&D programmes/projects are 

risky and the percentage of failure 
is high.

•	 Funding agency provides loans 
to private partners, but in case 
of failure, honest risk-takers are  
penalised.

•	 Funding agencies are hesitant to 
disburse loans to private industry 
because of fear of not being able 
to recover the fund invested.

•	 Present investment in PPP in R&D 
is very meagre.

•	 Excessive auditing.

Action Points
To attract industrial funds into applied 
research areas, following is suggested:

•	 Contribution by a start-up company 
in PPP in R&D, at the demonstration 
stage, may be exempted from 
taxation.

•	 Loan provided to the industry shall 
carry much lesser rate of interest, 
compared to the market rate.

•	 An Innovation Development and 
Translation Board (IDTB) may be 
established to administer the fund 
for PPP in R&D.

•	 An umbrella fund, i.e. Innovation 
Development and Translation Fund 
(IDTF) may be created under the 
IDTB. 

Atal Incubation Centers

Dr Harsh Vardhan, Former Hon’ble Union Minister for Science & Technology, Earth Sciences,
Health & Family Welfare dedicates an Innovation Portal developed by National innovation Foundation (NIF) - India to the 

nation.
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•	 Funds under PPP should be non-
lapsable.

•	 Intellectual Property (IP) should be 
exclusively licensed to the industry, 
and the Industry concerned will 
commercialise the product within a 
specified time scale.

Reforms in S&T/R&D Sector for 
Improving S&T Management 
System
It has to be recognized that scientific 
research flourishes in a more relaxed 
ambience when administrative and 
financial support system is more a 
facilitator than a controller. Autonomy, 
freedom for individual ideas, flexibility 
to carry forward promising ideas in 
a selective manner, in a framework 
driven by peers, liberal funding, a 
responsive engagement with academic, 
societal and industrial domains and 
sustained collaborative exchange with 
similar high-quality international 
research programmes, are key features 
of a conducive ecosystem for research. 
Development of technology, in 
addition, needs a more organised and 
coordinated effort by different groups 
across disciplines with a strategic 
vision to create conditions favourable 
for translation and growth of a specific 
innovation and technology. 
Action Points
•	 An Apex Body may be constituted 

which could perform the following 
functions:
>> critical evaluation of the present 

state of S&T in India, 
>> S&T Policy planning, 
>> assessing future S&T needs, 
>> sociological study of the impact 

of S&T,
>> funding R&D in priority, new 

and emerging areash 
•	 Get rid of the “bureaucratic” mindset 

of unmindful control in a creative 
R&D environment and ensure 
meaningful public accountability 
and facilitating governance system.

Increase R&D Investment
India’s R&D investment has shown a 
consistent growth trend over the years, 
but as a fraction of the true GDP, the 
public expenditure has been stagnant at 

0.6% to 0.7% of GDP for the past two 
decades. India’s R&D expenditure, as 
a fraction of the GDP, is nominal as 
compared to countries such as the US 
(2.8%), China (2.1%), Israel (4.3%) 
and Korea (4.2%) (http://psa.gov.in/
sites/default/files/pdf/RD-book-for-
WEB.pdf). The R&D expenditure 
in India has mainly derived from the 
Central Government, with marginal 
contributions from the states and the 
private sector. This is one of the biggest 
hurdles for India, which is hampering 
returns from S&T in India. 

Action Points
•	 Increase R&D investment to at least 

2% of GDP.
•	 Encourage private sector to 

contribute to R&D investment.

Substantial Increase in Full-
Time Researchers per Million
The UNESCO Institute of Statistics 2019 
states that the number of researchers 
per million population in India stands 
at 156, which is considerably low 
as compared to US (~4200), China 
(~1200), Canada (4300) (http://uis.
unesco.org/en/news/rd-data-release). 
The scarcity of researchers in India is 
a barrier to India’s R&D growth and 
could prove to be a major challenge, 
considering factors such as high-quality 
research opportunities aboard, limited 
incentives and dearth of high impact 
research in India.

Action Points
•	 Provide researchers an Income Tax-

free salary.
•	 Initiate scholarships and research 

grants for researchers.
•	 Provide career path for researchers.

