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PHSS Foundation Awards Announced
The PHSS Foundation Awardees for 2024-2025

Sr. No. | Name of the Award Name of the Awardees Photo of Awardees

1 PHSS Foundation Life Professor Pramod
Time Achievement Tandon
Award NASI Honorary Scientist,

Former Professor of
Botany, Vice-Chancellor,
NEHU, Shillong

and CEO, Biotech Park,
Lucknow, U.P

2 PHSS Foundation Award | Professor Surya Kant
for Science Head, Deptt. of
Communication Respiratory Medicine,

KGMU, Lucknow

Ms. Jyoti Sinha ‘Kiran’
Writer, Social Worker &
Cultural Activist,
Lucknow, UP

3 PHSS Foundation Dr. Meenu Khare
Woman Leadership Ex Deputy Director and
Award Programme Head, All

India Radio, Lucknow,
U.P.

4 Dr. P. K. Seth Memorial Dr. Syed G Dastager
Award for Ecology and Senior Principal Scientist,
Environment NCIM Resource Centre,

Biochemical Science
Division, CSIR-National
Chemical Laboratory,
Pashan Road, Pune MH
PHSS Foundation Young | Dr. Pooja Sharma
S Scientist Award (Life Helmholtz Centre for

Sciences, Environmental
Sciences and
Agriculture)

Environmental Research-
UFZ, Germany

No nominee was found suitable for PHSS Foundation Award
for Social Contribution by the Selection Committee
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Knowledge and science are needed to understand known truths and discover new truths. Knowledge is
used to develop consciousness, skills, and abilities, to earn the human values and behaviour for the sustainable
functioning of life and society. This is the importance of education. Knowledge is gained through experience,
research, and study. The construction and sustainable development of human life and society require knowledge
of science, skills, innovation, and initiatives, which are jointly expected from education, practice, and research.
These are lifelong, continuous processes that help individuals develop socially, mentally, and morally. They
shape the human minds for social and cultural adaptation to integrate into a family, society, country, and the
entire humanity of this world.

Human consciousness analyses new information obtained through education and research, sorting out
useful knowledge and retaining it within the individual. Developing specialized knowledge and skills in our
new generation from available authentic knowledge, shaping their personalities appropriately, and instilling in
them knowledge of their civic and social responsibilities and rights for living in a social order is an essential
function of education.

Questions arise: Is there a difference between education and 'Vidya'? What is the difference between
knowledge, science, skill, innovation, and initiation? Different words have their own unique and nuanced
environments. Words, dialects, and languages are created and developed in different contexts and meanings,
according to different emotional, functional, and cultural needs in different countries and times.

Education is a modern term. It is now seen as a specialized tool and a comfortable means of earning money.
This limits the multifaceted knowledge and multifaceted use of education. This weakens its broader human role.
'Vidya'is an ancient word. The concept of 'Vidya'itself emphasizes the essence of nature, the natural purity of the
biological system, and the call for everyone to be happy, rather than personal gain. Skill has been a tool for
practical innovation, business, and professional development in society for centuries. Modern science and
technology are a comprehensive, shared research system of knowledge, which gives essential importance to both
theoretical and practical knowledge, and attempts to understand events, objects, and the interrelationships
between them, both within and outside the contemporary conditions of time and space.

Signs and gestures are insufficient to convey all forms of knowledge and technology, such as experience,
research, skills, innovation, education, and learning, to others outside of ourselves. This is why the arts of
language, crafts, and communication evolved. From childhood, we learn language, signs, and communication
from our mother, our family and those around us. Gradually, these skills are expanded by learning and using
regional, national, and multinational languages as needed. Since contemporary education and technology have
evolved from principles and methods originating in Europe, and flourished under British colonial rule in many
countries, including India, the development of national, regional, and local languages has often been hindered by
a lack of opportunity and utility. Therefore, for everyone's participation in the development of knowledge and
science, the proper development of all dialects, languages, and cultures is essential.

This is the purpose behind making 'Kahaar' magazine multilingual from its inception. We encourage
writers and readers to write and read in their own languages. However, in the last 12 years, there have been more
articles in English, fewer in Hindi, and only a few in other languages. People fight in the name of other languages
without knowing and seeing them, and in their pursuit of political dominance, they provoke and insult others in
the name of dialects and languages. When you all think in your own dialect and language, why refrain from
writing, reading, and speaking? It's good to learn as many languages as we can. But we should think, write, read,
and speak only those that are most comfortable for us. The new National Education Policy supports the inclusion
of local languages in education. Writers, academics, and readers should not hesitate to read and write in their
mother tongues. Being multilingual is a good thing, but disrespecting the other languages and dialects around us

isan unforgivable crime. ~
i | }"Atéf

(Rana Pratap Singh)
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Integrating Adi Gyan and Modern Technology for the
Restoration of the Sarni River in the Chambal Range

Abstract

The restoration of rivers in ecologi-
cally fragile zones such as the
Chambal range requires a nuanced
and inclusive approach. This essay
explores the restoration of the Sarni
River using a unique model that
integrates Adi Gyan (indigenous
wisdom) with modern technological
innovations. This synergy has not
only revived the Sarni River but also
empowered local communities,
promoted sustainable water
management, and enhanced
biodiversity.

Key Words: Adi Gyan, Sarni River
Restoration, Modern Technology.

1. Introduction

The Sarni River, a tributary
within the Chambal basin, has
suffered severe ecological degra-
dation due to deforestation,
unregulated water usage, and
soil erosion. In response, recent
restoration initiatives have
turned towards combining
traditional ecological knowledge
with cutting-edge science,
following the principles of
"wisdom meets innovation." This
paper investigates the hybrid
model that led to Sarni's revival
and demonstrates the potential
for replicating such models
across semi-arid river systems in
India.

Adi Gyan: The Traditional
Ecological Knowledge

Adi Gyan, or ancient knowledge,

Manjal Sarandevot’, Pooja Joshi' and Rajender Singh?

refers to the time-tested practices
developed by indigenous and
rural communities over centu-
ries. In the Chambal range,
communities like the Sahariya
tribes have historically coexisted
with the landscape using water-
smart practices. Use of 'johads',
'haveli' systems, and 'chaukas'
(square embankments) for
monsoon water retention and
small earthen bunds to slow
runoff and improve soil moisture
as Traditional Water Harvesting
Systems. Local communities
favored planting indigenous
trees like babul, ber, amaltas, and
arjun, which naturally resist
erosion and improve aquifer
recharge and usage of vetiver
grass for bund stabilization, an
age-old method for controlling
soil erosion as Plant-Based
Solutions. Also traditional water
councils (pani panchayats)
managed water allocation,
maintaining equity and account-
ability as Community-Led
Governance.

Modern Technology in
River Restoration

Modern science played a crucial
role in scaling up and validating
traditional knowledge through
Geospatial Mapping and Remote
Sensing. Satellite imagery from
ISRO's BHUVAN platform
helped identify degraded zones
and track surface runoff paths.

Janardan Rai Nagar Rajasthan Vidyapeeth, Udaipur, Rajasthan

2Tarun Bharat Sangh, Alwar, Rajasthan

Corresponding author jalpurushtbs@gmail.com

And GIS tools were used to map
recharge potential zones and
overlay socio-economic data for
targeted interventions. Also
Hydro-geological Surveys like
Groundwater flow models
(MODFLOW) were deployed to
identify aquifers for recharge
including Digital piezometers
were installed to monitor
groundwater levels in real-time.
Also by using Artificial Recharge
and Infiltration Tanks, Gabion
structures, percolation tanks, and
check dams were engineered
using scientific calculations to
maximize retention and desilting
of traditional ponds was guided
by laser leveling and watershed
modeling. Through Mobile
Applications and IoT villagers
were trained to use mobile apps
for reporting river health and
rainfall and IoT sensors moni-
tored water quality, measuring
parameters like turbidity, pH,
and dissolved oxygen.

2. Literature Review

In the context of central India,
especially the Chambal and
Bundelkhand regions, several
studies have documented water
conservation practices such as
chaukas, johads, and anicuts,
maintained by local communities
without external technological
support (Agarwal & Narain,
1997). These systems relied on an
intimate understanding of local
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hydrology, rainfall variability,
and soil absorptionrates.

Scholars such as Gadgil and
Berkes (1991) emphasize that
traditional ecological knowledge
(TEK) is dynamic and adaptive,
capable of offering sustainable
solutions to modern environmen-
tal challenges.

In the case of the Sarni River,
community elders identified
ancient water flow paths that had
disappeared due to siltation and
encroachments. Based on their
knowledge, restoration teams
realigned river channels and built
check dams at historically known
recharge points. This ensured
that water percolated into the
ground instead of flowing away
rapidly, thereby increasing the
groundwater table and support-
ing perennial flow in some
stretches (Sharma, 2013).

One of the most impactful
technologies used in the restora-
tion of the Sarni River is Remote
Sensing (RS) and Geographic
Information Systems (GIS). These
tools have enabled planners to
analyze land use changes, erosion
patterns, and stream density
variations over time. Using high-
resolution Sentinel-2 satellite
imagery, hydrologists were able
to identify critical catchment
degradation zones and plan
targeted interventions such as
check dam placement and

afforestation drives (Mohan et
al., 2019).

Hydrological modeling
software like SWAT (Soil and
Water Assessment Tool) and
MIKE HYDRO has been used to
simulate water flow, predict
runoff, and optimize water
conservation structures. These
models provided real-time
insights into surface and sub-
surface water movement, allow-

ing effective construction of
percolation tanks, recharge
shafts, and contour trenches (Rao
& Reddy, 2021).

Additionally, drone technol-
ogy and LiDAR surveys played a
vital role in mapping micro-
watersheds with exceptional
precision. Drones captured
topographic data and visual
changes in vegetation cover pre-
and post-restoration. IoT-enabled
flow meters and groundwater
sensors helped monitor the
success of interventions by
providing continuous data on

river discharge and aquifer levels
(CGWB, 2023).

Kumar and Mishra (2020)
argue that integrating Adi Gyan
into scientific river restoration
enhances both effectiveness and
community ownership.

Narain (2021) notes that
technological solutions often fail
when imposed without cultural
context. However, when com-
bined with Adi Gyan, technolo-
gies become community-
friendly, scalable, and socially
sustainable.

In the Chambal range,
preliminary documentation by
MP Council of Science and
Technology (MPCST, 2022) has
shown that communities using a
combined model saw faster river
flow stabilization and more
equitable water distribution.

2.1 Research Gap

While both Adi Gyan and modern
technological applications are
widely studied in isolation,
integrated approaches are still
underrepresented in scholarly
research. Few long-term impact
assessments exist, especially in
the Chambal zone. There is also a
lack of documentation on knowl-
edge transmission between

elders and technical agencies, and
minimal exploration into
gendered dimensions of river
restoration knowledge.

3. Objectives of the study

The literature highlights that both
Adi Gyan and modern technology
have their unique strengths.
While Adi Gyan ensures ecologi-
cal harmony and community
acceptance, technology brings
precision, scalability, and moni-
toring capability. The Sarni River
project in the Chambal region
presents a unique opportunity to
develop a trans-disciplinary
model that can be replicated
across India's river restoration
efforts.

e To document indigenous
knowledge systems related
to water and soil conserva-
tionin the Chambal region.

® To evaluate modern techno-
logical methods applied in
Sarni River restoration.

e Toanalyze the integration of
both systems in achieving
ecological and social
sustainability.

4. Methodology
Study Area:

Sarni River basin in Sheopur and
Morena districts of Madhya
Pradesh, within the Chambal
catchment.

Areaimpacted: ~3,000 hectares.
Methods Used:

e Field Surveys: Participatory
Rural Appraisals (PRA) with
local elders and tribal
communities to document
AdiGyan.

® Technical Assessments: GIS
mapping of pre- and post-
restoration river paths using
Sentinel-2 data.

e Intervention Monitoring:
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Data collected through IoT-
based flow sensors and
groundwater monitoring
devices.

Data Collection

e Satellite Data: Sentinel-2
and Landsat 8 (NDVI,
NDWI, DEM)

e Hydrological Models:
SWAT (Soil and Water
Assessment Tool)

e Sensors: [oT-based flow
meters and water level
loggers installed across 12
monitoring points

e Field Surveys: Conducted in
Sheopur and Morena
districts (Feb-Nov 2024)

e DataSource: Secondary data

Tools Used

e QGIS and ArcGIS Pro:
Spatial mapping and change
detection

® Drone Surveys: 5 cm resolu-
tion topographic mapping of
watershed zones

® Soil Moisture Sensors: For
real-time observation of
percolation and recharge

Technological Interven-
tions Applied

Remote Sensing and GIS

e Used for delineation of
catchment area (~3,200
hectares)

e Mapping pre- and post-
restoration flow patterns

e Monitoring vegetation
cover and land use changes
using NDVI and NDWI
indices

Hydrological Modeling

(SWAT Model)

e Simulated runoff, infiltra-

tion, and sediment transport

e Optimized placement of 46
check dams and 32 recharge
shafts

® Predicted soil erosion
reduction by 58% over 3
years

Drone-based Mapping

e High-resolution aerial
imagery helped in:

O Micro-watershed
planning

O Slope analysis and
bund construction
alignment

O Identification of old
river channels and
abandoned recharge
zones

IoT and Smart Monitoring

e Deployed solar-powered
IoT sensors for:

O Real-time flow velocity

O Groundwater table
monitoring

O Data logging every 6
hours via GSM cloud
servers

5. Restoration Model:
Merging Ancient Wisdom
with Modern Tools

5.1 Traditional Techniques

Employed

® Restoration teams incorpo-
rated stone bunding, vegeta-
tive barriers, and traditional
contour trenches, guided by
tribal community input.

e Useofnative tree species like
Babul, Ber, and Arjun in
riparian plantations.

