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Review Article

ABSTRACT

Pesticides are notorious for staying and spreading in the environment, and they can accumulate
and disturb the food web, which endangers both animals and humans. This study summarizes the
available information on the eco-toxicology of pesticides in fish. The majority of pesticides are
released into the environment, and very few that are applied reach their biological goal; where they
can accumulate and be hazardous to organisms that are not their intended targets. Their entry into
aquatic ecosystems causes disastrous effects on flora and fauna. An attempt has been made to
critically review the harmful effects of different pesticides on different fish species. This review will
focus on the various alternations or changes in fish behavior (like as increased surface breathing,
tremors in their fins, air gulping, irregular swimming and operculum movement), biochemical
characteristics (such as antioxidant defense system damage caused by the production of ROS,
altered levels of several oxidative stress indicators, including MDA, GST, SOD, CAT, GSH and GPx
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levels), blood parameters (like altered levels of RBC, WBC, MCH, MCV Hct and Hb contents) and
histopathological changes (in liver, gills, intestine, kidney and gonads) caused by various
pesticides. Higher concentrations of pesticides in the water bodies can lead to the mortality of fish

species while sub-lethal concentrations have long-lasting effects.

Keywords: Pesticides; behavior; hematology; antioxidant defense; histology.

1. INTRODUCTION

Pesticides are synthetic chemicals that humans
create to protect plants from pests and diseases
[1]. A few detrimental effects of pesticide use are
the emergence of resistant pest populations, and
the decline in important keystone species such
as earthworms, pollinators, and predators [2].
Chemical pesticides are regarded as strong
pollutants in aquatic environments. These
pollutants enter aquatic environments naturally
as a result of several processes [3]. They come
in different types depending on what they target
or what they are made of, such as insecticides,
herbicides, fungicides etc. When they are widely
used, pesticide residues often end up in water
bodies through farm and city runoff [4], wind drift,
or direct spraying, and they can harm aquatic
animals that are not meant to be affected,
especially in densely populated areas where the
levels are too high. Insecticides are the main
source of contamination for many water habitats.
They enter the water systems through rain,

runoff, and wind. They end up in ponds, lakes,
and rivers [5] and harm various non-target
aquatic organisms. The health of fish and other
aquatic animals is endangered by the reduced
water quality caused by harmful substances such
as pesticides. Fish is the most vital vertebrate
that serves as food for humans. They have
significant  economic, aesthetic, nutritional,
industrial, religious and medicinal values. Fish
provides livelihood for millions of people around
the world. The high usage of pesticides shows
that more than one active ingredient threatens
64% of the world’s farmland with pesticide
contamination, and 31% faces a high risk. Also,
pesticide pollution is likely to grow soon [6].

Examples of pesticides include fungicides,
herbicides and insecticides. Fungicides are a type
of pesticide that destroys harmful fungi and their
spores. They are usually made of chemicals, but
some may use biological agents or substances
that inhibit fungal growth. Fungicides can have
detrimental impacts on aquatic species that are
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not the intended target when they spread from
the target habitat to various aquatic settings,
such as wetlands and streams [7]. Insecticides
differ from other organic pollutants in that they
are made to be toxic to specific organisms.
Because many of the places they affect are
similar across different groups of living things,
they can also harm non target organisms like
fish. These chemicals stayed in the environment
for a long time, built up in living things, and
harmed fish a lot. Pyrethroids are more favored
than other kinds of insecticides, as Lu et al, [8]
stated because they are very effective, less toxic
to mammals, more selective to pests, and
degrade quickly in the environment. Pesticides
affect the antioxidant enzyme system of fish by
making more and more reactive oxygen species
(ROS) and by degrading antioxidant enzymes
that shield fish against ROS. A crucial tool for
identifying the harmful impact that toxicants may
have on organisms is behavior. Pesticides can
alter the molecular structure of neurotransmitters
and block the enzymes necessary for their
manufacture or break down. Pesticides induce
several behavioral alterations in fish like surface
breathing, tremors in their fins, air gulping,
irregular swimming, operculum movement, and
hypersecretion of mucus [9]. Pesticides induce
hematological alternations by affecting RBC,
WBC and platelets count and histopathological
alternations by damaging internal organs of fish
such as liver, kidney, gills, intestine and gonads.

