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Editorial

Future food and water crisis in changing weather and changing world

Another new year has come and
the dates of the calendar have start-
ed becoming new again like new
leaves on trees. Climate change is
continuing.

Changing weather, high
sunlight intensities, short duration
severe cold, irregular heavy rains,
frequent sea cyclones and storms
keep knocking everywhere, in all
areas, yet many governments, arro-
gant with economic expansionism
are still not giving importance to
it. Many new and old rulers are the
supporters of the over-productive
principles of open economy.

Governments around the
world, who are in favour of eco-
nomic and uncontrolled economic
development, are still not able to
include the future crises of water,
land and food in our development
discussions properly and with full
seriousness. The restlessness of
technological advancement and
rapid economic development,
the global culture becoming per-
son-centric and money-centric
and it is emerging as a main reason
for this seasonal change and cli-
mate change. The way the weather
is changing, the heat is increasing,
and so is the consumption of wa-
ter, in such a situation, fulfilling the
need of clean water for the use of
humans and other living beings in

the coming times is emerging as a

big challenge in the world. Pollu-
tion of consumerismis increasing
in all the five elements of nature,
the living world, our body and
mind, the major reason for which
is the market and business culture
of promoting the manufacture and
indiscriminate use of unnatural
goods produced in factories to in-
crease the convenience and ease of
the people. Proper and sustainable
waste management is one of our
biggest technological, cultural and
economic failures today. In many
parts of the country and the world,
especially in the so-called develop-
ing countries, questions are con-
stantly raised on our sensitivity,
alertness, technical system, econo-
my, and the functioning of the ad-
ministration in the areas of waste

management.

The food security of many
countries including India is largely
dependent on the farming of vil-
lages and farmers. On one hand,
the demand for plant-based food
products, especially those grown
through organic and natural meth-
ods, is increasing across the world,
because these natural products are
considered better for health pro-
motion and environmental man-
agement, while on the other hand,
all living beings living under the

shade of nature, including crops

7

grown in the fields, are being in-
creasingly affected by the effects of
climate change and global warm-
ing as well as due to the water scar-
city subsequently, productivity of
nutritious crops is constantly de-
creasing.

India still has many villag-
es. Despite not being profitable, a
large population of villagers are re-
luctantly dependent on the agricul-
ture for their livelihood. Fields are
getting divided. They agricultural
lands are also decreasing. Crops
get spoiled every day due to some
reason or the other.

After the golden period
of Green Revolution is over, now
the yield of agricultural crops has
started decreasing gradually, and
the cost of farming is constantly
increasing due to the need for ad-
ditional chemicals water which are
rising the cost of cultivation too.

Governments and main-
stream agricultural scientists still
consider the agricultural system of
green revolution based on the hy-
brid seeds, open irrigation through
pumps, frequent application of
chemical fertilizers and excessive
use of pesticides, which are not
only harmful to the nature and
health, but also to humans, ani-
mals, and fishes, but still consid-
ered as inevitable and necessary

for increasing food security of the
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country. Despite multi-level dis-
cussions by the national and many
state governments across the coun-
try to promote natural farming as
an alternative agriculture, there is
a lot of doubt about its success
among mainstream agricultural
scientists, agricultural adminis-
trators, agricultural managers and
farmers, and it is not being accept-
ed as an alternative and sustainable
food production system.

Non-chemical agriculture
is suddenly rejected by consider-
ing the problem of decline in food
production of Sri Lanka in the past
years as the result of organic farm-
ing. However, authentic studies es-
tablishing the relationship of food
security with the contemporary
and circumstances of failure of
economy of Sri Lanka are still not
available. In the government sec-
tor, natural farming has also been
largely limited to the promotion of
zero budget organic farming sys-
tems based on regeneration and
spray of internal microorganisms,
manure and urine of indigenous
cows and animals, whose success
as an alternative to chemical inputs
on a large scale is yet to be proven
on social, cultural, and scientific
scale.

In our country, nation-
al and state level agricultural in-
stitutes, agricultural universities,
agricultural administrators, and
agricultural managers run a large

number of established institutions,

and they and their institutions are
still happy with their achievements
as always, but neither the farmers
nor the agro-industrial setups are
happy with their techniques and
Our

talk loudly about increasing the in-

achievements. institutions
come of farmers and contribution
to the countrys foreign exchange
reserves by growing crops that are
expensive and especially exported
abroad. Many of our prestigious
national institutions have consid-
ered increasing the production
and export of high-yielding crops
like Kalanamak and basmati rice
and mentha as their major achieve-
ment. These crops consume a lot of
water and agricultural chemicals.
In the areas where it is being grown
in abundance, the ground water is
continuously depleting and is also
becoming toxic. Our green revo-
lution pioneer areas like Haryana,
Punjab and western Uttar Pradesh,
located around the capital Del-
hi and mentha growing districts
like Barabanki in Uttar Pradesh,
are facing water shortage. The
abundance of pollutants and toxic
chemicals are prime examples of
these practices. Most of our farm-
ers prefer to grow crops like sugar-
cane and banana, which consume a
lot of water and agrochemicals, to
increase their production and in-
come.

Our agricultural system
is still not very successful in mas-

tering the production and disease

8

management of pulses, oil seeds,
and coarse cereals, which can be
grown in less water, and most of
these are capable of fixing essential
elements like nitrogen from the air
into the soil. As a result, farmers
are not able to increase the acre age
of these crops.

When the water and pollu-
tion crisis is increasing all over the
world,we are feeling happy with the
false pride of exporting our water,
minerals, and rare natural resourc-
es at very cheap prices in the form
of agricultural products. On the
other hand, we are importing es-
sential products of crops like puls-
es and oilseeds, which are known
for nutrition, soil fertility and wa-
ter conservation. To deal with cli-
mate change, global warming and
for sustainable food security, the
country and the world need a new
agricultural philosophy, which we
can re-establish as an environmen-
tal and sustainable agricultural
philosophy and can put to rest the
burning questions of agriculture,
health, water, and environmental
management.

For future food security, the right
policies will have to be formulated

and successfully implemented to
turn nutritious food products from
scientifically proven organic farm-
ing methods into an attractive and
profitable small and cottage indus-
try for the internal food security of
the country. For this, scientists and

industries should try all the organ
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ic farming methods available till
now and make technical innova-
tions that are practically successful
in them. But for this, the govern-
ment and administration will have
to create appropriate policies and
favourable conditions (ecosys-
tem), because the right and more
resources for policy reforms come
under their jurisdiction.

For this, advisory and co-
ordination committees of scien-
tists, administrators, ground work-
ers, agriculture and environment
experts, and farmers at the state
and district levels can be part of the
planning committees.

The poisoning of water,
land, air, and food is another big
challenge for contemporary
development philosophy. And it
will remain so, if the insistence on
environmental management and
basic cleanliness is considered as a

compound of the development.

Environmental management, food
safety, health managementand pol-
lution are more of ideological and
cultural problems than technical
problems. And to solve this prob-
lem, new ways of intervention and
innovation will have to be found in
all these areas by understanding it
at technical, ideological, and cul-
tural levels.

The availability of water
in water sources and groundwater
are directly related to each other.
Water will remain in surface water
sources, only when groundwater
is saved. Along with rain, clouds,
weather and water harvesting, the
work of reviving ponds and rivers
should be done more successful-
ly by the masses and the NGOs.
Those

demonstrated it as individuals or

who have successfully
organizations should move for-
ward in a sustainable way towards

solving these challenges by giving

due importance to them. There
are many examples in our country
where governments have not been
successful in water conservation
and river rejuvenation, but NGOs
and individuals have achieved
unprecedented success in this by

working with the people.

Governments should participate
with them respectfully. Develop-
ment is a continuous journey, and
its sustainability lies in its being
human and natural. One day we
will have to understand and accept
this.

Rows il

(Rana Pratap Singh)
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High Pressure Processing in the Food Industry: A Revolutionary Ap-
proach to Food Preservation and Quality Enhancement

Shubham Gangwar

Introduction

In the ever-evolving world of food
processing and preservation, ad-
vancements in technology have
paved the way for innovative
methods that not only extend the
shelf life of food products but also
maintain their nutritional value
and taste. One such groundbreak-
ing technique that has gained
prominence in recent years is High

Pressure Processing (HPP). HPP is
a non-thermal food preservation
method that relies on high levels of
hydrostatic pressure to effectively
kill pathogens and microorganisms
while preserving the organoleptic
properties of the food. HP technol-

ogy has shown some potential for
enhancing several food processes
(e.g. extraction, freezing, thawing),
as well as modifying the physico-
chemical properties of function-
al ingredients in some foodstuffs
(Tao et al., 2012).

Principles of High-Pressure Pro-
cessing

High Pressure Processing, also

«— 1.cm?(=1000 MPa)

known as high hydrostatic pres-
sure (HHP) or pascalization, in-
volves subjecting food products to
extremely high pressure, typically
between 100 and 600 megapas-
cals (MPa). This pressure is exert-
ed uniformly from all directions,

without the application of heat.
The basic principle behind HPP is
Pascal's law, which states that when
pressure is applied to a fluid with-
in an enclosed system, it is trans-
mitted undiminished in all direc-
tions. According to Norton and
Sun, (2008) HPP is this pressure
is applied to food products that
are placed inside a pressure cham-
ber filled with water. This intense
pressure effectively inactivates or
destroys pathogenic microorgan-
isms, such as bacteria, yeasts, and
molds, without causing any signif-
icant thermal damage to the food.
HPP vs. Traditional Thermal
Processing

High Pressure Processing stands
out in comparison to tradition-
al thermal processing methods
like canning, pasteurization, and
sterilization. Traditional meth-
ods involve exposing food to high
temperatures, which can lead to
a loss of flavor, texture, color, and
nutritional value. In contrast, HPP
retains the fresh taste, vibrant col-
or, and vital nutrients of the food,
making it a preferred choice for
many in the food industry.

> Retention of Nutri-
tional Value: HPP does not require
high temperatures, which can
break down vitamins, enzymes,
and other heat-sensitive com-
pounds in food. As a result, vita-
mins, minerals, and antioxidants
are better preserved in HPP-pro-
cessed foods.

> Preservation of Fla-
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vor and Texture: HPP effectively
maintains the original taste and
texture of food, as it doesn't un-
dergo the flavor-altering effects of
high heat. Fruits and vegetables,
for example, retain their natural
crunch and juiciness.

duction and growth of microor-
ganisms whereas a higher level of
pressure leads to microbial inacti-
vation (Bajovic et al., 2012).

Applications of High Pressure
Processing

meat and seafood products, reduc-
ing the risk of foodborne patho-
gens while keeping the products
tender and flavorful.

> Dairy Products: HPP is ap-
plied to dairy items such as yogurt,
cheese, and milk to improve shelf

> Extended Shelf Life: HPP
can significantly increase the shelf
life of many food products by kill-
ing spoilage microorganisms and
pathogens. This is particularly
beneficial for fresh products like
juices, guacamole, and ready-to-
eat meals. Microbial inactivation
by HP in food products has been
extensively studied.

Before

HP can be utilized either as a cold
pasteurization process or as in
combination with thermal ener-
gy for pasteurization. Generally, a
moderate level of pressure (10-50
MPa) decreases the rate of repro-

250 MPa

High Pressure Processing has
found a wide range of applications
across the food industry, including
but not limited to:

> Juice and Beverage Pro-
cessing: HPP is extensively used to
extend the shelf life of fresh juices,
smoothies, and other beverages
while maintaining their taste and
nutritional quality.

> Ready-to-Eat Meals:

600 MPa

Pre-packaged meals, salads, and
sandwiches can be processed using
HPP to ensure they remain safe for
consumption without the need for
high-temperature cooking.

> Meat and Seafood: HPP is
used to enhance the safety of raw
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life and reduce the reliance on pre-
servatives.

> Fruit and Vegetable Prod-
ucts: HPP helps maintain the fresh-
ness of sliced and diced fruits and
vegetables used in salads and other
dishes, with no need for chemical
additives.

> Baby Food: HPP is a pop-
ular choice for baby food produc-
tion, as it ensures the safety and
nutritional quality of the products

After

without compromising on taste or
texture.

> Guacamole and Salsas: The
guacamole and salsa industries
have witnessed significant growth
through HPP, as it prevents brown-
ing and extends the shelf life of
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these products.

Benefits of High Pressure Pro-
cessing

High Pressure Processing offers
several advantages to both food
producers and consumers:

> Enhanced Food Safety:
HPP effectively destroys harmful
microorganisms, reducing the risk
of foodborne illnesses.

> Clean Label: As HPP
doesn't require the use of chemical
preservatives, the resulting prod-
ucts often have a cleaner ingredient
list, which appeals to health-con-
scious consumers.

Convenience

Clean-label
products

Innovative fresh
products

styles.

Challenges and Future Prospects
First, the use of HP as a possi-
ble alternative to heat treatment
highlights the need to study the
pressure temperature behaviour
of macromolecular food ingredi-
ents. For example, although several
mechanisms have been proposed
to explain protein denaturation
and lipid oxidation under pressure,
the detailed mechanisms have not
been understood clearly (Rivalain
et al., 2010; Bolumar et al., 2012).
Despite its numerous benefits,
High Pressure Processing does face
some challenges:

Shelf life
extension

Increase shellfish

Pathogen elimination

Reduced sodium
products

> Reduced Food Waste: By
extending the shelf life of perish-
able foods, HPP helps reduce food
waste, making it an environmen-
tally friendly technology.
> Improved Taste and Quali-
ty: Consumers appreciate the taste,
texture, and nutritional value of
HPP-processed products, leading
to increased sales and consumer
satisfaction.

> Convenience: HPP
allows for the production of ready-
to-eat and heat-and-eat meals, ca-
tering to the demands of busy life-

> Equipment Cost: HPP
equipment can be expensive,
which may limit its adoption by
small-scale food producers.

> Limited Application: Not
all food products are suitable for
HPP, as the technology may affect
certain textures and characteris-
tics.

