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ABSTRACT
Hordeum vulgare L.(Barley) is an important staple crop in Asia and usually considered more
fluoride tolerant than other cereal crops under family Poaceae. In this study, phytochemical
and GCMS profiling of two cultivars of Hordeum vulgare L. viz.., RD2794 and RD2786 have
been performed under Fluoride stress. Different concentrations of NaF (Control, 5ppm, 10
ppm, 15ppm, and 20 ppm) were prepared to identify cultivars responsible for tolerance to
fluoride stress. Several strategies were identified in response to fluoride stress among the two
cultivars. This paper reports the cultivars of fluoride adaptation between the two cultivars.
RD2786 contains high alkaloids, carbohydrates, Phytosterols and fixed oil better than RD2794
after imposing fluoride stress. The study showed that total flavonoids and phenolic content is
high in RD2786 and reduced significantly in RD2794. This suggests that RD2786 is a desired
crop to cultivate under fluoride stress. Through the course of this study on the basis of several
important parameters the fluoride tolerant varieties and susceptible varieties will be known.
This outcome of the proposed research work may also help the plant breeders to produce
resistanace against fluoride stress of barley.
Keywords: Hordeum vulgare L., Fluoride stress, GC-MS, Poaceae, Phytochemicals.

INTRODUCTION
Fluorine is a naturally occurring element that belongs to
the halogen family. It is highly reactive, pale yellow in
color and gaseous in nature. Due to its highly reactive
nature, it can exist in combined form with different
elements. The elements formed due to the combination
of fluorine and other elements are called fluorides. The
essential concentration of fluoride present in soil is in
soluble form which is present in a very small proportion
i.e. about 10-1000 ppm available to the plant (Drury et
al., 1980; Sahariya et al., 2021). Fluoride in trace amounts
is important for the normal growth of plants. It is easily
absorbed in the plant’s root, which is then transferred to
respiratory organs via xylem flow. It is mainly transferred
to the leaves. Various physiological processes are

markedly influenced by fluoride, other than those affected
by decreased growth of the plant causing chlorosis, leaf tip
burn and leaf necrosis (Manoharan et al., 2007). But, the
high concentration of this element in arable land is a big
problem. In many countries, fluoride (F–) contamination in
soil is a major concern either through irrigation water or
excessive fluoride in ground water, which is a big question
for the overall economy and environmental sustainability
(Chakrabarti and Patra, 2013). Fluoride contamination in
groundwater and irrigation water has emerged as a serious
health related geo-environmental issue in various portions
of the globe. The link between excessive fluoride in the
environment and a high risk of fluorosis in people living
in contaminated areas is now well accepted. Several fieldscale exploratory trials and controlled studies have been
done in various contaminated sites across the world to
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examine fluoride deposition in crops and its consequences
on crop productivity. Despite this, the knowledge remains
fragmentary. Fluorine has gotten a lot of press because of
its environmental and health implications (Margherita et
al., 2021). Fluorine pollution induced by regional buildup
is a major health and environmental concern in many parts
of the world (Lingling et al., 2021).
Barley was formerly utilized as a resource of human
sustenance for many years, with archeological evidence
dating back to 8000 BC in Iran (Bothmer and Jacobsen,
1986). Barley was discovered to be a good source of
insoluble and soluble dietary fibers, particularly the
polysaccharide (1/3) (1/4) –β-D- glucan (beta-glucan).
Among all the grains, highest concentrations of betaglucan are found in barley. The beta-glucan amount found
in cereals varies from 1% in wheat grains, to 11% in barley
as well as 7% in oats (Cui and Wood, 2000). For ages,
because of low input requirements and well adaptation to
adverse circumstances such as alkalinity, salinity, drought
as well as marginal areas, it has been regarded as a poor
man’s crop. Even though the majority of the crop is used
for cattle feed, the modern surge in industrial need for
barley as a resource has prompted it to be considered as an
industrial crop.
In India, the drought affected states are facing the
problem of this contamination, especially the western state
of Rajasthan where almost all the 33 districts are seriously
fluoride affected and fluorosis is very common (Agarwal
et al., 1997). The farmers and consumers both are at the
receiving end due to this undesirable toxicity of fluoride.
The farmers of this state usually prefer millets over the
cereals and Barley is one of the preferred crops due to
various environmental constraints such as severe drought
and high fluoride.
In recent years, Rajasthan has just replaced Uttar
Pradesh as the leading producer of barley, owing to a lack of
rainfall and irrigation water throughout the harvest season
during the past several years. Barley is the primary balance
food crop in tribal regions of this state. Additionally, it is
being used as cattle feed. It is also used in the preparation
of malt and traditional beverages like chhang and sattu
which are popular in the tribal people. It is utilized as a
therapeutic agent in cardiac and urinary disorders (Skendi
et al., 2003).
In the present study, two commonly growing cultivars,
viz., RD2794 and RD2786 of Hordeum vulgare have been
taken to determine the comparative phytochemicals profiles
and GC-MS analysis under graded fluoride stress with the
aim to help the local farmers in the better selection of the
cultivar to grow with maximum economic and ecological
benefits.
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DISTRIBUTION AND DESCRIPTION OF H.
VULGARE
Barley has both nutritional and medicinal properties
therefore; it is one of the most popular usable foods in
Japan, China and Korea. The conventional physicians
have a belief of medicinal use of this crop however, so
far, a small number of researches are accessible in the
published work carrying the ethno-medical favor of
barley-extract as an anti-obesity agent (Nishiyama et al.,
1994). Barley contains starch that can be high, normal
or waxy amylose starch. Starch is a vital component in
hulled barley, accounting for around 60% of dry matter,
total dietary fiber for about 20% and for protein i.e., about
11% of dry matter.Therefore, this staple crop has great
significance in terms of its phyto-constituents (Sullivan
et al., 2013). Barley expands widely in its phytochemical
composition because of its adaptive interactions with the
ambient environment.

PHYTOCHEMISTRY

Phytochemicals are naturally occurring, biologically
active chemical compounds present in plants. Phenolic
phytochemicals have several useful effects and may
also give flavor to the cereal foods. Phenolic acids are
hydroxylated byproducts of cinnamic acids and benzoic
acid. Various phenolic acids are mainly present in barley,
p-coumaric and ferulic acid have appear to be low
molecular weight phenolic acids present in barley mostly
in the outer layers, but they are also found in the endosperm
(Chanput et al., 2012).
Presently, there is rising attention in the utilization of
nutritious constituents so as to avoid inflammatory harm
and to control immune response production. Barley grains
are familiar to have a number of dietary components
and several secondary metabolites such as phenols and
flavonoids (Li et al., 2012). However, β-glucans obtained
from barley are believed to be an anti-inflammatory
bioactive element, although their agronomy varies
(Braaten et al., 1994).

MATERIALS AND METHODS
Collection of plant material

Seeds of RD2786 and RD2794 varieties of H. vulgare
L., were collected from the Krishi Vigyan Kendra
Banasthali, Vidyapith, Rajasthan. Seeds were grown
in a green-house facility located at the Department of
Biotechnology, Banasthali Vidyapith, India to evaluate
certain physiological responses at vegetative stage of the
Hordeum vulgare genotypes under fluoride stress. Seed
germination took place in petri plates kept in dark for 2
days at 25°C. The germinated seedlings were sown in
earthen pots (20L) containing 10 Kg of soil to achieve 5
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seeds per pot. After germination, the seedlings were tinned
at leaf 4th leaf stage to a stand of one pot. Genotypes were
grown under fluoride stress in three replicates and irrigated
with 0, 5, 10, 15, 20 ppm of NaF soil under temperature
range 18°C to 32°C. Seedlings were watered and allowed
to grow for 1 month by exposing the plants to 15th days of
fluoride stress.

EXTRACTION PROCESS

The fresh leaves of both barley varieties were taken and
washed properly, dried at room temperature for 7 days and
then powered with the help of liquid nitrogen. Separately 1
gram of each leaf powder with different concentrations of
NaF as well as control of both the varieties were transferred
in a thimble and extracted with methanol as a solvent
using Soxhlet apparatus for 12 hours. The extracts were
concentrated using a rotatory flash evaporator under reduced
pressure at temperatures below 35°C (Zawawi et al., 2000).
Later, the standard evaluations were carried out to identify
and determine secondary metabolites in the extracts. Both
qualitative (alkaloids, flavonoids, carbohydrates, fixed oils
and fats amino acids) and quantitative (total flavonoid and
phenolic contents) calculations were done (Tables 1, 2).
According to the Folin-Ciocalteau method (Vats, 2014)
total phenolic content was determined and expressed
as Gallic acid standards (mean ± S.D). According to the
aluminum chloride colorimetric method (Chandra et al.,
2004) total flavonoid content was calculated. The stock
Quercetin (Quercetin is a plant flavonol from the flavonoid
group of polyphenols. It is found in many fruits, vegetables,

leaves, seeds, and grains; red onions and kale are common
foods containing appreciable amounts of quercetin.
Quercetin has a bitter flavor and is used as an ingredient
in dietary supplements, beverages, and foods. Solution
was prepared by dissolving 5.0 mg of quercetin in 1.0 ml
of methanol and extract was separately mixed with 0.6 ml
of 2% aluminum chloride. Both extract and stock were
prepared separately by serial dilutions using methanol.
After incubation at room temperature for 60 minute, the
absorbance of the reaction mixture was measured against
blank at 420 nm. Among all the different concentrations of
NaF used for the extract of both the varieties shows best
results at concentration of 20 ppm (Figures 1-4). Hence the
GC-MS assay was performed to get information about the
phyto-constituents.

GC-MS analysis of Hordeum vulgare L. under
fluoride stress

Hordeum vulgare leaves of methanol extracts were taken for
GC-MS analysis using Thermo Scientific triple quadrupole
GC-MS (trace 1300 GC, Tsq 8000 tripe quadrupole MS)
equipped with TG 5MS (30m × 0.25mm, 0.25μm) column.
With a rate of flow 1ml/min and a volume of 1.0μL, helium
gas was used as a carrier gas. The ion source temperature
was kept at 230°C and the temperature of the injector was
kept at 25°C while the oven temperature was kept at 50°C
(Mehdi et al., 2021). The total elution was 47.5 min. The
relative percent amount of each component was calculated
by comparing its average peak area to total areas. MS
solution software provided by the supplier was used to
control the system and to acquire the data.

Table 1: Qualitative analysis of varieties RD2794 and RD2786 of Hordeum Vulgare L. at different concentration of fluoride
Sl. No

Variables

Variety

Concentrations
Control
5ppm

1

Alkaloids
Mayer’s test
Wagner’s test

10 ppm

15 ppm

20 ppm

RD 2786
RD 2794
RD 2786
RD 2794

+
+
+
+

+
+
+
+

++
++
++
+

+++
++
+++
++

+++
++
+++
++

2

Flavonoids
Alkaline reagent test

RD 2786
RD 2794

+
+

+
+

++
+

+++
++

+++
++

3

Carbohydrate test
Benedict’ test

RD 2786
RD 2794

+
+

+
+

++
+

+++
++

+++
++

4

Phytosterols
Salkowski’ test
Lebermannburchard test

RD 2786
+
+
RD 2794
+
+
RD 2786
+
+
RD 2794
+
+
5
Fixed oils and fats
+
RD 2786
RD 2794
6
Saponification test
+
RD 2786
RD 2794
a +++ (highly present),b ++ (moderately present), c + (low present), d – (absent)

++
+
++
+
+
+
+
+

+++
++
++
++
+
+
+
+

+++
++
++
++
+
+
+
+
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Table 2: Quantitative analysis of total phenols and flavonoids content of variety 2786 and 2794 of H. vulgare
S. no

Variables

Different concentration of fluoride
Control

5ppm

10ppm

15ppm

20ppm

1.

Total phenolic content of 2786

151.2±0.12 mg/
gGAE

213.4±0.26
mg/gGAE

215.6 ± 0.29
mg/gGAE

218±0.31
mg/gGAE

219±0.31
mg/gGAE

2.

Total flavonoid content of 2786

215±0.21 mg/
gGAE

236±0.30 mg/
gGAE

240±0.30 mg/
gGAE

244±0.30
mg/gGAE

246±0.32
mg/gGAE

3.

Total phenolic content of 2794

138.4±0.10mg/
gGAE

140±0.12mg/
gGAE

146.1±0.14 mg/
gGAE

153.2±0.18 mg/
gGAE

160.2±0.17
mg/gGAE

4.

Total flavonoid content of 2794

150±0.09 mg/
gGAE

168.2±0.13
mg/gGAE

172.0±0.13mg/
gGAE

181.4±0.18mg/
gGAE

201± 0.20
mg/gGAE

Data are the same means and standard deviation of the mean for n = 3 independent experiments

Figure 1: Total phenolic content in H. vulgare L. variety RD2786

Figure 2: Total flavonoid content in variety RD2786 H. vulgare L
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Figure 3: Total phenolic content in variety RD2794 H. vulgare L

Figure 4: Total flavonoid content in variety RD2794 H. vulgare L
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Figure 5: Determination of bioactive compounds through GC-MS

Table 3: GC-MS analysis of H. Vulgare variety of RD 2786 in methanol extract
S. No

RT

AREA

COMPOUND NAME

MOLECULAR
FORMULA

1.

3.25

7.38 %

Boric acid, trimethyl Ester
Phosphinic acid, [methyl(formyl)amino]methyl( 2-phenylethyl)-

C3H9BO3
C11H16NO3P

2.

3.64

6.68 %

Dibenzene,1,1:4’-bis (1,2-ethanediyl)-2-(1 Hydroxypropyl)-3-trime
thylsiloxy- Benzene methanol 2-Phenylethanethiol,TMS derivatives

C22H30O2Si
C11H18SSi

3.

6.85

5.17%

1,4-Cyclopentadiene,1(diethylboryl)(trimethylsily1)

4.

13.99

4.19 %

Heptacosane
Octadecane,3-ethyl-5-(2-ethylbutyl)

C27H56
C26H54

5.

19.44

37.23%

Hexadecanoicacid,methyl ester

C17H34O2

6.

21.50

13.75%

Methyl stearate
Heptadecanoic acid, 16- methyethyl
Ester

C19H38O2

7.

23.60

4.62%

Dodecanoic acid, undecyl ester

C23H4602

8.

27.64

6.75 %

DI-n-octyl phthalate

C24H38O4

9.

29.85

8.75 %

Rhodopin

C40H58O

STATISTICAL ANALYSIS
All the tests were performed in triplicates (n=3). Data are
stated as mean ± SE. The examination of variances among
mean were tested by using SPSS software. For every
output variable, multiple-comparison Turkey’s p ≤0.05
tests were conducted to analyze the variance of the data.

RESULTS
A qualitative analysis of H. vulgare varieties in methanol
extract under different concentration of fluoride stress was
performed to validate the earlier reports and researches

about the occurrence of several phyto compounds. It was
found that both selected varieties of H. vulgare showed the
immoderate presence of carbohydrates (Benedict’s test),
low amount of saponins, fixed oils and fats were detected,
the proximity of the high amount of alkaloids, flavonoids,
phenols compounds and phytosterols were also detected.
According to qualitative and quantitative analysis, RD2786
has high content of phytochemicals compared to RD2794.
The displays the total phenol contents of methanol extract
of H. vulgare under different fluoride concentrations. The
phenolic content increased considerably both in RD2786

Phytochemical Profiling and GCMS Analysis of Two Different Varieties of Barley (Hordeum vulgare L.) Under

and RD2794 varieties of H. vulgare with increasing
exposure to sodium fluoride. The highest phenol content
was found at the concentration of 20 ppm and the lowest
phenol content was found at the control and comparing
both the varieties, RD2786 has high phenol content.
The result of GC-MS analysis of RD2786 barley
in methanol extract contains pharmacologically active
substances with anti-inflammatory, antifouling, antioxidant
properties.

DISCUSSION
The observed higher level of phenolic content could be
responsible for scavenging free radicals formed during
fluoride stress. The detection of secondary metabolites
under fluoride exposure protects the plant from oxidative
damage and improves its bioactive potential and
medicinal properties. The increase in the flavonoid level
with increased exposure to fluoride concentration may
contribute to the metabolism of antioxidants.
The GC-MS analysis of RD 2786 variety of barley
in methanol extract exhibited the presence of nine
compounds in it. Some of these compounds identified
through GC-MS are known to have many important
formulation and biological functions, hexadecanoic acid;
methyl ester (RT 19.4) acts as an antioxidant and has
nematicide, hypocholesterolemic and pesticide properties
(Ansorena et al., 2011). Heptacosane acts as alkanes,
antimicrobial activity and anti-algal activity (Everall and
Lees, 1996). Methyl stearate controls cell-wall porosity
and protects from abiotic stress and provides resistance
from toxicity (Wu et al., 2018). Dodecanoic acid possesses
antifungal properties; it is a saturated fatty acid (Ansorena
et al., 2011). The 2, methylbenzene 1,4diol acts as an
inflammatory agent. Di-n- octyl phthalate, a plasticizer
compound and possesses antifouling and antimicrobial
properties (Wu et al., 2018). Because, both varieties were
grown under the same environmental conditions and
stresses, the differences are due to genetic make-up. The
considerable variances found in this study are crucial for
getting the optimum utilization of these barleys as food
and feed.

CONCLUSIONS
Virtually each part of H. vulgare, i.e., fruit, seeds, root, and
leaves are utilized. The individual parts of barley produce
various phytochemicals and these compounds are used to
cure different disorders of human beings and livestocks.
On the basis of quantitative analysis, the information
attained is that H. vulgare is a reservoir of important phyto
chemicals such as flavonoids, alkaloids, phytosterols, and
phenols. This abundant diversity of botanical compounds
can be associated with the various observable biochemical
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processes of plants. Hence, it can be concluded that H.
vulgare is a versatile plant with a huge reservoir of various
medicinally significant phyto-constituents.
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ABSTRACT
The global population is increasing drastically by which the consumption of natural resources
is more and more, creating larger by-products which are left unused creating huge wastage.
Different methods are to be incorporated to use these biowastes for human use. One of such
alternatives is the preparation of nanoparticles using these biowastes.This process is called as
green synthesis.Green synthesized nanoparticles have a wide application in both biomedical
and physiochemical fields. These NPs (Nanoparticles) transition between bulk materials and
atomic or molecular structures.The present review deals with the synthesis of green synthesized
nanoparticles from various agricultural wastes, which alos include wastes from animals.
Keywords: Nanoparticles, Green Synthesis, Rice husk ash, Bovine bone powder, Eggshells,
Fruit Peel Powder

INTRODUCTION:
The word ‘Nano’ comes from the Greek term Nanos,
meaning a dwarf. More than thousands of products based
on nanotechnologies are already being used in everyday
life and many new nanoproducts are been expected to
appear on the market within the next few years. Since
past couple of decades, numerous products related to
nanoparticles have been fabricated through various
methods and are used in many advanced technologies.
There are different methods for nanoparticles synthesis
like chemical assisted,sonochemical reduction,pulse
laser method and green synthesis. Green synthsized
nanoparticles have a wide applications which include
nanosensing in crop protection for disease identification
and growth stimulants and as capping and reducing agents.
Green synthesis is advantageous over the chemical
counterpart method, as it is safe, simple, cost-effective,
relatively reproducible, and often results in more stable
materials (1,2). Due to the rich biodiversity of plants and
their potential secondary metabolites, plants and plant

parts have been well exploited in recent times in the
synthesis of a variety of nanoparticles (3). Green synthesis
is also thought to be responsible for binding biomolecules
to the Metal nanoparticles surface during their synthesis.
This phenomenon is commonly referred to as ‘Capping’ in
the green synthesis field.
Agricultural waste is the waste produced as a result
of various agricultural operations. It includes manure and
other waste from farm poultry, houses and wastes from
agricultural activities or the waste left when useful fruit
or seed has been removed. There is tonnes of agrowaste
produced every year. There are scientist constantly
working on this field.
Studies have been conducted on agro material such
as banana and orange peels (4), nutshells (5), maize cob,
coconut husk fibers (6), bagasse pith, sawdustwastes
(7), soybeans, and cottonseed hulls for their adsorptive
properties. These materials have indeed been documented
for adsorbing various pollutants such as heavy metal ions,
dyestuff, and other harmful pollutants (8) and have been
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evaluated for the adsorption of heavy metal ions from
wastewater.
Studies on the use of agricultural by-products have
included metal-binding studies with Daturainnoxia (9),
oat fiber, dyed cellulosic materials, wheat and rice bran
(10), sugarcane bagasse, maize cob, sawdust, etc. Agrowaste products are typically made up of lignin, cellulose as
the major constituents. Hemicellulose, extractives, lipids,
proteins, simple sugars, starches, water, hydrocarbons, ash
etc. are minor components containing several functional
groups present in the binding process. The mechanisms
of binding of heavy metals by biosorption could be
demonstrated by physical and chemical interactions
amongst cell wall ligands and adsorbents by ion
exchange, complexation, coordination, chelation, physical
adsorption, and micro-precipitation process(11).Various
agricultural waste have been used.
Rice husk is an agricultural waste produced in
massive quantities of 100 million tons as a by-product of
the rice milling industry, of which 96 percent is produced
in developing countries. Polymerized onion skin with
formaldehyde (12), Waste wool (13, 14), peanut skin
(15), modified bark (16,17,18), Barley straw (19) have
been studied for the removal of nickel by adsorption
method (20). Mangifera Indica seed shell (21), coalbased absorbent (22), burned clay and root, furnace gas
cleaning sludge (23), hydrous oxides of iron (24) have
been reported.
Feathers constitute 5% to 7% of the body weight of
chickens. These significant by-products of the poultry
industry generate millions of tons annually worldwide
(25, 26). Chicken feathers consist of feather fiber and
quill which are made of keratin (about 90% by weight).
Keratin biomaterials derived from human hair are effective
in preventing bleeding and enhancing survival in several
animal models of bleeding (27, 28). That being said, there
are few records of chicken feather keratins for haemostatic
use. The production of feather keratin for haemostatic
applications is very attractive and important for the
recycling of discarded feathers (29).

Preparation of Nanoparticles using different
types of Agrowastes
1. Saw Dust

a) Preparation of Fe2O3/ sawdust nanocomposite

Sawdust (5.0 g;35-50 mesh) is added to 500ml of
0.50 M FeCl3 solution and stirred for 2hr at room
temperature. Then, 1M NH3 solution was slowly
added into the mixture for 2h under vigorous
stirring. Then the mixture is heated at 100°C for

another 2h. The resultant α-Fe2O3 /SD particles
were rinsed with DI water and dried for several
hours in an oven at 100 °C (30). The nanoparticles
formed are stored in a sterilized plastic bottle.

2. Biosynthesis of silver nanoparticles using
Panchakavya
Panchakavya is the mixture of Cow milk (3L), Cow curd
(2L), ghee (1/2 kg), Cow urine (2L), Cow dung (2 kg),
Tender coconut water (3L), Bananas (10), Crude jaggery(1
kg), Water (3L).4 mL of panchakavya was mixed with 96
mL of 1 mM AgNO3 solution, and incubated for 8 hrs in a
rotary shaker (180 rpm) at room temperature. The change
in color of the reaction mixture is observed from milky
white to dark brown. To separate the silver nanoparticle
the reaction product is centrifuged at 13,000 rpm for 15
min and purified by redispersion of the pellet in autoclaved
water and later resultant nanoparticles are stored (31).
3. Synthesis of Platinum Nanoparticles from
Bovine-Bone Powder
The platinum chloride, PtCl4 was used as precursor
salt. In 50 mL of deionized water 16.75 mg of PtCl4 was
dissolved to make 0.001 M solution. 0.01 M 50 mL of
NaBH4 is prepared. The bovine femur is washed, cleaned,
and immersed in a 0.01 M HCl solution. The bone is then
cut into small pieces and finely ground and sieved with
150 mesh. 975 mg of bovine-bone powder was immersed
in 50 mL of PtCl4 for 30 seconds and then filtered. Later
NaBH4 is added and the solution is stirred for 30 min. The
resultant solution is dried overnight at room temperature
(32).
4. Synthesis of silica Nanoparticles From Rice Husk
(RH) using Chemical method
Alkaline extraction is an effective and easy technique for
extracting amorphous silica from agricultural waste. The
process utilized the alkali extraction technique from RH to
extract silica particles to remove metallic impurities.
In a water bath, RHA was initially treated with HCl for
4 hours at 75°C. The filtration was done by using distilled
water and constantly washing until a neutral state was
reached and dried at 110°C for 12 hours. The NaOH was
used to prepare a constantly stirring solution of sodium
silicate for 1 hour at 90°C. The silicate sodium solution
was then reacted to ethanol, and a steady 10-minute water
mix was added. The whole mixture has been titrated 3
M H3PO4 until gel formation is carried out. The product
after centrifugation of yellowish gel was washed with
distilled water to clear away residual sodium silicate
and phosphate, followed by calcination to produce silica
nanoparticles(33).
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Figure 1. Various treatments used to produce nanosilica from agricultural waste.

5. Synthesis of Calcium Oxide Nanoparticles from
Eggshells
Generally,the egg is in three parts: albumen, eggshell,
and yolk with the components of water, lipids, proteins,
minerals, and carbohydrates [1]. The chicken eggshell
was make up of calcium carbonate and organic materials.
Approximately the layer thickness is 315 µm.
Egg Shell Collection: Empty chicken eggshells
were collected from household waste and washed under
running water. The adhering membranes were manually
removed. The eggshells samples were washed, cleaned,
and sun-dried in the open air for 48 hrs followed by drying
oven at 110 °C for 2 h. Dried and cleaned eggshells were
then crushed and grounded in a blender to form eggshells
powder. The resulting material was denoted by nanoCaO

Synthesis of Calcium Oxide Nanoparticle: The
crushed eggshell powder was treated at above 700 ºC for
7 h. The gaseous state CO2 escaped and later formed pure
CaO (34).

6. Preparation of ZnONanoparticles employing
goat intestine waste

Goat processing discard (principally gut) was collected
and washed thoroughly with deionized water to get rid of
dust or blood stains along with metallic contamination.
The discards were immediately ground in the 50% ethanol,
mixed, and gently heated until the colour of the mixture
changes to deep straw. This extract was carefully filtered
after gently meshing the animal tissues, pooled, and
cooled for 20 min at room temperature. The finely meshed
animal tissue was further boiled in a fresh pool of sterile
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distilled water (200 ml) for another 10 minutes. This too
was cooled and filtered to ensure complete extraction of
the probable candidate metabolites. Thereafter, both the
extracts were mixed and utilized for the preparation of any
NPs (35).
7.Biosynthesis of ZnO nanoparticles Analytical reagent
grade zinc chloride (ZnCl2) was taken for and 0.25 (M)
solution was prepared. 20 ml of solution was added to
the diluted juice (without shifting the pH beyond 6) and
it was heated until the appearance of starch-like haziness
in solution and the white deposition at the bottom of the
flask was noted. This was perceived as the initiation of
transformation. The value of pH was maintained at 6
because a lower value delays the procedure of oxide
synthesis and a higher value led to metallization. The flask
was allowed to incubate for another 4 hours till white mass
settles down leaving clear transparent supernatant at the
top. The ZnO nanoparticle formed was filtered for further
studies.

8. Biosynthesis of silver nanoparticles using Pine
needles
Pine needles extract: For the synthesis of metallic NPs
from pine needles, plant samples were collected, washed,
and dried to form a powder. The powdered sample of pine
needles was mixed with 250 mL double distilled water and
boiled for 5 min. The heated materials were filtered and
centrifuged to obtain a clear extract.
Synthesis of AgNPs: Silver nanoparticles were
synthesized by adding 10 mL of 0.01 M aqueous solution of
silver nitrate into different volumes of Pine needles extract
taken into four beakers separately at room temperature.
The colour of the solution was started changing from
yellow to brown within 5 min indicating the formation
of nanoparticles and further, no change in colour can be
observed. The separation of silver nanoparticles from
the dispersion was carried out by centrifugation after
that AgNPs were washed 4 times with distilled water
and acetone to remove water-soluble impurities and then
nanoparticles were lyophilized and stored in dry bottles
for further study(36).
9. Preparation of silver nanoparticlesfromthe fruit
peel
Mixed fruit waste is collected from the houses and fruit
markets. Then these fruits are separated from their peel and
according to the fruit. After the segregation, these peels
are washed under tap water first and distilled water later
for serval times to remove impurities. Then they are dried
at 105°C for 24 hrs in hot air over to dehydrate the peel.
About 250 ml 4 mM silver nitrate aqueous solution was
prepared. 10 g of powdered fruit peel was transferred to a
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round bottom flask containing 250 ml of double-distilled
water and then each was heated to boiled below 60ᵒC for
30 min. 3 ml of fruit extract was carefully added to 40 ml
of 1 mM aqueous AgNO3 solution in a 250 ml flask and
kept at room temperature for 5 hours under a dark chamber
to minimize the photoreduction of silver nitrate solution
at room temperature. A change in colour from colourless
to reddish-brown or golden-brown of colloidal suspension
confirmed the biosynthesis of silver nanoparticles. The
solution is centrifuged at 3000 rpm for 4h, the pellet was
oven-dried overnight. The formed nanoparticle is stored in
an airtight container and used when required(37).

10. Preparation of silver nanoparticles fromFrom
Weeds (Cyperus rotundus)
Preparation of extract: Fresh C. rotundus grass was
collected, rinsed under sterile distilled water, and dried.
After drying cut into small pieces. 20 g of C. rotundus
grass was added in 100 mL of deionized water and then
heated at 60 °C for 5 min. Later, the solution was decanted
and filtered through nylon mesh. The filtrate is stored at
4ºC for further nanoparticles synthesis process.
Preparation of nanoparticles: The extract of 2ml
was added in 25 ml of 1mM AgNO3. The mixture was
then stirred at 60ᵒC for 30 mins. The change in the colour
of the stock solution to brown within 20 min indicates
the formation of silver oxide nanoparticles. The mixture
was centrifuged and filtered. Then it is dried in Hot air
oven at 80ᵒ C for 4hrs. The obtained powder is a silver
nanoparticle (38).
11. Preparation of silver nanoparticles fromWheat
straw
Preparation of the wheat straw solution: The wheat
straw was sun-dried for 5 days, and grounded into a fine
powder with the help of a pulverizer at 25,000 rpm for
15 min. Approximately 5 g of wheat straw powder was
diluted in 200 mL of deionized water. The sample was
ultrasonically mixed before standing for 10 min at room
temperature. The supernatant solution was filtered through
filter paper to procure clear extracts immediately. The
filtered biomass was stored at 4 °C for further experiments
and used within 10 days.
Biosynthesis of AgNPs: To synthesize nanoparticles,
20 μL AgNO3 solution (50 mM) was added to 980 μL of
wheat broth, and then the reactor was exposed to light
radiation directly at room temperature. To evaluate the
effect of various reaction conditions on AgNP biosynthesis,
the samples were set at different light intensity conditions
(30,000; 40,000; 50,000; 60,000; and 70,000 lx). The light
intensity was detected with a Digital Lux Meter AR823.
Control tests were conducted in the dark. Effects of
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various wheat straw biomass concentrations (0, 0.5, 1.0,
2.0, and 3.0 mg/mL), NaCl additions (0.5, 1.0, and 1.5
mM), and reaction times (30, 60, 90, and 120 min) were
also determined. Particles start sedimenting at the bottom
of the beaker after a couple of hours. That indicates the
formation of nanoparticles. To separate the nanoparticles
from the supernatant, the solution is centrifuged at 15000
rpm for 30min. The supernatant is decanted and the
pellet which is a nanoparticle is collected. These formed
nanoparticles are stored in an airtight container until
further use(39).

12. Biosynthesis of copper oxide nanoparticle
from Walnut shell

After collecting the waste walnut shells, they were
washed, dried at 90 °C for 6 h in an oven, and pre-treated
by crushing mechanically in a mill, followed by sieving
to separate 40µm particle size fractions. Ten g of WS
and 100 mL of CuSO4 aqueous solution (0.03 M, 0.07
M, and 0.14 M) were mixed at 50 °C for two hours.
The reduction of Cu2+ was carried out by the drop-wise
addition of 0.25 M of NaBH4 (30 mL, 70 mL, 140 mL) to
the ethanol mixture. Intensive stirring was continued for
three hours. Then the colour of the solution changes to a
darker shade. The supernatant and the pellet were formed.
The pellet was separated from the supernatant through
centrifugation. The pellet is oven-dried for 4hrs at 80°C.
Then the copper oxide nanoparticle is stored in a sterilized
plastic bottle(40).

13. Preparation of silver nanoparticles
fromCoconut shell
Preparation of extract:Coconut shell was collected from
a local coconut oil mill and ground into a fine powder by
mixer-grinder after hammering. Powdered sample (100 g)
was extracted with 500 ml of solvents of increasing polarity
(Hexane, Chloroform, Ethyl acetate, and Methanol) in
separate flasks and kept overnight at room temperature.
Then the samples were filtered and the solvents were
dried in a rotary evaporator (under low pressure at 450;
110 C) and re-dissolved in distilled water at 10 mg/ml
concentration and used for further analysis.
Synthesis and characterization of AgNPs: The
AgNPs was prepared by reduction of AgNO3 using CSE
and the conditions were optimized by using 1 ml of AgNO3
(1 mM) mixed with different volumes (100 µl – 900 µl) of
extract (10 mg/ml) and made up to 2 ml by using distilled
water. The reaction mixer was kept in sunlight (during
12.00 – 1.00 pm) for 1 h and the formation of strong,
stable golden brown colour indicated the development of
CSE-AgNPs. Synthesized CSE-AgNPshave centrifuged
at 10,000 rpm for 10 min and the pellet was re-dispersed
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in distilled water at 1 mg/ml ratio and used for UVSpectroscopy, FT-IR, XRD, and TEM analysis(41).

14. Preparation of silver nanoparticles
fromCoconut oil cake
Oil cake extraction: Coconut was procured from a local
market. The oil cake was suspended in sterile ultrapure
water (conductivity = 18 μΩ/m, TOC < 3 ppb) (Barnstead,
Waltham, MA), and the flask was shaken at a constant
speed of 180 rpm for 2 h. Later, the mixture was filtered
through Whatman No. 1 filter paper followed by a 0.2
μm membrane filter. The filtered extract was used for the
synthesis of AgNPs.
Synthesis of AgNPs: Briefly, 4 ml of Coconut extract
was mixed with 96 ml of 1 mm AgNO3 solution and the
resulting milky white mixture was incubated for 8 h in
a rotary shaker (180 rpm) at 26 °C. The reduction of Ag+
ions to Ag nanocrystals was monitored by the change in
colour of the reaction mixture from milky white to dark
brown. The colour change indicates the formation of the
nanoparticles. The newly formed AgNO3 nanoparticles
are separated by centrifugation. After centrifugation, the
nanoparticles are oven-dried for 6hrs at 100°C. later they
are stored in an airtight container(42).
15. Preparation of silver nanoparticles from
Banana peel
Banana peel extract (BPE) preparation: Banana (Musa
paradisiaca) peels were washed and boiled in distilled
water for 30 min at 90°C. The peels (100 g) were crushed
in 100 ml distilled water and the extract was filtered
through a cheesecloth to remove insoluble fractions and
macromolecules. This filtrate was treated with an equal
volume of chilled acetone and the resultant precipitate was
centrifuged at 1000 rpm for 5 min. This precipitate was
resuspended in distilled water and stored in a refrigerator
at 4 °C for further studies. This extract was used as a
reducing as well as a stabilizing agent.
AgNPs Synthesis: 1 ml of BPE (equivalent to 6.8 mg
dry weight) is diluted in 50 ml of silver nitrate solution (1
mM). The reaction mixture was incubated in the dark at
30°C to avoid the photoactivation of silver nitrate. After
a day the change in the colour of the solution is observed.
This indicated the formation of silver oxide nanoparticles.
The precipitate is centrifuged to separate from the
supernatant. The formed silver oxide nanoparticle is dried
in a hot air oven overnight and stored in a container for
further studies(43).
XV. Preparation of silver nanoparticles fromTea
waste
Preparation of tea extractsynthesis of AgNPs using
waste tea extract: Discarded waste tea (10 g) was
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immersed in 100 mL of double-distilled water, and the
mixture was boiled at 60°C for 5 min. Then the solution
was decanted and stored.
synthesis of AgNPs using waste tea extract: For the
synthesis of AgNO3 nanoparticles, 20 mL of the waste tea
extract was combined with 80 mL of silver nitrate solution
(1 mmol·L-1) The solution was continued to heat using a
water bath, pre-set at 60°C for 30 min and the colour of
solution rapidly turns from yellow into brown, showing
the realization of AgNPs. The AgNPs were centrifuged for
10 min at 10,000 rpm and the supernatant was decanted
off. The precipitation was resuspended with distilled
water and again centrifuged three times. The AgNPs thus
obtained, were dried in a vacuum oven at 50℃for 12h(44).
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ABSTRACT
The HCV RNA quantification provides insight for treating and curing the HCV (Hepatitis C
Virus) and HCC (Hepatocellular Carcinoma). This study deals with the molecular profiling
of HCV RNA viral load and the molecular investigation of the HCV RNA genotypes. The
distribution of various genotypes among the population is studied in this paper. Total 94
EDTA blood samples were taken from suspected HCV reactive patients from the different
hospitals including OPDs and IPDs of in Dehradun, Uttarakhand, India. The RNA extraction
was performed by the QIAamp Viral RNA mini kit (cat. no. 52904) and the HCV RNA
quantification was performed by Rotor Gene Q 5 Plex Real Time PCR machine. The HCV
genotypic characterization was performed by the Real Time PCR Technology utilizing Sansure
(Korea) Biotech kit. Out of 94 samples collected for HCV RNA quantification, 44.7% (42
cases) were with target was not detected and 55.3%, i.e., 52 cases were with high viral load.
HCV genotype 3 was found to be the most prevalent in 65.62% of the cases i.e. 21 cases in total.
The presence of HCV genotype varies within the different geographical conditions because of
the differences in the major causative factors. The HCV RNA viral load was quantified in 52
samples with high HCV RNA viral load and their titer values were observed in between the 34
IU/ml to 1.10×108 IU/ml and the other 42 samples were not considered for genotyping because
of low viral load in them.
Keywords: Hepatitis C Virus (HCV), RNA quantification, Real-Time Polymerase Chain
Reaction (RT-PCR), Genotype

INTRODUCTION
Hepatitis C Virus (HCV) is responsible for causing
contagious liver disease in nearly 70-160 million people
all around the world and is responsible for causing liver
cancer ((El-Serag, 2012; Estes et al., 2015; de Martel et al.,
2015; Smith et al., 2019). According to a study in the year

2010, it is estimated that HCV causes 0.5 million deaths
every year (Lozano et al., 2012). Even after successful
treatment, patients are still prone to develop hepatic
carcinoma (D’Ambrosio et al., 2015; Ono et al., 2017;
Romano et al., 2018; Perez et al., 2019). HCV also causes
cancer and hepato-cellular carcinoma (HCC) holds the
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fifth position of cancer disease and in case of malignancyrelated mortality cases is ranked third globally (Jemal et
al., 2011). The distribution of HCV cases varies within the
different geographical condition of the world (Messina et
al., 2015). Although, this census has increased significantly
despite the presence of anti-HCV drugs (Omran et al.,
2018). Blood transfusion, hemodialysis, multiple injections
of drugs and unsterilized equipment use are the main
reason of HCV transmission (Mohd et al., 2013). HCV
takes nearly 20-30 years to become a progressive disease
with persistent hepatic inflammation, fibrotic wound scars,
cirrhosis and even HCC (El-Maraghy et al., 2020). Studies
with HCC patients revealed that they contain anti-HCV
antibody in the patient serum sample. There are various
diagnostic approaches to detect the presence of HCV in
the patients. Various globally accepted markers for HCV
diagnosis are des-c carboxy prothrombin, alpha fetoprotein
(AFP), imaging and liver biopsy. Although, these methods
of diagnosis are non-reliable, non-sensitive, costly and
also invasive due to which late diagnosis occurs and
untimely treatment and delayed intervention and therapy
becomes the increasing case of HCV infection (Attallah
et al., 2013). Due to this eradication of this disease has
become difficult without sufficient research and the
development of prophylactic vaccine (Bartenschlager et
al., 2019). To prevent such medical and diagnostic issues,
better approaches of diagnosis are needed to introduce to
assist early diagnosis, prognosis and staging (El-Maraghy
et al., 2020).
Hepatocytes play a vital role in regulating the blood
glucose level by regulating the carbohydrate and lipid
metabolism through the process of lipid gluconeogenesis
and lipogenesis. This regulation is disturbed by HCV
infection through various manners leading to the
development of many metabolic disorders. HCV is known
for promoting the process of gluconeogenesis by FoxO1dependent pathway (Deng et al., 2011). For promoting
gluconeogenesis, Akt-JNK signaling pathway is induced
by the help of non-structural protein 5A (NS5A) (Kuo
et al., 2014). Similarly, lipid metabolism is disturbed by
the involvement of modulating lipid regulatory factor
Angiopoietin-like 3 gene which is involved in blocking
the transcription of liver X receptors (LXRs) (Foka et
al., 2014). Another study reveals the overexpression of
SHP (a typical orphan nuclear receptor small heterodimer
partner) leads to the decrease in TGF-beta and fibrotic
gene expression in the HCV-infected cells (Jung et al.,
2015). SHP originally is known for its importance in
the regulation of metabolic homeostasis and hence is
studied for hepatic metabolic homeostasis with respect
to carbohydrate and lipid metabolism. The only human
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hepatoma cell line Hup7 and its derivatives are responsible
for strongly replicating the HCV. Although, different subclones and passages of this single line exhibit tremendous
differences in the efficiency of HCV replication (Dächert et
al., 2020). A newer study related to miRNA which controls
most of the coding genes and is found partly tissue-specific
(Otsuka et al., 2017). The miR-122 is mainly expressed in
the liver tissue where it is sequesters for its own replication
by the HCV RNA which in turn depresses the normal
miR-122 targets (Otsuka et al., 2017; Hou et al., 2011).
This study deals with the molecular investigation of the
HCV RNA genotypes. It includes a detailed study related
to the molecular profiling of HCV RNA viral load. The
distribution of various genotypes within the population
according to the geographical condition is also discussed
here.

MATERIAL AND METHODOLOGY
94 EDTA blood samples were taken from HCV-reactive
patients. These samples were collected by different
hospitals including OPDs and IPDs of Gastroenterology,
Medicine, Gynecology, Pediatric, Tuberculosis, Chest
and Surgery in Dehradun, Uttarakhand, India. The serum
was separated from all of the 94 samples and RNA was
extracted using QIAamp Viral RNA mini kit (cat no.
52904). HCV RNA quantification was performed by
Rotor-Gene Q 5 Plex Real-Time PCR machine. The
viral load was estimated in all 94 clinical samples. The
master mix was prepared for the quantification of HCV
RNA with the help of the usage of the Artus amplification
Kit from Qiagen. The Hepatitis C Virus RG Mater A and
B reagents and enzymes were utilized for the reverse
transcription and specific amplification of 240 bp region
of 5’-3’ untranslated region (UTR) of HCV genome.
HCV RNA was quantified within the range of 34 IU/ml
to 1.00×108 IU/ml whereas HCV RNA viral loads greater
than 500 IU/ml were considered for the HCV genotyping.
For HCV genotyping characterization, Real-Time PCR
Technology utilizing Sansure (Korea) Biotech kit was
used. The diagnostic kit uses magnetic bead technology
for extracting HCV-RNA from serum. By applying onestep RT-PCR technology, the kit uses several specific pairs
of HCV primers to target conserved regions of different
HCV genotypes, including genotypes 1b, 1, 2, 3, 4, 5 and 6
and Taqman fluorescence probes for achieving HCV RNA
genotype detection through fluorescent signal changes.

RESULT
There was a total of 94 samples evaluated in the laboratory
for molecular profiling and genotypic investigation. For
molecular profiling, results were interpreted by Rotor-Gene
Q-QIAGEN-5 Plex Real-Time Thermal Cycler. Based on

18

Vol. 12, No 1-2, January-July, 2021 | The Scientific Temper

fluorescence waves, results were studied in an automated
and computed manner on the screen. The visualized waves
in the graph help in a comparative study with the use of
different fluorescent colored graphs, each representing a
different interpretation (Figure 1).

respective Ct (Cycle threshold) values for IC (Internal
Control) and target genes. Being an automated method,
RT-PCR provides the results being displayed when the
amplification is still going, so that proper monitoring of
the tests can be performed to better understand the results
obtained. Moreover, while studying various genotypes for
HCV PCR viral load, different curves for Amplification
curve for HCV genotypes like 3a, 4, 1b, 6 and 1a along
with its Ct value (Figure 3, Figure 4, Figure 5, Figure 6,
Figure 7).

Figure 1: Different fluorescent colored graphs, each
representing a different interpretation Red colour shows
Qualitative Standard (Positive Control), Yellow colour shows
Negative Template control (NTC), Blue and Violet and Red
Colour shows samples with its Ct Values.

Figure 4: Amplification Curve for HCV genotype 4

Figure 2: Amplification curve show high viral load with 28.52
Ct Value (Blue colour), Red Colour show Qualitative Standard
ct value 23.07 and Yellow colour show Negatice Tamplate
control (NTC).

Figure 5: Amplification Curve for HCV genotype 1b

Figure 3: Amplification Curve for HCV genotype 3

The amplification curve (Figure 2) represents the
results for the high viral load of HCV in R-PCR with their

Figure 6: Amplification Curve for HCV genotype 6
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Figure 7: Amplification Curve for HCV genotype 1a

Out of 94 samples collected for HCV RNA
quantification, 44.7%, i.e., 42 cases were those in which
target was not detected and 55.3%, i.e., 52 cases were with
high viral load (Table 1). Moreover, cases with greater than
500 IU/ml were gone for HCV genotyping which includes
32 cases. According to the study of 32 cases of HCV
genotyping, HCV genotype 3 was found to be the most
prevalent which was found in 65.62% of the cases which
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marks for 21 cases in total. After that HCV genotype 1a
stands with 12.5% i.e. 4 cases in total which is followed by
HCV genotype 6 with 9.37% i.e. 3 cases, HCV genotype
1b stands with 6.25% i.e. 2 cases and lastly HCV genotype
2 and 4 stands with 3.12% i.e. only one case as shown in
Table 2.
The study of HCV genotype and subtype was
performed in different spectrums of HCV RNA viral titer
ranging from 1.00×103 10/ml to 1.00×108 10/ml. The
maximum number of cases were seen in HCV RNA viral
load with different ranges from 1.00×104 to 1.00×107 IU/
ml. There were total 27 cases for studying this with the
highest prevalence of HCV genotype 3 in 17 cases. It was
followed by HCV genotype 1a and 6 with 3 cases each.
Table 3 provides the description of the gender-wise
distribution of HCV RNA’s high viral load and TND
(Target Not Detected) in clinical samples. Out of 94
samples, 55 cases (58.6%) belonged to males of which 26
(47.3%) cases had high HCV RNA viral load whereas 29
(52.70%) cases reports target not detected. The remaining
39 cases of total 94 cases contain HCV RNA high viral
load in 26 samples (66.6%) and 13 (33.4%) cases do not
detect the specific target for HCV infection.

Table 1: Cases of HCV RNA high viral load and TND.
TOTAL NO. OF CASES

HIGH VIRAL LOAD

TARGET NOT DETECTED

110

65 (59.09%)

45 (40.90%)

Table 2: HCV RNA viral load and its genotype/s detected.
Range HCV
RNA titer (IU/
ml)

No. of
cases

Total no. of cases with
HCV RNA viral load >
500IU/ml

HCV
Genotype/s
detected

HCV Genotypic distribution
1a

1b

2

3

4

5

6

1.00×1011.00×103

26

3

1a,3

1

-

-

2

-

-

-

1.00×1041.00×107

34

27

3,1a,1b,2,4,6

3

2

1

17

1

-

3

>1.00×108

02

2

3

-

-

-

2

-

-

-

Total

94

32

04

02

01

21

01

HCV genotype 3 =65.62%
yy HCV genotype 1a = 12.5%
yy HCV genotype 1b = 6.25%
yy HCV genotype 6 = 9.37%

yy HCV genotype 2 = 3.12%
yy HCV genotype 4 = 3.12%

Table 3: Gender-wise distribution of HCV RNA viral load and TND in clinical samples.
Gender

Total cases

HCV RNA high viral load

TND

Male

63 (57.27%)

38 (60.31%)

25 (39.68%)

Female

47 (42.72%)

27 (57.44%)

20 (42.55%)

Total

110

65 (59.09%)

45 (40.90%)

03
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DISCUSSION
Hepatitis C Virus (HCV) is one of the major causes
of liver cirrhosis and hepatocellular carcinoma. HCV
causes a lot of changes in metabolic processes. HCV
infection is transmitted through blood-related transfusion.
According to the WHO, 180 million people are affected
by HCV worldwide and about 12.5 million carriers in
India (Mindolli and Salimani, 2015). There are 85-90%
of primary liver cancer is caused by Hepatocellular
carcinoma. Chronic hepatitis and cirrhosis mark the
major pre-neoplastic conditions in the majority of HCC.
It takes two or more decades to develop significant HCC
from HCV infection. HCV Quantification and Genotyping
depend on the target-conserved region in the HCV
genome. The presence of HCC varies within the different
geographical conditions because of the differences in the
major causative factors. Majorly, chronic hepatitis B and
C are responsible for causing HCC all around the world.
HCC mainly develops in cirrhotic conditions and rarely
in non-cirrhotic conditions. In the current study, out of
94 specimens, HCV RNA viral load was quantified in 52
samples and their titer values were observed and ranges
in between 34 IU/ml to 1.10×108 IU/ml and the other 42
samples were not considered for genotyping because the
viral load in them was very low. The genotypes studied in
this paper are genotype 3, 1a, 1b, 2, 4 and 6. They were
found in the most frequent manner and among them,
genotype 3 was found to be the most prevalent one which
came in between the 1.10×103 to 1.10 ×108. This study used
a quantitative assay to measure the viral load in different
individuals infected with the different HCV genotypes.
This quantification and genotypic identification was
studied by the most reproducible and sensitive technique
called RT-PCR, which can track the putative presence of
virions, passively absorbed or replicating in the cells. Total
94 clinical samples were taken in this study, in which 52
(55.4%) cases were detected with a high viral load of HCV
RNA and 42 (44.6%) cases with the target not detected.
This study is very important for the proper management of
the patients infected with HCV and undergoing treatment.
The HCV viral load quantification is very important
to study as indicated the severity of the infection and
the extent of the damage. According to this HCV RNA
viral load, the treatment and therapy is monitored by the
clinicians and doctors. An increase, decrease or no change
in the HCV RNA viral load is essential for studying the
drug resistance, susceptibility pattern in HCV infected
patients. The high viral load cases are studied for
quantification. The acceleration of nucleotide switch in the
HCV genome resulted in the diversification and evolution
into the different genotypes. Differences among the HCV

Vol. 12, No 1-2, January-July, 2021 | The Scientific Temper

genotypes in geographic distributions provide an insight
in epidemiologic markers which can be used in detecting
the source of HCV infection within a population and for
further prognosis. HCV genotype 3 was most frequently
detected with viral load >500 IU/ml in 65.625 of the
patients considered for this study. It also contributes to
the development of steatosis i.e. fatty acid liver disease
and insulin resistance. They directly contribute to the
development and progression of HCV disease including
cirrhosis and liver cancer. There is also a risk for liver
failure and a faster rate of fibrosis progression. Another
genotype 1a is also very common in distribution and its
prevalence in HCC patients was significantly higher than
in chronic hepatitis and liver cirrhosis patients. Also,
genotype 1b infection is still considered as a significant
risk factor. The miRNA are also being studied to be used
as potent molecular biomarkers. The miRNA contributes
in the regulation of lipid homeostasis and live diseases
progression (Ghosh et al., 2020). As miR-122 are highly
expressed in the liver, the elevated levels of miR-155 and
miR-122 and decreased levels of miR-16 and miR-199a
are related to the pathogenesis of HCV-mediated HCC
(Dhayat et al., 2015).

CONCLUSION
Hepatitis causes inflammation in the liver. There are so
many reasons like the use of drugs, alcohol, etc., which
causes inflammation in the liver tissue. HCV infection is
caused by body fluids and a blood transfusion from the
already infected patient. HCV is an enveloped ssRNA
that causes a discrepancy in the liver all around the world.
Due to the late diagnosis, the mortality and morbidity rate
is high due to the HCV or HCC. To prevent this reliable
methods and approaches are needed to be present to early
diagnose the HCV infection to improve the survival rates
and sufficiently start the viable treatment. The molecular
diagnosis using RT-PCR provides the most trusted data
and the results obtained are widely accepted. No other
method as easily accessible as RT-PCR is available in
the world. It is easy, feasible, reliable and mostly precise
which diagnoses the presence of HCV infection. The
genotypic investigation can also be studied by RT-PCR.
The distribution of HCV genotypes varies according to
geographical regions. Among all the genotypes, Genotype
1-3 is most widely distributed throughout the world. Even
from the above three, Genotype 3 was found to be the
most prevalent in the current study. The HCV genotype
3 is one of the most replicating virus which is known to
damage the hepatic cells and liver tissue, thus requires the
proper line of treatment after precise diagnosis. There is
a regimen available for treating the infection by the use of
Sofosbuvir or Ribavirin in the duration of 24 weeks.
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ABSTRACT
Bisphenol A is a potential estrogen mimicking agent that is used in the manufacture of a variety
of plastics and epoxy resins. These are used in a wide range of products from electronic items
to food containers. The release of Bisphenol A in the environment is increasing rapidly in the
Indian subcontinent. Bisphenol A has been reported from several rivers and lakes in India. In
this study, the acute toxicity of Bisphenol A to Channa punctatus, a fresh water edible fish,
was studied using a static renewal system. The 96 hours LC50 value of Bisphenol A in Channa
punctatus was estimated to be 13.1 mg/L. Variations in serum alkaline phosphatase levels are
regarded as biomarkers of physiological stress. The exposure of Channa punctatus to three
sublethal concentrations of Bisphenol A for two time periods, namely, 15 days and 30 days
resulted in elevated serum alkaline phosphatase activity. The observed increase in enzyme
activity was dependent on the concentration of toxicant and duration of exposure.
Keywords: Channa punctatus, Bisphenol A, Alkaline Phosphatase, Acute Toxicity, LC50,
Median Lethal Concentration

INTRODUCTION
Alkaline Phosphatase (ALP) is a glycoprotein that is
present on the outer layer of the cell membrane. ALP
is widespread in different body tissues like liver, bone,
kidney, intestine, ileal mucosa etc. where it is anchored
to the cell membrane by glycosylphosphatidylinositol
(Atkins et al., 2011). ALP has low substrate specificity
and catalyzes the hydrolysis of a wide range of phosphate
esters in alkaline pH (Kaplan, 1972).
More than 80% of circulating alkaline phosphatase
is released from liver and bone. Significant variations in
serum ALP levels may be observed in normal physiological
conditions e.g., increased serum ALP activity in pregnant
and lactating females. Variations in serum ALP activity
are also observed during pathological conditions e.g., liver
disorders (Fernandez and Kidney, 2007).
The precise physiological role of ALP in the body is
a matter of debate. However, there is consensus that ALP

activity is an indicator of general well-being in organisms.
Exposure to pollutants and environmental contaminants
can induce significant changes in ALP activity. Variations
in ALP activity are also used as a marker of oxidative
stress. Since, ALP is involved in the detoxification of
xenobiotics in hepatocytes, its activity is often monitored
in toxicological studies (Banaee, 2020).
Bisphenol A (BPA), IUPAC name 4,4’-(propane2,2-diyl) diphenol is classified by the European Union as
an environmental hazard toxic to aquatic life with long
lasting effects. It is used in the manufacture of certain
types of plastics, epoxy resins used to glue wood and line
food containers and thermal paper. BPA can reach water
bodies by leaching from landfills, from point sources like
factories, from wooden boats treated with epoxy resins
or directly from plastic wastes dumped in water (Nangia,
2020). Within water bodies, BPA is known to bring about
oxidative stress in aquatic organisms including fish
(Canesi and Fabbri, 2015).
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Several studies report changes in ALP activity
following BPA exposure. Qiu et al. (2016) reported
increased ALP activity in juveniles of Cyprinus carpio
after BPA exposure. Hamed and Abdel-Tawwab (2017)
observed elevated serum ALP levels in BPA exposed
Oreochromis niloticus. Although the levels of BPA in
water bodies in India are on the rise there are very few
studies on effects of BPA on Indian fauna (Lalwani et al.,
2020). In this study we have attempted to determine the
median lethal concentration of BPA to Channa punctatus,
a common edible fish of the Indian subcontinent. We have
also tried to evaluate the effect of sublethal BPA exposure
on the overall health of the fish using serum ALP as a
bioindicator of xenobiotic stress.

MATERIALS AND METHODS
Fish Collection

Healthy specimens of Channa punctatus of average
length 14.0 ± 2.0 cm and weight of 25.0 ± 3.0 g were
obtained from a local source. To treat dermal infections
the fish were dipped in potassium permanganate solution
(Kumar and Trivedi, 2015), rinsed in clean water and
kept in large glass aquaria for acclimatization for ten
days. Fish were fed with commercial fish feed, water
tanks were cleaned regularly and water parameters
were monitored according to APHA guidelines
(APHA, 1998).

Acute Toxicity Testing

A 20% stock solution of BPA was prepared in 100%
ethanol. Based on the results of previous range finding tests,
five different concentrations of BPA (11mg/L, 12mg/L,
13mg/L, 14mg/L and 15mg/L) were chosen for the study.
Two controls (negative control and a solvent control) were
also employed. Acute toxicity tests were conducted using
a static renewal system. Fish were randomly assigned to
each test solution and to the two controls. Mortality of
fish was recorded at 24 hours, 48 hours, 72 hours and 96
hours. The median lethal concentration or LC50 of BPA

was calculated by the trimmed Spearman-Karber method
(Hamilton, 1978) using the equation below.
=
LC 50 LC100 −

∑ Mean death ∗ Concentration difference
No. of fish per group

After determining the 96 hours LC50 of BPA to C.
punctatus, three different concentrations of BPA (10%,
20% and 30% of 96 hours LC50) were used for long term
studies.

Study of Alkaline Phosphatase

Fish were divided into five groups – Group I (Control),
Group II (Solvent Control), Group III (BPA - 10%
of 96 hours LC50), Group IV (BPA - 20% of 96 hours
LC50) and Group V (BPA - 30% of 96 hours LC50).
The experiment was conducted for 15 days and 30 days,
respectively. At the end of the experiment, the fish were
collected, anaesthetised using benzocaine and blood
was collected from the caudal vein. The collected blood
was used to estimate serum Alkaline Phosphatase (ALP)
activity by the method of Kind and King (1954) using
the alkaline phosphatase estimation kit by Coral Clinical
Systems (Tulip Diagnostics (P) Ltd., Goa). Serum alkaline
phosphatase activity was expressed as IU/L using the
formulae below.
Serum Alkaline Phosphatase (KA units) =

Reading of Sample – Reading of control
× 10
Reading of Standard – Reading of Blank

Serum Alkaline Phosphatase (IU/L) = Serum Alkaline
Phosphatase (KA units) X 7.1

RESULTS AND DISCUSSION
Acute Toxicity of BPA

There was copious mucus secretion in fish exposed to BPA.
These fish were restless and surfaced more often. Later,
they became lethargic and settled at the bottom. Death was
preceded by loss of the ability to maintain equilibrium.
The mortality data has been summarised in Table 1.

Table 1: Determination of 96 hours LC50 value of BPA in Channa punctatus
Concentration of BPA
(mg/L)

Concentration
Difference

No. of Alive
Fish

No. of Dead
Fish

Mean Death

Mean Death*Conc. Diff.

0

0

30

0

0

0

11

11

30

0

0

0

12

1

24

6

3

3

13

1

18

12

9

9

14

1

6

24

18

18

15

1

0

30

27

27
Total =57
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Mean death ∗ Concentration difference
=
LC 50 =
LC100 − ∑
15 – ( 57 / 30 ) =
13.1mg / L
No. of fish per group

The 96 hours LC50 of BPA to C. punctatus was determined
to be 13.1 mg/L using the trimmed Spearman-Karber
method.

Serum Alkaline Phosphatase Activity

Exposure to BPA resulted in a significant, dose-dependent
increase in serum alkaline phosphatase activity in groups
IV and V after 15 days and in groups III, IV and V after 30
days. The serum alkaline phosphatase activity in fish from
different groups is summarised in Table 2.
Table 2: Effect of BPA Exposure on Serum Alkaline
Phosphatase of Channa punctatus
Duration

Group I
(Control)

Group II
(Solvent
Control)

BPA Exposed Groups
Group
III

Group
IV

15 Days

46.64 +
2.98a

46.53 +
2.64a

56.75 +
3.34 ab

62.91 + 64.56 +
3.35b
3.08b

30 Days

47.17
+2.96a

47.21
+2.18a

61.71
+2.87b

63.64
+3.06b

Group
V

62.60
+3.32b

Note: All values are in IU/L. Values are means +
SEM of three replicates. Values with different alphabet
superscript differ significantly (p ≤ 0.05) between
concentrations as analysed by one-way ANOVA followed
by TUKEY’s multiple comparison test.
Acute toxicity studies are relevant in identifying hardy
fish species that can inhabit polluted water bodies. Edible
fish from contaminated water bodies may become a source
of exposure of human beings to BPA (Tunmise and Uadia,
2017). The 96 hours LC50 of BPA has been reported as
3.44 mg/L for Ctenopharyngodon idella fry (Faheem et
al, 2013), 3.67 mg/L for Cirrihinus mrigala fingerlings
(Faheem and Lone, 2013), 6.48 mg/L for Etroplus
maculatus (Asifa and Chitra, 2015) and 10 mg/L for
Oreochromis mossambicus (Chitra and Sajitha, 2014). In
this study the 96 hours LC50 of BPA to Channa punctatus
was determined to be 13.1 mg/L.
Alkaline Phosphatase (ALP) is found in the cells of
many organs but is best represented in bones and liver. It is
one of the most investigated and assayed enzymes. Studies
have shown elevated levels of ALP in patients suffering
from bone and liver diseases (Fernandez and Kidney,
2007). In teleost cells, ALP is widely distributed and is
closely associated with cell membranes. In toxicological
studies estimation of ALP activity is frequently used in
the diagnosis of damage to different tissues caused as a
consequence of exposure to toxicants (Coppo et al., 2002).
In this study elevated serum ALP levels were observed
when fish were exposed to BPA for 15 days. Increasing the

duration of exposure to 30 days resulted in a further increase
in ALP level. These results are in agreement with studies
showing an increase in serum ALP activity following BPA
exposure in rats (Eshak and Osman, 2014; Abdelzaher et
al., 2018) and mice (Sangai and Verma, 2012; Hoque et
al., 2019), Nile tilapia, Oreochromis niloticus fingerlings
(Hamed and Abdel-Tawwab, 2017) juvenile common carp,
Cyprinus carpio (Qiu et al., 2016) and Korean rock fish,
Sebastes schlegeli (Keum et al., 2005).
The increase in serum alkaline phosphatase may be due
to hepatic toxicity. BPA is known to affect liver structure
and function (Michalowicz, 2014). In a separate study, we
have observed an increase in liver steatosis, necrosis and
occurrence of Melano-Macrophage Centers (MMCs) after
BPA exposure in C. punctatus. The elevation in serum
alkaline phosphatase levels following BPA exposure can
be attributed to the hepatic toxic effects of BPA in C.
punctatus. The increased ALP activity in serum observed
in this study may be due to enhanced oxidative stress,
tissue damage and leakage of enzyme from hepatocytes
due to reduced integrity of plasma membrane. This
hypothesis is in agreement with studies that link BPA
exposure with elevated levels of reactive oxygen species
(Kourouma et al., 2015; Qiu et al., 2016), increased liver
damage (Murmu et al., 2010) and demonstrate its role as
a plasma membrane labilizer (Sangai and Verma, 2012).

ACKNOWLEDGEMENTS
The authors are thankful to the Principal, Dharam Samaj
College, Aligarh for permitting the research and for
providing necessary laboratory facilities. The authors are
also thankful to Dr. B.R.A. University, Agra for facilitating
the study and arranging necessary guidance.

REFERENCES

Abdelzaher, W., Ali, D., and Khalil, W. (2018). Could
licorice prevent Bisphenol a-induced biochemical,
histopathological and genetic effects in the adult
male albino rats? Ain Shams Journal of Forensic
Medicine and Clinical Toxicology. 30(1): 73-87.
APHA, AWWA, WEF, (1998). Clesceri L. S., Greenberg A.
E., Eaton, A. D. (Eds.). Standard methods for the
examination of water and wastewater (20th ed.)
American Public Health Association, New York.
Asifa, K. P. and Chitra, K. C. (2015). Evaluation of LC50 and
behavioural responses of Bisphenol A in the cichlid
fish Etroplus maculatus. International Journal of
Current Research. 7(6): 16725-16729.
Atkins, G. J., Findlay, D. M., Anderson, P. H., and Morris, H.
A. (2011). Target genes: bone proteins. In Feldman,

26
D., Pike J.W. and Adams, J.S. (Eds.), Vitamin D (3rd
Edition): 411-424, Academic Press, San Diego.
Banaee, M. (2020). Alkaline phosphatase activity as a
biochemical biomarker in aqua-toxicological
studies. International Journal of Aquatic
Biology. 8(2): 143-147.
Canesi, L. and Fabbri, E. (2015). Environmental effects of
BPA: focus on aquatic species. Dose-Response.
13(3): 1559325815598304.
Chitra, K. C., and Sajitha R. (2014). Effect of bisphenol-A
on the antioxidant defense system and its impact on
the activity of succinate dehydrogenase in the gill of
freshwater fish, Oreochromis mossambicus. Journal
of Cell and Tissue Research. 14(2): 4219- 4226.
Coppo, J. A., Mussart, N. B., and Fioranelli, S. A. (2002).
Physiological variation of enzymatic activities in
blood of bullfrog, Rana catesbeiana (Shaw, 1802).
Revista Veterinaria. 12/13 (1-2): 22-27.
Eshak, M. G., and Osman, H. F. (2014). Biological effects
of chitosan against Bisphenol-A induced endocrine
toxicity and androgen receptor gene expression
changes in male rats. International Journal of
Pharmaceutical Clinical Research. 6(4): 300-311.
Faheem M, Kaleem T, Javed S, Qurat-Ul-Ain, Hussain A and
Mirza Z. S. (2013). Preliminary effect of sub-lethal
dose of BPA on biochemical profile of grass carp
(Ctenopharyngodon idella) fry. Biologia (Pakistan).
59(2): 337-340.
Faheem, M., and Lone, K. P. (2013). Acute toxicity and
behavioural response of Cirrhinus mrigala
fingerlings to Bisphenol-A. International Journal of
Open Scientific Research. 1: 28-37.
Fernandez, N. J., and Kidney, B. A. (2007). Alkaline
phosphatase: beyond the liver. Veterinary Clinical
Pathology. 36(3): 223-233.
Hamed, H. S., and Abdel-Tawwab, M. (2017). Ameliorative
effect of propolis supplementation on alleviating
bisphenol-A toxicity: Growth performance,
biochemical variables, and oxidative stress
biomarkers of Nile tilapia, Oreochromis niloticus
(L.) fingerlings. Comparative Biochemistry
and Physiology Part C: Toxicology and
Pharmacology. 202: 63-69.
Hamilton, M. A., Russo, R. C., and Thurston, R. V.
(1978). Trimmed Spearman-Karber method
for estimating median lethal concentrations
in bioassays. Environmental Science and
Technology. 12(4): 417-417.
Hoque, E., Sujan, K. M., Haque, M. I., Mustary, A., Miah,
M. A., Hossain, M. M., and Islam, M. K. (2019).
Evaluation of Bisphenol A induced effects on
blood biochemical constituents and histo-structure

Vol. 12, No 1-2, January-July, 2021 | The Scientific Temper
of liver in Swiss albino mice and its ‘One Health’
perspectives. Journal of Veterinary Medicine One
Health Research. 1(1): 75-85.
Kaplan, M. M. (1972). Alkaline phosphatase.
Gastroenterology. 62(3):452-468.
Keum, Y. H., Jee, J. H., Lee, O. H., Park, S. I., and Kang, J.
C. (2005). In vivo effects of bisphenol A exposure
on haematological parameters in Korean rockfish,
Sebastes schlegeli. Journal of Fish Pathology.
18(3): 293-300.
Kind, P. R. N., and King, E. J. (1954). Estimation of plasma
phosphatase by determination of hydrolysed
phenol with amino-antipyrine. Journal of Clinical
Pathology. 7(4): 322.
Kourouma, A., Quan, C., Duan, P., Qi, S., Yu, T., Wang, Y.,
and Yang, K. (2015). Bisphenol A induces apoptosis
in liver cells through induction of ROS. Advances in
Toxicology. 2015: 901983.
Kumar, V., and Trivedi, S. P. (2015). Efficacy of Lawsonia
inermis leaves extract against copper (Cu++)
toxicity induced in fish Channa punctatus (Bloch.)
a study based on chromosomal aberrations. Journal
of Environment and Bio-sciences. 29: 87-92.
Lalwani, D., Ruan, Y., Taniyasu, S., Yamazaki, E., Kumar,
N. J., Lam, P. K., Wang, X., and Yamashita, N.
(2020). Nationwide distribution and potential risk of
bisphenol analogues in Indian waters. Ecotoxicology
and Environmental Safety. 200: 110718.
Michałowicz, J. (2014). Bisphenol A–sources, toxicity and
biotransformation. Environmental Toxicology and
Pharmacology. 37(2): 738-758.
Murmu, S., Gawande, M. R., and Shrivastava, V. K. (2010).
Bisphenol-A induced changes in enzymes activities
(GOT, GPT, ACP and ALP) in liver and kidney of
freshwater fish Cirrhinus mrigala (Ham.) Trends in
Biosciences. 3(2): 137- 139.
Nangia, P. (2020). Effect of bisphenol A on some biochemical
parameters of Channa punctatus (Bloch). Journal of
Experimental Zoology, India. 23(1): 405-408.
Qiu, W., Chen, J., Li, Y., Chen, Z., Jiang, L., Yang, M., and Wu,
M. (2016). Oxidative stress and immune disturbance
after long-term exposure to bisphenol A in juvenile
common carp (Cyprinus carpio). Ecotoxicology and
Environmental Safety. 130: 93-102.
Sangai, N. P. and Verma, R. J. (2012). Quercetin ameliorates
bisphenol A-induced toxicity in mice. Acta Poloniae
Pharmaceutica-Drug Research. 69(3): 557-563.
Tunmise, T., and Uadia, P. (2017). Occurrence of bisphenol
A (BPA) in ponds, rivers and lagoons in SouthWestern Nigeria and uptake in cat fish evidence
of environmental contamination. Food and Public
Health. 7(1): 1-6.