2. BEHAVIORAL CHANGES
CAUSED BY PESTICIDES

IN FISH

Behavior is the physical manifestation of the
animal’s internal neural, hormonal and metabolic
processes necessary for survival [10] working
together with both central and peripheral nervous
systems [11]. It makes it possible for a living
thing to adjust to stimuli from within as well as
outside to survive in a changing environment.
Behavioral disruption may be detected in aquatic
organisms at the concentration of pollutants
present in the field. The majority of pesticides
disrupt fish neurological systems as well as
sensory receptors, which can alter fish behavior
and cause abnormalities in how fish react to
environmental cues. A study on the behavioral
aspects of fish A. lineatus after exposure to
cypermethrin revealed a range of behavioral
alterations during the trial, such as convulsions,
violent gasping for air, irregular swimming, and
loss of balance. The findings demonstrated that
A. lineatus's behavioral features can be acutely
affected by cypermethrin, even at low doses [12].
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The tertiary level of physiological reactions to a
toxicant, and behavior responses (like swimming
ability) might be utilized as a biomarker of stress.
According to Yalsuyi et al. [13], the fish (C.
carpio) preferred to swim close to the water
outflow when the level of glyphosate was raised;
on the other hand, when the glyphosate level
was lowered, the fish swam closer to the water
introduction. Zebra fish Danio rerio behavior after
exposure to the fungicide carbendazim
demonstrated aberrant swimming and the
gulping of air at the water's surface, reduced

aggressiveness, and first aroused slow
swimming before eventually causing fast
swimming [14]. Clarias batrachus showed

significant behavioral alterations after treatment
with  chlorpyrifos and cypermethrin ~ which
included altered schooling behavior, positioning
at the bottom, aberrant and uneven swimming
patterns, frequent surface visits, caudal bending
and a delayed reaction to touch [15]. The
morphological alterations included thinness of
the body, increased mucus discharge, and body
decolorization. Exposure to two
organophosphate compounds (dimethoate and
chlorpyrifos) to C. carpio resulted in various
alternations in behavior patterns [16]. These
changes were observed using different
behavioral indices such as tail and opercular
beat frequency, fin and eye deformities and
swimming velocity and activity index. We can say
that different pesticides influence differently on
behavioral parameters in fish. These behavioral
alternations include excess mucus secretion,
loss of body balance, altered opercular
movements, loss of movement directions, fast
and sometimes backward swimming and higher
concentrations of pesticides leading to
hemorrhage and ultimately lead to death.

3. CHANGES IN THE ANTIOXIDANT
DEFENSE SYSTEM OF FISH CAUSED
BY PESTICIDES

ROS are responsible for the oxidative damage
that fish exposed to herbicides experience. Fish
have both enzyme-based and non-enzyme-
based antioxidant defense systems. Antioxidant
defense system activity against ROS is thus
indicated by changes in antioxidant enzyme
activities and non enzyme antioxidant levels [17].
Hence variations in the antioxidant defense
system of fish act as useful and crucial markers
of pesticidal toxicity. One of the most important
biological acceptors of electrons for cellular
processes is oxygen. Notwithstanding its
advantageous characteristics, it is responsible for
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the unfavorable generation of various kinds of
reactive oxygen species (ROS). Cells rely on a
series of antioxidant enzymes—including
glutathione  peroxidase (GPx), glutathione
reductase (GR), glutathione S-transferase (GST),
xanthine oxidase (XOD), catalase (CAT), and
superoxide dismutase (SOD)—to combat
reactive oxygen species (ROS) as their initial
defense mechanism. Cellular injury and oxidative
stress are caused by an imbalance between the
activity of cellular enzymes that fight oxidative
stress and ROS generation. There's a greater
chance of oxidative damage if the antioxidant
system cannot get rid of or balance off the
surplus ROS.