> Consumer Education:
There is a need for consumer ed-
ucation to raise awareness about
HPP and its benefits, as some may
be unfamiliar with the technology.
The future of High Pressure Pro-

cessing in the food industry looks
20

promising. Ongoing research and
development efforts are focused
on addressing the challenges
mentioned above and expanding
the range of products that can be
processed using HPP. As consum-
er demand for fresh, minimally
processed, and safe food products
continues to grow, HPP is expect-
ed to play a pivotal role in meeting
these demands.

Conclusion

High Pressure Processing has rev-
olutionized the food industry by
offering a safe and efficient meth-
od of food preservation that main-
tains the quality, flavor, and nu-
tritional value of food products.
With its wide range of applications
and numerous benefits, HPP has
found its place in the market, and
its future prospects are bright. As
technology continues to evolve, we
can expect High Pressure Process-
ing to play a crucial role in meet-
ing the ever-increasing demand for
high-quality, safe, and convenient
food products.
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Cosmic farming as an alternative for better crop health

Prof. Arun Arya

Intensive outside influence has led
to a shift in perspective amongst
farmers from the tribal and oth-
er primitive communities. Earli-
er, farming was seen as a lifestyle, a
way for sustenance for their family,
community and local ecosystems.
The settlements used to do farm-
ing in a place for some time and
when the fertility used to reduce
they changed the place and agri-
culture was practised in new fertile
soil. This was termed jhoom culti-
vation. Later on villages were made
and settlements practised natural
farming with organic compost as
growth stimulant.

But now they have been
trained to view farming as a path-
way for securing financial gains
(cash flow). This cash crop men-
tality has led to large scale defor-
estation in eco-sensitive zones,
land and soil degradation and
loss of local seed diversity. We are
working with the community to
return to healthier agricultural and
economic practices to slowly but
surely build a resilient village com-
munity. The nation harvested a re-
cord 110 million tonnes of wheat
during 2020-21. In rice high-yield-
ing varieties were developed to
perform well under drought or sa-
line conditions. However, Basmati
rice varieties, developed by IARI,
won worldwide acclaim and popu-
larity due to their exquisite aroma,
flavour, and texture. India could
earn equivalent to Rs 33,000 crore

of foreign exchange by export-
ing basmati rice during 2018-19.
Backed by S&T interventions and
improved varieties, India harvest-
ed a record 122.27 million tonnes
of rice during 2020-21.

Former Vice President Shri
Venkaya Naidu urged the farming
community to bestow special at-
tention on environmental protec-
tion. In this regard, he advised ev-
ery farmer to accord importance to
tree plantation and conservation of
water.The Vice President said that
at a time when science and tech-
nology are driving the progress of
the world, agriculture cannot lag
behind and has to adopt modern
scientific practices. It is not the sole
responsibility of the government to
make agriculture profitable. Every
stakeholder must come forward to
enable the farmer to reap the bene-
fits of modernization.

The Vice President also
urged educated youth to develop
an interest in agriculture and pro-
vide technical help to farmers. He
also appealed to the private sec-
tor to come forward and invest in
modernizing agriculture. Stress-
ing the need for a wider debate on
modernization of agriculture, he
said that scientists, policymakers
and media should take the lead in
this matter.

Feeding the world in the
21st century is not an easy task due
to several issues of uncontrolled

population growth, uneven distri-
bution of resources, depletion of
natural resources, overburdened
urbanization, loss of fertile soils,
etc. Vertical farming can be seen
as an opportunity to mitigate food
security risks. Vertical farming can
provide continuous crop produc-
tion and is much more efficient;
one acre of vertical farming can
cover the food production of 30
acres of farming on the land.

Due to the controlled en-
vironmental conditions, there is
less chance of diseases and insects/
pest attacks which can eliminate
the chance of chemical use during
farming practices. Many environ-
mental factors such as hail, flood,
drought, etc., that cause crop fail-
ure are also eliminated due to con-
trolled environmental conditions.
Moreover, vertical farming helps
to reduce carbon emissions gen-
erated during agronomic practic-
es and reduce water losses by 70%
(Kulak et al. 2013). Although this
cropping system can deal with
food security issues, it comes with
some challenges to deal with. The
main challenge to deal with is the
cost-benefit analysis. The land and
building costs may vary from re-
gion to region but cost in urban ar-
eas does not allow vertical farming
in big cities. The use of energy and
operational cost to maintain and
control the internal environmental
conditions of a farming setup can
challenge cost efficiency. A limited
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number of crops can only be grown
through vertical farming and also
require pollination by hand during
crop growth.

However, the system lacks some
economic efficiencies, but in the
future, to avoid food scarcity, ver-
tical farming will become a trend
and the reuse of necessary building
structures will reduce the cost of
the system (Naqvi et al. 2022). Peo-
ple are afraid of pesticide pollution
and adulterants used in food and
food items like different carcino-
genic chemicals in form of colors
etc. The practice of cosmic farming
may provide an alternative and re-
lief from harmful chemicals.

Different cultivation practices

Historical records exhibit
Egyptians optimized agriculture
production with simple means.
Most Egyptians were descents
from settlers who moved to the
Nile valley in prehistoric times,
with population increase com-
ing through natural fertility. Most
people lived in villages and towns
in the Nile valley and delta. Dwell-
ings were built of the mud brick
and have long disappeared beneath
the rising water table or beneath
modern town sites, thereby oblit-
erating evidence for settlement
patterns. Nearly all the people were
engaged in agriculture. Bread was
made from cereals. Spices like on-
ion garlic, black pepper were cul-
tivated and used in diets. Different
agricultural practices may be listed
as:

Jhoom cultivation or shift-
ing cultivation, Natural farming,
Modern or chemical farming,
Bio-dynamic farming, Rishi Kri-
shi, Nateuco farming, Jaivik Kri-

shi-integration of technologies,
Soil less cultivation or aquaponics,
and vertical farming etc.

Problem of Pollution due to agro-
chemicals

Agrochemical led farming has pol-
luted soil,water, air and environ-
ment. It has adversely impacted
farmers, society, government and
human being. Pollution is major
threat to humanity. Broken social
fabrics and climatic disasters is
routine. Seems essential to trap an-
cient knowledge. Reverting back to
technologies prevalent in ancient
time could resolve current crises
of humanity. Sustainable agricul-
ture pertains with management of
natural resources for agriculture to
satisfy human needs along with its
conservation to hand over to com-
ing generations. So for we have
abused natural resources-showing
discomfort in form of natural haz-
ards and many more ill impacts.
Natural resources are free gift to
humanity, we are simply custodian.
“Nurture these to assure comfort-
able life on planet earth and hand
over to coming generation”. Con-
cept of food should be changed-
Air: Water: Food. “Cosmic Farm-
ing” could be a viable option.

Cosmic Farming: An al-
ternative Enormous amount of —
cosmic, solar, lunar, planets, stars
and earth energies are available.
People do not respect old tradi-
tions. Ancestors respected Panch
mahabhutas and these provided
free energy. Energy from cosmic,
planets, stars and sun are still in
prime form availability for man-
kind. Cosmic energy is available all
time, while solar in day hours. Soil
microbes, plant cell, cow and soil
humus have capacity to harness
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cosmic and solar energy. Sun is gi-
ant power house-Infinite, non-pol-
luting source. Soil microbes and
plants are potential tools to capture
cosmic and solar energy. Natural
resources i.e. soil, water, air, bio di-
versity of flora and fauna are avail-
able as grace of Cosmos and Sun.
Cosmic farming includes better
soil management and increase in
soil microbial population by the
use of cow dung and leaf litter, use
of agnihotra in agriculture farms
and use of ash after agnihotra in
increase in fertility. By agnihotra
there is reduction in insect pests
and increase in plant growth.

Farming in Rigveda

Vedas are compilations of
sacred hymns or verses composed
by Rishis in vedic period. Agricul-
ture was considered as very import-
ant profession. There are 8 mantras
in 4th chapter of Rigveda, 12 man-
tra in 10th chapter of Rigveda and
9 mantras in 3rd chapter of Athar-
va veda related to agriculture. Ra-
mayana tells us that in the circum-
stances of famine King of Mithila
Raja Janak ploughed the field and
Sita ji appeared during the process.
Rig Veda tells
Indra Sitam Ni grahnat Tam Push-
am chachatu
Sanah payaswati duhamuttram-
taram samam.

Which means God Indra plough
the land, pusha God take care
and irrigated fertile land produce
grains for us. Few other mantras
of RigVeda tell (Nene and Sadhale
2000).

O Sun! You are the purifier and
protector of everything. We praise
the light by which you look after
this world and feed all living beings
(1:50:6)
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Through Yajna the mother earth
worships the father- the sun. Sun
and earth produce the embryo
which is irrigated with water inside
the earth. Earth and sun have de-
cided to produce all kinds of crops
(1:164:8)

Let sand and fire together with im-
plements used for digging the soil
accept the offerings made during
the fire worship (yajna) and give
us disease free (rog-mukt) food
(3:22:4).

Seed treatment

It is stated in Krishi-
Parashara (400 BC),’the origin of
plentiful yield is the seed’Seed
health includes (i) harvesting of
healthy looking grains used as
seed, (ii) removing visible contam-
inants, (iii) storing grains in safe
place, (iv) viability of seeds before
sowing. In northern India peo-
ple used to celebrate a festival in
which they carry sprouted seeds in
pots over the heads in a procession
which leads to a temple. This was a
simple method of testing viability
of seeds. Seeds were treated with
cowdung, urine, milk, mustard
paste and other botanicals. There
are instances of treating seeds with
coal ash before storage. Activated
clay is also used. Pigeonpea seeds
are coated with red earth before
storage. The notorious pulse bee-
tle lays eggs in mature seeds in the
field. The harvested seeds contain
grubs inside. The red earth coating
prevents the emergence of adults
from such seeds. The insect die
inside the seed and thus the infes-
tation is prevented. I have seen my
grandfather using jaggery to treat
Cicer or gram seeds. The soaking
of seeds helped to attract and asso-
ciate more Rhizobium near the de-
veloping roots thus promoting bet-
ter symbiosis. Pelleting the seeds

with fungus like Trichoderma or
cowdung results in the antagonis-
tic affect and it increases the per-
centage germination of seeds by
killing the harmful microbes.
Agnihotra or Homa farming

Homa Therapy and agni-
hotra helps in reduction of pol-
lution, and is equally effective in
improving agriculture, animals
and human health. Agrochemicals
are not needed in it at any stage of
farming. It can be integrated with
any organic system to get synergis-
tic impact. If promoted is assertive
way it will have many implications
in human life. In agnihotra the fire
is lit in Pyramidal vessel, which
attract energies from cosmos and
sun; Biorhythm of nature (sun rise
and sunset) are followed; Reso-
nance impact in sound is produced
by Sonic energy through chanting
specific mantras. Burning of or-
ganic substances, results in vapor-
ization and generation of heat en-
ergy,
and other electromagnetic waves.
Agnihotra ash itself has the prop-
erties of all elements- Earth, Air,
Fire, Water and Ether. Agnihotra
fire nourishes the Earth-soil to
plants, air to water, all of human
kind, animal and plant kingdom.
With RP area up to 80 ha becomes
cosmic area.

Energy resonate in four
corner of pyramid, travels to 4 pyr-
amids in field and shoots up to 12
km.It is claimed that environment
is clean, full of subtle energy above
this.

It collects subtle energy
which get deposited in ash. Impact
depends upon different discipline
observed. As on today homa farm-
ing has been tried in more than 70
countries. On combustion chemi-
cals like formaldehyde, formic acid,
acetic acid, ethzeiene oxide, propyl-

ene oxide are generated. Formal-
dehyde can purify atmosphere by
killing harmful microorganisms.
It kills pathogenic organisms in
air, water and soil. Propylene ox-
ide helps in acceleration of rains. It
results in enhancement in chloro-
phyll content in plants thereby in-
creasing photosynthesis. Agniho-
tra alters biological systems. Homa
atmosphere has positive impact on
plants as well as human, and ani-
mal health. Agnihotra ash contains
micronutrients when sprayed it
improves plant growth as micro-
nutrients can be absorbed through
stomata. The ash helps in reduction
of plant sucking insects and fungal
diseases.

In an experiment con-
ducted in 2004 near India gate in
New Delhi the conc. of NO2 re-
duced from 56 to 29.5 and SO2
from 11 to 1.5 ppm. After per-
forming yagna. When yagna was
performed indoors for three con-
secutive days there was reduction
in 63%,72%,92% bacterial and
83%,84% and 100% fungal popula-
tion. Some effect persisted even af-
ter 7 days. In outdoor atmosphere
the bacterial population reduced
by 38%after yagna (Brahmavar-
chas 2016).

Environment and sensitivity in
plants

Plant body is sensitive to
environment, not only the sun
light affects plant growth the storm
or strong winds and cold waves af-
fect the stomatal opening and thus
reduce plant growth. The enzyme
activity is changed due to tem-
perature and pH. Patalwat (2024)
reported that regular mechanical
stress induces multiple physiolog-
ical changes in Cajanas cajan. He
found that even touching the plants
daily can induce formation of jas-
monic acid and this results into
physiological changes. And even



PhgR - sA g &

LIECAELIITCA

FIfA 12 - (01) 36 ST - A, 2025

yields can be affected. Bhattacha-
rya (2014) reported effect of mu-
sic therapy on plants. Vibrations at
50Hz stimulated seed germination
and root elongation in rice and
cucumber (Takahashi et al. 1991).
Wang et al. (2004) found that vi-
brations of 1400 Hz increased the
IAA levels while ABA levels were
decreased in callus of Chrysanthe-
mum.
Role of Soil humus and bio-en-
hancer

Micronutrients and micro-
bial fertilizers play a definite role in
enhancement of plant growth and
crop yield. Rhizobium a root nod-
ule bacteria and antagonistic fun-
gus Trichoderma can be multiplied
easily and used for crop growth.
Plant growth can be increased by
soil microbes. The role of mycor-
rhizae and phosphate solubilizing
bacteria are tried and found useful
for plant growth. Arbuscular fun-
gi like Glomus and Gigaspora are
tried against different plants and
the growth of mycorrhizae pro-
motes root elongation and this in-
creases crop yield.

