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ABSTRACT
Nanoscience is a very exciting and useful branch of science, in which, nanoparticles are designed
for various purposes. World market for nanomaterials is increasing rapidly and advanced
countries are earning a substantial amount from marketing of nanoparticles. But other side of
the coin is related to the ill-effects of nanomaterials. Now-a-days nanomaterials are widely and
indiscriminately used without realizing their short- and long-term consequences. Applications
of nanomaterials may lead to several adverse effects on fauna and flora of the Earth. The
disposed nanomaterials contaminate soil system which is the home of various invertebrates
including earthworms. They effect metabolism, reproductive potential and life cycle and
sometimes lead to death of organisms living beneath our feet. It declines soil sustainability and
hampers productivity leading to economic losses. Therefore, no nanomaterial should be used
without its impact assessment otherwise we will not be in a position to revert irreparable losses
caused by use of nanomaterials.
Keywords: Nanoparticle, earthworm, nanotoxicology, metabolism, stress, life-cycle

Nanoscience has revolutionized the world. It is the science
of particles at nanoscale. Manipulation, manufacturing
and application of nanoparticles (1-100nm size ) created
nanotechnology subject. Nanoparticles may be natural or
artificial. Generally engineered particles of nanoscale are
referred to as nanoparticles. They are purposefully designed
with a very precise shape, size and property. Commonly
used engineered nanomaerials are metal and metal oxide
nanomaterials, carbon nanomaterials, quantum dots and so
on. Nanomaterials may be used for biosensing, imaging,
catalysis, photodegradation, photoprotection, , cosmetics,
drug delivery, gene therapy, biomedical products,
water treatment, pollution control, bioremediation etc.
Applications of engineered nanoparticles have been
increasing since 1990s but it has grown rapidly from 2000
onwards. Due to dynamic potentials of nanoprticles the
production of nanomaterials is anticipated to be worth US
dollar few trillions in the days to come. Here I would like
to point out that benefits from new technologies also bring
disadvantages ( non-desirable effects ). Use of nanoparticles

ends up with their release in environment leading to many
adverse effects in biosphere. They may pollute air, soil and
water systems and hamper the health of biota living there
in. Recently, a new branch i.e. nanotoxicology came into
existence, which deals with the study of harmful effects of
nanoparticles and nanomaterials. One may ask the question
why nanoparticles are to organisms? The toxicity may be
because of many reasons such as : 1. Extremely small size
of nanoparticles enhances the surface area to volume ratio
which facilitates their interactions with living organisms,
2. Surface charge of nanoparticles contribute to toxicity,
and 3. Chemical properties of nanoparticles attribute to
high reactivity leading to toxicity. Further it has been found
that non-coated nanoparticles are more toxic than coated
particles. In fact intrinsic (physicochemical) and extrinsic
(functional) characteristics determine the toxicological
properties of nanomaterials. Human society is largely
unaware about hazards of nanomaterials. Presently
Identification, categorization, coding and information
generation about interaction of nanoparticles with
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biological system are the major challenges to scientists
(Pourmand and Abdollahi, 2012). If one could connect the
nanomaterial features with the degree of toxicity then the
prediction of potential hazards will be easy (Fadeel, 2013).
It will certainly support a safe manufacturing approach to
produce nanoparticles with minimal or no toxicity.
Nanoparticles easily enter into environment and
organisms due to their extremely small size and high
reactivity. They undergo various transformations in their
physiochemical properties ones reach to the environment
. Mainly nanomaterials enter aquatic and terrestrial
ecosystems by industrial effluents, sewage sludge and
domestic waste water. They enter into terrestrial and soil
fauna through skin, respiratory tract and digestive system
and ultimately reach to different tissues and organs.
Nanoparticles may also reach to brain and affect neurons.
Some nanomaterials cause irreversible damages to cells
due to oxidative stress and organelle injury. Virtually
the toxicity of nanoparticles depends on particle size,
shape, coating, chemical properties and concentration so
also encountering organisms. The hazardous effects of
nanomaterials has raised a great issue as to how one can
manage, reduce or counter the ill-effects of these materials.
Since megadrili resources play a key role in maintaining
the structure and function of soil system, they are
employed as a potential candidate for nanotoxicological
studies. Most of the laboratories consider earthworms
for ecotoxicological investigations. The Organization
for Economic Cooperation and Development (OECD)
and International Organization for Standardization (ISO)
have given some guidelines for ecotoxicological risk
assessment in soil organisms particularly for earthworms.
They documented the effects of unwanted chemicals on
survival and reproduction of earthworms. In laboratories
the toxicological assessments on earthworms have been
performed by using Eisenia fetida and Eisenia andrei in
artificial soil.
Diversified uses of nanoparticles at industrial,
commercial and domestic level ultimately release the
nanoparticles into the environment where they are
dispersed in air, water and soil (Nowack and Bucheli,
2007; Holden et al., 2014). This transforms the surface
properties of nanoparticles altering the particle charge etc.
(Handy et al., 2008 ; Lombi et al., 2013 ; Ma et al.,2013).
Aggregation or agglomeration occurs among nanoparticles
only when energy of attraction exceeds the energy of
repulsion (Farre et al., 2009). These phenomena have been
described in water and soil ecosystems (Quik et al., 2010
; Kiser et al., 2010). The nanotoxicological assessment in
below-ground fauna is very limited due to complexity of
soil and lack of suitable techniques for characterization
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of nanoparticles in soil system. Nanomaterials find their
way into agroecosystem by applications of sewage sludge,
nanoherbicides , nanopestcides , nanofertilizers and so on.
Ingestion of soil produces toxicity in soil fauna including
earthworms. Release of nanoparticles in terrestrial
ecosystem generates potential risk to microorganisms
and animals (Boxall et al., 2007; Unrine et al., 2010).
Nanoparticles have been reported to contaminate food
chain. Evidence is available for transfer of nanoparticles
at trophic level and biomagnifications in terrestrial food
chain (Judy et al., 2011).
The class Oligochaeta contains a few-bristle worms
which constitutes an important taxonomic group of aquatic
and terrestrial ecosystems. This class was traditionally
separated into microdriles and megadriles. Microdriles
are small oligochaetes which may live in fresh water,
sea water and wet soil. However, megadriles are often
large oligochaetes which mostly live in terrestrial soil.
Few megadriles are aquatic or semi –aquatic in nature.
Earthworms belong to megadrile group. They were one of
the first animal group colonizing human soils from the end
of Palaeozoic era. Charles Darwin was first to realize the
importance of earthworms in formation of vegetable mould
and indicated them as a friend of farmers. A matter of serious
concern is that the hazardous effects of nanomaterials are
gradually increasing in pedoecosystem. It is attracting
many scientists to study behavior and biological effects
of nanoparticles in environment. Scott-Fordsmand et
al. (2008) reported the impacts of double walled carbon
nanotube and C60 fullerenes on reproduction of the
earthworm, E. veneta. It has been found that titanium oxide
and zinc oxide nanoparcles induce enzymatic changes and
cellular dysfunctions causing DNA damage in E. fetida
(Hu et al., 2010). Adverse impacts of silver nanoparticles
on survival, structure and behavior of Allolobophora
chlorotica have been documented (Brami et al., 2017).
Silver nanowires have been demonstrated to cause
cytotoxicity in E. Andrei (Kwak et al.,2017). Majority of
works on earthworm nanotoxicology are concerned with
silver and carbon nanomaterials. Zinc oxide nanoparticles
is one of the most commonly used particles of nano scale. It
has a broad range of applications from chemical sensors to
personal care products. Few workers investigated the toxic
effects of zinc oxide nanoparticles on E. fetida (Unrine
et al., 2008; Hu et al., 2010; Li et al., 2011). Survival of
megadrili soil bioresources is greatly affected by presence
of nanoparticles in pedoecosystems.
Treatment of zinc oxide and titanium oxide
nanoparticles to the earthworm, E. fetida in artificial soil for
about one month exhibited adverse effect on reproduction
(Canas et al., 2011). The toxicity of zinc oxide nanoparticles
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was higher as compared to titanium oxide nanoparticles.
Similarly, exposure of E. veneta to zinc oxide nanopartcles
reduced reproductive capability by 50 percent (Hooper
et al., 2011). Tourinho et al. (2012) also reported decline
in reproduction of earthworm in response to exposure of
zinc oxide nanoparticles. Hu et al. (2010) demonstrated
increase in toxicity and accumulation of zinc oxide and
titanium oxide nanoparticles in E. fetida as a function
of their increasing concentrations. They suggested that
higher concentration of zinc oxide nanopaticles is toxic
to DNA and antioxidant system. Higher concentration
of zinc oxide nanoparticles greatly affects survival and
causes mortality in E. fetida (Yausheva et al., 2016). The
degree of toxicity depends on the type of nanoparticle. For
an instance the different levels of oxidative stress were
observed in response to treatment of same concentration
of copper, copper oxide and zinc oxide nanoparticles to
E. fetida (Mwaanga et al., 2017). Treatment of fullerene
(C60) induced the lethality and inhibited growth and
reproduction of the earthworm, Lumbricus rubellus (
Van der Ploeg et al., 2011). They found juveniles more
sensitive to C60 than the adult earthworm.
Earthworm is an excellent bioindicator and sentinel
fauna for testing of toxicants in soils. Chouhan and Tripathi
(2018a) reported a gradual decrease in LC50 values with
exposure period of E. fetida to zinc oxide nanoparticles.
The bedding temperature and pH affected the median
lethal concentration of nanoparticles. They also found
increased mucus secretion and changes in body colour
after exposure to zinc oxide nanoparticles. Exposure
of juveniles of E. fetida to zinc oxide nanoparticles
declined body mass and length gain more in artificial soil
as compared to natural substrate (Chohan and Tripathi,
2018). Treatment of zinc oxide nanoparticles to E. fetida
significantly decreased profiles of various biochemical
constituents including metabolic enzymes. The reductions
in biochemical contents were concentration-dependent
(Chohan and Tripathi, 2019). Exposure of E. fetida to
zinc oxide nanoparticles decined cocoon production,
hatching and rate of reproduction (Chouhan and Tripathi,
2020). There is an urgent need to understand potential
risk of nanoparticles and mitigate their toxic effects. The
drawback, side effects or danger of using nanomaterials
should be realized soon and necessary measures should
be taken well in time to save environment and biological
world.
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ABSTRACT
Tomato leaf curl disease (TLCV) is the most destructive disease in Tropical and sub-tropical
countries. TLCV causes distinct curling symptom of leaf in tomato crop. In the present
investigation metabolic parameters viz; moisture and dry matter content, chlorophyll content,
enzymatic activities, carbohydrate content, protein content and phosphorus content have been
studied between infected and healthy plant parts. It was found that virus infection reduce the
moisture and dry matter content of tomato cultivars. Reducing and non-reducing sugars as
well as starch content observed lower in infected plants. Total and organic phosphorus content
in infected samples were always higher in comparison to healthy counterparts in all stages of
infection.
Keywords : Tomato leaf curl virus, Concentration, Metabolic parameters.

Vegetable crops include leafy and fruit vegetables known
to be susceptible to a large number of viral diseases. In
U.P., Tomato (Lycopersicon esculentum L.) is an important
fruit vegetable grown almost all over the state as winter or
summer crop.
Tomato is one of the most popular and widely grown
vegetable crop in India. It is one of the most important
“protective foods” because of its special nutritive value.
Tomato contains Lycopene and B-carotene pigments (Rais
and Sheoran, 2015). Viral disease in tomato crop does not
cause only a disease but ruin whole crop field.
Tomato leaf curl disease is one very damaging problem
and characterized by ‘severe stunting’ of the plants with
downward rolling and curling of the leaves. The newly
emerging leaves exhibit slight yellow coloration and
later on they also show curling symptoms. Older leaves
become leathery and brittle. The nodes and internodes are
significantly reduced in size. The infected plant become
pale and produce more lateral branches giving bushy
appearance. The fruits from infected plants are small and
deformed.
It has been observed during survey of the local areas
that like other economically important crops it is also
subjected to a number of diseases common on tomato

plants. This disease causes severe losses in the growth and
crop yield. A study of the host-virus interaction in respect
of physiological alteration in tomato varieties-Pusa Ruby
and Money Maker have also been ascertained. In addition
to tomato, the virus causing leaf curl, infects many other
host under natural conditions e.g. Carica papaya, N.
tobaccum, White barley, Capsicum annum, S. melongena,
S. nigrum, Xanthium strumarium. The alternate hosts are
found susceptible to TLCV when inoculated artificially
through White fly (B. tabacci). In the present study an
attempt has been made to study the effect of tobacco leaf
curl virus on productivity and metabolism of tomato plant.
In the present study, all the experiments were carried
out in an insect proof chamber which was regularly
fumigated to keep it free from insects and other pathogens.
All the articles required for experiment work were
sterilized and the experiements were performed under
natural light conditions.
The inoculums TLCV. collected from two tomato
varieties e.g. Pusa Ruby and Money Maker under natural
field condition and were maintained throughout the
experimental period .The virus isolate has been identified
by using contemporary technique. Seeds of tomato variety
Pusa ruby and Money maker purchased from Hind Seed
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Company, Reedganj Kotwali, Faizabad.
Seed variety Pusa Ruby and Money maker were
sown in two sterilized cemented pots (size 45cm.x45cm.
x45cm.) each for Pusha Ruby and Money maker. For
each variety, there were 20 seedlings gown. Each pot
was filled up with a mixture of sand, loam and compost
(ratio 1 :1:2 w/w). Before sowing, seeds were treated with
0.1% mercuric chloride solution for two minute and were
washed immediately in running water and then sown in
cemented pots for germination.
When sedlings attained 4 to 5 leaves stage these were
transplanted into eight cemented pots (size 45 cms x 45
cms x 45 cms.) four for each variety Pusa Ruby and Money
Maker. A number of 5 seedlings were planted in each pot
at the distance of 10 inch. Out of 20 seedlings of Pusa
ruby, 10 plants of 2 pots were selected for test material and
next 10 as control (healthy). Test sample were collected
at different intervals of 30,60,90,120,180 days after
inoculation of the sets for detail comparable study.

curl and their varieties like green coloured, folded streak
and chlorosis induce a reduction in chlorophyll content
in comparison to their healthy counterparts. Effects of
infections on chlorophyll contents of the leaves of tomato
(Pusa ruby and Money maker) have been estimated at
30,60,90,120,150 and 180 days after inoculation.

Moisture and Dry matter contents.

Usually a reduced photosynthetic activity along with
increased concentration of the assimilates especially
carbohydrates have been noticed. The present study
involves the changes in the carbohydrate contents of leaf,
stem and root of tomato plants cv. Pusa ruby and Money
maker on different days after inoculation. The starch
content was determined according to the method described
by Snell and Snell (1953).

Virus infection like other pathogens causes major attention
in moisture and translocation of solutes of host plants.
There are reports of decreased as well as increased moisture
content due to virus infection. The water and dry matter
contents vary with the progress of infection and growth
of the plant. Inoculation made on the same day when the
seedings attained at 4-5 leaves stage. The moisture and
dry matter content of leaves from healthy and infected
tomato varieties were determined separately from sample
collected 30,60,90,120,150 and 180 days after inoculation.
Care was taken to avoid loss of moisture between the time
of sampling and determination of fresh weight. Later on
all samples were kept in an oven at 650 C to obtain a dried
content weight. The differences between fresh weight and
dry weight was taken, the moisture content thus obtained
and expressed as percent moisture on fresh weight basis.
Average dry weight of leaf was calcutated as
percentage dry matter on fresh weight basis.
Calculation of moisture and dry matter percentage

Moisture content ( % ) =

Fresh weight X Dry weight
×100
Fresh weight

Dry weight
Dry matter content ( % ) =
×100
Fresh weight
IX.2 : Chlorophyll content.

Usually virus infection induce change in coloration of
leaves by causing leaf curl or related symptoms. All leaf

IX.3 : Enzymatic activities.

The enzymatic activities of the host plant has been greatly
influenced by the virus infection (Wynd, 1943) Only a
few workers have done experiment on specific oxidative
enzyme and the energy yielding processes in the plant.
Few more studies towards that enzymes and their possible
role in regulating the metabolism of diseased plants have
also been made. A study was made to find out the effect of
tomato leaf curl virus on peroxidase and catalase activity
in tomato cultivars at different intervals after infection.
The activity of Peroxidase was measured by the method
Perur (1962) and catalase by Dekock et.al (1960).

IX. 4 : Carbohydrate contents.

IX.5 : Nitrogen contents.

Virus replication reveals the synthesis of virus specific
abnormal protein. Disturbances in the nitrogen metabolism
of infected plants were reported. There are reports on both
increased and decreased levels of nitrogen contents in virus
infected plants. Total nitrogen was determined from dried
plant material digested by the micro method of Doneen
(1932).

IX. 6 : Protein Contents.

While working on the protein metabolism of virus infected
plants, several workers have observed changes in the
protein contents. An experiments was therefore setup to
know the nature of change in protein content of tomato
infected tomato leaf curl (TLCV) virus (Pusa ruby and
Money maker.

IX.7 : Phosphorus contents.

Despite the fact that phosphorus compound have been
quite important in the virus synthesis, little work regarding
phosphorus content in the infected plant have been made.
Total phosphorus content was estimated in terms of
phosphate by the method described by Humphries (1956)
by ashing the material.

Effect of TLCV on Metabolic Parameter and Yield of Tomato

RESULTS AND DISCUSSION :
Virus infection on both the tomato cultivars Pusa ruby and
Money maker affected and reduced the growth of plants,
though it was more severe in Pusa ruby than Money maker.
The virus affected the growth of shoot more seriously than
of root. Effect of virus infection on growth was more
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pronounced in plant harvested at a later stage of growth
than the early ones.
It was found that virus infection reduced the moisture
and dry matter content of tomato cultivars normally. The
shoot and root sample from infected plants had lesser
moisture contents and more dry matter than healthy
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counterparts. This showed a gradual increase with the age
of the plants, both in healthy and diseased conditions.
The diseased samples of leaf, stem and root had lower
contents of reducing and non-reducing sugars and starch
than healthy samples of corresponding age. The highest
concentration of different water soluble sugars was found
in leaves followed by stem and root respectively. Further,
the diseased samples had higher percentageof the total
nitrogen, protein, nitrate-nitrogen and total free amino
acid in virus in fected tomato plants/parts as compared to
healthy ones. The maximum of this fraction were in leaves
followed by root and stem respectively. The contents
increase steadily up to 120 days and then declined
gradually.
It has been observed that total and organic phosphorus
contents in infected samples were always higher in
comparison to healthy counterparts in all stages of
infection but the inorganic phosphorus was lower.
The virus infection reduced the number of fruits, its
length and the weight of seeds and fruit in both cases. It
was more severe in Pusa ruby and Money maker. The
percent loss in yield was higher in early inoculated plants
than the late inoculated ones. The maximum percent yield
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loss was marked in money maker inoculated on 7th day of
germination while it was minimum in inoculated on 18th
day of germination.
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ABSTRACT
The study on food compositions of the Indian fox (Vulpes bengalensis) was carried out in
Balotra (Barmer) in hot desertic land. This threatened species listed with Schedule II of Wildlife
(Protection) Act 1992. This opportunistic and omnivorous animal feeds upon small rodents,
birds, eggs, snake, lizards and insects. It also feeds upon seed and seasonal fruits of Capparis
decidua, Acacia tortilis, Acacia senegal, Aerva javanica, Prosopis cineraria, Prosopis juliflora,
Salvadora persica, Ziziphus species, Cucumis melo, Citrullus lanatus, Cordia myxa, Punica
granatum. Direct observation technique and scat analysis were used to recognize the diet
compositions. In total, 202 scats were collected across the study sites during the year of 2015
to 2018. Scats are analyzed to categorize the prey species of the fox. Seasonal variations were
found in fox’s diet. During winter season the fox mostly depended upon ber, aves and mammals
while in summer it mostly likes Prosopis juliflora, Acacia tortilis, Prosopis cineraria, hair and
bones of animals. During monsoon season it feeds on Ziziphus and small mammals.
Keywords: Indian fox, food composition, scat analysis, prey, desert.

INTRODUCTION
The Vulpes bengalensis is a mammal from the order
Carnivora, Caniformia suborder and Canidae family. It is
locally known as lokri or lomri. The Indian fox is endemic
species in India and spread from the lower regions of
the Himalaya to the Southern tip of the Indian Peninsula
and extends from Sindh Province of Pakistan east to
Bangladesh (Pocock, 1936; Prater, 1980; Gompper and
Vanak, 2006; Johnsingh and Jhala, 2004). The range of
Vulpes bengalensis is restricted to the Indian subcontinent
(Gompper and Vanak, 2006). The species is comparatively
abundant in the biogeographically zones of the desert,
semi-arid and also the Deccan Peninsula of India (Rodgers
et al., 2002). It is threatened species because of the loss of
habitat and hunting its habitat (Vanak et al., 2008).
The Indian fox prefers relatively parched areas, short
grasslands, deciduous forests and scrub-thorn forests
(Rodgers et al., 2000). Indian foxes are generally observed
in protected grasslands habitat compared to the agricultural
scenario that reports in Southern India’s survey (Vanak,
2005). The home ranges are calculated at approximately

2 km2 (Maurya, 2012). The number of the Indian fox is
rarely in abundance in its range and it may be absent from
many places within its range (Vanak, 2005).
Vulpes bengalensis is opportunistic feeder (Johnsingh,
1978). The foxes are nocturnal in habit and eating regimen
includes arthropods, small mammals, birds, reptiles, and
different vegetative parts (Johnsingh, 1978; Johnsingh and
Jhala, 2004; Manakadan and Rahmani, 2000; Cavallini
and Lovari, 1991; Vanak, 2003). The presence of many
types of vertebrates and invertebrates prey species were
isolated by the fecal examination in southern Tamil Nadu
(Johnsingh, 1978). Hairs of rodent were commonly
reported in the scats of pups (Manakadan and Rahmani,
2000).

MATERIAL AND METHOD
Study area: Research of the diet composition of Indian
foxes was conducted in the different intensive study sites,
which is situated near Balotra in Barmer district. It is the
north-west part of the Rajasthan and falls in the hot desert
region. It lies between 240 58’ to 260 32’ north latitudes
and 700 05’ to 720 52’ east longitudes. The western
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Scat collection and Scat analysis: For studies, the
direct observation techniques, survey, questionnaires
and interviews of local people including villagers and
shepherds, photography were followed. During the survey
pugmark and scat sample was also photographed and
find out the remaining of undigested food in the scat by
Korschgen (1980) and Putman (1984) methods. Scats
were collected from study sites and near the den site
then transfer into plastic bags. Thereafter, they were kept
in an oven at 600 C for 48 hours in the laboratory. After
dehydrated scats were drenched in water and dismembered
by the help of the forceps and needle. Undigested remains
such as insect, feathers, hairs, bones, seeds, skin, egg shells
etc. were separated from each sample separately and they
were divided into groups.

Rajasthan encompasses a diffusion of habitats such as flats,
rocky plateaus, mountains and sand dunes. This place is
characterized by excessive temperature, violent wind and
extreme aridity. Block Balotra and nearby locations are
partially desert, partly hilly terrain and agricultural land.
The study was carried out in three different sites for
studying diet composition of Indian fox is divided into(1) Plane ground with hillocks (hilly terrain) laying near
Nakoda, Mewa Nagar and Asada (2) Irrigated areas are
Tapra, Jagsa, Budiwada and (3) Sandy area with Sanddunes portions is Manchhanio ki Dhani (Kaludi) and
Bhukhan.
Various types of floral and faunal species are found in
these regions. The vegetation of the study areas are mainly
included Capparis deciduas (Kair), Calotropis procera
(Aak), Prosopis juliflora, Prosopis cineraria (Khejri),
species of Zizyphus (Bordi), Euphorbia caducifolia (thor),
Commiphora wightii (guggal), Colligonum polygonides
(Phog), Datura stramonium, Leptadenia pyrotechnica
(kheep) etc. and various vegetables are cultivated over
areas of irrigated land.
Several species of rodents, snakes and lizards are
seen in study area. Among mammals Gazella Bennettii
(Chinkara), Boselaphus tragocamelus (Nilgai), Canis
aureus (Golden jackal), Felis s. ornate (Desert cat), Vulpes
vulpes pusilla (Desert fox), Vulpes bengalensis (Indian
fox), Herpestes edwardsi (Mongoose), Hystrix indica
(Porcupine), Hemiechinus auritus collaris (Hedgehog),
lepus nigricollis (Desert hare), Tatera indica (Indian
gerbil) etc.

RESULT AND DISCUSSION
Both plant and animal remains were found in the scats of
Indian fox.
Scat analysis of Indian Fox: Scat analysis data
showed diet and provided data about habitat use, den
site location, marking of territories. Fox droppings vary
in their appearance and consistency according to what
the animal was eaten. Total of 202 identifiable scats
were collected from all the tree intensive study sites
and analyzed. Out of these scats, 95 were collected in
summer season, 37 were collected in monsoon and 70
were collected in winter. Information’s about results of
scat analysis of Indian Fox, collected seasonally from
selected study sites are represented in given table-1, 2,
and 3.

Table- 1: Scat Analysis of Indian Fox collected seasonally from Hilly area
Intensive
study area

Season

Total
scats

Frequency

Hairs

bones

Feathers

Arthropods

Vegetable
material

Other

Hilly area

Summer

45

F

32

23

12

14

24

7

%

71.11

51.11

26.67

31.11

53.33

15.56

F

11

8

4

19

15

5

%

55

40

20

95

75

25

F

20

24

14

1

15

0

%

62.5

75

43.75

3.125

46.88

0

Monsoon

20

Winter

32

Table- 2: Scat Analysis of Indian Fox collected seasonally from Irrigated area
Intensive
study area

Season

Total
scats

Frequency

Hairs

bones

Feathers

Arthropods

Vegetable
material

Other

Irrigated
area

Summer

10

F

7

5

3

7

8

3

%

70

50

30

70

80

30

Monsoon

5

F

3

2

2

4

4

1

%

60

40

40

80

80

20

Winter

15

F

10

9

8

1

13

0

%

66.67

60

53.33

6.67

86.67

0
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Table- 3: Scat Analysis of Indian Fox collected seasonally from Sand Dune area
Intensive
study area

Season

Total
scats

Frequency

Hairs

bones

Feathers

Arthropods

Vegetable
material

Other

Sand dune
area

Summer

40

F

26

20

9

12

22

9

%

65

50

22.5

30

55

22.5

Monsoon

12

F

7

4

3

11

10

4

%

58.33

33.33

25

91.67

83.33

33.33

F

14

12

12

0

6

0

%

60.87

52.17

52.17

0

26.09

0

Winter

23

Figure-1: Frequency percentage of food compositions of Indian fox which found seasonally at Hilly area

Figure-2: Frequency percentage of food compositions of Indian fox which found seasonally at Irrigated area
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Figure-3: Frequency percentage of food compositions of Indian fox which found seasonally at Sand Dune area

Within each intensive site, significant differences
in diet composition were detected during scat analysis.
During the summer season, diet rich in fruits, vegetable
matter such as Khejri fruits were higher in percentage and
then Babool fruits and Ker. Grasses are commonly found
in the scats of foxes.
Overall 97 samples of scat were collected from the
plane ground with hillock area. Out of them, 45 scats were
collected during summer, 20 scats recorded in monsoon
and 32 scats were collected during the winter. In this study
site occurrence of hair (71.11%) found higher than all other
items during summer. It shows that flesh material was
preferred by the foxes. Similarly, the occurrence of seeds
and plant materials (53.33%), bones (51.11%), insects
(31.11%), feathers (26.67%) and other (15.56%) recorded
during this season. In monsoon season, the arthropods
(95%) were found higher followed by vegetation (75%),
hair (55%), bones (40%), other items (25%) and feathers
(20%). During winter season, the occurrence of bones
(75%) was the highest followed by hair (62.50%), plant
materials (46.88%), feathers (43.75%). No other item was
recorded that was collecting during the winter (Table-1).
Table- 2 showing in the irrigated study site, total of
30 scats were collected in all three seasons, out of them
10 scats in summer, 5 scats in monsoon and 15 scats
collected throughout the winter season. The percentage of
seeds and plant materials (80%) was observed higher than
hairs and arthropods were found equal (70%) followed
by bones (50%) and feathers and others were noted in

equal percentage (30%) during summer. In monsoon, the
occurrence of arthropods and plant materials were found
at the highest (80%) followed by hairs (60%), bones and
feathers were found in equal percentage (40%) and others
(20%).
At irrigated area, the cultivated crops (pomegranate)
were the primary component of the diet during the winter
season. Foxes were also observed in crop fields to damage
the fruits of Pomegranate, Matira, Kachri and Melons.
In the sandy area with sand dune sites, 75 identifiable
scats were collected from this site, out of them 40 scats in
summer, 12 scats in monsoon and 23 scats were collected
throughout winter.
Seasonally frequency of occurrence of seeds and
plant material in Indian fox’s scat was recorded highest in
monsoon season (79.44%) than in summer (62.77%) and
winter (53.21%). Different categories and their respective
food items observed during scats analysis. According to
Table-3 during summer season hairs (65%) were found
as the major category followed by plant material (55%),
bones (50%), arthropods (30%), feathers and other
observed in equal percentage (22.50%). During monsoon
season, major components recognized were arthropods
(91.67%) followed by vegetable materials (83.33%), hairs
(58.33%), bones and other material (skin, eggshell, wick
of lamp, coconut covering etc.) found in same percentage
(33.33%) and feather (25%). For winter season, hairs
(60.87%) were higher followed by bones and feather in
equal percentage (52.17%) and plant material (26.09%).
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No other item and arthropods were recorded that were
collecting during the winter.
Gerbils, rabbits and birds were major prey of the
Indian fox diet and insects were found frequently in the
scat of the fox.
Changing in feeding behavior: During the study
period, the Indian fox was observed to feed on deferent
items and scat analysis were also showed that feeding
behavior is different from the natural food. The Indian fox
was found eating artificial food near small temple locally
known as ‘Than’.
During scat analysis, cotton, wick of lamp, polythene,
coconut pieces and bread were also obtained in the
remains of its feces collected from Kaludi, Mewa Nagar
and Nakoda.
The results indicate that Indian foxes are opportunistic
feeder and depend on the availability of the food in that
habitat. They prey on available animals which are found
within their territory. This study shows the ability of the
foxes to adapt to different situations in the field.
In resemblance, the noticeable parallel prevalence
was also reported by Home and Jhala (2009) that Ziziphus
nummularia was the major portion of Indian fox’s fruit
diet and also reported the least quantity of the pods of
Prosopis juliflora in scats.
The present study supports the earlier studies
(Johnsingh, 1978; Manakadan and Rahmani, 2000 and
Home and Jhala, 2009, Jaipal, 2015) have emphasized
the general strategy of the Indian foxes in terms of food
procurement. The overall prevalence of food habits of
Indian foxes recorded in the present study is in close
proximity with the observations of Mukherjee et al.
(2004) who reported small mammals are high energy food
resources, Williams et al. (2002) reported small mammals
are an important source of water for a wide variety of small
carnivore inhabitants of arid habitats, Home and Jhala
(2009) who reported that 83% of the total mammalian diet
of the Indian fox was formed by the rodents.
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ABSTRACT
Nilgai is largest and fast moving Indian antelope. In western Rajasthan it is commonly known
as Roj. It is protected under the schedule III of Wildlife Protection Act, 1972. It lives in herd
and starts daily activities before the sun rise. Mainly Nilgai is grazer but it became browser
in the scarcity of grasses during winter and summer. During monsoon the Nilgai Preferred
green grasses and herbs very much while browsed only on leaves and young twigs of Prosopis
cineraria, Ziziphus nummulariaand Acacia senegal. The feeding preferences changed according
to season and depended upon availability and quality of vegetation. Nilgai did not prefer the
Gramno (Panicum antidotale), Murat (Penicum turgidum), Karad (Dichanthium annulatum),
Moth (Cyperus rotundus), Kheemp (Leptadenia pyrotechnica), Angreji babul (Prosopis
juliflora), Jal (Salvadora spp.), Bui (Aerva javanica), Murat makro (Brachiaria ramose) etc.
in monsoon season. During summer they were observed feeding upon those plants which were
avoided by them during monsoon and winter. In agricultural field Nilgai damaged the Kharif
crop maximum at fruiting stage of them the fruit of Matira (Citrullus lanatus) were highly
preferred.
Keywords: Nilgai, Grazer, Browser, Feeding preference, Season.

INTRODUCTION
Nilgai is common Indian antelope and is found in different
types of habitats from ground level to hilly areas. It is
native to India and Pakistan. It avoids the thick forest
but prefers the open forest (Sterndale and Finn, 1929;
Prakash, 1956a and 1956b; Prater, 1980; Majupuria,
1982). Nilgai are found in fair number all along Indira
Gandhi canal command region and double cropped areas
of desert but previously they were not seen in that region
(Prakash, 1994). It shows clear sexual dimorphism. In
male the base of horns are triangular but circular pointed
towards tip. Adult female and young individuals are light
in colour. White spot are present below the chin and on
both sides of cheek. Two white bands are found above
the hoof(Sterndale and Finn, 1929; Prater, 1980; Eleman
and Morrison-Scott, 1951, Fall, 1972). Similar to other
antelopes it has the specific glands below the hooves which
help in communication (Prater, 1980). When it was chased
Nilgai jumped over 7 feet high fencing (Jaipal, 2012).

Nilgai feeds upon different natural and cultivated plants.
It is also a crop pest (Chopra and Ray, 2010; Chouhan
and Sawarkar, 1989). The blue bull is voracious herbivore
(Rajpurohit et al., 2006). Chhangani and robbins (2008)
noted that Coriandrum sativum is most favourite food and
they repeatedly attack on coriander leaf.

MATERIAL AND METHODS
Study area

The study was conducted at Desert National Park which
is situated in the Thar Desert. The park is spread on 3162
km2 in Jaisalmer and Barmer districts at 25o47’ to 26o46’ in
northern latitude and 70o15’ to 70o45’ in eastern longitude.
Area has been divided into core zone and buffer zone.
Core areas have been sub divided into 28 enclosures and
are protected by wire fencing but 76 villages are located
in buffer area where agricultural and grazing activities are
permissible. The area is characterised by low humidity,
extremes of diurnal and annual temperatures. In summer
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temperature rises up to 50o whereas in winter night it falls
down to -3o. The sand storms come in month of June and
some with speed of 130 km/hours. Average rain fall is
scanty and varies from 100 to 400 mm. The Vegetations
are xerophytes and thorny.

Scientific Name

Methods

Aristida mutabelis Lampri

Local
Name

Aristida funiculate Lampri
Aristida
hystriculata

Summer Winter Monsoon
W

W

W

Dholio lamp W

W

W

W

W

W

Altman (1974) sampling method was applied during
field work and data were collected from dawn to evening
twilight. The 8A X 40 prismatic binocular was used to
observe the feeding activities. The questionnaire was
prepared for collecting the data of crop damage and
feeding preferences. Farmers and shepherd’s interviews
were taken to gather the information related to feeding
activities.

Arnebia
hispidissima

Ram bui

-

-

W

Azardirachta
indica

Neem

L, T, F,
Fr, fp

L, T

-

Boerhavin diffusa

Sinawadi

Fecal matter analysis method

Feeding habit and feeding preferences of Nilgai were
also access by the fecal matter analysis. The fecal pallets
of Nilgai were stored in plastic bags and tagged the
information related to collection time, date and study sites.
The fecal matter (pallets) of Nilgai were collected from
various intensive study sites periodically in each season
and analyzed. The fecal pallets were sun dried thereafter;
they were soaked in water for 24 hours after that those
were pressed and dismembered. The dismembered
material having water were passed through 1 mm and 0.5
mm pore size sieves respectively and undigested materials
were separated by the help of the needles and forceps. The
results indicated the presence of seeds of different plants
and small parts of twig of trees, bushes and grasses in fecal
pellets which were collected from all the three study sites.
Table 1 Feeding Habit of Nilgai noted in Desert National
Park during the study period.

W

W

W

Brachiaria ramose Murat
makro

W

W

-

Calotropis procera Aak

F,P,L,T,fl F, L

Capparis deciduas Ker

F, Fr, T

F, Fr, T F, fr

F

Cenchrus biflorus

Bhurat

W

W

W

Cenchrus ciliarus

Dhaman

W

W

W

Cenchrus prieurii

Lambo
Bhurat

W

W

W

Chorchorus
olitorius

Hade ro
khet

-

W

W

Chorchorus
tricularis

Hade ro
khet

-

W

W

Chorchorus trident Kagnasha

-

W

W

Citrullus lanatus

Matira

-

-

Fr

Citrultus
colocynthis

Tumba

-

-

Fr

Citrulus fistulosus

Tindsi

-

-

Fr

Convolvulus
microphyllus

Sintar

-

W

W

Crotalaria burhia

Sinia

W

W

W

Cucumis callosus

Kachrio

-

-

Fr

Cucumis melo

Kachri

-

-

Fr

Cucumis
prothetarum

Khar
kachrio

-

-

Fr
W

Season

No. of
Observations

Grazing

Browsing

Winter

71

41 (57.74%)

30 (42.25%)

Summer

107

58 (54.20%)

49 (45.79%)

Monsoon

73

57 (78.09%)

16 (21.91%)

Cyamopsis
tetragonoloba

Guar

-

-

Total

251

156 (62.15%)

95 (37.85%)

Cyprus rotundus

Moth

W

W

Dactyloctenium
aegyptium

Zernia ghas W

W

W

Table 2 Plants and their parts which were preferred by the
Nilgai in different season
Scientific Name

Local
Name

Summer Winter Monsoon

Dactyloctenium
sindicum

Tantia ghas

W

W

W

Acacia senegal

Kumat

L, T

L, P, T

Yt, L

Dab

W

-

-

Acacia tortilis

Israili
banval

L, T

L, T

-

Desmostachiya
bipinnata

Karad

W

W

-

Aerva javanica

Bui

W

W

-

Dichanthium
annulatum

Albizia lebbeck

Sares

L,T,Fr, fp L, T,

-

Dandathor

T, F

T, F

-

Aristida
adscensionis

Lampri

W

W

Euphorbia
caducifolia
Grewia tenax

Gongoni

L, T

L, T

L, Yt, F,
Fr, fp

W

Food and Feeding Ecology of Nilgai (Boselaphus tragocamelus) in the Thar Desert of Rajasthan, India
Scientific Name

Local
Name

Summer Winter Monsoon

Indigofera
cordifolia

Bekario

W

W

W

Indigofera
hochstetteri

Adio
bekario

W

W

W

Indigofera linifolia Lambio
bekario

W

W

W

Indigofera
oblongifolia

Jhil

W

W

W

Lasiurus sindicus

Sevan ghas

W

W

W

Leptadenia
pyrotechnica

Kheemp

T

-

-

Lycium barbarum

Murali

L, T

L, T

-

Mollugo cervina

Chidi ro
khet

-

-

W

Orchorus
depressus

Cham ghas

W

W

W

Panicum
antidotale

Gramno

W

-

-

W

W

-

-

-

W

W

W

L, T, Fr,
fp

L, T,

L, Yt

Panicum tergidum Murat
Pennisetum
glaucum

Bajra

Portulaca
oleracea

Mammaluni -

Prosopis cineraria Khejri
Prosopis juliflora

Angreji
banvalio

L, T, Fr,
fp

L, T,
Fr, fb

-

Salvadora
oelioedis

Khari jal

L, T, F

-

-

Salvadora persika

Mithi jal

L, T, F,
Fr, fp

-

-

Sesamum indicum

Til

-

-

W

Symbopogon
jwarncusa

Buraro

W

-

-

Trianthum
portulastrum

Sato

W

-

-

Tribulus pentadrus Dhakdo

-

W

W

Tribulus terrestris

Kantiya/
Kanti

-

W

W

Triticum aestivum

Genhu

-

W

-

Vigna radiate

Mung

-

-

W

Ziziphus
mauritiana

Bordi/Ber

L, T

L, T, F, L, Yt
Fr

Bordi/Ber
L, T
L, T
L, Yt, F,
Ziziphus
Fr, fp
nummularia
T – Twig, Yt- Young twigs, L- Leaves, fl- Fallen leaves, F- Flowers,
ff- Fallen flowers, Fr- Fruits and Pods, fp- Fallen fruits or pods,
W- Whole or all parts.
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RESULTS AND DISCUSSION
Feeding habit

Boselaphus tragocamelus are not only grazer but also
browser. It grazed on grasses and herbs while browsed
on twigs, leaves, flowers and fruits of bushes and small
trees. We observed the Nilgai feeding on 62 plant species
of which 51 were natural plants and 11 were crop plants.
Chopra (2010) reported that Nilgai were observed feeding
on 13 species of grasses, herbs, and agricultural plants,
13 species of trees and 2 species of shrubs in Saraswati
wildlife sanctuary, Haryana (Chopra and Ray, 2010).
During present study total 251 observations were taken
on feeding activity of Nilgai in intensive study sites. Out
of 251 observations, 156 times animals were observed
grazing and 95 times browsing. In winter season out of
71 observations, 41 times grazing activity was observed
and 30 times browsing. Similarly, in summer season out
of 107 observations we noted grazing activity 58 times
and browsing 49 times. In monsoon season out of 73
observations observed grazing 57 times and browsing
16 times. The maximum grazing activities were noted in
Sudasari study site than browsing because of availability
of plenty of grasses in all the seasons while in Khuri and
Kanoi sites maximum browsing activities were seen in
winter and summer because of scarcity of grasses and
availability of only bushes and trees in those seasons
(Table 1).

