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INTRODUCTION
Indian’s Environmental problems are mainly
due to its high population presence and limited natural
resources India accounts for 15 percent of the world’s
Population but has only 2.4 percent of the World’s land
area. Our Development process has not only ignored
environmental consideration but has been an unjust and
imbalanced development.
Our natural resources are getting depleted at
alarming rates. Some 1.5 Million hectares of land turn
barren every year because of deforestation.
Ac cording to the report of the National
Commission on Floods (1980) the annual expenditure
on flood and drought relief is more than Rs.1500 cores
which is in addition to the colossal loss of life and
property. In India, every 2.5 million hectares land turns
into waste land due to environmental degradation.
Besides these, Industrial activities, Motor
transport and burning of fossil fuels have been emitting
large quantities of pollutants into the atmosphere.
Even reveres are also polluted by untreated
effluents from industries reducing the availability of
drinking water.
All these are the environment problems existing
in India.
PROTECTION OF THE ENVIRONMENT
Protection of the Environment thus poses a
fundamental challenge to the nation's desire to
industrialize faster. Various efforts are beingmade to
control India's environmental problems.
The Government has recognised the need for
land and water resources management and the
protection of environmental resources to included in the
c onstitution sinc e 1977. The c onstitution (42 nd
Amendment) Act of 14977 obligates the Government to
protect and improve environment for the good of the
society as a whole.
Indian's first national law on environment was
the insecticides Act enacted in 1968 for regulating the
import manufacture, sale, transport, distribution and
use of insecticides in order to reduce test to human
beings or animals. The Act however, did not provide for

any compensation for damages arising out of poisoning
from insecticides and failed to check the growth of
misbranded and spurious products.
The year 1972 was a land mark in the history of
environmental management in India. India in this
particular year attempted the first national efforts to
address environmental protec tion through the
formation of the National Committee of Environmental
planning and Coordination. The NCEPC was setup in
1972 to prepare reports on the state of environment in
India for the Human Environment conference at
Stockholm in June 1972. It was setup to promote greater
co-ordination and integration in environmental policies
and programmes. This committee was mandated to
advise the government on environment problems and
assess environmental c onsequences of large
development projects.
In the same year (1972) the wild life (Protection)
Act was enacted to provide the protection of wild
animals and birds. The act provided the constitution of
a wild life advisory board for each state regulation of
the hunting of wild animals and birds specified
procedures for declaring areas as sanctuaries and
national parks.
The first National law for air pollution control
was enacted in 1974. The water (Prevention and Control
of pollution) Act of 1974 this marked an important
milestone in environment legislation in India.
Air Pollution
Atmosphere is the life blanket of earth, the
essential ingredient for all living things. Air covers’ every
part of the two hundred million square miles of the
earth’s surface.
The atmosphere is not just the air breathed by
people, animals and plants .but it is also a gaseous
substance enveloping the earth, Protecting it from abrupt
changes in temperature and protecting all livings beings
from harmful solar and cosmic radiation.
For a long time the problem of air pollution in
the lities was chiefly connected with coal burning in
heating systems which emitted smoke ashes and
sulphurous gas. Today industrial enterprises and
automobiles are the primary source of atmospheric
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pollution.. Industry pollution the atmosphere by
emissions of harmful gases and industrial dust. The
chemical composition of emission into the atmosphere.
is different depending on the kind of fuel, raw materials,
technology etc.
Air pollution is defined by who as the presence
in the air of substances put thereby acts of man in
concentrations sufficient to interfere with the comport,
safety or health of man or with the full use or
enjoyment of his property. The presence of
contaminants in the atmosphere is considered to be in
sufficient quantities and duration to cause them to be
injurious to human health, animal and plant life and
reduce welfare in general.
Effects of Air pollutants on Human Health
In the recent past there has been a dramatic
recent in the respiratory disease. This is because of the
air pollutions that attack human health primary
through the respiratory system.
Toxic substances enter the human body by
ingestion, by absorption through the skin or eyes, by
means of a puncture or injection or by inhaling dust or
gas.
Carbon monoxide and hydrogen sulphide are
asphysciating pollutants, that is, they displaces the
oxygen being transferred to lacncoglobin molecules
Hence as increasing concentration of carbon monoxide
or hydrogen sulphide are inhaled, the quantity of life
sustaining oxygen that the blood stream transports from
the lungs disease several hours of exposure to carbon
monoxide to 100 ppm (parts per million) results in
dizziners, headache and impaired perception, Heart
patients appear to be particularly susceptible to the

adverse effect of carbonmonoxide and hydrogen
sulphide. In very high concentration, hydrogen sulphide
impairs that part of the brain that controls chest
movements essential for normal breathing and cause
almost instantaneous death.
Certain particles are harmful when inhaled due
to their interactions with other air pollutants. Some
particles interfere with the functioning of cilica, thereby
slowing the flow of mucus and increasing the retention
of toxic pollutants in lungs.
Some toxic pollutants are so widely distributed
in the general environment that to some extent they pose
a potential health hazard to all human beings.
The two air pollutants most hazardous to other
species are fluoride and lead. The processing of ceramics
and phosphate roc k releases fluorides into the
atmosphere. Some plant species are damaged by
hydrogen fluoride at a concentration of only 0.1 parts
per billion. Fluoride reduce cattle milk production and
attack teeth and bones producing lameners. Chronic
fluorosis eventually leads to death. Animals are also
victims of lead poisoning.
Air pollution also effecting plants and material
goods such as buildings, fabrics and cars,
Even the climate is also effecting by the air
pollution. Increasing concentration of carbon-dioxide
results in an increase in the absorption and radiation of
infrared rays which warms the lower atmosphere the
atmosphere absorbs a large percentage of the infrared.
radiation that is emitted by the earth’s surface.
Air pollution in India
In order to measure and control the magnitude
of air pollution in various industrial center of India,
National environmental Engineering Research Institute
(NEERI) has established air monitoring station in .
Bombay, Calcutta , Delhi, Madras , Hyderabad , Kanpur,
Jaipur , Ahmedabad & Nagpur.
One of their survey reposted that air pollution
by sulpur dioxide is highest is Bombay and air pollution
by suspended particulate matter is highest in Delhi.
Another study of NEERI reveals a gradual but
steady increase In levels of suspended Particulate matter
(SPM) in Calcutta since 1977 with 9 60 percent increase
since 1970.
The Global Environmental Monitoring System
( GEMS) also reports highest SPM concentration in
Calcutta during 1976 - 80.
On Dec- 2nd - 3rd , 1984 Bhopal witnessed an
unprecedented tragedy caused by massive leakage of
methye - iso - cyanate (MIC) from the union cardide
pesticide plant MIC was used by the plant to produce
savin, a pesticide.
To control air pollution, in India, the 42nd
Amendment of the constitution has provided under
artic les 48A and 51A the legal foundation of
environmental protection. Further the air (prevention
and control or pollution) Act 1981, prescribes emission
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Table 1: Rural Health indicators in Selected States bu
Extent of PRI Empowerment.
State Categories

CBR COR IMR EL

TFR P<15 LR

With Empowered PRIs
Maharashtra

4.9

8.7

58

62.0 3.2

35.6 52.3

Tamil Nadu

19.9 8.7

60

60.5 2.2

32.2 51.3

Gujarat

26.8 8.2

68

59.1 3.3

34.2 48.6

Andhra Pradesh

23.5 9.1

73

59.7 2.7

33.7 32.7

Karnataka

24.1 8.6

65

60.1 3.1

35.1 44.3

West Bangal

25.3 8.0

57

60.0 3.4

37.8 46.7

Average for India

29.3 9.7

78

58.0 3.8

37.6 39.3

Uttar Pradesh

35.2 10.6

88

55.0 5.6

39.9 25.3

MadyaPradesh

34.2 11.8

102

52.3 4.7

38.3 28.9

Rajasthan

33.9 9.5

90

55.6 4.8.

39.6 20.4

Bihar

33.1 10.6

74

57.7 4.2

41.6 22.9

Orissa

33.1 11.1

98

54.9 3.2

34.4 34.7

Assam

28.9 10.1

79

54.1 3.6

40.6 43.0

With Disabled PRIs

Source of Data: Foundation for Research in Health System
(2006) , Health Monitor, Ahmedabad
NOTE:
CBR= Crude Birth Rate, Rural, 1996. CDR = Crude Death
Rate, Rural, 1996. IMR = infant Mortality Rate, Rural, 1996.
TRF= Total Fertility Rate, Rural, 1994.. .
EL = Expectation of Life at Birth, Rural, 1989-93 .
P< 15= Percentage of the Population Below 15 years of Age.
LR = Literacy Rate, Rural Female, 1991.

standards for air polluting industries.
In the panchayati Raj System, health is the
responsibility of the Zilla Parishad (ZP) . The Primary
Health Centers (PHCs) with its sub centers should serve
as a focal point through which integrated curative
preventive and promotive health care should be
provided to the entire population, especially to the
families below the poverty line, under its jurisdiction.
(N.S.Deodhar, 2000) As in the case of the sub-centers,
primary. health centers may require jurisdictional
adjustments to facilitate better service quality and
coverage. It is important to recognize that, at present,
most of the primary health centers do not function
properly.
The health status of the people is fundamentally
determined by three factors: environment, nutrition and
lifestyle . Health programmes have to tackle these issues
effectively and in an integrated manner. This cannot be
achieved with out mustering the active involvement and
participation of the people in achieving the goal of Health

3

For All through the primary health care approach. The
73rd and 74th Constitutional Amendment Acts of 1992
, have provided an excellent frame work for democratic
decentralization for active involvement of the people
through the Panchayati Raj institutions and small
Nagar Palikas in all development programmes including
public health, sanitation, etc. A genuine and faithful
process of decentralization, devolution of authority,
transfer of adequate funds and financial powers,
technical support, etc. on the part of the Government
are now necessary. The process of placing people’s health
in their own hands should be considerably accelerated
Decomcratic decentralization, if effectively operative,
improve the situation as the Statistics in Table 1. Show.
With area specific decentralized planning, development
can be accelerated and disparities reduced However,
decentralization has to be adequate effectual and duly
supported by empowerment of the people m, requisite
authority, finance and technical assistance etc, Primary
health care should become a part and function of the
Panchayati Raj structure. it has to be well -planned and
specifically adopted to the needs of the district and its
villages. Involvements of the c entral and state
Government. should be minimum and catalytic.
TABLE - II India 2002 - 2003 9 Health 9 Nutrition &
Population by Socio Economic Status (Sample size =
5,00,755)
Indicator
Socio-economic Status
Poorest

Richest

Average

UMR/1000 births

109.2

44.0

86.3

U5MR/1000 births

154.7

54.8

118.8

Total Fertility Rate

4.1

2.

3.4

135

45

116

17.1

65.0

35.4

48.4

7.8

30.0

11.9

78.7

34.3

Age Specific Fertility
Rate
Per 1000 Women,
(15-19yr)
Immunization coverage
- For all vaccines, %
-Not immunized
at all, %
Delivery Attended by
a Trained Persons, %
Use of contraceptives
by Married women % 24.9
50.6
36.5
Source of Data: Country Reports on Health Nutrition,
Population Status and Service Use among Poor and Rich,
World Bank, HNP May 2006. NOTE: IMR = INFANT
Mortality Rate
U5MR = Under Five Mortality Rate (of children)
The constitution of world Health organisation
(WHO) defines health as “a state of complete physical,
mental and social well - being and not merely the absence
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of disease or infirmity” Thus, Health of a community
has to be viewed in a broad perspective than merely in
terms of demographic indicators. The basic objective of
any health care delivery system, therefore, would be to
provide and organize the services in such a way that it
reaches to every one and available resources and
knowledge and tec hnology is optimally utilized
.Recongnising its importance and imperatives, the WHO
Constitution further states’ that “the enjoyment of
highest attainable standards of health is one of the
fundamental rights of every human being” .Hence the
responsibilities entrusted upon good governance is
much more in terms of providing quality health care
services to its citizens. In facts, in India, several policy
initiatives have been taken up from time to time in this
direction to deal with various aspects of delivery of
health care and family welfare. One of the important
lessons gained so far is that the policies and programmes
could not reach up to the expected mark.
Health and population explosion are major
.interdependent issues. Health Statistics clearly reveal that
both survival and welfare of our people is closely associated
with their Socio - Economic Status ( See Table -2) .
The post Bhopal decade saw a series of new
environmental laws prominent among them being the
Environmental (Protec tion) Ac t 1986, fac tories
(Amendment) Act 1987 “Public liability Insurance Act
(1991) , & National environmental tribunal Act (1995) .
The united Nation’s Conference on Environment
and Development at Riode Janeiro, In 1992, Prompted
the government to enact the National Environment
Tribunal Act in 1995 in response to the resolution

adopted at the conference. The Resolution called upon
member countries to develop national laws fixing
liability in cases of industrial accidents and providing
for compensation to victius of accidents during the
handling of hazardous substance and for environmental
charges.
Conclusion: Air pollution is one of the very
complex problems that is closely associated with us. A
point has been reached at which urgent action is needed
to prevent further deterioration in air quality. We need
better and newer techniques of production that would
pollute less and upto date our pollution control
technology.
Participation of the People is essential because
without it no development can take place. Many of our
failures are due to poor management. What in required
is performance.
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ABSTRACT
The palaemonid prawns Macrobrachium dayanum(Crustacea: Decapoda) are important
species found in river Gomti and are very good bioindicators. These prawns are ideal animals to
study the histopathological impairments caused by the effect of heavy metals prominent in river
Gomti. The test animals were exposed to LC 50value (0.15 mg/l and 0.16 mg/l respectively)at acute
exposure for 24, 48,72 and 96h and at subacute exposure25% of 96hr LC50 values of CdCl2 for males
and females (0.0375mg/l & 0.04 mg/l) respectively for 10, 20 and 30 day exposure. The
histopathological changes were studied in both the sexes in the animals.Marked histopathological
changes were noticed in hepatopancreas of M.dayanum after cadmium chloride exposure. At 96 h
acute exposure, hepatopancreas showed vacuolization in epithelial cells, necrosis in tunica propria,
increased number of migratory cells, granuloma in intertubular connective tissue alongwith
karyorrhexis and karyolysis in cells. Necrotic and degenerative changes in hepatopancreatic
epithelium, which were mainly, noticed in R and B cells. Loss of histological architecture along with
the heavy influx of haemocytes was recorded at this stage. After sub-acute exposure large vacuoles,
particularly R and B cells were observed along with hypertrophy, necrosis and degenerative changes
at most of the places in hepatopancreatic epithelium. Karyorrhexis and pyknosis were common.
Increased number of migratory cells in intertubular spaces was a peculiar feature at this stage. Almost
complete loss of the architecture of hepatopancreas was noticed and about 90 % of the
hepatopancreatic tubules were found non–fuctional. The histopathological alteration in males was
more pronounced than in females, both at acute and sub-acute exposure.
Key words: Hepatopancreas, Environmental stress, Cadmium chloride, Histopathological
changes, Macrobrachium dayanum.

INTRODUCTION
The agricultural, industrial and many other
man made activities are a major source of heavy metal
pollution to the aquatic environment. Heavy
metalsrequired in trace amounts by the organisms but
in excess or higher concentration are detrimental
(Lorenzon et al., 2000). The heavy metals important as a
source of pollution are hazardous to target aquatic
animals of economic importance (Chourpagar &
Kulkarni, 2011). Crustacean’s forms an important link
in the food chain and being sensitive to heavy metal
toxicity play an important role in the study of heavy
metal toxicity. Hepatopancreas being responsible for
important metabolic processes plays a very important
role in the detoxification activities and results in
histological alterations on being exposed to xenobiotics
(Manisseri and Menon, 1995& 2006;Wu et al., 2008). To
assess the stress response to xenobiotic s the
histopathological techniques are very rapid, sensitive,
reliable, and inexpensive. Hepatopancreas in prawns is
recognized as an important target organ for studying
the effects of heavy metal pollution, possessing the

capability of detoxifying heavy metals and displays
considerable cytological cytochemical and ultra
structural alterations at chronic exposure to low levels
of heavy metals. Crustaceans form a group of animals,
which are frequently sensitive to heavy metals and act
a very good bioindicators(Manisseri & Menon, 1995;
Sreeram&Menon, 2005).
MATERIALS AND METHODS
The fresh water prawn, Macrobrachium dayanum
(Henderson) (Crustacea – Decapoda), were collected from
river Gomti at different localities in and around Lucknow
(U.P.) India and brought to the laboratory (N-26559
E-8056 17).The animals were maintained in water
having following physio-chemical characteristics
(APHA, 1998; Sharma & Shukla, 1990). pH -7.66 ± 0.27;
Temperature- 27.66 ± 0.66ºC;Partial Alkalinity - 18.75 ±
3.75 mg/l; Total Alkalinity - 425 ± 11.36 mg/l ; Total
Hardness-268 ± 2.67 mg/l ; Dissolved Oxygen - 6.6 ± 0.74
mg/l.Animals before being used for experimental
purpose were acclimated to laboratory conditions for
at least 5-7 days. The male animals having an average
length- 4.86 ± 0.18 cm; average weight - 0.92 ± 0.06 gm
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and females having an average length- 3.12 ± 0.14 cm,
average weight - 0.52 ± 0.03 gm) is used for the
experimental purposes.For short-termtoxicity, tests 96
hours LC 50 values of CdCl 2 for male and female
M.dayanum(0.15 mg/l and 0.16 mg/l respectively) is used
in present study to evaluate histopathological studies.
At the intervals of 24, 48, 72 and 96 hours the
observations is studied. For sub-acute toxicity tests, 25%
of 96hr LC 50 values of CdCl2 for males and females
(0.0375mg/l & 0.04 mg/l respectively) are used in present
study. For histological observations, hepatopancreas is
used as target organs in males and in female animal.
Tissues were carefully dissected out under the stereo
binocular on desired exposure time (24, 48, 72 & 96 h
and 10, 20 & 30 day exposure) from both experimental
and control animal. Tissues were washed in Crustacean
Ringer’s Solution and fixed in alcoholic Bouin’s fluid for
24 h. Fixation was followed by routine dehydration with
ethyl alcohol grades; clearing and embedding in paraffin
wax (58-60 0C).The 5-6µ thick sections were serially
arranged and flattened on albumenized slides. The
sections stained with Harris’s Haematoxyline and Eosin
stained were studied and photographed on Olympus
microscope comparing with controls.
RESULTS
Marked alterations were observed in the
hepatopancreas after exposure to acute concentration
of cadmium chloride and the changes in males were more
prominent than in females when compared with control
(Figs- 3,4,5 & 6 and Fig-1&2)Vacuolization appears to be
very prominent, hyperplasia and hypertrophy was
seen. Necrotic and degenerative changes noticed were
greater in males than in females. Nuclear pyknosis was
also observed. Granular depositions wasfound common
in intertubular c onnective tissue after 24 h
exposure.After 48 h, of exposure Nec rosis and
degenerative changes in the cells became common in
intertubular connective tissue and were more prominent
than in females. Pyknotic nuclei were also common.

Haemocyte influx was found increased further.After 72
h, exposure granular deposition was prominent.
Necrotic and degenerative changes were evident at this
stage, showing cellular damage. Karyolysis and
karyorrhexis were seen. The lumen of hepatopancreatic
tubules were found filled with cell exudates and broken
nuclei. Severe effects were noticed mainly in R & B cells
of the hepatopancreatic tubules. Haemocyte influx in
intertubular spaces was found increased and tunica
propria of most of the tubules was found broken due to
degenerative changes.After 96 h, complete loss of
architecture of hepatopancreas was observed due to
necrosis, lysis and degenerative c hanges in
hepatopancreatic tubules. Haemocyte influx was
reduced. Karyolysis and karyorrhexis were seen. About
90% tubules were broken due to severe degenerative
changes leaving tissue debris and broken nuclei in
intertubular connective tissue. Acute exposure of
cadmium chloride showed marked alterations in the
hepatopancreas of female prawn(Figs-7, 8, 9 & 10)
Vacuolization begins to appear, hyperplasia and
hypertrophy was observed. Necrotic and degenerative
changes were seen. Nuclear pyknosis was observed in
some of the cells. Granular depositions was found
common in intertubular connective tissue after 24 h
exposure.After 48 h of exposure, vacuolization became
prominent and increased. Necrosis and degenerative
changes in the cells became common in intertubular
connective tissue, along with broken tissue and pyknotic
nuclei were common. Haemocyte influxwas increased
further.After 72 h, exposure granular deposition was
prominent. Necrotic and degenerative changes were
evident at this stage, showing cellular damage.
Karyolysis and karyorrhexis were seen at most of the
places. The lumen of hepatopancreatic tubules were
found filled with cell exudates and broken nuclei. Severe
effects were noticed mainly in R & B cells of the
hepatopanc reatic tubules. Haemoc yte influx in
intertubular spaces was found increased and tunica
propria of most of the tubules was found broken due to
degenerative changes.After 96 h, complete loss of
architecture of hepatopancreas was observed due to
necrosis, lysis and degenerative c hanges in
hepatopancreatic tubules. Separation of tubular
epithelium was common. Haemocyte influx was
reduced. Karyolysis and karyorrhexis were seen. About
90% tubules were broken due to severe degenerative
changes leaving tissue debris and broken nuclei in
intertubular connective tissue. Cadmium chloride
severely damaged the hepatopancreas inM.dayanum on
its sub-acute exposure (Figs-11, 12 &13). After 10 day
exposure vacuolization in B and R c ells of the
hepatopancreatic tubule was observed. Hypertrophy,
degenerative and necrotic changes were observed in
tubular epithelium. Haemoc yte influx was also
observed.After 20 day exposure vacuolization,
degenerative changes and necrotic changes were

Figure-4 Photomicrographs of T.S.of
Hepatopancreas of male M.dayanum
showing acute exposure (48h) of cadmium
chloride exposure (Scale Bar: 50 µm)

Figure- 3: Photomicrographs of T.S.of
Hepatopancreas of male M.dayanum
showing acute exposure (24h) of cadmium
chloride exposure (Scale Bar: 50 µm)

Figure-5: Photomicrographs of T.S.of
Hepatopancreas of male M.dayanum
showing acute exposure (72h) of cadmium
chloride exposure (Scale Bar: 50 µm)
Figure-6: Photomicrographs of T.S.of
Hepatopancreas of male M.dayanum
showing acute exposure (96 h) of cadmium
chloride exposure (Scale Bar: 50 µm)

Figure-2: Photomicrographs of T.S. of
Hepatopancreas of M.dayanum Female
(Control : Scale Bar: 50 µm)

Figure-1: Photomicrographs of T.S. of
Hepatopancreas of M.dayanum Male
(Control : Scale Bar: 50 µm)

Figure-7: Photomicrographs of T.S.of
Hepatopancreas of Female M.dayanum
showing acute exposure (24h) of cadmium
chloride exposure (Scale Bar: 50 µm)

Figure-8: Photomicrographs of T.S.of
Hepatopancreas of Female M.dayanum
showing acute exposure ( 48h) of cadmium
chloride exposure (Scale Bar: 50 µm)
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Figure-11: Photomicrographs of T.S.of
Hepatopancreas of Male M.dayanum
showing sub-acute exposure (10day)of
cadmium chloride exposure (Scale Bar: 50
µm)
Figure-12: Photomicrographs of T.S.of
Hepatopancreas of Male M.dayanum
showing sub-acute exposure (20day)of
cadmium chloride exposure (Scale Bar: 50
µm)

Figure-13: Photomicrographs of T.S.of
Hepatopancreas of Male M.dayanum
showing sub-acute exposure (30day)of
cadmium chloride exposure (Scale Bar: 50
µm)
Figure-14: Photomicrographs of T.S.of
Hepatopancreas of Female M.dayanum
showing sub-acute exposure (10day)of
cadmium chloride exposure (Scale Bar: 50
µm)

Figure-10: Photomicrographs of T.S.of
Hepatopancreas of Female M.dayanum
showing acute exposure (96h )of cadmium
chloride exposure (Scale Bar: 50 µm)

Figure-9: Photomicrographs of T.S.of
Hepatopancreas of Female M.dayanum
showing aacute exposure (72h) of cadmium
chloride exposure (Scale Bar: 50 µm)

Figure-15: Photomicrographs of T.S.of
Hepatopancreas of Female M.dayanum
showing sub-acute exposure (20day)of
cadmium chloride exposure (Scale Bar: 50
µm)

Figure-16: Photomicrographs of T.S.of
Hepatopancreas of Female M.dayanum
showing sub-acute exposure (30day)of
cadmium chloride exposure (Scale Bar: 50
µm)
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observed. Pyknosis and karyolysis were common.
Breakage of tunica propria was observed due to necrosis
and lysis. Degenerative changes were observed in
epithelial cells. Broken tissue debris was noticed in the
lumen of hepatopancreatic tubules. Intertubular space
was filled with granular depositions. Wandering cell
number increased in the intertubular spaces. Whereas,
after 30 day exposure almost 90% of the
hepatopancreatic tubules lost their normal cellular
organization due to necrosis and degenerative changes.
Tubules were in the form of broken tissue mass
containing haemocytes and broken nuclei showing
karyorrhexis. Granular deposition in tubules was highly
pronounced. Hepatopancreas of female M.dayanum(Figs
-14, 15 &16) was severely damaged on being exposed to
sub acute exposure of cadmium chloride. After 10dayexposure, vacuolization in B and R cells of the
hepatopanc reatic tubule was observed. Tubular
epithelium showed hypertrophy, degenerative and
necrotic changes at some places. Haemocyte influx was
also observed.After 20-day exposure vacuolization,
degenerative changes and necrotic changes were
observed. Large vacuoles were observed in epithelial
cells. Pyknosis and karyolysis were common. Breakage
of tunica propria was observed due to necrosis and lysis.
Degenerative changes were observed in epithelial cells.
Broken tissue debris was noticed in the lumen of
hepatopancreatic tubules. Intertubular space was filled
with granular depositions. Wandering cell number
increased in the intertubular spac es.After
30dayexposure, almost 90% of the hepatopancreatic
tubules lost their normal cellular organization due to
necrosis and degenerative changes. Most of the tubules
were in the form of broken tissue mass containing
haemocytes and broken nuclei showing karyorrhexis.
Granular deposition in tubules was highly pronounced
and haemocyte influx was found increase in comparison
to 20 day exposure. Most of the haemocytes were found
deformed.
DISCUSSION
Hepatopancreas of crustac eans not only
perform important role in secretion, absorption, and
storage of food but also acts for metabolism of xenobiotics
and their detoxification (Vonk, 1960; Gibson & Barker,
1979; Vogt & Quintio, 1994). Vacuolization, hypertrophy
of tubular epithelial cells, granuloma in connective
tissue, pronounced cell shedding in lumen, necrosis,
karyolysis and increase in wandering cells population
were the major histopathological alterations after acute
exposure of cadmium. Vacuolization, hypertrophy, cell
shedding in lumen, degeneration of tubules, increased
interstitial cells, granuloma, thinning of tubular wall,
Karyolysis and karyorrexis were chief changes after
acute and sub acute exposure of cadmium chloride.
Haemocyte aggregation and brown to black colored
granular deposition in tunica propria, hypertrophy,
increased number of haemocytes and nuclear pyknosis