Fig: Microbes helping in plant dis-
ease control

Soil moisture can be main-
tained by providing mulching in
the soil. Soil moisture can be also
maintained by plastic mulching. In
making Miyawaki forest mulching
was tried with waste paddy straw.
By maintaining soil moisture there
was enhancement of plant growth.
Trees attained a height of three me-
ters within two years. Addition of
waste ash produced after yagna in
the soil enriches it with deficient
nutrients. And this further helps in
more plant growth.

lerbivores

Disease |

All production factor i.e. soil, wa-
ter, cow, earthworms, bees get
boost in cosmic farming. Soil fer-
tility is improved. Environmental
pollution is reduced and Climatic
disasters are avoided. It improves
water quality and availability. Yield
is equal or better than convention-
al or organic systems. Technology
is eco-friendly and cost effective.
Such model if found suitable will
lead to sustainable agriculture.
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Beneficial Role of Enzymes in Detergents

Prof. Nand Lal

Enzymes are increasingly import-
ant to detergent formulators for a
wide range of tasks, including laun-
dry, automatic dishwashing, and
cleaning of industrial equipment
used in the food industry. One of
the driving forces behind the de-
velopment of new enzymes and
the modification of existing ones
for detergents is to make enzymes
more tolerant of other ingredients,
such as builders, surfactants, and
bleaching chemicals, as well as of
alkaline. The trend toward lower
wash temperatures, has also in-
creased the need for additional
and more efficient enzymes.

specks in both fluid and powder
detergents, and once reaching with
water they disintegrate quickly, by
acting as a catalyst, the detergent
enzymes increase the rate of the re-
action among stains and aqueous
solutions. In this way, laundry en-
zymes are suitable for stain remov-
al. The option of laundry catalysts
in cleanser items improves the ef-
ficiency and efficacy of detergents
and furthermore makes the proce-
dure all the more environmentally
friendly, and accordingly, deter-
gent makers are eager to update
their items with laundry enzyme
formula included. With the buyers’

ed of the starch. Utilizing cleansers
in the water at high temperatures
and with vivacious mixing, it is
conceivable to dispel most kinds of
dirt, however the expense of heat-
ing the water is high and protract-
ed mixing or beating will decrease
the shelf life of the garments and
other materials. The utilization of
enzymes permits lower tempera-
tures to be utilized and shorter
times of agitation are required,
frequently after a primer time of
soaking. All in all, enzyme cleans-
ers dispel proteins from garments
ruined due to blood, milk, sweat,
grass, and so forth. Detergent en-

en colours.

Idressing, ketchup, ice creams), body lotions, fruits, and dairy products.

[The most widely used enzymes in laundry detergents include:
Proteases: Break down proteins.

Lipases: Break down fats and oils.
Amylases: Breaks down starches and sugars.
|Cellulases: Help remove soil from cotton fibres while promoting softness and helping bright-

Pectinases and Mannanases: Used for hard-to-remove stains such as prepared foods (salad|

Laundry enzyme is one sort of bi-
ological enzymes that are as often
as possible utilized in the laundry
business, and furthermore it is as
yet the biggest industrial enzyme
application and in this manner,

the laundry catalyst assumes a
noteworthy job in helping both
household laundry and the rela-
tive industrial business. Laundry
enzymes are a subclass of chemi-
cals, and in this way, they are like-
wise biological catalysts with po-
ly-atomic structure. They typically
exist as meagre blue particles or

high enthusiasm for new biosys-
tem gradually developing, laundry
enzyme detergents are turning out
to be increasingly better known
in the world, which reveals the
achievement of laundry enzyme’s
application in the business. There
are five classes of proteins found in
laundry enzymes - proteases, amy-
lases, lipases, cellulases, and man-
nanases.

Dirt comes in numerous types and
incorporates proteins, starches and
lipids. What’s more, garments that
have been starched must be liberat-

zymes must be savvy and safe to
utilize. Early endeavours to utilize
proteases floundered on account
of makers and clients developing
hypersensitivity. This was combat-
ted by creating dust-free granu-
lates (about 0.5 mm in breadth) in
which the chemical is fused into an
inner centre, containing inorganic
salts (e.g., NaCl) and sugars as an
additive, bound with fortifying,
strands of carboxymethyl cellulose
or comparative defensive colloid.
This centre is covered with inactive
waxy materials produced using
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paraffin oil or polyethylene glycol
in addition to different hydrophil-
ic covers, which later scatter in the
wash. This mix of materials both
forestalls dust development and se-
cures the proteins against harm by
other parts of the detergent during
storage.

Biological catalysts are uti-
lized in shockingly modest quanti-
ties in most solutions of detergents,
just 0.4 — 0.8% crude enzyme by
weight (about 1% by cost). It fol-
lows that the capacity to survive
the conditions of utilization is a
more significant criterion than ex-
treme affordability. Albeit one im-
pact of including enzymes is that
lower washing temperatures might
be utilized with resulting savings in
energy consumption, the enzymes

for hydrolysing most peptide
bonds. They convert their sub-
strates into little, promptly solvent
pieces which can be expelled effec-
tively from materials.

The biological catalysts are
provided in structures appropri-
ate for formulation by detergent
producers. Domestic users know
about powdered solutions, howev-
er fluid solutions for utilisation at
home are progressively available.
Household washing presents is-
sues not quite the same as those of
industrial washing: the household
wash comprises of an extraordi-
nary assortment of fabrics dirtied
with a range of materials, and the
user requires convenience and vi-
ability with less thought of the ex-
pense. Home detergents will most

chlorite fixation is deficient to hurt
the catalyst. This is basically a batch
procedure: medical clinic laun-
dries may utilize nonstop clothes
washers, which move less-at first
filthy material from a pre-flush in-
troductory stage, at 32°C and pH
8.5, into the principal wash at 60%
and pH 11, at that point to a subse-
quent wash, containing hydrogen
peroxide, at 71°C and pH 11, at
that point to a bleaching stage and
rinsing. Aside from the pre-soak
stage, from which water is run to
squander, the procedure works
counter-currently. Chemicals are
utilized in the pre-wash and in the
main wash, the degrees of peroxide
at this stage being inadequate to in-
activate the enzymes.

The importance of enzymatic detergency is expected to continue to increase, based on the following trends:
Reduction of washing temperatures

More detergents without bleach (e.g., color detergents and liquid detergents)
More compact detergent formulations
More cost-effective enzymes

must maintain activity up to 60 °C.

Notwithstanding the gran-
ulated structures, intended for use
in detergent powders, liquid solu-
tions in water and slurries of the
compound in a non-ionic surfac-
tant are accessible for formulating
in fluid ‘spotting’ concentrates,
utilized for expelling stubborn
stains. Solutions containing both
Termamyl and Alcalase are made,
Termamyl being adequately im-
pervious to proteolysis to main-
tain their activity or enough time
to fulfils its function. It ought to
be noticed that all the proteolytic
catalysts portrayed are reasonably
vague serine endoproteases, giving
favoured cleavage on the carboxyl
side of hydrophobic amino corro-
sive buildups however equipped

likely incorporate both amylase
and a protease, and an extensive
warm-water soaking time will be
prescribed. Industrial washing re-
quires viability at least expense, so
warmed water will be re-utilized
if conceivable. Huge laundries can
isolate their ‘wash’ into classes and
in this manner limit the use of wa-
ter and augment the adequacy of
the detergents. A pre-wash dous-
ing for 10-20 min at pH up to 11
and 30-40 °C is trailed by the prin-
ciple wash for 10-20 min at pH 11
and 60-65 °C. The water from these
stages are disposed of to the sewer.
A third wash incorporates hypo-
chlorite as a dye, which would in-
activate the enzymes quickly. The
water from this stage is utilized
again for the pre-wash be that as
it may, by at tg%t point, the hypo-

The ongoing accessibility of ap-
propriate lipase may build the
amounts of enzymes utilized alto-
gether. There are, may be, oppor-
tunities for catalysts, for example,
glucose oxidase, lipoxygenase and
glycerol oxidase as methods for
producing hydrogen peroxide. In-
cluded peroxidases may help the
bleaching adequacy of this perox-
ide.

Ongoing improvement in
laundry enzymes has been the pre-
sentation of a soluble alkaline-sta-
ble fungal cellulase solution for
use in laundering cotton fabrics.
During use, little strands are raised
from the surface of cotton thread,
bringing about an adjustment in
the ‘feel’ of the texture and, espe-
cially, in the bringing down of the
brilliance of hues. Treatment with
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cellulase expels the little filaments
without obviously harming the sig-
nificant strands and re-establishes
the texture to its ‘as new’ condition.
The cellulase additionally helps the
expulsion of soil particles from the
wash by hydrolysing related cellu-
lose filaments.

As a noteworthy advantage, pur-
chasers can unreservedly pick a
bigger scope of garments with

various materials. Lower tempera-
ture clothing condition permits
progressively fragile materials like
fleece and silk which are very easily
adversely influenced when putting
into high-temperature conditions.
Besides, lower temperature addi-
tionally abstains from fading pants
and denim, which are generally
coloured with dark hues. Along
these lines, there will be less colour
transfer.

pfadT

Therefore, utilising enzymes in de-
tergents has a lot of benefits like
being eco-friendly, having a wider
range of clothes, being cost-effec-
tive and also saving energy!
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Driving Development: The Dynamic Duo of Technology and Innovation

Dr. Preetam Singh Gour

In an era defined by the relentless
pace of progress, technology and
innovation have emerged as twin
pillars reshaping the landscape of
global development. From rural
communities to bustling urban
centers, the fusion of cutting-edge
technology and innovative solu-
tions is catalyzing transformative
change. This article explores the
multifaceted impact of this dy-
namic duo across various sectors,
uncovering how they are propel-
ling us into a future where devel-
opment is not just a goal but a con-
tinuous, adaptive journey.

1. Connectivity as the Catalyst:
At the heart of development lies
connectivity. The advent of the
digital age has ushered in an un-
precedented era of global intercon-
nectedness. From 5G networks to
satellite-based internet, technolo-
gy is weaving a web that spans the
globe. This connectivity is not just
about fast internet; it's about link-
ing minds, resources, and oppor-
tunities. In rural areas, technology
is narrowing the information gap,
providing farmers with real-time
market data, and empowering
communities with knowledge that
was once out of reach.

2. Innovation in Sustainable
Solutions:

In the pursuit of sustainable devel-
opment, innovation takes center
stage. Breakthrough technologies
are offering solutions to age-old
challenges. From solar-powered

irrigation systems that revolu-
tionize agriculture to innovative
waste-to-energy projects trans-
forming urban landscapes, tech-
nology is proving to be a driving
force in the quest for environ-
mental sustainability. Innovation
in materials, energy, and resource
management is paving the way for
a more eco-friendly and resilient
future.

3. Fintech: Financial Inclusion on
Fast Track:

Access to financial services has
long been a bottleneck for develop-
ment. Enter financial technology,
or FinTech, a game-changer in the
world of finance. Mobile banking,
blockchain, and digital currencies
are tearing down traditional bar-
riers, offering financial services to
the unbanked and underbanked.
The innovation in FinTech is not
only facilitating transactions but
also opening doors to credit, in-
vestment, and economic empow-
erment for individuals and small
businesses.

4. Health Tech Revolutionizing
Well-being:

In the realm of healthcare, tech-
nology is proving to be a lifeline.
Telemedicine is bringing medi-
cal expertise to remote corners of
the world, wearable devices are
enabling proactive health moni-
toring, and artificial intelligence
is revolutionizing diagnostics and
treatment plans. The health tech

revolution is not just about curing
diseases; it's about preventive care,
personalized medicine, and ensur-
ing that healthcare is accessible to
all, regardless of geographical con-
straints.

5. Education for the Digital Age:
The future of development hinges
on education, and technology is
reshaping the way we learn. Vir-
tual classrooms, online resources,
and interactive learning platforms
are democratizing education. Ar-
tificial intelligence is tailoring ed-
ucational experiences to individu-
al needs, ensuring that no learner
is left behind. The integration of
technology in education is not just
about preparing students for the
workforce; it's about fostering crit-
ical thinking, creativity, and adapt-
ability.

Conclusion:

In the tapestry of development,
technology and innovation are the
warp and weft, weaving togeth-
er progress, inclusivity, and sus-
tainability. The key lies not just in
adopting the latest technologies
but in fostering a culture of con-
tinuous innovation. As we navigate
this evolving landscape, the chal-
lenge is not only to keep up with
the pace of technological change
but to harness its power for the
greater good. It's a journey where
every breakthrough, every inno-
vation, is a stepping stone toward
a more connected, sustainable, and
equitable world.
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Indian Horticulture’s Evolution and Future Pathways
Rishabh, Ujjwal Shrivastava and Deepa H. Dwivedi

Abstract
Indian horticulture has evolved
significantly, contributing substan-
tially to agricultural value addition
despite utilizing only 18% of agri-
cultural land. This article explores
the sector's journey, its current
status in producing 347.18 million
tons of diverse products, and its
pivotal role in the country's Gross
Value Addition (GVA). This article
provides an in-depth analysis of
the sector's evolution, key achieve-
ments, research focus areas, tech-
nological innovations, government
initiatives, and future prospects.

Key words: Indian Horticulture,
Productivity Surge, Global Stand-

ing, Research Focus Areas, Tech-
nological Innovations
Introduction

The Indian horticulture
sector has emerged as a pivot-
al contributor to the nation's ag-
ricultural landscape, leveraging
technological advancements and
research breakthroughs. This sec-
tor, utilizing only 18% of agricul-
tural land, contributes an outsized

Email: rishabhagmishra@gmail.com

33% to the agricultural value[1].
Its growth trajectory, exemplified
by 38.5% productivity surge from
2004-05 to 2021-22 [2], has posi-
tioned India as a global leader. This
section highlights the sector's vital
role in the economy;, its exponen-
tial growth, and its dominance in
global fruit, vegetable, and spice
production.