The Scientific Temper
Vol. 12, No 1-2, January-July, 2021:pp 27-30
ISSN 0976 8653, E-ISSN 2231 6396
A Web of Science Journal
Doc ID: https://connectjournals.com/03960.2021.12.27

Critical Analysis of Biological Warfare
Narvdeshwar Pandey
Department of Defence Studies, K S Saket PG College Ayodhya
Corresponding author: dr.narvdeshwar@gmail.com

ABSTRACT
Biological warfare is use of microorganisms such as virus, bacteria, fungi or toxin found in
nature that can used to kill or injure human, animal or plant. The possibility that biological
agents will be used against us is no longer unthinkable. The threat of biological warfare has
increased over the past two decades, with a number of countries working on offensive use of
these agents. Allegations of biological attacks have been made since World War I; however,
most of these have not been confirmed. Biological warfare has been renounced by more
than 150 nations, primarily for strategic and other pragmatic reasons. The terrorist activities
will increase day by day that will involve bombs and firearms not only this but, also include
biological agents. There is also a certain amount of concern over the possibility that terrorists
might use biological agents to threaten either military or civilian populations.
Keywords: Biological warfare, Microorganism, Biological agents, World War I.

INTRODUCTION

The biological toxins or infectious agents such as used
with the intent to incapacitate humans, animals or plants
or to kill them as an act of war is known as Biological
Warfare (BW) or Germ Warfare. The biological weapons
such as bacteria, viruses, insects, and fungi are living
organisms which carries the fast capacity to replicate.
Either by actual deployments or by just threats, to defeat
enemy these biological weapons/agents maybe employed
in various manners. These biological weapons can also be
utilized as area denial weapons. The targets of such bioweapons may be a single individual, a group of people, or
can even be used against entire population. These agents
are toxic and can be lethal or non-lethal. They can be
deployed by nation states or by non- national groups and
can either be developed or acquired. (Wheelis et.al, 2006)
Biological warfare and chemical warfare share a
common background as the toxins produced by some of
the living organisms that are used as war and they are
considered under the provisions of both the Biological
Weapons Convention and the Chemical Weapons
Convention. These psychochemical weapons and
toxins are often known as midspectrum agents. Unlike
bioweapons, these midspectrum agents do not reproduce
in their host and are typically characterized by shorter

incubation periods. (Gray, 2006)
The international humanitarian law and other
international treaties prohibit the use of biological
weapons and their use in armed conflict has been declared
a war crime.( Alexander, 2017)

HISTORIC BACKGROUND
A number of confounding and opposing factors make it
difficult to assess the history of biological warfare. These
include:
The dearth of relevant microbiological or
epidemiological data, the prevalence of naturally occurring
endemic or epidemic diseases during conflicts, hindrances
in verification of alleged or attempted biological attacks
and the claim of allegations of biological attacks for
propaganda purposes. The use of biological weapon is not a
novel concept (Robertson, 1997) and history is inundating
with examples of their use since antiquity. Scythian archers
dating as far back as 400 BC in decomposing bodies or in
blood mixed with manure to make infections (Christopher
et.al, 1997) . Persian, Greek and Roman literature from
300 BC quote the use of animal cadavers to contaminate
sources of water.
Blankets infected with small pox were distributed by
British forces in 18th century AD to Native Americans to
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spread the disease. In First World War, Germans developed
biological weapons using ganders, anthrax, cholera and a
wheat fungus. During Second World War, Japanese carried
out human experiments with plague, anthrax, syphilis on
Chinese prisoners under secret biological warfare research
(Mobley, 1995). During 1940s, 50s, and 60s, research on
aggressive biological weapons like anthrax and botulinum
toxin continued in the United States and Britain. In
1970s, the alimentary toxic aleukia (ATA) caused by
yellow rain was suspected to have been developed by
USSR and its allies during their campaigns in Cambodia
and Afghanistan in civilians. In September, 1984, 751
persons were infected with Salmonella typhimurium due
to international contamination of restaurant salad bars in
Oregon by followers of Bhagwan Rajneesh.( Torok et. al,
1997)

BIOLOGICAL WARFARE AGENTS - USES
AND CONSEQUENCES
In present times, the use of Biological Warfare Agents
(BWA) has become quite broad spectrum as their use is not
limited to war alone and can be used anywhere and anyone.
They can be employed as weapons of mass destruction.
Aerosols of biological warfare agents may deliver
incapacitating or lethal inoculums over large geographic
areas and to bring about mass casualties, the aerosols of
BWAs are used to deliver incapacitating or lethal inoculums
over large geographic areas. Contamination of food and
water is another mode of delivery to targeted population.
The use of biological warfare agents has far reaching
consequences. The consequences of using BWAs include
fear and panic in population, acute and chronic psychiatry
disorders and use of threats to gain political advantages
etc. Recently, in a short span of time, BWAs are readily
adaptable for terrorist operations, owing to their concealed
delivery, easy transportation and easy escape of performer
before BW agent release is apparent.

Modes of Delivery

BWA belong to unorthodox category of weapons and hence
are delivered by unconventional weapons. The method
most likely to be used by terrorist and military groups is
aerosols spray. Owing to their particle size (1-5μm) they
are most efficiently delivered to their targets (air sacs of
lungs) and can be delivered by unconventional means. The
most effective method is aerosol sprays (most likely to be
used by terrorists and), because of their particle size due to
which they are most efficiently delivered to their target (air
sacs of lung).(Eitzen et. al, 1997)

Portal of Entry

Respiratory tract is the main entrance of aerosolized BWA.
Others routes include GIT (through contaminated food
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and water), intact skin (barrier against most BWA except
mycotoxin) mucosal surfaces, (nose/mouth/eyes), and
injection (traumatic wounds).

Environmental Detection

Presently there is no dependable detection system in
existence for BWA. Some methods which are being
developed are as follows –
1. Biological Integrated Detection System (BIDS),
it’s a multi-component system that enables in
sample detection, monitoring and presumptive
identification. As it is vehicle based, to detect
agents it is located in BW aerosol cloud.
2. A Short Range Biological Standoff Detection
System (SRBSDS), to detect aerosol clouds it
employs UV and laser-induced fluorescence.
3. A Long-Range Biological Standoff Detection
System (LRBSDS), to scan designated area of
interest, it employs laser system mounted in a
helicopter.
4. Portal Shield System, it utilizes biological
and chemical point detectors that are linked to
computer control systems.
5. Joint Biological Point Detection System, in
presence of BWA, it provides visual and audible
alarms and is regarded as an automatic airsampling device.
6. By Examination of Environmental Samples. Even
point source munitions near point of release will
leave environmental residue of BWA.

Clinical Recognition or Diagnosis

Unlike chemical agents, which, Diseases resulting from
biological agents have incubation period of days which
is so unlike the diseases induced by chemical agents,
the latter showing violent syndromes within minutes at
site of exposure. (Franz at. el, 1997). This attack may
not be apparent until days or even weeks after the attack
has occurred. Therefore, the first indication that a BW
attack has occurred may be large number of patients
simultaneously presenting with a similar disease. Early
identification of BW attack is confounded by difficulties in
early clinical diagnosis. Indications of possible BW agent
attack include the following:
1. In a given geographic area, the disease entity is
unusual and does not occur naturally.
2. The presence of multiple disease entities in the
same patient shows that in the attack mixed agent
have been used.
3. When such populations inhabit the same area,
there occurs large number of both military and
civilian casualties.
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4. There are data that suggests a massive pointsource outbreak.
5. Apparent aerosol route of infection usually occurs.
6. Occurrence of high mortality and morbidity rates
relative to the number of personnel at risk.
7. Such type of Illness is limited to circumscribe or
fairly localized geographic areas.
8. The personnel who work in areas with filtered
air supplies or closed ventilation systems are
generally attacked low.
9. In the area of outbreak, competent natural vector
is usually absent.

Lab Diagnosis

1. Most of such BWA attacks are clinically
recognized.
2. By usual lab tests (ELISA, mass spectroscopy,
microscopy, culture, animal inoculation methods,
Ab detection, PCR), these attacks are identified
and also by the detection of metabolic products of
infections in clinical specimens.

Decontamination

The physical process of removal of residual chemicals from
persons, equipment and from the environment is known as
Decontamination. Every person arriving from biological
warfare contaminated area to Medical Treatment Facility
(MTF), is regarded as contaminated unless there is positive
proof to contrary. (Richards et. al, 1999)
1. Initial decontamination includes removal
of all contaminated clothes, removal of the
contaminated environment, and copious irrigation
with water is likely to be done.
2. The dilute household bleach solution is revised by
an exposed person.
3. Patient should be isolated in designed tents and
they are placed in PPW (Patient Protective Wrap)
for protection from BWA.(Lebeda, 1997)

Prevention

Prevention is done by chemoprophylaxis, active
immunization, and personal protective equipment.
Protective equipment includes - Military protective
mask, Protective Overboots, HEPA filter (High Efficiency
Particulate Air) masks, battle dress over garments, Joint
service light weight integrated suit technology, and Double
layer of battle dress uniform T-shirt.

CONCLUSION
Biological weapons have recently attracted a lot of attention
and the resources of the nation. The terrorist activities will
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increase day by day that will involve bombs and firearms,
not only this but will also include biological agents., and
the role of community leaders, media communications,
planning for war quarantine and decontamination are
important in the migration of psychological consequences.
So far 140 nations have participated in the Biological and
Toxin Weapons Convention (BWC) which decreases the
acquisition of biological materials for hostile purpose
and for armed conflict. To manage large scale biological
weapon attacks, emergency services must build and
maintain.
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ABSTRACT
With the increase of parasitoid density the number of emerging offspring increases upto four
parasitoids, then shows a tendency towards stabilisation. The rate of multiplication is maximum
with one parasitoid on 50 hosts. The rate of multiplication has an inverse relationship with
the parasitoid density. This is the most significant trend exhibited during this study. The fact
that more parasitoids have a lower rate of multiplication shows the existence of intraspecific
competition amongst the parasitoid.
Keywords: Parasitoid density, intraspecific competition

INTRODUCTION

The impact of a parasitoid on its host population depends
upon, among other things, its ability to increase in
numbers and to find and parasitise hosts (Mackauer, 1983;
Tangkawanit et al., 2018). The rate of parasitisation, which
is directly dependent on host number, is considered as an
important condition for both the stability of parasitoidhost population interaction and the success of biological
control (Hassell & Waage, 1984; Sule et al. 2014).
Natural enemies usually exhibit a “functional
response” in terms of an increased attack rate as host density
increases, and a “numerical response” which is a change in
the density of the parasitoid in response to change in host
density (Soloman, 1949; Holling, 1959). The numerical
response is usually of vital interest because it is responsible
for suppressing pest population (Huffaker et al., 1971)
and helps in calculating the number of parasitoids needed
to regulate the estimated host population (Knipling and
Gilmore, 1971). According to Coppel and Mertins (1977),
a rapid and strong numerical response characteristic is
the most important attribute of a successful agent of pest
mortality. Although numerical response plays a major role
in decimating pest population than functional response,
yet, it has received less attention (Huffaker et al., 1970;
Takafuji & Chant, 1976). This bias towards the functional
response may lead to erroneous conclusions about their

effectiveness in controlling host-population (Eveleigh &
Chant, 1981). Apparently, meagre attempt has been made
to investigate the numerical response of C. chloridae. The
present work is in this direction.

MATERIALS AND METHODS
The parasitoid, C. chloridae and its host, H. armigera
were reared on Cicer arietinum Linn. (chickpea) in the
laboratory at 22 ± 4oC, 70 ± 10% RH and 10 h light : 14
h dark photoperiod (Tripathi & Kumar, 1984; Kumar &
Tripathi, 1985). Second instar larvae of the host (the stage
most preferred by the parasitoid – Patel & Patel, 1972)
were drawn from the maintained culture and were utilised
as hosts. One day old, satiated with 30% honey solution,
mated and experienced female (‘T Hart et al., 1978;
Kumar & Tripathi, 1985; Abidi et al., 1988) were used as
parasitoids.
To study the numerical response of the parasitoids,
4 troughs (ca 20 cm. diameter x 10 cm. height) were
arranged and numbered as 1-4. 50 second instar larvae
were placed separately on four moistened filter paper and
were transferred individually in marked troughs. Troughs
were covered with glass plates. One, two, four, and eight
parasitoids were introduced in 1st, 2nd, 3rd, and 4th trough
respectively and were allowed to attack hosts for 3 hrs. The
experiment was replicated ten times with new experienced
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female parasitoids and fresh hosts. After parasitisation, the
larvae were transferred in the glass tubes (10 x 3.25 cm.)
having fresh foliage of C. arietinum (chickpea) for further
development. The tubes were covered with muslin cloth.
After cocoon formation, the cocoons were collected and
transferred singly into marked sterilised glass vials (5 x
1.25 cm.) with leaf cuttings of the host plants (Kumar
& Tripathi, 1985, 1987) (to provide moisture to the
developing eggs) until emergence. The glass vials were
kept plugged with absorbent cotton. The parasitoids when
egressed out from the cocoons were counted and the data
so obtained was subjected to the regression analysis for
better understanding of their interactions.

RESULTS AND DISCUSSION

Table 1 and Fig. 1 illustrate that as the parasitoid density
increases, the amount of parasitisation increases nonlinearly (Y= 23.90 ± 16.20 Log X) with a significant
correlation (r2 = 0.903, P < 0.001). However with the
increase of parasitoid density the rate of multiplication
(Table 1, Fig, 2) (= parasitoids egressed/parasitoids put
in) decreases non-linearly (Y = 21.55 – 19.55 Log X)
with negative correlation (r2 = - 0.980, P < 0.001) and is
maximum with one parasitoid on 50 hosts (Fig. 2).
With the increase of parasitoid density the number of
emerging offspring increases upto four parasitoids, then
shows a tendency towards stabilisation. This indicates that
in order to achieve a considerable number of parasitoids,
more parasitoids might be required (Tripathi & Kumar,
1984; Pandey et al. 1986; Kumar et al. 1988; Abidi et
al., 1989; Hagvar & Hofsvang, 1990). Table 1 and Fig 1
show that when double the number of parasitoids were put
in for parasitisation, a doubling of parasitisation ratio in
any case was not observed which might be due to limited
oviposition time (Cloutier, 1984; Tripathi & Kumar,
1984; Kumar & Tripathi, 1985, 1987; Pandey et al., 1986;
Kumar et al., 1988; Abidi et al., 1989) and the reduction
of individual’s efficiency because of mutual interference
(Lawrence, 1981; Avilla & Albajes, 1983; Kumar &
Tripathi, 1985; Kumar et al., 1988). Under field conditions
a strong mutual interference might be taking place due to
an increase in the parasitoid density which may result in
the dispersal of the parasitoid (Tripathi & Kumar, 1984;
Abidi et al., 1989).
The rate of multiplication has an inverse relationship
with the parasitoid density. This is the most significant
trend exhibited during this study. More parasitoids have a
lower rate of multiplication which shows the intraspecific
competition amongst the parasitoids (Ashley & Chambers,
1979; Lawrence, 1981; Hassel, 1982; Hofsvang & Hagvar,
1983; Tripathi & Kumar, 1984; Vet et al., 1984). During the
experiment four types of interference have been recorded
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viz. antennal encounter, lateral encounter, cephalocaudal
encounter and caudal encounter. At higher densities the
ovipositing females were brought in close proximity to
each other because of less oviposition care (Abidi et al.
1987) and as a result they attempted to either parasitise
the same host or probe in the same location on the sting
unit (Ashley & Chambers, 1979). Mutual interference can
also cause fewer eggs to be laid (Tripathi & Kumar, 1984;
Kumar & Tripathi, 1987; Abidi et al., 1989) and increase
the proportion of male progeny (Mackauer & Kambhapati,
1984; Avilla & Albajes, 1984; Lin & Carver, 1985; Kumar
& Tripathi, 1987; Abidi et al., 1988, 1989). The results
obtained show that as the parasitoid density increases,
mutual interference increases, which cause a reduction in
an individual’s searching efficiency (Hassel, 1982; Chua &
Dyck, 1982; Eveleigh & Chant, 1982; Kumar &
Tripathi, 1985; Abidi et al., 1987; Kumar et al., 1988).
The effect of this interference on the stability of hostparasitoid interactions have been explored theoretically
by Hassell & May (1973), Rogers & Hassell (1974) and
Beddington (1975). They demonstrated that the greater the
value of mutual interference constant, the greater is the
tendency for the interaction to become stable. However,
Stinner, (1976), Stinner & Lucas (1976) and Yeargan &
Latheef (1976) consider that no such interference exists
and the decrease in the area of discovery with the increase
in parasitoid number is result of a non-poisson distribution
of its eggs.
The results discussed so far reveal that C. chloridae
is a potential biocontrol agent against H. armigera. It is,
therefore recommended that less number of parasitoids
may be released at any recommended site for control
purposes because the rate of multiplication is maximum
with one parasitoid on 50 hosts.

Fig 1.

Numerical Response of Campoletis chloridae Uchida (Hymenoptera: Ichneumonidae), a parasitoid of Heliothis

Fig. 2

Legend of the Illustrations

Fig 1 Graphic representation of number of offspring
emerged at different initial number of C. chloridae (mean
± SD).
Fig 2 Graphic representation of rate of multiplication of
the parasitoid C. chloridae (mean ± SD).
Table 1 :Number of offspring emerged at different initial
number of C. chloridae and offspring emerged per parasitoid
put with 50 hosts (H. armigera). Each entry is the mean of 5
replicates.
Initial number of
parasitoids

Number of
offspring emerged

Number of
offspring emerged
per parasitoid

1

22

22

2

31

15.50

4

35.0

8.75

8

37.0

4.62

Pooled S.E.

2.98

2.54
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ABSTRACT
Tuberculosis has become the cause of major diseases burden in developing countries such as
India. Its etiological agent is a bacterium called Mycobacterium tuberculosis (MTB). This calls
for the need for a rapid and accurate method of diagnosis as TB detection if not diagnosed
timely can be proved to be fatal. In the present study, 90 pulmonary samples were taken into
the study and a comparative study on the conventional method of Fast Plaque Assay (FPA)
and Real-Time PCR (RT-PCR) was performed to find out a more accurate and reliable method
of diagnosis. Of all the samples 18 samples were only diagnosed by RT-PCR but failed to be
diagnosed by FPA which proves RT-PCR to be a more sensitive, rapid, reliable, and accurate
method of diagnosis. Moreover, the percentage positivity rate of total samples again revealed
that RT-PCR (44.4%) is more efficient than FPA (13.33%).
Keywords: Tuberculosis, Mycobacterium tuberculosis, Mycobacteriophage, Fast Plaque
Assay, Real-time PCR

INTRODUCTION
Tuberculosis (TB) is a serious public health problem and
it is estimated by the World Health Organization (WHO)
that approximately one-third of the world’s population is
infected by Mycobacterium tuberculosis (MBT) (Marei et
al., 2003) because of the interaction between TB and HIV/
AIDS epidemic, the TB cases are increasing substantially
worldwide. Tuberculosis leads to more kills in adults in
India than any other infectious disease thus compounding
to the economic loss of the country. Nearly, 9 million people
suffer from this disease every year and approximately 2

million die as a result (Barman, et al., 2007). TB causes
death in more than 1,000 people a day or one in every
minute in our country due to the high burden and the least
prospects of favorable time trend of tuberculosis (TB) as
of now, a problem that is further compounded by limited
resources (Katiyar, et al., 2009). Moreover, studies have
shown that during surgery of spinal TB for prevalence,
pulmonary TB has come up with major concern and risk
factor (Wang, et al., 2020). For the direct detection of
Mycobacterium tuberculosis complex (MTC) in clinical
specimens, various nucleic acid amplification (NAA)
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tests have been used in favor of a more rapid pathogenic
diagnosis (Chen, et al., 2012). The rapid sensitive and
specific identification of the causative agent is necessary
for the control of TB and the development of rapid methods
(high-performance liquid chromatography, thin-layer
chromatography, RNA sequencing and polymerase chain
reaction (PCR), nucleic acid sequence-based amplification
assay (NASBA), Transcription mediated assay (TMA) and
Ligase chain reaction (LCR) have made faster diagnosis
and treatment possible (Wattal, 2002).
Mycobacteriophage is used in the Fast Plaque
technique which infects and replicates in slow-growing
pathogenic strains e.g M.tb, M. ulcerance and also in some
of the growing strains as M. smegmatis. In this technique,
viable target bacilli are infected by adding phages in the
decontaminated sputum samples. The addition of potent
virucide leads to the destruction of bacteriophages outside
the target cells and they do not harm phages inside the
bacilli. The phages inside the tubercular bacilli replicate
inside and cause bacterial cell lysis in order to release the
progeny bacteriophage (Barman, et al., 2007).
The use of RT-PCR for TB diagnosis has increased
due to its high sensitivity and specificity towards the
direct (from clinical samples) and indirect (from culture
isolates) detection of the Mycobacterium tuberculosis
complex (MTBC) (Broccolo, et al., 2003; Armand, et al.,
2011; Lira, et al., 2013). Many mycobacterial genome
regions, such as IS6110, 16S rRNA, hsp65, rpoB, sdaA,
devR and mpt64 (Lachnik, et al., 2002; Kim, et al., 2004;
Chakravorty, et al., 2005; Negi, et al., 2007; Hwang, et al.,
2013) have been used in molecular diagnosis of TB. The
genome of MTBC species contains a single copy of mpt64,
which is mostly used for the diagnosis of both pulmonary
and extrapulmonary TB (Martins, et al., 2000; Bhanu,
et al., 2005; Takahashi and Nakayama, 2006; Kusum, et
al., 2012). Real-time PCR is a closed-tube, fluorescencebased, online and end-point detection technique that uses
automated thermocyclers and fluorimeters and hence is a
rapid technique having low rates of contamination. There
are two common methods of detection in RT-PCR which are
either based on detection of non-specific fluorescent dyes
which intercalate any dsDNA or detection of sequencespecific DNA probes which consist of oligonucleotides
labeled with a fluorescent reporter (Khadka and Kharel,
2019). Also, PCR techniques are known for detecting
Multiple Drug Resistant (MDR) TB, by targeting GCmotive rich PE/PPE gene family which has conserved
N-terminal vs. variable C-terminal sequences. Specific
primers and probes are being designed to serve this purpose
such as Rv0050 and Rv3633 which targets 56 and 44 bp
gene fragments (Sinkov, et al., 2020). The present study
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aims to determine the sensitivity of the Real-Time PCR
in comparison to FAST Plaque TB assay for detection of
Mycobacterium tuberculosis in the pulmonary sample.
Overall 90 samples of different age group patients were
selected for the present study.

MATERIAL AND METHODS
Sample Collection

90 pulmonary samples were collected from patients of
different age groups including both male and female,
attending pulmonary of Shri Mahant Indresh Hospital,
Dehradun, Uttarakhand and further analysis of research
work was done in Central Molecular Research Laboratory
Department of Biochemistry, Shri Guru Ram Rai Institute
of Medical & Health Sciences, Dehradun, Uttarakhand.

Fast Plaque TB Analysis

FAST Plaque TB is based on the FAST Plaque principle
and utilizes Mycobacteriophage to reflect the presence of
viable MTB within a sputum specimen (pulmonary sample)
and the whole process is carried out by using Fast Plaque
TB kit. Firstly, the sputum specimen is decontaminated and
concentrated by the addition of FPTB Medium Plus (FPTB
Growth Supplement + FPTB Medium) which killed most
of the bacteria present in the specimen other than the target
mycobacteria. The remaining bacteriophage are protected
within viable target mycobacteria which continue to
replicate until new progeny phage are released as the cells
break open (lyse) and are then amplified by the introduction
of Sensor cells followed by the addition of FPTB Medium
Plus to neutralize the excess of virucide. Clear areas
(plaques) in a lawn of confluent growth of Sensor cells
indicate progeny bacteriophage. The number of plaques
generated from a given sample is related to the number of
viable MTB cells containing mycobacteriophage.

Real-Time PCR Analysis

The sample was concentrated by centrifugation to
increase the bacterial load and then DNA is isolated. The
primers and probe were designed, based on the sequence
homology of the insertion sequence 6110 (IS6110) for
all species of the Mycobacterium tuberculosis complex
(MTBC). The highly conserved region of 123 base pair
was chosen as the target region for primer amplification.
20 µl of master mix containing 5 µl of the DNA samples
were added in different RT-PCR tubes which were placed
in the thermocycler and programmed for MTB. In stage І;
the Initialization step consists of heating the reaction to a
temperature of 94–96 °C which is held for 1–9 minutes.
Heating the reaction to 94–98 °C for 20–30 seconds causes
DNA melting of the DNA template by disrupting the
hydrogen bonds between complementary bases, yielding
single-stranded DNA molecules marks the denaturation
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step. The reaction temperature is lowered to 50–65 °C
for 20–40 seconds allowing annealing of the primers to
the single-stranded DNA template. In the Extension/
elongation step, the DNA polymerase synthesizes a new
DNA strand complementary to the DNA template strand
by Adding dNTPs that are complementary to the template
in 5’ to 3’ direction, condensing the 5’-phosphate group
of the dNTPs with the 3’-hydroxyl group at the end of
the nascent (extending) DNA strand at temperature 75–80
°C. Final elongation was performed at a temperature of
70–74 °C for 5–15 minutes after the last PCR cycle to
ensure that any remaining single-stranded DNA is fully
extended and a final hold is given at 4–15°C. In stage
ІІ; Again Denaturation step is performed at 95°C for 10
seconds followed by Annealing reaction at a temperature
60°C for 1 min. The denaturation reaction temperature is
again increased up to 95°C for 15 seconds and Annealing
is performed at a temperature of 60°C for 15 seconds. The
real-time PCR results are interpreted on the basis of MELT
CURVE for detecting mycobacterium.

RESULT AND DISCUSSION
TB samples were collected from those patients who were
showing positive symptoms of Tuberculosis and had
a positive result on the diagnosis. There were total 90
pulmonary samples and the sample type collected were
Bronchial alveolar lavage (BAL), Pleural Fluid (PF),
Sputum and Lung Tissue and among the patients, 49 were
males and 41 were females as shown in Table 1. There
were 40 positive results when diagnosed through RealTime PCR and 12 positive results when diagnosed through
the Fast Plaque Assay Technique.
Percentage positivity of total samples through RTPCR is 44.4% and of FPA is 13.33%. Percentage positivity
of female patients is 14.6% of 6 positive samples out of
41 total female samples (Figure 1), whereas percentage
positivity of male patients is 12% of 6 positive samples
out of 49 samples in FPA detection. Percentage positivity
of female patients is 43.9% of 18 positive samples out of
41 total female samples, whereas the percentage positivity
of male patients is 44.8% of 22 positive samples out of 49
samples in RT-PCR detection (Figure 2). The percentage
positivity rate of different samples; Lung tissue (85%),
sputum (64%), BAL (52.1%), Pleural fluid (40.85%) as
per RT-PCR detection and percentage positivity rate of
different samples; Lung tissue (21.4%), sputum (17.8%),
BAL (8.6%), Pleural fluid (8%) as per FPA (Figure 3 and
Figure 4), respectively. Percentage positive rate of patients
aged between 41–50 years are more prone to tuberculosis
disease as their percentage positivity is 60% as illustrated
in Figure 5.

Table 1: Interpretation for pulmonary samples
Serial
no

Age (in years)/
Gender

Sample
Type

RT-PCR
result

FPA
result

1.

25/M

Bal

+ve

-ve

2.

44/M

Pf

-ve

-ve

3.

34/F

Sputum

+ve

+ve

4.

50/M

Pf

+ve

-ve

5.

59/M

Bal

-ve

-ve

6.

35/M

Bal

-ve

-ve

7.

42/F

Lung
Tissue

-ve

-ve

8.

41/F

Sputum

+ve

-ve

9.

39/M

Pf

+ve

-ve

10.

33/F

Sputum

-ve

-ve

11.

47/M

Lung
Tissue

-ve

-ve

12.

56/M

Pf

+ve

+ve

13.

34/M

Pf

-ve

-ve

14.

30/F

Bal

-ve

-ve

15.

29/F

Sputum

-ve

-ve

16.

30/M

Sputum

-ve

-ve

17.

30/F

Sputum

-ve

-ve

18.

56/M

Bal

+ve

-ve

19.

45/M

Pf

+ve

+ve

20.

44/F

Lung
Tissue

+ve

+ve

21.

26/M

Bal

-ve

-ve

22.

60/M

Bal

-ve

-ve

23.

62/M

Bal

-ve

-ve

24.

58/F

Bal

+ve

-ve

25.

49/F

Pf

-ve

-ve

26.

62/M

Bal

+ve

-ve

27.

30/M

Sputum

-ve

-ve

28.

46/M

Lung
Tissue

+ve

-ve

29.

38/M

Pf

-ve

-ve

30.

67/F

Sputum

+ve

+ve

31.

69/M

Pf

-ve

-ve

32.

30/M

Sputum

-ve

-ve

33.

58/F

Sputum

-ve

-ve

34.

34/M

Lung
Tissue

+ve

+ve

35.

41/F

Pf

-ve

-ve

36.

40/F

Pf

-ve

-ve

37.

49/M

Bal

+ve

-ve

38.

42/M

Bal

+ve

-ve

39.

46/F

Sputum

-ve

-ve

40.

43/F

Bal

+ve

-ve
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Serial
no

Age (in years)/
Gender

Sample
Type

RT-PCR
result

FPA
result

Serial
no

Age (in years)/
Gender

Sample
Type

RT-PCR
result

FPA
result

41.

58/M

Sputum

-ve

-ve

80.

32/F

Sputum

+ve

-ve

42.

59/F

Pf

+ve

-ve

81.

68/M

-ve

-ve

43.

71/M

Lung
Tissue

-ve

-ve

Lung
Tissue

82.

30/F

Sputum

-ve

-ve

44.

49/M

Lung
Tissue

-ve

-ve

83.

22/M

Bal

+ve

+ve

84.

66/F

Bal

+ve

-ve

85.

28/M

Sputum

-ve

-ve

86.

67/F

Bal

-ve

-ve

87.

55/M

Pf

+ve

-ve

88.

46/M

Sputum

-ve

-ve

89.

76/F

Bal

+ve

-ve

90.

34/M

Sputum

+ve

+ve

45.

58/M

Sputum

+ve

+ve

46.

47/F

Pf

+ve

-ve

47.

67/F

Pf

+ve

-ve

48.

26/F

Pf

-ve

-ve

49.

36/M

Sputum

+ve

-ve

50.

40/M

Lung
Tissue

+ve

+ve

51.

40/M

Pf

-ve

-ve

52.

58/F

Sputum

-ve

-ve

53.

48/F

Lung
Tissue

-ve

-ve

54.

78/F

Pf

+ve

-ve

55.

55/M

Pf

-ve

-ve

56.

34/F

Bal

-ve

-ve

57.

30/M

Bal

-ve

-ve

58.

66/F

Lung
Tissue

-ve

-ve

59.

31/F

Sputum

+ve

+ve

60.

77/M

Pf

-ve

-ve

61.

41/F

Bal

+ve

-ve

62.

30/M

Lung
Tissue

-ve

-ve

63.

56/M

Pf

-ve

-ve

64.

62/M

Sputum

+ve

-ve

65.

71/F

Bal

-ve

-ve

66.

67/F

Pf

-ve

-ve

67.

61/M

Bal

+ve

-ve

68.

45/F

Bal

+ve

-ve

69.

33/F

Lung
Tissue

-ve

-ve

70.

45/M

Sputum

+ve

-ve

71.

56/F

Pf

-ve

-ve

72.

79/M

Lung
Tissue

+ve

+ve

73.

49/F

Pf

-ve

-ve

74.

44/M

Sputum

-ve

-ve

75.

80/F

Sputum

+ve

-ve

76.

55/M

Sputum

-ve

-ve

77.

47/F

Pf

-ve

-ve

78.

44/M

Bal

+ve

-ve

79.

56/F

Sputum

-ve

-ve

Total no. of samples= 90; No. of positive samples through RTPCR=40; No. of positive samples through FPA=12

Fast and accurate diagnosis is very important when
it comes to tuberculosis diagnosis. A better technique for
diagnosis can be rapid, accurate and highly sensitive. RTPCR has been proven to be the more useful molecular
technique to diagnose pulmonary and extra-pulmonary
TB due to the efficient processing of fluid and tissue
samples of patients (Mangayarkarasi, et al., 2019). The
Positivity rate in pulmonary samples is much higher in the
case of Real-Time PCR Technique which is 44.44% when
compared to Fast Plaque Assay which is 13.33% which
tells that the Real-Time PCR Technique is a much better
technique than Fast Plaque Assay.
The Positivity rate in pulmonary samples like
Bronchoalveolar Lavage, Sputum, Pleural Fluid, Lung
Tissue, etc. is much higher in the case of Real-Time PCR
rather than Fast Plaque Assay. The positivity rate in the
Real-Time PCR technique is 44.8 in males and 12 in
females whereas the positivity rate in Fast Plaque Assay
is 43.9 in males and 14.6 in females which complies that
both male and female are nearly equal prone to get TB.
The Lung Tissue sample showed the highest positive
result with a positivity rate of 85% from RT-PCR and
17.8% from FPA Technique whereas Pleural Fluid was the
least positive sample with a positivity rate of 40% when
diagnosed through RT-PCR and 8% when diagnosed
through FPA (Table 2).
The positive rate of different samples for TB diagnosis
through RT-PCR (Figure 3) clearly indicates that Lung
Tissue shows the highest positivity of suffering from TB
i.e. samples of Lung Tissue give more positive results
rather than other samples like BAL, Pleural Fluid and
Sputum. Likewise, Pleural Fluid shows the least positive
result for TB disease diagnosis than other samples.
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Table 2: Positivity rate on the basis of sample type for FPA and RT-PCR
Serial no

Sample type

Total no. of
samples

RT-PCR
positive

FPA positive

Positivity rate of
RT-PCR (%)

Positivity rate of FPA (%)

1.

Bal

23

12

2

52.1

8.6

2.

Pf

25

10

2

40

8

3.

Lung Tissue

14

12

3

85

21.4

4.

Sputum

28

18

5

64

17.8

Positive rate of different samples for TB diagnosis
through FPA (Figure 4) clearly shows that Lung Tissue
provides the highest positivity of suffering from TB
similarly as was seen in RT-PCR TB diagnosis of different
samples (Figure 3) and Pleural Fluid shows the least
positive result for TB disease diagnosis than other samples
which was a similar case in RT-PCR.
Middle-aged patients (41-50 years) are highly prone
to get TB with a positivity rate of 60% when diagnosed
through RT-PCR and old patients (71-80 years) are least
likely to suffer from TB with a positivity rate of 2% when
diagnosed through FPA.
Table 3: Age-wise distribution of positive samples
Serial Age
no
(yrs)

Total
RT-PCR FPA
Positivity Positivity
no. of
positive positive rate of
rate of
samples
RT-PCR FPA (%)
(%)

1.

21-30 6

3

1

50

16

2.

31-40 21

9

5

42

23

3.

41-50 25

15

2

60

8

4.

51-60 14

6

2

42

14

5.

61-70 19

5

1

26

5

6.

71-80 5

2

1

40

2

RT-PCR provides high positivity rate than FP.
Moreover, pulmonary samples of patients aged between
41-50 years are more prone to Tuberculosis as their
positivity rate is highest which is 60% when diagnosed by
RT-PCR (Figure 5).
18 samples out of 90 samples were such which gave
negative results when diagnosed through Fast Plaque
Assay but showed positive results when diagnosed
through Real-Time PCR Technique (Table 4). FPA results
are available in 48 hours whereas RT PCR results are
available within 24 hours so we can conclude that RT PCR
can render results much earlier than FPA. FPA detects
only live bacilli whereas RT-PCR can detect both live as
well as dead bacilli. FPA can detect tuberculosis only in
samples having bacterial copy number >100/ml while RTPCR can detect even 10 bacilli /ml of the sample. RT-PCR
technique is a more sensitive method for the detection of
tuberculosis.

Table 4: Comparison of FPTB results with RT-PCR
RT-PCR +ve

RT-PCR -ve

Total

FPTB +ve

12

0

12

FPTB -ve

18

50

68

Total

40

50

90

Real-time PCR is the more reliable, sensitive, fast and
accurate technique when compared to Fast Plaque Assay,
as FPA is conducted manually so there is a possibility of
not getting the accurate results due to contamination and
mishandling of the sample, whereas in RT-PCR no such
possibilities are there because the sample is processed by
the instrument itself.
Recently developed and used RT-PCR is much more
efficient as it has the ability to apply smear microscopy,
culture, and conventional PCR tests with the help of the
single sample aliquot and it is efficient and sturdy to
provide the scarce amounts of tissue and the proteinaceous
nature of pleural fluid (Mangayarkarasi, et al., 2019).
Early detection of TB might not be specific but recently
developed genetic markers which are based on IS6110
sequence is very specific for M. tuberculosis, although
there have been some conflicts that there are some strains
of M. tuberculosis which lack such sequence (Rahman, et
al., 2020).
TB detection need a fast and accurate approach in order
to treat patient efficiently and quickly but this becomes a
major problem if TB symptoms are not diagnosed properly
or undiagnosed or even more hazardous, diagnosed lately.
Such conditions have been proved to be fatal in the case
of MDR TB, in which timely diagnosis has become the
major concern for doctors and health workers. Many other
fine and accurate technique has come into play naming
MTBDRplus, loop-mediated isothermal amplification
(LAMP), line probe assay (LPA), GeneXpert, wholegenome sequencing (WGS) and next-generation
sequencing (NGS) (Acharya, et al., 2020). Besides all
this, RT-PCR is still used for the diagnosis MDR TB but
it is also known as a resource-limited setting with some
technical difficulties and other logistics which are needed
to be improved for its better functioning (Babafemi, et al.,
2019). PCR which might has developed some drawbacks
during this period of urgency but most of the diagnosis is
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based on RT-PCR (Dheda, et al., 2020). In India, more than
21 domestic manufacturers are involved in the production

of RT-PCR reagent and standard RT-PCR kits to meet its
increasing demand with every passing day (Singh, 2020).
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A. Figure 1: Analysis of positivity rate in pulmonary samples
B. Figure 2: Analysis of positivity rate of TB in males and females
C. Figure 3: Chart analysis of positivity rate of TB through RT PCR
D. Figure 4: Chart analysis of positivity rate of TB through FPA
E. Figure 5: Age-wise positivity rate for FPA and RT-PCR
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Although, there has been some conflict about the
association of COVID-19 infection and tuberculosis
diagnosed disease to be comprehended or not (Walaza, et
al., 2020). All these studies are only statistical-based and
hence not much can be outdrawn from them.

CONCLUSION

Tuberculosis posed a major disease burden among the
Indian population which demands quick diagnosis to
commence treatment as soon as possible to decrease the
probable morbidity and mortality rate. For this, a definitive
and appropriate method for diagnosis with feasible cost
and energy is needed to be procuring in the health system.
The method should be reliable, cost-effective, precise,
rapid and easy to use to decline the level of difficulty to
become an obstacle while diagnosis. The method should
conquer such an approach so that minimal error could
occur. RT-PCR has proven to be such a method when
compared with the conventional method of FPA. FPA fails
to diagnose the low viral load due to low sensitivity; RTPCR with high sensitivity has provided positive results
which were found negative when tested by FPA. As RTPCR is a molecular technique, it uses biological markers,
designed primers and probes which are very specific
for M. tuberculosis, making it a more reliable technique
than FPA. Due to the very specific nature of biological
markers, diagnosis can be confirmed without any fault by
the doctors and health workers. Although, this method has
some short comes while diagnosing MDR-TB but still, it
is the most popular and widely used method of diagnosis
amongst molecular diagnostic laboratories. Especially in
the time of pandemic due to coronavirus, when TB has
been liked with COVID-19 as co-infection, RT-PCR has
been used as the most consistent method for immediate
diagnosis.
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ABSTRACT
Bisphenol A, a suspected endocrine disrupting chemical, is widely used in the manufacture
of polycarbonate plastics and epoxy resins. With increasing industrialisation, the release
of Bisphenol A in the environment is increasing in India. Bisphenol A is released in the
environment from landfill leachates, industrial point sources, municipal sewage and by burning.
Water bodies are the ultimate sink for Bisphenol A. People consuming fish captured from water
bodies polluted with Bisphenol A can be exposed to the chemical through the fish. Channa
punctatus, is an important food fish of India and neighbouring areas. In this study the effect
of 30 days Bisphenol A exposure on the haematological parameters of Channa punctatus was
assessed. Vitamin C, a known antioxidant, was shown to improve the changes in almost all
haematological indices tested except at the highest concentrations of Bisphenol A used in this
study. This study shows that Channa punctatus can be used as a useful sentinel species to assess
pollution of water bodies by Bisphenol A and that the deleterious effects of Bisphenol A are
probably caused by increasing oxidative stress in tissues which can be offset by vitamin C.
Keywords: Channa punctatus, Bisphenol A, BPA, Haematology, Vitamin C

INTRODUCTION
Industrialisation has led to the release of large numbers
and large quantities of chemicals and synthetic agents into
the environment. Amongst these, there is growing interest
in the health risks posed by endocrine disrupting chemicals
(EDCs). EDCs are synthetic chemicals that when absorbed
in the bodies of living organisms can mimic the action of
hormones, block the normal functioning of hormones,
change the levels of hormones in blood and/or impact the
way the body responds to the hormones. Thus, EDCs tend
to disrupt the normal physiological functions of the body
(Colborn et al., 1993; Diamanti-Kandarakis et al., 2009;
Schug et al., 2011).
Bisphenol A (BPA) is an EDC that has been researched
extensively in recent years. In vitro and in vivo studies
provide convincing evidence of BPA’s estrogen mimicking
ability (vom Saal et al., 2006). BPA can also interfere
with hormonal action by binding to thyroid and androgen

receptors in the body (Nagel and Bromfield, 2013). BPA is
widely used in the manufacture of polycarbonate plastics,
epoxy resins, thermal printer paper and dental sealants. A
significant quantity of BPA is released into the environment
every year. Thus, exposure to BPA is widespread and
far exceeds the body’s detoxification mechanisms. BPA
in industrial effluents, household sewage and landfill
leachates ultimately reaches water bodies and pollutes
them.
Aquatic organisms such as fish play a fundamental
role in the ecosystem. The continuous release of industrial
chemicals into the environment and the role of aquatic
ecosystems as the ultimate sink for these xenobiotics have
led to a number of toxicological studies pertaining to the
effect of these anthropogenic chemicals on fish species
(Arnot and Gobas, 2006). While a number of studies have
investigated the effect of BPA on fish species only a few of
these have been carried out in India (Lalwani et al., 2020).
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In this study we chose Channa punctatus, a common fresh
water edible fish of India and neighbouring regions as the
animal model. Owing to its hardy nature and availability
throughout the year, C. punctatus is a popular laboratory
animal for toxicological studies (Nangia, 2020a).
Fish blood parameters are reliable tools for
identification of stress caused by chemical stressors
(Roche and Boge, 1996; Fazio, 2019). Blood parameters
can be used effectively in monitoring the response of fish
to toxicants in their habitat and in investigating sublethal
effects of pollutants (Gaber et al., 2013; Maurya et al. 2019).
Changes in Red Blood Cells (RBC) count, haemoglobin
(Hb) levels, hematocrit etc. are widely employed in
toxicological studies to understand the detrimental effects
of xenobiotics on fish health. Bisphenol A exposure is
known to induce oxidative stress in organisms. Vitamin C
is a potent antioxidant. Several studies have shown that
owing to its antioxidant properties, co-treatment with
vitamin C can alleviate the toxicological response in living
organisms (Binjhade and Shrivastava, 2012; Murmu and
Shrivastava, 2014). In this study we estimated the changes
induced in haematological indices in C. punctatus exposed
to sublethal concentrations of BPA for 30 days. The ability
of vitamin C to offset the changes brought about by BPA
was also investigated.

MATERIALS AND METHODS
Fish were procured from Sumera reservoir in Aligarh
(Nangia, 2020b) and transported to the Toxicology
laboratory, D.S. College, Aligarh. The fish were measured,
weighed and treated with 0.04% KMnO4 solution for
two minutes (Kumar et al., 2010) to treat them for dermal
infections, if any. Apparently healthy and injury free fish
were used for the study. Fish were maintained according to
the guidelines of APHA (1998). During the entire course
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of the study, the following range of water parameters
was maintained: temperature 25.0 ± 1.0oC, pH 7.4 ± 0.3,
dissolved oxygen 7.5 ± 0.5 mg O2/L, conductivity 290 +
20 μS/cm and hardness 180 + 5 mg/L.
The 96 hours LC50 of BPA to Channa punctatus was
determined by the Probit analysis method (Finney, 1971)
to be 12.3 mg/L. Three different sublethal concentrations
of BPA were chosen for this study. These were 10% (1.23
mg/L), 20% (2.46 mg/L) and 30% (3.69 mg/L) of the 96
hours LC50 value.
For antioxidant exposure, 50 mg/L vitamin C was
added to the aquarium water of 4 test groups. The
concentration and method of antioxidant exposure were
based on previous reports (Murmu and Shrivastava, 2014).
Fish were divided into 9 groups for the study. Groups
I, II and III were the negative control, solvent control and
vitamin C control, respectively. Groups IV, VI and VIII
were exposed to 10% (1.23 mg/L), 20% (2.46 mg/L) and
30% (3.69 mg/L) of 96 h LC50 of BPA. Groups V, VII
and IX were co-exposed to 50 mg/L vitamin C along with
the aforementioned concentrations of BPA i.e., 10%, 20%
and 30% of 96 h LC50, respectively. The exposure was
continued for 30 days using a semi-static renewal system.
At the end of 30 days, fish were collected with a dip net
and anaesthetised using benzocaine (Nangia, 2020b).
Blood was collected from the caudal vein using an EDTA
rinsed syringe and used for haematological studies. The
total erythrocyte count and total leucocyte count were
estimated using Neubauer Haemocytometer (Dacie and
Lewis, 1975). Haemoglobin (Hb) concentration of fish
blood was estimated by Sahli’s acid haematin method as
described by Chakrvarthy and Dierolf (2010). ESR and
haematocrit% were determined by the method of Wintrobe
and Landberg (1935) as described by Chakrvarthy and
Dierolf (2010).

Table-1: Changes in Haematological Parameters of C. punctatus after Exposure to BPA alone and after Co-exposure to BPA
and Vitamin C for 30 days
Parameter
Group I
Group II
Group III Group IV Group V
Group VI Group VII Group VIII Group IX
RBC Count
4.44+
4.42+
4.57+
3.39+
4.13+
3.03+
3.95+
2.85+
3.51+
(x106/mm3)
0.13 a
0.07 a
0.05 a
0.14 b1p
0.06aq
0.07 b1p
0.26aq
0.12 b1p
0.14bq
Haemoglobin 12.45+
12.61+
13.25+
8.97+
11.60+
7.94+
10.74+
7.44+
9.80+
(g/dL)
0.35 a
0.22 a
0.70 a
0.36 b1p
0.50aq
0.32 b1p
0.72aq
0.43 b1p
0.75 bp
Haematocrit
35.94+
36.96+
38.12+
27.87+
34.79+
24.68+
32.11+
23.87+
28.72+
(%)
1.03 a
0.87 a
0.96 a
1.58 b1p
0.40aq
0.53 b1p
1.16aq
0.75 b1p
0.86bq
ESR (mm/
5.02+
5.11+
4.83+
6.63+
5.31+
7.20+
5.83+
8.02+
6.40+
hour)
0.22 a
0.12 a
0.12 a
0.19 b1p
0.17aq
0.20b12p
0.15aq
0.21 b2p
0.15bq
WBC Count
55.50+
57.02+
55.86+
61.07+
56.56+
67.05+
57.56+
70.87+
60.59+
(x103/mm3)
0.73 a
0.75 a
0.81 a
0.63 b1p
0.86aq
1.52b12p
0.78aq
0.97 b2p
0.81bq
Values are mean ± SEM of three replicates. Values with different letter (a, b) superscripts differ significantly (p ≤ 0.05) with respect to
control. Values with different numerical (1, 2) superscripts show significant dose dependent difference (p ≤ 0.05) between groups IV, VI and
VIII. Values with different letter (p, q) superscripts show significant difference (p ≤ 0.05) between BPA alone (Groups IV, VI and VIII) and
corresponding BPA + vitamin C co-exposure group (Groups V, VII and IX) as analysed by one way ANOVA followed by Tukey’s post hoc
analysis.
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RESULTS AND DISCUSSION
BPA exposure of C. punctatus for 30 days resulted
in a significant decline in RBC count, haemoglobin
percentage and haematocrit. There was a concomitant,
dose-dependent increase in ESR and WBC count after
BPA exposure. ESR and TLC showed a significant
dose-dependent change in after BPA exposure. Fish that
were co-exposed to both BPA and vitamin C showed
a significant improvement in all the haematological
parameters compared to fish exposed to BPA alone. Coexposure to vitamin C offset BPA induced changes in
haematological parameters in all groups resulting in values
comparable to Group I. However, group IX fish i.e., fish
co-exposed to vitamin C and the highest concentration of
BPA tested in this study. showed a significant change in
all parameters compared to the control group. The results
are summarised in Table 1.
A reduction in RBC count after BPA exposure has
been reported in Channa striatus (Elvin et al., 2020),
Labeo bata (Mukherjee et al., 2020), albino mice (Sujan et
al., 2020) etc. The reduction in RBC count could be due to
reduced erythropoiesis or increased haemolysis of RBCs
(Witeska, 2013). BPA is also reported to interfere with the
synthesis of haemoglobin (Krishnapriya et al., 2017). In
fish, the kidney is the principal haematopoietic organ. BPA
exposure is reported to cause degeneration and necrosis
of renal haematopoietic tissue in Catla catla (Faheem
et al., 2016). Haemolysis after BPA treatment has been
reported by Sangai et al. (2018) and Vaidya et al. (2019).
Both haemolysis and degeneration of renal tissue has
been reported in Gambusia affinis and Poecilia reticulata
(Elshaer et al., 2013).
Though the exact mechanism of BPA toxicity is
uncertain, some studies suggest that BPA toxicity could be
due to the induction of reactive oxygen species (ROS) and
consequent oxidative stress (Rochester, 2013). Sangai et al.
(2018) have suggested that ROS react with and destabilize
the membrane of RBCs resulting in an influx of water and
consequent haemolysis. The increase in WBC count after
BPA exposure is consistent with the findings in Perca
flavescens (Rogers and Mirza, 2013) and Pseudoetroplus
maculatus (Asifa and Chitra, 2018). The increase in WBC
count is suggestive of toxicant induced tissue and cellular
damage such as necrosis which in turn could trigger a nonspecific immune response (Das and Mukherjee, 2003).
The protective role of vitamin C on toxicant induced
alteration of haematological parameters has been reported
by Narra et al. (2015) and Hounkpatin et al. (2012).
The ameliorative effect of vitamin C on haematological
parameters is probably due to its antioxidant nature
(Binjhade and Shrivastava, 2012). Fish in group IX, which
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received the highest dose of BPA with vitamin C, did not
show a complete recovery in various parameters after
30 days exposure. This suggests that vitamin C cannot
mitigate the extensive damage caused by prolonged
exposure to very high concentration of BPA.
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ABSTRACT
Being the most prevalent, Dengue infection or Dengue fever is a mosquito-borne endemicepidemic arboviral infection majorly found in the subtropical or tropical regions across the
globe. With any of its 4 serotypes (DENV-1, DENV-2, DENV-3, & DENV-4), the dengue virus
replicates within the vector; Aedes mosquito and is then transmitted to the human host through
the bite. Past few decades have witnessed the escalation in the incidence of dengue infection
cases by almost 30 fold. The present study involves the profiling from 60 clinical isolates during
the outbreak in the dengue region. The study reveals serological and biochemical profiling of
the clinical patient’s data. Out of the total studied 60 cases, 68.33% were males and 31.66%
were females. The majority i.e. 40% of the cases belonged to the 21-30 years age group. The
serological tests for the positive reactivity for antigen NS1 and antibodies IgG and IgM resulted
out to be; 63%(NS1), 8%(IgG), 0(IgM), 7%(IgG-IgM), 17%(IgM-NS1), 3%(IgG-NS1), and
2%(IgG-IgM-NS1). The confirmed cases depicted thrombocytopenia.
Keywords: Dengue, DENV serotype, serological, IgG-IgM antibody, NS1 antigen, diagnosis,
dengue infection, thrombocytopenia.

INTRODUCTION
Dengue virus, whose transmission is done by mosquitoes,
is a menace to nearly half of the global population. The
past 50 years have witnessed an increase in the incidence
of dengue virus fever by 30-fold with the increase in the
expansion of the geographical areas to many new tropical
countries (Dengue Bulletin 2016). Beyond 70% (counting
around 1.8 billion) of the worldwide population is at a risk

of dengue virus living presently in the South-East Asia
region & the Western Pacific Region, enduring around
75%burden of the dengue disease worldwide (WHO
Guidelines 2009). According to WHO, a Bi-Regional
Dengue Strategy (2008-2015) for the prevention and
control of the illness was implemented across the SouthEast Asia & Western Pacific regions; containing major six
elements including, integrated vector management, the
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surveillance of dengue, social mobilization, managing the
cases, the response to the outbreak, & communication for
dengue and its research (WHO/SEARO 2008).
In the year 2020, dengue has been found to affect many
countries, with a large increase of cases in Bangladesh,
Cook Islands, Brazil, Ecuador, Indonesia, India, Maldives,
Mauritania, Nepal, Mayotte (Fr), Sri Lanka, Singapore,
Sudan, Thailand, Timor-Leste & Yemen. In 2021, the
effects of dengue continued in Brazil, Colombia, Cook
Islands, Kenya, Fiji, Paraguay, Peru & Reunion Island. In
2019, the largest number of dengue cases have been ever
reported worldwide. About 3.1 million cases were alone
reported in the American Region, with more than 25,000
categorized as severe although the deaths associated with
were lesser than in the previous year. (WHO 2019)
Being a small single-stranded RNA virus, the endemic
tropical dengue virus (DENV) consists of 4 distinct
serotypes which are DENV-1, DENV-2, DENV-3, and
DENV-4. These serotypes associated with the genus
Flavivirus and family Flaviviridae, are closely linked to
each other. Amongst these, all serotypes, DENV-2 and
DENV-3 also known as ‘Asian Genotypes’ are linked
to the severe diseases convoying the secondary dengue
infections (Leitmeyer, 1999; Lanciotti et al., 1994;
Messer, 2003). Dengue fever is a vector-borne illness, the
transmission of these viral serotypes to humans is caused
by the bite of tropical mosquito Aedes aegypti. Possessing
all together with a different ecology, behavior, geographical
distribution, other species like Aedes albopictus, Aedes
polynesiensis and species of the Aedes scutellaris complex
have been reported to be contributing to the dengue virus
outbreak (Halsey et al., 2012; Guzman et al., 2010). In past
decades, outspread of Aedes albopictus, has been found
from Asia to Africa, Europe, and America. They are borne in
usually manmade products in which some amount of water
can stay stagnant such as tyres, their tubes, flower vases,
water tank lids, and tubs or mugs in homes. Once eggs are
laid, they supposedly stay viable for several months even
in the water absence. When these infected mosquitoes bite
humans for their blood meal, they transmit the virus into
the person through their saliva. As soon as the virus enters
into the body, it causes infection of immune cells in the
skin tissue & enters in the lymphatic system, which then
elicits a strong inflammatory response (Halstead, 1974).
After this reaction, Viremia takes place; which refers to
the spread of infection into full bloodstream which was
initially local virus replication at the site of infection.
Having a wide range spectrum of clinical profiling,
dengue has found to be often unpredictable clinical
conclusions. Though maximum patients attain recovery
by following a non-severe clinical course, a few percent
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of patients forge ahead to severe illness, basically
characterized by plasma leakage which can be with or
without haemorrhage. This is then referred to as Dengue
haemorrhagic fever (DHF). When the mosquito bites a
pre-infected person, it draws in the dengue virus contained
in the blood. By biting the other person, it transmits the
virus and hence spreads the disease (WHO 1997; Azin et
al., 2012; Deubel et al., 2001).
The laboratory tests that can be accessed for diagnosing
dengue fever &DHF include Virus isolation (serotypic/
genotypic characterization), detection of viral nucleic acid,
detection of viral antigen (NS1 Antigen), Immunological
response-based tests (IgM & IgG antibody assays),
Analysis for haematological parameters (Peeling et al.,
2010; Vorndam and Kuno 2001; Shu et al., 2003). The
present investigation aims to study dengue virus patients
in an outbreak in the Dehradun region by the serological
and biochemical profiling in clinical isolates.

MATERIALS AND METHODOLOGY
Study Design

This study was conducted at DNA Lab – A Centre for
Applied Sciences (DLCAS), Patthribagh, Dehradun,
Uttarakhand. This analytical study of 60 patients suffering
from Dengue infection was carried out in the outbreak
of the endemic season of dengue fever in the Dehradun
region. Ethical Clearance was attained from the laboratory
and informed consent was taken from the patients. Patients
belonging to almost all age groups and belonging to both
sexes were selected and included in the study group. In the
present scenario, the serological test is performed, for the
confirmed diagnosis of dengue infection such as detection
of NS1 antigen of dengue which has 76% sensitivity and
98% specificity, or either the dengue antibody which is IgG
and IgM which has 90% sensitivity and 93% specificity
by the ELISA method (Prevention C.F.D.C.A., 2012)
(Kuno et al., 1991). Several CBC parameters such as Total
Leukocyte Count (TLC), White Blood Cell (WBC) Count,
Red Blood Count (RBC) Count, Haemoglobin (Hb) were
analyzed in the patients which were dengue infection
positive.
Simultaneous detection of Dengue NS1 Antigen, &
IgG and IgM antibody test were performed to diagnose the
dengue viral infection in the patients using SD BIOLINE
Dengue Duo; Dengue NS1+Ab Combo (11FK45,
11FK46) test kit. The SD BIOLINE Dengue Duo Rapid
Test is an invitro immune-chromatographic, in which
detection of virus antigen (NS1), and antibody IgG & IgM
is performed through a one-step assay with the dengue
virus in human serum, plasma or whole blood (Falconar
et al., 2006; Chanama et al., 2004). The test is proposed to
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be used professionally, in order to utilize the presumptive
diagnosis of primary &secondary dengue infections. The
SD BIOLINE Dengue Duo issues a preliminary test result.
Specific substitute diagnostic methods are used to attain
confirmation of dengue virus infection. This may include
virus isolation, detection of antigen in fixed tissues, RTPCR &serological testing such as hemagglutination
inhibition (Saxsena et al., 2008).
When serum is added to the specimen well, NS1
Antigen present in the specimen reacts with the mouse
monoclonal anti-dengue Ab-colloidal gold conjugates,
forming a complex of antibodies and antigens. The
complex relocates and is detected by the test device
through chromatography.
Specimens for the respective tests are collected
separately such that if the specimen is whole blood it is
been collected in a tube carrying anticoagulants including
heparin, EDTA & sodium citrate (stored up to 3 days only
at 2-8˚C); and this sample can be centrifuged to obtain
plasma. If the test that is to be performed is serum-based,
then the serum sample is collected in a tube containing no
anticoagulants. It is then left to coagulate for 30 mins and
centrifuge to obtain serum supernatant and can be stored
up to2 weeks below -20˚C.

Clinical Profile

The rapid card test is performed in order to detect the
antigen NS1 and the antibodies IgG and IgM, which
indicates the dengue infection. For Dengue NS1 antigen, 3
drops (100µl) of sample is subjected to well S. For Dengue
IgG/IgM antibodies, 10µl of specimen with capillary tube
is subjected in well S. About 90-120 µl of assay diluent is
added to round assay diluent well. Results are elucidated
after 15-20 minutes. Furthermore, haematological
parameters involving haemoglobin (Hb), total leukocyte
count (TLC), haematocrit (HCT), platelet count was also
recorded.

RESULTS AND DISCUSSION
With the changing climatic conditions, poor living habits,
inefficient ways of waste management, and the factors
that involve industrialization and urbanization, the rates
of findings of vector-borne diseases such as dengue fever
have become more common. The dengue-infected patients
exhibit some localized signs & symptoms and their clinical
profile may seem like some other infections. Therefore, it
becomes a bit challenging for the clinician to distinguish
between the infections and make it an essential way to do
a differential diagnosis. The clinical symptoms that were
observed frequently included fever, body ache, headache,
rashes, edginess, anorexia abdominal pain, and nausea
(Patel et al., 2018; Chaloemwong et al., 2018).
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The present study reveals that the Dehradun region
was more prone to dengue infection during the course
of the study along with the maximum patient population
found to be in the 21-30 years age group. Along with
this, the study data reports about the thrombocytopenia
found in 56.67% cases. As the constant findings in dengue
infection basically involves thrombocytopenia and
haemoconcentration. During the early febrile phase, the
white blood cells(WBC) or Total leuckocyte Count(TLC)
maybe normal inclusive of the predominant neutorphils,
which is gradually decreased with increasing infection
stages and reaching to the end of the febrile phase (World
Health Organisation, 2011; Muller et al., 2017). Following
this, towards the end of febrile phase, sudden drop in
the levels of platelet count below the normal range of
1.50-4.00 Lac/mm3, which usually stays normal in the
early febrile phase. In our study, the majority of pateints
diagnosed with dengue in the data depicted had platelet
count levels dropping to 0.95 Lac/mm3, 0.89 Lac/mm3,
0.88 Lac/mm3, 0.5 Lac/mm3, etc. which clearly supports
the context mentioned.
Patients diagnosed had clinical symptoms such as
bleeding diathesis, headache, loss of appetite, & nausea,
wherein the dengue was being serologically confirmed.
The number of male patients were 41 out of 60 studied
cases (68.33%) which were higher than the female with a
number of 19 patients (31.66%) (Figure 1; Table 1).
Table 1:Number of male and female patients.
Total Cases
n(%)

Males
n(%)

Females
n (%)

60(100%)

41(68.33%)

19(31.66%)

The study comprised of dengue patients of age groups
ranging from 1-10 age group to 51-60 age group. The
maximum number of patients i.e. 24 dengue patients
(40% cases) lied in the 21-30 age group. Other age groups
included, 1 patient (1.66%) in 1-10 age group, 15 patients
(25%) in 11-20 age group, 9 patients (15%) in 31-40 age
group, 6 patients (10%) in 41-50 age group and 5 patients
(8.33%) in 51-60 age group (Figure 2; Table 2).
Table 2:Total number of cases following in different age
groups.
Total Cases

Number of Case

Percentage

01-10 yrs.

1

1.66%

11-20 yrs.

15

25%

21-30 yrs.

24

40%

31-40 yrs.

9

15%

41-50 yrs.

6

10%

51-60 yrs.

5

8.33%

Serological and Biochemical Profiling of Pandemic Dengue Virus in Clinical Isolates During An Outbreak in
Table 3:Confirmed laboratory cases based on haemoglobin
values.
Total Cases

Number of Cases

Percentage

Hb (< 12-15g/dl)

11

18.33%

Hb-Normal (12-15g/dl)

45

75%

Hb (> 12-15g/dl)

4

6.66%

The study covered analysis made on Haemoglobin
values in dengue patients. The normal range for the
haemoglobin value ranges between 12-15g/dl. It was
learnt from the data that the maximum number of patients
(45 patients; 75% patients of total cases) had a normal
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ranging haemoglolin value. Whereby, 18.33% of total
cases (11 patients) had the Hb values below the normal
range and 6.66% cases (4 patients) had Hb values above
the normal range (Figure 3; Table 3).
The serologic result for dengue patients was found
positive for NS1antigen in 63% (38/60), dengue IgG
antibody in 8% (5/60), and dengue IgM antibody in no
case. Whereby, the positivity for the antibody IgM and
antigen NS1 was observed in 17% (10/60), for IgG and
antigen NS1 in 3% (2/60), IgM and antibody IgG in 7%
(4/60) and positive for all the three parameters in 2%
(1/60) (Figure 4; Table 4).

Table 4:Number of cases based on IgG, IgM, NS1 positivity.
Reactivity of
cases

IgG Reactive IgM Reactive

NS1 Reactive

IgG-IgM
Reactive

IgG-NS1
Reactive

IgM-NS1
Reactive

IgG-IgM-NS1
Reactive

Number of
cases

5

38

4

2

10

1

0

Table 5. Clinical profiling including TLC count and platelet count of total confirmed cases.
Age/Gender

21/M
21/M
23/F
25/F
45/M
30/M
27/M
34/M
27/F
23/F
23/M
15/M
58/F
53/M
23/F
40/M
45/F
24/M
35/M
37/M
47/M
38/M
28/F
46/M
20/M
17/M
20/M
23/M

Clinical Profiling
TLC (4000-11000/
mm3)
3600
3500
4000
7200
2400
3200
5000
3400
3200
7300
6100
5200
4600
3500
3800
6000
4200
4200
3500
4600
3300
3600
3000
3800
6500
2800
4600
5700

Age/Gender
PLT (1.50-4.00 Lac/
mm3)
1.21
2.11
1.67
1.97
0.97
1.58
0.5
1.4
1.93
2.31
2.04
1.35
1.4
0.88
1.38
1.3
2.13
1.2
1.48
1.4
1.2
0.96
1.34
1.5
1.81
1.34
1.16
1.2

28/M
06/F
20/M
35/M
20/M
15/F
36/M
17/M
17/F
22/M
45/M
52/F
23/M
17/M
38/M
17/M
23/F
30/F
43/F
18/F
19/M
21/M
60/F
26/M
20/M
59/M
12/F
27/M

Clinical Profiling
TLC (4000-11000/
mm3)
3600
8700
4400
4800
8700
3200
4000
4600
3800
7700
2500
4700
4900
3000
3500
5900
4400
4300
4200
4400
4200
3000
3000
3500
3200
3500
2500
12000

PLT (1.50-4.00 Lac/
mm3)
2.05
1.32
1.2
0.89
2.23
1.95
1.51
0.97
1.4
2.02
1.15
2.36
1.92
1.1
1.5
2.45
2.19
2.76
1.66
1.75
2.38
1.3
0.96
1.5
1.43
1.1
0.95
2.42
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In the present study, around 56.67% of patients
(34 cases) out of 60 were found suffering from
thrombocytopenia out of which 26 cases were males and
8 cases were female; the rest i.e. 26 cases (43.33%) had
platelet count (PLT) between the normal range 1.50-4.00
Lac/mm3 (Table 5). The variation in the Platelet count
value in males and females represented different graph

lines (Figure 5 A; 5 B). The total leukocyte count (TLC)
in the patients data was observed below the normal range
4000-11000/mm3 in 46.67% cases (28 patients) and the
majority i.e. 31 cases lied in the normal range (Table 5).
The variation in the total leukocyte count (TLC) value
in males and females represented different graph lines
(Figure 6 A; 6 B).

Figure 1. Graphical representation of confirmed cases in males and females.
Figure 2: Graphical representation of diagnosed dengue patients according to age group variation.