Feeding preferences

Primarily Nilgai is grazer but it became browser during
winter and summer seasons. Feeding preferences of the
Nilgai were changing with changing seasons and those
were noted in different intensive study sites. The feeding
preferences depended upon availability and quality of
vegetations. List of the common plants and their parts
which were eaten by the Nilgai in different seasons are
given in Table 2.

Monsoon:

In monsoon season the Nilgai preferred green grasses and
herbs very much. Of them they mostly grazed on Sevan
grass (Lasiurus sindicus), Zernia grass (Dactyloctenium
acgyptiu) Tantia grass (Dactyloctenium sindicus), Bhurat
(Cenchrus sp.), Lampri (Aristida spp.), Kanti (Tribulus
terresteris), Bekario (Indigofera sp.), Dhakdo (Tribulus
pentadrus), Sinawadi (Boerhavia diffusa), Sintar
(Convoluulus mycrophylus), fruits of Tumba (Citrullus
colocynthis), Kachri (Cucumis melo), Matira (Citrullus
lanatus). During grazing it preferred only young twigs
and leaves of Ber (Ziziphus spp.), Kumat (Acacia senegal,
Khejri (Prosopis cineraria) and Gongoni (Grewia tenax).
Nilgai did not prefer the Gramna (Panicum antidotale),
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Murat (Penicum turgidum), Karad (Dichanthium
annulatum), Moth (Cyperus rotundus), Kheemp
(Leptadenia pyrotechnica), Angreji babul (Prosopis
juliflora), Jal (Salvadora spp.), Bui (Aerva javanica),
Murat makro (Brachiaria ramosa) etc. in monsoon season
(Table 2). In fecal matter analysis we observed seeds,
small parts of twigs of bushes and grasses but twigs of
grasses were the maximum in number.

Winter:

In winter the Nilgai grazed on dry part of available
vegetation. It did not prefer the Jal (Salvadora spp.)
and Kheemp (Leptadenia pyrotechnica) in winter (Table
2). In Sudasari enclosure dry parts of grasses and herbs
were available in winter so Nilgai grazed on them. It
also browsed on leaves twigs, fruits or pods of small
tree and bushes. In Kanoi study site most of grasses
and herbs were not available in winter so Nilgai fed on
Murat makro (Brachiaria ramosa), Karad (Dichanthium
annulatum) and parts of small trees and bushes. In winter
season the seeds of Ker (Capparis decidua) and small
parts of twig of grasses, bushes and trees were observed
in fecal pellets.

Summer:

During summer Nilgai was observed feeding on leaves,
twigs, flowers, fruits, fallen pods, fallen fruits and fallen
leaves of all plants those were not preferred during
monsoon and winter season. In Sudasari study site plenty
of dry grasses and herbs were found in summer therefore
Nilgai grazed on them while in Khuri and Kanoi study
site Nilgai totally depended on bushes and trees because
grasses were consumed by cattle of nearby villages. In
summer season seeds of Ker (Capparis decidua), Jal
(Salvadora spp.) and Khejri (Prosopis cinereria) were
observed maximum number in fecal matter.

Crop feeding preference

The Nilgaiare crop pest and they were mostly observed in
crop fields during night. Guar (Cyamopsis tetragonololba),
Mung (Vigna radiata) crops were eaten at flowering
and fruiting stages Bajra(Pennisetum glaucum) and Til
(Sesamum indicum) in early growing and flowering stages
while Matira (Citrullus lanatus) and Kachri, (Cucumis
melo) in fruiting stage. In agricultural field the fruit of
Matira (Citrullus lanatus) were highly preferred by the
Nilgai. Some other workers Chouhan and Sawarkar(1989),
and Chopra (2010) reported in their studies that Nilgai is
serious crop pest.
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ABSTRACT:
Annual cycle on the infestation of monogenean parasites found in fresh water fish Pangasius
pangasius is statistically analysed and presented in this communication. During routine course
of investigations for the presence of helminth parasites harbouring freshwater fishes found in
Muzaffarnagar, annual data was collected for these parasites. Results are well presented in the
form of tables. Statistical analysis of the data is carried for density, intensity, rate of infestation
and the same has been correlated for annual cycle.
Keywords: Monogenetic trematodes, Fish, Pangasius, Population dynamics, Seasonal
occurrence.

INTRODUCTION

food fish being a hard variety and larger in size.

Fish are a measure of environmental health, because
everything that happens on the landscape goes into the
rivers. Any change in the environment will be reflected
as changes in physiological processes and survival of fish
because fish are in direct contact with their surrounding
environment (Wepener, 1997). This and various other
reasons contribute to the fact that fish are excellent
indicators of water quality, some of these reasons include
that fish are at or close to the end of food chains in aquatic
ecosystems, their sensitivity to a variety of pollutants, their
size and they are easily visible when dead (Nussey, 1994).
Fish parasite communities may provide important
information on ecosystem conditions due to their intimate
contact with both the host and aquatic environment.
Monogeneans are a group of flukes, which are
ectoparasitic in nature. Parasites are often described as an
ideal biological model for ecological study (De Meeus, et.
al. 1998).
This study aimed at determining the population
dynamics and statistical analysis of monogenetic
trematodes of Pangasius pangasius, which is an important

MATERIALS AND METHODS
The live fishes for the present work were obtained from
the local fish markets and different water sources of
Muzaffarnagar region. For collecting monogeneans,
Mizelle’s, 1936 and 1938, freezing technique was
employed.
A thorough record of basic data comprising the
number of host specimens examined, number of host
specimens infected and the number of parasites collected
were maintained throughout the year. The available data
was analyzed for parameters such as prevalence, mean
abundance, mean intensity, Simpson’s index, Chi square
test and “G” log- likelihood test with the help of formulae
as suggested by Bush et al. 1997.

RESULTS AND DISCUSSION
The data obtained from the study of populations of
monogenetic trematodes infesting Pangasius Pangasius
during annual cycle from August 2006 to July 2007 was
analyzed statistically as per Bush et. al. 1997 and is
thereby presented in Table 1.
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Oct

6
5

Dec

8

Jan

14

Feb

7

Mar

4

Apr

7

May
Jun
Jul

7
6
7

M-2

66.3-67.1

0

0

0

0

F- 3

55.8-71.2

2

11

11

66.6666

M-2

65.7-69.2

1

13

13

50

68.4-73.3

1

17

17

25

M-3

59.9-73.1

3

35

35

100

F- 2

61.6-64.4

1

28

28

50

M-3

72.2-79.2

2

37

37

66.6666

F- 5

58.9-69.9

4

69

69

80

M-6

62.7-77.6

1

1

1

100

F- 8

53.3-78.7

1

52

52

100

M- 4

56.9-63.8

3

22

22

75

F- 3

49.9-68.9

2

16

16

66.6666

M- 2

54.9-59.7

0

0

0

0

F- 2

62.2-66.7

1

9

9

50

M-3

58.7-71.1

1

4

4

33.3333

F- 4

55.5-73.1

1

7

7

25

M-2

66.3-68.1

0

0

0

0

F- 5

55.8-74.5

0

0

0

0

M-3

71.2-73.6

0

0

0

0

F-3

66.0-69.4

0

0

0

0

M-3

56.6-69.6

2

6

6

66.6666

F-4

61.5-71.4

1

2

2

25

Monogeneans of fish are known to be remarkably host
specific. A few may invade the rectal cavity, body cavity
and even the blood vascular system. There are more than
100 families of monogeneans found on fishes of the world,
in fresh and salt water, and at variety of temperatures.
Most monogeneans are browsers, moving about the body
surface and feeding on dermal (skin) mucus and gill debris.
Monogeneans have a series of hooks that enable them to
attach while feeding.
The importance of fish parasites as a factor contributing
to fish mortality should not be underestimated especially
in fish farming and culture, where sometimes the whole
population of the pond is killed, resulting in the loss of
potential food and financial loss to the culturist.

1.333
2.2
2.5
6.3

4
5.5
7.5
7.88

6.625

8.83

1.893

13.25

2.714

3.8

2.25

9

0.786

2.75

0
0
0.571

0
0
1.33

0.0625

15

0

0

0

0

0.033

58.5

0.0059

168

0.0035

288

0.0073

405.333

0.0013

783

0.0029

682.5

0.0034

1186.25

1

0

0.0004

2703

0.0186

158.333

0.0156

126

0

0

0.0123

80

0.0625

15

0.0204

48

0

0

0

0

0

0

0

0

0.1111

16

0.25

3

“G”log likelihood
test

0

Chi- square test (x²)

50

0

Simpson index ©

4

0

MA

4

0

Total no. of
parasites

1

52.8

MI

No. of fish infected

62.4-71.3

F- 1

M/F
M-2

F- 4
Nov

Standard length
(cm)

No. of fish
examined
5

P(%)

Sep

3

Monogenean

Aug

Total

Months (2006-2007)

Table-1 Data showing the population dynamics & statistical results of helminth parasites of Pangasius pangasius from August
2006 to July 2007.

5.5446
9.703
11.091
12.475
19.456
32.593
16.636
4.1585
5.2052
9.7054
8.3169
9.7049

In general, and according to the life-cycle pattern of
each helminth species, climate variables are able to affect
the prevalence, intensity and geographical distribution of
helminthes by directly influencing free-living larval stages
as well as indirectly influencing mainly the invertebrate,
but also the vertebrate, hosts (Coma, et. al. 2008).
Infestations are more liable to occur in ponds, which
are heavily stocked. Since such congestion provides a
favourable situation for rapid spread of infection among
the fish (Jhingran, 1983).
Among host factors, host size was identified as the
main factor influencing parasite community structure,
especially for temperate and tropical ectoparasite species
(Buchmann, 1989; Hayward, et. al. 1998; Lo, et. al. 1998).

On Annual Cycle of Monogenean Parasites Infestation in Freshwater Fish Pangasius pangasius

Seasonal changes affect the number of parasites,
parasitizing fresh water fishes which have been observed
throughout the observation period.
In the present study Fishes were susceptible to high
infestation with parasites mainly in winter season when
fishes were weakened by hibernation.
In Pangasius pangasius the prevalence, mean
abundance and mean intensity of helminth parasites was
high from October to March dropping during April and no
result was found during May to June and increasing again
from July to September .
Simpson’s index (C): In Pangasius pangasius
the helminth parasites were dominant during January
(1.00036) and July (0.3611).
Chi-square test: In Pangasius pangasius, at 1 degrees
of freedom the obtainable value of ‘x²’ at 1% level of
significance is 6.635 as found on reference to ‘x²’ table and
the ‘x²’ values calculated in this experiment are 15, 58.5,
168, 288, 405.33, 783, 682.5, 1186.25, 2703, 158.33, 126,
80, 15, 48, 16 and 3 respectively.
“G ” log-- likelihood test: In Pangasius pangasius, at
3 degrees of freedom the obtainable value of ‘G’ at 1%
level of significance is 11.345 as found on reference to
table and the ‘G’ value calculated in this experiment are
higher than the tabulated value in few cases, except August
(5.5446), September (9.703), October (11.091), March
(4.1585), April (5.2052), May (9.7054), June (8.3169) and
July (9.7049).
The study revealed that the rate of infection was
higher during autumn and winter and lower during spring
and summer.
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ABSTRACT
The vulnerability of an innumerable number of people worldover to COVID-19 is still obvious
though it has been well over an year since the virus first emerged. The humanity has faced
second wave of infection by SARS-CoV-2, and it has been a way of life by now to change
our life styles, particularly adopting work from home, or simply staying back at home for the
students pursuing studies at Colleges and Universities or the minors at primary institutions.
These methods have been adopted to break the chain of virus that could reduce the opportunities
for the virus to spread. Vaccines leave an imprint on our bodies to enable them to fight the
infection and are “the” exit strategy from the pandemic. The current paper reviews various
types of vaccines and the recent advancements made to fasttrack preparations of a wide variety
of newer vaccines that could be economical or may take the form of a capsule or similar other
variant. The efficacy of the two Indian vaccines, Covaxin and Covishield are compared.
Keywords: SARS-CoV-2, Covaxin, Covishield, RNA vaccine, inactivated virus.

INTRODUCTION
COVID-19 is a recent disease, that has occurred due to the
SARS-CoV-2 virus, though its origin has been uncertain.
A fever, dry cough, tiredness and loss of taste or smell
are the key symptoms of COVID-19. This virus bears
the potential to infect human beings through a variety of
channels. Some people do not have any symptoms and
may not even know they have the virus, while others get
seriously ill and need hospital care. The infection by this
virus can be prevented by applying Covid appropriate
behavior incorporating wearing a mask, maintaining
social distance of 6ft as well as frequent handwashing.
The spread of Covid-19 is usually transmitted by a
close contact with the person afflicted by the disease. The
non-infected person is likely to breathe in the respiratory
droplets falling out of the mouth and nose of the person
that harboured virus. The groups of people staying together
for longer period of time indoor viz., crowded and poorly
ventilated spaces, such as restaurants, gyms, nightclubs,
offices and places of worship. The non-infected person

could also likely come into the contact of respiratory
droplets of the infected person when he speaks or sings,
in addition with the coughs and sneezes that could land
on surfaces, like handles of doors, table surface, backrest
of chairs, metal railings of staircase etc. The virus is then
spread when another person comes into contact with
these droplets and touches their own eyes, nose or mouth,
without washing his/her hands first. It is not a sexually
transmitted infection, however, it can be passed on through
kissing and close contact, including having sex. The
kissing or practicing sex should be avoided with a partner
that manifested COVID-19 symptoms. Sexual health
services, including for family planning, contraception and
pre-exposure prophylaxis (PrEP), may be disrupted by the
impact of COVID-19.
Though any person could be susceptible to COVID-19
infections and could fall sick seriously, the aged persons
beyond 60yrs of age, including those with co-morbid
situation like high blood pressure, heart or lung problems,
diabetes or cancer are at a higher risk of developing serious
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illness. People living with HIV who have a compromised
immune system – those with a low CD4 count, a high
viral load or recent opportunistic infection – are also more
at-risk. However, evidence is lacking on the increased
risk to contract COVID-19 besides developing serious
symptoms, to the people living with HIV as well as on
effective antiretroviral treatment.
A vaccine works by assisting a human body to develop
immunity against SARS-CoV-2 or, for that matter, any
other microorganism that is pathogenic. This would
mean that the human body would be well prepared, on
exposure to the pathogen, to respond to it and no serious
illness is likely to affect the body. The efficacy and safety
perception of the vaccine can only be acknowledged when
it has undergone strict clinical safety trials before these are
approved by National Regulators, the Drugs Controller
General of India (DCGI), in case of India. The subjects
even after having received vaccine would have to follow
prevention measures such as social distancing and wearing
a mask until the number of people with COVID-19 falls to
a safe level in a particular area.
A vaccine is a substance that is introduced into the
body to prevent infection or to control disease due to a

certain pathogen (a disease-causing organism, such as a
virus, bacteria or parasite). The vaccine “teaches” the body
how to defend itself against the pathogen by creating an
immune response. The immune response by a biological
agent defends human body against an invading pathogen
(virus, parasite or bacteria). Such biological agent is
termed as Vaccine. Usually, its liquid form is effective in
our body, either by injection, by oral doses, or by intranasal
routes. India has now introduced a newer capsule form
of its indigenous Covaxin, which is under process of
development in collaboration with Israel.
The variety of vaccines, their types and sources are
summarized in Table 1. The sites of mutation of each
variant being encountered in Indian patients as well as the
Indian Double Mutant with their respective locations are
listed in Table 2.
Specifically UK Variant B.1.617 has been detected
in Punjab, while this variant has also been detected in
Delhi along with certain other variants that are being still
searched. On the other hand, this UK variant has been
occurring in some cities of Maharashtra. Genetic maps of
novel lineages incorporating Double mutant, Triple mutant
as well as Bengal variant has been depicted in Fig. 1.

Fig. 1. Genetic mapping of different variants spread over different states in India.
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Mutations

yy A mutation is a change in the genetic material of
the virus when it replicates.
yy Mutations happen by chance, but selected based
on fitness
• Advantageous for the virus – represented
more in the samples
• Disadvantageous – selected against and
wiped out from the population.
More mutations could often be more dangerous
SARS-CoV-2 mutates approximately once in two
weeks.

Key Mutations

The following are the key mutations that corona virus has
undergone since the time it arrived in India:yy L452R increases receptor binding and
decreased sensitivity to some neutralizing
antibodies
yy E484K/Q
increases receptor binding
and reduces efficacy of vaccinated sera and
antibodies
yy L452R+E484Q unique combination in India
yy N501Y		
increases receptor binding and
alters antibody recognition
yy N440K immune evasion: loss of binding to one
neutralizing antibody.

Mutant and Variant Strain

Any changes in the viral genetic sequence during
replication is known as a mutation and viruses with new
mutations are sometimes called variants. Variants can
differ by one or multiple mutations.
When a new variant with one or multiple mutations
shows different functional properties to the original virus
and becomes established in a population, it is sometimes
referred to as a new strain of the virus.
All strains are variants, but not all variants are strains.
What are variants and lineages
yy Variants are viruses with one or more mutations
compared to the reference
yy A lineage is a set of viruses sharing a common
ancestor
yy UK Variant (B.1.617)
50% increased transmission
Increased severity
yy South African Variant (B.1.351)
50% increased transmission
Reduced antibody neutralization
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yy Brazil Variant (P.1)
Reduced neutralization by antibodies
Reduced neutralization after vaccination
Variant of Interest: changes in receptor binding,
reduced neutralization by antibodies generated against
previous infection or vaccination, reduced efficacy of
treatments, potential diagnostic impact, or predicted
increase in transmissibility or disease severity.
Variant of Concern: There is evidence of an increase
in transmissibility, severe disease severity, reduced
effectiveness of treatments or vaccines, or diagnostic
detection failures.
Variant of High Consequence: There is clear
evidence that prevention measures or medical counter
measures (MCMs) have significantly reduced effectiveness
relative to previously circulating variants.
What might be a variant of interest (VOI)?
yy Mutation likely to affect receptor binding, reduced
neutralization.
yy Mutation predicted to affect transmission,
diagnostics, therapeutics, or immune escape.
yy Evidence that it is the cause of an increased
proportion of cases or unique outbreak clusters.
yy Limited prevalence in population.
Name of Variant
Country of Origin
B.1.617
or
“Double - Indian variant carries two
Mutant”
mutations: L452R and
E484Q
B.1.526
- NY with E484K

What might be a variant of concern (VOC)?

yy Mutation that increases virus transmissibility,
yy Virus causing more severe disease reflected in
increased hospitalizations or deaths,
yy Virus with significant reduction in neutralization
by antibodies generated during previous infection
or vaccination,
yy Virus causing reduced effectiveness of treatments
or vaccines,
yy Virus escaping diagnostic detection

Name of Variant
B.1.617
P.1
B.1.361
B.1.427

-

Country of Origin
UK
Japan/Brazil
SA
California
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Fig. 2. The mechanism of functioning of vaccines.(after Klingensmith, M. 2021)

Fig. 3. The constituents of COVID-19 vaccine in India.
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How do vaccines work

A preventive vaccine protected an individual from
infection or disease in the following manner (Fig. 2):1. The vaccine introduced a small component or a
non-harmful form of the pathogen into the body.
This is called the foreign antigen or immunogen.
2. The body’s immune system, in turn, produced an
immune response to the pathogen by generating
antibodies, killer cells, or both.
3. A small group of “memory” B-cells and T-cells
remain in the body thus could quickly initiate
a strong immune response, i.e., by producing
antibodies, and helping the production of killer
T-cells or antibodies, respectively. The next time
the real pathogen entered the body, the immune
system remembered it and mounted a much
larger, quicker response than it would have, if the
individual had never received the vaccine.
In order to respond quickly and effectively to the
COVID- 19 Pandemic, a broad range of candidate
COVID-19 vaccines are being investigated globally using
various technologies and platforms. These include Viral
– Vectored, Protein subunit, Nucleic acid (DNA, RNA),
Live attenuated and Inactivated vaccines.

Types of vaccine:

The classification of vaccines depended on the way these
were synthesized (Fig. 3).

1. Live attenuated vaccines
Pathogens, like virus or bacteria are weakened by genetic
manipulations to limit their growth and thus failed to
cause disease to the host. In some modified versions of
live vaccine, an organism that is related to the pathogen, is
used that naturally grows poorly in humans. The weakened
pathogen generated a broad immune response in the host
similar to that shown by an infected individual with a
natural pathogen.
Examples:
i) Oral Sabin polio vaccine
ii) MRV Vaccine (Measles, Mumps, Rubella, and
Varicella)
iii) Nasal influenza vaccine
iv) Bacille Calmette-Guerin (BCG) vaccine
v) Varicella vaccine
vi) Rotavirus vaccine
2. Inactivated or Dead vaccines
The disease-causing pathogen is killed or inactivated,
usually through a thermal (application of high temperature)
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or chemical (formalin etc.) process. Such vaccines,
when administered, elicit a robust immune response that
mimicked most of the responses seen during an infection.

Examples:
i) Typhoid vaccine
ii) Influenza vaccine
iii) Salk polio vaccine
iv) Hepatitis A vaccine
3. Acellular or Subunit vaccines
These are devoid of whole cells, and do not contain
the whole bacteria or viruses. Instead, they contain
polysaccharides or proteins from the surface of the bacteria
or virus. These polysaccharides or proteins are the parts
that our immune system recognizes as ‘foreign’ and evoke
immune response against them. There are many types of
acellular vaccines:
A. Toxoid Vaccine The toxins or poisonous proteins
are released by several pathogenic bacteria while they
attack the body. Toxoids are thus the vaccines prepared
chemically by chemical inactivation of these toxins.
Although they appeared like toxins yet were themselves
non-poisonous. However, a stronger immune response
emanated from them.
Examples:
i) Diphtheria vaccine
ii) Tetanus vaccine
iii) Pertussis vaccine
B. Conjugate Vaccine In earlier decades, the sugar
molecules that occurred on the surface of bacteria were
utilized to prepare Polysaccharide Vaccines. Their efficacy
on infants and younger children was poorer. However,
the conjugation of bacterial polysaccharide molecules
or their effective chemical linkage with a carrier protein
could trigger working of such vaccines in a better
fashion. Further, if additional proteins were added, the
immunological attributes of the carrier were transferred
to the antigen, and thus a stronger immune response was
induced that improved efficacy of this vaccine in younger
children too.
Examples:
i) Haemophilus influenza type b (Hib) conjugate
vaccine
ii) Pneumococcal conjugate vaccine
iii) Meningococcal C conjugate vaccine
C. Recombinant Vaccine A small piece of the DNA
is taken from the disease-causing bacterium or virus. The
particular gene is incorporated into plasmid or a carrier
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vehicle which enabled production of large quantities of
well-defined proteins, which were then used as vaccines.

Examples:
i. Hepatitis B vaccine
ii. Human papilloma virus (HPV) vaccine
D. DNA/RNA Vaccine Genetic material, either DNA or
RNA, from the pathogenic bacteria or virus is introduced
into the human cells and then the cell machinery is
employed to produce the protein encoded by the inserted
gene(s) of the pathogen. Our body’s immune system detects
such protein as a foreign agent and produces an immune
response against the whole pathogen. At present, different
types of nucleic-acid vaccines are in developmental, preclinical and clinical evaluation phases e.g. HIV vaccine
Status of the COVID-19 vaccine in India
Globally there have been more than 100 COVID-19
vaccine development projects underway, with several
candidates already being tested on humans. The vaccines
of Indian origin being tested on human beings are listed
as below:

COVAXIN:

Developed by Bharat Biotech in collaboration with the
Indian Council of Medical Research (ICMR) and National
Institute of Virology (NIV) this indigenous, inactivated
vaccine is manufactured in Bharat Biotech’s BSL-3 (BioSafety Level 3) high containment facility. After approval
from Drug Controller General of India (DCGI) for
Phase I, II, III Human Clinical Trials, 91% success was
registered in Phase III trials. A quality comparison of the
two indigenous Indian vaccines, Covaxin and Covishield
is presented in Table 3. Recently, in appreciation of the
efficacy of the Indian indigenous vaccine, Covaxin, the
characteristic to neutralise the 617 variant of the deadly
virus, SARS-CoV-2 was highlighted by the White House
chief medical adviser and America’s top pandemic
expert Dr Anthony Fauci. His observations were based
on convalescent Sera of COVID-19 cases and people
who received the vaccine, Covaxin used in India. Thus,
this vaccine was termed as the very important antidote
against the deadly Coronavirus. It was emphasized that
Covaxin worked by teaching the immune system to make
antibodies against the SARS-CoV-2 coronavirus. The
antibodies attach to viral proteins, such as the so-called
spike proteins that stud its surface. Covaxin was approved
for emergency use on January 3. The proven efficacy of
Covaxin, 78% has been proven.

Covishield

The Serum Institute of India (SII) and ICMR jointly
conducted Phase II/III, Observer-Blind, Randomized,
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Controlled Study to determine the safety and
immunogenicity of Covishield (COVID-19 Vaccine).
Approval for Phase I, II, III Human Clinical Trials was
received from DCGI and finally all trials have been
completed.

AstraZeneca’s ChAdOxnCoV-19
The University of Oxford took advantage of its immense
experience with the nonreplicating ChAdOx1 vector, and
joined AstraZeneca and Serum Institute of India, to develop
ChAdOxnCoV-19 which expressed a full length wild type
version of the spike protein. Initially their preliminary
results from a Phase I/II single-blind randomized control
trial in 1077 participants aged 18-55 were reported . In the
vaccine group, a larger chunk of participants were given
a single dose of 5x105 VPs, and a smaller cohort of 10
individuals were also provided a booster dose 28 days
post-prime.
A meningitis vaccine was used in the placebo control
group which allows for comparisons of the safety profile
with a licensed vaccine. Antibody responses were tracked
using several binding assays as well as three different
neutralization assays, all performed with authentic SARSCoV-2. Cellular immune responses were measured using
an IFN-γ ELISpot with PBMCs stimulated using a peptide
pool spanning the S. To determine neutralizing antibody
responses, a subgroup of 35 individuals was analyzed.
Using a 50% plaque reduction neutralization titer
(PRNT50) assay, a microneutralization (MN) assay with
IC80 as readout and a virus neutralization assay based on
CPE 28-day post vaccination titers were 1:218 (median
titers, 100% seropositivity), 1:51 (median titer, 91%
seropositivity) and in the 1:4-1:16 range (62%, this assay
measures potentially an equivalent to IC100), respectively.
A booster dose increased the titers in the latter two assays
to 1:136 (100%) and 1:29 (100%). Of note, pre-existing
immunity to SARS-CoV-2 was found in a small number
of participants (4%). Cellular immunity peaked at day 14
with 856 SFU per 106 cells and waned to 424 SFU by day
56. Background cellular immunity was found mostly in the
50-100 SFU per 106 PBMCs range. Fatigue (>70%) and
headache (>60%) were the side effects frequently noticed.
The common symptoms were a high body temperature
or feverish body. The booster dose seemed to be better
tolerated but the sample measured was too low (WHO,
2020). Overall, ChAdOxnCoV-19 had a worse safety
profile than the licensed meningitis vaccine used in the
placebo arm, independently if paracetamol was given to
alleviate side effects or not. Phase III clinical trials of this
Vaccine have been completed in South Africa, Brazil and
UK as one-dose or two-dose regimen (ISRCTN89951424,
NCT04516746).
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Coronavirus vaccination-Dose Interval
Many studies have shown that when the vaccine is
administered with a gap of 6-8 weeks between the two
doses, the protection is enhanced. In a meeting, the National
Technical Advisory Group on Immunization (NTAGI)
and National Expert Group on Vaccine Administration
for COVID-19 (NEGVAC) have agreed to increase the
gap between the two doses on the backing of scientific
evidence. After recommendations were made, the Union
Health Ministry has also agreed to it. However, this is only
applicable for Oxford-AstraZeneca’s Covishield and not
Bharat Biotech-ICMR’s Covaxin.
Now, as per the recommendations, the second dose
which earlier used to be administered at 4-6 weeks can be
stretched till 6-8 weeks. Union Health Secretary Rajesh
Bhushan in a written letter informed the Chief Secretaries
of States/UTs regarding centre’s go-ahead for increasing
the interval between two doses of the COVID-19 vaccine.
The ministry said “it has accepted the recommendations
made by NEGVAC and NTAGI.” It added that as per the
new guidelines, states and UTs can administer the second
dose of Covishield to beneficiaries within the 4-8 weeks
after the first dose is given.

Pfizer’s BNT162b1 and BNT162b2

Pfizer, in collaboration with the German company
BioNTech, published data from an the Phase I/II
randomized, placebo-controlled, observer-blind dose
escalation study with BNT162b1 in 45 healthy adults,
18-45 years of age (NCT04368728)60. BNT162b1 is an
mRNA-based, LNP delivered vaccine, that expressed
a trimeric version of the RBD that is held together by a
T4 foldon. Three doses, 10, 30 and 100ug of RNA were
tested in a prime-boost vaccination regiment with a 3
week interval. ELISA binding to RBD and neutralization
of a SARS-CoV-2 reporter virus (IC80) was tested. Three
weeks post dose 1, neutralization titers were in general
low (similar to the mRNA-1273). Seven days post dose 2,
GMTs of 1:168 and 1:267 were detected (the 300ug group
was not boosted due to an unfavorable safety profile).
At 14 days post boost titers reached 1:180 and 1:437,
respectively. Convalescent serum was tested side by side
and reached 1:94.
The trial also included a group of older individuals
(65-85 years). Reactogenicity for both vaccines was
lower in this group compared to younger individuals but
antibody titers were also lower (GMTs at approximately
40% of the younger individuals) . BNT126b2 was selected
to move forward and is now in a Phase III study in healthy
adults and the elderly (NCT04368728).

ZyCoV-D
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Novel Biologicals, Biosimilars and Vaccines, announced its
plasmid DNA vaccine, ZyCoV-D, to prevent COVID-19.
Zydus Cadila, focused on discovering and developing New
Chemical Entities (NCEs). Safety in Phase I clinical trial
of ZyCoV-D in healthy subjects established as endorsed by
the independent Data Safety Monitoring Board (DSMB).
Zydus Cadila received approvals from the DCGI to start
Phase III. The company will now be initiating Phase III
clinical trial in around 30,000 volunteers. ZyCoV-D was
found to be safe, well tolerated and immunogenic in the
Phase I/II clinical trials.

Sputnik V

Dr. Reddy’s Laboratories Limited, Hyderabad and
Sputnik LLC, Russia are jointly conducting Multi-centre,
phase II/III adaptive clinical trial to assess safety and
immunogenicity of Gam-COVID-Vac combined vector
vaccine. The vaccine received approval from DCGI and
they are ready with the vaccine after successful Phase III
clinical trial.

Biological E’s novel COVID-19 vaccine

Biological E. Limited is conducting a prospective openlabel randomised Phase-I, seamlessly followed by
Phase-II study to assess the safety, reactogenicity and
immunogenicity of Biological E’s novel COVID-19
vaccine containing Receptor Binding Domain of
SARS-CoV-2 for protection against COVID-19, when
administered intramuscularly in a two-dose schedule to
healthy volunteers.

HGCO19 mRNA vaccine

Gennova, Pune supported with seed grant under the IndCEPI mission of Department of Biotechnology of M/o
Science & Technology has received approval from Indian
drug regulators to initiate Phase I/II human clinical trial.
The Forthcoming Initiatives:

a. VINCOV-19
The initiative by C.S.I.R. and the University of
Hyderabad to utilize the conventional technique by
which the antivenom is being prepared since ages has
been appreciated worldover. The invasive corona virus is
introduced in inactivated form, like that utilized to prepare
COVAXIN, along with an adjuvant, intravenously into the
horse’s body, and this triggered production of antibodies
against the virus. These antibodies are proposed to be
collected to produce vaccine named, VINCOV-19 by the
conventional method. The Drugs Controller General of
India (DCGI) has also acknowledged approval to conduct
clinical trials using this vaccine.

b. Nasal Vaccine by Bharat Biotech:

The most dangerous situation of serious concern is the
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changing scenario of corona virus that has rapidly mutated
since the time second wave started. Therefore, a variety of
variants being regularly generated have created a dreadful
situation for human beings. It has been reported to have
the potential to neutralize the deadliest variant B.1.617.
In comparison to other vaccines from developed and
other countries abroad, only a single dose of this vaccine
would be required instead of the double dose, that is the
requirement of other vaccines. The vaccine has reached at
the 3rd stage of development by Bharat Biotech, Hyderabad,
and hopefully very soon it will be rolled out for public use.

on which these vaccines are being manufactured in different
labs worldover, have basically followed two approaches1. The Traditional one, like inactivated or live virus
vaccines, platforms that have recently resulted in licensed
vaccines (recombinant proteins, vectored vaccines) and 2.
The platforms that have never been used for a licensed
vaccine (RNA and DNA vaccines) (Krammer, 2020). In
addition, the pre-clinical trials of certain protein vaccines
have also started; in fact several S and RBD vaccines have
entered into the clinical trials.

c. India registers progress to develop a Capsule to
replace injectible Vaccine

The adenovirus (AdV) based approaches that incorporated
Replication inactive vectors dominated the scenario but
modified vaccinia Ankara, human parainfluenza virus
vectors, influenza virus, andeno-associated virus (AAV)
and Sendai virus are used as well. The intramuscular
delivery of these vectors enables their entry into vaccines’
cells, followed by the response of the host immune system
after the spike protein is expressed. Several advantages and
disadvantages are obvious. The procedures for production
need not necessarily be handling Live SARS-CoV-2.
Notable experience has been gained by the scientists
worldover to produce larger quantities of some of these
vectors (an Ad26 prime MVA boost-based ebolavirus
vaccine was recently licensed in the European Union)
and they stimulate both B-cell and T-cell responses well.
The impact of pre-existing immunity by the presence of
vectors could partially neutralize these vectors. This
being the disadvantage, has been overcome by using
rarer vector types occurring in human beings which are
derived from animal viruses or by viruses that are not
potential immunity inducers by themselves. In addition,
vector immunity can be problematic when primeboost regimens are used which can be circumvented by
priming with one vector and boosting with another vector.
Several of these replication incompetent vector vaccines
have undergon different stages of clinical development
with ChAdOxnCoV-1947 (chimpanzee AdV), Janssen
(AdV26) and Gamaleya Research Institute (Ad5/Ad26)50
as well as ReiThera (gorilla AdV).

An Oral Vaccine is nearing completion to be developed by
the Indian Company Premas Biotech in collaboration with
the Israeli Company Ormed (Koshy, 2021). It has reached
the stage of IInd trial. This is being considered a landmark
development (Fig. 4) after India has attained success to
develop 2 vaccines, Covaxin and Covishield.
In order to respond quickly and effectively to the
COVID- 19 Pandemic, a broad range of candidate
COVID-19 vaccines are being investigated globally using
various technologies and platforms. These include Viral
– Vectored, Protein subunit, Nucleic acid (DNA, RNA),
Live attenuated and Inactivated vaccines.

Replication inactive vectors

Inactivated or Dead vaccines
Fig. 4. Injectible vaccine to be replaced by a capsule.(After
Koshy, J. 2021)

Types of Vaccines in development

Quite a good number of vaccines, nearly 180, are in the
process of development to equip mankind for a fight
against the deadly pandemic COVID-19 (WHO. 2020).
A vivid description of these is available on WHO’s
website- https://www.who.int/publications/m/ item/draftlandscape-of-covid-19-candidate-vaccines. The platforms

Inactivated vaccines are produced by growing SARSCoV-2 in cell culture, usually on Vero cells followed
by chemical inactivation (Wang et al., 2020, Gao et al.,
2020). The yield of these vaccines is the factor of virus
productivity in the cell culture under the strict biosafety
level 3 (BSL3) requirement. Examples are CoronaVac
(initially called PiCoVacc), developed by Sinovac Biotech
Ltd. in China as well as several other candidates developed
in China, by Bharat Biotech in India and by the Research
Institute for Biological Safety Problems in Kazakhstan.
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The intramuscular administration of these vaccines are
adjuvenated with alum or other adjuvants (Talon et al.,
2000; Wang et al., 2020; Gao et al., 2020). Under such a
situation, not only S but in addition, the matrix, envelope
and nucleoprotein are targeted by the immune responses
due to the presence of whole virus in the human body’s
immune system. The Indian clinical trials of inactivated
vaccine candidates, namely Covaxin has emerged
successful.

Live attenuated vaccines

The immune response generated by natural infection are
imitated by the genetically weakened viruses that have the
potential for limited replication to produce live attenuated
vaccines (Talon et al., 2000). The virus is permitted to
adapt to the unfavourable conditions (e.g. growth at lower
temperature, growth in non-human cells) or by rationally
modifying it (e.g. by codon de-optimization or by deleting
genes responsible for counteracting innate immune
recognition).
An important advantage of these vaccines is that they
can be given intranasally and induce mucosal immune
responses which can protect the upper respiratory tract, the
major entry portal of the virus. In addition, since the vaccine
virus is replicating in the vaccinee, the immune response
will likely target both structural and non-structural genes
with antibodies and cellular immune responses (Wang
et al., 2020; Gao et al., 2020). Of course, there are also
disadvantages to these vaccines including safety concerns
and the need to modify the virus which is time-consuming
if done in the traditional way and technically challenging
when reverse genetics is used. Only three live attenuated
vaccines are currently in pre-clinical development
including one that is attenuated by codon de-optimization
in collaboration between Codagenix and Serum Institute
of India.

Recombinant protein vaccines

The Recombinant protein vaccines comprise recombinant
S vaccines, recombinant RBD vaccines and virus like
particle (VLP) vaccines . These recombinant proteins can
be expressed in different expression systems including
insect cells, mammalian cells, yeast and plant (Zhang
et al., 2020; Talon et al., 2000; Broadbent et al., 2016).
RBD-based vaccines can likely also be expressed in
E. coli. Depending on the expression system yields and
posttranslational modifications vary. The immune response
triggered could be impacted by modifications like deletion
of the polybasic cleavage site, inclusion of two (or more)
stabilizing mutations inclusion of trimerization domains,
particularly for recombinant spike, as well as the mode of
purification (soluble protein versus membrane extraction).
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It is advantageous that without handling the virus, the
vaccines could be generated. Additionally though, the
license has been provided to some recombinant vaccines,
like FluBlok for influenza. However, there are also
disadvantages in S being relatively hard to express, that
could possibly influence on the quantum produced as
well as the doses quantified. RBD is easier to express.
However, it is a relatively smaller protein when expressed
on its own and while potent neutralizing antibodies bind
to RBD, it lacks other neutralizing epitopes present on the
full length spike.