Current Landscape and Global
Standing

Despite occupying a small land
area, Indian horticulture yields a
remarkable 347.18 million tons
of produce, contributing 33% of
the gross value to the agricultural

GDP. India holds prominent posi-

.
SRy

tions globally, excelling in fruits,
vegetables, and spices production.
Notably, the export growth rates of
fresh and processed horticultural
produce stand at 14% and 16.27%,
respectively.

Research Focus Areas

Key research areas in Indian hor-
ticulture encompass genetic im-
provement, production technol-
ogies, post-harvest management,

30

sustainable crop health strategies,
and understanding physiologi-
cal and biochemical mechanisms.
These areas aim to enhance pro-
ductivity, quality, and resistance to
stresses, ensuring a robust agricul-
tural system.

Significant Research Achievements
Research institutions across India,
including CIARI, CPCRI, CTCRI,
IISR, NRCB, IIHR, among others,
have spearheaded groundbreaking
advancements. These include the
development of disease-resistant
crop varieties like the bacterial
wilt-resistant brinjal lines, inno-
vative pest detection using drones,

nutrient-efficient cassava geno-
types, and the creation of products
like nutraceutical banana squash.
These achievements significantly
contribute to sustainable farming
practices and enhanced productiv-

ity.

Significant Research Achievements
of different Institutes
Central Island Agricultural Re-
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search Institute (CIARI):

- Registered a bacterial wilt resis-
tant brinjal line (CARI Brinjal-1)
with NBPGR, New Delhi (INGR
12015).

- Identified it as a suitable root-
stock for grafting.

- Exhibits moderate drought toler-
ance.

Central Plantation Crops Re-
search Institute (CPCRI):

- Developed drone-based standard
operating procedures (SOP) for
spraying, along with recommend-
ed spray nozzles.

- Standardized drone-based detec-
tion methods for distinguishing
healthy and unhealthy palms.

- Created an acoustic device capa-
ble of identifying juvenile pests.

- Established suitable climate fore-
casting models for coconut cultiva-
tion. [4]

Fig.1- A bacterial wilt resistant
brinjal line CARI Brinjal-1-CIA-
RI

Fig.2-Drone-based SOP for spray
developed-CPCRI

Technologies and Innovations

Cutting-edge technologies such as
disease detection devices, tissue
culture advancements, and val-
ue-added products derived from
horticultural waste are revolution-
izing the sector. These innovations
reduce waste and elevate product
value, ensuring sustainable prac-
tices and economic viability.
Challenges and Future
Directions:

Challenges Faced

Challenges persist in meeting the
demands of a growing population
amidst declining land and water
resources, compounded by the
impacts of climate change. Ad-

dressing these challenges requires
a concerted effort towards conser-
vation, sustainable practices, and
innovation.

Future Thrusts and Strategies

The future trajectory of Indian hor-
ticulture hinges on effective man-
agement of genetic resources, tech-
nological advancements to meet
diverse demands, waste reduction
strategies, and the mainstreaming
of underutilized fruits. Precision
farming, digital horticulture, and
the integration of Al robotics, and
biofortification stand as pivotal
strategies to propel the sector to-
wards global recognition.

Government Initiatives

Government initiatives like the
Atmanirbhar Bharat Clean Plant
Program(An outlay of Rs. 2,200
crore to boost availability of dis-
ease-free, quality planting material
for high value horticultural crops),
Gati Shakti, and others underscore
a commitment to horticulture's
growth. Future thrusts aim at ef-
ficient genetic resource manage-
ment, technology-driven growth,
waste reduction, and export pro-
motion. (Union budget, 2023-24)

Conclusion

Indian horticulture stands at the
brink of unparalleled growth and
innovation. With continuous re-
search, innovation, and govern-
ment support, the sector is poised
to further elevate India's global
standing, ensuring food security,
economic growth, and sustainable
agricultural practices. In conclu-
sion, Indian horticulture remains
a cornerstone of the nation's agri-
cultural prosperity, characterized
by remarkable achievements, tech-
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nological prowess, and immense
potential for growth. Sustained
efforts in innovation, technology
adoption, and sustainable practices

are pivotal to realize its potential as
a global food hub.
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Plastic waste and its sustainable management through extended product

responsibility (EPR)

Anuj Saxena and Sanjay Kumar Garg*, Thakur Roshan Singh

Extended Product Responsibility
(EPR) is an environmental policy
placing responsibility on producer
for end of life management (collec-
tion, transportation, reuse, recycle
or disposal) of their product. EPR
is intended to incentivize producer
to design recyclable and reusable
sustainable product having low
waste generation. EPR implemen-
tation is an effective tool for plas-
tic waste management. Under EPR
producers are incentivize to design
low waste generating more sus-
tainable products. However, EPR
implementation has increased the
product cost to meet out its end of
life management. There is a need to
complement EPR with other means
like developing plastic alternatives,
reduction in plastic use, improving
waste management infrastructure
and increasing consumer aware-
ness to achieve circular and sus-
tainable economy.

The world is awash with plastic.
The massive increase in plastic
production, particularly single-use
disposable plastic and its wide-
spread mismanagement has built a
heap of plastic waste in our ocean,
sea, waterways and even the terres-
trial ecosystem. Plastic pollution
damages ecosystem, poses a threat
to biodiversity and ultimately affect
the blue planet up to much larger
extent (Barnes, 2019).

Initially, paper, wood, metals etc.
were used as a packaging mate-
rial. Being cheaper, plastic soon

became the first choice packaging
material even for common man.
The strength, flexibility and light
weight of traditional oil-driven
plastic have made them ideal ma-
terial for a large number of applica-
tions, including packaging, medical
devices, building, transportation,
etc. Majority of plastic is single-use
and throw-away culture has led to
the accumulation of plastic waste
and pollution (Narancic and Con-
nor, 2019). Plastic waste generat-
ed by different states in 2019-20 is
shown in figure 1. Maximum plas-
tic waste was generated by Maha-
rastra followed bv Tamilnadu and

years. There are reports detecting
plastic traces even in the human
blood samples (Leslie et. al., 2022).

The major concern about plastic
waste is its accumulation in land-
fills and natural habitat, ingestion
and entanglement by wild and do-
mestic animals, waste leach out,
pollution during burning etc. (Fig-
ure 3) (Thompson et. al., 2009).
People and organizations have
started evolving holistic approach
for its eco-friendly disposal. Ma-
terial reduction, EPR, increased
recycling capacity, reduction in
littering habit. adoption of ereen

State/UT wise Plastic waste Generation
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Punjab (Figure 1). Per capita plas-
tic waste generated during 2019-20
is depicted in figure 2. Goa, Delhi
and Kerala generate highest per
capita plastic waste while the least
plastic waste generating states are
Nagaland, Sikkim and Tripura
(Figure 2). With the excessive use
of plastic, its ill effects were soon
realized on different sphere of en-
vironment. Pollution has emerged
as one of the major killer in recent

chemistry based eco-friendly life
style can help in dealing with the
plastic pollution. India has gen-
erated 3.3 million metric tons of
plastic in 2019, out of which about
40% remained untreated (Chau-
han et. al., 2022). India being the
fifth largest generator of plastic
waste, strict implementation of
EPR is necessary to reduce plastic
footprint.
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Under EPR, the producer is respon-
sible for safe disposal of its prod-
uct after utilization through reuse,
recycle or buy back. Producer is
responsible for end of life manage-
ment of its product(s). It requires
producer to take responsibility for
the entire life cycle of their prod-
ucts, including their disposal. This
approach helps to incentivize pro-
ducer to design eco-friendly easily
recyclable products and to invest
in recycling infrastructure. It also
provides funding for the collection
and recycling of plastic waste, cre-
ating employment opportunities
and helping to reduce the envi-
ronmental impact of plastic waste.
Producer has liberty to transfer
this responsibility to third party.
EPR implementation increases the
product cost but safeguard the en-
vironment. Due to EPR producer
laid emphasis on development of
eco-friendly, more sustainable long
lasting product to reduce burden
on disposal cost.

Extended Products Responsibili-
ty (EPR) principle were officially
formulated by Lindhqvist in 1990
(Lindhqvist, 2000). Ministry of
Environment, Forest and Climate
Change has notified the ‘Guide-
lines on Extended Producer’s Re-
sponsibility for Plastic Packaging’
in schedule II of Plastic Waste
Management Rules through IV
amendment on February 16, 2022.
Under section 13(3) of the Plastic
Waste Management Rules (2016),
producers, importers and brand
owners (PIBOs) have to register in
CPCB/SPCB/UT EPR portal de-
veloped with intension of improv-
ing the accountability, traceability
and transparency of EPR obliga-
tions. PBIOS are responsible for
recycling, re-use and life disposal
through processing like waste to
energy, plastic to oil, road making,
industrial composting etc. Plastic

. - -' ’

S
N

man of India, Rajgopalan Vasude-
van, has developed an innovative
method to reuse plastic waste to
construct better, more durable and
cost effective roads. Green spaces
are one of the efficient solutions in
reducing the pollution (Haas et. al.,
2021).

UN member states have endorsed
an international legal binding ‘End
Plastic Pollution’ at UN Environ-
ment Assembly held at Nairobi on
March 2022. ]%I?,’R has emerged as

a viable option in dealing with the
plastic waste.

Importance of EPR

Encourage sustainable product de-
sign: EPR places the responsibili-
ty on producer for the end of life
management of its product(s), up
to their disposal. This incentivizes
producer to design easily recycla-
ble eco-friendly products to reduce
waste generation and environmen-
tal foot print.
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Job creation and economic op-
portunities: EPR can create jobs
and economic opportunities in
the recycling industry. This is be-
cause the collection and recycling
of products require labor and can
also create a market for recycled
materials. Third party manage-
ment of products by produces will
also create jobs.

Funding waste management pro-
gram: EPR often involve a fee paid
by producers for fund generation
to finance the collection and recy-
cling of their products. This fund-
ing can be used to support waste
management programs.

Reduction in environmental im-
pact of products: EPR reduces the
environmental impact of products,
as producer is incentivized to use
recyclable materials in sustain-
able way to reduce greenhouse gas
emissions and resource conserva-
tion.

Extended product responsibility
(EPR) for plastic waste manage-
ment in India: India generates sig-
nificant amount of plastic waste,
and much of it, ends up in landfills
and ocean, causing harm to the
environment and human health.
Extended product responsibility
(EPR) has become increasingly im-
portant in India for managing the
plastic waste.

Ministry of Environment, Forest
and Climate Change, Government
of India introduced the Plastic
Waste Management Rules (2016),
making it mandatory for produc-
ers to collect and recycle a certain
percentage of the plastic product
at the end of its life. Ministry has
notified the Plastic Waste Man-
agement (Amendment) Rule 2018
to phase out non- recyclable multi
layered plastic (MLP). Ministry of
Environment, Forest and Climate
Change announced the Plastic
Waste Management (Amendment)

Rule 2022, which notified the in-
structions on extended producer
responsibility (EPR) for plastic
packaging.

The framework sets guidelines for
collection and recycling of plas-
tic waste and outlines the role and
responsibilities of various stake-
holders. Several states in India (e.g.
Maharashtra and Tamil Nadu)
have also implemented their own
EPR programs for plastic waste. A
concrete implementation of EPR
has not visualized so far at ground
level. Still we have to go a long way.

nal of Experimental Biology and
Agricultural Sciences 10(3): 456-
473.

Haas, W. D., Hassink, J. and Stu-
iver, M. (2021) The role of urban
green space in promoting inclu-
sions: Experiences from the Neth-
erland. Frontier in Environmental
Science 9: 618198.

Leslie, H. A., Velzen, M. J. M.,
Brandsma, S. H., Vethaak, D. A,,
Garcia-Vallejo, J. ]. and Lmoree, M.
H. (2022) Discovery and quantifi-
cation of plastic particles pollution
in human blood. Environment In-
ternational 163: 107199.

State-wise Plastic waste generation (per Capita for 2019-20)
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Overall, EPR is a valuable tool in
managing plastic waste sustain-
ably. It encourages producer(s) to
take responsibility for their prod-
ucts, reduces the environmental
impact of plastic waste, and cre-
ates opportunities for innovation
and investment in recycling in-
frastructure. However, it requires
cooperation from all stakeholders,
including producers, consumers,
and governments for visualizing
any transformational change in the
long run.
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Plant associated rhizospheric microorganisms mitigate abiotic stresses

Ajay Kumar Singh1l, Padmanabh Dwivedi2* and Omkar Singh3

Abstract

In the present circumstances, sud-
denly changing environmental fac-
tors adversely affect agricultural
productivity. Plants face tremen-
dous changes during prolonged
periods of extreme environmental
events such as droughts, floods,

and heavy metal stress that affect
their biological systems, affecting
growth and development. Plants
associated beneficial microorgan-
isms establish a mutualistic rela-
tionship with the host plant that
not only contribute to the nor-
mal growth and development of

role in the maintenance of plant
homeostasis during abiotic stress
conditions. As we all know, the
interaction between rhizospheric
microorganisms and plants is crit-
ical for sustainable agriculture and
ecosystems. We can achieve sus-
tainable agricultural practice by in-

En hance Promote plant

availability of water growth by
and minerals solubilization of
Atmospheric phosphorus,
nitrogen fixation potassium and
Siderophore

Enhance ACC
deaminase activity

Suppressing rtungal
and bacterial
pathogens through

F{ N aduition

Production of Phyto-
hormones- Auxin, GA3, CK
etc.

Producing organic and
bioactive substances

heat waves, frost damage, salinity plants but also play an important corporating plant-microorganisms
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as a positive technological tool.
The rhizospheric microorganisms
associated to the host plant miti-
gate abiotic stress through various
mechanisms such as antioxidants,
phyto-hormones, bio-active com-
pounds, detoxification of toxic
substances, reducing the effect of
reactive oxygen species and oth-
er free radicals. A deeper under-
standing of the functions of plant
microorganism will be useful
for abiotic stress management in
plants and development of stress
resistant crops.