Fishes collected from pesticide-contaminated
Ganga River showed an increased amount of
CAT, SOD and GST activities [18]. Mugil capito
exposure to different concentrations of meothrin,
lambda-cyhalothrin, permethrin, fenpropathrin,
and esfenvalerate to Mugil capito showed
increased levels of MDA [19]. Impact of
persistent application of methomyl pesticide on
antioxidant defense system in Nile Tilapia Testis
(Oreochromis niloticus) showed a significant
increase in the GPx, CAT, GST, GR, SOD, GSH
and GSSG at low concentrations but a significant
decrease at higher concentrations [20].
Oxyfluorfen (herbicide) exposure to Catfish, C.
gariepinus, there was a notable decline in the
activities of SOD, GSH, GPX, and CAT along

with the rise in MDA levels [21]. Treatment of
juveniles (Astyanax altiparanae) with herbicide
atrazine showed elevated malondialdehyde
(MDA) and protein levels in the liver, muscle and
gills, indicating an elevated oxidative unbalance
[22]. Additionally, they noted that the antioxidant
enzyme GST was more active in the liver and
SOD and CAT were more active in the muscles
and gills. The activities of CAT, GPx and SOD in
juvenile fish, Oreochromis mossambicus were
suppressed by carbaryl and dimethoate [23]. The
glyphosate exposure to Galatea paradoxa
resulted in increased activities of GST, LDH,
CAT and SOD [24]. Additionally, the data
showed reduced GSH concentration and
elevated GPx activity in fish Galatea paradoxa.
The brains of the zebra fish exposed to the
highest quantity of glyphosate showed a marked
increase in CAT and SOD  activity
[25]. Additionally, glyphosate-treated fish
showed a concentration-dependent suppression
of y-GCL in their brain, which was accompanied
by a marked drop in GPx levels. The brains of
the animals exposed to the greatest dose of
glyphosate showed a marked rise in lipid
peroxidation, which was ultimately indicative of
this changed profile of the antioxidant defense
system. Therefore, pesticide exposure to fish
leads to oxidative stress and there is a significant
increase in some oxidative enzymes which can
lead to oxidative stress in fish.
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Fig. 2. Role of antioxidant defense enzymes to combat the oxidative stress produced due to
over-production of ROS after pesticide exposure
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4. HEMATOLOGICAL ALTERNATIONS IN
FISH CAUSED BY PESTICIDES

It has been established that hematological
indicators are useful instruments for tracking fish
health and identifying pesticide toxicity. Both
internal and external variables may have an
impact on the primary hematological parameters
in fish, such as mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC),
hemoglobin (Hb), and red blood cell (RBC)
counts. White blood cell (WBC) counts, red blood
cell counts and blood cell histology are all altered
by fatal and sub-lethal amounts of different
pesticides. An essential diagnostic technique for
identifying anomalies in the liver and other
tissues is the measurement of blood biochemical
markers. Freshwater catfish Mystus keletius
exposed to Ekalux (EC-25%), Impala (EC-55%),
and Neemstar (EC-15%) were found to exhibit
decreased values for hematological parameters
such as RBC, Hb, and Hct packed cell volume as
the duration of pesticide exposure increased [26].
Conversely, values for parameters such as WBC,
MCHC, MCV and MCH substantially increased.
Anemia symptoms included reduced and
malformed erythrocytes along with a decline in
hemoglobin levels and packed cell volume
(PCV). Anemia symptoms were also noted in the
form of malformed erythrocytes. Fish Clarias
batrachus treated with imidacloprid showed
hematological changes in their blood; the
concentrations of Hb, RBCs, packed cell volume
(PCV), MCV and MCH were all decreased, while
the amounts of WBCs were elevated [27].
According to Das et al. [28] hematological
measures such as total erythrocyte count (TEC)
and Hb count were observed to be lowered while
TLC was elevated in freshwater fish, Labeo
rohita intoxicated with malathion. Zeinab et al,
[29] observed changes in hematological indices
of Ctenopharyngodon idella treated with
insecticide profenofos including a rise in TLC and
monocytosis, lymphocytosis, and moderate
neutrophilia. Major observations that were noted
after the exposure were extreme microcytic
hypochromic anemia. African catfish (Clarias
gariepinus) are exposed to sub-lethal
concentrations of pesticides that are frequently
used in agriculture, including abamectin,
carbofuran, chlorpyrifos, cypermethrin,
deltamethrin, dichlorvos, dimethoate, fipronil,
lambda-cyhalothrin, and paraquat [30].
Significant variations were found between the
mean hematological parameters of the treated
and control catfish, including WBC, RBC, Hb,
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Hct, MCH, and MCHC. Malathion exposure in
silver barb fish Barbonymus gonionotus was
found to cause a concentration and time-
dependent increase in WBC, a significant decline
in Hb, PCV, and RBC levels, as well as a marked
rise in the prevalence and severity of
micronucleus during the whole experimental
period whereas MCV, MCH, and MCHC readings
displayed inconsistent patterns [31]. Hence
pesticides have numerous effects on the blood
parameters, resulting in changes in RBC, WBC,
MCH, MCV and Hb contents which can make
fish anemic and immunologically sick.