Figure 3: Graphical representation depicting the maximum
number of cases in the normal haemoglobin range.
Figure 4: Illustration of the serological result of dengue patients
based on NS1 antigen, IgG antibody, and IgM antibody.

Figure 5: Graphical Representation showing variation in
platelet count (A: Male patients; B: Female Patients).
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count (i.e. thrombocytopenia) are the two major factors
that are seen in dengue infection. The future holds more
opportunities based on technology advancements for the
further analysis of dengue virus infection and its treatment
on the basis of different diagnostic tests.

REFERENCES

Figure 6: Graphical Representation showing variation in TLC
Values (A: Male patients; B: Female Patients).

CONCLUSION
Being a mosquito-born illness, dengue infection is more
subjected to areas that belong to subtropical or tropical
regions, wherein mosquitoes are found quite more than
often. Other factors that could lead to such viral infection
involve poor health and hygiene practices, damp areas,
globalization, and dumping of waste and wastewaters, etc.
In order to control such viral infection several precautions
such as making a clear check on wastewater, stagnant
waters in surrounding and majorly practicing good health
and hygiene; should be taken. From the present study,
we can conclude about the significance of the proper
diagnosis of dengue infection based on different diagnostic
markers. The findings reveal the significance of dropping
TLC values and Platelet count (i.e. thrombocytopenia).
Along with thrombocytopenia, the patients suffering from
dengue virus should be more aware of the levels of the
haematocrit that gradually increases during the infection,
as increasing heamocrit values and decreasing platelet

Azin, F.R., Gonçalves, R.P., Pitombeira, M. H., Lima, D.
M. and Castelo, B. I. (2012). Dengue: profile of
hematological and biochemical dynamics. Rev Bras
Hematol Hemoter. 34(1):36-41.
Chaloemwong, J., Tantiworawit, A., Rattanathammethee,
T., Hantrakool, S., Chai-Adisaksopha, C.,
Rattarittamrong, E., and Norasetthada, L. (2018).
Useful clinical features and hematological
parameters for the diagnosis of dengue infection in
patients with acute febrile illness: a retrospective
study. BMC Hematology.18(20): 1-10.
Chanama, S., Anantapreecha, S., A-nuegoonpipat, A., SaNgasang, A., Kurane, I., Sawanpanyalert, P. (2004).
Analysis of specific IgM responses in secondary
dengue virus infections: levels and positive rates
in comparison with primary infections. Journal of
Clinical Virology. 31: 185–189.
Dengue Bulletin (2016). World Health Organization (WHO)
Regional Office for South-East Asia. 39.
Deubel, V. (2001). The Contribution of Molecular Techniques
to the Diagnosis of Dengue Infections.” In Dengue
and Dengue Hemorrhagic Fever, eds. D. J. Gubler &
G. Kuno (Cambridge: CABI, 2001). 335–365.
Falconar, A. K., de Plata, E. and Romero-Vivas, C. M.
(2006). Altered enzyme-linked immunosorbent
assay immunoglobulin M (IgM)/IgG optical density
ratios can correctly classify all primary or secondary
dengue virus infections 1 day after the onset of
symptoms when all of the viruses can be isolated.
Clinical and Vaccine Immunology. 13: 1044– 1051.
Guzman, M. G., Halstead, S. B., Arstob, H., Buchy, P.,
Farrar, J., Gubler, D. J., Hunsperger, E., Kroeger,
A., Margolis, H. S., Martienez E., Nathan, M.
B., Pelegrino, J. L., Simmons, C., Yoksan, S. and
Peeling, R. W. (2010). Dengue: A continuing global
threat. Nature Reviews Microbiology. 8: 7–16.
Halsey, E. S., Marks, M. A., Gotuzzo, E., Fiestas, V.,
Suarez, L., Vargas, J., Aguayo, N., Madrid, C.,
Vimos, C., Kochel, T. J. and Laguna-Torres, V. A.
(2012). Correlation of Serotype-Specific Dengue
Virus Infection with Clinical Manifestations. PLoS
Neglected Tropical Diseases. 6(5): 1638 1-10.
Halstead, S. B. (1974). Etiologies of the experimental dengue
of Siler and Simmons. American Journal of Tropical
Medicine and Hygiene. 23: 974-982.
Kuno, G., Gomez, I. and Gubler, D. J. (1991). An ELISA

54
procedure for the diagnosis of dengue infections.
Journal of Virological Methods. 33: 101–113.
Lanciotti, R. S., Lewis, J. G., Gubler, D. J. and Trent, D.
W. (1994). Molecular evolution and epidemiology
of dengue-3 viruses. Journal of General Virology.
75(1): 65-75.
Leitmeyer, K.C (1999). Dengue virus structural differences
that correlate with pathogenesis. Journal of Virology.
73(6): 4738-4747.
Messer, W. B. (2003). Emergence and global spread of a
dengue serotype 3, subtype III virus. Emerging
Infectious Diseases. 9(7): 800-809.
Muller, D. A., Depelsenaire, A. C. I., Paul, R and Young, P.
R. (2017). Clinical and Laboratory Diagnosis of
Dengue Virus Infection. The Journal of Infectious
Diseases. 215(2): 89–95.
Patel, M. I., Patel, A., Patel, A., Patel, S. and Padsala, S.
(2018). Study of haematological, biochemical
profile and clinical presentation in dengue positive
patients: 82 cases. International Journal of Research
in Medical Sciences. 6(6): 2099-2105.
Peeling, R. W., Arstob, H., Pelegrino, J. L., Buchy, P.,
Cardosa, M. J., Devi, S., Enria, D. A., Farrar, J.,
Gubler, D. J., Hunsperger, E., Kliks, S., Margolis,
H. S., Nathanson, C. M., Nguyen, V. C., Rizzo,
N., Vazquez, S. and Yoksan, S. (2010). Evaluation
of diagnostic tests: dengue. Nature Reviews
Microbiology 8: 30–37.
Saxsena, P., Dash, P. K., Santosh, S. R., Shrivastava, A.,
Parinda, M. and Rao, P. V. L. (2008). Development
and evaluation of one step single tube multiplex
RT-PCR for rapid detection and typing of dengue
viruses. Virology Journal. 5: 20.

Vol. 12, No 1-2, January-July, 2021 | The Scientific Temper
Shu, P. Y., Chen, L. K., Chang, S. F., Yueh, Y. Y., Chow, L.,
Chien, L. J., Chin, C., Lin, T. H. and Huang, J. H.
(2003). Comparison of a capture immunoglobulin
M (IgM) and IgG ELISA and non-structural protein
NS1 serotype-specific IgG ELISA for differentiation
of primary and secondary dengue virus infections.
Clinical and Diagnostic Laboratory Immunology.
10: 622–630.
Vorndam, V. and Kuno, G. (2001). Laboratory Diagnosis of
Dengue Virus Infections. In Dengue and Dengue
Hemorrhagic Fever, eds. D. J. Gubler & G. Kuno
(Cambridge: CABI). 313–333.
WHO (1997). Dengue haemorrhagic fever: diagnosis,
treatment, prevention and control, 2nd ed. Geneva,
World Health Organization.
WHO/SEARO (2008). Concrete measure key in controlling
dengue in South East Asia. Press Release SEA/
PR/1479. New Delhi, World Health Organization
Regional Office for South-East Asia, 2008. (http://
www.searo.who.int/EN/Section316/Section503/
Section 24631 4619.htm ).
World Health Organization (2011). Regional Office for SouthEast Asia. Comprehensive guidelines for prevention
and control of dengue and dengue haemorrhagic
fever. Revised and expanded edition.
World Health Organization Guidelines (2009). Dengue:
Guidelines for Diagnosis, Treatment, Prevention
and Control. Geneva: World Health Organization
and the Special Programme for Research and
Training in Tropical Diseases.
World Health Organization (2019). Dengue and Severe
Dengue.

The Scientific Temper
Vol. 12, No 1-2, January-July, 2021:pp 55-58
ISSN 0976 8653, E-ISSN 2231 6396
A Web of Science Journal
Doc ID: https://connectjournals.com/03960.2021.12.55

Electronic Record as Evidence in the Courts: An Analysis
Anjum Parvez, Seema Yadav and Sandhya Verma
Law College Dehradun, Uttaranchal University, Dehradun.
HOD, Deptt. of Law, SVD, Aligarh.
Law College Dehradun, Uttaranchal University, Dehradun.
Corresponding author: hotlinealigarh@gmail.com

ABSTRACT:
In our day to day life, electronic devices and gadgets are playing the vital and indispensable role
as now almost all systems, viz, Banking, Commerce, Trade, and Education etc. have been much
depending upon internet and computers. Digital cameras, video and audio recorders, Compact
Discs, SD Cards of mobile have made a pertinent place in our daily activities. However, the
same technology also generates a new kind of problem before the legal system that how to
prove the electronic record before the courts of law so that the same can be used as evidence.
This article explores the Laws and relevant case laws in India in order to trace out the present
state of affair of electronic records in the form of evidence and its admissibility in India.
Keywords: Evidence, Electronic Record, Law, Courts

INTRODUCTION:

Electronic record has become the vital part of our life as
we become more accustomed to the electronic devices
like CD, DVD, hard disk/ memory card data, website
data, social network communication, e-mail, instant
chat messages, SMS/MMS and computer generated
documents.. However, a potential problem also emerged
with rampant and general use of such electronic devices
and gadgets which give birth to the new kind of challenge
to the courts, that is what, how and when to rely on evidence
relating to electronic records. Section 3 of the Indian
Evidence Act, 1872 (hereinafter referred as Evidence
Act) after the amendment in 2000, now provides that
“All documents including electronic records produced for
the inspection of the Court” is to be called Documentary
Evidence. But problem has yet to be sort out as, although
electronic record may be used as documentary evidence,
but the rules of proving the same in the courts are entirely
different.

Electronic Records

According to Section 2(t) of Information Technology
Act, 2000, Electronic Records means any data, record or
data generated, image or sound stored, received or sent in
the electronic form or micro film or computer generated

microfiche1. Thus, all internet activities, electronic chats,
mobile or telephones communications, image created or
video recorded, CCTV record will fall in the category of
Electronic Record. As per Section 65-B of Indian Evidence
Act2 Electronic records are ‘secondary evidence’. On the
basis of rules of secondary evidence, when the original
documents cannot be produced in the court then copies of
such documents can be produced as secondary evidence
and it will be admissible in the court according to its
merit. In the matters of electronic documents, however,
there exists no thin line between original or secondary.
Whenever the evidence related to electronic document
present in the court, the genuineness of the document must
have to be established for the authenticity of electronic
records except the conditions provided under Section 65B.
In that case, the electronic record becomes automatically
admissible as evidence of its contents in the same manner
as a certified copy of a public document. Such certified
copy is also secondary evidence but is received as if it is
primary evidence, because of sections 77 and 793.
1
2
3

Information Technology Act, 2000; Section 2(t).
Indian Evidence Act, 1872 (Act 1 of 1872); Section 65-B
Law Commission of India, 185th Report on Indian Evidence
Act, available at: https://lawcommissionofindia.nic.in/
reports/185thReport-PartII.pdf
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The Proof of electronic record is a special provision
introduced by the Information Technology Act, 2000
amending various provisions under the Evidence Act. The
very caption of Section 65-A of the Evidence Act, read with
Sections 59 and 65-B is sufficient to hold that the special
provisions on evidence relating to electronic record shall
be governed by the procedure prescribed under Section
65B of the Evidence Act. That is a complete code in itself.
Being a special law, the general law under Sections 63 and
65 has to yield following the maxim generalia specialibus
non derogant4.

Important Judicial Pronouncements Relating to
Electronic Records

In State (NCT of Delhi) v. Navjot Sandhu alias Afsan
Guru, a two-Judge Bench of this Court had an occasion
to consider an issue on production of electronic record
as evidence. While considering the printouts of the
computerized records of the calls pertaining to the
cellphones, it was held at Paragraph-150 as follows:
“150. According to Section 63, secondary evidence
means and includes, among other things, “copies made from
the original by mechanical processes which in themselves
insure the accuracy of the copy, and copies compared with
such copies”. Section 65 enables secondary evidence of the
contents of a document to be adduced if the original is of
such a nature as not to be easily movable…….. However,
it was held that irrespective of the compliance with the
requirements of Section 65B, which is a special provision
dealing with admissibility of the electronic record, there
is no bar in adducing secondary evidence, under Sections
63 and 65, of an electronic record.”5 From this judgment
the court has clarified its authenticity and elaborated the
legislations accordingly. As held in Shafhi Mohammad
v. The State of Himachal Pradesh, the requirement under
Section 65-B is reliable6. The Supreme Court held that the
legal position on the subject matter of the admissibility
of electronic device specially to the party who has no
possession of the document produced. Such party cannot
be required to produce certificate under section 65B
(4) of the Evidence Act. Hence the admissibility of the
requirement of certificate being procedural is relaxed by
the court in the interest of justice.
In the case of M/S Xact Studio International v. M/S
Liwona Sp. Z. O. O7, it was held that the emails, which
have been placed on the record with the certificate are
held as sufficient to prove the genuineness of the mails.
4
5
6
7

State (NCT of Delhi) v Navjot Sandhu @ Afzal Guru, (2005)
11 SCC 600
Anwar PV v. PK Basher 2014 10 SCC 473
(2018) 2 SCC 801
RFA 849/2016 High Court of Delhi at New Delhi
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Hence it covers the electronic record provided under
Indian Evidence Act, 1872 which have been placed on
record along with the certificate as filed, are held to be
sufficient to prove the genuinity of the emails. As it covers
the electronic record provided under the Indian Evidence
Act, 1872. The Indian Legislation has provided the strict
rules to establish the admissibility of electronic record in
the court.
In the entertainment area of TV soaps in India, there
is one simple standard of criminal investigation have been
established and that is the use of cell phones. From these
different electronic evidences, the police in TV soaps act
to catch the criminals but in real case the admissibility of
these evidences are questioned in the court. To answer
these questions there are the precedent set by the courts
that a cell phone is a computer which is programmed to
do among others the function of receiving digital audio
signals, convert it into analogue audio signal and also
send analogue audio signals in a digital form externally by
wireless technology8.
In the different court rulings, the courts of India have
relied upon the electronic evidence in different ways
according t o the value and reliability of records produced.
These electronic records become much more admissible
with the insertion of section 65-B of Indian Evidence Act.
It is pertinent that sec 65-B deals with the admission of
electronic evidences in the court. With the advancement of
technology court also take a step toward such advancements
where the court allowed the admissibility of E-mail in print
out along with the certificate under section 65B of the act.
Also, a certificate is to be issued in that regard by a person
occupying a responsible official position in relation to the
operation of the relevant device or the management of the
relevant activities. The documents which are produced
in this case are downloaded and printed from an e-mail
account of an individual on a computer which was not
used by that individual in his normal course of activities.
Those documents can be proved by leading evidence to
show that the and were then printed9.
Section 45 of Indian Evidence Act starts with the nonobtante clause which lays down the evidence collected
through the electronic or oral means are admissible as
evidence in the court proceedings. This section contains two
provisos where it provides that, the contents of any wire,
electronic or oral communication are only admissible with
the copy of order provided by the competent authority with
application which is approved with not less than ten days
8
9

Syed Asifuddin and Ors. v. The State of Andhra Pradesh 2006
(1) ALD Cri 96
Abdul Rahaman Kunji v. The State of West Bengal 2014 SCC
OnLine Cal 188
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before the trial or hearing of proceeding. Irrespective of the
compliance of the requirements of Section 65B which is a
provision dealing with admissibility of electronic records,
there is no bar to adducing secondary evidence under the
other provisions of the Evidence Act, namely Sections 63
and 65-B10
In the Landmark case of R. M. Malkani v. State Of
Maharashtra, it was held that Tape recorded conversation
is admissible11. The recorded conversation is considered
as the relevant fact by the court under section 8 of Indian
Evidence Act. Also, the court has admitted the tape under
section 7 as evidence. Even in some cases according to
the High Court, “the crux of the matter is the conversation
between the complainant and the accused” That
conversation is inaudible and the same is not to be taken in
evidence12. Hence the admissibility of tape recorder differ
from case to case.
Electronic evidence may be obtained from electronic
records which have very wide range to include such as
the emails, photographs, tape recorder, sting operations
via electronic means, videography, mobile or telephone
communication etc. The tape recorder itself is regarded
as “primary and direct evidence admissible of what has
been said and picked up by the receiver”13. The apex court
has established the conditions for the admissibility of tape
recorder as follows;
a) The voice of the speaker must be duly identified
by the maker of the record or by others who
recognize his voice.
b) The accuracy of the tape recorded statement
has to be proved by the maker of the record by
satisfactory evidence i.e. direct or circumstantial.
c) Every possibility of tampering with or erasure of
a part of a tape recorded statement must be ruled
out otherwise it may render the said statement out
of con text and, therefore, inadmissible.
d) The statement must be relevant according to the
rules of Evidence Act.
e) The recorded cassette must be carefully sealed
and kept in safe or official custody.
f)

The voice of the speaker should be clearly audible
and not lost or distorted by other sounds or
disturbances14.

10 Supra note 3
11 R. M. Malkani v. State of Maharashtra AIR 1973 SC 157
12 Sanjaysinh Ramrao Chavan v. Dattatray Gulabrao Phalke &
Anr 2015 (3) SCC 123
13 Ziyauddin Burhanuddin Bukhari v.Brijmohan Ramdass
Mehra&Ors AIR 1975 SC 1778
14 Ram Singh & Ors v. Col. Ram Slngh 3 1985 SCR Supl. (2) 399
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The number of tape recorded evidences and their
admissibility in the court proceedings are questioned by
the court and still their criteria and admissibility are well
established. The guidelines have specific phenomena to
be administered in the court. The court has opined in the
case of admissibility of photographs as electronic evidence
that, when photographs are taken digitally and the person
taking the photographs himself has deposed in the Court,
his statement that he got the photographs developed
himself is sufficient and satisfy the requirements of Section
65B of the Evidence Act. Section 65-B of the Evidence
Act is not to be applied mechanically. A digital photograph
which is proved constitutes electronic evidence, which
is admissible.”15 Certain technologies are admissible by
court as electronic evidences.
It is submitted that there huge difference in the principle
between a tape recorder and a photograph, keeping in
view their nature, however, both of them provide clear and
straight information about the incident, if un-tempered.
The recordings are admissible in any circumstances but it
totally wrong on the side of court to deny these electronic
evidences due to its accuracy of recordings which can
be proved and the voices can be identified, also that the
evidences are relevant and admissible. Hence, the tape
recordings are admissible in the court as the evidence16.
The electronic evidences are wide enough to cover all the
aspects of electronic devices. These devices are admissible
in the court proceedings as well with the law provided in
the Indian Evidence Act, 1872.
The definition of ‘Evidence’ in Section 3 of the
Evidence Act, which is amended hence read with the
definition of ‘electronic record’ in the Section 2(t) of the
information Technology Act, 2000, it includes the compact
disc which contain the electronic record of a conversation.
The court is of opinion that the electronic evidences are
received as the evidence and court may, also listen to the
recording before granting or rejecting the application17.
The Honourable Supreme Court has opined in the
case of Tomaso Bruno and Anr. v. State of Uttar Pradesh
that with the advancement of information technology,
scientific temper in the individual and at the institutional
level is to pervade the methods of investigation. With the
increasing impact of technology in everyday life and as a
result, the production of electronic evidence in cases has
become relevant to establish the guilt of the accused or
the liability of the defendant. Electronic documents strictu
sensu are admitted as material evidence18.
15
16
17
18

Puneet Prakash v. Suresh Kumar Singhal&Anr 2018 SCC
OnLine Del 9857.
R. V. Maqsud Ali (1975) 2 All E.R. 464
K.K. Velusamy v. N. Palaanisamy AIR 2011 (11) SCC 275
(2015) 7 SCC 178

58

Many courts have opined and admitted the fact that
with the advancement of science and technology, it is
now possible to conduct the investigation in relation to
electronic records with new scientific techniques or with
new criteria. Like video conferencing equipment is now
possible to set up in the court where in that case evidence
would be recorded by the magistrate in open court. With
the help of this the requirements of the Sections 274
and 275 of CrPC would be fully met19. The telephonic
conversation, hard disk and compact disk are considered
as the electronic evidence under section 65-B of Indian
Evidence Act20. All of this becomes possible with the strict
rulings pronounced by the courts regarding the same.
In the famous case of Jagjit Singh v. State of Haryana21,
the court has observed that electronic evidences present
in a form of interview transcript from different news
channels like Aaj Tak, Zee News etc. are admissible under
Indian Evidence Act.
The apex court has struck down certain provision
regarding electronic evidences which violated the right
to privacy guaranteed under Indian Constitution22 as a
fundamental right. In the case of Shreya Singhal v. Union
of India23, it was held that Section 66-A of the Information
Technology Act, 2000 is struck down in its entirety being
violative of Article 19(1)(a) and not saved under Article
19(2). Section 69A and the Information Technology
(Procedure & Safeguards for Blocking for Access of
Information by Public) Rules 2009 are constitutionally
valid.

CONCLUSIONS:
In the end, after analyzing all the above-mentioned relevant
judgments and specific laws relating to the electronic
records, one may conclude that no clear cut standard has
been established so far either by the legislature or the
Courts regarding the admissibility of electronic record as
evidence. In India, Courts including Supreme Court taking
the electronic record in the form of evidence on the basis
of case to case facts and circumstances. It is submitted it
appears very difficult to any agency or institution to lay
clear and categorical method of admissibility of electronic
record, because establishing the scientific principles in the
field of science is not that difficult as to proving of the
19
20
21
22
23

The State of Maharashtra v. Dr.Praful B. Desai AIR 2003 SC
2053
Dharambir v. Central Bureau of Investigation 148 (2008) DLT
289
In the famous case of Jagjit Singh v. State
Constitution of India, 1950
(2013) 12 S.C.C. 73

Vol. 12, No 1-2, January-July, 2021 | The Scientific Temper

same scientific principles before the court of law. Section
65-B of Evidence Act, although gives a comprehensive
detailed process for establishing the genuineness of the
electronic record, yet the same process in practical matters
is not that easy.
It is recommended that Indian Legislatures i.e.
Parliament of India and State Legislatures must made an
effort to formulate fool proof legislation especially on the
admissibility of electronic record before the court so that
it may be used as unimpeachable evidence.
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ABSTRACT
In 1977, M. Matsumoto and R. Miron [1] constructed an orthonormal frame for an n−dimensional
Finsler space called ‘Miron frame’. M. Matsumoto [2,3] proved that in a three-dimensional
Berwald space, all the main scalars are h−covariant constants and the h−connection vector
vanishes. He also proved that in a three-dimensional Finsler space satisfying T−condition, all
the main scalars are function of position only and the v−connection vector vanishes [2, 4].
M. K. Gupta and P. N. Pandey [5] proved that in an S− like four-dimensional Berwald space
satisfying T−condition, all the main scalars are constants and the h− and v−connection vector
vanish. The purpose of the present paper is to generalize these results for an S − 3 like fivedimensional Finsler space.
1. Preliminaries
Let M5 be a five-dimensional smooth manifold and F5 = (M5, L) be a five dimensional Finsler
space equipped with a metric function L(x, y) on M5. The normalized supporting element, the
metric tensor, the angular metric tensor and
Keywords: Finsler space, Miron frame, Berwald space, T-condition, S-3 like space.

2000 MATH SUBJECT CLASSIFICATION :
53B40.
Cartan tensor are defined by li = ∂ i L, g ij = 1 ∂ i ∂ j L2 , hij
2
= L∂ i ∂ j L and
Cijk = 12 ∂ k gij
respectively.
The
Cartan connection in the Finsler space is given as

C Γ =( Fjki , G ij , C ijk ) . The h − and v − covariant

derivatives of a covariant vector Xi (x, y) with respect to
the Cartan connection are given by

(

and

X i| j =∂ j X i − ∂ h X i G hj − Fijr X r

)

(1.1)

Xi |j =
∂ j X i − Cijr X r .

(1.2)

(

)

i
is constructed by the unit vectors e1)i , e2)
, e3)i , e4)i , e5)i .

i
1)

e

Tαβ = T ji eα )i eβj ) .
From this, we get

(1.4)
where summation convention is also applied to Greek
indices. The scalar components of the metric tensor gij are
δαβ. Therefore, we get
(1.5)

Let Hα)βγ and Vα)βγ/L be the scalar components of the h −
i
i
and v − covariant derivatives eα )| j and eα ) | j respectively
i
of the vector eα ) , then,

is the normalized torsion vector mi

= Ci/C, where C is the length of the torsion vector Ci.
i
i
i
The third e3)
= ni , the fourth e4) = p and the fifth are
constructed by the method of Matsumoto and Miron [6].

(1.3)

T ji = Tαβ eαi ) eβ ) j .

gij =li l j + mi m j + ni n j + pi p j + qi q j .

The Miron frame for a five-dimensional Finsler space
The first vector

With respect to this frame, the scalar components of an
arbitrary tensor T ji are defined by

eαi )| j = H α ) βγ eβi ) eγ ) j ,

(1.6)

Leαi ) | j = Vα ) βγ eβi ) ey ) j .

(1.7)

and
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Hα)βγ and Vα)βγ are called h − and v − connection scalars
respectively and are positively homogeneous of degree ‘0’
in y.

(

Also, we have H1)βγ = 0 and V1)βγ = δβγ − δ1βδ1γ

[2].

Now, we define Finsler vector fields:

=
hi H=
H=
H 2)5γ ) eγ )i ,
2)3γ eγ ) i , J i
2)4γ ) eγ ) i , ki
′ H=
′ H 4)5γ ) eγ )i ,
=
hi′ H=
3)4γ eγ ) i , J i
3)5γ ) eγ ) i , ki
and

=
ui V=
vi V2)4
=
V2)5γ )i ,
2)3γ eγ ) i ,
γ ) eγ ) i , wi
′ V4)5γ ) eγ )i .
=
ui′ V=
vi′ V3)5
=
3)4γ eγ )i ,
γ ) eγ ) i , wi
The vector fields hi, Ji, ki, J i′ , and k ′ are called h−
i
connection vectors and the vector fields ui, vi, wi, ui′, vi′
and wi′ are called v−connection vectors. The scalars H2)3γ ,
H2)4γ , H2)5γ , H3)4γ , H3)5γ , H4)5γ and V2)3γ, V2)4γ , V2)5γ , V3)4γ,
V3)5γ, V4)5γ are considered as the scalar components hγ, Jγ,
Kγ, hγ′ , J γ′ , kγ′ , and uγ, vγ, wγ, uγ′ , vγ′ , wγ′ of the h− and
v− connection vectors respectively with respect to the
orthonormal frame.
Let Cαβγ are the scalar components of LCijk, then
		LCijk = Cαβγ eα)i eβ)i eγ)k.
(1.8)
The main scalars of a five-dimensional Finsler space
are given by [7]
C233 = I,

C244 = K,

C333 = J,

C344 = J′,

C444 = H′, C334 = I′, C234 = K′, C255 = M, C355 = J′′,
C455 = M′, C555 = H′′, C335 = I′′, C445 = K′′, C235 = N,
C245 = N′, C345 = M′′.

C225 = − (H" + I" + K"), H + I + K + M = LC.

(1.9)

LC is called the unified main scalar.
Taking h− covariant differentiation of (1.4), we get

T ji|k =

(δ T

i
k αβ α ) β ) j

e e

+ Tαβ eαi )|k eβ ) j + Tαβ eαi ) eβ ) j|k , (1.10)

where δ k =
∂ k Gkr ∂ r . If Tαβ,γ are scalar components of
T ji|k , i.e.
i
i
		 T j|k = Tαβ ,γ eα ) eβ ) j eγ ) k ,

then we obtain

Tαβ ,γ =

(δ .T ) e
k

αβ

k

γ)

+ Tµβ H µ )αγ + Tαµ H µ ) βγ .

(1.13)
(1.14)

The scalar components Tαβ,γ and Tαβ;γ are respectively
called h− and v−scalar derivatives of scalar components
Tαβ of T.

2. T–CONDITION
The tensor Thijk defined by
T hijk = LC hij|k + C hijl k + C hikl j + C hkj l i + C kij l h , (2.1)
is called T−tensor in a Finsler space. It is completely
symmetric in its indices. A Finsler space is said to satisfy
T−condition if the T−tensor Thijk vanishes identically
We are conserned with the tensor Chij|k. From (1.8) and
(1.13), it follows that
L 2 C hij|k + LC hij l k = C αβγ;δ e α)h e β)i e γ)j e δ)k ,
which implies
L 2 Chij | k = (C αβγ;δ − C αβγ δ |δ )e α ) h e β )i e γ)j e δ)k ,

(2.2)

Therefore the scalar components T αβγδ of LT hijk are
given by
T αβγδ = C αβγ;δ + δ |α C βγδ + δ |β C αγδ + δ |γ C αβδ .
From T hijk.l k = 0, we have T αβγ|δ = 0. Thus, the
surviving components T αβγδ are only
T αβγδ = C αβγ;δ ;

α, β,γ,δ = 2, 3, 4, 5.

(2.3)

Using (1.14), the explicit forms of Cαβγ;δ are obtained as
follows:
a) C222;δ = H;δ + 3(J + J' + J")uδ + 3(H′ + I′ + M′)vδ
+3(H′′ + I′′ + K′′)wδ,
b) C223;δ = − (J + J′ + J");δ + (H − 2I)uδ − 2K′vδ −
2Nwδ + (H′ + I′ +M′) uδ′ + (H′′ + I′′ +M′′) vδ′ ,

We also have
C223 = − (J + J' + J"), C224 = − (H' + I' + M'),

)

Tαβ ;γ =
L ∂ k Tαβ eγk ) + Tµβ Vµ )αγ + TαµVµ ) βγ .

Hα)βγ = − Hβ)αγ, and Vα)βγ = −Vβ)αγ.

,

i
i
		 LT j|k = Tαβ ;γ eα ) eβ ) j eγ ) k ,

then, we get

Orthogonality of the Miron frame yields

C222 =

Similarly, if Tαβ;γ are scalar components of LT ji |k , i.e.

(1.11)

(1.12)

c) C224;δ = − (H′ + I′ + M′);δ − 2K′uδ + (H − 2K)vδ
− 2N′wδ − (J + J′ + J") uδ′ + (H" + I" + M") wδ′ ,
d) C225;δ = − (H" + I" + K");δ − 2Nuδ − 2N′vδ +
(H − 2M)wδ − (J + J′ + J") vδ′ − (H′ + I′ +M′) wδ′ ,
e) C233;δ = I;δ − (3J + 2J′ + 2J")uδ − I′vδ − I"wδ − 2N
vδ′ − 2K′ uδ′ ,
f)

C234;δ = K;′δ − (2I′ + H′ + M′)uδ − (2J′ + J + J")vδ
−M"wδ − (K − I) uδ′ − N′ vδ′ − N wδ′ ,

g) C235;δ = N;δ − (2I" + H" + K")uδ − M"vδ − (J + J′ +
2J")wδ −N′ uδ′ − (M − I) vδ′ + K′ wδ′ ,
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h) C244;δ = K
 ;δ − J′uδ − (3H′ + 2I′ + 2M′)vδ + 2K uδ′ −
K"wδ − 2N′ wδ′ ,
i)

C245;δ = N;′δ − M"uδ − (H" + I" + 2K")vδ + N uδ′
− (H′ + I′ + 2M′)wδ + K′ vδ′ + (K − M) wδ′ ,

j)

C255;δ = M;δ − J"uδ −M′vδ − (3H" + 2I" + 2K")wδ +
2N vδ′ +2N′ wδ′ ,
(2.4)

k) C333;δ = J;δ + 3(Iuδ − I′ uδ′ − I" vδ′ ),
l)

C334;δ = I ;′δ + 2K′uδ + Ivδ + (J − 2J′) uδ′ − 2M"
vδ′ − I" wδ′

m) C335;δ = I ;′′δ + 2Nuδ − 2M" uδ′ + (J − 2J") vδ′ + Iwδ
+ I′ wδ′ ,
n) C344;δ = J ;′δ + Kuδ + 2K′vδ − (H − 2I′) uδ′ −
K′′ vδ′ − 2M′′ wδ′ ,

o) C345;δ = M ;′′δ + N′uδ + Nvδ + (I" − K") uδ′ + K′wδ +
(I′ −M′) vδ′ + (J′ − J") wδ′ ,
p) C355;δ = J ;′′δ + Muδ −M′ uδ′ + 2Nwδ − (H" − 2I")
vδ′ + 2M′′ wδ′ ,
q) C444;δ = H ;′δ + 3(Kvδ + J′ uδ′ − K" wδ′ ),
r)

C445;δ = K;′′δ + 2N′vδ + 2M" uδ′ + Kwδ + J′ vδ′ +
(H′ − 2M′) wδ′ ,

s) C455;δ = M ;′δ + Mvδ + J" uδ′ + 2N′wδ + 2M′ vδ′ −
(H" − 2K") wδ′ ,
t)

C555;δ =

′′ + 3(Mwδ + J" vδ′ +M′ wδ′ ),

where H;δ, for instance is the v−scalar derivative of the

(

)

i
single scalar H, namely H;δ = L ∂ i H eδ ) . From (1.9) and
(2.4), we get

C222;δ + C233;δ + C244;δ + C255;δ = (H + I + K + M);δ = (LC);δ,
C322;δ + C333;δ + C344;δ + C355;δ = (H + I + K + M)
uδ = (LC)uδ,
C422;δ + C433;δ + C444;δ + C455;δ = (H + I + K + M)
(2.5)
vδ = (LC)vδ,
C522;δ + C533;δ + C544;δ + C555;δ = (H + I + K + M)
wδ = (LC)wδ.
Thus, from (2.3), (2.4) and (2.5), we have
Theorem 2.1. In a five-dimensional Finsler space
satisfying T−condition, the v−connection vectors ui, vi and
wi vanish identically. Also main scalar H and the unified
main scalar LC are v−covariant constants (functions of
position only). Furthermore, if v−connection vectors
ui′ , vi′ and wi′ vanishes. Then all the main scalars are
functions of position only.
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3. Berwald Space
A Berwald space is characterized by Chij|k = 0. From (1.8)
and (1.11), it follows that
LC hij|k = C αβγ,δ e α)h e β)i e γ)j e δ)k,
where Cαβγ,δ are given by
k

Cαβγ,δ = (δk.Cαβγ) eδ ) + Cμβγ Hμαδ + CαμγHμ)βδ + CαβμHμ)γδ.
The explicit forms of C αβγ,δ are obtained as follows:
a) C1βv,δ = 0,
b) C222,δ = H
 ,δ + 3(J + J′ + J")hδ + 3(H′ + I′ + M′)Jδ
+3(H" + I" + K")kδ,
c) C223,δ = − (J + J′ + J"),δ + (H − 2I)hδ − 2K′Jδ −
2Nkδ + (H′ + I′ + M′) hδ′ + (H" + I" +M")

jδ′ ,

d) C224,δ = −(H′ + I′ + M′),δ − 2K′hδ + (H − 2K)Jδ −
2N′kδ − (J + J′ + J") hδ′ + (H" + I" + K")
kδ′ ,
e) C225,δ = −(H" + I" + K"),δ − 2Nhδ − 2N′Jδ + (H
−2M)kδ −(J +J′+J") J δ′ −(H′+I′+M′) kδ′ ,
f)

C233,δ = I ,δ − (3J + 2J′ + 2J")hδ − I′Jδ − I"kδ − 2N
J δ′ − 2K′ hδ′

g) C234,δ = K ,′δ − (2I′ + H′ + M′)hδ − (2J′ + J + J")Jδ
−M"kδ − (K − I) hδ′ − N′ J δ′ − N kδ′ ,
h) C235,δ = N
 ,δ − (2I" + H" + K")hδ −M"Jδ − (J + J′ +
2J")kδ −N′ hδ′ − (M − I) J δ′ + K′ kδ′ ,
i)

C244,δ = K
 ,δ − J′hδ − (3H′ + 2I′ + 2M′)Jδ + 2K hδ′ −
K"kδ − 2N′ kδ′ ,

j)

C245,δ = N
 ′,δ −M"hδ − (H" + I" + 2K")Jδ + N hδ′ −
(H′ + I′ + 2M′)kδ +K′ J δ′ + (K −M) kδ′ ,

k) C255,δ = M
 ,δ − J"hδ −M′Jδ − (3H′′ + 2I" + 2K")kδ +
2N J δ′ +2N′ kδ′ ,
l)

C333,δ = J ,δ + 3(Ihδ − I′ hδ′ − I" J δ′ ),

m) C334,δ = Iδ′ + 2K′hδ + IJδ + (J − 2J′) hδ′ − 2M" J δ′
− I" kδ′ ,		
(3.2)
n) C335,δ = I ,′′δ + 2Nhδ − 2M" hδ′ + (J − 2J") J δ′ + Ikδ
+ I′ kδ′ ,
o) C344,δ = J ,′δ + Khδ + 2K′Jδ − (H − 2I′) hδ′ − K"
J δ′ − 2M" kδ′ ,
p) C345,δ = M ,′′δ + N′hδ + NJδ + (I" − K") hδ′ + K′kδ +
(I′ − M′) J δ′ (J′ − J") kδ′ ,
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q) C355,δ = J ,′′δ + Mhδ −M′ hδ′ + 2Nkδ − (H" − 2I") J δ′
+ 2M" kδ′ ,
r)

C444,δ = H ,′δ + 3(KJδ + J′ hδ′ − K′′ kδ′ ),

s) C445,δ = K ,′′δ + 2N′Jδ + 2M" hδ′ + Kkδ + J′ J δ′ +
(H′ − 2M′) kδ′ ,
t)

C455,δ = M,δ + MJδ + J" hδ′ + 2N′kδ + 2M′ J δ′ − (H"
− 2K") kδ′ ,

u) C555,δ = H ,′′δ + 3(Mkδ + J" J δ′ +M′ kδ′ ).
From (1.9) and (3.2), we get

C522,δ + C533,δ + C544,δ + C555,δ = (H + I + K +M)wδ
= (LC)kδ,

(3.3)

C222,δ + C233,δ + C244,δ + C255,δ = (H + I + K +M),δ
= (LC),δ.
Thus from (3.2) and (3.3), we get
Theorem 3.1. In a five-dimensional Berwald space,
the h−connection vectors hi, Ji and ki vanish identically.
Also main scalar H and the unified main scalar LC are h−
covariant constants. Furthermore, if h−connection vector
hi′, J i′ and ki′ vanishes then all the main scalars are h−
covariant constants.

4. v-Curvature Tensor
The v−curvature tensor is defined by

=
S hijk Chkr Cijr − Chjr Cikr .

(4.1)

The scalar components S αβγδ of L S hijk are given by
2

L 2S hijk = S αβγδ e α)h e β)i e γ)j e δ)k.

S2334 = C23μCμ32 − C23μCμ34
= J2 + J′2 + J"2 + I2 + K′2 + N′2 + 2JJ′ + 2JJ" + 2J′J" +
J′K + J′K′ + J"K′ − II′ − J′K" − N′M",
S2335 = C23μCμ32 − C23μCμ35
= J2 + J′2 + J"2 + I2 + K′2 + N′2 + 2JJ′ + 2JJ" + 2J′J" +
JN′ + J′N′ − II" − K′M",
S2345 = C23μCμ32 − C24μCμ35
= J2 + J′2 + J"2 + I2 + K′2 + N′2 + 2JJ′ + 2JJ" + 2J′J" +
H′N′ + I′N′ +M′N′ − K′I" − KM − N′J",
S2424 = Cμ24Cμ42 − Cμ22Cμ44
= J2 + J′2 + J"2 + K2 + K′2 + K"2 + N′2 + H′2 + 2JJ" +
3J′J" + 3JJ" + H′I′ +M′H′ + H"K" + I"K" − HK,

C322,δ + C333,δ + C344,δ + C355,δ = (H + I + K +M)uδ
= (LC)hδ,
C422,δ + C433,δ + C444,δ + C455,δ = (H + I + K +M)Jδ
= (LC)Jδ,

I"J" + J"K" − HN′,

(4.2)

Since Shijk is skew-symmetric in h and i as well as j and k
and S 0ijk = S hi0k = 0, the surviving independent components
of S αβγδ are twenty, which are given by
S2323 = C23μCμ32 − C22μCμ33
= I2 + I′2 + I"2 + 2J2 + +J′2 + J"2 + K′2 + N′2 + 3JJ′ +
3JJ" + 2J′J" + H′I′ +M′I′ + H"I" + K"I" − HI,
S2324 = C23μCμ32 − C22μCμ34
= J2 + J′2 + J"2 + I2 + +K′2 + N′2 + 2JJ′ + 2JJ" + 2J′J"
+ JI′ + J′I′ + J"I′ + H′I′ + I′J′ +M′J′ + H"M" + I"M"
+ K"M",
S2325 = C23μCμ32 − C22μCμ35
= J2 + J′2 + J"2 + I2 + K′2 + N′2 + 2JJ′ + 2JJ" + 2J′J"
+ I"J + I"J′ + I"J" + H′M" + I′M" +M′M" + H"J" +

S2434 = Cμ24Cμ42 − Cμ23Cμ44
= H′2 + I′2 +M′2 + K′2 + K2 + N′2 + 2H′I′ + 2H′M′ +
2I′M′ + JK + J′K + J"K − IJ′ − H′K′ − N′K",
S2435 = Cμ24Cμ42 − Cμ23Cμ45
= H′2 + I′2 + 2H′I′ +M′2 + 2H′M′ + 2I′M′ + K′2 + K2 +
N′2 + JN′ + J′N′ + J"N′ − IM" − K′K" − N′M′,
S2445 = Cμ24Cμ42 − Cμ24Cμ45
= H′2 + I′2 +M′2 + K′2 + K2 + N′2 + 2H′I′ + 2H′M′ +
2I′M′ + H′N′ + I′N′ +M′N′ − K′M" − KK" − N′M′,
S2525 = Cμ25Cμ52 − Cμ22Cμ55
= H"2 + I"2 + K"2 + J"2 + H′2 + N′2 +M′2 + N2 +M2 +
2H"I" + 2H"K" + 2I"K" + JJ" + J′J" + H′M′ + I′M′ +
I"H" + K"H" − HM,
S2535 = H
 "2 + I"2 + K"2 + N′2 + N2 +M2 + 2H"I" + 2I"K" +
2H"K" + JM + J′M + J"M + IJ" − K′M′ − N′H",
S2545 = H
 "2 + I"2 + K"2 + N′2 + N2 +M2 + 2H"I" + 2I"K" +
2H"K" − H′M − I′M −MM′ − K′J" − KM′ − N′H",
S2534 = H
 "2 + I"2 + K"2 + N′2 + N2 +M2 + 2H"I" + 2I"K" +
2H"K" + JN′ + J′N′ + J"N′ − IM" − K′K" − NM′,
S3434 = K′2 + I′2 + J′2 +M"2 − IK − JJ′ − H′I′ − I"K",
S3445 = K′2 + I′2 + J′2 +M"2 − K′N′ − I′M" − J′K" −M′M",
S3535 = N2 + I"2 +M"2 + J"2 − IM − JJ′ − I′M′ − I"H",
S3534 = N2 + I"2 +M"2 + J"2 − IN′ − JM" − I′K" − I"M′,
S3545 = N2 + I"2 +M"2 + J"2 − K′M − I′J" − J′M′ −M"H",
S4545 = N′2 +M"2 + K"2 +M′2 − KM − J′J" − H′M′ − K"H".
A Finsler space Fn(n ≥ 4) is called S − 3 like, if there
exists a scalar S such that the curvature tensor S hijk of Fn is
written in the form

L 2S hijk = S(h hjh ik − h hkh ij)
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= S
 [(mhmj + nhnj + phpj + qhqj)(mimk + nink + pipk
+ qiqk) − (mhmk + nhnk + phpk + qhqk)(mimj + ninj
+ pipj + qiqj)]

= S
 [(mhni −minh)(mjnk − mknj) + (mhpi − miph)
(mjpk −mkpj) + (mhqi − miqh)(mjqk − mkqj) +
(nkpj − njpk) (niph − nhpi) + (niqh − nhqi)(nkqj −
njqk)+(qiph − piqh)(qkpj − pkqj)].

(4.3)

This implies that the scalar components are
S2323 = S,

S2324 = 0,

S2325 = 0,

S2334 = 0,

S2335 = 0,

S2345 = 0,

S2424 = S,

S2434 = 0,

S2435 = 0,

S2445 = 0,

S2525 = S,

S2535 = 0,

S2545 = 0,

S2534 = 0,

S3434 = S,

S3445 = 0, S3535 = S, S3534 = 0, S3545 = 0, S4545 = S.
M. Matsumoto [8] proved that the v−curvature S of an
S − 3 like Finsler space is a function of position only.
Therefore in S − 3 like five-dimensional Finsler space,
twenty functions
I 2 + I′ 2 + I" 2 + 2J 2 + +J′ 2 + J" 2 + K′ 2 + N′ 2 + 3JJ′ +
3JJ" + 2J′J" + H′I′+M′I′ + H"I" + K"I" − HI,
J 2 + J′ 2 + J" 2 + I 2 + +K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J"
+ JI′ + J′I′ + J"I′+H′I′ + I′J′ +M′J′ + H"M" + I"M"
+ K"M",
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J"
+ I"J + I"J′ + I"J"+H′M" + I′M" +M′M" + H"J" +
I"J" + J"K" − HN′,
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J"
+ J′K + J′K′ + J"K′−II′ − J′K" − N′M",
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J"
+ JN′ + J′N′−II" − K′M",
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J" +
H′N′ + I′N′ + M′N′ − K′I" − KM − N′J",
J 2 + J′ 2 + J" 2 + K 2 + K′ 2 + K" 2 + N′ 2 + H′ 2 + 2JJ" +
3J′J" + 3JJ" + H′I′ +M′H′ + H"K" + I"K" − HK,
H′ 2 + I′ 2 +M′ 2 + K′ 2 + K 2 + N′ 2 + 2H′I′ + 2H′M′ +
2I′M′ + JK + J′K +J"K − IJ′ − H′K′ − N′K",
H′ 2 + I′ 2 + 2H′I′ +M′ 2 + 2H′M′ + 2I′M′ + K′ 2 + K 2 +
N′ 2 + JN′ + J′N′ +J"N′ − IM" − K′K" − N′M′,
H′ 2 + I′ 2 +M′ 2 + K′ 2 + K 2 + N′ 2 + 2H′I′ + 2H′M′ +
2I′M′ + H′N′ + I′N′ +M′N′ − K′M" − KK" − N′M′,
H" 2 + I" 2 + K" 2 + J" 2 + H′ 2 + N′ 2 +M′ 2 + N 2 +M 2 +
2H"I" + 2H"K" + 2I"K" + JJ" + J′J" + H′M′ + I′M′
+ I"H" + K"H" − HM,
H" 2 + I" 2 + K" 2 + N′ 2 + N 2 +M 2 + 2H"I" + 2I"K" +
2H"K" + JM +J′M + J"M + IJ" − K′M′ − N′H",
H" 2 + I" 2 + K" 2 + N′ 2 + N 2 +M 2 + 2H"I" + 2I"K" +
2H"K" − H′M −I′M −MM′ − K′J" − KM′ − N′H",

H" 2 + I" 2 + K" 2 + N′ 2 + N 2 +M 2 + 2H"I" + 2I"K" +
2H"K" + JN′ +J′N′ + J"N′ − IM" − K′K" − NM′,
K′ 2 + I′ 2 + J′ 2 +M" 2 − IK − JJ′ − H′I′ − I"K",
K′ 2 + I′ 2 + J′ 2 +M" 2 − K′N′ − I′M" − J′K" −M′M",
N 2 + I" 2 +M" 2 + J" 2 − IM − JJ′ − I′M′ − I"H",
N 2 + I" 2 +M" 2 + J" 2 − IN′ − JM" − I′K" − I"M′,
N 2 + I" 2 +M" 2 + J" 2 − K′M − I′J" − J′M′ −M"H",
N′ 2 +M" 2 + K" 2 +M′ 2 − KM − J′J" − H′M′ − K"H".
are functions of position only. In view of theorem (2.1)
and equation (1.9), function H and H + I + K + M are
functions of position only in a five-dimensional Finsler
space satisfying T−condition. Thus, in a S − 3 like Finsler
space satisfying T−condition twenty two functions H, H
+ I + K +M and aforesaid twenty functions are functions
of position only. These twenty two functions are clearly
independent and therefore the main scalars H, H′, H′′, I, I′,
I′′, J, J′, J′′, M, M′, M′′, K, K′, K′′, N and N′ are functions of
position only. Thus, we have
Theorem 4.1. In an S−3 like five-dimensional Finsler
space satisfying T−condition, all the main scalars are
functions of position only.
It is clear from (2.4) that if all the main scalars are functions
of position only in a Finsler space satisfying T−condition,
then the v−connection vectors ui, vi, wi, ui′ , vi′ and wi′
vanish. This lead to:
Theorem 4.2. In an S − 3like five-dimensional Finsler
space satisfying T−condition, the v−connection vectors
ui, vi, wi, ui′ , vi′ and wi′ vanish identically.

A landsberg space is characterized by Chij|k = Chik|j. H.
Yasuda [9] proved that in an S − 3like Landsberg space,
the v−curvature S is constant. In view of this result, in
an S−like five-dimensional Landsberg space, twenty
independent functions
I 2 + I′ 2 + I" 2 + 2J 2 + +J′ 2 + J" 2 + K′ 2 + N′ 2 + 3JJ′ +
3JJ" + 2J′J" + H′I′ +M′I′ + H"I" + K"I" − HI,
J 2 + J′ 2 + J" 2 + I 2 + +K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J"
+ JI′ + J′I′ + J"I′ +H′I′ + I′J′ +M′J′ + H"M" + I"M"
+ K"M",
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J"
+ I"J + I"J′ + I"J" +H′M" + I′M" +M′M" + H"J" +
I"J" + J"K" − HN′,
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J" +
J′K + J′K′ + J"K′ −II′ − J′K" − N′M",
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J"
+ JN′ + J′N′ −II" − K′M",
J 2 + J′ 2 + J" 2 + I 2 + K′ 2 + N′ 2 + 2JJ′ + 2JJ" + 2J′J" +
H′N′ + I′N′ +M′N′ − K′I" − KM − N′J",
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J 2 + J′ 2 + J" 2 + K 2 + K′ 2 + K" 2 + N′ 2 + H′ 2 + 2JJ" +
3J′J" + 3JJ" + H′I′ +M′H′ + H"K" + I"K" − HK,
H′ 2 + I′ 2 +M′ 2 + K′ 2 + K 2 + N′ 2 + 2H′I′ + 2H′M′ +
2I′M′ + JK + J′K +J"K − IJ′ − H′K′ − N′K",
H′ 2 + I′ 2 + 2H′I′ +M′ 2 + 2H′M′ + 2I′M′ + K′ 2 + K 2 +
N′ 2 + JN′ + J′N′ +J"N′ − IM" − K′K" − N′M′,
H′ 2 + I′ 2 +M′ 2 + K′ 2 + K 2 + N′ 2 + 2H′I′ + 2H′M′ +
2I′M′ + H′N′ + I′N′ +M′N′ − K′M" − KK" − N′M′,
H" 2 + I" 2 + K" 2 + J" 2 + H′ 2 + N′ 2 +M′ 2 + N 2 +M 2 +
2H"I" + 2H"K" + 2I"K" + JJ" + J′J" + H′M′ + I′M′
+ I"H" + K"H" − HM,
H" 2 + I" 2 + K" 2 + N′ 2 + N 2 +M 2 + 2H"I" + 2I"K" +
2H"K" + JM +J′M + J"M + IJ" − K′M′ − N′H",
H" 2 + I" 2 + K" 2 + N′ 2 + N 2 +M 2 + 2H"I" + 2I"K" +
2H"K" − H′M −I′M −MM′ − K′J" − KM′ − N′H",
H" 2 + I" 2 + K" 2 + N′ 2 + N 2 +M 2 + 2H"I" + 2I"K" +
2H"K" + JN′ +J′N′ + J"N′ − IM" − K′K" − NM′,
K′ 2 + I′ 2 + J′ 2 +M" 2 − IK − JJ′ − H′I′ − I"K",
K′ 2 + I′ 2 + J′ 2 +M" 2 − K′N′ − I′M" − J′K" −M′M",
N 2 + I" 2 +M" 2 + J" 2 − IM − JJ′ − I′M′ − I"H",
N 2 + I" 2 +M" 2 + J" 2 − IN′ − JM" − I′K" − I"M′,
N 2 + I" 2 +M" 2 + J" 2 − K′M − I′J" − J′M′ −M"H",
N′ 2 +M" 2 + K" 2 +M′ 2 − KM − J′J" − H′M′ − K"H".
are constant. Since every Berwald space is a Landsberg
space; these twenty functions are constant in a S − 3 like
Berwald space. From theorem (3.1) and equation (1.9),
function H and H + I + K + M are h−covariant constants
in a five-dimensional Berwald space. Therefore in a S −
3 like Berwald space, twenty two independent functions
H, H +I +K + M and aforesaid twenty functions are h
−covariant constants and therefore the main scalars H, H′,
H′′, I, I′, I′′, J, J′, J′′, M, M′, M′′, K, K′, K′′, N and N′ are
h−covariant constants. Thus, we have
Theorem 4.3. In an S − 3 like five-dimensional Berwald
space, all the main scalars are h−covariant constants.
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It is clear from (3.2) that if all the main scalars are
h −covariants in a Berwald space, then the h−connection
vectors hi, Ji, Ki, hi′, J i′ and ki′ vanish. This leads to
Theorem 4.4. In an S − 3 like five-dimensional Berwald
space, the h − connection vectors hi, Ji, ki, hi′, J i′ and k ′
i
vanish identically.
In view of theorems (4.1), (4.2), (4.3) and (4.4), we
can say
Theorem 4.5. In an S−3 like five-dimensional Berwald
space satisfying T−condition, all the main scalars are
constants and h− and v−connection vectors vanish.
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ABSTRACT
The Beso River originates from village Shahapur in District Jaunpur and enters in District
Azamgarh after Jaigaha and finally merges into river Ganga in District Ghazipur Uttar Pradesh.
It flows south-eastward for almost 95 km only through three districts of eastern Uttar Pradesh.
The sample has been collected from three sites indicated by S. S1 from Lakhmapur Jaunpur, S2
from Lalganj Azamgarh, and S3 from Jakhania Ghazipur. The sample has been collected five
times i.e. in May, August, November, January, and March on the second Sunday of the month
in the year 2020-2021. During tabulation of data five reading from each sample have taken and
bio statistically analyzed by students T-test for all parameters for all times and only significant
data have been considered. The mean value for the pH as 7.4 Ammoniac Nitrogen as 66.0 ppm,
Temperature as 28.660C, B.O.D 235.33 C.O.D 271, Free CO2 260 ppm TDS as 543.33ppm,
Cu 2.47 ppm, Iron Total as 2.09 ppm Zinc 6.46 ppm, Cr 3.58ppm, Phenolic Compounds as
5.36 ppm and Conductivity as 373.73 μ S/cm. have been measured by implication of different
techniques. During the investigation, only Cu and total Iron values are measured lower to
normal while other parameters reported high to normal values. Overall all physiochemical data
indicate the water quality tends to be increased polluted as river move to Sangam from Ganga.
Yet the water quality of Beso is many times better than River Sai and Gomati.
Keywords: ppm, significant data, site of sampling (S1, S2, S3), μ S/cm,

INTRODUCTION:
Water is very essential for all forms of life. Large amounts
of human waste, agricultural and industrial pollutants are
discharged in this river as it flows towards the Ghazipur
of Uttar Pradesh. The river passes via various ponds
lakes cultivating land villages slums and towns. So
household effluents like shampoo detergents chemicals
sewer agricultural fertilizers pesticides are being added,
as a major source of municipal and domestic waste and
sewage water causing pollution in this river (Tripathi,
V.M., Tewari, D.D., Tiwari, H.D 2008). However, in
recent times, the conditions of water quality are very

badly affected. The reasons for this due to increase
in population growth, rapid industrialization, and
agriculture methods resulting in deterioration of water
quality (Begum, A., and Harikrishna,(2008). Heavy metal
accumulation in vegetables and crops through irrigation
with contaminated water sources has become a serious
problem responsible for causing devastating effects on
consumer health (Kumar V., Thakur R.K., & Kumar P.
2019b). The waste generated from hospitals and medical
health institutions is a major source of environmental
and public health problems requiring safe handling and
secured disposal. The primary cause of environmental
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degradation in India is attributed to the rapid growth of
population in combination with economic development
and overuse of natural resources (Rajiv Chopra 2016).
Microbe contamination of groundwater due to sewage
outfalls and high concentration of nutrients in marine
and coastal water due to agricultural runoff are among
the most serious threats (Swati Tyagi, Neelam Garg, and
Rajan Paudel,2014).
Water pollution has many negative consequences
such as destruction of marine habitat, development of
various fatal human diseases such as cholera, malaria,
tuberculosis, etc. Therefore, water pollution is indeed
a major and serious global topic of concern. Water
Pollution matters because it harms the environment on
which we depend. Destroying the environment ultimately
reduces the quality of our own lives. Research survey
concluded that a large number of drains are responsible
for pollution in river Beso that enter directly into the
river carrying untreated industrial and domestic waste.
In the present article, we have attempted to study the
successive increase in water pollution as it passes for
merging to Ganga River.

MATERIAL AND METHODS:
During the collection of the water sample, we have
collected them from Lakhmapur Jaigaha just 10
kilometers apart from its origin from Berukh tal in
village Shahapur near town Khetasarai from Lalganj
town from Azamgarh and Jakhania from District
Ghazipur.the water
The sample was further analyzed in physiochemical
Laboratory Bhavya and Bhairavi associate sigra, Varanasi
about BOD, COD, pH, ammonical nitrogen, Temperature,
CO2, Total Dissolved Solid(TDS), phenolic compounds
conductivity, and inorganic contents. The sample has
been collected five times i.e May, August, November
January, and March on the second Sunday of the month.
During tabulation of data five reading from each sample
have taken and biostatistically analyzed by students T-test
for all parameters for all times and only significant data
have been considered. Finally, mean values have been
considered. Now the table for each month has been stored.
The table shown in this paper has been prepared from the
mean value of the physicochemical parameter.
For the measurement of pH, Hg electrode pH
meter, Ammonical Nitrogen and Phenolic Compound by
UV/VIS Spectroscopy. Temperature by Bulb Mercury
Thermometer. B.O.D, C.O.D free Carbon dioxide, by the
laboratory test method, TDS from TDS meter, and heavy
metals from Flame Atomic Absorption Spectroscopy have
been measured.
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Map: Showing flow of Ganga and its fusion with Beso

Pics: View of BESO in Lalganj Azamgarh and its origin in
Jaunpur
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Table: showing the mean and bio statistically analyzed data for various parameters. S1-sampling site Lakhmapur, S2-sampling site
Lalganj S3- Jakhania mg/L=ppm.
Parameters

S1

S2

S3

Normal Value

Mean

Technique employed

pH

7.2

7.4

7.6

5.5-9.0

7.4

Hg electrode pH meter

Ammoniacal Nitrogen

62

66

70

50 mg/L

66.0

UV/VIS spectrophotometer

Temperature

29

28

29

5oC

28.66

Bulb Mercury thermometer

B.O.D

230

236

240

150 mg/L

235.33

Laboratory Test

C.O.D

270

271

272

250 mg/L

271

Laboratory Test

Free CO2

212

280

290

200 ppm

260

Laboratory Test

TDS

500

520

610

400ppm

543.33

Digital TDS Meter

Cu

2.56

2.73

2.13

3.0 mg/L

2.47

Flame atomic absorption Spectroscopy

Iron Total

1.96

2.10

2.22

3.0 mg/L

2.09

Flame atomic absorption Spectroscopy

Zinc

6.32

6.42

6.66

5.0 mg/L

6.46

Flame atomic absorption Spectroscopy

Cr

3.86

3.82

3.06

2.0 mg/L

3.58

Flame atomic absorption Spectroscopy

Phenolic Compounds

4.56

5.66

5.86

5.0 mg/L

5.36

UV/VIS spectrophotometer

Conductivity

384.26

367.04

370.07

350.18 μ S/cm.

373.73

Conductivity meter

RESULT AND DISCUSSION:
During the collection of the water sample, we have collected
it from Lakhmapur Jaigaha just 10 kilometers apart from
its origin from Berukh tal in village Shahapur near town
Khetasarai from Lalgang town from Azamgarh and near
Jakhania from District Ghazipur. The water sample was
further analyzed in physiochemical Laboratory Bhavya and
Bhairavi associate sigra, Varanasi. The sample has been
collected five times i.e May, August, November January,
and March on the second Sunday of the month. During
tabulation of data five reading from each sample have
been taken and mean values have been considered. Now
the table for each month has been stored. The table shown
in this paper has been prepared from the mean value of
the physicochemical parameter. The average pH value at
site S1 7.2 at site S2 7.4 and S3 as 7.6 have been reported
showing slightly alkaline water medium of River but
under normal pH range. The whole total average pH value
is 7.4 which is satisfactory. The Ammoniacal Nitrogen at
site S1 62 ppm at S2 66 ppm and S3 as 70 ppm with a
total average of 66.0 ppm. This value is higher than the
normal range showing continuous addition of Nitrogenous
Fertilizers in River water because the River Flows via
farming fields. The enriched concentration of nitrogenous
substances shall be injurious to the aquatic life of the river
and cattle drinking the water during grazing on the river
bank. The temperature at site S1 was 29 0C at S2 28 oC
and site S3 was 29 oC. The entire average temperature of
River water is measured as 28.66oC which is based on the
environmental Temperature. Furthermore, the Biological
Oxygen Demand (BOD) has been measured at site S1
as 230 ppm at S2 236 ppm and as S3 as 240 ppm. The
average BOD of 235.33 ppm is high than the normal value.

The BOD value is increasing as the river moves toward its
destination due to increasing Phyto planktonic Pollution.
Simultaneously COD value also increased at site S1 as 270
ppm at S2 271 ppm and S3 as 272 ppm. The mean value
estimated was 271 ppm above to normal value prescribed.
Free CO2 Value has been measured at site S1 212 ppm
at S2 280 ppm and site S3 as 290 ppm. Average carbon
dioxide has been measured as 260 ppm which is high
to the normal prescribed value indicating the increasing
Planktonic population as the river Proceeds forward. The
TDS value at site S1500ppm at S2 520 ppm and S3 have
been estimated as 610 ppm. The Mean TDS value was
estimated as 543.33 ppm high to the normal value of 400
ppm. As the river moves towards the destination the TDS
value is increasing resulting in a successive increase in
pollution levels in river water quality. The Copper quantity
is necessary for water purification at Site S1 2.56at S2 2.73
at S3 2.13ppm. The means Cu quantity in River has been
estimated as 2.47ppm but lower than the normal value of
3.00ppm. The copper value is lower than the normal value
indicating the pollution in river water along with impurity
in a water sample. Iron total in a water sample at site S1as
1.96 at S2 2.22 at S3 as 2.22 ppm. The average value of
2.09 ppm is shower deficiency in total Iron quantity. Zinc
quantity at site S1 estimated as 6.32 at S2 as 6.42 at S3 6.66
ppm High to normal value 5.00ppm. As the river proceeds
to its destination, the zinc quantity in the water adds from
the agricultural field because Zinc sulfate is used in Paddy
crop to treat the Khaira disease, But an increase in Zinc
in water to normal level increases its toxicity injurious to
aquatic life of the river.
The Chromium concentration in Beso water has been
measured as at S1 3.86 at S2 3.82 and S3 as 3.06 ppm high
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to normal value as 2.0 ppm. An increase in Chromium
enhances the toxicity of the water. Phenolic compounds
may be toilet discharge DDT and other insecticides also.
This is estimated at site S1 as 4.56 at S2 5.66 and S3 as
5.86ppm. The value has reported slightly higher 5.36 in an
average water sample from a normal value of 5.00 ppm. The
most important observation of the water sample has been
carried out for conductivity of the water sample measured
with a Conductometer. At site S1 as 384.26 at S2 as 367.04
at S3 as 370.07 μ S/cm. The average conductivity value of
373.73 μ S/cm is higher than the normal value of 350.18
μ S/cm, indicating that the ionic concentration in water is
high than the normal value.
During the investigation, only Cu and total Iron values
are measured lower to normal while other parameters
reported high to normal values. Overall all physiochemical
data indicate the water quality is unsatisfactory as the river
moves to Sangam from river Ganga. Yet the water quality
of Beso is many times better compared to River Sai and
Gomati. Oxygen is the most well-established indicator
of water quality. Dissolved oxygen is essential for the
survival of all aquatic organisms. Moreover, oxygen
affects a vast number of other water indicators, not only
biochemical but aesthetic ones like odor, clarity, and taste.
Economic analyses seem to indicate that higher levels
of income tend to improve oxygen levels. Oxygen
levels of some of the major rivers have nowadays
returned to their previous high levels after decades of
low levels. This has improved the possibility of life.
Rivers in the richer countries have become steadily cleaner
over the past decade. But when measured for nitrates, fewer
than one in ten European rivers is any longer natural:
most have nitrate levels four times the norms found in
nature. As cities expand to support larger populations,
roofs, highways, and parking lots increasingly replace

permeable soils and vegetation. Rainwater in urban areas
is channeled into sewers and drain systems instead of
filtering, the ground, too, raises, the water. ( Verma, S.,
and Khan, S.A.2007). In developing countries, the picture
is very different.
Rivers in the poorest countries have shown a
substantial drop in the level of dissolved oxygen. Ninetenths of all sewage in developing countries run directly
into rivers, lakes, and seas without treatment. Many types
of pollution are discharged into rivers, and the purification
processes remove them at various speeds. Some heavy
metals, for example, are removed relatively quickly
because suspended clay and organic particles have a slight
electric charge and adsorb the metal atoms. When the clay
or organic particles settle out of the water, they take the
metal atoms with them. Suspended solids in a moving
body of water will settle out at various points or be carried
long distances, depending on their size and the rate of the
flow. The higher the amount of suspended solids is, the
cloudier or more turbid is the water.
Suspended matter can affect the amount of light
entering the water and therefore restrict the amount of
photosynthesis that can occur and therefore the growth
of plants. Small particles settling out in large amounts on
the bottom of a water body can prevent some organisms
from living there as well as preventing green-plants-fromphotosynthesizing (Gupta, A.K., and Pankaj, P.K.2006).
How fast the water body moves affects the degree of
mixing of water and how much dioxygen it will carry.
Thus, fast-flowing highly agitated streams will not only be
saturated with oxygen but also carry well-mixed nutrients,
which will be.ultimately carried.to.a.river(Brown, R.M.,
Mccleiland, N.J.1972). The temperature of a water body is
crucial to the amount of dissolved dioxygen it can contain.
The warmer the water, the less dioxygen it contains.

Fig: Chart showing various parameters in BESO water.

Comparative Water Quality Analysis in Beso River in District Jaunpur, Azamgarh and Ghazipur Uttar Pradesh

CONCLUSIONS:
With the help of different physiochemical techniques, the
mean value for the pH was 7.4 Ammoical Nitrogen as
66.0 ppm, Temperature as 28.660C, B.O.D 235.33 C.O.D
271, Free CO2 260 ppm TDS as 543.33ppm, Cu 2.47
ppm, IronTotal as 2.09 ppm Zinc 6.46 ppm Cr 3.58ppm
Phenolic Compounds as5.36ppm and Conductivity as
373.73 μ S/cm. have been measured During estimation,
only Cu and total Iron value is measured lower to normal
while other parameters reported high to normal value as
provided by Ministry of Environment Government of
India. Overall, the physiochemical data indicate the water
quality tends to be highly polluted as the river move to
Sangam from Ganga. Yet the water quality of Beso is
several times better than River Sai and Gomati.
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ABSTRACT
Now a days mushrooms are cultivated for various purposes; they have several applications in
industries. Some mushrooms are the best sources of high-quality food rich in protein, vitamins
and minerals like yeasts, bacteria and algae. Cultivation of edible mushrooms is an attractive
method for accomplishing the task of reuse of lignocellulosic waste derived from agriculture
forest and industry, beside its capabilities to detoxify several environmental pollutants. In
Addison, many of the genera of edible mushrooms possess medicinal properties. These
activities of edible mushrooms could be used in biotechnology methods.
Keywords: Edible mushrooms, biotechnology, food.