Introduction

Plants adapt different strategies
to survive under adverse environ-

environmental conditions.The
beneficial microorganisms associ-
ated with the crop plants are in a
symbiotic relationship and mutu-
ally promote plant health, growth
and development. It also offers
various benefits to plants through
fixing atmospheric nitrogen into
the soil, enhanced availability of
water and minerals, producing
organic and bioactive substances,
producing plant growth promot-
ing phyto-hormones, detoxifying
injurious chemicals substances i.e.
herbicide, pesticides and other tox-
ins, thus reducing plant diseases by
suppressing fungal and bacterial
pathogens - all these have been re-

V

and nutrient
> Increase soil

by EPS

> Uptake of water

moisture content

> ncrease
antioxident
enzyme activity

> ncrease

chlorophyll

the low and excess precipitation
leading to drought and waterlog-
ging stress, respectively, and salini-
ty and alkalinity stress produced by
soil parant material and indirectly
through mismanagement or hu-
man intervention to cause green-
house effect by increasing carbon
dioxide concentration in the atmo-
sphere, resulting in heat stress.
Drought stress: causes and its mit-
igations

Drought stress is an environmen-
tal abiotic factor that takes place by
decreased rainfall, increased rate
of evaporation, soil aggregation,
leaching of available soil mois-
ture, solubility and diffusion of

mental conditions and have in-
credible abilities to tolerate and

acclimatize to abiotic stresses
through gene expression mediated
by stress signaling.The microor-
ganisms present in the rhizosphere
of plant play an important role to
maintain plant homeostasis and
support the plants during adverse

ported in several crops during un-
favourable environmental condi-
tions (Upadhyay et al., 2022). There
are many types of abiotic stresses
around the world due to global
warming and climate change that
adversely affect the plant’s growth
and development. These abiotic
stresses are directly generated from
36

>Change of ion
concentration in plant
tissue by modifying
expression of HKT
transporter

> ROS detoxification

> Increase nutrient
uptake

> Increase antioxident

enzyme activity

B

nutrients into the soil and micro-
bial activities. The production of
severe drought stress leads to yel-
lowing, discoloration, leaf burning
and wilting in plants, reduces the
rate of photosynthesis, decreases
the rate of germination, shorten-
ing the time for reproduction and
changes in the composition and
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amount of root exudates in plants.
Plants have inherent capacity to act
in response to drought stress and
they try to manage the damage by
complex mechanisms. Plants asso-
ciated beneficial microorganisms
like Trichoderma Pseudomonas,
Bacillus amyloliquefaciens count-
er and regulate the drought stress
by closing stomata, decreasing the
surface area of leaves and increas-
ing the plant root growth indirect-
ly and directly by secreting variety
of chemicals substances including
phyto-hormones, osmoprotectants
and antioxidants to decrease the
concentration of reactive oxygen
species (ROS) causing free radi-
cal damage which increase plant
drought tolerance, solubilizing
mineral nutrient, increases ACC
deaminase activity to support the
plant for better growth and devel-
opment (Table 1).
Salinity stress: causes and its mit-
igation

Salinity is considered an
important environmental factor
that affects crop production and
agricultural sustainability in many
regions worldwide as it diminish-
es the productivity of the affected
land. Salinization can be either nat-
ural or human-induced, become
visible on irrigated and non-irri-
gated soils, generally, in arid and
semi-arid environment where eva-
po-transpiration exceeds precip-
itation or where drainage is very
poor. Salinity generates osmotic
stress thereby reducing nutrient
availability and microbial diversi-
ty, organic matter content, organic
carbon dissolved in soil, disrupts
nutrient balance in plant, reduces
chlorophyll content, leaf area, pho-
tosynthetic efficiency and negative-
ly influence intracellular K+ trans-
location. Salinity stress also affects
various cellular enzymes partici-
pating in nitrogen metabolism and

amino acid synthesis that induced
oxidative stress by accumulating
reactive oxygen species, which can
damage plant cells. Plant microor-
ganisms develop several approach-
es to avoid salinity stress by the
production of osmolites, synthesis
of extracellular proteases, and ac-
tivation of Na+/H+ antiporters.
They stimulate the production of
plant growth substances like auxin,
cytokinin and gibberellins. Plant
growth-promoting rhizobacteria
(PGPBs) release ACC deaminase
which decreases the concentra-
tion of ethylene by converting into
ammonia (Chauhan et al., 2022).
In response to abiotic stress, mi-
croorganisms produce biofilms,
which protect the roots from dam-
age. Several types of highly sol-
uble organic substances such as
sugars, sugar alcohols, amino acids
and tetra-hydropyrimidines are
formed by bacteria that alleviate
the osmotic pressure of plant cells
under salinity stress (Tablel).

Table 1 Effects of various microor-
ganisms in reducing abiotic stress
and improving plant stress toler-
ance.
Waterlogging: causes and its miti-
gation

Waterlogging is also an im-
portant abiotic factor in the low-
land areas, where the rainfall is
very high leading to reduction of
proper gas exchange between plant
tissues and the atmosphere, initial-
ly leading to a state of hypoxia (low
oxygen) and then leads to anoxia
(complete absence of oxygen). If
waterlogging remains in the soil
for a long time, it causes inhibition
of root respiration and reduces en-
ergy production through catabo-
lism. Waterlogging causes wilting
of leaves, chlorosis, epinasty, clos-
ing of stomata, reduced photosyn-
thesis and changes in carbohydrate

37

partitioning, disruption of cell
membranes, altered rate of respi-
ration, degree of mineral uptake,
growth regulator relationships and
other consequences of plants un-
der waterlogging stress. Plant asso-
ciated beneficial microorganisms
Pseudomonas putida, Pseudomo-
nas veronii KJ protect the plant by
production of phyto-hormones,
osmoprotectants, increased activi-
ty of ACC deaminase, production
of bio-films like EPS on the root
surface, detoxifying the reactive
oxygen species to overcome the ef-
fect of waterlogging in plants (Ta-
blel).

Heat stress: causes and its mitiga-
tion

Heat stress produced by
continuous release of green house
gases and trapped solar radiation
in stratosphere leads to changes in
various plant metabolic processes
such as decrease in cell water con-
tent, cell size and plant biomass,
decreasing rate of photosynthesis
and respiration. Severe heat stress
leads to scorching and discolor-
ation of leaves, fruits, and other
parts of the plant. It also leads to
the modification of bio-molecular
substances, alteration of phyto-
hormone signaling, denaturation
of proteins and change of fluidity
and permeability of cellular mem-
branes, increase the deposition of
reactive oxygen species (ROS) re-
sulting in membrane depolariza-
tion and induction of programmed
cell death. There are several reports
that rhizospheric PGPM such as
Bacillus safensis and Bacillus cere-
us develop plant thermo-tolerance
by the production of phytohor
mone like IAA, gibberellins, and
cytokinins, nitrogen fixation, nu-
trient mobilization and uptake by
the plants, ROS detoxification and
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production of heat shock proteins (HSPs)leading todecrease plant cellular damage and enhanced plant growth

Microorganisms Host Plant Activity of Micro- | Effect on Host References
organisms Plant
Drought Stress
Trichoderma and Oryza sativa | production of antiox- Promotes develop- | Singh et al. (2020)
Pseudomonasn L idant enzymes such as ment of plants
peroxidase glutathione
peroxidase ascorbate per-
oxidase and glutathione
Bacillus amyloliq- [ Pennisetum | Reduced expressions of | Promotes growth of the | Murali et al.
uefaciens glaucum L. DREB-1E (drought-re- | plants (2021)
sponsive) and ERF-1B
(ethylene-responsive)
Salinity Stress
Bacillus pumilus Oryza sativa |IAA, ACC deaminase, Increased plant height, | Ben Mah-
L. P-solubilization, proline | plant fresh, and dry moud et al.
aggregation, and EPS weight, chlorophyll and | (2020)
production carotenoids content
Rhizobium mas- Capsicum TIAA, ACC deaminase Plant height, weight, Hahm et al.
siliae annuum L. and siderophore produc- |[and chlorophyll contents | (2017)
tion significantly enhanced
Waterlogging Stress
Pseudomonas ve- | Sesamum ACC deaminase, pro- Leaf chlorophyll fluores- | Sajid Ali et al.
ronii KJ indicum L. duction of antioxidant, cence signals, concentra- | (2018)
phytohormones, tion of chlorophyll, root
and shoot length, and
fresh and dry biomass
Pseudomonas Brassica ACC deaminase, pro- Germination percent- Farwell et al
putida napus duction of antioxidant, [ age, shoot length, plant | (2007)
phytohormones, biomass,
Heat Stress Stress
Bacillus cereus Solanum Raising osmolytes, Enhanced growth of Mukhtar et al.
lycopersicum | antioxidant enzyme and | plants (2020)
L. phytohormones, produc-
ing ACC-deaminase and
exopolysaccharide
Bacillus safensis Solanum production of antioxi- Regulates heat stress Mukhtar et al.
lycopersicum | dant, phytohormones, (2022)
L.
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Conclusions

Rhizospheric soil microorganisms
provide protection to the host
plant from an abiotic stress because
the metabolic ability of the micro-
organisms is very high and it in-
creases the metabolic potential of
the plants to obtain nutrition and
develop tolerance against environ-
mental stress. The microorganisms
are dynamic and its organization
aims to reduce the degree and du-
ration of abiotic stress, thus man-
aging ill effects of abiotic factors.
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Insect-pest challenges in Ashwagandha cultivation: identification and

management strategies

Saurabh Tiwari, Amir Khan, Sonveer Singh*, Dipender Kumar, Amit Kumar Tiwari

Introduction

Ashwagandha holds significant
value in Ayurvedic medicine. It
is commonly referred to as Gin-
seng, poison Gooseberry or winter
cherry. This is an evergreen shrub
characterized by its elongated tu-
berous roots. It thrives in arid
and sub-tropical region, extend-
ing from south Africa to middle
east India and china. The principle
states in India that produce ashwa-
gandha include Rajasthan, Punjab,
Haryana, Uttar Pradesh, Gujrat,
Maharashtra and Madhya Pradesh.
Ashwagandha thrives in sandy
loam or light red soil with pH level
ranging from 7 to 8, provided there
is an effective drainage system in
field. Black soil or similarly dense
soil is ideal for cultivating this crop
under rain fed condition. It thrives
particularly well as a late rainy sea-
son crop. Region with a semitrop-
ical climate that receives between
500mm and 750mm of rainfall
are conducive to its cultivation in
a rain-fed manner. This plant can
grow at elevations ranging from
sea level up to 1500 meters above
sea level.

Astonishing use of Ashwagandha

. The entire plant or
various components are utilized
for their medicinal benefits.

. Since ancient time
and continuing to the present the
roots of Ashwagandha have been
employed as adoptogen, diuretic &
sedative.

. It is utilized for a

range of treatments primarily serv-
ing as nerve tonic.

. Leaves are utilized
for all existing inflammation and
swelling in joints.

. The juice extracted
from leaves is beneficial for treat-
ing conjunctivitis.

. Bark decoction is
utilized for the treatment of asth-
ma.

. Its extracts are uti-
lized in the formulation of herbal
tea, powder, tablets and syrup.

. Various = compo-
nents of the plant including the
leaves and fruits have been utilized
for their properties as a pain reliev-
er, memory enhancer, antineoplas-
tic agent, anti microbial agent and
anti-inflammatory agent.

. As a potent adopto-

gen, Ashwagandha strengthens the
body’s ability to withstand stress.
It enhance the immune system’s
cell-mediated response thereby im-
proving the body’s defence against
illness.
Major Pest of Ashwagandha: De-
spite having growing demand of
ashwagandha in the market, its
production is being hampered by
a number of pests which are men-
tioned below:

L. Hadda/spoted bee-
tles (Henosepilachna vigntiocto-
puntata): It belong to order cole-
optera and family Coccinellidae.
Their eggs are cylindrical and yel-
low in color, the grubs are of yel-

low color and have six longitudinal
rows of spines and pupa are yellow
in color with spines on posterior
part and anterior portion being
devoid spines and the elytra of an

adult display 14 deep red spots on
each wing cover. The symptoms
occur when both the adult and
grub stage of insects cause damage
to the plants by scraping the epi-
dermis. Beetle infection caused the
leaves to become completely skelt-
onizes as the plant grew. Ultimate-
ly, ashwagandha plant dried up and
wilted. The male & female adults
survived for an average of 21-25
days and 28-32 days, respectively
with 7 generations per year.
Integrated pest management

. Remove and elim-
inate the egg clusters, grubs, pupa
and adult beetles to prevent the in-
crease in population.

. Gently agitate the
plant in early morning to dislodge
grubs, pupae and adult beetles,
and subsequently filled with kero-
sene-infused water .

CSIR-Central Institute of Medicinal and Aromatic Plants, Research Center, Pantnagar-263149 (Uttara-

khand)
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. Use light traps @1/
hac to attract and kill the beetles.
Bird perches @10/acre should be
erected for facilitating field visits of

predatory birds.
. The application of
entomopathogenic ~ microorgan-

ism, specifically Aspergillus flavus
and Bacillus thuringiensis, has
been suggested as a strategy for
managing pest population.

. In the event of se-
vere infestation it is recommended
to apply one of the following insec-
ticides. Neem oil at 5%, Carbaryl
(0-5%) at the time of initiation of
infestation and repeat after fort-
night if infestation persists.

