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By the end of April, many regions had already heated up, but rain arrived with the onset of May, damaging crops that were
ready for harvest. Strong storms also wreaked havoc in several areas. Then, just a few days later, temperatures began to
soar, reaching between 45 and 50 degrees Celsius. Naturally, the intense heat and scorching sun caused widespread distress.
To make matters worse, there were power shortages. As the heat intensified, fans, coolers, and air conditioners ran
incessantly; the increased load during summer frequently caused wires and transformers to burn out. Power supply became
erratic, regardless of the sweltering heat.

Winter, too, was quite severe this year, albeit briefly. Rainfall patterns have become completely unpredictable. While
climate change has been a topic of discussion for years, the looming possibility of natural phenomena like 'Super El Niiio'
and 'La Nifia' is making weather forecasting increasingly difficult. Although climate-driven geographical disasters linked
to fluctuating sea temperatures and wind-driven currents raised fears of deficient rainfall, many regions actually
experienced heavy downpours. Landslides in the mountains triggered terrifying floods.

The question arises: what should people do in such a situation? Stay indoors, run the AC, and keep drinking water?
Butwhat about those who lack homes, air conditioning, water, or electricity?

Expansive, smooth highways are being constructed everywhere, yet a few begin to crumble shortly after the first
monsoon rains. New cities and markets are constantly springing around them. Multi-story buildings remain packed with
residents and tourists alike. Mountains, coastal areas, cities, and pilgrimage sites teem with tourists during both winter
and summer.

As people become more prosperous, travel and the demand for amenities will inevitably increase. The construction of
ring roads often triggers unplanned urban sprawl into the outskirts of cities. Industrial and economic zones are being
rapidly developed around capital cities. The iimportance of this infrastructure for rapid economic growth, new investments,
job creation, and national and regional prosperity cannot be denied. However, "heat islands" are proliferating in major
cities, where not only are the days scorching, but the nights also remain sweltering. The growing "concrete jungles" in cities
absorb intense sunlight and heat throughout the day and radiate it back at night; this, combined with the heat emitted by
air conditioners, keeps the city air as hot at night as it is during the day. Due to the scarcity of large, old trees and greenery,
the oxygen released through photosynthesis is steadily declining in the atmosphere, while carbon emissions from
respiration, vehicles, households, markets, and factories continue to rise.

We know that an abundance of oxygen keeps the atmosphere cool, whereas an excess of carbon dioxide warms the
climate. If there are more trees and plants, the heat will feel less oppressive, and the level of life-sustaining oxygen in the air
will increase. Planting and nurturing trees is also the most cost-effective form of development. Governments possess
numerous departments dedicated to forestry, horticulture, and environmental conservation, along with budgets and
schemes. Yet, water resources and tree cover continue to dwindle year after year. While some trees are planted, others are cut
down. The trees that are felled are often old and massive—major sources of oxygen—whereas many of the newly planted
plantlets get wither away or grow too slowly to generate significant oxygen. Despite the year-on-year rise in tree-planting
figures, the air remains hot, and the weather patterns continue to shift.

The intensity of the sun heat is increasing during the summer, as is the density of smog in winter. Growing trees is an
inexpensive task, yet it is one that people are reluctant to undertake. The felling of large, majestic trees sparks only brief
discussion. Meanwhile, lakes, ponds, and rivers become choked with silt and waste, and their banks are frequently
encroached upon by powerful individuals. There are roads, yet no trees line their edges. The number of trees in parks and
residential colonies remains woefully low. Rows of high-rise buildings and industries have sprung up along riverbanks, yet
trees have not been planted. When a single large tree is felled, the habitat of hundreds of animal and plant species is
destroyed. While carbon emissions rise alongside development, the areas that absorb carbon are shrinking year by year. Yet,
thereis no discussion about this — no stir among the public, in politics, or within the administration.

Trees, water, fields, orchards, parks, and forests are essential for life on Earth; development does not merely mean
houses, industries, roads, and markets. True development lies in a healthy, happy, prosperous, and inclusive society — one
free from monopoly, dominance, conflict, hatred, violence, and corruption. Development is realized when love, goodwill,
cooperation, and peace replace war and hatred; when the ecosystem fosters a spirit of humanity, and society is free from
disparities, oppression, and unrest. Yet, thereis no discourse or dialogue regarding this kind of development.

In India, an estimated 75-80% of homes, shops, and institutions rely solely on ceiling fans, while 12-15% use air
coolers and 8-10% use air conditioners. Large buildings are increasingly being equipped with central air conditioning. As
prosperity grows, the use of air conditioners — and consequently, emissions —will rise. The crucial question, however, is
how to increase tree cover and water resources. In summer, when the need for water peaks, water supplies dwindle
everywhere.

Earth's natural system will not wait for anyone to restoreits balance. That system is devoid of politics, corruption, or
contradictions; it is simply a natural order that has evolved over millions of years— one whose intricacies humanity has
yet to fully comprehend. For the Nature the greater concern is to preserve the integrity of the entire ecosystem, ensuring the

Earth's vitality endures — with or without humanity. - )
Koma 1o
_ e
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Abstract

Vegetable crops are one of the
bases of food and nutritional
security in the world since they
provide diets with necessary
vitamins, minerals, dietary fibre,
and bioactive substances that the
all humanity requires. Intensive
vegetable production systems
are, however, very susceptible to
insect pests, diseases, and nema-
todes, thus causing massive loss
in yield and quality. The tradi-
tional methods of pest manage-
ment that use predominantly
chemical pesticides have brought
about grave challenges like the
development of resistance to
pesticides, environmental
pollution, effect on biodiversity,
and risk to food safety. Over the
past few years, there has been
swift development in artificial
intelligence (Al), machine learn-
ing, Internet of Things (IoT),
remote sensing, robotics, and
digital agriculture that has
disrupted the pest management
approach to the vegetable crops.
The new technologies will enable

early detection of pests, real-time
monitoring, predictive analytics
and site-specific interventions,
thus reducing dependence on
pesticides and improving effec-
tiveness. This paper presents a
review of the worldwide and
Indian significance of vegetables,
drawbacks of traditional pest
control, and the latest Al-based
and innovative pest management
systems. A combination of these
technologies with integrated pest
management (IPM) strategies
can create a viable avenue to the
development of sustainable
systems of production of vegeta-
bles in an eco-friendly and
economical manner.

Keywords: Pest management,
Artificial intelligence (Al),
Insect, Internet of Things (IoT)
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it € | afeorat faHt @ om
TG, ATHIOT ISR FoTd R 4,
BIC IR AHT Al I TR
9 3R UIyoT {gRem H Hgayof
et 9T 8 | Feoll aTell %del
D FIae 8l 8, orad
PR fI9q WR W 20—40 Ufaed
dd ISl BN Bl 8 AR RO
Al H g8 50 Wl dd ugd
Y, i iR S § (Oerka,
2006) | ®IC & YB3 fHA™! BT
amfdfs JhA™ SO USAT T |
[H¥T 31 BT DI HH HRA B
forg S 9Hg | 9Ny AET H
IMAMG DISARIDI & SUART
PRAEE |
TRIRS PIC TG B HHY
URURS B yderd &I
RNIRIB GRS R NI R R C RS S
21 URUR® Pic gded &
PISATIR] & ARG STIANT A
frfoRad Tt Sao g8 &

o ®ITATIG JIIY, Il
STRERI & @RI & folg
GARATH Bd © IR AT
fAUoT eHaT ! g9Tfad &R
g (Pimentel, 2005) |

o AET IR I o1 UgmoT |

o WNUIGARI 3R UHiaH
IS S AMHRI Sidl BT
fg913T (Pretty and
Bharucha, 2015) |

o Y ulRRerfaqdl o= @1
JAGe AR fgdlgsd die
eIy |
g9 H1H1/IT B HIROT

STE-MIRT, S—9Ald 3R

RITERU—3del dic yee fafdraf

B ATIIHAT R |

I Bell d 999 die

T§EH P

oM g R Wi

IR TR gReBIT

SA gigear maiRa oo
sfa gaw®HIor, w afvT,
FALMS RRA  Tcdd 3R
2 AT UHTIREH BT U
FRD TRMWD Rl H diet R
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ferger, ufthgw (au), Ahe Heredl,
forey 3R off% HI8-R i Bici Bl
qdT TeHIA IR UfteTdh o
3R HHRT b IUBRVN & ARIH o

o efcTaiaul SMHASIRT (Bl BED
PIe), STy forgwr (darey
goell), Ufhsd (IU1), Wwa
ARG (FHIRTaT SaRM), e
IR SHHSd® A (wfcel
SIS e) S T9-g Hiet H
PleArd gfoRy &1 faar
(Sharma and Ortiz, 2000) |

ST ST Al B 1 F Homfors
AED AR MY e ga™ Bl
g (Liu et al. 2020; Ferentinos,
2018) | 7R AT HAisar el
ST 3R JNH @ MR W Dl
UH BT gargHE W o 8
(Liakoset al. 2018) |
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s 3R Rare ARiT
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HIell H START Bic Ud I YHhIg
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8 8T & (Zhang and Kovacs,
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ERT Iq~ I DI TS Bl

=
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A&l Wl bl 31fSrd fewre a=mrm
ST Adhal 7, |ifd A e
gIYC &I AET B HH IRA T,
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#d & (Bongiovanni and
Lowenberg-Deboer, 2004) |
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$fiTea SydTs, HiaTga—meniRd
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2023) |
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e NU IR IS Bic g™
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o T GRET H GUR

° %ﬂﬁﬁ%smﬁqf?&'
sy @ FHEaan SR
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P4 FigH AR Dl Tae-
& BT A ! By Al
foram # fefree dameRar &1 for=
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HRAT AT AATID B, S ATID
TR W JOAM H A8d (g

BT |
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qeoll dTell Hdel favq g 9Rd
@ WG UG UIyer GRem b forg
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FHlbT Dlc Y&e gRehIoT &
AT UHIDHRO, HICARIR TR
fRAT @1 FH BRA, SATGHAT
g™ dUT UITaROT  ReTOT H
AEqUl ANTEM & Al & | 34
TP Th=ilhi BT DIc YaeT
AT, AfasT # Aol STe Bl
| 3R Gg& YOl U1 B H
U AU BRE g BT |

Vegetable crops are
crucial into global and Indian

food and nutritional security,
but are very susceptible to
losses due to the attacks of
pests. Emerging innovative
technologies, such as artificial
intelligence, the Internet of
Things, drones, robotics, and
decision support systems,
offer a sustainable solution to
the widely used pesticide-
based operations. The integra-
tion of Al-based resources
with the integrated pest
management approaches can
contribute substantially to the
decrease in pesticide reliance,
improved productivity, and
environmental protection. The
integration of these modern
technologies in pest manage-
ment will be a critical factor in
the attainment of sustainable
and robust systems of produc-
tion of vegetables in the future.
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Insect Pests of Agricultural Crops:
Challenges and Sustainable Management

Abstract

The pests that pose the greatest
danger to agricultural activities of
the world are insects, which bring
about massive losses of yields of the
major crops like cereals, oilseeds,
legumes, and horticultural crops.
The result of food security, liveli-
hoods, and the economy is reduced
crop productivity of 20-40% per year
by these pests. Pest management
methods that are still being used in
the traditional methods based on the
use of mostly chemical pesticides
have contributed to the prevalence of
pesticide resistance, environmental
pollution, and the destruction of the
non-target population. This paper
delves into the issues that have been
brought about by insect pests in
major crops, the cause of the pests
outbreak either climate change or the
weaknesses of traditional control
solutions. It emphasizes the need to
have sustainable pest management
initiatives, where Integrated Pest
Management (IPM) should be given
central priority. IPM incorporates a
variety of strategies, such as biologi-
cal control, host-plant resistance,
cultural control, and the use of
selective pesticides, which limit the
impact on the environment and still
ensure that agricultural productiv-
ity remains high. Also, the article
presents the emerging technologies,
including precision agriculture,
remote sensing, and genetic engineer-
ing, which promise much to control

Aman Yadav', Anil Patel’, Rudra Pratap Singh'* &

the population of pests more
effectively. By implementing these
new methods, dependency on the use
of chemical pesticides can be
minimized, increase control of pests,
and achieve environmental
sustainability. Environmentally
friendly pest management is essen-
tial in terms of both future food
security and the preservation of the
environment and human health.

Key Words: Agricultural crops,
Insect Pests, Sustainable approach,
Management

1. Introduction

One of the most important biotic
stressors that affect crop produc-
tivity on the global scale is insect
pests. Insect infestations in the
large agricultural areas result in
large losses of yields with an
average of 20-40 percent each
year. These pests contain a great
deal of species that feed on plant
leaves, roots, stems, seeds, and
reproductive organs thus reduc-
ing the amount of harvest and its
quality. The agricultural yield
loss does not only pose a threat to
food security, but has also severe
economic consequences to the
farmers, especially in the devel-
oping areas, where outbreak of
pests may lead to devastating
losses to farmers. With the world
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population ever-growing, and
the figure is projected to strive to
about 9.7 billion by 2050, the food
production demand is set to rise
much higher. This, consequently,
puts more pressure on agricul-
tural systems to sustain high
production and be able to deal
with the continuous menace of
insect pests. Pest insect manage-
ment, therefore, will have to
change to more sustainable
approaches beyond the tradi-
tional chemical control that has
not proven sustainable over the
long run. The core of the balance
between agricultural output and
environmental sustainability is in
the combination of the innovative
scientific approaches, i.e., the
molecular biology and genomics
and precision agriculture. Mod-
ern agriculture could be brought
to a more resource-efficient,
precise approach to pest manage-
ment through the use of technolo-
gies that allow identifying the
increased presence of pests early,
tracking their location in real-
time, and adeptly intervene in the
process. In addition, participa-
tory strategies at the grassroot
level are successful because
farmers are involved in decision
making on pest management
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processes. Therefore, to guaran-
tee food security and protect the
ecosystems, it is necessary to
develop sustainable pest man-
agement systems that are flexible,
scalable, and resilient to the
effects of climate change and
changing pest dynamics (Conde
etal.2025).