9

were the peculiar features after cadmium exposure in
M. dayanum.The histopathological changes observed in
present study are almost similar to the reports of other
workers on fishes(Anguilla anguilla,Heteropneutes
fossilis,Garramullya, Tilapia mossambica, Channa punctatus,
Bariliusvogra, Sarotherodonmossambicus, Anabas scandens,
Clariasbatrachus,Senegales sole,Soleasenegalensis)after
exposure to Cadmium, (Neol-lambatet al., 1978; Gupta
& Rajbanshi, 1982; Wani & Latey, 1983; Rani &
Ramamurti, 1989; Ghosh & Chakrabarti, 1993; Cope et
al., 1994; Kumari & Kumar, 1995; Akram et al., 1999; Bae,
1999; Naidu et al., 1983; Ghosh& Chatterjee, 1985; Sastry
& Tyagi, 1982; Venugopal& Reddy, 1992; Misra & Singh,
1997; Kumari& Kumar, 1997; Ray & Banerjee, 1998;
Arellano et al., 1999). Crustacean hepatopancreas has
also shown similar histopathologial effects as reported
by Hopkin& Nott, (1979) in Carcinus maenas;
Papathanassiou & King, (1986) in prawn Palaemon
serratus; Narayanan et al., (1994) in Scylla serrata; Guarinoet
al., (1974) in Idoteabatlica; Doughtie& Rao, (1984) in grass
shrimp Palaemonetes pugio; Anderson & Batraup, (1988)
in Crangon crangon; Krishnamoorthy & Subramanium,
(1996) in Macrobrachium lamarrei. The findings of present
investigations are also similar to exposure of various
toxicants on crustaceans and other invertebrates
(Nagabhushnam et al., 1987; Chandy&Kolwalker, 1984;
Aiken &Beyard, 1972; Lajtneret al., 1996).The cell
shedding in lumen of hepatopancreatic tubules as
observed in present study in case of both the metals is
probably a indication of stress as indicated by Lozzi,
(1971) and Gibson and Barker, (1979) where they
emphasized that cell shedding in holocrine manner
occurs during prolonged starvation and stress.The
aggregation of haemocytes may be due to alterations in
cell membrane leads to sequestration of hemocytes. As
it is well known that due to similar ionic radii, Cadmium
replaces Ca++ on the phospholipid headgroups of plasma
membrane (Schaltz& Marinetti, 1972). Such similar and
other alterations may be the reason for haemocyte
aggregation but needs further confirmation.The
hyperactivity of hepatopancrectic cells, nuclear
pyknosis and chromatin condensation observed in
present study might be due to hyper activity induced
by metals as reported in from of inclusion formation
and metal complexing with nuclear proteins (Lucas,
1942; Goyer et al., 1970; Sorensen et al., 1982).
Heavy metals accumulate in the biological
system particularly in fishes and in soft tissues in
decapod crustaceans (Gibson & Barker, 1979; Dall &
Moriarty, 1983; Rainbow, 1988). Metal uptake, transport,
distribution, sequestration within the body and metal
excretion, these all process define metal accumulation
strategy in invertebrates (Rainbow &White, 1989;
Rainbow et al., 1990; Rainbow & Dellinger, 1993). Metals
not required by the animal even in traces include lead,
cadmium, Mercury Rand, et al., (1985).These metals are
absorbed and accumulated in the soft tissues of organism
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(Bryan, 1979; Rainbow et al., 1990), and these required to
be detoxified to avoid the toxicity. There are two possible
mechanisms for the detoxification. Heavy metals can
either bound to insoluble inert metaliferous granules
(Mason & Nott, 1981; Brown, 1982; Taylor & Simkiss,
1982) or bind to soluble metal binding ligands such as
metalothioneins (Olafson et al., 1979; Engel & Brouwer,
1989; Roesijadi, 1992; Curtis, 2004).Vijayram
&Geraldine,(1996) reported well pronounced metal
regulation in marine crustaceans, lacking in fresh water;
thus the freshwater crustac eans showed severe
toxicological effects for metals ,and this might be the
reason for heavy tissue damage. Freshwater prawns due
to the weaker metal regulation mechanism and higher
metal accumulation tendency provide an indication of
toxicity and therefore serve as a good biological indicator
of metal pollution (Philips & Rainbow, 1993; Jenkins,
1980; Mushak, 1980; Anderson & Baatrup,
1988).Metallothioneins are as such a protective device,
protecting c ell from toxicity by binding with
metals.When accumulates in excess binding with free
metallic ions becomes highly toxic and lead to severe
tissue damage (Webb & Etienne, 1977; Nordberg, 1978;
Martinez et al., 2002).Metallothioneins can bind about
seven c admium ions and this protects against
toxicityand once metallothioneins saturate, cadmium
is available to bind to other protein thiols leading to
toxicity reported by Curtis, (2004).The tolerance to the
metals accumulated in the animals is because of the
active detoxification mechanism by the trapping of
incoming metals by ligands such as metallothioneins in
the cytosol (Viarengo, 1989). Metallothioneins are
synthesized in the aquatic organism as a defense against
the toxic metals (Couillardet al., 1993). Metallothioneins
considered central in the regulation of metals such as
Cadmium, Copper and Zinc. Increased synthesis of
metals is associated with increased capacity to bind with
the metals leading to detoxification against metal toxicity
(Roessijadi, 1992).
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ABSTRACT
Orange (Citrus sinensis) is a very nutrient and beneficial fruit all over the world. Study were
conducted on changes in the nutrient value like reducing sugar, non reducing sugar, starch, protein,
phenol, vitamin C, alpha-amylase and total antioxidant activity of the post harvested infected orange
fruit. In this analysis two fungi were isolated from infected orange fruits. The effect of these fungi
indicate the reduction in non-reducing sugar, vitamin C, alpha-amylase and antioxidant activity but
the amount of reducing sugar, protein and phenol increased in infected fruit. The nutrient value
declined or increased due to the infection of penicillium and phytophthora fungus. From the present
investigation it can be concluded that the fungus decrease or increase the nutrient value of fruit
because they use them for their successful growth and establishment.
KEY WORDS: Orange, Protein, Phenol, Antioxidant activity, Penicillium, Phytophthora

INTRODUCTION
Oranges (Citrus sinensis) are produced all over
the world. Orange ranked first among the citrus fruit.
In India, it is mainly produced in Maharastra, Karnataka,
West Bengal, Orissa, Assam, some parts of Rajasthan
and other North-Eastern part. It is well established that
orange or orange product are a rich source of vitamins,
minerals, sugar etc. that are essential for normal growth,
development and overall nutritional well being.
Microorganisms influence the quality and quantity of
fruit. According to Jay (2003) a single infected orange
can be the source of infection to other oranges during
storage and on transmit. Common air molds such as
Penicillium species may gain entry into the susceptible
tissue and cause loss during packaging (Ronald,
1988).The fungi influenced the stored substance or
nutrient by absorbing them or by converting some of
the substance complex form into simple ones ( Sawant
and Gawai, 2011). A number of post harvested disease
attacks on these fruits which deteriorate its nutritional
value. The objective of this study was to obtain
information on the effect of fungus infection on the
nutrient value of post harvested orange fruit.
MATERIALS AND METHODS
Fresh and infected samples of oranges were collected
from the farmer,s field of Kota district in Rajasthan for
the biochemical and pathological analysis. Total 20
samples were collected for the study. Spoiled or diseased
oranges were identified by physical examination.
Healthy samples were used as control.

Isolation of fungi: In pathological study, 10 gm
of samples was taken and blended with 100 ml of buffered
peptone water. In initial suspension 1 ml was taken
aseptically and transferred to the sterile petri dishes. 15
ml of Yeast extract-dextrose chloramphenical-agar
medium was poured (previously melted and maintained
at 45+1°C in water bath from culture bottle) into each
petri dish. Inoculums was carefully mixed with medium
and allowed to solidify by leaving petri dishes to stand
on cool horizontal surface of bio safety cabinet (Indian
standard method for yeast and mould count of food stuff
IS 5403:1999). A separate controlled plate was made with
15 ml of medium to check its sterility. Petri dishes were
placed inverted in the BOD incubator at 25+1°C for five
days. After 5 days a loop full of fungus was taken from
petri dishes on slide. Staining was done by cotton blue
stain and morphological characters were observed
under microscope.
Biochemical study: Estimation of vitamin C or
ascorbic acid was done by Aberg method of Johnson
(1948). The changes in non reducing sugar and reducing
sugar was estimated by following the phenol sulphuric
method of Dubois et al., (1956) and Miller (1972)
respectively. Alpha amylase was detected by the method
of Bernfield (1955) and starch was detected by the
method of Mc Cready et al., (1950). Total phenols were
estimated using standard method described by Bray and
Thorpe (1954). Protein was separated by the method
described by the Lowry et al., (1951).The estimation of
total antioxidant activity has done by following the
method described by Choong et al., (2007).
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Fig.2 Nutrient value in fresh and infected orange

Fig-1 A. Brown rot disease in orange B. Phytophthora fungus
(100 x) C. Green mold disease in orange fruit D. Penicillium
fungus (100 x).
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RESULT AND DISCUSSION
Two fungi were isolated from infected orange
fruits, which is phytophthora and penicillium. Due to
infection, orange have brown rot disease by phytophthora
and blue & green mold disease by penicillium (Fig.1).
There were many biochemical changes in
nutrient value of orange fruit after infection (Fig.2).
Observation of Amadioha (1998) also indicates that the
nutrients were used by fungus for its successful
establishment, cellular growth, reproduction and
survival within the tissues of the infected fruit.
The results indicate that quantity of vitamin C
decreases in infected fruit as compare to fresh one. The
loss of vitamin C (L-ascorbic acid) may be related to its
rapid oxidation (by the enzyme ascorbic acid oxidase or
due to the host – parasite interaction) to the Diketone
lactone form dehydro L-ascorbic acid. Similar finding
were made by Srivastava and Tondon (1966) in mango
fruit.
Results specify the decrease level of non –
reducing sugar in infected fruit. It can be postulated that
invertase enzymes increase with fungal attack that
convert complex sugar into simple sugar. Similar finding
were made by Majumdar and Pathak (1989) in guava
fruit.
In present investigation increase level of
reducing sugar observed in infected fruit as compare to
healthy fruit. Same results were also found in papaya
fruit by sawant et al., (2011). The increased level by
reducing sugar may be due to conversion of complex
carbohydrate into simple form during infection by
various enzymes. Same trend were also reported by
Fladung and Gieffers (1983).
Results show that alpha amylase activity
increased during infection in infected fruit. Decreased
level of starch and increased level of sugar may be the
reason for increased level of alpha amylase. Shekhawat
(1980) and Purohit (1980) also reported increased activity
of alpha amylase along with increased sugar contents.
The current investigation indicated that the starch
content showed a decrease trend in all the fungus
infected fruit. Similar report was showed by Parthiban
et al., (2012) in carrot root and Prabakar (1999) in mango
fruit. Starch level may be decrease due to increase level
of oxidation or sugar breakdown.
Results point out the increase level of phenol in
infected fruit. A possible reason may be the breakdown
of carbohydrate and the intermediates of which may be
utilized for the formation of phenolic compounds in
infected fruit (Majumdar and Pathak, 1989).
After examination protein content increased in
infected fruit than in healthy fruit. Same results were
also showed by Onifade et al., (2003) in coconut fruit.
Result of Raimbault (1998) and Rodolfo et al., (2000) also
reported that fungi increase the protein content on which
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they grow.
Antioxidant activity reduced after infection.
Same result was given by Dikilitas et al., (2011). Decrease
level of antioxidant in fruit may be due to higher rate of
oxidation after infection.
CONCLUSION
Thus on the basis of result summarized above
it can be concluded that the orange have very high
nutritive value, but the post harvested infection causes
significant changes in nutritive values and ultimately
renders them unfit for human consumption and reduces
their market value.
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ABSTRACT
The tropical tasar silk is produced by the tasar silkworm, Antherea mylitta Drury. Since the
rearing is conducted on the trees of Arjun, Termilalia arjuna, Asan, T.tomentosa, Sal, Shorea robusta
etc. the qualitative or quantitative production of the silk or seed directly dependent upon the quality
or amount of foliage available and utilized for tasar silkworm rearing. With the infestation of the food
plant by any pests, the production of foliage and thereby, production of tasar silk and quality seed
are liable to be affected.
The round headed stem borers and the flat headed stem borer are most common. These
borers affect Arjun (T. arjuna), Asan (T. tomentosa) and Sal (Shorea robusta). Most of the borers
attacking tasar food plants belonging to family Cerambycidae and Buprestidae of order Coleoptera.
The stem borer infesting T. arjuna reported now is belonging to a new species Sphenoptera
aerosa. The new species belongs to the family Buprestidae and the order Coleoptera.
Various parameters were studied like symptoms of infestation, survival of plants and damage
type. The infestation of this new species ranged from 19 to 31 % in different blocks of plantation.
KEY WORDS: Tasar food plants, Arjun, Asan, pest, stem borer, grub, infestation and control.

INTRODUCTION
The Arjun, Terminalia arjuna ., Asan, T. tomentosa and the
Sal, Shorea robusta are the primary food plants of the tasar
silkworms. The stem borers have been reported as a
threat to the survival of a number of plants species since
its first report in 1889 from Sal (Shorea robusta) and Asan
(Terminalia toemntosa) by the Director, Imperial Forest
School, Dehra Dun (Khan and Abdul, 1942).
Round headed stem borer, Aeolesthes holosericea,
is the most damaging species among the stem borers
belonging to the family Cerambycidae. This stem borer
affects Arjun (T. arjuna), Asan (T. tomentosa) and Sal (Shorea
robusta) (Mandal et al.,1989). Psiloptera fastosa (flat headed
borer) is also very common stem borer of tasar host
plants. The most of the borers attacking tasar food plants
belonging to family Cerambycidae and Buprestidae of
order Coleoptera.
The tropical tasar silk is produced by the tasar
silkworm, Antherea mylitta Drury (Lepidoptera:
Saturniidae). The insect is wild in nature and three of its
eco races are under commercial exploitation (Tripathi
and Pande, 1999). The rearing part is passed on the food
plants in nature and the cocooning is also done on the
trees in open atmosphere. Grainage activities are
conducted in door. Since the rearing is conducted on the
trees of the farm plantation or in the forest plantation,

the qualitative or quantitative production of the silk or
seed production directly dependent upon the quality or
amount of foliage available and utilized for tasar
silkworm rearing. With the infestation of the food plant
by any pests the production of foliage and thereby,
production of tasar silk and quality seed are liable to be
affected.
A sizeable portion of the tropical forest of India
is covered by the tasar food plants and prevalent
occurrence of stem borers there, causing considerable
loss. In Chhattisgarh state endemic and serious
infestation of borers have been observed. We are trying
to solve the problem of this severe menace. The present
study is a part of this investigation. During the course of
this investigation a new species infesting T. arjuna was
found first time.
MATERIAL AND METHODS
The plantation of about three years old of Arjun,
T. arjuna raised at the farm of Basic Seed Multiplication &
Training Centre, Bilaspur were found infested and
because of this there was heavy mortality in the
plantation. The entire plantation of the farm was divided
into four blocks for this study. After observing closely it
was known that there was heavy attack of stem borers.
Plants dead were counted in entire plantation area and
observations were made. Different biological stages were
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Figure-1.Stem borer infested plant of T.arjuna.

Figure-2.Grubs of S. aerosa feeding on to the tissues of T.arjuna

Figure-3. Adult of S. aerosa ready to come out
from the stem of T.arjuna

collected and studied. Samples were sent to the Director,
Zoological Survey of India, Kolkata (West Bengal) for
identification of the insect.
RESULTS AND DISCUSSION
The data indicates (Table-1) that stem borer
infestation ranged from 19 to 31% in the different blocks
of plantation and on an average 26% infestation was
recoded in the farm plantation of Arjun, T.arjuna. Similar
results were obtained by Singh et al., 1987 for round
head stem borer, Aeolesthes holosericea infesting T. arjuna
(24.49%) and T. tomentosa. (34.69%). Reddy et al., 1996
also reported that damage by stem borers in tasar food
plants ranged from 15-30%.
Table-1. Stem borer infestation in the farm plantation
of T. arjuna
S.No.
Block Stem Borer Infestation (In %)
1
A
19
2
B
31
3
C
29
4
D
25
Average
26
It was observed
that during early phase
of the infestation the
leaves started wilting
and during later stages
stem
desic c ated
indicating that plant is
dead but actually the
mortality related with
the seriousness of the
infestation.
It
was
interesting to note for
those plants having two
stems and one of them
is infested while other in
Figure-4. Adult S. aerosa

Figure-5. Regeneration of a new plant of T. arjuna.
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without infestation and because of this, the affected
stem was dried up while other is normal having normal
leaves (Figure-1).
The stem borer infesting T. arjuna reported now
belonging to a new species Sphenoptera aerosa. The new
species belongs to the family Buprestidae and the order
Coleoptera. The grubs make irregular tunnel inside the
stem and feed on to the tissues of xylem, phloem,
cambium and pith in irregular manner. In a single stem
one or more grubs were observed (Figure-2).The adult
emerges from the hole (Figure-3&4). This infestation
leads to dryness and even death of the plant.
The control measures recommended till now
against stem borers are not sufficient and therefore, the
problem is not solved. In this study the affected portions
were cut from the basal region (Figure-5) and burnt
immediately. By this way, existing grubs or adults
present inside the stems were prevented to multiply
further.
It was interesting to note that most of the plants
where stems were cut in the early stages of the borer
infestation, sprouting started during monsoon period
giving new life to the plants (Figure-5).
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ABSTRACT
The Daba trivoltine ecorace of tropical tasar silkworm Antheraea mylitta Drury is one of
the most commercially exploited non-mulberry silkworms in tropical India. It is generally grown in
the latitude range of 20°N to 25°N in Eastern India, especially, in parts of West Bengal, Jharkhand,
Orissa, Chhattisgarh and Andhra Pradesh. The pupae of this ecorace remain in facultative pupal
diapause state for five to six months (January-June). During this long period of diapause losses occur
due to un-seasonal and unsynchronised emergence of male and female moths which is estimated to
the tune of 25-30% leading to reduction of seed production in grainages. The losses become more
prevalent when dry conditions prevail soon after pre-monsoonal showers. This can be avoided by
consigning the pupae of diapause termination state to low temperature. In the present study, the
specific age of diapause termination state has been worked out on the basis of the presence of
haemolymph biochemical constituents like glycerol, trehalose, glycogen, quantitative total proteins
and free amino acids and protein profile comparing them with non-diapausing pupae harvested
during first and second crop. Among diapausing pupae, the trehalose concentration always remained
at its low level during diapause and an increase in concentration was observed at the fag end of
diapause when pupae attained the age of 145 to 150 days. Contrary to this, the level of glycerol and
glycogen was always higher through out the diapause period and a down surge in the concentration
was noticed when pupae were 145 to 150 days old. The level of protein was higher in nondiapausing generation. However, the level of protein and amino acids showed a fluctuating trend
through out diapause development. The haemolymph protein profile of the diapausing pupae showed
the presence of a diapause specific protein band of 16kD which remained in its full intensity till the
pupae attained the age of 145-150 days, thereafter, its intensity went down and protein profile of
diapausing pupae looked similar to non-diapausing pupae. Therefore, it is confirmed that the diapause
termination state in Daba pupae occurs when pupae become 145-150 days old. The diapausing
pupae of this age can be further exploited by working out low temperature treatment schedule to
avoid losses in grainages.

Keywords: Antheraea mylitta, biochemical aspects, temperature sensitive
diapause state, haemolymph protein profile

INTRODUCTION
The term diapause suggests a period of arrest in
which development comes to a complete halt although
it is not regarded as a simple arrest and restart of
development (Denlinger et al., 2004). During course of
diapause some of the important physiological activities
such as maturation of gonads and formation of
spermatids progresses at a slow pace hence this diapause
period is referred to as period of diapause development
(Andrewartha, 1952, Leob, 1982; Friedlander and
Reynolds, 1992; Readio et al., 1999). Voltinism among
insects varies depending upon the environmental
conditions and onset of diapause in an insect population
is determined by the sensitive developmental stage and
critical environmental cués (Eizaguirre et al., 1994). The
distribution of tropical tasar silkworm Antheraea mylitta
Drury is wide ranging between 10° to 32°N latitude and

76° to 93°E longitude, experiencing varied environmental
conditions (Mishra et al., 2011). It undergoes facultative
pupal diapause and shows different type of voltinism,
at higher latitudes range of 26 to 29°C) it behaves as
univoltine, at mid-latitudes (20 - 25°N) it behaves as
bivoltine or trivoltine and at low latitude 14 - 17°C it
behaves as tri or multivoltine. The voltinism gets
modified in isolated conditions, depending upon the
altitude of place. The diapause duration of bivoltine
ranges in between 205-241 days and for trivoltine
from141-175 days. During the course of seed cocoon
preservation subsequent proportion of seed stock is lost
due to erratic , unseasonal and unsync hronised
emergence of adults (Mishra et al., 2010d).
Insect haemolymph contains acts as major
energy reserves for the insects to survive adverse
environmental conditions during diapause (Mishra et
al., 2010a). It contains carbohydrates like glycogen and
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trehalose (Wyatt and Kalf, 1957) required for moulting,
metamorphosis and diapause development (Sakamoto
and Horie, 1979). Nitrogenous compounds, like proteins
and amino ac ids play major role in different
physiological activities of insects (Florkin and Jeuniaux,
1974; Mullin, 1985). Variation in quantity of nitrogenous
substances during developmental stages (Wyatt, 1980;
Mishra et al., 2010b); sex-specific proteins (Kunkel and
Nordin, 1985; Mishra et al., 2010b); precise analysis of
haemolymph free amino acids in relation with season,
moulting, metamorphosis and diapause have been
reported in insects (Mullin, 1985; Mishra et al., 2010c).

The insect species, which enter diapause, have
shown the presence of haemolymph glycerol to survive
the cold conditions in diapausing state (Harvey, 1962;
Mansingh, 1974). The concentration of glycerol increases
through out diapause period and a gradual decrease is
observed once diapause is set to terminate (Li et al., 2002,
Mishra et al., 2010c). Some insects accumulate trehalose
instead of glycogen or glycerol in the haemolymph
during diapause (Kimura et al., 1992) but A. mylitta have
low level of trehalose activity through out the diapause
period (Mishra et al., 2009). These diapause-associated
proteins (DAPs) have been reported from several
lepidopteron larvae such as codling moth Cydia pomonella
(Brown, 1980), pink bollworm Pectinophora gossypiella
(Salama & Miller, 1992), spruce budworm Choristoneura
fumiferana (Palli et al., 1998) and wax moth Galleria
mellonella (Godlewski et al., 2001). These hexameric
proteins are generally referred as storage proteins have
high content of aromatic amino acids and are classified
as arylphorins. These proteins are specific to different
states of diapause (pre-diapause, diapause, and
diapause termination) and post diapause growth period
controlled by their specific gene (Telfer and Pan, 2003).It
is reported that in insects these proteins provide amino
acids for egg production and rebuilding tissue after
diapause (Pan and Telfer, 2001; Lewis, et al., 2002, Hahn
and Wheeler, 2003; Nagamanju et al., 2003;
Chandrashekar et al., 2008).
No attempt has been made to identify the biotic
conditions which may indicate that the diapause has
reached a stage of termination in Daba trivoltine ecorace
o
f
A. mylitta on the basis of biochemical markers and protein
profile although such study is essential to work out a
temperature sensitive diapause termination state of
pupae so as to exploit this period for regulated and
delayed moth emergence during extreme summer
conditions during first crop grainage. Hence, this study
has been undertaken to estimate the presence of overall
quantitative proteins, free amino acids, trehalose,
glycogen, glycerol and qualitative protein profile during
entire pupal period of both non-diapausing and
diapausing generations to work out the possible period
of diapause termination.
MATERIALS AND METHODS
The experimental Animal: Daba trivoltine stock of A.
mylitta used in this experiment were maintained at
Central Tasar Research and Training Institute, Ranchi,
India. First crop was raised during last week of June to
last week of July, second crop in the months of August to
September. Pupae of first and second crops behave as
non-diapausing. Third crop was raised during October
to January. The pupae of third crop remain in diapause
from January to June. For biochemical and the protein
profile studies the haemolymph of synchronised male
and female pupae of similar age and weight were used.
Collection of haemolymph, estimation of biochemical
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constituents and protein profile studies of pupae:
Approximately 500 µl of haemolymph was collected
from the pupae and centrifuged at 10,000 rpm in a
refrigerated centrifuge at 4?C for 5 minutes. The clear
supernatant was deep frozen at -80?C until biochemical
estimation was done. The estimation of quantitative total
protein was done after Lowry et. al., 1951, total free
amino acids after Moore and Stein (1948), trehalose &
glycogen after Wyatt and Kalf (1957) and glycerol after
Hagen and Hagen (1962). Data was statistically analysed
using student t- test. The qualitative protein profile
studies were carried out following the methods of
Laemmli(1970) and the specific lanes of SDS PAGE were
further analyzed with the help of GE Healthcare
Software IMAGEQUANTTL for densitometry and
annotated molecular weight of proteins.
RESULTS AND DISCUSSION
Sex-specific presence of haemolymph constituents: Sexwise presence of haemolymph biochemical constituents
were subjected for statistical analysis. It was observed
that there was no significant difference in the level of
glycerol during first and second crop. During third crop
female pupae had significantly higher level of glycerol
in females (300.885±109.214 micromole/ml) than male
pupae (184.689±106.099 micromole/ml). Contrary to this
the level of trehalose was significantly higher in male
pupae (10.282±3.207 mg/ml) than females (5.76± 2.40mg/
ml). Glycogen content was significantly higher in female
pupae than males in TV first
crop (4.375±1.357 mg/ml) and third crop (1.879±0.724
mg/ml). Male pupae of second crop contained more
amino acids than females. However, females of TV I and
III crop had significantly higher level of protein
concentration in the haemolymph (Table-1).
Comparative haemolymph biochemical
constituents in NDD and DD generation: The level of
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glycerol was always higher in diapausing pupae than
non-diapausing pupae of both the sexes. Difference in
haemolymph trehalose level was not significant in
between TV I & TV III crop male and female pupae
although level of trehalose was higher in TV II crop than
TV III crop. Total protein was also significantly higher in
diapausing pupae. Total amino acids quantity was
significantly higher in TV III crop than TV II crop although
the difference was non-significant in between TV I crop
and TV III crop. Haemolymph glycogen content was
significantly higher in non-diapausing pupae (Table 2).
Periodical changes observed through out the
developmental period of pupae in non-diapause and
diapausing generations: Presence of amino acids
showed a fluctuating trend in both male and female
pupae of TV I and II crops. Three major peaks were
observed on day 1, 5 in I crop and 12-14 in II crop. The
concentration of amino acids went down prior to
emergence of adults (Fig.1 & 2). In diapausing generation
too the amino acid concentration showed a fluctuating
trend and the two prominent peaks were observed when
pupae were 90-100 and 160-164 days old (Fig. 3). In nondiapausing generation the concentration of protein was
initially high in male pupae on day 1, thereafter it
remained at low level. In case of females a peak of protein
was observe on day 8. The level of protein went down
prior to adult emergence (Fig.4 & 5). In diapausing
generation peak of protein peak of protein concentration
was observed when pupae were 140-144 days old.
Another peak was in between 160-164 days when adults
emerged (Fig. 6). The concentration of glycogen was
observed to be higher in just formed pupae or when
pupae or when pupae were 0-3 days old in nondiapausing generations. Again a rise in its level was
observed when adult emergence was nearing (Fig. 7 &
8). In diapausing generation glycogen was high up to

Table 1: Sex-wise and crop specific comparative presence of haemolymph biochemical constituents of pupae
in different crops in Daba trivoltine ecorace of A. mylitta.
Haemolymph constituents

Crops

Glycerol (micro mole/ml)

TV I Crop
TV II crop
TV III crop
TV I Crop
TV II crop
TV III crop
TV I Crop
TV II crop
TV III crop
TV I Crop
TV II crop
TV III crop
TV I Crop
TV II crop
TV III crop

Trehalose (mg/ml)

Glycogen(mg/ml)

Amino acids(mg/ml)

Protein(mg/ml)

Note: ** Values are significant at 99% level

Male
Mean ±SD
58.125±28.593
64.050±24.718
184.689±106.099
14.565±3.816
15.101±3.886
10.282±3.207
2.307±1.203
2.422±1.198
1.261±0.538
2.047±1.533
0.771±0.724
1.526±0.477
15.800±8.242
34.284±7.629
35.470±12.363

Female
Mean ± SD
51.406±22.952
80.900±72.637
300.885±109.214
12.979±3.603
10.630±3.260
5.768±2.402
4.375±1.357
3.286±1.516
1.879±0.724
1.707±1.125
0.296±0.221
1.398±0.622
26.865±14.538
32.411±12.883
60.364±8.445

t Stat
NS
NS
4.641**
NS
NS
3.749**
4.561**
NS
4.495**
NS
2.802**
NS
2.729**
NS
11.029**
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Table 2: Comparative presence of haemolymph biochemical constituents among pupae of Daba trivoltine ecorace of A.
mylitta in diapausing and non-diapausing generations
Haemolymph

Crops

constituent

Male (Mean ± SD)

t Stat

Female (Mean ± SD)

t Stat

NDD

DD

NDD

DD

Glycerol

TV I & TV III crops

62.14±29.27

181.329±109.95 6.13**

53.556±29.27

297.316±109.95 12.697**

(micromole/ml)

TV II & TV III crops

64.05±29.27

181.329±109.95 6.45**

53.556±80.90

297.316±109.95 8.97**

14.11±8.33

10.409±4.15

12.677±6.86

5.835±5.49

Trehalose (mg/ml) TV I & TV III crops

NS

TV II & TV III crop

15.10±6.84

10.409±4.15

2.78**

11.117±5.50

5.835±5.49

Protein (mg/ml) TV I &TV III crops

15.80±8.24

35.470±12.36

7.19**

26.865±14.53

60.364±8.44

TV II & TV III crops

34.28±7.62

35.470±12.36

NS

32.411±12.88

60.364±8.44

Amino acid

TV I & TV III crops

2.08±1.57

1.526±0.48

NS

1.707±1.125

1.399±0.62

(mg/ml)

TV II & TV III crop

0.77±0.72

1.526±0.48

4.26**

0.296±0.22

1.399±0.62

Glycogen (mg/ml) TV I & TV III crops

2.27±1.17

1.298±0.59

3.25**

4.402±1.31

1.974±0.95

2.38±1.29

1.298±1.14

3.87**

3.293±1.47

1.974±0.95

TV II & TV III Crops

NS
3.42**
8.93**
8.87**
NS
10.39**
6.92**
3.663**

Note: ** Values significant at 99% level
day 10, thereafter, the concentration remained at low
level till pupae attained the age of 140-144 days and this
higher level of glycogen was maintained till emergence
of adults (Fig. 9).In non-diapausing generation
concentration of glycerol was higher in just formed
pupae and at he time of adult emergence (Fig.10 & 11). In
non-diapausing generation a consistent increase in the
level of glycerol was observed which attained a peak
once pupae were 145-150 days old, thereafter, adown
surge in its concentration was recorded till emergence
of adults (Fig.12). The concentration of trehalose
consistently increased till emergence of adults in nondiapausing generation (Fig. 13 & 14). In case of diapausing
pupae the trehalose level remained at low level till pupae
were 140-145 days old thereafter its level gradually
increased till emergence of adults (Fig.15).
The high concentration of trehalose (Wyatt and
Kalf, 1957) and fluctuation in trehalose levels are related
to moulting, metamorphosis and diapause (Sakamoto
and Horie, 1979) which was also observed in the pupae
of tasar silkworm during c ourse of diapause
development. The concentration of trehalose increased
when adult development was initiated in diapausing
pupae of 140-145 days old in A. mylitta. Nitrogenous
compounds, like proteins, amino acids etc. are important
for different physiological activities of A. mylitta and such
variation in their concentration confirms the reports of
other workers in insects (Florkin and Jeuniaux, 1974;
Mullin, 1985). Variation in quantity of nitrogenous
substances during developmental stages (Wyatt, 1980),
metamorphosis (Wirtz and Hopkins, 1974) and diapause
(Boctor, 1981) has already been evidenced in insects. In
the haemolymph of A. mylitta biochemical changes in
concentrations of total proteins (Poonia and Mishra,
1975) and soluble carbohydrates, cholesterol and free
ascorbic acid (Mohanty and Mitra, 1985) have been
correlated with developmental events. An increase in
the level of glycerol through out the diapause period

and its downward trend at the age when pupae attain
the age of 140-145 days indicates that in Daba trivoltine
diapause termination starts at this age. It is in
conformity with the views of earlier authors that the
accumulation of glycerol takes place during diapause
period and it goes down when diapause terminates (Jo
and Kim, 2001 and Li et al., 2002). At the same time low
level of glycogen and trehalose show an increasing trend
when pupae attain the age of 145-150 days. The level of
protein also shows a downward trend at the same age.
Thus pupae of this age group can be used for giving
temperature treatment so as to regulate the emergence
of moths in grainages in order to get more couplings
thereby enhanced egg production.
The age specific protein profile of protein profile
of non-diapausing (NDD) and diapausing pupae (DD)
has been shown in details in Fig, 16 to 23 A &B. From the
protein profile studies it was observed that a protein
band ranging in between 70-73kD was highly
unregulated through out diapause period in the
haemolymph of both male and female pupae (Fig. 16 A &
B). A protein band of 16 -17kD appeared in the
haemolymph of diapausing pupae up to day 145 in male
and female pupae (Fig.20 A & B). Its intensity decreased
when pupae became older than 145-150 days and
thereafter this band completely disappeared from the
haemolymph indicating thereby that the diapause
termination process has started at this age of pupae.
The number of protein bands became less when pupae
became older and the minimum number of protein
bands was seen at the time of adult emergence (Fig. 21,
22, & 23). The diapause specific protein bands have also
been reported in other insects (Salama & Miller, 1992,
Palli et al., 1998, Godlewski et al., 2001). A group of storage
proteins are also up regulated during diapause and they
quickly disappear from the haemolymph when diapause
is set to terminate (Chandrashekar et al., 2008). These
proteins are specific to different states of diapause (pre-
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Fig.16 A & B. SDS - PAGE analysis showing comparative haemolymph protein profile of Daba trivoltine NDD & DD male
(A) and female (B) Daba Tv puape.