5.2 Technological Interventions

e GIS Mapping used to
identify erosion hotspots
and recharge zones.

® Remote Sensing monitored
vegetation regrowth and

water spread area changes
(NDVIand NDWTI analysis).

e Drones mapped micro-
watershed features and soil
profiles with 5 cm resolution.

e SWAT Hydrological Model
predicted surface runoff and
optimized placement of
check dams.

6. Analytical Presentation

Pre Post
Indicator Restoration| Restoration|
(2024)
Average
Groundwatei 28 ft 15 ft
Depth
Surface Flov|Inter Sem#t
(Monsoon) mittent perennial
Vegetative
Cover (NDV] Dol U2z
Agricultural [~1.1 ~2.0
Productivity [ tonnes/ha [tonnes/ha
Increased
Biodiversity | . . sightings o
Return Brai fish, Dbirdg
reptiles
>90 specie
Bird . _|including
Sightings <30 species kingfishers,
strorks
Moderate t
Soil Moistur| Low high i1
Index restored
zone
Communit 500+
.. 'Y I Limited households
Participation .
involved
7.Discussion

The integration of Adi Gyan
provided context-specific
insights unavailable through
technology alone—such as
identifying ancient water paths,
understanding soil types by local
names, and predicting rain cycles
from tree behavior. Technology,
meanwhile, quantified and
visualized these insights, making
them scalable and more precise.
This hybrid model of
restoration not only improved
ecological indicators but also
empowered local communities,
aligning with the SDG goals of
sustainable water management,
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community participation, and
climate action.

8. Outcomes of the Hybrid

Restoration Model

a. Hydrological Improvements

e River flow restored to
seasonal consistency, with
visible surface water even in
peak summer months. Base
flow increased from seasonal
(3-4 months) to semi-
perennial (8 months) in
restored stretches.

e Groundwater levels rose by
more than 10 fts across
catchment villages.

b. Agricultural Benefits

e NDVI improved from an
average of 0.18 to 0.52

® Increasein cultivable area by
28%.

e  Shift from rain-fed farming
to partial irrigation, enabling
cultivation of high-value
crops like mustard and
vegetables.

c. Cultural and Social Revival

®  Restoration of sacred groves
and traditional water bodies
(like 'Dev Talabs') revived
local spiritual and social
practices.

e Women's SHGs managing
nurseries and maintenance
activities brought social
capital and economic
independence.

d. Biodiversity Gains

®  Return of wetland birds such
as painted storks and black
ibises.

e Revival of native aquatic
flora and species like:

Q  Tortor (Mahseer fish)
Q Nilssonia gangetica
(Softshell turtle)
e Revival of local fish species

and frogs, indicating
improved ecological bal-
ance.

e. Socio-Economic Impact

Increased water availability
in 29 villages (~18,000
people)

37% increase in cropping
intensity and agricultural
yield (Source: MP Agricul-
ture Dept., 2024)
Employment generation of
41,000+ workdays under
MGNREGA through tech-
based restoration activities

9. Challenges Faced

10.

Lack of digital literacy
initially delayed adoption of
sensor-based monitoring in
local committees.

Climate variability led to
calibration challenges in
hydrological models.
Maintenance of IoT sensors
in remote areas required
mobile solar power units
and local technician training.
Lessons and Way For-

ward

Community Participation is
Key

The success was rooted in
respecting and leveraging
the wisdom of local commu-
nities. Restoration was seen
as a social movement, not
justa technical intervention.
Blended Models Are
Replicable

The Sarni model shows that
blending Adi Gyan and
modern tech can be a tem-
plate for other rivers in the
Chambal and beyond.

Need for Institutional
Support

Sustainable outcomes

depend on long-term
support for community-led
monitoring, funding for
maintenance, and integra-
tion into District Environ-
mental Action Plans.
11. Conclusion
The restoration of the Sarni River
is a compelling story of harmony
between traditional wisdom and
modern science. When local
communities are empowered to
apply their ancestral knowledge,
and when it is enriched with the
tools of modernity, nature
responds with resilience. The
Sarni River now flowsnotjustasa
stream of water but as a symbol of
sustainable coexistence.

12. Recommendations

® Develop Village River Tech
Cells for community-led GIS
mapping and sensor mainte-
nance.

® Integrate Al and machine
learning models for predic-
tive flood/droughtalerts.

e C(Create open-access plat-
forms to host restoration
data, progress dashboards,
and case studies.
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Abstract

The Parbati Sarni River, a signifi-
cant tributary within the Chambal
River system, has witnessed envi-
ronmental degradation due to
anthropogenic pressures, unsustain-
able land use, and climate change.
Once a thriving ecological corridor,
the river has seen declining
biodiversity, loss of native species,
siltation, and pollution. This paper
aims to rejuvenate the river ecosys-
tem, enhance biodiversity, and
ensure sustainable management of
the Parbati Sarni River in the
Chambal Range.

Key Words: Parbati Sarni River,
Restoration, Biodiversity.

1. Introduction

Rivers are essential to ecosys-
tems, supporting biodiversity
and providing for livelihoods.
The Parbati Sarni River, an
important tributary in the
Chambal region of Madhya
Pradesh and Rajasthan, has
experienced degradation from
human activities, climate
changes, and poor natural
resource management. The
Parbati River, originates in the
Sehore district of Madhya
Pradesh and flows through the
Baran district of Rajasthan.
Known for its intermittent flow
and ecological importance, the
Parbati Sarni River plays a vital
role in maintaining regional
biodiversity and supporting local

Manjal Sarandevot', Pooja Joshi' and Rajender Singh®

communities. Over the years, the
river has suffered due to defores-
tation, soil erosion, unsustainable
agricultural practices, and
unregulated sand mining. This
paper explores the rejuvenation
efforts aimed at restoring its
ecological health and enhancing
biodiversity.

Once a lively ecosystem that
sustained various flora and
fauna, the river now encounters
diminished flow, silt buildup,
pollution, and degradation of
ecological health. Revitalizing the
Parbati Sarni River goes beyond
simply managing water; it is a
comprehensive ecological
imperative crucial for boosting
biodiversity and restoring the
broader Chambal ecosystem.

This map provides a detailed
view of the Parbati River's course
through Madhya Pradesh and
Rajasthan, highlighting its origin,
flow direction, and confluence
with the Chambal River. Diagram
illustrates the infrastructure
components of the irrigation
project, including dams, canals,
and distribution networks, which
play a crucial role in river rejuve-
nation and water management.

1.1 Ecological Significance of

the Parbati Sarni River

The Parbati Sarni River, which
flows into the Chambal basin, is
significant as a hotspot for

Janardan Rai Nagar Rajasthan Vidyapeeth, Udaipur, Rajasthan

2Tarun Bharat Sangh, Alwar, Rajasthan

Corresponding author jalpurushtbs@gmail.com

biodiversity. Its riparian areas
provide habitat for numerous
bird species, amphibians, rep-
tiles, and freshwater fish, many of
which are either endemic or at
risk. The condition of this river
directly affects the health of the
Chambal River, one of India's
cleanest perennial rivers, which
hosts rare species such as the
Gharial, Gangetic dolphin, and
Indian skimmer.

Due to the ecological
interconnectivity of the Chambal
basin, degradation in tributaries
such as Parbati Sarni leads to
downstream issues—changed
flow patterns, decreased habitat
quality, and lower species
populations.

1.2 Factors Leading to Degrada-
tion

Several factors have contributed
to the decline of the Parbati Sarni
River:

1. Deforestation and Soil
Erosion: Large-scale defor-
estation in catchment areas
has led to increased runoff,
siltation, and decreased
groundwater recharge.

Agricultural Expansion and
Pollution: Excessive use of
chemical fertilizers and
pesticides from nearby
agricultural lands has
polluted the water and
disrupted aquatic life.
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Water Extraction and Dams:
Unregulated water extrac-
tion for irrigation and check-
dams have reduced river
flow, especially in dry
seasons.

Encroachments and Urban
Waste: Urban expansion has
encroached upon
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floodplains and led to the
dumping of untreated
sewage and solid waste.

1.3 Strategy for Rejuvenation

The rejuvenation of the Parbati
Sarni River must follow a multi-
pronged, community-centered,
and ecosystem-based approach:

=

1.

Picture and map of Rejuvenation of the Parbati Sarni River for Biodiversity Enhancement and River Revival

Catchment Area Treatment:
Reforestation with native
species and soil conservation
measures like contour
trenches, gully plugs, and
check dams can reduce
siltation and improve
groundwater recharge.

Ecological Flow Restora-
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tion: Ensuring minimum
flow through regulated
water extraction and inter-
linking of check-dams can
revitalize aquatic habitats.

Pollution Control: Introduc-
tion of decentralized
wastewater treatment
systems and promotion of
organic farming along
riverbanks to minimize
pollution.

Biodiversity Corridors:
Development of green
corridors and protected
areas along the river to
facilitate wildlife movement
and habitat restoration.

Community Participation:
Engaging local communities
through river festivals, eco-
clubs, and awareness
programs to promote river
stewardship.

Monitoring and Research:
Establishing a river health
index with periodic monitor-
ing of water quality, aquatic
species, and riparian vegeta-
tion.

Rejuvenating the Parbati Sarni
River is not just an ecological
imperative but also a social and
economic one. As a lifeline for the
Chambal region, its revival can
serve as a model for river restora-
tion across India. With coordi-
nated efforts between govern-
ment agencies, environmental
experts, and local communities,
the river can regain its lost
vitality, securing both
biodiversity and human well-
being for generations to come.

2. Literature Review

The Chambal River, recognized
for its fairly untouched state, is
among the rare perennial riversin

India that continues to sustain a
rich biodiversity. Research
conducted by Rao et al. (2011) has
highlighted the ecological
vulnerability of the Chambal
basin, which is home to endan-
gered species such as the gharial
(Gavialis gangeticus), the
Gangetic dolphin, and various
migratory birds. Streams such as
Parbati and Sarni are essential for
sustaining the hydrological and
ecological equilibrium of the
greater Chambal system.

Uncontrolled sand extraction,
deforestation, agricultural
runoff, and alterations to hydrol-
ogy have greatly affected small
river systems in the Chambal
area. As noted by Singh et al.
(2017), diminished base flow and
contamination are major pres-
sures on the aquatic biodiversity
of the Parbati and Sarnirivers.

River rejuvenation entails a
comprehensive strategy that
combines hydrological restora-
tion, community involvement,
and the conservation of
biodiversity. Bassi et al. (2014)
examined effective methods for
river rejuvenation, highlighting
the importance of watershed
management, reforestation, and
ecological restoration of catch-
ment regions. These methods can
be utilized in the Parbati and
Sarni regions to boost base flow
and supportaquatic ecosystems.

Local communities play a crucial
role in effectively reviving rivers.
Mehta and Shah (2020) empha-
size that conventional water
management practices and
community-led watershed
initiatives in central India
resulted in significant enhance-
ments in water quality and
biodiversity metrics.

Riparian buffer zones and created
wetlands have been shown to
boost biodiversity by offering
habitats and enhancing water
quality. Chakraborty et al. (2019)
showed that rehabilitating
riparian plants in eroded river-
banks enhanced diversity among
fish and macro-invertebrates.

Recent programs such as the
National Mission for Clean
Ganga and River Rejuvenation
initiatives as part of Jal Shakti
Abhiyan offer a model that can be
modified for smaller rivers like
Parbati and Sarni. MoEFCC
(2021) describes policy
approaches that promote decen-
tralized governance, manage-
ment of catchment areas, and
collaborations between the public
and private sectors.

To clarify the strategy for revital-
izing Mathura's declining
Yamuna river, Devendra S.
Bhargava (2006) concluded that,
besides mismanaged solid waste
collection and disposal, river
pollution results from industrial,
agricultural, and residential
sources. The problem is wors-
ened by the disposal of carcasses,
open excrement, and large-scale
bathing in the river. The method
of waste collection and disposal
in the city is neither scientifically
valid nor efficient. Due to several
factors and technical challenges,
the government's various initia-
tives have not succeeded in
enhancing the situation. Mainly
because of ignorance, a lack of
discipline, and an unhealthy
culture, the general public shares
equal responsibility. The various
strategies employed to lessen
pollution in the Yamuna River
were classified into two groups:
proactive and reactive. To avert
the flow of waste water into the
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Yamuna River, the following
defensive measures are
employed: systematic collection,
treatment, and disposal of all
waste waters produced in
Mathura; oversight of industrial
waste water within industrial
areas; enhancement of existing
agricultural methods via regu-
lated use of chemical fertilizers,
insecticides, and pesticides;
improved strategies for solid
waste management; creation of
public facilities at key ghats,
including options for disposing of
sacred materials; and the estab-
lishment of recreational parks
and embankments, or retaining
structures (serving as a barrier
between the town and the river)
along the riverbanks as part of an
eco-friendly pollution control
approach, along with legislative
measures like the implementa-
tion of scientifically developed
effluent regulations, corruption-
free financial management, and
strict, qualified supervision of
construction projects. Among the
initiatives implemented were
increasing awareness and culti-
vating a sense of accountability
within the Indian community and
the broader public, ensuring
sufficient flow in the Yamuna
river, especially during low
periods, enhancing the river's
self-purification abilities through
artificial and in-stream aeration,
strategically employing the
river's ability to accommodate
waste, and constructing an
artificial lake to retain flood-
waters before discharging them
into the Yamuna in dry flow
periods. Along with the imple-
mentation of the various control
measures stated earlier, he
stressed the critical necessity to
penalize offenders and defaulters

by enforcing a penalty system
and offering adequate rewards to
the fine collectors to uphold their
integrity and responsibility.
Increasing public awareness in
the suggested ways and steering
clear of individuals lacking
environmental technology
expertise can also expedite the
cleanup of the Yamuna River.