5. HISTOPATHOLOGICAL ALTERNATION
IN FISH CAUSED BY PESTICIDES

Toxicological research and the observation of
water pollution might benefit from
histopathological examinations of various fish
tissues that have been subjected. Tissue
changes in fish exposed to different pesticide
doses are a functional response of the organisms
and describe the specific type of contaminant.
We may learn about the condition and operation
of organs through histology. Organ tissue harm
and trauma can lead to decreased growth,
survival, and physical fithess, poor reproductive

outcomes, or increased vulnerability to
pathogenic agents.
5.1 Gills

With secondary lamellae on either side, each gill
is made up of primary lamellae. In fish under
control conditions, normal blood vessels and
epithelial cell linings with isolated pillar cells are
observed in the major gill filament which
performs various functions including exchange of
gases, ammonia and ions. Majumder and Kaviraj
[32] observed changes in the histology of the gills
of O. niloticus after the treatment with
cypermethrin. Gill lamellae exhibited intra-
lamellar space, necrosis on both sides of the
secondary lamellae, and clustered epithelial cells
at their base. Along with increased intra-lamellar
space on primary gill lamellae, the higher
concentration of this pesticide caused tissue
death within primary and secondary gill lamellae,
degeneration of the secondary lamellae's
epithelium, and constricting of secondary
lamellae. Different researchers observed similar
histopathological alterations after treating
different concentrations of cypermethrin on the
gills of C. carpio [33]. Freshwater fish C. mrigala
treated with pesticides (Chlorfenapyr,
Dimethoate, and Acetamiprid) showed several
histological changes in gills such as secondary
gill lamellae fusion, secondary gill lamellae
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Gills

epithelium raising, hypertrophy of the gill
epithelium, and secondary gill lamellae curving
[34]. With the increase in the time of exposure,
the extent of the histological changes which
included telangiectasias, secondary gill lamellae
shortening, cartilaginous core disruption, lamellar
disorganization, and lamellar atrophy was also
increased in all treated groups. Impacts of
synthetic pyrethroid on the histology of gills of
common carp showed several alterations like
fusion of secondary gill lamellae, degenerated
lamellae, vacuolization, necrosis, hyperplasia,
ruptured secondary lamellae, vacuolization of gill
rakers and vasodilation of central sinus were
noticed after the treatment with different
concentrations of this pesticide [35]. Research
conducted by Shah and Parveen [18] on
pesticide-polluted Ganga River on gills of C.
carpio and Rita rita showed sloughing and

degradation of lamellar epithelium, vessels
dilation, lamellar congestion, gill bridging,
inflammatory cell infiltrate, necrosis and

hypertrophy in smooth muscles of the gills. Vali
et al, [36] studied alterations in the gills of Grass
Carp (Ctenopharyngodon idella) administered
with different amounts of diazinon. Fish gills
showed primary lamellar edema, hyperplasia of
secondary lamellae, hypertrophy, hemorrhage,
shortening and sloughing of secondary lamellae
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and hypertrophy. Gills of fish exposed to
dimethoate exhibited alterations like hyperplasia
in the primary lamellae epithelium, shortening,
fusion and curling of secondary gill lamellae
fusion, infiltration of inflammatory cells
hemorrhage and epithelial edema and
telangiectasis [37]. Therefore, pesticide damage
to gills can result in the breathing ability of fish
and the exchange of ions and ammonia,
ultimately leading to fish mortality.