INTRODUCTION
Mushroom production is regarded as the second most
important commercial microbial technology, next only to
yeasts. They mostly belonging to higher Basidiomycotina,
which have distinctive fruiting bodies. Out of 69,000
species of fungi, 10,000 species are Mushrooms. Among
these fungi more than 2000 species are reported to be edible
(Chang and Miles. 1982). The fruiting body of these edible
mushrooms may be of different shapes, sizes colours,
texture and flavours. Since ages Mankind has sevoured
the desirable dishes of mushrooms and has realized
their nutritional as well as medicinal properties (Pai et
al., 1990). The scientific discoveries have axhibited that
mushrooms are biochemically endowed with the ability to
secrete a variety of enzymes (Madan and Bisaria.1983).
They exhibit a wide range of chemical reactions.
The cultivation of edible mushroom offers same mechanism
for effective upgrading of huge quantity of lignocellulosic
waste residues produced annually from agriculture, forest
and industries( Kamra and Zadrazil, 1988). Conversion
of inedible lignocellulosic wastes into a edible biomass is
the most vital respect of mushroom cultivation technology
(Rajarathnam and Bano, 1993). The edible biomass thus
produced may solves the problem of protein malnutrition
of the people especially in developing and under developed
countries. The mushroom cultivation has become one
of the most intensive and technically demanding of all

vegetable cultivations practiced throughout the world.
This paper presents an account of exploitation of edible
mushrooms for various beneficial purposes.

MUSHROOMS AS A FOOD
Mushrooms are considered more nutritious than many
other vegetables. The nutritive value of some quality
Mushrooms is nearly equal to the milk. They contain high
level of essential amino acids, carbohydrate, vitamins, and
saturated fatty acids with a mineral content exceeding that
in fish and meat and twice that in most vegetables. Fruiting
bodies, in general on dry weight basis, contain about
55% carbohydrate,32% protein 2% fat and rest in ash
constituting the minerals. The chemistry and food value
of edible mushrooms have been extensively reviewed by
several workers (Crisan and Senseands, 1987). The number
of edible mushrooms species cultivated successfully is
increasing rapidly. Over 60 mushrooms are cultivated
commercially and 10 have reached an industrial scale
in many countries. The world production of cultivated
mushrooms was 3,763 thousand tonns in 1989 shared
mainly by the species of Agaricus (37.8%), Pleurotus
(24.2%) Auricularia (10.6%) and Lentinus (10.2%).
The production of edible mushrooms in India in 19921993 was 11,520 tonns contributed mainly by Agaricus
bisporus (90%) and species of Pleurotus and Voivariella
(10%) (Prakash 1996).

72

Mycelium of edible mushrooms grown in liquid culture
have been used in making soaps, tea, health drink for older
people and children. This practice is specially breakfast is
basically popular with edible fungi which are thought to
have medicinal qualities.
Exploitation of edible mushrooms for generation of edible
biomass from the lignocellulosic wastes have many
advantages over other sources of protein because: 1. They represent the example of most efficient
conversion of plant waste into edible food
2. Unlike many other single cell proteins they are
directly edible
3. The protein conversion efficiency of mushroom
per unit of land and per unit of time is far superior
compared to animal sources of protein.

MUSHROOMS AS A FLAVORANTS
Due to continuing demand for food industries for natural
ingredients and flavours edible mushrooms are gaining
increasing attention as a source of flavour compounds.
The flavor based gastronomic appeal is one of the main
reasons of consuming wild and commercially grown edible
mushrooms. Certain non- volatile and substance such as Lglutamic acid short chain fatty acids, carbohydrate protein
and nucleotides many contribute to the characteristic
flavours in different mushroom species. Typical flavour
compounds synthesized by mushroom include volatile
derived from metabolism of fatty acids. Submerged
fermentation technique for the production of fungal
biomass that is rich in flavor is now being developed.

MUSHROOMS AS A SOURCE OF
MEDICINE
The mushrooms have long been used for their medicinal
and tonic properties in eastern culture particularly in China
and Japan (Liu and Bau, 1980). However there has been
a recent upsurge in interest in traditional remedies for
the treatment of various physiological disorders through
various biologically active compounds of mushrooms.
More than hundred medicinal mushrooms have been
identified and most of them are reported to be edible (Yang
and Jong, 1989).
Medicinal part of mushroom is generally the fruiting
bodies but the sclerotia, mycelia or even mycorrhiza
can also be used. Pharmaceutical components of some
mushrooms and their pharmacodynamic effects have been
compiled recently by Pai et al (1990), presented in table
shown below: Table : Pharamaceutical components of mushroom species
and their medicinal effects
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Pharmacodyanamic Components

Species

Anti-bacterial effect

Hirusitic acid

Many species

Antibiotic effect

E-β methoxy
acrylate

Oudemansiella
radiata

Anti-viral effect

Polysaccharide,
Protein

Lentinus edodes

Cardiac tonic

Volvatoxin,
Flammutoxin

Volvariella sp.

Decrease cholesterol

Eritadenine

Collybia velutipes

Decrease level of
blood sugar

Peptide, Glycogen,
Ganodran, Glucan

Ganoderma
lucidum

Decrease blood
pressure

Triterpine

Ganoderma
lucidum

Anti- thrombus

5’- AMP, 5’-GMP

Psaliota hortensis

Inhibition of PHA.

r-GHP

Psaliota hortensis
Lentinus edodes

Anti-tumor

β -glucan, RNA
complex

Many species,
Hypsizygus

Increase secretion
of bile

Armillarisia A

Armillaria
tabescens

Analgesic/ Sedative
effect

Marasmic acid

Marasmius
androsaceus

Immunomodulation

β -glucans

Lentinus edodes
Schizophyllum
commune

Anti-antherosclerosis Andinocin

Auricularia
polytricha

Aphrodisiac effect

Lentinus edodes

Protein bound
polysaccharides

Source: Pai et al. (1990)

USES OF MUSHROOMS IN BIOREMEDIATION
The use of microorganisms for environmental improvement
such a degradation of contaminants, pollutants and other
waste products is known as bioremediation. Several edible
mushrooms have found place in removal or detoxification
of organic pollutants found in waste effluents, sledge
sediments and landfills. Different species of Pleurotus have
been used in the treatment of environmental pollutants
like polycyclic aromatic hydrocarbon, polychlorinated
biophenols, dioxines etc. (Hutterman et al.,1989). Caffeine
contamination of watershades represents major ecological
disaster in coffee growing regions of the world. Oyster
mushroom can be grown commercially on a wide variety
of coffee wastes, destroying majority of caffeine and
rendering them into secondary products.

MUSHROOMS IN INDUSTRIES
The mushroom mycelium has ability to secrete a range of
scarifying and oxidizing enzymes. The enzymes produced
from the metabolism of mushrooms have many industrial
applications such as:-

Multiple Utilities of Mushrooms
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1. Ligninolytic Enzymes : This group of enzyme
include phenoloxidases, peroxidases. catalases
and laccases, which are responsible for lignin
degradation without interfering with cellulose and
hemicelluloses. Some of the species of Pleurotus
is now being utilized in the delignification
of lignocellulosic waste to produce pulp for
cardboard or paper manufacture.
2. Polysaccharide Degrading Enzymes: The
polysaccharide degrading enzymes such as
xylanases and polyglacturonases of Pleurotus
spp. offer an alternative to boiling with NaOH for
removal of non cellulosic materials in the rating
of flax fibers.
3. Protein Degrading Enzymes: In mushroom
food processing, a protein degrading extract of
Pleurotus ostreatus containing chitinases and
gluconase is able to soften the tough stipes of
Agaricus bisporus.
4. Oxidizing Enzymes: The oxidizing enzymes
produced by Pleurotus ostreatus and Coriolus
versicolor can degrade and metabolise not
only native lignins but also kraft lignin and
lignisulfonates. Mycelial pellets of C. versicolor
have been used for the continuous decolorization
with glucose as co-substrate, while Lentinus
edodes can remove colour with no additional
carbon source

iii)

iv)

v)

USE OF MUSHROOMS SPENT SUBSTRATE
Mushroom spent is the substrate which is left behind after
the termination of mushroom crop. When fruiting fungi
degrade lignocellulosis, they use some of the degraded
product for its vegetative and reproductive growth but
many nutrients and organic matter remain unused by the
mushrooms. Compared to the original substrates, spend
substrate is more soluble and contains greater amount of
free sugar, amino acids, cellulose with lesser degree of
polymerization and a variety of degradatory enzymes. Due
to the above-mentioned attributes of spent substrates, it
has several applications which are as follows:
i) Spent Substrate as upgraded Ruminant feed:
After the harvest of fruiting bodies of mushroom
the lignin and cellulose bonding are modified and
the digestibility of spent substrates as animal feed
is enhanced along with improvement in nutritional
quality of the lignocellulosic waste. Fresh coffee
pulp has been used for cattle feed after the growth
of O.ostreatus.
ii) Spent Mushroom Compost as Soil Fertilizer
and Conditioner: Spent mushroom compost

vi)

vii)

consisting of degraded cellulose, hemicellulose
and lignin serves as an effective soil fertilizer and
conditioner. High yielding of crops such as tomato
cucurbits and beans has been reported when soil
was amended with spent mushroom compost.
The effect of soil amended with spent golden
mushroom compost on alleviating phytotoxicity
of alachlore to seedlings of garden pea have
recently been reported by Huang (1995).
Spent Substrate for Cultivation of Other
Mushrooms: The waste left after mushroom
cultivation contains reduced C:N ratio and altered
proportion of amino acids, proteins, vitamins
and minerals. Such wastes can be recycled for a
second, different crop of mushrooms.
Spent Substrate as a Source of Enzymes and
Production of Single Cell Protein (SCP): A
significant amount of enzyme, produced by
mushrooms during its growth and development,
remains in the substrate after the harvest of
fruiting bodies. An extract of spent substrate of
rice with saccharifying enzymes by species of
Pleurotus can be incubated with wastes to aid
in further saccharification of wastes( Madan and
Bisaria, 1983).
Spent Substrate for Biogas Production: The
spent substrate contains a significant amount of
sugars. During fermentation, the sugar is utilized
by methanogenic microorganisms present therin
for their metabolic activity and biogas is produced
in the process. Fermented biogas from the action
of methanogenic bacteria on degraded straw
represents a renewable source of energy from
waste materials.
Spent Substrate for the Production of Native
Silica: The straw and husk of rice have a good
content of silica which can be obtained after
its biodegradation. The spent substrate, being
rice straw in origin and degraded by species
of Pleurotus, may serve as a source of native
silica. With further enhancement of degradation
efficiency of Pleurotus species, silica can be
obtained in its original deposited form without
recourse to heating that is associated with the
ashing process
Other Applications: Besides aforesaid uses
of spent mushroom substrate, it has other
applications also. Recycling of spent mushroom
substrate by aerobic composting to produce
novel horticulture substrate has also been
reported (Nair,1976).
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CONCLUSIONS
The production of edible mushroom has increased
tremendously due to technical advances. Since the
cultivation of mushrooms require various lignocellulosic
waste, it provides a solution to many problems of global
interest: substantiating protein shortage, resource recovery
and waste re-use and cleaning of environment. Edible
mushrooms are rich source of quality protein which
can be produced with greater biological efficiency than
animal protein and, therefore have immense prospects
in developing countries for enriching the diet of human
population suffering from protein malnutrition.
Exploitation of several and unexplored biological activities
of edible mushroom is presently needed for mankind.
Attempt should be made to search new species. develop
newer strains through genetic breeding and protoplast
fusion techniques. Attention is also needed towards the
conservation of germplasm of useful mushrooms to
maintain biological diversity which is a matter of global
concern.
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ABSTRACT
The present study was conducted to find out environmental awareness; academic achievement
of under-graduated tribal students in Satna district (M.P).
Higher education plays a vital role in every student’s life as it decides the career and future
life of any student. It is observed that even a good student who has the potentiality to achieve
better may not be able to achieve as per expectations without good environmental condition.
This study was conducted on a sample of 500 tribal students who were studying in different
colleges at undergraduate level by applying simple random sampling technique. The sample
comprised of 250 boys and 250 girls from Satna district of (M.P). The results indicate that
undergraduate female students of Arts, Science and Commerce streams are better than male
students of all streams and Science stream students are better Arts and Commerce students in
their environmental awareness and academic achievement.
Keywords: Education, environmental awareness, tribal students, Satna, MP

INTRODUCTION
The environmental awareness and academic achievement
is something you do or achieve at under-graduated
students. They are one of the most effective means of
systematic development of languages and personality
of a person. Reading skills are critical for children’s
development; and consecutive studies have shown a link
between competency in reading and overall attainment.
Reading makes students, more articulate; develops higher
order reasoning; and promotes critical thinking. Once
students have mastered the ability to read they will be able
to have access to a wider breath of language that they can
use in their oral and written communications.
According to Oxford Dictionary, a tribe is a group of
people in a primitive acknowledgment the authority of
a chief and usually regarding than as having a common
ancestor.
According Ralph Linton, tribe is a group of bands
occupying a contiguous territory or territories and having

a feeling of unity deriving from numerous similarities in
a culture, frequent contact and a certain community of
interests.
Education preserve intellectual system, literature, art,
law, science etc. youth learn how to remold traditional
intellectual system into new forms with which to advanced
the material or non-material aspect of modernization; the
institution that impart education develop new conception,
new ideas, new skills and capabilities in students a country
has to have a large group of well painted people to obtained
technological and economic progress.

OBJECTIVES OF THE STUDY
The objectives of the present study entitled ‘A study of
environment awareness and academic achievement of
under-graduated tribal students in Satna district (M.P) are:
1. To find out the environment awareness and
academic - achievement of under-graduated tribal
students.
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2. To find out the difference in the environmental
awareness of boys and girls of under-graduated
tribal students.
3. To find out the difference in the academic achievement of rural and urban under-graduated
tribal students.

HYPOTHESES
1. There is no significant difference in study
environmental awareness boys and girls undergraduated tribal students of Arts, Science, and
Commerce streams.
2. There is no significant difference in study
academic achievement of undergraduate tribal
boys students of Arts, Science and Commerce
streams.
3. There is no significant difference in study
environment
awareness
and
academicachievement of undergraduate tribal girls student
of Arts, Science, and Commerce streams.

RESEARCH DESIGN:
Methodology : The present study was carried out using
the survey method of research. It was conducted on
one variable environment awareness and academicachievement two demographics variables boys and girls.
Population : The population of the study consist of
all under-graduate tribal students enrolled in regular
conventional courses Arts, Science and commerce streams
belonging to Satna district (M.P)
Sample : For the present study under-graduate tribal
students belonging to Satna district (M.P). Were taken
from the population as sample total 500 tribal students
were taken as sample from the population by the random
sampling method; out of which 250 boys and 250 girls.
Total Arts stream students taken were 250. Science stream
students were 250 in number and total commerce stream
students taken were 125.
Tool Used : The tool used to collect the data from undergraduate tribal students was study environment awareness,
academic-achievement developed Prof N.N. Srivastava.
On the basis of characteristics of the inventory given in the
manual of tool, it was considered suitable for the purpose.

ANALYSIS AND INTERPRETATION
The t-test of significance was used to determine the
significance of difference between mean scores of total
study environmental awareness and academic achievement
of under-graduate students of Arts, Science and commerce
students. Results of such an analysis are presented in the
following tables:-
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Table 1 : Academic Achievement of Under-Graduate Tribal
Students
Tribal Students

Number of Students

Boys

250

Girls

250

Total Students
500

A comparison of the academic-achievement and
environment awareness of boys and girls under-graduate
tribal students Satna (M.P).
As per the table-1 both boys and girls under-graduate
tribal students were having high academic achievement
without any significant difference between them. The
academic achievement was dispersed widely in both boys
and girls.
The hypotheses that “ there is no significant difference
in the environmental awareness and academic achievement
of under-graduate tribal students in Satna district (M.P)
can be accepted as there was no significant difference in
the academic achievement of boys and girls tribal students.

HYPOTHESIS
There is no significant difference in the academic
achievement of rural and urban under-graduate tribal
students Satna district (M.P)
A comparison of the academic- achievement and
environment awareness of rural and urban tribal students
was made to test the significant difference in their
academic-achievement.

CONCLUSION
The above research paper a detailed view of the study
pattern of the tribal students in Satna district (M.P). On
the basis of the research it can be inferred that the study
academic-achievement and environment awareness
of boys and girls tribal students, are almost alike in Art
and science stream but in case of commerce stream the
study boys and girls. On further dwelling into the matter
the researcher further examined the study academicachievement and environmental awareness of boys and
girls separately. The overall study of boys and girls tribal
students of science stream were found to better than
those of boys students of Arts stream nut male students
of Science & Commerce and Arts and Commerce streams
is almost alike on another hand the total study academic
achievement of female students of Arts stream are superior
to that of female students of science and commerce stream.
But female students of science stream are superior to that
of female students of commerce stream.
The rural and urban under-graduate tribal students
have high academic achievement with a significant
difference between them. The academic achievement and

A Study of Environmental Awareness and Academic Achievement of Under-Graduate Tribal Students in Satna

environmental awareness private under-graduate tribal
students is higher than that of government college.
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ABSTRACT
Mesencephalon or mid brain of the fishes consists of dorsal roof or optic tectum and ventral
roof or tegmentum. Optic tectum (OT) in the presently studied specimen is a bilobed structure
which is composed of six stratified zones of differently shaped and differently sized neurons.
Tegmental area is the major component of the mid brain of fishes which is responsible for diverse
functions and it comprises many cholinergic and cholinoceptive nuclear groups particularly the
rostral tegmental area in which many caudal thalamic and hypothalamic nuclei diffuse. Enzyme
acetylcholinesterase (AChE) which hydrolyses the neurotransmitter acetylcholine in to choline
and acetate at the synaptic cleft is a prime marker of cholinergic-cholinoceptive neurons in the
vertebrate central nervous system. In the present study a histochemical technique was carried
out to locate AChE in the tegmental area described by Hedreen J.C. et.al (1985).
In the tegmentum of Heteropneustes the density of acetylcholinesterase stained cells was very
high. In the dorsal and rostral tegmental nuclei some AChE positive cells were observed which
were abundant in latter. The nucleus anterioris tuberis and nucleus lataralis tuberis which are
the hypothalamic nuclei diffused in mesencephalic area displayed very intense AChE positive
cells while central pretectal nuclei exhibited medium to weak stained cells. Dorsal posterior
nucleus and central posterior nucleus of thalamus also showed intensely AChE stained cells.
AChE positive cells were observed in the whole rostro-caudal extension of the tuberal area
and lateral recess nuclei. The present results corroborate the previously reported connection
between the rostral tegmental nucleus and the nucleus of thalamus and pretectal area and to
the hypothalamus on the basis of degree of AChE intensity. Present findings have also been
discussed in the light of previous findings on other vertebrate groups.
Keywords: Tegmentum, Torus Semicircularis, Cholinergic, Cholinoceptive, Mesencephalon,
Thalamic, Tuberal area

INTRODUCTION:
Teleosts which represent the most prominent and
diversified group among actinopterygians exhibit a
complex nervous system in terms of cyto-architecture,
hodology and number of neurons. The distribution of
enzyme acetylcholinesterase in the forebrain and hind
brain of Heteropneustes fossilis has been studied in detail

by the present author (Tripathi and Rahman, 2014, 2016;
Rahman et.al.2013).The present work is the extension
of the previous study in which the mid brain remained
unstudied.
Mesencephalon or mid brain of the presently studied
fish consists of dorsal roof or optic tectum and ventral
roof or tegmentum. Tegmentum further consists of torus
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semicircularis and tegmental nuclei. The anterior part of
the cerebellum ( metencephalon) extends between the
cavityof optic lobes as corpus cerebella. Optic tectum
which is comparable to the cerebral cortex of mammals
and is a eye body coordinating centre of fishes has been
described in earlier study (Tripathi et.al.2013). The
cerebellum of the presently studied fish which is visible
in figure-1, has also been described earlier by the present
author (Rahman et.al.2013). Thus the present study is
focused on the distribution pattern of AChE in the torus
semicircularis and tegmental nuclei of the mesencephalon
which still remains less explored.

Fig. 1 : Photomicrograph of 30µm thick cryocut transverse
section passing through rostral mesencephalon showing AChE
activity in cerebellum, pretectal & tegmental nuclei. 4X

MATERIALS AND METHODS:
Eight adult Heteropneustes fossilis weighing 35-40
gram and length between 16-20 centimeter were used
in the present study. The animals were acclimatized
according to laboratory conditions before sacrificing them.
Experimental procedures were performed according to the
guidelines of the Institutional Animal Ethics Committee
(IAEC) of the Kulbhaskar Ashram P.G.College,Prayagraj.
The fish were anesthetized with MS-222 (Sigma, St. Lovis,
MO) and decapitated. Brains were fixed in the solution of
0.5% Paraformaldehyde and 1.5% Gluteraldehyde in 0.1 M
phosphate buffer (pH 7.4) for 6 hours at 40C. The mid brain
tissue was then given 2-3 changes in 15% sucrose solution
in 0.1M phosphate buffer and stored in the same solution
for 2-3 days. 30 micron thick frozen sections were cut by A
O Histostat at -220C and stored serially in 0.1 M phosphate
buffer. AChE histochemistry was carried out by using a
modified histochemical technique( Hedreen et.al.1985).
The dark brown coloured patches appeared in sections
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which designated AChE activity. Omission of the substrate
acetyl-thiocholine iodide from the incubating mixture was
carried out as control for the AChE histochemistry and no
residual activity was observed in controlled experiment.

RESULT AND DISCUSSION:
As shown in figure-1, In H. fossilis the transverse section
passing through the rostral mesencephalon exhibits Corpus
cerebellum (CB), Optic tectum(OT) and tegmentum.
The description about CB and OT is being omitted here
since the author has already described it earlier( Tripathi
et.al.1913;Rahman et.al.2013). Tegmentum consists of
Torus semicircularis (TS) and tegmental nuclei. TS region
can be distinguished in to central (TSc) and lateral (TSl)
cell groups, located below optic tectum(Fig.1).. The
central part of the torus semicircularis consists of medium
sized round to oval, scattered soma with intense AChE
activity. The lateral part (TSl) also comprises same type
of cell groups with scattered cells and these cell groups
show rostrocaudal extensions and are ventrally oriented
towards tegmental nuclei. These cells demonstrated
intense reaction. Torus longitudinalis showed few small
sized AChE stained cells.
In the tegmentum, the density of AChE stained cells
was very high and their neurons showed different sizes.
In the dorsal and rostral tegmental nuclei, the AChE
intensity was very high in large sized somata. These
cells showed fusiform or round cell bodies. The intensity
of AChE in the different nuclei has been shown in
table-1. AChE positive cells were observed in the whole
rostrocaudal extension of the Tegmental mesencephale(
MT) and nucleus glomerulus posterioris(NGP). These
cells showed large sized somata with very intense AChE
activity. The mesencephalic centre of the nucleus arcuatus
hypothalamicus( NAH), nucleus lateral tuberis(NLT)
and nucleus anterioris tuberis(NAT) showed very intense
reaction for AChE. In addition, hypothalamic inferior
lobe(IL), lateral recess(LR), and tuberal area (TA) showed
very high intensity for AChE. The nucleus of the dorsal
posterior(DP) and central posterior(CP) showed intense
AChE stained cells with large sized round somata. Nucleus
of the central pretectal area (CPA) however, demonstrated
moderate activity for AChE. The activity of other nuclear
groups and mesencephalic areas has been shown in table-1
and Figure-1
Table 1 : Rostral Tegmentum area of Heteropneustes showing
AChE activity
Sl. Name of Nuclei
No. Torus Semicircularis

Abbreviation

AChE
activity

1.

Torus semicircularis centralis

Tsc

+++

2.

Torus semicircularis lateralis

Tsl

+++
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3.

Torus longitudinales

TL

++

4.

Tegmentum mesencephale

MT

+++

5.

Dorsal posterior thalamic
nucleus

DP

+++

6.

Central posterior thalamic
nucleus

CP

+++

7.

Ventromedial thalamic nucleus

VMc

+++

8.

Paraventricular organ

PO

++

9.

Nucleus arcuatus hypothalami

NAH

++++

10.

Nucleus anterioris tuberis

NAT

++++

11.

Nucleus lateral tuberis

NLT

++++

12.

Tuberal area

TA

++++

13.

Central pretectal area

CPA

+-

14.

Nucleus glomerulus posterioris NGP

+++

15.

Diffused nucleus of IL

ND

+++

16.

Inferior hypothalamic lobe

IL

++++

17.

Lateral recess

LR

++++

Notation:
++++

=

Very Intense

+++

=

Intense

++

=

Moderate

+―

=

Mild

——

=

Negative

Among the torus semicircularis subdivisions, central
and lateral subdivisions in Heteropneustes showed intense
activity for AChE while torus longitudinales showed
moderate activity while in channa this subzone exhibited
total negativity. In zebra fish the ventrolateral nucleus of
torus-semicircularis also demonstrated AChE positive
cells(Clemente et.al.2004).
The torus semicircularis is a sensory integrative
mesencephalic area which acts as a target for the ascending
octavolateralis system(Wullimann et.al.1996). The
ventrolateral nucleus of the torus semicircularis receives
afferants from the medial and caudal octavolateral nucleus;
both are abundant in AChE positive cells but the same
nuclei are ChAT immunoreactive in zebra fish(Clemente
et.al.2004).These nuclei are included in the mechanoreceptive ascending pathway. Cholinergic axons from the
isthmic nucleus project to the optic tectum throughout the
torus semicircularis(Philip 1968).Some of these neurons
could make synapses with AChE positive neurons of the
torus semicircularis suggesting cholinoceptive nature of
AChE containing cells in this mesencephalic area.
Most of the tegmental nuclei in the presently studied
fish showed very high intensity for AChE except central
pretectal area which showed moderate to mild reaction.
These results are in agreement with zebra fish tegmentum
where most of the nuclei are AChE positive (Clemente
et.al.2004). It is interesting to mention that most of the

thalamic and posterior hypothalamic nuclei residing at
tegmental areas exhibited strong reaction for AChE. Thus
these centres represent the interface between tegmentum
and diencephalon and most of them are cholinergic in nature
executing various functions in coordination. But in zebra
fish ChAT (Choline-acetyl transferase) immunoreactive
cells were observed only in rostral tegmental, oculomotor
and trochlear neuclei(Clemente et.al.2004). In most of the
fish analyzed hitherto including our present study, NAH,
NAT, NLT, DP and CP showed AChE activity. In addition,
many of those fishes also showed ChAT immunoreactivity
( Ekstrom 1987; Brantley et.al.1988; Anadan et.al. 2000;
Adrio et.al.2000).our results thus corroborate the fact
that few cranial nerve motor nuclei and many posterior
hypothalamic and thalamic nuclei terminating in rostral
tegmental centres are cholinergic in nature throughout fish
evolution.
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ABSTRACT
Effect of experimental immunization with 25% sheep red blood cells (SRBC) on the immune
system of Clarias batrachus was observed. The impact on immune system was studied in terms
of serum proteins of the fish. Total Serum Proteins, Albumin and Globulin were determined for
the control group and the immunized group. The amount of globulin increased slightly after
administering the antigen, thus decreasing the albumin globulin ratio. The results obtained are
analysed and presented in this communication.
Keywords: Clarias batrachus, Albumin globulin ratio, Serum protein, SRBC.

INTRODUCTION

MATERIALS AND METHODS

The fishes are the largest vertebrate class and constitute
approximately 24600 species. (Nelson, 1994). All
groups of lower vertebrates possess well developed
immunological capacity to respond to soluble and
particulate antigens (Smith et al., 1967; Hildemann,
1970) In addition to comparative investigations, fish also
represent potential experimental model for vertebrate
immunology as a whole. Extensive studies of various
fish species show that the basic mechanism of acquired
immunity in the fish and mammals are surprisingly
similar (Faisal and Hetrick 1992). Foundation of
immune system was laid in vertebrates in class Pisces
with a prehistory in the agnathans. The study of immune
system in a fish not only enlightens about the details of
a system in a particular species but also throws light on
the basic pattern responsible for subsequent development
of immune system in other classes of vertebrates. After
immunization, fish most often produce antibodies with
specificity and measurable affinity for the immunization
antigen. Determining the serum proteins in the fish
contributes to the appraisal of the condition and the
course of disease. This report is a part of the doctoral
work of the first author. It deals with the kinetics of the
immune response to SRBC immunization in terms of
albumin globulin ratio.

The live fishes for present work were obtained from the
local fish markets and different water sources of Meerut
and Muzaffarnagar region. Fishes were fed on different
types of food, including commercially available pelleted
food, minced goat liver etc. Injured, abnormally coloured,
morbid or ecto-parasitized fishes were discarded for all the
observations as they might have altered the results. After
a long acclimatization period the fishes kept in tanks and
glass aquaria were used for observational purpose.
Eight fishes were selected and divided into two
groups, one of them was used as control and rest seven
as experimental group. Fishes of experimental group were
immunized with antigen (0.5ml of 25% SRBC). Fishes
thus immunized were routinely anaesthetized and used
for serum collection on day 1,5,10,15,20,25, and 30 days
respectively.
For SRBC, sheep blood, collected from jugular vein,
with the help of sterilised syringe, was added to same
amount of Alsever’s solution and then centrifuged. After
discarding the supernatant the pellet was resuspended in
Phosphate Buffer Saline. Fishes were immunized with 0.5
ml of 25% SRBC in PBS. For immunization purpose and for
blood collection, later on, each fish was caught manually,
taken out of the aquarium and anaesthetized as per Kumar
et al., (2005). Antigen was injected intraperitoneally
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(Sinha and Chakravarty, 1997). For collection of blood
for serum protein analysis, cardiac puncture method
was used. The total proteins and amount of albumin in
the serum was estimated following the Gornall’s biuret
method (Kulow 1967 as cited by Schaperclaus 1991). The
globulin component is the difference between the total
proteins and the albumin. The obtained results were used
to get the A :G value. The same steps were repeated five
times.

RESULTS AND DISCUSSION
Serum protein values of Clarias batrachus on different
days after injecting 0.5ml of 25% SRBC intra-peritoneally
are presented in Figure 1 and Table 1. The value of Total
Serum Proteins ranged between 2.05-3.88, the value of
globulin ranged from 0.71-2.01 and amount of albumin
was recorded in the range of 1.32-1.91. These values of the

serum protein were used to evaluate the albumin-globulin
ratio for the fish which ranged between 0.71-1.92.
Table1. Serum Protein Values, Albumin-Globulin Ratio (A:
G) of the fish Clarias batrachus recorded on different Days
after injecting 0.5ml of 25% SRBC intra-peritoneally.

control
Day 1
Day 5
Day 10
Day 15
Day 20
Day 25
Day 30

Total serum
protein (gm/dl)
2.61±0.36
2.59±0.34
3.14±0.23
3.63±0.30
3.27±0.34
2.78±0.22
2.72±0.19
2.64±0.15

Albumin
(gm/dl)
1.53±0.13
1.52±0.17
1.58±0.17
1.69±0.24
1.68±0.15
1.49±0.16
1.53±0.22
1.56±0.15

Globulin
(gm/dl)
1.08±0.24
1.07±0.18
1.56±0.12
1.94±0.06
1.59±0.16
1.29±0.10
1.19±0.18
1.08±0.14

Values are mean ± standard deviation; n=5

Fig.1a

Fig. 1b

Fig. 1c

Fig. 1d

Fig. 1e

Fig. 1g

A: G
1.44±0.27
1.42±0.13
1.02±0.08
0.86±0.11
1.06±0.19
1.15±0.12
1.31±0.36
1.45±0.30
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Fig. 1f

Fig. 1h

The values of the Serum Proteins of Clarias
batrachus increased after injecting 0.5 ml of 25% SRBC
intraperitoneally. The value of Total Serum Protein
was recorded to decrease in the fish sacrificed on day 1
(2.59±0.34) as compared to the fish of the control group
(2.61±0.36), the value was recorded to increase gradually
in the fish sacrificed on day 5 (3.14±0.23) and day 10
(maximum 3.63±0.30) then the value was recorded
to decrease gradually in the fish sacrificed on day 15
(3.27±0.34), day 20 (2.78±0.22),day 25 (2.72±0.19) and
day 30 (2.64±0.25) reaching back approximately to the
value in the fish of control group. The amount of globulin
protein was recorded to decrease in the fish sacrificed
on day 1 (1.07±0.18), as compared to the fish of control
group (1.08±0.24) the value was recorded to increase
gradually in the fish sacrificed on day 5 (1.56±0.12) and
day 10 (maximum 1.94±0.06), then the value was recorded
to decrease gradually in the fish sacrificed on day 15
(1.59±0.16), day 20 (1.29±0.10), day 25 (1.19±0.18) and
day 30 (1.08±0.14) reaching back approximately to the
value in the fish of control
The value of the Total Serum Proteins and the value
of globulin proteins was shown to increase in the fish after
the immunization. The value of the Total Serum Proteins
was at maximum in the fish sacrificed on day 10 and the
values of the globulin proteins was also maximum in
the fishes sacrificed on the day 10. The value of albumin
and globulin shows a definite trend in response to the
immunization in the experimental fishes, it decreased as
result of immunization, reached a minimum value in the
fish sacrificed on day 10 and then again increased coming
back near to the value in the fish of control group.

Fig. 1 Serum proteins of Clarias batrachus on different
days after injecting 0.5 ml of 25% SRBC intra- peritoneally.
1.a- control, 1.b- day 1, 1.c- day 5, 1.d- day 10, 1.e- day 15,
1.f- day 20, 1.g- day 25 and 1.h- day 30.
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ABSTRACT
Ephedra gerardiana is an important medicinal plant known for its tremendous medicinal
potential since ages. The plant has been utilized in the treatment of several ailments. The plant
possesses several biologically active phytoconstituents which are responsible for its medicinal
value. The present study was conducted to identify such phyto-compounds through GC-MS
study and also to evaluate the antioxidant potential of the plant. Methanolic extract of wild
plant and in vitro raised plantlet were utilized for determining antioxidant value and GC-MS
analysis. In vitro raised plants exhibited enhanced production of flavonoids with prominent
antioxidant activity as compared to the mother plant. On the contrary, the level of tannin was
found to be higher in the mother plant. GC-MS study revealed the presence of a total of 34 and
43 phyto-compounds in mother and in-vitro raised plants respectively. 9-Octadecenoic acid,
methyl ester (24.66%), 9-octadecenoic acid, 1,2,3 propanetriyl ester (10.75%), Phytol (8.8%)
and 2(5H)- Furanone, 3-hydroxy-4,5-dimethyl (7.41%) were major compounds found in mother
plant and Morpholine (28.93%), 9-Octadecenoic acid, methyl ester (20.45%), Hexadecanoic
acid, 2-Hexadecen-1-ol (16.16%) were major compounds found to be present in methanolic
extract of the wild plant.
Keywords: Ephedra gerardiana, Antioxidant, Phytocompounds.

INTRODUCTION

Ephedra gerardiana is an evergreen xerophytic shrub
creating a bushy habitat that ascends to altitude up to
5450 m and is known for its importance in medicine and
distribution all around the globe including regions of
Europe, Asia, South America, Afghanistan and Bhutan
(Stevenson, 1993; Sharma and Dhima, 2010; Dar and

Khuroo, 2020). Prevalent polyploidy is dynamically found
in Ephedra gerandium (Ickert-Bond et al., 2020). Presently,
Genus Ephedra contains 13 taxa which include 10 species
and 3 varieties have been reported in India in the areas
of Alpine Himalayas from Kashmir to Sikkim, Chamba,
Spiti and Ladakh (Polunin et al., 1987; Chauhan, 1999;
Dar and Khuroo, 2020). The plant is known to possess
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tremendous medicinal potential. Several studies have
reported utilization of the plant in the treatment of ailments
and diseases like cold, influenza, asthma, bronchitis, hay
fever, arthritis, bone pains, coughing, hyperhidrosis, nasal
decongestant, syphilis, rheumatism, syphilis and as CNS
stimulant due to its bioactive metabolite ephedrine (Morton,
1977; Sahni, 1990; Leung and Foster, 1996; Porwal et al.,
2003; Soni et al., 2004; Chaudhary et al., 2019). Ephedra
fruits are especially known for healing dried skin, lip
cracking, sunburn, mouth diseases, stomach problems
and even treating tuberculosis wounds (Din et al., 2020).
Ephedra species also contains some important alkaloids
such as norephedrine, methylephedrine, pseudoephedrine,
norpseudoephedrine, and methylpseudoephedrine (Uttra
and Hasan, 2017). While studying the Ephedra gerardiana
stem, many phytochemicals have been identified and
isolated from it which are widely distributed as flavonoids,
alkaloids, terpenoids, saponins and Glycosides (Jamil et al.,
2012). The phytochemical profile of different flavonoids in
this plant includes leucoanthocyanidin, leucopelargonine,
leucodelphinidin, lucenine, vicenin-1 and 2, moreover,
tannins and benzylmethylamine are also found in them
(Ibragic and Sofić, 2015). Although, it has been a known
fact that activated biological components isolated from the
plants are dependent on the selected solvent system for
their extraction and the exact method used to serve this
purpose. As the solvent extract can lead to slowing down
the biological activity of any phytochemical compound
example preventing the oxidation stress due to free radical
production because of insufficient scavenging by antioxidants. In this situation, it becomes difficult to fully
understand the plant’s potential for its therapeutic and
medicinal properties (Khan et al., 2017).
The plant has been reported to possess several
phytochemical compounds which impart the medicinal
value to Ephedra out of which Ephedrine is the most
important and effective (Finar, 1973; O’Dowd and
Richardson, 1994). The plant has been reported to be
endangered (Gupta and Sethi, 1983; Aldam, 2002).
Several studies have reported rapid and effective methods
of tissue culture of Ephedra for mass propagation of the
plant (Dhiman and Sharma, 2010; Sharma et al., 2012).
The contribution of anti-oxidant property in the
Ephedra plant is due to the flavonoids which work against
free radicals and possess anti-inflammatory properties in
response to it (Mohamad et al., 2016). This anti-oxidant
property when combines with the effect of alkaloids,
flavonoids, saponins, and E. gerardiana hydroalcoholic
extract and fractions, can be used in producing antiarthritic activity (Uttra and Hasan, 2017).
In recent time determination of the antioxidant potential
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of medicinal plants have gained momentum owing to the
significant utilization of antioxidants in medicine. Hence,
the present study was conducted to evaluate and compare
antioxidant potential and GC-MS analysis of mother and
tissue culture-raised plants of Ephedra gerardiana.

MATERIAL AND METHODS
Plant Material

Mature plants of Ephedra gerardiana were procured
from the botanical garden of Delhi University, Delhi, and
maintained in the Department of Botany K.L. DAV (PG)
College Roorkee. The plants were subsequently utilized to
produce tissue culture-raised plants as per the standardized
protocol (Dhiman et al., 2010; Rautela et al., 2018).

Extract Preparation

Plant extract of mother planet and in-vitro raised plantlet
of E. gerardiana were used for estimation of antioxidant
profiling and GC-MS analysis. 10 g of the dry plant was
macerated in methanol: water (90:10) for 24 hours. The
extract was filtered and then concentrated in a rotary
evaporator for 15 min and dried in a lyophilizer. The powder
was weighed to calculate the yield and kept at 200C for
further utilization. For each experiment, the powder was
dissolved in 500 µl methanol and diluted as per desired
concentration required for analyzing antioxidant activity.

Total phenol content

Total phenolic contents of Plant extract were determined
by the Folin–Ciocalteu assay as described previously
(McDonald et al., 2001), with slight modifications. A
methanolic solution of catechin was utilized as a reference
for the estimation of phenol content.

Total flavonoids

The aluminum chloride method was used for determining
the total flavonoid content of respective extracts.
Absorbance was recorded at 510 nm. The concentrations
of flavonoid in the test samples were expressed as mg of
quercetin equivalent (QE) per gram of sample (mg QE/g
dw).

Total flavonols

Total flavonols were estimated using the modified method
(Kumaran and Karunakaran, 2007). Total flavonol content
calculated was expressed as mg of quercetin equivalent
(QE) per gram of extract of the sample (mg QE/extract).

Tannin content

Tannin estimation was performed according to FolinCiocalteu’s method (Attarde et al., 2010), The reaction
mixture was shaken well, incubated at 200C for 30 min and
absorbance was measured at 740 nm. The total tannin in
the extract was expressed as mg of tannic acid equivalent
per gram of extract (TE mg/g extract).
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Total antioxidant capacity (TAC)

The total antioxidant capacity was measured by the
spectrophotometric method (Aguilar Urbano et al., 1999).
Values of the antioxidant activity are expressed as mg of
ascorbic acid equivalent per gram of extract.

DPPH free radical scavenging activity

The determination of the free radical scavenging activity
of the plant extract of E. gerardiana was carried out using
DPPH (1,1-diphenyl-2 picrylhydrazyl) assay (Burda and
Oleszek, 2001; Ara and Nur, 2009). 5 ml DPPH (0.004%)
in methanol was added to 1 ml of extract and standard
solution at different concentrations (50, 60, 70, 80 and 90
µg/ml) prepared in methanol. After 30 min absorbance
was measured at 517 nm and compared with ascorbic
acid taken as standard. A lower absorbance indicates
higher radical scavenging power. Scavenging activity was
expressed as the percentage inhibition calculated using the
following formula:
DPPH radical scavenging activity (%)
= [(Abscontrol – Abstest)/(Abscontrol)] × 100
where, Abscontrol is the absorbance of DPPH radical +
Methanol; Abssample is the absorbance of DPPH radical +
sample extract/ standard at 517nm).

Metal chelating activity

The chelating of ferrous ions by the plant extract of E.
gerardiana was estimated by the modified method (Dinis
et al., 1994). The extract samples (50–250 mg/ml) were
added to a solution of 2 mmol/ l FeCl2 (0.05 ml). The
reaction was initiated by the addition of 5 mmol/ l ferrozine
(0.2 ml) and the mixture was shaken vigorously and left
standing at room temperature for 10 min. The absorbance
of the solution was then measured spectrophotometrically
at 562 nm. The percentage of inhibition of ferrozine–Fe2+
complex formation was calculated from [(A0-A1)/A0]100,
where A0 is the absorbance of the control and A1is the
absorbance of the extract/standard.

FRAP assay (Ferric Reducing Antioxidant
Power)

The determination of the FRAP assay was performed by
the modified FRAP method reported by Benzie and Strain
(1996). The stock solution included 300 mM acetate
buffer at pH 3.6, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine)
solution in 40 mM HCl, and 20 mM FeCl3.6H2O solution
in distilled water. Then acetate buffer (25 ml) and TPTZ
(2.5 ml) were mixed with FeCl3.6H2O (2.5 ml). The
temperature of the solution was raised to 37°C before it
was used. Plant extracts (150 µl) were allowed to react
with the FRAP solution (2.85 ml) for 30 min under dark
conditions. The absorbance was measured at 593 nm. The
standard curve was linear between 200 and 1,000 µM
FeSO4. Results were expressed in µM Fe (II)/g dry mass
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and compared with those of standards for ascorbic acid
and α-tocopherol.

GC-MS analysis of the sample:

GC-MS analysis of plant extracts was performed using a
regular Perkin Elmer Auto System XL GC-MS analyzer.
For GC-MS detection, an electron ionization energy system
with an ionization energy of 70eV was used. Helium gas
(99.999%) was used as the carrier gas at a constant flow
rate of 1.51 ml/min and an injection volume of 2μl was
employed. Total GC running time was 22 min. Software
adopted to handle mass spectra and chromatograms was
Turbo Mass.
Identification of compounds was based on the
molecular structure, molecular mass. Interpretation on
mass spectrum GC-MS was conducted using the database
of NIST (National Institute Standard and Technology)
having more than 62,000 patterns and Wiley library. The
name, molecular weight and structure of the components
of the test material were ascertained by correlating with the
library. The relative percentage amount of each component
was calculated by comparing its average peak area to the
total areas (Sharma et al., 2015).

RESULT AND DISCUSSION
Antioxidant Activity

Assessment of antioxidant properties of medicinal plant has
gained importance to find an effective remedy for several
diseases and symptoms. There is also a huge demand for
natural antioxidants in food and related industries, for
replacing synthetic preservatives. Secondary metabolites
such as flavonoids from medicinal plants function as
effective antioxidants through direct antiradical, chainbreaking of the free radical propagation and interaction
with transition metals. Different kinds of Ephedra
are known to contain different types of polyphenols,
flavonoids, and anthocyanins, whose amount can be
quantified by using gallic acid (quercetin or catechin) and
cyanidin-3-glucoside as reference or standard components
(Alali et al., 2007; Pellati and Benvenuti, 2008; Jaradat
et al., 2015; Aghdasi et al., 2016; Al-Rimawi et al., 2017;
Kallassy et al., 2017; Al-Trad et al., 2018; Hegazy et al.,
2019; Mellado et al., 2019; Nasar et al., 2019; Elhadef et
al., 2020).
Results obtained in the present study revealed the
enhanced production of flavonoids in tissue culture raised
plants of Ephedra (0.87±0.11µg/gfwt) as compared to that
of the mother plant (0.23±0.02µg/gfwt). Similar trends
were also obtained for total antioxidant, 3.97±0.21µg/
gfwt total antioxidants were estimated to be present in
micropropagated plant and about 2.33±0.26µg/gfwt in the
mother plant. (Figure 1, Table 1).
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Table 1: Antioxidant profiling of Plant extract of mother plant and in vitro plant E. gerardiana.
S.NO

Assay

Mother Plant

Invitro Plant

1

Protein

12.5±0.20 (µg/gfwt)

23.9±0.93(µg/gfwt)

2

Phenolic

45.9±0.56(µg/gfwt)

62.61±0.48(µg/gfwt)

3

Flavonoid

0.23±0.02(µg/gfwt)

0.87±0.011(µg/gfwt)

4

Total Antioxidant

2.33±0.26(µg/gfwt)

3.97±0.21(µg/gfwt)

5

Tannin

0.15±0.02(µg/gfwt)

0.12±0.01(µg/gfwt)

6

Flavanols

15.21±0.80(µg/gfwt)

19.21±0.45(µg/gfwt)

10

FRAP

278.89±0.08(µmol/gfwt)

387.54±0.02(µmol/gfwt)

11

DPPH

25.67%

30%

12

Chelating

18.78%

38%

In vitro regenerated plants also exhibited enhanced
DPPH and chelating activity as compared to the mother
plant (Table 1, Figure 1). A significant amount of increase
was obtained in proline content estimated to be present

in tissue cultured plant (97.66±0.09 µg/gfwt) as compared
to that found in the mother plant (55.67±0.11µg/gfwt).
Flavanol and phenols present also exhibited an enhanced
production in micropropagated plants as compared to
mother plants.

Figure 1: Comparative analysis of antioxidant profiling of mother plant and in vitro raised Ephedra gerardiana
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Phenolic compounds function as high-level
antioxidants because they possess the ability to absorb and
neutralize free radicals as well as quench reactive oxygen
species. Free radical scavenging and antioxidant activity
of polyphenolics (e.g. flavonoids, phenolic acids) mainly
depends upon the number and position of hydrogen
donating hydroxyl groups on aromatic rings of the
phenolic molecules, and is also affected by other factors,
such as glycosylation of glycones, other H- donating
groups (-NH, -SH) etc. For example flavonols such as
quercetin, myricetin and kaempferol, containing multiple
hydroxyl groups had higher antioxidant activity than their
glycosides such as rutin and astragalin. Thousands of such
phenolic compounds are present in medicinal herbs with
similar properties (Iwashina, 2000; Xiao et al., 2000).
However, H2O2 levels were found to be much higher
in the mother plant (28.95±0.10µg/gfwt) as compared to
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tissue-cultured plant (12.25±0.13µg/gfwt). Similarly, the
amount of tannins produced were also higher in the mother
plant (0.15±0.02 µg/gfwt) as compared to that of tissue
cultured plant (0.12±0.01µg/gfwt) (Table1). Besides the
enhanced production of the above-mentioned metabolites
in vitro regenerated plants also exhibited enhanced DPPH
and chelating activity. Comparatively enhancement in
chelating activity was much more (18.78% in mother
plant and 30% in tissue cultured plant) as compared to
DPPH activity (25.67% in mother plant and 30% in tissue
cultured plant).

GC-MS ANALYSIS
GC-MS analysis of methanolic plant extract obtained
from mother and in vitro raised plant Ephedra gerardiana
revealed the presence of 34 and 43 phytochemical
compounds in mother and tissue cultured plant respectively
(Table 2, Table 3, Figure 2, 3).

Table 2: Identified compound, Area and Retention time of peak of in virto plant extract of E. gerardiana.
S.No

R.Time

Area

Area%

Name

1

5.617

594740

0.70

Undecane

2

7.597

400289

0.47

2,3-Dihydro Benzofuran

3

8.975

237535

0.28

2-Methoxy-4-vinylphenol

4

9.648

772770

0.91

Borinic acid, diethyl-

5

9.839

24455859

28.93

Morpholine, 3-Methyl-2-Phenyl

6

10.348

1620107

1.92

Benzyl alcohol, alpha.-(1-(dimethyl aminoethyl)

7

12.179

609522

0.72

Phneol, (1,1-Dimethylethyl)-4-Methoxy

8

12.413

255095

0.30

Benzothiazole

9

12.506

167264

0.20

Diethyl Phthalate

10

12.636

1051674

1.24

3A(1H)-Azulenol

11

13.026

631623

0.75

3,4-Altrosan

12

13.525

146766

0.17

2-Propenoic acid, tridecyl ester

13

13.644

328408

0.39

1-tetraadecanamine,N,N-dimethyl

14

14.150

544146

0.64

6-Isopropenyl-4,8A-dimethyl

15

14.443

344510

0.41

d-Glycero-d-ido-heptose

16

14.588

593172

0.70

8-Hydroxy-4-isopropylidene-7-methyl

17

14.846

164065

0.19

Morpholine, 3,4-Dimethyl-2-phenyl

18

15.101

267223

0.32

Oxirane, hexadecyl-

19

15.334

281088

0.33

Cyclo hexane carboxamide, N-(4-fluorophenyl)-

20

15.541

296812

0.35

2,4,6, tribromoaniline

21

15.625

153891

0.18

Kauren-19-yl-acetate

22

15.823

1255476

1.48

1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7-trimethyl-4-met

23

15.985

6314866

7.47

Hexadecanoic acid, methyl ester

24

16.338

162905

0.19

9-Octadecenoic acid

25

16.449

280943

0.33

1,2-Benzenedicarboxylic acid

26

16.823

534221

0.63

1-Methyl-5-Phenylbiocyclo heptane

27

17.500

232986

0.28

2,2,6-Trimethyl-1-(3-methylbuta-1,3-dienyl)
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S.No

R.Time

Area

Area%

Name

28

17.692

17293734

20.45

9-Octadecenoic acid, methyl ester,

29

17.818

13660639

16.16

2-Hexradecen-1-ol, 3,7,11,15-Tetramethyl

30

17.903

3724332

4.41

6,9-Octadecadienoic acid

31

18.079

616433

0.73

Spiro(2,5)octane, 5,5-dimethyl-4-(3-oxobutyl)

32

18.168

288757

0.34

6,6-Dimethyl-2-vinyl-bicyclo [3,1]Hept-2-ene

33

18.322

218873

0.26

Widdrol

34

18.467

1228157

1.45

9,12-Octadecadienoic acid (Z,Z)-, methyl ester

35

19.258

121598

0.14

Methyl 5,11,14-eicosatrienoate

36

19.345

529666

0.63

2H-Pyran, 2-(2-heptadecynyloxy) tetra hydroxy

37

19.425

183016

0.22

9-octadecensaeure1,2 hydroxy

38

19.711

727006

0.86

Eicosanoic acid

39

22.055

1118109

1.32

Docosanoic acid

40

22.467

531197

0.63

1,2-Benzenedicarboxylic acid,

41

25.230

625656

0.74

Tetracosanoic acid, methyl ester

42

26.390

178720

0.21

Cyclopropane butanoic acid, 2-[[2-[[2-[(2-pentylcyclopropyl)m

43

35.067

803110

0.95

Stigmast-5-en-3-ol

Table 3: Identified compound, Area and Retention time of peak of mother plant extract of E. gerardiana.
Peak

Retention Time

Area

Area%

Name

1

5.443

468576

0.73

2-cyclopenten-1-one

2

5.773

4782810

7.41

2(5H)-furanone, 3-hydroxy-4,5-dimethyl-

3

6.342

219112

0.34

2-acetyl-2-hydroxy-.gamma.-butyrolactone

4

6.491

2988514

4.63

4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

5

6.945

658078

1.02

5-Methoxypyrrolidin-2-one

6

7.369

527000

0.82

But-3-enoic acid methyl ester

7

7.719

889217

1.38

2-Furancarboxaldehyde, 5-(hydroxymethyl)-

8

9.766

802151

1.24

5-oxo-pyrrolidine-2-carboxylic acid methyl

9

11.266

374538

0.58

1-(3-methyl-2-pyrazinyl)-1-ethanone

10

11.849

347529

0.54

Hexanedioic acid, dimethyl ester

11

12.961

1183648

1.83

.Alpha.-d-galactopyranoside, methyl

12

13.152

825985

1.28

.Alpha.-d-glucopyranoside, .alpha.-d-glucopyranosyl

13

14.267

337403

0.52

Tetradecanoic acid

14

14.375

224738

0.35

Octahydro-2(1H)-quinolinone

15

14.466

496589

0.77

D-Glycero-d-ido-heptose

16

15.312

331864

0.51

2-Pentadecyn-1-ol

17

15.500

492256

0.76

1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester

18

15.984

5005994

7.76

Hexadecanoic acid, methyl ester

19

16.349

3074394

4.77

N-Hexadecanoic acid

20

16.450

367203

0.57

Dibutyl phthalate

21

17.517

282054

0.44

N-Nonadecanol-1

22

17.690

15905695

24.66

9-Octadecenoic acid, methyl ester, (E)-

23

17.815

5731446

8.88

Phytol

24

17.903

3731188

5.78

Octadecanoic acid, methyl ester

25

18.073

6935309

10.75

9-Octadecenoic acid, 1,2,3-propanetriyl ester, (E,E,E)-

26

18.471

1212492

1.88

Methyl 9-cis,11-trans-octadecadienoate
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Peak

Retention Time

Area

Area%

Name

27

19.342

800880

1.24

Cyclopentanone, 2-(2-nitro-2-heptenyl)-

28

19.714

741856

1.15

Eicosanoic acid, methyl ester

29

22.058

1626495

2.52

Docosanoic acid, methyl ester

30

22.473

596605

0.92

1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester

31

23.650

180728

0.28

Triacontanoic acid, methyl ester

32

25.233

814381

1.26

Tetracosanoic acid, methyl ester

33

32.953

308242

0.48

Ergost-5-en-3-ol, (3.beta.,24r)-

34

35.063

1246838

1.93

Stigmast-5-en-3-ol, (3.beta.)-

Figure 2: GC-MS chromatography of methanolic extract of Mother Plant of Ephedra gerardiana
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Figure 3: GC-MS analysis of methanolic extract of in vitro raised plant of Ephedra gerardiana.

In extract of mother plant major phytochemical
compounds identified were 9-Octadecenoic acid, methyl
ester (24.66%), 9-octadecenoic acid, 1,2,3 propanetriyl
ester (10.75%), Phytol (8.8%) and 2(5H)- Furanone,
3-hydroxy-4,5-dimethyl (7.41%) with retention time
17.69,18.07,17.81 and 5.77 respectively. Among these
9-octadecenoic acid was most abundant. Compound

such as hexanedioic acid (0.54%), Octahydro-2(1H)quinolinone (0.35%), Ergost-5-EN-3-ol (0.48%) and
2-Acetyl-2-hydroxy, gamma-butyrol acetone (0.34%) with
retention time 11.84, 14.37, 32.95 and 6.34 respectively
were found to be present in comparatively lesser amount
into plant extract of mother plant. On the other hand
extract prepared from in vitro raised plant was found to
contain Morpholine (28.93%),

Table 4: Biological activities of the identified compound in methanolic plant extract of mother plant Ephedra gerardiana.
S.No

Compound

Biological activity

Reference

1.

1,3,5-Triazine-2,4,6-triamine

Antibacterial activity

Baldaniya, 2010

2.

4,5-diaryl-3-hydroxy-2(5H)-furanones

Antioxidant

Bailey et al., 2007

3.

Butyric acid

Anticancer

Prasad, 1980

4.

5-(hydroxymethyl, azidomethyl,

Antiviral (HSV-1)

Shiau et al., 1980

5.

l-Histidine (H2his) and (S)-(−)-2-Pyrrolidone-5carboxylic Acid (H2pyrrld)

Antibacterial and Antifungal Activities

Nomiya et al., 2000

6.

4-oxo-butenoic acid

Treatment of breast cancer

Miles et al., 2004

7.

5-Hydroxymethylfurfural

food additives

Abraham et al., 2011

8.

2-Pyrrolidone-5-carboxylic acid, methyl ester

Antiviral

Seeger et al., 2003

9.

1-(6-Methyl-2-pyrazinyl)-1-ethanone

volatile flavor components

Ba et al., 2010

10.

alpha.-D-Glucopyranoside, alpha-D-glucopyranosyl

pancreas protective,
antioxidant and hepatoprotective effects

Kumar et al., 2013
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11.

Myristic acid

Help in Cellular Transforming activity

Buss et al., 1984

12.

2-Amino-3-Hydroxypyridine

Used in Cosmetics

Belsito et al., 2014

13.

alpha.-D-Glucopyranoside, .alpha.-D-glucopyranosy

Enhanced glycemic control, pancreas
protective,
antioxidant and hepatoprotective effects

Kumar et al., 2013

14.

1,2-benzenedicarboxylic acid

Insecticidal, pesticide,
Antitumor

Jain et al., 2012

15.

n-Hexadecanoic acid

Antioxidant,Hypocholesterolemic
Nematicide, Pesticide, Anti
androgenic, Flavor
Hemolytic,5-Alpha reductase inhibitor

Jananie et al., 2011

16.

Palmitic acid

Antitumor activity

Harada et al., 2002

17.

Dibutyl phthalate

Dibutyl phthalate

Roy et al., 2006

18.

1-Docosanol

Antiviral activity

Katz et al., 1991

19.

Methyl elaidate

Useful in the transformation of fatty acids

Dhopeshwarkar and Mead,
1962

20.

Phytol

Activate the Nuclear Receptor RXR

Kitareewan et al., 1996

21.

Oleic Acid

Treatment of Skin Papillomas

Gustafsson et al., 2004

22.

Methyl linoleate

Antioxidant Activity

Hopia and Heinonen, 1999

23.

14-Methyl-8-hexadecenal Z

Antipodes of the khapra beetle pheromone

Mori et al., 1982

24.

Mono(2-ethylhexyl) phthalate

Testis toxicity

Dalgaard et al., 2001

25.

Tetracosanoic acid, methyl ester

Antibacterial and insecticidal activity

Khan Nadeem et al., 2012

26.

Ergost-5-EN-3-OL, (3, BETA)

Liver diseases, Jaundice, atherosclerosis

Kumar et al., 2014

27.

Stigmast-5-en-3β-ol

Antihyperlipidemic and Anti-tumor agent

Iyer and Patil, 2012

9-Octadecenoic acid, methyl ester (20.45%),
hexadecanoic acid, 2-hexadecen-1-ol (16.16%) and
methyl ester (7.47%) by way of retention time 9.8, 17.69,
17.81 and 15.98 respectively as the major compounds.
Compounds such as Cyclopropanebotanoic acid (0.21%),
9-octadecensaeure, 12-hydroxy-methylester (0.22%),

Methyl 5,11,14-eicosatrienoate (0.14%) and Diethyl
Phthalate (0.20%) with retention time 26.39,19.42, 19.25
and 12.50 respectively were present in small amounts. The
compounds identified were found to belong to different
classes such as steroids, acid, phytosterols, alkaloids,
ketones, ester, etc.

Table 5: Biological activities of the identified compound in methanolic plant extract of in vitro plant Ephedra gerardiana.
S.No.

Compound

Biological activity

Reference

1.

2-Methoxy-4-vinyl phenol

Antioxidant activity

Jeong et al., 2011

2.

Morpholine, 3-methyl-2-phenyl-

biosurfactant activity

Shubhrasekhar et al., 2013

3.

Methylephedrin

Treatment of cough and cold

Imai et al., 2010

4.

Butyl hydroxyanisole

Use as an Antioxidant

Williams et al., 1999

5.

1H-Pyrrole, 2-(2,4,6-cycloheptatrienyl

Cytotoxic activity

Jalill et al., 2014

6.

Diethyl phthalate

Antimicrobial
Antifouling

Miller et al., 2004

7.

3,4-Altrosan

Bacteriostat
Fungicide

Ravikumar et al., 2012

8.

9-Octadecenoic acid (z)

Omotoso et al., 2014
Antiandrogenic, Lipoxygenase
inhibitor, Allergenic, Flavour,
Hypocholesterolemic, Insectifuge,
Irritant, Percutaneo-stimulant,

9.

Trehalose

Preservation of Membranes in
Anhydrobiotic
Organisms:

Crowe et al., 1983
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S.No.

Compound

Biological activity

Reference

10.

Spathulenol

Antibacterial and Antioxidant Activities

Wang et al., 2011

11.

3,7,11,15-Tetramethyl-2-hexadecen-1-ol

Cancer-preventive

Ponnamma and manjunath,
2012

12.

Cyclohexanecarboxamide, N-(4-fluorophenyl)

Chelating extractants

Özer et al., 2009

13.

n-Hexadecanoic acid

Antiinflammatory

Aparna et al., 2012

14.

Stearic acid

lowering plasma cholesterol levels Bonanome and Grundy,
1988

15.

9-tetradecenal

Neurotransmitter

(Mathur and Kamal, 201l)

16.

Oleic Acid

Treatment of Skin Papillomas

(Gustafsson et al., 2004)

17.

9,12-Octadecanoic acid (z, z)-methyl
ester

Anti-inflammatory,
Hypercholesterolemic, Cancer
preventive, Hepatoprotective,
Nematicide, Insectifuge,
Antihistamine, Anti-eczemic,
Anti-acne, 5-Alpha reductase
inhibitor, Antiandrogenic, Antiarthritic, Anti-coronary

(Omotoso et al., 2014)
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1,2-benzenedicarboxylic acid

Insecticidal, pesticide,
antitumor

(Jain et al., 2012)

Irrespective of the amount or concentration (high or
low) in which these compounds were found to be present,
almost all these compounds have been reported to possess
some pharmacological or biological activity (Table 4, 5, 6).
Nearly, all the compounds identified have been reported to
exhibit antibacterial, antifungal, antioxidant and antiviral
activities against several pathogenic bacteria, fungal and
viral species (Hopia and Heinonen, 1999; Seeger et al.,
2003; Bailey et al., 2007; Jananie et al., 2011; Khan et al.,
2012). Besides the antioxidant activity of n-hexadecanoic
is also reported to possess hypocholesterolemic and antiandrogenic activity (Jananie et al., 2011). The antioxidant
property is one of the crucial properties possessed by this
plant and this study focus on its compounds such as Methyl
linoleate, 2-Methyl-4-vinyl phenol, 4,5-diaryl-3-hydroxy2(5H)-furanones, Spathulenol and n hexadecanoic
acid identified to be present in both plant extract of
E. gerardiana have been reported to possess potent
antioxidant activity (Hopia and Heinonen, 1999; Bailey
et al., 2007; Okada et al., 2010; Jananie et al., 2011; Wang
et al., 2011). Identified compounds Butyric acid, 4-oxobutenoic acid, 1,2-benzene dicarboxylic acid, Palmitic
acid, stigmast-5-en-3β-ol have been reported as anticancer
and are utilized in the treatment of breast cancer and
antitumor agent (Prasad et al., 2001; Harada et al., 2002;
Jain et al., 2012; Patil and Paikrao, 2012). Compounds
like Cyclohexanecarboxamide, N (4-fluorophenyl),
9-tetradecenal, Morpholine, 3-methyl-2-phenyl have been
reported to possess chelating and biosurfactant activity

respectively (Ozer et al., 2008; Shubhrasekhar et al.,
2013).
Table 6: Total compound present in mother and in vitro plant
of Ephedra gerardiana.
S. No.

Chemical Compound

Mother In vitro
plant
plant

1

Undecane

+

2

2,3-Dihydro-benzofuran

+

3

2-methoxy-4-vinylphenol

+

4

Borinic acid, diethyl

+

5

Morpholine, 3-methyl-2-phenyl

+

6

Benzyl alcohol, alpha-(1(dimethylamino) ethyl)

+

7

Phenol, (1,1-Dimethylethyl)-4Methoxy

+

8

Diethyl Phthalate

+

9

3A(IH)-Azulenol
2,3,,4,5,8,8A-Hexahydro-6,8A-Di

+

10

3,4-Altrosan

+

11

2-Propenoic acid, tridecyl ester

+

12

1-Tetradecanamine, N-N-dimethyl

+

13

6-isopropenyl-4-8 A-dImethyl1,2,3,5,6,7,8,8A-OCT

+

14

d-Giycero-d-ido-heptose

15

7R,8R-8-Hydroxy4-isopropylidene-7methylbicyclo[5,3,1]

+

+
+
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Morpholine 3,4-dimethyl-2phenyl-(2R Trans)

+

46

1-(3-methyl-2-pyrazinyl)-1ethanone

+

17

Oxirane, hexadecyl

+

47

Hexanedioic acid, dimethyl ester

+

18

Cyclohexanecarboxamide,N-(4fluorophenyl)

+

48

Alpha-D-Galactopyranoside
methyl

+

19

Kauren-9-yl-acetate

+

49

1H-Cycloprop(e)azulen-7ol,decahydro-1,1,7-trimethyl-4methyl

+

Alpha-D-Glucopyranoside,
alpha-D-glucopyranosy;

+

20

50

Tetradecanoic acid

+

51

octahydro-2(1H)-quinolinone

+

52

2-Pentadecyn-1-ol

+

53

n-hexadecanoic acid

+

54

Dibutyl phthalate

+

55

Phytol

+

56

Octadecenoic acid, methyl ester

+
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Hexadecancic acid, methyl ester

+

+

22

9-Octadecenoic acid (z)

+

+

23

1,2-Benzenedicarboxylic acid, Bis
(2-Methoxy)

+

24

1-Methyl-5-Phenylbicyclo(3,2,0)
Heptane

+

25

9-Octacecenoic acid, methyl ester,
(E)

+

57

9-Octadecenoic acid,
1,23-propanetriyl ester,(E,E,E)

+

26

2-Hexadecen-1-ol,3,7,11,15Tetramethyl-(R-(R

+

58

Methyl 9-cis,11-trans
octadecadienoate

+

27

6,9-Octadecadienoic acid, methyl
ester

+

59

Cyclopentanone,2-(2-nitro-2heptenyl)

+

28

6,6-Dimethyl-2-viniylbicyclo(3,1,1) Hept-2-ene)

+

60

1-2-Benzenedicarboxylic acid,
Mono (2-ethylhexyl) ester

+

29

9.12-Octadecadienoic acid (Z,Z)methyl ester

+

61

Triacontanoic acid, methyl ester

+

62

Ergost-5-en-3-ol.(3,beta 24R)

+

30

Methyl 5,11,14-eicosatrienoate

+

31

2H-Pyran,2-(2-heptadecynyloxy)
tetrahydro

+

32

9-Octadecensaeure,12-hydroxymethylester

+

33

Eicosanoic acid, methylester

+

+

34

Docosanoic acid, methylester

+

+

35

1,2-Benzenedicarboxylic acid,
mono(2-ethylhexyl) ester

+

+

36

Tetracosanoic acid, methyl ester

+

+

Besides these, oleic acid is known for treating skin
papillomas and n-hexadecanoic acid provides an antiinflammatory function (Gustafsson et al., 2004; Aparna
et al., 2012). Some studies have reported that the antiandrogenic, allergenic and hypercholesterolemic activity
possessed by 9-octadecanoic acid and 1-(6-Methyl-2pyrazinyl)-1-ethanone works as potent volatile flavour
components, whereas 9-tetradecenal is reported to work
as Neurotransmitter (Iwahashi et al., 1991; Mathur and
Kamal, 2011).