2. Phenacoccus solenopsis:

It is also known as the cotton
mealynug or solenopsis mealybug,
belong to the family Pseudococci-
dae and the order Hemiptera. The
body appears yellow-grey but it is
mostly concealed by the waxy se-
cretions that envelop it, although
the segmentation remains visible.
A darker transverse bar is present
on the dorsal surface. Additionally,
there arel8 pair of extremely short,
lateral wax filament. Cottony ma-
terial help protect them from ex-
cessive heat and moisture loss.
The presence of this mealybug in-
festation on Ashwagandha results
in plant stunting, yellowing, dis-
tortion, and premature shedding

of leaves, while the existence of
sooty mold hinders photosynthe-
sis. Mealy bug are recognized for
enticing ants with their sweet se-
cretion (honey dew), and ants aid
in the dissemination of mealybug.

Integrated pest management

. Managing Mealy-
bug frequently requires managing
caretaking ants, which play a cru-
cial role in the growth of mealybug
population. In the absence of ants,
mealybug reproduce at a slower
rate and struggle to spread to new
locations resulting in a reduced
risk of severe mealybug infestation.

. It is important to
clear all crop residues including
ants from previously infested fields
and burn them to eliminate any
potential mealybug populations.

. Leaving crop re-
sides and grass in the field can lead
to mealybug infestation in the new
crop.

. Effective manage-
ment of infestation can be achieved
through the introduction of biolog-
ical control agents such as Crypto-
laemus montrouzieri (Australian
Ladybird), Anagyrus pseudo cocci
spp. Verticillium lacanii and Beau-
veris bussiana.

. Under severe cause
of infestation spray plants with
dimethoate (0.05%) or Acephate
(0.125%) could be as emerge as
effective measure for pest preven-
tion.
3.Acrosternum hilaris:

It is also known as the green stink
bug, belong to the family Pentam-
oidae and the order Hemiptera.
The typical color of green stink bug
is bright green often with narrow
yellow, orange or reddish edges.
This bug is large, shield -shaped
and has an elongated oval body,
measuring between 13 and 18mm
in length. The stink glands on the
underside of the thorax extend
more than halfway to the edge of
the metaluron in both adult and
nymph. Both the adult and nymph
were observed to feed on the sap of
the leaves, buds, and young shoots
of plant, resulting in the shriveling
of berries.

Its damage adversely affect seed-
ling, inhibits the growth plants,
causes leaves to wilt, and results in
the appearance of superficial spots
and pits. Additionally, fruit may
either drop prematurely, or fail to
develop entirely.

Integrated pest management

. The removal of al-
ternative host broad leaf weeds,
particularly legumes from the or-
chard will aid in management en-
deavors.

. Insecticides must
be applied at the right time to elim-
inate immigrating adult.

. Tnchidfly (Trichop-

oda pennipes) and parasitoid
wasps parasitize the stink bug spe-
cies.
. The green stink bug utiliz-
es the pheromone methyl (E,Z,Z)
-2,4,6 decartrienoate in its com-
munication process, which could
potentially lure the bug away from
agricultural areas.
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4. Tetranychus urticae:

It is also known as the red spider

mite and two-spotted spider mite.
It is a plant feeding mite species
that is commonly recognized as a
pest. This mite belongs to the fam-
ily Tetranychidae and the order
Trombidiformes, which is barely
visible without the aid of magnifi-
cation. It appears as reddish, yel-
low or black spots on plants. Adults
female typically measure around
0.4 mm in length, and mature
mites occasionally produce a fine
web on the upper and lower sides
of leaves. Withania somnifera in
India is most commonly affected
by this pest. The insects deposits its
eggs on the leaves, posing a danger
to host plants as it feeds on cell
contents, resulting in small pale
spots or scare where the green epi-
dermal cells have been consumed
one by one. An onslaught of hun-
dreds or thousands of mites has the
potential to result in thousands of
lesions, ultimately leading to a sig-
nificant decrease in the photosyn-
thetic capacity of plants. Severe in-

festation leads to yellowing and

stunting of plants, chlorosis on the
leaves is a visible sign of damage
resulting from the mites feeding
activity.

Integrated pest management

. Washing the leaves
during the middle of season can
assist in decreasing the likelihood
of spider mite population rapidly
increasing.

. Biological control
agents after a highly efficient alter-
native to pesticides such as Phyto-
seiulus persimilis has proven to be
effective in controlling T. urticae
through biological means.

. Field trials demon-
strated that spider mites could
be efficiently managed by apply-
ing omite (Propargite) at a rate of

1mL/litter of water and morroside

It is also known as the chickpea
pod borer, shoot and fruit borer
and cotton bollworm belong to
Noctuidae family and Lepidoptera
order. The larva display a greenish

hue with light gray and dark brown
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marking running along the sides of
its body. The adult moth has a me-
dium size and is brown with a
V-shaped black border on the hind
wing. Newly emerged larvae con-
sume tender plant shoots. The lar-
va penetrates the shoot and fruit at

during more advanced phase.

Integrated pest management

. Spring trap crops
have proven to be an effective
method for managing caterpillar
population.

. Trichograma chilo-
nis should be released in the field

at a rate of 5cc/hac, spray applica-
tion of NPV @250LE/hac and set-
up pheromone trap @12/hac.

. Apply
75% sp780gm/hac or Azadirachtin

Acephate

0.03% EC 500ml/hac or Chlorpy-
riphos 20%EC 1250ml/hac or
Emamectin benzoate 5%SG 190-
220gm/hac.

. Eliminating addi-

tional hosts within crop field and



It is also known as cut worms.This
cut worm belong to the Noctuidae
family and Lepidoptera order. Re-
cently emerged larvae consume the
epidermis of leaves and delicate
seedling. Mature larvae emerge
during the night to consume young
plant by severing their stems. The
larvae display a dark brown hue
with a red head, while the adult
show cases a brown coloration

with dark spots on its wings.

Integrated pest management

. Cutworms are not
often targeted by diurnal predators
due to their nocturnal behavior
and soil dwelling nature.

. Ground beetle, soil
fungi and nematodes could con-
tribute to controlling the popula-
tion of cutworms.

. Collect the caterpil-
lar by hand and dispose of it.

. Spray neem seed
kernal extract (NSKE) 5%.

. Apply synthetic py-

rethroid insecticides like Deltame-

thrin or Cyfluthrin or bifenthrin or
permethrin or Lambda - cyhalo-
thrin are highly effective in mini-

mizing harm caused by cutworms.

Conclusion: Ashwagandha has
many medicinal properties. There-
fore, its demand in the market is
increasing day by day. But a num-
ber of pest listed above are causing
severe damage to the plant which
ultimately results in yield loss.
That's why through effective pest
management we can reduce the
crop loss and meet the growing
demand. Apart from this, a disease
and pest free crop increases the
value of products and thereby in-

come of the farmers.
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Environmental and Health Impacts of Uranium Mining in Jadugoda,

Jharkhand

Shubham Abhishek 1,2, Bhanu Pandey1,2*

Abstract

The uranium mines in Jadugo-
da and the surrounding areas
of the Singhbhum thrust belt in
Jharkhand State are currently active
mines in India. These mines play
a crucial role in providing fuel to
nuclear power plants. From 1968,
Uranium Corporation of India
Limited (UCIL) began its uranium
mining and processing operations
in Jadugoda, that is predominantly
inhabited by tribal communities.
Radiation exposure resulting from
uranium mining and processing
in Jadugoda, has been a concern
for the last two decades. Organiza-
tions such as Tharkhandi Organi-
zation against Radiation' (JOAR)
were founded in Jadugoda and be-
gan to protest and accuse UCIL of
neglecting public health concerns.
They have discovered information
about individuals experiencing
physical deformities, tuberculosis,
cancer, and previously uniden-
tified illnesses occurring among
the population in and around the
uranium plant. These symptoms
were attributed to the effects of ra-
diation. Tailing ponds also causes a
substantial release of harmful gases
and nuclear radiation, resulting in
the pollution of water, vegetation,
soil, and ultimately, the food chain.
This article provides a concise
overview of the uranium mining,
ore processing, and waste manage-
ment operations in jadugoda.
Keywords: Uranium mines, Jadu-

goda, Radiation, exposure, Tailing
ponds

1. Introduction

The Indian government has taken
measures to significantly expand
the nuclear power capacity from
7480 MW to 22480 MW by 2031-
32 (Sharma, 2023). It is said that
progress comes at a cost, the price
of the expansion is in the eastern
state of Jharkhand, in Jadugoda.
Jadugoda, situated at 22°65°60.15”
N 86°35'28.82” E, is a census town
situated in the Musabani block in
the Ghatshila subdivision of the
East Singhbhum district in the
Indian state of Jharkhand. In the
native sadri language, Jadugoda
means "the land of magic." It used
to be a beautiful region with deep
woods, little villages encircled by
hills, and industrious tribal people.
The inhabitants of Jadugoda are
experiencing severe adverse effects
because of industrial progress, fac-
ing significant challenges to their
well-being and self-sufficiency
(Sonowal, 2020).

The Uranium Corporation
of India Limited (UCIL), which
was founded in 1967 as a public
sector enterprise under the admin-
istrative supervision of the Depart-
ment of Atomic Energy, is respon-
sible for carrying out indigenous
uranium extraction in India. The
primary goal of UCIL is to mine
and process uranium ore in order
to produce uranium concentrate.
The extracted ore is processed at
the Jaduguda Mill, where it under-

goes crushing, wet grinding, and
leaching to extract uranium, which
is finally precipitated and dried as
yellowcake. In 1968, UCIL began
operations in Jadugoda, where it
mined and processed uranium
ore. The ore is extracted and sup-
plied into the Jadugoda processing
facility from three underground
mines: Bhatin, Narwapahar, and
Jadugoda, all within a close prox-
imity of approximately 22 km from
Jaduguda. The low-grade uranium
ore (0.1% U308) from all of these
mines is currently processed at the
Jaduguda mill. The Jadugoda Ura-
nium Mining and Plant was con-
structed on terrain that was once
inhabited by indigenous people.
On the tribal people's agricultural
fields, three tailing dams have been
built. There are over a hundred
thousand tons of nuclear waste
stored in the tailing ponds of Ja-
dugoda. This waste produces a sig-
nificant amount of toxic gases and
nuclear radiation, which has led to
contamination of the water, vegeta-
tion, soil, and ultimately, the food
chain. It is important to note that
nuclear waste can remain radioac-
tive and dangerous for an extreme-
ly long time. The region's ecology
and human health have been sig-
nificantly impacted by the urani-
um tailing ponds at Jadugoda. The
land and water around the ponds
are apparently contaminated to a
level 10 to 100 times greater than
normal by the radioactive waste
(Nayan, 2015).

1 CSIR-Central Institute of Mining and Fuel Research, Barwa Road Campus, Dhanbad, Jharkhand,
826001, 2 Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, Uttar Pradesh- 201002
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2.0 Uranium Tailing Ponds in Ja-
dugoda

Jaduguda has three valley dam-
type tailings ponds. The first and
second tailings ponds (I and II),
which have surface areas of around
33 and 14 hectares, respectively,
are situated next to one another in
a valley that has hills on three of its
sides and artificial embankments
on the side that drains naturally
downstream. These two contain-
ment ponds for tailings are almost
tull and prepared for closing. The
third tailings pond (III), which
is now in operation, is around 30
hectares in surface area. These tail-
ings ponds have very low perme-
able bedrock and overlying soil.
The tailings ponds did not enclose
properly by any fencing to pre-
vent unauthorized entry (Jha et al.,
2016).

The tailings include fine-grained
primary and secondary minerals
in solid phases. Primary miner-
als include silicate minerals like
quartz, feldspar, and clay as well as
any residual sulfides that have re-
sisted leaching in the mill and have
remained mostly unchanged. Re-
agents applied during processing
and neutralization cause ore spe-
cies to precipitate, forming second-
ary minerals such as Ca sulfate and
Fe oxyhydroxides. The tailings' fine
fraction, which includes colloids,
is mostly composed of clay, sul-
fate salts (such as barite (BaSO4)
and gypsum (CaSO42H20), and
oxyhydroxides of Fe, Al, Mn, and
Si. The tailings also contain sig-
nificant amounts of hazardous
elements such as arsenic, lead,
vanadium, along with radioac-
tive substances from the decay of
uranium-238(Radium 226, Radon
222, Thorium 230) (Tripathi et al.,
2008). (Fig.1)

2.1 Ecological Effect due to Urani-
um Waste in Jadugoda
Improperly disposing of mill tail-
ings without liners during the ear-
ly decades of uranium mining has
resulted in significant contamina-
tion of soils, surface waters, and
groundwater.
The primary source of the radia-
tion hazard from tailing ponds is
222Rn and its daughter products
(Panigrahi et al., 2018). Waste dis-
posal practices in Jadugoda, such
as the creation of tailing ponds,
have been found to be hazardous,
causing significant ecological harm
and putting local communities at
risk as they depend on these natu-
ral resources for their daily neces-
sities. The region has experienced
a decrease in biodiversity due to
the negative impact of toxic waste
on the local plants and animals. In
addition, there have been signifi-
cant findings of elevated radioac-
tivity levels in the environment,
which are further contributing to
the deterioration of the ecosystem
(Khan et al, 2002). Radioactive
particles may fly airborne and set-
tle over a large region when tailings
are exposed to wind and weather-
ing, contaminating the surround-
ing plants and soil (Kossoff et al.,
2014). This may hinder the devel-
opment of plants, lower agricultur-
al yield, and endanger the health of
people and animals if polluted dust
is inhaled or consumed.
Storing waste rock after uranium
mining has been found to raise
the levels of heavy metals in the
surrounding soil (Mandeng et al.,
2019). This can result in soil con-
tamination and the absorption
of these metals by plants, causing
disturbances to the local plant and
animal life. Uranium tailings have
a negative impact on water quality.
When erosion and seepage occur
46

from tailings ponds, it can result in
the transportation of harmful sub-
stances such as radionuclides and
heavy metals into the surround-
ing water bodies (US National
Research Council, 2011). This,
in turn, has a significant impact
on the delicate balance of aquatic
ecosystems. These pollutants have
the ability to build up in sediments
and accumulate in aquatic organ-
isms, which can then make their
way into the food chain and have
an impact on fish, birds, and mam-
mals

The failure of disposal sites can
have a profound effect on the envi-
ronment. There are multiple ongo-
ing concerns that require attention.
These include the release of radio-
active dust from dry tailings, the
erosion of tailings from the con-
tainment structure, and the dis-
charge of effluent. There have been
numerous incidents involving
active and inactive tailings dams,
with most of them being caused by
slope instability, seepage, overtop-
ping, and earthquakes (Strachan,
2002). For instance, an incident
occurred at a uranium tailing’s fa-
cility in Church Rock, New Mexi-
co, where a dam wall was breached.
This resulted in the release of a
significant amount of radioactive
water and contaminated sediment.
The incident had a wide-reaching
impact, affecting approximately
110 km of the Rio Puerco (Sonow-
al, 2020).