Reforms Required in 
Biotechnology Sector
Biotechnology is a sunrise industry 
having the potential to provide solutions 
to a variety of societal challenges. 
India’s bio-economy valued at $ 62.5 
Billion in FY 2019-20 (Indian Bio-
economy Report 2020; ABLE) 
and expected to be $128 Billion 
Industry by 2025 (https://birac.nic.
in/webcontent/1594624763_india_

bioeconomy_rep.pdf). Therefore, the 
Biotech Sector can play an important 
role in pushing the economy on a high 
growth path for which the following 
reforms are required:
•	 Improvement in research facilities 

and world-class Clinical Trial 
Infrastructure.

•	 Increase in Government spending 
on R&D and medical infrastructure.

•	 Fund Small and Medium 
Enterprises (SMEs) and start-ups in 
Biotechnology.

•	 Offer tax holidays for R&D-related 
income.

•	 Extend Tax breaks to cover R&D 
expenses of Indian companies 
outside India, as well as spending 
on the cost of patent filings, clinical 
development, drug discovery, and 
licensing.

•	 Extend R&D tax credits available 
to biopharmaceutical companies 
to contract research organisations 
and companies in other sectors of 
biotechnology.

•	 Appropriate steps need to be taken 
to minimise the go-to-market time 
for Biotech products by fast-tracking 
approval mechanism for testing and 
validating these bio-products in 
consultation with the Department of 
Biotechnology.  

•	 Appoint more number of Patent 
examiners to reduce patent 
processing time and workload 
on existing examiners and also 
establish specialised courts or 
benches to address Intellectual 
Property-related matters. 

•	 Incentivize the return of Indian 
students and professionals who 
are working abroad in the field of 
biotechnology. 
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•	 Create a not-for-profit research 
organisation focusing on genomics 
R&D to better understand the 
biological characteristics and 
their variations for development of 
more accurate healthcare or other 
protection solutions.

•	 Establish an independent office for 
drug review process, which can 
serve as the single-point-of-contact 
for the process of drug review 
and guide companies through the 
process, and resolve their problems. 

•	 Curtail the number of procedures 
required for starting a business and 
obtaining construction permits and 
make the process of land acquisition 
simpler. 

•	 Promote mobility of researchers/
scientists between industry and 
academia.

•	 Develop Indian standards and 
certifying products, which could 
instill faith in indigenous products, 
by ensuring the effectiveness and 
quality of the said product.

•	 Promote internships, 
apprenticeships, and other part-
time opportunities for researchers 
by universities and research 
institutions to provide them the 
necessary industry exposure. 

•	 Encourage Import substitution by 
creating local vendor network, 
policy drive for indigenous 
production of raw materials, 
reagents, components for achieving 
100% Made in India value-added 
final products.

•	 Encourage MNCs to bring 
novel biotech products, future 
technologies to India by differentially 
incentivizing them over regular FDI 
for routine manufacturing.

•	 Upgrade testing labs to bring them 
at par with global standards to shun 
perceptions of low-quality goods.

•	 Continue to work on India-centric 
epidemic preparedness through 
the rapid development of vaccines, 
supporting the development of 
Indian vaccines in line with 
the Coalition for Innovation in 
Epidemic Preparedness (CEPI) 
global initiative.

•	 Industry, Academia and Government 
to work together towards military 
applications of synthetic biology 
and Genetic Engineering.

Reforms Required in IT Sector
India’s IT industry contributed around 
7.7 per cent to the country’s GDP and 
is expected to contribute 10 per cent 
of India’s GDP by 2025. The IT-BPM 
sector in India stood at US$ 177 billion 
in 2019 witnessing a growth of 6.1 per 
cent year-on-year and is estimated that 
the size of the industry will grow to 
US$ 350 billion by 2025. 

India has become the digital 
capabilities hub of the world with 
around 75 per cent of global digital 
talent present in the country (https://
indiainvestmentgrid.gov.in/sectors/
information-technology). Indian IT 
& ITeS companies have set up over 
1,000 global delivery centres in about 
80 countries across the world. The 
computer software and hardware sector 

•	 Build capabilities for real-time data 
visualization and data analytics 
within India. 

•	 Realise the vision of broadband for 
everyone and provide affordable 
high speed Internet to everyone by 
2025.

•	 Scale up the Government 
e-Marketplace.

•	 Introduce technology-enabled 
remote healthcare in public and 
private health centres and hospitals.