Fig.17 A & B. Densitogram and annotated protein profile and molecular weight of D6 NDD male (A) and female (B)Daba TV puape.

Fig. 18 A & B. Densitogram and annotated protein profile and molecular weight of D40 DD male (A) and D40 female (B) Daba TV diapausing pupae.

Fig. 19 A & B. Densitogram and annotated protein profile and molecular weight of D115 DD male (A) and D40 female (B)Daba TV diapausing pupae.
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Fig. 20. A & B. SDS - PAGE analysis showing comparative haemolymph protein profile of Daba trivoltine NDD & DD male (A) and
female (B) Daba TV puape

Fig.21

A & B. Densitogram and annotated protein profile and molecular weight of D14 male (A) and D14 female (B) Daba TV non-diapausing pupae.

Fig.22. A & B. Densitogram and annotated protein profile and molecular weight of D145 male (A) and D145 female (B) Daba TV diapausing pupae.

Fig. 23. A & B. Densitogram and annotated protein profile and molecular weight of D160 male (A) and D160 female (B) Daba TV diapausing pupae.
Abbreviations: d=day, NDD=Non-diapause destined, DD: Diapause destined, TV= trivoltine
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diapause, diapause, and diapause termination) and post
diapause growth period. Such band has also been
identified during brain protein profile studies of Daba
bivoltine pupae of Daba bivoltine ecorace of A. mylitta
(Mishra et al., 2009).
From the present study, it is inferred that there
is accumulation of glycerol in the haemolymph of
diapausing pupae of daba trivoltine ecorace of A. mylitta.
The trehalose remains at its low level through out
diapause period and an upsurge is noticed when
diapause is set to terminate when pupae were 140-145
days old. Similarly, the level of glycogen in the
haemolymph is lower through out the diapause period
and shows an upward trend at the 145-150 days of age
of pupae. The concentration of protein is always higher
in diapausing pupae. Fluctuating pattern of amino acids
is noticed through out the development period may be
due to its time to time requirement for developmental
processes involved during diapause development. The
appearance of diapause specific band of 16-17kD protein
through out diapause period and its disappearance
when pupae are older than 145 days is indicative of the
period of initiation of diapause termination process
among Daba TV pupae.The pupae of this age can be
utilized for developing a technology of low temperature
treatment schedule so that loss of seed stock is avoided
once extreme summer conditions prevail just after premonsoonal showers during first crop grainage to
produce disease free layings matching with delayed
cropping schedule.
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ABSTRACT
Aizawl (latitude23.42°N, longitude 92.94°E), a rainfed zone of North East India is located
at 1132 meter above sea level (MSL), where total area under mulberry (Morus alba L.) is 5100
hectare.In mulberry field incidence of Powdery mildew (Phyllactinia corylea) , Myrothecium leaf
spot ( Myrothecium roridum) and Leaf rust ( Perdiopsora mori) are predominating in this region. A new
foliar disease for the incidence of Acremonium roseogriseum, an endophyic fungus was observed. The
pathogen was identified from IARI, NewDelhi. Disease incidence appears in the month of October
and continues up to January. Disease symptoms are characterized by the presence of off white to ash
coloured felty mat on the ventral surface of leaves. The disease is severely affected all ruling
mulberry cultivars ( viz, S1 and S1635) in Aizwal (Mizoram). Acremonium roseogriseum infecting the
leaves of Mulberry is a new report from India
KEY WORDS: Acremonium roseogriseum, Myrothecium roridum, Perdiopsora mori, Phyllactinia
corylea.

INTRODUCTION
Mulberry is cultivated in this region as bush, middle
bush or tree forms for its valued leaves for silkworm
rearing. Powdery mildew, leaf rust Myrothecium leaf spot,
are important diseases mulberry in the Eastern and
North Eastern region ( Maji,2003). Dutta et al . (2011)
reported that incidence of Powdery mildew , Leaf rust
and Myrothecium leaf spot is very common in Aizawl.
Disease not only reduces leaf yield but also causes
degradation in the quality ( Quadri et al 1999) and feeding
of diseases leaves results prolonging of larval period
(Noamani et al,1970 and Umesh Kumar et al ,1993).
. During recent survey of mulberry diseases in
Aizawl, a new foliar disease was observed. During
October to January this disease is characterized by
appearance off white to ash colour felty mat on the
ventral surface of leaves.
MATERIALS AND METHODS
A survey was made in the three villages
(Khamrang , Dilkhan, and Seling ) of Aizawl district
(Mizoram). to collect fungal pathogens from the leaves
of mulberry. Herbarium sheets were prepared from the
disease infected leaves and also isolated pure culture of
the pathogen. For isolation of fungi, diseased specimens
were sterilized (surface) by 0.1% Mercuric chloride for
1-10 seconds then rinsed with distilled water. Potato
dextrose agar (PDA) medium was prepared and
autoclaved at 15lb/inch2 for 15 minutes and poured into

sterilized Petri plates. Disease samples were observed
under dissecting microscope to select infected parts and
a small piece was taken by sterilized scalpel and
transferred to the sterilized Petri plates containing 15
ml PDA media under aseptic conditions. Inoculated Petri
plates were kept in BOD incubator at 25±1°C for seven
days for the growth of the pathogen. The plates were
observed regularly for fungal growth and pure culture
was isolated. Pure culture of the isolate was maintained
on PDA slants for further study. Infected specimens and
isolated fungal culture were used for identification.
Specimens were directly observed under stereo
microscope and a small piece of selected part was taken
from the host tissue on glass slide with the help of
sterilized needle. The material was spread over slide by
needle and stained with lactophenol cotton blue and
studied under Leitz Diaplan microscope.
To study morphology of the fungus, slides were
prepared from culture. Small piece from the periphery
of fungal colony was taken aseptically with the help of a
needle and put on slide, mycelia were spread by needle,
stained with lactophenol cotton blue. Measurements of
fungi were recorded by ocular micrometer.
In order to study pathogenicity of the fungal
isolates, seven days old culture on PDA medium was
scraped by sterile brush and suspend in sterile distilled
water to obtain 1x 10 6 conidia/ml. Young, healthy
vigorously growing mulberry variety S1635 was
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inoculated with pathogen suspension on lower surface
of leaves with hand sprayer. Inoculated plants were
covered with polythene bag for 48 hrs. After that
inoculated plants shifted to glass house for disease
development.
For identification of fungi, dried herbarium and
pure culture was sent to Division of Plant pathology,
Indian Agricultural Research Institute, New Delhi
RESULTS AND DISCUSSION
Fungus : Acremonium roseogriseum (S.B.Sakseana)
W.Gams 1971
= Basionym: Cephalosporium roseogriseum, S.B.Sakseana
1955 (LEG;MB 294126)
= Obligate synonym: Gliomastix roseogrisea (S.B.Saksena)
Summerbell 2011 (LEG; MB 519588)
Nomenclature, Cephalosporium roseogriseum S.B.
Saksena-Mycologia 47:895 ,1955
Disease symptoms (Fig- I and 2) are characterized
by appearance of off white to ash coloured felty mat on
the lower surface of the leaf, which gradually cover entire
lower surface of the
leaf.
Cultural
characyers ( In PDA
media) shows that
the growth rate of
Acremonium sp. is
moderate. Fungal
colony attained 2.2
cm.in diameter in 15
days at 25±1ºC in
Petri plates with PDA
media. Mat is ash
c o l o u r e d
Fig. 1 : Acremoniun roseogriseum m e m b r a n o u s ,
infecting ventral surface of
slightly powdery in
mulberry as white mycelial mat advance zone ( FIG -

Fig. 2 : A.roseogriseum infecting entire leaf of mulberry

Fig. 3. Culture of
A.roseogriseum in PDA media.

3).Microscopic study
revealed that hyphae
are thin hyaline with
rod like stands
erected from runner
like structure, slender,
philades
mostly
single arising from
apic al
hyphae.
Conidia ellipsoid but
narrow at one end
mostly
smooth
walled ( 4.2-5 .5 µm /
2.5 – 3.5 µm).

Acremonium spp. are cosmopolitan in nature. Some
species are dermacomycotic in nature Gupta et al 1999).
Earlier Gliomastix novae zelandiae ( = Acremonium novae
zelandiae) infecting Morus alba was reported from
Pakistan (Abbas et al) Fincher et al (1991) reported about
infection due to Acremonium sp.
Specimens examined:
Acremonium roseogriseum growing on the leaves of
Morus alba of Aizawl district Nov.2010 CSRTI BHB # 3
and sent to IARI New Delhi (HCIO- 50149)
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ABSTRACT
Plants being the major source of natural products like vitamins, minerals, immune–
modulators, possess anti-pathogenic activities and act as good source of antimicrobial agents. This
makes plants to occupy importance in traditional medicine. The phytochemical analysis revealed the
presence of metabolites such as saponin, flavonoid, alkaloid, carbohydrate, glycoside, tannin and oil
phenolic compound responsible for the antibacterial activity of these plants. Diffusion and dilution
methods have been, employed to study the comparative antimicrobial activities of extracts of plants
Neem (Azadirachta indica) Tulsi (Ocimum sanctum) and Aloe vera. The extracts of these plants under
study, were used against bacteria isolated from the semi-arid soil in Banasthali region, the strains
identified are Escherichia coli, Pseudomonas fluorescence, Bacillus subtilis, Bacillus cereus and Staphylococcus
aureus. Azadirachta indica showed maximum inhibition against S.aureus, whereas Ocimum sanctum
showed maximum zone against E.coli and Aloe vera against Pseudomonas fluroscens. The aqueous
extracts of various leaves were investigated individually for antimicrobial activity against these
pathogens and showed less inhibitory activity against most of the test bacterial pathogens.
KEY WORDS: Medicinal plant, Muller–Hinton agar, phytochemical analysis and
antibacterial activity.

INTRODUCTION
In the traditional system of medicine plants play
a very important role. Plants being rich in number of
secondary metabolites saponin, alkaloids, flavonoids,
steroids, tannins, glycosides, phytosterol and phenolic
compounds are identified for the study of their
antimicrobial potential and can be used for the
treatment against a number of diseases (Nimri et al.,
1999; Saxena, 1997; Banso & Adeyemo et al., 2006; Robe
& Vanstrden, 1997; Ongaskul et al., 2009; Ansan et al.,
2009). Drugs purified from the medicinal plants have
been found to be very effec tive against many
antibacterial, antifungal, antithrombotic, anti-malarial
diseases and have been effective as anticancerous drug
(Kaushik and Dhiman, 2000).The use of plant extracts as
antimicrobial drugs is becoming very popular and
significant, as microbes resistance to the drugs increased
rapidly (Banso & Adeyemo et al., 2006; Elbashiti et al.,
2010). The plants are very effective against treatment of
many infectious diseases and the combination of the
sec ondary metabolites is responsible for the
physiological action on the body (Joshi et al., 2009; Mishra
& Mishra, 2011).
Neem (A. indica) has a vast array of biologically
active compounds that are chemically diverse in nature.

It has been found to be very effective antibacterial,
antimalarial, contraceptive and antiulcer activities
(Khan et al., 2010; Bhuiyan et al., 1997; Siddiqui et al., 1992;
Jones et al., 1994).As the name Tulsi (O. sanctum) used as
an expec torant, diaphoretic , antic anc erous,
anthelminthic, antiseptic, analgesic, antidiabetic and
tonic rejuvenator. The oil extracted from the leaves of
the plant is used in the treatment of number of diseases
like bronchitis, skin diseases and otitis media. The leaf
extracts of Tulsi plants have been found to be effective
antibacterial and antifungal activity against number of
strains (Nanasombat & Lohasupthawee, 2005; Hammer
et al., 1999; Goyal & Kaushik, 2011).Aloe vera is an
ornamental and medicinal plant used against stomach
disorders and intestinal disorders including
constipation, colitis and colon problems. It is said to be
natural cleaner, during the inflammatory process
(Obata, 1993; Shelton, 1991).
Our plant resources have a great potential to be
used as antimicrobial drugs and are widely being used
worldwide against number of microbial diseases
(Sofowora, 1986; Murugesan et al., 2011). Large number
of drugs prescribed today contains plant derived active
bioactive compound and have been used for centuries
as remedy for human diseases because they contain
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components of therapeutic value and are very diverse
in molecular structure (Kaushik, 1985; Kohen & Carter,
2005). In the last few years a number of studies have
been conducted to verify effectiveness of plant extracts
against bacterial pathogens (Perumal, 2005; Aboada et
al., 2006; Bassam et al., 2006; Prashant et al., 2006; Owen
& Palombo, 2007; Pandey & Mishra, 2010; Sundaram et
al., 2011; Jhonson et al., 2011; Goyal & Kaushik, 2011;
Singh & Kumar, 2012).
The present study was taken up to study the
comparative antibacterial activity of the medicinal
plants A. indica, O. sanctum and Aloe vera using different
extracts against the bacterial pathogens E.coli, P.
fluorescence, Bacillus subtilis, Bacillus cereus and Staphylococcus
aureus extracted from the semi-arid soil. Phytochemical
screening of the extract was, carried out to assess the
presence of different phytochemicals in different
extracts.
MATERIALS AND METHODS
The test organisms were isolated from soil
collected from Krishi Vigyan Kendra Banasthali,
Rajasthan. They were isolated and identified based on
morphological and biochemical confirmation tests
(Plate: 1: Fig 1 to 5). The identified isolated strains were
E.coli, B.subtilis, B. cereus, S.aureus, and P. fluorescence. The
fresh leaves of medicinal plants A. indica, O. sanctum and
A. vera were collected, all leaves were washed under
running tap water followed by sterilized distilled water,
air dried and then powdered with the help of sterilized
pestle and mortar. The powder was, further subjected
for different extraction protocols.
Aqueous extraction
5g of air-dried powder of respective plant (A.
indica, O. sanctum, A. vera) part viz., leaves, was boiled in
200 ml distilled water till one fourth of the extract
initially taken was left behind after evaporation. The
solution was, filtered using muslin cloth. Filtrate was,
centrifuged at 5000 rpm for 15 min. The supernatant

was again filtered using whatmann No.1 paper under
strict aseptic conditions and the filtrate collected in fresh
sterilized bottles and stored at 4°C until further use
(Goyal et al., 2012).
Organic solvent extraction
For Azadirachta indica 10 g of leaf powder
thoroughly mixed with 100 ml organic solvent
(Methanol, Hexane, Chloroform and Petroleum ether)
was take. The mixture obtained filtered through muslin
cloth, re-filtered by passing through whatmann No.1
paper was collected. The filtrate then concentrated by
complete evaporation of solvent at room temperature
to yield the pure extract. The appropriate amount of
dried extracts dissolved with appropriate solvent at
final concentration 100mg/ml. each solution was stored
at 4°C after collecting in sterilized glass tubes until use
(Bhuiyan et al., 1997; Goyal et al., 2012)
For Tulsi, 10g was, thoroughly mixed with 100ml
organic solvent (ethanol, methanol, hexane and ethyl
acetate). Mixture was, placed at room temperature for
24h on shaker with 150 rpm. Solution was then filtered
through muslin cloth and then re-filtered through
whatmann No.1 paper the filtrate thus obtained was
concentrated by complete evaporation of solvent at room
temperature to yield the pure extract, each was stored
at 4°c after collecting in sterilized bottles until further
use. (Goyal et al., 2012; Mishra & Mishra, 2011)
For Aloe vera the plant gel collected, freezed dried
and then grinded to get crude extract. The crude extract,
filtered through whatmann No.1 paper. After overnight
incubation at room temperature, the mixture, filtered,
evaporated powder resuspended in organic solvent
(ethanol, ethyl acetate, petroleum ether).
1 ml of organic extracts of all the plants taken in an
eppendorf tube, subjected on rotatory evaporator at 4°c.
A dry crude extract obtained, dissolved in sterile distilled
water (Ahmad et al., 1998; Lin et al., 1999; Thiruppathi et
al., 2010; Goyal et al., 2012) and used to study the
antibacterial activity against the bacterial strains
isolated.
Antibacterial activity:
Disc diffusion assay was, performed for
antimicrobial screening (Andrews, 2000). Antibacterial
activity potential against both Gram-positive and
Gram-negative bacteria isolated from the soil. The disc
(5mm) prepared from the whatmann No.1 paper and
stored at 4°C in dark place, used for evaluating the
antimicrobial activity. The antimicrobial activity of A.
indica, O. sanctum, A. vera plant extracted with different
organic solvents and aqueous extract is determined by
disc diffusion method. Muller-Hinton agar was prepared
and autoclaved121°C and dispensed into the sterile
petriplates in aseptic conditions, allowed to solidify and
bacterial culture was spread. The disc prepared by
dipping in the plant extract and air-drying. The air-dried
discs were then placed on the petriplates and plates
incubated at 37° C for 24 hours. After incubation, the
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growth of the zone of inhibition observed and
antibacterial activity of the plant extract evaluated
(Plate 2: Figures 6 to 10; Plate 3: Figures 11 to 15; Plate 4:
Figures 16 to 20)
Phytochemical screening of the extracts:
The phytochemical screening of the crude
extract was carried out (Table: 3) in order to ascertain
the presence of its secondary metabolites such as
saponin, alkaloids, flavonoids, streroids, tannins,
glycosides, reducing sugar, carbohydrate, fixed oil,
phytosterol and phenolic compound using standard
procedure (Harbone, 1973; Odeibiyi & Sofowora, 1978;
Santhi & Swaminathan, 2011; Viji, 2011).
(A) Determination of Saponin
5ml of extract added to 5ml of distilled water,
shaken vigorously and warmed for 2 minutes formation
of layer of permanent foam indicates the presence of
saponin.
(B) Determination of Tannins:
Few drops of 5% FeCl3 solution was added to
small quantity of methanolic extract drop wise and any
change in color noted. Blue or Green color indicated the
presence of tannins.
(C) Determination of Fixed oil
Spot test was, done for the detection of fixed oil.
In this test, small quantity of alcoholic extract was,
pressed between two filter papers. Appearance of oil
strain on the paper indicates the presence of fixed oil.
(D)Determination of Phenolic compound
A small quantity of the extract was, dissolved
in few ml of water and subjected to FeCl3 test. The dilute
extract was, treated with dilute FeCl3 solution (5%) and
appearance of violet colour shows the presence of
phenolic compound
(E)Determination of Flavonoids
The extract was, treated with concentrated
sulphuric acid. Appearance of yellowish orange color
shows the presence of anthocyanin, yellow to orange
show the presence of flavones and orange to crimson
show the presence of flavonones.
(F)Determination of phytosterol
Salkowski test was, done for the detection of
phytosterol. In this test, 1ml of concentrated sulphuric
acid was, added to the plant extract and allowed to stand
for 5 minutes. After shaking, formation of golden yellow
color in the lower layer indicates the presence of
phytosterol.
(G)Determination of Glycosides
Salkowski test for the detection of glycoside, 2ml
each extract dissolved in 2ml chloroform. Then 2ml
H2SO4 added, shaken and formation of reddish brown
colour indicates the presence of glycosides.
(H)Determination of Carbohydrates
Small quantity of extract dissolved separately
in 4ml of distilled water and filtered. The filtrate treated
with 2 to 3 drops of 1% alcoholic á-napthol solution,
2ml of concentrated Sulphuric acid added along the sides
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of the tubes. Appearance of violet colored ring at the
junc tion of two liquid shows the presenc e of
carbohydrates.
(I)Determination of reducing sugars
Take 0.5 ml of each extract in different test tubes.
Add 1ml of water and 5-8 drops of Fehling’s reagent and
warm. Appearance of brick red precipitate shows
presence of reducing sugars.
(J)Determination of Alkaloids
Take 1gm of each extract in different test tubes
and add 2 drops of HCl. Add Mayer’s reagent (freshly
prepared by dissolving a mixture of 1.36g mercuric
chloride and of 5 g potassium iodide in 100 ml water
drop by drop. A Creamy white precipitate/ turbidity
obtained. Turbidity of the extract on addition of Mayer’s
reagent was, regarded as evidence for the presence of
alkaloids in the extracts.
Extraction of protein:
Performed to test whether active principle is protein or
not. We take 1ml of each aqueous extract, mixed with
protein denaturing agent Tannic acid (1:1). Incubate it
for 1h; centrifuge at 4° C at 1000 rpm for 15 min until
protein precipitated. Supernatant is collected applied
for Lowry’s to check residual proteins. Disk diffusion
assay is, applied from this supernatant on MullerHinton agar base plates. Incubate at 37° C and zone of
inhibition observed (Lowry’s et al., 1951).
RESULT AND DISCUSSION
Antibacterial activity of the selected medicinal
plant extracts was tested against E.coli, P. fluorescence,
B.subtilis, B.cereus and S.aureus. Considerable antibacterial
activity of the all organic solvents such as Hexane,
Chloroform, Petroleum ether, Ethyl acetate, Methanol,
Ethanol exhibited maximum antibacterial activity
against the gram positive and gram negative bacteria.
The A. indica exhibited maximum inhibition against
S.aureus in all the four solvents ranging from 6.5±0.64 to
4.25±0.47 mm. minimum activity exhibited in petroleum
ether 5±0.40 mm for S.aureus and no activity against
other bacterial strain. In A. vera maximum zone observed
against P. fluorescence 27.25±0.75 to 23.25±0.47 mm. A. vera
extracted by Ethyl acetate showed maximum resistance
to B.subtilis (40±0.40 mm), Ethanol extraction showed
maximum resistance to S. aureus (10.25±0.47 mm) and
Petroleum ether was resistant to P. fluorescens 23.25±0.47
mm. In O. sanctum maximum zone of inhibition observed
against E.coli 20±0.40 to 17.25±0.47 mm. Ethyl acetate
extract of O. sanctum, resistant to E.coli (20±0.40 mm) and
P. fluorescence (16.75±0.75mm). A. indica showed good
results for all the extracts used against S.aureus. and O.
sanctum and A. vera against P. fluorescence of the two plants,
A. vera showed good results against P. fluorescence. (Figures
26, 27 & 28)
The aqueous extract showed less antibacterial
activity against most of the test bacterial pathogens.
Extracts investigated showed antibacterial activity,
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Table 1: COMPARATIVE STUDY FOR MEDICINAL PLANT AGAINST GRAM+VE & GRAM ¯ VE
Plant

ZONE OF INHIBITION in mm (AV±SE)
GRAM+VE

1.Azadirachta indica

2.Ocimum.sanctum

3.Aloe vera

GRAM-VE

Plant extract

B.subtilis

B.cereus

S.aureus

E.coli

P.fluorescens

Methanol

20.25±0.75

11±0.91

6.5±0.64

20±0.40

15.25±0.47

Hexane

NI

4.25±0.47

4.25±0.47

8.75±0.47

NI

Chloroform

21±0.91

6±0.40

4.25±0.47

19±0.40

NI

Petroleum ether

NI

NI

5±0.40

NI

NI

Methanol

8±0.40

5.25±0.47

6.25±0.47

17.25±0.47

19.25±0.47

Ethanol

NI

4.5±0.28

5.5±0.28

20.5±0.28

14.5±0.64

Hexane

NI

5.75±0.47

5.25±0.25

16±0.40

16.5±0.64

Ethyl acetate

NI

NI

6±0.4

20±0.40

16.75±0.75

Ethyl acetate

40±0.40

9.25±0.47

21.25±0.47

NI

27.25±0.75

Ethanol

NI

3±0.40

10.25±0.47

NI

26.25±0.47

Petroleum ether

NI

4.25±0.25

NI

4.66±0.28

23.25±0.47

TABLE - 2: Exhibiting Zone of inhibition after protein denaturation.
PLANT EXTRACT

PROTEIN

ZONE OF INHIBITION (AV±SE )

(µg/ml)
1.Azadirachta.indica

B.subtilis

B.cereus

S.aureus

E. coli

P. fluroscence

149.372

-

-

-

-

61.632

11.75±0.25

14.25±0.47 11.5±0.28

10±0.40

13.75±0.47

CRUDE

105.28

-

-

-

-

-

EXTRACT

56.06

13.75±0.47

13.5±0.64

11.5±0.64

9.5±0.64

12±0.28

CRUDE

214.856

-

-

-

-

-

EXTRACT

77.04

12.25±0.47

13±0.40

8.25±0.47

12.25±0.47 13.5±0.28

CRUDE
Whole
Protein
EXTRACT
Denatured
Protein

2.Ocimum.sanctum
3.Aloe vera

TABLE -3: PHYTOCHEMICALANALYSIS OF SOME MEDICINAL PLANT
S.NO.

PHYTOCHEMICAL TEST

A. indica

O. sanctum

A. vera

1.

PHENOLIC TEST

+

+

-

2.

GLYCOSIDES TEST

-

++

-

3.

SAPONIN TEST

-

+

+

4.

ALKALOIDS TEST

+

+

-

5.

REDUCING SUGAR TEST

-

-

-

6.

FLAVONOID TEST

+

+

+

7.

PHYTOSTEROL TEST

+

+

+

8.

CARBOHYDRATE TEST

+

+

+

9.

FIXED OIL TEST

-

+

+

10.