DNA vaccines

DNA vaccines are based on plasmid DNA that can be
produced in large scale in bacteria. Typically, these
plasmids contain mammalian expression promotors and
the S gene which is expressed in the vaccine upon delivery.
The high stability of plasmid DNA and the possibility
of large scale production in E. coli are the advantageous
aspects of these technologies. However, the DNA vaccines
having expressed low immunogenicity, could be made
more efficient by utilizing delivery devices to make them
reach their destination. The need for such delivery devices,
like electroporators, limits their use. Four different DNA
vaccines have undergone different phases of clinical trials.
The huge advantage of these technologies is as well as.
However, DNA vaccines often show low immunogenicity
and have to be delivered via delivery devices to make
them efficient. The need for such delivery devices, like
electroporators, limits their use. Four different DNA
vaccines have undergone clinical trials for the benefit of
society.

RNA vaccines

A recent revolutionary development has been the
generation of RNA vaccines to fight the corona virus
outbreak. In an identical fashion to DNA vaccines, the
delivery of genetic information is ensured by the antigen
instead of its self expression by the antigen itself (Amanat
et al. 2020). The expression in the vaccine’s cells of the
antigen then occurred. Two technologies exist: Either
mRNA (with modifications) or a self-replicating RNA
are used. The self-replicating RNA bears the capacity to
amplify itself, while the mRNA required higher doses.
Lipid nanoparticles (LNPs) are normally used to deliver
RNA. Higher prospects of RNA vaccines have been
ascertained in recent years, and several of them have been
developed. A number of candidates have been incorporated
in the promising pre-clinical results published (WHO,
2020; Chen et al., 2020; Vogel et al., 2018). The vaccines
of Pfizer and Moderna have finally emerged successful
after Phase III trials.
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Curevac and Arcturus have been in Phase I/II trials
and are the candidates by Imperial College and the Chinese
Liberation Army (Laczkó et al., 2020; Zhu et al., 2020).
Advantages of the technology are that the vaccine can be
produced completely in vitro. However, the technology
is new and it is unclear which issues will be encountered
for large scale production and the riddle of long term
storage stability was resolved to assign 2-8o C for storage
of Covaxin as well as Covishield; -18o C for storage of
Sputnik V; -70 to -80o C for storage of Pfizer and Moderna.
In addition, these are injected vaccines which are unlikely
to induce strong mucosal immunity (Lu, 2020, Jackson,
2020 and Mulligan, 2020).

FastTrack procedure to expedite production of
vaccine

As depicted in Figs. 5a,b. The pre-clinical processes/
toxicological studies normally consume 2-4yrs during
formal vaccine development; followed by 1-2yrs during
Phase I testing, 2yrs during Phase II, and Phase III another
2-3yrs. Thus a total of 5-7 years are required to complete
Clinical Trials during normal development of a vaccine.
After these stages being completed, 1-2yrs might further
be consumed to cover Regulatory review by FDA, EMA
etc., and finally large scale production and distribution
begins. Therefore, in nut shell, a total of 15years or
longer are expected before a fully characterized vaccine is
released into open market (Figs. 5a,b).
On contrary to this, only a few month’s period
consumed on Pre-clinical/toxicology studies. Followed by

before production of full fledged vaccine, followed by the
overlapping clinical phases during trials, would drastically
reduce the total time of vaccine production to 1.5years or
10 months. This precisely is the mechanism of FastTrack
production method of vaccines applied for the production
of Covaxin, Covishield and other vaccines in the fray.
The different aspects of the normal vaccine
development as well as the FastTrack process have further
been elaborated in Figs. 6a,b.

Molecular Epidemiology

The viral genome sequencing data generated by the RGSLs
is analysed and sent to the National Centre for Disease
Control (NCDC), Delhi for collation, integration and
further necessary public health action through Integrated
Disease Surveillance Program (IDSP).
The data is correlated and analysed to study the
linkages between the genomic variants and epidemiological
trends to understand super spreader events, outbreaks and
strengthen public health interventions.

Clinical prospective

Linking this data with the IDSP epi data and patient’s
symptoms will allow us to better understand the viral
infection dynamics, morbidity and mortality trends.
Further, the data can be linked with host genomics,
immunology, clinical outcomes and risk factors for a more
comprehensive outlook. Knowledge generated through
this vital research consortium will also assist in developing
diagnostics and potential therapeutics and vaccines in the
future.

Fig. 5a. The duration of time normally required for the development of a vaccine. (after Krammer, 2020)
Fig. 5b. The duration of time normally required during Fast Track development of a vaccine. (after Krammer, 2020)
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Fig. 6a. The expeditious research and development for Indian vaccines (Concept: after Krammer, 2020).

Fig. 6b. The acceleration of approval at par with the fattrack mode of development of vaccines in India (Concept: after Krammer,
2020).

Public Health Relevance

Overall aim To monitor the genomic variations in the
SARS-CoV-2 for understanding the mutations/variants &
their public health significance.
1. Disease scenario : Surges, rate of disease
transmission, severity and fatalities.
2. Disease epidemiology: Morbidity & mortality
in different age groups affected. Sex, geographic
locations, present/past and future scenarios.
3. International impact:

IHR obligations.

4. To understand relevance to testing, vaccination,
immunity.
So far, 15,133 SARS-CoV-2 genomes have been
sequenced from Covid-19 positive international travelers
as well as from the community.

Implications

i. Overall better understanding of
1. Disease epidemiology. Time place, person and
transmission. Disease trajectory in states.
2. Testing strategy
3. Clinical severity.
ii. State/District
1. Understanding of epidemiological scenarios.
2. Clinical picture of disease
3. Plan and strengthen preparedness.
iii. All individual level. Not relevant.
1. Testing.
2. Preventive measures remain the same.
3. Clinical management.
iv. Others:
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Fig. 7. Brief depiction of symptoms due to the old strain of
SARS-CoV-2.

1. National & International level.
2. Re-infection:
1. Repeat infection
2. Infection and vaccination: single dose, full
coverage etc.
Manifestations of the older and newer strains of
corona virus, SARS-CoV-2
The manifestation of the older strain of corona
virus, SARS-CoV-2 exhibited fever, persistent cough
as well as a loss of smell or taste in the infected patient
(Fig. 7). However, the recently encountered newer strain
showed altered symptoms of the disease viz., aches and
pains, conjunctivitis, sore throat, diarrhea, rashes on the
skin, discoloration of fingers or toes and headache, after
transformation of the older strain into the newer strain
(Fig. 8).
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ABSTRACT
Photoperiodism is a prime selective force and in response to photoperiod and other
supplementary environmental cues, birds exhibitbehavioral and physiological responses. Birds
have developed specialized temporal programming for the adaptation to their activities during
24-h of periodicity. To maintain the successful survival of progeny, they use both environmental
cues and endogenous cycles in the suitable time window of the year. These timing mechanisms
commonly involve an internal molecular oscillator which we called as ‘clock’ (s) that is
‘entrained’ to the environmental cycle. They express their endogenous cycles in physiology and
behavior by receptor mechanisms responding to appropriate environmental signals (‘Zeitgeber’,
i.e. time-giver) that allow anticipation of the seasons. Birds can respond to environmental stimuli
in 3 key ways: disperse, adjust through phenotypic plasticity, or adapt through genetic changes.
In this article, we discussed thesignificance of ecological factors affecting bird’s physiology
and behavior.Furthermore, the migratory songbird’s performancealong with downstream
proceedingsabout these factors and their adaptive approaches towards nature’scircuitry.
Keywords:Photoperiodism, Photoperiod, Birds, Environmental stimuli, Cues

Periodic changes in environmental cues and
photoperiodic responsiveness:

Photoperiod is the chief environmental cue for
synchronizing the circadian clocks (Kumar, 1997; Trivedi
et al., 2006) and is a dominant constituent in providing
periodic information about the environment to the birds
(Kumar et al., 2010). Prominently, the photoperiodic
environment acts as Zeitgeber (Zeit = time, geber =
giver) for the synchronization of endogenous clocks, and
this environmental zeitgeber influences circadian and
circannual clock (s) controlling functions. Apart from
photoperiod, the temperature is a powerful entraining
agent for circadian rhythms (Takahashi et al., 2012).
Circadian (circa = about; dies = day) and circannual
(circa = about; annum = year) rhythms are the two foremost
considered rhythms.The circadian rhythm measures close
to a 24-h day, and the circannual rhythm measures close to
a year. Birds need to adapt their physiology and behavior
to these regular cycles in their environment (Kumar et al.,
2010). As changes in environmental cues like temperature,

day length, availability, and quality/quantity of food
affect bird’s physiology and behavior so because of this,
they possess the instinctive strategy to track their time
in changing environmental surroundings (Williams and
Karasov, 2015).
In synchrony, birds have evolved a mechanism to
time their breeding phase with a suitable period when
environmental conditions are optimal for their young
ones (Bentley, G.E. 2010). Likewise, the ability to stay
away from breeding during the less suitable period is also
important just to keep a check on energy expenditure,
time, and resource availability (Foster et al., 1987).
Birds possess a complex timekeeping system which
responds on both daily and seasonal bases and exhibit
biochemical, physiological, and behavioral patterns that
are species and niche-specific (Cassone et al., 2017). They
can measure day length throughout the year and during
the photosensitive period; their neuroendocrine system
can respond to long photoperiod. As a result, at this time
physiological cascade includes a dramatic increase in
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gonadotropin secretion resulting in gonadal growth and
related behavioral responses. The status of sensitivity in
birds to long day length is photosensitivity and response is
known as photostimulation (Perfito et al., 2008).

Variables of temporal information:

There are predictive daily and/or seasonal changes in
day length, temperature, food availability, humidity,
nutritional state, and social cues (Cassone et al., 2017).
These environmental variables are grouped into proximate
and ultimate cues based on their role in the regulation of
circadian and seasonal cycles. Proximate and ultimate
cues are required to an animal for appropriate adjustment
of its physiology, morphology, and behavioral response.
Proximate cues help in deciding the constructive time
window (season), while the ultimate cues lead to the
culmination of the physiological event at the most
profitable time during the defined season (Bentley, 2010).
Alteration in day length provides the most reliable
source of chronological information about the changing
environment. This has been adopted by birds for
synchronizing reproduction, molt, and migration with a
‘favorable time window’. On the other hand, the timing of
life-history stages is also affected by temperature, rainfall,
food abundance, and social stimuli, but provides only shortterm predictive information. These supplementary cues
serve for fine-tuning the rate of gonadal growth and the
best timing of breeding with local phenological conditions.
Migratory songbirds encounter complex photoperiodic
conditions throughout the year, in which day length acts
as a synchronizer, entraining endogenous circannual
rhythms of gonadal maturation, molt, and nocturnal
migratory activity. The seasonal cycle of a migratory bird
can be divided into two phases in which short and long
days exert different effects on the timing of life-cycle
events (Pulido et al., 2007).Apart from all these factors
and signals, many songbirds illustrate adaptive responses
to migrating through a moving flow in an air medium.
These responses are fine-tuned to the air travel capabilities
concerning the wind currents around them. Magically,
migrants are expected to have evolved mechanisms for
anticipating favorably directed flows and flight altitudes.
Researchers demonstrated that in many songbirds moving
directions during flight were undoubtedly influenced by
wind flow. They do not wait to fly only on nights with the
most favorable winds but they habitually travel on nights
with crosswinds and opposing winds too (Chapmanet al.,
2016).

Chronometers or timekeepers within animals:

Biological rhythms are generated at the molecular level
through auto-regulatory positive and negative feedback
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loops of the core clock genes on a daily and seasonal basis.
In every organism, clock genes (CGs) are candidate genes
that control life-history events (Paibomesai et al., 2010).
The machinery that allows the organism to anticipate
imminent daily changes is termed the ‘circadian clock’.
The 24-h rhythm generated by this circa clock is motivated
by a set of clock genes (Magnone et al., 2005). It acts
as a bioregulator of reproductive activity through the
mediation of the central nervous system, hypothalamus,
adenohypophysis, and the pineal gland, and this regulatory
pathway is coined as photoperiodism (Vasantha and
Vasantha, 2016). This phenomenon is coupled to diverse
functions i.e., morphological, metabolic, immunological,
and reproductive adaptations. These all run definitively to
cope with calendar changes throughout the season (Kumar
et al., 2010). The seasonally changing environmental
conditions set a ‘suitable time window’ for appropriate
behavioral actions such as breeding, migration, or
hibernation. This ‘time window’ is determined by other
factors, of which the most appropriate in the context of
climate change are ‘climatic factors’ (Charmantier and
Gienapp, 2013).

Circadian clock system and the mechanism
beyond the photostimulation:

The avian circadian clock system is a 3- component system
that includes the retina, suprachiasmatic nucleus (SCN),
and the pineal gland. This clock system is located in
separate structures but functionally connected and works
in a specific manner. Circadian union in the avian system
is a multifaceted arrangement of multiple pacemakers.
The dynamics by which these pacemakers couple at the
physiological/biochemical levels indicate that the SCN
influences pineal oscillators via sympathetic inhibition of
melatonin biosynthesis (Cassone et al., 2017).
The conceptualized clock is an input-pacemakeroutput system. In this hierarchical system input is the
receptive unit. This unit may reside within or outside
the structure that contains the oscillator. The centrally
placed pacemaker generates oscillations with a precise
cycle (Kumar et al., 2004). In long-day breeding birds,
approaching spring and increasing summer day length
induces synthesis and release of gonadotropin-releasing
hormone (GnRH) from neurons in the preoptic area (POA)
of the brain. This stimulates the pituitary for the secretion
of gonadotropins; luteinizing hormone, (LH), and
follicle-stimulating hormone, (FSH), resulting in gonadal
recrudescence. Under long days, light-activated deep
brain photoreceptors induce TSH β (thyroid-stimulating
hormone beta) transcription in the pars tuberalis, PT.
This in turn activates type 2 deiodinase (DIO2) synthesis
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in the ependymal cells of the mediobasal hypothalamus
(MBH), resultant T4 converts inactive T3 and results in
the GnRH synthesis and release from the POA. In short
days increased synthesis of type 3 deiodinase (DIO3)
for the conversion of T4 and T3 into inactive reverse T3
(rT3) and diiodothyronine (T2), respectively, which results
in the inhibition of GnRH synthesis. When birds are
exposed under long and short days there has been found
the shifting of genes encoding these two thyroid activating
enzymes i.e. DIO2 and DIO3 which in turn responsible
for the synthesis of GnRH and GnIH (Srivastava et al.,
2015) (Figure 1). Studies have shown the mediobasal
hypothalamus (MBH) as the photoperiodic induction site,
by identifying the molecules reinforcing the long-day
treatment effect (Rastogi et al., 2013).
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through cellular and systems levels (Kumar et al., 2010).
At the molecular point, clock and bmal1 (positivefeedback loop), period and cryptochrome (negativefeedback loop), expression constitute a circadian clock
and show signs of daily oscillations within the core
circadian tissues in birds. This clock system functions
together and generates daily time. Circadian oscillations
are generally produced by transcriptional–translational
negative feedback loops. This coordination is organized
in the positive (clock and bmal1 genes) and negative
limbs (period and cryptochrome genes).An additional
loop formed and stabilized orphan nuclear receptor (NRs)
reverbα which supports the negative limb of the feedback
loop(Kumar et al., 2010, Stevenson et al., 2017).These
NRs are a family of conserved transcription factors
(TFs). In response to various environmental stimuli, these
TFs regulate gene transcription and expression of genes
important for an organism’s development, homeostasis,
and metabolism.Recently, heme was identified as the
ligand for the orphan receptors REV-ERBa/b, the
well-known regulators of the circadian clock and lipid
metabolism. Also, recent advances have recognized two
nuclear receptor subfamilies (orphan subclass), the REVERBs and the ‘retinoic acid receptor-related orphan
receptors’ (RORs), as critical regulators of the circadian
clock with significant roles in lipid homeostasis. The
RORs, recognize the same DNA binding sites as the REVERBs and are often coexpressed in the same tissues as the
REV-ERBs(Solt et al.,2011). In the circadian clocking
system, this REV-ERBa appears as a link between the two
limbs. CLOCK and BMAL1 proteins drive the expression
of per, cry, and rev-erbα genes within the nucleus. In
turn, PER and CRY (represented by PERIOD [per] and
CRYPTOCHROME [cry]) proteins down-regulate their
expression and that of REV-ERBα by suppressing the
action of CLOCK/BMAL1. The absence of REVERBα
protein de-represses bmal1 and possibly clock genes.
Later, CLOCK/BMAL1 proteins reinitiate a new cycle of~
24 h. Briefly, a transcription complex of different clock
proteins is formed during activation and inhibition(Kumar
et al., 2010, Stevenson et al., 2017) (Fig 2).

Fig. 1: A hypothalamic response under long and short days
showing thyroid hormone signaling (Yoshimura et al., 2003;
Nakao et al.,2008; Srivastava et al., 2015)

The environmental light-dark cycle is generated by
endogenous clocks or timekeepers. The clocks (s) are selfsustained and continue to be expressed in overt functions
even in the absence of input from the environment. These
clocks coordinate systematically the passage of time in
synchrony with the periodic environment from molecular

Fig. 2: Molecular circuitry for the avian circadian clock (The
data have been adapted from Kumar and Singh 2005; Kumar
et al., 2010; Stevenson and Kumar 2017).

40

Migratory runners take a trip on the migratory
route:

Migration is one of the greatest spectacle events. If not all,
most birds reproduce seasonally, and many of them are
engaged in twice-a-year long-distance migrations between
wintering and breeding grounds. During spring migration
many diurnal songbirds fatten and gain in body mass,
perform a migratory flight, and exhibit gonadal growth and
development (Rani et al., 2006). Night migratory birds i.e.
buntings during their migratory journey migrate several
thousand kilometers at night to reach their wintering
grounds in late autumn and breeding ground in late spring.
However, during non-migratory seasons, these birds are
active during the day and inactive at night. In migratory
seasons, they remain active during the day but undergo
a profound shift in their night-time behavior: birds fly at
night and take less rest during the journey. When these
birds are held in captivity under experimental conditions,
they exhibit intense activity at night likewise in the wild;
this is called migratory restlessness or Zugunruhe (Malik
et al., 2014). Also, pieces of evidence have been shown
that in diurnal migratory songbirds i.e., warblers (Sylvia)
the temporal pattern of Zugunruhe reflects the pattern of
the actual migration (Rani et al., 2006). Likewise, during
the migratory phase (Zugunruhe) of their LHSs, a daytime active non-migrating bunting changes to leading
night-time activity. While it is day-active during the nonmigratory phase, it eats in the day and consumed food in
the day and replenishes fuel stores used during the dark
phase of the circadian period. Therefore, it is predictable
that the liver exports nutrients during night fasting.
Consequently, all exercises in the form of these behavioral
and physiological transitions between the LHSs result
from dynamic and energetic regulation of cell-autonomous
circadian clocks and key biochemical pathways (Guptaet
al., 2020).
Migratory songbirds utilize different stopover sites
in appropriate areas during migration. They necessitate
selecting a specific time of night i.e. within-night decision
to resume a migration. These departure decisions are
mutually affected by a certain combination of intrinsic
and extrinsic factors, i.e., departure cues. These cues
which in turn largely determine the speed of migration
(Packmoret al., 2020).Further, at stopover sites, migrating
birds spend more time and energy than they do in the
migratory journey. The reason behind that, refueling
rate is the foremost determinant of stopover duration.
Those factors that affect refueling, have great potential
to influence migration speed and their success. Food
quantity and quality, intra- and interspecific competition,
arrival condition, and predation risk are primary factors
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that affect refueling rate. Behavioral and physiological
differences among individual birds may also play a lead
role (Seewagenet al., 2013).
During spring migration, to reach their breeding areas,
trans-Saharan passerines must cross two large ecological
barriers i.e. the Sahara Desert and the Mediterranean Sea.
During flights, migrants have to deal with a particular
physiological situation, since they have to fast, even up
to several days, despite very high energy demanding
conditions. Data based upon literature shows that the
energy used for flight is mainly derived from fat stores.
A previous study on Ventotene Island (Italy), suggested
that nectar is an ideal first food for birds with a reduced
digestive capacity because monosaccharide does not have
to be digested because they are absorbed directly. The
nectar utilization is allowing birds to obtain water and
energy at stopover sites in a short time as nectar is easy
to find and quick to digest. Also it has been documented
that in Europe, nectar consumption has been observed
in migrants landing at stopover sites on Mediterranean
islands. Nectar-feeding by trans-Saharan passerines
has also recently been described at oases in the Sahara
Desert(Cecere et al., 2011).
However, many anthropogenic activities in the
climate and atmosphere have globally affected ecological
processes. Resultant the spatiotemporal occurrence of
the main annual cycle events i.e., breeding, wintering,
molting, and migration have shifted in migratory birds
(Schmaljohann, 2019).

Living by the calendar Act:

Annual cycle of the photoperiod along with other ultimate
factors is a major geophysical cue, acts to entrain and
synchronize the circannual rhythm to the precise 365day periodicity of the Earth’s year. Organisms use both
an endogenous calendar and a day length-measuring
mechanism to adjust physiological state precisely to the
seasons (Lincolnet al., 2006). Biological activities like
migration, hibernation, reproduction, and molt are achieved
by adjusting the period of endogenous clocks to the annual
change in the photoperiod. In complex vertebrates, the
zygote potentially carries circannual timer genes into all
progeny cells and tissues which support the concept of a
‘clock‐shop’. In this clock-shop, cell‐autonomous long‐
term rhythms are generated in each tissue, orchestrated by
a central circannual pacemaker system, and by this, they
show seasonal recurrence of biological activities. This is
analogous to the circadian timing system organization.
For the circannual timescale, specialized thyrotroph cells
located in the pars tuberalis (PT) of the pituitary gland
and adjacent tanycyte cells located in the ependymal wall
of the third cerebral ventricle of the brain act as putative
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central circannual pacemakers (Lincoln, 2019). Previous
studies concluded the knowledge of the PT cell and
the endocrinology of the HPD sheep by mathematical
modeling. They documented a pituitary-based 2-cell
model for the generation of a circannual rhythm. The PT
cell decodes photoperiod through the melatonin signal
to drive the PD lactotroph cell that secretes prolactin,
and slow negative feedback modulates the interaction to
produce a circannual periodicity. This system requires
the fundamental properties of the PT cell where the
activation and phasing of 24-h clock gene rhythms affect
the output and negative feedback responses (MacGregor
and Lincoln, 2008). Organisms often experiencean annual
cycle consisting of a productive and unproductive phase
throughout the season. This annual cycle along with
other associated variations in abiotic factors and biotic
interactions form a strong association. A key challenge in
changing seasonal environments is the restricted duration
of the constructive timewindow when netgrowth is
possible (Varpe, 2017). Circannual rhythms have usually
been studied about seasonal events, such as patterns of
reproduction, migration, hibernation, and molting. A few
studies have examined seasonal changes in the circadian
locomotor activity rhythm as well (Kumaret al., 2004).

Red-headed buntings’ status at their
overwintering ground:

An account of one of the migratory species Red-headed
bunting (Emberizabruniceps), an emberizid finch, that
breeds in West Asia and East Europe and overwinters
in India (Ali and Ripley, 1974). These latitudinal longdistance night-migratory songbirds are still photosensitive
when they leave their wintering grounds in early April in
India (̴ 25ºN, spring migration) and are photorefractory
when they leave their breeding grounds in July/August
in west Asia and south-east Europe (̴ 40ºN, autumn
migration) (Rastogi et al., 2013). Here, we present the
utilization and presentation of citizen science data to map
the sightings of red-headed buntings in India. For the
present study, data were downloaded from eBird’s website
and processed (eBird). The data was arranged according
to their GPS (Geographical Positioning System) locations
(Kumar et al., 2019). After analyzing whole data and
interpretation we found a downfall trend in this species
occurrence in Indian subcontinents (Figure 3.). Here,
for convenience, we are screening the consideration for
only one species, but there are a lot many species in our
surroundings that require paying immediate attention.
This small step towards conservation or protection will
positively discontinue the proximity to future extinction
of this species and its sister species also.
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Fig. 3: The figure showing the number of Red-headed buntings
at their overwintering ground. The data collected from eBird
source

Future recommendations:

‘Migration or relocation between breeding and wintering
grounds’, observed within ‘avifauna class’ definitely
ranks as one of nature’s most noticeable and widespread
phenomenon. Isn’t this ecological phenomenon rapidly
declining throughout the world? More or less we
say that, is migration an endangered phenomenon?
Many ornithological observations supposed that many
magnificent migrations have either disappeared due to
human activities or are in steep decline. Also, many
migrants are in little immediate danger of extinction;
rather, they are becoming less and less common. On the
public and science front, the supreme challenge may lie in
understanding the demographic connectivity of migratory
route and journey as well i.e. how events at any one
stage of the migratory series affect other stages and the
overall population trajectory of the species in question
(Wilcoveand Wikelski, 2008). Looking into close eye
inspection it seems like disturbance and destructions of
natural ecosystems have been reported to increase the
accumulation and convey of disease from wild species
to humans. The relationship between new disease,
climate fluctuations, and reduction in biodiversity may be
interrelated at a deep and troublesome level. So, we could
not deny that this troublesome circumstance requires
urgent attention (Lorentzen, 2020).
In the end, we would state that habitat destruction
is the main driver of decreasing biodiversity. It is
noticeable that climate change may play a role by forcing
species to habitat shifting, change geographical range,
and survive in semi-natural habitats that may bring the
overall disturbances in the natural environment. Hence,
guidance under natural ecological cues and adaptation
towards nature’s safeguarding is eventually required for
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a bird’s survival as sustained maladaptation can lead to
extinction. As only adaptation will allow birds to persist
in nature, such predictions will allow a better assessment
of possible threats of climate change to biodiversity. Also,
we would argue that studies on birds seem to specify the
complexity of the circadian organization found in other
non-mammalian vertebrates.
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ABSTRACT
In this paper we have considered a special (γ, β) – metric (1.2) and find some important tensors.
We have also considered the hypersurface given by the equation b(x) = constant with the special
(γ, β) – metric (1.2).
Keywords : Finsler Space with (γ, β) – metric, cubic metric, one form metric, angular metric
tensor, fundamental tensor and reciprocal tensor.
INTRODUCTION
In 1979 Matsumoto.M., [1] introduced the concept of
cubic metric given by

L ( x, y ) = {aijk ( x ) y y y
i

j

}

k 1/3

(1.1)

with (γ, β) – metric given by the equation (1.2), where
1/3
n
γ = a ( x ) y i y j y k is a Cubic metric in M and

{

β = bi ( x ) y is a 1 – form in Mn. The derivatives of L
i

(γ,β) with respect to γ and β are given by

where aijk (x) are the components of symmetric tensor
field of (0, 3) type which depends on the position x alone.
In 2011 Pandey. T. N. and Chaubey. V.K.[9], introduced
the concept of (γ, β) – metric
L = L(γ, β)
where γ is a cubic metric and β = bi yi is a one form metric.
We have also some research papers on (γ, β)– metric
[2,7,9,10,11,12], whose studies have definitely contributed
to the growth of Finsler geometry. In this paper we have
introduced a special (γ, β)– metric given by
(1.2)
L =
C1γ + 3C2γ β + 3C3γβ + C4 β
By taking this metric, we have calculated basic tensors
ij
such as li , hij , gij , g and some important theorems.
In 1995, Matsumoto. M., [6], had discussed the
properties of a special hypersurface of Rander’s spaces
with bi ( x ) = (∂ i b) being the gradient of a scalar function
b(x). He had considered a hypersurface given by the
equation b(x) = constant.
In this paper we have also used the hypersurface given
by the equation b(x) = constant, of the Finsler space with a
special (γ, β) – metric given by the equation (1.2).
3

3

2

2

)

Lγ= L−2 ( C1γ 2 + 2C2γβ + C3 β 2 )

(2.1)

Lβ= L−2 ( C2γ 2 + 2C3γβ + C4 β 2 )

(2.2)

=
Lγγ 2 L−2 ( C1γ + C2 β − LL2γ )

(2.3)

L
=
2 L−2 ( C3γ + C4 β − LL2 β )
ββ

(2.4)

=
Lγβ 2 L−2 ( C2γ + C3 β − LLγ Lβ )

(2.5)

Where

3

2. The Finsler space with metric (1.2)

(

}

ijk

Let F n = M n , L be an n –dimensional Finsler space

Lγ =
Lγγ =
by

∂Lγ
∂γ

Lβ =

∂L
∂β

Lββ =

∂Lβ
∂β

The normalized element of support li = ∂ ι L is given

=
li
as

∂L
∂γ

Lγ

γ2

ai + Lβ bi

(2.6)

The angular metric tensor hij = L∂ ι ∂ J L, is obtained

hij = P−1aij + P0bi b j + P−2 ( ai b j + a j bi ) + P−4 ai a j (2.7)
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(

Where P0 = LLββ = 2 L−1 C3γ + C4 β − LL2 β

)

hij + li l j is given by
The fundamental tensor g=
ij

gij = P−1aij + q0bi b j + q−2 ( ai b j + a j bi ) + q−4 ai a j (2.8)

2 LL
P−1 = 2 γ =2γ −2 L−1 ( C1γ 2 + 2C2γβ + C3 β 2 )

If

γ

P−2 =

LLγβ

1


q0 =
P0 + L2 β =
2 L−1  C3γ + C4 β − LL2 β 
2



= 2γ −2 L−1 ( C2γ + C3 β − LLγ Lβ )

γ2

q−2 =P−2 +

L 
L 
P−4 =
L −2 γ  =
−2γ −5 L−1 ( C2γβ + C3 β 2 + γ LL2γ )
4  γγ
γ 
γ 

q−4 =
P−4 +

In equation (2.7) the subscripts of coefficients P–1,
P0, P–2 and P–4 are used to indicate respective degrees of
homogeneity.

Lγ Lβ

γ

2

L2γ

γ

4

1


=2γ −2 L−1  C2γ + C3 β − LLγ Lβ 
2



=
−γ −5 L−1 ( 2C2γβ + 2C3 β 2 + γ LL2γ )
(2.9)

We know that g gij = δ
hj

h
i

ij
The reciprocal tensor g of gij is given by

a ij d ( q−2 π −1 − q−4 τ −1 ) i j d ( q−2 τ −q0 π ) i j d ( q0 π −1 − q−2τ −1 ) i j d ( q−4 τ − q−2 π ) j i
g ij =
aa −
bb −
ab −
ab
−
P−1
P−1
P−1
P−1
P−1
Where 		

P−1 + q−4 γ 3 + q−2 β =
π,

			

q−4 β + q−2 b 2 =
π −1 , P−1 + q−2 β + q0b 2 = τ −1
d=

q−2 γ 3 + q0 β =
τ

1
τ π −1 − π τ −1

a ij
ij
g
=
− S0' bi b j − S1' ( a i b j + a j bi ) − S 2' a i a j
				
P−1

(2.10)

Where

d=

{q q

0 −4

− ( q−2 )

2

}( β

1

2

−b γ
2

3

) − P (P
−1

−1

+ 2 q−2 β + q0b 2 + q−4 γ 3 )

{

}

2
3


d ( q−2 τ −q0 π ) d  ( q−2 ) − q0 q−4 γ − q0 P−1 
S
=
=
P−1
P−1
'
0

{

}

2
d  q0 q−4 − ( q−2 ) β − P−1q−2 
d
q
−
q
d
q
−
q
π
τ
τ
π
(
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(
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−
−
−
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0
1
2
1
4
2


S1'
=
= =
P−1
P−1
P−1

{

}

2
d  ( q−2 ) − q0 q−4 b 2 − q−4 P−1 
d
q
π
−
q
τ
(
)
−2 −1
−4 −1


S 2'
=
=
P−1
P−1

On a Special (γ, β) - Metric and its Hypersurfaces

47

Theorem (2.1) The angular metric tensor hij, the
fundamental tensor gij and its reciprocal tensor gij of (γ,
β)−metric are given by equations (2.7), (2.8) and (2.10)
respectively.

3. The Hypersurfaces F (n-1)(c)

In this section, we have taken the special (γ,β) – metric
with a gradient bi ( x ) = ∂ i b for a scalar function b(x) and
a hypersurface F n −1 ( c ) which is given by the equation
b(x) = c (constant).
Since the parametric equation of

xi = xi ( uα ) , hence

F n −1 ( c ) is

(∂ / ∂uα ) b ( x ( u ) ) = 0 = bi ( x ) Xαi , where bi(x) are
covariant components of a normal vector field of F n −1 ( c )
Therefore, along the F n −1 ( c ) , we have
(3.1)
=
bi Xαi 0=
and bi y i 0
In general, the induced metric

L ( u , v ) = C1 {aαβγ ( u ) vα v β vγ }

(3.2)

where

aαβγ ( u ) = aijk ( x ( u ) ) X αi X βj X γk
X αi =

∂xi
∂uα

By using equation (3.1) and (2.10), we have

 1

=
g ij bi b j b 2 
− S0' b 2 
 P−1

where

b 2 = a ij bi b j
Hence, we get

bi b
		 =

1
− b 2 S0' N i
P−1

(3.3)

Hence from (2.10) and (3.3) we have

bi = a ij b j =



2 '

b S1  i
b
 a (3.4)
Ni +
1
 1 − b2 S ' 
2 '
− b S0
0 

P−1
 P−1


Theorem (3.1). Let Fn be a Finsler space with (γ,β) –
metric (1.2), bi(x) = ∂ib(x) and F n −1 ( c ) be a hypersurface
of Fn given by b(x) = c (constant). If bi is a non- zero field,
then the induced metric of F n −1 ( c ) is given by (3.2) and
relations ( 3.3) and (3.4 ) hold.
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ABSTRACT
Microsatellites markers are the most prevalent and adaptable genetic marker with varieties
of applications in conservation biology, population genetics and evolutionary biology. These
are the arrangements of DNA sequences, consisting of tandemly repeating mono-, di, tri and
tetranucleotide units, which are distributed throughout the genomes of most eukaryotic species.
Microsatellites are codominant in nature, easily typed, highly polymorphic and Mendelian
inherited. These all properties make them very suitable for the study of population structure
and pedigree analysis and also capable for detecting differences among closely related species.
Polymerase chain reaction (PCR) for microsatellites can be automated for identifying simple
sequence repeat polymorphism. Small amount of blood samples or alcohol preserved tissue is
adequate for analyzing them. Most of the microsatellites are noncoding, and therefore variations
are independent of natural selection, all properties make microsatellites ideal genetic markers
for fisheries management and conservation genetics. In this review We aimed at isolating
microsattelites suitable to quantify the genetic variability in Tor tor.
Keyword: Tor tor, microsattelite marker, PCR

INTRODUCTION
Mahseer inhabits both rivers, lakes ascending to rapid
streams with rocky bottoms for breeding. They are
omnivorous, eating not only algae, insects, frogs, other
fishes, but also fruits that fall from trees overhead. The
first Species of this group were scientifically described by
Hamilton- Buchanan in 1822.

Classification of Mahseer
Kingdom
Phylum
Class
Super order
Order
Sub order
Family
Sub family
Genus

:
:
:
:
:
:
:
:
:

Animalia
Chordata
Teleostomi
Ostariophysi
Cypriniformes
Cyprinoidei
Cyprinidae
Cypriniae
Tor, Neolissochilus, Naziritor

Introduction about Tor tor
Common name: Red-finned Mahseer or Barbeau tor.
Maximum length-52cm, common length-17.5cm,
length at first maturity-36cm
Maximum published weight-9000gm
Maximum reported age- 10 years
Color- Silvery green
Habitat-Inhabit river and lakes of Asia, Pakistan,
India, Bangladesh, Nepal and Bhutan.
Tor tor Grow better in a river with a rocky bottom.
Travels towards head water at the start of the rainy
season and downstream at the end of the rainy season.
Omnivorous, feed on filamentous algae.
Taxonomic classification
Phylum
Subphylum

:
:

Vertebrata
Craniata

50

Class
Subclass
Order
Suborder
Family
Genus
Species
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:
:
:
:
:
:

Teleostomi
Actinopterygii
Cypriniformes
Cyprinoidei
Cyprinidae
Tor
Tor tor

Fig.1.1 Tor tor

It is valued as commercial and aquaculture level.
Molecular genetic markers are heritable characteristics
associated with the identification and characterization
of a specific genotype, crucial for both management
and conservation programs. These markers have several
applications in aquaculture genetics and breeding
programs, including the characterization of genetic
diversity both within and between populations. They have
been used for various objectives such as to determine the
species-diagnostic markers, population genetic structures,
phylogenetic relationships and quantitative trait linkage
studies, etc. (Smith and McVeagh,2004; Faria and Miyaki,
2006).
Biological diversity is ‘the variety of life’ which
refers to variation at all levels of biological organization.
The genetic variation in and between populations is the
outcome of several factors, such as mutation rate, breeding
size of the population, breeding strategy, migration and,
above all, selection. The most common measures of
genetic diversity are heterozygosity, allelic diversity, and
proportion of polymeric loci (Nei et al., 1975; Leberg,
1992). Heterozygosity is important to the well being of
natural and artificial populations (Orr and Sohal, 1994).
Habitats with greater biodiversity are more resilient and
recover from various disturbances.
The methodology is currently undergoing rapid
evolution with the development of various molecular
markers for characterizing genetic variation at the DNA
level within individuals, organisms, population, species,
and genera. Traditional techniques, which directly or

indirectly investigated gene products like blood groups
and enzymes. The studies of morphometric and meristic
characteristics, are being completed by the data from new
molecular techniques (Beadmore et al., 1997)
Molecular genetic markers are heritable characteristics
associated with the identification and characterization
of a specific genotype, crucial for both management
and conservation programs. These markers have several
applications in aquaculture genetics and breeding
programs, including the characterization of genetic
diversity both within and among populations. They
have been used for various objectives, to determine the
species diagnostic markers, phylogenetic relationships,
quantitative trait linkage studies, genetic population
structure and construction of genetic linkage map.
The variation in intraspecific level is measured by
means of population genetics in which the levels of genetic
variation are quantified and its distribution pattern is across
the distribution range of species. Traditional techniques,
which directly or indirectly investigated gene products like
blood groups and enzymes. The studies of morphometric
and meristic characteristics are being completed by the
data from new molecular techniques.
The present study was aimed at identification
of microsatellite markers in Tor tor. This study was
undertaken to identify polymorphic microsatellite marker
that could be used to determine genetic variation within the
population of the species of the same family. The outcome
of this study will provide microsatellite markers to be
utilized in genetic improvement programs and planning,
conservation as well as management of natural fishery
resources of these economically important fish species.

MATERIALS AND METHODS
Materials

Raw materials: Fish (blood sample and muscles samples).
The blood samples were collected from the fish (Tor tor)
with a needle and syringe and fixed in 95% alcohol in 1:5.
The blood samples were transported to the laboratory at
room temperature and stored at 4oC till analysis, primers,
and markers.

Chemicals

0.5M Tris-Cl, EDTA, Alcohol, Bromophenol blue dye,
High TE working solution, Incubation buffer, Proteinase
K, RNAase Buffer, Saturated phenol, Chlorofom: Isoamyle
alcohol, Sodium acetate, Acryl amide, Bis-acrylamide,
APS, Boric EDTA, and Agarose.

Steps involvedinthe analysis
yy Isolation of genomic DNA from the Ethanol fixed
blood and muscles sample
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yy Determination of quality and quantity of isolated
DNA
yy Polymerase chain reaction (PCR)
yy Visualization of Microsatellites using PAGE and
silver staining
yy Study of microsatellite band patterns
Total genomic DNA was extracted from the ethanol
fixed blood of these two species of Genus Rita, with
proteinase-K and phenol-chloroform method which
removes proteins and other cellular components of the
nucleic acids and pure genomic DNA was obtained.
Determined the quality and quantity of isolated DNA
by the help of agarose gel electrophoresis. Analyzed
the molecular weight of the desired sequence with the
PCR. A total of 27 microsatellite primers of six resource
species was used to screen suitable primers for Tor tor
species. Visualization of Microsatellites was performed
by the using PAGE and silver staining. Gel band pattern

images were captured and saved in the computer with
the help of the BIOVIS gel software. Molecular weight
of each microsatellite band was calculated comparing
the distance run by the standard molecular weight bands
through the BIOVIS-ID analysis software. Each individual
was genotyped; each microsatellite locus as homo or
heterozygote. The individual having single band was
designate as homozygote and with two bands heterozygote

RESULTS AND DISCUSSION
Identification of Microsatellite markers
In cross-species amplification of microsatellite
primers seventeen primer pairs from four resource species
were tested for identification of homologous microsatellite
loci in Tor tor (table 1). Successful amplification was
observed in Tor tor with twelve primer (71%) pairs of
related species ie., Five from Labeo rohita(71%), one from
Barbus barbus* (25%),five fromCyprinus carpio* (100%)
and one fromCompostma enomalum* (100%).