3.0 Understanding the Health Haz-
ards of Radiation in Jadugoda
Citizens of Jadugoda are at risk
of radioactivity through various
channels. The mining and mill-
ing activities involving uranium
generate dust and release radon
gas, which miners inhale, leading
to internal irradiation. Uncov-
ered trucks transport uranium ore
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on bumpy roads, resulting in the
deposition of radioactive debris
along the roadside. Uncovered and
unlined ponds are used to dump
the mine's tailings, resulting in the
emission of radon gas and gamma
radiation, which retain a high per-
centage of the original radiation
(Landa, 2004). The villages located
near the tailing ponds experience
the most severe impact. Through-
out the dry season, the villages are
affected by the blowing dust from
the tailings and in the monsoon

season the radioactive waste is re-
leased into the nearby creeks and
rivers. This leads to additional in-
ternal radiation exposure as villag-
ers unknowingly use the contami-
nated water for washing, drinking,
and even fishing in the nearby
ponds (Sonowal and Jojo, 2003).

Uranium tailings have the po-
tential to significantly affect the
health and fertility of soil (Chen
et al, 2021). Radionuclides and
heavy metals have the potential to
disrupt soil chemistry, which can

negatively impact the ability of
the soil to sustain plant life (Cher-
nysh et al.,, 2024). These changes in
vegetation patterns can have a sig-
nificant impact on the local wild-
life, which relies on these plants
for both food and habitat. When
it comes to contaminated soils,
there is a potential risk to human
health if they are used for agricul-
ture. This is because crops grown
in these soils have the ability to ac-
cumulate harmful substances.

Table 3.1: Components of Uranium waste and asso-

ciated Health Issues

Element Effects Target Organ

1 Uranium Kidney damage, birth defects, fibrosis, | Lung, bone, stomach, brain
liver damage and nervous system and skin.

2 Radium Bone and blood effects at very high Eye, breast, liver, kidney and
levels. nervous system.

3 Radon Lung pulmonary fibrosis at very high Liver, bone, pancreas,
levels. lymph.

4 Vanadium Birth defects and inhibition of key cellu- | Kidney, central nervous
lar enzymes. system

5 Arsenic Causes hyper-and hypo-pigmentation | Lung, skin, liver, bladder,
and hyperkaratosis of the skin. Toxic to [ and kidney
the nervous system, can cause jaundice
(liver)

6 Magnesium Neropsychiatric disorder (similar to | Liver, Lung
Parkinson’s disease), liver and lung dam-
age. Decreased male fertility.

7 Beryllium Lung disease (berylliosis), skin hyper- Lung
sensitivity, immunological changes, and
kidney damage.
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Based on a study conducted by
a team from Indian Doctors for
Peace and Development (IDPD)
in 2007, there has been a notable
increase in the occurrences of con-
genital deformities among infants,
higher rates of sterility, and a rise
in cancer-related deaths in Jadugo-
da. Studies have shown a concern-
ing decrease in life expectancy for
individuals residing in close prox-
imity to the mines. Shockingly,
a staggering 68.33 percent of the
population is experiencing pre-
mature mortality before reaching
the age of 62. A recent study con-
ducted by researchers from Kyoto
University in Japan has uncovered
alarming levels of uranium con-
tamination in the vicinity of a tail-
ing pond and along the stream that
transports the tailing waste to the
nearby Subernarekha river.

It was also discovered that there
are elevated levels of radiation on
the roads used for transporting
uranium ore to the mill in Jadugo-
da (Koide, 2004).

Laxmi Das, a Jadugoda native,
has lost five infants within a week
of their birth and had three mis-
carriages. Upon learning that her
ninth child, Gudia, had cerebral
palsy and would need bed rest for
the rest of her life. In 2012 Gudia’s
death, leaving her memories
scarred. Many women in the east-
ern Indian state of Jharkhand share
Laxmi's suffering in Jadugoda, a
place rich in uranium. Anyone can
find a relevant example by refer-
ring to the video evidence avail-
able at (https://www.youtube.com/
watch?v=b2DOfnqFNbQ&t=3s).

The issue of radiation first gained
attention in Jadugoda when the
Indian Federation of Trade Union

(IFTU), a labor wing of the Com-
munist Party of India (Marxist Le-
ninist), advocated for "radiation
allowances" for workers who were
exposed to radioactive rays in 1979.
Despite the unsuccessful strike
in 1979, it sparked a newfound
awareness among educated trib-
al youth who had previously been
indifferent to the harmful effects
of radiation on the Adivasis living
in Jadugoda. In 1989, a group of
prominent members from the All-
Jharkhand Students Union (AJSU)
decided to break away from the
organization and establish a new
group called Jharkhand Adivasi
Berojgar Visthapit Sangh (JABVS),
also known as the Jharkhand Trib-
al Unemployed Displaced Com-
mittee. They initiated a separate
movement to address the issues of
displacement and unemployment
in Jadugoda.

The leaders of JABVS and educated
youth in Jadugoda became aware
of the harmful effects and various
concerns associated with urani-
um mining and radiation when
the organization members learned
about the upcoming World Urani-
um Hearing-4. This international
event was scheduled to take place
in Salzburg, Austria from Sep-
tember 13 to September 18, 1992.
A four-member delegation par-
ticipated in this Hearing and re-
turned with valuable knowledge
about the impact of radiation on
health, as well as the exploitation
of tribal communities through
displacement and deprivation of
resources. In February 14, 1998, a
new organization called 'Tharkhan-
di Organization Against Radiation
(JOAR)' was formed with the aim
of addressing the public health
concerns caused by radiation and
the displacement of tribal people,

48

due to UCIL's lack of concern (Sa-
rangi and Kundu, 2004).

Conclusion

The Uranium Corporation of India
Limited plays a crucial role in sup-
porting individuals of Jadugoda by
offering employment opportuni-
ties, which in turn helps them sus-
tain their livelihoods. If the issue of
radiation is indeed a concern, in-
dividuals are faced with a difficult
decision: either avoid UCIL and
suffer from hunger, or accept UCIL
and face the risks of radiation ex-
posure. It is interesting to observe
that individuals have often opted
to face the uncertain consequences
of radiation rather than granting to
the certainty of hunger. Addition-
ally, ongoing protests continue to
raise two important points.

If the impact of radiation is in-
deed a reality, then these protests
are undoubtedly genuine. Howev-
er, if the impact is not proven, the
persistence of these protests may
be attributed to the potential for
political gain, power, fame, and
financial opportunities under the
guise of activism and the protec-
tion of tribal and human rights.
However, the indigenous commu-
nities in that area continue to bear
the brunt of the situation, both in
terms of physical and psychologi-
cal impact. The company should
prioritize meeting the demands of
the people, ensuring compliance
with international safety standards
in handling radioactive materials,
and providing appropriate medical
care to those affected by radiation.
It is widely acknowledged that the
Uranium industry plays a crucial
role in the production of nuclear
energy, which is highly regarded
as a reliable and low-carbon source
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of energy. The stability and afford-
ability of nuclear energy are cru-
cial for ensuring energy security
and price stability, which in turn
support economic stability and
growth of the country. Utilizing
this sustainable energy source not
only aids in combatting climate
change by decreasing greenhouse
gas emissions, but also safeguards
the environment and lessens the
economic vulnerabilities linked to
climate-related catastrophes. It is
important to implement sustain-
able practices in uranium mining
and tailings storage. This requires a
range of approaches that prioritize
minimizing environmental impact,
enhancing resource efficiency, and
promoting social responsibility.
Utilizing in-situ leaching, a meth-
od that dissolves uranium from
the ore underground and pumps
the solution to the surface, great-
ly minimizes surface disruption
and the requirement for extensive
excavation. This method, when
compared to conventional mining,
provides a reduced ecological im-
pact and mitigates disturbance to
natural habitats, making it a more
sustainable choice for uranium ex-
traction.

Managing uranium tailings, the
leftover waste from uranium ex-
traction, is a crucial component of
sustainable mining. Proper han-
dling and storage are crucial to
prevent any potential environmen-
tal contamination, as tailings may
contain low levels of radioactivity
and other hazardous substances.
Utilizing advanced containment
techniques, such as engineered
barriers and liners, effectively iso-
lates tailings from the surround-
ing environment. In addition, the
practice of covering tailings stor-
age facilities with layers of soil and
vegetation can effectively mini-
mize the dispersion of radioactive

dust and prevent the infiltration of
water. This is crucial in preventing
the contamination of groundwater
with harmful substances.
Promoting the involvement of lo-
cal communities and upholding
ethical mining practices are crucial
aspects of achieving sustainable
uranium mining. Open and honest
communication, equitable com-
pensation, and involving commu-
nity members in decision-making
processes are essential for fostering
trust and gaining support from the
local community. It is crucial for
mining companies to follow rig-
orous environmental and social
governance (ESG) standards to
safeguard the well-being and live-
lihoods of neighboring communi-
ties. Recognizing the significance
of indigenous groups and uphold-
ing their land rights is crucial for
cultivating harmonious relation-
ships and preventing potential dis-
putes.
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Open Defecation Free: A Foundation, not a Finish Line
Monika Jain1, Sushmitha Baskar1*and Katyayni Mishral

The term 'sanitation’ includes the
upkeep of hygienic conditions by
providing services like waste man-
agement and wastewater dispos-
al. Sanitation refers to the various
facets of public health that relate to
ensuring the presence or accessi-
bility of clean drinking water, and
the proper handling and disposal
of human waste and sewage. Based
on the World Health Organisation,
"sanitation refers to the provision
of facilities and services that ensure
the safe disposal of human urine
and faeces". Sanitation refers to the
technique of preventing any kind
of human contact with waste, as
well as the procedure of cleansing
one's hands with soap and water.
Sanitation infrastructure are engi-
neered to safeguard human health
by establishing a clean and sanitary
environment that effectively pre-
vents the transmission of diseases,
particularly through the ingestion
of faecal matter. Diarrhoea is a
prominent factor contributing to
malnutrition and hindered growth
in children. However, the imple-
mentation of appropriate sanita-
tion measures can help reduce its
occurrence (WHO, 2014). Open
defecation (OD) is linked to a mul-
titude of adverse health effects. The
immediate consequences encom-
pass infectious gastrointestinal
illnesses, which are worsened by
inadequate access to clean water,
sanitation, and hygiene. Addition-
ally, stunting and long-term cogni-
tive impairment are also reported
(Mara, 2017). Achieving the erad-

ication of open defecation by 2030
will pose a significant sanitation
task. Nevertheless, the primary
emphasis should be on providing
aid to the most destitute individu-
als globally who are presently ex-
periencing the detrimental effects
of open defecation on their health.
Ensuring this is our utmost con-
cern as we work towards achiev-
ing the Sustainable Development
Goals. This article centres on the
problem of open defecation and
the significance of sanitation in re-
lation to both environmental and
human health.

Introduction

Sanitation and hygiene are crucial
for the well-being, progress, and
continued existence of society. En-
suring universal access to adequate
sanitation remains a persistent
challenge, exposing billions of in-
dividuals to the health risks associ-
ated with wastewater.

In 1990, 31% of the develop-
ing-country population, which
was 4.1 billion people, practiced
open defecation. In 2015, there
were 1.29 billion open defecators,
compared to 965 million in 1990
(WHO/UNICEE 2015). Accord-
ing to the World Health Organi-
sation (WHO), it is estimated that
around 1.7 billion individuals will
lack access to fundamental sanita-
tion facilities by 2023. These facil-
ities encompass proper means of
disposing human waste and hav-
ing handwashing stations at home

equipped with soap and water. Toi-
lets and other sufficient sanitation
facilities allow individuals to prop-
erly dispose of their waste, hence
ensuring optimal health. By exe-
cuting this method, the probability
of acquiring diseases is diminished
and the possibility of environmen-
tal contamination is averted. Un-
fortunately, a substantial segment
of the populace lacks access to
these facilities, resulting in inade-
quate garbage disposal. Open def-
ecation has had a profound impact
on humanity, impacting public
health and the environment. The
community norms, traditions, and
rituals surrounding open defeca-
tion greatly influence the sanita-
tion practices in rural areas. The
variables of toilet affordability,
functional lavatory availability,
and access to sanitation goods and
services are also critical factors.
Sanitation in Rural India

Despite the severe health impli-
cations linked to open defecation
(OD), it is a prevalent practice,
particularly in rural India where
61% of the population indulge in
open defecation (WHO/UNICEF
2015). In their study, Coffey et al.
(2014) presented substantial evi-
dence supporting the inclination
towards open defecation. A signif-
icant number of participants from
rural India expressed their pref-
erence for this practice, finding it
more pleasurable and preferred
compared to using traditional
toilets. Tiwaril (2016) reported
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that in rural Uttar Pradesh, India,
certain households clandestinely
dismantled the toilets within their
Residential structures constructed
under the framework of the Swa-
chh Bharat Abhiyaan, as they opt-
ed to return to open defecation due
to their familiarity with the more
convenient outdoor facilities.