TANNINS TEST

+

+

+

++ (Better Presence), + (Presence), - (Absence)
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PLATE- 1
1

3

FIGURES 1 to 5
:
Gram Staining
of the Isolated
Bac te rial
Str ains.
(1) E.coli
(2) P. fluorescens
(3) S.aureus
(4) B.subtilis
(5) B.cereus

4

6

5

7

2

FIGURES 6
to10: Showing
Antibac ter ial
Activity of Plant
Extract of
Azadirachta
indica to
iso late d
bacter ial
str ains
(6). B.cereus
(7). B subtilis
(8). P.fluorescens

8

37
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10

9

(9). S.aureus
(10). E.coli

12

11

13

FIGURES 11 to
15: Showing
Antibacterial
Activity of Plant
Extract of
Ocimum sanctum
to isolated
bacterial strains
(11). P.fluorescens
(12). B subtilis
(13). S.aureus
(14). B.cereus
(15). E.coli

14

16

15
FIGURES 16 to 20
: Showing
Antibacterial
Activity of Plant
Extract of Aloe
vera to isolated
bacterial strains
(16) S. aureus
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18

17

(17) E.coli
(18) P.fluorescens
(19).B. cereus
(20) B subtilis

19

20

21

22

23

FIGURES 21 to
25 :Showing
Antibacterial
Activity of Plant
Aqueous Extract
after Protein
denaturation to
isolated
bacterial strains
(21). B.subtilis
(22) E.coli
(23). P.fluorescens
(24) B. cereus
(25) S.aureus

24

39
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40
25

(25) S.aureus

Figure 26: Antibacterial activity of Azadirachta indica

Figure 27: Antibacterial activity of Ocimum sanctum.

Figure 28: Antibacterial activity of Aloe vera

Figure 29: Antibacterial activity of aqueous extract of
Azadirachta indica after protein denaturation

Figure 30: Antibacterial activity of aqueous extract of
Ocimum sanctum after protein denaturation

Figure 31: Antibacterial activity of aqueous extract of Aloe vera
after protein denaturation

depends mainly on the solvents used for extraction.
Organic solvents showed better results as compared to
aqueous extracts but after protein denaturation, the
aqueous extracts showed better results. The different
susceptibility of bacteria to the plant extracts depends
on the phytochemical constituents and the solvents used
for extraction (Ntombeziningi, 2009). The bioactive
compounds are responsible for the antimicrobial
activity of plant extracts. Gram-positive bacteria is more
susceptible than gram-negative bacteria, this is due to
the difference in chemical composition and structure of
cell wall of both type of microorganisms. The result of
the phytochemical screening revealed the presence of
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some active compounds saponin, glycosides, flavonoids
alkaloids and tannins, fixed oil, carbohydrate, reducing
sugar, phytosterol, and phenolic compound indicated
in the (Table: 3) responsible for their antibacterial
activity against the bacterial strains. Antibacterial
activity due to bioactive compounds is been reported
by many workers in plants (Freeman & Beattle, 2008;
Xiao-tian & Wei-shuo, 2006). The aqueous extracts did
not exhibit the inhibition zone. All the plant extract were
evaluated for their protein content, the denatured
extracts exhibited zones of inhibition, proves that
protein is not the active bactericidal compound in the
extracts(Plate 5: Figures 21 to 25; Table:2; Figure: 29 ;
Figures 30 & 31). The present study also confirms the
use of organic solvents in the preparation of plant
extracts as compared to aqueous extracts. The polarity
of antibacterial compounds makes them more readily
extracted by organic solvents and it does not affect their
antibacterial activity (Thongson et al., 2004; Goyal et al.,
2012).
CONCLUSION
This study reveals that secondary metabolites
are the possible antimicrobial substances. The present
study also confirms the use of organic solvents to aqueous
for extraction. The polar group of phytochemical
compounds makes them more readily extracted by
organic solvents, and using organic solvents does not
negatively affect their bioactivity against bacterial
strains (Owais et al., 2005). It therefore suggests that
constituents of the plant extracts could serve as a source
of drugs useful against number of some microbial
infections and diseases.
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WATER QUALITY ASSESSMENT OF GOMTI RIVER AROUND INDUSTRIAL AREA AT
DISTT. SULTANPUR
NEERAJ K. SRIVASTAVA AND A.K. SRIVASTAVA
Department of Chemistry, M.D.P.G. College, Pratapgharh

ABSTRACT
Water sample of river Gomti were collected from six different Sampling stations, situated
near industrial area at distt. Sultanpur. Sample were analyzed for the physico-chemical parameter
with respect to BIS 1998 standard for fresh water. Research finding reveals that the value of Physicochemical parameter e.g PH, Total hardness, DO, BOD, COD, free carbon dioxide, free ammonia,
sulphate, chloride were cross their standard limit of fresh water standard and point out proper
treatment of industrial waste, domestic waste in that areas.
KEY WORDS: Assessment, Gomti river, physico-chemical parameter

INTRODUCTION
Water is most abundant natural resource on
earth which is extremely essential for the survival of
human being living organism and plants. The river
Gomti, the life-line of millions of people has over the
year, been subjected to tremendous pressure in India.
Most of its water in upper reaches is diverted into canals,
untreated sewage and industrial effluent are dumped
into the river at numerous places and residues of
pesticides and insecticides use in the farms are washed
into it. These waste contains organic matter, inorganic
dissolve solid, fertilizing materials, thermal constituents
etc. Which causes different type of disease and harmful
for the human health, living organic and plants.
Approximately 45% population of district sultanpur are
suffering from the water of river Gomti at these places.
MATERIAL & METHODS
Study Area :
The study area Kadunala, Zaferganj, Kauthara are
situated to the west direction at the distance 35km., 55km. and
60km. respectively, Kamtaganj is at distance 25km. to east
direction, Naugavanteer is in North West direction at the
distance of 18 km. apart, where as Sitakund a situated on the
bank of river Gomti at the Northern end of district head quarter
sultanpur.
Collection of Sample :
Sampling of different sampling stations were
done during Aug. 2011. A clean, high grade plastic bottle
(approximately 2 liter) were used for the collection of
the sample. The bottle were dipped in the mid of river
approximately 30 min., after then taken out very slowly
and sealed on mouth for analysis in laboratory.

Analysis of Sample :
The analytical methods (APHA, AWWA &
WPCF) were used for analysis of water sample. Total 9
parameters were used for analysis of water samples,
they are PH, Total hardness, DO, BOD, COD, free carbon
dioxide, free ammonia, sulphate, chloride, which are very
essential to know the water quality for domestic purpose.
The finding of present investigation are explain with the
help of table-1 and it has been compared with limit of
fresh water standard are shown with the help of table-2
pH value of water sample were recorded with the help
of pH meter. Total hardness was determined by the
titrating (sample + ammonia buffer) by EDTA solution
using Erichrome black T as indicator. Dissolve Oxygen
(DO) was measured by winkler method. For the
determination of BOD a known amount of water sample
was diluted to 50% by distilled water and filled in two
BOD bottles (one for initial and other for final reading).
The initial value of DO was taken immediately from the
first bottle by (Winkler method) and second bottle was
incubate. On the 5th days at 20 0C in BOD incubator. At
last day the DO content of second bottle was determined
by the same method. The COD was determined by the
titration of test sample (river water) and blank sample
(distilled water) with ferrous ammonium sulphate
solution. Free corbon-di-oxide was determined by
titrating sample with NaOH using phenolphthalein as
indicator. Free ammonia was determined by titrating
with standard sulphuric acid solution using mixed
indicator of methyl red and methylene blue. Sulphate
was determined by gravimetrically in form of Barium
as Barium sulphate by adding an excess of Barium
Chloride solution. Chlorides were determined by
titrating with standard silver nitrate solution using
potassium chromate as indicator.
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Observation and discussion :
Six water sampling stations situated at the
bank of river Gomti in distt. Sultanpur were selected for
the purpose of analysis. Which are Kathaura (S 1),
Zafarganj (S 2), Kadunala (S 3), Naugawanteer (S 4),
Seetakund (S5) and Kamtaganj (S6). Among these six
sampling station (S1, S2 & S3) belong to industrial areas.
The two sampling stations (S4 & S5) are situated in rural
areas where as the sixth sampling station belong to urban
area. These samples are analyse for different physicochemical parameters as mentioned below.
The pH value of water which is the measure of
the acidic nature plays an important role in deciding
human health and nutation. The higher value of pH
increases the temperature of water and also germicidal
potential of chlorine. Acidic water also increases the
solubility of metals which posses harmful effects on
aquatic life. It is observed that the pH value of different
samples is found in the range 7.8 to 8.7. Which are well
within the standard limit for fresh water standards
(Yashodhara & Ashok, 2003).
The hardness of water is a key-factor for deciding
the pollution level in water. The large amount of total
hardness may be due to the presence of large amount of
Ca, Mg and other minirals, disposal of waters,

consuming of more detergent etc., which affects the
quality of water. The ground water quality controlled
by the composition of its recharges components as well
as bio-logical and hydrological variation. Hard water
causes problem in washing clothes, textiles finishing and
to human and aquatic life. The total hardness value of
the samples under study were found in the range 225.8
to 510.5 mg/l. which are observed that the samples
collected from the sampling stations (S4 & S6) are found
well within the standard limit. Where as all other
samples crosses their standard limit (Amita and Arun,
2007).
In these samples the DO level varies from 5.2 to
7.0 ml/l which are well within the standard limit except
the samples from sampling station (S1, S2, S3 & S5). The
excess value of DO, for the samples from the industrial
areas are due to discharge of industrial effluent, large
deposit of slage etc. Their waste contains decomposable
organic matter and decreases the value of oxygen in
water which also affect the aquatic life as well as human
health. The cause of deoxygenating of aquatic system is
due to the presence of organic substance because when
these substanc es enters a water way, the DO is
consumed. Thus DO level decrease appreciably (Sunil
and Puttaiah, 2006).
The BOD level for all the sample (S1, S2, S3, S4, S5 &
S6) are found in range from 5.9 to 7.4 ml/l which are
more than the standard limit for a fresh water slandered.
The BOD is a measure of Oxygen utilized by micro
organism during the oxidation of organic material
during 5th day period. The demand of oxygen is directly
proportional to amount of organic waste which has to
be broken-down, hence BOD is the direct measure of
oxygen requirement and indirect measure of Biodegradable organic matter. Drinking water usually has
a BOD of less than 1 mg/l and water is considered freshly
pure with a BOD 3 mg/l. But when BOD value reaches
5mg/l the water is of doubtful purity(Tiwari & Rajak,
2005).

TABLE-1
Physico-chemical characteristics of water quality data of river Gomti at different sampling stations
S.No. Parameter
Sampling stations
S1
S2
S3
S4
S5
S6
1.
pH
8.6
8.2
8.7
8.1
8.4
7.8
2.
Total Hardness
440.5
432.3
334.6
225.8
415.2
200.8
3.
DO mg/l
6.4
6.2
7.0
5.4
6.5
5.0
4.
BOD (mg/l)
7.0
7.4
6.4
7.2
6.2
5.9
5.
COD (mg/l)
20.5
22.5
24.5
18.8
21.9
18.6
6.
Free CO2 (mg/l)
8.4
8.6
7.8
5.2
6.9
5.4
7.
Free ammonia (mg/l) 8.4
8.0
8.6
7.8
7.4
7.2
8.
Sulphate (mg/l)
225.6
220.4
218.5
175.5
150.5
195.8
9.
Chloride (mg/l)
664
628
525
185
552
165
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TABLE-2
Comparison of water quality data of river Gomti with fresh water standard (BIS, 1998)
S.No.

Parameter

Sampling stations

Standard

S1

S2

S3

S4

S5

S6

value

10.
11.
12.
13.
14.

pH
Total Hardness
DO mg/l
BOD (mg/l)
COD (mg/l)

8.6
440.5
6.4
7.0
20.5

8.2
432.3
6.2
7.4
22.5

8.7
334.6
7.0
6.4
24.5

8.1
225.8
5.4
7.2
18.8

8.4
415.2
6.5
6.2
21.9

7.8
200.8
5.0
5.9
18.6

6.5-8.5
300
6.0
3
-

15.
16.
17.
18.

Free CO2 (mg/l)
Free ammonia (mg/l)
Sulphate (mg/l)
Chloride (mg/l)

8.4
8.4
225.6
664

8.6
8.0
220.4
628

7.8
8.6
218.5
525

5.2
7.8
175.5
185

6.9
7.4
150.5
552

5.4
7.2
195.8
165

6.0
1.2
400
250

Chemical Oxygen Demond is total oxygen
required to oxidize the entire organic matter chemically
for a given sample, the value of COD is always be greater
than BOD. The COD level for all the sample are found in
the range 18.6 to 24.5 mg/l which further are too high
than the standard limit thus such water can’t be used
for drinking purpose and also harmful to the aquatic life
(Singh and Malik, 2006).
The CO2 value for the sampling stations (S1, S2,
S3, S5) are found in range 6.9 to 8.6 ml/l which are above
the standard limit for fresh water standard, whereas
the CO2 Value for the samples obtain from sampling
station S4 & S6 are 5.2 & 5.4 ml/l respectively which is well
within the standard limit. The CO2 - CO3 system through
complex is important system in hydrosphere, it involve
in atmosphere-surface water interchange, the chemistry
of water system & the biological structure of organism
Similar to oxygen, CO2 concentration in surface water is
function of partial pressure of the gas. The surface water
inpacific ocean is unsaturated. Whereas the surface
water of Indian ocean near the equator is super saturated,
thus in Indian ocean, dissolve CO2 concentration increase
with increase in temperature. The CO2 contribute to the
fitness of natural water as well as in the environment.
All the living matter continuously releases CO 2 in
atmosphere and consumes oxygen during respiration.
The CO2 being rejected into water by decay of organic
matter, disposal of combustion of fuels, ash of dead bodies
industrial influent etc. (Neera and Meena, 2003)
The free ammonia value for all these sample are
found in the range 7.2 to 8.6 ml/l which is well beyond
the standard limit of 1.2 ml/l. The large value of free
ammonia at all these places is due to the presence of
nitrogenous organic matter, sewage disposal etc. The
presence of excess amount of ammonia in water thus
causes threat to human and aquatic life, dependent on
such water (Seema & R. K., 2003).
The samples taken for analysis from all the
sampling stations (S1 to S6), the sulphate values were
found to be 150.5 to 225.6 mg/l which are well under the

limits for the standard value of 400 ml/l in all these cases.
The sewage consisting of organic sulphur compound are
decomposed by protolitic vacteria to H2S in absence of
oxygen. Which then get oxidised into sulphuric acid,
which is a source of SO4 in water, even at a very low
concentration of the sulphate ion (0.5 to 1.0 ppm) is lethal
to fish and the presence of H2S also inhibits oxygen
utilization like cyanides (Alexander, 1961).
In the present investigation the chloride value
for the samples taken from the sampling stations (S1, S2,
S3, & S5) are in the range 525 to 664 mg/l which are above
the range of the standard limit, where as for the
sampling stations (S 4 & S 6) are 185 and 165 mg/l
respectively, which are well within the standard limit.
The high value of chlorine present in water is due to the
dumping of waste desposal by living being as well as
the organic matter discharged by industries etc. The
excess amoung of chlorine makes the water salty and
posses serious problem to health (Ravi prakash &
Krishan Rao, 1998).
CONCLUSION
This investigation is a step toward the direction
of treatment of pollution at these sites of Gomti river at
distt. Sultanpur due to higher fluctuated values of
physico - chemical parameter. This is due to release of
waste product of industries, large amount of sewage,
detergent from the residential localities into river Gomti.
The water quality of the river has become from bad to
worse. The water contains both organic, inorganic and
other type of pollutants. It can be concluded that quality
of river Gomti has decreased at these sampling stations.
This study will help us to take some measures to reduces
pollution in all the sampling stations.
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ABSTRACT
Ichneumonids (Hymenoptera : Ichneumonidae) are very good biocontrol agents of
forest insect pests. Therefore, as part of conservation and protection of flora of Western Ghats,
biodiversity of Ichneumonid flies has been studied from Western Ghats, Maharashtra. In all, 35
species belonging to genera Diadegma, Isotima, Goryphus, Charops, Campoletis, Enicospilus, Pimpla,
Xanthopimpla, Eriborus, Netelia and Ecthromorpha have been reported parasitizing lepidopterous
pests of forest trees.
KEY WORDS: Ichneumonids, Biocontrol agents, forest pests, Western Ghats.

INTRODUCTION
Western Ghats is among 18 hot spots of the
world visualized for protection and conservation of
biodiversity. The western ghats are the range of high
hills that runs along the west coast of peninsular India
from the river Tapi in the north to Kanyakumari in South.
It covers an area of 159,000 sq.km. Western Ghats due to
a humid tropical climate, unusual geological stability
and evolutionary continuity is one of the biodiversity
reach area. India’s forest cover losing at the rate of
144,000 hectares per year (Sathe & Pandharbale, 2008).
Western Ghats is also one of the target, facing the
problem of deforestation and loss of biodiversity. Pests,
diseases and fire are major enemies of forestry and insect
pests rank first in damage intensity (Sathe Pandharbale,
2008). Therefore, control of insect pests is must for saving
floral diversity. For hoping ecofriendly control of pests
biological control is the best solution (Coppel & Martins,
1971).
Ichneumonids (Hymenoptera : Ichneumonidae)
are very good biocontrol agents of forest pests. 60,000
species of Ichneumonids have been described from all
over the world (Gupta, 1987). Therefore, biodiversity of
Ichneumonids has been studied from Western Ghats of
Maharashtra. Review of literature indicates that Bhoje
& Sathe (2008), Baltazar (1966), Gupta (1967), Gupta &
Tikar (1967), Morley (1913), Sathe et al. (2003), Townes
(1969), Townes et al. (1961) etc . have attempted
biodiversity of Ichneumonids from India.
MATERIALS AND METHODS
Collection of Ichneumonids by insect net from
study spots Sawantwadi, Azra, Sindhudurg, Kankavali,
Gaganbavada, Fonda, Satara, Koyana, Mahabaleshwar
and Katraj have been made 15 days interval during the

years 2008 to 2011 by 1 man 1 hr search method. The
collection was also supplemented by lepidopterous pest
larvae for screening parasitoids in the laboratory (25 ±
1oC, 75-80% R.H., 12 hr photoperiod). Later, the
parasitoids have been identified by consulting literature
cited in the text and per cent parasitism in pest larvae
were calculated on the basis larvae parasitized. During
the experiments parasitoids were fed with 50% honey
and pest larvae on their respective food plants. After
experiments parasitoids have been released in the field
from they were collected.
RESULTS & DISCUSSION
Results are recorded in table -1 The results
recorded in table - 1 indicates that in forest ecosystem
the genera Campoletis, Diadegma, Charops, Xanthopimpla,
Enicospilus and Netelia were dominant over others.
Xanthopimpla and Ecthromorpha parasitized pest borer
larvae while, other genera were involved in parasitizing
defoliators, leaf miner and leaf rollers. Pimpla,
Xanthopimpla and Ecthromorpha parasitized pupae of the
pests and the rest genera larvae of pests.
Highest per cent parasitism was caused by C.
Chlorideae on H. armigera larvae. However, H. armigera is
more destructive to agricultural crops such as gram,
red gram, maize, cotton, tomato, sorghum etc. than forest
plants. The pest might be in suppressed condition in
forest ecosystem due to persistant forest ecosystem
which provide constant number of hosts for breeding C.
chlorideae. Majority of Ichneunonid parasitoids were
monophagus. However, Campoletis chloridae and Charops
were polyphagous. At very high and low altitude
parasitoid abundance was low and at medium altitude
600-1200m MSL it was high probably due to sufficient
vegetratron available throughout the year. A very
potential biocontrol agents (parasitoids) recorded on
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Table - 1

Biodiversity of Ichneumonids from Western Ghats, Maharashtra

S.N.

Parasitoid

Pest

Host plant

Percent Parasitism

1.

Xanthopimpla nursei Cameron

Sylepta derogata Fab.

Fig, cotton, mango,

8.00

litchi, Bamboo
Sylepta balteata Fab.

"

"

5.00

Sylepta lunalis Guen.

"

"

8.00

Chilo partellus (Swin.)

Paddy

21.00

2.

X. punctata Fab.

C. partellus

—

7.00

3.

X. cera Cameron

Scirpophaga nivella Fab.

—

13.00

4.

X. stemator Cameron

C. partellus

—

11.00

Sesamia inferens

—

4.00

5.

X. regina Morley

Parnara mathias Fab.

—

2.00

6.

X. pedator Fab.

Chilo spp.

Paddy

17.00

7.

Ecthromorpha notulatoria Fab.

Polychrosis cellifera Meyrick

Jamun (Syzygium sp.)

12.00

Womona coffearia N.

"

"

6.00

Jamun stem borer

"

"

16.00

Unknown caterpillar

Babul

1.50

8.

E. intricatoria Fab.

Jamun stem borer

Babul

3.00

9.

Lissopimpla albopicta Walk.

Babul stem borer

Babul

1.50

S. lunalis

Mango

5.00

Pyrausta sp.

Fig

3.00

Helicoverpa armigera (Hubn.)

Clover

42.00

Shisham

46.00

Geometrina sp.

Deodar

2.00

Phycita abietella

Deodar

3.00

Ectropis deodarae

Deodar

11.00

Enicospilus spp.

Plecoptera reflex G-Guen

Shisham

14.00

Netelia sp.

P. reflexa

Shisham

5.00

Enicospilus sp.

Lymantria sp.

Sal

3.00

Enicospilus sp.

Euproctis scintillans

Babul

2.00

13.

Charops sp.

E. scintillans

Babul

9.50

14.

Charops obtusus Morley

E. scintillans

Babul

3.50

15.

Charops sp.

Calliteara grotei Moore

Babul

2.00

16.

Charops dominans Walk.

Thiocidas postica Walk.

Ber

7.50

17.

Diadegma Sp.

Neem Caterpillar

Neem

10.00

18.

Diadegma fenestralis

H. armigera

Fig.

7.00

Shisham

13.00

Papilio demoleus Linn.

Citrus, ber

1.50

daspus folus

Paddy-grasses

3.50

Viracola isocrates

Pomegranate

2.00

H. armigera

Glover

2.00

H. armigera

Shisham

3.00

H. armigera

Fig

1.00

10.
11.

12.

19.

20.

Campoletis chlorideae Uchida
Enicospilus spp.

Charops sp.

Eriborus argenteopilosus
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21.

Isotima sp.

Chilo spp.

Grasses

17.00

22.

Isotima javensis

Chilo spp.

Paddy

15.00

Sugarcane

7.50

Grasses

3.50

Paddy

5.00

23.

Pimpla sp.

Chilo spp.

24.

Pimpla turionelae L.

Tenthredo instabilis

Unknown

2.00

25.

Pimpla apollyon Morley

Tenthredo sp.

Unknown

1.00

26.

Aphidius colemani Viereck

Hyalopterous prunii

Peach

5.50

Myzus persicae

Bamboo

3.00

M. persicae

Papaya

9.50

27.

Aphidius picipes (Nees)

Hydaphis coriandri

Coriender

12.50

28.

Campoplex hydda cam.

Defoliahing caterpillar

Grasses

2.00

29.

Campoplex sp.

Phthoramaea opeculella zeller Potato

3.00

30.

Trichomalopsis apanteloctena (Craw.)

Scirpophaga incertulus

Paddy

3.50

31.

Lipolexis scutellaris Mack.

Aphis craccivora

Vicia fabo

5.00

32.

Henicospilus uniliniatus Cam.

Unknown caterpillar

Grasses

1.00

33.

H. rufus Tos.

Dasychira mendosa

Grasses

1.50

34.

H. reticulates Cameron

Dasychira mendosa

Unknown

1.00

35.

H. merdarius Grav.

Euproctis fraturna Moore

Caster

3.00

forest pests from Western Ghats refer to C. chlorideae
(42.46%), X. nersei (21%), X. pedator (17%) and Isotima sp.
(17%).
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ABSTRACT
The aim of the study was to evaluate the antibacterial properties of Datura stromanium,
Withania somniferum, and Catharanthus roseus by preparing their crude aqueous and organic extract
against bacterial pathogensBacillus subtilis, Bacillus cereus,Bacillus megaterium,Eshcherichia coli,
Staphylococcus aureus, Pseudomonas fluorescence, causing diseases in human beings.The result of disc
diffusion assay indicates the pattern of inhibition, depending largely upon solvent used for extraction
and the organism.Organic extract provided potent antibacterial activity as compared to aqueous
extract. Among all the extract methanol and ethyl acetate extract was found most active against all
bacterial species. Preliminary phytochemical analysis revealed the presence of glycosides, alkaloids,
phytosterols, fixed oils, phenolic compounds, carbohydrates in extracts. Further analysis shows that
the active compound was not protein in nature. Antibacterial activity of crude extract of these plants
was carried out to validate the use of traditional medicinal herbs.
KEY WORDS: Medicinal plants,antibacterial activity, agar disc diffusion and phytochemical
analysis

INTRODUCTION
Our plant resources have a great potential to be
used as antimicrobial drugs and are widely being used
worldwide against number of microbial diseases.They
are natural sources of antimicrobial agents primarily
because of the large biodiversity of such organism and
the relatively large quantity of metabolites that can
extracted from them.Multi-drug resistance is a problem
being faced worldwide,reason being extensive use of
antibiotics, selection pressure on bacterial strains and
lack of new drugs. Pathogens are increased in number
(Cohen, 1992; Gold & Modellering, 1996) and develop
resistance to multiple antibiotics, developing complete
immunity against all antimicrobial agents and therefore
be untreatable. Large number of drugs prescribed today
contains plant derived active bioactive compounds.
Plants have been, used for centuries as remedy for
human diseases because they contain components of
therapeutic value and are very diverse in molecular
struc ture (Kaushik, 1985; Kohen& Carter, 2005).
Ethanobotanical, medicinal and ornamental plants
provide a rich resource for natural research and
development to be used as antibiotics(Eloff,1998).In the
last few years a number of studies have been conducted
to verify effectiveness of plant extracts against bacterial

pathogens (Perumal, 2005; Aboada et al., 2006; Bassamet
al., 2006;Prashant et al.2006; Owen & Palombo, 2007;
Pandey & Mishra 2010; Sundaramet al., 2011; Singh &
Kumar, 2012; Jhonson et al., 2011; Goyal & Kaushik, 2011).
India is one of the richest countries in the world
which have large diversity of medicinal plants (Kaushik
, 1988).Ayurveda, a form of traditional medicine,
mentions several plant species and outlines numerous
medicinal uses for each.Plants are Source of secondary
metabolites such as tannins, terpenoids, alkaloids,
flavonoids, phenols, steroids, glycosides and volatile
oils(Cowan,1999).
Datura stramonium is an ayurvedic plant is
antiseptic, narcotic, sedative and is useful for asthma
and leaves narcotic and antispasmodic. Datura plant
has been to a certain number of toxic alkaloids namely
atropine, hyoscine and hycosamine, and scopolamine
(Figueiredo&Esquibel 1991).
Catharanthusroseusis mentioned in Ayurveda and
has traditionally been used to treat diseases including
cancer and diabetes. The plant contain more than 70
types of alkaloids and some are known to be effective in
treating various types of cancer including breast and
lung cancer, uterine cancer, melanomas (EI-Sayed &
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Cordell, 1981).The anticancer drug Vincristine and
vinblastine are synthesized from alkaloids of
Catharanthus roseus.
Withania somniferum also known as
Ashwagandha is traditionally known for anti-tumor,
hypatoprotactive and inflammatory activities due to
its abundance of secondary metabolites (Christina,
2004).Withania somnifera has been used as an antioxidant,
adaptogen,aphrodisiac,liver tonic,anti-inflammatory
agent and astringent and more rec ently as
antibacterial,antihyperplycemic and anti-tumoral,as
well as to treat ulcers and senile dementia (Rastogi and
Melhotra, 1998).Most of its biological activities have
been attributed the presence of group of compounds
referred as withanolides (Choudharyet al.,
1995;Sundaramet al., 2011)
MATERIALS AND METHODS
The test organismsEscherichia coli, Bacillus subtilis,
Bacillus cereus, Bacillus megateriumare isolated from semiarid soils of Banasthali region and were identified and
characterized by morphological and biochemical
identification. Bacterial strains were grown and
maintained on Nutrient broth.Fresh leaves of medicinal
plants Catharanthus roseus, Datura stromanium, Withania
somniferum collected from medicinal plant garden and
KrishiVigyan Kendra of Banasthali. All leaves were
washed under running tap water followed by sterilized
distilled water, air dried and then powdered with the
help of sterilized pestle and mortar. The powders were
further subjected for different extraction protocols as
given below:
Aqueous extraction
5 g of air-dried powder of respective plant part
viz., leaves, stem root was boiled in 200 ml distilled water
till one fourth of the extract initially taken was left behind after evaporation. The solution was then filtered
using muslin cloth. Filtrate was centrifuged at 5000 rpm