5.2 Kidney

The kidney of the control fish is constructed from
numerous renal tubules and fully formed
glomeruli. The kidney helps in discarding body
waste and osmoregulation. Majumder and
Kaviraj [32] observed changes in the histology of
the kidney of  Oreochromis niloticus.
Cypermethrin caused hyaline atrophy in the renal
tubular epithelium, glomerulus compression,
widening of the gap between the glomerulus and
Bowman's capsule, dilatation of the tubular
lumen and vacuolation in the epithelium of renal
tubules. Nile Tilapia (Oreochromis niloticus),
exposed to sub-lethal dosages of carbofuran
resulted in glomerular capsule separation,
proximal and distal tubule necrosis, and lack of
intercellular space [38]. Nile tilapia treated with
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sumithion showed a notable morphological
alteration in the kidney tissue; glomerular
enlargement, dilatation of Bowman's space,
pyknotic nuclei, patch atrophy, vacuolation, and a
rise in the diameter of the renal tubules were
identified at low and high concentrations [39].
Hassan et al. [37] investigated changes in the
histology of the kidney of Nile tilapia after
exposure to dimethoate. Pesticide-exposed
kidney showed shrinkage of the glomerulus,
dilation of Bowman's space, vacuolar
degeneration and cytolysis of renal tubule
epithelium and infiltration of inflammatory cells.
Hence damage to the kidney structure results in
the accumulation of waste material in the fish
body which ultimately leads to kidney
dysfunctioning.

5.3 Intestine

The gut is a multifaceted, intricate organ. The
intestine is essential for immunity, digestion and
metabolism, water and electrolyte balance, and
the breakdown and absorption of food.
Numerous contaminants are absorbed and
metabolized in large part via the intestines [40].
Vacuolation, tissue necrosis, hemorrhage,
degeneration of epithelium, loss of the intestinal
villi, aberration, and death of epithelial cells are
the common signs that can be seen in the
intestinal tissue after the treatment with different
pesticides. Butachlor-induced histopathological
changes in the intestinal tissue of Clarias
batrachus showed vascularization in the sub
mucosal areas, hemorrhagic areas, up surge in
goblet cells and lymphocyte infiltration in the
absorptive region of the intestine [41]. Significant
degradation of the villi's brush border, punctured
lamina proportion, high degree of lymphocytic
infiltration in the mucosa layer, damaged basal
lamina, and the existence of many vacuoles in
the sub-mucosal and muscular layer are all signs
of the significant deterioration in the brush border
region. Histological effects of lindane, an
organochlorine pesticide, on the intestinal tissue
of the teleost fish C. punctatus were observed by
Bhattacharjee and Das [42]. According to this
study, lindane exposure resulted in edema in
epithelial cells, expansion in goblet cells,
invasion of inflammatory cells into intestinal
tissues, and necrosis. The toxicity of chlorpyrifos
impacted the diversity of the gut microbiota and
promoted the growth of pathogenic
microorganisms that compromise the intestinal
immune system and lead to infection [43].
Pesticides can damage intestinal structure which
can lead to various disorders like digestion and
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absorption of food, electrolyte imbalance and
loss of immunity which can make fish sick.

5.4 Liver

The liver shields the body against substances
ingested through the gastrointestinal system,
gills, and skin that may be hazardous. Necrosis,
hemorrhage, degeneration of cytoplasm and
nuclei, infiltration of blood cells, hypertrophy,

congestion of nuclei and heterochromatin
distribution are some of the major
histopathological anomalies which can be

observed by histopathological investigation after
the treatment of different pesticides. Cattaneo et
al. [44] documented disruption in the connections
of hepatocytes, disruption of the cellular
membrane, and vacuolated cytosol in the hepatic
tissue of Rhamdia quelen, following exposure to
2,4-D herbicide. Experiments conducted by
Norhan et al. [45] on paraquat-induced
histopathological changes in liver tissues of
Anabas testudineus exhibited many alterations
like necrosis, and cell degeneration following a
96-hour exposure to this pesticide. Paraquat
exposure at 15.0 mg/L resulted in hemorrhage,
necrosis, hydropic degeneration, and pyknosis.
The study by Velmurugan et al. [46] was done to
investigate the toxicity of cypermethrin on the
histology of the liver of Anabas testudineus. The
study revealed that exposure to this pesticide
caused several histological changes like pycnotic
nucleus, dilatation of sinusoids, hypertrophy of
liver cells, necrosis, granular degeneration and
congestion. Hassan et al. [37] noticed various
histopathological changes in the liver of
dimethoate-exposed Nile tilapia fish like
congestion of the central vein, vacuolar
degeneration of the liver cells, dilatation and
congestion of sinusoid, aggregation of
inflammatory cells, necrosis and hemorrhage.
Shah and Praveen [18] researched pesticide-
polluted Ganga River. Liver tissues of the fish
Rita rita collected from the Narora site showed
various necrotic changes in hepatocytes and
distorted arterial walls. Natraj et al, [47] observed
pyknosis in the nucleus, vacuolation, nuclear
degradation and cellular edema in the liver tissue
of freshwater fish, Labeo rohita exposed to
profenofos. These studies indicate that pesticide
damage to the liver leads to the accumulation of
various waste materials which can make fish
sick.