In recent decades, the Indian gov-
ernment has worked to enhance
the nation's restrooms accessibil-
ity. The Central Rural Sanitation
Programme, created in 1986, part-
nered with state governments to
provide financial aid for the con-
struction of individual family la-
trines throughout India. In 1999,
this nationwide initiative changed
its name to the Total Sanitation
Campaign, and in 2014, it became
the Swachh Bharat Abhiyan (SBA).
In countries like India, an increas-
ing amount of research has begun
to explore the potential socioeco-
nomic factors of latrine ownership
and use. Coffey et al. (2017)
looked at one such sociocultur-
al gap that could encourage open
defecation: the highly ingrained
caste system in India. According
to Coffey et al. (2017), individu-
als are disinclined to use pit la-
trines because they are reluctant
to empty them after they become
tull, which is influenced by specific
societal practices and beliefs. The
characteristics of housing can also
influence sanitation outcomes and
are considered to be social factors
that determine health outcomes.
The size of a family's living space
is an important factor in housing,
as the Government of India's rec-
ommended toilet design requires
a minimum of 67 square feet of
land. In 1988, the World Health
Organization (WHO) published

Guidelines for Healthy Housing, in
which it was mentioned how cru-
cial it was to define residential den-
sity requirements in order to guar-
antee that households would have
adequate space for a clean toilet
and maintain hygienic conditions.

Based on the survey, families re-
siding on fragile plots of land are
less likely to have sanitary facilities
due to insufficient room for con-
structing a toilet and managing
waste disposal. Inadequate coop-
eration and insufficient capabilities
within local government agencies
tasked with enhancing sanitation
coverage, village-level economic
and social conditions, and a misal-
location of responsibilities among
the different agencies responsible
for sanitation are additional factors
that contribute to a discrepancy
between services and their out-
comes (Jain et al 2019).

Gender and sanitation are intri-
cately interconnected. Women's
health and well-being depend on
having access to facilities that pro-
vide sufficient sanitation. Women
have a higher level of responsi-
bility and hardship because they
do not have sufficient access to
sanitation facilities. Furthermore,
gender-based inequalities in sani-
tation access continue to exist. The
relationship between gender and
sanitation is intricately connect-
ed, as cultural and social standards
frequently impede women from
obtaining clean and private bath-
room facilities. As a result, this re-
sults in unhygienic behaviours and
a heightened susceptibility to wa-
ter and sanitation-related diseases
(Assefa et al., 2021).
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Opportunities for Improving Rural
Sanitation

Although there are difficulties,
there exist prospects for promot-
ing women's health and improving
sanitation in rural areas. Partici-
patory methods that engage local
communities in the design and
execution of sanitation initiatives
have achieved positive outcomes in
numerous nations. These strategies
encompass promoting proper hy-
giene practices, constructing and
upkeeping latrines, and providing
education to communities regard-
ing the significance of sanitation.
The utilisation of advanced tech-
nologies such as remote sensing
and mobile phones has demon-
strated potential in the monitoring
and evaluation of sanitation proj-
ects. Remote sensing can be used
to identify areas lacking proper
sanitation infrastructure, while
mobile phones can aid in commu-
nicating with local residents and
sharing information about hygiene
and sanitation practices. Women
are crucial in advocating for rural

sanitation and enhancing women's
health.

Due to their frequent involvement
in tasks such as trash disposal, do-
mestic cleanliness maintenance,
and water collection, women have
a higher likelihood of contracting
water-borne infections and other
health difficulties. Women's in-
volvement in the formulation and
implementation of sanitation proj-
ects may ensure that their specific
needs are met and that programs
are tailored to their individual re-
quirements. Women can effective-
ly promote proper sanitation and
hygiene in their communities by
serving as exemplary figures and



FIfA 12 - (01) 36 ST - A, 2025

?iiﬂﬂ?'-sﬁqﬁmaFIéﬁf@fﬂﬂiqﬁhﬁrﬁnniﬁﬁ

champions. The optimal method
for ensuring and assessing sustain-
able access to sanitation remains
uncertain, despite the existence of
numerous frameworks for accom-
plishing this goal.

Utilising a gender-sensi-
tive approach in sanitation projects
is crucial for addressing gender
inequalities in sanitation access
and promoting the well-being of
women. This entails incorporating
women and girls into the process
of designing and executing hygiene
efforts, advocating for the adoption
of restrooms that consider gender
differences, and addressing socie-
tal and cultural obstacles that pre-
vent women from accessing lavato-
ry facilities. Moreover, advocating
for proper menstrual hygiene prac-
tices and ensuring women have ac-
cess to menstruation products can
enhance their general health and
well-being, while also facilitating
their engagement in social and
economic activities (Kaur et al.,
2018).

Open Defecation Free Zones

The  Swachh  Bharat  Mis-
sion-Grameen (SBM-G) marks a
significant shift in India's approach
to sanitation, building upon a leg-
acy of ancient advancements and
supported by current government
initiatives. Launched in 2014 by
the Honourable Prime Minister,
the project aimed to achieve Open
Defecation Free (ODF) status for
India. This immense endeavour
effectively mobilised participation
across the entire nation, establish-
ing it as the largest global move-
ment for behavioural change. In
2019, the campaign achieved the
construction of more than 100 mil-
lion individual family toilets, re-

sulting in over 600,000 villages be-
ing declared open defecation free
(ODEF). This accomplishment was
an homage to Mahatma Gandhi on
the occasion of his 150th birth an-
niversary and aligns with the SDG
Target 6.2, which is “to achieve ac-
cess to adequate and equitable san-
itation and hygiene for all and end
open defecation, paying special at-
tention to the needs of women and
girls and those in vulnerable situa-
tions”. By 2019, the Swachh Bharat
Mission (SBM) of the Indian gov-
ernment sought to eradicate open
defecation nationwide. All people
were to have access to toilets, and
building individual toilets would
be funded to achieve this aim. A
city or ward may be designated as
ODF in accordance with the mis-
sion's rules if, at any time during
the day, no one is discovered to be
defecating outside. Before a city or
ward is declared ODF, the follow-
ing infrastructure and regulatory
requirements must be met:

o All households with sufficient
space have constructed a toilet.

« Residents of households without
sufficient space have access to a
community restroom located 500
meters away.

o Public restrooms are available
within a kilometre of each other in
all commercial areas.

o The city has implemented mea-
sures to penalise individuals who
are found defecating in public
(Swachh Bharat Mission sbmur-
ban.org).

While rural areas might be faring
better in being Open defecation
free areas, the same cannot be said
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for urban slums and other under-
privileged areas in cities. Slums are
part of the urban environment and
can be defined by the existence of
hazardous living circumstances
such as overcrowding, a lack of hy-
giene and sanitation, insufficient
drinking water, and poor con-
struction, among others. A slum
area is defined as any compact set-
tlement with a collection of poor-
ly built tenements, most of which
are temporary in origin, congested
together, with inadequate sanitary
and drinking water amenities and
unsanitary living conditions.

Our experience while observing
slums and their sanitation facilities
has led to a conclusion that most
of the community toilet facilities
that are set up in such areas are not
maintained as they should be so
that the residents around the area
can use the facilities. The individ-
uals engaged by the municipalities
to supervise the regular cleaning
of the washrooms only appear for
work on two or three days each
week. As a result, the local resi-
dents are left with the choice of
either defecating in public or en-
during the unpleasant odour ema-
nating from the washrooms.

This practice has caused most of
them to fall sick especially the chil-
dren whose houses are closely situ-
ated around the public washrooms.
This lack of sanitation is particu-
larly hard on the women residents.
Women have had to suffer from
infections and diseases caused due
to the state of the washrooms such
as urinary tract infection (UTI)
which are brought on by bacteria
and germs that are present in the
washrooms.

This kind of bacteria further
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spreads due to insufficient clean-
ing, alack of soap, and contaminat-
ed surfaces. Other diseases such
as yeast infection are worsened
by poor sanitation. The risk of all
these diseases increases due to the
contaminated toilet seats or im-
proper cleanliness. The conditions
of the bathrooms expose women to
allergens and irritants, which cause
skin rashes and discomfort. A ma-
jor problem suffered by women is
regarding disposal of their men-
strual waste as they have no allo-
cated place to dispose them.

If designated receptacles are made

available in the restrooms, folks
could employ them for their per-
sonal needs in these communal
facilities. The absence of a prede-
termined timetable for sanitation
cleaners leads to the buildup of
menstrual blood in the lavatory,
creating an unpleasant atmosphere
that obstructs access for everyone.
In the slums where they reside,
residents lack private washrooms
within their cramped living quar-
ters, leaving them with no choice
but to rely on public facilities.
Many locals do not prefer to clean
the washrooms themselves, as they
believe it is the responsibility of the
town.

A significant number of inhabi-
tants believe that their dignity will
be compromised if they take on
the responsibility of cleaning these
places themselves. Consequently,
their difficult situation compels
them to rely on adjacent sewers
and the surrounding surroundings
or resort to open defecation. This
highlights the absence of respon-
sibility when it comes to just es-
tablishing communal washrooms,
which will never be the ultimate

solution to open defecation. What
is needed is the consistent mainte-
nance of these facilities.

Sanitation and Hygiene: Aware-
ness at the community level Access
to clean water, sanitation, and hy-
giene (WASH) services is crucial
for fostering healthy living. Mul-
tiple strategies employing com-
munity-based approaches, such as
Community-Led Total Sanitation
(CLTS), have been implemented,
with differentlevels of achievement.
India's Total Sanitation Campaign,
initiated in 1999, was among the
first to employ community-based
methodologies (Sumedh, 2018).
The approach employed a blend
of Information-Education-Com-
munication initiatives, fostering a
feeling of repulsion, and the imple-
mentation of latrine construction
projects. In 2008, UNICEF formal-
ly adopted Community Approach-
es to Total Sanitation (CATS) as a
framework to direct its actions in

the field.

Health education is an active and
self-directed process that encom-
passes learning and taking action.
It covers a range of subjects, such
as personal hygiene, sanitation in
the home and surroundings, and
food cleanliness. Swachh (2009)
research confirms that implement-
ing a school health education pro-
gram that is tailored to the specific
needs of students will surely lead
to an enhancement in their com-
prehension and personal hygiene
practices. At the community level
the following are important.

(a) Education and understanding:

It is imperative to foster awareness

about the need of clean water, effi-

cient hygiene practices, and proper

sanitation. It is imperative to im-
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plement educational campaigns
that attempt to educate communi-
ties about the risks associated with
poor water quality and inadequate
hygiene, and the benefits of adopt-
ing healthier practices.

(b) Behaviour Modification: It
is crucial to promote behaviour
modification at both the individ-
ual and community levels. This
includes the promotion of hand
hygiene through the use of soap,
the safe storage, water consump-
tion and the adoption of appropri-
ate waste management procedures.
Behavioural interventions can be
accomplished through community
involvement, education, and ongo-
ing reinforcement of desired be-
haviours. Organising programs fo-
cused on behaviour modification,
personality enhancement, address-
ing social stigma, and promoting
financial literacy is recommended.
It is imperative for all initiatives to
prioritise the inclusion of women,
as there is still a need for targeted
interventions to address the chal-
lenges faced by women in rural
areas.

(c) Water and hygiene awareness:
Ensuring the availability of pris-
tine water, adequate sanitation fa-
cilities, and appropriate hygiene
practices is crucial for supporting
human health and well-being. By
2030, unless development is in-
creased fourfold, billions of indi-
viduals would be deprived of ac-
cess to these fundamental services,
as stated in a UN report. The de-
mand for water is increasing due
to rapid population expansion,
urbanisation, and the expanding
water needs of the agricultural, in-
dustrial, and energy sectors. The
exacerbation of water stress can be
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attributed to prolonged misman-
agement, excessive extraction of
groundwater, and contamination
of freshwater sources. In addition,
rural locales are more vulnerable to
issues related to water contamina-
tion, inadequate health conditions,
and substandard hygiene practic-
es. When considering methods to
reduce water pollution or support
local knowledge, it is essential to
prioritise and allocate substan-
tial resources towards promoting
proper hygiene practices.

(d) The role of IEC, which stands
for Information Education &
Communication, is to disseminate
information, educate individu-
als, and facilitate communication.
It has a vital function in promot-
ing awareness and disseminating
information on diverse subjects,
such as sanitation and hygiene. It
is an essential tool that informs
the public and recipients about the
benefits provided by various gov-
ernment policies and projects. This
approach is particularly beneficial
when the target audience lacks
education, as individuals tend
to place trust in visual evidence.
These visual representations are
highly suitable for specific target
audiences.

(e) Media: It is crucial in dissem-
inating information and creating
awareness about WASH (Water,
Sanitation, and Hygiene) through
advertisements and printed mate-
rials. Audio Advertisements: These
may consist of radio commercials
that advocate for the significance
of WASH activities, the relevance
of toilets and their utilisation, pro-
vide details on the Menstrual Hy-
giene Scheme. These advertising
could be aired on local radio sta-

tions with a focus on rural areas.
Video advertisements may consist
of brief videos showcasing relat-
able characters or real-life stories
that emphasise the importance of
sanitation and health. These videos
can be distributed on social media
platforms, television, or screened
in schools and community centres.
Conclusion

Promoting a healthy lifestyle can
be achieved by health conscious-
ness, knowledge of factors that
might be detrimental or advanta-
geous to one's health, motivation,
and a proactive approach to safe-
guarding health and preventing
illness. In summary; it is critical to
implement awareness campaigns
and provide education to stu-
dents regarding the fundamental
importance of hygienic practices
to enhance social cleanliness. By
allocating resources to the con-
struction and upkeep of sanitation
infrastructure, advocating for hy-
gienic behaviours, and guarantee-
ing availability of uncontaminated
water sources, we may substantial-
ly enhance general health results,
diminish the impact of illnesses,
and cultivate sustainable progress.
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Bachpan Creations is an
online and offline forum to
support and strengthen the creative
aspects of the children by providing them
theoretical and technical skills. Apart from
supporting children Bachpan Creations also provides

video, audio, print content on different social and
political issues. The firm is in the business of
consultancy as well and provides service
for image marketing and research
which includes political
communication and
advertising

Summer Trainings Camps
(Photography / Film Making)
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