for 15 min. The supernatant was again filtered using
Whattman’s filter No. 1 under strict aseptic conditions
and the filtrate was collected in fresh sterilized bottles
and stored at 4°C until further use.For Catharanthus roseus
cold water extract is also prepared by this method but
not boiled.
Organic solvent extraction
For Datura each 10g of leaf powder were soaked
in 95% ethanol, methanol and 70% aqueous chloroform
contained in three separate 500ml capacity flasks. The
flasks were plugged with cotton wool, wrapped in aluminum foil, shaken vigorously and allowed to stand in
the refrigerator for 24 hours. The extract obtained were
evaporated to dryness using a rotatory evaporator to
dryness and stored in refrigerator in reagent bottles.
For Catharanthus roseus 10 g of leaf powder was
thoroughly mixed with 100 ml organic solvent ethanol
and methanol. The mixture thus obtained was filtered
through muslin cloth and then refiltered by passing
through Whattman’s filter No.1. The filtrate then concentrated by complete evaporation of solvent at room
temperature to yield the pure extract. The appropriate
amount of dried extracts dissolved with appropriate
solvent at afinal concentration 100mg/ml. Each solution
was stored at 4°C after collecting in sterilized glass tubes
until use.
For Withania somniferum each 3g of leaf powder
were extracted by refluxing with 25 ml ethanol, methanol, acetone, ethyl acetate, chloroform for 30 minutes
and were kept overnight at room temperature before
filtration. The volumes of the extracts were concentrated
by evaporation until the volume of each extract became
4-5 ml (Al-Bakriet al., 2007)
Phytochemical screening of the extracts:
The phytochemical screening of the crude
extract was carried out in order to ascertain the presence
of its secondary metabolites such as saponins, alkaloids,
flavonoids, streroids, tannins, glycosides, reducing
sugar, carbohydrate, fixed oil, phytosterol, and phenolic
compound using standard procedure (Harbone, 1973)
(A) Determination of Saponin
5ml of extract is added with 5ml of distilled
water was added and shaken vigorously and warmed
for 2 minutes .formation of layer of permanent foam
indicates the presence of saponin. (Odebiyi & Sofawora,
1978)
(B) Determination of Tannins:
To small quantity of methanolic extract few
drops of 5% FeCl3 solution was added drop wise and
any change in color was noted.Blue or Green color
indicated the presence of tannins.
(C) Determination of Fixed oil
Spot test was done for the detection of fixed oil.In
this test,small quantity of alcoholic extract was pressed
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between two filter papers.Appearance of oil strain on
the paper indicates the presence of fixed oil.
(D)Determination of Phenolic compound
A small quantity of the extract was dissolved in
few ml of water and subjected to FeCl3 test.The dilute
extract was treated with dilute FeCl3 solution (5%) and
appearance of violet colour shows the presence of
phenolic compound.
(E)Determination of Flavonoids
The extract was treated with concentrated
sulphuric acid.Appearance of yellowish orange show
the presence of anthocyanin’s, yellow to orange show
the presence of Flavones and orange to crimson show
the presence of flavonones.
(F)Determination of phytosterol
Salkowski test was done for the detection of
phytosterols .In this test,1ml of concentrated sulphuric
acid was added to the plant extract and allowed to stand
for 5 minutes.After shaking, formation of golden yellow
color in the lower layer indicates the presence of
phytosterols.
(G)Determination of Glycosides
Salkowski test was done for the detection of
glycoside .In this test, 2ml each extract was dissolved in
2ml chloroform. Then 2ml H2SO4 was added carefully
and shaken well .After shaking, formation of reddish
brown colour indicates the presence of glycosides.
(H)Determination of Carbohydrates
A small quantity of extract was dissolved
separately in 4ml of distilled water and filtered. The
filtrate was subjected to Molisch’s test to detect the
presence of carbohydrates. The filtrate was treated with
2 to 3 drops of 1% alcoholic á-napthol solution; 2ml of
concentrated Sulphuric acid was added along the sides
of the tubes. Appearance of violet colored ring at the
junc tion of two liquid shows the presenc e of
carbohydrates.
(I)Determination of reducing sugars
Take 0.5 ml of each extract in different test tubes.
Add 1ml of water and 5-8 drops of Fehling reagent was
added and warm it. Appearance of brick red precipitate
shows presence of reducing sugars.
(J)Determination of Alkaloids
Take 1gm of each extract in different test tubes.
Add 2 drops of HCl in each test tube. Add Mayer’s
reagent (freshly prepared by dissolving a mixture of
mercuric chloride (1.36 g) and of potassium iodide (5.00
g) in water (100.0 ml) drop by drop. A Creamy white
precipitate is obtained or appearance of turbidity.
Turbidity of the extract on addition of Mayer’s reagent
was regarded as evidence for the presence of alkaloids
in the extracts (Odebiyi&Sofowora, 1978).
Antibacterial susceptibility assay
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Kirby Bauer Disc diffusion assay was performed
for antimicrobial screening. This was, carried out by
disc diffusion technique (Bauer et al. 1996; Andrews,
2001). The method measures microbial growth inhibition at the surface of an inoculated medium around paper discs of Whattman’s filter paper. Muller-Hinton
agar was prepared as per the composition and sterilized by autoclaving at 121c 15 lbs. pressure for 15-20
minutes. The autoclaved media was poured in to sterile
petriplates and allowed to solidify. Bacterial suspensions of the test microorganisms Bacillus cereus, Bacillus
subtilis,Escherichia coliwere prepared in nutrient broth and
incubated at 37°C.The base plates seeded with 100 ìl
inoculums of bacterial strain. Sterile filter paper discs
(6mm in diameter) were prepared with Whattman’s filter paper. Discs were dipped in 100 ìl of each of the extract (10mg/ml concentration) for 30 seconds, left to dry
to remove residual solvent then placed on the seeded
agar plates.Each extract was tested in triplicates along
with positive control distilled. Thereafter plates incubated at 37°C for 24 hrs. Zone of inhibition or depressed
growth of microorganisms was, measured (Plate2: Figures 7 to 12; Plate 3: Figures 13 to 18; Plate 3: Figures 19
to 24).
Extraction of proteins
This test is performed to determine that active
principal responsible for antibacterial activity is protein or not. In this method protein is precipitated by
adding protein denaturing agent then nonproteinated
supernatant used further for antibacterial activity.Take
1ml of each plant aqueous extracts in different microfuge
tubes. Then add 1 ml of Protein denaturing agent (Tannic acid 60-70%) in each microfuge, incubate for 1 hour
and centrifuge at 1000rpm at 4°C for 15 minutes. Supernatant is collected .this is then applied for Lowry’s to
check residual proteins.Disk diffusion assay is performed
for checking activity of aqueousextracts against bacterial strains. Observe the prevention of bacterial growth.
RESULTS AND DISCUSSION
In the present investigation total 14 extracts
were tested, and all of them showed anti-bacterial
activity. Predictions of antibacterial activity in herbal
compounds extracted from leaves of plants depend
largely upon the type of solvents used for extraction.
Organic extract provided potent antibacterial activity
as compared to aqueous extract (Thongson et al., 2004;
Goyal et al., 2012). All selected six bacterial were best
inhibited by Withania somniferum. Most of the extracts
showed good results against Staphylococcus aureus,
Pseudomonas fluorescence, Bacillus subtilis and Escherichia
coli,Withania somnifera shows maximum potential, which
is greater than Catharanthus roseus and Datura stramonium.
Staphylococcus aureus found to be most susceptible
pathogen against all extract (Goyal et al., 2012) whereas
growth of Bacillus cereus and Bacillus megateriumnot
prevented by these extracts,So these strains were
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TABLE: 1 COMPARITIVE STUDY OF MEDICINAL PLANTS EXTRACTS AGAINST DIFFERENT BACTERIAL STRAINS
Plant
ZONE OF INHIBITION in mm (AV±SE)
GRAM+VE
GRAM-VE
Plant extract B.subtilis
B.cereus B.megaterium S.aureus
E.coli
P.fluorescens
1. Datura stramonium

2. Catharanthus roseus

3. Withania somniferum

4. Negative control

Aqueous
Methanol
Ethanol
Chloroform
Hot water
Cold water
Methanol
Ethanol
Aqueous
Ethanol
Methanol
Chloroform
Acetone
Ethyl acetate
Distilled water

4.25±0.47
8.25±0.47
10.5±0.86
7.75±0.47
5.75±0.47
NI
25.25±1.88
24±1.47
4.75±1.1
17.75±1.03
16±9.6
22±0.8
16.75±2.32
22.75±1.31
NI

NI
NI
NI
NI
NI
NI
NI
NI
NI
17±0.7
7.75±1.35
15±1
12.75±0.75
15±1
NI

5.25±0.47
8±1.47
3.75±0.89
NI
16.5±0.64
NI
19±0.4
NI
NI
NI
NI
NI
NI
NI
NI

10.5±1.65
24.5±1.37
25.5±1.55
10.75±0.47
10±0.64
NI
26.25±0.64
26±1.18
15.25±1.25
11.75±1.03
22±1.86
19.5±1.55
21.75±0.85
26.5±4.19
NI

9±0.7
24.25±1.37
12.5±0.88
10.75±0.47
NI
NI
2.25±0.47
NI
5.5±1.7
11.75±1.18
15.75±0.8
13±0.65
12.25±0.62
18.25±1.54
NI

8±0.81
10±0.64
8±0.81
11.5±0.64
3.5±0.64
NI
11.5±1.19
3.75±0.75
NI
4.25±0.47
3.5±1.04
2.25±0.47
8.25±0.62
5±0.64
NI

TABLE: 2 ANTIBACTERIALACTIVITIES OF AQUEOUS EXTRACTS OF MEDICINAL PLANTS AFTER DENATURATION OF PROTEINS

PLANT

Sample

PROTEIN

ZONE OF INHIBITION (AV±SE )

(µg/ml)
B.subtilis
1. Datura stramonium

2. Catharanthus Roseus

3.Withania somniferum

B.cereus

B.megaterium

S.aureus

5.25±0.47

10.5±1.65

16±0.4

8±1.08

16.5±0.64

10±0.64

E. coli

P. fluroscence

Crude

446

4.25±0.47

NI

Denatured

60.34

13.5±0.95

17±0.4

Crude

534.23

5.75±0.47

NI

Denatured

53.8

13.5±0.64 18±5.75

15±0.7

6.5±1.55 11.5±0.64 15.5±0.64

Crude

180.76

4.75±1.1

NI

15.25±1.25 5.5±1.7

Denatured

45.39

12±0.7

NI

21.25±0.62 12.50±0.8

8±0.4

9±0.7

8±0.81

12.5±0.5

14.75±0.75

NI

3.5±0.64

NI

12.75±0.75 17.5±0.64

TABLE: 3 PHYTOCHEMICAL COMPOUNDS OF LEAVES OF PLANTS
Withania somniferum

Catharanthus roseus

Datura stromanium

S.NO.

PHYTOCHEMICAL TEST

1.

PHENOLIC TEST

+

++

-

2.

GLYCOSIDES TEST

++

+

+

3.

SAPONIN TEST

+

+

+

4.

ALKALOIDS TEST

++

++

++

5.

REDUCING SUGAR TEST

+

+

+

6.

FLAVONOID TEST

+

+

-

7.

PHYTOSTEROL TEST

+

+

+

8.

CARBOHYDRATE TEST

+

+

+

9.

FIXED OIL TEST

+

+

+

10.

TANNINS TEST

-

+

+

(+) Positive: (++) strongly positive; (± ) Trace; (-) Not detected
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1
EXPLANATION OF
FIGURES 1 to 6 :
Plate showing Gram
staining of the
isolated Bacterial
species
(1) B.Cereus
(2) B.subtilis
(3) Bacillus megaterium
(4) E. coli

3

(5) S.aureus
(6) P. fluorescens

4

6

5

EXPLANATION OF

7

FIGURES 7 to 8 :
Plates showing
antibacterial activity
of Catharanthus
roseus
(7) .B. cereus,
(8).B. subtilis,

8
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10

9

EXPLANATION OF
FIGURES 9 to 12 :
Plates showing
antibacterial activity
of Catharanthus
roseus
(9) B. megaterium
(10) E. coli

11

(11) S. aureus,

12

(12) P. fluorescens

14

13

EXPLANATIONS
OF FIGURES 13 to
16 :
Plates showing
antibacterial activity
of Withania
somniferum
(13) B. cereus,

15

(14) B. subtilis,
(15) B. megaterium
(16) E. coli
(17) S. aureus,
(18) P. fluorescens

16
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17

EXPLANATIONS

18

OF FIGURES 17 to
18 :
Plates showing
antibacterial activity
of Withania
somniferum
(17) S. aureus,
(18) P. fluorescens

20

19

EXPLANATIONS
OF FIGURES 19 to

21

24 :

22

Plates showing
antibacterial activity
of Datura
stramonium
(19) B. cereus,
(20) B. subtilis,
(21) B. megaterium
(22) E. coli
(23) S. aureus,
(24) P. fluorescens

23

24

57

58

Shilpendra Kour et al.

26

25

EXPLANATIONS
OF FIGURES 25 to

27

30 :
Plates showing

28

antibacterial activity
of aqueous extracts
after denaturation
of proteins
(25) B. cereus,
(26) B. subtilis,
(27) B. megaterium
(28) E. coli
(29) S. aureus,
(30) P. fluorescens

29

observed as less susceptible. The maximum inhibition
zone (26.5±4.19) was, observed by Ethyl acetate Extract
of Withania somniferum against Staphylococcus aureus, for
Datura stramonium ethanol extract shows maximum zone
of inhibition against Staphylococcus aureus (25.5±1.55).
Methanol extract of Catharanthus roseus shows maximum
inhibition zone (26.25±0.64) against Staphylococcus aureus
.Whereas the ethyl extract of Withania somniferum shows
good result against maximum strain of pathogenic
bacteria selected for the study. Furthermore, Grampositive bacteria showed good results than gramnegative bacteria. This is probably due to the differences
in chemical composition and structures of Cell walls of
both types of microganisms (Goyal et al., 2012). The data

30

pertaining to the antibacterial potential tabulated in
(Figure: 31,32 &33; Table: 1).
We observed that the aqueous extract is not
susceptible for bacterial strains. After removal of protein
aqueous extract showed activity against bacterial
pathogens. Thisindicates that active principal is not
protein and is not responsible for antibacterial potential.
According to Table:2 aqueous extract of Withania
somniferum showed highest activity against all microbial
strains.Bacillus cereus is most susceptible bacteria
which is showing maximum zone of inhibition (21.25 ±
0.62 mm).S. aureus shows minimum zone of inhibition
for Catharanthus roseusextract (6.5 ± 1.55 mm).These
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Figure 31: Antibacterial activity of Datura stramonium
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Figure 32: Antibacterial activity of Catharanthus roseus
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Figure 33: Antibacterial activity of Withinia somniferum.
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Figure 34: Antibacterial activity of aqueous extract of
Catharanthus roseus After protein denaturation
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Figure 35: Antibacterial activity of aqueous extract of Datura
stramonium,after protein denaturation

results indicates that there are some other compounds
which are responsible for antibacterial activity.For
revolving this reason photochemical analysis will be
prevailed for analyzing responsible compounds for zone
of inhibition. The quantitative analysis of the
photoc hemical in leaves extrac ts showed
thephotochemical constituents such as saponins,
glycosides, flavonoids alkaloids and tannins, fixed oil,
carbohydrate, reducing sugar,phytosterol, phenolic

0

Figure 36: Antibacterial activity of aqueous extracts of
Withania somniferum after protein denaturation

c ompound(Table:3)Alkaloids are toxic for
microorganisms, hemolytic in nature and used as
therapeutic agent in treatment of cancer (Soetanet al.,
2009). It is also used for treatment Of renal disorder
(Konkwara, 1976). Glycoside prevent the tumor growth
an provide protection against gastro- intestinal infection
(Adeshina, et al., 2010). Tannins have been reported as
protein precipitating agents of microorganism (Sodipo
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et al., 1991)Flavanoids, phenols and saponin have been
reported for their antioxidative action and inhibitory
effect on inflammation (Olayinka et al., 2010) Fixed oils
and flavonoids have antimicrobial characteristics. The
secondary metabolites identified in the plant leaves used
in this study could be responsible for antimicrobial
activity exhibited by these plants.
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ABSTRACT
A series of scarce minerals (Ca, Zn, Cu, Fe) obtained from the diet are known to act as
critical regulatory factors in the biosynthesis of eumelanin and phaeomelanin pigments in animals.
Juvenile Bank myna is dull brown in colour, whereas adult is bluish grey coloured. A link has been
found between degree of eumelanism, total serum calcium and bone weight in juvenile Bank myna
with increasing age. Gradual increase in total femur weight was corresponded by increasing degree
of eumelanin pigment and reduction in total serum calcium level.
KEY WORDS: Bank myna, Eumelanin, Femur, Serum Calcium.

INTRODUCTION
Melanin is responsible for production of many
colour patterns in animals which is under strong genetic
control and very little sensitive to environment and
body conditions (Hill and Brawner, 1998; Roulin and
Dijkstra, 2003; Siefferman and Hill, 2005). However,
Niecke et al. (2003) analyzed feathers in Barn Owl (Tyto
alba) and showed that black spots are more concentrated
in calcium (Ca) than neighbouring unspotted feather
parts. McGraw (2003) suggested that a series of scarce
macro- and micro- minerals (Ca, Zn, Cu, Fe) obtained
from the diet act as critical regulatory factors in the
biosynthesis of eumelanin and phaeomelanin
pigmentsin animals. Thus the degree of eumelanin
pigmentation can also be attributed to availability of
dietary Ca, physiological ability to absorb Ca from diet,
its metabolic use, deposition in bone and eumelanin
(Roulin et al., 2006).
Juvenile Bank myna is dull brown in colour,
whereas adult is bluish grey coloured. Therefore, an
attempt has been made to investigate the correlation, if
there is any, between degree of eumelanism, total serum
calcium (Ca) and bone (Femur) weight in juvenile Bank
myna, Acridotheres ginginianus. The bird is one of the
commonest wild Passerine of North Indian Plains. So far
none of the bird of Indian sub continent has been
investigated in this context.
MATERIALS AND METHODS
Investigation was started with the appearance
of juvenile Bank myna during breeding season of the
bird in July and continued up to December (a period of 6
months). Juveniles are identified by dull brown colour
with yellow naked skin behind the eyes and bluish grey

iris, irrespective to bluish-grey adults with orange naked
skin behind the eyes and orange red iris (Grimmett et al.,
2006; Ali and Ripley, 2007). Every month 6 juveniles were
taken in account. Birds were locally captured in
Sultanpur with the help of a bird catcher.
For the estimation of total serum Ca, blood
samples (1.0 ml from each bird) were collected from the
heart in disposable syringes by making an incision in
the thoracic region after ether anaesthesia. The syringes
with blood samples were kept vertically up for 4 hrs
that allowed the coagulated haematocritic part to settle
down, while serum separated above it. Apical part of
syringe was then cut with a sharp blade and serum
sample was taken for estimation by a micropipette. Total
serum calcium (Ca) level was estimated by the method
described by Moorehead and Biggs (1974) on Erba chem5 plus V2 semi-automatic photometer using Erba
Calcium kit.
Birds are then dissected for the inspection of
gonadal appearance and status of bursa of Fabricius to
assign age category i.e., juvenile or not. From each
individual, entire femur (right one) was dissected out
and boiled in 10% KOH solution to remove tissue present
over it. The bones were then kept in an oven at 60o C for
24 hrs. Their weight was then determined by using
analytical monopan balance (Contech Instruments Ltd.,
CA- 34).
To estimate pigment concentration in feathers,
one tail and one wing quill from each bird was collected
and stuck in a black-cloth lined wooden box using an
adhesive tape. The box was fitted with compact
fluorescent lamp (9 Watts / 220V, Anchor cool daylight).
A picture of each feather was taken with a digital camera
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Figure 1: Total serum calcium levels of juvenile Bank myna in mg/ 100ml. Values represented are mean ±
SD of 6 determinations.

Figure 2 : Total femur weight of juvenile Bank myna in gm. Values represented are mean ±
SD of 6 determinations.
(Nikon, S 8000) from a fixed distance of 27 cm. The picture
was imported into Adobe Photoshop to measure the
amount of light reflected i.e. brightness (Roulin et. al.,
2006). Mean (± SD) values for feather brightness, total
serum Ca and femur weight for all the months were
calculated using MS Excel for Windows. Lower value
signifies dark pigmentation (Siefferman and Hill, 2003).

RESULT AND DISCUSSIONS
Roulin et al. (2006) justified that production of
eumelanin pigment is linked to Ca storage in bones of
barn owls. They reported that humeri of blacker barn
owl contain more Ca. In the present study, though the
amount of Ca is not estimated in bone, yet a link has
been found between total weight of femur and eumelanin
pigments in juvenile Bank myna. With gradually
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Figure 3: Brightness % of Quill feathers of juvenile Bank myna. Values represented are mean ± SD of 6 determinations.
increasing femur weight from July to December (figure
2), corresponding reduction in feather brightness was
recorded (feagure 3). Niecke et al. (2003) chemically
analyzed black spots in feather of barn owl and showed
that they are 5.4 times more concentrated in Ca than
neighbouring unspotted feather parts, and that large
spots are more concentrated in Ca than small spots.
These observations suggest that melanin based
colouration is associated with Ca regulation in birds.
The juvenile Bank myna has considerably higher values
of total serum Ca (9.32 ± 0.532 mg/ 100ml in July) in
early life than in later dates (7.87 ± 0.351 mg/ 100ml in
December). This is probably because they use more Ca
for metabolic processes at the expense of Ca storage in
bones and eumelanin in early life (July to September).
With increasing age, a gradual increase in femur weight,
reduction in total serum Ca level and feather brightness
were recorded (figures 1, 2 and 3). Moreover, in the same
month, individuals with relatively more femur weight
had lower serum Ca levels and less feather brightness.
These observations justifies that Ca is actively stored in
bone and eumelanin pigments in juvenile Bank myna
with increasing age. Recently, Meunier et al. (2011)
reported that degree of melanin-based colouration is not
significant in non-sexually dimorphic birds and
monomorphic species. Adult Bank myna do not show
any sexual dimorphism (Grimmett et al., 2006; Ali and
Ripley, 2007), however juveniles considerably differ in
melanin pigmentation which gradually approaches the
colour of adults with increasing age.
The degree of eumelanin pigmentation also
depends upon availability of dietary Ca, physiological
ability to absorb Ca from diet, its metabolic use,

deposition in bone and eumelanin (Roulin et al., 2006).
Bank myna feeds on kitchen scraps and dumped refuses
of food, but prefers insect diet the most when available.
Between September and mid-November they
predominantly feed upon insects (Bose and Das, 2012).
A remarkable change was recorded in femur weight and
feather brightness in the month of October (figures 2
and 3). This may be related to dietary availability of
certain insects in those months.
The study was not continued beyond December,
because by the time serum Ca level, feather brightness
and femur weight of juveniles closely approximated that
of adults (unpublished data). Moreover, rudiments of
gonads were evident in the following month. Gonadal
steroids are known to affect largely the serum Ca level,
weight and Ca concentration of bones in birds (El-Ghalid,
2009).
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ABSTRACT
The use of marigold as a trap crop for the management of Helicoverpa armigera (tomato fruit
borer) in tomato was evaluated. The proportion of larvae counted on trap row increased with
increasing rate and main crop decreased with decreasing rate 60 and 80 days after transplanting. All
the treatment combinations recorded lowest fruit damage, larval population on tomato but trapped
higher larvae on marigold. Moreover, planting of 25 days old tomato seedling with 40 days old
marigold seedling in 5:1 row combinations observed (77-87%) larval reduction than sole crop was
significantly better than other treatments. Low calorific value of marigold increases the larval mortality
rate.
KEY WORDS: marigold, trap crop, Helicoverpa armigera.

INTRODUCTION
Helicoverpa armigera (Hubner) is most destructive
pests of field crops world wide. Its wide dissemination
high mobility, survival rate under adverse conditions
,capacity to complete several generations in a year,
ability to develop resistance against insecticides, its
polyphagy its ability to undergo facultative diapauses
and migration, its management is very difficult. The out
break of this pest has been attributed to the development
of insecticide resistance and the use of broad spectrum
insecticides, which are known to have detrimental effect
on populations of its natural enemies and bioclimatic
factors in host plants (Fitt et al., 1995; Naseri et al., 2009).
The light trap is also used as an efficient tool in
monitoring the population and developing forecasting
method of Helicoverpa armigera (Kumar et al., 2012). The
successive generations of Helicoverpa armigera move from
one economic crop to another there by exposed to many
application of pesticides, this species has become highly
pesticide resistant. Helicoverpa armigera accounts for the
consumption of over 55% of the total insecticide used in
the country (Puri, 1995). Insecticide for the control of
this pest is highly criticized for various reasons and
therefore switching from insecticide to trap crop. A trap
crop is a plant that attracts agricultural pests usually
insects away from main crop. Trap cropping - the use of
plants within a cropping area to attract oviposition
away from the main crop. Trap crop save the main crop
from decimation by pest. Trap crops can be planted
around the circumference of the field to be protected, or
interspersed among them for example being planted
every ninth row.
Mustard and alfalfa planted near strawberries

to attract lygus bugs, Pelargonium geranium among rose
bushes because Japanese beetles are drawn to the
geranium, which are toxic to them. Trap crop provides
protection by preventing the pest from reaching the main
crop and pest are diverted away from the main crop or
concentrated in certain products of the field where they
are easily arrested or controlled. Trap crops have an
important attributes that is distinctly more attractive
to the pest and have additional function for natural
enemies (Pats et al., 1997). There fore the main emphasize
of the study is used of marigold as a trap crop against
tomato fruit borer on tomato was evaluated in different
cropping combinations.
MATERIALS AND METHODS
A field experiment was conducted in three
different village of Balrampur district during January
2011 to June 2012 to evaluate different planting
combinations of tomato with marigold. Kumar et al.
(2012) reported that moth catches were lowest in
number during January and it increases gradually from
6th standard week (February) to 13 th standard week
(March). Further, the number of moth catches increased
and attended the peak with higher number of moth in
14th standard week (April) and number of moth catches
dec lined from 16 th standard week. The above
information was used to know the pattern of its
population build up and to use trap crop (marigold)
against tomato fruit borer on tomato effectively so that
flowering of marigold synchronized with the population
build of Helicoverpa armigera. Hence 25 days of old tomato
and 40 day old marigold seedlings were simultaneously
transplanted in the field. For tomato row to row distance
was 75 cm and plant to plant distance was maintained
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50 cm. where as, marigold seedlings were planted 25 cm
apart. No insecticides spray was used during the period
of experiment and the modern cultural practices were
adopted for raising good crops of both tomato and
marigold.
During the present studies following four
experiments with three replications were used as
detailed below:
 Five rows of tomato with one row of marigold 5:1
 Ten rows of tomato with one of marigold 10:1
 Fifteen rows of tomato with one row of marigold
15:1
 Sole tomato (fifteen row of tomato) which acts as a
control was located at a minimum distance of 50 m
away from the trap crop experiment block.
Observation on population of tomato fruit borer
plant-1 was recorded from the selected plants on both
tomato and marigold at 40, 60 and 85 days after
transplanting. The percentage of fruit damage was also
calculated at 40, 60 and 85 days after transplanting.
The fruit damage percentage was calculated by
the following formula :
No. of Fruit damage
Percentfruit damage =

×100
No. of fruit damage

RESULTS
The effect of marigold which act as a trap crop
along with various combinations of tomato (5:1, 10:1
and 15:1) at 40, 60 and 85 days after transplantation of
25 days old tomato and 40 days old marigold seedlings
during January 2011 to June 2012 at P = 0.05 were

presented in the table 1-3. At 40 days after transplanting
there was a significant difference in present fruit damage
in treatments when compared with sole crop (control)
at P = 0.05 during both years. However, fruit damage
decreased significantly with the passage of time at 60
and 80 days after transplanting in all combinations
except in case of sole tomato where it increased with the
increases in days of after transplantation.
It is quite evident from the data that average
fruit damage ranged from 5.86 to 19.61% and 5.35 to
17.73% during 2011 and 2012, respectively. The lowest
fruit damage was observed in 5:1 combination which is
record 5.86% and 5.35% during first year and second
year as depicted in table 1 and sole crop recorded highest
fruit damage of 19.61% and 17.73% during first gear and
second year. Observations recorded at different days
after transplanting revealed that average fruit damage
in various combinations were in order of sole tomato >
15:1 > 10:1 > 5:1 during both the years.
Population of larvae per plant on tomato plants
revealed that there was a marked difference between
sole crop and inter crop tomato with crop (marigold) at
different days of transplanting at P = 0.05 (table 2). 5:1
combination significantly recorded lowest population
than other 10:1 and 15:1 combinations but sole crop
recorded the highest population which act as a control.