The community-driven strategy
for artificial recharge utilizing
conventional water harvesting
methods was described by
Rajendra Singh (2016). He
underlined that the best method
to protect the environment and
help farmers in Indian villages is
to mobilize the community and
civil society to take action on
conservation and natural
resource management for rural
development in India. Under the
direction of TBS, the local com-
munity used traditional water
gathering techniques to revitalize
a nearby river, replenish ground-
water, and re-green a village.
Since 1985, 1086 villages in the
Alwar district have had 8600 tiny
water harvesting talabs con-
structed. As a result, the shallow
aquifer's water level rose, more
land was planted to single and
double crops, and social forestry
and agro-forestry increased the
amount of forest cover. To
establish guidelines for water use,
the locals have also established a
"Arvari Sansad." The local
communities benefit greatly from
the water conservation initiatives
in many ways. Migration has
significantly decreased and
employment prospects have
grown.

2.1 Research Gap

The revitalization of the Parbati
and Sarni rivers in the Chambal

region should be considered
through a comprehensive ecolog-
ical and socio-political perspec-
tive. Previous studies strongly
advocate for watershed manage-
ment, biodiversity tracking, and
collaborative methods. Neverthe-
less, there are few localized
studies on these rivers, highlight-
ing a gap that upcoming research
and policy measures need to fill.

3. Objectives of the study:

e To restore the natural flow
and ecological balance of the
Parbati Sarni River.

To enhance aquatic and
riparian biodiversity.
To implement watershed

management and afforesta-
tion measures.

To engage local communities
in sustainable practices and
conservation.

To monitor ecological
indicators to assess the
impact of rejuvenation.

4.Methodology
Study Area

The Parbati Sarni River traverses
through ecologically sensitive
zones of the Chambal Range,
home to endangered species and
vital to regional hydrology. The
area encompasses riverine
habitats, agricultural lands, forest
patches, and rural settlements.

Methods Used:

¢ Baseline Survey: Ecological
and hydrological assess-
ments to understand current
river health.
Biodiversity Mapping:
Identification of flora and
fauna, especially endemic
and threatened species.

Restoration Measures:
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Removal of invasive
species.

Riverbank stabilization.

Reforestation with
native species.

Wetland restoration
and creation of fish
sanctuaries.

Community Engagement:
Awareness programs,
participatory planning, and
livelihood support through
eco-tourism and sustainable
agriculture.

Monitoring & Evaluation:
Regular monitoring of water
quality, species diversity,
and vegetation cover using
GIS and remote sensing
tools.

Data Requirements
A.Hydrological Data

e River flow rate (discharge)
over time.

Seasonal variation in water
levels.

e  Sedimentload and turbidity.

B.Water Quality Parameters

e pH, DO (Dissolved Oxygen),
BOD (Biological Oxygen

Demand), COD (Chemical
Oxygen Demand).

Nitrate, Phosphate, Heavy
metals.

Temperature, EC (Electrical
Conductivity), TDS (Total
Dissolved Solids).

C.Biodiversity Indicators

e Species diversity (aquatic
and riparian flora and
fauna).
Fish population surveys.
Macroinvertebrate counts
(as bio-indicators).

Avifauna (bird diversity)
presence along riparian

zones.
D. Anthropogenic Impact Data

e Land-use patterns in the
river basin.

Agricultural and industrial
waste discharge.

Encroachments or
channelization.

Deforestation and urbaniza-
tion trends.

E. Community and Stakeholder
Engagement

Local community percep-
tions (questionnaires or
interviews).

NGO or forest department
reports.

Grazing, fishing, and
agriculture practices.

Methodology for Analysis

A. Before-After-Control-Impact
(BACI) Analysis
Compare data from before
and after rejuvenation
projects.

Include control sites where
no intervention was done.

B. Biodiversity Indices

° Shannon-Weiner Index,
Simpson's Index for species
diversity.

Index of Biotic Integrity
(IBI) for fish and
macroinvertebrates.

C. Water Quality Index (WQI)

e Composite scores from
water parameters to rate
water health.

D. Geospatial Analysis

e Map rejuvenation areas,
vegetation density changes,
land use.

Use NDVI (Normalized
Difference Vegetation
Index) to measure riparian
vegetation health.

5. Analysis & Discussion

Before | After 5 Years
Interven
-tion
Intermitt | Year-round
ent flow in

segments
Native Fish 12 24
Species

Bird
Diversity
Soil
Moisture
Index
Community
Participation

Indicator

Base Flow

<30
species

> 90 species

Moderate to

high

500+
households
involved

Low

Revival of Aquatic and
Terrestrial Biodiversity

One of the foremost expeActed
outcomes is the enhancement of
biodiversity. The Chambal
region, already home to endan-
gered species like the gharial,
Indian skimmer, and Gangetic
dolphin, stands to benefit
significantly from the restoration
of the Parbati Sarni River. Clean
and consistent water flow will
improve the quality of aquatic
habitats, enabling the return and
proliferation of native fish
species, macro-invertebrates, and
other aquatic organisms. Addi-
tionally, riparian vegetation will
recover, providing shelter and
food sources for birds, mammals,
and insects. This interconnected
ecosystem revival will create a
more resilient biodiversity
hotspot.

e Improved Water Quality

and Groundwater Recharge
Rejuvenation efforts typically
include desilting, afforestation,
and pollution control —measures
that directly improve water
quality. The reduction of pollut-
ants such as agricultural runoff
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and untreated sewage will result
in safer water for human and
wildlife consumption. Moreover,
the implementation of watershed
management practices and
rainwater harvesting is expected
to enhance groundwater
recharge, addressing the alarm-
ing decline in water tables in the
region.

e Increased Agricultural

Productivity and Sustain-
able Livelihoods

With rejuvenation comes more
predictable and clean water
supply, which can boost agricul-
tural productivity in the adjacent
villages that depend on the river
for irrigation. Improved soil
moisture and decreased depend-
ency on chemical inputs (due to
better natural nutrient cycling)
will allow for sustainable farming
practices. This ecological revival,
in turn, opens up new opportuni-
ties for eco-tourism, agroforestry,
and fisheries, thereby diversify-
ing and strengthening rural
livelihoods.

e Community Participation
and Environmental Stew-
ardship

A well-planned river revival
initiative encourages community
involvement in conservation.
Through awareness programs,
afforestation drives, and river
monitoring, local populations
become stakeholders in main-
taining the river's health. This
nurtures a culture of environ-
mental stewardship, where the
community becomes both a
beneficiary and guardian of
natural resources.

Climate Change Mitigation
and Resilience

Rejuvenated rivers act as climate
buffers, mitigating extreme
weather events by regulating
temperatures, maintaining
humidity, and providing carbon
sinks through riparian forests. As
the Parbati Sarni River's ecosys-
tem stabilizes, the region's
resilience to droughts, floods,
and land degradation will
improve, making it an integral
part of local climate adaptation
strategies.

° Restoration of Cultural and
Historical Significance

Rivers in India are not just water
bodies but cultural entities.
Rejuvenating the Parbati Sarni
River has the potential to rekindle
traditional connections with
nature, restoring sacred groves,
pilgrimage paths, and commu-
nity rituals that revolve around
the river. This cultural revival
supports a holistic approach to
conservation by blending ecolog-
ical restoration with socio-
cultural values.

6. Conclusion

The rejuvenation of the Parbati
Sarni River is not merely an
environmental intervention—it
is a transformative journey
toward ecological integrity,
sustainable development, and
cultural resurgence in the
Chambal Range. By emphasizing
biodiversity enhancement and
ecosystem revival, the initiative
promises long-term benefits for
both nature and humanity.
Strategic implementation,
scientific planning, and robust

community participation will
ensure that the Parbati Sarni
River flows not just as a water-
way, but as a lifeline for genera-
tions to come.

7. Recommendations

Here's a set of recommendations
for the rejuvenation of the Parbati
Sarni River to enhance
biodiversity and support river
revival in the Chambal Range.
These recommendations com-
bine ecological restoration,
community participation, and
sustainable development prac-
tices tailored to the semi-arid
terrain and fragile riverine
ecosystem of the region.
1. Riverfront Ecosystem
Restoration
Native Vegetation Planta-
tion: Reintroduce native
riparian plant species along
the riverbanks to stabilize
soil, filter pollutants, and
provide habitats.

Wetland Creation & Protec-
tion: Develop or restore
wetland patches to support
migratory birds, amphibi-
ans, and aquatic
biodiversity.

Check Dams & Boulder
Structures: Install small
check dams or loose boulder
structures upstream to
reduce runoff velocity and
enhance groundwater
recharge.

Pollution Control & Water
Quality Improvement
Sewage Treatment Units:
Set up decentralized
wastewater treatment
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systems (DEWATS) in
nearby villages to prevent
direct discharge of sewage
into theriver.

Agrochemical Regulation:
Promote organic farming
practices in the catchment to
reduce pesticide and fertil-
izer runoff.

Water Quality Monitoring:
Establish regular testing
stations to track key parame-
ters like BOD, COD, pH, and
heavy metal content.
Biodiversity Conservation
Programs

Fish Ladder & Breeding
Zones: Designate fish
breeding sanctuaries and
install fishladders at existing
barriers to allow aquatic
migration.

Conservation of Endan-
gered Species: Conduct
species-specific programs
for otters, turtles, and
gharials, connecting with
existing conservation efforts
of the Chambal River.

Community-Based
Biodiversity Watch Groups:
Engage local residents in
monitoring and protecting
floraand fauna.

Community Engagement &
Livelihood Enhancement
Eco-Tourism Development:
Promote bird-watching
trails, boating zones, and
interpretation centers to
raise awareness and gener-
ateincome.

River Festivals & Aware-
ness Campaigns: Celebrate
the cultural value of the

Parbati Sarni River through
events involving schools,
panchayats, and local
NGOs.

Sustainable Agriculture &
Water Use Training: Edu-
cate farmers on water-
efficient irrigation and soil
conservation methods.

Scientific and Administra-
tive Support

Catchment Area Treatment
Plan: Use remote sensing
and GIS to map and manage
land use and erosion-prone
areas.

River Health Index Devel-
opment: Create a localized
River Health Index combin-
ing ecological, hydrological,
and socio-economic indica-
tors.

Inter-Departmental Coor-
dination: Involve forest,
water resources, irrigation,
and rural development
departments for integrated
action.

Climate Resilience and
Future Planning

Rainwater Harvesting
Systems: Implement com-
munity-level and rooftop
harvesting units to support
dry season flows.

Climate Change Impact
Studies: Conduct studies to
understand future hydro-
logical changes and
biodiversity stress.

Disaster Preparedness
Plans: Integrate flood and
drought risk management
with river rejuvenation
efforts.
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Environmental hazards of Chemical fertilizers and pesticides
and the possible ways to prevent them

Abstract

In India, the green revolution was
introduced with the initiation of
high yielding varieties of crops with
better cultivation practices; and
enormous amount of chemical
fertilizers, chemical pesticides and
other chemical inputs were intro-
duced. The intensive use of inputs
has not only polluted the soil, water
and the environment causing their
slow degradation, but, also affected
the lives of human population. The
present day need is to reduce the
chemical fertilizers and pesticides
usage and maximize the use of
organic manures and biofertilizers.
The future prospects of biofertilizers
has been initiated with the advent of
firstly, the development of multi-
functional microbial consortia
which help in preparation of
biofertilizers that improve the
growth and the produce of crop
plants, as well as an enhancement
and maintenance of soil fertility; and
secondly, the development of “herbal
biofertilizers” that emhance the
productivity of crop plants together
with its protection against soil-
borne fungal and bacterial patho-
gens and eliminate the use of harsh
and hazardous chemical pesticides
in the 21st. century. Furthermore, a
chain of studies and researches are
required to develop more potent
biofertilizers, on the lines of “Herbal
Biofertilizers” and “Nano-
Biofertilizers”.

Introduction

The green revolution together

Shakti K. Prabhujil*, Richal, Shail Pandez,
Gaurav K. Srivastava' and Madhulika Srivastava®

with industrial revolution
definitely fulfilled the food
demand of the growing popula-
tion by increasing the crop
production per unit area; how-
ever, the use of synthetic fertiliz-
ers has also increased enor-
mously in agriculture having a
continuous demand (Ayoub,
1999). Up to 1950, the major
portion of the nutrients required
for grain production were met by
the “natural fertility” of the soil
with almost negligible amount of
added fertilizers, but, in 1970
onwards more than 70% of the
grain production would need
sumptuous amount of chemical
fertilizers for the same which
would increase in sync with the
increasing global population. We
are now facing the menace of
excessive use of chemical fertiliz-
ers and chemical pesticides.
These chemicals are the root
cause of several health hazards
and irreversible environmental
pollution.

Problems addressed and
possible solutions

Excessive use of chemical
fertilizers and pesticides:

In India, the green revolu-
tion was introduced with the
initiation of high yielding variet-
ies of crops with better cultivation
practices; and enormous amount

of chemical fertilizers, chemical
pesticides and other chemical
inputs were introduced. It has
been recorded that within a
period of 40 years the consump-
tion of chemical fertilizers and
chemical pesticides recorded an
increase of 13.4 folds from 1951-
52 to 1992-93; i.e., 0.5 kg/ha in
1951-52 increased enormously to
67.0 kg/ha of chemical fertilizers
during 1992-93 and same was the
situation with pesticides
(Dahama, 2003) that firstly
polluted the soil, water and the
environment and later, adversely
affected the human population.
Surprising and the most damag-
ing part is that such usage has
been increasing at a constant pace
thereafter causing more adverse
effects on the surroundings.