37

Cyclopropanebutanoic acid,
2-[[2-[[2-[(2-pentylcyclopropyl)

+

CONCLUSION:

38

Stigmast-5-en-3-ol,(3,beta)

+

39

2(5H)-Furanone, 3-hydroxy-4-5dimethyl

+

40

2-acetyl-2-hydroxy-gammabutylrolactone

+

41

4H-Pyran-4-one,2,3-dihydro-3,5dihydroxy-6-methy

+

42

5-methoxypyrrolidin-2-one

+

43

But-3-enoic acid methyl ester

+

44

2-farancarboxaldehyde,5(hydroxymethyl)

+

45

5-oxo-pyrrolidine-2-carboxylic
acid methyl

+

+

Results obtained provide an insight into the potential
antioxidant activity of Ephedra. Also, the identification
of several phytochemical compounds found to be present
in extracts of mother and tissue culture-raised plants
with several biological properties reveals the immense
medicinal potential of the plant. Although tissue-cultured
plants contain more phytochemicals than the mother
plants, some of the phyto-compounds are found to be
more prominent in the mother plant rather than the tissuecultured ones. The anti-oxidant activities are found to be
more ubiquitous in the case of tissue cultured plants.
The results of the present study indicate that there is a
great potential of using Ephedra gerandium in the field of
disease treatments and medicines, but also its antioxidant
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property can provide a better food lifestyle of having the
richer source of proper nutrition. It is a giver trend nowadays
to focus not only on the best clothing and sheltering but
also to ensure to have the best nutrition supplements in
regards of avoiding any specific medications related to
any disease prevalent or not. It is not a hidden fact that
the morbidity rates have been increased in the past few
decades, which brings special attention in the field of
the antioxidant property providing species of any kind.
Antioxidants remove free radicals and activated oxides
from the human body which are broadly responsible for
developing several diseases and abnormalities which
can be as serious as mutations and cancers. Moreover, if
diseases are not concerned, antioxidants have been linked
with inner body cleansing and anti-aging properties, which
are enough for researchers to make their crude focus in this
particular area of study and research. Also, each and every
part of Ephedra gerandium has some therapeutic and
medicinal property and its abundance subsidized more to
use this plant species in the concern of humankind benefit.
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ABSTRACT
The Saryug river has been examined about water quality especially for heavy metal pollution
by chromium (Cr), cadmium (Cd), zinc (Zn) and lead (Pb) at selected sites namely Siswan,
Chapra and Dighwara during two years of study period. The estimated values were found
either below or closed the permissible limit set by World Health Organization (WHO) except
Cadmium. Cadmium concentration exceeded the WHO limit. This cadmium value in the river
water of this area is a serious concern for human health. These heavy metals showed positive
correlation with each other in both the years. The generated data may be useful to control the
heavy metal pollution of the river at these sites which may even be deteriorating in near future.
The present research indicates that the pollution level along the river Saryug is not very high
but the increasing population load in the basin may cause long-term harm well masked by short
term economic prosperity
Keywords: Saryug River water, Environmental pollution, Heavy metals pollution, Correlation
matrix.

INTRODUCTION
Rivers are the major geological agents in tropical
regions and considerable changes in transporting water
and sediments occur due to site-specific drainage in the
river path (Turner and Rabalois, 2009). It is true that
river transport of particulates, nutrients and minerals
maintaining river productivity but anthropogenic activities
in recent years have imposed tremendous pressure on the
river systems in the form of toxic drainage from point and
non-point sources, which have negatively affected the
natural productivity of river systems.
The previous studies have indicated about heavy metal
toxicity in fish, oysters, sediments and other components
of aquatic ecosystems (Aghr, 2007; Patil, 2009). These
toxic heavy metals entering in aquatic environment are
adsorbed onto particulate matter, although they can form
free metal ions and soluble complexes that are available
for uptake by biological organisms (Salomons and
Forstner, 1984). The industrial drainage often contains
variable amounts of heavy metals such as arsenic, lead,

nickel, cadmium, copper, mercury, zinc and chromium
which have the potential to contaminate crops growing
under such irrigation (Singare et al, 2011). These heavy
metals have a marked effect on the aquatic flora and fauna
which through bio-magnification enter the food chain and
ultimately affect the human populations. Heavy metal
pollution is an ever increasing problem of aquatic systems.
The heavy metal pollution in river systems is caused by
mineral weathering, industrial drainage, rainfall and
various non-point discharge in recent years.
The Saryug river is preceder of Ghaghra river which
rises in the Himalayan glaciers near Lampia-pass at an
elevation of 4800 meter at latitude 30̊ 38 ́N and longitude
80 ̊ 57 ́E about 60 km South-West of Mansarowar. After
traversing for some length in the plains, the river branches
off into several channels downstream of Chisapani.
River Ghagra continues its journey through Ayodhya
where it is known by the name Saryug. The course of
the Ghaghra is confined to a single channel at Dohrighat.
The Rapti and the little Gandak join it from the left. After
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receiving the Jharahi and the Daha, two small streams
on its left, the river finally joins the river Ganga few km.
downstream of Chapra town in Bihar sub-basin of the
River Ghaghara.
The study includes a systematic analysis of heavy
metals distribution in water of the river system. The
specific objectives of the study are firstly to investigate the
current status of the heavy metals availability registered
in the water of the river, secondly to assess the seasonal
variations in the water quality of the river and to provide
scientific basis to understating the environmental problem
in the ecosystem context. Chapra is a city and headquarters
of Saran district. The district is entirely constituted of
plains but there are quite a few depressions and marshes,
which create three broad natural divisions. Industries such
as agro-manufacturing unit, alcohol manufacturing unit,
polythene manufacturing units, leather tanning, small
textile units, laundry chemicals, paints and dyes, radiators,
brake wires, tire wear, anticorrosive plating are main
contributors of Cd, Zn and Cr pollution in the river.

METHODS AND MATERIALS
The Saryug river water at selected sites were analyzed to
Chromium (Cr), Cadmium (Cd), Zinc (Zn) and Lead (Pb)
pollution during two year investigation period of study as
assumed from both point and non-point agents have been
identified in recent years. Zn, Pb and Cd are the most
frequently researched heavy metals in bioaccumulation
studies (Goodyear and McNeill, 1999). Chromium was
considered due to their high amount urban drainage
as corrosion-induced release from metal complexes
(Wallinder et al, 2006; Novotny, 1995). This study has
carried in previous field study and final laboratory work
steps with selected three sites in this river.
The periodic samplings were carried out in monsoon,
winter and summer seasons with three replicates in two
consecutive years 2018-2019 and 2019-2020. The water
samples were collected at depths varying from 15 to 30
cm with the help of a water sampler which consisted of a
glass bottle and a cord tied to a lid. The whole assembly
was lowered into water to the desired depths and the cord
of the lid was pulled and released only when displaced air
bubble ceased to come to the surface. The whole assembly
was withdrawn and the water was then transferred into

pre-cleaned polypropylene bottles. Each container was
clearly marked with the name and address of the sampling
site and date of sampling. All the procedures were adopted
according to the standard methods recommended by
APHA (1985).
The water samples (50 ml) were digested with 10 ml of
conc. HNO3 at 800C until the solution became transparent
for heavy metal estimation (APHA, 2005). The solution was
filtered through Whatman No. 42 filter paper and diluted
to 50ml with double distilled water. These samples were
used to determine heavy metal concentrations by Atomic
Absorption Spectrophotometer. Atomic Absorption
spectroscopy is an absorption methods where radiation
absorbed by metal ions, excited atoms in the vapors state.
In atomic absorption spectroscopy, the sample is first
converted at a selected wavelength, which is characteristic
of each individual element. The same experimental
condition was also applied for the determination of the
reference samples of known composition.
The heavy metals were directly aspirated into an air
C2H2 flame of an atomic absorption spectrophotometer
and absorbance measured as Chromium (Cr) at 283.3 nm,
Cadmium (Cd) at 228.8 nm, Zinc (Zn) at 279.5 nm and
Lead (Pb) at 358 nm.
The mean is calculated by using Σ(X) M=N; where
Σ=Sum; X=Individual data points and N=Sample size. The
standard deviation is calculated by using Σ(X-M)2 S2=n-1;
where Σ=Sum; X=Individual score; M=Mean of all scores
and N=Sample size. Correlation is Positive when the
values increase together; and correlation is negative when
one value decreases as the other increases Correlation can
have a value; 1 is a perfect positive correlation; 0 is no
correlation and -1 is a perfect negative correlation
Results and Observations
The River Saryug have several villages, towns and
small cities including selected sites near Chapra district of
Bihar and finally met in Ganga river. Domestic effluents
are added into river from the towns and cities. Untreated
industrial effluents are also added from some small scale
industries in to the river. The study area covers a stretch of
the river around Chapra district and findings are presented
about heavy metals content in water as Table 1-4 and
Figure 1-4.

Table 1: Heavy metal deposition at Site 1 in Saryug river during study period
Parameter
Cr (mg/l)
Cd (mg/l)
Zn (mg/l)
Pb (mg/l)

Monsoon
0.006
0.034
0.023
0.08

Year 2018-19
Winter
0.009
0.045
0.032
0.018

Summer
0.011
0.034
0.034
0.030

Monsoon
0.007
0.035
0.024
0.09

Year 2019-20
Winter
0.010
0.046
0.033
0.019

Summer
0.012
0.035
0.035
0.031
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Table 2: Heavy metal deposition at Site 2 in Saryug river during study period
Parameter

Year 2018-19
Monsoon

Year 2019-20

Winter

Summer

Monsoon

Winter

Summer

Cr (mg/l)

0.008

0.011

0.014

0.009

0.012

0.015

Cd (mg/l)

0.036

0.047

0.036

0.037

0.048

0.037

Zn (mg/l)

0.025

0.034

0.036

0.026

0.035

0.037

Pb (mg/l)

0.010

0.020

0.032

0.011

0.021

0.033

Table 3: Heavy metal deposition at Site 3 in Saryug river during study period
Parameter

Year 2018-19

Year 2019-20

Monsoon

Winter

Summer

Monsoon

Winter

Summer

Cr (mg/l)

0.011

0.014

0.017

0.012

0.015

0.018

Cd (mg/l)

0.039

0.050

0.039

0.040

0.051

0.040

Zn (mg/l)

0.028

0.037

0.039

0.029

0.038

0.040

Pb (mg/l)

0.013

0.023

0.035

0.014

0.024

0.036

Table 4: Heavy metal deposition compared to WHO standards
Parameters

Minimum value at
different sites/year

Maximum value at
different sites/year

Permissible
WHO limit (mg/l)

Cr (mg/l)

0.006- 1/2018-19

0.018-3/2019-20

0.10

Cd (mg/l)

0.034-1/2018-19

0.040-3/2019-20

0.005

Zn (mg/l)

0.023-1/2018-19

0.040-3/2019-20

5.00

Pb (mg/l)

0.008-1/2018-19

0.036-3/2019-20

0.05

Chromium (Cr+2) concentration was variable from
site to site and season to season for the River Saryug. The
site 1 have Cr value as minimum in monsoon and maximum
in summer season and also showed increment in last year
of study as illustrated in Table 1-3. The data showed less
deposition at site 1, moderate in site 2 and high in site 3
during the study period. The spatial distribution is given in
Figure 1. The concentration is about reach point to WHO
standards of pollution (Table 4).
Figure 2: Cadmium deposition at different sites of Saryug river

Figure 3: Zinc deposition at different sites of Saryug river
Figure 1: Chromium deposition at different sites of Saryug
river

Cadmium (Cd+2) The Saryug river showed different
concentration at selected sites and also seasonally variable
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during the study period. There 1 and 3 site showed
similar Cadmium concentration, however 2 site has more
Cadmium value perhaps due to urban basin with several
industrial discharge into the river as illustrated in Table
1-3. The spatial deposition is illustrated in Figure 2. The
concentration is above WHO standards of pollution (Table
4).
Zinc (Zn+2) In the Saryug, Zn concentration was less
in site 1 and 2, while excessive deposition observed at site
3 during the study period. There is increasing pattern of
deposition in preceding years at all sites as illustrated in
Table 1-3. The spatial distribution is less in site 1, moderate
in 2 and high in site 3 (Figure 3). The concentration is far
less than WHO standards of pollution (Table 4).
Lead (Pb+2) The Lead concentration ranged 0.0080.013 in monsoon, 0.018-0.023 in winter and 0.030-0.035 in
summer season of 2018-19, while 0.09-0.014 in monsoon,
0.019-0.024 in winter and 0.031-0.036 in summer season
of 2019-20 (Table1-3). The spatial deposition is less in site
1, moderate in site 2 and high in site 3 during the study
period (Figure 4). The concentration is about reach point
to WHO standards of pollution (Table 4).

Figure 4: Lead deposition at different sites of Saryug river

Table 5: Correlation coefficients between heavy metals
during the study period
Cr

Cd

Zn

Cr

1

Cd

0.784

1

Zn

0.856

0.998

1

Pb

0.974

0.994

0.971

Pb

1

The correlation coefficient between every parameter
pairs was computed by taking the average values of each
season for the selected sites of Saryug river during the
study period. The correlation analysis showed positive
correlation in heavy metal concentrations (Table 5).

DISCUSSIONS
The Cr concentration in water samples was found below
the permissible limit of 0.05mg/L set by WHO (1996).

The excessive use of this chemical leads to higher
concentration in the effluent (Bhalli and Khan, 2006). It
is the major chemical present in the effluent, which, when
released into water percolates the layers of sediments. Cr
compounds are used as pigments, mordents and dyes in
the textiles and as the tanning agent in the leather. The
sources of emission of Cr in the surface waters are from
municipal wastes, laundry chemicals, paints, leather, road
run off due to tire wear, corrosion of bushings, brake wires
and radiators, etc. Acute toxicity of Cr to invertebrates is
highly variable, depending upon species (Jain, 2002). For
invertebrates and fishes, its toxicity is not much acute.
There are a few recorded instances of Cd poisoning in
human beings following consumption of contaminated
fishes. It is less toxic to plants than Cu, similar in toxicity
to Pb and Cr. It is equally toxic to invertebrates and fishes
(Jain, 2002).
The Cadmium is contributed to the surface waters
through paints, pigments, glass enamel, deterioration
of the galvanized pipes etc. The wear of studded tires
has been identified as a source of Cd deposited on road
surfaces. The average Cd content in water samples was
found to vary from river to river and place to place. Higher
values of Cd in waste water effluent samples suggest the
high level of pollution due to dyes paints and pigments
manufacturing industries around. There are a few recorded
instances of Cd poisoning in human beings following
consumption of contaminated fishes. It is less toxic to
plants than Cu, similar in toxicity to Pb and Cr. It is equally
toxic to invertebrates and fishes (Jain, 2002).
Excessive concentration of Zn may result in necrosis,
chlorosis and inhibited growth of plants. The overall
concentration of Zinc as obtained from the analysis of
water samples collected from different undertaken rivers
varied from 0.004 mg/l to 0.096 mg/l. Since the desired
level of Zinc is 5.0 mg/l, none of the samples has exceeded
the limiting value. However result indicates leaching of
Zinc from the waste dumping site confirming the presence
of Zinc in the waste dumped.
The Lead (Pb) is one of the oldest metals known to
man and is discharged in the surface water through paints,
solders, pipes, building material, gasoline etc. Lead is
a well known metal toxicant and it is gradually being
phased out of the materials that human beings regularly
use. Combustion of oil and gasoline account for >50%
of all anthropogenic emissions, and thus form a major
component of the global cycle of lead. Atmospheric
fallout is usually the most important source of lead in the
fresh waters (Jain, 2002). The average concentration of Pb
in water samples collected from the river Ganga and its
tributaries was found below the permissible limit for lead
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in drinking water is <0.05mg/L according to the USPHS
drinking water standards. Acute toxicity generally appears
in aquatic plants at concentration of 0.1-5.0mg/l. Acute
toxicity of Pb in invertebrates is reported at concentration
of 0.1-10mg/l (Jain, 2002). Higher levels pose eventual
threat to fisheries resources.

CONCLUSIONS
The seasonal changes in the water quality and heavy
metal deposition of the rivers were imparted mainly due
to catchment characteristics and seasonal effects. These
variations were noted due to the change in the volume
of industrial and sewage waste being added to river at
different stations of the stretch. The present experimental
data indicates that the pollution level along the river
Saryug is not very high but the increasing population
load in the basin may cause irreparable ecological harm
in the long-term well masked by short term economic
prosperity. The experimental data suggests a need to
implement common objectives, compatible policies and
schemes for improvement in the industrial waste water
treatment methods. It also suggests a need of consistent,
internationally recognized data driven strategy to assess
the quality of waste water effluent and generation of
international standards for evaluation of contamination
levels. The existing situation if mishandled.
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ABSTRACT:
This study was conducted to determine the effect of Ascaridia galli infection on immune system
of White Leg Horn chicks. Impact on the immune system of the bird was studied in terms of
biochemical parameters, i.e. blood sugar level, cholesterol level, urea level, acid phosphatase
level, and alkaline phosphatase level in control group and in two other groups which were
experimentally infected with 25 and 500 embryonated eggs of A. galli. Results obtained were
statistically analyzed and presented in graphical form.
Keywords: WLH chicks, Ascaridia galli, immunosuppression

INTRODUCTION
Gastrointestinal nematodes are one of the most costly
parasites in terms of production losses in ruminants and
poultry (Gamble and Zarlenga;1986). Helminthiasis
especially ascaridiasis is a concern for poultry industry
globally as it leads to very high degree of pathogenicity.
A. galli infection in chicken is associated with many
clinical symptoms such as loss of appetite and thus reduced
body weight, ruffled feathers, drooped wings, retarded
muscular and osteological development and increased
mortality (Ackert, Herrick 1928, Dahl et al. 2002).
Ascaridiasis also result in reduction of egg production.
Indirect losses are due to suppression of immune system
function which makes the chicken more susceptible to
secondary infections. This study is a part of doctoral work
of the first author. In this study, the effect of experimental
ascaridiasis on different biochemical parameters of WLH
chicks was observed, to assess overall effect on immunity
of the bird.

MATERIALS AND METHODS
For the study day old 78 commercial WLH chicks, were
selected from the stock available at the poultry farm. For
biochemical studies these chicks were divided into three
groups.

After labeling and grouping of all the chicks, the inocula
with desired number of embryonated eggs required for a
particular experiment were prepared and administered
orally, directly into the oesophagus with a blunt 18 guage
feeding needle, mounted on suitable graduated syringes.
After infection, the chicks were kept free in spacious
cages in the animal house provided with feed and water
ad libitum. The control group c, were sacrificed on day
zero of infection. Six birds of each group, T1- (each
bird infected with 25 embryonated eggs of A. galli) and
T2-(each bird infected with 500 embryonated eggs of A.
galli) were sacrificed after 7, 14, 21, 28, 35 and 42 days
of infection, for collection of blood. The blood collected
was used for different biochemical studies.
All the biochemical studies were performed on the
serum of control and infected groups of chicks.
The serum sugar was determined according to the
Folin and Wu method (1920) adopted from Oser (1976).
Total cholesterol in serum was determined according to the
method of Zak and Epstein (1961). The serum urea was
estimated according to the Di-acetyle monoxine method
of Notesion (described by Nath, 1976). Total alkaline
phosphatase in the serum was determined according to the
modified Bondansky method (described by Oser, 1976).
Phosphatase liberated was estimated according to Fiske
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and Subbarow (1925) using a spectrophotometer at 473u
(nm). Serum acid phosphatase level was determined as
described by Oser (1976). The buffered acid phosphatase
substrate of Shinowara, Jones and Rainhart was used for
incubation.
The data obtained was analyzed statistically to get a
clear picture of the effects of experimental ascaridiasis on
different parameters taken into consideration.

Fig. 3 : Urea Level

Fig. 1 : Blood Sugar Level

Fig. 4 : Acid Phos Level

Fig. 5 : Alkaline Phos Level

Fig. 2 : Cholesterol Level

Table-1 Biochemical responses in the serum of WLH chicks during experimental infection with 25 embryonated eggs of A. galli
Parameters
S.
No.

Control (C)

Infected with 25 embryonated eggs (T1)
7 days P.I

14 days P.I.

21 days P.I.

28 days P.I.

35 days P.I.

42 days P.I.

1.

Sugar
(mg/dl)

220.28
± 0.0654

209.61*
±0.8688

197.55*
±0.0991

191.83*
±0.4152

188.53*
±0.1054

175.71*
±0.1600

171.03*
±0.5283

2.

Cholesterol
(mg/dl)

180.38
±0.0909

194.91*
±0.2414

215.05*
±0.1565

220.53*
±0.1173

225.35*
±0.2629

231.15*
±2.2125

235.16*
±0.2458

3.

Urea
(mg/df)

3.31
±0.2663

3.63**
±0.1054

4.26*
±0.0760

4.46*
±0.0802

4.80*
±0.0365

5.15*
±0.0619

5.61*
±0.0909

4.

Acid Phos.
(IU/L)

5.40
±0.2955

6.48*
±0.0945

6.78*
±0.0477

7.33*
±0.760

7.66
±0.0666

8.16*
±0.0557

7.40*
±0.0600

5.

Alkaline Phos
(IU/L)

10.36
±0.2764

12.61**
±0.0703

12.83*
±0.0333

13.46*
±0.0614

14.18***
±2.4494

12.55*
±0.0670

15.66*
±0.1115

Results are mean ± S.E. (n= 6) (Fisher’s’t’ test 1950)
‘p’ value : * <0.01; ** <0.02; *** <0.10 (Control vs infected groups of chicks)
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Table-2 Biochemical responses in the serum of WLH chicks during experimental infection with 500
embryonated eggs of A. galli
S.No.

Parameters

Control (C3)

Infected with 500 embryonated eggs (T2)
7 days P.I.

14 days P.I.

21 days P.I.

28 days P.I.

35 days P.I.

42 days P.I.

1.

Sugar
(mg/dl)

220.28
± 0.0654

191.66*
±0.7601

188.00*
±0.3651

175.00*
±0.9660

171.60*
±0.6688

168.00*
±0.3651

162.33*
±1.3581

2.

Cholesterol
(mg/dl)

180.38
±0.0909

222.00*
±0.6324

231.83*
±0.7031

232.66*
±0.9888

243.08*
±0.7485

250.00*
±2.2509

252.66*
±3.0184

3.

Urea
(mg/df)

3.31
±0.2663

4.78**
±0.307

4.90*
±0.0577

5.18*
±0.0477

5.58
±0.1137

6.53*
±0.1563

6.81*
±0.1701

4.

Acid Phos.
(IU/L)

5.40
±0.2955

7.11*
±0.0477

8.80*
±0.0365

9.38
±0.1495

10.36
±0.1492

10.85*
±0.0991

11.46*
±0.4363

5.

Alkaline Phos
(IU/L)

10.36
±0.2764

12.28*
±0.0792

14.43*
±0.1173

16.65*
±0.2140

18.30*
±0.0894

20.80*
±0.2780

23.33*
±0.7601

Results are mean ± S.E. (n= 6) (Fisher’s’t’ test 1950)
‘p’ value : * <0.01; ** <0.02; *** <0.10 (Control vs infected groups of chicks)

RESULT AND DISCUSSION
Significant changes observed in the blood of A. galli
infected birds as compared to their control during the
present experiment were as follows.
Blood sugar level- The serum sugar level revealed
a noteworthy fall in 25 embryonated egg treated group
of birds. A highly significant fall (P<0.01) in sugar level
between infected and control groups of chicks occurred
between 7th and 42nd day. An overall fall from 220.28mg/
dl to 171.03 mg/dl was observed during the present
investigation (table-1). Infection of A. galli in WLH
chicks with 500 embryonated eggs, showed a highly
significant (P<0.01) fall in sugar level from first to sixth
week (table-2). An overall deviation from 220.28mg/dl
to 162.33mg/dl in sugar level was observed during the
experiment (fig.1).
Blood cholesterol level-Serum cholesterol level
continuously increased during 25 embryonated eggs of A.
galli infection in birds. Highly significant elevation was
(P<0.01) observed from first week to subsequent weeks.
An overall rise from 180.38mg/dl to 235.26mg/dl was
recorded in cholesterol level during the present study
(table-1). During all days, in case of 500 embryonated
eggs of infection of A galli, the rate of the cholesterol
level was relatively more and highly significant (P<0.01)
(table-2). An overall rise from 180.38mg/dl to 252.66mg/
dl was recorded in the cholesterol level(fig.2).
Blood urea level-infection with 25 embryonated eggs
of A galli in WLH chicks, revealed a rise in serum urea
level during the investigation. No significant changes
were observed at first week, post infection. Statistical
analysis showed a significant (P<0.01) rise from second to
sixth week after infection. An overall rise from 3.31mg/dl
to 5.61mg/dl was recorded in blood urea level during the

present investigation (table-1). Increase in level of blood
urea was observed to be highly significant (P<0.01) in all
days of experiment, treated with 500 embryonated eggs
of A. galli of WLH chicks (table-2). An overall rise was
observed from 3.3 mg/dl to 6.81/mg/dl in the blood urea
level (fig.3).
Blood acid phosphatase level- The acid phosphatase
activity of WLH chicks which were treated with 25
embryonated eggs, was found to increase during the
experiment. Statistical analysis revealed highly significant
(P<0.01) rise in acid phosphatase activity between control
and infected groups of chicks. An overall rise was recorded
from 5.40 IU/L to 7.40 IU/L (table-1). Statistically highly
significant (P<0.01) rise was observed in acid phosphatase
level in WLH chicks, treated with 500 embryonated egg
of A. galli in between 7th day and 42nd day of experiment
(table-2). An overall rise from 5.40 IU/L to 11.46 IU/L in
acid phosphatase activity was recorded (fig.4).
Blood alkaline phosphatase level-Statistical analysis
revealed significant rise in alkaline phosphatase level
in chicks during first and second week (P<0.02), third
week (P<0.01), fourth week (P<0.10) and fifth and sixth
weeks (P<0.01) post infection in chicks treated with
25 embryonated eggs of A. galli (table-1) and highly
significant rise, in 500 embryonated eggs treated group of
A. galli, in blood alkaline phosphatase activity between
control and infected groups of chicks (P<0.01) (table-2).
An overall rise from 10.36 IU/L to23.33 IU/L was observed
during the investigation (fig.5).
The chicks infected with low and high doses of
embryonated egg of A. galli revealed a suppression of
sugar level, whereas the cholesterol, urea, acid, and
alkaline phosphatase activity showed significant rise in
their concentration.
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From the physiological point of view decreased
plasma level in chicks was found after loss of plasma
by extravasations or by renal excretion or when protein
synthesis is impaired owing to malnutrition, vitamin
deficiencies or diseases involving the digestive organs
and liver (Oser 1976). The fall in the serum sugar level
was attributed to the disturbance in the carbohydrate
metabolism in A. galli infected chicks. This in turn leads to
the mal absorption of sugar in the injured gastrointestinal
tract of the infected chicks. A fall in serum sugar level was
observed by Rani (1980) in WLH chicks during heavy
infection of A. galli.
The increase in cholesterol level is suggestive of
inhibited activity of the enzymes involved in anabolism of
lipids in the host tissue.
Heavy infections may also be supposed to lead to
intestinal obstruction, ultimately leading to increased
blood urea level. The rise in blood urea level in the present
investigation may also be attribute to the enhanced
nitrogen metabolism brought about by the round worm, A
galli leading to a high rate of the urea production.
The present investigation also revealed a highly
significant rise in both serum acid and alkaline phosphatase
activity in A. galli infected group of chicks. During the
host-parasite interaction the energy metabolism of the
host is disturbed and thus the elevation in the alkaline
phosphatase level may be attributed to the increase in the
activity of various isozymes in the intestine of the host.
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ABSTRACT
The objective of the study was to find out the significant difference among the female elite players
of five difference individual games in selected personality traits (Psychoticism, Extraversion,
Neuroticism and Lie). The study was conducted by taking equal sample size related to five
different Individual games. 100 Elite female players were selected from five different games.
20 subjects were selected from Athletics, 20 subjects were selected from Boxing, 20 subjects
were selected from Badminton, 20 subjects were selected from Powerlifting, and 20 subjects
were selected from Wrestling. The study was conducted by taking basic Personality traits
(Psychoticism, Extraversion, Neuroticism and Lie) as an independent variable (I.V.) and by
taking five different individual games as dependent variable (D.V.). It was decided to go for a
Hindi version of Eysenck’s PEN Inventory prepared by Monen, D. K., & Malhotra, S. K., (1987).
On the basis of the objectives of the study, descriptive statistics, One Way Analysis of Variance
and LSD Post-Hoc test were used. Significant difference was found between paired means of
Extraversion, the paired of Athletics & Powerlifting (sig. = .012), Boxing & Powerlifting (sig.
= .008) and Badminton & Powerlifting (sig. = .017) at .05 level of significance. In Neuroticism,
the paired of Athletics & Wrestling (sig. = .011) and Boxing & Wrestling (sig. = .027) were
found significant. On the other hand, in Extraversion, the paired of means Athletics & Boxing
(sig. = .459), Athletics & Badminton (sig. = .893), Athletics & Wrestling (sig. = .053), Boxing
& Badminton (sig. = .382), Badminton & wrestling (sig. = .071) and Powerlifting & Wrestling
(sig. = .545) were found insignificant.
Keywords: Different Individual games, Psychoticism, Extraversion, Neuroticism and Lie.

INTRODUCTION
Personality is a term which is individualized in nature.
Every individual of any age group possesses his/ her own
personality. Personality has a variety of traits / variable.
According to psychologist it is very different to define
personality. It is very difficult to conduct research by
taking a wide range of personality traits (Chaube S.P.,
2002). In this research article researcher conducted study
by taking, Psychoticism is closely related to psychotic

tendencies. This may include breakdown and aggression.
The behaviour associated with psychoticism is hostile
aggression, reckless attitude impulsive, tough-minded but
non-confirming and inconsiderate conduct. (SAPA Project
Test, 1999), Extraversion Outgoing, talkative and desire
for external stimulus are associated with extraversion
(Morris, L. W., 1970). Increased cortical aroused is the
reason quoted behind higher stimulation and Neuroticism
high means that a person to be depressed and anxious. This
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MATERIALS AND METHODS
Objective of the study:

The objective of the study was to find out the significant
difference among the female elite players of five
difference individual games in selected personality traits
(Psychoticism, Extraversion, Neuroticism and Lie).

Selection of subjects:

The study was conducted by taking equal sample size
related to five different Individual games. 100 Elite
female players were selected from five different games.
20 subjects were selected from Athletics, 20 subjects were
selected from Boxing, 20 subjects were selected from
Badminton, 20 subjects were selected from Powerlifting,
and 20 subjects were selected from Wrestling.

Selection of games:

On the basis of availability of the players of different
individual games and suitability of researcher, five
games were selected i.e. Athletics, Boxing, Badminton,
Powerlifting and Wrestling.

Selection of variables:

The study was conducted by taking basic Personality
traits (Psychoticism, Extraversion, Neuroticism and
Lie) as an independent variable (I.V.) and by taking five
different individual games as dependent variable (D.V.). It
was decided to go for a Hindi version of Eysenck’s PEN
Inventory prepared by Monen, D. K., & Malhotra, S. K.,
(1987).

Design of the study:

Table-1. Descriptive Statistics related to Psychoticism
N

Games

phenomena is activated by sympathetic nervous system
and can be measured in terms of sweating, muscular
tension, heart rate or cold hand (Revelle, W., 1999). In the
field of Sports different games / sports need different high
of traits to excel. Sports / games may individual in nature
as well as may be of team. Each type i.e. individual or
teams also have a sub variety.

In this study Neuroticism and Extraversion were compared
between it player of individual and team game. In case of
Extraversion, significant difference was found and in case
of Neuroticism, no significant difference was found.

Lower
Bound

Upper
Bound

Athletics

20

5.70

3.32

.74

4.14

7.25

Boxing

20

5.85

2.71

.60

4.57

7.12

Badminton

20

3.65

2.53

.56

2.46

4.83

Powerlifting 20

4.75

2.48

.55

3.58

5.91

Wrestling

20

4.05

2.85

.63

2.71

5.38

Total

100 4.80

2.88

.28

4.22

5.37

Table II. Descriptive Statistics related to Extraversion
N

Games

Statistical Analysis:

Results and Discussion

Mean Standard Standard 95% Confidence
Deviation Error
Interval for Mean

Table- 1. Shows the descriptive Statistics related to
four traits of personality belonging to players of different
games.
In case of the first trait i.e. Psychoticism, the observed
values of Athletes are 5.70, 3.32, .74, 4.14 and 7.25
respectively for the measures of mean, standard deviation,
standard Error, Lower Bound and Upper Bound of 95%
confidence Interval for mean. In case of the Boxer are
5.85, 2.71, .60, 4.57 and 7.12 respectively for the measures
of mean, standard deviation, standard Error, Lower Bound
and Upper Bound of 95% confidence Interval for mean.
In case of the Badminton Players are 3.65, 2.53, .56, 2.46
and 4.83 respectively for the measures of mean, standard
deviation, standard Error, Lower Bound and Upper
Bound of 95% confidence Interval for mean. In case of
the Powerlifting Players are 4.75, 2.48, .55, 3.58 and 5.91
respectively for the measures of mean, standard deviation,
standard Error, Lower Bound and Upper Bound of 95%
confidence Interval for mean. In case of the Wrestler are
4.05, 2.85, .63, 2.71 and 5.38 respectively for the measures
of mean, standard deviation, standard Error, Lower Bound
and Upper Bound of 95% confidence Interval for mean.

“Static group comparison design” (Clarke, D. H., &
Clarke, H. H., 1984) was used to conduct this study, since
study comprising of five groups belonging to five different
individual games.
On the basis of the objectives of the study, descriptive
statistics, One Way Analysis of Aariance and LSD PostHoc test (Field, A., 2009) were used.
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Mean Standard Standard 95% Confidence
Deviation Error
Interval for Mean
Lower
Bound

Upper
Bound

Athletics

20

11.80 2.52

.56

10.61

12.98

Boxing

20

11.25 2.39

.52

10.14

12.35

Badminton

20

11.90 2.82

.63

10.57

13.22

Powerlifting 20

13.70 2.02

.45

12.75

14.64

Wrestling

20

13.25 1.83

.40

12.39

14.10

Total

100 12.38 2.47

.24

11.88

12.87

In case of the second trait i.e. Extraversion, the
observed values of Athletes player are 11.80, 2.52, .56,
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10.61 and 12.98 respectively for the measures of mean,
standard deviation, standard Error, Lower Bound and
Upper Bound of 95% confidence Interval for mean. In
case of the Boxer are 11.25, 2.39, .52, 10.14 and 12.35
respectively for the measures of mean, standard deviation,
standard Error, Lower Bound and Upper Bound of 95%
confidence Interval for mean. In case of the Badminton
Players are 11.90, 2.82, .63, 10.57 and 13.35 respectively
for the measures of mean, standard deviation, standard
Error, Lower Bound and Upper Bound of 95% confidence
Interval for mean. In case of the Power lifters are 13.70,
2.02, .45, 12.75 and 14.64 respectively for the measures
of mean, standard deviation, standard Error, Lower Bound
and Upper Bound of 95% confidence Interval for mean. In
case of the Wrestler are 13.25, 1.83, .40, 11.88 and 12.87
respectively for the measures of mean, standard deviation,
standard Error, Lower Bound and Upper Bound of 95%
confidence Interval for mean.
Table- III Descriptive Statistics related to Neuroticism
N

Mean Standard Standard 95% Confidence
Deviation Error
Interval for
Mean

Games

Lower Upper
Bound Bound
Athletics

20

8.60

3.40

.76

7.00

10.19

Boxing

20

8.25

3.22

.72

6.74

9.75

Badminton

20

6.60

3.21

.71

5.09

8.10

Powerlifting

20

6.75

3.29

.73

5.20

8.29

Wrestling

20

5.95

3.01

.67

4.53

7.36

Total

100

7.23

3.32

.33

6.56

7.89

In case of the Third trait i.e. Neuroticism, the observed
values of Athletes are 8.60, 3.40, .76, 7.00 and 10.19
respectively for the measures of mean, standard deviation,
standard Error, Lower Bound and Upper Bound of 95%
confidence Interval for mean. In case of the Boxer are
8.25, 3.22, .72, 6.74 and 9.75 respectively for the measures
of mean, standard deviation, standard Error, Lower Bound
and Upper Bound of 95% confidence Interval for mean.
In case of the Badminton Players are 6.60, 3.21, .71, 5.09
and 8.10 respectively for the measures of mean, standard
deviation, standard Error, Lower Bound and Upper Bound
of 95% confidence Interval for mean. In case of the Power
lifters are 6.75, 3.29, .73, 5.20 and 8.29 respectively for
the measures of mean, standard deviation, standard Error,
Lower Bound and Upper Bound of 95% confidence Interval
for mean. In case of the Wrestler are 5.95, 3.01, .67, 4.53
and 7.36 respectively for the measures of mean, standard
deviation, standard Error, Lower Bound and Upper Bound
of 95% confidence Interval for mean.

Table- IV Descriptive Statistics related to Lie
N

Mean Standard Standard 95% Confidence
Deviation Error
Interval for
Mean
Lower Upper
Bound Bound

Games
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Athletics

20

7.95 2.62

.58

6.72

9.17

Boxing

20

8.85 1.92

.43

7.94

9.75

Badminton

20

7.30 2.59

.58

6.08

8.51

Powerlifting 20

8.70 1.38

.30

8.05

9.34

Wrestling

20

8.75 1.80

.40

7.90

9.59

Total

100 8.31 2.16

.21

7.88

8.73

In case of the Fourth trait i.e. Lie, the observed
values of Athletes are 7.95, 2.62, .58, 6.72 and 9.17 19
respectively for the measures of mean, standard deviation,
standard Error, Lower Bound and Upper Bound of 95%
confidence Interval for mean. In case of the Boxer are 8.85,
1.92, .43, 7.94 and 9.7519 respectively for the measures of
mean, standard deviation, standard Error, Lower Bound
and Upper Bound of 95% confidence Interval for mean. In
case of the Badminton Players are 7.30, 2.59, .58, 6.08 and
8.5119 respectively for the measures of mean, standard
deviation, standard Error, Lower Bound and Upper Bound
of 95% confidence Interval for mean. In case of the Power
lifters are 8.70, 1.38, .30, 8.05, and 9.3419 respectively
for the measures of mean, standard deviation, standard
Error, Lower Bound and Upper Bound of 95% confidence
Interval for mean. In case of the Wrestler are 8.75, 1.80,
.40, 7.90 and 9.5919 respectively for the measures of
mean, standard deviation, standard Error, Lower Bound
and Upper Bound of 95% confidence Interval for mean.
Table-V Levene statistics to test the homogeneity of variance
Levene Statistic df1

df2

Sig.

Psychoticism

.764

4

95

.551

Extraversion

1.855

4

95

.125

Neuroticism

.166

4

95

.955

Lie

2.090

4

95

.088

Table-V Shows the Levene Statistic of Psychoticism
.764 (sig. = .551), Extraversion 1.855 (sig. = .125),
Neuroticism .166 (sig. = .955) and Lie 2.090 (sig. = .088)
which are insignificant at .05 level of Significance. This
proves that all the five groups of different Individual games
possess the same level of variance. Since, homogeneity of
variance was found among the groups and this assumption
is fulfilled, ANOVA is applied, as well as the results of
ANOVA may be generalized.

Impact of Different Individual Games on Selected Personality Traits
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Table-VI Analysis of variance (ANOVA) comparison of Psychoticism, Extraversion, Neuroticism and Lie among the players
of different Individual Games
Psychoticism

Extraversion

Neuroticism

Lie

Sum of Squares

df

Mean Square

F

Sig.

Between Groups

76.00

4

19.00

Within Groups

746.00

95

7.85

Total

822.00

99

2.420

.054

Between Groups

86.86

4

21.71

Within Groups

520.70

95

5.48

3.962

.005

Total

607.56

99

Between Groups

103.66

4

25.91

Within Groups

994.05

95

10.46

2.477

.049

Total

1097.71

99

Between Groups

35.74

4

8.93

1.985

.103

Within Groups

427.65

95

4.50

Total

463.39

99

Table-VII LSD post hoc to compare paired mean of the players of different Individual games in Psychoticism, Extraversion,
Neuroticism and Lie
Traits

(I) Games

(J) Games

Mean Difference
(I-J)

Stander
Error

Sig.

Lower Bound

Upper Bound

Extraversion

Athletics

Boxing

.55

.740

.459

-.919

2.01

Badminton

-.10

.740

.893

-1.56

1.36

Powerlifting

-1.90

.740

.012

-3.36

-.430

Wrestling

-1.45

.740

.053

-2.91

.019

Badminton

-.65

.740

.382

-2.11

.819

Powerlifting

-2.45*

.740

.001

-3.91

-.980

Wrestling

-2.00

*

.740

.008

-3.46

-.530

Powerlifting

-1.80*

.740

.017

-3.26

-.330

Wrestling

-1.35

.740

.071

-2.81

.119

Powerlifting

Wrestling

.45

.740

.545

-1.01

1.91

Athletics

Boxing

.35

1.02

.733

-1.68

2.38

Badminton

2.00

1.02

.054

-.030

4.03

Powerlifting

1.85

1.02

.074

-.180

3.88

Wrestling

2.65*

1.02

.011

.619

4.68

Badminton

1.65

1.02

.110

-.380

3.68

Powerlifting

1.50

1.02

.146

-.530

3.53

Wrestling

2.30*

1.02

.027

.269

4.33

Powerlifting

-.15

1.02

.884

-2.18

1.88

Wrestling

.65

1.02

.527

-1.38

2.68

Wrestling

.80

1.02

.436

-1.23

2.83

Boxing

Badminton

Neuroticism

Boxing

Badminton
Powerlifting

*

95% Confidence Interval

*. The mean difference is significant at the 0.05 level.

In this study, Table VI shows the analysis of variance
comparison of Psychoticism, Extraversion, Neuroticism
and Lie among the players of different Individual Games.
Insignificant different was found among the players

of different individual games in case of psychoticism
(F-value= 2.42) and Lie (F-value=1.98) at .05 level of
significance.
In Table VI shows the significant difference was
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found of extraversion (F-value 3.96) and Neuroticism
(F-value=2.47) among the players of different individual
games at .05 level of significance.
It is evident from Table- VII that paired means of
Extraversion, the paired of Athletics & Powerlifting (sig. =
.012), Boxing & Powerlifting (sig. = .008) and Badminton
& Powerlifting (sig. = .017) were found significant at .05
level.
In Neuroticism, the paired of Athletics & Wrestling
(sig. = .011) and Boxing & Wrestling (sig. = .027) were
found significant at .05 level.
In Extraversion, the paired of Athletics & Boxing (sig.
= .459), Athletics & Badminton (sig. = .893), Athletics
& Wrestling (sig. = .053), Boxing & Badminton (sig. =
.382), Badminton & wrestling (sig. = .071), Powerlifting
& Wrestling (sig. = .545) were found insignificant at .05
level.
In Neuroticism, the paired of Athletics & Boxing (sig.
= .733), Athletics & Badminton (sig. = .054); Athletics &
Powerlifting (sig. = .074), Boxing & badminton (sig. =
.110), Boxing & Powerlifting (sig. = .146), Badminton &
Powerlifting (sig. = .884), Badminton & Wrestling (sig. =
.527), Powerlifting & Wrestling (sig. = .436) were found
insignificant at .05 level.
Study was conducted by Ilyasi, G. and Saeheian, M.
H. (2011) to comparison personality of Individual and
team games. Another study was conducted by Mokhtari,
P. and Haghi, M. (2014) to comparison personality factors
between athletes and non-athletes. Results showed that
in both in variable i.e. neuroticism and extraversion,
significant difference was found between athletes and
non-athletes. Study was conducted by Ghosh, S.S. and
Majumder, C. (2013) with a purpose to compare personality
dimension between tribal and non-tribal football players.
Result showed that insignificant difference was found
between the neuroticism of tribal & non-tribal football
player.

CONCLUSION
On the basis of above mentioned studies, it may be
concluded that difference traits do not have any impact on
neuroticism. Nature of same has impact on extraversion
and do not have any impact on neuroticism. Sports
participation has impact on neuroticism. Present study
partially supported the above mentioned studies.
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ABSTRACT

In this paper we have investigated the effect of suspended particles on a couple-stress RivlinEricksen ferromagnetic fluid heated from below in saturating a porous medium, varying gravity
and magnetic field. The dispersion relation has been obtained and clarified analytically using
the normal mode principle and linear stability theory. For stationary conventions, it is found
that suspended particles always have a destabilizing effect for λ > 0 and a stabilizing effect for
λ < 0. In the absence of a magnetic field, oscillatory modes are not allowed and the principle of
exchange of stability is satisfied. Oscillatory modes and stability in the system are introduced
due to the presence of a magnetic field.
Keywords: Thermal instability, Couple-stress fluid, Rivlin-Ericksen fluid, Ferromagnetic fluid,
Magnetic field, Suspended particles.

INTRODUCTION
The concept of couple-stress fluid has been identified
and developed mathematically (Stokes, 1966, 1984).
Convection on a bottom heating fluid layer in different
hydrodyanamic’s conditions theoretically as well as
experimentally have been explained (Chandrasekhar,
1981). A bottom heating couple-stress fluid in porous
medium has been examined by ( Sharma and Sharma,
2001) . On applying magnetic field and rotation on a
bottom heating couple stress fluid, ( Kumar and Kumar,
2010) have investigated the effect of dust particle and noted
that dust particles have a destabilizing effect whereas there
is stabilizing effect due to rotation. Thermal convection in
a couple stress fluid on applying horizontal magnetic field
and Hall currents has been studied by (Jaimala vishnoi
and vikrant jawla, 2013) and found magnetic field has
stabilizing effect whereas Hall currents are found to have
destabilizing effect on the system. A dusty couple-stress
fluid in presence of rotation and magnetic field has been
studied (Stanly and Vasanthakumari, 2017) and noted the
effects on thermal instability of the system.

A thorough discussion on stability of ferrofluid has
been provided (Rosenweig, 1985) in his monograph, and
emphasised the relevance of magnetic fluid research.
The thermal instability of ferrofluids in a uniform
perpendicular magnetic field was studied (Finlayson,
1970). A horizontal ferrofluid layer has been considered
(Stiles and Kagan, 1990) and analysed thermo convective
instability in magnetic field. Effect of magnetic field and
dust particle on convection of ferromagnetic fluid has
been discussed (Sunil et al., 2005, 2008) respectively .
The influence of magnetic field and suspended particles
on thermal convection in a ferromagnetic fluid through
a porous material with varying gravity field has been
studied ( Pant et al., 2016 ) and found magnetic field has
stabilizing effect for λ > 0 and has destabilizing effect for
λ < 0 . The influence of rotation with a magnetic field on
the occurrence of thermal convection in ferromagnetic
liquids in a porous material has been discussed (Bhagat
et al., 2016) and noted that rotation has stabilizing effect
on the system for λ > 0 and destabilizing effect for λ <
0 and magnetic field has stabilizing effect under certain
conditions.
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The effects of dust particles on thermal convection
of couple-stress ferromagnetic fluids in rotation and
horizontal magnetic field have been examined (Pulkit et
al., 2020, 2020). In presence of different fields like rotation,
magnetic field etc. (Rahul and Naveen Sharma, 2021,
2021, 2021) studied and noted the behavior of thermal
instability of couple stress Rivlin-Ericksen ferromagnetic
fluid. On studying bottom heating couple stress rivlin
ericksen ferromagnetic fluid with unstable gravity and
suspended particles in porous material (Rahul et al., 2021)
viewed that no oscillatory modes are exist and the system
is not stable. A bottom heating rotating couple stress rivlin
ericksen ferromagnetic fluid with varying gravity and
suspended particles through porous material has been
examined (Rahul and Naveen Sharma, 2021) and found
that due to applying rotation field the system is stable and
oscillatory modes are exist.
As for growing use of couple-stress Rivlin-Ericksen
ferromagnetic fluid in magnetic field and dust in the
environment, the present paper attempts to study the effect
of suspended particles on thermal instability of couplestress Rivlin-Ericksen ferromagnetic fluid with magnetic
field and variable gravity in a porous medium.

A ferromagnetic fluid reacts so quickly to a magnetic
torque that we can simulate the following conditions to
maintain,
M×H=0
…(1)
Where M represents magnetization and H represents
the magnetic field intensity.
The Maxwell’s equation is also satisfied by
ferromagnetic fluid. Here we examine electrically non
conducting fluid, therefore the displacement current is
negligible. Maxwell’s equation becomes,
…(2)
∇ ⋅ I= 0, ∇ × H= 0
The magnetic field intensity H, magnetization M and
magnetic induction I are correlated in Chu formulation of
electro dynamics such that,

MATHEMATICAL FORMULATION

Let us take Pressure, Density, Temperature, Coefficient
of thermal expansion, Kinematic viscosity, kinematic
viscous elasticity, couple-stress viscosity, medium
porosity, medium permeability, magnetic permeability,
thermal diffusivity, resistivity, velocity of fluid, velocity
of suspended particles, and number density of suspended
particles are denoted by p, ρ, T, α, ν, ν', μ',ε, K1, μe , κT, η, q
= (u1,u2,u3),qs(x,t) and Ns(x,t) respectively.
K = 6πμη’ is the Stokes drag coefficient. η’ is the
radius of suspended particle.
In presence of magnetic field and suspended particles
the equation of motion, continuity and heat conduction of
couple-stress Rivlin-Ericksen ferromagnetic fluid through
porous medium are

Consider a thin layer of infinite in compressible,
electrically non conducting couple-stress Rivlin-Ericksen
ferromagnetic fluid bounded between two infinite
horizontal planes situated at z = 0 & z = d permitted with
suspended particles. A uniform magnetic field H (0, 0, H),
variable gravity field g (0, 0, –g) applied along the vertical
direction which is taken as Z axis. where g = λ go, go is
the value of g at z = 0, which is always positive & λ can
be positive or negative as gravity increases or decreases
upwards from its value at z = 0 (go).

=
I µ0 ( H + M )

…(3)
Let us assume that magnetization is depend on the
amplitude of magnetic field and temperature. Let us also
assume that magnetization is aligned with magnetic field
so that,

m=

H
M ( H ,T )
H

…(4)

 ∂q

+ 

 δρ  1
1
1
∂t

 =− ∇p + g 1 +
 + M ∇H
ε 1
ρ0
ρ0  ρ0


( q.∇ ) q 
 ε


µ′ 
∂q  KN S
1 
+  v − ∇ 2  ∇ 2 q −  v + v′  +
( qS − q )
K1 
ρ0 
∂t  ερ0

The considered fluid layer is heated from below so that
the uniform temperature gradient

 dT 

β =
 is maintained.
 dz 

+

µe
( ∇ × H ) × H 
4πρ0 

 (5)
∇ ⋅ q =0

…(6)
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∂T
+ ( q ⋅∇ ) T= κ T ∇ 2T
∂t

…(7)

The Maxwell’s equation of electromagnetism is,

∂H
∂t

ε =

( H ⋅∇ ) q + εη∇ 2 H

…(8)
…(9)

∇ ⋅ H =0

The equation of state is

ρ = ρ0 1 − α (T − T0 ) 

…(10)

Where T0 and ρ0 represents the value of temperature
and density at z = 0 respectively.
∇ H denotes the magnetic field gradient.
2
∇=

2

2

∂
∂
∂
+ 2+ 2
2
∂x ∂y ∂z

 ∂q 1
mN s  s + ( qs ⋅∇
=
) qs  KN S ( q − qS )
 ∂t ε

∂N
ε S + ∇ ⋅ ( N S ⋅ qS ) = 0
∂t

Where E = ε + (1 + ε )

of pure fluids.
In general, to complete the system a state equation is
needed, which satisfy M in two thermodynamic variables
H and T. In present paper we consider magnetization is
independent of magnetic field and depend on temperature
only. Therefore,
M = M (T)
As the first approximation, we consider that
M = M0 [1–γ(T–T0 )]
Where M0 is the magnetization at T = T0 and

γ=

1  ∂M 


M 0  ∂T  H

BASIC STATE PERTURBATION
EQUATIONS AND DISPERSION RELATION
In the basic state is supposed to be a rest state of fluid and
is given by
q = (0,0,0), p = p(z), ρ = ρ(z) = ρ0 (1 + αβz), M = M(z) =
M0 (1 + γβz)
T = T(z) = T0 – βz,H = (0,0,H), qS = (0,0,0), NS= N0 …(15)
To study the character of equilibrium let us apply a
little perturbation on the layer of fluid due to which some
disturbances takes place in the system. Now we consider
that these small disturbances are the function of time and
space variable. The perturbed flow may be represented as
q = (0,0,0) + (u1, u2, u3,), T = T(z) + θ, ρ = ρ(z) + δρ,

…(12)

+ (l, r, s) M = M(z) + M
…(16)
Where the perturbation in fluid velocity q, velocity
of suspended particles qS, density ρ, pressure p, magnetic
field, temperature T and magnetization M are q (u1, u2, u3),
qS(l,r,s) δρ, δp, (hx, hy, hz), θ, δM respectively.
To decompose the disturbances we use Normal Mode
method. Let us take perturbation is in the following form,

 ∂

2
 ε + qS ⋅∇  T= κ T ∇ T
 ∂t


ρ P CP
is a constant.
ρ0CV

…(14)

…(11)

Where m Ns is density of suspended particles.
Let CV, CS, ρp and CP denote the capacity of the fluid at
constant volume, the heat capacity of suspended particles,
density of porous material and heat capacity of porous
material respectively. If there is thermal equilibrium, then
the equation of heat conduction is,

mN S CS
∂T
+ ( q ⋅∇ ) T +
∂t
ρ0CV

q′
where q’ is effective thermal conductivity
ρ0CV

2

H = |H|, I = |I|, M = |M|
Due to suspended particles in fluid there is a force
get generated which is proportional to the difference of
velocity of fluid and velocity of suspended particles. Since
the force applied by the suspended particles on fluid and
the force applied by fluid on suspended particles are equal.
So there must be an another force, equal in magnitude but
opposite in sign in equation of motion for the suspended
particles. The distance between particles are taken to
be relatively large with their diameter so inter particles
reactions are not counted.
The equations of motion, continuity for suspended
particles for above assumptions, are

E⋅

κT =
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…(13)

p = p(z) + δp, H = (0,0, H) + (hx, hy, hz ), qS = (0,0,0)

(u3, θ, ζ, ξ, hz) = [W(z), Θ (z), Z(z), X(z), V(z)]∙exp (i kx x +
i ky y + nt)
…(17)
Where kx and ky are wave number in X and Y direction
and k is the resultant disturbances wave number such that,

=
K

2
2


( k x ) + ( k y ) 
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n is the frequency of any arbitrary disturbances which
is a complex constant.
Now by using relation (17) we obtain

 σ
(1 + σ F1 )  
Mσ
+
 +
 
Pt
 ε ε (1 + τ 1σ )



2
α a 2λ d 2
+ F ( D2 − a2 )
W +
( D2 − a2 ) 
v


− ( D2 − a2 )







γ M 0 ∇H
 g0 −
ρ0αλ


Hd
ε ( D − a ) − σ P2  X =
−
DZ
η
2

Hd

ε ( D 2 − a 2 ) − σ P2  V =
−
DW
η
 B + τ 1σ
( D 2 − a 2 ) − σ E1 P1  Θ = − 


 1 + τ 1σ

Q ( D2 − a2 )

ε

 (19)

(( D

2

− a ) − σ P2
2

)

0
D 2W =
 (23)

Where


γ M 0∇H  αβ d 4 g 0
g
−
=
 0
ρ0αλ 
vκ T

 γ M 0 ∇H 
= R 1 −

 ρ0αλ g 0 
Rf =

αβ d 4
vκ T

 γ M 0 ∇H 
1 −

 ρ0αλ g 0 

Rf is the Rayleigh number for ferromagnetic fluid. R is
the Rayleigh number for fluid.

 2Ωd 2 
TA = 

 v 

…(20)

Q=
…(21)

 βd2
W …(22)

 κT

Where we have represent the coordinates x, y and z in
new units of length d, time t and (d2/κT ). Let a = kd, σ = nd2/ν,

=
F

+


µe Hd 2 2
0
 (18)
( D − a ) DV =
θ −
4πρ 0 v


 σ
(1 + σ F1 )  
Mσ
+
 +
 
Pt
 ε ε (1 + τ 1σ )



2
µe Hd
DX
+ F ( D2 − aa )

Z =
4πρ0 v


− ( D2 − a2 )






2

 σ
(1 + σ F1 )  
Mσ
+
 +
 
Pt
 W
( D 2 − a 2 )  ε ε (1 + τ1σ )


2
2 2
2
2
 + F ( D − a ) − ( D − a ) 

 B + τ 1σ  
1


W
− λa2 R f 

2
2
 1 + τ 1σ   ( D − a ) − σ E1 P1 

µ′

v′
2
v ,
=
, F1 =
, Pt K1 / d=
, P1 v =
2
κ T , P2
η
d
ρ0 d v
2

m
τv
τ=
,τ 1 =
E1 =
( E + bε ) , B =
(1 + b ) x* = x/d, y*
κ
d2
= y/d, z* = z/d, D* = dD and dropping * for convenience.
Where P1 and Pt denotes prandlt number and
dimensionless medium permeability.
Now eliminate Θ, X, V and Z from (18) with the help
of (19), (20), (21) and (22), then we get Stability governing
equation

2

is the modified Taylor number.

µe H 2 d 2
is the Chandrasekhar number
4πρ0 vη

The perturbation in the temperature on boundaries
is zero, because the boundaries are kept at constant
temperature. So the appropriate condition on boundary is
W = 0, Z = 0, Θ = 0 at z = 0 & z =1, DZ = D2W = D4W = 0 at
z = 0 & z = 1.
…(24)
From (24), it is clear that all even order derivative of
W vanish on boundaries. Therefore proper solution of (23)
characterizing the lowest mode is,
W = W0 sinπz , W0 is a constant
...(25)
By using (25) with (23), we get,
=
R
1

 1 + iσ 1π 2τ 1 
1
(1 + x )(1 + x + iσ 1E1P1 ) 

2
λx
 B + iσ 1π τ 1 

 iσ

 (1 + iσ F )
Miσ i
2
1 3
 1 +


+
+
+
+
+
1
1
F
x
x
(
)
(
)
2
P
 ε ε (1 + iσ 1π 2τ 1 ) 



2
1
1
+
+
+
Q
x
x
i
σ
E
P


)(
1 1(
1 1 1 ) 1 + iσ 1π τ 1
+


2
λx
ε (1 + x + iσ 1 P2 )
 B + iσ 1π τ 1 

…(26)
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Where

=
x

on thermal instability of couple-stress Rivlin-Ericksen
ferromagnetic fluid in presence of gravity field, suspended
particles and magnetic field through porous medium if λ <
0, (when gravity decreases upwards from its value at z = 0)
and a destabilizing effect if λ > 0 (when gravity increases
upwards from its value at z = 0).

a2
σ
2
=
, iσ 1 =
, F2 π=
F , P π 2 Pt ,
2
2

π

π

=
F3 π 2=
F1 , R1

Rf
TA
=
, TA1 =
, Q1
4
4

π

π

Q

π2

dR1 (1 + x )
=
dQ1 Bελ x

STATIONARY CONVECTION
At stationary convection, when stability sets, the marginal
state will be characterized by Put in (26), we get,

R1
=

(1 + x )

2


Q1 
1
2
  F2 (1 + x ) + (1 + x ) +  +

Bλ x  
P  ε (1 + x ) 

…(27)
Clearly (27) shows the modified Rayleigh number
R1 as a function of B, F2, P, Q1 and x parameters. Clearly
viscoelastic parameter F3 disappears with σ1. It shows that
for stationary convection Rivlin-Ericksen fluid behaves
like an ordinary Newtonian Fluid.
To examine the effect of suspended particles, couplestress, permeability and magnetic field we have to study
the behaviour of dR1/dB, dR1/dF2, dR1/dP. and dR1/dQ1.

(1 + x )   F 1 + x 2 + 1 + x + 1  + Q1 
dR1
=
− 2
) ( ) 
 2 (

dB
B λ x 
P  ε (1 + x ) 
…(28)
(28) shows that suspended particles has a stabilizing
effect on thermal instability of couple-stress RivlinEricksen ferromagnetic fluid in presence of gravity field
and magnetic field through porous medium if λ < 0 (when
gravity decreases upwards from its value at z = 0) and
a destabilizing effect if λ > 0 (when gravity increases
upwards from its value at z = 0).
4

…(29)

(29) shows that couple-stress has stabilizing effect
on thermal instability of couple-stress Rivlin-Ericksen
ferromagnetic fluid in presence of gravity field, suspended
particles and magnetic field through porous medium if λ >
0, (when gravity increases upwards from its value at z =
0) and destabilizing effect if λ < 0 (when gravity decreases
upwards from its value at z = 0)

(1 + x )
dR1
= −
dP
BP 2 λ x
2

…(30)

(30) shows that permeability has a stabilizing effect

…(31)

(31) shows that magnetic field has stabilizing effect
on thermal instability of couple-stress Rivlin-Ericksen
ferromagnetic fluid in presence of gravity field and
suspended particles through porous medium if λ > 0,
(when gravity increases upwards from its value at z = 0)
and destabilizing effect if λ < 0 (when gravity decreases
upwards from its value at z = 0).



Replace R1 by Rf / π4 and Rf by R 1 −



γ M 0 ∇H 
ρ0αλ g 0 

π 2 (1 + x )  
Q1 
1
2
  F2 (1 + x ) + (1 + x ) +  +

Bλ x  
P  ε (1 + x ) 
2

R=

 γ M 0 ∇H 
1 − ρ αλ g 
0
0 


2

dR1 (1 + x )
=
dF2
Bλ x
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…(32)
From (32)

π (1 + x )
Bλ x
4

dR
=
dM 0

2


1 
2
  F2 (1 + x ) + (1 + x ) + P  
 γ∇H 



Q1

  ρ0αλ g 0 
+


ε (1 + x )


 γ M 0 ∇H 
1 − ρ αλ g 
0
0 


2

…(33)

(33) shows that magnetization has stabilizing effect
on thermal instability of couple-stress Rivlin-Ericksen
ferromagnetic fluid in presence of gravity field, suspended
particles and magnetic field through porous medium
for each value of λ either λ > 0, or λ < 0 (either gravity
increases upwards from its value at z = 0 or gravity
decreases upwards from its value at z = 0).

STABILITY OF THE SYSTEM &
OSCILLATORY MODES
Multiplying (18) by the conjugate of W i.e. W* and
integrate over the range of z and making use of (19) - (22)
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together with boundary condition (24), we obtain,
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 +
  1 2
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…(36)

Where
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From (36) the quantity is in bracket will be positive
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It means σi 0, modes are non oscillatory or oscillatory
modes are not allowed and principle of exchange of
stability is satisfied if g 0 >

γ M 0 ∇H
and B > 1.
ρ0α

Therefore the system is stable in the presence of
viscoelastic parameter F1 and magnetic field. The presence
of viscoelastic parameter F1 and magnetic field introduces
oscillatory modes, stability in the system and principle of
exchange of stability is not satisfied.

NUMERICAL COMPUTATIONS

) dz

All above specified integrals I1- I7 are +ve definite.
Put σ = i σi in (34), equating imaginary part, we obtain,
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…(35)
In absence magnetic field (35) becomes,

γ M 0 ∇H
and B > 1.
ρ0α

Dispersion equation (27) is analysed also. The critical
Rayleigh number R1 & Rayleigh number for ferromagnetic
fluid is calculated for different values of couple-stress F2,
suspended particles B, permeability P, magnetic field Q1
and Magnetization M0.
In fig. 2, a graph has been plotted between the critical
Rayleigh number R1 and the suspended particles parameter
B for different values for F2 = [10 50 80] , Q1=[3 5 10]
and λ =10 > 0. Which shows R1 decreases with increase
in B for λ > 0. So suspended particles have a destabilizing
effect on the system for λ >0.
In fig. 3, a graph has been plotted between the critical
Rayleigh number R1 and the suspended particles parameter
B for different values for F2=[10 50 80] , Q1=[3 5 10] and
λ= –10< 0. Which shows R1 increases with increase in B
for λ < 0. So suspended particles have a stabilizing effect
on the system for λ <0.
In fig. 4, a graph has been plotted between critical
Rayleigh number R1 and couple-stress parameter F2 for B
= [10, 20, 30], Q1 = [20, 30, 60] and λ = 10 > 0, which
shows R1 increases with increases in F2. So couple-stress
has stabilizing effect on the system for λ >0.
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In fig. 5, a graph has been plotted between critical
Rayleigh number R1 and couple-stress parameter F2 for B
= [10, 20, 30], Q1 = [20, 30, 60] and λ = -10 < 0,which
shows R1 decreases with increases in F2. So couple-stress
has destabilizing effect on the system for λ < 0.
In fig. 6, a graph has been plotted between critical
Rayleigh number R1 and permeability of the medium P
for B= [5, 10, 15], F2= [20, 40, 70], Q1= [1, 3, 5] and λ
= 10 > 0, which shows R1 decreases with increases P. So
permeability has destabilizing effect on the system for λ
>0.
In fig. 7, a graph has been plotted between critical
Rayleigh number R1 and permeability of the medium P
for for B= [5, 10, 15], F2= [20, 40, 70], Q1= [1, 3, 5] and
λ = -10 < 0, which shows R1 increases with increases P.
So permeability has a stabilizing effect on the system for
λ < 0.
In fig. 8, a graph has been plotted between critical
Rayleigh number R1 and Magnetic Field for F2 = [20, 30,
50], B= [5, 10, 15] and λ =10>0, which shows R1 increases
with increases in Q1. So Magnetic Field has stabilizing
effect on the system for λ = 10>0.
In fig. 9, a graph has been plotted between critical
Rayleigh number R1 and Magnetic Field for F2 = [20,
30, 50], B= [5, 10, 15] and λ = -10<0, which shows R1
decreases with increases in Q1. So Magnetic Field has
destabilizing effect on the system for λ = -10<0.
In fig. 10, a graph has been plotted between Rayleigh
number R and magnetization of ferromagnetic fluid M0 for
F2= [10, 60, 90], B= [5, 15, 25], Q1 = [50, 100, 150] and λ
=10> 0, which shows R increases with increases in M0. So
magnetization has stabilizing effect on the system for λ >0.
In fig. 11, a graph has been plotted between Rayleigh
number R and magnetization of ferromagnetic fluid M0 for
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F2= [10, 60, 90], B= [5, 15, 25], Q1 = [50, 100, 150] and
λ = -10< 0, which shows R increases with increases in M0.
So magnetization has stabilizing effect on the system for
λ <0.

CONCLUSION
In the present paper, the effect of different parameters
such as suspended particles, couple-stress, viscoelasticity,
permeability, magnetic field and magnetization has
been examined when a couple-stress Rivlin-Ericksen
ferromagnetic fluid heated from below in presence of
varying gravity, magnetic field and suspended particles
through a porous medium.

Results are as follows:-

1. Suspended particles always have destabilizing
effect for λ > 0 and stabilizing effect for λ < 0.
2. Couple-stress has a stabilizing effect if λ > 0
and a destabilizing effect if λ < 0 on the thermal
instability of couple-stress Rivlin-Ericksen
ferromagnetic fluid in the presence of varying
gravity and magnetic fields through a porous
medium.
3. Permeability of porous medium has a stabilizing
effect if λ >0 and a destabilizing effect if λ < 0.
4. Magnetic field has a stability effect on considered
fluid layer λ>0 and a destabilizing effect if λ<0.
5. Magnetization always has a stabilizing effect on
considered fluid layer.
6. Rivlin-Ericksen fluid behaves like an ordinary
Newtonian fluid for stationary convection.
7. The presence of viscoelastic parameter, magnetic
field introduces oscillatory modes and principle
of exchange is not satisfied.
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ABSTRACT
Afforestation of wasteland reclamation in Ganga-Yamuna doab are as irregular small patches.
They occupy the Aligarh, Etah, Kanpur, Fatehpur, Allahabad district. Concentration of salts is
a serious limitation in use of these lands. Ground water is close to surface of these salt affected
lands so that the danger of desalinization always prevails.
Owing to the unfavorable physical and chemical properties, the salt affected lands are not able
to sustain satisfactory growth of agriculture crops unless suitable reclamation and management
practices are adopted. Certain tree species are know to thrive well naturally under the adverse
condition of salt affected lands and therefore at least some areas of salt affected lands can be
put under tree growth. For achieving successful tree growth on these problematic soils it is
of prime importance to grow salt tolerant species by using suitable techniques. The selected
species for afforestation should inherently be capable of producing the prolific root system and
should thrive well under conditions of dries climate with low moisture supply. The pressure of
an in deviated thick kankar pan in the sub-soil at a shallow depth presents a serious physical
hindrance to the root development of the trees, and they dye out when the roots struck the
kankar pan.
Keywords: afforestation, wasteland reclamation, Ganga, UP

INTRODUCTION
The concept of wasteland cannot be a new one. The
problem of wasteland is bound to have a long history,
and it can be assumed that it was initiated by the ape-man
himself. It has been hypothesized that in the initial stages,
the ape-man survived on nature and lived as a barbarian.
But a time came when he realized that pouncing upon an
animal and catching it was not the easiest way of getting
it. By throwing a stone at the animal, and disabling it,
made it possible for him to catch the animal more easily
for his food. In this way, he started developing technology.
This historical incident must have disturbed nature, and
initiated the formation of wasteland in time.
Soon the Apeman would have started innovating the
sharp stone for hunting purpose. In such a technology only
a few of them would be skilled in killing the animal. In
this way, they would have disturbed nature, resulting in

desertification and ecological imbalance and generation of
wasteland depending on:
i) Place of collecting the stone.
ii) Place of sharpening the stone
iii) Place of hunting
iv) Place where they killed the animal and the stone
was thrown.
It was has been assumed that the development of
wasteland increased with the development of technology.
If an Apeman could survived without technology, then any
increase of the wasteland would have been avoided.
In written history, early reference to wasteland, or the
land which was not serving any purpose, appear in the 4th
century B.C during the Kalinga war. This history shows
that India at that time had an Arya-Anarya system which
eater gave way to a “might is-right” attitude of the upper
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classes. The good quality lands were in the hands of the
upper castes in the fertile plains areas, while the Sudras
(low castes people) were thrown to the hilly areas which
were demarcated as wasteland (land not available for good
agriculture). Emperor Ashoka differentiated between fertile
and wasteland, for proper evolution of land. Ambassador
Megasthenes has also mentioned wasteland as neglected
land. In the Moghul period, Babar used the term wasteland
in different ways, for denoting neglected loud, and for
purpose of fixing the loud value and revenue-collection.
Later on, Akbar the great, during his rule, fixed the value
of land in Annas for the purpose of revenue collection
from Talukdars. For poor quality land he charged very
nominal land revenue, but for good quality land, according
to its productivity, he levied 14 annas to 16 annas. For the
neglected lands no revenue was charged at all.
The British also continued the same practice. They did
not charge any kind of land revenue for wastelands or the
lands which failed to yield a positive return to the farmer.
Afforestation and Economic Up gradation of
Wastelands:
Some suitable trees species for the afforestation of
these lands are Tamarix, articulata, Prosopis, Juliflora,
Salvadora, Olicoides, Salvodora persica, etc. Some
grasses for plantation on these wasteland are Sporobolus
halvalus, Karnal grass, para-grass.
The successful tree planting in salt affected soils have
to be such that the rain water is utilized to the maximum
possible extant and the salt concentration in active root
zones of young plants is kept at a minimum level through
leaching following are some principal requisites of good
soil working.
i) Production of loose soil amenable to rapid
proliferation of the root system.
ii) Proper micro relief of soil mass to facilitate
leaching of soluble salts.
iii) The soil mass should be retentive of maximum
amount of moisture particularly during period of
stress.
iv) Maintenance of fertility status of soil through
fertilizer and organic manure.
Pit or anger hole planting is alternatives of tree planting
in trench or ridge furrow system. Pits of the size of 0.6
m3 to 1 m3 are dug and filled with a mixture of normal
soil with F.Y.M 25 kg / pit. Gypsum 3.6 kg / pit can also
be added. Auger hole of 15cm diameter and 150cm depth
filed with mixture of original soil, 2 kg gypsum and 7 to
8 kg F.Y.M are helpful in improving the root environment
in a limited zone and up to the concretion layers which
helps in easily penetration of roots. During the established
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period of grown species regular watering of these plants
is very necessary because of the low and erratic Rain full.