Table 1: Effect of marigold on the infestation of tomato fruit borer on tomato during:
Year
2011
2012
Tomato: Marigold
Days after transplantation
Days after transplantation
40
60
85
Av.
40
60
85
Av.
5:1
8.33
5.29
3.98
5.86
8.32
4.75
2.99
5.35
10:1
11.92
7.03
5.85
8.26
11.50
5.45
4.52
7.15
15:1
13.38
10.25 8.22
10.61
13.04
8.12
6.01
9.05
Sole tomato
18.20
20.12 20.52
19.61
17.21
17.85
18.14
17.73
P = 0.05%
1.63
1.10
0.69
1.71
1.67
1.05
Table 2: Impact of marigold on incidence of Helicoverpa armigera on tomato during January 2011-June
2012 (Larval population of tomato fruit borer/plant):
Year

2011

2012

Tomato:

Days after transplantation

Average

Marigold

40

60

85

(%Reduction) 40

60

85

5:1

0.35

0.17

0.18

0.23(77%)

0.30

0.12

0.11

0.17 (87%)

10:1
15:1
Sole tomato
P = 0.05%

0.50
0.55
0.95
0.13

0.25
0.31
1.05
0.11

0.27
0.21
1.10
0.10

0.34(66%)
0.35(65%)
1.00

0.48
0.60
0.95
0.10

0.22
0.45
1.05
0.10

0.18
0.42
1.10
0.09

0.26 (74%)
0.49 (51%)
1.00

Days after transplantation

Average
(%Reduction)
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Table 1: Effect of marigold on the infestation of tomato fruit borer on tomato during:
Year
2011
2012
Tomato: Marigold
Days after transplantation
Days after transplantation
40
60
85
Av.
40
60
85
Av.
5:1
0.40
0.87
1.05
0.79
0.40
0.90
1.00
0.76

10:1
15:1
Sole tomato
P = 0.05%

0.32
0.20
0.85
0.11

0.75
0.40
1.00
0.14

0.85
0.45
1.10
0.13

All the combinations (5:1, 10:1 and 15:1) reduced the
population on tomato plants which ranged from 65-77%
and 51-87% during 2011 and 2012, respectively.
Treatment combination 5:1 gave maximum reduction
(77% and 87%) followed by 10:1 and 15:1 combination
(table 2).
Population c ount of larvae per plant on
marigold plants ranged from 0.79 to 0.98 in different
treatments as compared to sole crop which trapped 1.00
larvae per plant (table 3). Trapping of larvae per plant
was highest in 5:1 among the intercropped tomato
during 2011 on marigold, during 2012, population of
larvae per plant ranged from 0.36 to 1.00 in different
treatment combination. Trapping of larvae per plant
was highest in 5:1 (0.76) among the intercropped tomato
during 2011 on marigold. During 2012, population of
larvae per plant ranged from 0.36-0.76 in different
treatment condition. Trapping of larvae per plant was
highest in 5:1 (0.76) among the intercropped tomato
which was significant to sole crop and other treatments
at P = 0.05, So the trapping of larvae per plant was in
order of 5:1 > 10:1 > 15:1 combinations during both the
years in different treatment combinations when
marigold plants were used as a trop row.
DISCUSSION
Marigold is a suc c essful trap crop for
management of tomato fruit borer on tomato (Srinivasan
et al., 1994). Continuous presence of marigold, which
produces abundant flowers was maintained in order to
facilitate feeding for tomato fruit borer throughout
tomato cropping seasons in different row combination
because the larva readily feed on flowers and have no
tendency to migrate to tomato crop row. In the present
investigation it was observed that fruit damage was
less in all combinations where tomato was intercropped
with marigold and in different combination treatments
where the marigold plants were too away, the level of
infestation on the main crop was higher. Further, fruit
damage decreased in both years as tomato plant becomes

0.64
0.35
0.98

0.33
0.20
0.87
0.12

0.77
0.42
1.05
0.13

0.88
0.48
1.10
0.11

0.66
0.36
1.00

more hardly at advanced growth stages and therefore
the infestation was low at 60 and 80 days after
transplanting.
Population of tomato fruit borer (larvae) was
also signific antly reduc ed in various treatment
combinations on both tomato and marigold plants and
have no tendency to migrate on tomato plant rows.
However, the larval population on marigold plants
increased at latter stages because of the quick appearance
of marigold flowers (Srinivasan et al., 1994). Moreover,
larval population in early crop stages was surely higher
on both marigold and tomato plants because had a
convenient environment in terms of abundance of
flowers, fresh leaves and green fruits which promoted
better larval performance (Hussain and Bilal, 2007). Low
calorific value diets like rose and marigold resulted in
higher mortality (25-35%) of Helicoverpa armigera (Sarate
et al., 2012). Raising of marigold nursery should be 15
days prior to tomato nursery, so that, 25 and 40 days
old tomato and marigold seedlings are planted.
Maximum egg laying is observed on marigold flowers
and the movement of larvae from marigold to tomato is
not significant. Eggs and larvae are removed from field
along with flowers. This trap cropping system also helps
in reducing the rootknot nematode infestation. Thus it
can be concluded that marigold in a combination of 5:1
used as a trap crop against tomato fruit borer could be
adapted for the management of this pest.
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ABSTRACT
The present investigation has been conducted to evaluate the egg and sperm quality of the
catfish, Clarias batrachus (Linn.) cultured in sugarcane bagasse substrate medium. Adult Clarias
batrachus (av. wt. 196 g for males and 215 g for females) were reared at 20 per tank. No feed was
provided to the fish in 3 of the substrate-added tanks (T 1), while a pelleted diet was fed to the fish in
the remaining 3 substrate-added tanks (T2) and the other 3 tanks without substrate (T 3). Five pairs of
matured male and female Clarias batrachus were bred by hypophysation using OVAPRIM. Spawning
substrates made from cut nylon mosquito nets were spread inside the tank to a depth of 10cm for the
purpose of incubation. Fertilized eggs obtained by mixing stripped eggs and spermatozoa from
Ovaprim-induced brood fish were immediately spread thinly on the substrate for between 24-36
hours for incubation and hatching. The brood fish fed the fishmeal-based diet and diet with sugarcane
bagasse substrate had significantly higher (p<0.05) oocyte diameter, milt density, milt volume,
sperm motility, higher percentage of egg fertilization, hatching and crude protein and lipid contents.
These results showed that sugarcane bagasse can effectively be use as a substrate for the culture of
the catfish Clarias batrachus.
KEY WORDS: Sugarcane bagasse, artificial substrate, Clarias batrachus.

INTRODUCTION
Feeding is one of the major elements of cost of
production in modern aquaculture. In most traditional
aquaculture practices, herbivorous or omnivorous
species have been preferred as they feed on natural food
organisms in water, the growth of which can be
enhanced through fertilization and water management
(Pillay, 2001). But carnivorous species generally need a
high protein diet and are therefore considered to be more
expensive to produce, even though the costs will depend
largely on local availability and price for the required
feed stuffs. To compensate for feeding costs, most
carnivorous species command higher market prices.
Such species generally have greater export markets and
therefore attract substantial investments. Species that
are hardy and can tolerate unfavourable conditions will
have the advantage of better survival in relatively poor
environmental conditions that may occur occasionally
in culture situations. In the present study Clarias batrachus
has been selected because the ability to adapt to fresh
and brackish waters with very low oxygen content and
to grow under generally poor environmental conditions
make these fish extremely valuable for small and large
scale rural fish farming (Pillay, 2001). Substrate-based
farming practices are considered viable low-cost
technologies as they help in sustainable aquaculture
production (Dharmaraj et al., 2002). Sugarcane bagasse
is the fibrous residue remaining after sugarcane stalks

are crushed to extract their juice, generated in large
quantities and is currently used as a renewable
resource in the manufacture of pulp and paper products
and building materials. This investigation is to find out
the effect of substrate (sugarcane bagasse) on egg and
sperm quality of the catfish, Clarias batrachus (Linn.).
MATERIALS AND METHODS
Irrespective of sex, healthy fingerlings of C.
batrachus (av.wt. 3.18 ± 2g) were collected locally from a
single population and confined to large cement tanks in
the laboratory. The experiment was conducted in nine
25 m2 (5 X5 X1 m) cement tanks with 15-cm soil base
following the method of Dharmaraj et al. (2002). In all the
tanks initially added 0.25 kg of quick lime and 2.5 kg of
poultry manure. Water was filled to the tanks from a
perennial well and a depth of 90 ±2 cm was maintained
throughout the experimental period. Subsequently,
poultry manure was applied at 0.3 kg per tank every 15
days. Sugarcane bagasse, procured locally, was sun dried
and bundles were made using nylon rope; they were
introduced into 6 of the 9 tanks randomly at the rate of 5
kg each, by suspending the bundles at regular distances
from bamboo poles kept across the tanks. After 45 days,
once again 1.25 kg of the substrate was supplemented to
each of the designated tanks. C. batrachus were stocked at
20 per tank two weeks after the addition of manure and
substrate. No feed was provided to the fish in 3 of the
substrate-added tanks (T 1), while a pelleted diet,
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formulated according to Varghese et al. (1976) (Table 1)
was fed to the fish in the remaining 3 substrate-added
tanks (T2) and the other 3 tanks without substrate (T3) at
5% body weight for the first 30 days and 2% thereafter,
in two equal rations daily. After 358 days, five pairs of
matured male (av. wt. 196 g) and female (av. wt. 215 g)
C. batrachus were selected for the present study and bred
by hypophysation using OVAPRIM (0.02mg salmon
gonadotropin-releasing hormone-sGnRHa + 10mg
domperidone-Dom) in the hatc hery. Spawning
substrates made from cut nylon mosquito nets were
spread inside the hatching troughs previously filled with
properly aerated clean water to a depth of 10cm for the
purpose of incubation. Fertilized eggs obtained by mixing
stripped eggs and spermatozoa from Ovaprim-induced
brood fish were immediately spread thinly on the
substrate for between 24-36 hours for incubation and
hatching. Five females randomly selected were weighed,
killed and dissected to remove the ovaries. The ovaries
were slit open and 10 fresh eggs were randomly selected
for egg diameter (mm) measurement. For the pearshaped eggs, the mean diameter of the long and short
axes was taken as the diameter of the oocyte (Ayinla,
1988). The remaining eggs were oven-dried and subjected
to proximate analysis. Data on egg diameter in
conjunction with the proximate composition of the eggs
were used to assess egg quality. Five male fish, randomly
selected from each hapa, were killed and the testes were
removed. Small incisions were made into the lobes of
the testes, the milt was squeezed out into a petri dish
and the volume of the milt was measured in (ml) with a
plastic syringe. A drop of distilled water was quickly
added to a drop of the milt (activation) on a clean slide
and the sperm motility was observed under a
microscope (x10) (Billard et al. 1995). The presence or
absence of spermatozoa motility was then expressed as
present (1) or absent (0). The density of the spermatozoa
was rated on a scale of 1, 2 and 3 (representing low,
medium and high density) respectively. The percentage
number of eggs stripped from each fish, the percentage
number of egg fertilized as well as the percentage number
of egg hatched were computed according to the method
described by Ayinla (1988).
(a) Number of eggs stripped (incubated) = Weight (g) of
fish before stripping — wt (g) of fish after stripping x
66.6.
(b) % Egg fertilized

=

Number of eggs incubated - number of opaque eggs
Total number of eggs incubated
(c) % Egg Hatching

x 100

=

Number of whitish broken eggs
Number of eggs fertilized

x 100

Statistical analysis of the data included the oneway analysis of variance (ANOVA) using the SPSS
version 10.0 for windows on PC (Statistical Graphics
Corp, US). Significant mean differences were separated

at 5% using the methods of Steel et al. (1997) whereas
appropriate and values are expressed as means ± SE.
RESULTS AND DISCUSSION
In male brood fish the mean volume of milt
collected from the testes in T2 and T3 group (0.84ml and
0.64ml) was significantly higher (p<0.05) than what was
obtained from the testes of the fish treated in bagasse
alone (T1). There was a strong relationship between the
milt volume and the percentage fertilization of the eggs
(Fig.1). Under the microscope, the sperm could easily be
seen sometimes in high density and sometimes scantily.
The motility of the spermatozoa in the testes of the male
fish in T 2 was higher but not significantly different
(p<0.05) from those of T1. It was also observed that
motility inc reased with volume of milt and the
spermatozoa were active for only 30-35 seconds. The
milt collected from the brood fish in T2 was significantly
denser (p<0.05) than the milt collected from the fish in
T3. The fish in T2 and T3 had significantly different (p<0.05)
oocyte diameter than those of the fish in T1 (Fig. 1). In all
the treatments, there was an increase in the crude protein
content, lipid content of the oocytes. The oocytes of the
specimens in T2 and T3 had significantly higher (p<0.05)
crude protein content and lipid content than the oocytes
of the specimens inT1. Contrarily, the oocytes recorded
signific antly lower (p>0.05) moisture c ontent
respectively. The oocyte ash content of the fish in T2 was
not significantly different (p>0.05) from those of T3 (Fig.2).
Significantly higher (p<0.05) egg fertilization and
hatching was recorded for the fish in T1 and T2 than inT3
(Fig.3).
In the present study, the sperm motility
inc reased with volume of milt and the strong
relationship between milt volume and percentage egg
fertilization and hatching in C. batrachus agree with the
findings of Lamai (1996). Van de Waal and Polling (1984)
and Lamai (1996) also observed that spermatozoa were
active or motile for only 30 seconds. Motility of the
spermatozoans is the most commonly used indicator of
sperm quality since high motility is a prerequisite for
fertilization and correlates strongly with fertilization
success, as the fertilizing capacity is the most conclusive
test of sperm quality (Rurangwa et al, 2003) and quality
of eggs.
The significantly higher (p<0.05) egg sizes, higher
percentage fertilization and hatching observed in the
fish T2 and T3 agrees with Cerd et al (1990) who reported
that sea bass brood stock fed with commercial trout
diets had smaller eggs and produced lower hatching
rates and larval survivals than the control fish which
were fed on trash fish. Richter et al (1995) and Sule and
Adikwu (2004) also reported that species of Clarias
gariepinus with larger eggs also have a higher viability
and endurance to starvation than those with smaller
eggs and that larger female catfish produce larger eggs.
According to Carillo et al (1995) that egg diameter is not
a good indicator of egg and larval quality. In this
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Table1. Ingredient proportion and proximate composition of
feed (wet weight basis)
Ingredient

%

Proximate composition %

Fish

meal

25

Moisture

7.29 ± 0.13

Rice bran

40

Crude protein

28.17 ± 0.66

oil cake

25

Crude fat

3.15 ± 0.08

Tapioca flour

10

Crude fibre

15. 90 ± 0.54

Ash

13.80 ± 0.62

NFE

31.69

Groundnut

Energy content
* Average of three values ± S.E.

12.50 (KJ-1)

*T 1 = Sugarcane bagasse alone group ; T 2 = Sugarcane bagasse +
supplemental feed group; T 3 = supplemental feed alone group.

survived better (p<0.05) than T1. Compared to T2 and T3
the fish reared in sugarcane bagasse alone (T1) also
produced good quality egg and sperms. Hence, the
utilization of sugarcane bagasse as a substrate would
help for culturing the catfish C. batrachus in early life
stages by providing additional food in terms of plankton.
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ABSTRACT
Mystus vittatus exhibits sexual dimorphism with distinct external characters. The mature
male above 3 mm. to 9 mm. had a muscular conical reddish pink papilla just above the genital
opening, the female lacks the same. It persists in mature male but becomes prominent during the
breeding season.
KEY WORDS: Sexual dimorphism; Catfish; Mystus vittatus; Genital papilla.

INTRODUCTION
Sathyaneshan (1962) for the first time reported
presence of minute papilla in male of A. seenghala, but
segregated the sexes based on probe method. This
method was earlier used by Tom Moen (1959) in
successfully sexing the channel catfish Ictalurus punctatus.
In this fish the urinary and genital ducts have separate
external openings in female while in male these ducts
have only one opening. Ranganathan and Radha (1966)
adopted the similar method to segregate the sexes in A.
seenghala. Pantulu (1961) segregated the male Mystus gulio
by the presence of well defined proturanee with a free
tapering end and females by separate urinogenital
opening. David (1963) also observed similar genital
papilla (protuberance) in the male of Mystus gulio (Ham.),
which interestingly disappeared after the spawning
season. The presence of such a papilla was reported in
M. keletius (Cauvier and Valenciennes) and in M.
malabaricus (Jerdon). It is worth mentioning that the
presence of such genital papilla is not confined to the
genus Mystus of the family Bagridae, but are also found
in Sisoridae family e.g. Gagata and Batasio spp. similar
papilla was observed in Glyptosterum recticulatum .
The identification of male and female fishes in a
given fish population is crucial for their management in
any aquasystem. Among small sized siluroids fishes of
Indian rivers Mystus vittatus (Bloch.) has very high
consumer preference. The decline in its catch from
natural habitat and recent upsurge in market price
pinpointed the need to develop suitable technique for
its aquaculture, which is constrained by nonavailability
of stocking material .In this sequel its fishery and riverine
seed resources in a stretch of Ghaghara river system
were studied. During the process observations were
made on external sexual dimorphic character of the fish.
The present study desc ribes the sexual

dimorphic morphological character and reviews the
occurrence of secondary sexual character in M. vittatus
with the aim that it would help in. identification of sexes
in the field. In this study the commercial catches of M.
vittatus and specimen caught in the vicinity of breeding
grounds were examined for external sexual characters.
Data on length at first maturity and change in colour of
skin were also recorded (Bhatt,1970).
MATERIAL AND METHODS
The fresh water catfish Mystus vittatus were
collected from the Ghaghra river at Jamtharaghat,
Faizabad using Drag nets, Cast nets and Gill nets in the
early morning and late evening, after which they were
transported to laboratory.
During the study period about 245 specimens
were sexed by Probe method (Sathyaneshan, 1962). The
total number of males and females was found to be 82
and 163 respectively. Thus the ratio of males to females
was about 1: 2.
RESULT AND DISCUSSION
Sexes in mature M. vittatus can easily identified
by the difference in their external morphological
characters. The male M. vittatus above 3 mm. to 9 mm. in
length and have a muscular, conical reddish pink papilla
just above the genital opening. It becomes prominent by
acquiring a stout musculature of reddish tinge during
the onset of breeding season i.e. March- July. The scrutiny
of juvenile catch showed that immature M. vittatus below
3 mm. in length lacks such papilla. The papilla was also
not observed in the mature female M. vittatus specimen.
The gradual change in the natural (Shinning
silver gray) colour of skin also helped in identification of
male fish during breeding season. Appearance of white
creamy secretion “nutriexuate” locally known as ‘Chara’
on the ventral surface of the male fish distinguishes it as
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Fig. Sexual Dimorphism in fresh water catfish Mystus vittatus .
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appeared in the 6.5 cm group, 50% of all males are mature
in the 8.0 cm group. All males above 9.5 cm have mature
testes during spawning season. Few females in the 6.5
cm group have mature gonads while 50% of the females
are matures in the 8.5 cm. All females above 10.0 cm
have mature ovaries during spawning season.
The various size groups falling in the various
maturity stages have been given in Table. It would be
understood from the table that is male’s maturity first
appears at 8.0 cm and in females 8.5 cm. All the males
below 8.0 cm and females below 8.5 cm were immature.
During the period of investigation the specimens
were sexed by an external and internal examination, of
which 414 were males and 603 females. The ratio of males
and females comes to about 1:1.45 which showed that
the number of female is greater in the population (Table).
Some size differences between males and
females have also been noticed. The maximum size of
male was found to be 11.1 cm while the largest females
measured 12.2 cm.
From the above account it may be established
that there exists distinct sexual dimorphism in M.vittatus
once the fish attains maturity. The genital papilla
observed in male seems to perform definite function
during courtship prior to egg laying by the female
partner. The present study provided a direct method of
its sex segregation, and can easily be adopted by
fishermen. It is much simpler than the methods given
by earlier researchers. More or less similar findings were
also reported by Bhatt, V.S. (1970 ), Arockiaraj et al. (2003),
Sath, R.N. (2001).
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the nest guarding male and confirms the commencement
of breeding.
The presence of papilla in related catfish
represented only a secondary sexual character, which
disappeared after the breeding season. But in present
study, it indicated proximity or actual condition of
spawning by acquiring prominence during breeding
season and persisted perpetually in the mature male M.
vittatus even after the breeding season.
Functional anatomy of urogenital papilla has
been studied in some species of teleost fishes, where it
has been observed to play important role in transfer of
sperm. In certain cichlids and gobies which make nest,
it has been observed that they repeatedly rub their
genital papilla and ventral surface over the nest. During
the process it becomes enlarge and erected.
M.vittatus exhibits profound parental care and
the male prepares nest for the young ones. Brief sexual
play during construction of nest has been observed.
Though, it is difficult to record actual mating behavior
of the fish in nature, to understand the function of genital
papilla, yet the prominence of genital papilla during
breeding indicates its definite role in breeding of
M.vittatus. Since, the fertilization in M.vittatus is external,
the plausible function of genital papilla seems to be for
stimulating the mating female for laying the eggs.
Minimum length at which at least 50% of the
individuals are mature during spawning is here
considered as the minimum size at first maturity. The
present observations were based on 1017 specimens (414
males, 603 females) collected. Females and males with
maturing and mature gonads (Stage III and Stage IV)
were considered to spawn during the ensuing spawning
season. The smallest males with mature gonads

Table - Sex-ratio in monthly samples of Mystus vittatus (Bloch)
Month

Number

Total

Males %

Females %

M : F ratio

Males

Females

April 2007

40

23

63

63.49

36.50

1 : 0.57

May

19

47

66

28.78

71.21

1 : 2.47

June

31

38

69

44.92

55.07

1 : 1.22

July

27

39

66

40.90

59.09

1 : 1.44

August

14

36

50

28.0

72.0

1 : 2.57

September

34

34

68

50.0

50.0

1:

October

56

100

156

35.89

64.10

1 : 1.78

November

35

93

128

27.34

72.65

1 : 2.65

December

50

109

159

31.44

68.55

1 : 2.18

January 2008

34

26

60

56.66

43.33

1 : 0.76

February

37

27

64

57.81

42.18

1 : 0.72

March

37

31

68

54.41

45.58

1 : 0.83

Total

414

603

1017

40.70

59.29

1 : 1.45
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INTRODUCTION
The rate of contamination of natural water
bodies increases with increased human activities in
the industrial area. The wastes of such activities are
finally discharged into the natural water courses
resulting in the undesired eutrophication. Purdy and
Butcher (1937) were among the earliest to record algal
communities causing varying degree of pollution.
Patrick (1948) stressed the importance of biological
indicators on the assessment of water quality over
the years. A number of systems have been evolved to
asses the pollution of fresh waters. Brick (1963),
Sladecek (1973); Fjerdingstad (1950); Dresscher and
Vander Mark (1976), Sreenivasan et al., (1980) have
reported some fauna and flora as indic ative of
pollution. In the present investigation attempt were
made to correlae the distribution and periodicity of
algae in the desired polluted area with chemical
picture of polluted water, discharged from distillery.
MATERIALS AND METHODS
The distillery is situated approximately 3 km
away from Unnao city towards west of KanpurLucknow railway line. The effluent of factory are
discharged into an open drain which joins one of the
nearby fresh waterh channels. Standard methods for
the examination of effluent (APHA, 1976) were followed
in the analytical techniques. A regular monthly sampling
of effluent with simultaneous collections of algae were
conducted.
Collection of Water and Algal Samples.
Spots were selected for collecting samples.
Sampling was done from four or five sites in each spot.
The water samples were collected at 30 days interval
from the spots fixed. The samples were collected in wide
mouth glass bottle (1.0 litre) and all the samples were
brought to the laboratory and stored at 40 temperature
in refrigerator till the analysis was completed. The details
of sampling procedure was same as described in Indian
Standard methods of sampling and test for water used
in industries I.S.I. New Delhi.
Samples of algae from each spots were made
once a mounth. The samples were collected in standard

manner in bottle of about 125 cc capacity which was
filled with water obtained by towing a silknet for equal
distance along four side of the spots on surface and at a
depth of 6-8 inch. Another bottle was filled with tips
and other portion of equatic angiosperms taken from
near the surface of water. The collection being made with
a little disturbance as possible. After the bottle had been
left undisturbed over night the scum had settled and
the clear water above was decanted off, 20 cc of material
and water was left and this was preserved in 4%
formalin for identification of sps.
The collected water samples were analysed for
different variables by the standard methods described
in Indian Standards Methods of Sampling I.S.I. New Delhi
(1965). Samples were stored for further analysis after
wet digestion with nitric acid and perchloric acid.
From the preserved sample algal materials were
mounted on slides and examined in detail for their
systematic position and periodicity.
Annual average value of important chemical
parameters are furnished in Table No. 1.
RESULTS AND DISCUSSION
The occurrence and periodicity of algal samples
studied are given in Table No. 2. The distributionof algae
found in distillery effluent showed 14 sps. belonging to
cyanophyceae, chlorophyceae and bascillariophyceae.
Blue green algae : Several important
publications deal with the ecological distribution of
cyanophyceae. Papers of Fritsch (1907), Pearsal (1932),
Yoshimura (1932), Prescott (1938), Gonzalves and Joshi
(1946), Rao (1955), Singh (1960), Philipose (1960),
Venkateswarlu (1969b) and Munawar (1970) have led
to some controversies. Many of them emphasize the
importance of light, temperature, pH, CO 2, organic
matter, alkalinity, nitrates and phosphates as factors
important in determining the distribution of blue-green
algae.
In the present investigation the blue green algae
dominate the effluent. Abundance of Ocillatoria sps. was
frequently observed throughout the year while blooming
was recorded from points where there was organic
enrichment, their bundance is attributed to favourable
content of oxidizable organic matter and less dissolved
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Variables

Table-1 : Physico-Chemical Characteristics Distillery Effluent Variables.
Period of Samples
May
June
July
Aug. Sep.
Oct.
Nov. Dec.
Jan.
Feb.
2010 2010 2010 2010 2010 2010 2010 2010 2011 2011
Brown Yellow Yellow Light Yellow Brown Brown Brown Brown Brown
24.5
22.5
21.9
24.0
22.5
22.7
21.2
20.1
20.9
21.0
5.3
7.1
7.0
7.2
7.1
5.5
4.6
4.7
5.5
5.4

Colour
Temperature
pH
Corbonates as
CaCO3 meg/L 4.7
Bicorbonate as
CaCO3 meg/L 2.1
Chloride as
CaCO3 meg/L
Tatal Alkalinity
as CaCO3 meg/L 1040
Nitrite as N
mg/L
Nil
Total Hardness
as CaCO3 meg/L 1260
Alkaline hardness as CaCO3
meg/L
724
Non hardness
as CaCO3 meg/L Nil
Total solids in
mg/L
1547
Total dissolved
solids in mg/L 1007
Total suspended
solids in mg/L 789
Dissolved oxygen mg/L
0.9
Oxygen consumed by KNnQ4
in 3 hr
1.2

Mar.
2011
Brown
29.2
5.7

April
2011
Brown
28.8
4.9

2.3

1.8

1.0

0.9

1.2

5.2

4.5

4.9

5.2

5.4

5.3

0.4

0.5

0.7

Nil

0.5

3.5

2.9

3.0

3.1

3.2

2.7

47

59

50

525

563

549

546

403

521

998

1070

1225

1360

1310

1360

1226

1553

1336

1229

1249

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

0.1

0.1

Nil

691

784

860

847

919

2300

1240

1720

2100

1471

2251

371

348

225

272

371

860

846

835

826

853

849

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

772

906

1060

729

1020

2008

1920

1847

2053

1840

1912

880

977

1250

1191

1421

1425

1408

1360

1235

1550

1252

691

684

772

712

742

912

925

872

960

847

919

1.4

1.6

1.7

2.1

2.0

Nil

Nil

Nil

Nil

Nil

Nil

1.6

1.7

1.7

1.9

2.1

1.0

1.1

1.2

1.2

1.1

1.1

oxygen. Phormidium and Aphanocapsa were more
abundant in polluted zones than in clear water. Aulosira,
Lyngbya, Scytonema and synecocystis were recorded
in many points. Microcoleus was recorded same at one
point only.
Green Algae : Waters favouring green algae are
chemically distinct from those favouring blue gren algae
and diatoms (Pearsall 1922; Storm, 1928; Gonzalves and
Joshi, 1946; Prescott, 1948; Rao 1955; Philipose, 1960;
Zafer, 1964). Work of Hutchinson (1967) and Munawar
(1970) have shown that even maongst the green algae
volvocales, chlorococcales and desmieds have different
physiological and ecological preferences. Green algae in

present study are only a few consisting of four sps with
dominance of Spirogyra over Cladophora. Spirogyra
was rec orded throughout the year where as
Oedogonium and Vaucheria were recorded at few point
and a few months of a year. Volvacales are total absent.
Diatoms : Diatomes are represented by only two
sps. In present study genera Navicula was found to be
very bundant throughout the year. Teh abundance is
attributed to favourable contents like less dissolved
oxygen, oxidizable organic matter and absence of high
water currents.
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Table-1 : Physico-Chemical Characteristics Distillery Effluent Variables.
Algae

Period of Samples
May

June

July

Aug.

Sep.

Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

April

2010

2010

2010

2010

2010

2010

2010

2010

2011

2011

2011

2011

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

1. Oscillatoria +

+

2. Phormidium

+

3. Lyngbya
4. Microcoleus

+

5. Aphanocapsa

+

6. Aulosira
7. Scytonema

+

+

+

+

+

+

+

8. Synochocystis +

+

+

9. Navicula

+

+

+

+

+

10. Pinnularia +

+

+

+

+

+

+

+

11. Spirogyra

+

+

+

+

+

+

+

+

12. Vaucheria
13. Oedogonium +
14. Cladophora +

+
+

+
+

+

+
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INTRODUCTION
Blue green algae play an important role in the
fixation of atmospheric nitrogen in the rice fields.
Recent researches have shown that blue green algae
can be used as biofertilizers for rice cultivation
(Venkataraman, 1977). In this paper we describe the
influenc e of algae as manure on the yield and
composition of Linseed plant.
MATERIALS AND METHODS
Linseed (Linum usitatissimum L.var. Shabhra)
plants were raised in well mixed garden soil having algae
(blue green algae) as manure in pot culture conditions.
The levels of algae studied were Nil (contorl), 5, 100 and
300 gm/kg soil. At 60 days growth, top parts of plants
and at 120 days growth grains of plants were sampled,
washed thoroughly in running tap water, rinsed with
distilled water to avoid any surface contamination,
blotted, chopped and dried for determination, of yield
and tissue concentration of nutrient elements as
described earlier (Sinha et al., 1984). Standard techniques
were employed for determination of ascorbic acid,
Chlorophyll and Catalase and peroxidase activity in
fresh material of 60 days old tops, the data were
statistically analysed and tested for significance at 5
percent and 1 percent probability levels.
RESULTS AND DISCUSSION
Dry matter yield to tops of 60 days old plants
were found in increase over control, with the increase
in levels of the supply of algae, 100 g/kg soil supply level
of algae showed maximum increase in yield and was
found significant (P = 0.05) over control. Similar
observations were found to be to be highly significant
(P = 0.01) over control. This increase in yield is in
conformity with the results of Rao et al., (1977), Huang
(1978), Kaushik and Venkataraman (1979), Latchumanan
(1979), Rodgers et al. (1979), Kannaiyan et al., (1981), Singh
et al. (1981), Chandrakaer et al. (1983), Bagal and Patil
(1984), Bongale (1984), Venkataraman (1984), Main and
Stewart (1985), Roger et al., (1985) and Mohan et al. (1987).
Increase at 50 gm algae/kg soil supply level for
peroxidase activity in tops of 60 days growth and tissue
magnesium and iron in grains were found to be highly

significant (P = 0.01) and for tissue sulphur significant (P
=0.01) over control.
Ascorbic acid content in tops and chlorophyll
content in leaves of 60 days old plants and tissue calcium
and potassium in grain showed maximum increase at
100 gm algae/kg soil level, over control and these increase
were found to be highly significant (P=0.01). The increase
in Ascorbic acid is not in conformity with the result of
Kaushik and Venkataraman (1979) who observed
insignificant effect on tomato. Although the increase in
AA and chlorophyll content is in agreement with the
results of Mohan et al., (1987).
200 gm algae/kg soil level, for tissue catalase in
60 days plant tops and tissue nitrogen and manganese
in grains showed highly significant (P=0.01) increase
over control. The increase in catalase activity is in
agreement with the results of Mohan et al., (1987). Tissue
phosphorus did not show any significant change in
grains of the plants.
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Table-1 : Effect of Algae on growth and composition of Linseed (Linum ustitatissium L. Var Shubhra) plants.
Observations

Plant

g/Algae

Kg

Soil

L.S.D.

Part

Nil

50

100

200

P = 0.05

P = 0.01

g.d.m. yield/plant

Tops

0.049

0.064

0.067

0.054

0.015

0.022

g.d.m. yield/plant

Plant

1.76

2.06

3.03

2.67

0.06

0.09

mg Ascorbic acid/100 g.F.W.

Tops

114

118

124

124

6

9

mg Chlorophyll/100g.F.W.

Leaves

99

85

107

107

2

4

Unit Catalase/g.F.M.

Tops

8.7

9.8

10.4

11.1

0.3

0.4

O.D. peroxidase

Tops

0.7

0.8

0.6

0.5

0.06

0.09

% Ca

Grains

0.06

0.07

0.08

0.07

0.06

0.09

%K

Grains

0.67

0.67

0.78

0.78

0.06

0.09

% Mg

Grains

0.070

0.073

0.068

0.060

0.002

0.003

%P

Grains

0.44

0.43

0.46

0.41

0.04

0.06

%S

Grains

0.034

0.062

0.057

0.051

0.03

0.04

%N

Grains

1.00

1.50

2.10

2.15

0.07

0.10

ppm Fe

Grains

10

15

10

15

2

3
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INTRODUCTION
Seed of Rati (Abrus Precatours) collected from
localities around Hathras and Agra and maintained
at 30, 60 and 90 per cent RH and ropm conditions
wer tested by blotter paper and agar plant methods
for the occurrence of seed borne fungi, only 4 fungi
were found to pathogenic in soil test.
A number of fungal organisms are associated
with the seeds (Shukla and Bhargava, 1976; Rath and
Routray, 1987 and Sharma and Ray, 1991). Apart from
causing disease, a large number of them reduce the
germination of the seeds, cause seed rot and some
times secrete compounds that are toxic to man and
animals (Forgacs and Carle, 1962; Baker and Smith,
1967). This paper deals with the detection of seedborne fungi in the stored samples (for 12 months)
obtained from Hathras and Agra.
MATERIALS AND METHODS
The isolations were made by standard blotter
and agar (PDA and Czapek's Dox Agra) plate methods
(Anon, 1966). Four hundred seeds were taken from each
sample. Surface disinfected seeds (with 0.1 per cent Hgcl2
solution) were used to determine the seed-borne fungi.
All the fungi were isolated in pure culture and identified.
The pathogenicity of different seed-borne fungi
was tested in plates using blotter a in posts containing
sterilized soil. In both the methods, surface disinfected
healthy seed were rolled on the sporulating cultures
before planting them or sterilized blotter paper or
sowing them in post contamining sterilized soil, Equal
number of surface disinfected sedds soaked in sterilized
water before sowing served as control. The plates were
incubated at room temperature (27+200C) for 7 days.
These were kept moist by adding sterilized water, when
ever necessry. The observation regarding the per and
post emergence rot of seeds and symptoms observed on
seedlings are recorded from 10th day onwards.
During the soil test, the post were watered with
sterilized water as and when found necessary. The
observations regarding the germination of the seeds any
symptoms observed on the seedlings were recorded for
30 days after sowing. Re-isolations were made to
confirm the association of the test fungus.

RESULTS AND DISCUSSION
The observations (Table-1) indic ate that
Aspergilus flavus was the most servere pathogen as it
destroyed 92 per cent of the seeds and seedlings.
Aspergillus terrus, Fausarium roseum and Verticillum
albo-atrum also exhibited their severe pathogenic nature
by rotting the seeds and seedlings to the extent of 78-86
per cent. The other four isolates displayed for lesser
pathgenicity that ranged between 23 and 30 per cent
only. Interestingly, all the fungi exhibited greater adverse
influence during pre-emergence one (seedling mortality).
The rot developed on seed and seedlings are well evident
in plates. The pathogenic nature of the isolates was
further tested by soil inoculations (Table-1).
A comparision of seed and soil infestation tests
indicates the parallel results were obtained in both the
cases, though in the latter, all the fungi demonstrated
greater severity. Here again, A. flavus was most severe
as it brought about complete rotting, i.e., 75 per cent
seed rot and 25 per cent seedling rot, thereby allowing
no growth of normal seedlngs. In case of A. terrus, F.
roseum and V. Albo-atrum only 10-40 per cent seedling
managed to grow healthy. The rest four fungi displayed
greater severity in soil inoculations as compared to seed
infestation.
A few differential symptoms could also be
noticed on the dying seedlings. In case of A. flavus, the
seedlings died as soon as they emerged slightry above
the soli level. The stem tended to attain the normal height.
The leaves were lesser in number and much narrower
as compared to the healthy ones. Soon they become
blighted and withered. Finally, the apex also withered
and seedlings died.
The seedlings infected by F. roseum generally
grew to normal height but no leaf formation except
cotyledonary leaves was noted. The stem and its apex
including the embryonic leaf turned brownish and died.
But in some cases, even after the death of apex,
cotyledonary leaves servived for quite sometime. In
comparison to the fungi, seedlings infected by V. alboatrum showed more vegetative growth. Merely 2, 4
leaves developed but they remained smaller in size and
soon developed brownish patches. Gradually the
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Table-1 : Pathogenicity test by blotter and soil inoculation.
Observations

Out of 100 sedd Blotter test

Soil test

Per-emergence Post emergence Healthy

Seed

Seedling

Rot

Mortality

Normal
seedling

Aspergillus flavus

60

32

8

75

25

00

Aspergillus niger

20

8

72

26

18

56

Aspergillus terreus

58

28

14

56

34

10

Fusarium moniliforme

20

5

75

28

15

57

Fusarium roseum

52

20

28

45

20

35

Penicillium chrysogenum

13

10

77

50

24

26

Rhizopus oryzae

18

12

70

15

18

67

Verticillium-albo-atrum

40

38

22

41

40

14

Control

10

8

82

8

13

79

patches increased in perimeter and eventually embraced
the entire leaf. Such blight symptoms were first
developed on the youngest leaf.
Similar types of mortalities are reported in a
number of leguminous crops (Kanjanasoon and Mathur,
1961; Garren 1966; Jakob 1969; Nath et al. 1970; Gupta
and Saharan, 1973; Singh and Chauhan, 1973;
Jaganathan et al., 1976; Suhag, 1976). However, the lack
of suitable environment may inhibit their pathogenesis
(Thamson, 1970; Siraligam et al., 2006, Narsimha Raw et
al., 2008, Kaur, A., 2009).
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CONVERSATION ON ‘FDI IN RETAIL SECTOR’
With Dr. Amarnath Tripathi,
Institute of Economic Growth, Delhi

After achieving a high growth rate of 8 percent
between years 2003 to 2008, Indian economy again
plunged into low economic growth. During last fiscal
year (2011-12), the country attained only 6.5 percent
growth rate, the lowest growth rate since 4.0 percent in
2002-03. As reflected from quarterly GDP (Gross
Domestic Product) data and forecast of several reputed
institutions like Reserve Bank of India, Prime Minister’s
council of economic advisor, Asian Development Bank
etc, slow down in India’s economic growth would be
continued in the current fiscal year. To sort out above
problem, the prime minster Dr. Manmohan Singh has
recently taken several strong steps like allowing 51 and
100 percent FDI in retail sector and aviation sector,
respectively, hike the price of diesel, limiting the
subsidized LPG to 6 Cylinder per household per year,
etc. Since then a debate ‘whether or not these steps
would be proved beneficial’ is going on across the
country.
In this backdrop, The Scientific Temper (TST)
makes an attempt to throw some light on the impact of
FDI in retail sector. In this connection, TST interacted
with Dr. Amarnath Tripathi. Dr. Tripathi is doctorate in
economics from Banaras Hindu University, Varanasi
and presently associated with Institute of Economic
Growth, Delhi. He works on agriculture related issues.
TST: Why is the organized retailing being important in
our country?
AT: Retailing is an essential function of marketing
system and the last segment of the supply chain. In India,
marketing system particularly agriculture marketing
system is very poor and agriculture products go from
producer to consumer through a chain of middlemen.
These middlemen exploit both producers and
consumers’ interests. Besides it, traditional marketing
system also fails to provide infrastructure facilities to
reduce post harvest losses. The existing traders and
unorganized retailers have not sufficient money to invest
in infrastructure facilities. Apart from these defects,
traditional marketing system unable to satisfy
increasing demand for value added services by rising
consumer incomes. Due to these reasons, organized
retailing is being important in our country.

TST: What is your opinion about FDI in retail sector? Will
people be benefited or not?
AT: Definitely! People will be benefited from the
increasing FDI in retail sector because it will improve
supply chain. Producer will realize better price for their
produce and on other hand consumer will pay fewer
prices. It will also helpful to curb inflation and increasing
fiscal deficit.
TST: How producer will realize better price?
AT: In the present marketing system, producers
particularly farmers face a long chain of middlemen who
grab a large portion of consumers’ rupee. In organized
retailing system, the product will be directly purchased
from the producer and supplied to the consumer.
Thereby, the chain of middlemen will be eliminated in
organized retailing and producer will get high share of
consumers’ rupee. Besides it, producers will also be
benefited from infrastruc ture fac ilities like
transportation and cold storage provided by retail
sector. In our country, post harvest losses is estimated
to be around 50000 crore rupees due to lack of transport
and cold storage like infrastructure facilities.
TST: As you told that middlemen will be eliminated from
the marketing system. It means it will increase
unemployment in the economy.
AT: No! It is not true. Instead it will generate
employment. According to Indian Staffing Federation
(ISF), an apex body of the flexi staffing industry in India,
FDI in retail can create around 4 million direct jobs and
almost 5 to 6 million indirect jobs including contractual
employment within a span of 10 years.
TST: Will FDI in retail sector affect street vendors and
small provision stores?
AT: Absolutely not, because the consumers’ habit is
much diversified such as someone wants to purchase
loose item while someone want in package, someone
want one lemon while someone want 1 kg or half kg,
someone wants to buy fresh fruits and vegetables,
someone do shopping when he or she is coming back
from office etc. Because of diversified consumers’ habit,
single system cannot satisfy or fulfill consumers’
demand. So, both organized and unorganized retailing
like street vendors, small provisions stores etc will exist
together.
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Short Communication
LEAF SPOT OF ALOEVERA
R.B. SHARMA, A.K. SHARMA* AND S. SARASWAT*
Deptt. of Botany, Saraswati P.G. College, Hathras (U.P.)
*Research Scholar, Mewar University, Chittorgrah (Rajasthan).

The plant Aloevera (Aloe barbadensis) are
Xerophyte with succulent leaves extremely common
in deserts. The drug Aloes obtained from leaves. The
plant is stomachic, purgative, authelmatic and given
in piles and rectal fissures. The fresh juice is cooling
and given in fevers. The pulp is given in mestrual
supprecssions. The roots is used in colic. Aloevera
contain 10-30% gluoside group, known as aloin and
some contain essential oil also.
Leaf spot disease was observed during Nov.Dec. 2010-11 in BHU and Agra area. The symptoms
are light brown, circular spots, frequently on the
margin of the leaves. Later these spots became larger
in size, dark brown in colour and coalesced to form
irregular lesions mostly along the margins (Fig. 1).
The fungus was isolated on PDA medium and
Alternaria alternata (Fr.) Keissler. Characteristic
symptoms of the disease were reproduced both on
healthy and injured leaves after 5 to 7 days on
incubation by spore suspension obtained from 6-7
days old culture. This fungus has not reported on
Jatropha yet although Alternaria helianthi is reported
on Helianthus debilis and H. Agraphyllus (Kumar et
al., 1976) and A. Alternate on H. tuberosus (Kumar et
al., 1984). Leaf spot on spinach- A new record (Sharma
et al., 2002). Alternaria leaf disease of Basella rubra
(Sharma and Som Kumar, 2007).

Fig. 1 : Leaf Spot of Aloevera.
The authors are grateful for U.G.C. for
financial assistance.
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STUDIES ON SEXUALITY, MATURITY, SPAWNING AND FECUNDITY IN MYSTUS VITTATUS
IN FAIZABAD REGION OF UTTAR PRADESH, INDIA
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Zoology Department
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ABSTRACT
Present study describes the sexuality, maturity stages, spawning and fecundity of a
fresh water catfish Mystus vittatus (Bloch) from river Ghaghara in Faizabad region. The overall
sex ratio males to female were 1:2.62. Identification of sexes in Mystus vittatus is done by
differences in body shape, genital papilla and colouration. Fecundity observation shows that
if the length of two fishes is nearly same but their weight is different the heavier fish produces
more eggs and if the weight of two fishes is nearly same and their gonad weight is different
then the fish having heavier gonad produces more eggs.
KEYWORDS: Mystus vittatus, catfish, sexuality, spawning.

INTRODUCTION
M ystus vi tta tus (Bloc h ) oc c urs widely
throughout the Indian subc ontinent inc luding
Bangladseh, Pakistan. Srilanka, Nepal and Bhutan but
it has been also reported from Myanmar, Malysia,
laos, Vietnam and Cambodia (Froese and Pauly,2006).
Fishes exhibits well marked diamorphosis between
two sexes (Haq, 1977).
Normally sexual dimorphism was reported
during breeding season, when the gravid females
become obvious by the buldges-out belly and
differentiation of sexes. Rob and Mirza (1987) described
a rapid method of sexing juvenile fishes. The area of
genital pore was quit helpful for identification of the
sexes by Hossain and Islam (1983).
Bhatt (1970) observed that the both sexes
become mature at the end of first year of life. Seasonal
changes in the gonad maturity revealed that the fish
spawns from August to September. Seasonal changes in
gonad weight confirmed that spawning season. Each
individuals spawns only once during breeding season.
The knowledge of fec undity of a fish is
extremely important in successful management and
exploitation of its fishery in any body of water, the
success or failure of a species largely depends on its
spawning potential. It is general rule that greater power
of reproduction are subjected to more fluctuation in
abundance, as more number of eggs do not permit a
sudden increase in population if the environmental
condition are not suitable and conversely species with
limited fecundities are subjected to little fluctuations,
for even under exceptionally favorable conditions, small
number of eggs don’t causes a sudden increase in
population.

Knowledge about the fecundity of a fish is
essential for evaluating the commercial potentialities of
its stock, life history practical culture and actual
management of the fishery (Larger et. al., 1956, Doha
and Hye,1970). Fecundity of fish varies from species to
species, depending on the environmental conditions,
length age etc. It was found during the experiment that
the fish with same size had different number of eggs in
their ovaries. Environmental factors and food supply
might affect the fecundity of fish ( Bagenal,1957).
Knowledge on fecundity of a fish is of great
importance in its rational exploitation through proper
management of fishery resources, development of
selec tive breeding, brood stock development,
domestication and genetic improvement. A study on the
various aspect of reproduction is essential in the
determination of spawning time and place and sex
composition of exploited stock.
Some biological studies on the Mystus vittatus
were made in Aligarh plains of Northern India by Qasim
and Qayyum (1961,1963), ponds of flowing water of
Jammu division by Malhotra et.al. (1979) and from
Guntur, Andhra Pradesh by Rao and Sharma (1984)
but the maturity, spawning and fecundity of Mystus
vittatus has not been investigated from the water bodies
of Faizabad , so the present study was undertaken.
MATERIAL AND METHOD
Fish sample were collected from the local
fishermen and from the fish landing center. The fishes
were washed and the total length and standard length
of fish were measured in the nearest mm. by means of a
measuring board and their weights were recorded in
the nearest grams by sensitive pan balance. Excess of
water was removed from the surface of fish before their
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weight were taken. The fishes were dissected to record
sex and stage of maturity the length and weight of
ovaries were also taken, excess water removed from
ovaries surface with blotting paper. The ovaries were
removed, weighed and preserved in 5% formalin.
Ovaries were classified into five maturity stages on the
basis of morphological observations as suggested by the
International Council for the Exploration of Sea (Loven
and Wood,1937).
For fecundity study after noting the total weight
and length, the fishes were dissected out for ovary and
after weighing the weight, ovary dissected for eggs. The
eggs were washed with water by several decanting and
excess of water was filtered off. The eggs were now left
to air dry thoroughly, until they turned from a creamy
white to translucent golden yellow and become very
hard from time to time this drying, the eggs were moved
about on tray to make each egg seprate, when dry eggs
were stored for counting.
Estimation of the total weight from each fish
were made by weighing the total weight of ovary and
the counting accurately weighed two random sample
of each ovary, both samples gave the means of the
estimate, and fecundity was calculated by using

Month
April
May
June
July
August
September
October
November
December
January
February
March

Month
April
May
June
July
August
September
October
November
December
January
February
March

formulaFecundity = No. of counted eggs in the sampled ovary/
Weight of sampled ovary * Total weight of ovary
OBSERVATION
The adult of Mystus vittatus is bottom and
marginal dwellers, fry are available the shallow
margins of the river through channels. Sexual
diamorphism in Mystus vittatus is a permanent nature
and can be easily seen in males in the form of genital
papilla. The genital papilla is a projection of genital
aperture and its length varies from 3 mm to 8 mm. the
genital aperture is more enlarged during the spawning
season.
Identification of sexes in Mystus vittatus is done
by differences in body shape, genital papilla and
colouration. The abdominal region is always broader
and longer, colour of the female is also darker comparison
with that male. The genital papilla is soft, elongated,
structure, broad at the base and gradually tapering
towards the end and 2/3 part of the genital papilla hangs
freely from the body. The tip of the genital is beyond the
base of the first anal fin. During the breeding season the
female become obvious by the bulges out belly, so the
male and female distinguish easily. The female fishes

Table-1
Monthly sample of M. vittatus showing sex-ratio during 2009-10
Number of male
Number of female Total number of fishes Male %
52
129
181
28.73
63
144
207
30.43
71
162
233
30.47
15
47
62
24.19
20
62
82
24.39
34
67
101
33.66
19
42
61
31.15
17
45
62
27.42
13
65
78
16.67
42
91
133
31.58
15
77
92
16.31
49
143
192
25.52

Female %
71.27
69.57
69.53
75.81
75.61
66.34
68.85
72.58
83.33
68.42
83.69
74.48

Table-2
Different maturity stages of Mystus vittatus during 2009
Stage I
Stage II
Stage III
Stage IV
Male
Female Male
Female Male
Female Male
Female
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+ Seen the stage; - not seen

Sex ratio
1:2.48
1:2.29
1:2.81
1:3.04
1:3.10
1:1.97
1:2.21
1:2.65
1:5.00
1:2.17
1:5.13
1:2.92

Stage V
Male
Female
+
+
+
+
-
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Table-3
Fecundity of Mystus vittatus during 2009
S.
Standard length Total length of Weight of fish Weight of ovary Weight of
Number of counted Fecundity
No. of fish (in mm.) fish (in mm.)
(in gm.)
(in gm.)
sampled ovary egg in sample
1.
72
90
8.83
0.60
0.10
670
4,020
2.
73
91
8.37
0.50
0.08
630
3,938
3.
73
92
8.89
0.54
0.08
654
4,415
4.
74
94
9.58
0.70
0.11
692
4,404
5.
76
99
9.20
0.50
0.10
714
3,570
6.
77
98
10.63
0.98
0.11
708
6,304
7.
77
102
10.70
1.10
0.10
742
8,162
8.
78
96
9.60
0.80
0.08
606
6,060
9.
78
102
9.50
0.75
0.08
624
5,850
10.
79
101
11.88
1.00
0.12
842
7,017
11.
81
103
13.11
1.12
0.11
824
8,390
12.
83
103
12.10
0.98
0.10
792
7,762
13
84
104
13.20
1.05
0.12
901
7,890
4.
91
112
10.30
0.78
0.10
832
6,490
15.
99
120
13.10
1.20
0.12
896
8,960
16.
97
115
15.10
1.98
0.11
752
13,536
17.
89
110
14.20
1.70
0.12
843
11,903
18.
84
102
9.90
0.75
0.10
712
5,340
19.
76
94
9.13
0.56
0.10
404
4,040
20.
87
101
9.69
0.68
0.09
672
5,712
with maturing ovaries apeared in the catches from May,
DISCUSSION
female with mature ovaries were observed from July to
Sexual dimorphism catfish is a permanent
October and the spent fishes become appear September
nature and can be easily seen in the males in the form of
month.
genital papilla. Mussa and Bhuiyan (2006) determined
For the sex ratio study 1484 fishes were
the sexual dimorphism in Mystus bleekeri. They observed
examined during the year 2009-10, in which 410 males
1300 specimen in which 594 were male and 706 were
and 1074 female fishes were found and the male-female
female, the male- female ratio was 1:1.30, the female were
ratio was 1:2.62. Highest variation in sex ratio was found
dominant throughout the year and the identification of
in the month of February 2010, out of 92 examined fishes
sexes in Mystus bleekeri is done by differences in body
77 female and 15 males were found, percentage
shape, genital papilla and colouration, the genital papilla
occurrence of male-female was 16.31 and 83.69 and the
was a soft elongated structure hangs freely from the
sex-ratio was 1:5.13 during this month and the lowest
body. In the population of Mystus vittatus female
variation found in the month of September 2009, out of
dominate in the catches during observation, Rao and
examined 101 fishes 34 male and 67 female fishes were
Sharma (1984) and Bhatt (1971) studied the sex ratio of
found, the percentage occurrence of male and female was
Mystus vittatus and the male-female ratio was 1:2.5 and
33.66 and 66.34 respectively and the sex ratio during
1:1.5 respectively, In present study it is found that female
this month was 1:1.97. The month-wise sex-ratio study
found outnumber in male during throughout the year.
of M. vittatus during 2009-2010 was indicating the female
After the study of 1484 fishes it is found that male-female
slightly outnumber the males in the population.
ratio is 1:2.62.
For fecundity study the fishes were examined
Rao and Sharma (1984) determined the stages
during the spawning season, the fecundity is estimated
of maturity in the monthly sample collected from April
by counting the number of mature ova in the fish ovary.
1980 to March 1981 and observed that the female with
In the present study fecundity varies from 3,570 to 13,536
maturing gonads appear in catches from May onwards,
and observation shows that if the length of two fishes is
female with mature ovaries from July till October. Bhatt
nearly same but their weight is different the heavier
(1971) studied the cycle of maturation and depletion of
fish produces more eggs and if the weight of two fishes
gonads in Mystus cacvasius from the Aligarh and reported
is nearly same and their gonad weight is different then
that the ripe fishes appeared in April and their
the fish having heavier gonad produces more eggs.
perc entage was maximum in June. Ripe female
disappear after August while ripe males continue to
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occurs in very small number until September, In present
study it is noticed that the female with maturing gonads
appeared in the catches from may onwards and female
with mature ovaries began to appear from June to
September, female with ripe gonads appeared in catches
from July and spent females began to appear in catches
from September onwards.
These observations indicated that the spawning
season of Mystus vittatus lasts from July to September
and the cycle of maturation of gonads and stages of
maturity indicate that Mystus vitttatus spawns once
annually.
In Mystus vittatus the fecundity is related to both
body weight and gonad weight linearly, this signifies
that the number of eggs in the ovaries increases in
proportion to the weight of the fish and weight of the
gonads. It means the heavier fish produces more eggs
than the lighter ones and the fish with heavier gonads
will produce a greater number of eggs than one with
lighter gonads.
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ABSTRACT
The major carps are very important food fishes in northern India these fishes play
important role from the point of view of fishery and the rivers, thus chosen are also the main
rivers of Uttar Pradesh and have abundant potential for fish culture.Therefore,it is thought
proper to observe the natural growth rate of major carps in these water bodies because it is
very important to assess the health conditions of rivers and the fauna inhabiting these so as we
must pass the natural resources in a very correct way to our coming generations on the one
hand and to reap maximum potential from our water bodies on the other hand ,which will help
us to eradicate the poverty and unemployment from poorest of the poor of the society. Many
fishes bear on their scales permanent marks as faithful evidence not only of the age but of the
growth as well at the end of each year of the life. This fact forms the basis of estimating year
to year changes in growth, and also of back-calculating body length. A nnuli of the scale
represent zones of retarded growth and are formed at the same time (winter) each year. A
direct relationship thus exists between the annuli and the growth pattern of the individual.
Body lengths may be determined, assuming certain relationship to exist between the scale size
and the body.
KEY WORDS: Comparative Study, Scale, Major Carp, River Ganga, River Yamuna, River
Ghaghra.

INTRODUCTION
Food security and food sufficiency has always
been a loming problem in Indian context and also in
developing and underdeveloped nations where fish
food play an important role. India is good producer
of fresh water fishes. Fish production is directly
related to fish growth. A change in length or weight
or both in organism with increasing age is called
growth. Due to conversion of food matter into the
building matter of the body by means of the process
of nutrition generally size is increases in growth. The
rate of growth varies to a large extent among fishes
as these are cold blooded. It varies from one species
to another species. It may vary for the same fish from
different localities or for the same individuals at
different seasons. Also, different parts of the body or
even different organs have different rates of growth.
Fishes continue to grow practically throughout their
life. However, in extreme old age fish's growth
extremely slow.
During the life time of fish, growth
characteristics vary at varioius periods. As for as the
linear growth is concerned, it is at its maximum rate
during the period preceding the onset of maturity. Single
growth rate directly dependent upon the food supply,
large scale fluctuations may occur subject to the

availability of the food. Once maturity is attained the
growth rate falls. It must be mentioned that growth
pattern and growth rate are highly species-specific.
Many fishes bear on their scales permanent
marks as faithful evidence not only of the age but of the
growth as well at the end of each year of the life. This
fact forms the basis of estimating year to year changes
in growth and also of back-calculating body length.
Annuli of the scale represent zones of retarded growth
and are formed at the same time each year. A direct
relationship thus exirts between the annuli and the
growth pattern of the invidual. Body lengths may be
determined, assuming certain relaitonship to exirt
between the scale size and the body.
MATERIALS AND METHODS
The scale for the study was removed from in
between dorsal fin and lateral line, such scales may
be designated as ‘key scales’.
Mark four or five locations on the fish’s body.
Remove three or four scales from each location using
large number of specimens from each size group.
Measure the lateral scale radius of each scale. Find the
correlation coefficient between total fish length and
lateral scales radius for each location. Only that
location was used for removing key scales which gives
high value of correlation coefficient. After each
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collection of scales, kept it in the envelopes in sunlight
for about 5-6 hours in a basket to remove the moisture,
otherwise fungus may develop on the scales.
Sc ales collec ted in the field are washed,
cleaned and studied as dry mounts, after removing
extraneous matter and mucus by washing them in
tap water and rubbing in between finger tips. To
make scales more clear and soft (In case of large
scales), diped them in weak solution (1%) of KOH for
about 5-10 minutes, then washed in tap water and
dried it in air.
We studied fishes in three rivers Ganga,
Yamuna and Ghaghra.We Collected the key scales of
selected fishes from selected places, and washed in
water with tip of finger and brush.After that we dried
it with the help of Blotting paper and made 45 to 50
slides of fishes in different age group by using above
method.We took photo of these slides from NBFGR
wh ic h is Given in th e paper.Wit h th e h elp of
Magnifying glass, Scale and Calculator, we derived the
Total scale radius and distance of first, second, third
and so on annulus From focus this is showed in this
paper as l1,l2 l3 etc.The l1 showes Distance between
focus and first annual ring, l2 showes distance
between Focus and second annual ring and so on.
By using formula, which is given below, we calculated
the back-c alculated length of selected fishes in
different age group.