The production of pesticides
started in India in 1952 with the
establishment of a plant for the
production of BHC near Calcutta,
and India is now the second
largest manufacturer of pesti-
cides in Asia after China and
ranks twelfth globally. There has
been a steady growth in the
production of technical grade
pesticides in India, from 5,000
metric tons in 1958 to 102,240
metric tons in 1998. In 1996-97 the
demand for pesticides in terms of
value was estimated to be around
Rs. 22 billion (USD 0.5 billion),
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which is about 2% of the total
world market.

On the eve of golden jubilee
(1972 - 2022) United Nations
Environment Programme
(UNEP) has published a bulletin
highlighting several alarming
aspects about excessive use of
chemical fertilizers and pesticides
globally. The report indicates
towards the following less-
known dangerous points under
thehead -“Key findings”:

1. Global demand, production
and use of pesticides and
fertilizers have expanded
steadily during the past
decades. Combined global
sales continue to grow at
about 4.1% per year and are
projected to reach United
States dollars (US$) 309
billion by 2025.

2. Demand for crops, goods
and services are fuelling the
production and use of
pesticides and fertilizers.
Increased food demand is a
main driver, but demand for
crops used for feed, fibres,
fuels and feed-stocks is also
growing. A small fraction of
crops is currently certified
with sustainability stan-
dards.

3. While pesticides and fertiliz-
ers provide a range of
benefits, current and
projected production and
use, and the lack of effective
management, come at the
cost of a range of adverse
impacts on the environment
and health throughout their
life cycles. This is not sus-
tainable.

4. DPesticides cause both acute
and long-term health
impacts. About 385 million
cases of non-fatal uninten-
tional pesticide poisonings

have been estimated to occur
every year, with approxi-
mately 11,000 deaths. There
is also a significant associa-
tion between occupational
and residential exposure to
pesticides and adverse
health outcomes, including
cancers and neurological,
immunological and repro-
ductive effects. Pesticide
dietary risks, on the other
hand, are reported to be
limited.

Pesticides and their
degraded products are
ubiquitous in the environ-
ment, including soils and
surface and groundwater.
They are frequently detected
at levels exceeding legal or
environmental standards.
Adverse impacts of pesti-
cides have been observed on
bees and natural enemies of
pests, bird populations,
aquatic organisms, and
biodiversity.

Adverse impacts of fertiliz-
ers are mainly caused by
their excessive and ineffi-
cient use. This leads to
nutrient losses to the envi-
ronment and other adverse
impacts, such as drinking
water contamination and
eutrophication of freshwater
systems and coastal zones.
Some fertilizers also impact
human lives as a result of
unsafe storage practices.

Knowledge gaps still exist
that hamper a full under-
standing of some of the
mechanisms and processes
leading to the adverse
impacts of pesticides and
fertilizers, together with the
effectiveness of some control
measures. Yet available
evidence provides sufficient

justification for additional
public and private actions to
avoid or reduce potentially
serious or irreversible
adverseimpacts.

8. Progress has been made in
strengthening management
of pesticides and fertilizers,
including through Interna-
tional agreements. However,
these agreements have not
been sufficient to address all
adverse environmental and
health impacts comprehen-
sively.

9. To achieve a chemical-safe
future with minimal adverse
impacts from pesticides and
fertilizers, both incremental
and transformative actions
are required that tackle root
causes and shift market
demand, coupled with
supportive and enabling
measures.

10. While stakeholders in the
value chain and agri-food
system are contributing to
minimize adverse effects of
pesticides and fertilizers,
there is further need to scale
up their commitment
through targets and road
maps.

The country, at present, is
not in a position to completely
eliminate the use of chemicals
especially fertilizers. However, it
would not be difficult and
unrealistic to phase out the use of
these chemicals systematically.
For this, the doses of chemical
fertilizer need to be gradually
reduced and be balanced by
increasing the use of optimum
quantity of organic manures and
biofertilizers. Most of the State
Agricultural Universities are
doing very little work in minimiz-
ing the use of chemicals and
increasing the use of
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biofertilizers, however, the work
on the various aspects of produc-
tion of biofertilizer from organic
(house-hold) waste is gradually
catching pace (Sinha et al., 2010;
Sarkar et al., 2011; Dandotiya and
Agrawal, 2014; Tanksali et al.,
2014; Ambekar et al., 2015; Udhay
Kumar et al., 2015; Avidov et al.,
2016; Richaetal., 2016).

The excessive use of chemi-
cal fertilizers, mostly in
imbalanced nutritional propor-
tions, affects the agriculture and
the society in two ways - firstly,
imbalanced or non-proportionate
composition of nutrients in the
consumable parts of the plants
and secondly, the imbalanced
nutrients make the soils of the
fields less fertile or in other words
negatively affect the fertility of
the soil. Similarly, uncontrolled
chemical pesticides management
also expresses in two ways -
firstly, it kills the eco-friendly and
crop-friendly microbial consortia
in the soils and secondly, the
excess chemical pesticides show a
residual effect on cereal grains,
vegetables and fruits and directly
affect the consumers causing
health hazards. Now, question
rises how to get rid of such
menace?

Use of organic / bio-
fertilizers and bio-
pesticides:

The present day need is to reduce
the chemical fertilizers and
pesticides usage and maximize
the use of organic manures and
biofertilizers. However, commer-
cial sale of organic manure needs
proper quality control standards
also so that the poor cultivator
may not be cheated on one hand
and the ecosystem may not be
disturbed on the other.

The use of sewage and

sludge in agricultural farms in
India is an old practice with the
first sewage farm coming up in
1895 at Ahmedabad. At present,
the country has around 200
sewage farms (Jurwarkar et al.,
1991) where the organic wastes
are in use in 50,000 hectares of
land. Narwal et al. (1993)
reported per day availability of
raw sewage in Haryana and
Punjab, which were 163 million
litres and 113.4 million litres
respectively. At present, an
estimated 17.4 million cubic litres
of raw sewage are generated in
urban areas of the country
(Kansal, 1992).

Besides these, every house-
hold generates approximately 1.5
to 2.0 kg of solid waste which
comes to 168.13 tonnes per day on
8.0 lac of urban population
(GEAG Report, 2010 a, b). About
72% of the total solid wastes are
biodegradable which may be
transformed into biofertilizer.
Similarly, the crop residues like
stem cuttings, dried leaves and
roots constitute the agricultural
wastes. The latest literature, in
this context, has been of Sinha et
al. (2010); Sarkar et al. (2011);
Dandotiya and Agrawal (2014);
Tanksali et al. (2014); Ambekar et
al. (2015); Udhay Kumar et
al.(2015), Avidov et al.(2016) and
Richaetal., (2016).

The urban residents dispose
the wastes on the roads or in dust-
bins either packed in polythene
bags or loose. The wandering
ruminant cattle or animals like
dogs ingest their desired materi-
als and in so doing scatter the
matter in wider areas which
becomes the den of several
disease causing microorganisms
and, at times, results into the
outbreak of cholera and other
infectious diseases. About72% of

the total solid wastes are biode-
gradable which may be trans-
formed into biofertilizer (Fig. 1).

The Concept of Herbal
Biofertilizers:

Being pioneer in this field, Richa
et al. (2016 a) developed low cost
and highly effective biofertilizers
from kitchen-wastes and found
them more productive as com-
pared to commercial
biofertilizers on crops like wheat,
paddy and maize (Richa et al.,
2016 b; 2017 a). Later, a new
concept of the preparation of
herbal biofertilizer has been
visualized to have a combined
effect of good quality biofertilizer
together with an effective bio-
pesticide. For this the prepared
biofertilizer, using the kitchen
biodegradable wastes, has been
mixed thoroughly, in aratio of 5:1
with the dried and finely
powdered leaves of Lawsonia
inermis, Boerhaavia diffusa, Cordia
myxa, Flacourtia jungomas and
Terminalia arjuna. The results
indicated that all the plants which
were grown using the herbal
biofertilizer, excelled on all the
parameters tested (chlorophyll
contents in leaves and Nitrate
Reductase activity) than the
normal biofertilizer used as
control. Furthermore, following
addition of mixture of fungal and
bacterial soil-borne plant patho-
gens to the control and experi-
mental pots, the plants showed
diseased symptoms that
appeared after 15 - 20 days of
incubation period in the control
plants whereas the experimental
plants remained healthy as before
(Richaetal., 2017 b) and therefore,
the herbal biofertilizers have been
found to eliminate the use of
harsh chemical fertilizers and
pesticides (Richaetal., 2021).

The herbal biofertilizer has
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Fig. 1: The fate of House-hold solid wastes (After Prabhuji et al., 2021)

also been recommended to
cultivate medicinal plants to
procure better quantity and
quality of secondary metabolites
(the biochemicals that are used as
medicines) together with better
plant growth (Richa et al., 2020).
The dried and finely powdered
leaves of only certain plants
(Lawsonia inermis, Boerhaavia
diffusa, Cordia myxa, Flacourtia
jungomas and Terminalia arjuna)
have been used to prepare
“Herbal Biofertilizer” to combat
with the soil-borne fungal and
bacterial pathogens (Richa et al.,
2017 b), however, there are lots of
more potent plant varieties to
prepare new combinations for
studies.

It appeared likely that the
addition of dried and finely
powdered leaves of Lawsonia
inermis, Boerhaavia diffusa, Cordia
myxa, Flacourtia jungomas and
Terminalia arjuna to the prepared
biofertilizer has played a crucial
role to have supplied antifungal
and antibacterial biochemicals to
the crop plants via soil and made
them disease-free. An important
point to note is that the intensity
of immunity of the plants may
vary with the change in medicinal

plants added to the herbal
biofertilizer. However, further
detailed studies on the role of
secondary metabolites of these
medicinal plants in controlling
the pathogenic nature of the plant
pathogen will be required.
Furthermore, extensive studies
are required to assess the efficacy
of herbal biofertilizers to combat
with air-borne / seed-borne
pathogens. Coating of herbal
biofertilizer on seeds, prior to
sowing, may effectively control
the seed-borne diseases; how-
ever, the major challenge would
be the control of air-borne dis-
eases which may need painstak-
ing research maneuvers.

The Concept of Nano-
biofertilizers:

Fertilizers played a very impor-
tant role in the success of green
revolution but created negative
impacts on the environment.
Keeping in view the agrochemi-
cals in general are used in more
environmentally safe and sus-
tainable manner using
nanotechnology (Singh et al. 2018,
Jogaiah et al. 2020, Mishra et al.
2017). Nano-biofertilizers play
important role in sustainable

agriculture to increase the yield
with increased nutrient use
efficiency, reduce wastage of
fertilizers thereby reducing the
cost of cultivation as well as
frequency of application
(Tarafdar et al. 2015). Although
nano-biofertilizers have a great
opportunity for sustainable
agriculture but environmental
and health safety issues are very
important before they are com-
mercialized. More research is
needed in this direction as many
countries do not have bio-safety
guidelines in nano-biofertilizers
(Prabhujietal., 2021).

The Overview

Green Revolution in India was
mainly realized with the intro-
duction of high yielding varieties
of various crops and by following
intensive cultivation practices
with the use of fertilizers, pesti-
cides and other inputs. The
intensive use of inputs has not
only polluted the soil, water and
the environment causing their
slow degradation, but, also
affected the lives of human
population. The present day
need is to reduce the chemical
fertilizers and pesticides usage
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and maximize the use of organic
manures and biofertilizers.
Biofertilizers have been prepared
using kitchen wastes, agricultural
wastes and sewage etc. with the
help of microbial consortia as
decomposers and biofertilizers
have been found to be far better
than chemical fertilizers without
any adverse effects on the envi-
ronment. The future prospects of
biofertilizers has been initiated
with the advent of firstly, the
development of multi-functional
microbial consortia which help in
preparation of biofertilizers that
improve the growth and the
produce of crop plants, as well as
an enhancement and mainte-
nance of soil fertility; and sec-
ondly, the development of
“herbal biofertilizers” that
enhance the productivity of crop
plants together with its protec-
tion against soil-borne fungal and
bacterial pathogens and elimi-
nate the use of harsh and hazard-
ous chemical pesticides in the
21st. century. Furthermore, a
chain of studies and researches
are required to develop more
potent biofertilizers, on the lines
of “Herbal Biofertilizers” and
“Nano-Biofertilizers”.
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01. SHANI SHIGNAPUR,
Maharashtra.

All Houses in the entire village
are without Doors.

Even No Police Station.
No Thefts.

02. SHETPHAL, Maharashtra.

Villagers have SNAKES in every
family as their family members.

03. HIWARE BAZAR,
Mabharashtra.

Richest Village in India.
60 Millionaires.

No one is poor

Highest GDP.

04. PUNSARI, Gujrat.
Most modern Village.
All Houses with CCTV & WI-FI.

All street lights are Solar
Powered.

o

Unique Villages In India

05. JAMBUR, Gujarat.

All villagers are Indians Still all
look like Africans.

Nicknamed as African Village.

06. KULDHARA, Rajasthan.
Haunted village.

No one lives there.

A village without villagers

All Houses are abandoned.

07. KODINHI, Kerela.
Village of TWINS.
More than 400 Twins.

08. MATTUR, Karnataka.

Village with 100% SANSKRIT
speaking villagers in their
normal day to day conversation.

~

09. BARWAAN KALA, Bihar.
Village of Bachelors.

No marriage since last 50 years.

10. MAWLYNNONG,
Meghalaya.

Cleanest village of Asia.

Also, with an amazing Balancing
huge Rock on a tiny rock.