Chemical pesticides have
been one of the foundation of
modern farming methods over
decades and the management of
insect pests. The application of
synthetic chemicals, however,
has led to the emergence of
resistance pesticides in a number
of pest species, which are reduc-
ing the efficacy of the synthetic
chemicals. Also, too much use of
pesticides has resulted in nega-
tive environmental impacts, such
as soil and water contamination,
killing of non-target species
(including positive insects and
pollinators) and exposing
humans to health risks. With the
increase in climate change, there
is also a shift in the range, the
behavior, and the life cycle of the
insect pests, which makes the
process of pest management
strategies even more difficult.
Increased temperatures and
varying precipitation will lead to
pest outbreaks and their severity,
which will contribute to an even
greater food production chal-
lenge (Singh and Joshi, 2025).

Sustainable pest management
strategies have become popular
as aresponse to these problems. It
is estimated that Integrated Pest
Management (IPM), biological
control, host-plant resistance,
and ecological engineering are
some of the approaches that are
meant to reduce the use of chemi-
cals in control. These measures

aim at employing a mix of cul-
tural, biological and mechanical
methods of controlling pests
using chemical remedies to
control pest population in a
friendly and cost efficient way.
The increasing focus on such
sustainable options is not only
important to ensure the agricul-
tural output is not threatened but
also to ensure environmental and
human health safety (Mythili et al.
2020).

2. Major Insect Pests of Key
Crops

The severity of insect pest prob-
lems varies by crop and region.
Below are the key pests of major
crops and their impact.

2.1 Cereals

2.1.1 Rice (Oryza sativa)
Rice is a staple crop in Asia,
Africa, and parts of the Americas.
However, its production is
frequently compromised by pests
inrice as mentioned in Table 1.

Table 1. Major insect pests of rice

be enclosed within the stem and
hence the crop loss can only be
realized when internal damage
has been done.

2.1.3 Brown planthopper
(Nilaparvata lugens)

2.1.3.1 Nature of damage: Heavy
infestation of rice leaves the plant
drying, yellowing, and finally
hopper burn where nymphs and
adults suck sap at the base of rice
tillers weakening the plants. They
also give honeydew, which
prefers sooty mould, and are
significant vectors of diseases of
the rice grassy stunt and rice
ragged stunt, and are therefore
particularly destructive.

2.1.3.2 Challenges in sustainable
rice pest management: The
yellow stem borer is also chal-
lenging to manage as the larvae
remain safe in the tissue of the
plant and therefore the damage
may be detected whenitis too late
and the sprays may fail to hit the
target. Brown planthopper is not

Sr.No. Common Name Scientific Name Order Family

1. Yellow Stem Scirpophaga Lepidoptera Pyralidae
ToRe? incertulas

2. Leaf folder Cnaphalocrocis Lepidoptera | Pyralidae

medinalis

3. Brown plant Nilaparvata lugens | Hemiptera Delphacidae
hopper

4. Gundhi bug Leptocorisa acuta Hemiptera Alydidae

2.1.2 Yellow stem borer
(Scirpophaga incertulas)
2.1.2.1 Nature of Damage: The
larva bores into the stem. It
produces effects of dead heart
during the vegetative phase
where the main tiller dries and
may be pulled off with ease. It
results in white ear/white head
during the reproductive stage
whereby panicles grow out
empty or half-filled. The larva can

any easier since abundant canopy
of crops, excess nitrogen, as well
as repeated rice plantations, and
early use of broad spectrum
insecticides are the environmen-
tal factors that prefer outbreaks;
the insectis also known to resume
and develop resistance when
overused. All these aspects
render regular chemical regula-
tion unreliable and ecologically
dangerous (Garget al. 2026).
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2.1.3.3 Sustainable management
of rice pests (IPM): Apply
synchronous planting, field
hygiene, post harvest destruction
of stubbles, clipping of seedling
ends prior to transplantation in
order to destroy egg masses of the
stem borers, balanced fertilizer
application and preventance of
over-applied nitrogen. In the case
of yellow stem borer, pheromone
traps should be used in monitor-
ing/mass trapping and ensuring
the preservation/ increase in
natural enemies. In the case of
brown planthopper, there is no
need to have early insecticide
sprays when they are unneces-
sary, proper spacing, intermittent
drainage where possible and
preservation of predators like
spiders and other useful insects.
The central issue here are resis-
tant or tolerant varieties and
regular field scouting as a part of
sustainable management with
the usage of chemicals on the last
level and under the conditions of
reaching economic threshold
levels.

2.2. Wheat pest

The insect pests causing damage
in wheat crops are mentioned in
Table 2.

Table 2. Major pests of Wheat

making the seedlings to wither
and the affected plants easy to
pull. In subsequent attacks, the
injured plants can result into
white ears or poorly filled ears. In
rainfed, sandy, dry fields and
when there is presence of
undecomposed FYM/crop
residues, infestation is normally
more intense.

2.2.2 Termite (Odontotermes
obesus)

2.2.21 Nature of damage: Ter-
mites invade wheat immediately
after planting until later in the
growth of crops. They nourish on
roots and the underground stems
making the seedlings to wither
and the affected plants easy to
pull. In subsequent attacks, the
injured plants can result into
white ears or poorly filled ears. In
rainfed, sandy, dry fields and
when there is presence of
undecomposed FYM/crop
residues, infestation is normally
more intense.

2.2.2.2 Challenges in sustainable
wheat pest management: Wheat
pest management is difficult
because pest outbreaks are
strongly influenced by weather,
sowing time, irrigation, and crop
nutrition. Aphids can multiply
very rapidly and can develop

Sr. | Common Name Scientific Name Order Family

No.

1. Wheat Aphid Macrosiphum Hemiptera Aphididae
miscanthi

2. Cut worm Agrotis ipsilon Lepidoptera | Noctuidae

3. Termites Odontotermes obesus | Isoptera Termitidae

4. Gram Pod Borer Helicoverpa armigera | Lepidoptera | Noctuidae

2.2.1Wheat aphid (Macrosiphum
miscanthi / Sitobion miscanthi)
2.2.1.1 Nature of damage: Ter-
mites invade wheat immediately
after planting until later in the
growth of crops. They nourish on
roots and the underground stems

insecticide resistance; broad-
spectrum sprays can also disrupt
predators and parasitoids,
leading to resurgence. For
termites, hidden subterranean
feeding makes early detection
difficult, especially under

dryland conditions. At the
system level, IPM adoption is
often limited by farmer aware-
ness, labor requirements, and the
complexity of combining moni-
toring, cultural practices, biologi-
cal control, and threshold-based
decisions.

2.2.2.3 Sustainable management
of wheat pests (IPM approach):
Begin with the process of timely
sowing, deep summer plough-
ing, and destruction of the
residues of crops and the applica-
tion of well-decomposed FYM
only. Always keep the proper
irrigation since water stress is
more inclined to termite harm
and never overly utilize nitrogen
as succulent crop plants attracts
aphids. Scouting should be done
regularly; NIPHM suggests to do
aphids surveillance after every
week, count aphids on the
selected leaf/plants, and monitor
aphids on the yellow sticky traps.
A major sustainable measure is
conservation of natural enemies
like ladybird beetles, lacewings,
syrphids and parasitoids, hence
the avoidance of unnecessary
sprays of insecticides. The pest
pressure could also be minimized
with the help of border crops and
ecological engineering.

2.2.2.4 Pest-specific sustainable
management: In the case of
aphids sporadic checking is the
initial stage, and control should
be taken on the basis of threshold
levels as opposed to habitual
spraying. Population of aphids
Correspondingly, an ICAR rabi
advisory notifies of intervention
when aphid population is over
approximately 10 aphids on each
tiller or 5 on each earhead.
Another recommendation
NIPHM gives is yellow sticky
traps and conservation of natural
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enemies; chemical control should
be based on need only, and based
on local extension/label recom-
mendations.

In the case of termites,
preventive and cultural measures
are of particular importance:
deep summer ploughing,
destruction of residue, only well-
rotted FYM, sowing on time,
sufficient moisture in the soil.
Other recommendations made by
NIPHM include breaking down
termite piles around fields and
applying neem cake as one of the
biological/organic support
measures. Treatment of the seeds
and need-based intervention in a
study of the Indian fields also
enabled a parsimonious IPM
equilibrium between the crop
and termite damage than normal
practice of farmers.

2.3 Maize Pest
Table 3. Major pests of Maize

are inaccessible to external
sprays. The damaging insect also
thrives on crop stubbles and
hibernation phases in the field
that assist in spreading infesta-
tion to the next season. That is
why delayed control is not
normally effective as compared
to preventive IPM (Kumar et al.
2025).

2.3.1.2 Sustainable management:
Sustainable IPM method involves
deep summer ploughing,
intercropping legumes like
maize-soybean, maize-cowpea
or maize-green gram, planting of
so-called tolerant varieties of
stem borers, clearing of dead
hearts, and clearance of stubbles
after harvesting. NIPHM also
suggests that natural enemies like
Trichogramma chilonis and Cotesia
flavipes should be conserved and
T. chilonis @ 1,60,000/ha should
be released on crop 7- and 15-day-

Sr.No. | Common Name Scientific Name Order Family
1. Stem borer Chilo partellus Lepidoptera | Pyralidae
2. Corn worm/ Helicoverpa armigera | Lepidoptera | Noctuidae
ear worm
3. Aphid Rhopalosiphum maidis | Hemiptera | Aphididae
4. Maize shoot fly Atherigona orientalis | Diptera muscidae
2.3.1 Stem borer-Chilo partellus ~ old where necessary.

2.3.1.1 Nature of damage: Young
larvae consume the tender folded
leaves and generate the common
symptom, which is the shot hole.
They infest upon the stem as they
grow and feed on the internal
tissues, resulting into a dead
heart, drying the central shoot
and bore holes and tunneling of
the stem, making them visible.
Management problems: This pest
is not easy to control since once
the pests have developed in the
stem they are shielded by the
plant tissue and therefore they

2.3.2 Corn worm / earworm -
Helicoverpa armigera

2.3.2.1 Damage nature: The larva
feeds on silk, and develops
grains, and cobs, and holes may
be observed on the cob. This

feeding has a direct negative
impact of grain formation and ear
quality.

2.3.2.2 Management problems:
The management of larvae is a
challenge since the larvae infest
ear area where they can feed on
silk and the kernels may be
damaged prior to any visible
damage, and the partial protec-
tion provided by the cob area to
the caterpillar. Also, Helicoverpa is
a very versatile polyphagous
pest, therefore alone use of
routine insecticides is not a
permanent measure. What is
wanted is integrated control
through monitoring.

Sustainable management: the
more sustainable options for
maize include light traps, sex
pheromone traps (12/ha), and 2
applications of NPV, separated
by 10 days. Egg parasitoids of
Helicoverpa in maize systems,
such as Trichogramma and T.
mwanzai, are also documented in
NIPHM; therefore, caution is
necessary in IPM to conserve
natural enemies and avoid
unnecessary use of broad-
spectrumsprays.

2.4 Cotton pest

2.4.1 American bollworm -
Helicoverpa armigera

2.4.1.1 Nature of damage:
Squares, flowers and bolls are fed
upon by the larvae. Common
signs are regular circular bore
holes on the bolls, granular faecal
pellets exterior to bore hole, and

Table 4. Major insect pests of cotton

Sr. Common Name Scientific Name Order Family
No.
1. Leafhopper Amrasca biguttula Hemiptera Cicadellidae
biguttula
2. Pink boll worm Pectinophora gossypiella | Lepidoptera | Gelechiidae
3. Americal boll worm | Helicoperva armigera Lepidoptera | Noctuidae
Whitefly Bemisia tabaci Hemiptera | Aleyrodidae
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consumption of the internal
contents of the boll, which has a
direct negative impact on yield
and quality of boll.

2.4.1.2 Sustainable management:
Adhere to an IPM strategy where
sowing is done in time, cleaning
of the field, eliminating remnant
of crops, proper application of
fertilisers and unnecessary
spraying of pesticides. Monitor-
ing with pheromone traps,
natural enemies conservation
and enhancement of biological
control with Trichogramma,
Chelonus blackburnii, Chrysoperla
and NPV. Need based control
must not be taken before monitor-
ing butcalendar spraying.

2.4.2 Pink bollworm -
Pectinophora gossypiella

2.4.2.1 Nature of damage: The
larvae penetrates flower buds
and bolls and feeds within. Key
symptoms include rosetted
flowers, excreta at the entry point,
interlocular burrowing, the
development of the two seeds,
the shedding off of the attacked
buds and immature bolls and
discoloured lint containing
burrowed seeds.