Wasteland Reclamation in Ganga-Yamuna Doab:

There are many reclamation measure that been adopted
in different parts of the world. In India reclamation of
wasteland has been practiced since ages, though not on
scientific lines. Some of the methods were successful
and later on proved to be technically sound; some others
turned out to be mere temporary expedients and the land
reverted to the original condition sooner or later; and yet
many others failed to show any response from the land so
treated. The methods adopted for reclamation should take
into account the causes which led to the development of
the deteriorating soil condition.
According to Kelley, for any reclamation technique
to be of lasting nature, the following three essential
requirements have to be met with
i) Salts or alkali must be completely removed from
the root zone.
ii) The land must be prevented from reverting to
original condition.
iii) The repair of the damage already done to the soil
should not be substantial.
In any scheme of reclamation therefore, the economy
and the time involved are the additional factor to be
considered. Usually the chapter amendments are slower
in reaction and produced uneconomic returns in the
beginning. Further certain ameliorating agents may be
available as surplus farm commodity or industrial waste
in an area; but may prove prohibitive or may be available
with difficulty at another place.
In practice also the Ganga-Yamuna doab reclamation
procedures for such deteriorated soils have to be properly
judge in the light of the above basic condition
Table 1: Average soil condition of the experimental plot
Depth of soil

Salt (%)

pH

Ece (mmhos/cm

0-15 cms

32.6

802

36.9

15-30 cms

32.9

7.8

6.7

30-45 cms

36.6

7.7

2.7

The soil was sandy loam in nature with high salinity
at the top 0-15 cms layer (36.9 mmhos/cm). The lower
layers had lower salt content. The depth of ground water
table fluctuated between 45 cms to 90cms from the surface
during the growing season.
The plots receiving flushing treatments both with and
without fertilizers recorded negligible mortality of planted
seedlings, more number of tiller per plant, better height
with dark green leaves.
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CONCLUSION
Attempts at reclamation of the uncultivated lands, in GangaYamuna doab, can be described as important both from
the point of view of the development of national wealth
by increasing agriculture production and by increasing
cultivated area. According to the land utilization statistics
of Ganga-Yamuna doab (1970) out of the total area of
15,9046 hectares; 4,9875 hectares is under user land with
rah (saline-alkali soils); 2,035 hectares is under banjar and
2,755 hectares is covered by old follows. This means that
15.2% of the land is lying uncultivated.
These lands require different types of remedial measure and
these the cost of reclaiming them also varies. Also technical research
and improvements have now reduced the necessity of allowing
lands to lie fallow-a practice which was resorted to in order that the
exhausted sol may recuperate half the area of the land now shown as
fallow; can be kept permanently under cultivation.
In spite of all the pressure of population, relatively small
extension of cultivation on these uncultivated lands has taken
place during the last Forty years. This is partly due to the fact that
exploitation of such uncultivated lands has not been within the
resources of the ordinary cultivar, but perhaps, much due to the fact
that such lands are inferior in quality and otherwise unsuitable.
Reclamation of any considered part of these areas is a time
consuming and a costly project. Any reclamation which accentuates
soil erosion cannot be a desirable from the long-term point of
view, although it will give addition food production which is very
necessary for a country like ours.
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The wastelands of Ganga-Yamuna doab are of various types
viz. usar lands with reh deposit (saline soil), usar lands (salinealkali and alkaline soils), waterlogged lands, banjar lands and lands
infested with a thick growth of kans and baisuri. Different types
of wastelands pose different types of management and reclamation,
hence the cost of reclaiming them also varies.
Afforestation
Gypsum requirement

Plantation
Wastelands Reclamation
Waterlogged

Potash requirement
Environment

Development of Wastelands

REFERENCES:

Kaul, K.N (2011) “Scheme for Reclamation and Development
of User lands Report”, Indian Council of Agriculture
Research Scheme.
Shafi., M, (1968) “The Problems of Wastelands in India”
Uppal., H.L. (1991) “Reclaiming Alkali Eastelands ICAR,
Bulletin, New Delhi.
Uppal., H.L. (2001) “Reclamation of Saline and Alkali
Lands”, New Delhi
Yadav, J.S.P, (1991). “Wastelands; Characteristic and
Exploitation in Forestry,

The Scientific Temper
Vol. 12, No 1-2, January-July, 2021:pp 127-131
ISSN 0976 8653, E-ISSN 2231 6396
A Web of Science Journal
Doc ID: https://connectjournals.com/03960.2021.12.127

Problems and Perspectives in Sustainable Environment in the
World: A Legal Study
Seema Yadav
Department of Law, S.V. College, Aligarh (U.P.)

ABSTRACT
The Environmental Justice, is a part of Socio Economic Development of the society and is also
the global challenge to judiciary for dispensation of environmental issues in present scenario.
The earth’s atmosphere is a common heritage. The environmental issues, take into account
the human being, and not the State as a unit. It is a global issue. The Stockholm Declaration
recognized that man is the part of nature and life depends on it. U. Thant, the then Secretary
General, United Nations, in Stockholm Conference appealed: “Like or not we are travelling
together on a common planet and we have no national alternative but to work together, to
make an environment in which we and our children can live a full and peaceful life”. Only the
Judicial system of all nations can implement the above appeal of the then Secretary General
with collaboration of Legislative as well as Executive Authorities. The Superior judiciary has
made tremendous progress in its elaboration and exploring environmental justice. The order
passed by the Superior Court had provided healing touch to many & even those who are residing
in remote places in hills, coastal area & forests etc. The courts however, are not the forum to
solve all environmental related challenges in the country.Judiciary has to be equipped with
certain additional capacities to deal with the whole gamut to environment related issues, only
the trained & motivated judges can take correctional measures trained & help in distributing
environmental justice with human element, fairness& compassion. To that extent every court
in the countries should be turned into environmental court, for environmental actions. We
must get the whole system – Executive, Legistative, Judiciary, Domestic, National as well as
International to overcome inertia and move in the right directions, and we can do it, Let us start
today! great poet William Wordsworth’s quote is fitted on global environmental context “What
man has made of man, little do we see in nature that is ours”
Keywords: Environmental justice, Socio-economic development, environmental issue
“Environment Justice is the movement to ensure that no community suffers disappropriate burdens or goes without
enjoying fair environmental benefits”.
–Van Johnes

INTRODUCTION:
The earth’s atmosphere is a common heritage. The
environmental issues take into account the human being
and not the State as a unit. It is a global issue. It will not be
out of point to say “for thousands of years the human race
has survived countless catastrophes, epidemics, floods,
draught, famines, earthquakes & fires, but following
the onslaughts of all out chemicals & bacteriological &

nuclear warfare & atmospheric poisoning air, soil & water
pollution & deafening sound pollution over population
may eradicate humanity for good”. Law and its awareness
may save the humanity from evil effects of environmental
issues.

Environmental Justice:

Environmental injustice occurs when members of
disadvantaged ethnic minority or other groups suffer
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disproportionately at the local, regional (subnational) or
national levels developed or developing countries from
environmental risks or hazards or from violations of
fundamental human rights as a result of environmental
issues. While ENVIRONMENTAL JUSTICE is the
fair treatment and meaningful involvement of all
people regardless race, color, national, origin or income
with respect of the development, implementation and
enforcement of environmental laws, regulations &
policies. Great Scientist Albert Einstein quotes on this
court is very clear to understanding the meaning of
Environmental Justice: “In matters of truth and justice,
there is no difference between large & shall problem, for
issues concerning the treatment of people are all the same”.

International Scenario:

The declaration in the United Nations Conference, on
human environment from 5 to 16 June, 1972 at Stockholm
considered the need for a common outlook for common
principles to inspire & guide the people of the world in the
preservation and enhancement of human environment. The
long & tortuous evolution of the human race was not possible
without rapid acceleration of science & technology. The
man has achieved the ability to transform his environment
in countless ways & on unprecedented scale. This power
if used wisely can bring benefits of development and
opportunity to enhance the quality of life. The wrong
application on the other hand can do incalculate harm to
human beings & human environment. The members of
the declaration felt that millions continue to live far below
the minimum level required for a decent human existence,
deprived of adequate food and clothing, shelter, education,
health and sanitation. The Industrialist countries pose
gigantic environmental problems. The natural growth
of population on preservation of environment with the
people as the most precious commodity in the world &
their progress, social wealth with development, science &
technology continue to transform human environment. The
members felt that a point has reached when we must shape
our actions with a more product care for environmental
consequences for achieving for ourselves and our
posterity, a better life, in an environment, more in keeping
with human needs.What is needed is an enthusiastic but
calm state of mid. The freedom should not be misused for
manipulating environment.
“The Stockholm declaration proceed to declare the
principle”: State of common conviction that the man
has fundamental rights to freedom, equity and adequate
conditions on life permitting life of dignity and wellbeing
and bears solemn responsibility to protect and improve the
environment to present & future generations. The natural
resources are common to all and must be safeguarded
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for the benefit of present and future generations. The
capacity of the earth to produce vital renewable resources
must be maintained and wherever practicable restored &
improved. The discharge of toxic substances & the release
of heat in the quantities and the concentration should not
exceed the capacity of the environment to tender them
harmful. The state should take positive steps to prevent
pollution of the seas by hazardous substanceto human
health, living resources & marine life. The economic &
social development is essential. It should however be
such that would not adversely affect the present & future
development potential nor should hamper attainment
of better living condition for all. The resources must be
made available to preserve and improve the environment.
A rational management of resources should be ensured
to make development compatible with a need to protect
and improve the human environment for the benefit
of the population. The planning should be rational,
to avoid adverse effect on environment & obtaining
maximum social, economic and environmental benefits,
science, technology and education should be applied for
identification, avoidance and control of environmental
risks.

Rio Declaration:

The club of Rome & the historic Rio Declaration in the
Earth Summit in 1992 on 6 June, which is celebrated as
“Would Environment Day” every year, recognized that the
States should co-operate in a spirit of global partnership
to conserve, protect and restore the health and integrity of
earths eco-system. The summit recognized the principles
of “Sustainable Development” as a balancing concept of
development and ecology. It was found that human desire
to progress cannot be restricted but has to be controlled by
preserving the biosphere. The “Precautionary Principle”,
reversing the ‘burden of proof’,The polluter pays: Putting
the burden of cost of compensation as well as restore the
injury to environment, on the polluter and the “Public Trust
Doctrine” declaring that nature’s resources are common to
all, are the essential features of sustainable development.

Indian Scenario:

Kautilya, the Prime Minister of Magadh during the regime
of Chandra Gupta Maurya, 300 B.C. in his “Arthshastra”
exhaustibly dealt with the question of environment
protection. He laid down the rules for protection and
upgradation of environment minutely, meticulously and
with great details. Maurya King Ashok depicted exemplary
compassion for wild life & prohibited killing of certain
species of creatures:
We find preaching of compassion towards nature
in all religions “Don’t make mischief in the earth” says
Holy Quran. Gautam Buddha’s religion was based on
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experience and logic. He believed or evolution of man. In
the contemporary period Sikhism & Vedas teaches that the
life is made of five basic elements i.e. earth, air, water,
fire & sky. The colonial rulers, however, disregarded
ancient prudence, cultivated ruthless intelligence to
exploit environment for their material gain. The legacy
of imperialism and colonialism concealing a sense of
ownership over environment propagated its consumption
for wealth, growth of industrialization and back of
awareness to handle the fast pace of development has
bought into focus many environmental issues and in its
response environmental legislations.
1. Constitution: Article 21 of the constitution of
India guarantees protection of life and personal
liberty. Article 47, 48A & 51A(g) of the
constitution are as under:
A47:Duty of the State to raise the level of nutrition
and the standard of living and to improve public
health the state shall regard the raising of the level
of its people & the improvement of public health
as among its primary duties and in particular, the
state shall endeavour to bring about prohibition
of the consumption except for medicine purposes
of intoxicating drinks and of drugs which are
injurious to health.
A48:Protection & improvement of environment
and safeguarding of forests and wild life: the
state shall endeavour to protect and improve the
environment and to safeguard the forests & wild
life of the country.
A51A(g):To protect and improve the natural
environment including forests, lakes, rivers
and wild life and to have compassion for living
creatures.
2. Act:
The wild life (Protection) Act 1972, The
water (prevention &control of Pollution) Act
1974, The Forest (Conservation) Act, 1980,The
Air (Prevention & Control of Pollution) Act, 1981,
The Environment (Protection) Act 1986. The
National Environment Tribunals Act, 1995, The
National Environmental Appellant Authority Act,
1997, The Biodiversity Act, 2002, The Hazardous
substances Act etc; along with the Rules,
Regulations & Notifications under these Acts have
provided regulatory measures “The Hard laws”
mostly in response to the treaties and conventions,
‘the soft laws’ signed by India. These special acts
have supplemented the provisions of Indian Penal
Code 1860 in Chapter XIV (Section 268 to 291)
of offences affecting the public health safety,
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convenience, decency & morals. The Criminal
Procedure Code 1973 (Section 133),The law of
Torts. The Easement Act, The Civil Procedure
Code and other such antiquated legislations, Public
Interest Litigations. The recognition & growth of
Public Interest Litigations has become a catalyst
for environmental justice. In Rural Litigation
and Entitlement Kendra, Dehradun, AIR 1985,
Supreme Court recognized imbalance of ecology
and hazard to healthy environment due to working
of lime-stone quarries. In SachidanandPandey
AIR 1987, the court recognized society’s
interaction with nature and the environmental
question affecting the humanity, the Supreme
Court observed “Industrialization urbanization,
explosion of population, over exploitation of
resources, depletion of traditional sources of
energy and raw materials, the disruption of
natural ecological balances, the destruction
of multitude of animal, plants & species for
economic reasons and sometimes for no good
reasons at all, are factors which have contributed
to environmental deterioration while the scientific
and technological progress of man has invested
him with immense power over nature, it has
also resulted in the unthinking use of the power,
encroaching endlessly on nature. If man is able to
transform deserts into oceans, he is also leaving
behind deserts in the place of oases. In India, as
in the world uncontrolled growth and consequent
environmental deterioration are fast assuming
menacing proportions and all Indian cities are
afflicted with this problematic issue.
yy In MC Mehta V union of India, AIR 1988,
the reckless discharge of untreated sewage in
river Ganga by a riparian owner was sought to
be checked with several directions issued to
clean the river. The Bhopal Gas leak disaster
case woke up the entire country to the threats
of environmental degradation & loss of life.
The right to compensation to the victims
invoking “ParensPatriae” doctrine was
invoked. The State was directed to assume
the role of a parent protecting the rights of
the victims and then claiming compensation
from the negligent corporation.
yy The Vellore Citizens Welfare Forum, AIR
1996 is a land mark decision of Supreme Court
recognizing “Sustainable Development”
as an answer to balance development with
ecology. The Supreme Court accepted the
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concept which came down for the first time in
Stockholm Declaration of 1972 & then in 1987
by the world commission on environment
and development in its report called “our
common future”. The commission chaired
by the then Prime Minister of Norway Ms.
G.H. Brundtland came out with a document
called “caring for the earth”a strategy in June
1992, deliberating and chalking out a blue
print for survival of the planet signed by 153
nations. In Vellore citizens case monitored
by the Supreme Court for five years the
pollution caused by Tanneries in the state of
Tamil Nadu discharging untreated effluent
into agricultural fields roadsides, water
ways & open lands was confirmed through
various reports and National Environment
Engineering Research Institute, Nagpur
(NEERI) accepting the principles, “The
precautionary principle have been accepted
by SC,as part of the law of the land” therefore
preventive measure & equipment desired
for establishment of project or company
should be enlisted at primary level than
the permission should be given to start the
company.
The growth of environmental justice process in
India was slow but steady. Very First of these leading
cases, which still the Magna Carta of the environmental
jurisprudencefor recognition of public rights to decent
living was also treatised in Municipal Council.
There is acute shortage of judges in the country
& millions cases are pending in Superior as well as in
Subordinate Courts. About 15000 vacancies of judges in
different courts are pending and with ratio of 10.5 judges
per ten lacs peoples as against 50 in developed countries,
the judiciary is extremely hard pressed to respond to the
people of the country due to the faith & trust in judiciary,
the expansion of rights with little emphasis on duties, there
is increase in legal actions making it increasingly difficult
for the courts to deliver justice timely. The achievement of
environmental justice through the existing judicial system
has become a mirage. The Superior Courts may have
led the path by adopting of techniques of investigation,
enquiries, directions & remedial actions through public
interest litigations, the local courts still feel helpless in
providing remedies to the common citizens due to lack of
jurisdiction power in greenery issues & too old laws such
Crpc, IPC, CPC, Torts etc.

Importance of Environmental Justice:

Environmental justice is an important part of the struggle
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to improve and maintain a clear and healthful environment
globally especially for those who have traditionally lived
worked and played closest to the source of pollution....
The right of access to justice is characterized as the most
fundamental of all the fundamental rights. The Universal
Declaration of Human Rights mandates in Art 10 that
“everyone is entitled in full equity to a fair and public
hearing by an independent and impartial Tribunals in the
determination of his rights and obligations and any criminal
charges against him”. The more clearly we can focus on
attention on the wonders & realities of the Universe, the
less taste we shall have for distruction because we have
got some very problems confronting us and let us not
make any mistake about it, human history in the future is
fraught with tragedies, so the environmental justice may
be delivered by the way of judiciary as well as socially,
universally, morally nationally, Internationally etc.
Top ten environmental conflicts such as land grabbling,
renewable energy conflict, mega mining, unburnable
fuels,trash economy, sand mafias, Fighting for fish, China
rising up, nuclear night mares, pesticide popularity&
Industrialization without any control are the fine examples
of deliberation of environmental justice globally.

CONCLUSION:
The Environmental Justice, is a part of socio economic
development of the society and is also the global challenge
to judiciary for dispensation of environmental issues in
present scenario. The Stockholm Declaration recognized
that man is the part of nature and life depends on it. U.
Thant, the then Secretary General, United Nations, in
Stockholm Conference appealed: “Like or not we are
travelling together on a common planet and we have
no national alternative but to work together, to make an
environment in which we and our children can live a full
and peaceful life”. Only the Judicial system of all nations
can implement the above appeal of the then Secretary
General with collaboration of Legislative as well as
Executive Authorities. The Superior judiciary has made
tremendous progress in its elaboration and exploring
environmental justice. The order passed by the Superior
Court had provided healing touch to many & even those
who are residing in remote places in hills, coastal area
& forests etc. The courts however, are not the forum to
solve all environmental related challenges in the countries.
Judiciary has to be equipped with certain additional
capacities to deal with the whole gamut to environment
related issues, experts in environmental issues only the
trained & motivated judges can take correctional measures
& help in distributing environmental justice with human
element, fairness & compassion. To that extent every
court in the countries should be turned into environmental
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court, or green courts comprising scientist, social worker,
environment experts etc. for environmental actions. We
must get the whole system – Executive, Legistative,
Judiciary, Domestic, National as well as International
to overcome inertia and move in the right directions,
and we can do it, Let us start today! great poet William
Wordsworth’s quote is fitted on global environmental
context “What man has made of man, little do we see
in nature that is ours”. Sum up with great scientist
Albert Einstein Quote “In matters of truth & justice,
there is no difference between large & small problems,
for issues concerning the treatment of people are all the
same”. Therefore law & its awareness, dispensation of
Environmental Justice may save the humanity & ecology
from the evil effects of global environmental issues.
Thankful to legal luminaries & authors for their
valuable works, which motivated/inspired me to mention
them in my paper.
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ABSTRACT
The palm fruit fossil Cocos L.(Arecaceae) from Giral lignite mines of the Akli Formation of
the Barmer Basin is reported here for the first time. It is assessed to be of Late Paleocene Early Eocene age. This fruit fossil is close to the species Cocos sahnii, which is today a broad
seaside component that flourishes in wet conditions. Its essence reflects the surrounding seaside
conditions during the depositional era in contrast to the arid and semi-arid climates. Coconut is
a very significant food plant with both household and commercial value.
Keywords: Akli Formation, Arecaceae, Barmer Basin, Cocos L., Giral Lignite mines, Palm
fruit fossil.

INTRODUCTION
Since little research has been done on the floral fossil in
Rajasthan (Lakhanpal and Bose, 1951; Guleria, 1996).
Some authors have collected megafossils residue of
plants.The first lignite in this basin was firstly reported by
Oldham (1886) who conducted the systematic mapping.
Earlier, Siddiqui and Bahl (1965) examined the lignitecontaining Akli Formation. There are two members in this
formation. First is the Giral-Thumbli lignite member at
the bottom of the Akli Formation and second is the Akli
bentonite member in the top region of the Akli Formation
(DasGupta, 1974; Sisodia and Singh, 2000). The Giral
Lignite Mine of the Akli Formation is composed of
lignite, sandstones and shales from the lagoonal, deltafront environments, whereas the upper layer is consisting
of shallow marine bentonite soils. The lignite seams are
related to lignitic clays, lignites, clays and siltstones that
range in color from dark grey to dark brown. Carbonaceous
soils and lignitic soils are found both horizontally and
vertically in these lignite seams. The Barmer Basin is
the latest tertiary reservoir of fossil fruits collected from
the Kapurdi Formation. Lamelibranches, Ostracods,
Foraminifera, Echinoids and are the common fossils found
in the formation (DasGupta, 1977), while Lakhanpal
and Bose (1951) reported some plant megafossils of the
Calophyllaceae and Clusiaceae families. Kaul (1951)

uncovered the impression of a characteristic item
(endocarp) which he named ‘Cocos sahnii’, after Cocos
nucifera L. from comparable aggregate, be that as it may,
he didn’t give any disclosure, understanding, or holotype
number of the fossil. The fruit name mentioned by Kaul is
not acceptable under the nomenclature standards (McNeil
et al., 2006). The Arecoideae subfamily has been related
to the Cocos L. family, and as a result, the only recognized
species, Cocos L., is widely distributed in forests and
probably an everyday existence in poor island and seaside
conditions.
The wild-type coconut has long precocious natural
products with a thick husk and short liquid endosperm,
which were rapidly introduced and dispersed by ocean
currents, although the trained coconut (Niuvai-type) has a
high fluid endosperm content and it has a thin husk. The
last one was developed because of the determination of
the Nukafa under development and scarcity by the people
(Harries, 1978). The Thar Desert and Aravalli Range are
two of the most prominent geographical characteristics
of Rajasthan. Rajasthan’s climate is dry to subhumid,
with annual rainfall ranging from 10-40 cm in the west
of the Aravalli Range. The coconut, or Cocos nucifera
L., is a very significant food plant with both household
and commercial value. The origin and dispersion of the
genus is a controversial issue among biogeographers
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and palaeobotanists due to the importance of coconuts
in culture, environment, and agriculture (Harries, 1992;
Gunn et al., 2011). Cocos nucifera L. is the only known
species of the genus Cocos L. belonging to the same
family Arecaceae. This species can be found in all tropical
and subtropical areas between 23° north and south of the
equator and flourishes in warm, humid environments. It can
also survive in temperatures up to 21°C for a short time.
Cocos’s dispersion and cultivation history are intricately
linked to the history of human activity in the tropics. The
Indian and Pacific basins are further supported by fossil
evidence from the Paleocene with longer existence of
coconut or coconut-like species (Rigby, 1995; Shukla et
al., 2012).
The genus was previously thought to have originated
in South America (Colombia) around the Middle-Late
Paleocene, based on fossil data (Gomez-Navaro et al.,
2009). Later, Couvreur et al., (2011) combined the
Colombian fossil record (Gomez-Navarro et al., 2009)
and molecular phylogenetic analyses to derive a 54.8 Ma
date for the stem node of the sub-tribe Attaleineae, tribe
Cocoseae, to which Cocos belongs. The fossil fruit of
Cocos L., also known as the coconut, is a very significant
food plant with both domestic and economic importance.

MATERIALS AND METHODS
1. Study Area

The fossils of the plant were discovered from the Giral

Fig. 1. Map of the study area showing plant fossil locality.
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Lignite mine in the Thumbli area of the Barmer district
of Rajasthan. The mine is located near Thumbli village in
Barmer district (Latitude 26°03’N, Longitude 71°16’E).
The Akli Formation, which ages from the Late Paleocene
to the Early Eocene, and lignite are obtained from this
mine. This lignite mine is located about 40 km near the
North-West side of Barmer city and 14 km away from
the Bhadkha village, located on the Barmer-Jaisalmer
Highway (NH- 68) (Fig. 1).

2. Sampling Methods

The lignite seam deposition occurred from top to bottom
in mines and plant fossils are found in the bottom surface
of thick lignite deposition. Coconut fruit fossils are found
in carbonaceous clay between lignite seam 5 and 6 of the
Giral lignite mine. A deep fossilized layer lies between
these two seams, where the present fossil fruit was found.
The mesocarp impression of coconut fruit was found here
printed on the surface of the lignite. It is an example of
a natural product, which has been preserved. About 1
specimen of fruit print was obtained from Giral Lignite
Mine, Thumbli area of Akli Formation, Barmer District,
Rajasthan, India. The material consists of a single piece
that is 12 cm long and has a width of 9 cm. This is the
first-time record of a plant megafossil in the mine. It was
damaged due to several fractures during excavation. The
fruit fossil was a single sample of material, photographed
before it was removed from the surface of the rock (Fig. 2).

Fig.2. Lithostratigraphy of Akli Formation at Giral Lignite
mine, Thumbli section.
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Fig. 4. Field photograph of cocos sahnii fossil fruit found in
coal layer of Giral Lignite mine of Akli Formation of Barmer
basin.

appeared sharp; oval-shaped, asymmetrical. The surface
was partially covered with fibrous mesocarp markings.
The enhancement in the center of the fruit forming the
endosperm was not retained.

RESULTS AND DISCUSSION

Fig. 3. A & B cocos sahnii Kaul (1951). (A). lateral view of
fossil fruit cocos sahnii in oval shape (B) Vertical view of the
cocos sahnii fossil fruit that is showing the shape, size, and
longitudinal fibers.(Scale bar= 3cm)

SYSTEMATIC PALAEONTOLOGY
Family: Arecaceae (Schultz Sch., 1832)
Tribe: Cocoseae (Mart, 1837)
Genus: Cocos L.
Species: Cocos sahnii Kaul (1951) (Fig-3. a & b), (Fig-4.)
Type material: Holotype. JNVU/DZ/PL/AF: - 163
Horizon: Akli Formation.
Type locality: Giral lignite mine of Thumbli area, Akli
Formation, Barmer Basin, Rajasthan.
Age: Late Paleocene - Early Eocene
Description: A Cocos is a drupe, the preserved length
and width were 12 cm and 9 cm, respectively. The top

The ancient fruit shares similar traits to the genus Cocos
in the Arecaceae family. Description of Cocos and
Cocos-like fruits from diverse horizons in India and
overseas as well as morphological information have been
given (Shukla et al., 2012). A new Cocos species, C.
binoriensis, was recently identified from Maastrichtian,
Danian Deccan Intertrappian deposits in central India
(Srivastava and Srivastava, 2014). The fossil fruit was
matched to previously reported fossils and was found to
be similar to Cocos sahnii, which was discovered in the
early Eocene of Rajasthan (Shukla et al., 2012). The only
difference between our fossils and other known species is
their size. The size of fossils of Cocos zeylandica (Berry,
1926) and C. intertrapensis (Patil and Upadhyay, 1984)
is lesser than our fossil. However, fossils of C. nucifera
(Rigby, 1995), C. nucifera-like fruit (Tripathi et al., 1999),
C. pentii (Mishra, 2004), cf. Cocos sp. (Gómez-Navarro
et al., 2009), Cocos sahnii (Shukla et al., 2012) and C.
binoriensis (Srivastava and Srivastava, 2014) were having
greates size than our fossil (Table-1). It grows well in the
wet climate, with an average annual rainfall of 1500–2500
mm and an average annual temperature of 21–30°C (Chan
and Alevich, 2006). The coastal region of Southeast Asia
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(Malaysia, Indonesia, the Philippines) and Melanesia is in
habited by Cocos nucifera (Harries, 1990, 1992). Fossil of
coconut fruits found in lignite mines in the early Eocene
indicates that coastal conditions existed in and around
Surat during the early Eocene, rather than the current dry
to the semi-arid environment (Merh, 1995). The origin of
coconut has been controversial for a long time, and the
new world and old-world origins of the coconut genus
have been proposed. At a time when the commercial
value of the coconut supported the notion of bringing it to
Southern California, the classification argument was taken
to extremes based on similarities (Cook, 1910), between
coccoid palms belonging to Central and South America
(Martius, 1823–50). Here report for the first time of the
palm fruit fossil of Cocos L. from Giral Lignite mines that
has a resemblance with the Cocos nucifera of the family
Arecaceae reported from the early Eocene sediments of
Gujrat.

We report for the first time the plant fossil of Cocos
Sahnii L. (Arecaceae) similar to Cocos nucifera that is
found in the Giral lignite mine near Thumbli village of
Akli Formation in Barmer District of Rajasthan. Cocos
nucifera fruit finds in the present time in all countries in
the coastal area of the ocean. It has paleoclimatology and
palaeoecology importance. This revealed the presence
of evergreen species at the site and proposed that the
environment in Rajasthan was extravagant, permitting
these evergreen taxa to flourish. Coconut (Cocos nucifera
L.) is a very significant food plant with both household
and commercial values. The onset and dispersion of
diversity is a questionable issue among biogeographers
and paleontologists in light of the importance of coconuts
in culture, climate, and cultivation.

Table 1. Comparison of Cocos sahnii (Kaul) with the previously described fossil fruits of Cocos (modified after Shukla et al.,
2012).
Characters

Locality

Cocos
Cocos
zeylandic-a, intertrappBerry (1926) eansis,
Patil and
Upadhye
(1984)
New Zealand Madhya
Pradesh,
India

Cocos
nucifera,
Rigby
(1995)

Cocos
nucifera
like fruit
Tripathi et
al. (1999)

Cocos
pantii,
Mishra
(2004)

cf. Cocos
sp., GomezNavarro et
al. (2009)

Cocos
sahnii.,
Shukla et
al. (2012)

Australia

Madhya
Pradesh,
India

Rajasthan,
India

Tertiary

Amarkantak, Northern
India
Colombia,
South
America
Tertiary
Middle-Late
Paleocene

Geological
time

Pliocene

Upper
Pliocene
Cretaceous

Epicarp

Not
preserved

Present, 135 Not
Present,
μm thick
preserved 5–2 mm
wide

Mesocarp

Fibrous

Shape

Prolate
spheroid
?

Fibrous, 1–2 Not
Fibrous,
mm thick
preserved 2–5 mm
thick
Oval
?
Ovoid

Apex
Maximum
width (mm)
Maximum
length (mm)
Endocarp
Longitudinal
ridges
Eyes

Early
Eocene

Present
Not
Not
with fine
preserved
preserved
longitudinal
striations
Fibrous, 2–5 Not preserved Fibrous
mm thick

Cocos
sahnii,
(present
fossil)
Rajasthan,
India

Maastrichtian Late
- Danian
PaleoceneEarly
Eocene
preserved
Not
preserved
Fibrous

Fibrous

?

?

?

?

25–30

50

95

60–100

80–130

Ovoid,
asymmetric
Acute with
stigmatic
remains
150

3–5 cm

0

100

130

100-150

250

Preserved
?

Preserved
?

Preserved Preserved
?
Preserved

Preserved
Not preserved Preserved
Preserved
3-Preserved 1 preserved 2 preserved 2 Preserved

Preserved
2 Preserved

3

3 (?)

3

?

Not visible

?

Oval

Cocos
binoriensis,
Srivastava
and
Srivastava
(2014)
Madhya
Pradesh, India

Ovoid,
Ovoid shaped Oval shaped
asymmetric
Acute
?
Acute
58

100

90

117

117

120

Not preserved 2

?
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ABSTRACT
It seems qualitative measurements of subjective reactions are not appropriate indicators to
assess the effect of noise on cognitive performance. In this study, quantitative and combined
indicators were applied to study the effect of noise on cognitive performance. A total of 54
young subjects were included in this experimental study. The participants’ mental workload and
attention were evaluated under different levels of noise exposure including, background noise,
75, 85 and 95 dBA noise levels. The study subject’s EEG signals were recorded for 10 minutes
while they were performing the IVA test. The EEG signals were used to estimate the relative
power of their brain frequency bands.
Results revealed that mental workload and visual/auditory attention is significantly reduced
when the participants are exposed to noise at 95 dBA level (P < 0.05). Results also showed that
with the rise in noise levels, the relative power of the Alpha band increases while the relative
power of the Beta band decreases as compared to background noise. The most prominent
change in the relative power of the Alpha and Beta bands occurs in the occipital and frontal
regions of the brain respectively.
The application of new indicators, including brain signal analysis and power spectral density
analysis, is strongly recommended in the assessment of cognitive performance during noise
exposure. Further studies are suggested regarding the effects of other psychoacoustic parameters
such as tonality, noise pitch (treble or bass) at extended exposure levels.
Keywords: Noise; Cognitive Performance; Attention; Brain Activity; Electroencephalogram

INTRODUCTION
The influence of noise on human cognitive performance
and brain activity has been often neglected (Basner et al,
2014). Noise has different negative effects ranging from
interference with cognitive processing to damaging mental
and physical health (Stanefeld and Matheson, 2003). In
any vital industry, optimizing human performance is a key
factor in accident prevention. Noise is one aspect of the
work environment that affects workplace safety. Workers
in vital occupational roles require high levels of cognitive
skill and they need to maintain effective performance
while exposed to higher levels of noise than Threshold
Limit Values (TLV). Studies show that noise causes
cognitive impairment and oxidative stress in the brain

(Wang et al, 2016). Previous studies have suggested that
the Limbic system in the brain is involved in emotional
activities, The Amygdala and the Hippocampus are two
of the main parts within the Limbic system that receives
sensory information directly and indirectly from the
central auditory system. Auditory stimulation itself can
directly or indirectly affect these areas.
The active process of cognitive selection is called
attention (Jones, 2006). Attention plays a significant role
in daily activities such as physical movements, emotional
responses and perceptual and cognitive functions. Noise
can affect performance either by impairing information
processing or causing changes in strategic responses. In
particular, noise increases the level of general alertness
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or activation and attention. The scope of cognitive and
mental function is diverse, encompassing reaction time,
attention, memory, intelligence and concentration. Altered
cognitive function leads to human error and subsequently
increases accidents. This can ultimately lead to reduced
performance and productivity. Noise as a sensory stimulus
increases arousal which is believed to cause a reduction in
the breadth of attention. In other words, loud noise causes
alterations in the performance of attentional functions.
Exposure to noise above 85 dBA intensity leads
to many adverse auditory and non-auditory effects.
Cognitive theory suggests that the brain is highly involved
in emotions. Basic emotions use specific cortical and subcortical systems within the brain and are different from
the brain’s electrical and metabolic activities. Therefore,
EEG is one of the most effective and common methods of
brain imaging used for Brain activity processing relating
to human stress including noise (Choi et al, 2015). EEG
signals measure all fluctuations in the electrical fields
resulting from nerve activity in millisecond resolutions.
EEG signals are usually evaluated in multiple frequency
bands to determine their relationship with stresses. These
bands include the Alpha (8-12.5 Hz), Theta (4-8 Hz), Delta
(1-4 Hz) and Beta (12.5-30 Hz) bands. A reduction in the
power of the Alpha band along with a rise in the power of
the Theta and Beta bands is an indicator of neurological
disorders. Therefore, EEG can be a great tool not just
for detecting stressors in the environment but also for
predicting the negative effects of noise exposure.

MATERIAL AND METHODS
The experiment was conducted upon University
students ranged in 23-33 age-group, normal hearing, no
prior cardiovascular disorders, no alcohol and caffeine
consumption 12 hours before testing, a BMI index of 1828, no hypersensitivity to noise and no sleep disorders.
This experimental study was conducted in an acoustically
insulated, climate-controlled room (H = 3 m, L = 3.5 m and
W = 2.5 m). A total of 54 participants, including 27 males
and 27 females, took part in this study. Study subjects were
divided into 3 groups, each with 9 males and 9 females. All
study groups were exposed to background noise (45 dBA),
and three different noise levels (including 75, 85 and 95
dBA). Table 1 shows the experimental design in detail.
Table 1: Experimental design of the study

The study protocol for each subject included a
10-minute relaxing phase before testing, followed by the
Integrated Visual and Auditory Continuous Performance
(IVA) test which was accompanied by background noise
while EEG signals were being recorded. After a 30-minute
rest, the subject was exposed to noise for 15 minutes,
and at the 16th-minute mark, while the subject was being
exposed to various noise levels, the IVA test was initiated,
and EEG signals were once again recorded (Figure 1).

Figure 1: Study protocols timing

In this study, the used noise was recorded in a household
appliance factory using a B and K PULSE Multi-Analyzer
System Type 3560. The recorded noise was then analyzed
using a B & K Sound Level Meter Type 2238. To modify
the noise and obtain steady noise at 75, 85 and 95 dBA
levels, the Gold Wave software version 4.26 was used.
Finally, the noise was replayed using two Genius HF-2020
speakers situated on either side of the test table.
A NASA-TLX questionnaire is a well-known tool
for evaluating mental workload. This multi-dimensional
method assigns an overall score for mental load. Integrated
Visual and Auditory test, which was designed by Stanford
et al., is part of the Continuous Performance Tests (CPTs)
and used to evaluate auditory/visual attention (Standford
and Turner, 2007). It consists of a 13-minute continuous
auditory and visual test that evaluates two factors of
response control and attention.
The EEG signals were recorded from 16 Ag/AgCl
electrodes mounted in an elastic cap with the amplifier
bandpass set to 1 – 40 Hz at a sampling rate of 250 Hz. The
electrodes were placed at the frontal (Fp1, Fp2, F3, F4, F7
and F8), temporal (T3 and T4), central (Cz, C3 and C4),
parietal (Pz, P3 and P4) and occipital (O1 and O2) regions.
The reference electrode was the left mastoid. Impedance
was maintained at below 10 KΩ during the experiment.
Statistical analysis of the mental workload and
attention data was carried out using the SPSS 22 software
solution. Before performing t-tests, data distribution
norms were checked using the Kolmogorov–Smirnov test.
A p-value of less than 0.05 was considered statistically
significant. The Generalized Estimating Equations (GEE)
statistical method was applied for data analysis.

Study
group

Students
(N=54)

Background
Noise (dBA)

Exposure
Noise (dBA)

1

18

45

75

RESULTS AND OBSERVATIONS

2

18

45

85

3

18

45

95

Demographic Characteristics of Participants: Table 2
displays the study demographic characteristics. A total of
56 individuals, 27 males and 27 females, were enrolled in
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the study. Average and standard deviation of age and Body
Mass Index (BMI) was 26.56 ± 2.45 and 23.81 ± 1.43,
respectively.
Table 2: Participants Demographic factor
Characteristic

M

SD

Max

Min

Age (Year)

26

2.45

33

23

Weight (Kg)

56

6.24

72

54

Height (Cm)

154

5.12

160

150

1.47

27

20

BMI
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and auditory attention under exposure to various noise
levels are very similar in pattern. At 85 dBA levels,
average attention scores are reduced, as compared to just
background noise, but this is not statistically significant (P
> 0.05). But at 95 dBA levels, average attention scores are
reduced considerably compared to background noise; this
was statistically significant (P < 0.05).

Effect of Noise levels on Mental Workload: Figure
3 illustrates the effects of various noise levels on average
overall mental workload compared to background noise
(45 dBA) for study.

Figure 4: The effect of noise levels on visual and auditory
attention

Figure 3: The effect of noise levels on mental workload.
Background noise = 45dB (A)

The results show that 75 and 85 dBA noise levels,
as compared to just background noise, does not follow a
particular trend and does not cause a considerable change
in the average mental workload (P > 0.05). At 70 dBA level,
compared to just background noise, the mental workload
had decreased while at 85 dBA it had increased. At 95 dBA
level, compared to just background noise, the increase in
mental workload was statistically significant (P = 0.03).
The Effect of Noise levels on Visual and Auditory
Attention: Figure 4 presents the average and standard
deviation for the visual and auditory attention score at
various levels of noise compared to background noise
(45 dBA). The results show that the changes in visual

The Effect of Noise levels on EEG Fluctuations:
The Kolmogorov-Smirnov test results indicated that the
data were distributed normally. Therefore, the t-test was
used in this part.
The relative power of the intended brain frequency
bands was used to analyse brain signals during exposure
to various noise levels relative to background noise (45
dBA). The considered frequency bands include the Delta
(1-4 Hz), Theta (4-8 Hz), Alpha (8-12.5 Hz), Beta (12.5-30
Hz) and Gamma (30 Hz upwards) bands. The results show
that among the mentioned frequency bands, the Alpha and
Beta bands undergo considerable changes, as relative to
just background noise, and are being affected by noise.
Based on Table 3, going from 75 dBA to 95 dBA noise
level causes a statistically significant average variation in
the relative power of the Alpha band for the Fp1, F4, P3,
O1 and O2 regions of the brain (P< 0 .05). Again, based
on Table 3, at 95 dBA, the largest variation in the relative
power of the Alpha band is observed for the O1 region of
the brain (P < 0.001).

Table 3: Average variation in the relative power of the Alpha band during noise exposure to background noise (45 dBA)
Noise level
(dBA)
Brain-part
FP 1
F3
F4
F7
C4
P3
O1
O3

75
t-value
0.130
1.41
-0.833
2.442
1.544
0.367
-0.028
0.413

p-value
0.907
0.183
0.427
0.023
0.149
0.729
0.990
0.696

85
t-value
0.017
-0.978
0.074
2.289
2.803
2.067
-1.343
-2.849

p-value
0.997
0.351
0.953
0.042
0.019
0.063
0.206
0.018

95
t-value
3.254
-2.554
2.450
-0.752
-0.646
2.451
5.885
2.253

p-value
0.011
0.027
0.032
0.472
0.538
0.033
0.007
0.045
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DISCUSSION

A significant reduction in the relative power of the
Alpha band was only observed for the F3 region (P<0.05),
though a slight reduction was observed for the C4, F7 and
F3 regions of the brain also. The most affected areas of
the brain when exposed to noise seems to be the Occipital,
Prefrontal, Frontal and Parietal regions of the brain as
illustrated in topographic image (Figure 5A).

The results of this study showed that as a stressor, noise
affects cognitive performance and brain signals, and, also
that noise pressure level is an important factor regarding
impairment of cognitive function and power spectral
density of the brain as in agreement with the proposal that
a relationship exists between low performance and high
levels noise (Irgens-Hansen et al, 2015). Some studies
have used qualitative measurements including subjective
responses for the evaluation of the effects of noise exposure
on cognitive function. In this study, however, quantitative
indicators were used in combination, including the
evaluation of mental workload, evaluation of auditory/
visual attention and brain signals analysis.
This method is suggested to overcome the limitations
in physiological evaluation techniques (Choi et al, 2015)
as Share and others who also suggested that to improve
cognitive and mental stress evaluation, a combination of
these tools should be used (Al-Shargie et al, 2015). In
previous studies, the effects of noise exposure on heartbeat
and blood pressure at 95 dBA were compared to 75 and
85 dBA (Kristel-Boneh et al, 1995). The effects of high
levels of noise exposure on cognitive performance can
be amended to the Poulton arousal model which states
that noise exposure increases cognitive performance at
first, but thereafter the negative effects of noise exposure
on cognitive function begin to show (Poulton, 1981).
The results in the present study can be explainable using
arousal theory. This theory states that the level of central
nervous system activity regulates human response to
stimuli and it can be said that when arousal is high or
low, or in other words, in both low stress and high-stress
situations, performance is reduced (Yerkes and Dodson,
1908).

Figure 5: Topographical mapping of frequency bands’ relative
power during exposure to noise as relative to background noise
(45 dBA)

Table 4 demonstrates average variation in the relative
power of the Beta band during exposure to various noise
levels relative to background noise. The results show
a reduction in the relative power of the Beta band in all
channels as a result of exposure to 75, 85 and 95 dBA noise,
although this reduction was most prominent at 95 dBA.
Based on table 4, this reduction is statistically
significant (P < 0.05) and the order by which it occurs, and
the affected areas are as follows: F8-T3-C4-Cz-O2-Fp1T4-F3-C3. No significant effect was observed in the other
areas of the brain under study (P > 0.05). Also, based on
figure 5b, the reduction in the relative power of the beta
band as a result of the increase in the level of noise occurs
in the Frontal, Temporal, Occipital and Central lobes.

Table 4: Average variation in the relative power of the Alpha band during noise exposure to background noise (45 dBA)
Noise level
(dBA)

75

85

95

Brain-part

t-value

p-value

t-value

p-value

t-value

p-value

FP 1

-1.440

0.176

-1.449

0.174

-2.743

0.0147

F3

-1.886

0.084

-4.470

0.007

-2.255

0.0390

F8

0.694

0.507

0.055

0.968

-6.106

0.070

T3

0.694

0.824

-2.297

0.042

-5.654

0.009

T4

0.241

0.147

-0.846

0.420

-2.750

0.021

C3

-1.554

0.079

-2.208

0.048

-2.680

0.023

C4

-1.940

0.592

-4.885

0.007

-4.023

0.009

O2

-0.562

0.387

-2.043

0.064

-3.107

0.015

CZ

0.907

0.146

-1.853

0.089

-3.832

0.008

PZ

-0.161

0.886

-1.025

0.329

-1.980

0.073
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There were conflicting results regarding the effects
of noise on cognitive function in previous studies. Some
studies determined that noise had improved cognitive
function (Hoskin et al, 2014), while others had concluded
that noise had reduced cognitive function (Staal, 2004).
This is part of the reason why, in this study, quantitative
measurements were used in combination. The results of
the present study reveal that the reduction of cognitive
function and brain signals was only significant when
exposed to noise at 95 dB level and not at 75 or 85 dBA.
This could be due to other psychoacoustic factors such as
noise pitch, tonality, exposure duration, and noise type.
The importance of noise pitch and its effects on cognitive
function and brain activity has been emphasized in other
studies. The study showed the complexity of brain activity
increases at midrange frequencies, showing the effects of
the change in frequency on brain activity (Allaberdy and
Jafari, 2016).
Another effective parameter regarding noise and
performance is noise tonality as it was observed that
performance was reduced with increasing noise tone
strengths (Lee et al, 2017). Type of noise is also important
when evaluating the effects of noise on cognitive function.
Studies have shown that the effect of fluctuating noise on
cognitive function is higher than steady noise (Kjellberg,
1990). Steady noise was the only type used in our study.
Also, exposure times used were rather short, which may
result in a reduced effect of noise on performance and
brain signals when exposed to lower than TLV noise.
The lesser effect of lower than TLV noise (45, 75 and 85
dBA) on performance and brain activity may also be due
to non-psychoacoustic parameters as scope and diversity
are influential in the methods used for cognitive function
evaluation (Koelega and Brinkman, 1986). Simplicity or
complexity of the task is another example as a complex
task causes a greater cognitive dysfunction when compared
to simple tasks. Personal characteristics may also be a
factor when subjects are exposed to noise. As some may
experience reduced cognitive function while others may
not, and some may even show increased cognitive function
(Koelega and Brinkman, 1986). These factors may
not be as influential in the present study as the students
were prescreened for mental disorders, cardiovascular
disorders and behavioral abnormalities before selection.
Many aspects of brain function and behavior can only be
discussed in terms of neurons communicating with each
other. All cognitive processes in the brain are carried out
through neuronal activity such as synapses and spikes.
Orientation and executive function which are involved in
the processing of attention are specifically undermined to
enable information processing. The disruption of attention
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likely occurs in students whenever there is a need for
sustained attention.
In this study, Brain signal analysis disclosed that the
Alpha and Beta frequency bands were affected by noise.
With an increase in noise levels, the relative power of
the Alpha and increased while the relative power of the
Beta band decreased. Topographical mapping of the scalp
shows that all four lobes of the brain are usually affected
by noise, but this is more pronounced in the frontal and
occipital lobes, which is consistent with the results of
other studies (Tseng et al, 2013). Other conclusions can be
made from this study regarding the relationship between
visual / auditory attention and the relative power of the
Alpha and Beta bands. In this regard, it can be said that
with increasing noise levels, participants’ auditory /
visual attention score went down while the relative power
of the Alpha and Beta bands increased and decreased
respectively. Topographical mapping of the scalp indicates
that the area responsible for attention processing is located
in the frontal, temporal and occipital regions of the brain
which is consistent with the results of Liz et al (2014).
Therefore, the results of this study suggest that when one
is exposed to various noise levels, mental workload, visual
/ auditory attention and the relative power of the frequency
bands follow a similar trend. In studies that pertain to brain
signals and cognitive performance, attention to artifacts
such as eye and body movement, electrical interference,
impedance fluctuations, sleep disorders, personality
characteristics, age, sex and race are all important, and this
has been reiterated in various studies (Rabat et al, 2006).
The benefits of using the NASA TLX and IVA +Plus tests
along with EEG signal recording in the psychological
and neuro-physiological evaluation include the ease of
administration, non-invasiveness, short evaluation times
and low cost. It is suggested that in future studies on the
evaluation of the effects of noise, other psychoacoustic
parameters such as noise pitch, tonality and also extended
periods of exposure be considered. It is also suggested that
more than 16 channels be used for the EEG recordings for
better and more detailed evaluations of the various brain
regions.

CONCLUSION
In conclusion, noise levels seem not to have the
appropriate sensitivity at levels below 85 dBA on cognitive
performance. Therefore, other psychoacoustic parameters
that influence cognitive function, including noise pitch
and tonality are suggested for future research. Scalp
topographic mapping indicates that the frontal and occipital
regions along with the Alpha and Beta frequency bands
are most affected by exposure to noise considering the
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influence of task complexity, personality characteristics,
the effects of other psychoacoustic parameters on cognitive
and neuro-physiological functions, applying new methods
such as the use of brain 2-way signals along with power
spectral density in the evaluation of environmental
and occupational stress, especially in the case of noise
exposure is suggested. It can thus be concluded that the
evaluation of mental workload, auditory / visual attention
and brain signals in combination can be considered as a
useful indicator for the assessment of the effects of noise
exposure on cognitive performance.
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ABSTRACT
Fresh water catfish Clarias batrachus was immunised with cellular antigen and the immune
response of the fish was observed. The impact on immune system was studied in terms of
leucocytes: TLC and DLC were determined for the experimentally immunized group and
compared with the control group. The number of lymphocytes and TLC increased slightly
after administering the antigen. The results obtained are analysed and presented in this
communication.
Keywords: Immune system, leucocytes, lymphocytes, TLC, Clarias batrachus

INTRODUCTION
The fishes besides being the largest vertebrate class, have
greater species diversity than any other vertebrate groups
and are found in almost every aquatic environment on
earth. The evolution of fishes and the tetrapods diverged
from each other about 300 million years ago and it is
natural that fishes should be the subject of investigation of
the evolution of lymphoid tissues and the development of
immune system (Press et al., 1998).
Fish and their immune system also represent an
important scientific tool in the monitoring of environmental
quality. Fish occupy a variety of ecological niches in
the aquatic environment and so changes in the immune
parameters of fish have the potential to be the sensitive
gauge of environmental deterioration (Wester et al.,
1994). In all vertebrates, immune responses are mediated
by leucocytes therefore an understanding of immunology
must be based upon an understanding of leucocyte function.
This study is a part of the doctoral work of the first author.
The basic structure of the fish leucocyte is described in
short along with the impact of SRBC immunisation on the
number of leucocytes.

MATERIALS AND METHODS
The study was conducted on the fishes obtained from
the different water sources of Meerut and Muzaffarnagar

region. Fishes were then maintained in suitable tanks and
glass aquaria and fed upon different types of food such
as pelleted food, minced goat liver etc. The fishes were
acclimatized for at least three weeks in order to bring them
to their normal state before using them for observational
purpose.
For the experimental setup the fishes were divided
into two groups. One was used as control which was
not immunized and second group consisted of seven
fishes which were immunized. The seven fishes which
were immunized with a cellular antigen constitute the
experimental group. The antigen in the present experiment
was SRBC. The immunized fishes were routinely
anaesthetized and used for blood collection after every
five days for one month. The data was collected on day 1,
5, 10, 15, 20, 25 and day 30. This set up was repeated five
times and then the mean of the five observations was taken
as the final value.
For preparation of the antigen, blood was collected
from jugular vein of the sheep, with the help of sterilised
syringe. To the sheep blood, same amount of Alsever’s
solution was added. It was shaken and then centrifuged
at 2000 rpm at room temperature for five minutes. The
pellet obtained after discarding the supernatant was
resuspended in Phosphate Buffer Saline. It was then again
spun at 2000 rpm at room temperature for ten minutes
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and then suspended in Phosphate Buffer Saline. Fishes of
the experimental group were immunized with 0.5 ml of
25% SRBC in Phosphate Buffer Saline. For immunization
purpose and for blood collection, each fish was caught
manually, taken out of the aquarium and anaesthetized using
clove oil, at a concentration of 50 mg/l, also reported by
Woody et al., 2002. Antigen was injected intraperitoneally.
For the preparation of blood smear Brauer (1968) method
was followed. These smears were used to record the
values for DLC. In the interpretation of the differential
blood counts of fish, the correct identification of different
cells of fish blood is of particular importance and requires
basic knowledge of morphology of blood cells and
practical experience. For the classification of different cell
types, the shape and size as reported by Ellis (1977) was
considered during observations. The total leucocyte count
was obtained by the method Of Shaw as described by
Schaperclaus ( 1991), using Neubauer counting chamber.

RESULT AND DISCUSSION
Total Leucocyte Count of Clarias batrachus on different
days after injecting 0.5% ml of 25% SRBC intraperitoneally
was recorded and it was observed that the value of TLC
during this experiment ranged in between 2.21-3.42
(average value 2.74). The reference value for the TLC was
2.59. The value of TLC was recorded to decrease in fish
sacrificed on day 1 (2.54 ± 0.29) as compared to the value
of TLC in the fish of control group (2.59 ± 0.10), the value
increased gradually in the fish sacrificed on Day 5 (2.64 ±
0.16), Day 10 (2.84 ± 0.08), Day 15 (2.87 ± 0.18) and Day
20, reaching its maximum in the fish sacrificed on Day 20
(2.92 ± 0.22) and then was recorded to decrease gradually
in fish sacrificed on Day 25 (2.78 ± 0.32) and Day 30 (2.71
± 0.13).
Differential Leukocyte Count of Clarias batrachus on
different days was recorded. The number of neutrophils
was recorded to increase in the fish sacrificed on Day 1

(29.2 ± 7.2), as compared to the fish of the control group
(28.0 ± 8.0), the number was lower in the fish sacrificed
on Day 5 (22.2 ± 5.8) which was recorded to decrease
gradually in the fish sacrificed on Day 10 (20.2 ± 3.7), Day
15 (20.2 ± 4.97) and Day 20 (minimum value 19.0 ± 2.12),
the value was recorded to increase in the fish on Day 25
(22.2 ± 4.32) and then in the fish sacrificed on the Day 30
(25.6 ± 3.29).
The number of lymphocytes was recorded to decrease
in the fish sacrificed on Day 1 (67.8 ± 8.1), as compared to
the fish of control group (68.6 ± 8.4), then the number was
recorded to increase gradually in the fish sacrificed on Day
5 (74.4 ± 4.62), Day 10 (76.6 ± 4.7), Day 15 (78.2 ± 4.49)
and Day 20 (maximum 79.2 ± 2.59) the number was again
recorded to decrease in the fish sacrificed on Day 25 (75.6
± 4.72) and Day 30 (71.6 ± 3.36).
The number of Eosinophils was same in the fish of
control group (1.4 ± 0.5) and the fish sacrificed on Day 1
(1.4 ± 1.1), it was recorded to decrease in the fish sacrificed
on Day 5 (1.2 ± 0.84) and was same in the fish sacrificed
on Day 10, again a decreased number was recorded in the
fish sacrificed on Day15 (0.8 ± 0.84), the number increased
in the fish sacrificed on Day 20 (1.0 ±0.71), which was
recorded to decrease in the fish sacrificed on Day 25 (0.6
± 0.89), and again increase in the fish sacrificed on Day 30
(1.2 ± 1.30).
The number of Monocytes was recorded to decrease
in the fish sacrificed on Day 1 (1.0 ± 0.7) as compared
to the fish of the control group (2.0 ± 1.0), the number
was noticed to increase in the fish sacrificed on Day 5
(maximum 2.2 ± 1.48), which slightly decreased in the fish
sacrificed on Day 10 (2.0 ± 1.6) and Day 15(minimum 0.8
± 0.84), was same as on day 15 in the fish sacrificed on
Day 20. The number was recorded to increase in the fish
sacrificed on Day 25 (1.6 ± 0.89) and was the same in the
fish sacrificed on Day 30.

Table1. Mean Total Leucocyte Count (TLC) and Differential Leucocyte Count (DLC) of the fish Clarias batrachus recorded on
different Days after injecting 0.5ml of 25% SRBC intra-peritoneally.
TLC (x104 µl-1)

Differential Leucocyte Count (DLC)
Neutrophils %

Lymphocytes%

Eosinophils%

Monocytes%

Control

2.59 ±0.01

28.0 ±8.0

68.6 ±8.0

1.4 ±0.5

2.0 ±1.0

Day 1

2.54 ±0.29

29.8 ±7.2

67.8 ±8.1

1.4 ±1.1

1.0 ±0.7

Day 5

2.64 ±0.16

22.2 ±5.81

74.4 ±4.62

1.2 ±0.84

2.2 ±1.48

Day 10

2.84 ±0.08

20.2 ±3.7

76.6 ±4.7

1.2 ±0.8

2.0 ±1.6

Day 15

2.87 ±0.18

20.2 ±4.97

78.2 ±4.49

0.8 ±0.84

0.8 ±0.84

Day 20

2.92 ±0.22

19.0 ±2.12

79.2 ±2.59

1.0 ±0.71

0.8 ±0.84

Day 25

2.78 ±0.32

22.2 ±4.32

75.6 ±4.72

0.6 ±0.89

1.6 ±0.89

Day 30

2.71 ±0.13

25.6 ±3.29

71.6 ±3.36

1.2 ±1.30

1.6 ±0.89

Values are mean ± standard deviation; n=5

Impact of Experimental Immunisation on Leucocyte Count of Clarias batrachus

The blood smears show erythrocytes, which are
easily differentiated from the leukocytes, thrombocytes
and the various types of leukocytes such as neutrophils,
lymphocytes, monocytes, and sometimes eosinophils.
Erythrocytes are oval and disk-shaped cells with a centrally
located compact nucleus. Thrombocytes are nucleated
cells that are smaller than erythrocytes and vary in shape.
Lymphocytes, are usually the most commonly
observed leucocyte type present in the blood of fishes
accounting for as much as 85% of total leucocyte population
(Rowley et al., 1988). They are smaller than erythrocytes,
with a centrally located round or oval nucleus and scanty
cytoplasm. Lymphocytes of several fish species have been
shown to carry Ig in their surface membranes that can be
induced to form caps. This phenomenon may constitute a
triggering mechanism whereby lymphocytes are induced to
transform into antibody producing cells or their precursors
(Ellis, 1977). In the experimental fish Clarius batrachus
the number of lymphocytes directly appears to be affected
by the selected antigen, the number of the lymphocytes
increased after immunization, reached a maximum value
in the fish sacrificed on Day 20.
Monocytes have round or indented, eccentric nuclei
and deeply basophilic cytoplasm with clear punctate
cytoplasmic vacuoles. They are characterized by a
prominent eccentric, kidney shaped to bilobed nucleus with
a granular cytoplasm (Ellis, 1976). The cytoplasm contains
numerous profiles of RER, an active golgi complex and
centrioles usually located in the nuclear cleft and golgi
derived vesicles (Rowley et al., 1988). Monocytes are
participants in acute inflammatory responses of fish in
which they actively phagocytose invaders (Finn and
Neilson, 1971, MacArthur et al., 1984, MacArthur and
Fletcher, 1985). No definite trend was noted on the number
of monocytes in Clarias batrachus after immunisation
with the selected antigen.
There is a great variation in the bony fishes in both
the abundance and staining reactions of the granulocytes
suggesting that different populations of granulocytes have
arisen several times during the divergent evolution of this
group (Rowley et al., 1988).
Neutrophils are round or oval shaped cells and usually
larger than Erythrocytes, with an eccentric kidney shaped
or two to three lobed nucleus and granular cytoplasm.
Neutrophil is the most commonly encountered granulocyte
in gold fish Carassius auratus with a diameter of 10
micrometer; having an eccentric nucleus with partially
lobate appearance (Weinreb, 1963). Neutrophils are
characterized by granules, some of them with a central
electron dense or electron lucent crystalline rod, which
may have a fibrillar appearance (Cenini, 1984). Plaice
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neutrophils appeared not to be phagocytic towards carbon
particles (Ellis, 1976). While neutrophils in rainbow trout
migrated to an inflammatory site caused by bacteria,
they did not take part in phagocytic activity (Klontz,
1972). Migration and phagocytosis by neutrophils
during experimentally induced bacterial inflammation in
rainbow trout was reported by Finn and Nielson (1971).
Chemotaxis has not been demonstrated convincingly for
fish neutrophils. However rapid migration of neutrophils
from blood vessels in the neighbourhood of an infected or
otherwise injured site strongly suggest that a chemotactic
stimulus is involved (Hines and Spira, 1973). No definite
trend was noted on the number of neutrophils on different
day intervals after immunization with the selected antigen.
Reports of the presence of basophils in the blood of
fish vary with some authors reporting them (Watson et al.,
1963, Weinreb, 1963, Garavini and Martelli, 1981) and
others claiming them to be absent in the fish blood (Javaid
and Akhtar, 1977 and Barber and Westermann, 1978).
Watson et al., 1963, claimed that basophils were fragile
and often disrupted in smear preparations with dispersion
of the granules. During our experiment we could not find
basophils in Clarias batrachus.
The entire literature concerning eosinophils in teleost
fish is contradictory; there being claims of their presence
(Conroy, 1972) and absence (Blaxhall and Daisley,
1973). Eosinophils have round, often eccentric nuclei and
lightly basophilic cytoplasm with eosinophilic granules.
Eosinophils in fish are identified by the presence of large
cytoplasmic granules. The nucleus tends to the pyknotic
and the cytoplasm packed with large eosinophilic granules.
The only direct evidence of a functional role for eosinophils
in fish is the observation of phagocytic activity. Watson
et al. 1963 and Jakowska and Nigrelli, 1953, reported
phagocytosis of bacteria by eosinophils in the goldfish
Carassius auratus and guppy respectively. Ainsworth
(1992) stated that they are not practically phagocytic but
are important in parasitic infections. No definite trend was
noted on the number of eosinophils in Clarias batrachus
after immunization with the selected antigen during the
course of this experiment.
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ABSTRACT
A field experiment was conducted during the Rabi season (2014 and 2015) to improve the yield
of chickpea by nipping with modified shear. The research on effect of nipping by modified shear
at 35DAS and 45 DAS in chickpea (Cicer aritinum L.) was carried out in ten farmer’s field in
2 block of Godda District (Jharkhand). Total three treatments and ten replications were laid out
in randomized block design. Out of three treatments, nipping at 35DAS by modified shear give
the best result in growth and yield attributes. Nipping at 35 DAS were superior then 45DAS
(T2) and control (no nipping) (T3). Control treatment and nipping at 45DAS give inferior result
in all aspect except plant height, significantly radiation in plant height was observed in nipped
plots then control plot (without nipped plot).
Keywards: Gram, nipping, modified shear.

INTRODUCTION
Chickpea (Cicer aritinum) is the second most important
pulse crop after pigeon pea in the world for human diet
and other use. Chickpea is the important winter season
pulse crop in India grown as a dry pulse crop or as a
green vegetable with the farmer use being most common.
It is cultivated in the area of 95.45 million hectare
with production of 90.75 million hectare and average
productivity of 951 kg/hectare (Govt. of India, Ministry
of Agriculture and Welfare 2015). India is the largest
producer of chickpea in the world. It is grown in the state
of Madhya Pradesh, Utter Pradesh, Rajasthan, Maharastra,
Gujrat, Andra Pradesh, Karnataka and Jharkhand sharing
over 95 per cent area in India.
Jharkhand state has good agro-ecological situation
for chickpea production. It is grown over on area of
10.32 million hectare, with an annual production of 9.88
million hectare and average productivity of 967 kg/hectare
(Anonymous 2013). There are so many factors responsible

for low productivity of chickpea crop in Jharkhand like
low rainfall, high temperature, low nutrients availability
of soils, sowing methods and proper spacing and nipping
among them nipping is the one of the most important
factors related to low productivity of chickpea. It is well
known that physiological manipulations may influences
the plant source to sink relationship ultimately yield.
Nipping at various stages by plant and mechanical
methods tended to enhance numbers of branches per plant,
numbers of pods, numbers of grains per pods and grains
that boost chickpea yield (Bloch et. al., 2010). Nipping
practice in the area of Jharkhand has two fold advantages.
On the one man mechanical nipping by modified share at
prescribed growth stages could improve yield of the crop
while on the other hand during time of chickpea in the
field may provide green saag to farmer and green fodder
for their livestock. Khan and Latif (2006) reported that
chickpea nipping 35 days after sowing increased yield as
well as controlled disease severity. Aslam et. al. (2008)
witnessed on increased in height and numbers of pods
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bearing branches with respect to nipping as chickpea at
various level under dry land condition.
Chickpea is one of the most important crops at
national and international level, very little work has been
undertaken to study the subject. Therefore lacking to the
above facts, the present investigation entitled “Effect of
Nipping on Growth and Yield of chickpea under Dryland
condition” has been conducted.

Plant Height:

MATERIAL AND METHODS:

Numbers of branches per plant:

The field experiments were carried out during two
years (2014 and 2015) in five villages viz. Sundermore,
Nipania, Lalpur (Godda Block), Bishaha and Patthargama
(Patthargama Block) of Godda District by Gramin Vikash
Trust, Kirshi Vigyan Kendra, Godda, Jharkhand. The trail
was conducted under on farm trails (OFT) on 10 farmers
field to assess yield and economics of Chickpea(cv. Pusa
372) with nipping practice by modified share.
The soil of the experimental site was sandy loam in
texture with organic carbon 0.58, available:N – 312kg/ha

Number of seeds/pods:

P2O5 – 22.05kg/ha
K2O - 118.42kg/ha
Ph -6.67
Annual rainfall range between 1000-1250 mm with
majority of rainfall occurring during the monsoon season
ie. July to September. The average maximum and minimum
temperature varied between 12oC to 42oC. The experiment
was laid out in randomized bock design with the following
three treatments and ten replications:
1. Farmer practice (farmer use nipping process
manually)
2. Nipping process by modified shear at 35 DAS
3. Nipping process by modified shear at 45 DAS
Chickpea variety Pusa-372 was sowing during the third
fortnight of October during both the year and apply 30kg
N/ha, 60kg P2O5/ha and 40kg K2O/ha. All the fertilizer
was applied as basal does in the process of nipping the
modified iron shear was use which look like mango fruit
picker at the time of nipping the tip portion of the plant
cut by shear and collect in basket. The two season’s
data on different aspects of experiment and grain yield
were recorded separately. Finally the data were statically
analyzed after appropriate transformation according to
Gomez and Gomez (1989).