Table1: Primers of Microsatellite loci tested for cross species amplification in Tor tor (Family Cyprinidae)
S.No.

Family

Resourse species

No. of primer Primer pairs
pair tested

Gene bank accession
no.

Successful amplified
loci in species

1

Cyprinidae

Labeo rohita*

7

R12*
R6*

AJ507524
507522

5
(71%)

Lr36*
Lr32*
Lr45*
Lr29*

AM269526
231187
269535
231178

Lro44*

AM184162

2

Cyprinidae

Barbus barbus*

4

Barb54*
Barb62*
Barb59*
Barb37*

U57659
U 51664
51663
51654

1
(25%)

3

Cyprinidae

Cyprinus
carpio*

5

MFW01*
MFW07*
MFW17*
MFW26
MFW02*

-

5
(100%)

4

Cyprinidae

Compostma
enomalum*

1

Ca12*

AF277584

1
(100%)

The optimum annealing temperature was determined through experimental standardization for each primer pair. The
optimum annealing temperatures, to obtain scorable band pattern in Tor tor for all the twelve primers, differed from that
reported for the respective primer pairs in the resource species.
Table 2: Successful microsatellite primers in Tor tor
S.No.

Primer

Primer sequences(5’-3’)

T1
(0c)

T2
(0c)

Nature of
Locus

01

R12*

CTATTCCTGTGCAGACCTTC
GATACACGTCCAGTTTCACC

-

50

Polymorphic

02

Lr36*

CTTGTTCACTGCACAGACACC
AAGGTTCAGATTGCCTCCTG

-

50

Polymorphic
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S.No.

Primer

Primer sequences(5’-3’)

T1
(0c)

T2
(0c)

Nature of
Locus

03

Lr32*

AAATCAGAGAGGGAAGGACAGA
CATTGATTGGTTGAGCACCTAC

-

50

Polymorphic

04

Lr45*

GTGAGGCTCTCTGTTTGGTG
AACGCAGCCAACCTAACGTA

-

50

Monomorphic

05

Lr29*

CCCACGCAAACTCCTGTT
GGAACAAGGCCAGAGCTTTA

-

50

Monomorphic

06

Barb62*

CA CAAAAATGGATTCATATATTT
GT ACACGAGCATATGGACAA

58

48

Polymorphic

07

MFW1*

GTCCAGACTGTTCATCAGGAGG
AGGTGTACACTGAGTCACGC

55

50

Polymorphic

08

MFW7*

TACTTTGCTCAGGACGGATGC
ATCACCTGCACATGGCCACTC

55

50

Polymorphic

09

MFW17*

CAACTACAGAGAAATTTCATCCA
GAAATGGTACATGACCTCAAG

55

50

Polymorphic

10

MFW26*

CCCTGAGATAGAAACCACTGCA
CACCATGCTTGGATGCAAAAG

55

50

Polymorphic

11

MFW2*

CACACCGGGCTACTGCAGAG
GTGCAGTGCAGGCAGTTTGC

55

50

Monomorphic

12

Ca12*

GTGAAGCATGGCATAGCACACAGGAAAGTGCCAGGCATACAC

55

50

Monomorphic

T1 (ºC) - Annealing temperature in resource species T2 (ºC) - Annealing temperature in Tor tor
In Tor tor out of seven primers of Labio rohita* only five (R12*, Lr36*, Lr32*, Lr45*, Lr25*) yield amplified
product, out of which Lr36* and Lr32* and R12* are polymorphic Lr45*and Lr29* are monomorphic.
Among five primers of Barbus barbus one primer (barb62) amplified that is polymorphic. In case of Mfw all primers
(MFW1*, MFW7*, MFW17*, MFW26*, MFW2*) amplified. In Compostoma enomalum, primer (Ca12*) monomorphicly
amplified and rest are not amplified.
Table3: Number of alleles and allele size range at microsatellite loci of Tor tor
S.No.

Loci name*

No. of alleles
In Tor tor

Product size range

Figure

Polymorphic loci
1.

Lr36*

10

128-143

a

2.

Lr32*

10

92-106

b

3.

R12*

6

134-175

c

4.

Barb62*

5

98-120

d

5.

MFW1*

7

134-172

e

6.

MFW17*

9

109-174

f

7.

MFW26*

5

110-177

g

MFW7*

7

174-210

h

Monomorphic loci
9.

Ca12*

1

156

I

10.

Lr45*

1

119

j

11.

Lr29*

1

132

k

12.

MFW2*

1

233

l
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1 2 3 4 5 6 7 8 9 10 M

Lr36 (a)
1. 131,131
2. 138,128
3. 138,138
4. 139,139
5. 140,129
6. 141,141
7. 143,129
8. 132,132
9. 133,133
10.133,133
M

1 2 3 4 5 M 6 7 8 910

M 1 2 3 4 5 6 7 8 9 10

Lr32 (b)
M
1. 101,93
2. 103,96
3. 95,95
4. 92,92
5. 95,95
6. 95,98
7. 96,96
8. 95,95
9. 95,95
10.106,94

M1 2 3 4 5 6 7

M 1 2 3 4 5 6 7 8 910

MFW-17 (e)
M
1. 174,174
2. 123,132
3. 135,135
4. 134,134
5. 122,109
6. Blank
7. 109,109
8. 167,167
9. 161,161
10. 167,167

M 1 2 3 4 5 6 7 8 910

R12 (c)
1. 144,144
2. blank
3. 134,134
4. 136,136
5. 175,175
M
6. 172,172
7. blank
8. blank
9. blank
10. 154,154

M 1 2 3 4 5 6 7 8 910

MFW26 (f)
M
1.
2.
3.
4.
5.

177,172
125,125
Blank
132,132
110,110

M 1 2 3 4 5 6 7 8 9 10

Barb-62 (d)
M
1.
2.
3.
4.
5.
6.

120,98
121,121
120,99
117,99
120,120
118,99

MFW26 (g)
M
1.
2.
3.
4.
5.

177,172
125,125
Blank
132,132
110,110

MFW-07 (h)
M
1. 184,184
2. 174,174
3. Blank
4. 178,178
5. Blank
6. 182,182
7. 174,174
8. 210,210
9. Blank
10.179,179
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M 1 2 3

4 5

6 7

M 1 2 3 4 5 6 7 8 9 10

eight and monomorphic was four, the rest not amplified.
And the numberof alleles in polymorphic condition ranges
from 5 -10 and for a monomorphic number of allelesare 1
different primers.

DISCUSSION

Ca12 (i)
M
1.
2.
3.
4.
5.
6.
7.

156
156
156
156
156
156
156

M 1 2 3 4 5 6 7 8 910

Lr-29 (k)
M
1. 133
2. 133
3. 133
4. 133
5. 133
6. 133
7. 133
8. 133
9. 133
10. 133

Lr-45 (j)
M
1. 119
2. 119
3. Blank
4. 119
5. 119
6. Blank
7. Blank
8. 119
9. 119
10.119

M 1 2

MFW02 (l)
M
1. 233
2. 233

Fig:2a-l Microsatellite loci and different genotypes observed in
Tor tor. M- Standard molecular weight marker pBR322 DNA/
MspI digest.

Number of alleles at microsatellite loci
A total of twelve microsatellite loci was amplified out
of seventeen in Tor tor, in which polymorphic locus was

Microsatellite loci are abundant and distributed throughout
the eukaryotic genome and each locus is characterized
by known DNA sequences. These sequences consist of
both unique DNA and a repetitive DNA motif. Many
microsatellite loci despite their high rates of repeat
evolution are quite conserved in their flanking regions
and hence can persist unchanged over a long evolutionary
time. Out of the seventeen primers,onlyeight amplified a
polymorphic locus in Tor tor. The number of alleles in the
species was different for different primers.
In Tor tor at locus, allele size generated by cross
species amplification turned out to be larger than those
from the resource species. Similar observation was also
made by Yue etal at several loci, when the primers were
cross primed with congeneric species and species from
different family.
These data indicated that the cross species
amplification might be locus specific,. Comparing the
data of Tor species, it was surprising to note that the same
primers were successful in amplification of microsatellite
loci in the target species. Zardoya also reported that
homologous microsatellite locus could persist for about
300 million years in turtle and in fishes and their flanking
regions are highly conserved.
The optimum annealing temperature to get scramble
bands in Tor tor slightly differed from that reported for
their respective primer pairs in resource species. This
may be due to slight variation occurring as a result of
mutation at the primer sequences. Zardoya and Gulbusera
also reported necessities of PCR conditions for the study
species in cross species amplification tests.
The present result identified eight polymorphic
microsatellite loci and four monomorphic in Tor tor.
The polymorphisms at some of these loci indicate their
potential for use in population genetic studies of Tor tor
species.

CONCLUSION
Tor tor is important as esteemed table fishes. The present
result identified eight polymorphic microsatellite loci
namely, Lr36*, Lr32*, Barb62*, MFW01*, MFW7*,
MFW17*, MFW26*, R12*, and four monomorphic
loci namely Ca12*, Lr45*, Lr29*, MFW2* in Tor tor.
The observations showed that the primer from Labio
rohita* (which belongs to the same family Cyprinidae),

Identification of Microsatellite DNA for Population Genetic Analysis in Tor tor

Barbus barbus* (Family Cyprinidae), Cyprinus carpio*
(Family Cyprinidae) and Campastma anomalum* (family
Cyprinidae) can be used to identify microsatellite loci in
Tor tor. DNA sequencing of the identified microsatellite
loci confirmed the presence of repeat motif.Our results
suggested that these identified microsatellite can be
used for population genetic analysis and to assess or
monitor genetic variation. The availability of conserved
microsatellite markers is important for gene mapping,
marker assisted selection and evolutionary studies.
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APPENDIX - I
Reagents required for DNA Isolation
Stock Solutions:

1. 0.5 M Tris-Cl (pH 8.0)
Tris base			
3.028 g
Distilled water		
40.0 ml
Adjust the pH to 8.0 using 1N HCl
Makeup final volume to 50ml
Store at 40C.
2. 0.5 M Tris-Cl (pH 8.3)
Tris base			
3.028 g
Distilled water		
40 ml
Adjust the pH to 8.3 using 1N HCl
Makeup final volume to 50ml
Store at 40C.
3. 0.5 M EDTA (pH 8.0)
Na2 EDTA. 2H2O		
9.34 g
Distilled water		
40 ml
Adjust the pH to 8.0 using 0.5M NaOH.
Make up final volume to 50ml.
Store at roo
4. 0.5 M Tris-Cl (pH 7.5)
Tris base			
3.028 g
Distilled water		
40 ml
Adjust the pH to 7.5using 1N HCl
Make up final volume to 50 ml.
Store at 40C.
5. 5X TAE
Tris base			
12.10 g
0.5 M Na2 EDTA. 2H2O (pH 8.0)
- 5.0 ml
Glacial Acetic acid		
2.85 ml
Make up the solution to 500 ml with distilled water.
Store at room temperature.
6. Bromophenol Blue dye
Bromophenol blue		
2.5 mg
Sucrose			
40.0 mg
Dissolve in 1 ml distilled water.
Autoclave it and store at 40C.

Working Solutions
1. High TE
Stock 0.5 M Tris-Cl (pH 8.0)

-

20 ml

water.

Stock 0.5 M Na2 EDTA. 2H2O (pH 8.0) - 8 ml
Makeup the solution to 100 ml with distilled

Autoclave it, cool it down to room temperature
and store at 40C.
2. Incubation buffer
0.5 M Tris-Cl (pH 8.0) 		
2 ml
0.5 M EDTA (pH 8.0)		
2 ml
Distilled water			
96 ml
Autoclave it, cool it down to room temperature and
store at 40C.
3. Proteinase K
Proteinase K 			
10 mg
Autoclaved distilled water		
500 0l
Dissolve Proteinase K in autoclaved distilled water.
Store at -200C.
4. RNAase Buffer
0.5M Tris-Cl (pH 7.5)		
0.2 ml
NaCl (0.292 g in 10 ml) 		
0.3 ml
Distilled water			
9.5 ml
Autoclave it, cool it down to room temperature and
store at 4°C.
5. RNAase
RNAase				
10 mg
RNAase buffer (autoclaved)		
1 ml
Dissolve RNAase in RNAase buffer.
Keep the tube in boiling water for 15 minutes.
Allow to cool at room temperature
Store at -200C.
6. Saturation of Phenol with Tris-HCl (pH 8.0)
Reagents required
Water saturated Phenol
500ml
0.5 M Tris-HCl (pH 8.0)		
1000ml
(60.56g of Tris base in1000 ml)
0.1 M Tris-HCl (pH8.0) 		
1500ml
(For 300 ml of 0.5M Tris-HCl (pH8.0) add 1200 ml
of DDW.)
7. Chloroform: Isoamyl alcohol (24:1 V/V)
Chloroform				
96 ml
Isoamyl alcohol			
4 ml
8. 3M Sodium acetate (pH 5.2)
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Sodium acetate			
12.4 g
Distilled water			
20ml
Adjust the pH to 5.2 using glacial acetic acid
Makeup final volume to 50 ml
	Autoclave it, cool it down to room temperature
and store at 40C.
9. TE buffer
Stock
0.5 M Tris-Cl (pH 8.0) 2.0 ml
Stock
0.5 M Na2 EDTA.2H2O (pH 8.0) - 0.02ml
Make up the solution to 100 ml with distilled water.
Autoclave it, cool it down to room temperature and
store at 40C.
10. 0.5X TAE (Gel running buffer)
5 X TAE (stock)			
25 ml
Distilled water			
225 ml
Make fresh every time it is required.

Reagents required for PAGE
1. 20% Acrylamide

Acrylamide				
1.9gm
Bis-acrylamide			
0.1gm
Makeup the final volume to 10 ml with distilled water.
2. 10% Ammonium persulphate
APS				
100 mg
Makeup the final volume to 1ml with distilled water.
3. 5X Tris Boric EDTA
Trisbase				
27 gm
Boric acid				
13.7gm
0.5 M EDTA			
12.5 ml
Makeup the final volume to 500 ml with distilled
water.
4. 1X Tris Boric EDTA
5X TBE				
60 ml
DDW				
240 ml
5. Agarose (For sealing of 2 gels)
50 mg / 5 ml (for one set of 2 gels)

Table. 4 resource species with annealing temperature
S No.

Name of locus

Primer

Primer sequence (5’→3’)

Ta (˚C)
Annealing
Tempature in
Resource Species

1

Mfw*1

GTCCAGACTGTTCATCAGGAGGAGGTGTACACTGAGTCACGC

50

2

R12*

CTATTCCTGTGCAGACCTTC

50

GATACACGTCCAGTTTCACC
3

Tor tor

Lr 36*

CTTGTTCACTGCACAGACACC

50

AAGGTTCAGATTGCCTCCTG
4

Lr 32*

AAATCAGAGAGGGAAGGACAGA

50

CATTGATTGGTTGAGCACCTAC
5

Lr 45*

GTGAGGCTCTCTGTTTGGTG

50

AACGCAGCCAACCTAACGTA
6

Lr 29*

CCCACGCAAACTCCTGTT

50

GGAACAAGGCCAGAGCTTTA
7

MFW7*

TACTTTGCTCAGGACGGATGC

50

ATCACCTGCACATGGCCACTC
8

MFW17*

9

MFW26*

10

MFW2*

11

Lro 44*

CAACTACAGAGAAATTTCATC

CA

50

GAAATGGTACATGACCTCAAG
CCCTGAGATAGAAACCACTG

CA

50

CACCATGCTTGGATGCAAAAG
CACACCGGGCTACTGCAGAG

50

GTGCAGTGCAGGCAGTTTGC
CTGTGACCGGAGAGGAATGT
GAACGAGGAGAGGACGAATG

50
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Barb 62*

GGCACAAAAATGGATTCATATC ATTT

50

GTACACGAGCATATGGACAA
13

Barb 59*

CTGTATCCATCACATAGGCTGATA

50

CATGATTTAATAGAACACACAC
14

Barb 54*

TTGTTTTGATTCACACTGAG CA

50

TACCATCTGCTGCTGCTTC
15

Barb 37*

AAATACGCTCTCCTCATTAATTT

50

GTACAAAAGCAAAAATAAATTA
16

R 6*

17

Ca 12*

TATCCTGGCTGAAAACTTTG

50

CTACAGGAACAACCATCACC

Kits used

GTGAAGCATGGCATAGCACACAGGAAAGTGCCAGGCATACAC

1. Silver staining of DNA in PAGE gels
- Amersham Biosciences.
2. PCR product purification kit
- QIAGEN PCR product purification kit.
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ABSTRACT
The Mone wetland connected to Gandak River in monsoon period contribute to its water profile
and aquatic biodiversity. There is restricted study only available in such mesotrophic and river
related wetland. This study was an endeavor to the fish species composition, diversity and
distribution in three sites of river. The captured fishes were identified according to taxonomic
keys. The study approached that adequate fish diversity due to water depth, availability of
nutrients and other environmental factors. The fish diversity and biomass is maximum in site
II have potential under proper management. This river might be developed as fishery work for
local communities of Siwan district.
Keywords: Mone wetland, Inland fisheries, diversity, Abundance, species richness

INTRODUCTION
The wetland contains diverse fauna and flora due
to enriched nutrient medium with less pollution
corresponding to water depth, flow regime and its origin,
however small ones are more vulnerable due to water
scarcity in summer seasons and unexpected fish catches by
local fishermen. The Mone wetland contribute immensely
to the water budget and aquatic biodiversity. Fish contains
protein and also other minerals required by the body
(Bhat, 2003). Such wetlands are recently categorized as
threatened ecosystems ultimately being resulting in low
fisheries potential due to increased pollution in last few
decades through new settlements, drainage systems and
anthropogenic disturbances (Qadir et al, 2008).
The combined effect of high temperature and minimum
flow is deleterious to aquatic organisms with reduction in
the dissolved oxygen quantity. The predicted change in
air temperature causes increase in water temperature is
a complex process depends upon insulators and buffers
such as solar radiation, groundwater input and shading.
There are also some attributes are generated with peak
rainfall and flooding in the monsoon period. There are
also seasonal water variables with intense rainfall events
as drainage of nutrients from bottom and sides to the

floodplains. The community homogenization in endemic
or exotic species is also expected (Eady et al, 2013).
The spawning behavior of fishes might be triggered due
to combined experiences imposed by increased heat and
water volume in the seasonal wetlands. These variables
are also important in regulating seasonal alterations in
existing populations (Rectliffe, 2011). Certain species
are winners or losers because global warming resulted
in community shift and trophic disturbances in inland
reservoirs. This study relies on the fish community, their
distribution and diversity along three selected sites in the
Mone wetland of Siwan district.

METHODS AND MATERIALS

The fishes from selected sites during March 2018 to April
2019 were collected with the help of local fishermen
brought to laboratory where preserved in formalin to
separate jars with matching to length and size. The fishes
were identified with taxonomic keys to identification in
Indian subcontinent (Jayram, 1999; Talwar and Jhingaran,
1991). The fishes identified with taxonomic key (Jayaram,
1999). Diversity index H̕ (Shannon and Reid, 2003) was
estimated following the formula:
Shannon-Wiener index: H̕ = -Σ pi In pi
Pi = n/N, n = diversity of individual and N = total density
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Table 1: Water characteristics of selected sites in Mone wetland
Sl. No.

Parameters

Site- I

Site- II

Site – III

Min

Max

Min

Max

Min

Max

1.

pH

7.4

8.2

7.6

8.4

8.2

8.9

2.

TDS (mg/L)

1230.60

1410.0

1310.0

1520.0

1460.0

1580.0

3.

Hardness (mg/L)

620.30

770.10

660.20

810.10

710.30

840.10

4.

Chloride (mg/L)

470.40

560.10

520.30

610.0

620.10

680.60

5.

Alkalinity (mg/L)

380.10

732.60

410.30

840.20

530.0

910.60

6.

DO (mg/L)

3.10

4.20

3.70

4.80

4.30

6.10

7.

COD (mg/L)

110

170

140

210

170

240

8.

Nitrate (mg/L)

1.30

1.70

1.60

2.30

1.80

2.50

9.

Phosphate (mg/L)

0.60

0.90

0.70

0.90

1.10

1.40

Table 2: Fish attributes at sites of Mone wetland during study period
Parameters

Mone wetland
Site 1

Site 2

Site 3

Species richness

10

12

7

Species abundance

66

94

40

Shannon-weiner index (D)

1.9

2.8

1.5

Table 3: Fish groups in Mone wetland during study period
Family

Genus

Site 1

Site 2

Site 3

Richness

Abundane

Relative abundance

Cyprinidae

Catla

12

22

13

3

47

21.4

Bagridae

Labeo

7

14

7

4

28

12.7

Salmostoma

2

6

-

1

6

2.7

Mystus

7

4

-

2

11

5

Puntius

3

-

3

2

6

2.7

Rita

2

5

2

3

12

5.4

Mystus

-

4

-

1

4

1.8

Siluridae

Ompok

-

12

-

2

12

5.14

Mastacembelus

Mastacambelus

8

7

4

3

19

8.6

Notopteridae

Notopterous

10

5

10

3

25

11.4

RESULTS AND DISCUSSION
The mean value of total alkalinity gradually decreased
from March to July and increased in August. The
values are comparatively high in cold season due to
expected calcium carbonates at lower temperature
(Table 1). Hardness of wetlands decreased from August
to November with excess water volume input, while
higher values in dry months with discharge of water
through outlets and evaporation (Table 1). TDS value
showed rise at site I and III in June and fall on site
II due to large inflow of rainwater (Table 1). Variation
in salinity was notable with maximum and minimum
value in May and August related to organic deposition
in wetlands (Table 1). The dissolved oxygen fluctuates
with any rise in heat and biomass of planktons and
macrophytes (Table 1).

This research hold relation between hydrobiology and
fish productivity was consistent with study of Downing et
al (1990). The fish yield was variable for existing species
and showed Gaussian curve for productivity. There is effect
of unconventional diets on growth and mortality in fishes
as reported in the case of Clarias batrachus by Tiwary
and others (2013). The higher bed loads are beneficial to
creation of spawning, rearing and over-wintering habitat.
This work revealed variable diversity at desired sites
in wetland, where dominant group is Cyprinidae and
thereafter also Bagridae, Siluridae, Mastacembelidae
and Notopteridae existed, whereas site II is more diverse
due to optimum water depth and baren place without
nearby local settlements in Table 2 and the community
attributes are presented in Table 1and distribution in
Table 3. Cyprinidae family is most abundant group

Fish Diversity and Community of Mone Wetland in Siwan District

rather than other families consistent with earlier research
(Bhat, 2003). The distribution differed in sites due to
pollution status and flow regime with water depth which
contributes to suitable environment and suitable habitat to
the existing fishes (Table 3). The Shannon-Weiner value
of different sites of Mone wetland shows high diversity
index (2.9) in site 1 followed by 2.8 in site 2 and 2.5 in site
3. This information could be utilized by the biodiversity
conservation managers for prioritization of sites of
conservation and habitat restoration (Bergerot et al, 2008).

CONCLUSION
There is direct relationship between fish yield and water
chemistry. However, government consideration is needful
to overcome several hindrance factors encountered due to
specific need in existed fishes. Thus, further researches
may be needful during restoration for particular fish
species for local population.
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ABSTRACT
Biodiversity, the variety of life on earth, is vital to social and economic development, and is
indeed fundamental to our survival. Over the years, retrospective wisdom and the development
experiences have guided us in favor of the commonsensical understanding that protecting the
variety of life forms and their infinitely complex interactions; form the very basis for long-lasting
and inclusive development. In other words, environment, or more specifically biodiversity and
its invaluable and often irreplaceable ecosystem services, from the air we breathe to the water
we drink, are the very foundation on which viable long –term development rests.

INTRODUCTION
The challenge before India to imbibe and translate the
theme of ‘Biodiversity for Sustainable Development’
is imperative in the light of our privileged status as a
megabiodiverse country, past and projected demographic
transitions and commitment to democracy as a political
principle. These three facets make it non-negotiable that
we galvanize the political will, scientific and technological
know-how and financial resources to contribute to the
agenda set out in the outcome document from the Rio+20
Conference, ‘the future we want’.
Nature has generously endowed our country. With
only 2.4% of the world’s land area, India has 7-8& of the
recorded species of the world, with over 46,000 species
of plants and 91,000 species of animals. India is also an
acknowledged centre of crop diversity, and harbors many
wild and domesticated animals, fish and millions of microbes
and insects. The ecosystem diversity is also unparallel.
These are the strengths to draw upon to meet the goals of
ending poverty and hunger; achieving food security and
improved nutrition and promoting sustainable agriculture;
ensuring healthy lives and promoting well-being for all
at all ages; ensuring availability and sustainability and
sustainable management of water and sanitation for all and
in making cities and human settlements inclusive, safe,
resilient and sustainable. Promoting multiple varieties of
staple food grains; switching to cropping patters, wider

seed and plant variety choices, water conservation and
utilization patterns, and farming practices that combine
the best of traditional wisdom and science with a whole
system perspective; valuing the therapeutic properties and
medicinal uses of various parts of plants and animals; all
form key aspects of the way ahead.

Biodiversity Conservation in Ancient Period:

The culture of conservation of nature dates back to the
ancient Vedic period. The four Vedic i.e. Rig-Veda,
Samaveda, Yajurveda and Atharvaveda are full if hymns
which explicitly advocate the supremacy of different
natural power. The Rigvedic hymns refer to many gods
and goddesses that is just the personification of natural
entities like sun god, moon god, thunder, water god, rivers
as mother, rain, lightening, trees etc. They have been
glorified and worshipped as givers of health, wealth and
prosperity. The rain god Indra has the largest number of
hymns associated to him. Sun worship is vital importance
in Vedic worship. Today it has been confirmed that solar
energy is the ultimate source of energy that regulates the
flow of energy through water chain, food chain and drives
various other nutrient cycles and in this way establish
a control over the earth ecosystem, but it was well
understood and realized by the ancient Indians. Ancient
Indian civilization also shows the importance of nature
and in this regard several principles were developed and
practiced in ancient india which is very much similar to
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Rio principles. The Vedic, Jain, Buddhist, and Kautilya’s
Arthashastra established the principles of sustainability
centuries ago. For example, the first principle of Rio Earth
Summit implies that human being should be the centre
of sustainable development but it should always be in
concurrence with nature.
Our saints and rishis also give due respect to nature
which can be seen in there prayer that “maintain us in well
being in summer, winter, dew time, spring, autumn, and
rainy season. Grant us happiness in cattle and children. May
we enjoy your protection!” The Prithvisukta especially
advocate man’s close association with ecology and nature.
The fourth principle of Rio earth summit asserts that
environmental protection should be an essential part of
development. Several Vedic hymns explicitly guide man
not to harm water, vegetation and ecology. The seventh
Rio principle advice that the earth ecology should be
conserved preserved and restore.

Biodiversity Conservation in Indian Religions
and Culture:

Religious preaching’s, traditions and customs played a
prominent role in this reference. All Indian religions are
the great supporter and promoter of environmentalism.
They promote such guidelines and principles among
common people that ensured an intimate contact and
sense of belonging with nature. It comes up in the form of
directive principles and orders to the followers of religion,
to perform certain rites and rituals that became a part of
their life and ensure environmental sustainability.
Ravindra Nath Tagore in his essay Tapovan, ‘Forest
of Purity’ elucidate that “Indian civilization has been
directive in locating its source of regeneration, material
and intellectual, in the forest, not in the city. India’s best
ideas have come where man was in communion with trees
and rivers and lakes, away from the crowds. The peace
of the forest has helped the intellectual evolution of man.
The culture of the forest has fuelled the culture of Indian
society. The culture that has arisen from the forest has
been influenced by the diverse processes of renewal of
life, which are always at play in the forest, varying from
species to species, from season to season, in sight and
sound and smell. The unifying principle of life diversity, of
democracy pluralism, thus became the principle of Indian
civilization.”

Socio-economic Significance of Biodiversity
Conservation:

In India earth is honored as the mother. According
Atharvaveda, earth is to be respected and protected like
a mother “bhoomimataoutrohamprithvivyah”. In many
parts of India, communities have inherited the rich
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tradition of love and reverence for nature through the
ages. Communities that are inclusive and resilient are
also the only ones that will be safe in the long run. The
income- poor in India and the world over face the negative
fallouts of depleting and degraded natural resources in
disproportionate measure to those who are responsible for
such depletion and degradation. Sustainable development
rests on a viable and sound natural resource base. Science
has revealed much of the importance of biodiversity, but an
economic and social assessment is needed to communicate
the fact that biodiversity loss also has an economic and
social impact. Considerable costs will be faced in the
protection or replacement of ecosystem services, so policy
decisions are required if these costs are to be avoided. These
decisions need to be guided by both an understanding of
the value of biodiversity to current economic and social
systems, and an appreciation of what the costs of inaction
could be. Such a valuation does not imply that nature is
all good. From a human perspective, many species have
a negative impact on our utility, namely agricultural pests
or bacterial disease. Taking a wider perspective, however,
these pests and diseases are kept in check by a functioning
ecosystem. Indeed, many species which may be better
known as pests also play a critical positive part in this
functioning of the ecosystem through interdependence and
evolutionary adaptation.

National Efforts to Conserve Biodiversity:

National governments are vital to the preservation
of biodiversity through the passing of laws requiring
protection of species and habitats. If national laws do not
protect species, then there is little hope of preserving them.
However, it is not enough just to have laws; there must
also be the will and the resources to enforce them. Even in
economically developed nations, the necessary resources
to properly enforce laws are not always made available. In
under–developed nations, even the most basic resources
for enforcement may be lacking. In addition, national laws
may not in the end translate into local action, in which
case they do not accomplish much. In democratic nations,
national laws are also driven to large extent by the public
opinion. They may in some cases be drafted more as a
response to emotion than by actual scientific need.
India is the first country in the world to have
made provisions for the protection and conservation
of environment in its constitution. On 5th june,1972,
environment was first discussed as an item of an
international agenda in the U.N. Conference on Human
Development in Stockholm and there after 5th June is
celebrated all over the world as the world environment
day. Soon after the Stockholm conference our country
took sustentative legislative steps for environmental
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protection. The Wildlife (protection) Act was passed on
1972, followed by the Water (prevention and control of
pollution) Act, 1974, the Forest (conservation) Act, 1980,
Air (prevention and control of pollution) Act 1981, and
subsequently the Environment (protection) Act, 1986.

International Efforts to Conserve Biodiversity:

Species and ecosystems are seldom neatly confined within
national boundaries. Many species roam across countless
national borders and the oceans are owned by none. Trade in
endangered species is international and pollution produced
on one side of the world may wind up affecting regions on
the other side of the globe. Biodiversity conservation is this
international problem requiring international solutions.
Several international conventions exist for the
preservation of biodiversity. These include such
conventions as the Ramsar Convention (1976) which
provides for the conservation of internationally important
wetlands and the Bern convention (1979) which requires
the protection of endangered and vulnerable species of flora
and fauna in Europe and their habitats. There are many
others. Signatory nations to these conventions must ratify
national laws to ensure compliance with the conventions.
The role of international conservation organizations is a
vital one, particularly in terms of brokering international
agreements between governments concerned with
protecting their nation’s interests. The most far0- reaching
agreement on biodiversity in recent years is the convention
on biodiversity, signed by 156 nations at the United
Nations Conference on Environment and Development
(the earth summit) in Rio 1992. Many others have signed
since, as they ratify the convention, governments accept
responsibility for safeguarding biodiversity in their
nations. Many international conservation organizations
including WRI (World Resources Institute) and IUCN (the
World Conservation Union) contributed to the documents
signed at the convention.
The 2015 United Nations Climate Change Conference,
COP21 or CMP11 was held in Paris, France, from 30
November to 12 December2015. It was the 21st yearly
session of the Conference of the Parties (COP) to the
1992 United Nations Framework Convention on Climate
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Change (UNFCCC) and the 11th session of the meeting of
the parties to the 1997 Kyoto protocol. The conference
negotiated the Paris Agreement, a global agreement on the
reduction of climate change, the text of which represented a
consensus of the representatives of the 196 parties attending
it. The agreement will become legally binding if joined
by at least 55 countries which together represent at least
55% of global greenhouse emissions. Such parties signed
the agreement in New York between 22 April 2016 and
21 April 2017, and also adopt it within their legal systems
(through ratification, acceptance, approval, or accession).
The Paris scorecard is compromised by countries which
put the protection of their immediate national interests
ahead of a sustainable planet and a common future.

Conclusion:

The future we want thus depends heavily on the restorative
and ameliorative action that we engage with, in relation to
our wealth in biodiversity today. This challenge can only
be met with broad stakeholder participation. From the
right knowledge, to the right resources and the right spirit
of working together for the common good, may this article
help us draw synergies and the strengths across sectors
to achieve the vision of Biodiversity for Sustainable
Development.
Let us work together for conserving biodiversity
to ensure the future we want for us and our coming
generations. For, we have borrowed this earth from our
children, and not inherited it from our ancestors.
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ABSTRACT
Chlorpyrifos is widely used organophosphate (OP) insecticide in agricultural and domestic
applications and possess anti-cholinesterase activity. Fishes are inadvertently exposed to
pesticides and their metabolic byproducts through runoff water entering the fish habitat. The
present study was carried out to observe short-term (24h, 48h, 72h and 96h) and long-term
(7d, 14d, 21d and 28d) effect of chlorpyrifos on serum electrolytes (Ca2+, Mg2+ and Pi) in
freshwater air-breathing catfish Heteropneustes fossilis. The concentration of chlorpyrifos for
short-term exposure was kept at 1.56 mg/l (75% of 96 h LC50) and 0.52 mg/l (25% of 96 h
LC50) for long-term. Fishes exposed to sublethal concentrations for short-term (24h, 48h, 72h
and 96h) and long-term (7d, 14d, 21d and 28d), exhibited hypocalcaemia, hypophosphatemia
and hypermagnesaemia. The present study may be used as valuable biochemical parameters to
monitor the health of fish, affected by insecticides.
Keywords: Chlorpyrifos, serum electrolytes, Toxicity, Heteropneustes fossilis

INTRODUCTION
Pesticides used for controlling pests of agricultural
and other products, are major cause of concern for
aquatic life due to their persistence in the environment,
biotransformation and toxicity (Joseph and Raj, 2011;
Pandey et al. 2009 a; Pandey et al. 2015). Chlorpyrifos
is highly toxic to freshwater fish, aquatic invertebrates
and estuarine and marine organisms (US EPA 1989). It
is a widely used organophosphate pesticide and second
largest selling in India. Fishes, especially carnivorous
and omnivorous such as H. fossilis, are the most affected
organisms in aquatic environment contaminated with
pesticides and other chemicals. In India as much as 70%
of the chemical formulations used for agriculture practices
are believed to affect non-target organism and to find their
way to freshwater fish (Bhatnagar et al. 1992).
Chlorpyrifos has a wide range of persistence. The
soil persistence of this pesticide has been reported to
occur from few days to several years depending on rate

of application, type of ecosystem and other environmental
conditions (Gebremariam et al. 2012). Under normal
environmental condition chlorpyrifos is mainly degraded
ingenerally persistent compound 3,5,6-trichloro-2pyridinol (TCP). Due to its persistence in environment,
chlorpyrifos undergoes bioaccumulation after entering the
food chain. A bio-concentration factor (BCF) as high as
5,100 in gulf toadfish (Opsanus beta) has been reported
by Hanson et al. (1986). In another report Log BCF
values 3.84 was reported in Zebra fish (El-Amraniet al.
2012). Chlorpyrifos accumulates in the tissues of aquatic
organisms and studies involving continuous exposure of
fish during the embryonic through fry stages have shown
bio-concentration values ranging from 58 to 5100 (Racke
1992).
Chlorpyrifos is highly toxic to aquatic organisms.
Many studies have reported its mutagenic and genotoxic
effects in Channa punctatus (Ali et al., 2008; Ismail et
al. 2014). Exposure of pesticides causes short term and
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long term damage to nervous system, lung damage,
reproductive dysfunction, and possible disruption of the
endocrine gland (hormone) and immune system (Pandey,
2017). A number of toxicants have been reported to affect
the physiological functions of aquatic organisms specially
the fish and disturb their water and ion homeostasis
(Bakshi and Panigrahi 2018; Rashmi et al. 2019). Effects
of pesticides on electrolytes and various biochemical
parameters have been reported by many workers (Kavitha
and Rao 2007; Begum 2008; Logaswamy et al. 2007;
Srivastav et al. 2009; Pandey et al. 2009 b) Das et al.2013;
Pandey et al. 2015; Pandey and Das 2015 a, b). Ghayyur
et al.(2019) have reported alterations in hematological and
biochemical components in Oreochromis mossambicus
after short term exposure. In Nile tilapia chlorpyrifos
exposure caused lowered serum cortisol, estradiol and
testosterone levels (Oruc, 2010).
The present work aims to study short-term (96h)
and long term (36d) effect of chlorpyrifos exposure in
Heteropneustes fossilis. The electrolytes, Ca2+, Mg2+ and Pi
are vital for many biochemical and physiological functions.
Most of the biological functions like cell signaling, neural
transmission, muscle contraction, blood coagulation,
enzymatic cofactor, membrane and cytoskeleton functions
are controlled by the calcium. Phosphorus is required
for the maintenance of bones and teeth, and normal
functioning of nerves and muscles. Phosphate is a major
cytoplasmic buffer and forms essential component of
membranes and nucleic acids. Phosphate in plasma may
occur in the form of an esters, phosphate ions (orthophosphoric acid), or in form of protein calcium-phosphate
complex (Loken et al; 1960). Magnesium is essential for
proper functioning of the cells and is involved in a variety
of enzymatic reactions and affects neuronal activities (Sato
and Fukuda, 2004). In fish magnesium occurs in ionized
(Mg2+) form or complexed with proteins or mineralized in
bony tissues. The total magnesium concentration of blood
plasma in normally does not exceed 2 mmol L−1, and the
ionic concentration generally remains less than 1 mmol L−1
(Bijvelds et al. 1998). Stress of pesticides exposure alters
electrolyte levels in body. These alterations are useful
indicators to assess the health of fish and suitability of
aquatic environment to its inhabitants.

MATERIALS AND METHODS
Fresh and adult Heteropneustes fossilis (both sexes, size
17±1.5 cm, weight 23±2 g) were procured locally and
disinfected with 0.05% KMnO4 solution for 2 minutes. Fish
were kept under favorable environmental conditions and
all precautions were taken to minimize stress and mortality.
Fish were acclimatized to the laboratory conditions (under
natural photoperiod 11 h light and 13 h dark) for 10 days.
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Dead fish were removed immediately from the tank.
Handling and sacrifice of fish were carried out following
the guidelines provided by Animal Ethics Committee of
the institute. Fish were daily fed (about 0.1gm/ fish) with a
mixture of wheat flour, mustard cake, dried prawn powder
and soybean in a ratio of 2:1:1:1. Fish were not given any
food 24 hours before and during experiment. Sub-lethal
concentrations of chlorpyrifos for short-term and longterm experiment were kept at 1.56 mgL-1 (75% of 96 h
LC50) for short-term and 0.52 mgL-1 (25% of 96h LC50)
respectively. The experiment was carried out to study
the effect of chlorpyrifos on serum calcium, magnesium
and inorganic phosphate levels after short-term (96h)
and long-term (28d) sub-lethal exposure. In short-term
experiment acclimatized fish were separated in two equal
groups: control and test. Similarly for long-term fish were
separated in two equal groups - control and chlorpyrifos
exposed test group. Six fish were sacrificed on each time
intervals from control and experimental groups after 24h,
48h, 72h, and 96h in short-term and 7d, 14d, 21d and 28d
of long-term exposure. Blood was collected and analyzed
for calcium and phosphate levels. Serum Ca2+ Mg2+ and
Pi levels were measured using Erba Mannheim diagnostic
kit (manufactured by Erba diagnostics Mannheim GmbH,
Germany). The serum Ca2+ Mg2+ and Pi levels were
statistically evaluated by Student’s t-test (two tailed) for
significance (P < 0.05 benign accepted as significant).