2.4.2.2 Sustainable management:
Sustainable managementis based
on early monitoring by the use of
pheromone traps, destruction of
residues of crops and infested
parts of plants, rotation of crops,
deep summer ploughing, timely
sowing, with adequate spacing,
and balanced nutrient manage-
ment. Field monitoring through
biological control and IPM are
relevant and trap-based thresh-
old decision-making is used to
prevent the recurrence of the
usage of broad-spectrum insecti-
cides.

2.5 Pulse Pest

2.5.1 Gram pod borer
(Helicoverpa armigera)

2.5.1.1 Nature of damage: It is a
pigeonpea pest that is one of the
most devastating pod-feeders. At
the initial stage, the larvae
consume foliage and may result
in defoliation. When the crop
starts flowering and forming
pods the caterpillar changes to
buds, flowers, and pods. One of
the common symptoms of this
field is that the larva just pene-
trates the pod with the head and
the rest of the body outside where
it feeds on the grains that are
growing. The damaged pods are
characterized by holes in the form
of rounds and the growing seeds
are either partially or totally
consumed, which directly
reduces the grain production and
the quality in the markets.

2.5.1.2 Sustainable management:
The sustainable control is sup-
posed to be based on IPM
approach instead of the frequent
routine spraying. The cultural
practices that are useful are;
pigeonpea should be
intercropped with 1 row of
sunflower to every 9 rows, maize
should be used as a border crop
which helps to disturb movement
and reduce attack of the pests.
Pheromone traps should be
monitored and insectivorous
birds are attracted with the help

of bird perches that feed on
larvae. In small or medium fields,
it can also be effectively used to
collect visible grown-up larvae
hand. Biological indicators
matter: HaNPV is preferred by
TNAU, whilst ICRISAT focuses
on weekly post-flower-initiation
observation, neem-based sprays
like neem fruit extract/ NSKE and
action on demand rather than the
calendar sprays. Sustainable
management involves the
conservation of spiders and other
natural enemies.

2.5.2 Pod fly (Melanagromyza
obtusa)

2.5.2.1 Nature of damage: The
harmful phase is the maggot. It
pierces through the pod wall and
is nourished on the seed that is
growing. The usual symptoms
include dark brown encrustation
of the pod wall, dry pods with
their pinhead holes, shriveled
and striped half-eaten seeds.
Damages can be missed because
feeding takes place in the pod and
pods are not opened up. The
damaged grains are not only not
consumable but also not
germinable and losses might be
very high in case of excessive
infestation.

2.5.2.2 Sustainable management:
The most practical one is early
detection and preservation of
natural enemies. The TNAU
particularly recommends the

Table 5. Major insect pest of pulse crops

Sr.No. | Common Name | Scientific Name Order Family

1. Gram pod borer | Helicoverpa armigera Lepidoptera | Noctuidae

2 Pod fly Melanagromyza obtusa | Diptera Agromyzidae
B! Spotted pod borer | Maruca testulalis Lepidoptera | Pyralidae

4 Plume moth Exelastis atomosa Lepidoptera | Pterophoridae
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protection of parasitoids Euderus
lividus, Eurytoma sp. and Euderus
agromyzae. As pod fly is a routine
endemic pest in pigeonpea,
ICRISAT suggests its treatment as
part of a larger IPM system which
incorporates field monitoring,
prevention-first management, and
minimal disturbance of useful
insects. Cultural sanitation, observ-
ing of crop on time when the pods
form and the use of unnecessary
broad-spectrum insecticides is
important since the natural biologi-
cal control is preserved. Where
there is serious infestation, inter-
vention should be based on need
instead of being the starting point
and it should be incorporated with
the other [IPM package.
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Pesticide Toxicity Across Ecosystem:
Impact, Risks and Mitigation Strategies

Abstract

Pesticides are commonly used in
modern farming to boost crop yields
and keep pests away. However, their
widespread use has raised serious
questions about their safety for
people and the environment. Pesti-
cide residues can enter ecosystems
and affect organisms that aren't the
target, as well as important physio-
logical systems like energy metabo-
lism, the nervous system, the
cardiovascular system, and the
endocrine system. These disruptions
lead to a range of negative effects,
such as metabolic disorders, malnu-
trition, inflammation, neuro-
toxicity, and a greater risk of getting
sick from infections. Pesticides also
have cumulative effects across
different levels of the food chain,
putting biodiversity and ecosystem
stability at risk. Finding sensitive
biomarkers, such as biochemical and
haematological indicators, is a
promising way to monitor pesticide
toxicity and the health of the
environment. Future mitigation
strategies should focus on creating
more selective pesticide formula-
tions, using cutting-edge technolo-
gies to keep food and goods from
getting contaminated, and using
sustainable farming methods. These
steps are all necessary to achieve a
balance among farming productiv-
ity, environmental protection, and
public health.

Shivangi Maheshwari'*, Vijay Laxmi Rai’,
Vinod Kumar’ and Aradhya Raj'

Key Words: Pesticide toxicity,
Biomarkers, Ecosystem health,
Environmental contamination, non-
target organisms, Sustainable agri-
culture, Mitigation strategies

1. Introduction

Pesticides are chemical compounds
or biological agents designed to lure,
eradicate, eliminate, or reduce pests.
Their primary use is in agriculture,
where they safeguard crops against
insects, weeds, and bacterial or
fungal infections in the process of
cultivation. Additionally, they also
preserve stored food by protecting it
from rodents, insects, and other
biological contaminants (Bolo gnesi
and Merlo, 2011). Pesticides hold a
distinctive place among synthetic
chemicals commonly encountered
routine life; they are present across
nearly all regions of the world. Those
released through human activities
may contaminate water bodies via
surface runoff, leaching, or erosion
(Khan and Law, 2005). Through
processes such as drift, evaporation,
and wind erosion, pesticide residues
may be transported into the atmo-
sphere. Once airborne, they can
return to the environment with
precipitation, contaminating surface
waters, soils, plants, and animals.

2. Environmental Persistence
of Pesticides

As pesticides enter the environment,
eco-toxicology has grown crucial for
safeguarding the environment. Even
with good farming practices,
pesticides may disturb natural
equilibrium and cause ecological
changes. Although pesticide
problems are usually tied to farming
and forestry, they also contaminate
urban waste water from weed
control along roads, railways,
gardens, parks, and woodlands.
Different effects of pesticides on
organisms make environmental risk
assessment complex. Harmful effects
in target organisms are often hidden,
appearing only after long-term
exposure, by which time damage
may be irreversible (Van der Oost et
al., 2003). Pesticides accumulate in
living organisms over time, many of
which are used to study their toxic
effects.

2.1 Pathways and circulation of
pesticides across ecosystems and
environmental compartments: The
environmental fate of a contaminant
is governed by diverse physical,
chemical, and biological processes,
which influence both its transforma-
tion and its interactions with various
components of the ecosystem.
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Additional pathways of pesticide
entry into the environment include
direct application, atmospheric drift,
deliberate disposal, improper
preparation, and leaching into
groundwater. Once chemicals enter
ecosystems, they undergo diverse
transformations influenced by their
inherent physical and chemical
properties as well as their interac-
tions with surrounding environmen-
tal components.

3. Common Indicators of
Pesticide Toxicity

Since it is not feasible to track every
human-induced factor that could
threaten the environment, the most
effective way to evaluate overall
environmental quality is to study
biochemical reactions in organisms.
These responses reveal how contam-
inants may disrupt normal physio-
logical functions in exposed species.
When pesticides enter an organism,
they may undergo metabolic
transformations that can alter the
manifestation of their toxic effects.
Consequently, the identification of
suitable biomarkers for pesticide-
induced toxicity should encompass
both general indicators of

organismal health and specific
parameters selected in accordance
with the pesticide's mode of action.
Although haematological parame-
ters such as haematocrit, haemoglo-
bin levels, and protein or glucose
concentrations are generally consid-
ered nonspecific, they can nonethe-
less serve as sufficiently sensitive
indicators of certain pollutant
exposures. Accordingly, these
measures may be regarded as
potential biomarkers for assessing
pesticide toxicity (Husak et al., 2014)
asdiscussed in Table1.

4. Trophic Transfer and
Bioaccumulation of
Pesticides within Ecolog-
ical Food Networks

Pesticides persist in ecosystems and
accumulate over time, making them
widespread pollutants. Their
residues are found across different
biological samples of test organisms.
(Bolognesi and Merlo, 2011). Because
of the complex interactions among
organisms in food webs, insights into
pesticide transfer and bio-
concentration through diet are
critical for evaluating their true

Table 1. Classification of pesticide and their mode of action

environmental consequences. Bio-
concentration broadly refers to the
process through which pesticides
enter and accumulate within
organisms. Bio-concentration
processes are primarily influenced
by three factors:

(i) the physicochemical character-
istics of individual compounds,
(i) the physiological traits of the
exposed organisms, and
(iii) the prevailing environmental
conditions.
Consequently, pesticide bio-
concentration frequently results in
bioaccumulation, which is further
amplified by dietary uptake through
food consumption and sediment
ingestion. (Miyamoto ef al., 1990) For
instance, DDT concentration in
organisms arises when its absorp-
tion, breakdown, and elimination are
not balanced. If for once this pesti-
cide enters aquatic systems, it
initially builds up in plankton. Small
fish feeding on plankton become
contaminated, and larger fish
consuming these smaller species also
accumulate the chemical. This
stepwise transfer causes DDT to

Pesticide Class

Mode of Action (MoA)

Environmental Persistence

Key References

Opens sodium channels in nerve

Extremely persistent;

lasts for

axonal membranes.

Organochlorines . L decades in soil and water,
(.5, DDT) cells, leading to hyperexcitation TS W R T NPIC (1999)

and death. -

chain.

Blocks acetylcholinesterase, Moderately persistent; breaks down
I\O/[r;glzlt'l}(l)i};?l;)sphates(e.g., leading to excess acetylcholine within weeks to months through 22'1'(1);1;;1 et al

and continuous nerve stimulation. | hydrolysis and sunlight.

. Mimics natural pyrethrins; delays Moderately persistent; binds tightly 1

Pyrethrmds(_e.gq the closing of sodium channels in to soil, degrades in weeks, harmful sl ai
Cypermethrin) (2024)

to aquatic organisms.

Neonicotinoids(e.g.,

Acts as an agonist to nicotinic
acetylcholine receptors, blocking

Moderate to high persistence;

systemic in plants, remains in soil

Tudi et al. (2021)

permanent.

Imidacloprid) . for months to years based on
nerve impulses. .
conditions.
Reve1i51bl¥1 Il .. Low persistence; degrades within .
Carbamates(e.g.Carbaryl) acetylcholinesterase, similar to ays days weeks in  the Lewis et al
o organophosphates but less . (2016)
environment.

Avermectins(e.g.,
Abamectin)

Activates glutamate -gated
chloride channels, causing
paralysis.

Low persistence;
down by light on leaves or soil.

Ahmad et al
(2024)

quickly breaks
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magnify along food chains, ensuring
its persistence within them.

4.1 Assimilation and breakdown of
pesticides during biological
processes

Organisms can absorb pesticides
through multiple pathways. Varia-
tions in metabolic processes and
physiological traits cause species,
strains, and individuals to differ
significantly in their sensitivity to
these chemicals. Aquatic species can
take up dissolved chemicals directly
from the surrounding water through
respiratory structures such as gills,
across the body surface, or by
consuming contaminated food,
suspended matter, or sediments. In
contrast, terrestrial animals typically
absorb pesticides via the skin,
respiratory passages, or gastrointes-
tinal lining. Regardless of the route of
entry, pesticides are ultimately
transported to the liver, which serves
as the principal site for their bio
transformation. Here, detoxification
processes convert them into water-
soluble compounds that can be
excreted. Yet, the liver's intense
oxidative activity also renders it
vulnerable to harmful metabolites
generated during the breakdown of
certain xenobiotics. The kidney
functions as a secondary detoxifica-
tion organ, largely due to its substan-
tial blood flow and capacity to
concentrate and metabolize pesti-
cides, making it a frequent site of
xenobiotic-induced toxicity. In
contrast, mechanisms of xenobiotic
detoxification within the central
nervous system remain poorly
understood, though numerous
studies have established strong links
between organophosphorus expo-
sure and the onset of neurotoxicity.
Biotransformation plays a central
role in regulating pesticide
bioconcentration, bioaccumulation,
and detoxification. Williams (1959)
proposed that xenobiotic metabo-

lism typically occurs in two sequen-
tial stages, now recognized as phase I
and phase II detoxification reactions,
which act together to promote
pesticide elimination.