•	 Build vibrant electronic device 
manufacturing ecosystems 
encompassing assembly, 
components, and design for 
smartphones, LED and LCD 
televisions and set-top boxes, LED 
lights, sensors, medical electronic 
devices, among other goods.

•	 Revitalize ‘Make in India’ policy 
to address the challenges in 
public procurement of indigenous 
technologies/products in order to 
strengthen India’s manufacturing 
sector.

Reforms in S&T Sector for 
COVID-19 like Situation
In view of the recent situation where 
rapid transmission of COVID-19 
brought about disruption in 
unimaginable ways, India needs to 
brace itself for stressful times ahead and 
bring necessary reforms to withstand 
the economic turmoil, which is widely 
expected in the coming months. The 
existence of S&T capabilities has 
never been so crucial for a nation. It 
has presented institutions with a great 
opportunity to work together for a 
common cause. 

Organisations such as the 
Defence Research and Development 
Organization (DRDO), the Council 
of Scientific and Industrial Research 
(CSIR), Indian Council of Medical 
Research and Indian Institute of 
Technology have shown remarkable 
swiftness in responding to the critical 
situation, by continuously striving to 
bring scientific interventions. In the 
same light, the following measures may 
be taken in the S&T sector to leverage 
this situation for economic benefits:

in India attracted cumulative Foreign 
Direct Investment (FDI) inflows worth 
US$ 39.47 billion between April 2000 
and June 2019 and ranks second in 
inflow of FDI. Keeping in view the 
above, the IT sector has the potential 
to push the economy on high growth 
path for which the following reforms 
are required:
•	 Concerted R&D efforts towards 

new and emerging areas such 
as Artificial Intelligence (AI), 
analytics, automation, cloud, 
cybersecurity, mobile, etc.

•	 Create state-of-the-art cybersecurity 
and data protection frameworks.

•	 Prepare a roadmap to expand and 
upscale the infrastructure related to 
cybersecurity as well as multi-cloud 
computing for widespread adoption 
of work-from-home policy. 
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•	 India has a great economic 
opportunity to leverage the existing 
infrastructure to manufacture 
Personal Protective Equipments 
(PPEs) and export PPEs for 
domestic and global consumption, 
which has evolved as a key concern 
across different countries in the 
present time. A dedicated program 
on manufacturing of PPEs in 
coordination with different line 
ministries such as the Ministry of 
Textile and Ministry of Health and 
Family Welfare may be initiated. 

•	 Promoting R&D in Mission mode in 
potential areas such as alternative 
fabrics/materials/designs for PPEs, 
low-cost test kits, therapeutic drugs, 
medical devices etc. Specific public 
sector enterprises could be identified 
to manufacture these products 
in scale for indigenous adoption 
contributing to import substitutions.

•	 Appropriate mechanisms need to be 
developed to fast track prototyping, 
testing, validation and clinical 
trials of medical devices such as 

ventilators, splitters, etc. High-
quality standards have to be ensured 
to enable acceptance from global 
markets. The Member (Health) 
and Member (S&T) who have been 
driving the efforts on promoting 
manufacturing of medical devices 
need to be continued.

•	 Appropriate management 
of medical waste is crucial. 
Manufacturing incinerators and 
development of alternative waste 
management disposal systems 
would not only ensure proper 
disposal of biomedical wastes 
related to COVID-19 in India, 
it could also reduce the cost of 
disposal of biomedical waste. 
It also presents an opportunity 
to serve the global demand for 
biomedical waste disposal systems.

•	 Recently ICMR has approved testing 
facilities in CSIR laboratories 
for COVID-19, to assist testing 
and containment of the novel 
coronavirus. As Laboratories/
R&D Institutions under the S&T 

departments are located in almost 
all regions of India, measures 
like mandatory basic training to 
JRF/SRF to be given on handling 
equipments/procedures to support 
health emergencies like Covid-19.

•	 A Futuristic Technology Division 
may be set up under each R&D 
Institution to keep a vigil on 
probable issues/emergencies that 
might arise in the future and to 
address the same, in collaboration 
with various scientific/medical 
departments.

•	 Due impetus needs to be given to 
R&D and promotion of technical 
textiles which include protective 
clothing, sports gears, medical 
equipment and consumables, 
etc. Presently most technical 
textiles are imported. Indigenous 
manufacturing of these products 
will reduce India’s dependency on 
imports while boosting production 
in India.