RESULTS
Physicochemical properties of test water were- temperature
(23 2.5) pH (7.2) dissolve oxygen (7.50.42 mg/l) and
hardness as CaCO3 (121.45±2.24 mg/l. The LC50 of
chlorpyrifos in fish was determined (2.08 mgL-1 for 96h)
earlier using SPSS-20 computer program.
In short-term experiment, serum Ca2+ levels of H.
fossilis were recorded insignificant (P>0.05) at sub-lethal
concentration of chlorpyrifos (75% of 96 h LC50= 1.56
mgL-1) following 24h of exposure (Fig. 1a). Significant
hypocalcaemia was recorded after 48h and continued
up to 96h in exposed fishes. No appreciable change in
serum Ca2+ level (P>0.05) in control fish was observed.
Similar trends were observed in long-term chlorpyrifos
exposure (0.52 mgL-1= 25% of 96h LC50), and an increase
in serum Ca2+ level (P<0.05) after 7 days was observed
but there after fishes exhibited hypocalcaemia (significant
(P<0.0001).
The serum Mg2+ level in chlorpyrifos exposed fish
show hyper magnesaemia at 24 h (significant p < 0.05) and
the level of Mg2+ increased consistently up to 96 h (Fig. 2a)
in short-term experiment. In long-term, hypermagnesaemia
was also observed after 7d exposure and continued to
increase up to 28d (Fig. 2b).

Chlorpyrifos Induced Disruption in Serum Ca2+, Mg2+ and Pi Electrolytes Level in Freshwater Catfish

However, the serum Pi level exhibited a transient
increase at 24h of dimethoate exposure but gradually
declined thereafter up to 96h (Fig. 3a). The Pi level in
exposed fish was always higher than the Pi (control) and
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showed significant (p < 0.001) increase. In long-term,
increase in Pi level was observed after 7d, and exhibited
significant (p<0.05) increase up to 28d (Fig.3b).

Fig. 1a (left) and Fig 1b (right): Serum Ca2+ level after short term (75% of 96h LC50=1.56 mg/L) and Long-term (25% of 96h LC50=
0.56 mg/L) Chlorpyrifos exposure in Heteropneustes fossilis. Values are mean ± S.E. of six specimens. Asterisk indicates significant
differences (P< 0.05) from control.

Fig. 2a (left) and Fig 2b (right): Serum Pi level after short term (75% of 96h LC50=1.56 mgL-1) and Long-term (25% of 96h LC50=
0.56 mgL-1) Chlorpyrifos exposure in Heteropneustes fossilis. Asterisk indicates significant differences (P< 0.05) from control.
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Fig. 3a (left) and Fig 3b (right): Serum Mg2+ level after short term (75% of 96h LC50=1.56 mgL-1) and Long-term (25% of 96h
LC50= 0.56 mgL-1) Chlorpyrifos exposure in Heteropneustes fossilis. Asterisk indicates significant differences (P< 0.05) from control.

DISCUSSION
Fish exhibited increase in serum electrolytes (Ca2+, Pi
and Mg2+)levels in short-term as well as in long-term
experiment during early duration. The initial increase in
blood parameters in this study may be due to an attempt
of exposed fish to cope with toxic effects of chlorpyrifos.
Hypocalcaemia was observed after short-term and longterm chlorpyrifos exposure in Heteropneustes fossilis.
Chlorpyrifos exposure leading to hypocalcaemia (Fig.
1a and 1b) as observed in this study may be due tubular
necrosis in kidney resulting decreased Ca2+ ion reabsorption
and enhanced urinary excretion in exposed catfish. Similar
observations have been reported byYildirimet al.(2006),
Velmurugan et al.(2007), Pandey et al.(2009 b), Das et
al.(2013); Pandey and Das (2015a, b),Pandey et al.(2015).
Fish exhibiting hypocalcaemia during short-term and
long-term exposure of chlorpyrifos in this study is similar
to the observations made by other workers (Srivastavet
al. 2009; Pandey et al. 2009 b; Srivastav et al. 2010).
However, Thangavel et al. 2005 have reported a decline
in serum Ca2+ levels in a freshwater teleost, Sarotherodon
mossambicus when exposed to dimecron. Decline in
serum calcium level was observed in this study after 48 h
in short-term and 7 d in long-term exposure to Euphorbia
royleana latex (Prasad et al. 2011). Das et al. (2013) have
also reported hypocalcaemia in Heteropneustes fossilis
after dimethoate exposure.
In fishes exposed to chlorpyrifos and exhibiting acute
and chronic hypocalcaemia may be due to depletion

of Ca2+ from calcium reservoirs and reduced uptake of
calcium from damaged gills and kidney tissues owing to
pesticide exposure (Velmurugan et al. 2007; Peebua et al.
2008; Parikh et al. 2010, Pandey, 2017; Srivastav et al.
2021). Hypocalcaemia and hypophosphatemia have been
observed in teleosts exposed to cypermethrin, deltamethrin
and metacid-50 by Mishra et al. (2010).
The observed hypophosphatemia in chlorpyrifos
exposed fish is supported from the studies of earlier
investigators who have also recorded a decrease in blood
phosphate content after exposure of the fish (Srivastav et
al. 1997; Pandey et al. 2009 b; Kumar et al. 2011a; Prasad
et al. 2011; Srivastav et al. 2021). However, contrast to
the findings of this study, hypophosphatemia has been
reported after exposure of fish to various toxicants (Gill et
al. 1991; Pandey et al. 2009 b).
Increase in serum Mg2+ level observed in this study is in
agreement with the reports of many authors in a number of
fishes exposed to variety of insecticides (Singh et al. 1996;
Singh et al., 1997; Pandey et al. 2009b). Dabrowska et al.
(1991) suggested an inverse correlation between Mg2+and
Ca2+levels in common carps. Thangavel et al. (2005) have
reported no change in serum Mg2+ level. However, more
evidence point to the fact that fishes having hypocalcaemia
during insecticide exposure exhibit increased Mg2+ level,
which could be due to kidney damage (Gill et al. 1989).
Giles (1984) have earlier noted hypermagnesaemia with
decrease in serum calcium and urinary Mg2+ level in
cadmium exposed rainbow trout.

Chlorpyrifos Induced Disruption in Serum Ca2+, Mg2+ and Pi Electrolytes Level in Freshwater Catfish

Biochemical alterations in toxicant exposed fishes
are a manifestation of toxic substances interfering with
biochemical process and inducing apparent physiological
stress. It may be concluded from the this study that
chlorpyrifos is toxic to fish H. fossilis and damages the
homeostatic balance of body electrolytes, especially Ca2+,
Mg2+, and Pi. The study shows that serum electrolyte
indices can be used as bio-indicator for early warning
to the possible pesticide contamination and exposure of
aquatic organism.
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ABSTRACT
The objective of the present investigation aimed to determine the sexual maturity of a
commercially important ornamental foothill fish Barilius barna from the Tamsa stream of
Doon Valley, Uttarakhand, India. To comprehend its maturation biology, the study was carried
out for a period of one year by applying the Dobriyal index and Gonado-somatic index. The
values of D.I. and G.S.I. for both the sexes were observed maximum in the month of May and
June respectively and minimum in August, indicating its absolute spawning period during the
month of June to August.
Keyword: Sexual Maturity, G.S.I., D.I., Barilius barna.

INTRODUCTION
The knowledge of maturation biology is very useful for
fish culture and management. Thousands of small and
immature yolkless eggs remain inside the ovaries of the
fish. These eggs gradually mature in batches and finally
spawn at the time of breeding. Barilius barna is a small
hill stream minor carp of the Garhwal region. The study
on the availability of freshwater fish in the Shivalik
mountain region from Doon valley, fecundity and sexratio (Bahuguna et al., 2021b), and length-weight relation
and relative condition factors (Rayal et al., 2021a) in
freshwater fish B. barnas has been worked in the Garhwal
region. Few fish and prawn species showed sexual
dimorphism (Badola et al., 1982; Dobriyal et al., 2007;
Bahuguna and Kumar, 2013b; Bahuguna et al., 2010d),
primary and secondary characters in hill-streams but B.
barna showed bell abdominal side in breeding time.
In order to initiate the domestication process, it
is necessary to gain control over all phages of the life
cycle, especially maturation. Some of the significant
investigations on maturity and spawning in fishes have

been conducted (Rayal et al., 2021e; Bahuguna et al.,
2021d; Bahuguna, 2016; Yazdanpanah, 2005; Esmaeili
and Shiva 2006; Bahuguna, 2007; Bahuguna and Kumar
2011b; Bahuguna, 2013a,b; Bahuguna and Kumar 2013a;
Bahuguna and Dobriyal 2019). In the present study, we
calculate the exact time of fish maturity of B.barna with
the help of two prim indexes like a GSI and D.I.

MATERIALS AND METHODS
Study Sites:

Sampling was done in Tamsa stream, located in the NorthEastern part of the Doon Valley between 30°21’25.84”N
Latitude and 78°01’00.45”E Longitude.

Sampling methods:

Ninety-Nine specimens of B. barnas were collected
from April 2020 to March 2021. Local fishermen used
conventional fishing methods; like cast net, gill net, and
dragnet (Bahuguna et al., 2010b; Bahuguna and Joshi,
2012a; Bahuguna, 2020; Bahuguna 2021; Rayal et al.,
2021a,b). Details regarding a fish length (mm), weight
(mg), ovaries length (mm) and ovary weight (mg) from
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freshly collected fish specimens were noted. The fish
ovaries were dissected out and were fixed in 5% formalin
solution. After proper hardening, it was kept on filter paper
for 30-45 minutes to absorb excess water. The weight of
the preserved ovaries was carefully recorded.
For macroscopic studies, then gonads were removed
when they were hardened in 5% formalin solution. The
Gonado-Somatic Index (GSI) indicates the spawning
period and frequency. The weight of the body as well as of
the gonads (testes and ovaries) was noted. The GSI values
were calculated with the help of the following equation:
(A) Gonado-somatic index (G.S.I.) = (Weight of Gonads
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/ Weight of Fish) x 100; Nikolsky (1963).
Dobriyal index was proposed by Dobriyal et al.
(1999) after removing the factors from GSI, which
were sometimes hindering the exact estimation of
maturity, month, and spawning frequency. The DI was
calculated as follows:
(B) D.I.=GW (cube root of average gonad weight)
Where,
D.I.=Dobriyal Index, GW = Cube root of the average
weight of gonads calculated for each month for male and
female fish separately.

Sexual Maturity of an Ornamental Himalayan Foot-hill Region Fish Barilius barna as Determined by Dobriyal

RESULTS
The fish Barilius barna is an ornamental fish and shows
sexual dimorphism throughout the year and also during
the spawning season. During the breeding season, the male
becomes extra active and slightly bright in color while
female fish become light in colors. The monthly average
G.S.I. value of male and female fish, Barilius barna are
presented in Fig 1. The minimum G.S.I. value for males
was observed as 0.7370.051 and for females 1.7830.292
in August while the maximum value was noted to be
6.8790.521 for males and 8.975 1.568 for females during
June.
The monthly average values of the Dobriyal Index
(D.I.) are presented in Fig 2. Dobriyal index (Dobriyal
et.al., 1999), was observed more suitable index to indicate
the spawning season of fish. Maximum D.I. values for
male and female fishes were calculated as 8.354 0.524
and12.0281.504 respectively in May. The minimum D.I.
values were recorded in Aug. as 1.7560.123 for males
and 2.0390.089 for females. This indicated that spawning
started during June itself, as the first fall in the DI value
was observed in this month. However, GSI indicated the
start of spawning in July.

DISCUSSION

The analysis of G.S.I. and D.I. enabled the researchers to
conclude that the spawning season of Barilius barna in the
Garhwal Himalaya commences during June and extends
up to August. Various workers have applied the Gonadosomatic index to indicate the maturity and periodicity of
spawning. The maximum values of GSI for both the sexes
of B.barna were observed in June, the fish has started
spawning during this month.
The new maturity index, Dobriyal index (Dobriyal et
al., 1999) was also applied in this work. Dobriyal Index
have been applied by Rautela (1999) on Garra lamta,
Thapliyal (2003) in hill-stream catfish Pseudecheneis
sulcatus, Uniyal (2004) on Tor chilinoides, Singh (2005) on
Noeemacheilus botia, Kumar et.al (2006a) on Botia dayi,
Bahuguna and Kumar (2011a) on Puntius conchonius,
Esmaeili et.al.(2009), on endemic Iranian cichlid,
Iranocichla hormizensis, Abedi et.al.(2011), on Garra
rufa, Bahuguna and Dobriyal (2013) on Noemacheilus
denisonii, Bahuguna (2012) on Labeo dyocheilus,
Mirghiyasi and Esmaeili (2016) on Oxynoemacheilus
persa, Esmaeili et.al.(2017), on Capoeta mandica, Tahami
et.al. (2018), on Alburnoides qanati and Rayal et.al
(2021d) on Puntius ticto.
D.I. has been found as a better index to specify the
exact time of spawning. It was recorded maximum in
May and the first fall in the value during June shows that
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spawning has already started in June itself.
In the present study, it was observed that B. barna
spawns from June to August in the Tamsa River. The
first spent fish was collected in the month of June. The
percentage of spent fish in the collection was regularly
increasing up to August. From September onwards there
were no spent fish and maximum fish were either in the
resting phase or started developing new batches of eggs.
Further, the fry were observed from July onwards. Our
field observations were exactly supported by the Dobriyal
index (DI) which was highest in May (for male and
female) and the first fall in the value was in June itself (for
male and female). This nature of fall in DI was observed
continuously up to August. When we analyze the result of
GSI we found that this value was high in June and started
falling from July-August. This slight variation may be due
to the fact that the number of spent fish was so small that
it could not have enough impact on GSI to bring it down.
Dobriyal index calculated only the gonad weight (not body
weight) so probably this is the reason for its more accuracy.
The relative condition factor has also a correlation
with the changes and maturity phase, suggesting that
the highest relative condition factor range may show the
starting of the reproductive period of different fishes in the
Garhwal region (Uniyal et.al., 2004a; Kumar et.al., 2006b;
Bahuguna et al., 2010c; Dobriyal et al., 2010; Bahuguna
and Joshi, 2012b; Joshi et al., 2014; Bahuguna et al., 2017;
Rashid et al., 2019; Bahuguna et al., 2021a,c). Rayal et.
al. (2021c) reported that fish B.barna, Relative Condition
Factor for female fish was at the peak in the month of
May (1.006±0.058) due to sexual maturity and minimum
in the month of August (0.970±0.001). For the male fish
value of relative condition factor was also recorded high in
May (1.0020±0.081) due to sexual maturity and lowest in
August (0.911±0.228).

CONCLUSION
Dobriyal Index was found to be more successful than
Gonado Somatic Index. In the sexual maturity observations
too the Dobriyal Index showed more accuracy than Gonado
Somatic Index when correlated with other observations.
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ABSTRACT
The periphyton diversity of the spring-fed foothill stream Tamsa Nadi from Doon Valley,
Uttarakhand, India was studied during March 2020 to February 2021. The outcome of the present
study was that 29 different genera of periphyton, of which 49% belonged to Bacillariophyceae,
37% to Chlorophyceae, 9% to Myxophyceae and 5% to Copepoda class. It was found that the
periphyton diversity in Tamsa River, 29 genera were observed in Upper stretch, 23 in middle
stretch and 16 in lower stretch. Bacillariophyceae was the most dominant group of periphyton
observed in all the seasons and from all upper, middle and lower stretch from Tamsa stream.
Keywords: Periphyton, Tamsa Nadi, Spring-fed stream, Doon Valley, Uttarakhand.

INTRODUCTION
Periphyton in the foothill spring-fed stream form an
important component of the aquatic environment,
providing food and shelter for micro-macrozoobenthos
(Dobriyal, et.al, 1991, 2002, 2009, 2011; Bahuguna and
Negi, 2018; Bahuguna et al., 2019) and fish (Bahuguna
and Baluni, 2019). Fragmentary studies involving
Periphyton density and diversity development on the
basis of riparian vegetation have been conducted (Sager
et.al, 2018; Baluni and Chandola, 2019). Periphyton
growth can be light and nutrient restricted and it is
directly affected by temperature (Dobriyal et al., 1999).
Periphyton community is characterized by a very speedy
recovery from the hostile physical condition such as
High stream velocities or high turbidity levels to which
it is recurrently subjected. According to Biggs and Kilroy
(2004), the periphyton community can be spatially
complex and temporally variable depending on a wide
range of environmental and biological factors. In streams,
several factors influence periphyton diversity (a) nutrients
(Biggs and close 1989), (b) light (DeNicola et al., 1992),
(c) temperature (DeNicola 1996, Baluni et al., 2017, 2018;

Baluni, 2020), (d) current velocity (Dobriyal et al., 1999;
Baluni, 2020) (e) physical disturbance (Dobriyal and
Kotnala, 1993), (f) substrate type (Murdock and Dodds
2007), (g) competition (Stevenson et al., 1991) and (h)
invertebrate grazing (Peterson et al., 2001).
Periphyton are the primary producers in the hillstreams; they play an integral role in the aquatic food
chain particularly for hill streams where the number of
plankton is comparatively lesser due to fast-flowing water
current, slopes as well as low nutrient content. Periphyton
communities commonly prefer littoral areas of aquatic
ecosystems owing to the easy availability of hard surfaces
and sunlight (Baluni et al., 2021).
Periphyton diversity and distribution in relation to
stream physicochemical parameters have a huge impact
on the occurrence of several mites (Bahuguna et.al, 2020;
Vladimir et al., 2019a,b; 2020a,b; Negi et al., 2021),
macrozoobenthos (Kumar and Dobriyal, 1999; Rautela et
al., 2006; Bahuguna and Dobriyal, 2018; Mamgain et al.,
2021; ) and drifting behavior of invertebrates (Bahuguna et
al., 2019; Bahuguna and Dobriyal, 2020; Negi et al., 2021)
and on fish diversity (Bahuguna et.al, 2010; Bahuguna and
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Joshi, 2012; Bahuguna 2020, 2021; Rayal et al., 2021 ).
Information regarding periphyton distribution in
Indian rivers is meagre in contrast to lakes and reservoirs
(Singh et al., 1982; Dobriyal et al., 1985; Dobriyal 1985;
Dobriyal and Singh et al., 1989; Dobriyal et al., 1993;
Dobriyal et al., 2005; Sagir and Dobriyal 2020 and Baluni
et al., 2021). The present communication is an effort to
scrutinize the diversity of periphyton communities of
Tamsa Nadi, a perennial foot-hill stream of Dehradundistrict of Uttarakhand, India.

Vol. XI, No 1-2, January-July, 2020 | The Scientific Temper

(37%), Myxophyceae (9%) and Animal community (5%).
Periphyton composition of Tamsa Nadi stream is displayed
in Fig. 1.

MATERIALS AND METHODS
Sampling Area

The current study was carried out from March 2020
to February 2021. Tamsa Nadi which is a spring-fed
foot-hill stream is located in the North-Eastern part of
the Doon Valley between 30°21’25.84”N Latitude and
78°01’00.45”E Longitude. It is also a tributary of the Tons
River.
Stones of different sizes were picked up from the bottom
of the stream and a known area (1cm2) was marked on the
stone. The periphyton from the marked area (1cm2) was
scrapped with the help of a scalpel and brushes and mixed
with a small amount of distilled water and then labeled
into the glass vial. Periphyton samples were preserved in
5% formalin solution. In the laboratory, periphyton were
further concentrated in 100ml. The counting was done
with the help of Sedgwick- Rafter counting slide using
following formula:
n= (a x 1000) × b
Where:
n = number of units of Periphyton / cm2.
a = average number of periphyton in a cubic millimeter
capacity.
b = Concentration prepared in ml.
Photo micrographic images of periphyton were
analyzed with the help of a Stereo Zoom Trinocular
Microscope with Tucsan camera attachment. The
identification of the periphyton sample was carried with
the help of stranded keys Prescott 1939a,b; (Desikachary,
1959; Ward and Whipple,1999).

RESULT
Periphyton composition

During the present study, 29 different genera of periphyton
were observed belonging to 4 classes: Bacillariophyceae,
Chlorophyceae, Myxophyceae and Copepoda. In the
present study, we observed that, Bacillariophyceae
dominated the periphyton biomass of Tamsa Nadi springfed foot-hill stream (49%) followed by Chlorophyceae

Periphyton diversity

Periphyton diversity at Tamsa Nadi spring-fed foot-hill
stream from Doon Valley are presented in Table 1. In the
present work, the stream was divided into three sections
(a) Upper stretch (b) Middle stretch and (c) Lower stretch.
Table 1: Periphyton diversity at Tamsa Nadi spring-fed foothill stream from Doon Valley.
S.
Periphyton Diversity
No.

Upper
Stretch

Middle
Stretch

Lower
Stretch

Chlorophyceae
1

Cladophora sp.

+

+

+

2

Oedogonium sp.

+

+

+

3

Spirogyra sp.

+

+

+

4

Cosmorium sp.

+

+

-

5

Clasteruim sp.

+

+

+

6

Geminela sp.

+

+

-

7

Microspora sp.

+

+

+

8

Volvax sp.

+

-

-

9

Zygenema sp.

+

+

+

10

Ulothrix sp.

+

+

+

11

Chaetophora sp.

+

-

-

12

Characium sp.

+

-

-

Total

12

09

07

Bacillariophyceae
1

Bacillaria sp.

+

+

+

2

Diatoma sp.

+

+

+

3

Fragilaria sp.

+

+

+

4

Navicula sp.

+

+

+

5

Nitzschia sp.

+

+

+

6

Synedra sp.

+

+

+

7

Tabellaria sp.

+

+

+

8

Gomphonema sp.

+

+

+

9

Melosira sp.

+

-

-

10

Pinnularia sp.

+

+

-
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S.
Periphyton Diversity
No.

Upper
Stretch

Middle
Stretch

Lower
Stretch

11

Amphora sp.

+

+

-

d) Copepoda
In the present work, Copepoda were represented by
01genera (Cyclops sp.) in middle stretch only.

12

Cyclotella sp.

+

+

-

13

Rhopalodia sp.

+

-

-

DISCUSSION

Total

13

11

08

+

Myxophyceae
1

Rivularia sp.

+

2

Oscillatori sp.

+

3

Nostoc sp.

+

+

+

Total

03

02

01

Cyclops sp.

-

+

-

Total

0

1

0

28

23

16

Copepoda
1

Total no. of periphyton species

a) Chlorophyceae
Chlorophyceae were represented by 12 genera in upper
stretch (Cladophora sp., Oedogonium sp., Spirogyra
sp., Cosmorium sp., Clasteruim sp., Geminela sp.,
Microspora sp., Volvox sp., Zygenema sp., Ulothrix sp.,
Chaetophora sp., Characium sp.). In the middle stretch,
9 genera belonging to Chlorophyceae (Cladophora sp.,
Oedogonium sp., Spirogyra sp., Cosmorium sp., Clasteruim
sp., Geminela sp., Microspora sp., Zygenema sp., Ulothrix
sp., Chaetophora sp.) were noticed. In lower stretch, 07
genera were collected (Cladophora sp., Oedogonium sp..,
Spirogyra sp., Clasteruim sp., Microspora sp., Zygenema
sp., Ulothrix sp.)
b) Bacillariophyceae
Bacillariophyceae were represented by 13 genera in the
upper stretch of Tamsa stream (Bacillaria sp., Diatoma
sp., Fragilaria sp., Navicula sp,. Nitzschia sp., Synedra
sp., Tabellaria sp., Gomphonema sp., Melosira sp.,
Pinnularia sp., Amphora sp., Cyclotella sp., Rhopalodia
sp.). 11 genera (Bacillaria sp., Diatoma sp., Fragilaria sp.,
Navicula sp., Nitzschia sp.. Synedra sp., Tabellaria sp.,
Gomphonema sp., Pinnularia sp., Amphora sp., Cyclotella
sp.) were obtained from middle stretch whereas 08 genera
(Bacillaria sp., Diatoma sp., Fragilaria sp, Navicula sp.
Nitzschia sp., Synedra sp., Tabellaria sp., Gomphonema
sp.,) were noted from the lower stretch of Tamsa stream.
c) Myxophyceae
Myxophyceae were represented by 03 genera in upper
stretch of Tamsa stream (Rivularia sp., Oscillatori sp.,
Nostoc sp.). 02 genera (Rivularia sp., Nostoc sp.) were
available in middle stretch however only 01 genera (Nostoc
sp.) was noted from the lower stretch of Tamsa stream.

Periphyton diversity is less in the lotic ecosystem of hill
streams due to high water velocity and the absence of old
leafs or logs for its attachment. In the present investigation,
it was found that periphyton diversity in Tamsa stream, 29
genera were observed in Upper stretch, 23 in the middle
and 16 genera noted from the lower stretch.
Bacillariophyceae evolved as the most dominant
group of periphyton in all the seasons and from upper,
middle and lower stretch from Tamsa stream. Gurumayum
et al., (2000), Daimari (2003), Liang and Li (2008), Singh
and Das (2009), Baluni et al., 2017, 2018 and Baluni
(2020) also reported dominance of Bacillariophyceae in
periphyton count. According to Hynes (1970), factors that
influence the growth of periphyton population are light,
temperature, water current, substrate, scoring effect of
floods, water chemistry and grazing. The influence of light
on periphyton distribution is considerable.
In the present study, it was observed that by the end
of monsoon, when river water is very clear and light
intensity reached up to stream bed due to swallow depth.
Bacillariophyceae, genera showed greatest diversity in the
all three stretches (Upper, Middle and lower). At all three
sites, the average percentage of Bacillariophyceae was
calculated to be 49%, Chlorophyceae 37%, Myxophyceae
9% and Copepoda 5%.
It was observed that during monsoon the periphyton
population was lowest which may be due to fact that the
surface destruction by monsoon rain or flood leads to
deposition of silt particles on the foot-hill stream bed.
Lesser diversity of Chlorophyceae and Myxophyceae in
periphyton population is a common phenomenon observed
by several workers (Daimari, 2003, Baluni et al., 2017,
2018).
Stream substrate influences periphyton population
and diversity in addition to stability against the high flow
(Baluni, 2020). In the present observation, only Cyclops
sp. animal community was associated with the periphyton
attached to the surface of the rocks. Animal community
under periphyton was noticed by Gurumayum et al. (2000)
from the Subansiri river of Arunachal Pradesh.

CONCLUSION
The overall study of periphyton diversity in the spring
fed-hill stream Tamsa Nadi with moderate water current
velocity revealed the dominance of Bacillariophyceae in
all the three stretches. A total of 29 genera were observed
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in the Upper stretch, 23 in middle stretch and 16 in lower
stretch.
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ABSTRACT
This study deals with the assessment of the breeding capacity of snow trout, Schizothorax
richardsonii (Gray) in the snow-fed River Yamuna from Doon Valley, Uttarakhand, India.
During the present study, it was observed that the overall breeding capacity of snow trout S.
richardsonii varied from a minimum value of 450 to a maximum value of 15940 in the fish
measuring nearly 11cm. to 34.7cm. respectively. The breeding capacity was dependent on the
ovary weight than any other body parameters.
Keywords: Breeding capacity, Schizothorax richardsonii (Gray), River Yamuna, India

INTRODUCTION
Schizothorax richardsonii (Gray) is locally known as
“Asaila or Maseen”. It is an economically important
fish belonging to the order Cypriniformes and family
Cyprinidae with great food value (Bahuguna and Rayal,
2006a,b; Rayal, 2020, 2021). The breeding capacity of a
fish can be defined as the number of eggs that are probable
to be laid during one spawning period or the capacity of
the fish in terms of egg production (Bagenal,1978). Studies
on the fecundity of fishes are very crucial in understanding
their breeding capacity (Bahuguna and Dobriyal, 2019).
The measure of fecundity in fishes is a basic determinant
of productivity and hence, contributes to fish culture and
population dynamics. Numerous ichthyologist they done
very good work on breeding biology of fish viz. fecundity
or breeding capacity(Sarojini, 1957; Swarup, 1962; Jyoti
and Malhotra, 1972;Dobriyal, 1988,2011, 2012; Bhat and
Dutt, 1987; Dobriyaland Singh, 1989; Bhutiyan and Islam,
1990; Hossain et.al, 1997; Dobriyal et.al, 2004,2010;
Kumar et.al, 2006; Bahuguna et.al, 2007, 2009, 2010,
2011; Joshi et.al, 2010, 2014; Baruah and Borah, 2008;
Bahuguna and Kumar, 2011; Krishan et.al, 2011; Bahuguna

2012; Rashid and Dobriyal, 2020; Bahuguna et.al, 2021)
and sex ratio or population composition (Bahuguna and
Kumar, 2011; Krishan et.al, 2011; Bahuguna et.al, 2011;
Bahuguna, 2013; Joshi et.al, 2014; Rayal et.al,2021a,
2021b), primary and secondary sexual dimorphism
(Badola et.al,1982; Dobriyal et.al, 2007; Bahuguna et.al,
2010,2013) and maturation biology (Bisht et.al,2005;Joshi
et.al, 2007; 2008; 2009; Kumar et.al, 2006; Bahuguna and
Kumar, 2011; Bahuguna and Dobriyal, 2013; Bahuguna,
2007;2012; Bahuguna et.al, 2010 and Dobriyal 2021).
Present communication deals with the breeding
capacity of S. richardsonii (Gray) from Uttarakhand,
India. It is found to inhabit the running water column and
pebbly bottom of the snow-fed river Yamuna. Families
with low economic conditions use this to fulfill their daily
protein needs.

MATERIAL AND METHODS
Study Site

River Yamuna is the longest tributary of river Ganga and
originates from Yamnotri glacier at a height of 6387meters
from Bandarpooch peaks of the lower Himalayas in
Uttarakhand. It flows through Uttarakhand, passes Paonta
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sahib at Himachal Pradesh then travels through Haryana,
UP and Delhi. It finally merges with Ganga at Triveni
Sangam in Prayagraj. Its habitat has inundated from riverine
to lacustrine due to its impoundment for various reservoirs
viz. Aasan Barrage, Dakpathar Barrage and Hathnikund
Barrage etc. Aasan Barrage in 2020 was declared as
Uttarakhand’s first Ramsar site. While many hydropower
plants namely Dhalipur Dhakrani powerhouse, Kulhaal
hydro powerhouse etc. have been constructed on the river.
This obstructs the natural flow pattern as well as affects
the fish density and diversity of the river Yamuna and its
tributaries (Rayal et.al, 2021).
The fish samples were collected by employing
traditional fishing gear (Bahuguna et.al, 2010; Bahuguna
and Joshi, 2012; Bahuguna 2020, 2021; Rayal et.al, 2021).
The samples were immediately preserved with 5-8%
formalin solution upon arrival in the laboratory. A total of
14 female fish S. richardsonii (Gray) were collected with
the help of local boys catch at snow-fed river Yamuna from
Doon Valley from March 2020 to Februrary 2021. For the
sampling, the Barkot site was selected which is located at
30°48’39.2”N, 78°11’59.3”E.

Laboratory Work

Total length (TL) was measured to the nearest 1mm.
Whole fish body weight (BW) was taken on a digital
balance with 0.001mg accuracy. The whole ovary was
removed from each female fish. Each ovary length (OL)
and weight (OW) were measured to the nearest 1mm and
to the nearest 0.001mg, respectively. For the estimation of
fecundity, the middle and posterior parts of the ovary were
taken and the number of ova in each sample was counted
with the help of a binocular microscope. The Breeding
capacity or fecundity was calculated as follows:
B.C. = S × OW/100
Where,

B.C. = Breeding capacity,
S = Average number of ova from samples of 100 mg each,
OW = Total weight of ovary.
The relationship between breeding capacity and other
body parameters were obtained by the least square test,
using the formula as: Y = a + bx, Where Y = (Breeding
capacity, dependent variable), x = Body parameters
(independent variables); a = Slope and b = Intercept.

RESULTS
In sequence on the subject of breeding capacity, different
body parameters are presented in Table 1. The fish length
ranged between 11.0cm. to 34.7cm. while bodyweight
varied from 30.0 gm to 240.92 gm. The minimum breeding
capacity value was recorded as 450 for fishes measuring
11cm. length and weight 30gm, whereas maximum
breeding capacity value was noted as 15,940 in the fishes
measuring 34.7cm. length and weighing 240.92gm. The
breeding capacity was thus dependent on the ovary weight
rather than any other body parameters.
The relationships of breeding capacity with different
independent body parameters were observed straight
and presented in Fig. 1 to 4. The mathematical equations
obtained were as follows: The equation (BC = a +bx)
1. BC = –9713.4 + 631.62 FL, r = 0.8021; r² =0.
6434
2. BC = –2392.2 + 55.699 FW, r = 0.7935; r² =
0.6297
3. BC = –6947.3 + 1633.8 OL, r = 0.8238; r² =
0.6787
4. BC = –1098.8 + 196.34 OW, r = 0.9555; r² = 0.913
(Where BC = breeding capacity, FL = Fish length, FW
= Fish weight, OL = Ovary length, OW = Ovary weight,
and r = Coefficient of correlation).

Table 1: Summarized data of different body parameters and fecundity of Schizothorax richardsonii (Gray).
S.
No.

Size Groups
(cm)

Number of
Fish

Fish Length
(cm)

Fish Weight (gm)

Ovary Length
(cm)

Ovary Weight
(gm)

Fecundity

1

10.1-15.0

06

11-15*
13.5±1.5

30.00-46.70
37.82±8.12

3.6-4.9
4.13±0.70

7.02-10.01
8.52±1.49

450-668
543.33±22.96

2

15.1-20.0

04

16.5-19.8
18.03±1.96

55.20-68.42
60.57±7.19

5.2-6.9
6.37±1.24

11.79-15.25
13.50±2.01

1008-1490
1260.00±192.4

3

21.1-25.0

05

22.0-25.0
23.67±1.54

100.00-140.80
123.45±20.81

7.2-7.9
7.33±0.25

18.96-42.78
32.15±8.30

1849-7848
4136.66±312.7

4

25.1-30.0

16

25.1-29.8
27.0±1.94

140.00-225.95
175.56±36.57

6.2-10.8
8.65±1.23

21.32-58.18
41.53±14.74

1950-10246
6898±890.32

5

30.1-35.0

08

30.2-34.7
32.9±1.81

180.76-240.92
210.58±30.8

10.7-11.7
11.23±0.3

59.29-78.19
69.82±7.22

10270-15940
13668±998.39

Min-Max*, Average±SD
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DISCUSSION
S. richardsonii (Gray) is an important nutritional edible
fish with a good breeding capacity considering its body
size. The snow-fed river fishes show great variation in
their breeding potential. It is mostly dependent on the
habitat ecology of the river. The value of breeding capacity
in S. richardsonii (Gray) oscillated from 450 (fish length11cm.) to 15,940 (fish length-34.7cm.). A straight line
relationship was noted between the fish parameters (like
Fish length, Fish weight, Ovary length, and Ovary weight)
and breeding capacity. The breeding capacity was more
dependent on ovary weight (r= 0.9555) and ovary length
(r=0.8238), than the fish body length (0.8021) and fish
body weight (0.7935). A similar observation was noticed
by Bahuguna (2012) in wild major carp Labeo dyocheilus
from Kumaun Himalaya, India and Rayal et.al.(2021)
in snow-fed minor carp Barilius bendelisis from river
Yamuna, Doon valley.
According to Das and Koul (1965), the fecundity of
Schizothorax richardsonii varied from a minimum value of
2600 to a maximum value of 16605 for the length groups
ranging from 21.6 to 33.1 cm from Kashmir. Mir (1979)
from Sindh Nallah in Kashmir reported it to fluctuate from
25,98 to 27,312 for the length groups oscillating from 24.1
to 33.1 cm. Mishra (1982) calculated that the breeding
capacity value of Schizothorax richardsonii as 3832 to
5310 in the length groups ranging from 35.5 to 53.1 cm.
from river Alaknanda of Garhwal Himalayas. Qadri et
al., (1983) in their study from Sindh and Telbal Nallahs,
reported the fecundity of Schizothorax richardsonii
varying from 2598 to 27846 in the length groups of 22.0
to 47.5 cm. Similarly, Shekhar (1990) reported that the
number of total eggs (fecundity) varied from 970 to 6035
from Neeru Nallah in Bhadarwah.
Differences in breeding capacity in several studies have
been associated with population density, temperature, food
supply, stress and other environmental factors (Bagenal,
1978). According to Chondar (1977), the number of egg
production depends upon the ovary weight more closely.
El-sarafy (1981) and Thorpe et al. (1984) have suggested
that egg production varies among individuals and the
population of fish species due to differences in age and
size. Nikolsky (1963) reported that the food consumed by
the fish plays an important role not only in the fecundity
but also in the quality of the egg and its fertilization.
The statistical examination of the present work
showed a correlation between breeding capacity and
various body parameters. However, the correlation
between ovary weight and breeding capacity came out to
be the maximum (r=0.9555) indicating the dependence of
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breeding capacity more on ovary weight than any other
body parameter. These results are in agreement with the
findings of Bhatnagar (1964), Sinha (1972), Singh et al.,
(1982); Dobriyal and Singh (1987); Shekhar (1990) and
Bahuguna et.al. (2021).

CONCLUSIONS
The present research work is an account of the Schizothorax
richardsonii (Gray) inhabiting the lotic system of river
Yamuna from Doon valley. The Genus is a medium
breeding capacity snow trout which shows the direct
dependence of breeding capacity on the ovary weight.
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ABSTRACT
The efficacy of some biological control agents were tested for their antagonistic ability against
Fusarium oxysporum f. sp zingiberi both in laboratory and field conditions. Among the
biological control agents assayed, Trichoderma viride (68.3%) and Trichoderma harzianum
(66.7%) exhibited the maximum mycelial growth inhibition in dual culture under in vitro.
Under field condition, seed treatment with T.viride @ 4g 10 ml-1 of water kg-1 of seed resulted
in maximum reduction in plant mortality (4.2.%) with consequent increase in disease control
(84.9%), plant stand over control (32.8.%), plant height (48.9 cm), number of tillers (18.0) and
yield (10.5 kg plot-1), respectively.
Keywords: Rhizome rot, Fusarium oxysporum f. sp zingiberi, Trichoderma, antagonists.

INTRODUCTION
Ginger (Zingiber officinale Rosc.) occupy an important
position among the cultivated spices in the country and is
next only to black pepper and cardamom. It is popular not
only for its use as spices and condiments but also for its
use in perfumery and food flavouring and is credited with
multifarious medicinal properties. In Nagaland, it is one of
the most valuable cash crops grown. The crop is however
severely affected with rhizome rot caused by Fusarium
oxysporum f. sp zingiberi and poses perpetual problem to
its production and cultivation in the state. The disease has
been found to appear as pre-emergence or post-emergence
rotting of rhizomes causing heavy losses even up to 92%
in some local cultivars (Daiho and Upadhyay, 2004). The
pathogen is both seed as well as soil borne. Efforts have
been made to control this disease by several workers and the
efficacy of different chemicals against the disease is well
documented (Sharma and Rana, 2000; Singh et al, 2004).
However, their negative impacts on environment and
health outweigh their efficacy. Moreover, organic ginger
cultivation is very much a feasible proposition in the state
where chemical use is minimum or absolutely nil in some
areas. Biological control of plant pathogens is considered
safe and durable; the need to explore the potentialities

of biological strategies specific to the environmental
conditions of Nagaland is therefore imperative.
This paper is about the effect of seed and soil treatment
with two fungal antagonists’ viz., Trichoderma viride
and Trichoderma harzianum on rhizome rot pathogen of
ginger.