Conclusion and Future
Perspective

Pesticides exert profound effects on
host physiology, influencing energy
metabolism as well as the nervous,
cardiovascular, and endocrine
systems through both direct and
indirect mechanisms. Their impact
has been associated with the onset of
numerous pathological conditions,
including metabolic syndrome,
malnutrition, atherosclerosis,
chronic inflammation, increased
vulnerability to pathogenic invasion,
neurotoxicity, and heightened
susceptibility to infectious diseases.
Future research should prioritise
strategies to reduce or eliminate the
adverse effects of pesticides on non-
target organisms. Efforts must also
focus on the development of more
selective pesticide formulations and
the application of advanced technol-
ogies to minimize contamination of
food products and other goods.
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Region List
ID REG |REGION ID REG | REGION ID_REG |REGION
1 Telangana 28 Jatwal 60 Indraprastha
Kalinga Coastal & 29 Aahirwal 61 Khandavprastha
z Delta Krishna- 30 Shivalik -
Godawari 31 |Cold Desert 62 Ean,ml Padiya
egion
3 Rayalseema 3 Himalaya Range 5 -
4 63 Tri Vitaran, Missi (Mahasu) 63 South Region
and Changlang 33 Kashmir Ghati 64 North Region
5 Kamrup 34 Shivalik 65 Coastal Dandiya
6 Bofal Gaon (Bodo) 35 Santhala Pargana 66 Doaba Region
7 Aa o.m 36 Koylanchal 67 Malva Region
8 Karbi &7 Central Karnataka 8 Puad Reei
9 Mishin Hac meslon
8 18 Coastal Karnataka/ -
10 Lakshadweep Region Malayanad 69 Thar Region
11 Maghad - Patliputra = North East 70 Mewar Region
12 Son Karnataka 71 Dhundhar Region
13 Gandak 40 Pahadi Pathani 72 Hadoti Region
14 Mahanadi 41 Doab Region 73 Shekhawati Region
15 Kosi 42 Coastal Kerala :
o v il & Plat 74 Marwar Region
nga Region 3 illy ateau —
17 Dhandakaranya Kerala 7 Sikkim :
18 Mahakaushal 44 Baghelkhand 76 Coastal Region
19 Biri 45 Nimad Region 77 South Hilly &
0 Andaman and 16 Bundelkhand - Plateau Region
Nicobar Region Chambal 78 Tripura
21 Coastal, Hilly and 51 Central Region e
79
Plate}ilu . 52 Marathwada Vindhyanchal
22 South Gujarat 53 Khan Desh 80 Gadwal Region
23 Kachcha ka Rann .
54 Coastal Region 81 it B
24 North Gujarat Madurai Tamil )
25 Saurashtra 55 —_— 82 Kumayun
26 Central Gujarat eglc.)n 83 Plateau Region
27 Yamuna Vihar 56 st e 84 Sea Delta Region
47 |Bundelkhand 57 |Goroland 85 | Tarai & Flat Region
18 Satpuda - Narmada 58 Mizoram 86 Majha Region
Region 59 Nagaland
49 Malva Region
50 Vidharbha Region
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AGRO-CLIMATIC REGIONS OF INDIA

AGRO-CLIMATIC REGIONS IN INDIA

1. North-Western Mountain Region
1. The North-Eastern Hill Region
3. The Satluj-Yamuna Plain Region
4. The Upper-Ganga Plain Region
5. The Middle-Ganga Plain Region
6. The Lower-Ganga Plain Region

7. The South-Eastern Plateau Region
B. The Aravali-Malwa Upland
9. The Maharashtra Plateau Region
10. The Deccan Interior Region

11. The Eastern Coastal Region

12, The Western Coastal Region

13. The Gujarat Region

14. The Western Rajasthan Region
15. Andaman & Nicobar Island Region
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Abstract

Prisons are unique institutional
settings where inmates have limited
autonomy and rely entirely on the
facility for food, healthcare, and
opportunities for physical activity.
In district prisons of Uttar Pradesh,
overcrowding, limited resources, and
constrained infrastructure pose
significant challenges to inmate
health and well-being. Nutrition
plays a crucial role in maintaining
physical and mental health, yet
institutional diets are often monoto-
nous, carbohydrate-heavy, and
deficient in essential vitamins,
minerals, and protein. Fresh fruits,
vegetables, and animal-based
proteins are limited, while energy-
dense snacks like jaggery or biscuits
provide quick calories but insuffi-
cient nutrients. Restricted physical
activity and repetitive daily rou-
tines further compromise health,
increasing the risk of chronic
conditions, fatigue, and psychologi-
cal stress. Inmates develop adaptive
coping strategies to manage these
challenges, including forming social
networks, participating in struc-
tured activities, engaging in reli-
gious or cultural practices, and self-
initiated exercise routines. Such
behaviours enhance resilience,
support mental health, and foster a
sense of agency despite the con-
straints of incarceration. Ensuring
food hygiene, nutritional adequacy,
and access to recreational opportu-
nities not only improves inmate
well-being but also supports
rehabilitation, reduces long-term
healthcare burdens, and promotes

Sunita Mishra & Kuril Sanjeet

post-release reintegration. This
article examines the interplay of
nutrition, lifestyle, and coping
mechanisms in prisons, highlighting
both challenges and opportunities.
By understanding these factors,
policymakers and prison authorities
can implement targeted interven-
tions that enhance health, morale,
and social outcomes, while reinforc-
ing broader public health, social
responsibility, and human dignity.

Keywords: Prison nutrition, Inmate
health, Lifestyle, Coping strategies,
Physical activity, Dietary adequacy

1. Introduction

Prisons are unique institutional
environments where personal
freedom is restricted and daily
routines are strictly regulated.
Inmates rely entirely on the
facility for food, healthcare, and
opportunities for physical
activity. While incarceration
serves the dual purpose of
punishment and rehabilitation,
the conditions within many
correctional facilities
significantly affect the health and
well-being of prisoners [1].
Overcrowding, limited access to
healthcare, and monotonous
daily routines create challenges
that can worsen physical and
psychological health. In Uttar
Pradesh, district prisons often
exceed their intended capacity,
amplifying these systemic

*Department of Food and Nutrition, Babasaheb Bhimrao Ambedkar University, Lucknow.
*Corresponding author email : rudrapsingh.doc@gmail.com

stressors and affecting the
delivery of basic services,
including meals and recreational
activities [2].

Nutrition is a central determinant
of inmate health. Institutional
diets are generally designed to be
cost-effective and easy to
prepare, often prioritizing caloric
adequacy over nutrient diversity.
Meals are typically carbohydrate-
heavy and low in fresh produce,
resulting in limited intake of
essential vitamins and minerals.
Such diets, when combined with
restricted opportunities for
exercise and high-stress
environments, can negatively
influence physical health, mental
well-being, and overall resilience
[3]. Malnutrition, whether due to
inadequate caloric intake or poor
nutrient quality, can reduce
immunity, impair cognitive
function, and increase
susceptibility to chronic diseases.
Limited dietary variety and low
nutritional awareness further
complicate health outcomes,
highlighting the need for
systematic assessment of inmate
diets and their health
implications. In addition to
nutrition, inmates develop
adaptive behaviours to cope with
institutional constraints. These
strategies may include
participating in structured
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activities, forming supportive
peer networks, observing
cultural or religious practices, or
creating personal routines that
offer psychological stability. Such
coping mechanisms play a vital
role in managing stress and
maintaining well-being in
environments where autonomy is
minimal. Understanding these
behaviours, alongside dietary
practices, provides a
comprehensive view of health
determinants in prison
populations and can guide
interventions to improve both
physical and mental health
outcomes [4].

Importance of Nutrition,
Lifestyle, and Coping
Behaviours in Prisons

Prisons represent highly
structured environments where
individuals have limited
autonomy, restricted mobility,
and regulated access to essential
resources. In such settings, the
quality of life is closely tied to
institutional provisions,
including food, healthcare, and
opportunities for recreation.
Nutrition, in particular, is a
fundamental determinant of both
physical and mental well-being.
For incarcerated individuals,
meals are not merely a source of

energy; they form the primary,
and often only, means of
sustaining bodily health. Diets in
prisons are typically planned for
efficiency, often emphasizing
staple carbohydrates over fresh
produce or nutrient-rich foods.
While such meals meet basic
caloric needs, they may lack
essential vitamins, minerals, and
dietary fibre, resulting in “hidden
hunger” or subclinical
deficiencies. These nutritional
limitations can weaken the
immune system, reduce cognitive
performance, impair emotional
regulation, and exacerbate
chronic health conditions,
including hypertension, diabetes,
and gastrointestinal disorders [5].

Lifestyle factors, particularly
physical activity and daily
routines, are equally important in
influencing the health of
incarcerated populations.
Limited access to exercise and
recreational spaces contributes to
sedentary behaviour, which,
when combined with nutrient-
poor diets, can increase the risk of
obesity, cardiovascular
problems, and musculoskeletal
issues. Additionally, the
repetitive and confined nature of
prison life may induce
psychological stress, anxiety, and
depression. In this context,

coping behaviours become
crucial for survival and
adaptation. Inmates often
develop strategies such as
forming supportive social
networks, engaging in religious
or cultural activities,
participating in structured
routines, or seeking recreational
opportunities when available.
These adaptive behaviours help
manage stress, maintain social
cohesion, and promote a sense of
agency in environments where
personal autonomy is
constrained [6].

The interrelationship between
nutrition, lifestyle, and coping
behaviours is particularly
significant because deficits in one
domain can amplify
vulnerabilities in another. Poor
nutrition may reduce energy and
motivation to participate in
physical activity, while limited
opportunities for exercise can
intensify the negative impact of
unhealthy diets. Similarly,
insufficient coping mechanisms
can exacerbate stress responses,
increasing the likelihood of
maladaptive behaviours such as
substance use or aggressive
interactions. By understanding
these interactions, researchers
and policymakers can design
interventions that holistically
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address the physical and
psychological needs of prisoners,
fostering improved health,
resilience, and rehabilitation
outcomes [7].

Assessing nutrition and lifestyle
in correctional settings also has
broader public health
implications. Inmates often come
from socio-economically
disadvantaged backgrounds and
may have pre-existing health
disparities that are intensified
during incarceration. Ensuring
access to nutritionally balanced
meals, structured physical
activity, and psychosocial
support contributes not only to
individual well-being but also to
the overall management of public
health within correctional
facilities. These measures can
reduce healthcare burdens, lower
the risk of communicable and
non-communicable diseases, and
enhance post-release
reintegration prospects [8].

Life Inside the Prison

Life inside a prison is a world
apart from ordinary society. For
inmates, every day follows a
strict routine dictated by the
institution. From waking up

early in the morning to lights out
at night, personal freedom is
limited, and choices about even
basic activities are often
constrained. In many district
prisons of Uttar Pradesh, such as
those in Lucknow and Unnao,
large populations are housed in
facilities originally designed for
far fewer inmates. Overcrowding
is a common challenge, with
more inmates than sanctioned
capacity, which can strain
infrastructure, food supply, and
access to healthcare [9].

Prisoners spend most of their
time in shared dormitories or
cells, where space is limited and
privacy is minimal. Daily life
revolves around mandatory
activities, including attendance
at roll calls, cleaning duties, and
assigned work in the prison
kitchen, laundry, or workshops.
The lack of personal autonomy
can create stress, and inmates
must carefully navigate social
hierarchies and interactions to
maintain safety and social
harmony. Within these confined
spaces, forming friendships and
alliances is an important coping
mechanism, allowing prisoners
to support each other

emotionally and sometimes even
share resources [10].

Despite these challenges, prisons
are also communities in their
own right. Meals, recreational
activities, and cultural practices
provide structure and a sense of
normalcy. Mealtimes are central
events in the daily routine, not
only as a source of nutrition but
also as moments of social
interaction. Access to food,
however, is largely dependent on
institutional supply chains, and
variety is often limited. Fresh
fruits, vegetables, and protein-
rich foods may be insufficient,
leading to monotonous diets
dominated by cereals, pulses,
and basic vegetables. For many
inmates, the quality and quantity
of meals become a constant
concern, influencing both
physical health and overall mood
[11].

Exercise and recreation are
limited but highly valued when
available. In some facilities,
prisoners may have access to
small courtyards or exercise
yards, where they can walk,
stretch, or play informal sports.
Such opportunities are not only
important for physical well-
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being but also for relieving stress
and maintaining mental health.
In the absence of structured
exercise programs, prisoners
often develop their own routines,
including bodyweight exercises,
stretching, or even walking
within the confines of their cells
[12].

Health care within prisons is
another critical aspect of daily
life. While basic medical attention
is provided, limited resources,
high inmate-to-staff ratios, and
overcrowding can delay
treatment. Many inmates also
face pre-existing conditions upon
entering prison, which may be
worsened by confinement, stress,
and dietary limitations. Mental
health concerns, including
anxiety, depression, and feelings
of isolation, are prevalent.
Coping mechanisms vary: some
prisoners engage in reading,
meditation, religious practices, or
creative activities, while others
rely on social networks for
emotional support [13].

The prison environment also
shapes behaviour and social
norms. Inmates must adapt to
formal rules as well as informal
codes of conduct that govern
interactions among peers.
Respect for hierarchy, careful
conflict avoidance, and mutual
cooperation are essential for day-
to-day survival. Such adaptations
often foster resilience, but they
may also reinforce inequalities
and stress for those who struggle
to conform. Despite these
constraints, many prisoners
demonstrate remarkable
adaptability, developing routines
and social strategies that help
them navigate the challenges of
incarceration while protecting
their physical and mental well-
being [13].

Understanding life inside prison

is crucial for improving
institutional policies. By
examining the daily routines,
social interactions, and
challenges faced by inmates,
authorities and health
professionals can identify areas
where support is most needed.
Enhancing access to nutritious
food, structured physical
activity, and mental health
resources can significantly
improve quality of life. Small
changes in daily routines, meal
planning, or recreational
opportunities can have
meaningful impacts on health,
behaviour, and rehabilitation
outcomes, ultimately benefiting
both inmates and society at large
[13].