RESULTS AND DISCUSSION:
The result of field experiment conducted by Gramin Vikas
Trust – Krishi Vigyan Kendra, Godda (Jharkhand).

The height of plant is significantly influenced by nipping in
chickpea. The significantly tallest plants (128.48cm) were
recorded in without nipping (controlled) plots followed
by nipping at 45 DAS after sowing (118.86cm) plots and
smallest height of plant was observed in nipping at 35 DAS
after sowing (110.30cm). These results were supported by
Bibek et al (2017).
A significantly differences with respect of numbers of
branches per plant was observes due to nipping in various
stages of plants. Significantly maximum numbers of
branches was recorded nipped plots at 35 DAS (11.58 b/
plant) as compared to 45DAS (10.26 b/plant) by modified
shear and lowest numbers of branches was recorded in
plot without nipping (8.64 b/plant) in similar observations
were also reported by Arjun Sharma et. al. (2003) who
have found more branches in pigeon pea by canopy
management at 40 DAS.
The data in regards to numbers of seeds/pod of chickpea
was at par both the year 2014 and 2015 (polled data)
by nipping at 35 DAS by modified shear was at par as
compared to control plots and yield.

Growth and yield parameter’s:

Significantly higher plants height and number’s of branches
per plant recorded at all the growth stages of chickpea plant
as result among several grain production crops (chickpea,
pea, mustard, pigeon pea, etc). The approach of nipping
(removed of terminal bud) is being commonly practiced
to increase the seed yield and quality. In chickpea removal
of terminal buds by hand is the traditionally practiced
by the farmers but its beneficial effects are scientifically
documented. In traditional nipping removal of terminal
bud by hand is disturb the root of plants resulted some
plants are dry and this practice also takes more time of
farmers. Farmers grow large area of chick pea it is not
possible to remove all terminal buds of plant but in case of
using modified shear take less time uniformity nipping, less
labour ultimately more seed yield and economics. Apical
bud nipping break the apical dominance in plant basically
hormones(auxin) responsible for growth of terminal bud
in chickpea after nipping these how is diverted in auxiliary
bud side it may be increase the number of branches, leaves,
photosynthetases, pod/plant, seed/pod and other growth
parameters. Nipping also alter the source-sink relationship
by arresting the vegetative growth and hastening the
reproductive phage thus resulting increase the pods/plant,
seed/pod, size of seed and seed yield. Similar results were
also obtained by Chaudhary et al (2018). The reduction in
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plant height in nipping plants is mainly due to elimination
of apical dominance and diversion of photosynthetase
(carbohydrate, lipid, vitamin, protein, etc) from vertical
side to flow in horizontal side.

sink resulting in the higher seed yield. Similar result to
increase in yield due to nipping practiced was reported by
Baloch and Zubair 2010.

Yield and yield attributes:

The economics analysis was done on the basis of mean
yield of crop of two years and existing market price.
The maximum net return (Rs:55400/ha) and income per
rupee investment (Rs:3.17) was obtain from nipped plot
of 35DAS by modified shear followed by nipped plots by
modified shear at 45DAS recorded net return (Rs.39990)
and (2.65) and lowest return (RS.45114) and (2.13) was
recorded in controlled plot (table 2). From the present
study it can be inferred that nipping at 35DAS by modified
shear can be profitable chickpea grower in different part
of India.

Significantly increase in seed yield due to increase in
numbers of productive branches/plant, number of seed
per pod and 100seed weight (Table 2). Similar result also
reported by Singh and Devi (2006). The increase in seed
yield of field pea due to significant reduction in plant
height and increase in numbers of seed/pod, size of seed
and 100 seed weight. Similar result were also be obtained
by Sharma et al (2003).

100 Seed weight(g):

It is clear from the data presented in Table 2 the 100 seed
weight was recorded significantly higher (22.16g) in
nipping of chickpea and 35DAS as compared to nipping
at 45DAS (21.56g). The lowest test weight were recorded
in plots of no nipping (16.96g) with significant difference
during both the year 2014 and 2015 polled data the higher
seed size may be observed due to increase in photosynthetic
area leading to higher photosynthetase accumulation
source to sink evident with higher 100 test weight. Similar
result was also reported by Sujata et al (2016). Nipping at
45 DAS recorded higher 100 seed weight.

Yield q/ha:

Data concerning seed grain yield are shown in (Table
2). Seed yield was significantly influenced by nipping.
The maximum seed yield (21.86 q/ha) was achieved in
the plots of nipping at 35DAS plots by (17.64q/ha) was
recorded in plots of nipping at 45DAS and the lowest
seed yield was recorded in controlled plot (12.36q/ha).
It is may be the result of less competition for resources,
more number of branches, higher number of pods/plant
and better intercultural operations at early growth stage
were the favorable points, which might have fragged the
process at portioning photosynthesis from the source to

Economics:

Table1 Weather parameter during the crop growth period
(mean temperature 2014 and 2015)
Month

Maximum
Temperature

Minimum
Temperature

Rainfall
(mm)

January

12.90

5.20

12

February

17.10

14.81

5

March

19.80

13.64

9

April

37.60

14.19

17

May

37.10

14.11

52

June

35.20

22.21

171

July

35.90

25.01

288

August

35.80

24.68

202

September

31.70

24.58

78

October

21.90

20.86

8

November

18.20

12.78

2

December

17.60

13.98

1

Source: Department of Agriculture , Godda

Table 2 Effect of canopy management in Gram
Treatment

Plant
height

No. of
branches

Number of
grain/
pod

Test wt
(100
grains in
gram)

Yield
q/ha

Cost of
cultivation
(Rs/ha)

Net return
(Rs/ha)

CB ratio

T1

128.45

8.64

1.30

16.86

12.36

21128

45114

1:2.13

T2

110.30

11.58

1.50

22.16

21.86

24388

55400

1:3.27

T3

118.86

10.26

1.50

22.45

17.64

24396

39990

1:2.63

SEM

4.01

6.10

NS

0.20

0.13

CD

8.02

0.20

NS

0.40

0.27
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ABSTRACT
The Per recruit models were applied to assess Major carp stock in the Pattipul of Bihar showed
rapid increment in Yield per recruit (Y/R) at low values of fishing mortality (M=0.17/year)
and age at first capture (Tc=0.5 years and increasing F (0.50/year) as 1068 g per year. The
Y/R above this level was constant or slightly decreased and the recent F value is higher than
the biological reference points as F0.1 (0.15 per year), FSB40% (0.13 per year), FSB50% (0.08 per
year) and FSB25% (0.24 per year). The Tc increase by one year resulted in slight increase in Y/R,
while additional Tc increase led to decrease in Y/R values. The Tc increase in F required to
obtaining the maximum Y/R until reaching a optimum state as initial recruitment at constant
M, while recent F value gives small increase in recent level of F, increasing the Tc by one year
would result in a small increase in biomass per recruit (B/R). The Tc increase caused a gradual
increase in B/R, followed by a decline after a certain value of Tc. These results provide evidence
of recruitment over-fishing at all optimum fishing levels, and so sustainable management and
conservation of Major carps in Pattipul would require a decrease in F to levels less than F0.1 and
FSB40%, which can be achieved through a reduction in fishing effort but not through an increase
in Tc.
Keywords: Per recruit models, Major carp, Pattipul stream

INTRODUCTION
The carp fishes are widely distributed throughout the RIver
and Streams of Ganga and its other tributaries throughout
the year. The carps are generally long-lived with low
natural mortality rates like greasy grouper in Indo-pacific
region (Ferreira and Russ 1994; Grandcourt et al. 2005).
The carps are a major guild of fishing in the Pattipul
and they have a high market value which is caught using
mahajaal with small mesh of different sizes. There are
several carp species recorded in this stream. However,
major carps are the most important and dominating in the
Indian rivers and streams.
The carp population in the Pattipul stream has been
heavily exploited. Therefore, it is essential to frequently
evaluate their biological status and the health of the
fisheries in order to sustainably manage these fish.

This study was conducted to assess the stock status of
the Major carps in the Pattipul stream, Sheetalpur, Saran
of North Bihar. There yield per recruit (Y/R) (Beverton
and Holt 1957) and biomass per recruit (B/R) (Sparre and
Venema 1998) models were used, which are adequate to
define management measures, such as minimum size limit,
closed season and optimum fishing strategy (Al-Husaini et
al. 2002).

METHODS AND MATERIALS
The carp samples used in the present study were collected
bi-monthly from commercial catch of Mahaajal trap nets
in the Pattipul fish market, Sheetalpur, Saran n Bihar A
total of 200 fish representing a wide range of total lengths
(24-97 cm) and weights (0.2-2.5 kg) were collected.
The total length (cm) and weight (g) of each fish were
recorded, and their sex, stage of sexual maturity and age
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were determined. These data were used ∞to estimate Von
Bertalanffy growth parameters (L∞=136.26 cm, K=0.059,
t0 = –1.68 year) and mortality rates (Z=0.57 per year;
M=0.17 per year; F=0.4 per year), which are used as input
parameters of the per recruit models in the present study.
Yield Per Recruit Analysis: The Y/R as a function of
fishing mortality, F was calculated using the Beverton and
Holt (1957) method as:Y/R=F exp (-M (Tc-Tr)) W∞[1/Z3S/ (Z+K) + 3S2/ (Z+2K)-S3/ (Z+3K)] where F = fishing
mortality coefficient, M= natural mortality coefficient,
Tc=age at first capture in +years, Tr= age at first recruit
in years, Z=total mortality coefficient, S=exp [-K (Tc-T0)],
and W∞ and K are growth constants of the Von Bertalanffy
growth formula.
Biomass Per Recruit Analysis: The B/R as a function
of age was calculated using the Sparre and Venema (1998)
model: B/R=Y/R (1/F)
The Biological Reference Point: The biological
reference point, F0.1 (the value of F at marginal increase in
Y/R is 10% of its value at F=0) was calculated according
to Gulland and Boerema (1973), as described by Cadima
(2003) as: dV/dF=dY/dF-0.1B0 = 0 or dY/dF=0.1B0 where
V=Y-0.1B0, dY is the change in the Y/R, dF is the change
in the F and B0 is the B/R when F=0. Therefore, the value
of F at which dY/dF=0.1B0 represents the value of F0.1. F0.1
can then be calculated by maximizing the function V=Y0.1B0. Note that V is at a maximum when F=0.1, i.e., when
dV/dF=0.

RESULTS AND OBSERVATIONS
Effect of fishing mortality on Yield Per Recruit: The
response of Y/R to different values of F and age at first
capture, Tc is represented in Figure 1. Y/R increased
rapidly at low values of F. At present natural mortality, M
(0.7 per year) and Tc (0.5 year), the Y/R increased with
increasing F to reach a maximum value of 1085 g per
recruit at F = 0.21 per year. Above this level of F, Y/R was
constant or slightly decreased. This value of Y/R is very
close to the value attained at F (current value) = 0.4 per
year (1070 g per recruit).
The current level of F is higher than F0.1 (0.15 per
year), FSB25% (0.24 per year), FSB40% (0.13 per year) and
FSB50% (0.08 per year) (SB25%, SB40% and SB50% are
different level of stock biomass in relation to the virgin
biomass which is the biomass at F = 0). At these levels of
reference points, the Y/R were 234, 1085, 1070 and 990 g
per recruit, respectively.
Effect of Tc on Y/R: At the present level of F, increasing
the Tc by 0.5 year resulted in a slight increase in the Y/R,
while further increases in Tc led to a decrease in Y/R values
(Figure 1). At Tc values of 0.5 (current value), 1.0, 1.5 and
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2 years, the Y/R were 880, 930, 950 and 960 g per recruit,
respectively. At constant M, the increase in Tc caused an
increase in the F required to obtain the maximum Y/R until
reaching a non-maximum state at the oldest Tc (Figure 1).

Figure 1: Y/R Model as a function of Fishing mortality (F) and
Recruit per unit (Tc) for major carp in Pattipul, Sheetalpur,
Saran.

Biomass Per Recruit Effect of fishing mortality:
The relationship between B/R and F is illustrated in Figure
2. At the current level of F, the B/R (4.700 g per recruit)
is about 18% of biomass at the unexploited level. The B/R
decreased with increasing F.
Effect of Tc on B/R: At the current level of F,
increasing Tc by one year would result in a small increase
in B/R, while further increases would lead to a decrease in
B/R (Figure 2). At Tc values of 0.5 (current value), 1.0, 1.5
and 2.0 years, the corresponding B/R values were 2646,
2664, 2632 and 2560 g per recruit, respectively, indicating
that the B/R showed a slight decrease only at older Tc
(1.5 and 2.0 year). At higher levels of F, the increase in Tc
causes a gradual increase in B/R until a certain threshold,
after which any further increase in Tc leads to a decline in
B/R.

Figure 2: Biomass (B/R) Model as a function of Fishing
mortality (F) and Recruit per unit (Tc) for major carp in
Pattipul, Sheetalpur, Saran.

The values of B/R computed at different levels of
reference points, namely, F0.1 (0.15 per year), FSB25% (0.24
per year), FSB40% (0.13 per year) and FSB50% (0.08 per year),
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were 6077.7, 4174.4, 6679 and 8348.8 g per recruit,
respectively.

DISCUSSION
These results indicate Y/R of major carp increases with
increasing F, reaches a peak, and then slightly declines
with further increases in F. Increasing Tc by one year
caused a small increase in Y/R, while further increases in
Tc resulted in a decline in Y/R. This finding indicates that
increasing Tc does not improve the yield status of these
fish. The current level of Y/R was achieved at a higher
level of F than F0.1, which is the reference point at which
the yield is marginally stable with the least risk of collapse
(Punt 1993; Clark 1993; Mace 1994). When compared
with other levels of reference points such as FSB25%, FSB40%
and FSB50% (0.08 per year), it appeared that the current F
is higher than that of computed levels. This suggests that
grouper stocks in Qatari waters are subject to high fishing
pressure.
Theoretical predictions of the B/R also showed a
decrease in B/R with increasing F. The current biomass
level is equivalent to 18% of the unexploited level (virgin
biomass, i.e., no F). This indicates heavy loss in the
population biomass, presumably due to increasing fishing
pressure on grouper stocks.
Increasing the Tc by one year caused a small increase
in B/R, whereas further increases in Tc caused a decline
in B/R. This suggests that there are not enough adult
fish being taken from the stock, which in turn indicates
recruitment overfishing. The Tc in the present study (0.5
year) is older than the age at first maturity (0.45 year).
Therefore, it appears that major carp in Pattipul stream are
not fished under the age of first maturity; instead, fishing
operations appear to target the large, adult individuals.
Thus, increasing the Tc may not improve the state of the
stocks of these fish.
The results indicate that decreasing the value of
current F to levels of reference points would cause an
increase in B/R. These reference points can be used by
fishery managers to evaluate and manage fish stocks in
their various locations and systems, as has been reported
by researchers (Griffiths 1997; Booth and Buxton 1997;
Kirchner 2001). Previous studies have used various
reference points, and reference points differ according to the
conditions of the stocks and the availability of application
of the reference points that provide better management of
these stocks. Clark (1991) reported that FSB35%, reduces
the stock to 35% of the unexploited stock, would provide
high yield at low risk, regardless of the spawner-recruit
relationship. However, Punt (1993) showed that the FSB35%
strategy sometimes reduced the spawner biomass to less
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than 20% of unexploited levels. Therefore, Clark (1993)
and Mace (1994) recommended a strategy of FSB40%.
Other studies found that the marginal yield strategy,
F0.1, is the most stable reference point, and could be adopted
with the least risk of stock depletion (Clark 1993; Mace
1994). Booth and Buxton (1997) clarified this assumption
at levels of F > 0.4 per year (the present level of F) and
found that spawner B/R would be reduced to 1 or 2 year
classes. They also suggested that maintaining such high F
is risky if a year class failure occurs.
Based on the results, it may be advised that reducing
the present F of major carp stock in Pattipul stream to the
level of F0.1 (0.15 per year) or FSB40% (0.13 per year). Such
a reduction in F would likely result in a higher B/R than
under current levels. It also appears that mortality of major
carp in Pattipul stream has a stronger effect on the B/R
than Tc. Thus, controlling fishing effort would be a more
effective and reliable strategy to manage major carp stock
than changing Tc through technical changes in the fishing
gear (Mahaajal trap nets).
These results indicate that the current level of F in
major carp fisheries in Pattipul stream should be reduced
to F0.1 (0.15 per year) or FSB40% (0.13 per year). Strategies
directed at controlling fishing effort, such as closing fishing
area or seasons, should be adopted.
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ABSTRACT
The parasitic nematode Spinitectus Fourment, 1883 is redescribed from specimens collected from
stomach of freshwater fish Notopterus notopterus (Pallas) (Notopteridae, Osteoglossiformes) in
district Muzaffarnagar (Uttar Pradesh) India. Based on the morphological and morphometrical
comparisons, the results indicate that it is Spinitectus notopteri Karve and Naik, 1951.
Keywords: Nematodes, Spinitectus notopteri, fish, Notopterus,

INTRODUCTION
Parasitic nematodes are one of the important group of
helminths in fishes. Nematodes infect almost all species
of fishes in almost all locations. Genus Spinitectus
Fourment, 1883 belongs to the family Cystidicolidae, a
group of nematodes that have cosmopolitan distribution.
Spinitectus comprises a rich diversity of cystidicolid
nematodes that are parasites of fishes (Yamaguti, 1935;
Soota, 1983; Sood, 1989; Moravec, 1998; Moravec
et al., 2010; Moravec and Nagasawa, 2021). In India,
species of Spinitectus are poorly described based only on
the literature data. About six species of Spinitectus are
reported from India from the host N. notopterus i.e., S.
notopteri Ali, 1957; S. thapari Ali, 1957; S. bengalensis
Chakravarty et al., 1961; S. alii Kalyankar, 1970; S.
agrawali Verma, 1971 and S. muelleri Gupta and Verma,
1979. Although by Sood (1989), S. agrawali and S.
muelleri were synonymized with S. mastacembeli Karve
and Naik, 1951. Specimens of Spinitectus were recovered
during a survey of freshwater fish nematode parasites
in district Muzaffarnagar (Uttar Pradesh), India and are
described on the basis of morphological features herein.

MATERIAL AND METHOD
Fish
Notopterus
notopterus
(Osteoglossiformes:
Notopteridae) were collected from the fish market of the

district Muzaffarnagar (29.4727° N, 77.7085° E) Uttar
Pradesh, India in November and December, 2020. Name of
fish follows FishBase (Froese and Pauly 2009). Nematodes
recovered from the stomach of the host were fixed in hot
4% formaldehyde solution. For light microscopy, they
were cleared in glycerin and drawings were made with the
aid of camera Lucida. Photomicrography of the specimen
was done and is presented herewith. All measurements
given in the description are in micrometers except which
are stated otherwise.

OBSERVATION AND DESCRIPTION
Spinitectus notopteri Karve and Naik, 1951 (Fig. 1 and 2)
Host - Notopterus notopterus (Osteoglossiformes:
Notopteridae).
Site of infection - Stomach.
Locality - District Muzaffarnagar (29.4727° N, 77.7085°
E) Uttar Pradesh, India.
Total prevalence - 61% (13 fish infected/21 fish examined.
Depository of voucher specimens - Department of Zoology,
D.A.V. College, Muzaffarnagar (Uttar Pradesh), India.
Synonyms: S. thapari Ali, 1957; S. bengalensis Chakravarty
et al., 1961; S. alii Kalyankar, 1970; S. gomalensis Siddiqui
and Kattak, 1984.
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Fig. 1 Spinitectus notopteri Karve and Naik, 1951. A – anterior
view of male, B – anterior end of male enlarged view, C – tail of
male, D – tail of male showing papillae with enlarged view, Eanterior end of female, F – posterior end of female showing eggs.

DESCRIPTION
Specimens of S. notopteri small, white with elongate
body, blunt anterior cephalic end and conical posterior

end. Transverse rings of spines on body surface. At one
side view, first ring with 21-22 spines. The longest spines
present in anterior 5th to 7th ring, after that they are gradually
reducing posteriorly.
Male (3 specimens) (Fig. 1, Table 1). Length of body
measures 1.33–2.21 mm with maximum width of 104–115
respectively. Spines maximum length measures 8-9.83. From
anterior extremity, first ring of spines situated 40-49.28.
Oesophagus divided into muscular and glandular. Muscular
oesophagus 80-120 in length, 10-16 in width while glandular
oesophagus 325–350 in length, 40-50 in width. From anterior
extremity, nerve ring and excretory pore measures 49.35-70
and 117.90–123.50, respectively. Body posterior end curved
of ventrally with preanal and postanal papillae present. Spicule
length measures 279–315 with tail 75-109 long respectively.
Female (3 specimens) (Fig. 1, Table 2). Body length
measures 3.43–3.85 mm with a maximum width of 164–206.
Spines maximum length 10.7–12.5. From anterior extremity,
first ring of spines measures 51–54.25. Oesophagus divided
into: muscular oesophagus 149.10–194 long, 16.4–23 wide
while glandular oesophagus measures 485–550.8 long, 55–
65.3 wide. From anterior extremity, nerve ring and excretory
pore measures 80.37–102 and 110–155.7 respectively. Vulva
not bulging, placed in posterior part of body, measures 2.84–
3.55 mm from anterior extremity. Muscular vagina present
with anteriorly directed from vulva. Amphidelphic uterus
is present. Developed eggs present in uterus, oval in shape,
thick-walled, measures 27.94–32 in length and 17–27.43
in width respectively. Tail 49–71.84 in length, covered by
minute spines.

Table 1. Comparative measurement of male and female Spinitectusnotopteri KarveandNaik, 1951 from Notopterunotopterus.
Body features

Spinitectusnotopteri
Moravec et al., 2016
(female)

Spinitectusnotopteri
Moravec et al., 2016
(male)

Spinitectusnotopteri
Present specimen
(female)

Spinitectusnotopteri
Present specimen
(male)

Body length

3.30-4.08mm

2.43-3.26

3.43-3.85mm

1.33-2.21mm

Body width

177-231

99-135

164-206

104-115

Spines length

9-15

9-12

10.7-12.5

8-9.83

First ring of spines from anterior 51-63
region

39-57

51-54.25

40-49.28

Muscular oesophagus length

171-202

108-171

149.10-194

80-120

Muscular oesophagus width

21-30

12-24

16.4-23

10-16

Glandular oesophagus length

501-570

396-492

485-550.8

325-350

Glandular oesophagus width

57-78

36-75

55-65.3

40-50

Nerve ring from anterior region

90-111

69-99

80.37-102

49.35-70

Excretory pore from anterior
region Tail length

141-156

117-135

110-155.7

117.90-123.50

1:3.57-4.52

-

279-315

Spicule length
Vulva from anterior region

3.06-3.82

-

2.84-3.55

-

Eggs length

33-36

-

27.94-32

-

Eggs width

27-30

17-27.43

-
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DISCUSSION
Genus Spinitectus Fourment, 1883 include nematode
species infecting, freshwater and marine fishes, some
amphibians and one species also reported from mammal
(Boomker, 1993, Moravec et al., 2002, 2009, 2010).
Species were also described from freshwater fishes of
India (Soota 1983, Moravec and Sey 1988, Sood 1989,
Singh and Tandon 2002). Validity of nematode species
that belong to the genus Spinitectus, from India, have
taxonomic confusions due of lack of proper morphological
and morphometrical data. This is the reason why many
species are in category of species inquirendae (Moravec
and Yooyen 2011).
The original description of Spinitectus notopteri
Karve and Naik, 1951 was based on morphology of single
male specimen. Due to lack of morphometrical data it was
not possible to compare it with nematodes of the present
specimen collected from N. notopterus. Although, Moravec
et al., 2016 described S. notopteri infecting N. notopterus,
from Thailand, much more extensively, supported with light
and scanning electron microscopy. S. notopteri is easily
distinguished from other Spinitectus species from India, in
number and arrangement of caudal papillae. According to
Moravec et al., 2016, the number and arrangement of papillae
described by Karve and Naik (1951) is somewhat unfamiliar
for Spinitectus species. Moravec et al., 2016 consider S.
thapari Ali, 1957; S. bengalensis Chakravarty et al., 1961;
S. alii Kalyankar, 1970; S. gomalensis Siddiqui and Kattak,
1984 to be the synonyms of S. notopteri.
The biodiversity of Spinitectus species from India should
be explored with proper description, for future studies. For
a better understanding of their phylogenetic relationship, the
morphological and morphometrical data should be supported
by molecular data.
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ABSTRACT
Tomato (Solanum lycopersicum L) is an important vegetable crop and cultivated at large scale
in India. However, this crop suffers by a number of disease from nursery phase to an adult plant.
Identification of viral of viral infection in tomato is characterized by the symptoms viz; leaf
curl and stunting. The infected plant shows brittle older leaves, smaller internodes, pale colour
and bushy appearance. Symptoms vary little in different varities studied under investigation.
Physical properties viz; Dilution End Point (DEP), Thermal inactivation point (TIP), Longevity
in vitro (LIV) have been observed and found varied with two varieties of tomato viz; Pusa ruby
and Money maker.
Keywords : Varietal Screening, TLCV, Symptomatology, Physiological properties.

Vegetable crops are playing an important role in solving
food problem throughout the world. Tomato (Solanum
lycopersicum L) is one widely grown vegetable crops in
India. Among the vegetables, tomato stands next to potato
in world acreage. Tomato occupies an area of 4-85 m.ha.
in the world with the production 182.3 m. tones and the
productivity of 37.6 t/ha. The crop is grown for its edible
fruits. Tomato fruits are used raw either as salad, or cooked
as vegetables or processed as sauce and prickles. Tomato
is a valuable source of fibre, vitamin A,C and minerals like
iron and phosphorus.
Tomato leaf curl has been considered as the most
common disease of tomato causing heavy losses in quality
of the fruits and large quantity of tomato fruits unfit for
consumption (Hasan, 2005). This disease in severe cases
can lead to complete defoliation. Assessment of loss about
21 to 68% also has been reported due to Tomato leaf curl
disease Simons (1957) reported two distinct types of leaf
curl symptoms, the first which react with plant leaves dark
green and second type the shape of the leaves that become
oral and rounded.
Symptomatology is one of the important criteria used
in preliminary identification of virus. The symptoms of

leaf curl disease is characterized by severe stunting of
the plants with downwards rolling and crinkling of the
leaves. The newly emerging leaves exhibit slight yellow
coloration and later on they also show curling symptoms.
Older leaves become healthy and brittle. The nodes and
internodes are significantly reduced in size. The infected
plants look pale and produce more lateral branches giving
bushy appearance. The fruits from infected plants are
small and deformed.
Seeds of different varieties of naturally infected tomato
plant with tomato leaf curl virus (TLCV) were sown in
45 cm. pots and in an insect proof chamber. Symptoms
were regularly observed till maturity in the first ratoon
crop. The behaviour of reaction on different varieties
of tomato shows the symptoms consisted as severe leaf
pattern, chlorotic area giving a coarse pattern of greenish
mottle forming short streak towards the tip. These streaks
however more discrete.
Pusa Early dwarf. The symptoms were more prominent
from July to November with lower in temperature. The
symptoms on older leaves become diffused. The symptoms
almost get disappear when the temperature remains below
10°C.
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Arca Vikas : The symptoms of this disease show severe
mosaic pattern. The symptoms were mixed broadly
elongated, yellowish green discrete streaks running on the
full length of the leaf lamina.
Money maker : The leaf of the plant shows a greenish
yellow mottle and may be slightly curled and irregular in
shape. TMV often caused a brown streaking of the some
of the branch. This cause yellowing and curled drooping
of the leaves.
However, fruits on streak branch that have dropped
leaves often are greenish and wrinkled. One strain of this
virus cause a brilliant yellow mottle of the leaves. It may
also cause green curling of some small fruits.

Selection 22.
The infected plants with the common form of cucumber
mosaic virus develop a mottling and mosaic like that of
TMV, but with more contrast between the light and dark
portion of the leaves. The leaves curled upward at the edge
and often are abnormally narrow and pointed. At the time
when yellowing ring are produced in the leaves and fruit,
the rings are a quarter to half an inch in diameter. The
infected plants at 10-20 days after transplanting did not
yield any fruit and loss in yield was 100%.
Navodaya : The plants were infected and show a green and
yellow mottling like TMV. Although at time the symptoms
may be less pronounced. There are no symptoms on
the fruits but yield is reduced. Some of the older leaves
become yellow and then drop from such plants. Yellow
green circular spot about quarter inch in diameter often
appear below the smooth surface of the green fruits. As the
fruits ripen the spotted part become more yellow and they
shrivel slight. (Joshi and Dubey, 1975)
Morglobe : The symptoms induce clearing of vein of
younger leaves of tomato plants later occur yellowing of
whole leaf followed by irregular pattern of light yellow
and dark green patches. The stunting of diseased plants
is accompanied by defective development of reproductive
parts. Distortion of vein has also been noticed. Infected
plants produce very few fruits.

PHYSICAL PROPERTIES
The study of physical properties is to establish and identify
the sap transmissible viruses. Therefore, properties such
as Dilution End Point (DEP), Thermal Inactivation Point
(TIP), longevity in vitro (LIV) and desiccation have
been investigated in the present study, using Nicotiana
tobacum-78 and 78 A as the test plant.
Young leaves with distinct leaf curl symptoms from
two weeks old systemically infected plants were used as
the source of virus inoculation. Such leaves were grinded
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in a morter and pestle, the sap obtained was passed
through double folds of muslin cloth and the filterate was
centrifuged at 3000 rpm, for 5 min. to separate particulate
clumps in the mascerate. A clear supernatant thus obtained
was used as the source of virus inoculums in virus studies.
(Badwen & Kassaris, 1950)
1. Dilution End Point (DEP) : Seven dilutions (1010
, 10-2, 10-3, 10-4, 10-5, 10-6 and 10-7) of the crul clarified
supernatant of infective sap were prepared by using the
following procedure.
Eight test tube were kept in a test tube rack and seven
of these were filled with nine ml distilled water. One ml
infective sap was poured in the first test tube. One ml sap
from Ist test tube was transferred to the second tube with
nine ml water (Dilution 10-10). After thorough mixing
of this dilution, 1 ml 10-1 dilution sap was transferred to
the next test tube with 9 ml distilled water to obtain 10-2
dilution. This process was repeated to get further dilutions.
During preparation of each dilution, a fresh pipette
was used. Inoculation were done with the highest dilution
down to the undiluted control on the leaves of 10days old
test plants.
Appearance of the symptoms of these plant was
recorded and the data are presented in Table.
Table : Dilution End Point of the Virus
Dilution

Undiluted infective
sap
1:10
1:100
1:1000
1:10,000
1:100,000
1:1,000,000
1:10,000,000

No. of plant infected out of 20 inculated
Tomato var Pusa ruby

Tomato var
Money maker

20
20
16
11
9
0
0
0

20
20
17
12
6
0
0
0

VI.2 : Thermal Inactivation Point (TIP) :

The TIP of the virus was determined by taking 2
ml of fresh, clarified, infective sap from infected leaves
of Nicotiana tobacum plant in seven thin walled tube
(1cm. diam). These tubes were placed in thermostatically
controlled water bath for 10 min. at various temperature
(50C) between 450C-750C separately. Immediately after
the heat treatment, the sap was cooled down at room
temperature under running tap water. This sap was
inoculated for two weeks old test plants. The temperature
at which total inactivation of virus occurred was noted
and has been presented in table. The unheated infective
sap served as control. The experiment was repeated
thrice.
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Table : Thermal Inactivation Point of Virus
Temperature (°C)

No. of plant infected out of 20
inoculated
Tomato variety.. Tomato variety..
Pusa ruby
Money maker

Untreated infective
sap

19

20

45

18

17

50

16

15

55

14

10

60

3

2

65

1

1

70

0

0

75

0

0

VI.3 : Longevity in vitro (LIV) : In order
to determine the maximum duration for which
the virus would service in vitro, 200 ml, clarified
infective sap of the virus was taken separately in
one small conical flask (250ml). Inoculations were
made of each aliquot and appearance of symptoms
was recorded. The data are presented in Table.
Table : Longevity in vitro of virus
Storage period No of plant infected out of 20 inoculated
Day

Tomato Variety
Pusa Ruby

Tomato variety
Money Maker

0

20

20

1

19

18

2

18

16

3

15

15

4

13

13

5

11

09

6

10

08

7

08

08

9

06

07

10

06

06

11

05

05

12

05

04

13

05

05

14

04

02

15

04

02

16

03

01

17

03

01

18

0

0

19

0

0

20

0

0

RESULTS AND DISCUSSION :

The dilution end point of the virus was found
between 10-3 to 10-4, thermal inactivation point
between 55°C -65° C and longevity in vitro 5-6
hrs at room temperature (30°C±2°C) and 5-6 Hrs.
at 40C in Pusa Ruby and Money Maker at frequent
intervals to have an adequate stock of virus
inoculums.(Kauzmann K.W, 1959)
In order to determine the host range of the virus, it
was observed that out of 53 spp. belonging to 11 different
families, initial symptoms of the virus appeared only on
10 plants with in 8-10 days of inoculation. Plants like
Solanum tuberosum L. and Datura stramonium L. carried
the virus without any symptoms. This indicates a specified
host of the virus mostly to plants of families Solanaceae,
Cucurbitaceae, and Compositae. Common symptoms
on Capsicum annum L. (Solanaceae) were vein clearing
during younger period followed by severe mottling and
light and dark green patches over the leaf surface, curling,
marginal rolling in leaf and fruit size with damaged shape
were also noticed. (Chant, SR, 1967)
During the course of the present study regarding the
physical properties of the virus dilution end point (DEP)
was 1:100,00 and the thermal inactivation point (TIP)
was between 600C-650C. Regarding longevity in vitro the
virus remained in effective in crude sap for 17 days in Pusa
Ruby and 15 days in Money Maker. Virus isolated was
easily transmitted by sap inoculation (Mechanically) and
white fly were able to transmit the virus with 40% - 70%
infection respectively. The virus could not be transmitted
by soil, seed or root.
The cross protection tests for tomato leaf curl virus
(TLCV) was done with natural tomato plant. On both
tomato cultivars under investigations justified that the
tomato leaf curl virus (TLCV) is clearly distinct virus
of tomato and it was further identified and designated as
tomato leaf curl virus.
During present investigation, it was found that
the virus produced significant and severe symptoms in
summer and rainy seasons (March-Oct.) when temperature
was 20-42.5°C, but during winter (November to February)
at temperature between 20°C-22°C, it produced only mild
and diffused symptoms. (Andréae & Andréae, 1949)
It has also been observed that symptoms severity of
the virus in the cultivars increased gradually infection
period till 120 days of inoculation, after which it becomes
moderate to mild. A close relationship between decrease
or increase in virus concentration and symptom severity
existed. The higher concentration of virus was noticed in
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leaves harvested on 120 days of inoculation. This indicated
that the virus concentration increase in leaves up to 120
days and then gradually declined.
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ABSTRACT
Wetlands are vulnerable ecosystems and under-valued despite their high utility to environment
and economy which tells about emphasis on their management and conservation. The efficient
wetland management requires monitoring of trophic status especially in summer season.
Shatiya wetland located in North Bihar is currently under excess anthropogenic pressure. This
study was assessed to monitor trophic status in terms of Carlson Index. The study confirmed
mesotrophic status in through chlorophyll a presence in initial investigation possibly caused by
low input of chemical fertilizers around wetland. However, the trophic status showed a move
towards eutrophy in the last stage of study indicated anthropogenic pressure on the wetland was
initiating its shrinkage and ultimately conservation must be prioritized.
Keywords: Shatiya wetland, Trophic status, Carlson’s TSI, Phosphorus, Chlorophyl a, Secchi
disc depth, Mesotrophic, Eutrophic, Macrophytes

INTRODUCTION
Shatiya is a wetland chaur seasonally connected to
Gandak river in the Gopalganj district of Bihar. This is
an important centre of several anthropogenic activities
including fishing, aquatic plant harvesting and a reservoir
for agricultural and domestic run-off. It is also an important
migratory bird site. However, owing to the incessant
population pressure it is gradually shrinking as more of its
area is being reclaimed for agriculture.
The threat faced by Shatiya wetland is similar to
other freshwater ecosystems. The freshwater ecosystems
through increased anthropogenic disturbances are most
threatened ecosystems in the earth due to their gross
under-estimation (Brouwer et al, 1999). The population
pressure is immense on such ecosystem and a vast trophic
level depends on them for survival.
The management of aquatic systems is the need of
present because wetlands are shrinking and becoming
shallow at an alarmingly fast rate. The problem is an
urgent one in vast populated country like India where

agricultural works also manifesting to encroach wetland
area. This is true particularly for Shatiya wetland as an
field study as 56% of the surveyed population wanted
wetland drainage for agricultural purposes through study
on Shatiya wetland. The evaluation of trophic status of a
wetland is most important condition for lake classification,
management and the primary steps in the direction of
freshwater ecosystem conservation (Liu et al, 2001a).
The trophic status is important to estimate the total
biological production of the lake and has been evaluated
using several parameters including shape of oxygen curve,
concentration of nutrients, faunal and phytoplankton
diversity, morphometry of lake and climate of the region.
This classic trophic state classification system divides
lakes into three broad classes-Eutrophic, Mesotrophic
and Oligotrophic based on nutrient concentration in
the water. While eutrophic lakes have high nutrient
concentration, oligotrophic lakes have low nutrient levels
and mesotrophic lakes lie in between the two extremes.
Apart from that there are several narrower ranges like
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ultra-oligotrophic, meso-eutrophic etc. There is however,
an inherent problem with this system as it provides more
qualitative than quantitative description of wetland and
as such gives similar and not discrete classes. In such
condition, Trophic state Index provided by Carlson (2005)
proposed a clear classification and are more suitable than
the other parameters to assess the trophic status of the
wetlands (Carlson, 2005). There oligotrophic ranges as
0-20, low mesotrophic as 20-30, mesotrophic as 30-40,
high mesotrophic as 40-50, eutrophic as 50-70, hypereutrophic as 70-80 and 80-100 as extreme eutrophic on
a scale of 1-100 (Xing et al, 2005). Although this index
was specific to lakes but it can also be used to estimate the
trophic status of the wetlands (Duan et al, 2007).
This study was also aimed to estimate flora
characteristics as species abundance, density, frequency
with class distribution and importance value index (IVI) in
the Shatiya wetland.

METHOD AND MATERIALS
Shatiya wetland was divided into two sites and random
sampling of water and sediment was carried out. The
surface water was collected with 1 litre water sampler
while sediments were sampled using metal ladles. The
samples of water, soil and algae were collected from
these 2 sites in pre-monsoon, monsoon and post-monsoon
periods during 2018-2020.
The Persulphate oxidation method described by Ebina
et al (Nouri et al, 2010) as water samples filtered and then
digested with 5 ml water and 5 ml oxidizing solution (20
gm Potassium Persulfate and 3 gm Sodium Hydroxide in
1 litre water) autoclaved at 1200C for 30 minutes. Total
phosphorus was measured as orthophosphate by the
stannous chloride-ammonium molybdate method (Ebina
et al, 1983). It required adding of 0.4 ml Ammonium
Molybdate reagent and 0.05 Stannous chloride reagent
adding in 10 ml digested sample and the sample mixed
thoroughly. Thereafter, strict 10 minute incubation,
absorbance reading was taken at 690 nm. A double-beam
UV-Visible spectrophotometer with quartz cuvette was
used to all absorbance readings. Total chlorophyl was
measured using 9:1 acetone and ethanol (v/v) extraction
method as per Duan et al (2007). The transparency of the
water was estimated using a traditional Secchi disk.
Total chlorophyll was measured using 9:1 acetone and
ethanol (v/v) extraction method as per Duan et al (2007).
Clarity of the water was measured using a traditional
Secchi disk. There three Carlson indices (Liu et al, 2001)
applied namely Secchi disk depth, Total Phosphorus and
Algal chlorophyl (Chlorophyl a) for estimation of trophic
status of Shtiya wetland.
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TSI value about total phosphorus was calculated using
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and TSI value about Secchi disc depth through using




equation as- TSI (SD)= 10  6 −

ln SD  
ln SD 
10  6 −
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The TSI values so obtained were compared with the table
provided by Carlson and the Trophic State Index of Shatiya
wetland was calculated.
The study of plant community was performed by
calculation of percentage frequency, frequency class,
species density and abundance with quadrate of 3mx3m
size constructed of collapsible wooden frames as per
Bendre and Kumar (2002).

RESULTS AND DISCUSSION
The Trophic state index provide varying estimates as
calculated from three parameters-Secchi disc depth, Total
Phosphorus and Total Chlorophyl about trophic position of
Shatiya wetland (Table 1). The trophic status is determinant
of species diversity, abundance and distribution of
consumers in this wetland and may be utilized to analysis
and perspective strategy to improve fish culture and
management at local market demand and value.
Table 1: Details of Shatiya wetland
Characteristic

Description

Latitude

26.4177 N

Longitude

84.5046 E

District

Gopalganj

Mean Annual Precipitation

1.034.8 mm

Altitude

74 meter to sea-level

Ecological Importance

Fish diversity and Irrigation

Geographical Importance

Connected to Gandak river in
Monsoon

The trophic status fluctuated between mesotrophic
and eutrophic with secchi disc depth reading, while
chlorophyll a quantity showed mesotrophic nature of the
wetland (Figure 1). Phosphorus level also indicated the
wetland as mesotrophic during the study period, however
an increasing trend was observed in the trophic status
between the two years (Table 2).
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Table 2: Abiotic parameters during study period
Sampling Mean Chlorophyll a Mean depth
period
(cm)
2019-20
May

2020-21

2019-20

Mean Phosphorus
(mg/l)

2020-21

2019-20

2020-21

2.18±0.24 2.65±0.82 3.12±0.07 2.82±0.10 0.49±0.05 0.26±0.07

September 1.58±0.30 1.83±0.23 5.64±0.56 3.41±0.58 0.56±0.02 0.64±0.07

Figure 1: Carlson’ s Index (TSI) of Shatiya wetland
using Chlorophyll as parameter.

January

1.46±0.15 1.78±0.30 3.32±0.22 2.28±0.18 0.59±0.04 1.62±0.10

March

1.92±0.30 3.24±0.41 2.78±0.18 2.26±0.76 0.45±0.07 1.02±0.18

A total of 10 species were recorded in the first
session of which the most abundant were Phragmitis
karka, Eichhornia crassipes and Lemna major, while some
species as Vallisnaria natans, Ceratophylum demersum,
Nymphaea nouchalli and Ipomoea aquatica were more
common in monsoon period. The mean total number of
individuals of the species present during the first sampling
session has been listed in Table 2. The second year results
are shown in Table 3, where loss of species richness was
observed and only P. karka, E. crassipes, H. verticillata
and L. major were visible. These remaining species did
not show high seasonal variation and encountered all the
year round.
Among the three studied parameters, chlorophyll a is
most important because its association with plant biomass
(Xing et al, 2005; Bendre and Kumar, 2002). The Secchi
disc depth variation provides the optical clarity of water
as a function of the suspended solids, excessive floating
vegetation or algal bloom and the turbulence caused by
rain water. Algal blooms are common in the summer
months while the degree of disturbance caused by
rainwater cause optical clarity to reduce in the monsoon
period. These observations lead to the conclusion that the
Secchi disk depth variations in Shatiya wetland in the first
sampling session were only due to the fact that the depth
of the wetland was subject to seasonal variation. Naturally,
the depth of the wetland increases in the rainy season as
compared to the other seasons. However, increasing trend
was observed in last year. The water of Shatiya wetland
showed exceptional clarity in the first year of study.
The phosphorus quantity increased in the postmonsoon season (Figure 1). However, a large part of drained
phosphorus appears as Dissolved Inorganic Phosphorus
(DIP) and Dissolved Organic Phosphorus (DOP) instead
of Particulate Inorganic Phosphorus (PIP) and Particulate
Organic Phosphorus (POP), as it did not affect the optical
clarity of the water. The increased phosphorus also appear
as no positive effect on the persisted algae as no increase

in the total chlorophyll a content was observed. There was
instantly increase in the number of macrophyte species in
the first year (Table 2) and in the number of density of the
existent species in the last year of investigation (Table 3).
Table 3: Relative frequency, Density, Abundance and IVI of
Macrophyte species in 2019
Species

Relative
Relative Relative
IVI
Frequency Density Abundance
%

Phragmites karka

8.10

14.49

9.32

31.91

Hydrilla verticillata

8.10

16.80

13.41

38.31

Chara corallina

18.91

5.84

5.24

29.99

Nymphaea nauchali

18.91

3.85

6.41

29.41

Ipomoea aquatica

13.50

0.74

4.66

18.90

Ceratophyllum
demersum

10.81

2.15

2.62

15.58

Lemna major

5.40

12.23

2.04

19.67

Vallisnaria natas

16.21

34.00

56.26

106.47

Table 4: Relative frequency, Density, Abundance and IVI of
Macrophyte species in 2020
Species

Relative
Relative Relative
IVI
Frequency Density Abundance
%

Phragmites karka

37.97

60.40

31.25

129.62

Hydrilla verticillata 12.65

13.83

15.38

41.86

4.57

6.25

41.19

Nymphaea nauchali 0

-

-

-

Ipomoea aquatica

0

-

-

-

Ceratophyllum
demersum

0

-

-

-

Lemna major

0

-

-

-

Vallisnaria natas

18.98

91.19

47.11

87.28

Chara corallina

30.37

The first year also exhibited water lower than usual
temperature and a reduced diversity among the aquatic
plants which supported the absence of eutrophy in the
study. In the second year, reduced secchi disc depth, and
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TP and total chlorophyll content showed an increasing
trend.
In the second sampling session, the Secchi disk depth
reduced, and TP and Total chlorophyll a contents showed
an increasing trend. Although not apparent in terms of TSI
values, the wetland showed clear indications of advancing
eutrophy with increasing trend in water temperature
and suspended solids. The decreased water clarity was
perceived to be due to increase in the population of
Eichhornia crassipes.

CONCLUSION
The change in the trophic nature of Shatiya wetland is
alarming to pollution, as it indicates the possibilities of
shrinkage in cover area. The conservation of Shatiya
wetland must be prioritized to prevent its increasing
pollution.
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ABSTRACT
The outbreak of COVID-19 was declared as the Public Health Emergency of International
Concern by the World Health Organization on 30th January 2020. On 16th March 2020 in
India, Maharashtra government went for the first lockdown, while the second lockdown started
from 12th April 2021 and latest because of new Corona variant ‘Omicron ‘we are in the semi
lockdown state. The clinical trials of Covid -19 vaccines and finding suitable biomarkers for
immunity against Corona virus became a race for the survival of the world. Many vaccinations
were launched for immunity against the corona virus and its variants. Allmanufacturers
claiming their vaccines to be safe and effective. A research study survey on Male and Female
Post Graduate of Chemistry residing in Mumbai and its suburbs was conducted to find out their
perspective regarding available Corona -19 vaccines.
In the survey it was found out that female participants were more sceptical regarding various
parameters such as safety and efficacy of the available Covid-19 vaccines as compared to their
male counterparts. There is an urgent need to make people aware of the Covid-19 vaccines and
importance of mass vaccination drive.
Keywords: Covid-19 vaccines,efficacy, research study, safety,

INTRODUCTION
In response to the pandemic, the global efforts to develop
multiple vaccines to protect against COVID-19 disease
have been unrivalled in the history of public health.
Many COVID-19 vaccines have received Emergency
Use Approval/Listing (EUA/EUL) by maturity level
4 regulatory authorities, based on reaching predefined
criteria for safety and efficacy, and at least several dozen
more are in clinical trials.( Draft landscape and tracker
of COVID-19 candidate vaccines. Geneva: World Health
Organization; 2021
yy The main ingredients in a vaccine are :(WHO:howare-vaccines-developed)
i) Antigen: All vaccines contain an active
component (the antigen) which generates an
immune response, or the blueprint for making

the active component. The antigen may be a
small part of the disease-causing organism,
like a protein or sugar, or it may be the whole
organism in a weakened or inactive form.
ii) Preservatives: Preservatives prevent the
vaccine from becoming contaminated
once the vial has been opened, if it will be
used for vaccinating more than one person.
Some vaccines don’t have preservatives
because they are stored in one-dose vials
and are discarded after the single dose is
administered. The most commonly used
preservative is 2-phenoxyethanol.
iii) Stabilizers: Stabilizers prevent chemical
reactions from occurring within the vaccine
and keep the vaccine components from
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sticking to the vaccine vial. Stabilizers can
be sugars (lactose, sucrose), amino acids
(glycine), gelatine, and proteins (recombinant
human albumin, derived from yeast).
iv) Residuals: Residuals are tiny amounts
of various substances used during
manufacturing or production of vaccines that
are not active ingredients in the completed
vaccine. Substances will vary depending on
the manufacturing process used and may
include egg proteins, yeast or antibiotics.
Residual traces of these substances which
may be present in a vaccine are in such small
quantities that they need to be measured as
parts per million or parts per billion.
v) Diluent: A diluent is a liquid used to dilute
a vaccine to the correct concentration
immediately prior to use. The most commonly
used diluent is sterile water.
Vaccine trial phases includes (who.int/emergencies/
diseases/novel-coronavirus-2019):
yy Pre-clinical: Vaccine development in laboratory
animals (Pharmacokinetic studies)
yy Phase 1 Clinical trial (small number of
participants): Assess vaccine safety, immune
response and determine right dosage to be given
(short duration).
yy 2 Clinical trial (few hundred participants): Assess
safety and the ability of the vaccine to generate
an immune response in the participants (short
duration).
yy Phase 3 Clinical trial (thousands of participants):
Determine vaccine effectiveness against the
disease and safety in a larger group of people
(duration 1-2 years).
The first mass vaccination programme started in early
December 2020.As of 12 January 2022, the following
vaccines have obtained Emergency Use Listing4:
yy The Pfizer/BioNTech Comirnaty vaccine, 31
December 2020.
yy The SII/COVISHIELD and AstraZeneca/
AZD1222 vaccines, 16 February 2021.
yy The Janssen/Ad26.COV 2.S vaccine developed
by Johnson & Johnson, 12 March. 2021.
yy The Moderna COVID-19 vaccine (mRNA 1273),
30 April 2021.
yy The Sinopharm COVID-19 vaccine, 7 May 2021.
yy The Sinovac-CoronaVac vaccine, 1 June 2021.
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yy The Bharat Biotech BBV152 COVAXIN vaccine,
3 November 2021.
yy The Covovax (NVX-CoV2373) vaccine, 17
December 2021.
yy The Nuvaxovid (NVX-CoV2373) vaccine, 20
December 2021
Covid-19 vaccine helps our body to develop immunity
towards the virus.Below is a description of how each type
of vaccine prompts our bodies to recognize and protect us
from the virus that causes Covid-195.
yy mRNA vaccines (Pfizer-BioNTech or Moderna)
contain material from the virus that causes
COVID-19 that gives our cells instructions for
how to make a harmless protein that is unique
to the virus. After our cells make copies of the
protein, they destroy the genetic material from the
vaccine.
yy Protein subunit vaccines (vaccines under
development) include harmless pieces (proteins)
of the virus that causes COVID-19 instead of the
entire germ.
yy Vector vaccines (Johnson & Johnson’s Janssen)
contain a modified version of a different virus
than the one that causes COVID-19. Inside the
shell of the modified virus, there is material from
the virus that causes COVID-19. This is called a
“viral vector.” Once the viral vector is inside our
cells, the genetic material gives cells instructions
to make a protein that is unique to the virus that
causes COVID-19. Using these instructions, our
cells make copies of the protein.
The vaccines which have received emergency use
authorisation (EUA) in India are all made using different
platforms. Covishield (Oxford-Astrazeneca) vaccine is
a viral vector vaccine that uses an adenovirus found in
Chimpanzees, ChAD0x1, to deliver spike proteins and
mount a tolerable immune response in response to a live
virus. Covaxin, developed and manufactured in India
uses a similar inactive viral strain. Both of them are made
using traditional vaccine-build platforms. Sputnik V uses
a weakened strain of the common cold virus, adenovirus,
which is then used to spike a tolerable immune response6.
However, from what has been seen, clinical trials and
real-time usage have suggested that all the vaccines, while
effective against the SARS-COV-2 strain, have different
efficacy rates. The higher the efficacy rate may promise a
corona virus vaccine more favourability and usage as well.
In the current scenario we have, the three Covid 19 vaccines
offer different efficacy rates. A detailed comparison of the
three vaccines is given in the table 7.
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Vaccine

Efficacy

Side Effects

Dosage

Covidshield

The phase-3 trials in December 2020
displayed an efficacy of 70.4%. But upon
taking the second dose, the efficacy of
Covidshield went up to 90%. These results
were observed from international clinical
trials conducted on 11,636 volunteers from
the United Kingdom and Brazil.

The most common side effects of this
vaccine are Pain or tenderness at the
injection site, Headache, Tiredness, Muscle
or joint aches, Fever, Chills and Nausea.
Some of the more uncommon side effects
include feeling dizzy, abdominal pain,
decreased appetite, enlarged lymph nodes,
excessive sweating and rashes.

2 doses of Covidshield
should be taken at an
interval of 4 to 12 weeks.
The vaccine should be
stored at a temperature
of 2-8 degrees Celsius.

Covaxin

Based on their Phase-3 trials, Bharat
Biotech conducted an interim analysis. The
results of this showed that Covaxin has an
efficacy rate of 81%.

The most common side effects reported
include injection site pain, headache, fatigue,
fever, body ache, abdominal pain, nausea
and vomiting, dizziness-giddiness, tremor,
sweating, cold, cough and injection site
swelling.

2 doses of Covaxin
should be taken. The 2nd
dose should be taken
after 28 days of taking
the 1st one.

Sputnik V

Sputnik V has been observed to display
91% efficacy rate as per its phase-3 clinical
trials.

The side effects reported are Fatigue, Joint
pain, Headache, Muscle ache, Chills, Fever,
Nausea and vomiting.

2 doses of Sputnik
should be taken. The
2nd dose should be
administered 21 days
after the 1st.

OBJECTIVE OF THE STUDY:
This research study survey was conducted on Male and
Female Post Graduate students of Chemistry residing in
Mumbai and its suburbs to observe their differences in
opinion and perspective regarding Covid-19 vaccines and
the mass vaccination drive.

METHODOLOGY:
The Online survey was conducted in January 2022.A
google form questionnaire was developed, which included
two main sections. The first section (A) includes sociodemographic characteristics to collect basic information
about the participants. All the participants were fully
vaccinated. The second section(B) consisted of the
questions which were related to the survey. The participants
were randomly selected using the snowball sampling
technique8. In total, 17 & 49 online questionnaires of each
category were collected.
Variable

Category
Female

N

%

Age

22-23
24-25
Above 25

42
05
02

85.7
10.2
4.1

Variable

Category
Male

N

%

Age

22-23
24-25
Above 25

14
03
Nil

82
17.6
00

Section A Questions included in the questionnaire wherein
participant was requested to fill. The summarization is as
follows:

Which Vaccine you took? Covidshield Covaxin SputnikV
Males
15
04
45
02
Females
Did you suffer from any
side effects like fever, body
ache, dizziness etc.
Males
Females
Do you believe in the
efficiency of the various
vaccines available for
Covid-19 virus?
Males
Females
You took vaccination
because it was made
mandatory by the
government.
Males
Females
Is it safe to receive two
different COVID-19
vaccines for your first and
second dose?
Males
Females
Do you think COVID-19
booster dose will increase
your immunity against all
the variant forms of Corona
Virus.
Males
Females
Section (B)Charts & Graphs

Yes

No

09
31
Yes

08
18
No

14
37
Yes

03
12
No, by
choice

07
26
Yes

10
23
No

04
11
Yes

13
38
No

Maybe

02
08

03
05

12
36
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Male Response Female Response
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them from the variants of Covid-19. The participants of
both the categories were rather confused with the various
parameters of the vaccines.

CONCLUSION
Most female participants in the research study were found
to be less comfortable with the idea of the vaccination
drive. They do also not trust the safety, efficacy and
efficiency of the vaccines they have taken; rather they
took because it was made mandatory by the Government.
However, the male participants were more trusting towards
the vaccination drive and were also responding positively
regarding the safety and efficacy of the vaccines. However,
both categories have misconception that hybrid vaccines
cannot be taken for the two doses. There is an urgent need
to make the people aware of the importance of vaccination
and the trustworthiness of the available vaccines as each
vaccine was approved by FDA of India.
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ABSTRACT
The primary productivity of the Rasalpura pond was estimated from March 2019 to February
2021 through relationship between abiotic parameters and phytoplankton density during the
study period. The seasonal variation of primary productivity revealed that maximum and
minimum values of Gross primary productivity and community respiration were associated with
monsoon and summer seasons respectively. The minimum values of Net primary productivity
were recorded during monsoon season and maximum during winter during study period.
Keywords: Gross primary Productivity, Net primary productivity, Community respiration,
Physicochemical, Seasonal fluctuations.

INTRODUCTION
The increasing human population and the organic matter
as needful to trophic balance in an aquatic ecosystem has
basis to evaluation of the primary productivity in this
ecosystem to estimate ecosystem potential to provide food
to the existing higher trophic level. The inland aquatic
system yet covers only 1% of the earth but has great
productive capability and further the disturbances in the
production rate of freshwater are the ecologically valuable
due to their marked spatial and temporal variation. There
is scarce of literature on the in India, however, contribution
are available from the tropical regions is from Ahmed et al
(2005), Verma and Srivastva (2016), Deka (2017), Yusuf
et al., (2019) and Shwetan Shumla et al (2019).
The Ponds are historically and ecologically important
ecosystem representing around 30 percent of the global
surface area of standing water. These inland water
resources serve as cheap and convenient source of water for
drinking, domestic, irrigation and industries. The services
provided by the pond are ground water recharge, food
alleviation, high local and regional aquatic biodiversity,
culture, aesthetic and recreation.

The present study was aimed to assess phytoplankton
productivity in a perennial pond, Rasalpura in Saran
district of Bihar and pond status evaluation in terms of
ecosystem services for local population.

METHODS AND MATERIALS
The Rasalpura pond is located in Saran district as
somewhat rectangular in outline with water throughout the
year and maximum depth of the pond at full water level
is about 4.2 m. The primary productivity is determined
through initial monthly sampling of water from each side
and estimated by measuring the changes in the dissolved
oxygen concentration in light and dark bottles after
following methodology of Gaarder and Gran (1927) and
Vollewinder (1974).

RESULTS AND OBSERVATIONS
The productivity of Rasalpura pond calculated in terms
of gross primary productivity (GPP), net community
respiration (CRR) and Net primary productivity (NPP).
The results revealed the mean values of gross primary
productivity during the study period as given in
Table 1.
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Table 1: Seasonal variation in Gross Primary Productivity
(g cm-3 day-1).
Season

Range

Mean±SD

Minimum

Maximum

Summer

1.72

1.24

2.44±1.25

Monsoon

0.96

4.51

2.04±3.12

Winter

0.48

8.45

2.84±1.86

The gross primary productivity sharply decreased
from the month of December to February with minor
variation i.e. 0.48±0.6 to 0.9±1.05 g.cm-3 day-1 and then
again increased from March to May i.e. 1.72±1.1 to
3.24±1.5 g.cm-3 day-1.
Season wise analysis showed that maximum value of
gross primary in rainy season i.e. 3.04 ± 2.12 g.cm-3day1
and lower in summer i.e. 2.44 ± 1.25 g.cm-3day-1. It has been found

Figure 2: Variation of NPP with Chloride

During the course of present investigation, community
respiration values on an average were found to vary from
0.1±0.2 g.cm-3 day-1 to 7.9±2.62 g.cm-3 day-1 (Table 3).
Table 3: Seasonal variation in Community Respiration (g
cm-3 day-1).
Season

that gross primary productivity showed significant positive correlation with community respiration

Summer
Monsoon
Winter

(Figure 1).

Minimum
0.60
0.19
0.10

Range
Maximum
1.90
2.11
7.90

Mean±SD
1.27±0.59
1.04±1.63
2.72±1.74

The value of community respiration show decline
in December i.e. 0.61±0.76 g.cm-3 day-1 to March i.e.
0.6±0.17 g.cm-3 day-1 and then in the later month with
minor variation. Community respiration average value
showed marked seasonal variation being minimum during
the monsoon season and maximum during the winter
(1.04± 0.63 to 2.72± 1.7 g.cm-3 day-1).
Figure 1: Variation of Gross Primary Productivity (GPP) with
Community Respiration (CRR).

The value of net primary productivity showed irregular
pattern throughout the year. The value of net primary
productivity was higher in July i.e. 3.722±3.90 g.cm-3 day1
and lowest in the month of June i.e. 0.43±0.21 g.cm-3
day-1 (Table 2).
Table 2: Seasonal variation in Net Primary Productivity (g
cm-3 day-1).
Season

Range

Mean±SD

Minimum

Maximum

Summer

0.76

1.87

1.28±0.88

Monsoon

0.43

3.72

2.45±1.85

Winter

0.46

2.20

1.18±1.36

It was observed that the value of net primary
productivity gradually decreased from August to
December and then increased till the May. Season wise
analysis showed that during the winter season the average
value and highest during the monsoon. The net primary
productivity showed the significant positive relationship
with chloride (Figure 2).

Figure 3: Variation in Community Respiration with Gross
Primary Productivity (g cm-3day-1)

The community respiration was found to record a
positive significant correlation with dissolved oxygen
(Figure 4)

Figure 4: Variation in Community Respiration with Dissolved
Oxygen level.
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DISCUSSIONS
The primary productivity of an ecological system,
community or any part thereof, is defined as the rate at
which radiant energy is stored by activities of the producer
organisms in the form of organic substances which can
be used as food materials (Verma and Srivastava, 2016).
The primary productivity is rate of energy flow in trophic
levels and thus indicating potential of aquatic ecosystems.
It is defined as the rate at which radiant energy is stored by
producer organisms which can be used as food materials
(Odum 1971). Sharma and Sharma (1992) state that
phytoplankton encountered in the water body as well
as they may be used as indicators of the water quality.
The measurement of primary productivity provides a
photosynthetic integration of physical, chemical and
biological conditions, and if conducted over time, is an
excellent measure of change in the trophic state of an
aquatic system (Goldman, 1988). Primary production
is an important biological phenomenon in the aquatic
environment in which phytoplankton act as a primary
producer, their physiological activities greatly controlled
by physico-chemical characters of the water body (Kumar
and Siddiqui 1997).
There are three types of productivity determinations,
gross primary productivity (GPP), net primary productivity
(NPP) and Community respiration rate (CR). The higher
value of gross primary productivity in early monsoon and
winter was the indicator of phytoplankton diversity and
higher photosynthesis rate. The lowest GPP were recorded
during monsoon season may be due to water dynamics and
turbidity affecting light absorption by plankton population.
Sharma and Yadav (2006) in Kayad lake also reported the
similar trend during monsoon. The pond recorded average
GPP monthly productivity within the range of 0.48±0.6
g.cm-3 day-1 to 3.89±3.8 g.cm-3 day-1.
The value of Net primary productivity was affected by
rainfall and net primary productivity values lower than the
gross primary productivity in the present study. This is due
to the fact that phytoplankton cell loose excess assimilated
carbon during different metabolic activity. In the present
study CRR and GPP are positively correlated with each
other and similar observations made by Sreenivasan
(1976) and Verma and Shrivastava (2016) in another
polluted pond.
The average and regular pond productivity during
study period might be due to desirable pH, temperature
and phytoplankton. Primary productivity of the ponds
mainly depends on the intensity and quality of light, carbon
supply, availability of nutrients and biomass (Khan and
Siddiqui, 1971; Sharma and Sahai, 1988). The estimation
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of primary productivity of aquatic ecosystem is of great
importance for aquaculture management and helps to
understand the food chain and food web relationship that
prevails in the ecosystem. The highest rate of productivity
during monsoon may be due to high temperature and high
phytoplankton density. The winter lowering could be
attributed to the reduced photoperiod coupled with low
light intensity, temperature and scarce phytoplankton.

CONCLUSION
The high value of primary productivity indicates that the
pond primary rich in nutrients with enough lighted zone
and energy content. From the present study, it can be
concluded that the productivity of Rasalpura pond is higher
which is clearly indicating that the pond headed toward
pollution. In Rasalpura pond inflow and outflow of water,
nutrient loading and entry of harmful materials of different
ways, have a direct and immediate effect on the metabolic
rates, so it can be concluded that primary productivity can
be taken as an important factor for pollution studies.
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ABSTRACT
The phytoplankton primary productivity forms the basis of the ecosystem functioning as it
makes the chemical energy and organic matter available to the entire biological community.
The primary productivity and its regulating factors were studied in Rasalpura pod during April
2019 to March 2021. Primary productivity of the pond was analyzed by light and dark bottle
method introduced by Gardner and Grant (1927).
The seasonal variation in primary productivity showed an increasing trend from 1.22±0.81
mg/l/hr then 1.99±0.65 mg/l/hr to 2.48±0.98 mg/l/hr in the monsoon, winter and summer season
respectively. Investigation confirms the several variations do markedly affect pond productivity.
The higher value of GPP and NPP during the summer season was due to penetration of more
light intensity, suitable temperature, phytoplankton abundance which favors higher rate of
photosynthesis and ultimately the pond productivity. The P/R ratio is an excellent functional
index of the relative maturity of the system. The P/R ratio was highest during winter and lowest
during summer season. The P/R≥1 value was observed during winter. During the monsoon,
this ratio≤1 which could be on account less penetration of light into the water due to increased
sediments resulting in lesser photosynthetic activity and thereby increase in productivity.
Standing stock of phytoplankton is related to productivity which justifies its use as an index.
Phytoplankton community and gross production showed significant relation at the sampling
sites.
Keywords: Light intensity, Phytoplankton, Primary productivity, Rasalpura Pond.

INTRODUCTION
The flow of energy through any ecosystem starts with
the fixation of sunlight by plants and other autotrophic
organisms. In this way the plants accumulate which
is called primary production. The rate at which this
energy accumulates is called primary productivity. The
total energy accumulated is gross primary production;
however, since plants use some of this energy themselves,
it is not available for the food web (Mitsch and Gosselink,
1993). Estimation of primary productivity is essential
to understand food chain and food web (Chinnaiah and
Madhu, 2010), water quality (Wetzel, 2000) and pollution
study (Prabhakar et al, 2009).

The primary productivity of the aquatic ecosystem is
adversely affected by anthropogenic activity. The overall
productivity of a water body can easily be deduced from
its primary productivity, which forms the backbone of
the aquatic food chain (Ahmed and Singh, 1989). It
gives information related to support bioactivities of the
system. According to Odum and Barrett (Odum, 2008)
the primary productivity of an ecosystem is the rate at
which radiant energy is converted to organic substances
by the photosynthetic and chemosynthetic activity of the
producer organisms. The aquatic resources have been till
date the potential source of organic production for the entire
living organisms. Many ecologists of the world have laid
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emphasis on the importance of the primary productivity as
an important functional attribute of the biosphere because
of its controlling effects on the rate of multiplication and
growth of the living organisms of the ecosystem. Primary
productivity of aquatic ecosystem has been measured by
several workers (Chinnaiah and Madhu, 2010; Joseph
and Shanthi, 2010; Vasanthkumar and Kumar, 2011). The
present study has been undertaken to analyze the seasonal
variations of Primary productivity in the Akilpur lake,
Dighwara, Saran (Bihar).

METHODS AND MATERIALS
The primary productivity is determined by using standard
“light and dark bottle” method (Gardner and Gran, 1927)
at an interval of 15 days in every month for a period of
two years from April 2019 to March 2021. The method
of Gardner and Gran (1927) is slightly modified by
Vollenweider (1974) and Wetzel (2000) to make it
more suitable. The time of exposure (incubation period)
in the present study was for the period of 2 hours. The
dissolved oxygen is estimated by initial bottle and light
and dark bottle method of Winkler (Wetzel, 2000). The
observed Gross Primary Productivity (GPP), Net Primary
Productivity (NPP) and Community Respiration (CR)
in mg/l/hr were converted into gC/m3/hr by multiplying
these values with a factor of 0.375 as suggested by Benton
and Werner (1972).
The Gross Primary Productivity (GPP), Net Primary
Productivity (NPE) and Community Respiration (CR)
were estimated as Westlake (1963), while NPE and
Respiration (% of GPP) were calculated as Chattopadhyay
and Banerjee (2008) formulations with the help of GPP,
NPP and CR. Net production efficiency (NPE): (%) = NPP
× 100/ GPP
Respiration (% of GPP): % = CR × 100/ GPP

RESULTS AND OBSERVATIONS
The different productive parameters like GPP, NPP, CR,
NPE and RESP of Akilpur Lake has been calculated during
April 2019 to March 2021 is depicted in Table 1.
Table 1: Seasonal Primary Productivity of Akilpur lake
during April 2019 to March 2021.
Seasonal parameters

Winter

Summer

Monsoon

GPP (gC/m /hr)

2.60±1.00

2.23±0.82

1.49±0.74

NPP (gC/m3/hr)

2.48±0.98

1.99±0.65

1.42±0.81

CR (gC/m3/hr)

0.24±0.13

0.43±0.18

0.27±0.13

NPE (%)

95.74±0.54

89.26±4.22

95.30±2.41

RESP (% of GPP)

3.15±0.90

3.39±1.42

1.83±0.74

3

Abbreviations: GPP= Gross Primary Productivity, NPP= Net
Primary Productivity, CR= Community Respiration, NPE= Net
Production Efficiency, RESP = Respiration.