MATERIALS AND METHODS
Fusarium oxysporum f.sp zingiberi, the causal organism of
rhizome rot of ginger, was isolated from diseased tissues of
infected standing plants in the field and further purified and
maintained in PDA at 28±1°C. Cultures of Trichoderma
virens, Trichoderma harzianum, Trichoderma viride and
Trichoderma koningii, was in College laboratory of VB
Mahila College, Siwan. The cultures were maintained on
PDA at pH 6.0. Sub culturing was done periodically to
maintain the purity of the cultures.
Interactions between the antagonists and the pathogens
were studied in dual culture. Fusarium oxysporum f. sp
zingiberi and the antagonistic fungi were grown separately
in petridishes containing PDA for 72 hr. Two mycelial discs
(5 mm diam.) of each antagonist, T. virens , T. harzianum,
T. viride and T. koningii, were placed one opposite the
other in separate petri dishes (90 mm diam.) approximately
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at 1 cm from the periphery of the plate. In the centre of
each petri dish a disc of the pathogen, F. oxysporum f. sp
zingiberi was placed. A control having the test pathogen
only was kept for comparison. The Petri dishes were
incubated at 28±1°C maintaining five replications for each
treatment. Observation on radial growth of F. oxysporum
f. sp zingiberi was recorded at 24 hr interval till the control
dish was completely covered F. oxysporum f. sp zingiberi.
The% growth inhibition of the test pathogen as compared
to that of control was also calculated using the following
formula: PI = (A1-A2)÷A1×100
Where, PI=% inhibition; A1=Radial growth of F.
oxysporum f. sp zingiberi in control plates and A2=Radial
growth of F. oxysporum f. sp zingiberi in treated plates.
The field experiment was laid out in Randomized
Block Design with three replications. A highly susceptible
ginger cultivar was planted by maintaining a spacing of
20×30 cm plant to plant and row to row in a plot size of 1×3
m2 under a total net area of 14×42 m2. Farm Yard Manure
was applied 1 week before planting as basal dressing @ 3
kg in 1×3 m2 plots. The different treatments included seed
and soil treatment with T. viride, T. harzianum and Bavistin
(Carbendazim 50 WP). Two controls viz., inoculation
with and without F. oxysporum were also maintained for
comparison. For seed treatment, the rhizomes were dipped

in slurry of talc based (@ 2% kg-1 of rhizome) T. viride and
T. harzianum @ 4 g 10 ml-1 water kg seed-1 for one hour
and with Carbendazim 50 WP @ 0.2% for 30 minutes
respectively.
The treated rhizomes were then air dried for 24
hours at room temperature before planting. Soil treatment
was done after planting by drenching the soil around the
seed rhizome with suspension containing T. viride and T.
harzianum (talc based with water) @ 5 g lit-1 40m-2 area and
@ 100 ml plant-1 with Carbendazim (0.2%). Mass cultures
of F. oxysporum prepared in MSM was directly inoculated
in the soil @ 200 g m2 -1 and thoroughly mixed with the top
10 cm of the soil profile. Inoculation of F. oxysporum was
carried out in all the treatment plots except un-inoculated
control plot and incubated for three days before planting.
Observations on% plant mortality, disease control, and
increase in plant stand over control was recorded 60 days
after sowing (DAS) at 30 days interval till harvest and
calculated following De and Mukhopadhyay (1994). Plant
height, number of tillers hill-1 and yield were also recorded.

RESULTS AND DISCUSSIONS
In dual culture, T. virens , T. harzianum, T. viride and T.
koningii inhibited the growth of F. oxysporum showing
considerable increase in their biocontrol potency with
time (Table 1).

Table 1: Antagonists impact on radial growth of F. oxysporam zingiberi in cultured in PDA at 28+1°C with different hours of
inoculation
Treatments
F. oxysporum+
T. harzianum
F. oxysporum+
T. virens
F. oxysporum+
T. viride
F. oxysporum+
T. kovingii
Control
CD (p=0.05)

24 hrs
(mm)
4.5

GI %

GI %

10

48 hrs
(mm)
20.0

5.0

-

4.3
5.0
5.0
0.5

GI %

20

72 hrs
(mm)
25.5

GI %

42.3

96 hrs
(mm)
28.5

GI %

56.2

120 hrs
(mm)
30.0

22.0

12

28.0

37.8

33.5

48.5

35.0

61.1

14

22.5

10

24.0

46.6

27.0

58.5

28.3

68.3

-

24.0

4

28.5

36.7

35.0

46.2

38.5

57.2

25.0
2.9

-

36.7
-

65.0
5.9

65.0
5.9

-

90.0
7.1

-

Fig. 1: Inhibition of mycelial growth of F. oxysporum after 120 hrs of inoculation.
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It was observed that the different Trichoderma
species exerted varied degree of stress on F. oxysporum in
culture. Significant variations in the inhibitory properties
of Trichoderma species tested were discernible when
assessed at 120 hours of inoculation (Figure 1).
Among the antagonists, T. viride at 68.3% was
observed to be more aggressive and hence superior to T.
harzianum at 66.7%, T. virens at 61.1% and T. koningii
at 57.2% as evidenced by the higher% inhibition at
120 hr of incubation. In culture, besides the reduction
of the radial growth, overgrowths of the pathogen and
colony degradation by the antagonists were observed.
Microscopic examination also showed that the hyphae of
T. viride and T. harzianum coiled around the hyphae of F.
oxysporum followed by cell wall degradation and cellular
coagulation of the pathogen. Mycoparasitic behaviours
involving envelopment and coiling around of the hyphae
of F. oxysporum by Trichoderma species has been reported
by Otadoh et al (2011). Microscopic examination, in the
present study also showed constrictions of the mycelia
of Fusarium with marked differences in the morphology
between F. oxysporum in control and F. oxysporum in
treatment similar to the observation made by Sharma
(2011).
The biocontrol potential of Trichoderma spp. is a
result of a number of qualities which include antagonism,
antibiotics and degrading enzymes which digest the cell
wall (Jones and Hancock, 1988; Harman and Björkman,
1998). Henis et al, (1983) observed T. harzianum to
secrete large amount of chitinase and ß-(1,3)-glucanase
while Claydon et al, 1987) reported the production of
a pyrone compound, 6-n-pentyl-2Hpyron- 2-one by T.
harzianum which has antibiotic properties. Vinale et
al (2008) also reported the mycoparasitic prowess of
Trichoderma species involving specific high molecular

weight compounds and low molecular weight degradation
products that are released by the host cell walls triggering
the myco-parasitic gene expression cascade of the
antagonists.
The intense inhibitory activity of the antagonist
observed in dual cultures and the frequency of mycoparasitic
activities and the antibiosis by the antagonists against F.
oxysporum in the present investigation is probably due
to the production of these toxic metabolitics, antibiotics,
volatile gases and cell wall degrading enzymes.
The results obtained from the field test showed that%
mortality and disease control were significantly influenced
by all the treatments as compared to inoculated control
(Table 2). Amongst all the treatment, seed treatment with
T. viride recorded maximum reduction in plant mortality
(4.2%) with consequent increase in disease control (84.9%)
and plant stand over control (32.8%) respectively (Figure
2). Seed treatment with T. viride also recorded maximum
height (48.9 cm) at 180 days DAS (Table 3).
Table 2: Effect of different treatments on mortality and
disease control at 180 DAS
Treatments

Mortality
(%)

Disease
Control
(%)

T1(Inoculated control)

27.8

0

T2 (Un-inoculated control)

19.4

30.2

T3 (Seed treated with T. harzianum)

16.9

75.4

T4 (Soil treated with T. harzianum)

5.5

79.4

T5 (Seed treated with T. viride)

4.2

84.9

T6 (Soil treated with T. viride)

5.5

79.4

T7 (Seed treated with Carbendazim)

5.5

79.4

T8 (Soil treated with Carbedazim)

4.2

84.1

CD (p=0.05)

5.2

16.8

Fig. 2: Effect of different treatments on % increase in plant stand over control.
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Table 3: Effect of different treatments on germination, growth, yield and disease incidence of ginger in the field
Treatments

Germination (%)

Plant height
(cm)

No. of
Tillers

Yield plant-1

T1

90.3

29.7

13.4

6.4

8.5

19.4

34.7

T2

91.6

33.3

14

7.2

8.3

15.3

25

T3

95.8

37.7

15

8.9

4.2

8.3

9.7

T4

91.6

32.5

14.8

9.1

4.2

9.7

8.3

T5

95.8

48.9

16.7

10.5

2.8

5.5

6.9

T6

93

39.3

15.3

9.5

4.2

6.9

8.3

T7

95.8

38.4

17.2

9.5

2.8

5.5

6.9

T8

97.2

40.5

15.3

10.6

1.4

4.2

5.5

CD (p0.05)

3.6

NS

1.9

1.8

4.3

4.8

7.7

Maximum number of tillers at 180 DAS was recorded
when Carbendazim was applied as seed treatment (17.2).
It was however statistically at par with T. viride when
applied as seed treatment (16.7).
The highest yield was observed when Carbendazim
was applied as soil treatment (10.7 kg plot-1) and with
T. viride when applied as seed treatment (10.6 kg plot-1).
Incidence of rhizome rot was recorded at regular intervals.
Among the treatments, the minimum disease incidence of
2.8, 5.5 and 6.9% were observed on 60th and 120th and
180th DAS respectively when T. viride was applied as
seed treatment which was at par with Carbendazim when
also applied as seed treatment.
All the treatments significantly decreased disease
incidence as compared to control and was statistically at par
(Table 3). The efficacy of Trichoderma spp, as observed in
the present investigation, in suppressing Fusarium induced
diseases with increased growth parameters and yield have
been reported by different workers (Srivastava, 1994;
Rajan et al, 2002; Daiho and Upadhyay, 2004). Ram et al
(2000) also reported that T. harzianum could establish in
ginger rhizosphere and reduce the incidence of Fusarium
sp that correlated well with a significant increase in yield.
Moreover, research in recent decades, has revealed
that some Trichoderma strains can interact directly with
roots, increasing plant growth potential, resistance to
disease and tolerance to abiotic stresses. Hermosa et al,
(2012) reviewed Trichoderma-plant interaction involving
molecular dialogue between the two organisms, and
reported the dramatic changes in plant resistance and
stress tolerance induced by the Trichoderma strains. The
reduction of the severity of plant diseases by inhibiting
plant pathogens through highly potent antagonistic and
mycoparasitic activity of Trichoderma viride in the present
study is thus in agreement with the reports of the earlier
workers.

Disease incidence

Application of Carbendazim as soil and seed treatment
also resulted in reduced plant mortality with subsequent
increase in disease control and plant stand over control.
Rana and Sharma (1993) reported that ginger rhizome
treated with Carbendazim (0.1%)+Mancozeb (0.25%)
effectively reduced the incidence of F. oxysporum. Haware
and Joshi (1974) suggested the control of rhizome rot by
soaking seed rhizome in fungicidal suspension of Dithane
M-45 or Bavistin. The result obtained from the present
experiment revealed that seed treatment with T. virens
was found to be more effective in enhancing the growth
of plants and suppressing rhizome rot disease incidence.
Carbendazim applied both as seed and soil treatment was
found to be equally effective in reducing the disease and
enhancing plant growth. Analysis of variance of the data
obtained however, indicated that application of T. virens
and Carbendazim were statistically at par.

CONCLUSION
The need for increasing agricultural productivity and
quality has led to an excessive use of chemicals, creating
serious environmental pollution. Given the adverse effect
of chemicals, notwithstanding their effectiveness, the
prospect of use of biocontrol, as indicated in the present
studies, however, offer a very promising field for further
exploration in the management of rhizome rot of ginger
under Nagaland condition.
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ABSTRACT
The fish diversity of the wetlands has been decreasing during the last few years due to some
extrinsic and intrinsic factors. The total number of fish species recorded so far during the
present study is 47 at site 1 and 37 at site 2 belonging to 5 families. Cyprinidae is the most
dominant family represented by major group species (12), intermediate group species (7) and
minor group species (3) of high commercial value. Among these three groups, the diversity of
fish species is higher in the minor group fish.
Keywords: Diversity, Assemblage, Wetland, Fish group, Fish catch

INTRODUCTION
Wetlands are dynamic, highly productive lentic and
lotic water bodies with rich biodiversity. William (1990)
defined wetland as the “threatened landscapes” and
most productive farm land of aquatic environment. The
wetlands occupy only 6.4% of earth surface (William,
1990). As the wetland of India is mostly situated on flood
plains of river, they are better designated as flood plain
wetlands. (Sugunan and Sinha, 2001).
Wetlands are areas of wild life habitat and some other
ecological functions of the wetlands are maintenance of
biodiversity, water cycle and hydrology, flood control,
biogeochemical cycle functioning and climatic stability.
Wetlands provide tremendous economic benefits to the
mankind through production of various types of fishes.
In general two thirds of world’s inland fish harvest comes
from the wetlands (Jhingran, 1991). The wetlands have
to be identified and distinguished from other ecosystem
by their ecological characteristics alone. To ensure
management and conservation of wetland resources, the
ecological studies about the ecosystem components are
most essential which provide a baseline data regarding
sustainable management measures of a particular wetland
ecosystem. The ecological studies of wetlands will help to
derive material benefits from the environment on sustained
basis without destroying it.

The aquatic ecosystem structurally comprised of
biotic and abiotic components. The abiotic components
include physico-chemical characteristics of water and soil
and also the climatic conditions. The Chaur (wetland) in
Bihar are traditionally used as natural fisheries which are
extremely rich in nutrients, other aquatic resources and
have immense production potential for various types of
flora and fauna. Fish is an important constituents of diet
of about 90% population of the state, but the state is not
self sufficient in fish production. The chaurs are the natural
source for supplying fish and provide employments to
the fishermen population. However, in recent years, the
wetland ecosystem is over exploited for every available
resource. Therefore, the conservation and management of
wetlands for sustainable use have been a major concern.
Fishes are primarily aquatic vertebrates. Fishes are
nekton of the aquatic system. They are the chief component
of aquatic productivity. Fishes are heterotrophic and are
secondary/ tertiary producer as well as consumer of the
aquatic system. Fishes are adapted to its environment.
The environmental alteration limits species interaction
between fishes. A species is characterized by a relative
morpho-physiologo-ecological stability, which is the
result of adaptation to a particular environment under the
condition of which the species was formed and with which
the species in the unity (Kaur, 1981).
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Fish being rich in proteins, can supplement the protein
deficient diet of the people. Fisheries occupy an important
position in the economy of the state or country. Now a
day the wetlands such as reservoirs, lakes, tanks, and
beels are developed for fisheries. For the development of
fishery, understand the theoretical and practical problems
relating to conservation and management of fishery, an in
depth knowledge of fish population dynamics is utmost
important Fernando and Ghosh and Sen (1987) stated that
problems of fishing are non availability of credit, high
input price, lack of contact with fishery extension officers,
scarcity of seeds both indigenous and exotic, diseases
of fish, lack of water and soil testing facility. Need
improvement of above and market, storage and transport
facilities and establishment of fish farmers co-operative
and organization.

METHODS AND MATERIALS
In the present study, the fish diversity in the floodplain
wetlands was examined by using two methods - (i) through
spot verification of fish catch during the harvesting
seasons and (ii) fish species reported by the fishermen
in the questionnaire. Fish catch composition and fish
species diversity had been collected by spot verification
during physical survey at the fish landing stations. Only
for those fish species which could not be recorded during
physical survey were recorded from questionnaire. In the
first method the fish species were indentified on the spot
during fish landing in the fish landing stations. The species
which could not be identified on the spot were brought to
the laboratory and these were identified by using different
keys of various standard literatures. The fish diversity was
calculated asDiversity index H̕ (Shannon and Reid, 2003) was
estimated following the formulaeShannon-Wiener index: H̕ = -Σ pi In pi
Pi = n/N, n = diversity of individual and N = total density
To determine the composition of fish, the fish species
were classified into three categories based on size ranges
- (i) major group, (ii) intermediate group and (iii) minor
group. Major group fish is composed of fish species with
the size above the size of juveniles and are generally the
large growing fishes. On the other hand, the intermediate
group includes the sizes equivalent to or less than the size
of juveniles of Indian Major Carp (IMC), and minor group
fish includes all fish species with a size equivalent to or
less than the fingerlings of IMC. The fishermen while
selling their catch in the auction center commonly follow
this categorization. This principle/definition was, however,
not being applied while analyzing the fish diversity in the
wetlands.
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For the analysis of fish diversity, the classification
into three groups was based on the size consideration at
the maturity stage. For instance, the juveniles of IMC are
considered under intermediate group for determination
of fish biomass composition, whereas the same was
considered under major group for analysis of fish diversity.
Similarly, the fingerlings of IMC were considered under
minor group in terms of biomass composition, and under
major group for analysis of fish diversity.
The fish biomass composition of each category was
observed on the spot at the time of fish selling in the auction
center (fish landing center). The biomass composition was
than expressed in terms of percentage. Since, the spot
observations were made for three to four days in each
wetland, the data collected through spot observation may
not be adequate for analysis of biomass composition.
Hence, the second method was also adopted simultaneously
to know more about fish biomass composition of the
individual wetlands. In the second method, individual
fishermen were asked to indicate the total fish biomass
production of individual group and also the fish species
available in the wetland. The final composition of fish in
terms of weight was determined by taking the aggregate
of data procured from spot observation and report from
local fishermen.
The collections of small- sized fishes were made
with the help of a “Bag net” which is like a butterfly net
strongly built with thick mesh and long handle. Details
of other types of nets and tackles will be discussed in the
Fish productivity chapter. They were preserved in 10 %
formalin and brought to the laboratory for identification.
The identification of fishes were made with the help of
available literature of Jhingran (1991), Jayaram (1981),
Talwar and Jhingran (1991).

RESULTS AND OBSERVATIONS
The Satiya wetland have rich diversity of fishes during
study period, however, fish production in recent years
dramatically declined as a result of anthropogenic
disturbances in wetland area. The community
characteristics presented in Table 1.
Table 1: Fish assemblage in Shatiya wetland during study
period.
Family

Genus

Site Site Richness Abundane
1
`2

Cyprinidae

Catla
Labeo
Mystus
Puntius
Mystus
Ompok

12
7
7
3
-

Bagridae
Siluridae

13
7
3
-

3
4
2
2
1
2

34
26
6
11
4
7

Fish Diversity and Fish Assemblage Analysis in Shatiya Wetland of North Bihar
Family

Genus

Site Site Richness Abundane
1
`2

Mastacembelus Mastacambelus 8

4

3

27

Notopteridae

10

3

25

Notopterous

10

The survey of wetland sites revealed differences in fish
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catches of the sites of wetland. It is more or less correlated
with anthropogenic disturbances as site 1 has excessively
encroached for agricultural practices and also domestic
drainage is higher than site 2. This difference also altered
chemical variables at both sites which also affecting fish
catches in these sites as analysed (Table 2 and Table 3).

Table 2: Monthly fish group catches at site 1 of Satiya wetland
Group

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Major carp

73

104

113

213

134

248

82

41

30

28

27

21

Local carp

64

82

87

132

43

41

19

7

5

3

4

2

Miscellaneous

16

23

38

40

44

23

13

9

7

6

5

11

Total

153

211

238

385

221

312

114

57

42

37

36

34

Table 3: Monthly fish group catches at site 2 of Satiya wetland
Group

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Major carp

86

117

123

174

137

187

72

37

29

21

19

17

Local carp

73

96

93

153

52

47

36

21

23

20

18

20

Miscellaneous

19

25

47

39

56

31

21

19

21

18

15

16

Total

178

241

263

366

245

265

129

77

73

59

52

53

The seasonal variation in fish catches are presented
in Figure 1 and Figure 2. This analysis showed maximum
catches in summer and minimum in winter season. It is
also clear that more abundant group is major carp followed
by local carp and miscellaneous fishes.

The month wise catch analysis revealed maximum in
April and June and minimum in November and December
for Major carp, maximum in April and minimum in
November for Local carp, while maximum in March and
April and minimum in November for miscellaneous fishes
(Figure 1 and Figure 2). The Major carps are abundant
at site 1, Local carp and miscellaneous fishes at site 2
respectively (Figure 3, 4 and 5).

Fig. 1: Seasonal fish catches at site 1 of Satiya wetland

Fig. 3: Monthly Major carp catches at sites of Satiya wetland

Fig. 2: Seasonal fish catches at site 1 of Satiya wetland

Fig. 4: Monthly Local carp catches at sites of Satiya wetland
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Fig.5: Monthly Miscellaneous catches at sites of Satiya wetland

DISCUSSION
Forty seven species at site 1 and thirty seven species existed
at site 2 of Shatiya wetland showed rich fish diversity. The
rich fish diversity in the wetlands has been reported by a
number of previous workers (Dey, 1981; Goswami, 1985)
from their studies in a limited number of wetlands.
The breeding habitat is also one of the important
parameter from the point of view of fish diversity. The
breeding environment of the wetlands has been observed
to be conducive in most of the wetlands. The surrounding
physiographic conditions of the wetlands create an
environment for the fish species to breed in the wetlands.
During breeding season, the brooders come to the nearby
catchment area which is provided with the breeding
facilities. The brooders generally prefer the shallow
catchment areas provided with grasses, submerged
emergent macrophytes and shallow paddy fields. A similar
finding was also put forward by Weller (1978) in the
floodplain wetlands of USA. He reported that fishes find
their shelter and food in the littoral plants of lake or in
emergent marshes. He also opined that several fish species
move into marshes from adjacent lakes to breed and some
fish species also use marshes as their nursery ground/
habitat.
Five number of Indian Major Carp (IMC) species
namely L.rohita, L. calbasu, L. gonius, Catla catla and
Cirrhinus mrigala are found significantly in most of the
wetlands. The existence of these coveted fish resources
in the wetlands of Assam also reported in the previous
studies. The wetlands of Bihar provide the fishes with
favorable breeding environment because of which IMC
species are still continuing their life in the wetlands in
spite of several constraint (Dey, 1981).
Emergence of exotic carps is a significant event
in the context of fish diversity in the wetlands of Bihar.
Their presence in the wetlands was not reported in the
study made before 1987. In contrast, the present study
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identifies three number of exotic carps species namely
Hypophthalmichthys molitrix, Ctenopharyngodon idella,
and Cyprinus carpio in this wetland. Presently, the
populations of these species are not high and have not
reached an alarming position. However, if population of
these species increase in the future, they will compete
with the indigenous species as a result they are likely
to suffer and may lose their population. This fact is
quite evident from the study of Goswami, (1985) and
Chakraborty, (1997) which ascertained that decline of fish
diversity has also been aggravated by the introduction of
exotic species which are damaging the indigenous carp
and other fish species through competition for food and
space in the floodplain wetlands. Though in Bihar, the
competition between exotic and indigenous carp species
in the wetlands is not yet significant, the newly introduced
cat fish species Clariaus garipenius (Thai magur) may
intensify the competition for food in some wetlands of
Bihar. Unless this exotic catfish species is prevented from
its emergence into the wetlands, a large number of minor
and intermediate group fish species may disappear from
the wetlands.
The catch composition of major, intermediate
and minor group fish species varies from wetland to
wetland depending on topography of the basin as well as
zoogeographic situation of the fish species. The present
status of the fish composition in the wetland indicates that
the minor variety fish population dominates over the major
and intermediate (minor>major>intermediate) variety fish
population. But it is reported by the fishermen that major
variety fish population in terms of weight was higher than
the intermediate and minor variety fish population in the
long past. The present reversal trend in catch composition
convincingly establishes the low yielding habitat condition
of the wetlands for the major group. The major group is
also suffering due to indiscriminate fishing of brooders
during breeding season, killing of fry and fingerling,
destruction of eggs and spawn, and use of Musarijal (an
encircling net) of 1.0 to 3.0 mm mesh size. This finding is
in conformity with the findings of Jha (1997).
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ABSTRACT
In this paper using the formalism of Drummond et al (1998) and Timmermans et al (1999),
we have evaluated the magnetic field and density dependent Josephson frequency of BoseEinstein condensation (BEC). Our theoretical evaluated results are good agreement with
experimental data also theoretical others work. In this evaluation, we have notice BCS-BEC
crossover in coherent atom molecule oscillation, which produce typical oscillation known as
Rabi oscillation. Nowdays BCS-BEC crossover is collecting theoretical frame work in high
transition temperature Tc superconductor.
Keywords: Feshbach-resonance, Meanfield, Hamiltonian, Molecular-condensate, Atomiccondensate, annihiliation, quanta , Josephson frequency, Rabi oscillation.

INTRODUCTION
In this paper, we have studied the coherent atom molecules
oscillation. The experimental observation of atommolecule coherence in Bose-Einstein condensate has been
made by Donely et al 1 and Claussenet al2. The theoretical
description has been derived in terms of mean field theory.
One makes use of Feshbach resonance3 at magnetic field

B0 = 54.04 Gauss in the

(

)

f = 2; m f = −2 hyperfine
Rb. The width of the resonance is equal to
∆B =
11.04 Gauss. The cut off resonance background
scattering length is abg = – 443 a0, where a0 is the Bohr
radius. The difference in the magnetic moment between
the open channel and close channel is ∆µ =−2.3µ B ,
where µ B is the Bohr magneton4. The condensate is in the
non- interacting limit and its density profile is determined
by the harmonic oscillator ground state wave function. The
harmonic external trapping potential is axially symmetric
with trapping frequency in the radial and axial direction
respectively.
Such a double pulse experiments is generally called
a Ramsey experiments5. Its significance is most easily
state of
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understood from single system of two couple harmonic
oscillator. The atomic condensate corresponding to
oscillator 'a ' and the molecule condensate to oscillator
'b ' . Therefore after performing the double pulse sequence
in the magnetic field, one makes a light absorption image
of the atomic density from which one extracts the number
of condensate and non-condensate atoms. This imaging
technique is sensitive to a specific absorption line of the
atoms, it does not measure the number of molecules.
One also expectsto observe oscillation in the numbers of
condensate atoms. Moreover if the situation is such that
the detuning between the pulses is relatively large theeffect
of the coupling can beneglected and the frequency of the
observed oscillation corresponds to the energy difference
between the atoms and the molecular binding energy. The
parameters of the inter-atomic potentials are select to the
experimental results of the frequency. The frequency of
the coherent atom-molecules oscillation agrees very well
with the molecular binding energy in vacuum over a
large range of magnetic field. Moreover in the magnetic
field range Bevolve = 157 − 159 Gauss; the frequency
of the oscillation is well described by the formulae
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εm ( B) =
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2
for the binding energy. Nearly to
m a 2 ( B)

resonance, the measured frequency deviates from the two
body results6.
Although some of the physics of these coherent atommolecules oscillation can be understand by a simple twolevel picture. First of all during Rabi oscillation in a single
two level system one quantum in a state oscillates to the
other state. In case of Feshbach resonance pairs of the
atoms oscillate to and fro between the dressed molecular
condensate and a atomic condensate. The Hamiltonian is
not quadratic in the annihilation and creation operates and
physics is more complicated . In particular the dressed
molecule may decay into two non-condensate atoms
instead of forming two condensate atoms. Second observed
atom molecule oscillations are oscillate between an atomic
condensate and a

dressed molecular condensate7-10.

Mathematical tools used in the evaluation of
Josephson frequency:

such that

δ ( t )  ∆ . Then one has from equation (2) that

aˆ aˆ ≅ aˆ + aˆ ( t ) and
+

bˆ + bˆ ( t ) ≅ 0 . Starting from

this situation, one changes the detuning instantaneously
to a value δ ( t ) ≅ 0 and keep it at this value for a time
thold. During this hold time quanta in oscillator a will go to
oscillator b. Moreover, thold is such that
		 thold ≈

π

 δ (t ) ∆
  aˆ 
H = aˆ + bˆ + 
(1)
 
− δ (t )   bˆ 
∆
+
where â and b̂ + create a quantum in the oscillators
a and b respectively and ∆ denotes the coupling between

)

(5)

2∆

On average half of the quanta in oscillator a will go to
oscillator b. Such a pulse is called π / 2 pulse. The defining
property of a π / 2 is that is creates a superposition of the
oscillators a and b, such that the probabilities to be in
oscillators a and equal b and therefore equal to ½. This is
indicated by the average aˆ + bˆ +

The Hamiltonian operator of two coupled harmonic
oscillators

(

So that total number of quanta is conserved.
Suppose that one starts from the situation with all
quanta in the oscillator a and none in b and that detuning

(t ) reaches its maximum

value. In detail, the state after the π / 2 pulse is equal to
2

1  aˆ + + bˆ + 
		

 0
N ! 
2 

(6)

where the ground state is denoted by
N = aˆ + aˆ (0 ) .

0 and

the two oscillators.
One consider the first situation that the detuning δ (t )
is time independent. The exact solution is found easily by
diagonal zing the Hamiltonian. One assumes that initially
there are only quanta in oscillator a and none in b, so that

Experimentally, the number of atoms in the condensate
is fit to the formulae

The number of quanta in oscillator as a function of
time is given as

theoscillation. Theoverall atom loss is characterized by
rate constant α . The experimentally observed frequency

one has that bˆ + bˆ

(t ) = 0 .



∆2
−
aˆ aˆ ( t =
1
Sin 2 (ϖ t / 2)  aˆ + aˆ (0)
) 
2
 (ϖ )

+

(2)

The frequency ϖ is given as
		 =
ϖ

δ 2 − ∆2

(3)

One sees that the number of quanta in the oscillator
a oscillates in time with frequency ϖ . Such oscillations
are called Rabi oscillations. The number of quanta in
oscillator b is determined by

∆2
+ˆ
ˆ
b b (t ) = −
Sin 2 (ϖ t / 2 ) aˆ + aˆ ) ( 0 )
2
(ϖ )

(4)

N c (=
t ) N avergae − α t + A exp ( − β t ) Sin (ωc t + ϕ ) (7)
where N average is the average number of condensate
atoms, A is the amplitude of the oscillation, φ is the
phase of the oscillation and β is the damping rate of
 2  β 2 
is equal to ω c = 2 π vc −   
 2π  


1/ 2

. By defining the

frequency of the coherent atom-molecule oscillation in
this way one compensates for the effects of the damping
on the frequency.
Consider the linearized version of the time dependent
mean field equation. One write

ϕa ( t ) = ϕa exp ( − µ t /  ) + δϕa ( t )
ϕm ( t ) = ϕm exp ( −2µ t /  ) + δϕa ( t )
The time dependent mean field equation is written as
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			 i 

3/2

∂δϕ m ( t ) 
∂
2 m
HF
i
i
=

−
2

δ ( B ) − g
 δϕm ( t ) + 2 gϕaδϕa ( t )
∑
∂t
2 π 3
∂t



					
=
i

∂δϕ a ( t )
= 2 gϕ a*γϕ m ( t )
∂t

Where one neglected the off resonant part of the inter
atomic interaction. This is justified sufficiently close to
resonance, where one is also allowed to neglect the energy
dependence of the atom-molecule coupling constant.
Consider first the situation that the fractional derivative
is absent in the linearized mean field equation in equation
(8) that is one is dealing with the model of Drummond et
al 11, Timmermans et al12, Kohler et al 13.These coupled
equation describe exactly the same Rabi oscillations as
the coupled the context of particle number oscillations
between condensates, Rabi oscillations are referred to as
Josephson oscillations and the associated frequency is
called the Josephson frequency. The Josephson frequency
in the absence of the fractional derivative term in equation
(8) is given by
1/2

 δ 2 ( B ) + 16 g 2 na 
=
 ω bare
j
which

reduces

to

(9)

ω bare
≈ δ (B ) sufficiently
j

far off resonance where coupling may be neglected.
This result does not agree with experimental result
because by neglecting the fractional derivative, which
corresponds to molecular self energy, one is describing
Josephson oscillations between an atomic condensate
and a condensate of bare molecules instead of dressed
molecules. Furthermore, using the result in equation (2)
one ha that the amplitude of these oscillation is given by
bare
		 A j =

16 g 2 na
δ 2 ( B ) 

2

(10)

In the first approximation one takes the dressing of the
molecules into account as follows. If one is in the magnetic
field range where the Josephson frequency deviating not
too much the molecular binding energy, one is allowed to
expand the propagator of the molecules around the pole
at the bound state energy. This correspond to introducing
the dressed molecular field and leads to the Heisenberg
equation of motion. The linearized mean field equations
that describe the Josephson oscillations of a atomic and a
dressed molecular condensate are given by

∂δϕ m ( t )
=
i
ε m ( B ) δϕm ( t ) + 2 g Z ( B ) ϕmδϕa ( t )
∂t
(11)

i
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(8)
(8)

∂δϕ a ( t )
= 2 g Z ( B )ϕa*δϕm ( t )
∂t

(11a)

and leads to the Josephson frequency
1/2

=
ω j ε m2 ( B ) + 16 g 2 Z ( B ) na 

(12)

which reduces to ω j ≈ δ ( B ) in the situation
where the coupling is much smaller than the binding
energy. This result agrees with the experimental fact that
the measured frequency is sufficiently far from resonance
equal to the molecular binding energy. Moreover, the
initial deviation from the two body result in the measured
frequency is approximately described by the equation for
the Josephson frequency in equation (12). The amplitude
of the oscillations in the Josephson oscillations case is
given by
		 A j =

16 g 2 na Z ( B )
ε m ( B ) 

2

(13)

which close to resonance is much larger than the result
in equation (10).
The mean field theory derived one now calculates the
magnetic field and density dependence of the Josephson
frequency of the coherent atom molecule oscillations in
a linear approximation. The only parameter that has not
been determined yet is the effective range of the inter
atomic interactions rbg.
The effective range of the inter-atomic interaction is
determined by calculating the molecular binding energy
in vacuum and comparing the result withthe experimental
data. One has seen that far off resonance the Josephson
frequency is essentially equalto the molecularbinding
energy. Since the effect of a nonzero effective range only
plays a role for large energies and thus is important for
off resonance, this comparison uniquely determines the
effective range. As explained, the molecular binding
energy is determined by solving for E in the equation

E − δ ( B ) −  ∑ (m+ ) ( E ) =
0

(14)
For Rb the background scattering length is negative
and the effective range turns out to be positive. The
molecular self energy is given by
85

110

Vol. XI, No 1-2, January-July, 2020 | The Scientific Temper

∑

(+)
m

g 2 m  rbg
=
−
(E)
12
2 π  2  abg





−1/2

×



 rbg  m E  rbg m E 


−
i 1− 2
 a   2  2  2 


 bg 


 rbg  m E  rbg abg m E  

 2 − 
1 + iabg 1 − 2 

2
a
 2
 
bg

 


(15)

RESULTS AND DISCUSSIONS
In this paper, we have presented the method of evaluation
of Josephson frequency as a function of magnetic field
and density of the condensate at fixed magnetic field
of the coherent atom-molecule collision in the linear
approximation. The evaluated results are shown in the
table T1 and T1 by use of linearized version of the time
dependent mean field equation. The time dependent mean
field equation has been developed by Drummond et al11,
Timmermanset al12 and Kohler et al13. Actually linearized
time dependent field equations are coupled equation.
These equation describe exactly the Rabi oscillation as
the coupled harmonic equation with the coupling constant

∆ = 4 g φ a . In the context of the particle number

oscillations between condensates, Rabi oscillations
are referred to as the Josephson oscillations and the
associated frequency is called the Josephson frequency.
The Josephson frequency in the absence of fractional
derivative is given by

=
ω
bare
j

δ

2

( B ) + 16 g

2

na

ω bare
≅ δ 2 ( B ) , where na is the condensate
j

density.
The Josephson oscillation between an atomic
condensate and condensate of bare molecules instead of
dressed molecule, in first approximation one takes the
dressing of the molecules into account is in the magnetic
field range where Josephson frequency deviates not too
much from the molecular binding energy. If one expands
the propagator of the molecules around the pole at the
bound state energy and then obtains the Josephson
oscillation of a atomic and dressed molecular condensate
and Josephson frequency is given as

ω j =
ε m2 ( B ) + 16 g 2 na Z ( B ) ≅ ε m ( B )
Obtained results are in good agreement with the
experimental data. In table 1, we have evaluated the

Josephson frequency ω j in kHz as a function of
magnetic field B(G). We have compared our theoretical
result with the work of J.M. Gerton et al14. Our theoretical
result are in good agreement with the experimental data.
In table T2, we have presented the evaluated result of
the Josephson frequency of the coherent atom-molecule
oscillations as a function of the condensate density na for
fixed magnetic field. Our theoretical result shows that
Josephson frequency is almost constant for the condensate
density 1012 cm–3 but it rises very sharply for condensate
density above 1013 cm–3 as a function of magnetic field
B. The magnitude of frequency is low in kHz for B =
157 G. Although the trend is same for the given three
values of magnetic field B = 156G, 156.5G, 157G. In this
calculation, we have subtracted the molecular binding
energy to bring out the many body effects more clearly. As
expected, the difference between the Josephson frequency
and the molecular binding energy increases with increasing
condensate density. Moreover for values of the magnetic
field closed to resonance the difference is also larger. The
above evaluations are done in the linear approximation
and it gives a great deal of insight in the coherent atommolecule oscillation and in particular in their many-body
aspect15. The recent calculations 16-24 also show the similar
behaviour of Josephson frequency.
Table-1: Evaluated result of Josephson frequency of the
coherent atom molecule oscillation as a function of the
magnetic field.
Magnetic field
B(G)

Frequency of the Josephson atom-molecule
oscillation (Josephson frequency) kHz
Our’s Cal.

Other’s Cal.

Expt.

150

10.2

9.82

12.6

155

15.3

14.68

18.9

156

58.5

55.34

60.6

157

62.6

60.25

65.2

158

69.7

70.56

72.8

159

76.8

76.59

79.5

160

120.5

121.8

122.8

161

460.6

465.6

472.8

162

960.7

970.8

1000.2

Table-2: Evaluated result of Josephson frequency of the
coherent atom-molecule oscillation as a function of the
condensate density for fixed magnetic field.
na cm – 3

Josephson Frequency kHZ
B = 156G

B = 156.5G

B = 157G

11

1.1×10

1.25

0.97

0.85

1.5×1011

1.37

1.08

0.86

2.0×10

1.86

1.18

0.89

11

An Evaluation of Josephson Frequency as a Function of Magnetic Field and Density of the Condensate at Fixed
na cm – 3

Josephson Frequency kHZ
B = 156G

B = 156.5G

B = 157G

11

3.0×10

2.58

1.76

1.05

5.0×1011

2.77

2.10

1.25

12

6.0×10

3.58

3.86

1.86

8.0×1012

5.68

4.12

2.65

1.0×10

6.72

5.8

3.22

5.0 ×10

7.86

6.10

4.16

8.0×1013

9.12

8.25

5.75

13

10.0×10

10.68

9.16

6.98

15.0×1013

12.59

10.25

7.26

13
13
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ABSTRACT
In this paper, we have used a technique , when a weak link is created between two systems
which have undergone some type of gauge symmetry breaking. In fact the Josephson effect
has been observed in superfluid .Bose condensate atomic gases is generally expected. A system
whose gauge symmetry has been spontaneously broken can be described by order parameter that
behaves in much respect like a macroscopic function Ψ (r ) . For Bose Einstein Condensates of
dilute alkali gases Ψ (r ) is the wave function of the macroscopically occupied one atomic state.
Keywords: Josephson, Bose condensate, Superfluid, Gauge symmetry, Rabi dynamics, and
Rabi oscillation.