Food Matters: What
Inmates Eat

In prisons, food is more than just
a daily necessity-it is a central
aspect of life, shaping physical
health, mood, and social
interaction. For inmates in Uttar
Pradesh, meals are provided by
the institution and follow a
routine schedule. Typically,
prisoners receive three main
meals a day: breakfast, lunch, and
dinner. While the food is
designed to meet basic caloric
needs, its variety and nutritional
content are often limited. Most
meals are heavily based on staple
grains like rice, wheat, or lentils,
supplemented with seasonal
vegetables, pulses, and minimal
dairy. Sweets or energy-dense
snacks, such as jaggery or
biscuits, are occasionally
included, providing a quick
source of energy but limited
essential nutrients [12,13].

Protein is a critical component for
maintaining muscle strength and
overall health, yet its availability
varies. In many district jails,

legumes such as black gram, red
lentils, and Bengal gram split
form the main source of protein.
Occasionally, soybean curry or
roasted chickpeas are served,
offering higher protein content
for those meals. Animal-based
protein is scarce due to cost and
religious considerations, so
plant-based sources dominate.
While these provide essential
amino acids and fibre, limited
variety can affect long-term
nutritional adequacy [12,13].

Vegetables and fruits are often in
short supply, mainly due to
storage limitations and the large
number of inmates to be served.
Fresh produce, which is crucial
for vitamins, minerals, and
antioxidants, is typically offered
seasonally or in minimal
quantities. Common vegetable
preparations include seasonal
mixed vegetables or simple
curries, often cooked with
minimal oil or spices. Lack of
diversity in diet can lead to
deficiencies, especially in
micronutrients such as vitamin C,
calcium, and iron, which are
essential for immune function
and overall health. Despite these
limitations, prison meals are
carefully planned to ensure that
basic energy requirements are
met. Carbohydrate-rich items
like rice, flatbread, and porridge
are staples, supplying the calories
needed for daily activity. Jaggery
and other sweets provide
additional energy and are often
distributed during festivals or
special occasions. While these
foods contribute to caloric
sufficiency, the monotony of the
menu and low micronutrient
density can affect both physical
well-being and mood over time
[14].

Meal satisfaction plays an
important role in inmate morale.
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challenges such
a s
overcrowding,
high humidity,
and delayed
serving can
sometimes
compromise
freshness.
High-moisture

Surveys conducted in prisons in
Lucknow and Unnao show that
while most inmates are able to
consume their meals, taste,
variety, and freshness often
influence satisfaction levels.
Limited seasoning, repetitive
menus, and lack of variety may
cause dissatisfaction, potentially
affecting appetite and intake. In
some cases, inmates develop
informal strategies to improve
meals, suc h as sharing spices,
bartering food items, or
combining different dishes to
enhance flavour. These practices
highlight the creativity and
adaptability of prisoners in
managing dietary challenges
[15].

Beverages are generally limited
to tea or water, with little
availability of milk or fresh fruit
juices. Tea, often sweetened and
served in small portions,
becomes a source of comfort and
a routine part of daily life.
Nutritional counselling or
education is rarely available, and
many inmates are unaware of the
full impact of their diet on health.
Incorporating simple nutrition
awareness programs could help
prisoners make better food
choices and optimize the limited
resources available to them.
Maintaining hygiene and food
safety is also essential. Meals are
prepared in centralized kitchens
under strict supervision, but

dishes, like
porridge or
vegetable curries, may spoil
faster, increasing the risk of
microbial contamination. Dry
foods, like roasted legumes and
biscuits, have better shelf life but
provide limited nutrients.
Understanding the relationship
between food quality, safety, and
health is vital for institutional
meal planning [16].

Keeping Healthy: Physical
Activity and Lifestyle

Physical activity is a cornerstone
of health, and this holds true even
within the confines of a prison.
Incarcerated individuals face
unique challenges in maintaining
fitness due to limited space,
structured routines, and
institutional restrictions. Despite
these constraints, exercise
remains essential for both
physical and mental well-being.
In many district prisons of Uttar
Pradesh, including Lucknow and
Unnao, inmates are provided
access to small open courtyards
or yards, which serve as areas for
walking, stretching, and informal
games. While these spaces may
be modest, they offer vital
opportunities to relieve stress,
improve circulation, and
maintain muscle strength.
Routine physical activity in
prison often revolves around a
combination of scheduled
exercises, assigned duties, and
self-initiated movement. Inmates

may participate in light jogging,
stretching, bodyweight exercises
such as push-ups and squats, or
yoga when space permits. Even
simple practices like walking
around the yard or performing
stretching exercises in cells can
make a significant difference in
maintaining cardiovascular
health, flexibility, and overall
energy levels. Structured group
activities, when available, also
promote social interaction,
teamwork, and a sense of
accomplishment [16,17].

Beyond physical fitness, exercise
has profound effects on mental
health. Studies have consistently
shown that regular activity helps
reduce anxiety, depression, and
irritability- common challenges
faced by incarcerated
populations. Physical activity
releases endorphins, the body's
natural mood elevators, helping
inmates cope with stress and the
psychological demands of
confinement. In settings with
limited recreational options,
these exercises provide not only
health benefits but also a
constructive way to spend time,
reducing boredom and negative
behaviours. Lifestyle practices in
prisons extend beyond exercise.
Maintaining personal hygiene,
adhering to sleeping routines,
and following dietary guidance
all contribute to well-being.
Hygiene routines, including
bathing, handwashing, and
cleanliness of personal areas, are
essential for preventing illness in
overcrowded environments.
Sleep is also closely tied to health;
adhering to regular sleep
schedules helps regulate mood,
metabolism, and immune
function. In some facilities, lights-
out policies establish a fixed
routine that supports rest,
although overcrowding and
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noise can sometimes interfere
with sleep quality [18].

Recreational activities, such as
reading, meditation, or arts and
crafts, complement physical
routines and support mental
health. Some prisons offer
organized programs, including
educational workshops,
meditation sessions, or light
sports, providing inmates with
meaningful engagement.
Participation in these activities
promotes psychological
resilience, fosters a sense of
purpose, and helps build routines
that mirror healthy lifestyles
outside prison. Inmates often
develop their own strategies to
maintain health. Those unable to
access structured exercise may
use creative methods within their
cells, such as performing chair-
based exercises, stretching
against walls, or simple
resistance training using body
weight. Such initiatives highlight
the adaptability of prisoners in
prioritizing health despite
constraints. Peer support is also
crucial; experienced inmates
frequently guide newcomers on
safe exercise practices and ways
to stay active, reinforcing
communal bonds while
promoting well-being.
Institutional support can further
enhance the effectiveness of
lifestyle interventions. Providing
basic equipment, creating
designated exercise areas, and
incorporating short group
sessions can encourage
participation and ensure safety.
Education on the importance of
physical activity and its
connection to diet and mental
health can empower inmates to
take proactive steps toward
wellness. Small changes, such as
encouraging morning walks,
organizing yoga or stretching

routines, or offering indoor
exercise guidance, can
significantly impact both
physical fitness and mental
resilience [19].

Copingin Confinement

Life in prison is challenging, both
physically and mentally. Inmates
face restrictions on freedom,
structured routines, and limited
resources, which can create stress
and tension. To navigate this
environment, prisoners develop
various coping strategies that
help them manage daily
challenges and maintain a sense
of control over their lives. One
important way inmates cope is
through social interaction.
Friendships and peer support
networks form the backbone of
daily life. Sharing food, stories, or
advice provides emotional
support and a sense of
community. Inmates often rely
on each other for guidance on
routines, health practices, and
navigating prison regulations.
This social bonding not only
reduces feelings of isolation but
also helps maintain mental well-
being. Structured activities and
hobbies also play a key role in
coping [19]. Many inmates
engage in reading, meditation,
writing, or simple games during
free time. These activities offer
mental stimulation, provide a
sense of purpose, and act as a
healthy distraction from stress. In
some prisons, organized
programs, such as yoga or
educational sessions, further
support adaptive behaviours and
personal growth. Religious and
cultural practices are another
significant coping mechanism.
Daily prayers, festivals, or rituals
create familiar patterns that bring
comfort and stability. Celebrating
special occasions, even in

confinement, fosters hope,
strengthens social bonds, and
reinforces identity. Physical
activity, though sometimes
limited by space, also contributes
to coping. Exercise helps reduce
tension, improves mood, and
provides a constructive outlet for
energy. Simple routines like
walking in the yard, stretching, or
bodyweight exercises can have
positive effects on both physical
and mental health [18,19].

Safety on the Plate:
Hygiene and Food Quality

Food is not just nourishment; it is
a cornerstone of health,
particularly in correctional
facilities where inmates rely
entirely on institutional meals. In
prisons, ensuring food safety is
critical because any lapse can
quickly affect a large number of
people. Overcrowded conditions,
limited storage facilities, and
mass meal preparation make
hygiene a constant challenge.
High-moisture foods, such as
cooked lentils, vegetable curries,
and porridge, are especially
vulnerable to bacterial growth. If
not cooked, stored, and served
properly, these items can become
breeding grounds for
microorganisms, leading to
foodborne illnesses. Dry foods
such as roasted chickpeas,
jaggery, and biscuits are
comparatively safer, as their low
water content makes bacterial
growth less likely. Proper
handling practices are essential to
maintain safety. Kitchen staff
must follow strict hygiene,
including washing hands,
cleaning utensils thoroughly, and
using sterilized storage
containers. Meals should be
covered and kept at appropriate
temperatures to prevent
contamination. Even small

43



Pele-wfas 1 agarTs uf¥at

AM®, 13(4) ragaR—Tew=R, 2026

practices, like separating raw and
cooked ingredients and ensuring
regular cleaning of preparation
surfaces, significantly reduce
risks. Microbiological safety is
only part of the story.
Physicochemical properties such
as pH, water activity, and texture
also influence food quality and
shelf life. Foods with higher
water activity tend to spoil faster,
while acidic items resist bacterial
growth better. Texture and
firmness can indicate proper
preparation and freshness,
contributing to both safety and
palatability. For instance, soft-
cooked rice and vegetables need
to be consumed quickly, while
hard or dry items remain safe for
longer periods [20].

Regular monitoring of food
quality is important. Testing
meals for microbial counts and
checking for spoilage ensures
thatinmates receive safe meals. In
addition, simple inspections of
ingredients, cooking methods,
and storage practices can prevent
contamination before it occurs.
These measures not only protect
physical health but also foster

confidence and satisfaction
among inmates regarding their
daily meals. Beyond safety, the
quality of meals also affects
nutritional adequacy. Even a
hygienically prepared meal may
be insufficient if it lacks essential
proteins, vitamins, and minerals.
Pulses, legumes, and seasonal
vegetables provide vital
nutrients, while energy-dense
items like jaggery or biscuits
supply quick calories. Ensuring
both safety and nutritional value
is therefore essential to support
inmates' health, immunity, and
overall well-being [20].

Understanding Nutrients:
Why Food Quality Matters

Food is more than just a source of
energy-it is the foundation of
health. Each meal we eat supplies
nutrients that support our body,
mind, and overall well-being. In
institutional settings like prisons,
where inmates rely entirely on
provided meals, ensuring
nutrient-rich food is especially
important. Balanced meals help
maintain immunity, support
mental health, and provide

energy for daily activity [21,22].

Protein: Building and
Repairing the Body

Protein is a key nutrient for
growth, repair, and overall
strength. It is essential for
muscles, skin, and organs, and it
plays a critical role in producing
enzymes and hormones. In
prison meals, legumes such as
lentils, black gram, pigeon peas,
and soybean curry are the main
sources of protein. Roasted
chickpeas and nuts also add
healthy protein and fats.
Consuming enough protein helps
inmates maintain muscle mass,
recover from illness, and stay
physically active, even in
restricted environments [23].

Minerals: Supporting Vital
Functions

Minerals are essential for
numerous bodily processes.
Calcium, found in pulses and
some vegetable dishes, is vital for
strong bones and teeth. Iron,
abundant in lentils and beans,
supports oxygen transport in the
blood, preventing fatigue and
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weakness. Magnesium and zinc
contribute to immune function,
metabolism, and overall health.
In institutional diets, pulses,
vegetables, and seasonal produce
are the main sources of these
minerals, but limited variety may
result in gaps. Ensuring regular
intake of mineral-rich foods is
key for preventing deficiencies
and maintaining long-term
health [24,25].

Vitamins: Fuelling
Immunity and Energy

Vitamins, though needed in small
amounts, are critical for the
proper functioning of the body.
B-vitamins from pulses and
grains help convert food into
energy and support brain
function. Vitamin C, often
provided by seasonal fruits and
vegetables, boosts immunity and
aids wound healing. A deficiency
in vitamins can lead to fatigue,
poor immunity, and even mental
health issues such as irritability or
low mood. A nutrient-balanced
diet helps inmates maintain
alertness, cognitive function, and
emotional stability [26].

Carbohydrates and Fats:
Energy and Cell Function

Carbohydrates, mainly supplied
by rice, flatbreads, and jaggery in
prison meals, provide energy for
daily activity. They are the body's
primary fuel source. Fats, though
required in smaller quantities, are
essential for the absorption of fat-
soluble vitamins, hormone
production, and brain function.
Nuts, seeds, and cooking oils in
meals contribute to healthy fat
intake. Balancing carbohydrates
with protein and fibre ensures
steady energy and prevents
fatigue or digestive issues [26].