11. RONGDOI, Assam.

As per Villagers beliefs, Frogs
are married to get RAINS.

12. KORLAI village, Raigad,
Maharashtra.

The only village with all
villagers speaking Portuguese
language.

Many of us don't know these
unique things of these
VILLLAGES
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Artificial Intelligence: (The Evolution and Impact of Artificial
Intelligence in Geospatial Technology)

Abstract

One of the 21st century's most
revolutionary and disruptive
technologies is artificial intelligence
(AI). The notion that machines could
emulate human intelligence has long
captivated scientists and investiga-
tors. Artificial intelligence (AI) has
developed over time from a theoreti-
cal idea to a real force influencing
many facets of our life. This essay
explores the applications, advan-
tages, difficulties, and ethical issues
of artificial intelligence by delving
into its past, present, and possible
future.

Background

The origins of artificial intelli-
gence (Al) can be found in the
mythologies of ancient civiliza-
tions, which portrayed manmade
creatures as intelligent humans.
On the other hand, Al was
officially established as a
scientific field in the middle of the
20th century. In 1956, early
pioneers at the Dartmouth
Conference created the phrase
"artificial intelligence" in
reference to their goal of building
machines that might mimic
human intelligence. Although the
early years saw great ambitions,
due to technology limits, prog-
ress was slower than expected.

Pallavi Singh'*; Mamta Shukla’; Dr. Sudhakar Shukla’

Al in Real World Applica-
tions

The field of artificial intelligence
has seen tremendous change in
the last several years due to
advances in computing power,
machine learning, and neural
networks. Without explicit
programming, machine learning,
a subset of artificial intelligence,
allows systems to learn from data
and gradually improve perfor-
mance. Neural networks with
multiple layers are used in deep
learning, a kind of machine
learning that enables sophisti-
cated pattern detection and
decision-making.

Applications of Al are now
widely used across many indus-
tries. Al helps with drug discov-
ery, personalised medicine, and
diagnostics in the healthcare
industry. It drives fraud detection
and algorithmic trading in the
financial sector. Al is used in
transportation by self-driving
cars to assist with navigation and
decision-making. Natural
language processing, recommen-
dation engines, and virtual
personal assistants are all com-
monplace in our daily lives,
demonstrating the pervasive
effect of artificial intelligence.

IProject Scientist, Remote Sensing Applications Centre U.P.
2M. Sc TInd year, Integral University Kursi Road Lucknow U.P.
3Scientist-SE & Head of School of Geoinformatics, Remote Sensing Applications Centre Lucknow U.P.

Corresponding author *1(pallavisingh15797@gmail.com)

Aspects of Artificial
Intelligence

1. Deep learning and machine
learning

Machine Learning: Without
explicit programming, machines
can learn from experience and
become more intelligent.
Machine learning is a subset of
artificial intelligence. It entails the
application of algorithms that
enable computers to recognise
trends and render judgements
using data. In machine learning,
supervised learning, unsuper-
vised learning, and reinforce-
ment learning are often used
paradigms.

Deep Learning: Using
multiple-layered neural net-
works, or "deep neural net-
works," deep learning is a special-
ised type of machine learning.
This makes it possible to process
enormous volumes of data and
identify complex patterns.
Natural language processing,
image and audio identification,
and playing strategy games like
Go have all benefited greatly
from deep learning.

2. Aland Creativity

The idea that creativity is a
characteristic that is exclusive to
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humans is being challenged by
the growing application of Al in
creative industries. GPT-3 from
OpenAl is one example of a
generative model that can pro-
duce realistic text, images, and
music. Al tools help with design,
content generation, and even
video game development. The
essence of art and creative
expression is called into question
by the combination of human
ingenuity with Al capabilities.

3. Artificial Intelligence in

Finance and Business

Al helps businesses make better
decisions by analysing data and
using predictive modelling.
Natural language processing-
powered chatbots improve
consumer relationships. Al
algorithms power algorithmic
trading, fraud detection, and risk
management in the financial
industry. Al is used by robo-
advisors to offer individualised
investing advice.

4. AlinMedical Fields

Through improved drug devel-
opment, personalised treatment,

and diagnostics, artificial
intelligence is transforming
healthcare. Medical image
analysis is done by machine
learning algorithms to help
discover diseases like cancer
early on. Proactive intervention is
made possible by the use of
predictive analytics to identify
patients who may be at risk for
specific illnesses. Al plays a key
role in genomics as well, allowing
customised treatment regimens
depending on a patient's genetic
composition.

5. The Function of Laws and

Governments

All throughout the world,
governments are realising that
rules are necessary to control the
advancement and application of
Al. Ensuring accountability,
fairness, and transparency are the
main priorities. The responsible
application of AI in delicate
fields, algorithmic transparency,
and data privacy are among the
concerns being addressed by the
establishment of regulatory
frameworks.

Al in Geospatial Technol-
0gy

Geospatial technology has
benefited greatly from artificial
intelligence (AI), which has
improved skills in data process-
ing, pattern identification, and
decision-making.

The following are some
applications of Al in geospatial
technology:

a) Drones and Autonomous
Vehicles

Autonomous cars and drones
rely heavily on artificial intelli-
gence (Al) for navigation and
decision-making.

These technologies enable
real-time decision-making,
obstacle identification, and route
planning through the use of
computer vision, machine
learning, and deep learning.

b) Change Detection

By comparing satellite photos or
other geospatial information,
artificial intelligence (Al) assists
in detecting changes in geograph-
ical features over time.
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It is possible for machine
learning algorithms to automati-
cally identify changes in the
environment, infrastructure, and
land use.

Buildings, roads, vegetation,
and land cover are examples of
features that can be recognised
and labelled using object detec-
tion and classification.
¢) Mapping and Analysing

Data
Al makes it easier to analyse
complicated and big geospatial
datasets.

Trends, correlations, and
spatial patterns are found
through the use of clustering and
predictive modelling
approaches.

Artificial Intelligence
improves the integration of data
from multiple sources, including
social media, GPS, and satellite
photography.

Al algorithms assist in
combining various data kinds to
offer amore thorough and precise
picture of a place.

d) Natural Disasters Forecast-
ingand Response

Natural disasters like hurricanes,
floods, and wildfires are
predicted and modelled using
artificial intelligence (AI) by
analysing historical geographical
data.

During disasters, resource
allocation and emergency
response plans are optimised
using the combined use of GIS
and AL

e) PrecisionFarming

Precision agriculture makes use
of Al technology for disease
detection, yield prediction, and
crop monitoring, such as com-
puter vision and machine learn-
ing.

Drones with Al algorithms
installed may evaluate crop
health and suggest certain
actions.

f) Smart Cities and Urban
Planning

Al analyses environmental data,
transportation patterns, and
population trends to help in
urban planning.

Al is used in smart city
projects to optimise resource
management, transportation,
and infrastructure.

g) Conservation of Wildlife
and Environmental Moni-
toring

Al uses sensor data and satellite
imaging analysis to help with
wildlife monitoring and protec-
tion.

Machine learning models
are able to track and identify
threatened species, keep an eye
on deforestation, and evaluate
how human activity affects
ecosystems.

The ongoing advancement
of Al and geospatial technology
integration presents fresh possi-
bilities for drawing insightful
conclusions from geographical
data for arange of uses.

Advantages of Artificial
Intelligence

Adopting Al offers a multitude
of advantages.

Al-driven automation is
characterised by increased
accuracy, cost savings, and
efficiency. Al in healthcare helps
identify diseases early, which
improves patient outcomes.

Al is used in education by
personalised learning systems to
meet the demands of each unique
student. Chatbots with Al capa-
bilities improve customer service
by offering prompt responses

and a better user experience.

Difficulties and Ethical
Issues

Although Al has a lot of promise,
there are drawbacks. Automa-
tion's ability to replace jobs
creates questions about economic
injustice.

Social injustices can be
sustained by bias in Al systems,
which are frequently a reflection
of past prejudices seen in training
data. As Al systems process
massive volumes of personal
data, privacy concerns surface.

These issues must be care-
fully considered in order to
ensure the ethical and responsi-
ble development of AI, and
continual attempts to reduce
biases and hazards must be
made.

Prospects for the Future

The direction of Al development
is towards more innovation and
societal integration in many
domains. Complex issue solving
is possible thanks to develop-
ments in quantum computing,
reinforcement learning, and
natural language processing.
Regulations and guidelines
pertaining to ethical AI are
essential for promoting responsi-
ble development, eliminating
bias, and protecting privacy.

Conclusion

Artificial intelligence has evolved
from a theoretical idea to a
disruptive force that is changing
the way we communicate, work,
and live. In order to ensure that
the advantages of Al are realised
without sacrificing social values,
it is crucial that we strike a
balance between innovation and
ethical considerations as we
navigate the future of Al Artifi-
cial intelligence's development is
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still a dynamic and fascinating
path with the potential to signifi-
cantly impact future events.

In summary, artificial
intelligence has a wide-ranging
influence on many different
fields, influencing both the
present and the future of technol-
ogy. Maintaining a responsible
and inclusive AI ecosystem
requires striking a balance
between innovation and ethical
considerations as Al develops.
Tapping into the full potential of
artificial intelligence for the good
of humanity will require ongoing
study, cooperation, and a dedica-
tion to tackling obstacles.
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Pollinators and Agricultural Productivity

Richi Awasthi', Rudra Pratap Singh” and Shivangi Maheshwari’

Abstract

Pollinators, a diverse group of
animals including bees, butterflies,
birds, and bats, play an indispens-
able role in global agricultural
productivity. By facilitating the
transfer of pollen between flowering
plants, they are directly responsible
for the reproduction and yield of a
vast array of crops that form the
backbone of our food supply. This
article delves into the critical
contributions of pollinators to
agriculture, quantifying their
economic value and illustrating the
profound impact their decline would
have on food security, human
nutrition, and the global economy. It
also explores the multifaceted
threats endangering pollinator
populations worldwide and outlines
a range of sustainable strategies for
their conservation, emphasizing
that safeguarding these vital
ecological partners is not merely an
environmental imperative but a
fundamental investment in the
future of food.

Keywords:- Pollination, Crops,
Biodiversity, Yield, Conservation

Introduction

Imagine a world without apples,
almonds, strawberries, or even
coffee. It's a bleak thought, but a
reality that could unfold without
the tireless work of some of
nature's smallest and most
efficient employees: pollinators.
While often unseen or over-
looked, these animals are funda-
mental to the existence of much of
the food we eat, serving as the
biological bridge that allows
many plants to reproduce.From

the humble honeybee to the
darting hummingbird,
pollinators are responsible for the
"sexual reproduction" of flower-
ing plants, leading to the fruits,
vegetables, nuts, and seeds that
nourish billions across the globe.

It's estimated that approxi-
mately 75% of the world's leading
food crops, and over 85% of
flowering plants in general, rely
on animal pollination to some
extent. This isn't just about
abundance; it's about diversity
and nutritional quality.

Many of the micronutrient-
rich foods - fruits, vegetables,
and nuts - are heavily pollinator-
dependent. The economic value
of this natural service is stagger-

ing, contributing hundreds of
billions of dollars annually to the
global economy. Yet, despite
their immense importance,
pollinator populations are in
alarming decline, facing a com-
plex web of threats that directly
jeopardize our food systemsand
the delicate balance of ecosys-
tems. Understanding their role,
appreciating their value, and
actively working towards their
conservation are critical steps in
ensuring a sustainable and food-
secure future (Pollinator.org.o.d.).

The Indispensable Role of
Pollinators in Food Produc-
tion

Pollination is the process by
which pollen is transferred from
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the male part of a flower (anther)
to the female part (stigma),
enabling fertilization and the
production of seeds and fruits.
While some crops are wind -
pollinated (like corn and wheat)
or self-pollinating, a vast majority
of the world's most nutritious and
economically significant crops
require animal assistance. This
biological service boosts both the
quantity and quality of agricul-
tural yields.

Increased Yields and Quality:
The presence of healthy
pollinator populations directly
translates to higher crop yields
and improved produce quality.
For example, studies have shown
that animal pollinators can
increase canola yield by up to
15%, even though canola can self-
pollinate. For crops like almonds,
blueberries, and many types of
squash and watermelon, the
dependence on pollinators is
almost complete; without them,
harvests would be drastically
reduced or entirely absent.
Improved pollination can lead to
larger fruits, more uniform sizes,
and better marketability, benefit-
ing farmers financially (Aizen et
al.,2008).

Dietary Diversity and Nutri-
tional Security: Pollinator-
dependent crops are often
excellent sources of essential
vitamins and minerals. For
instance, a significant proportion
of vitamin C, vitamin A (caroten-
oids), and various antioxidants
are derived from crops that rely
on animal pollination. The
decline of pollinators could lead
to a shift in global diets towards
more staple crops like rice and
potatoes, which are wind-
pollinated or self-pollinating,
resulting in a less diverse and
potentially less nutritious food
supply. This has significant
implications for global public

health and malnutrition.

Economic Value and Agricul-
tural Sustainability: The eco-
nomic contribution of pollinators
to global agriculture is immense.
Estimates suggest that the annual
global food production reliant on
pollinators is valued between
$235 billion and $577 billion
(USD).In the U.S. alone, insect
pollination services add over $34
billion annually to agricultural
crops. This "free" ecological
service reduces the need for
expensive artificial pollination
methods, enhancing the eco-
nomic viability and resilience of
farming operations. Farmers with
robust natural pollinator popula-
tions often find themselves less
dependent on renting commer-
cial bee hives, saving substantial
costs (Foobes et al., 2019).

The Alarming Decline:
Threats to Pollinators

Despite their crucial role,
pollinator populations world-
wide are facing significant
threats, leading to a concerning
decline in their numbers. This
decline is not attributed to a
single factor but rather a complex
interplay of environmental
stressors.