INTRODUCTION
In this paper, we have study of Josephson Effect
between Bose condensate with help of Thomas- Fermi
approximation and Wentzel-Kramers and Brillouin
method. Josephson theoretically has played a major
role in physics and technology of superconductor 1. The
physics of the Josephson effect becomes manifest when
a weak link is created between two systems which have
undergone some type of gauge symmetry breaking.
Josephson effect has been observe in superfluid 2. Bose
condensate atomic gases is generally expected in a system
whose gauge symmetry has been spontaneously broken
can be described by an order parameter like macroscopic
wave function Ψ (r ) . In the simplest cases, the parameter
reduces to a complex scalar function Ψ (r ) = ρ (r )e iφ ( r )
, where ρ (r ) is the super fluid density and φ (r ) is the
phase. For Bose Einstein condensate of dilute alkali
gases Ψ (r ) is the wave function of the macroscopically
occupied one atom state.
In his epoch making3, Josephson predicted that
between two weakly connected superconductors of phases

φ1 and φ 2 , a non –dissipative particle ( Cooper pair )

current flow between them, Whose value is Ι(φ ) = Ι c Sinφ
(1), where Ι c is the critical current and φ = φ1 − φ 2 is the
relative phase .He also predicted that in the presence of

a nonzero chemical potential difference µ = µ1 − µ 2 ,
.
−µ
the relative phase rotates as φ =
(2). He obtained as


the equation of motion of the “Pendulum Hamiltonian”

1

a s Η (φ , N ) = E J (1 − cos φ ) + E c N 2 ( 3 ) , w h e r e
2
E J = Ι c is the Josephson coupling
, N = ( N 2 − N1 ) / 2
∂µ

is the number of transferred particles and E c =
is the
∂N
capacitive energy due to interactions. In the absence of
external constraints, the chemical potential is µ = E c N
. In a superconducting link the critical electric current
2
is 2eΙ c and the capacitive energy is E c = 2e , where
C
C is the electrostatic capacitance. E c can be obtained
from Thomas-Fermi calculation4 of the chemical
potential for trapped BEC. When capacitive energy
and K B T are much less than Josephson coupling, then
Josephson pendulum Hamiltonian can be approximated
as harmonic oscillator H (φ , N ) = 1 E J φ 2 + 1 Ec N 2 (4)
2

, whose frequency ω JP =

EC E J


2

(5) is called the

Josephson plasma frequency. At low temperature,
collective dynamics of an in homogeneous BEC is
well described by the Gross-Pitaevskii Hamiltonian5
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 2
g
2
2
4 
dr
∫  2m ∇Ψ (r ) + Vext (r ) Ψ (r ) + 2 Ψ (r ) 

(6) , where g = 4π / m is the s-wave scattering length.

RESULTS AND DISCUSSIONS
External Josephson effect : Let us suppose our
system has the structure of two weakly connected
condensate sites 1 and 2. One assume that condensate
are confined within spherical harmonic wells of the
frequency ω 0 . First one wishes to analyze the semi
classical dynamics, then N and φ can be treated as
simultaneously well defined and writes wave functions
~

a s Ψ (r , t ) ~ Ψ1 (r ; N T / 2 − N (t ) + e iφ (t ) Ψ2 (r ; N T / 2 + N (t )
(7), where Ψi (r ; t ) is the real equilibrium wave function
for the isolated well I containing n bosons. It is straight
forward to show that induced by local variation φ (r )
in the region of only active dynamical variable. From
the theory of phase transition, one knows that some type
of ‘rigidity’ is exhibited in the ordered phase below the
critical temperature6. In the case of superconductor, super
fluid and BEC, one may speak of ‘phase rigidity’ because
given an electromagnetic gauge, the phase is determined
everywhere once it has been fixed at given point.
Alternatively gauge and phase are intimately connected in
quantum mechanics, one can say that given of phase, one
has lost the freedom to choose the gauge, hence the term
‘gauge symmetry braking’.
For long range phase coherence can be destroyed by
quantum fluctuation and occurs can developed by analyzing
the Josephson Hamiltonian equation (3), which may be
viewed as a two-site reduction of the more general energy
function equation (6). In equilibrium good phase coherence
between sites 1 and 2 is obtained in the harmonic limit
equation (4). When k B T ≥ E J , the quantum fluctuation
can destroyed the two site phase coherence , one notes that
N and φ (r ) are canonically conjugate variables, where
N = i∂ / ∂φ in a quantum description. As a consequence,
the capacitive term in equation (3) plays the role of kinetic
energy for phase variable. At zero temperature, quantum
lowest order in the overlap integrals Ψ1 Ψ2 , the energy
~

functional for Ψ takes the from

∫

H (ϕ , N ) =EB ( N ) + EJ ( N )(1 − cos ϕ ) (8), where

E B (N ) the bulk energy of the two isolated wells with N

is transferred atoms and E J (N ) is the Josephson coupling
energy. In the Thomas- Fermi limit equation (7) , the bulk
energy E B (N ) is mostly due to interactions and it may
be expanded as

N
EB ( N ) ≈ EB (0) + µ0/  T
 2

 2 1 "  NT
 N + µ0 
12  2


 4
 N (9)


To avoid complications stemming from possible
resonance between Josephson oscillation and inter well
excitations, one requires 2 µ 0 N ≤ ω 0 , where one uses
the result that the first normal mode of a spherical well
lies approximately at

ω 0 above the ground state

7-8

.

N
−2 / 5
≤ 4.5 N T
This condition is realized when
for typical
NT

parameters. This upper bound is order of 2-10% for
NT ~ 104 − 106 .
Wentzel Kramers and Brillouin (WKB) theory: If
the equilibrium density can be factorized in the controlling,
one can writes ρ ( r ) = f ( x, y ) g ( z ) and the two bounds
becomes identical. At r=0, the middle point of the double
well configuration and choosing x = y = 0 to be the line
connecting the two well centers, one can writes9
2

2 
dz
EJ = A  ∫

m  1 ρ0 (0, 0, z ) 

−1

(10)

1

, where A = f (0,0) ∫ dxdyf ( x, y ) being an effective
area. For two identical wells in equilibrium, the ground
state wave function is symmetric in z. Focusing on the
x=y=0 , the wave function be

1 2

B
Ψ 0 ( z ) = cosh  ∫ dz 'ρ ( z ') 
ρ ( z)
h 1


(11)

1

ρ ( z ) = [2m(Vext (0,0, z ) − µ 0 ]2 and B is a
constant to be determined. Combined equation (10) and
(11) , obtained
where

2

A B 
 S 
2 tanh   
EJ ≅

m 
 2 
where S ≡

−1

(12)

2

∫ ρ ( z )dz / 

is the dimensionless action

1

constant. Thus finally Josephson coupling obtained 9
1/3

−2/3

e− S
 NT   15a  ω0
EJ ≅
(13)


 
tanh( S / 2)  2   a0 
2
1/ 3
The N T
dependence can be understood

qualitatively by noting7-8,10 that A ~ R 2 / 3 and B ~ R 2 / 3 . In
1/ 3
the T-F approximation. R ~ N T1 / 5 , obtains E J ~ N T .One
Knowing that the critical temperature satisfied the Giorgini
1/ 3
et al11 k B Tc ≈ N T ω 0 , one may rewrites equation (13) as
for large S and typical parameters
−S
		 E J ≅ k bTc e
(14)
, which reminiscent of the Ambegaokar-Baratoff
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formula for superconductor12, if one notes e − S is the
probability amplitude for a particle to traverse the potential
barrier .
Josephson Plasma frequency : From equation (3)
and (9) , one has capacitive energy EC = 2µ 0'  N T  , which
 2 
in the T-F approximation 4 reads

4 N 
EC ≅  T 
5 2 

−3/5

 15a   ω0 



 a0   2 

(15)

Now find the product of Josephson coupling and
capacitive energy and one have

1  2a0 
EJ Ec = 

5  15aNT 

4/15

e− S
ω02  2 (16)
S
 
tanh  
2

From equation (5) ,Josephson plasma frequency is
defined as

ω JP =

1  2a0 


5  15aNT 

2
15

e

S
2

S
tanh  
2

ω0

(17)

Since, usually ω0 = 2π ≈ 10 − 100Hz , one conclude
that

ω JP
− ≤ 10 Hz .
2π

The ratio of Josephson coupling to capacitive energy
is good measure of the classical character of the relative
phase φ . Now one finds
1

Ej

e− S
1  N a   2a0 15
=  T 0 

(18)
EC 24  a   15aNT 
S
tanh  
2
From classical regime E J ≥ E C to strong quantum
limit E J ≤ E C , quantum effects are only important,
if operate at ultralow temperature k B T  E C . From

equation (18) ,one conclude that for typical number S must
be roughly ≥ 10 for quantum fluctuation to be important.
One consider the damping is the incoherent exchange of
normal atoms and a quantitative requires a generalization
of our results to nonzero temperature. The thermally
excited normal atoms to obey Ohm law and give an Ohmic
contribution to the current
I n = −Gµ
			
(19)
Josephson equation is modified to read

dN
dt

		 =

EJ
sin ϕ + I n


For small fluctuation

For classical harmonic oscillator under damped if
σ≡

		

1
G

EJ
≥1
EC

(22)

ω 0
~ V1 , the thermal cloud lies mostly above
2
the barrier and a radically approach is needed to study
its transport properties. For simplicity , one introduce
the drastic approximation that particle impinging on the
barrier with energy E are transmitted with probability if
E > V0 and zero if E < V0 . Then the flow of normal atoms
due to a fluctuation in chemical potential is only limited
by the ‘contact resistance’ a concept taken from ballistic
transport in nanostructure11Equation (22) rewritten as

If k B T ≥

2

σ ~ 2π N

7/15
0

 ω0  S /2
(23)

 e
 k BT 

Interestingly, some result is formally obtained in the
high barrier limit, where normal atoms tunneling also lies
in the WKB regime 9. The value of σ if S ~ 5 , σ ~ 0.38
4
6
for N ~ 10 and σ ~ 3.3 for N ~ 10 . The equivalent
numbers for S ~ 1 are 2.8 and 24. The conclusion is that
coherent Josephson dynamics can be observed in current
atomic Bose condensates if the barrier is low. Under
damped dynamics can be further favoured by decreasing
temperature T and increasing atomic number N.
Internal Josephson effect: If laser pulse is applied to
a macroscopic condensate, then it is the whole ensemble
of atoms evolves coherently. It is possible to prepare a
condensate in which each atom is in the same coherent
superposition of the two states has been realized by Hall
et al13 with the 1,−1 and 2,1 states of 87Rb. Using a
techniques, it will be possible to study the novel and
potentially extremely rich internal Josephson effect which
bears some analogies with the physics of superfluid phase-A
of liquid He3 as noted by Leggett et al14. The analysis of
the spatial (external) Josephson effect is based on the
knowledge of Vext (r ) , where r can varied continuously
between wells. A similar study of the internal Josephson
effect would not be practical. Fortunately, it is really
needed is the value of the matrix element connecting states

A and B . Then it is most convenient to employ a two
site description of the Josephson link. The Hamiltonian

[(

) ( )]

ω R +
2
u
(24)
a b + b+ a + b+b + a + a
2
2
where ω R is the Rabi frequency. One assumes
that the two atomic energies as well as the interspecies
H=

(20)

d  dϕ 
2
0
(21)

 + GECϕ + ω JPϕ =
dt  dt 

		

(

)
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interaction are equal and neglect the interspecies
interaction. Particle number conservation requires
a + a + b + b = N T ≡ 2N 0 . The particle eigenstate can be
1 −iN φ
written as Φ N (φ ) =
. One have
e
2π
1/ 2
E J = ω R [N 0 ( N 0 + 1) − N ( N + 1)]
(25)
In limit 1 < N < N 0 equation (25) becomes

E J = N 0 ω R
		
(26)
which is a clear manifestation of the phenomenon
of Bosonic amplification. The identification of equation
(24) with the pendulum Hamiltonian is completed by
noting that the interaction term can be written uN2 that is
u = EC / 2 . For small value of φ and N , the harmonic
form

ω R
+  EC +
N0
2 
With a natural oscillation frequency

 N2

 2

(27)

N E 
ω 2 = ω J2P + ω R2 =  0 C ω R + ω R2
  

(28)

H = − N 0 ω R

φ2

It is clear that for a given interaction , the double BEC
system can be driven continuously from the Josephson
to the Rabi regime by varying ω R , something feasible
with current laser technology. Quantum self trapping
cannot be realized in superconducting Josephson junction
because the chemical potential difference would have to
be greater that the superconducting gap 15. , thus allowing
quasiparticles to intervenes and complete the dynamics.
This is not a important limitation in the case of BECs.
There exists a close and well studied analog of quantum
self trapping in the longitudinal nuclear resonance (NMR)
of He3 - A phase14. Equation (27) described in a unified
way Josephson and Rabi ( E C = 0 ) dynamics. This is
analogous to how equation (6) can yield both the G-P
and Schrodinger equation for the wave function of a
many boson system. The crossover between collective
Josephson and individual Rabi dynamics cannot be
studied in superconducting and superfluid , because there
interactions are never completely negligible. It is nice
feature of Bose-Einstein Condensation that it will allow
us to study the crossover between these two qualitatively
different dynamical regimes in an elegant fashion.
It is important to emphasis that the diffusive mechanism
only applies if the normal particle reservoir is common
to both condensates. In the above one has considered a
situation in with although the two condensates have been
separated, the two thermal clouds remains connected to
the point of behaving as a single one. In superconductors,

an equivalent arrangement is not fundamentally difficult.
In case of Bose Einstein Condensation, one may has a
common thermal clouds when the increase in the barrier
height is large enough to render the two condensates
unconnected, but still sufficiently small to allow for an
essential single thermal cloud 16-18.

CONCLUSION
In this paper , we have presented an overview of the physics
of the Josephson effect between Bose condensed systems
with emphasis on the recently achieved Bose Einstein
Condensation in trapped alkali gases. We have mostly
focused on these physical phenomenons that are likely to
be observed only in those novel systems. Thus , we have
omitted the discussion of problems (such as e.g steady
particle flow under the action of an alternating chemical
potential) which may be viewed as straight forward
application of well known Josephson Physics19 ,We have
tried to underline the potential richness of the Physics
displayed by weakly connected BECs. We may have
an external (spatial) and internal (hyperfine) Josephson
effect. It seem possible to explore the crossover between
collective Josephson behavior and independent Boson
Rabi dynamics. Finally, the observation of fascinating
phenomena such as quantum self trapping and macroscopic
interference between separate Bose condensates seem also
within reach of the emerging BEC technology. Everything
indicates that the experimental and theoretical study of the
Josephson effect between Bose Einstein Condensates will
leads us to the exploration of most exciting new physics.
There are some recent calculations 20-24 also above the
Josephson effect between Bose Einstein Condensate and
they also indicate the similar observation.
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ABSTRACT
To create a technique to used the hydrodynamics equation and Bogoliubov quasi-particle
distribution function of an isotropic superfluid contain three coefficient of second viscosity in
presence of momentum conservation law and the acceleration of the superfluid .The evaluated
value of second viscosity coefficient is good agreement of experiment value at λ = 0.7 .
Keywords: Hydrodynamic equation for isotropic superfluid, Bogoliubov distribution function,
Quasi-particle, Superfluid liquid Phase- A and Phase-B, Nuclear Magnetic Resonance,

INTRODUCTION
The liquid He 3 is known as Fermi liquid and lies between
3 mK to 100 mK, it behaves as normal Fermi liquid. Below
3mK it under goes phase transition 1-2 to super fluid phase
obtained in nuclear magnetic resonance measurement.
Basically two super fluid phase are very important naming
He 3- A phase and He3 – B phase. These phases are highly
spin polarized phase. Theoretically He 3 –A phase is known
as Anderson and Merel 3 state and He3 – B phase is known
as Balian and Wethamer4 state. In Anderson etal 3 state , it
has p-wave and odd parity and spin function is symmetric
and on the other hand Balian et al4 state is a combined of
triplet pairing and spin symmetric and the inter-particle
interaction is lower than Anderson et al 3. .
In this paper, using the hydrodynamics equation of
an isotropic superfluid and evaluated value of second
viscosity for Balian et al4 state as a function of reduce

temperature. Taking value of γ 0 = 0.12 and δ 0 = 0.29

and pressure 20 bars. Theoretical value for Balian 4 state
as function of reduced temperature varies very slow. At
low temperature,it decreases very firstly and after that
it is almost constant and then increases very slow. The
evaluation of transport coefficient of an s-wave pairing
Fermi gas has been reported by Shumeiko et al5. The shear
viscosity of superfluid He 3 has been considered by Seiden

et al6 , Chechetkin et al7, Fujiki et al8,Shazamanian et al9,
Pethick et al10. These evaluations have a more or less
exploratory character. On the other hand there are some
exact results available on the shear viscosity and second
viscosity near the transition11, 12 . For the case of isotropic
quasi-particle scattering there is also recent calculation of
the B-phase viscosity for whole temperature range by Ono
et al13.
Mathematical Technique used in the evaluation
of second viscosity coefficient of He 3 Phase –B liquid:
The shear viscosity coefficient η describes the response of
the momentum current density δπ ij to transverse velocity
n
field v j exposed in the normal component as

 ∂vin ∂vin 2 ∂vin 
δπ ij =
−η 
+
− δ ij

∂xi ∂xi 3 ∂xi 

δπ ij

(1)

Now
is written in term of the Bogoliubov quasiparticle distributive function

δηij = ∑ ρi (v p )i δ v 'p

		

p

(2)

where δv p is the deviation from local equilibrium .
The quasi-particle velocity is written as
'

		

 ξp
vp = ∇ pEp = 
E
 p

 p

 m*


(3)
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where p and m* are the momentum and effective mass
of quasi-particle.
The hydrodynamics equation of an isotropic superfluid
contains three coefficients of second viscosity appearing in
the momentum conservation law and acceleration equation
of the superfluid. Use stress tensor in corresponding terms
as

{

}

=
π ij δ ij ς 1div ρ s ( v s − v n ) + ς 2 div.v n 
(4)


When the limit T → Tc , then term ς 1 vanishes,

ς 2 is identified with the usual coefficient of
bulk viscosity. ς 1 and ς 2 describe the response of the
while term

momentum current to longitudinal velocity field of
normal and super fluid liquid v n and v s . The change in
the distribution function induced by such a disturbance is
isotropic. The diagonal part momentum current is given
by

1
1
tr=
π ij )
(
∑ p∇ p E pδ v'p
3
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1
1
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tr (π ij )
p F vF ∑  p
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In the case of
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δε p is given by

δε p = ∫ δ n (11) as local its equilibrium value.
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The kinetic equation is defined as
 ξp
E
p
p
'

δ v 'p = δ v p − ∫ 

(7)

2
ς 2 there is an additional factor of TC
ε F2

from the streaming part of the kinetic equation such that

4
ς 2 is of order T small compared to the coefficient of
ε F4
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Derive the relation between
equation (12), we have
 ξ
∑p  − Ep
p


Thus equation(5) reduced to
		

1

(12)

δV p' = 0

T2 
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tr (π ij ) = 0  2 
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where µ is the local equilibrium value of the
chemical potential. δµ 1 is determined by the requirement
that the local equilibrium distribution function.
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coefficient ς 3 governs the response of the chemical
potential to normal super fluid counter-flow, which
introduces dissipation into the equation of motion of v S .

p

'

p

are negligible in liquid He3 –Phase- B. The remaining

=
δ n1

Using equation (3), we have

2
ς 1 is of order T 2 small. Both coefficients
εF

first viscosity.
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p

where N F may be interpreted as the thermodynamics
derivative of the charge density with respect to the
chemical potential at fixed quasi-particle distribution.
The left hand side of the kinetic equation in this case
is approximated by substituting the local equilibrium
distribution function
'

'
n
δ vloc
p = ∫ ( δ E p p.v ) (15)
p
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The isotropic part of δE p is given by
1

viscosity of coefficient
temperature, thus

ξp 

 ξp 1
1
.
.δ n (16)
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δ E=
p

p

'

ξp 1
Ep NF

(

)

q j − ρv n = −

i
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The scattering term of isotropic and odd parity in ξ p
, is approximated by
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The scattering term of equation (18) satisfies
approximately the relation of the exact inscattering
integral.A approximation involving two relaxation time.
Introducing a dimensionless function φ (ξ ) by

ξ
1
−i p ∫ '
q ( j − ρ v" ) .ϕ (ξ p )
δ v 'p ' =
Ep
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Again rewrite the kinetic equation
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This separable integral can be easily solved.
Substituting the result of equation (20) in equation (17)
and find the second viscosity coefficient as
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At the transition, second term in the square brackets
diverges as

1
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0.500
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0.600

0.584
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Under the limit of low temperature, the second

 ∆

 ∆0

DISCUSSIONS
In this paper, I have evaluated the second viscosity of
coefficient of normalized liquid He 3 of phase-B at low
temperature. The hydrodynamics equation of an isotropic
super fluid contains three coefficient of viscosity appearing
in the momentum conservation law and the acceleration
equation of super fluid. By using equation (22), I have
evaluated second viscosity coefficient ξ 3 for the Balian
and Wethamer 4 state as a function of reduced temperature

 T
1 −
 Tc


 . In this calculation, I have taken the parameters


value γ 0 = 0.12 and δ 0 = 0.29 and pressure 20 bars. Our
theoretical evaluated value shows that the normalized

ξ

1
−
2

(23)

Numerically evaluated value from equation (21) by
using the value γ 0 = 0.12 , δ 0 = 0.29 and appropriate
pressure of 20 bar. Evaluated value shown in table (T1).
Evaluated result of second viscosity of coefficient of
He3 liquid of phase-B for Balian and Wethamer state4 as
function of reduced temperature for λ = 0.7
Table-T
1

 T
1 −
 Tc

(18)

/ τ p'

ξ 3 becomes independent of
2

Use the continuity equation to eliminate ωδ n in
favour of q. j , obtain the isotropic part of the kinetic
equation

∫
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second viscosity coefficient 3 for the Balian and
Wethamer state as a function of reduced temperature varies
very slowly. At lower value of temperature,it decreases
very fastly and after that it is almost constant and then
increases very slowly . The evaluated results are shown in
table (T1). The theoretical results were evaluated by using
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kinetic equation for Bogoliubov quasi-particle in a well
control approximation 14-27.
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ABSTRACT
The cholestral level in matured fishes ensures all reproductive process including mating
chances, sperm release and egg maturity and so its quantity is variable during different stages
of reproductive cycle in fishes. This paper was aimed to assess cholestral quantity in gonadal
cycle and their role as steroid production in both male and female fishes to ensure reproductive
success in freshwater fish Channa punctatus during the study period.
Keywords: Cholestral, Gonad, steroid production, seasonal variation

INTRODUCTION
Like all other vertebrates, the fish also reproduce sexually
and their reproductive cycles are governed by both extrinsic
(climatic) and intrinsic (endocrine) factors. Majority of
the fish are dioecious as eggs and sperms are formed in
separate individuals, which are released in surrounding
water where fertilization takes place generally during
spawning phase of their gonadal cycle.
Siddiqui (1966) studied seasonal variation in the
contents of total cholesterol in serum, muscle, liver &
gonads & stated that serum cholesterol level showed no
appreciable variation throughout the year except during
peak spawning period when its level was recorded low.
Tandan & Chandra (1976) in C. batrachus observed
lowest & highest values of blood cholesterol in the month
of August (spawning) & November (winter) respectively.
Sex related cyclic changes in hepatic & serum cholesterol
levels in H. fossilis have also been reported by Jaiswal et
al (1978). Kumar (1999) reported that serum cholesterol
level declined during spawning, but increased during post
spawning periods.
METHODS AND MATERIALS
Healthy & living specimens of Channa punctatus (Bloch),
in between 10-13 cm. length and 35+5 gm weight
groups were procured from local market and brought to
the laboratory in large buckets containing ground water

& covered with net cloths. In the laboratory, they were
treated with terramycin solution (15 mg/l) in ground
water for 48 hrs, washed by several changes of water &
then treated with Aquous Solution. of Pot. Permanganate
(2mg/l) for 15 minutes followed by proper washing with
ground water, so that the fish should be free from any
dermal infection by ectoparsites, fungi & other infections.
Thereafter, the male & female fishes were placed in large
aquaria/ plastic tubs/steel tubs separately in ground water
& acclimatized for 10 days. Care was taken to discard the
population if mortality exceeds 10% during the treatment
of tetramycin & potassium permanganate solution upto
48 hours. The fish were provided chopped goat’s liver/
earthworm pieces/ tubifex daily at least three hours prior
to change of ground water.
100 mg or 50 mg tissue was weighed and placed
in a mixture of methanol and acetone in 1:1 ratio and
after alternative boiling and cooling, centrifuged and the
supernatant was taken in separate test tube. It was placed in
a water bath and evaporated to dryness. It was then cooled
to room temperature. The residue was then dissolved in 0.1
m of distilled water. To this, 8.0 ml of working Killiani’s
reagent was added and processed as for blood.
Total Cholestral= O.D. of 1.0 ml of xK-1 protein x4x10
tissue homogenate in tissue (mg/gm)
Where K-1 Cholestral = 48.61 mg/ml (constant) and 4
is the total amount of homogenate of 100mg tissue.
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Breeding
stage

Male

Liver
Female

Testis

Gonad
Ovary

Resting (Dec-Jan)

6.04±0.19

6.15±0.18

5.13±0.91

5.26±0.12

Maturing (Feb-Apr)

5.76±0.16

5.45±0.22

5.50±0.14

5.67±0.16

Pre-spawning (May-June)

4.51±0.20

4.16±0.35

6.66±0.14

7.09±0.20

Spawning (Jul-Aug)

3.74±0.21

3.21±0.13

8.19±0.24

8.48±0.27

Post-breeding(Oct- Nov)

4.97±0.16

4.77±0.20

5.96±0.14

6.16±0.27

Fig. 1: Monthly variation of Cholestral in Liver and Gonads of Channa punctatus

RESULT AND OBSERVATIONS
The total cholesterol content in serum of normal male &
female fish varied in between 205.42±2.20 to 298.00±2.29
and 228.54±2.15 to 320.69±3.02 mg/dl respectively.
The lowest value in both the sexes has been recorded in
August while highest value in male & female has been
recorded in February & March respectively. A gradual
increase has been observed from September to February/
March followed by a decline upto August. The seasonal
variations showed that the lowest value in both sexes has
been seen in spawning and highest value in male during
resting & female during maturing phases. When compared
with the value of male & female of same gonadal cycle, a
significant increase (P<0.01) in females has been observed
in maturing, pre-spawning & spawning phases & (P<0.05)
in post-spawning phase. However, when compared with
the value of male & female of resting phase with that of
the respective sexes of other gonadal phases, significant
decrease (P<0.01) has been observed in males of all phases
& in female, a significant increase (P<0.01) in maturing &
decline in post-spawning & (P<0.01) in pre-spawning &
spawning phases. (Table 1; Figure 1).
Table 1: Total cholestral in Liver and Gonads of Channa
punctatus

The liver cholesterol content in male & female fish
varied in between 3.60± 0.19 to 6.36±0.20 & 3.02±0.15

to 6.45±0.25 mg/gm respectively. The lowest & highest
values in both the sexes have been recorded in August
& January respectively. The seasonal variations showed
that the highest values in both male & female are during
resting phase and lowest during spawning phase. However,
the difference in liver cholesterol level in between male
& female has not been found significant in any gonadal
cycle, but when compared with the value of male &
female of resting phase with that of the respective sexes of
other gonadal phases, a significant (P<0.05) decrease has
been observed in the males of maturing & post-spawning
phase and (P<0.01) in both sexes during pre-spawning &
spawning phases and in females only during post spawning
phase (Table 1).
The cholesterol content in the testes & ovaries varied
in between 5.10± 0.12 to 8.40±0.26 and 5.21±0.14 to
8.86±0.30 mg/gm respectively. The lowest & highest
values in both sexes have been observed in January &
August respectively. A gradual increase has been observed
from February to August followed by decline from
September to January. The seasonal variations showed that
lowest cholesterol content in both sexes has been recorded
during resting phase and highest during spawning phase.
However, the cholesterol content in male & female gonads
during same gonadal cycle have no significant differences
but when compared with the value of male & female
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gonads with that of the respective sexes of other gonadal
cycles, a significant increase (P<0.01) has been recorded
in both sexes during pre-spawning & spawning phases &
(P<0.05) during post-spawning phase. (Table 1)

DISCUSSIONS
There are several reports on the seasonal variations in serum
& tissue cholesterol level in fish. A correlation of serum
cholesterol level in fish has been shown to exist between
one or more factors i.e. age, temperature, tolerance,
activity, sexual maturity & spawning period. Cholesterol
is a steroid and is a well known precursor of gonadal
harmones. Steroidogenesis (a process of conversion of
cholesterol into sex hormones) is an enzyme depended
metabolic activity and the enzyme held responsible
for synthesis and/or metabolism of such hormones are
hydroxysteroids dihydrogenases (Schreibmas et al, 1982)
In the present study, the serum & liver cholesterol
contents has been recorded minimum during August and
maximum during January & March respectively while
the cholesterol contents in the gonads (testes & ovary)
have been recorded lowest during January & highest
during August in both male & female fish. Further the
seasonal variations showed that the blood cholesterol
level was significantly more in females than the males in
all the phases of the gonadal cycle except in resting phase,
while liver cholesterol content has been recorded more in
males than the females but not significant, whereas, ovary
contained more cholesterol content than testes. Thus, the
serum cholesterol showed a positive correlation with liver
but an inverse relationship with gonads. The increase/
decrease in blood cholesterol content either enhance
cholesterol synthesis by liver or inhibits its excretion
to the bile ducts, whereas, the decreased level during
breeding period might be due to increased breakdown of
cholesterol into free fatty acids. Similarly the decreased
level in liver cholesterol content might be due to overall
hypermetabolic state of the fish caused by persistent stress
& may be linked to the general stress syndrome.
Bano & Hameed (1979) & Singh (1990) in C. fasciatus
observed almost an inverse relationship between ovary &
blood with liver & muscle and suggested the diversities
of muscle cholesterol to the development of gonads in the
form of sex hormones. Shalini (1989) in H. fossilis exposed
to cadmium & nickel & Kumari (1990) in the same fish
exposed to sevin observed a significant increase in blood
cholesterol level but a decline in liver & muscle of the
fish. But Gupta (2003) in H. fossilis exposed to different
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concentrations of fenvalerate observed an initial increase
followed by decrease in blood cholesterol and a gradual
decline in gills, liver, Kidney & gonads cholesterol levels.
Mishra et al (2004) in C. punctatus exposed to sublethal
carbaryl & Cartap observed a significant decline in lipid &
cholesterol contents in liver, kidney & gills throughout the
exposure period & suggested that hypocholestesterimic
conditions may probably be due to either increased
breakdown of cholesterol into free fatty acids or more
utilization of cholesterol during corticosteriodogenesis is
under pesticide impact. It is also been given by Jyoti &
Narayan (2001) in H. fossilis & C. batrachus exposed to
different pesticides respectively.
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ABSTRACT
In order to utilize biotechnological approaches for the improvement of B. juncea, a high
frequency reproducible protocol for complete plantlet regeneration is required. With this aim
cotyledon and plumule explants derived from 5 day old seedlings of five different cultivars
of B. juncea were cultured on MS medium supplemented with 1.0 mg/l BAP and 0.2 mg/l
IAA. Varuna exhibited significantly higher frequency (85%) of shoot regeneration than other
genotypes, whereas RH 30 exhibited more number of shoot regeneration per explant but the
frequency of shoot regeneration in this variety was poor than that of Varuna. The explants,
cotyledon and plumule from Varuna produced the highest frequency (75% and 95%) of shoot
regeneration, whereas both the explants from RH 30 produced highest number of shoots per
explant. It is clear that different genotypes and explants have different potential for frequency
of shoot regeneration as well as number of shoot regeneration per explant.
Keywords: Brassica juncea, Genotype, explants, shoot regeneration

INTRODUCTION
Brassica juncea (L) Czern & Coss is one of the most
important oil seed crop in the world. The main emphasis in
mustard research programme is given to the development
of high yielding, disease resistant varieties with improved
oil quality, i.e. low erucic acid and linolenic acid content.
Conventional breeding has achieved some initial gain in the
improvement of yield and quality of mustard. But due to a
lack of genetic variability, chances of further improvement
through conventional breeding appears to be bleak (Rai,
1996). Recent approaches to induce genetic variability
through induced mutagenesis have been found quite
useful for qualitative and quantitative traits of economic
importance. However extent of desirable variability is
quite limited (Anuradha et al., 1992). Thus, it is inevitable
to utilize recent biotechnological approaches, viz., somatic
hybridization, cybridization (Kirti et al., 1992a, Kirti et
al., 1992b; Prasad et al., 2010) and genetic transformation
(Barfield and Pau, 1991) to create genetic variability.

In order to utilize biotechnological approaches for the
improvement of B. juncea, a high frequency reproducible
protocol for complete plant regeneration is a prerequisite.
Although, there are reports on regeneration of plantlets
from somatic tissue, particularly cotyledons (George and
Rai, 1980; Narasimhulu and Chopra, 1988), hypocotyls
(Kirti and Chopra 1989a, Barfield and Pau, 1991)
and protoplast (Kirti and Chopra, 1989b) of Brassica
but most of the studies are limited to optimization of
growth regulator required for regeneration. Therefore,
an understanding effect of explants and genetic factors
regulating morphogenesis may help in the development
of regeneration protocol with wider applicability than
physiological approach.

MATERIALS AND METHODS:
Sterilization of seed: The seeds of five cultivars, viz.,
Varuna, Pusa Bold, RH30, RLM514 and RLM 619 of B
juncea were surface sterilized by keeping the seeds in
1.0% (v/v) cetrimide solution for 5 minutes, followed by
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transferring them to 0.1% (w/v) mercuric chloride solution
for 10 minutes and quick dipping of seeds in 70% alcohol
after HgCl2 treatment for 20-30 second. The surface
sterilized seeds were washed 5 times in sterilized distilled
water to remove traces of HgCl2 and alcohol, etc.
Seed germination: The surface sterilized seeds of
five cultivars were transferred in culture tubes containing
semi-solid half strength MS (Murashige and Skoog, 1962)
basal medium. These cultures were kept in culture room
maintained at 24±2 0C for seed germination under 25
µEm-2 s-1 light intensity for 16/8 hr photoperiod.
Preparation of explants: Cotyledon and plumule
explants were excised from 5 day old in vitro grown
seedlings of five cultivars of B. juncea. These explants
were transferred on regeneration medium containing
1mg/l BAP and 0.2 mg/l IAA.
Culture Conditions: Cultures were incubated at
24±2 0C under 16/8 hr white light from cool fluorescent
tubes at unit of irradiance 25 µEm-2 s-1 for shoot and root
regeneration.

Statistical analysis of data:

Data were recorded as percentage of explants showing
shoot regeneration and number of shoots regenerated per
explant. The experiment was conducted according to a
nested design. Each experiment had two replicates. The
analysis of varience carried out to detect the significant
differences among the treatment means (Steel and Torrie,
1980; Gomez and Gomeze, 1984). The experiment means
were compared using DMRT.

RESULT AND DISCUSSION:
Both explants, viz., plumule and cotyledon isolated from 5
day old in vitro grown seedlings of five cultivars, namely
Varuna, Pusa Bold, RH 30, RLM 514 and RLM 619 of B.
juncea were transferred on M S medium containing 1.0
mg/l BAP and 0.2 mg/l IAA respond differentially. The
cotyledon explants exhibited expansion of its surface and
formation of little amount of callus at their petiolar cut
end after 8-10 days of culture. Small greenish nodular
structures developed in calli after 8-10 days. These nodular
structure on further development produced shoot buds
and shoots. However, plumule explants show swelling on
regeneration medium which later on resulted in multiple
shoot regeneration without callus. Initially, the growth of
first regenerated shoot was fast and later on subsequently
arrested.
Analysis of variance showed that the variety and
explants within variety had significant effect on frequency
of explants showing shoot regeneration and number of
shoots regenerated per explant (Table 1).
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Table 1: Analysis of variance for the effect of variety and
explant on frequency of explants showing shoot regeneration
and number of shoots regenerated/explant.
Source of
variation

Degrees
of
freedom
(df)

Variety
Explant within
variety

Mean squares
Frequency (%)
of explants
showing shoot
regeneration

Number
of shoots/
explant

4

632.5**

4.03**

5

1270.0**

3.10**

Within Varuna

1

400.0**

0.81**

Within Pusa Bold

1

1600.0**

5.06**

Within RH 30

1

625.0**

4.0**

Within RLM 514

1

1225.0**

1.82**

Within RLM 619

1

2500.0**

3.80**

Error

10

30.0

0.046

**P<0.01

Table 2: Comparison by DMRT among varieties of B. juncea
for the frequency of explants showing shoot regeneration
and number of shoots regenerated/explant. Each mean is
based on two replicates, each replicate had 20 cultures.
Variety

Frequency (%) of
explants showing
shoot regeneration

Number of shoots/
explant

Varuna

85.0b

4.45 b

Pusa Bold

75.0 b

4.72 b

RH 30

72.5 b

5.5 c

RLM 514

57.5a

3.22 a

RLM 619

55.0

3.17 a

a

*Different letters in the superscript indicate significant difference
between means (P<0.05).

Table 3: Comparison by DMRT between cotyledon and
plumule explants within varieties for the frequency of
explants showing shoot regeneration and number of shoots
regenerated/explant. Each mean is based on two replicates,
each replicate had 10 cultures.
Variety

Frequency (%) of
explants showing
shoot regeneration

Number of shoots/
explant

Cotyledon

Plumule

Cotyledon Plumule

Varuna

75c

95b

4.0b

Pusa Bold

55

95

3.60

5.85c

RH 30

60b

85ab

4.50b

6.5d

RLM 514

40a

75a

2.55a

3.9a

RLM 619

30a

80a

2.20a

4.15a

b

b

4.90b
b

*Different letters in the superscript indicate significant difference
between means (P<0.05).

Effect of Genotype and Explant on Shoot Regeneration in Brassica juncea

A comparison by DMRT revealed that response
of each variety or genotype differed significantly with
respect to the frequency and number of shoot regeneration.
Varuna exhibited significantly higher frequency (85%) of
shoot regeneration than other genotypes, whereas RH 30
exhibited more number (5.5) of shoots regeneration per
explant but the frequency of regeneration in this variety
was poor than that of Varuna. Pusa Bold exhibited more
shoots per explant, while the other two genotypes were
comparatively poorer than Varuna and Pusa Bold in shoot
regeneration (Table 2). Variation in shoot regeneration due
to genotypes has been reported in tissue culture of many
species viz., Vigna radiata (Singh et. al., 1986), Brassica
species (Murata and Orton, 1987) and Nicotiana tobacum
(Ogura and Tsuiji, 1977). Frankenberges et. al., (1981)
concluded that some recessive genes were associated with
shoot regeneration in tomato. However, additive gene
action for shoot regeneration was reported in cauliflower
(Buiatti et. al., 1974).
A comparison by DMRT for the effect of different
explants (cotyledon and plumule) within variety revealed
that both explants behaved differentially in different
varieties for frequency of shoot regeneration and number
of shoot regenerated per explant. Cotyledon and plumule
of Varuna produced the highest frequency of shoot
regeneration viz., 75% and 95% respectively, whereas
both explants (cotyledon and plumule) of RH 30 produced
highest number of shoots per explant i.e., 4.5 and 6.5,
respectively (Table 3). Differential behavior of explants
with respect to shoot regeneration has been reported in
B. juncea (Tyagi and Rangaswami 1997), Vigna radiata
(Singh et al., 1986). Same explants obtained from different
varieties respond differentially. The varying responses
of same explants of different variety were reported in B.
juncea (Kirti and Chopra, 1989b, Pental et al., 1993).
From the above result, it is clear that different varieties and
explants have different potential for frequency of shoot
regeneration as well as number of shoot regeneration per
explant.
In order to obtain complete plantlets, shoots of 1.52.0 cm were excised aseptically and transferred on M
S medium containing 0.2 mg/l IBA. Healthy plantlets
with long roots were obtained at this concentration. Root
regeneration also occurred on auxin free medium but the
frequency and number of roots per shoot were lower than
those on IBA containing medium.
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ABSTRACT
An experiment is conducted during two consecutive year 2010 and 2011 at Agriculture
research Farm, Amar Singh (PG) College, Lakhaoti, Bulandshahr, Uttar Pradesh. The soil
of the experimental site was sandy loam with pH (8.10) and EC (0.36 dSm-1) of soil water
suspension. Low in organic carbon 3.9 g kg-1.soil and status of soil in available nitrogen,
phosphorus and potassium was medium. The experiment was designed in factorial RBD
(Random Block Design) keeping three treatments of bold seeded moongbean varieties (Pusa
Vishal, Pant Mung-5 and Pusa 9531) in main plots and six treatment ( T1 0 kg P2O5 ha-1, T2 0
kg P2O5 ha-1 + 25 kg PSB ha-1, T3 25 kg P2O5 ha-1 T4 25kg P2O5 + 25 kg PSB ha-1,T5 50 kg
P2O5 ha-1 and T6 50kg P2O5 ha-1 + 25 kg PSB ha-1) of phosphorus and bio-fertilizer in subplots with four replication. The total number of treatment were 18 and number of plots was 72.
Results revealed that the different varieties of moongbean to phosphorus up to 50 kg P2O5 ha-1
and inoculation of seed with PSB (25kg ha-1) increased the number of pods plant-1, number of
seeds pod-1 grain and straw yield (q ha-1) and uptake of NPK by succeeding fodder Sorghum.
The net return also increased with increased levels of phosphorus and inoculation of seed with
PSB (25kg ha-1).