5.5 Gonads

The tiny diameters of the impacted cells make it
challenging to examine some insecticide-induced
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histopathological alterations in the testes under
light microscopy. The research was done by
Marutirao [48] to study the histopathological
alterations after dimethoate exposure on ovarian
tissue of Puntius ticto. Following fatal exposure,
the ovary displayed notable alterations. Ovarian
follicles were partially disrupted, and vacuolation
was observed in the cytoplasm of germinal cells.
There was an injury to the interfollicular
connective tissue. The normal layout of ovarian
follicles was lost. There was evidence of injury to
the yolk vesicles of developing oocytes as well
as necrosis and fibrosis in the connective tissue.
Biju et al., [49] conducted research to study
exposure-dependent changes in the ovary of
Freshwater Fish, Oreochromis niloticus after
treatment with Malathion. Various alterations like
reduced size of mature oocytes, degradation of
tissue cells, destruction of follicular epithelium,
fractured ova, necrosis, and degradation of the
ovarian structure were seen. Ezenwosu et al.
[50] investigated the harmful effects of lambda-
cyhalothrin on the histo-architecture of gonads
(testes and ovaries) of Clarias gariepinus. Testes
of the treated animals showed some damaging
alterations like clusters of necrotic spermatogenic
cells exhibiting nuclear pyknosis and cytoplasmic
swellings. Various changes like degenerative
matured flabby and vacuolated oocytes and
nuclear pyknosis were seen in the ovaries. A
study aimed to assess mancozeb's acute toxicity
on the testis of zebrafish (Danio rerio) was
performed by Gurol et al. [51]. Spermatogenic
cell degeneration, seminiferous tubule
disorganizations, fibrosis, hemorrhage,
vacuolization, spermatocyte hypertrophy, edema,
reduced spermatogenic cell clusters and sperms,
and pyknotic and Kkaryolytic nuclei were all
brought on by mancozeb. These findings show
that mancozeb might stop zebra fish from
reproducing and lower their fertilization ratio.
Numerous histological alterations were seen in
the ovary of female gangetic fish Mystus
cavasius by Uddin et al. [52] after exposure to
cypermethrin.  With increasing cypermethrin
concentration and exposure period, wrinkle
oocyte, cytoplasmic clumping, atretic follicle,
degraded granulose layer, distorted oocyte wall,
increased inter follicular space, adhesion, cyst,
and necrosis were seen. Pesticides can cause
severe damage to fish reproductive organs which
can halt the development, maturation, and sexual
differentiation of fetuses in fish.

6. CONCLUSION

To summarize, the analysis of the available
research indicates that exposure to pesticides
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triggers antioxidant defenses and detoxification
pathways by causing the activation of antioxidant
enzymes. However, the use of pesticides,
whether they were acute or long-term, changed
hematological, biochemical, and immunological
parameters in the fish. Histopathological studies
revealed that pesticides have dangerous effects
on the liver, kidney, intestine, gills and gonads
which lead to tissue degeneration, necrosis,
degeneration of cells, bleeding in some tissues,
vacuolization and many more harmful effects
which can lead to mortality in fish. Pesticides
have harmful effects on gonadal activity and the
development stages of fish which can lead to
juvenile mortality. Pesticide effects on behavior
include irregular movements, skin irritation,
bleeding from gills, backward swimming,
excessive mucus secretion and lack of
orientation.  Furthermore, these pesticides
accumulate in the food chain and go to higher
tropic levels which include humans through bio-
magnification which results in serious and long-
term effects. Studies have indicated that the use
of pesticides in aquatic habitats may have
negative consequences for fish immunity and
mangroves, which could worsen the ecological
impact by making fish more susceptible to
disease. The present review has accumulated
valuable evidence indicating that human
activities such as use of large quantities of
chemical pesticides has harmful effects on
numerous sectors such as aquaculture and
fisheries. These changes may affect the survival
or life of fish in water bodies. Hence, we need to
implement alternatives for these toxic substances
(pesticides) like organic farming, Integrated Pest
Management (IPM), biological control techniques
and genetic modification techniques in crops.
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