1. Habitat Loss and Fragmen-
tation: As human popula-
tions expand and agricul-
tural practices intensify,
natural habitats vital for
pollinators are lost or
fragmented. Monoculture
farming, where vast areas
are dedicated to a single
crop, reduces floral diversity
and nesting sites. Roads,
urban development, and
land conversion leave
pollinators with fewer places
to forage, breed, and
overwinter. The continuous
loss of meadows, prairies,
and diverseflowering plants

deprives them of essential
nectar and pollen resources
throughout the growing
season.

Pesticide Exposure: The
widespread use of pesti-
cides, particularly insecti-
cides, poses a severe threat to
pollinators. Neonicotinoids,
a class of systemic insecti-
cides, are especially prob-
lematic as they are absorbed
by plants and can be present
in pollen and nectar, expos-
ing pollinators to toxic levels
even when not directly
sprayed. These chemicals
can cause lethal effects or
sub-lethal impacts such as
disorientation, impaired
foraging ability, weakened
immune systems, and
reduced reproductive
success. Herbicides also
indirectly harm pollinators
by eliminating wildflowers
thatserveas food sources.

Climate Change: Shifting
climate patterns disrupt the
delicate synchrony between
flowering plants and their
pollinators. Earlier bloom-
ing times due to warming
temperatures can mean that
pollinators emerge before
their food sources are
available, leading to starva-
tion. Extreme weather
events like droughts, floods,
and heat waves can directly
impact pollinator popula-
tions, destroy habitats, and
alter plant flowering cycles.
Changes in temperature and
precipitation can also affect
pollinator migration pat-
terns and the spread of
diseases.

Diseases and Parasites:
Pollinators, especially
managed  honeybee colo-
nies, are susceptible to
various diseases and para-
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sites. The Varroa mite, for
example, is a devastating
parasite of honeybees that
weakens colonies and
transmits viruses, contribut-
ing significantly to colony
collapse disorder. Pathogens
like bacteria and fungi can
also spread rapidly within
stressed or crowded
pollinator populations,

further exacerbate declines.

Invasive Species: Invasive
plant species can out-
compete native flora,
reducing the availability of
preferred nectar and pollen
sources for native
pollinators. Invasive insects
or pathogens can also
introduce new diseases or
parasites to native pollinator
populations, for which they
may have no natural resis-
tance.

Data and Facts: Quantify-
ing the Impact

The decline in pollinators has
tangible consequences for
agriculture and the economy.
Here are some key facts and
figures:

Global Economic Value:
Between $235 billion and
$577 billion (USD) worth of
annual global food produc-
tion relies on pollinator

Table 1: Examples of Pollinator Contribution to Key Crops

contributions (Bayer
Global).

Crop Dependence: Approx-
imately 35% of the world's
food crops, including many
fruits, vegetables, and nuts,
depend on animal
pollinators to reproduce
(FAO, US. Fish & Wildlife
Service).

Managed Honey Bees:
While not native to the U.S.,,
managed honey bees are
responsible for up to $5.4
billion in agricultural
productivity in the U.S.
alone (U.S. Fish & Wildlife
Service).

Pollinator Species at Risk:
Over 70 species of
pollinators are listed as
endangered or threatened
globally, with many more
experiencing significant
population declines (U.S.
Fish & Wildlife Service). As

Table 1: A selection of common crops illustrating their varying degrees of dependence on pollinators
and the general types of pollinators involved.

Pollinator
Crop Type Primary Pollinators Dependein ce Economic Significance / Impact of Decline
Leve

Honey Bees (essential), Almost 100% dependent on honeybees; without

Almonds Native Bees Essential them, harvest would be minimal, impacting a

multi- billion dollar industry.

Blueberries Honey Bees, Bumblebees, Essential Significant yield reduction and quality decline
Native Bees without sufficient pollination.

Apples Honey Bees, Bumblebees, High Pollination improves fruit set, size,and quality.
Solitary Bees

Coffee Honey Bees, Stingless Bees, Modest to Great Pollination enhances berry set and bean quality,
Solitary Bees impacting a major global commodity.

Cacao Midges (tiny flies) Essential The entire chocolate industry, valued over$100

(Chocolate) billion, relies on these small flies.

Watermelon Honey Bees, Squash Bees, Essential Highly dependent on pollinators for fruit
Bumblebees production.
Honey Bees, Wild Bees| Little to While primarily self-pollinating, insect pollination

Soybeans (though often self- pollinating) [ Modest can still boost yields and quality.

Strawberries Honey Bees, Bumblebees, High Crucial for fruit size, shape, and overall yield.
Native Bees
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many as 40% of the world's
insect species are threatened
with extinction (World
Economic Forum).

Historical Decline: The
number of managed honey
bee colonies in the U.S.
dropped from roughly 6
million in 1947 to less than
2.5 million today (Center for
Food Safety).

Yield Gaps: On small farms,
which provide food for the
most vulnerable populations
globally, increased
pollinator diversity can
significantly increase
productivity, with yield
gaps potentially closed by a
median of 24% through
higher flower-visitor density
(Garibaldietal., 2016).

Strategies for Pollinator
Conservation in Agricul-
ture

Recognizing the urgent need to
protect pollinators, farmers,
policymakers, and consumers are
increasingly adopting strategies
to reverse their decline and foster
healthy pollinator populations.
These approaches often involve
integrating ecological principles
into agricultural practices (Klein
etal.,2017).

1.

Creating and Restoring
Habitat: One of the most
effective ways to support
pollinators is by providing
diverse floral resources and
nesting sites. Thisincludes:

e Planting Pollinator
Strips: Establishing
strips of native wild-
flowers and flowering
plants along field edges,
hedgerows, or within
agricultural landscapes
provides continuous
sources of nectar and
pollen throughout the

BEES MAKE EXCELLENT POLLINATORS

= BINE ACT AS
oy FoLLEATORE
1 2
B
|
R

2.
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WY T BEEE TS

growing season.

® Diverse Cover Crop-
ping: Using flowering
cover crops between
main harvests can offer
forage and improve soil
health.

® Maintaining Natural
Areas: Preserving
existing patches of
natural habitat, such as
woodlands, wetlands,
and uncultivated areas,
provides crucial refuges
and resources.

® Providing Nesting
Sites: For solitary bees,
this can mean leaving
bare ground, dead
wood, or creating "bee
hotels."For bumblebees,
undisturbed grassy
tussocks or old rodent
burrows are important.

Reducing Pesticide Use and
Promoting Integrated Pest
Management (IPM):

Minimizing exposure to

harmful chemicals is paramount.

e Targeted Application:
Using pesticides only
when necessary and
targeting specific pests,
rather than broad-
spectrum spraying.

® Selecting Less Harmful
Alternatives:
Prioritizing pesticides

3.

with lower toxicity to
pollinators.

e Timing of Application:
Avoiding spraying
during blooming
periods when
pollinators are most
active.

o Integrated Pest Man-
agement (IPM): Imple-
menting a holistic
approach that combines
biological controls (e.g.,
natural predators),
cultural practices (e.g.,
crop rotation), mechani-
cal methods, and
selective chemical use
to manage pests while
minimizing environ-
mental impact.

e Promoting Organic
Farming: Organic
practices generally
prohibit synthetic
pesticides and prioritize
biodiversity.

Diversifying Cropping

Systems: Moving away from

monocultures towards more

diverse farming systems can
benefit pollinators.

e Crop Rotation: Rotat-
ing different crops
provides a varied
landscape and breaks
pestcycles.

e Intercropping: Planting
multiple crops together
in the same field can
increase floral diversity.

e Agroforestry: Integrat-
ing trees and shrubs
into farming systems
can provide additional
habitat and forage for
pollinators.

Education and Awareness:
Raising awareness among
farmers, landowners, and
the public about the impor-
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tance of pollinators and the
threats they face is crucial.
This caninvolve:

e Training Programs:
Educating farmers on
pollinator-friendly
farming practices.

® Public Outreach:
Encouraging home
gardeners to plant
pollinator-friendly
plants and reduce
pesticide use in their
yards.

e C(Citizen Science:
Engaging the public in
monitoring pollinator
populations.

5. Policy and Research:
Government policies and
continued research are
essential for large- scale
conservation efforts.

e Pollinator Protection
Policies: Implementing
regulations that restrict
harmful pesticide use or
incentivize pollinator
habitat creation.

e Research Funding:
Investing in studies to
better understand
pollinator ecology, the
causes of decline, and
effective conservation
strategies.

e International Coopera-
tion: Addressing
pollinator decline
requires global efforts
due to their migratory
nature and the intercon-
nectedness of food
systems.

Conclusion

Their contributions to agricul-
tural productivity, dietary
diversity, and economic stability
are immeasurable. The alarming
decline in pollinator populations,

driven by habitat loss, pesticide
use, climate change, disease, and
invasive species, poses a direct
threat to food security and the
health of our planet.

However, this challenge also
presents an opportunity. By
recognizing the critical role of
these unsung heroes and imple-
menting proactive conservation
strategies, we can foster resilient
agricultural ecosystems and
secure a sustainable food future.
From planting pollinator-
friendly habitats and reducing
pesticide reliance to adopting
diversified farming practices and
supporting relevant policies,
every action, big or small, con-
tributes to the larger effort.
Safeguarding pollinators is a
shared responsibility - for
farmers, consumers, govern-
ments, and researchers' alike.
Investing in pollinator health is
not just an environmental choice;
it is an investment in our collec-
tive health, economy, and the
future of food on Earth.
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Sustainable Agriculture Challenges and the Way Forward:
Fostering a Green Future

Sustainable agriculture is an
essential paradigm shift in
modern farming practices. As
conventional agriculture faces
challenges such as soil degrada-
tion, water depletion, and
biodiversity loss, sustainable
agriculture emerges as the much-
needed alternative to ensure the
long-term health and productiv-
ity of our ecosystems. This article
explores the concept of sustain-
able agriculture, its principles,
and the challenges it faces.
Furthermore, it outlines a
detailed roadmap for promoting
sustainable agriculture and
fostering a greener and more
sustainable future.

Varnit Agarwal* and Dr. R.S. Sengar

1. Ecological Integrity
Sustainable agriculture practices
revolve around conserving
natural resources such as land,
water, and genetic diversity of
plants and animals. This ensures
that the environment remains
non-degraded and supports
diverse ecosystems. Sustainable
practices aim to maintain soil
fertility, prevent erosion, and
preserve the natural habitat of
local flora and fauna.

2.  Government Support
Successful implementation of
sustainable agriculture practices
requires robust support from the
government. Policymakers need

to facilitate institutional changes,
provide access to modern tech-
nologies, and ensure the enforce-
ment of regulations that promote
sustainable farming.
3. Economic Viability
Sustainable agriculture should
be economically viable for
farmers. By promoting efficient
resource use, reducing produc-
tion costs, and providing finan-
cial incentives, farmers can
transition to sustainable practices
without compromising their
livelihoods.
4. Social Acceptability
For sustainable agriculture to be
successful, it must be socially

Ecological Integrity

Government Support

5 P'S OF SUSTAINABLE AGRICULTURE

Economic Viability

Social Acceptability

Technical Appropriateness

The Five Principles of Sustainable Agriculture

College of Horticulture, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh, India.
*Email of corresponding author: varnitagarwal99@gmail.com
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acceptable to farmers and the
wider community. Educating
farmers about the benefits of
sustainable practices and involv-
ing them in decision-making
processes fosters greater accep-
tance and participation.

5. Technical Appropriateness

Sustainable agriculture
practices must be technologically
appropriate and adaptable to
local conditions. This requires
continuous research and devel-
opment to improve and custom-
ize sustainable practices to
diverse agro-climatic regions.

The Three Pillars of Sus-
tainable Agriculture

1. Economy

Sustainable agriculture practices
aim to make farming economi-
cally viable and profitable for
farmers. By adopting sustainable
practices, farmers can reduce
their reliance on costly inputs
such as chemical fertilizers and
pesticides, leading to overall cost
savings.

2.  Society

Sustainable agriculture ensures
the availability of sufficient food
for the growing population while
also creating employment
opportunities for local communi-
ties. The focus on healthier crops
and reduced environmental
pollution contributes to overall
public health.

3. Environment

The environment is at the core of
sustainable agriculture. By
reducing the use of harmful
chemicals, conserving water
resources, and preserving natural
habitats, sustainable agriculture
helps protect biodiversity and
maintain ecological balance.

Major Sustainable Agricul-
ture Practices

1. Crop Rotation and Crop
Diversity

Crop rotation involves alternat-

ing different crops in a particular
field over successive seasons,
reducing the risk of pest and
disease buildup. Crop diversity
promotes healthier soils and
enhances natural pest control.
2. Water and Energy-efficient
Irrigation Techniques
Smart irrigation techniques, such
as drip and sprinkler irrigation,
optimize water use, minimize
wastage, and conserve precious
groundwater resources. Integrat-
ing solar power in water pump-
ing reduces dependence on fossil
fuels.
3. Reducing or Eliminating
Tillage
No-till or reduced-till methods
reduce soil disturbance, mini-
mize erosion, and preserve soil
structure, which is crucial for
nutrient retention and water
infiltration.
4. Integrating Livestock and
Crops
Combining crop and livestock
production creates a symbiotic
relationship. Livestock can feed
on crop residues and by-
products, providing natural
fertilizer for the crops, while crop
residues can be used as feed for
animals.
5. Adopting Agroforestry
Planting trees in agricultural
landscapes helps in conserving
soil, mitigating climate change,
and providing additional income
streams for farmers through
timber, fruits, or non-timber
forest products.
6. GrowingCover Crops
Sowing cover crops during fallow
periods protects soil from ero-
sion, enhances soil fertility,
suppresses weeds, and improves
soil structure, leading to reduced
need for chemical fertilizers.
7. Integrated Pest Manage-
ment (IPM)
IPM involves using a combina-
tion of cultural, biological, and

chemical control methods to
manage pests effectively while
minimizing their impact on the
environment.