INTRODUCTION
Pulses are considered to be life blood of Indian agriculture
because of their unique position in the every known
system of the farming. According to Food Agriculture
Organization the daily recommended dietary allowances
of pulses is 80 gm per capita per day but availability is
just like slightly than half only 44 gm per capita per day.
Therefore, it is need to increase the pulses production and
productivity both in the country at the faster rate. Green
gram locally called as moong (vigna radiata) belong to the
family leguminaceae, which fixed atmospheric nitrogen
and improved soil fertility by adding 20-25 kg.N ha ̄¹.
Being a short duration crop and having wide adaptability,
it can be grown in kharif as well as in summer seasons.
Green gram is nutritious, containing protein (25%),
carbohydrate (58%), fat (1.1 %), water (9.7%), fibre

(3.4% - 3.8%) and ash (4.2% - 4.8%). It is rich in vitamin
B (Purseglove, 1968).There are various reasons for low
yields of green gram i.e. unfavorable weather condition, un
availability of bio fertilizers, cultivation mostly in barren
land, use of minimum tillage and lack of knowledge about
new technology, traditional varieties and imbalance use
of fertilizers. Among them proper use of fertilizer is one
of the most critical input, for utilizing the yield potential
of improved high yielding crop varieties. The values of
growing legumes in sustaining and improved soil fertility
have been known since long. However, in recent days due
to indiscriminate nutrient mining, soil fertility depleting at
alarming rate and to provide food for more than 130 crore
peoples, there is need to adding proper dose of phosphorus,
PSB to maintain soil fertility and sustainability. Phosphorus
plays a key role in various physiological process like
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root growth, dry matter production, nodulation, nitrogen
fixation and also in metabolic activities specially in
protein synthesis, it helps in establishing seeding quickly
and also hastens maturity as well as improves the quality
of crop produce. The most obvious effect of phosphorus
is on the root systems of plant, it promotes the formation
of lateral and fibrous root, which facilitate bacteria for
nodulation and ultimately increase the nitrogen fixation
in leguminous crops. The PSB like Pseudomonas and
Bacillus also enhance the availability of phosphorus to the
plant by converting insoluble form (Patil et al 2011).

MATERIALS AND METHODS
The field experiment was conducted during two consecutive
years of 2010 and 2011 during the summer and kharif
season at Research Farm of A, S. (P.G.) College, Lakhaoti
(Bulandshahr), Uttar Pradesh. The farm is situated on the
Bulandshahr-Garghmuktesrwa road at a distance of 18 km
from Bulandshahr (U.P.) towards Syana town. The latitude
and longitude of the experimental site are 28.4° N and
77.1°E respectively with an elevation of about 207 m above
mean sea level. It has semi-arid and subtropical climate
characterized by extreme hot summer and cool winter.
The soil of the experimental site was sandy loam with
pH (8.10) and EC (0.36 dSm-1) of soil water suspension,
low in organic carbon 3.9 g kg’1, and the status of soil
low in available nitrogen, phosphorus and potassium
was medium. The Experiment was designed in factorial
Randomized Block Design keeping three treatments
of bold seeded moongbean varieties (Pusa Vishal, Pant
Moong-5 and Pusa 9531) in main plots and six treatments
( T1 0 kg P2O5 ha-1, T2 0 kg P2O5 ha-1 + 25 kg PSB ha-1,
T3 25 kg P2O5 ha-1 T4 25 kg P2O5 + 25 kg PSB ha-1,T5
50 kg P2O5 ha-1 and T6 50kg P2O5 ha-1 + 25 kg PSB
ha-1) of phosphorus and bio-fertilizers in sub-plots with
four replications. The total numbers of treatments were 18
and number of plots was 72. The gross plots size was 12
m2 (5m x 2.4m). The nutrient phosphorus was supplied
through single supper phosphate (16% P2O5) and PSB
was inoculated @ 25 g kg-1 of seed and 2 hrs shade dried
before sowing. Normal recommended agronomic practices
were followed along with plant protection measures. In
the present investigation, the grain and straw yield of each
plot was calculated separately just after harvesting and
converted in q ha-1. The cost of cultivation and net return
were also calculated. Nitrogen and phosphorus content
in grain and straw were determined by Kjeldahl and
Vanadomolybdo phosphoric yellow colour method. All
variety of moongbean sown @ 15 Kg seeds ha-1 with a
spacing of 30 x 20 cm. The crop of moongbean was sown
in second week of March and harvesting was done in the
first week of June during both the years of study. Three
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moongbean varieties (Pusa Vishal, Pant Moong-5 and
Pusa 9531) were fertilized at rates of 0, 25 and 50 kg P2O5
ha-1 from single super phosphate (16% P2O5). Starter
dose of nitrogen was applied at the rate of 25 kg ha-1 form
urea. The whole quantity of nitrogen and potassium was
side drilled at sowing time.

RESULT AND DISCUSSION
Yield and Yield Attributes

The data (Table-1) indicate that the plant height and yield
attributes like number of pods plant-1 and seeds pod-1
showed significantly effect was produced in Pusa Vishal
(19.09 pods plant-1) and (12.72 seeds pod-1 ) with the
application of T6 - 50kg P2O5 ha -1 + 25 kg PSB ha-1
which proved significantly instrumental in improving this
attributes as compare to other treatments (Table-1) than
Pant Moong-5 (17.58 pods plant-1 ) and (12.01 seeds pod1) the lowest no. of pods plant-1 (15.18 pods plant-1) and
(11.81 seeds pods-1 ) was recorded in variety Pusa 9531.
The highest seeds and Stover yield 11.74 and 30.78 q ha -1
which was recorded with variety Pusa Vishal as compared
to Pant Moong-5 11.12 and 29.55 q ha -1 and Pusa 9531
10.50 and 58.84 q ha-1 respectively. Where fertilizer was
applied alone and with combination (T6 - 50kg P2O5 ha-1
+ 25 kg PSB ha-1) over control T1 - 0kg P2O5 ha-1 found
highest increase growth and yield attributing characters in
genotype Pusa Vishal than Pant Moong-5 and Pusa 9531.
Kumar, et.al. (2012). It may be due to better
availability of nutrient to plant during both the year
pooled data (Table 1). Response of bold seeded variety
Pusa Vishal of moong bean with respect to grain and
straw yield (q ha-1) significant increased, similar result
moong bean variety have been also reported by Singh,
et.al. (2006). The probable causes of higher grain pod-1
of Pusa Vishal could be maximum grain plant-1 and some
extent higher plant population in Pusa Vishal at maturity
stage might be responsible for higher yield per hectare.
Pusa Vishal over other verities plant root development is
important characterization which are might be affected by
phosphorus. Phosphorus is the second most critical plant
nutrient for crop production after nitrogen. Application
of phosphorus under semi arid climates is found to
improve crop growth, yield, yield components and crop
quality, while its deficiency causes significant loss in crop
productivity and profitability. Phosphorus has favorable
effects on leguminous crops and also has positive effect on
crop quality as increases protein content in moong bean.
PSB plays a vital role in solubilization of various insoluble
inorganic and organic phosphorus present in the soil.
Production of organic acids by micro organisms appears
to the major factor involved (Gaur, 1990).

34.12
36.81
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50.14
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0.37
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25 Kg P2O5 ha-1
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Table 2 : Uptake of Nitrogen, phosphorus and Potassium succeeding fodder sorghum crop as influenced by residual effect of moong bean varieties phosphorus
and PSB during 2010 and 2011.
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Table 1 : Effect of different varieties, phosphorus and PSB on growth and yield attributes of moong bean pooled data of 2010 and 2011
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Response of nutrient uptake:

Application of different nutrient management treatments
in moong bean and its residual effect on succeeding fodder
sorghum increase significantly the uptake of NPK by
sorghum crop. With each increment in dose of phosphorus
had been gradual significant increase in uptake of nitrogen
(37.43 and 37.42 kg ha-1) phosphorus (7.67 and 6.87 kg
ha-1) and potassium (42.91 and 42.47 kg ha-1) Table 2.
The highest NPK uptake was recorded with the application
of T6 - 50kg P2O5 ha-1 + 25 kg PSB ha-1 as compared
to other treatment. The higher uptake might be due to
higher availability of nutrients and seeds and Stover yield.
Similar findings have been reported by Mishra and Tiwari
(2001). Residual effect of verities, phosphorus and PSB
produce higher NPK content in fodder sorghum compared
to control plots. This might due to better growth and fodder
yield of sorghum resulted by enhanced available N and
P in soil by proceeding moong bean crop. The uptake of
NPK due to residual effect, of varieties and application of
phosphorus were attributed due to higher control of NPK
in fodder sorghum yield (q ha-1) as previously similar
result were reported by Singh, et. al. (2008).

CONCLUSION AND RECOMMENDATION
The present findings it may be recommended that the
phosphorus and PSB level of 50 kg P2O5 ha-1 + 25 kg
PSB ha-1 showed best in moong bean cultivar Pusa vishal.
As a general rule the higher fertilizer rate up to some extent
result in better production of crop based on the optimum
input availability. It is clear that moong bean variety Pusa
Vishal with 50kg P2O5 ha-1 + 25 kg PSB ha-1 applied for
higher productivity in the climatic condition of western
Uttar Pradesh. Application of 50kg P2O5 ha-1 + 25 kg
PSB ha-1 gave higher yield of moong bean and also
maintain soil fertility and Productivity under moong bean
fodder sorghum cropping systems.
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ABSTRACT:
The present study is based on the thorough and critical review of more than 30 research and review
articles published in highly reputed scientific journals during past two years and available on
prestigious scientific search engines like PubMed, MEDLINE, EMBASE, and Google Scholar,
after the emergence and worldwide occurrence of Corona virus disease (COVID-19). Most of
the studies indicate that other body systems like the cardiovascular system, hepatic system,
renal system and nervous system are also affected by the corona virus along with the respiratory
tract leading to multiple organ failure and other co-morbidities. Adequate preliminary reports
suggest that the corona virus severely devastates the peripheral and central nervous system after
invading through many direct or indirect neural pathways. Earlier studies indicate that the virus
exhibits a wide range of neurological manifestations including Cerebro-vascular implications,
acute polyneuropathy, headache, encephalopathy, encephalitis, seizures, hypogeusia as well as
some non specific symptoms. However more studies are needed to authenticate the impact of
the virus on the different components of the brain and Neuro- endocrine system. In the present
study the impact of impact of corona virus on the different segments of the nervous system
and their postulated molecular mechanism as well as manifestations have been reviewed. In
addition, the possible neural pathways that lead to the entry of the virus within the nervous
system have also been thoroughly discussed.
Keywords: Neuroinvasion, Neurotropism, COVID-19, cytokine storm, immune response,
cerebro spinal fluid.

INTRODUCTION
A highly pathogenic virus named Severe Acute Respiratory
Syndrome (SARS)-CoV-2 emerged in December
2019 in the city of Wuhan situated in Hubei region of
China. Owing to its high transmission rate, it gradually
apocalypse more than 200 nations leading to a mammoth
death toll. This virus belongs to the Coronaviridae family
that encompasses alpha, beta, gamma and delta strains.
SARS-CoV-2 is a beta corona virus that belongs to the
Ortho-coronavirinae subfamily and comprises a 29903
base single-stranded RNA genome which is surrounded by
spike-shaped membrane glycoproteins (Pennisi, M. et.al.
2020). The glycoprotein located on the outer surface forms
a three-dimensional structure in the receptor-binding
domain of the host cell that facilitates the viral anchorage
(Zou,X. et.al.2020) The corona viruses are pleomorphic

with a diameter ranging 80 to 120 nm. The genome of the
virus is single-stranded RNA, the largest known genome,
with a length of 30kb. The genome of corona virus codes
for four proteins ; spike (S) protein that gives it crown
shape; and binds to host cell; a small and hydrophobic
envelope protein(E); membrane protein(M); (Fig.1) which
plays a crucial role in the assembly of virus and nucleocapsid which is strongly associated with RNA (Vargas,
et.al. 2020). Structurally, SARS-CoV-2 has a defined
structure comprising of 14 binding sites that interact with
the human Angiotensin-Converting Enzyme-2 (ACE-2)
receptor (Fehr, A.R. et.al.2015; Yuan,Y. et.al. 2017).
Earlier experiments indicated about the neurotropism
of the CoVs into the central nervous system causing
neurological damage (Carod-Artal,F.J. et.al.2020)). The
penetration of several respiratory viruses has been shown
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through a mechanism called ‘neuroinvasion’ affecting
both neurons and glial cells (Khan, S. et.al.2020). The
neurological manifestation of SARS-CoV-2 has been
supported based on previous reports on neurovirulence
cased by neuro-invasion of other CoVs of the same virus
subfamily (Desforges, M. et.al.2019). The neurological
implications of SARS-CoV-2 are manifested in form
of symptoms like acute polyneuropathy, headache,
encephalopathy, encephalitis, seizures, hypogeusia,
dizziness, taste and smell disorders (Orsini, et.al; 2020).
Thus in the present study a thorough review has been done
for the plausible invasive pathways of the virus within
the nervous system, its neuro-pathogenicity and predicted
molecular mechanisms based on the available scientific
research literature.

Fig.1- Molecular structure of COVID-19

Neuro-invasive pathways of SARS-CoV-2:

The reports on the neurological manifestations and their
complications are increasing exponentially. SARSCoV-2 mainly attacks respiratory, urinary, hepatic,
gastrointestinal and endovascular systems and could
reach the central nervous system (CNS) and peripheral
nervous system (PNS) as well. However the presence and
entrance of the whole virus within the nervous system of
the infected patients is least evident but the components
of viral particles within the different parts of the brain and
peripheral nervous system are well reported (Orsini,et.
al.;2020). Thus the pathogenecity of the virus could be
due to fragments of the virus and its immune mediated
responses. Based on the available recent reports seven
possible routes have been enumerated and out of these
routes, the blood –endothelial barrier is considered to be
the most prominent route of neuro-invasion (Uversky,et.
al.;2020). Data obtained from the experiments on human
cell lines obtained from SARS-CoV-2 infected patients
indicated its modest replication in the neuronal (U251)
cells which highlighted the potential of this virus to cause
neurological manifestations (Chu,et.al.2020). The viral
particles were found in the neuronal cell body extending
in to neurite structures. The neuronal cell model expressed

ACE-2 receptor on the surface of host cells, however, the
transmembrane protein serine protease -2 (TMPRSS2)
required for the docking and priming of the surface
protein(S) of the virus was absent. This suggests the
presence of an alternate proteolytic tool within the neural
cells (Bullen, et.al. 2020).
Recent literature postulated that at least three
mechanisms are possible for the formation of immunemediated lesions in the CNS. They include,1)- a systemic
inflammatory response syndrome which occurs as a result
of the excessive host response to the infection leading to
CNS damage;2)- a direct infection in CNS immune cells
such as astrocytes, microglia and macrophages leading to
cytokine storm with the release of IL-6, IL-12,IL-1beta,
TNF-alfa which subsequently damage the nerve cells;
3)- An autoimmune response against the host epitopes
(Natoli,et.al.2020). Moreover, immune-mediated events
may cause demyelination either through T-cells or by
other cytokines and chemokines (Wu, et.al.2000).
The viral kinetics of the SARS-CoV in transgenic
mice revealed that the infection began in the respiratory
epithelium and the virus entered the brain through the
olfactory nerve and invaded cortical and subcortical
regions (Netland et.al.; 2008). Further,the infection
extended to many brain stem nuclei such as the nucleus
tractus solitarii, the dorsal motor nucleus of the vagus and
area postrema. Injuries to this region of the brain stem
could be detrimental to the maintenance of homeostasis
leading to cardio-respiratory disorders (Uversky, et.al.
2020; Li Bai et.al.2020). ACE-2 which acts as a cellular
entry receptor with its affinity to a surface protein of the
virus is adequately expressed in the neuroendothelial
cells and brain suggesting the neuro-invasive potential of
the virus. ACE-2 is expressed in neurons and neuroglia
(Yamagata, et.al. 2020). Thus the hematogenous route can
be the most likely pathway to the brain (Paniz-Mondolfi
et.al.2020).
However possible methods of entry of the virus within the
nervous system are as follows:
1. Olfactory route- This route is the most proximal
axonal area of the brain that is endowed with
regenerative neurons. The ACE-2 receptor is
expressed 200 to 700 fold in the neuro-epithelial
cells relative to nasal epithelial cells. The main
neurological manifestation of the olfactory route is
the loss of smell and taste. (Chen,Shen et.al;2020).
Thus it becomes favorable for the release and
recruitment of leukocytes and cytokines resulting
in impairment of chemosensory functions
(Cooper, et.al. 2020).
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2. Blood – nervous system barriers: This is the
main route SARS-CoVs use to hijack the nervous
system. The CNS contains four such type of
barriers which are blood-brain barriers (BBB);
the choroid plexus found in cerebral ventricles;
the blood cerebrospinal fluid barrier and the
lymphatic vessel brain barrier. In addition an
additional barrier in called the blood nerve barrier
(BNB) is present in PNS. Some viruses may
directly invade these barriers through interacting
with neuro-epitheial cells (ECs) while others use
host immune cells to travel within peripheral
nerves by inducing the expression of cytokines,
chemokines and cell adhesion molecules.
It is postulated that SARS-CoV-2 directly invade
the BBB through neuro-invasion and the direct
interaction of neuronal components with the
virus spike proteins leads to neuropathogenesis
which is manifested in form of multiple COVID
symptoms. The comorbidity of hypertension in
COVID-19 corroborates this finding (Espinosa,
et.al; 2020; Gold et.al.2020).
3. Moreover the disrupted and deregulated immune
system is another way to favour the entrance of
SARS-CoV-2 by creating a ‘Cytokine storm’
which leads to breach in BBB and enhanced
vascular activity within the brain. The interactions
of virus spike proteins and ACE-2 have been
noticed to enhance the level of cell adhesion
molecules (CAMs) like MMP3,CCLS,CXCL10,ICAM-1,VCAM-1 and interleukins IL-1beta
and IL-6 and their proinflammatory responses on
brain ECs (Buzhdygan et.al 2020).
4. Another significant route of neuro-invasion is
BNB in which the virus gains entry through
interaction between spike protein and ACE-2
receptors of ECs accessing the CNS through
axonal transport machinery and regulated
vascular endothelial growth factor VEGF (Yin,
et.al.2020).
5. Blood cerebrospinal fluid barrier (BCSFB) cells
are highly vascular and sometimes leaky thus
these are more susceptible to the viral entry.
Though the direct presence of the virus is not
reported, the presence of few fragments of the
virus has been confirmed through the RT-PCR
test in infected patients.
6. The lymphatic brain drainage system route which
is a recently discovered glial cell-based waste
clearing sytem and is highly vascular structure

137

has been reported to be a route of virus entry
(Bostanciklioglu et.al. 2020). Though many
reports contradict it, the expression of ACE-2
and TPMRSS2 genes suggests that the virus can
easily access. Peripheral nerve route entry of the
virus is also reported.
7. It is postulated that the brain stem invasion may
occur via the vagal afferents of the lung and
gastrointestinal (GI) tract (Esposito et.al.2020).
GI epithelium has high relative expression of
ACE-2 receptor than lung thus the probable entry
of the virus in to the nervous system through the
GI tract is presumed to be high which may act as
entry door.
In addition to above mentioned direct routes, many
cargo routes are reported to assist the virus in neuroinvasion. The alveolar and interstitial macrophages in the
lung express ACE-2receptor and TMPRSS2/Furin protease
which act as sheddase (enzymes acting as a protease for
the extracellular domain of transmembrane proteins)
of ACE-2. The virus can also replicate in macrophages
(Abassi et.al.2020) and dendritic cells (Yang, et.al.2020).
Furthermore, many postmortem electron microscopic
studies on dead covid-19 patients have shown the presence
of SARS-CoV-2 particles in multiple immune cells that
may directly or indirectly enter the brain carrying the viral
particles. Many viruses including SARS-CoV are reported
to replicate and be transported through extracellular
double membrane vesicle (EDMV) (Elrashdy et.al.2020).
Postmortem histopathological studies support a similar
avenue about the replication and release of SARS-CoV-2
(Ogando et.al.2020). In cultured glial cells, EDMVs are
reported to be released and transported in nerve cells and
these vesicles can pass the BBB thereby gaining entry into
the brain. Thus SARS-CoV-2 employs multiple direct and
indirect routes for its replication, and transmission within
human body organs including PNS and CNS (Fig.-2).
Neuroinvasion
Peripheral infection
Immune response
Cytokine storm
IL-6, IL-10,IL-1 beta, TNF-alpha

Direct CNS Infection
BBB, BNB,ECs, EDMV
Direct neural Damage
Inflammatory
manifestations

Fig.2:Neuroinvasive effects of SARS-CoV-2 and its
Neurological manifestations
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Neurological manifestations of SARS-CoV-2:

Individuals infected by SARS-CoV-2 exhibit many short
terms and prolonged neurological impairments depending
upon the severity of infection which may be in the form of
neuropsychiatric, neuroanatomical, neurophysiological,
neurobehavioural or neurochemical changes with early or
late symptoms. Alterations in mental status characterized
by confusion, agitation, disorientation and somnolence
which are collectively defined as encephalopathy have
been reported in COVID-19 infections (Ladecola,C.
et.al.2020). Delirium is considered to be the most common
psychiatric symptom in the acute phase of the infection
which may be due to inflammatory response or due to direct
interaction of the virus with brain cells. Inflammatory
responses produce IL-6,IL-10,TNFs,IL-1beta that
may breach the BBB, activate microglia and astroglia
leading to an imbalance in neurotransmitter and delirium
(Vargas et.al.2020). Glial cells in aged infected brains are
reported to be more prone to the neurotoxic response.
Neuroinvasion of microglia or astrocytes produces high
levels of inflammatory mediators resulting in release of the
interferons, TNF-alpha, interlukins (IL-6.IL-10,IL-1beta),
Chemokines and colony-stimulating factors which is leads
to cytokine storm (Vargas et.al.2020). This inflammatory
response may result in stoke, neurodegenerative disorders,
ischemia, and aging. Recent transcriptiomic studies
have confirmed the overexpression of ACE-2 in the
middle temporal gyrus and posterior singulate gyrus of
the brain (Vargas et.al.2020). Hence it is postulated that
proinflammatory responses of cytokine storm and other
mediators of glial cells and immune cells may be the
leading cause of neurodegenerative disorders which are
primarily manifested in form of symptoms like headache,
encephalopathy, encephalitis, seizures (Fig.3).

Neuronal inflammatory effects of COVID-19

Short term responses
Headache, Anosmia,
Ageusia, Encephalitis,
mood disorder

Long term responses
Demyelination, Cognitive
impairment,Cerebrovascular disese,
Imbalaned HPA axis,
Polyneuropathy,
Neurodegeneration

Fig.3: Short term and long term neuronal manifestations of
COVID-19

Anosmia and taste disorders are more prevalent
in corona infection resulting in gustatory dysfunction.

Cytokine directly damages the olfactory receptor nerve
but the direct neuro-invasion of the virus through olfactory
nerve is not reported. Guillain-Barre syndrome (GBS) i.e.
acute inflammatory demyelinating polyneuropathy has
been reported in SARS-CoV infections in which viruses
share epitopes similar to peripheral nerve components
which activate the T-cells and B-cells to raise antibodies
that invade the peripheral nerves and cause neuronal
dysfunction (Pennisi et.al.2020).
Even in absence of direct neuro-invasion of the virus,
viral proteins present in circulation could enter the brain
and can act as pathogen-associated molecular patterns
(PAMPs) and damage-associated molecular patterns
(DAMPs) and could trigger the immune response in
pericytes, macrophages present in brain and microglia.
These immune responses increase cytokine production and
impaired brain function and cytokine-mediated sickness.
Many cytokines activated during SARS-CoV-2 infection
like IL-6,IL-1 beta and TNF trigger the hypothalamicpituitary-adrenocortical (HPA) axis (Ladecola, et.al.
2020). HPA axis is activated by BBB dysfunction and
neurovascular inflammation leading to the release of
norepinephrine and glucocorticoids. Importantly, during
SARS-CoV-2 infection, HPA activation and glucocorticoid
levels are correlated with neutrophilia and lymphopenia
(Chen,et.al.2020).
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ABSTRACT
Aquatic organisms are inadvertently exposed to runoff water carrying pesticides and
chemical fertilizers from agricultural land. Chlorpyrifos is one of the most commonly used
organophosphate insecticides applied in agriculture for insect control. Effect of chlorpyrifos
on kidney and liver in Heteropneustes fossilis (Bloch) was studied after exposing the fish for
short term ‑ 24h, 48h, 72h and 96h. Healthy adult fish were exposed to sub-lethal concentration
1.56 mgL-1 (75% of 2.08 mgL-1 96h LC50). Histopathological changes in liver and kidney
were examined at given time intervals after sacrificing fishes and tissue fixation followed by
histological examination of Haematoxylin and Eosin (H/E) stained sections of tissues under
light microscope. Fishes exposed to chlorpyrifos exhibited histomorphological alterations in
kidney and liver while fishes in control were normal with no observation of any damage in
these organs. Liver cells in exposed fishes showed necrosis and vacuolization together with
random observation of denucleated cells and eosinophilic material in the cytoplasm. In kidney
necrotic lesions were observed with presence of pyknotic nuclei and dilation of renal tubules. In
this study it was observed that chlorpyrifos was highly toxic for the fish Heteropneustes fossilis
and has profound adverse effect of one of the most vital organs, the liver and kidney.
Keywords: Chlorpyrifos, Heteropneustes fossilis, histopathology, kidney, liver

INTRODUCTION
Pesticides are used for protection of crops from insect
pests all over world. The sale of all categories of pesticides
has increase from 850 million US dollar in 1960 to 31191
million dollar in 2005 (Zhang et al. 2011). Per capita use
of pesticides has also witnessed an increase in recent
years. Currently, use of pesticides in China is 13.1 kg,
Japan 11.8 kg, Italy 2.5 kg and UK 3.2 kg, USA 2.5 kg
and India 0.3 kg per hectare has been reported (URL 1).
Many pesticides do not biodegrade as fast as introduced
in the ecosystem and a large quantity persists in soil,
water, and atmosphere and also in biotic system, often
in the form of their metabolites. These pesticides and
metabolic forms of pesticides undergo biotransformation
and bio-magnification in food chain becoming more
harmful for organisms at top of the food chain. Fishes,
especially carnivorous and omnivorous such as H. fossilis,

are the most affected organisms in aquatic environment
contaminated with pesticides and other chemicals. In
India as much as 70% of the chemical formulations
used for agriculture practices are believed to affect nontarget organism and to find their way to freshwater fish
(Bhatnagar et al. 1992).
Chlorpyrifos,
a
broad-spectrum
chlorinated
organophosphate insecticide is the most used pesticide in
world to control a variety of insect pests in agriculture,
orchards and households. Chlorpyrifos is highly toxic
to freshwater fish, aquatic invertebrates and estuarine
and marine organisms (USEPA, 1989). Cholinesterase
inhibition property of chlorpyrifos was observed in acute
toxicity tests of fishes exposed to very low concentration
(Vasudeva et al. 2005). Fish may be used natural bioindicator of aquatic pollution caused by chemicals like
pesticides, herbicides, fertilizers etc. (Sinaie et al. 2010;
Joseph and Raj, 2011).
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Alteration in the cellular morphology of pesticide
treated fish (Abhilash and Prakasama, 2005) and their
physiological functions upon exposure to different
pesticide concentration have been observed by Gupta and
Saxena (2006). The study of fish liver is very important
in the field of aquaculture induced by many problematic
condition and aquatic pollution.
The study of fish liver and kidney is very useful in
assessing the health of fishes exposed to pesticides.
Histopathology of liver and kidney provides indication
of chemical toxicity and a useful way to study the effects
of exposure of toxicants on aquatic animals. Liver is
considered as one of the most important organ responsible
for detoxification and bioaccumulation process. Pesticides
entering in body are eventually transported in the liver,
bio-transformed and detoxified in the form of water
soluble substances and finally excreted out (Hodgson and
Goldstein, 2001). Fish liver histopathology is an indicator
of chemical toxicity and a useful way to study the effects of
toxins in exposed aquatic animals (Deka and Rita, 2012).
Liver is also one of the organs used as reliable biomarker
of toxic injury and contaminant exposure (Stentiford et al.
2003).
Kidney plays a vital role in the maintenance of
homeostasis in an organism being the key to regulate of
extracellular fluid volume of composition as well as acid
–base balance. It is also a target of toxic chemical, which
can disrupt its function and cause temporary or permanent
disruption of homeostasis. Fish kidney is composed of
two parts head and body. In Heteropneustes fossilis, head
kidney is devoid of most of the functional structures like
glomeruli and consists mostly of avascular lymphoid
mass. The posterior trunk kidney is functional and contains
many uriniferous tubules for excretion. Histopathological
changes in the kidney due to exposure of various organic
and inorganic chemical compounds have been reported
in several studies (Banaee et al. 2011; Katuli et al. 2014
Millar 2002; Ghasemzadeh et al. 2015).

MATERIALS AND METHODS
Heteropneustes fossilis, a freshwater bottom dweller
catfish; weight 22.5±1.75 gram and length 16.53±1.07
cm, were collected from local ponds in Sultanpur district
U.P. India. These fishes were fed with standard fish food
pellets during acclimatization. Fish were maintained in
well aerated, large plastic tank containing non-chlorinated
water and acclimatized under natural photoperiods (11h
light and 13h dark) for 10 days. The physicochemical
feature of the normal water was maintained according
to the methods described by APHA, (1998); temperature
- 22±1.5 ̊C, dissolved oxygen - 8.5±0.41 mL-1, CaCO3 -
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154.66±5.37 mgL-1 and pH - 7.5. Healthy acclimatized
fishes were selected and transferred to 15L glassware
tanks for conducting experiment. Fish were divided in
control and test groups. Test group was further divided
in four groups depicted as 24h, 48h, 72h and 96h, and
five fishes in each were introduced for further treatment.
Fishes in test group were subjected to exposure of 1.56
mgL-1 (75% of 96h LC50) concentration of chlorpyrifos.
Neither control nor test group fishes were given any food
24h before and after commencement of the test. Fish
were sacrificed at different durations (24h, 48h, 72h and
96h) by spraying MS-222 (tricaine-S- methane sulfonate)
solution and organs- liver and kidneys were extricated
carefully. Isolated tissues were immediately preserved in
Bouin’s solution for further processing and histological
analysis. Tissues were dehydrated and embedded in
paraffin. Sagittal sections (5µ thickness) were cut using
microtome. Slides were by double staining method
using aqueous Haemotoxylin and alcoholic eosin stains.
Photomicrographs of stained slides were made using
light microscope and observed under 100x resolutions for
analysis of cellular deformity.

RESULTS
In the present research a variety of histological changes
were observed in the liver and kidney of Heteropneustes
fossilis after exposure to chlorpyrifos at 1.56 mgL-1 (75%
of 96h LC50). LC50 value was predetermined using SPSS20 computer program for Probit analysis.

Liver

The liver of control fish exhibited normal parenchymal
texture generally formed of polygonal hepatocytes between
which sinusoids are irregularly distributed. Hepatocytes
were uniform morphologically and no vacuolization was
observed. No apparent degenerative changes in sinusoids
and blood vessels were marked (Fig. 1). Fishes in test group
exposed to sub-lethal concentration showed moderate to
severe histological changes. The degree of degenerative
changes in tissues may be related with the increasing
duration of chlorpyrifos exposed fishes. After 24h exposure
(Fig. 2) vacuolization randomly observed becomes highly
prominent after 72h (Fig. 3). Cellular degeneration of
hepatocytes became more pronounced after 72h, showing
dilation in blood vessels and enlargement of sinusoidal
spaces. Liver tissue exposed for 96h (Fig. 4) exhibited
extensive tissue damage characterized by hepatocyte
degeneration, delamination and vacuolization.

Kidney

In H. fossilis, kidney may be distinguished in two regions,
the anterior head kidney and posterior body kidney. Head
kidney consists of lymphoid tissues and has no known
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role in excretion. The interstitial tissue is the main part
hematopoietic tissue in the posterior body kidney and
has functional nephrons. Each nephron consists of two
parts, the glomerulus and the urinary tubules. Exposure
of the Heteropneustes fossilis to chlorpyrifos for 96h at
sub-lethal concentration (75% of 96h LC50 =1.56 mgL1
) affected kidney as observed in histo-morphological
details. Kidneys in untreated control group fishes
exhibited normal histological texture (Fig. 5). In treated
group, degenerative changes in kidney were marked by
enlargement of glomerulus and Bowman’s capsule as
well as increase in intercellular spaces after 24h (Fig. 6)
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when compared to control. After 48h of exposure, loss
of nuclear material was observed in few cells associated
with cellular degeneration. There were marked atrophy,
shrinkage and dilation in renal tubules at 72h (Fig. 7).
The damage in renal tissues gradually spreads through the
glomeruli, hematopoietic tissues, and cells of distal and
collecting tubules. At 96h, highly degenerative changes
in haematopoitic tissues associated with severe necrosis,
cellular hypertrophy and swelling in renal tubules were
observed. The interstitial tissues exhibited vacuolization
along with deformed and undistinguished cellular
boundaries (Fig. 8).
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Fig 1. Histo-microphotograph of Liver, Control Fish
(100x, H/E), showing normal cytoarchitecture
Fig 2. Histo-microphotograph of Liver, 24h Chlorpyrifos
exposed Fish (100x, H/E), showing vacuolization (V) and
degeneration (D) in hepatocytes
Fig 3. Histo-microphotograph of Liver, 72h Chlorpyrifos
exposed Fish (100x, H/E), exhibiting marked cellular
degeneration (D) of hepatocytes, dilation in blood vessels
(B) and enlargement of sinusoidal spaces (E)
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Fig 4. Histo-microphotograph of Liver, 96h Chlorpyrifos
exposed Fish (100x, H/E), exhibiting hepatocyte
degeneration (D), delamination and vacuolization (V)
Fig 5: Histo-microphotograph of Kidney, Control Fish
(100x, H/E): No apparent abnormal changes
Fig 6: Histo-microphotograph of Kidney, 24h chlorpyrifos
exposed Fish (100x, H/E): Kidney showing glomerulur
enlargement (E), increase in intercellular spaces (S) and
loss of nuclear material (N)
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Fig 7: Histo-microphotograph of Kidney, 72h chlorpyrifos
exposed Fish (100x, H/E): Kidney tissues showing
glomerular atrophy (A) and shrinkage, and tubular dilation
(D).
Fig 8: Histo-microphotograph of Kidney, 96h chlorpyrifos
exposed Fish (100x, H/E): Kidney tissues exhibiting
degeneration (D), necrosis, hypertrophy and swelling
in renal tubules (H), vacuolization and deformation in
cellular boundaries (V).

DISCUSSION
Contamination of aquatic ecosystem by pesticides has
adverse effects on various non-target organisms, especially
the fish. Numerous studies have reported chlorpyrifos
toxicity causing alterations in biochemical parameters and
histological damage in vital organs like liver, kidney etc.
(Bernet et al. 1999; Ghorashi et al. 2013).

Liver

In present study, short term (96h) chlorpyrifos exposure
has shown deleterious effects on liver and kidney.
Histological studies are useful tool to assess sub-lethal
and chronic exposure of fishes to aquatic pollutants.
Liver is the primary site of detoxification and one of the
most important organs affected by pesticide exposure.
Most common adverse effects observed in liver due to
pesticide exposure include, cellular deformity associated
with nuclear hypertrophy and vacuolization, sinusoidal
enlargement, necrosis and congestion of sinusoidal spaces
by WBCs infiltration. The exposure effects become
moderate to severe with increasing exposure duration as
revealed by the results (Fig. 1-4).
Liver in chlorpyrifos exposed H. fossilis after 24h (Fig.
2) in this study exhibited randomly located vacuolization
becoming highly prominent after 72h (Fig. 3) of exposure.
Besides these changes, other histopathological conditions
observed in liver at 96h were, cellular degeneration of
hepatocytes, dilation in blood vessels, enlargement of
sinusoidal spaces, extensive tissue damage characterized
by hepatocyte degeneration, necrosis and delamination
of cellular boundaries were also observed in exposed
fishes (Fig. 4). These findings are in agreement with that
of Manjunatha and Philip (2015) and Barbhuiya and Dey
(2014) who reported similar affects in Heteropneustes
fossilis on exposure to sub lethal concentration of 0.12
µl/L (1/10th of LC50) chlorpyrifos. Devi and Mishra (2013)
have also made similar observations in Channa punctatus
after hilban (chlorpyrifos) treatment. However, different
authors observed different toxicological effects in the liver
of fish after exposure to different toxicants. Kaoud et al
(2010) have reported congestion of central vein in fish
liver. Degenerative changes in hepatocytes like necrosis,
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vacuolization and delamination of cellular boundaries
reported by Velisek et al (2009) and Abdel-Hameid (2009)
are in agreement with findings of this study. In another
study, Indirabai et al (2010) have observed same results in
malathion treated Heteropneustes fossilis as found in this
study. Rahman et al. (2002) also reported similar effect
of diazinon in Anabas testudineus, Channa punctatus and
Barbodes gonionotus exposed at sub-lethal concentration
of the pesticide for 7 days.

Kidney:

The kidney of fish receives the largest proportion of post
branchial blood, and therefore renal lesions might be
expected to be good indicators of environmental pollution.
It has been found that the sub-lethal doses of QP induced
alterations in the structure of kidney of silver barb.
These results reveal that the histopathological changes
are dose and duration dependent. The proximal tubules
were the first to be affected resulting in the reduction of
nuclear material in some cells. The damage in kidney
tissues further advances gradually through the glomeruli,
hematopoietic tissues, and cells of distal and collecting
tubules in that order (Fig. 6-8). Renal tubules proliferation
and dilation, necrosis of tubular epithelium and pyknotic
nucleus were seen in the tissue treated with chlorpyrifos
in this study (Fig. 8). These observations are in agreement
with Subburaj et al. (2020) in the kidney of Oreochromis
mossambicus exposed to chlorpyrifos (50%EC) for
96h. Raibeemol and Chitra (2018) have also reported
reduced kidney functions and cellular disorganization in
a freshwater fish, Pseudetroplus maculatus when exposed
to chlorpyrifos. In agreement to the results of this study
Banik et al. (2016) have reported pyknosis, necrosis of
tubular and hematopoietic cells in G. giuris after diazinon
exposure. Ghasemzadeh et al. (2015) have reported injury
the kidney of spotted scat fish, Scatophagus argus when
exposed to diazinon for short-term (96h). Diazinon induced
damage in kidney has also been reported by Khosravi et
al. (2014). Similar results were observed in kidney of
Gambusia affinis exposed to chlorpyrifos (Sabiha, K.
and Neela, S. 2013). Kidney lesions consisting of dilation
of Bowman’s space has been reported by Wannee et al.
(2002) which in agreement to our observation.

CONCLUSION

The histopatholgical alterations observed in liver and
kidney are due to acute toxic effect of chlorpyrifos
in Heteropneustes fossilis. The study is useful in
understanding harmful effects of pesticides of aquatic life.
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