Diet Diversity and Mental
Health

Variety in food is not just about
taste-it directly affects health. A
diet that includes legumes,
grains, vegetables, fruits, and
occasional snacks provides a
spectrum of nutrients needed for
physical and mental well-being.
Studies show that nutrient-rich
diets improve mood, reduce
irritability, and enhance
concentration. Conversely,
repetitive, nutrient-poor diets
can lead to fatigue, frustration,
and weakened immunity [27].

Why Food Quality Matters
in Prisons

In correctional facilities, meals
are more than sustenance-they
influence health, behaviour, and
quality of life. Safe, balanced, and
nutrient-dense meals support
energy, immunity, and mental
resilience. By paying attention to
protein, minerals, vitamins,
carbohydrates, and fats, prison
kitchens can provide food that is
not only safe but also nourishing.
Even in limited-resource
environments, small adjustments
like including more legumes,
vegetables, and seasonal fruits
can make a significant difference
[27].

Challenges and
Opportunities

Running a prison may be about
maintaining law and order, but it
also comes with a responsibility
to ensure the health and well-
being of inmates. While prisons
provide basic meals and shelter,
several challenges make it
difficult to fully meet the
nutritional and lifestyle needs of
incarcerated populations. One of
the main challenges is
overcrowding. Many prisons in
Uttar Pradesh house more
inmates than their intended
capacity, creating pressure on
resources, including food, space,

and healthcare. Overcrowding
limits the variety and quantity of
food available, making it difficult
to maintain balanced diets. It also
reduces opportunities for
physical activity, as limited space
restricts outdoor exercise and
recreational activities [23, 28].

Another significant challenge is
limited access to nutritious foods.
Institutional meals often rely on
staple grains and pulses, with
fruits and vegetables provided in
smaller amounts or only
occasionally. While pulses,
legumes, and cereals meet basic
energy needs, inmates may not
receive sufficient vitamins and
minerals to maintain optimal
health. Snacks such as jaggery,
biscuits, and bread rolls supply
quick energy but lack essential
micronutrients, contributing to a
gap in overall diet quality. Meal
satisfaction is also a concern.
Taste, freshness, and variety
influence whether inmates
consume their meals fully and
feel satisfied. Dissatisfaction can
lead to informal food coping
strategies, such as sharing,
bartering, or altering meals,
which may compromise hygiene
and nutritional intake. Without
structured feedback systems or
nutrition education, it is difficult
to improve meal quality
systematically [29].

Physical activity and lifestyle
opportunities are another area of
challenge. Inmates' daily routines
are often rigid, with limited
access to structured exercise or
recreational activities. Physical
inactivity, combined with
repetitive and carbohydrate-
heavy diets, can increase the risk
of weight gain, cardiovascular
issues, and reduced mental well-
being. Despite these challenges,
there are several opportunities
for improvement. One is
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enhancing nutritional awareness
and education. Simple programs
can teach inmates about balanced
diets, proper portion sizes, and
the importance of consuming
pulses, vegetables, and fruits.
Knowledge empowers
individuals to make healthier
choices even within restricted
food systems [30].

Another opportunity is menu
diversification and quality
improvement. Introducing
seasonal vegetables, legumes,
and minimal snacks with higher
nutrient content can improve
both health and meal satisfaction.
Collaboration with nutritionists
or local food experts could help
design cost-effective menus that
meet calorie and nutrient
requirements. Structured
physical activity programs are
also feasible and highly
beneficial. Activities such as
morning exercises, yoga sessions,
or simple outdoor games can
improve both physical fitness and
mental resilience. Encouraging
inmates to participate in such
programs could reduce stress,
improve mood, and contribute to
overall health [30].

Lessons for Society

Prison nutrition and lifestyle do
not only affect inmates-they
reflect broader public health,
social responsibility, and human
rights. Ensuring that incarcerated
individuals receive safe,
nutritious meals and
opportunities for physical
activity is not merely a matter of
compliance; it is a commitment to
dignity, well-being, and
rehabilitation. Well-nourished
inmates are less likely to develop
chronic diseases, mental health
issues, or behavioural problems,
which reduces the long-term
burden on healthcare systems

and society after their release [29,
31].

Structured nutrition education,
balanced meals, and
opportunities for exercise in
prisons also teach habits that
inmates can carry beyond
incarceration, supporting
successful reintegration into their
communities. By addressing
dietary inadequacies, providing
knowledge, and encouraging
healthy routines, prisons can
foster resilience, reduce
recidivism, and promote social
stability. Furthermore, attention
to hygiene, food safety, and
nutrient adequacy emphasizes
that access to proper food is a
fundamental human right.
Society benefits when prisons
uphold these standards, as
healthier, rehabilitated
individuals are better equipped
to contribute positively after
release. In this way, the lessons
learned within correctional
institutions-about nutrition,
lifestyle, and care- resonate
beyond the walls of the facility,
guiding broader public health
policies, promoting equity, and
reinforcing the ethical
responsibilities of government
and community alike [28, 31].

Conclusion

Life inside prison is shaped by
strict routines, limited freedom,
and heavy dependence on
institutional support for food,
health care, and physical activity.
In the district prisons of Uttar
Pradesh, overcrowding and
resource constraints place
additional pressure on these
systems, directly influencing
inmate health and quality of life.
Nutrition, lifestyle, hygiene, and
coping behaviours are deeply
interconnected and together
determine both physical and

psychological well-being.
Institutional diets, while
generally sufficient in calories,
often lack diversity and
micronutrient richness. Limited
access to fresh fruits, vegetables,
and high-quality protein can
gradually weaken immunity,
energy levels, and mental
resilience. When combined with
sedentary routines and restricted
recreational opportunities, these
dietary limitations increase
vulnerability to chronic disease,
fatigue, and emotional stress. Yet,
inmates show notable
adaptability by developing social
networks, personal exercise
routines, religious practices, and
creative coping strategies to
protect their health within
constrained environments.

Improving prison nutrition and
lifestyle does not require radical
change but thoughtful, practical
action. Menu diversification with
seasonal produce, nutrition
education, structured physical
activity programs, and strict food
hygiene monitoring can
significantly enhance well-being.
Supporting mental health
through recreation and social
engagement further strengthens
rehabilitation outcomes.
Ultimately, prisons are not
isolated from society; they are
part of the public health system.
Ensuring safe, nutritious food
and healthy routines upholds
human dignity and prepares
inmates for successful
reintegration. Investing in inmate
health benefits not only
individuals behind bars but also
the communities to which they
will return.
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Development of Banana Plantlets through
Micro propagation Techniques

Introduction

Banana (Musa spp.) is not only a
fruit but also a food security crop,
a livelihood avenue, and an
income generator for millions of
producers across the globe, more
especially the tropical and
subtropical nations. It is a
perennial crop and can be
sustained for up to 7 years or
more. India is the world's largest
producer of banana, accounting
for almost 25% of global
production. In India, bananas can
only rank second after the
mangoes in area and production
and therefore provide an
agricultural lifeline for small and
marginal holders. Major banana
producing states are Andhra
Pradesh, Maharashtra, Tamil
Nadu, Karnataka and Gujarat. In
Uttar Pradesh, cultivation of
banana spread over more than
68,000 hectares. The leading
banana producing districts in
Uttar Pradesh are - Lakhimpur
Khiri, Kushinagar, Maharajganj,
Prayagraj and Kaushambi.
However, where they are quite
prominent, one of the principal
problems in banana productionis
the procurement of healthy and
uniform plant material.

Traditionally, bananas were
propagated through suckers.
Although it is simple, it is a slow
process and produces only a few

Uttam Kumar, R. S. Sengar, Nidhi Singh

plants. Worse, suckers typically
carry pests and plant diseases
from the mother plant and cause
lower yields and greater losses.
This is where has Science stepped
in to the rescue with a novel
technology —micro propagation
through tissue culture.

Whatis Micro propagation?

Micropropagation involves the
culture of vast quantities of
similar plants from small plant
tissue under sterile and regulated
laboratory situations. In vitro
clonal proliferation is another
name for it. In bananas, the
technique benefits from the
totipotency of the plant —i.e., the
capacity of the single cell to
regenerate into an entire plant if

Fig. 1. Working on Laminar
Air Flow for Plant Inoculation

& Garima Sharma

proper environment is presented.

No longer do they require
gigantic suckers; they can start
with tiny fragments of meristem
tissue, culture them on nutrient
media, and recover thousands of
single, uniform, and virus-free
banana plantlets.

Advantages of Banana

Micro propagation

e High multiplication rate:
Thousands of plants can be

derived from a single
explant.

e Disease-free plants:
Meristem culture eliminates
systemic pathogens.

¢  Genetic uniformity: Clonal
propagation ensures
identical progeny.

e Year-round production:
Independent of seasons.

e Synchronized growth:
Enables uniform flowering
and harvesting.

e Economic benefits: High
benefit-cost ratio for farmers

Timeline for Banana Tissue
Culture

Banana plantlet production
through tissue culture is a multi-
step process the length of which
for each step is predetermined:

Culture initiation: 3-4 weeks for
the initiation of the shoot tip.

Division of Plant Biotechnology, College of Biotechnology, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut
*Corresponding author email : rudrapsingh.doc@gmail.com
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Fig. 2. Banana Plantlets

Shoot multiplication: subculture
cycle of 4-6 weeks; 5-7 cycles.

Rooting: 2-3 weeks.

Hardening (shade net +
greenhouse): 6-8 weeks.

Field-ready plantlets: ~5-6
months from the day of explant
initiation.

So, within 150-180 days, a
small meristem develops into a
full-fledged banana plantlet for
the farm.

Tissue culture banana
plant prices

The cost per plant of tissue-
cultured (TC) banana plantlets
available in Indian commercial
nurseries ranges from 312-15.

Farmers normally require
1,800-2,000 plants per acre
(~5,000 plants per hectare)

Sowing one hectare would
cost around Z60,000-75,000.

Although the start-up cost is
higher compared to growing
with suckers, the payoff is greater
because of the superior quality
and harvest.

Benefits for Farmers per
Hectare

Yield benefit: Tissue cultured
bananas produce 60-80
tonnes/ha, versus the 30-40
tonnes/ha from classical.

Uniform maturity: The
plants flower and fruit at one

time, enabling single harvest and
labour-saving.

Disease-free plants: Losses
reduced from Panama wilt,
viruses, and nematodes.

Higher incomes: Under
market prices, a representative
farm can receive 32.5-3 lakh per
ha, typically twice the net returns
of the conventional system

Plant tissue culture
establishment cost of a unit

Set up of Plant Tissue Culture
(PTC) unit involves special
facilities:

Small-scale laboratory
(capacity: 1-2 lakh
plantlets/year): ~325-30 lakh.

Medium-scale commercial
unit (5-10 lakh plantlets/year):
~%50-60 lakh.

Industrial scale plant (>20
lakh plantlets/a): %1 crore or
more, depending on automation
and bioreactors.

In spite of the investment,
private laboratories and
cooperative undertakings make it
worthwhile since the demand for
tissue-cultured banana plantlets
is strong and increasing,.

Life Cycle of Banana
Plantlet
Mother Plant Selection: Healthy

sword suckers from disease-free
plants (50-60 days old).

Aseptic Culture Initiation:

1. Wash explants under
running tap water (15-20
min).

2. Treat with detergent
solution (0.1% cetrimide, 10
min).

3. Inlaminarhood:

o Dip in 70% ethanol
(30-60 sec).

Fig. 2. Banana Plant

o  Treat with 0.1% Hg-Cl.
(8-10min) or 2% NaOCl
(15-20 min).

o Rinse 3-4 times with
sterile distilled water.

Shoot Multiplication: Meristems
sterilised and sown upon MS
medium. Clusters of shoots
generated using cytokinin. 6-7
subculture cycles produce large
clusters of shoots.

Rooting: Transplanting
plantlets(4-5cm) into auxin-
containing medium. Roots within
2-3 weeks.

Hardening and
Acclimatization:

Primary Hardening- Plantlets
washed free of agar, transferred
to trays with cocopeat/sand
under greenhouse (24-26 C, 90-
95% humidity, diffused light).

Secondary Hardening-
Transfer to polybags with soil:
sand:FYM (1:1:1), fungicide dip
(e.g., 0.1% Bavistin) prevents
infections.