Sustainable agriculture in
India

Despite the vast potential of
sustainable agriculture in India,
its adoption remains relatively
low. Several challenges hinder
the widespread adoption of
sustainable practices:

1. Awarenessand Education

Many farmers are unaware of
sustainable agriculture practices
and their benefits. Outreach and
educational programs must be
developed to raise awareness and
provide training on sustainable
practices.

2. Financial Constraints
Transitioning to sustainable
practices may require initial
investments, which can be
financially challenging for small
and marginalized farmers.
Financial support and incentives
are needed to facilitate this
transition.

3. Traditional Mindset

Convincing farmers to shift from
conventional practices that offer
immediate benefits can be
challenging. Demonstrating the
long-term benefits and success
stories of sustainable farming can
help change mindsets.

4. Lackof Infrastructure
Limited access to resources like
water, quality seeds, and techni-
cal support can hinder the adop-
tion of sustainable practices,
especially inremote rural areas.

5. Climate Change

Changing weather patterns and
increased climate variability can
impact the success of sustainable
practices. Adaptation strategies
need to be developed to address
these challenges.

To address these challenges
and promote sustainable agricul-
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ture, the Indian government
launched the National Mission
for Sustainable Agriculture
(NMSA) in 2014-15. The mission
aims to enhance agricultural
productivity in rainfed areas,
promote integrated farming
systems, and optimize water
resources for better crop yields.

The Way Forward: Over-
coming Challenges and
Building a Sustainable
Future

To ensure the successful adoption
of sustainable agriculture prac-
tices, a comprehensive approach
isrequired:

1. Government Support

The government should provide
financial incentives, subsidies,
and technical support to encour-
age farmers to adopt sustainable
practices. Policies should priori-
tize sustainable agriculture and
support research and extension
services.

2.  Awarenessand Education
Awareness campaigns, work-
shops, and training programs
should be organized to educate
farmers about the benefits of
sustainable agriculture and
provide them with the necessary
knowledge and skills.

3. Researchand Development
Investments in research and
development of location-specific
sustainable farming practices will
lead to more efficient and

effective techniques.
4. Strengthening Infrastruc-
ture

Improving access to resources
like water, quality seeds, and
technology will facilitate the
transition to sustainable agricul-
ture.

5. Climate Resilience
Developing climate-resilient
farming practices will help
farmers adapt to changing

weather patterns and mitigate the
impacts of climate change.
6. Public-Private Partnerships
Collaborations between govern-
ments, private companies,
NGOs, and research institutions
can facilitate the adoption of
sustainable practices and ensure
their successful implementation.

Sustainable agriculture is an
important step towards preserv-
ing our environment and ensur-
ing that the world's growing
population has sufficient food.
Conventional farming practices,
which are highly resource-
intensive, can deplete topsoil,
lower groundwater levels, and
diminish biodiversity. As an
alternative, sustainable agricul-
ture practices focus on using
resources more efficiently,
diversifying crops and livestock,
and adapting farming strategies
tosuitlocal conditions.

The popularity of organic
food and the growing interest in
titness and wellness has brought

sustainable agriculture practices
into the limelight. These prac-
tices, however, are more than just
a marketing strategy. They are an
urgent necessity for preserving
our planet and promoting
healthier and more sustainable
ways of life for future genera-
tions. Sustainable agricultural
development involves the careful
management and conservation of
natural resources. Technological
and institutional changes are
tailored to meet the needs of
present and future generations in
a manner that conserves land,
water, plant, and animal genetic
resources. Sustainable agricul-
ture is also environmentally
friendly, technically suitable,
economically viable, and socially
acceptable.

Five key principles under-
line sustainable agriculture
practices: enhancing the effi-
ciency of resource use, maintain-
ing rural viability, protecting and
improving rural infrastructure,

Government

Support

Awareness &
Education
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minimising adverse impacts on
the environment, and improving
the resilience of farming systems.
Government support is crucial
for implementing these princi-
ples effectively.

There are many benefits to
sustainable agriculture practices,
including the protection of
natural ecosystems, maintenance
of soil integrity, support for
biodiversity, reduction of water
and air pollution, and conserva-
tion of non-renewable resources.
Economically, these practices
provide long-term food security,
reduce production costs for
farmers, and reduce dependence
on fossil fuels. From a societal
perspective, they promote
equality and public health by
reducing chemical contamination
and environmental pollution.The
use of technology in sustainable
agriculture helps monitor ongo-
ing processes and manage the
future of crops. It ties together the
objectives of continuous food
production, welfare of food
producers, and preservation of
non-renewable resources.

In India, sustainable agricul-
ture practices are crucial for
securing the country's nutritional
needs in a world constrained by
climate change. Despite their
importance, however, the cover-
age of these practices in India
remains low. For instance, only a
small number of farmers have
adopted practices such as crop
rotation, agroforestry, and
rainwater harvesting. The
National Mission for Sustainable
Agriculture was launched in
2014-15 to boost the adoption of
sustainable agriculture practices
inIndia.

Sabka Sath- Sabka Vikas-
Sabka Prayas- Sabka
Vishwas.

The idea of sustainable develop-
ment, encapsulated by the Indian
Prime Minister's slogan "Sabka
Sath-Sabka Vikas" (Collective
Effort-Inclusive Growth), is an
integral part of India's national
development agenda. The
implementation of the Sustain-
able Development Goals (SDGs)
in rural India through Panchayati
Raj Institutions is an important
partof thisagenda.

The concept of sustainable
development is the idea of
meeting the needs of the present
without compromising the
ability of future generations to
meet their needs. The SDGs are a
set of goals, targets, and indica-
tors that have been jointly set by
193 countries. They are intended
toend poverty, protect the planet,
and ensure prosperity for all by
2030.

In India, where about 65% of
the population lives in rural
areas, Panchayati Raj institutions
(PRISs) are a critical component of
local self-governance. The PRIs,
which have achieved last-mile
connectivity in executing various
schemes, are expected to play a
key role in achieving the SDGs.
The Rashtriya Gram Swaraj
Abhiyan (RGSA) scheme has
been designed to capacitate
elected representatives and
functionaries of PRIs to deliver on
the SDGs.The twin objectives of
the Panchayati Raj System are to
ensure local economic develop-
ment and social justice. These
objectives align closely with
many of the SDGs. Hence, the
Gram Panchayats across the

country play a significant role in
the attainment of the SDGs.

As we strive to achieve these
ambitious goals, it's important to
remember that there is no "one
size fits all" approach. The
localization of the SDGs is a
critical lever in this process. The
integration of the social capital
that exists in women's collectives
and the local self-governance of
the Panchayati Raj system is
essential. The achievement of the
SDGs will require transformative
economic, social, and environ-
mental solutions. It will require
inspiration and creativity from all
sectors of society, including
national and local governments,
civil society, the private sector,
academia, and youth. By
prioritizing sustainable agricul-
ture practices and localizing the
SDGs, we can work towards a
more sustainable and equitable
future forall.

With this an understanding
can be generated that sustainable
agriculture is not a mere option; it
is a necessity for the well-being of
our planet and future genera-
tions. By embracing and promot-
ing sustainable practices, we can
build a greener, healthier, and
more prosperous future. Govern-
ments, farmers, researchers, and
consumers must work together to
make sustainable agriculture the
norm rather than an alternative.
With collective efforts, proper
support, and a commitment to
change, we can foster a sustain-
able agricultural revolution that
benefits both people and the
planet. Sustainable agriculture is
the key to a brighter, more
resilient, and sustainable future
forall.
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Bihar's Farming Boon: The Rise of Makhana
Monika Jha, DP Semwal, S.K. Yadav and Praveen Kumar Singh*

About Makhana

Makhana (Euryale ferox Salisb.),
commonly known as foxnut,
prickly water lily, or black
diamond, is a pantropical aquatic
flowering plant. This aquatic herb
belongs to the family
Nymphaeaceae. Euryale is a
monotypic genus, exhibiting
either an annual or perennial life
cycle depending on environmen-
tal conditions. The entire plant,
except for the roots, is covered
with spines. It produces two
distinct types of flowers:
cleistogamous (self-pollinating,
non-opening) and
chasmogamous (open, cross-
pollinating). The flowers are
solitary, large in size, and emerge
in an asynchronous manner. The
fruit is a hard, spiny berry con-
taining globose, hard, and
rounded seeds. It is typically
cultivated in stagnant, perennial
water bodies such as ponds, land
depressions, oxbow lakes,
swamps, and ditches, with an
ideal water depth ranging from 4
to 6 feet. Makhana is believed to
be native to Southeast Asia and
China. In India, its cultivation is
predominantly concentrated in
Bihar, which accounts for approx-
imately 80% of the total culti-
vated area and nearly 90% of the
country's makhana production.

Background

The Kosi River, often referred to

as the "Sorrow of Bihar," is
infamous for its recurrent and
destructive flooding. Its high
sediment load leads to significant
silt deposition, causing the river
to frequently alter its course. This
geomorphological behavior has
resulted in substantial human
displacement and economic
losses. A notable example is the
2008 flood, which affected
approximately 2.3 million people
and inundated extensive tracts of
agricultural land. Although
embankments have been con-
structed to manage the river's
flow, they often exacerbate flood
risks by restricting the channel,
leading to increased water levels
and pressure due to silt accumu-
lation. Despite its associated
challenges, the Kosi River plays a
vital role in supporting agricul-
ture in Bihar. The river's alluvial
deposits significantly enhance
soil fertility, rendering the region
highly suitable for the cultivation
of crops such as rice, maize, and
jute. Moreover, communities
residing within the Kosi River
basin have developed indigenous
knowledge systems that enable
the sustainable utilization of its
resources, particularly for fishing
and agriculture.

Relation of flood and
Makhanain Bihar

Flooding creates optimal ecologi-
cal conditions for the cultivation

ICAR- National Bureau of Plant Genetic Resources, New Delhi
*Corresponding author - pksingh128@gmail.com

of Makhana (Euryale ferox Salisb.).
In regions such as Mithilanchal,
the primary makhana-producing
area, seasonal floods naturally
replenish and sustain stagnant,
shallow water bodies, including
ponds and wetlands. These flood-
fed wetlands function as natural
makhana farms, requiring
minimal external inputs and
irrigation. Farmers in these flood-
prone districts of Bihar, including
Darbhanga, Madhubani, and
Saharsa, have traditionally
adapted to these post-flood
aquatic environments, utilizing
them effectively for makhana
cultivation. The nutrient-rich
alluvial soil deposited by flood-
waters further enhances plant
growth. As the need for climate-
resilient agriculture increases,
Makhana is gaining recognition
as a climate-smart crop. Addi-
tionally, the adoption of
advanced makhana cultivation
techniques, particularly in low-
lying fields, has proven to
significantly enhance farmer's
profitability.

Traditional and Non-
traditional area of

Makhana cultivation

Makhana is primarily cultivated
in the northern regions of Bihar, a
state located in eastern India. This
region has traditionally been the
epicentre of makhana production
and continues to play a dominant
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Dhetary Rber Content in Makhana, Pulses, Cereals, and Other Foods

Fig. 1: Comparative chart of Fiber content in Makhana and other fibre rich food

role in the industry. Approxi-
mately 90% of the total national
production of makhana origi-
nates from this traditional culti-
vation belt, which comprises
around eight to ten districts in
northern Bihar. These districts
possess favourable agro-climatic
conditions, abundant water
resources, and traditional knowl-
edge that contribute significantly
to the successful cultivation of the
crop. Secondary, non[Jtraditional
cultivation zones include Jammu
& Kashmir, Assam, West Bengal,
Manipur, Tripura, eastern
Odisha and Uttar Pradesh.

Nutritional benefit of
Makhana

Makhana is a nutrient-dense
superfood increasingly recog-
nized as a functional food due to
its rich macronutrient and
micronutrient profile. It is
particularly valued for its high-
quality protein, supported by an
essential amino acid index
(EAAI) of around 93%, indicating

an excellent amino acid balance.
Rich in methionine, leucine,
isoleucine, cysteine, glutamine,
and arginine, makhana supports
protein synthesis, metabolic
function, and immune health. Itis
also rich source of fibers (approx.
14.5g), making it a strong con-
tender among superfoods (Fig. 1).

Health benefits of
Makhana

Makhana seeds are a rich source
of bioactive compounds, includ-
ing polyphenols, flavonoids,
dietary fiber and antioxidants.
These constituents contribute to
several health-promoting effects,
such as antidiabetic,
hepatoprotective, anticancer,
antifatigue, and antioxidant
activities (Table 1).

Government Initiatives
and Support for Makhana

To promote makhana cultivation,
various government initiatives

have played a pivotal role. Key
schemes include the Pradhan

Mantri Krishi Sinchayee Yojana
(PMKSY) for irrigation support,
the National Mission on Sus-
tainable Agriculture (NMSA) for
advancing climate-resilient
water-based farming systems,
Operation Greens for post-
harvest processing and value-
chain development, and the
Makhana Vikas Yojana, which
provides training and financial
assistance to farmers.