The Gross Primary Productivity (GPP) OF Akilpur lake
showed low in monsoon (1.29±0.74), moderate in summer
(2.23±0.82) and high in winter season (2.60±1.00), while
Net Primary Productivity corresponds also similar pattern
as low in monsoon (1.22±0.81), moderate in summer
(1.99±0.65) and high in winter season (2.48±0.98) during
the study period.
The Community Respiration of Akilpur lake showed
low in winter (0.14±0.13), moderate in monsoon
(0.17±0.13) and high in summer (0.33±0.18), while Net
Primary Efficiency was low in summer (89.26±5.22) and
somewhat similar value in monsoon (95.30±2.41) and
winter (95.74±0.54). The Net Primary Efficiency was
given in percentage that may utilize in assimilation of
different metabolites in this freshwater ecosystem. The
RESP is percentage of GPP which showed low in monsoon
(0.83±0.73) and somewhat similar in winter (2.15±1.95)
and summer (2.39±2.42) during this research period.

DISCUSSION
The Gross primary productivity is the total rate of
photosynthesis including the organic matter utilizes in
respiration during the period of measurement. This is also
known as total photosynthesis or total assimilation, while
Net primary productivity is the rate of storage of organic
matter in plant tissues in the excess of the respiratory use
by the plants during the measurement period. This is also
called as apparent photosynthesis or net assimilation.
Seasonal record of gross and net primary productivity
is minimized in monsoon at this lake. Mitsch and Gosselink
(1993) stated that the trend of fluctuations shows that the
values of gross and net primary productivity increased
gradually during winter and summer and decreased
during monsoon. The highest rate of productivity during
the summer may be due to bright sunshine with high
temperature, high phytoplankton density and algal
blooms. The low in monsoon could be attributed to the
reduced photoperiod coupled with low light intensity,
temperature and reduced phytoplankton. These authors
also reported high primary productivity during summer
season due to high light penetration while low productivity
during monsoon season because of the influx of the turbid
water to the reservoir. Prabhakar et al (2009) reported
that the primary productivity higher in winter and lower
in monsoon season from Khadakwasla reservoir of
Pune. Clear water surface, which permitted more light to
penetrate and water flow perhaps accounted for the higher
values of primary productivity during winter. Addition of
nutrients with runoff water during monsoon rain and later
clarity of water during this season are responsible for high
primary productivity during winter.

Seasonal Estimation in Primary Productivity of Akilpur Lake in Dighwara, Saran (Bihar)

Lower values are observed during monsoon might be
due to increased turbidity and suspended slit content of
water resulting from soil erosion from surrounding hills.
Radwan AM (2005) from Nainital and Bhimtal lakes of
Kumaon Himalaya of Uttarakhand state reported that a lake
having a dense population of plankton indicating higher
productivity and less plankton concentration showed low
productivity. Akilpur lake has rich population of planktons,
high nutrient load dues to inflow of sewage, human
activities, brick factories, excessive algal growth and
macrophytes resulting in high productivity during winter
and summer season. Hence, high productivity indicated
pollution in this lake also as reported by Anjinappa (2002)
and Das (2002) in a similar study.
The Community respiration means deducting the net
primary productivity from gross primary productivity
and converted into CO2 release. Seasonal values of
community respiration were minimum in monsoon, but
maximum in winter. Shallow lake water leads to a rapid
change in the productivity with the change in Physicochemical conditions of water. The high respiration of all
living organisms and non-living organic matter reduce
the dissolved oxygen content (Prabhakar et al (2009).
This observation supports the present study as values of
dissolved oxygen content were found lower during the
summer season in this lake.
According to Prabhakar et al (2009), the rate of
respiration attain highest values in summer due to the
effect of drainage water discharged from the different
drains around the station. These effluents enhance the
biological activities of bacteria, especially in summer
due to the decomposition of organic matter. Similar
findings are observed in present study for Akilpur lake
lake because this lake receives domestic sewage from
surrounding village and other human activities responsible
for higher community respiration and also low count of
phytoplanktons and high density of zooplanktons might
be responsible for high values of community respiration.
Radwan (2005) reported maximum primary productivity
for Lake Burulus of Egypt in summer season and lower in
winter and monsoon season.
The Net Production Efficiency is the ratios measure
the efficiency with which an organism converts assimilated
energy into primary or secondary production. Net
production efficiency was minimum in summer and higher
in winter season. Chattopadhyay and Banerjee (2008)
reported seasonal records of Net Production Efficiency to
be maximum in monsoon and minimum in winter season
for Krishnasayar Lake at Burdwan. Chinnaiah and Madhu
(2010) reported that Net Production Efficiency was higher
in monsoon and summer and lower in winter season for
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Darmasagar Lake in Adilabad. Such findings showed
inverse relationship to present study on Akilpur lake.
The respiration was minimum in monsoon, whereas
somewhat similar in summer and winter season in this lake.
Chinnaiah and Madhu (2010) reported that respiration was
higher in winter and summer and lower in monsoon season
for Darmasagar Lake in Adilabad supporting the present
study.
High productivity has close relationships with the
degree of pollution which is mainly caused by high
amounts of nutrients from sewage, fertilizer, animal
wastes, detergents and run-off nitrates from catchment
areas which enter the lakes and result in excessive growth
or bloom of microorganism and aquatic vegetation. Thus,
the nutrients stimulate algal growth and lead to plankton
blooms. The productivity of water which body greatly
depends on the amount of available dissolved nutrients in
water is directly controlled by nutrient cycling in the area.
High nutrient content causes pollution.

CONCLUSION

It is observed from above results that most of the seasonal
values of primary productivity of were higher than
reference in this lake, and, hence it is concluded that the
productivity is high and so food chain and food web is in
good condition and it favors better growth of zooplanktons
and fishes. It also indicates water body is polluted and
leads towards pollution. Rich productivity of this lake may
be due to shallowness of area which is more productive
than deep lakes in part due to nutrients regulating from
sediments and extent of attached macrophyte growth.
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ABSTRACT
Present communication deals with the morphological description of parasitic nematode,
Contracaecum aori, Khan and Yaseen (1969) collected from the intestine of Channa punctatus
(Siluriformes, Channidae) at Muzaffarnagar. During a survey of helminth parasites of
freshwater fishes in Muzaffarnagar region a known species of Nematode belonging to genus
Contracaecum was isolated. Light microscopic drawings and photomicrographs taken by the
Motic microscope helped the morphological redescription of the species.
Keywords: Parasitic nematode; Contracaecum; Fish; Channa punctatus.

INTRODUCTION:
The parasitic nematode, Contracaecum spp. belongs to
the family Anisakidae (Railliet & Henry 1912), Subfamily
Filocapsulariinae. Contracaecum exhibits worldwide
distribution (Anderson 2000) and is capable to infect both,
terrestrial and aquatic animals which include wide range
varieties of invertebrates and vertebrates. It is a diverse
genus of the Anisakidae family. A wide range of host
species are involved in their life cycles and they are known
to have adverse health impacts on host. In particular, there
is limited knowledge of these parasites in Uttar Pradesh.
In general, life history pattern is variable and there may be
difference in the types of intermediate or definitive hosts
among different species of Contracaecum (Shamsi, 2007).
Information on geographical variation of Contracaecum
species is limited and some reported variation clearly
requires further analysis.

MATERIALS AND METHODS:
Fishes for the present work were procured from local fish
markets and water bodies of the Muzaffarnagar region.
473 fishes were examined in total. They were transported
to the laboratory and maintained in aquaria. The fishes
were taken out from water and anaesthetized with clove oil
in another container. The fishes were identified according

to Day (1958). Dissection and examination of the fishes
for parasites were performed under dissecting microscope
using standard methods.
The fishes were dissected longitudinally and were
thoroughly examined for the presence of parasites. The
parasites if found were collected. Fixation of the collected
parasites was done as per the method suggested by Eiras
et al. (2000) and Marcogliese (2004). For morphological
studies, nematode parasites were mounted in glycerine on
glass slides.
Slides were then observed under Olympus OIC
41231 light microscope using different magnifications of
eyepiece and objective lenses. According to the size of the
parasite and type of specimen, Motic microscope was used
with various magnifications of eyepiece and objective.
Diagrams for morphological and morphometrical
observations, were drawn with the help of camera lucida
and Motic microscope. Various body parts of parasites
under observation were measured using a measuring
scale in the eyepiece of the light microscope and through
the photographic print of measuring scale in Motic
microscope.
Pictures of the mounted parasites were obtained with
the help of Motic DMB1-223ASC-B High Resolution
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digital compound microscope (Motic images plus 2.0)
using W10x /18 oculars and 4x, 10x, 40x, and 100x
objectives as per size and requirement of the specimen.

OBSERVATION AND DESCRIPTION: Host
Locality
Site of infection
No. of hosts examined
No. of hosts infected
No. of worms collected

:
:
:
:
:
:

Channa punctatus
Muzaffarnagar
Intestine
473
01
01 (female)

Female: (Plates 1-2) Body stout, tapering gradually
towards cephalic end, measuring 5.45 x 0.25. Head 0.055
mm wide. Mouth surrounded by three lips, without any
dentigerous ridges. Interlabia well developed. Club shaped
oesophagus measuring 0.39 x 0.04 mm. Nerve ring at 0.2
mm from anterior end. Reduced, rounded ventriculus
measuring 0.74 mm. Intestinal caecum measuring 0.84
x 0.06 mm. Vagina well developed, muscular tube,
measuring 0.076 x 0.025 mm. Tail 0.09 mm in length.

DESCRIPTION:
Yellowish white in colour. Cuticle striated, arise
immediately behind lips. Lateral alae well developed.
Posterior end bluntly pointed, lightly curved, ventrad,
terminating into a papilla bearing three small blunt
processes at tip.

PLATE - 2
Photographs of Contracaecum aori (Femaile) 1. Anterior regio
(400X) 2. Posterior region (400X) 3. Intestinal caecum (400X) 4.
End of the intestinal caecum (400X) 5. Anterior region showing
lips and oesophagus (1000X) 6-7. Intestial Caecum (1000X) 8.
Posterior region showing anus and tail (1000X)

DISCUSSION:

PLATE - 1
Contracaecum aori (Female) 1. W.M. (50X)
2. Anterior region (1000X) 3. Posterior region (1000X)

Railliet and Henry (1912), first of all reported a new
genus Contracaecum from South Asia. Mosgovoy (1951),
Skrjabin, Schikhobalova and Mosgovoy (1951) divided the
genus Contracaecum into three subgenera Ornitocaecum
(Mosgovoy, 1951), Erschovicaecum (Mosgovoy, 1951)
and Contracaecum (Railliet and Henry, 1912).

Further Observations on Contracaecum aori, Khan and Yaseen (1969) Recovered from the intestine of Channa

Contracaecum larvae have been reported from catfishes and other fish species from many water bodies
in South Africa (Whitfield & Heeg 1977; Mashego &
Saayman 1981; Boomker 1982, 1994 a, b; Saayman et.
al. 1991), East Africa (Malvestuto & Ogambo-Ongoma
1978; Aloo 2001) and Zimbabwe (Douellou 1992; Barson
2004). It is a cosmopolitan parasite, of piscivorous birds
and mammals (Hartwich, 1974; Anderson, 1992) and can
reach alarming intensities without affecting the condition
of the host (Mashego & Saayman 1981; Boomker 1982,
Paperna 1996), an adaptation that probably ensures that
the larvae survive to reach the final host without killing the
intermediate host.
Sood (1989) described 11 species of the genus
Contracaecum named as Contracaecum incurvum
(Rudolphi, 1819), Contracaecum plagiostomorum
(Linstow, 1905), Contracaecum trichiuri (Thwaite, 1927),
Contracaecum collieri (Chandler, 1935), Contracaecum
aori (Khan and Yaseen, 1969), Contracaecum brevispiculum
(Khan and Yaseen, 1969), Contracaecum synapillus
(Bilqees, Khanum and Jehan, 1971), Contracaecum vittati
(Khan and Begum, 1971), Contracaecum otolithi (Bilqees
and Rashid, 1982), Contracaecum engraulisi (Gupta and
Srivastava, 1984 b) and Contracaecum equulai (Gupta
and Srivastava, 1984 b) and 9 different larvae of the genus
Contracaecum.
Contracaecum aori was first described by Khan and
Yaseen (1969) on the basis of presence of three blunt
processes at tip in tail, from Sylhet in the host Mystus
aor. The present specimen is collected from the different
host Channa punctatus at Muzaffarnagar. In the present
specimen cuticle striations are present throughout the body
while in previous specimen described by Khan and Yaseen
(1969) cuticle is striated at anterior - most region only.
The specimen described here is smaller and exhibit minor
variations besides measurements from those described
earlier. In previous specimen, the body is 30.64 - 35.75
mm long and 0.54 - 0.58 mm wide while in the present
specimen 5.45 mm long and 0.25 mm wide. In previous
specimen, the Oesophagus is 1.82 1.84 mm long and
0.120.14 mm wide while in the present specimen 0.39
mm long and 0.04 mm wide. In previous specimen, nerve
ring is 0.5 mm from the anterior end while in the present
specimen 0.2 mm from the anterior end. In previous
specimen, ventriculus is 0.89 mm long while in the present
specimen 0.74 mm long. In previous specimen, intestinal
caecum is 0.99 1.12 mm long and 0.08 0.12 mm wide
while in the present specimen 0.84 mm long and 0.06
mm wide. In previous specimen, vagina is 0.80 mm long
and 0.06 mm wide while in the present specimen 0.076
mm long and 0.025 mm wide. In previous specimen, tail
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is 0.24-0.25 mm long while in the present specimen 0.09
mm long. Therefore, it is briefly described here as such.
Differences in various measurements of body of the worm
from worms described earlier is given in Table 1.
Table 1: Measurements of various body parts of Contracaecum
aori, Khan and Yaseen (1969)

Body
Head
Oesophagus
Nerve ring
Ventriculus
Intestinal
caecum
Vulva
Vagina
Tail

Contracaecum aori
Khan and Yaseen, 1969
30.64-35.75x0.54-0.58
1.82-1.84x0.12-0.14
0.5
0.89-0.10
0.99-1.12x0.08-0.12

Contracaecum aori
present study
5.45x0.25
0.055
0.39x0.04
0.09
0.08
0.74

9.30-9.50 from anterior end 0.80x0.06
0.076x0.025
0.24x0.25
0.09
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ABSTRACT
Oils and fats hold paramount importance in our diet. Today, as the expense factor is significant,
the population finds itself repeatedly using the same fried oil. Reusing cooking oils increases
the risk to type-2 diabetes, acidity, and the presence of free radicals in the body which causes
inflammation. The present study aims to showcase the numerical data of the deleterious effects
caused by reusing oils, and thereby educate the population to halt this practise. Commonly
consumed oils namely Refined Sunflower oil, Extra Virgin Olive oil, Refined Groundnut oil and
Refined Palm oil were subjected to various tests; physical parameters involving pH, density,
specific gravity and viscosity; and chemical parameters such as saponification value, iodine
number, peroxide, acid, p-anisidine value and totex value were determined. The decreasing
trend of iodine values and increasing trend of all the other parameters highlights the oxidative
nature and introduction of free radicals in the samples.
Keywords: Cooking oil, deep frying, free radicals, nutritional value, rancidity

INTRODUCTION
Edible oils used for cooking, frying and food formulations
are derived from plant sources such as sunflower seeds,
olives, peanuts palm fruits etc. These are liquids at
room temperature and are majorly comprised of triacyl
glycerides. Frying time, food surface area, moisture
content of food, types of breading or battering materials,
and frying oil influence the amount of absorbed oil to
foods (Moreira et al., 1997). The nutritional and physiochemical properties of edible oils are highly dependent
on the nature of fatty acids present in the oil. Vegetable
oil provides vitamins, antioxidants and energy. It also
functions as a transporter of several fat-soluble vitamins
to the body cell.
Although high content of unsaturated fatty acid
is associated with healthier oils, yet, these are prone to
quick oxidation, leading to quality deterioration during
processing, handling and storage. It is extremely crucial
to check the purity and quality of edible oils in order
to reduce various types of health hazards. As it is well

known, oils containing higher proportions unsaturated
fatty acids are easier to be oxidized (Kamal-Eldin., 2006;
Sathianathan et al., 2014). The deteriorated frying oil can
lead to adverse health effect on the human system due to
accumulated toxic substances in the oil and fried product
(Tena et al., 2009). The oil may thicken and become more
viscous as it is heated. This seems to be due to the process
of polymerisation and also to oxidation, hydrolysis and
isomerization (Lin et al., 1998). The amount of FFA,
mono- and diacylglycerols and glycerols in oils increases
during hydrolysis. Hydroperoxides and low molecular
weight volatile compounds such as aldehydes, ketones,
carboxylic acids, and short chain alkanes and alkenes
are produced during oxidation. Dimers or polymers are
either acyclic or cyclic depending on the reaction process
and kinds of fatty acids consisting of the oil (Cuesta et
al., 1993; Sánchez-Muniz et al., 1993; Takeoka et al.,
1997; Tompkins et al., 2000). Dimers and polymers are
formed as a result of exposure to high temperatures during
cooking and frying.
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The economy of commercial deep-fat frying has been
estimated to be $83 billion in the United States and at least
twice the amount for the rest of the world (Pedreschi et al,.
2005). Oil is an essential ingredient for any type of cooking
process. And while its replacement is not possible, studies
have shown that people revert to reusing the same oil again
and again to substantiate the high cost. Reheating cooking
oil deteriorates its quality, releases toxins, trans fats and
free radicals, ultimately taking a toll on the consumer’s
health. Long-term intake of diet comprising reheated is the
main ground of most common diseases such as obesity,
heart diseases, diabetes, endothelial dysfunction, and
lowers immunity.
During frying, myriads of complex reactions such
as hydrolysis, isomerization, cyclization, oxidation and
polymerizations occur which changes the flavour and
decompose the compounds in the oil (Gomez et al.,
2003), thereby affecting the quality of oil and fried food.
Consumption of repeatedly heated edible oils should be
restricted due to its detrimental consequences. This study,
aims to access the quality of four commonly used edible
oils- sunflower oil, olive oil, groundnut oil and palm
oil- which have not been compared before. Each oil was
reheated for four times and the quality was analysed using
various physical parameters such as pH, density, specific
gravity, viscosity measurement and chemical parameters
such as saponification value, iodine number, peroxide
value, acid value, para anisidine value and totex value.
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of 4.0 and 9.2 pH. Later, the fresh and fried oil samples
were tested for pH.

Density Measurement

10 ml of oil was taken in a weighed beaker and mass was
determined. The following equation was used to determine
the density for each of the 20 samples.

ρ=

M
V

where ρ =density of the oil sample (g/cm3), M= mass
of the oil sample(g) and V= Volume of the oil sample
taken(ml).

Specific Gravity Measurement

The empty beaker was first weighed (wo), followed by
weight of the beaker with 10ml distilled water(w2). This
was followed by the determination of weight of the beaker
with 10ml oil sample(w1). Specific gravity was calculated
using the formula:

Specific Gravity =

w1 − wo
w2 − wo

Viscosity Measurement

The viscosity of all the oil samples was determined using
an Ostwald’s Viscometer. The flow time was recorded
using a stopwatch. Viscosity was calculated using the
following formula:

η = dt

FFA: Free Fatty Acid; SV: Saponification Value; IV:
Iodine Value; PV: p- Anisidine Value; AV: Acid Value.

where ղ = viscosity, d= density of the oil sample and
t= flow time.

MATERIALS AND METHODS
Oil samples and Reagents

CHEMICAL PARAMETERS
Saponification Value Measurement

Commonly used vegetable oil samples, namely Sunflower
Oil, Olive Oil, Groundnut Oil and Palm Oil were purchased.
The samples were then subjected to cooking, carried out
using foods like potatoes for 4 consecutive times.
Potassium hydroxide (KOH), ethanol (C2H5OH),
hydrochloric acid (HCl), phenolphthalein indicator,
powdered potassium iodide (KI), glacial acetic acid
(CH3COOH), chloroform (CH3Cl), sodium thiosulphate
(Na2S2O3), sodium carbonate (Na2CO3), starch, potassium
dichromate (K2Cr2O7) and Hannus iodide solution were
purchased. All the chemicals used were of analytic grade.

PHYSICAL PARAMETERS
pH Determination

The pH of the oil samples before and after the frying
processes were determined using Elico (LI 120) pH meter.
The instrument was first calibrated with standard buffers

Saponification value was determined using the following
procedure with a few modifications from (ASTM 2020).
0.5N HCl was standardized using standard sodium
carbonate solution. 1g of oil was mixed with solvent
mixture (Ethanol: Ether in ratio 2:1) and 0.5N alcoholic
KOH was added. The conical flask was attached to a reflux
condenser and the contents were heated for 30 minutes.
Cooled mixture was then titrated against standard HCl in
the burette. Endpoint was determined by change in the
phenolphthalein indicator from pink to colourless. Blank
was determined in the same manner without the sample.
The procedure was repeated for all the 20 samples.
Saponification Value was calculated using the following
formula:

S .V . =

A − B ∗ N ∗ 56.1
W
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where, A= volume of HCl (ml) for blank, B= volume
of HCl (ml) for sample, W= weight of sample (g), N=
normality of HCl.

Iodine Value Measurement

Iodine number was determined using Hubl method with
a few modifications. 0.1N sodium thiosulphate was
standardized using standard potassium dichromate solution.
1g of the oil sample was taken in a dry iodination flask and
dissolved in 10ml of chloroform. To this, 30ml of Hannus
iodide reagent was added and the flask was stoppered.
Flask was then placed in dark for 30 minutes. 10ml of 15%
KI and 100ml distilled water was added and the contents
were titrated against standard sodium thiosulphate in the
burette till a faint yellow colour appeared. 2ml of starch
was added and titration was continued till blue colour
disappeared. Blank titration was carried out without the oil
sample. Iodine value was determined using the following
formula:

Iodine Value =

( X − Y )12.7
10

Where X = volume of sodium thiosulphate (ml) for
blank and Y = volume of sodium thiosulphate (ml) for
sample.

of phenolphthalein indicator were added. The contents
were heated over a boiling water bath for 5 minutes
and then titrated with 0.1N KOH till a pale pink colour
appeared. Acid value was calculated using the following
equation:

Acid Value =

Peroxide Value =

( A − B ) ∗1000
W

where, A= volume of sodium thiosulphate (ml) for oil
sample, B= volume of sodium thiosulphate (ml) for blank
titration, W= weight of oil sample (g).

Acid Value Measurement

Acid Value was determined using (ISO 660). 2g of oil was
taken in a conical flask and 10ml of ethanol and 2 drops

T ∗ N ∗ 56.1
W

FFA = Acid Value * 2

where, T= volume of KOH (ml), N= normality of
KOH, W= weight of oil sample (g), FFA= Free Fatty
Acid.

p- Anisidine Value

PV was determined using the method (Moigradean et al.,
2012). 100mg of the oil sample was first dissolved in 25ml
isooctane. The absorbance of the mixture was measured
at 350nm using a UV-visible spectrophotometer. Next, to
2.5ml of the mixture, 0.5ml of 0.5% (w/v) p- anisidine in
isooctane was added. The mixture was allowed to stand
at room temperature for 10 minutes and then absorbance
was read at 350nm. Value of PV was calculated using the
following formula:

PV =

Peroxide Value Measurement

Peroxide value was determined using the method described
by (Nduka et al., 2021). 1g of powdered KI and 20ml of
solvent mixture (glacial acetic acid: chloroform in ratio 2:1)
was added to 1g of oil and the boiling tube was allowed to
stand on a boiling water bath for 30 seconds. The contents
of the boiling tube were added to a conical flask containing
20ml of 5% KI solution and 35ml of distilled water. The
mixture was titrated against 0.002N sodium thiosulphate
solution in the burette till a pale-yellow colour appeared.
0.5ml starch was added and the titration was continued till
the solution turned colourless. Blank titration was carried
out without the oil sample. Peroxide value was determined
using the following formula:
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25 (1.2 ∗ A2 − A1)
W

where A1 is the absorbance of the mixture before the
addition of p-Anisidine (at 350nm), A2 is the absorbance
after the addition of p-Anisidine (at 350nm) and W is the
weight of the oil sample taken (in g).

Totex Value

The totex value provides an assessment of the oxidative
deterioration of the oil samples. It is calculated as
follows:
where PV= p- Anisidine Value and AV = Acid Value.

Statistical Analysis

Results were calculated according to the respective
formulae and the trends in change for each parameter was
observed using graphical data.

RESULTS AND DISCUSSIONS
pH and Density

In accordance to edible oils, the pH value indicates the
variance of organic molecules in the sample and not the
fatty acid composition. The pH range of all four samples
remained at a constant range without any appreciable
variance as shown in Table 1. The values fell between pH
6.0-8.25 for all the samples.
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Table 1. pH And Density Measurement
Sunflower Oil

Olive Oil

Groundnut Oil

Palm Oil

pH

DENSITY
(g/cm3)

pH

DENSITY
(g/cm3)

pH

DENSITY
(g/cm3)

pH

DENSITY
(g/cm3)

Fresh Oil

8.24

0.901

6.28

0.887

6.40

0.796

6.26

0.863

1X fried

7.01

0.88

6.30

0.894

6.33

0.902

6.14

0.923

2X fried

7.30

0.918

6.22

0.86

6.42

0.862

6.13

0.916

3X fried

7

0.911

6.61

0.874

6.48

0.836

6.39

0.842

4X fried

6.88

0.903

6.55

0.88

6.38

0.826

6.23

0.986

Table 2. Saponification Value (Mg Koh/G) And Iodine Value
Sunflower Oil

Olive Oil

Groundnut Oil

Palm Oil

SV

IV

SV

IV

SV

IV

SV

IV

Fresh

105.18

45.72

110.5843

45.339

98.4555

44.958

102.7639

42.545

1X

103.4035

45.339

106.7695

45.086

105.1875

44.45

111.2912

38.1

2X

108.1496

44.831

110.5843

45.085

94.248

43.18

106.7695

9.525

3X

110.001

44.323

108.5647

44.958

110.3038

38.1

110.001

15.875

4X

111.4819

44.069

111.7961

44.5

111.078

36.195

111.078

29.845

Figure 1: Viscosity Measurement & Specific Gravity Measurement

The densities, showed similarities in value across the
samples irrespective of the variance due to heating. The
value fell in the range 0.79-0.98 g/cm3 as shown in Table 1.

Specific Gravity and Viscosity

Specific gravity is the heaviness of a substance compared
to that of water and it is expressed without units (IdunAcquah et al., 2016). The specific gravity of all the
samples remained in the range 0.8-0.9, Figure 1. There
was no great significance in the change in specific gravity
with frying.
Viscosity is the resistance to flow offered by a liquid.
Viscosity is one of the most important physical properties
of a liquid system; the change in viscosity is linked to
physicochemical oil properties (Belgharza et al., 2015).
The viscosities of the samples gradually increased. The

Figure 1 shows the increasing trend of viscosities among
the 4 samples.
Increasing viscosities may be due to a hidden effect of
free fatty acids produced by hydrolysis reactions and other
small molecular weight decomposition products produced
during frying (M. Sharoba et al., 2017).

Saponification Value

Saponification value gives the measure of the fatty acids
present in the oil sample. High SV indicates the presence
of shorter fatty acids on the glycerol backbone (Marina et
al., 2009). Table 2 depicts an overall increase in the SV
with the frying process. The highest SV was observed in 4
times fried oils of all samples.
This indicates that continuous supply of heat caused
triglyceride breakage and increase in free fatty acid of oil;
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resulting in decrease in unsaturated fatty acid composition
(Ayoola et al., 2016).

Iodine Number

Iodine value indicates the degree of unsaturation of an oil
or fat sample. It is given by the amount of iodine absorbed
by 100g of fat sample. On the average, the iodine values of
the samples ranged from 9.5-45.72, as shown in Table 2.
steady decrease in iodine values was seen in sunflower oil,
olive oil and groundnut oil samples. This trend was quite
unsteady in palm oil.
Deep frying of oils decreases its unsaturated fatty acid
content. The low degree of unsaturation leads to higher
resistance to oxidative rancidity (Nduka et al., 2021). Thus,
highest IV was recorded in the fresh sample of Sunflower
oil and the lowest in fried sample of palm oil. The greater
the degree of unsaturation, (or high IV) the more rapid the
oil tends to get oxidised, particularly during deep frying
process (Chebe et al., 2016).

Peroxide Value

The peroxide value indicates the amount of peroxide
oxygen per 1kg of fat or oil sample. Unsaturated fatty
acids form peroxides on oxidation. In the initial stages
of lipid oxidation, peroxides and hydroperoxides are
formed. The number of peroxides present in vegetable oils
reflect its oxidative level and thus its tendency to become
rancid (Sebastian et al., 2014). According to the results,
the Figure 2 highlights an overall increasing trend of the
peroxide values upon repeated frying. The highest value
was seen in 4 times fried groundnut oil sample.
Large increase in peroxide values indicate that
the sample are relatively unstable to oxidation. While
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this increasing trend was gradual in olive oil, the other
oils showed a sharp increase as seen in fig 2. At high
temperatures, the hydroperoxides break down and
subsequently form secondary oxidation products on
cooling (Park et al., 2016).

Figure 2: Peroxide Value Measurement

Acid Value

A gradual increase in the acid value is seen in Figure
3. Greatest acid value was observed in Groundnut oil
samples. The overall increase is attributed to the increase
in fatty acid content of the samples as the oil is subjected
to the process of repeated frying.
Acid value measures the content of free fatty acid
formed upon the hydrolytic degradation of free lipid
molecules, thus contributing the reduction of shelf life
of oil (Pardeshi 2020). Frying oil breaks the fatty acid,
glycerol backbone of triglycerides and thereby increases
the acid value of oils. This increase is regardless of the
type of oil tested. The lower the acid value of oil, the better
the quality, fresh degree and degree of refining (W. Zhang
et al., 2015).

Figure 3: Acid Value - FFA & P- Anisidine Value-Totex Value Measurement
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p-Anisidine Value and Totex Value

The secondary oxidation of oils produces aldehydes such as
2-alkenals and 2,4-dienals. p-AV values showed a gradual
increase as the sample was subjected to repeated frying.
The greatest value was found in 4 times fried sunflower
oil. Olive oil showed the least p-AV values compared to
the other three samples as illustrated in Figure 3. The totex
values increased in the similar trend.
The primary oxidation of products such as
hydroperoxides are unstable and those compounds
decompose to the secondary oxidation products during
frying process which contributes to increase in PAV
(Sebastian et al., 2014).

CONCLUSION
Oils and fats are inevitable parts of our existence. On
investigation of the results, it was evident that the quality
of edible oils substantially decreases upon reuse. Oil
becomes thicker, denser and more viscous upon repeated
frying. Saponification value, peroxide value, acid value, panisidine value and totex values significantly increased and
iodine value decreased highlighting the detrimental effects
of using repeatedly fried oils on health. Extra Virgin Olive
Oil was less prone to sudden changes, in comparison to
the other refined oils tested. Palm oil was the most viscous
and contained highest peroxide value after subjected
to 4 times frying. Oils become oxidised and turn rancid
and thereby pose a variety of health hazards. Prolonged
consumption of repeatedly heated oil has been shown
to increase blood pressure and total cholesterol, cause
vascular inflammation as well as vascular changes which
predispose to atherosclerosis (Ng et al., 2014). Today,
more than ever, during these pandemic times, the topic of
health and wellness has attained spotlight. Thus, it is the
right time to be mindful of our choices and discontinue
this age-old practice.
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ABSTRACT
Textile dyeing, printing, bleaching and processing is the most prominent industry of Pali
district. Pali is one of the major textile clusters of Rajasthan because of largest number of
dyeing and printing units. it has over 800 textile industries that employ about 50 percent of
the city’s population. The dyeing and printing industry is the major source of livelihood in
this region. The major investigation of this study was the impact of textile effluents on Bandi
river water. Four sites were selected for collection of samples from different locations. The
physicochemical analysis was done for one year and the present reveals that, the pH of river
water is more than the standard level and the other parameters of the river water was found to
be higher in concentration. Results showed that the textile industrial effluents was adversely
affecting on the river water quality, which affects on aquatic environment and human beings of
surroundings.
Keywords: Effluents, Textile, Physicochemical Parameters, Environment etc.

INTRODUCTION
Industries are essential for economic development of any
country. Textile industries have significant contribution
in uplifting economic status. But these industries have
negative implications for environment. Normally in
production process, textile industry uses huge amount
of water and after the production finishes, contaminated
waters are released to the sewers or drains without
pretreatment. Most of the industries in India are situated
along the river banks for easy availability of water and also
disposal of the wastes. These wastes often contain a wide
range of contaminants such as petroleum hydrocarbons,
chlorinated hydrocarbon and heavy metals, various acids,
alkalis, dyes and other chemicals which greatly change the
physiological properties of water.
Textile effluents contain high BOD due to fiber
residues and suspended solids. These can contaminate
water with oils, grease and waxes while some may contain
heavy metals such as chromium, copper, zinc and mercury.
Rajasthan is well known all over the the world for its
hand printed textiles. Luni river is flows in western part of
India in the state of Rajasthan. It is the only major river

of the area and the source of irrigation. The Jawai, Sukri,
Jojri and Bandi are its main tributaries. Pali is the largest
erstwhile hand processing clusters situated on the bank of
river Bandi, now gradually moving to power processing
machines. It is best known for dyeing and printing of
cotton and synthetic fabrics. Pollution is the main accuse
in the textile processing units. textile effluents discharged
from various textile processing units of Pali, flow about 55
kilometer downstream, making the ground water in several
riverbank villages unfit for drinking and irrigation and also
causes adverse on crops productivity and health of people
residing in those areas. The use of toxic chemicals in these
units cause threat to the manpower employed in such units
in a way directly resulting in occupational health hazards.
India’s first Common Effluent Treatment Plant [CETP]
was set up in Pali in 1982 to treat industrial effluents.
Further to be in tune with the government restrictions to be
connected to CETP, majority of textile processing houses/
units of Pali district are now adjoined to CETP. In spite of
the installation of CETP, Bandi river still has enormous
water and soil pollution adversely affecting the fertility of
soil and purity of drinking water.
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This study aimed to determine the physiochemical
parameters of water such as pH, EC (Electrical Conductivity
),Temperature, DO, COD ( Chemical Oxygen Demand),
BOD ( Biological Oxygen Demand ) and TDS ( Total
Dissolved Solids).

MATERIALS AND METHODS
The Study Area

Pali industrial area is one of the polluted areas identified by
The Central Pollution Control Board [CPCB], New Delhi.
The Pali district shares a common border with six districts
of Rajasthan. The study area forms part of the catchment
of Bandi River, a tributary of Luni River, which is the
only major river responsible for groundwater recharge
during and after monsoons. About 800 industries are in
this industrial area, producing chemicals, dyes, textile,
paints and some marble based industries. Rainwater
is the only source of raw water in the Bandi River and
other water bodies. The groundwater is being used for
industrial purposes and is the main source for domestic
and agriculture purposes.

Sampling and Analysis

A total of 28 samples were collected ( 4 samples for
each parameter ) from the study area following standard
procedures. Analysis was done in the laboratory. For
testing of water parameters, 4 samples for each parameter
were collected from the discharge point of these industries.
Samples were collected with 2 liters white plastic kegs,
which should thoroughly wash with nitric acid and then
rinsed several times with distilled water. Analysis was
carried out as per the standard methods.

RESULTS AND DISCUSSION
The analytical results of textile effluents are given in
Table 1obtained values of the parameters deviated from
the permissible limits recommended by DOE for pH, EC,
Temperature, DO, COD, BOD and TDS.
The concentration of hydrogen ion is a major sign
for measurement of quality of natural and wastewater.
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The higher value of pH of the textile effluent indicates the
alkalinity conditions which have an adverse effect on the
soil permeability and soil micro flora. The pH values varied
from 7.91 to 9.42 in the study area which was higher from
standard value. Maximum value was found in Site 2 and
minimum value was found in Site 4.
EC is important for irrigation because it is a measure
of the salinity of the water and acts as a surrogate for total
dissolved solids. EC values were observed 38781 to 17040
µs/cm which were generally higher than standard given as
250 µs/cm.
Temperature plays a vital role in chemical reactions
and increases evaporation rate of waste water, thereby
suitability of water hampered for beneficial uses such as
irrigation. Temperature varied from 52.33 to 33.44 which
were above the standard level for surface water. The
average temperature during that time period should not be
higher than 22.2 degree centigrade.
DO is essential to all forms of aquatic life including
microorganism responsible for the self purification system
in natural waters. The values of DO ranges from 1.28 to
4.69 mg/L in the study area. There is an inverse linear
correlation between TDS value and DO level, therefore,
high TDS values always corresponds to low DO level.
Lower level of DO was observed near the discharged
points and higher amount was found comparatively at
the longer distance from the textile discharge points in
the study area. The mean value was 2.72 which are very
poor for agricultural production compared to standard
level.
COD is an indicative measure of the amount of oxygen
that can be consumed by reactions in a measured solutions.
COD values ranges from 840.27 to 1482.75mg/L which
indicate a heavy load of organic and inorganic pollution
that require more oxygen to oxidize under increased
thermal conditions. Higher values of COD indicate the
toxicity of the effluents and the existence of huge quantity
of biologically resistant organic substance.

Table 1 : Analytical results of selected water samples of textile effluents with standard for industrial effluents.
Parameter

Site 1

Site 2

Site 3

Site 4

Mean

Standard value

pH

8.76

9.42

8.21

7.91

8.57

6.5 - 8

EC µs/cm

17040

19255

28040

38781

25779

250 µs/cm

Temperature

52.33

39.41

45.22

33.44

42.6

40 degree centigrade

DO mg/L

1.28

2.53

2.41

4.69

2.72

4.5-8 mg/L

COD mg/L

1482.75

1238.49

985.59

840.27

1136.77

200 mg/L

BOD mg/L

641.19

512.41

465.78

452.19

517.89

150mg/L

TDS mg/L

37581.56

21597.11

16113.24

10211.11

21375.75

2100mg/L
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BOD is the measure of quantity of oxygen required by
bacteria and other microorganism under aerobic conditions
in order to biochemically degrade and transform organic
matter present in the water bodies. The high levels of
BOD are the indicators of pollution strength of waters.
They also indicate that the less oxygen is available for the
living organism in the wastewaters. The BOD values were
varied between 452.19 to 641.19 mg/L. values were higher
according to the standard value.
TDS ( Total dissolved solids ) are those solids remain
as soluble form in textile effluent. The values of TDS were
ranges from 10211.11 to 37581.56. the mean value of TDS
was found 21375.75 mg/L which was higher than standard
level .it might be due to store of different ions in the
effluents from the discharge point. Presence of excess TDS
in water would have an adverse impact on aquatic life,
render the receiving water unfit for drinking and reduce
crop yields if used for irrigation.

CONCLUSION
This research reveals that the measured Physico-chemical
parameters such as temperature, pH, DO, EC, BOD, COD,
TDS were found higher than the standard guidelines. It is
recommended that the effluents of textile industries must
be treated well by combined treatment processes before
their disposal into the surrounding water bodies to reduce
the pollution load and avoid adverse pollution effect.

REFERENCES

ADB (Asian Development Bank) (1994). Training manual
for Environmental Monitoring Engineering
Science, INC, USA, pp. 2-16.AEPA (Australian
Environmental Protection Authority) (1998).
Environmental Guidelines for the Textile dyeing and
Finishing Industry, State Government of Victoria,
Melbourne, Victoria, Australia.
Ahmed T (2007). Characterization of textile effluent from
selected industries in DEPZ and their treatment by
adsorption- filtration process. M. Sc. Thesis, pp.
1-132, Department of Environmental Sciences,
Jahangirnagar University, Saver, Dhaka.
Akan JC, Moses EA, Ogufbuaja VO (2007). Determination
of pollution levels in Mario Jose Tannery Effluents
from Kano Metropolice, Nigeria. J. Appl. Sci. 7(4):
527-530.
APHA (American Public Health Association) (1989).
Standard Methods for the Examination of Water and
Wastewater, 17th ed. Washington, DC.
Ayres RM, Mara DD (1996). Analysis of Wastewater
for use in Agriculture; A Laboratory Manual of
Parasitological and Bacteriological Techniques.
Switzerland, Geneva: World Health Organization.

Vol. 12, No 1-2, January-July, 2021 | The Scientific Temper
Ayres RS, Westcot DW (1994). Water Quality for Agriculture.
FAO Irrigation and Drainage Paper 29 Rev 1. Rome,
Italy: Food and Agriculture Organization.
BARC (Bangladesh Agricultural Research Council) (2005).
Fertilizer Recommendation Guide for different
crops in soil.
Bauder TA, Cardon GE, Waskom RM, Davis JG (2004).
Irrigation Water Quality Criteria.http://www.ext.
colostate.edu/pubs/crops/00506. html.
Behra BK, Mishra BN (1969). The effect of a sugar mill
effluent on enzyme activities of rice seedlings,
Industrial Research. 37: 390-8.
Bhadja P, Vaghela A (2013). Hydrobiological studies on
freshwater reservoir of Saurashtra, Gujarat, India. J.
Biol. Earth Sci. (2):12-17.
Bharati S, Shinkar NP (2013). Dairy Industry Wastewater
Sources, Characteristics & its Effects on
Environment. Int. J. of Current Eng. Technol. 3(5):
1611-1615.
Biswas TD, Mukherjee SK (1997).Textbook of Soil Science,
Tata McGraw-Hill Publishing Limited.
Chindah AC, Braide AS, Sibeudu OC (2004).Distribution
of hydrocarbons and heavy metals in sediment
and a crustacean (shrimps-Penaeusnotialis) from
the bonny/new Calabar river estuary, Niger Delta.
AjeamRagee, 9: 1-14.
DOE(2008). The environment conservation rules. Department
of Environment, Ministry of Environment and
Forest, Government of the People’s Republic of
Bangladesh.
EPA(1974). Wastewater-Treatment Systems: Upgrading
Textile Operations to Reduce Pollution, United States
Environmental Protection Agency, Washington DC,
USA, In: EPA Technology
FEPA (Federal Environmental Protection Agency) (1991).
Water Quality, Federal Water Standards, Guidelines
and Standard for Environmental Pollution Control
in Nigeria, National Environmental Standards – Part
2 and 3, Government Press, Lagos pp 238.
Geetha A, Palanisamy PN, Sivakumar P, Ganesh PK, Sujatha
M (2008).Assessment of underground water
contamination and effect of textile effluents on
Noyyal (9 river basin in and around Tiruppur town,
Tamil Nadu). 5(4): 696-705.
Haque ME (2002). A Compilation of Environmental Laws
of Bangladesh, Administrated by the Department of
Environment (DOE).
Islam F, Rumi S, Juhaina J (1994). Industrial pollution in
Bangladesh.www.worldbankgroup.org.
Knat R (2012). Textile dyeing industry an environmental
hazard Natural Science. 4 (1): 22-26.

Impact of Textile Effluents on Water in and Around Pali, Western Rajasthan, India
Koushik S, Saksena DN (1999). Physico-chemical limnology
of certain freshwater bodies of central India.
Maps of Bangladesh. Available at: http://mapofbangladesh.
blogspot.com/2011/09/narsing di-district.html.
McMullan G, Poonam NS,Franklin S, Oxspring D (1995).
Bioremediation and chemical analysis of textile
industry waste water. 17: 760-764.
Metcalf, Eddie (2003). Wastewater Engineering Treatment
and Reuse, Forth Edition. New York, USA: McGraw
Hill.
Robinson T, Chandranand B, Nigam P (2002). Textile effluent
decolorization and dye-adsorbed agricultural
residue biodegradation: Biores. Tech. 84, 299 – 301.
Roy R, Fakhruddin ANM, Khatun R, Islam MS, Ahsan MA,
NegerA JMT (2010).Characterization of Textile
Industrial Effluents and its Effects on Aquatic
Macrophytes and Algae.BangladeshJ. Sci. Ind. Res.
45(1): 79-84.
Roy RP, Prasad J, Joshi AP (2007). Effect of sugar factory
effluent on some physic-chemical properties of soils
– a case study. J. Environ. Sci. 49(4): 277-282.
Sawyer CC, McCarty PL (1978). Chemistry for Environmental
Engineers, McGraw Hill, New York. pp. 331–514.
Secondary Drinking Water Regulations; Synthetic Organic

193

Chemicals and Inorganic Chemicals. Federal
Register.55 (143): 3
USEPA (United States Environmental Protection Agency)
(1986). Quality criteria for water. Office of
water Regulation and standards, Washington dc,
usepa40015-86-256 pp.
Verma SR, Shukla GR (1969). Pollution in a perennial
stream, ‘Khala’ the sugar factory effluent near lakes.
Env. Health. 11: 145-162.
WHO (World Health Organization) (2006). WHO Guidelines
for the Safe Use of Wastewater, Excreta and Grey
water: Volume II Wastewater use in Agriculture.
Geneva, Switzerland: WHO.
World Bank (2010).A detailed analysis on industrial pollution
in Bangladesh. Workshop Discussion Paper,World
Bank Dhaka Office, Bangladesh. Transfer, EPA625/3-74-004, pp. 1-12.
Wynne GD, Maharaj, Buckley C (2001). Cleaner Production
in the Textile Industry – Lessons from the Danish
Experience, School of Chemical Engineering,
University of Natal, Durban, South Africa, p. 33.
Yusuff RO, Sonibare JA (2004). Characterization of textile
industries. Effluents in Kaduna,Nigeria and
Pollution implications. Global Nest: the Int. J 6(3):
212- 221.

The Scientific Temper
Vol. 12, No 1-2, January-July, 2021:pp 194-196
ISSN 0976 8653, E-ISSN 2231 6396
A Web of Science Journal
Doc ID: https://connectjournals.com/03960.2021.12.194

Checklist of Helminth Parasites of Cyprinids from Poonch River
and its Tributaries, Jammu and Kashmir, India
Mumtaz Ahmed1, Anshu Chaudhary1, Farooq Ahmed2, Yougesh Kumar3
and Hirdaya S. Singh1
Molecular Taxonomy Laboratory, Department of Zoology, Chaudhary Charan Singh University, Meerut (U.P.), 250004, India.
2
Department of Zoology, Government Degree College, Poonch, 185101, Jammu and Kashmir, India.
3
Department of Zoology, D.A.V. College, Muzaffarnagar (U.P.), India.
Corresponding author: mumtaznaz151@gmail.com

1

ABSTRACT
Parasitological studies on helminths of freshwater fish in district Poonch, Jammu and Kashmir,
India is scarce that should be well-understood in order to assess their biodiversity. As compare
to other regions in Jammu and Kashmir, India, less comprehensive studies is available with
unpublished records. Here, we present a list of parasites that we have collected comprises a
list of helminth parasites, their host species, and locality. This study contributes to the diversity
of helminth parasites from River Poonch, Jammu and Kashmir, India that helps to identify the
lacunae in our knowledge of this region.
Keywords: Helminthes, Parasite, Poonch River, Jammu and Kashmir, India.

INTRODUCTION
The Poonch River and its tributaries constitute the major
wetland of the district Poonch, Jammu and Kashmir, India.
It is one the remotest district of Jammu and Kashmir that
spreads over an area of 1674 sq km. The Poonch River flow
into upstream to downstream and flow into the Mangla Lake
that is the reservoir of Mangla Dam. During the months of
summer, high monsoon rain and snow melt cause highest
flow of Poonch River. Government of Pakistan has declared
the entire 10-15 km downstream stretch of the Poonch River
as a national park (Poonch River Mahaseer National Park) for
the conservation of economically important and endangered
fish species, Tor putitora (Hamilton, 1822). In order to study
the helminth fauna from fish of Poonch River, district Poonch
and its tributaries (called as Suran Nallah, Betar Nallah and
Mendhar Nallah) the study was performed. A total of 40
species were reported in Poonch River and its tributaries
(Datta, 2003). Tor putitora (Hamilton, 1822), Schizothorax
richardsonii (Gray, 1832), Garra gotyla (Hamilton, 1830),
Crossochelius latius (Hamilton, 1822), Schizothorax
progastus (McClelland, 1839) and Mastacembelus armatus
(Lacepède, 1800) are commonly available fish in the
Poonch River and its tributaries. Few workers (Gupta et

al., 2014, Anjum et al., 2014, Ahmed and Sharma, 2016)
have contributed significantly to the knowledge of helminth
parasites from Poonch River. Here, we are summarized a list
of the helminth parasites, collected during our survey i.e.,
the monogenean, digenean, acanthocephalan and nematode
parasites.

MATERIALS AND METHODS

The present study was carried out on the Poonch River and its
tributaries- Suran Nallah, Betar Nallah and Mendhar Nallah,
Poonch district (33°.25′ to 34°.01′ N and 73°.58′ to 74°.35′
E), Jammu and Kashmir, India. Fish host were collected
and transported live to the laboratory, Government Degree
College, Poonch, Jammu and Kashmir, India. Host was
dissected and various organs like gills, liver, body cavity and
intestine were examined under microscope for the presence
of parasites. Monogenean parasites from gills; Allocraedium
sp., acanthocephalan and nematodes from intestine and
Clinostomum sp. from body cavity were collected. For the
morphological study, methods related to concerned species
described by various workers was followed (Caffara et al.,
2013; Verma et al., 2017; Amin et al., 2022, Moravec et
al., 2022). The data for each helminth species is ordered
alphabetically in the tables presented in results section.
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Table 1. Species of Actinopterygii reported from the Poonch River, Poonch district, Jammu and Kashmir, India shows richness
of related helminthes.
Class

Order

Family

Fish genera

Fish
species

Helminth
genera

Helminth
species

Actinopterygii

Cypriniformes

Cyprinidae

04

05

08

18

Synbranchiformes

Mastacembelidae

01

01

01

01

02

02

05

06

09

19

Totals

Table 2. Species of helminthes reported from the Poonch River, Poonch district, Jammu and Kashmir, India. SR/nd and GG/
nd shows species not identified; na = not available.
Phylum

Class

Order

Family

Genus

Species

References

Acanthocephala Eoacanthocephala Neoechinorhynchida Neoechinorhynchidae Neoechinorhynchus poonchensis

Amin et al., 2022

Nematoda

Gupta and Duggal,
1973

Secernentea

Camallanida

Camallanidae

Procamallanus

bilaspurensis

Secernentea

Spirurida

Physalopteroidae

Physalopteroidae
gen.

sp. third stage Moravec et al.,
2022
larvae

Chromadorea

Rhabditida

Rhabdochonidae

Rhabdochona

indica

Moravec et al.,
2010

turkestanica

(Skryabin, 1917)
Krepkogolskaya,
1927

hospeti

Thapar, 1950

cf. chodukini

Osmanov, 1957

acinacus

Gussev, 1976

longicopula

Bychowsky, 1936

racotorabus

Gussev et al., 1993

sphyrnoides

Gussev, 1976

tori

Gussev, 1976

Platyhelminthes Monogenea

Trematoda

Monopisthocotylea

Dactylogyridae

Dactylogyrus

Dogielius

forceps

Bychowsky, 1936

Mazocraeidea

Diplozoidae

Diplozoon

poonchensis

Gupta et al., 2014

SR/nd

na

Plagiorchiida

Allocreadiidae

Allocraedium

tori

Anjum et al., 2014

Diplostomida

Clinostomidae

Clinostomum

schizothoraxi

Kaw, 1950

complanatum

Rudolphi, 1814

GG/nd

na

RESULTS AND DISCUSSION
We have collected 19 species of monogenean, digenean,
acanthocephalan and nematodes parasites from 09 genera
of the Poonch River, Poonch district, Jammu and Kashmir,
India. To date, only few parasites species from River
Poonch have been reported (Gupta et al., 2014, Anjum et al.,
2014, Ahmed and Sharma, 2016). Therefore, the richness
of helminth species parasitizing cyprinid fish distributed
in the Poonch River need to be explored for its helminth
species richness. In addition, 09 helminths genera have
been reported from 06 fish host belong to Actinopterygii
and of family Cypriniformes and Mastacembelidae (Table
1 and 2). As Datta (2003) reported 40 species from Poonch

River, only few have been screened for helminth parasites.
Thus, only 15-20% fauna of fish have been screened
that shows scarcity of studies from Poonch River and its
tributaries.
In the present helminthological record and in terms of
the helminth groups represented, monogeneans are the most
widely represented group, with 03 genera and 08 species
i.e., Dactylogyrus Diesing, 1850; Dogielius Bychowsky,
1936 and Diplozoon von Nordmann, 1832 (Table 2). Besides
monogenean, nematodes are represented with Procamallanus
(Spirocamallanus) Olsen, 1952; Physalopteraidae Railliet,
1893 family sp. third stage larvae and Rhabdochona Railliet,
1916. In the present study, class Trematoda is represented by
04 species parasitizing 02 genera i.e., Allocreadium Looss,
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1900 and Clinostomum Leidy, 1856 respectively. Regarding
the phylum Acanthocephala, only 01 species belongs to the
genus Neoechinorhynchus Stiles and Hassall, 1905 was found
i.e., N. poonchensis Amin et al., 2022 (Table 2).
These results show that more helminthes species can be
obtained by increasing the screening in the Poonch River and
its tributaries. To determine the real richness of the helminths
from different hosts from Poonch River and its tributaries
more sampling efforts are required to uncover their diversity.
Moreover, this study clearly suggests that additional species
of helminthes would be discovered with the help of molecular
methods that can resolve their phylogenetic relationships
with taxa from different regions worldwide and any kind of
confusions related to their taxonomy. Only such studies make
a comprehensive understanding of helminth fauna of the
Poonch River, Poonch district, Jammu and Kashmir, India.
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ABSTRACT
A field experiment was conducted during 2017-18 and 2018-19 at Amar Singh College,
Lakhaoti, Bulandshahr (Uttar Pradesh) to assess the effect of different levels of phosphorus and
potassium on a seed crop of French bean (Phaseolus vulgaris L.). The experiment consisted of
nine treatment combinations involving three doses of phosphorus (35, 70 and 105 kg P ha-1) and
three doses of potassium (30, 60 and 90 kg K ha-1) plus a uniform dose of 70 kg N ha-1 (RDN).
The nine treatment combinations were evaluated against the control (RDN + 0 kg P + 0 kg K
ha-1) in randomized block design with three replications. The effect of different treatments on
plant vegetative characters, root characters, and different attributing traits of seed yield and
seed quality were appraised. Results indicated that combined application of 70 kg P + 60 kg K
ha-1 along with RDN resulted in significantly higher plant height (40.8 cm), number of branches
per plant (8.1), number of leaves per plant (13.7), primary root length (12.8 cm), number of
nodules per plant (10.0), number of mature pods per plant (22.8), number of seeds per pod
(8.3), test weight of seed (107.6 g) and seed weight per plant (13.68 g). The same treatment
also resulted in significantly higher seed yield (1710.0 kg ha-1) over the control (993.8 kg ha-1),
an increment of 172% over the control. Although, application of higher doses of phosphorus @
105 kg ha-1 and potash @ 90 kg ha-1 recorded maximum values for these characters, but they
were at par with 70 kg P + 60 kg K ha-1, hence the effects of higher dose of phosphorus and
potash beyond this level were non-significant. The findings of this study indicated that 70 kg
P + 60 kg K along with 70 kg N ha-1 may be considered as an optimum dose of fertilizers for
better yield and quality of French bean seed in north Indian plain conditions.
Keywords: French bean, phosphorus, potassium, seed quality, seed yield

INTRODUCTION
French bean (Phaseolus vulgaris L.) is the third most
important grain legume crop of the world, after soy bean
and peanut. It is widely cultivated in the temperate and
subtropical world and also in many parts of the tropics.
In India it is grown during the rabi season in the plains
and during summer season in the lower and mid hills. The
tender pods are used as a green vegetable, while the shelled
dry seeds, popularly known as Rajmash in North India, is
used as a grain legume. French bean is quite nutritious and
is a rich source of protein, calcium and iron (Salunkhe et

al., 1987). French bean (bush type) withdraws around 80
kg N, 30 kg P and 100 kg K from the soil for producing 12.0
t ha-1 of green pods (AVRDC, 1990); therefore judicious
management of these major nutrients is important for
growing a healthy crop with high yields.
Favourable response of grain lugume crops to
phosphatic and potassic fertilizers is well established.
Low phosphorus and potassium in the soil often limits
production of grain legumes (Arya et al., 1999).
Phosphorus is needed by the plant right from its seed
germination, root proliferation, vegetative growth upto
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the physiological maturation phase (Mitra et al., 1990).
Phosphorus is essential for growth, proliferation, deeper
penetration and nodulation of roots. Beans need P for
shoot growth, photosynthesis, nucleus formation and
cell division, synthesis of fat and albumen, utilization of
sugar and starch, transfer and storage of energy within
plants. Energy from photosynthesis and the metabolism of
carbohydrates is stored in phosphate compounds for later
use in growth and reproduction. It also hastens flowering,
seed formation and maturity in French bean (Mitra et al.,
1990; Srinivasan and Naik, 1988).
Potassium is the third key nutrient of commercial
fertilizers. It helps strengthen plant’s abilities to resist
diseases and plays and important role in increasing crop
yields and overall quality (Saxena and Verma, 1995).
The effect of potassium on French bean is significantly
observed in flowering, seed maturity and yield (Arya et
al., 1999). There are reports that potassium deficiency
symptoms are hard to be observed and the deficiency in
bean plants occur without being noticed by the farmers
and hence all fertilizer recommendations always include
potassium nutrients (Saxena and Verma, 1995).
Keeping in view the gamut of role played by
phosphorus and potassium in growth, development and
seed yield of French bean, the present field experiment
was, therefore, envisaged to study the effect of different
levels of phosphorus and potassium in combination on the
growth, quality and seed yield in French bean.

MATERIAL AND METHODS
The experiment was conducted at the Horticultural Research
Farm of Amar Singh College, Lakhaoti, Bulandshahr
(Uttar Pradesh) during 2017-18 and repeated in 2018-19.
The experimental field is located at 28031’36”N longitude
and 77058’29”E latitude; and at an average altitude of about

200 m above the mean seal level. Lakhaoti falls under the
region of semi-arid, sub-tropical climate where hot and
dry westerly winds in summers and frost during winters
is common. The soil of the experimental field was deep,
sandy loam in texture and slightly saline with a pH of 7.8.
The soil had 4.1 g organic carbon, 175 kg ha-1 available N,
14.0 kg ha-1 available P and 155 kg ha-1 available K.
Three levels of phosphorus (35, 70 and 105 kg P ha-1)
and three levels of potassium (30, 60 and 90 kg K ha-1) in
combination were tested on a seed crop of French bean.
The ten treatment combinations, thus formulated were viz.,
T1 Control: RDN (70 kg N) + 0 kg P + 0 kg K ha-1; T2: RDN
+ 35 kg P + 30 kg K ha-1; T3: RDN + 35 kg P + 60 kg K ha-1;
T4: RDN + 35 kg P + 90 kg K ha-1; T5: RDN + 70 kg P +
30 kg K ha-1; T6: RDN + 70 kg P + 60 kg K ha-1; T7: RDN
+ 70 kg P + 90 kg K ha-1; T8: RDN + 105 kg P + 30 kg K
ha-1; T9: RDN + 105 kg P + 60 kg K ha-1; and T10: RDN +
105 kg P + 90 kg K ha-1.
The experiment was laid out in randomized block
design with three replications. The crop was sown in
the first week of November during both the years, and
harvested at full maturity in March second week. The
seeds of the variety ‘Contender’ were sown manually
in shallow furrows opened by hand hoe, maintaining a
spacing of 40 x 20 cm. As per the treatment combinations,
the entire dose of phosphorus (in the form of diammonium
phosphate) and potash (in the form of muriate of potash)
was applied as basal dose to all the plots at the time of field
preparation. Nitrogen, applied through DAP and urea, was
given uniformly to all plots at the rate of 70 kg ha-1. Half
the quantity of nitrogen was applied as basal dose along
with phosphorus and potash, and the remaining half as top
dressing at 30 days after sowing. The field was kept free
from weeds throughout the crop duration. Recommended
package of practices were followed to raise the crop.

Table 1: Effect of different phosphorus and potassium levels on vegetative and root characters of French bean
Treatment

Plant height
(cm)

T1 Control: RDN (70 kg N) + 0 kg P + 0 kg K ha-1
T2: RDN + 35 kg P + 30 kg K ha-1
T3: RDN + 35 kg P + 60 kg K ha-1
T4: RDN + 35 kg P + 90 kg K ha-1
T5: RDN + 70 kg P + 30 kg K ha-1
T6: RDN + 70 kg P + 60 kg K ha-1
T7: RDN + 70 kg P + 90 kg K ha-1
T8: RDN + 105 kg P + 30 kg K ha-1
T9: RDN + 105 kg P + 60 kg K ha-1
T10: RDN + 105 kg P + 90 kg K ha-1
SEm±
CD (P=0.05)

27.9
31.5
34.5
35.6
37.4
40.8
41.2
40.3
41.5
41.7
2.0
5.9

Number of
branches per
plant
5.5
6.4
7.6
7.9
7.9
8.1
8.1
7.9
8.2
8.2
0.2
0.5

Number of
leaves per
plant
9.2
10.3
11.5
12.1
12.4
13.7
13.8
12.6
13.8
14.0
1.0
2.7

Primary root
length (cm)
8.5
10.4
11.2
11.4
12.3
12.8
12.8
12.9
13.0
13.0
0.3
0.8

Number of
nodules per
plant
3.0
4.2
5.1
6.4
7.5
10.0
10.5
9.4
10.5
10.7
0.3
0.9
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Table 2: Effect of different phosphorus and potassium levels on seed characters and seed yield of French bean
Treatment
T1 Control: RDN (70 kg N) + 0 kg P + 0 kg K ha-1
T2: RDN + 35 kg P + 30 kg K ha-1
T3: RDN + 35 kg P + 60 kg K ha-1
T4: RDN + 35 kg P + 90 kg K ha-1
T5: RDN + 70 kg P + 30 kg K ha-1
T6: RDN + 70 kg P + 60 kg K ha-1
T7: RDN + 70 kg P + 90 kg K ha-1
T8: RDN + 105 kg P + 30 kg K ha-1
T9: RDN + 105 kg P + 60 kg K ha-1
T10: RDN + 105 kg P + 90 kg K ha-1
SEm±
CD (P=0.05)

Number of mature
pods per plant
13.0
15.3
18.3
19.5
21.4
22.8
23.4
22.0
23.7
24.0
0.67
1.93

Field observations on nine horticultural traits viz., plant
height (cm), number of branches per plant, number of leaves
per plant, primary root length (cm), number of nodules per
plant, number of mature pods per plant, number of seeds
per pod, test weight of seed (g), seed weight per plant
(g) and seed yield (kg ha-1) were recorded with standard
methods. The pooled data were subjected to analysis of
variance and critical difference at 5% level of probability
for significance of treatments for comparing the means by
the method as advocated by Panse and Sukhatme (1985).

RESULTS AND DISCUSSION
The data recorded for different vegetative, root and yield
attributing characters of French bean var. ‘Contender’,
from both the first year as well as the repeat trial of second
year, was analysed statistically and the compiled data is
presented in Table 1 and Table 2. A perusal of the data
indicated that all the vegetative, root and yield attributing
characters of French bean responded significantly and
positively to the graded application of phosphorus and
potash along with nitrogen.

Vegetative and Root Characters:

The results (Table 1) revealed that every increment in rate
of phosphorus and potash brought about marked increase
in plant vegetative characters viz., plant height, number
of branches per plant, number of leaves per plant, as well
as root characters viz., primary root length and number
of nodules per plant. The data revealed that increasing
levels of phosphorus and potash improved all the plant
vegetative characters at all the stages of crop growth. In
the present study, the progressive beneficial effects of P
and K have been observed upto 70 kg P + 60 kg K ha-1
only. Combined application of 70 kg P + 60 kg K ha-1 along
with RDN (T6) resulted in significantly higher plant height
(40.8 cm), number of branches per plant (8.1), number
of leaves per plant (13.7), primary root length (12.8 cm)
and number of nodules per plant (10.0) over the control.

Number of
seeds per pod
5.3
5.8
6.6
6.9
7.5
8.2
8.4
8.0
8.5
8.5
0.29
0.83

Test weight
of seed (g)
93.8
98.6
100.7
101.8
105.2
107.6
108.7
105.5
108.2
109.0
1.78
4.14

Seed weight
per plant (g)
7.95
8.84
10.64
11.02
12.23
13.68
13.87
12.13
13.95
13.84
0.29
0.85

Seed yield
(kg ha-1)
993.8
1105.0
1330.0
1377.5
1528.4
1710.0
1733.8
1516.0
1718.8
1743.4
15.47
67.35

The least values for the above vegetative characters were
observed in control. Although, application of higher doses
of phosphorus @ 105 kg ha-1 and potash @ 90 kg ha-1
recorded maximum values for these characters, but they
were at par with 70 kg P + 60 kg K ha-1. The higher doses
of phosphorus and potash beyond 70 kg and 60 kg ha-1
respectively, did not result in any significant improvement
in plant vegetative and root characters in the present
experiment. The increased availability of other essential
elements from the soil due to increased root proliferation
and enhanced cell division and photosynthetic activity by
the combined effect of phosphorus and potassium may be
attributed for the increased vegetative growth of French
bean plants in the present study. Increased vegetative
growth in French bean due to the application of phosphorus
and potash have also been recorded by Karim et al. (2020);
Singh et al. (2018); Ali et al. (2015); Lad et al. (2014);
Subhashree et al. (2011) and Arya et al., (1999).

Seed Characters and Yield:

The compiled data of both the years recorded on different
seed characters of French bean is presented in Table 2.
It could be noted from the data (Table 2) that a similar
trend, as that of vegetative characters, was reflected in the
improvement pattern in seed characters and seed yield also.
That means, there was significant enhancement in all the
seed characters and seed yield with successive increment
in the levels of applied phosphorus from 35 kg to 70 kg ha-1
and potash from 30 kg to 60 kg ha-1. The effects of higher
doses of phosphorus and potash beyond this level were
not significant. Application of RDN + 70 kg P + 60 kg K
ha-1 (T6) resulted in significantly higher number of mature
pods per plant (22.8), number of seeds per pod (8.3), test
weight of seed (107.6 g) and seed weight per plant (13.68
g), while the control treatment recorded the least values for
the above seed characters. The above respective values of
different seed characters increased marginally with higher
doses of phosphorus and potash, but remained at par with
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70 kg P and 60 kg K ha-1, and hence the improvement was
non-significant.
The seed yield of any crop is generally based on two
important components viz., seed weight per plant and
plant population per hectare. Further, the seed weight per
plant is governed by number of pods per plant, number of
seeds per pod and test weight of seed. The data on seed
yield (Table 2) showed that application of RDN + 70 kg
P + 60 kg K ha-1 (T6) resulted in significantly higher seed
yield (1710.0 kg ha-1) over the control (993.8 kg ha-1). The
increment in seed yield was to the tune of 172% over the
control. Although, the highest seed yield (1743.4 kg ha-1)
was obtained with RDN + 105 kg P + 90 kg K ha-1 (T10),
but the yield increment was non-significant.
The increment in seed yield was obvious because
application of phosphorus and potash may have brought
about overall nutritional improvement in the rhizosphere
as well as in the plant system due to increased root
proliferation and nodulation. Phosphorus and potassium
is important for greater photosynthesis efficiency and
production of assimilates and their efficient portioning
into seeds. In a seed crop, phosphorus has greater role to
play as it is reported to improve fruiting and increasing
the number and size of seed grains; therefore, it directly
affects seed quality and quantity. Thus, plants well supplied
with adequate quantities of phosphorus and potassium
are expected to have efficient photosynthetic mechanism
and are better equipped for efficient translocation to sink
site, consequently resulting into increased seed yield.
Improvement in seed characters and seed yield in French
bean with phosphorus and potash application has also been
reported by Karim et al. (2020); Singh et al. (2018); Ali et
al. (2015); Lad et al. (2014); Subhashree et al. (2011); Joshi
et al. (2003); Arya et al., (1999) and Kanaujia et al. (1999).
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