Planting Field: Transplant into
the field when plantlets are ~6
months old. Survival rates exceed
90% under proper management.
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Conclusion

Banana tissue culture has
transformed banana agriculture.
Within six months, a tiny drop of
meristem under the microscope
develops into a stately plantlet.
With a minimal investment of just
%12-15 per plant, the farmers can
plant healthy, uniform,
pathogen-free crops yielding

almost double the output as
compared to the traditional
system. Bananas are grown on
>0.9 million ha, with continuous
demand for disease-free plants.
With tissue culture plants yield
increase to 60-80 tonnes/ha
compared to 30-40 tonnes/ha
with suckers. For the farmers, it
means higher yields, balanced

harvests, better quality bananas,
and more stable incomes. For
India, it means better food
security, better export
opportunities, and sustainable
agriculture. Tissue culture is
more than a laboratory
technique —it is a tool of
empowerment for rural farm
communities.
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From Kitchen to the Air we breathe: Indoor Cooking and
Particulate Matter Emissions

Abstract

Household cooking contributes to
particulate matter (PM) emissions,
especially in developing countries.
Urban and rural cooking practices
differ due to variations in income,
education, fuel availability, and the
types of cooking technologies used.
Rural households largely depend on
traditional biomass fuels, leading to
higher indoor PM exposure, while
urban households increasingly use
cleaner fuels such as LPG or electric-
based cooking stoves. Several
factors influence PM emissions from
cooking, including type of fuel, stove
efficiency, ventilation, cooking
duration, and socio-economic
conditions. Fine particulate matter
results in respiratory and cardiovas-
cular diseases, and also contributes
to environmental impacts such as
black carbon emissions and climate
change. Government initiatives,
such as the Pradhan Mantri Ujjwala
Yojana (PMUY), have promoted the
adoption of clean cooking fuels and
reduced reliance on solid biofuels.
However, maintaining regular use of
clean fuels remains a challenge due
to affordability issues. Mitigation
strategies including cleaner fuels,
improved cookstoves, better kitchen
ventilation, awareness programs,
and supportive policies are essential
to further reduce PM emissions from
household cooking. This short
review discusses on indoor pollution
due to particulate emissions from
cooking practices in rural and urban
kitchens.

Keywords: Particulate matter,
Indoor pollution.

Mayuri Wakade & Sushmitha Baskar*

Introduction

Whenever we hear the term air
pollution, the first thing that
comes to our mind are industrial
emissions, traffic exhaust, and
smog. Indoor air pollution,
however often remains
unnoticed where we spend most
of our time. Our own kitchen acts
as a factory for indoor pollution,
where everyday activities such as
cooking become a major
contributor to respirable
suspended particulate matter
and nanoparticle exposures in
household environments
(Lachowicz et al., 2022). During
cooking, a mixture of gases,
smoke, and fine particles released
directly affect human health. As

cooking is a regularly practised
activity in almost every
household, it becomes important
to understand how cooking-
related pollution impacts our
health.

Let us first understand
particulate matter and its
classification based on
aerodynamic diameter.
Particulate matter refers to a
mixture of solid particles and
liquid droplets suspended in the
air. Based on their size, these
particles are commonly classified
as PM 10, PM 2.5, and ultrafine
particles (Thangavel et al., 2022;
Abdullahi et al., 2013) shown in
Table1.

Thangavel et al. (2022)

Table 1. Types of PM and their sources

S.No. | Types Size of | Natural | Man-made | Reference

PM Particles Sources | Sources
(micrometers)

1. PM 10 <=10 Dust, Road dust, | Thangavel

Sea burning etal., 2022

Spray fossil fuels | Abdullahi

etal., 2013

2. PM 25 <=25 Wildfire, | Industrial | Thangavel

volcanic and et al., 2022

eruption, | combustion | Apbdullahi

pollens emissions | et al., 2013

3. Ultrafine <=0.1 Volcanic High Thangavel

particles eruption, | temperature | et al., 2022

wildfires | combustion | Apdullahi

activities etal., 2013

Discipline of Environmental Studies, School of Interdisciplinary and Trans - Disciplinary Studies
Indira Gandhi National Open University, New Delhi - 110068
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reported that there exists a direct
relationship between particle size
and its impact on human health.
PM 10 particles are relatively
larger and tend to deposit in the
upper respiratory tract leading to
irritation and inflammation.
Finer PM 2.5 particles can
penetrate deeply into the lungs,
and can cause corrosion of the
alveolar wall. Lachowicz et al.
(2022) further reported that
ultrafine particles are capable of
crossing the lung barrier and
entering the bloodstream which
may be translocated to the brain.
Inhalation of these particles can
induce oxidative stress in the
body which may trigger
inflammatory responses. Thus,
although particulate matter is
often invisible to the naked eye,
its effects on human health are
clearly visible. The emission of
particulate matter during
cooking depends on several
factors, including the type of fuel
used, the cooking duration,
kitchen ventilation and socio-
economic status. In the following
sections, the influence of these
factors on particulate matter
emissions will be discussed in
detail and possible mitigation
strategies.

Urban Vs Rural Cooking
Practices and Particulate
Matter

There exists a significant
difference in cooking patterns
between urban and rural
localities particularly in terms of
fuel choice and associated
particulate matter (PM)
emissions. A comparative survey
conducted in Lucknow reported
that 100% of the sampled urban
households used LPG as a
cooking fuel, while 80% of rural
households relied on traditional
non-LPG fuels (Shukla and

Dutta, 2022). The authors
highlighted a clear urban-rural
divide in cooking fuel choice and
suggests differentlevels of indoor
particulate matter exposure
(Shukla and Dutta, 2022). Their
study further revealed the socio-
economic differences between
urban and rural households
which are detailed. Urban
respondents were predominantly
engaged in private jobs, business,
or government jobs, whereas
rural households largely
depended on daily wage labour,
agriculture and informal private
employment, reflecting clear
income differences between
urban and rural households
(Shukla and Dutta, 2022). In their
study sharp no rural respondents
were reported as graduates,
compared to 53% of urban
respondents. This difference
influenced cooking fuel and
technology used. In addition, the
authors highlighted a strong
gender dimension of indoor air
pollution, with approximately
97% of cooking activities
performed by women. Modern
cooking fuels such as LPG reduce
cooking duration and exposure
time compared to rural
households (Shukla and Dutta,
2022). Further they reported
average indoor PM 2.5
concentrations of urban and rural
households as 1.3 and 7.8 times
higher than the outer PM 2.5
concentrations respectively.
Similarly, the indoor PM 10
concentrations in urban and rural
households were 1.2 and 4.8
times higher than the outer PM 10
concentrations respectively
(Shukla and Dutta, 2022). Figure 1
shows the rural cooking practices
using traditional fuels and Figure
2 shows the urban kitchen using
cleaner fuels and exhaust fans.

Fig. 1. Rural household cooking
practices using traditional fuels
with limited ventilation.

Source: Wikimedia.commons.org

Fig. 2. Urban kitchen showing
advanced fume hoods and cooking
stove using cleaner fuel.

The comparative differences
shown in Table 2, highlights a
clear urban-rural divide in
cooking fuel choice, ventilation,
stove designs, and exposure
duration, all of which collectively
influence indoor particulate
matter emissions. Rural
households, characterized by
lower income and educational
levels, longer cooking durations,
and continued dependence on
traditional fuels, make them
vulnerable to indoor air
pollution. Therefore, it is
important to understand the key
factors influencing emission of
PM which are discussed in the
following section.
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Table 2: Comparison between Urban and Rural Kitchens.

S. No. Factors Considered Rural Households Urban Households
1. Type of fuel Firewood, crop residue, cow dung LPG, Electricity
cakes and coal
2. Type of Stove Used Traditional Chulha (mud stove) Gas Stove, electric stove
Ventilation technologies Natural ventilation such as open Chimneys, exhaust fans and
window and door windows,
4. Kitchen Design Semi open or separate outdoor kitchen | Structured but small spaced
enclosed kitchen
5. Cooking Duration Longer cooking duration due to slow Reduced cooking duration
combustion of solid fuels due to higher fuel efficiency

Factors Influencing the PM
emissions

1)

2)

Type of cooking fuel: The
type of cooking fuel plays a
critical role in determining
PM emissions from
household cooking
activities. Empirical studies
indicate that traditional
biomass stoves emit
substantially higher levels of
PM and black carbon
compared to cleaner fuels.
Islam et al. (2021), reported
that LPG stoves produced
approximately 90% lower
particulate and black carbon
emissions compared to
conventional biomass
stoves, while improved
biomass stoves showed
intermediate emission
levels. Transitioning from
solid biomass fuels to cleaner
fuels such as LPG can
significantly reduce
household particulate
emissions (Islametal., 2021).

Kitchen Ventilation and
Design: Kitchen ventilation
plays an important role in
influencing indoor
particulate matter
concentrations during

cooking. Inadequate
ventilation allows pollutants
generated from cooking to
accumulate within the
indoor environment,
increasing exposure
duration and intensity. The
presence of ventilation
systems such as exhaust
fans, fume hoods, open
kitchens, windows, and
adequate air exchange can
significantly reduce indoor
particulate concentrations
by enhancing pollutant
dispersion and removal.
Empirical evidence from a
household-based study by
Sun and Wallace (2021)
demonstrated the
effectiveness of ventilation
in reducing PM 2.5 exposure
during residential cooking.
Their study reported that
additional ventilation was
used in only 27% of cooking
activities. However, when
people used ventilation
through fume hoods or open
kitchen designs, the decay
rate of PM 2.5 increased by
approximately a factor of
two, leading to a substantial
reduction in PM 2.5
exposure. These findings

3)

highlight that kitchen
ventilation is an effective
method for mitigating
particulate emissions and
exposure during household
cooking.

Stove Type & Combustion
Efficiency: Improvements in
stove design and
combustion efficiency can
substantially reduce indoor
particulate matter
concentrations. Kumar et al.
(2021) reported that the use
of improved biomass
cookstoves in middle-
income countries resulted in
a significant reduction in
mean concentrations of
carbon monoxide (CO) and
PM 2.5 in cooking areas
when compared with
traditional biomass
cookstoves. Supporting this,
Bertrand et al. (2017) showed
that modern stove
technologies with higher
combustion efficiency emit
lower levels of primary
particulate matter and
exhibit reduced secondary
aerosol formation potential
than inefficient traditional
stoves.

53



PEIe-SHfas= &1 agATITS ufabT

AM®, 13(4) ragaR—Tew=R, 2026

4) Exposure Time & Cooking
duration: Tang et al. (2024)
conducted a controlled
experimental study in a
kitchen to assess the impact
of different cooking methods
on indoor particulate matter
and volatile organic
compound emissions. Using
chicken breast as a
standardized food item,
their study demonstrated
that cooking temperatureis a
key factor of PM emissions,
with pan-frying producing
the highest particulate
concentrations, followed by
stir-frying and deep frying,
while boiling and air-frying
resulted in substantially
lower emissions (Tang et al.,
2024). These findings
highlight that high-
temperature cooking
practices can substantially
elevate indoor PM exposure,
even when cleaner fuels are
used.

5) Socio-economic &
Education Status: Pangaribowo
& Iskandar (2023) explored how
socio-economic conditions affect
household cooking energy
choices in eastern Indonesia. A
large household survey
conducted in eastern Indonesia
involving 2,547 households
demonstrated a clear rural-urban
divide in cooking energy choices.
Despite 83% of households
having access to electricity, less
than 1% reported using electricity
for cooking. There is strong
reliance on solid biofuels
observed in rural households
predominantly engaged in
farming activities ( ~65%). In
contrast, urban households,
which made up about 30% of the
survey, were more likely to use
cleaner cooking fuels
highlighting the role of livelihood

patterns in shaping energy
choices. The influence of
education on fuel choice has been
further emphasized by Shukla
and Dutta (2022), with higher
education driving people to
adopt cleaner cooking fuels,
whereas lesser education were
connected to continued reliance
on traditional biomass fuels. This
gap in education leads to
differences in awareness,
affordability, and understanding
risks. Socio-economic
inequalities, particularly in
income stability, educational
level, and urban-rural residence,
play a very important role in
determining cooking fuel choices
and indoor particulate matter
exposure (Shukla and Dutta,
2022).

Effect of Particulate Matter
on health

1) Human Health: According
to the World Health
Organisation (WHO),
globally around 2.1 billion
people continue to rely on
solid fuels such as wood,
crop residues, dung,
charcoal and kerosene, often
burnt in open fires or
inefficient stoves for
household cooking. The
incomplete combustion of
these fuels generates high
concentrations of fine
particulate matter (PM 2.5)
and other toxic pollutants
within indoor
environments. This leads to
approximately 2.9 million
premature deaths annually,
primarily due to
cardiovascular and
respiratory diseases linked
to chronic exposure to
indoor particulate emissions
(WHO, 2025). Table 3 shows
the percentage of deaths in

relation to diseases and
indoor air pollution.

Table 3. Percentage contribution
of major health outcomes among
the 2.9 million premature deaths
due toindoor air pollution.

S. Type of disease | % of death
No. due to
indoor
pollution
1. Ischaemic Heart 32%
Disease
2. Stroke 23%
3 Lower 21%
respiratory
infections
4. Chronic 19%
Obstructive
Pulmonary
Disorder (COPD)
5, Lung cancer 6%

Source: WHO (2025)

These health impacts
disproportionately affect women
and children due to prolonged
exposure during cooking
activities, particularly in poor
ventilated indoor environments.
Sharma and Jain (2020) reported
that women using solid biomass
fuels in rural households are
exposed to higher concentrations
of PM 2.5, PM 1, and particle-
bound polycyclic aromatic
hydrocarbons (PAHs), which
increases the lifetime risk of
cancer and other chronic diseases
among exposed population.
Women working in enclosed
kitchens experience significantly
higher risks to cancer compared
to those cooking in semi-enclosed
or open kitchens settings (Sharma
and Jain, 2020). Structural factors
such as kitchen enclosure and
ventilation determine the
magnitude of health risks
associated with indoor
particulate exposure. Pathak et al.
(2020), reported that exposure to
indoor air pollution from solid
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biomass fuels was associated
with a 2.65 fold increased risk of
chronic obstructive pulmonary
disease (COPD) and a 2.89 fold
higher risk of chronic bronchitis
compared to non - biomass fuel
users. Exposure to PM 2.5
generated from the indoor
cooking activities, poses a
substantial public health risk
particularly among rural
populations and women with
prolonged cooking exposure.