In the Union Budget
2025-26, the Union Finance
Minister, Nirmala Sitharaman,
announced the establishment of a
dedicated Makhana Board. This
board is intended to streamline
production, enhance processing
and value addition, support
marketing efforts, and boost
exports. Additionally, the estab-
lishment of the National
Makhana Research Centre in
Darbhanga, Bihar, is expected to
focus on the development of
high-yielding varieties, mechani-
zation of processing, sustainable
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Table 1: Various bioactive compounds in Makhana and their health benefits

Bioactive compound

Plant parts used for
extraction

Pharmacological properties

Pentacyclic triterpenes

Seeds

Anti-diabetic activity

Nucleosides and nucleobases

(Inosine, thymidine, uridine,

cytosine)

2' -deoxyguanosine, 2'-
deoxyinosine, 2'-deoxyuridine, xanthine, thymine, adenine,

Seeds

Anti-cancer activity

Cerebrosides (Ferocerebroside A & B)
Tocopherol p olymers
(Ferotocotrimer C, D, A & E)

Seeds

Antioxidant activity

Sesquineolignans
(Euryalin A, B & C)

Seeds

Diabetic nephropathy

Polyphenols
(5,7 4-trihydroxyflavanone
Buddlenol E

5,7-dihydroxy-2- (3,4,5 trihydroxyphenyl) chroman -4-one)

Seeds

Anti-fatigue activity

Glycosylsterols
(2,2E-dienyl-3p-O-pyranoglucoside

24-ethycholesta -5)

24-ethylcholest-5-enyl-3p-O-pyranoglucoside
24-methylcholest -5-enyl-33-O-pyranoglucoside

Seeds

Cardioprotective activity

Source: Mittal et al., 2020

water management practices,
and capacity building for farm-
ers. Furthermore, the conferral of
the Geographical Indication (GI)
tag to “Mithila Makhana” on 29"
April, 2022 has significantly
enhanced its recognition in

national and international
market.
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Water Footprint: Awareness to Action

India is recognized globally for its
advancements in the "Digital
India" initiative; however, it faces
significant challenges, particu-
larly regarding water resources.
With merely 4% of the world's
freshwater available for 16% of
the global population, water
scarcity and diminishing water
levels have emerged as critical
concerns. According to a report
by NITI Aayog, itis projected that
by 2030, nearly 40% of India's
population may lack access to
drinking water. The ongoing
water crisis
Bengaluru—attributable to
insufficient monsoon rainfall, the
over-extraction of groundwater,
and ineffective resource manage-
ment—illustrates the gravity of
thisissue. Addressing thisissueis
no longer a choice but an impera-
tive, as water is not merely a

in

resource but essential for sur-
vival.

Furthermore, water utiliza-
tion extends beyond basic needs.
The concept of the water foot-
print, encompassing both visible
and virtual water consumption,
provides insight into how human
consumption practices impact
natural resources. Virtual water,
often called 'hidden' water,
denotes the water embedded
within daily products and

services consumed. India

accounts for 12% of the global
water footprint, amounting to 987
Gm?® annually. Although coun-
tries such as the United States and
several European nations exhibit
higher water footprints, India is
increasingly nearing these figures
due to its growing population
and evolving lifestyles.

Water Footprint

The water footprint concept
encompasses the total volume of
freshwater utilized in producing
goods and services consumed by
individuals or communities. This
measurement includes direct
consumption, such as drinking
water and sanitation, and indirect
usage manifested through
manufacturing and agricultural
processes. The water footprint
analysis provides valuable
insights into water usage pat-
terns, which can inform strategic
initiatives to achieve efficient and
sustainable water management.
Actions such as improving
agricultural practices, minimiz-
ing domestic water waste, and
optimizing industrial production
processes can substantially
reduce the overall water foot-
print.

Virtual Water and Its
Implications

Virtual water constitutes a
significant aspect of everyday

Principal, BKPJM, Baraut (Affiliated with CCS University, Meerut)

Email: pooja369gupta@gmail.com

Pooja Gupta

consumption. For example, the
production of one kilogram of
rice necessitates approximately
2,500 litres of water, whereas the
manufacture of a single cotton
shirt requires about 2,700 litres.
Furthermore, the increasing
digitalization of services contrib-
utes to the concealed water
footprint; data centers, which
play a crucial role in supporting
the digital economy, consume
substantial quantities of water for
cooling operations. If goods and
services are analysed in terms of
water consumed, the figure
would be alarming.

In 2008, Coca-Cola took a
pioneering step by introducing
water footprint analysis—a
method that evaluates the total
volume of freshwater utilized in
the production of its products.
This analysis aims to improve
water management practices and
reduce the overall water con-
sumption linked to manufactur-
ing processes. In India, similar
approaches have been increas-
ingly embraced to understand
and alleviate water usage. A
notable study conducted in the
states of Gujarat and Madhya
Pradesh compared organic and
conventional cotton farming
practices. The results revealed
that organic farming significantly
reduces water footprints, primar-
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ily by eliminating pollution from
pesticides, which consequently
helps to preserve local water
quality and availability.

Agriculture is the dominant
consumer of water in India, using
about 80-90% of the country's
freshwater resources, in stark
contrast to the 5-12% allocated for
industrial purposes. This dispro-
portionate allocation is com-
pounded by inefficient irrigation
methods, such as flood irrigation,
and the cultivation of water-
intensive crops like rice. Studies
have shown that as agricultural
water use escalates, it outpaces
the population growth rate,
signifying an urgent need for
comprehensive reforms in water
management and irrigation
practices.

The severity of water scar-
city in India is exemplified
through extensive research on
various river basins across the
country. For example, within the
Ganges basin, approximately 450
million individuals experience
severe water shortages for up to
five months each year. This
chronic scarcity poses significant
challenges for both drinking
water availability and agricul-
tural productivity. Meanwhile,
the Indus River basin, another
crucial agricultural area, suffers
from eight months of water
scarcity annually. This prolonged
lack of water severely impacts
agricultural output, threatening
food security and limiting access
to safe drinking water. While
India's per capita water footprint
is lower than that of many
nations, the absolute amount of
water used, coupled with unsus-

tainable agricultural practices,
makes the situation urgent.

Strategies for Reducing
Water Footprint

1. Efficient Irrigation Tech-
niques

Implementing advanced irriga-
tion systems, such as drip and
sprinkler irrigation, can lead to
water savings of 30-70% com-
pared to traditional irrigation
methods. These systems not only
conserve water but also promote
healthier crop growth by provid-
ing consistent moisture levels.
Studies conducted in Punjab and
Maharashtra have shown that the
adoption of micro-irrigation
methods resulted in significant
reductions in water usage while
simultaneously enhancing crop
yields, showcasing a viable path
toward improving agricultural
water efficiency.

2. Crop Diversification

Encouraging farmers to shift
towards less water-intensive
crops, such as millets and pulses,
instead of rice and sugarcane can
significantly relieve pressure on
water resources. This approach
not only conserves water but also
enhances soil health and agricul-
tural resilience.
ducted in the agriculture sector
has demonstrated that

Research con-

transitioning to millet cultivation
can reduce the agricultural water
footprint by nearly 50%, high-
lighting the benefits of diversified
cropping systems.
3. Industrial Recycling and
Reuse

Promoting practices for
greywater reuse and industrial
water recycling can drastically

reduce the freshwater depend-
ency of urban areas. This
approach is vital for managing
water scarcity in rapidly urbaniz-
ing populations. A pilot projectin
Chennai's industrial zones
exemplified this strategy,
achieving a remarkable 40%
reduction in freshwater usage
through the implementation of
effective recycling mechanisms,
thereby serving as a model for
similar initiatives nationwide.

4. Community Awarenessand

Action

Grassroots campaigns that
emphasize the importance of
rainwater harvesting, pollution
prevention, and overall water
conservation can mobilize local
communities to act. These initia-
tives foster a culture of
sustainability and local steward-
ship of water resources. Educa-
tional programs initiated by
initiatives like Jal Shakti Abhiyan
have empowered rural commu-
nities to adopt sustainable
practices for water management,
demonstrating the effectiveness
of community engagement in
addressing the water crisis.

5. Policy and Regulation

Establishing regulatory measures
such as water footprint caps for
both industries and agricultural
sectors can ensure that water
usage remains within sustainable
limits. This regulatory frame-
work is essential for guiding
long-term water resource man-
agement strategies. Mandating
regular water audits and provid-
ing incentives for low-water-use
technologies encourage compli-
ance with sustainable practices
and foster innovation in water
conservation efforts.
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Alternative Mechanisms

for Sustainability
1. Virtual Water Trade Regu-
lations

Policymakers need to address the
imbalances created by virtual
water trade. Exporting water-
intensive crops, such as basmati
rice, places immense pressure on
domestic water resources,
draining them further in an
already stressed situation.
Introducing tariffs or restrictions
on such exports would prioritize
domestic water security, ensur-
ing that local populations have
sufficient access to water
resources for their needs.

2. Digital Footprint Assess-
ment

Data centers, which require
significant amounts of water for
cooling, represent a growing
concern in urban water usage. By
optimizing energy efficiency and
adopting innovative cooling
technologies, these facilities can
substantially reduce their water
footprint. A 2021 study by the
Uptime Institute revealed that
hyperscale data centres consume
millions of litres of water annu-
ally, underscoring the urgent
need for effective strategies to
mitigate their impact on local
water resources.

3. Revolutionizing Urban
Water Systems

Urban centers should embrace
decentralized water management
practices, which include imple-
menting rainwater harvesting
systems and smart metering
technologies to detect and
prevent leaks. This innovative
approach can lead to more
sustainable urban water usage.
For example, Mumbai's rainwa-
ter harvesting initiative has the
potential to fulfill up to 20% of the

city's annual water demand,
showcasing the effectiveness of
integrated urban water manage-
ment approaches.

Present and Future Water
Usage Trends

As the population continues to
grow, India's water demand is
forecasted to double by 2050,
with the industrial and domestic
sectors responsible for a substan-
tial portion of this increase. If
current trends persist, the deple-
tion of groundwater resources
threatens to render large parts of
northern India uninhabitable,
with serious implications for
agricultural productivity and
overall quality of life. Climate
change is exacerbating existing
water scarcity issues through
rising temperatures and unpre-
dictable rainfall patterns. A
World Bank report predicts that if
global warming exceeds 2°C,
freshwater availability in South
Asia could decrease by 20% by
2050. This anticipated reduction
poses significant challenges not
only for agriculture but also for
drinking water supplies and
overall environmental
sustainability in the region.

Encouraging individuals to
embrace responsible consump-
tion habits is crucial. By con-
sciously reducing the use of
products that consume excessive
water, such as certain food items
and textiles, people can signifi-
cantly minimize their water
footprints. This shift in behaviour
fosters a collective commitment
to sustainable living and helps
protect our planet's precious
water resources.

The rise of groundbreaking
technologies offers exciting
opportunities for efficient water
management. For instance, solar

desalination plants harness the
power of the sun to transform
seawater into fresh, drinkable
water, providing a sustainable
alternative in water-scarce
regions. Additionally, Al-driven
irrigation scheduling optimizes
water usage in agriculture by
analysing various factors such as
weather conditions and soil
moisture levels, ensuring that
crops receive the right amount of
water without waste. Various
initiatives led by governments
and non-governmental organiza-
tions are making significant
strides in water conservation.
Programs like 'Nal Se Jal' focus on
enhancing access to clean drink-
ing water in rural communities,
ensuring every individual can
access this vital resource. Simi-
larly, 'Catch the Rain' promotes
rainwater harvesting, empower-
ing communities to capture and
utilize rainwater effectively, and
encouraging local engagement
and responsibility in conserva-
tion efforts.

Conclusion

The growing awareness of the
water footprint reveals a pressing
challenge that could impact
future generations. Tackling this
crisis will require concerted
efforts at all levels—individual,
community, and governmental.
By adopting sustainable prac-
tices, embracing innovative
technologies, and fostering
awareness, we can collectively
work toward achieving water
security. The task of reducing our
direct and virtual water footprint
is not merely an environmental
concern; it is a moral obligation
that weall share.

“Every drop counts—let us

unite to safequard this vital resource
for future generations."
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PROF. H. S. SRIVASTVA FOUNDATION

FOR SCIENCE & SOCIETY
Office No. 04, 1st Floor, Eldeco Xpress Plaza,
Uttrathia Raebareli Road, Lucknow
Website : : www.phssfoundation.org Email:phssoffice@gmail.com

Professor H. S. Srivastava Foundation for Science and Society is a national academic, non-profit voluntary
organization registered under the society Act 1860, in Lucknow.

A) CENTRE FOR SUSTAINABLE AGRICULTUREAND ENVIRONMENT-

® AResearch and Development Centre of the Foundation,'Centre for Sustainable Agriculture and Environment'
is working for the basic and translational research in these fields, Science Communication, Development of women
and youth leadership and poverty elimination in the rural and peri-urban societies.

® The financial support is earned through the royalty, donation and sponsorship

B) Publication of International Research Journals-

® The Foundation is publishing a monthly research journal Physiology and Molecular Biology of Plants (PMBP;
Clarivate JCR Impact Factor 3.3) in collaboration with Springer Nature from 2002 which was started in 1995 by
another society.

C) Conferences, Seminar and Workshops-

® The Foundation is organises annual national/International conferences and periodical workshop, seminar and
training programmes for scientific interaction and science communication regularly.

® An Annual National Rural Science Congress has been started from 2022 to explore the issues and challenges of
sustainable rural development in India.

D) PHSS Foundation Awards-

® Five biennials' national awards are conferred to the distinct achievers in the different fields by the Foundation from
2012.

E) Popular Science Magazine-

® A quarterly Multilingual People Science Magazine Kahaar (www.kahaar.in) is published from 2014 to
communicate science in general and concepts and practices of sustainable agriculture and environment in
particular for college and school students and rural youth.

We invite, you all the like-minded people across the age, gender, geography,
religion, and profession to join with us, collaborate and light the lamp for a better tomorrow.
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