2) Environmental Health: A
global modelling study
covering 170 countries
estimated that household
cooking with solid fuels
contributed approximately
12% of ambient PM 2.5
concentrations worldwide in
2010, with higher
contributions observed in
South Asia and other low-
income regions (Chafe et al.,
2014). This highlights that
emissions originating
indoors can substantially
influence outdoor air
quality. Although the
estimates are based on 2010
data, the study provides
strong evidence of the role of
household cooking
emissions in shaping
ambient particulate
pollution, particularly in
developing regions.
Residential solid fuel
combustion is also a major
source of black carbon (BC),
a climate- relevant
component of fine
particulate matter. A field-
based study by Zhang et al.
(2021), covering 163 burning
experiments across different
fuel-stove combinations,
reported substantial BC
emissions from incomplete
combustion of biomass and
coal used in household

cooking. Their study
highlighted that BC
emissions strongly depend
on fuel type and combustion
conditions, confirming
residential cooking as an
important source of
carbonaceous aerosol in the
atmosphere. Beyond local
and regional air quality
impacts, black carbon also
plays a critical role in climate
change. Ramanathan and
Carmichael (2008) reported
that black carbon, a major
component of soot produced
from incomplete
combustion of fossil fuels
and biomass, is the
dominant absorber of visible
solar radiation in the
atmosphere. Due to its
strong light-absorbing
properties, black carbon
contributes significantly to
atmospheric warming and is
considered the second most
important contributor to
global warming after carbon
dioxide. Emissions from
residential solid fuel
combustion therefore not
only degrade air quality but
also contribute to regional
and global climate change.

Some Mitigation Strategies

1) Use of cleaner fuels:
Transitioning from solid
biofuels to cleaner cooking
fuels such as LPG, electricity
and biogas represents an
effective strategy for
reducing indoor particulate
matter emissions. Studies
consistently show that
cleaner fuels produce
substantially lower
particulate emissions
compared to traditional
biomass-based cooking
systems (Islametal., 2021).

2) Improved Cookstoves:
Adoption of improved biomass
cookstoves can effectively reduce
indoor PM 2.5 concentrations
compared to traditional biomass
stoves. Modern cookstove
designs with higher combustion
efficiency emit lower levels of
primary particulate matter,
thereby contributing to reduced
household air pollution (Kumar
etal., 2021; Bertrand etal., 2017).

3) Ventilation and Kitchen
Design: Improved kitchen
ventilation, including the
use of range hoods and open
kitchen designs, can
significantly reduce PM 2.5
exposure during cooking
activities by facilitating the
dispersion and removal of
cooking-related emissions
(Sun & Wallace, 2021).

4) Awareness and Behavioural
Change: Educating
households about the health
risks associated with indoor
cooking and the benefits of
cleaner fuels, improved
cookstoves, and proper
kitchen ventilation is
essential for reducing indoor
PM exposure. Awareness
programs can be run in
community, schools and
colleges where children and
young adults can help
change household habits
and encourage healthier
cooking. While WHO (2025)
focuses on policy measures
and support for clean energy
adoption, community-based
awareness initiatives are a
practical approach to
support these efforts.

Policy Interventions: Role
of PMUY

Government of India launched
Pradhan Mantri Ujjwala Yojana
(PMUY) by Ministry of
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Table 4. Limitations observed in PMUY

S.No. Aspect PMUY Achievement Observed Limitation

1 LPG Connections ~10.6 crore LPG connections Decline in refill rates

2 Switching of Fuel Initial reduction in tradition fuel use | Traditional fuel usage continues due to
(~30% by 2018) high refill cost

3 Affordability Free connection High refill cost

4 Rural adoption Increased access Reversion to biomass

Source: Sahu (2024), Rajan & Singh (2020)

Petroleum and Natural Gas in
2016 to make cleaner cooking fuel
like LPG available to rural and
below poverty line (BPL)
households. Before the
introduction of PMUY, around
80% of rural households
depended on traditional cooking
fuels, which decreased to nearly
50% by 2018, reflecting a
substantial decline following the
scheme's implementation (Rajan
and Singh, 2020). These trends
indicate the effectiveness of
government initiatives in
reducing dependence on
traditional cooking fuels.
However, critical challenges
remain, particularly the declining
frequency of LPG cylinder
refilling among beneficiaries.
Survey-based evidence further
highlights this concern, with a
significant proportion of LPG
users reporting refill costs as a
major constraint to sustained
LPG usage (Sahu et al.,, 2024).
Table 4 shows the limitations
observed in PMUY.

Rajan and Singh (2020)
reported the three core benefits
from this scheme. (a) This scheme
aims to safeguard the health of
women and children from the
direct inhalation of the pollutants
released from the traditional
cooking fuels like coal, firewood,
cow dung cakes and agricultural
residues. (b) Increase in the
manufacturing of gas stoves,

cylinders and regulators helps in
generation of employment
opportunities. (c) This scheme
could provide substantial
economic benefits to Indian
industry, amounting to
approximately Rs 100,000 million
over a three-year period.

Under Ujjwala 2.0, an
additional allocation of 75 lakh
LPG connections was approved
for three financial years (FY 2023-
24 to 2025-26), of which the target
was achieved by July 2024, as
reported on the official PMUY
portal. Furthermore, the
Government of India approved
the release of an additional 25
lakh LPG connections, increasing
the overall target under the
scheme to 10.6 crore LPG
connections. These measures
reflect continued policy efforts to
expand clean cooking fuel access
and strengthen the adoption of
LPG among rural and BPL
households (Ministry of
Petroleum and Natural Gas, n.d.).

Conclusion

Indoor cooking using solid
biofuels remains a major source
of PM emissions, with rural
households disproportionately
affected due to socio-economic
and educational aspects. Factors
such as fuel type, stove efficiency,
cooking practices, and kitchen
ventilation play a significant role
in determining PM exposure.

Human health impacts, including
respiratory diseases and
increased cancer risk, along with
environmental consequences
such as black carbon emissions,
show the urgent need for
effective mitigation strategies.
This short review summarises
that cleaner fuels, improved
cookstoves, proper ventilation,
behaviour change, and
supportive government policies
like PMUY can collectively
reduce indoor air pollution from
kitchens and protect public
health. Future efforts should
focus on integrating technology,
awareness, and policy measures
both in urban and rural
households to ensure sustained
adoption of cleaner cooking
practices.
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Zoonotic Diseases: When Animal Health
becomes Human Health

Introduction

Humans, animals, and the
environment play a significant
role in the emergence and
transmission of different
infectious diseases. Most of the
infectious diseases affecting
humans are of animal origin. The
“Asia Pacific strategy for
emerging diseases: 2010” report
estimated that around 60% of the
emerging human infections are
zoonotic in nature and among
these pathogens more than 70%
originated from wildlife species.
The newly emerged diseases in
humans in recent decades were of
animal origin and were directly
associated with animal origin
foods.

The term “Zoonoses” is
derived from the Greek word
“Zoon”, which means animal,
and “nosos”, which means
illness. According to the World
Health Organization (WHO), any
disease or infection that is
naturally transmissible from
vertebrate animals to humans or
from humans to animals is
classified as a zoonosis Among
the human pathogens, about 61%
are zoonotic in nature.
(Reference- National library of

Medicine https:/ /pmc.ncbi.nlm.
nih.gov/articles/PMC7563794/)

Zoonoses comprise a large
percentage of all newly identified
infectious diseases as well as
many existing ones. Some
diseases, such as HIV, begin as a
zoonosis but later mutate into
human-only strains. Other
Zoonoses can cause recurring
disease outbreaks, such as Ebola
virus disease and salmonellosis.
Still others, such as the novel
coronavirus that causes COVID-
19, have the potential to cause
global pandemics. (Reference-
World Health Organization
(WHO) https:/ /www.who.int/
news-room/ fact-sheets/detail /
Zoonoses)

What are zoonotic diseases

Zoonosis may sound like an
exotic word, but it describes a
fairly common event. Zoonoses
are diseases that can spread
between animals and humans,
and they are a prevalent part of
the global public health
landscape.

Scientists estimate that more
than 60% of known infectious
diseases in people can be spread
from animals, and approximately
75% of new and emerging
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infectious diseases originate in
animals. As human populations
grow, wildlife habitats shrink,
and people, pets, livestock, and
wildlife interact more frequently,
it has become more important in
preventing these diseases.

The good news is that many
zoonotic diseases are
preventable, and animal
medicines are at the heart of that
prevention. For World Zoonosis
Day on July 6, let's take a look at
the relationship between animal
health and human health through
the lens of zoonoses. (Reference-
Animal Health Institute
https:/ /ahi.org/recognizing-
world-zoonoses-day-how-
protecting-animal-health-
protects-human-health/)

How do zoonotic diseases
spread

Because of the close connection
between people and animals, it's
important to be aware of the
common ways people can get
infected with germs that can
cause zoonotic diseases. These
caninclude:

e Direct contact: Coming into
contact with the saliva,
blood, urine, mucous, feces,
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or other body fluids of an
infected animal. Examples
include petting or touching
animals, and bites or
scratches.

e Indirect contact: Coming
into contact with areas
where animals live and
roam, or objects or surfaces
that have been contaminated
with germs. Examples
include aquarium tank
water, pet habitats, chicken
coops, barns, plants, and
soil, as well as pet food and
water dishes.

e  Vector-borne: Being bitten
by a tick, or an insect like a
mosquito or aflea.

e Foodborne: Eating or
drinking something unsafe,
such as unpasteurized (raw)
milk, undercooked meat or

contaminated with feces
from an infected animal.
Contaminated food can
cause illness in people and
animals, including pets.

e Waterborne: Drinking or
coming in contact with water
that has been contaminated
with feces from an infected
animal. (Reference-The U.S.
Centres for Disease Control
and Prevention (CDC)
https://www.cdc.gov/one-
health/about/about-
zoonotic-diseases.html)

Major zoonotic diseases of
public health importance

Major Zoonotic Diseases, their
etiological agents, hosts, and the
major symptoms in humans.
(Table 1. Reference- National
library of Medicine
https:/ /pmc.ncbi.nlm.nih.gov/a

Role of veterinarians in
zoonotic disease control

Veterinarians are not only
doctors of animals; they are also
important guardians of public
health. They play a major role in
disease surveillance, early
diagnosis, vaccination, outbreak
investigation, meat inspection,
food safety, and public
awareness.

Early recognition of disease
in animals can provide a warning
before infection spreads widely
in the human population.
Therefore, veterinary disease
surveillance is an essential
component of public health
protection.

One health: One world, one
future

The One Health approach
recognizes that the health of

eggs, or raw fruits and rticles/PMC7563794/) :
humans, animals, and the
vegetables that are
Disease Etiology Animal Host Major Symptoms, System
or Organs Involved
Anthrax Bacillus anthracis Cattle, horses, sheep, pigs, | Skin, respiratory organs, or
dogs, bison, elks, white - Gl tract
tailed deer, goats, and mink
Tuberculosis | Mycobacterium bovis, Cattle, sheep, swine, deer, Respiratory organs bone
Mycobacterium caprae, wild boars, camels, and marrow
Mycobacterium microti bison
Brucellosis Brucella abortus Cattle, goats, sheep, pigs, Fever, usually high in the
Brucella melitensis, and dogs afternoon, back pain, joint
Brucella suis, pain, p001.‘ appetite, and
Brucella canis, weight loss
Glanders Burkholderia mallei Horses, donkeys, and mules Fever, sweating, muscle
aches, chest pain, muscle
tightness, and headache
Rabies Rabies virus, Genus — Cattle, horses, cats, dogs, Nervous system
Lyssavirus bats, monkeys, wolves,
Family — Rhabdoviridae | skunks, rabbits, and coyotes

60




Pele-wfas 1 agarTs uf¥at

AM®, 13(4) ragaR—Tew=R, 2026

environment is closely
connected. Effective control of
zoonotic diseases requires
cooperation among
veterinarians, medical
professionals, microbiologists,
environmental scientists, and
public health authorities.

Climate change,
deforestation, wildlife
interaction, urbanization, and
increased movement of animals
and people may influence the
emergence and spread of
zoonotic diseases. A coordinated
One Health strategy is therefore
essential for preventing future
outbreaks. (Reference-World
Health Organization (WHO)
https:/ /www.who.int/news-
room/fact-sheets/detail/
ZOOnoses)

Prevention and control

Zoonotic diseases can be
controlled through regular
vaccination of animals, proper

w3

hygiene and sanitation, safe
handling of animals,
pasteurization of milk, proper
cooking of meat and eggs, control
of vectors, responsible disposal of
animal waste and carcasses, and
continuous disease surveillance.

Public awareness is equally
important. Educating livestock
owners and communities about
disease transmission and
prevention can significantly
reduce the risk of zoonotic
infections.

Conclusion

Zoonotic diseases are more than
animal diseases; they are a shared
challenge for animals, humans,
and the environment. Prevention
begins with early detection,
scientific surveillance,
responsible animal management,
and cooperation between
veterinary and human health
professionals.

oonotic
Iseases

Protecting animal health
means protecting human health,
and protecting both means
protecting our shared future.
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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 FORSUSTAINABLE 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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