S1 L1

S
L
Where S1 = length of scale radius to annulus X.
S = length of total scale radius
Or

S1
L  L
S
1

L1 =

length of fish when annulus X was
formed.
L=
length of fish when scale sample was
obtained.
By using back- calculated length of different
age group, we derive the growth rate of fish and
plotted graph.
OBSERVATION
The scale has c ircular lines called Ciruli
(circular concentric ridges or sclerites of Chugunova,
1963) and the radiating lines originating from the
focus or any point away from the focus.The circuli
are formed periodically with the growth of the scale
showing closely and widely spaced arrangement
representing slow and periods of growth. These
circuli, when exhibited a tendency of discontinuity,

were identified as annuli or growth rings. Thus each
annulus comparised continuous and widely spaced
(Fast growing phase) and closely and discontinuous
ciculi.The radiating lines are fromed due to less space
on the body of the growing scale.The number of radii
is less on the lateral side, maximum on the anterior
and very less on the posterior part of the scale.Their
less number on the posterior part is due to hard
nature of the scale.
The radii can be divided into three categories:
1. Primary (originating from focus)
2. Secondary (originating midway between
focus and margin)
3. Tertiary (originating between primary and
secondary radii)
Cirrhinusmrigala: River Ghaghra
During the period of observation we examined
07 fishes of Cirrhinusmrigala in river Ghaghra in zero
age group and found their length were 21.1, 23.1, 24.5,
26, 27.1, 28.2, 30.1 cm respectively.
We examined 04 fishes in first year age group,
their length were 31.2, 32.5, 33, 35.6 cm respectively. The
l1 of these fishes were 0.8, 0.85, 0.85, 0.9 cm respectively.
We examined 05 fishes in two year age group,
their length were 36.4, 37.1, 39.7, 40.64, 41.63 cm
respectively. The l1 of these fishes were 0.45, 0.45, 0.45,
0.5, 0.55 cm respectively. The l 2 of these fishes were
0.62, 0.63, 0.65, 0.65, 0.65 cm respectively.
We examined 05 fishes in three years age group,
their length were 42.2, 43.1, 45.35, 48.2, 49.1 cm
respectively. The l1 of these fishes were 0.45, 0.45, 0.45,
0.5, 0.55 cm respectively. The l 2 of these fishes were
0.65, 0.65, 0.65, 0.7, 0.75 cm respectively, The l3 of these
fishes were 0.75, 0.8, 0.85, 0.9, 0.95 cm respectively.
We examined 09 fishes of four years age group,
length were 50.7, 52.1, 53.3, 55.4, 57.1, 58.25, 60.0,
62.01, 63.1 cm respectively. The l 1 of these fishes were
0.55, 0.55, 0.55, 0.6, 0.6, 0.6, 0.65, 0.65, 0.65 cm
respectively. The l2 of these fishes were 0.75, 0.75, 0.75,
0.8, 0.8, 0.8, 0.85, 0.85 cm respectively. The l 3 of these
fishes were 0.95, 1.0, 1.0, 1.0, 1.0, 1.05, 1.10, 1.15, 1.2
cm respectively. The l 4 of these fishes were 1.0, 1.1,
1.1, 1.15, 1.2, 1.25, 1.3, 1.35, 1.4 cm respectively.
We examined 04 fishes of five year age group,
length were 65, 66.6, 69.2, 71.05 cm respectively. The
l1 of these fishes were 0.7, 0.7, 0.75, 0.75 respectively.
The l2 of these fishes were 0.9, 0.9, 0.95, 0.95 cm
respectively. The l3 of these fishes were 1.15, 1.15, 1.2,
1.2 cm respectively. The l4 of these fishes were 1.35,
1.35, 1.4, 1.4 cm respectively. The l5 of these fishes were
1.4, 1.45, 1.45, 1.5 cm respectively.
We examined 03 fishes of six years age group,
length were 73.5, 75.1, 78.5 cm respectively. The l 1 of
these fishes were 0.8, 0.8, 0.81 cm respectively. The l 2
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were 1.0, 1.0, 1.1cm respectively. The l 3 were 1.2, 1.2,
1.25 cm respectively. The l4 were 1.3, 1.3, 1.35 cm
respectively. The l5 were 1.4, 1.4, 1.45 cm and the l 6
were 1.5, 1.55, 1.55 cm respectively.
We examined 05 fishes of seven years age
group, length were 80.5, 82.2, 83.2, 85.5, 86.2 cm
respectively. The l1 of these fishes were 0.85, 0.85, 0.85,
0.9, 0.5cm respectively. The l2 were 1.2, 1.2, 1.2, 1.25,
1.25 cm respectively. The l3 were 1.3, 1.3, 1.35, 1.4, 1.4
cm respectively. The l4 were 1.4, 1.4, 1.45, 1.5, 1.5 cm
respectively. The l5 were 1.5, 1.5, 1.55, 1.6, 1.6 cm
respectively. The l6 were 1.6, 1.6, 1.65, 1.7, 1.7 cm and
l7 were 1.65, 1.7, 1.7, 1.75, 1.8 cm respectively.
We examined 02 fishes of eight years age
group, length were 88.5 and 90.2 cm respectively. The
l1 of these fishes were 0.9, 0.9cm respectively. The l 2
were 1.25, 1.25 cm respectively. The l 3 were 1.4, 1.42
cm respectively. The l4 were 1.5, 1.52cm respectively.
The l5 were 1.6, 1.62 cm.The l6 were 1.7, 1.73 cm.The l7
were 1.8, 1.83 c m and the l 8 were 1.85, 1.9 c m
respectively.
Cirrhinusmrigala: River Ganga
During the period of observation we examined
05 fishes of Cirrhinusmrigala in river Ganga in zero
age group, the length were 40.3, 45.1, 46.5, 47.6, 48.3
cm respectively.
We examined 03 fishes of one year age group,
the length were 49.2, 50.1, 50.4 cm respectively. The l 1
of these fishes were 0.1, 0.1, 0.15 cm respectively.
We examined 10 fishes in two years age group, the
length were 53.2, 54.3, 55.6, 56.5, 57.7, 58.4, 59.2, 60,
61.5, 63.3 cm respectively. The l 1 of these fishes were
0.15, 0.15, 0.2, 0.2, 0.25, 0.3, 0.3, 0.4, 0.4, 0.5 cm
respectively. The l2 of these fishes were, 0.3, 0.35, 0.4,
0.4, 0.45, 0.5, 0.5, 0.6, 0.6, 0.7 cm respectively.
We examined 09 fishes in three years age
group, the length were 64, 65.1, 66.2, 67.31, 67.5, 68.1,
69.4, 70.35, 71.5 cm respectively. The l 1 of these fishes
were 0.6, 0.6, 0.65, 0.65, 0.67, 0.67, 0.69, 0.69 cm
respectively. The l2 of these fishes were 0.8, 0.8, 0.9,
0.9, 0.92, 0.95, 0.97, 0.99, 0.99 cm respectively. The l 3 of
these fishes were 1.3, 1.2, 1.3, 1.3, 1.32, 1.35, 1.35, 1.36,
1.36 cm respectively.
We examined 05 fishes in four years age
group, the length of these fishes were 72.2, 73.4, 74.6,
75.1, 76.3 cm respectively. The l 1 of these fishes were
0.7, 0.7, 0.75, 0.75, 0.8 cm respectively. The l 2 of these
fishes were 1.0, 1.0, 1.1, 1.1, 1.2 cm respectively. The l 3
of these fishes were 1.1, 1.2, 1.2, 1.25, 1.35 c m
respectively. The l4 of these fishes were 1.4, 1.4, 1.4,
1.45, 1.45 cm respectively.
We examined 04 fishes in five years age group,
the length were 77.5, 78.7, 79.1, 79.8 cm respectively.
The l1 of these fishes were 0.8, 0.8, 0.81, 0.81 cm
respectively. The l2 of these fishes were 1.25, 1.30, 1.3,
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1.3 cm respectively. The l3 of these fishes were 1.37,
1.4, 1.41, 1.42 cm respectively. The l 4 of these fishes
were 1.45,1.45,1.46,1.47 cm respectively. The l5 of these
fishes were 1.5,1.51,1.52,1.53 cm respectively.
We examined 03 fishes in six years age group,
the length were, 80.01, 81.5, 82.2 cm respectively. The
l1 of these fishes were 0.81, 0.81, 0.82 cm respectively.
T he l 2 of t h ese fish es wer e 0. 95, 1. 0, 1.1 c m
respectively. The l3 of these fishes were 1.15, 1.25, 1.25
cm respectively. The l4 of these fishes were 1.4, 1.45,
1.45 cm respectively. The l 5 of these fishes were 1.5,
1.55, 1.55 cm respectively. The l 6 of these fishes were
1.75, 1.75, 1.75 cm respectively.
We examined 04 fishes in seven years age
group, the length were 83.1, 84.7, 85.5, 86.2 cm
respectively. The l1 of these fishes were 0.9, 0.9, 1.0,
1.0 cm respectively. The l 2 of these fishes were 1.2,
1.21, 1.23, 1.25 cm respectively. The l 3 of these fishes
were 1.3, 1.35, 1.35, 1.4 cm respectively. The l 4 of these
fishes were 1.5, 1.55, 1.55, 1.6 cm respectively. The l 5
of these fishes were 1.6, 1.65, 1.65, 1.7 cm respectively.
The l6 of these fishes were 1.8, 1.85, 1.85, 1.85cm
respectively. The l7 of these fishes were 1.9, 1.9, 1.95,
1.95 cm respectively.
Cirrhinusmrigala: River Yamuna
Durin g t he p er iod of ob serv at ion of
Cirrhinusmrigala in river Yamuna. We examined 05
fishes in zero age group, the length were 39.1, 40.2,
44.2, 45.6, 47.3 cm respectively.
We examined 03 fishes in one year age group,
we found their length were 48.7, 49.3, 50.1 cm. The l 1
of these fishes were 0.1, 0.1, 0.15 cm respectively.
We examined 07 fishes in two years age group,
we found their length were 51.1, 52.3, 54.3, 55.0, 57.7,
58.2, 60.0 cm. The l1 of these fishes were 0.15, 0.15, 0.2,
0.25, 0.3, 0.35, 0.4 cm. The l 2 of these fishes were 0.3,
0.35, 0.4, 0.45, 0.5, 0.55, 0.6 cm respectively.
We examined 04 fishes in three years age group,
we found their length were 62.3, 63.2, 64.4, 65.0 cm.
The l1 of these fishes were 0.4, 0.45, 0.5, 0.55 cm. The l 2
of these fishes were 0.6, 0.65, 0.67, 0.75 cm. The l 3 of
these fishes were 0.8, 0.85, 0.9, 0.95 cm respectively.
We examined 02 fishes of four years age group,
their length were 67.3, 68.8 cm. The l 1 of these fishes
were 0.6, 0.65 cm. The l2 of these fishes were 0.8, 0.85
cm. The l3 of these fishes were 1.0, 1.05 cm. The l 4 of
these fishes were 1.2, 1.25 cm respectively.
We examined 03 fishes of five years age group,
their length were 69.3, 72.3, 73.3 cm. The l1 of these fishes
were 0.65, 0.7, 0.75 cm. The l2 of these fishes were 0.85,
0.9, 0.95 cm. The l3 of these fishes were 1.05, 1.1, 1.15 cm.
The l4 of these fishes were 1.25, 1.3, 1.35 cm. The l5 of
these fishes were 1.35, 1.45, 1.55 cm respectively.
We examined 04 fishes of six years age group,
length of these fishes were 75.5, 77.2, 78.2, 80.1 cm.
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The l1 of these fishes were 0.75, 0.8, 0.85, 0.9 cm. The l 2
of these fishes were 0.95, 1.0, 1.05, 1.1 cm. The l 3 of
these fishes were 1.15, 1.2, 1.25, 1.3 cm. The l 4 of these
fishes were 1.35, 1.4, 1.45, 1.5 cm. The l 5 of these fishes
were 1.55, 1.6, 1.65, 1.7 cm. The l 6 of these fishes were
1.65, 1.7, 1.75, 1.8 cm respectively.
We examined 02 fishes of seven years age
group, their length were 82.2, 83.3 cm. The l 1 of these
fishes were 0.9, 0.95 cm. The l2 of these fishes were 1.1,
1.15 cm. The l3 of these fishes were 1.3, 1.55 cm. The l4 of
these fishes were 1.5, 1.55 cm. The l 5 of these fishes
were 1.7, 1.75 cm. The l6 of these fishes were 1.8, 1.85
cm. The l7 of these fishes were 1.9, 1.95 cm respectively.
Back calculation
During the period of investigation scale sample
of 44 specimens of Cirrhinusmrigala in river Ghaghra,
ranging in length from 21.1 to 90.2 cm and belonging
to 0 to 8 age classes were examined. The maximum
number of specimens belonged to age class four.
The mean back calculated lengths (in cm)
obtained by the analysis of pooled key scale samples
were 29.13, 42.60, 53.60, 62.66, 69.65, 76.36, 82.22, 86.97
for first to eight age classes respectively.
During the period of investigation scale sample
of 30 specimens of Cirrhinusmrigal in river Yamuna
ranging in length from 39.1 to 83.3 cm and belonging
to 0 to7 age classes were examined. The maximum

number of specimens belonged to age class two.
T h e m ean b ac k-c alc ulat ed len gt h s(in
cm)obtained by the analysis of pooled key scale
sample were 27.3,40.2,52.48,62.92,70.26,75.03,79.65
for first to seventh age classes respectively.
During the period of investigation scale sample
of 43 specimens of Cirrhinusmrigal in river Ganga
ranging in length from40.3 to 86.2 cm and belonging
to 0 to7 age classes were examined. The maximum
number of specimens belonged to age class two.
T h e m ean b ac k-c alc ulat ed len gt h s(in
cm)obtaind by the analysis of pooled key scale sample
were 28.07,44.77,57.13,63.31,66.94,75.45,79.70 for first
to seventh age classes respectively.
DISCUSSION
Johal and Tandon (1981) worked on growth
of fishes from scales in different localities. He found
back-calculated length (cm) of Cirrhinusmrigala in
Harike. The l1 was 27.46 cm, l2 was 40.08 cm, l3 was
50.32 cm, l4 was 60.40 cm, l5 was 65.31 cm, l6 was 70.86
cm. He also found back-calculated length (cm) of
Cirrhinusmirgala from Rangmahal. The l1 was 31.54 cm,
l2 was 43.49 cm, l3 was 54.19 cm, l4 was 62.22 cm, l5 as
67.11 cm and l6 was 72.04 cm respectively.
We also examined the back-calculated length
of Cirrhinusmrigala in river Ganga, Yamuna and
Ghaghra. We found back calculated length (cm) in

Table-1 : Back-calculated lengths (cm) of Cirrhinus mrigala during Jan.-Dec., 2010 from river Ganga at Allahabad.
Age
No. of Total length
Length of fish (cm) at the time of annulus formation
Class Specimens
(cm)
Examined (Average)
0

05

L
1

L
2

L
3

L
4

L
5

L
6

L
7

45.56
(40.3-48.30)

1

03

50.56

7.99

(49.20-52.40) (7.02-9.82)
2

10

57.97

15.84

26.94

(53.20-63.30) (9.39-24.35) (18.77-34.08)
3

09

67.72

29.76

41.53

59.84

(64.00-71.50) (27.42-31.82) (36.57-45.67) (59.42-62.74)
4

05

74.32

33.53

48.92

55.28

62.59

(72.20-76.30) (31.59-35.90) (45.13-53.85) (49.63-60.59) (63.17-65.09)
5

04

78.77

35.76

57.54

62.58

65.17

67.06

(77.5-79.80) (35.15-36.47) (56.98-58.66) (61.96-62.96) (64.16-66.10) (65.92-68.38)
6

03

81.23

34.34

43.49

52.03

61.29

65.45

74.82

(80.01-82.2) (33.68-35.04) (40.00-47.58) (48.42-54.07) (58.95-62.73) (63.16-67.05) (73.69-75.71)
7

04

84.87
(83.1-86.2)

Total/
average

43

67.62
(40.3-86.2)

39.31

50.20

55.90

64.18

68.32

76.09

79.70

(37.39-41.04) (48.85-51.30) (54.01-57.46) (62.32-65.67) (66.48-69.87) (74.79-78.34) (78.94-80.46)
28.07

44.77

57.13

63.31

66.94

75.45

79.70

(7.02-41.04) (18.77-58.66) (48.42-62.96) (58.95-66.10) (63.16-69.87) (74.79-78.34) (78.94-80.46)
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Table-2 : Back-calculated lengths (cm) of Cirrhinus mrigala during Jan.-Dec., 2010 from river Yamuna at Allahabad.
Age
No. of Total length
Length of fish (cm) at the time of annulus formation
Class Specimens
(cm)
Examined (Average)
0

05

L
1

L
2

L
3

L
4

L
5

L
6

L
7

43.28
(39.1-47.3)

1
2
3

03
07
04

49.36

8.24

(48.7-50.1)

(6.95-10.73)

55.6

15.29

26.82

(51.1-60.0)

(9.22-24.0)

(19.16-36.00)

63.72

26.28

37.37

48.48

(62.3-65.0) (22.65-29.79) (33.98-40.62) (45.31-51.46)
4

02

68.05
(67.3-68.8)

5

03

71.6

33.00

43.19

53.67

64.13

(31.06-34.4) (41.41-44.90) (51.77-55.57) (62.12-66.15)
34.40

42.97

52.53

62.9

69.20

(69.3-73.3) (32.17-34.35) (42.07-43.52) (51.97-52.94) (61.85-64.98) (66.82-71.0)
6

04

77.77
(75.5-80.1)

7
Total/

02
30

average

35.63

44.28

52.9

61.57

70.22

74.55

(33.3-37.94) (42.19-46.37) (51.07-54.80) (59.9-63.28) (68.8-71.77) (72.9-76.12)

82.75

38.28

(82.2-83.3)

(36.9-39.57)

64.02

27.30

(39.1-83.3)

(6.95-39.57)

46.55

54.83

63.10

71.37

(45.21-47.9) (53.4-56.23) (61.6-64.56)
40.2

52.48

75.51

(69.8-72.8)

62.92

70.26

79.65

(73.9-77.05) (78.09-81.22)
75.03

79.65

(19.16-47.9) (45.31-56.23) (62.12-64.56) (66.82-72.8) (72.9-77.05) (78.09-81.22)

Table-3 : Back-calculated lengths (cm) of Cirrhinus mrigala during Jan.-Dec., 2010 from river Ghaghra at Faizabad.
Age
No. of Total length
Length of fish (cm) at the time of annulus formation
Class Specimens
Examined
0

07

(cm)
(Average)

L

1

L

2

L

3

L

4

L

5

L

6

L

7

L

8

25.72
(21.1-30.1)

1
2

04
05

33.07

13.62

(31.2-35.6)

(11.7-15.82)

39.09
(36.4-41.63)

3

05

4

09

5

04

6

03

7

05

Total/
Average

02
44

26.89

45.59

22.59

31.97

40.02

(42.2-49.1)

(19.98-27.0)

(28.8-36.82)

(33.3-46.6)

56.89

25.73

34.32

45.07

(50.7-63.2)

8

18.49

(16.98-19.71) (25.07-28.48)

(25.35-28.33) (32.56-37.04)

51.67

(40.78-52.3) (46.09-61.02)

67.96

32.30

41.21

52.35

61.29

64.59

(65.0-71.05)

(30.3-34.37)

(39.00-43.50)

(44.8-55.00)

58.5-64.17)

(60.6-68.7)

75.7

37.98

48.91

57.56

62.30

67.03

72.56

(73.5-78.5)

(36.7-39.7)

(45.93-53.9)

(55.1-61.3)

(59.7-66.2)

(64.3-71.1)

(68.9-76.04)

83.52

40.57

56.91

62.98

68.00

72.30

(80.5-86.2

(40.25-41.93)

(56.8-58.24)

89.35

41.77

58.00

(88.5-90.2)

(41.92-41.63)

(57.8-58.2)

57.43

29.13

42.60

(21.1-90.2)

(11.7-41.93)

(25.07-58.24)

(61.55-64.7) (66.2-69.89) (71.02-74.55)
65.44

70.03

(65.2-65.68) (69.86-70.2)
53.90

62.66

(33.3-65.60) (46.09-70.2)

76.97

80.23

(75.76-79.2)

(78.1-83.87)

74.7

79.56

(74.5-74.9)

(79.1-80.02)

69.65

76.36

(60.6-74.9)

(68.9-80.02)

84.22

86.97

(83.8-84.64) (86.17-87.78)
82.22

86.97

(78.1-84.64) (86.17-87.78)
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Ganga. The l1 was 28.07 cm, l2 was 44.77 cm, l3 was
57.13 cm, l4 was 63.31 cm, l5 was 66.94 cm, l6 was 75.45
cm and l7 was 79.70 cm respectively (Table-1).
Back-calculated length (cm) in Yamuna, the l1 was
27.30 cm, l2 was 40.2 cm, l3 was 52.48 cm, l4 was 62 (cm) in
Ghaghra, the l1 was 29.13 cm, l2 was 42.60 cm, l3 was
53.90 cm, l4 was 62.66 cm, l5 was 69.65 cm, l6 was 76.36

cm, l7 was 82.22 cm and l8 was 86.97 cm respectively.
We concluded that the growth of this fish is
better in river Ghaghra than river Ganga and Yamuna.
Johal (1981) studied the growth of Cirrhinusmrigala
from Rangmahal.He recorded the growth rate (in cm)
was 31.54, 11.95, 10.70, 8.03, 4.89 and 4.93 cm for one to
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Fig-7 : Growth rate of Cirrhinus mrigala in river Yamuna

Fig-8 : Growth rate of Cirrhinus mrigala in river Ganga

Fig-9 : Growth rate of Cirrhinus mrigala in river Ghaghra

Fig-10 : Comparative growth rate ofCirrhinusmrigala in
three major rivers of India

six age classess respectively. He (1981) also studied this
fish from Harike. He recorded the growth rate (cm) was
27.46, 12.62, 10.24, 10.08, 4.91, 5.55 cm for one to six age
classes respectively.
I studied the growth of Cirrhinusmirgala from
river Ganga, Yamuna and Ghaghra. I recorded the
growth rate (cm) in river Ganga was 28.07, 16.7, 12.36,
6.18, 3.63, 8.51 and 4.25 cm for one to seven age classes
respectively. I recorded the growth rate (in cm) in river
Yamuna was 27.30, 12.9, 12.28, 10.44, 7.34, 4.77 and
4.62 cm for one to seven age classes respectively. I also
recorded the growth rate (in cm) in river Ghaghra was
29.13, 13.47, 11.3, 8.76, 6.99, 6.71, 5.86 and 4.75 cm for
one to eight age classes respectively. We concluded that
the growth rate of Cirrhinusmrigala is different in
different localities but riverine system is favourable
for the growth of this fish.
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SUICIDAL GENERATION OF TOMATO FRUIT BORER , HELICOVERPA ARMIGERA IN
TARAI REGION OF U.P.
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ABSTRACT
A survey was done to study the fate of generation of H.armigera between April to June.
The present study reveals that due to absence of preferred food (tender tomato leaves) and temperature
above optimum 37OC between 19th standard week to 24th standard, during this period H.armigera fail
to complete its lifecycle hence are suicidal generation.
Keywords : H.armigera, optimum temperature, lifecycle, suicidal generation

INTRODUCTION
Tomato is ( Lycopersicon esculentum Mill.) is one of
the most important remunerative vegetable grown in
the world , which is excellent source of antioxidants,
dietary fiber ,mineral and vitamins . A wide range of
insects attack tomato and forms major limiting factors
in its successful cultivation and improvement in yield
.Among them fruit borer, Helicoverpa armigera (Hubner) is
the most destructive insect pest causing the loss in
tomato yield to the tune of 50 to 80 percent (Tewari and
Krishnamoorthy , 1984 ). The tomato is a warm season
crop .The crop does well under an average monthly
temperature of 210 C to 230 C .Temperature and light
intensity affect the fruit- set ,pigmentation and nutritive
value of the fruit .Long dry spell and heavy rainfall both
shows detrimental effect on growth and fruiting .In the
northern plains three crops are taken but in frost affected
areas rabi crop is not fruitful. The kharif crop is
transplanted in July, rabi in October – November and
zaid crop in February months. In the southern plains
where there is no danger of frost the first transplanting
is done in December – January ,second June –July, third
in September –October (Singh ,2010). Therefore ,the
present studies were under taken to study the biology
of Helicoverpa armigera in the absence of preferred food
viz. leaves and fruit of tomato crop indicating suicidal
generation.
Material and Methods
Studies on the biology of tomato fruit borer,
H.armigera in the laboratory of the department of
Zoology ,M.L.K.(P.G.) College ,and in the tomato crop
fields of district Balrampur. Observations were
recorded from field of tomato weekly on eggs and larvae
of H .armigera on five random plants from 15th standard
week (8th April 2012) to 24th standard week (June 2012).
From tomato crop field freshly laid eggs were collected

from the tomato leaves with the help of wet camel brush
and placed in three plastic containers (5.0 cm diameter x
5.5 cm height) in the batches of ten each. Simultaneously
yellowish – white and glistening 25 eggs were selected .
In laboratory on hatching of eggs, each larvae were
reared separately in a 30cm x 6 cm transparent glass jar
, to avoid cannibalism. Larvae were reared on tomato
leaves at room temperature. Each larval glass jar covered
by muslin cloth .
Results and Discussion
Maximum oviposition (table 1) of H .armigera was
1.6 eggs per plant observed during 2nd and 3rd week of
April , and larvae per plant were 1.54 and 1.20
respectively .In 4th and 5th week of April eggs per plant
was 1.5 and 1.4 while larvae recorded per plant was
1.19 and 1.10 ,but suddenly significant reduction in
oviposition and larval population is noticed from 1st
week of May (0.6 eggs/plant and 0.74 larvae/plant)
onwards. The female preferred the tender leaves for egg
laying ,so that the first instars larvae easily devoured
them .In April perhaps due to the maximum fruiting
and prevailing the suitable weather factors both help in
fast larval development. Similar observation was
recorded by Srivastava et al., (2003). Thereafter the
population of larvae decline from 16th standard week
(April), but significant fall in oviposition and larval
count was recorded from 19th standard week (May)
perhaps due to the crop progressing towards the
maturity and consequently there is absence of preferred
food viz. tender leaves for Ist instar larvae. Larvae did
not feed on old leaves because of their hardness. These
finding are in corroboration with the finding of Shekher
et al. (2001) and Katti et al. (2002). The weather factor
above and below the optimum range did not favour the
development of larvae . It was observed that due to the
temperature above than optimum, the larvae of H
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.armigera disappeared in 22 standard week (May) .
Chaudhari et al.( 1999) reported that maximum average
temperature greater than 37o C during and intensive
rainfall in monsoon months inhibit insect growth and
development. While Vaishmpayan and Veda (1980)
reported that below 80C the activity of the pest was
found retarded.
Table 1 : Field incident of H.armigera (2nd week of
April to 2nd week of June )
Month

Field population / plant
Standard week

April

May

June

Eggs

Larvae

15

1.6

1.54

16

1.6

1.20

17

1.5

1.19

18

1.4

1.10

19

0.6

0.74

20

0.4

0.56

21

0.2

0.24

22

0.0

0.09

23

0.0

0.00

24
0.0
0.00
Rearing of field collected eggs (table 2) revealed
80 percent hatching .Of these larval reduction to
preceding instar was 20.00, 31.25, 54.55 and 80 percent
in Ist ,IInd ,IIIrd ,IVth instar respectively. Finally only one
larva pupated, but was dead. Thus larval stages were
underdeveloped and metamorphosed within ten days
as against normal period of 15 -20 days, consequently
with no pupal or adult survival. The Helicoverpa
armigera could not survive temperature above
optimum and absence of preferred food viz. leaves and
fruit of tomato , indicating suicidal generation.

Table2: Laboratory rearing of 25 field collected eggs
of H.armigera (3rd week of April to 4th week of May)
Month Standard Stage
Nos. Percent Percent
week
Survival Reduction
April 16
Egg
25
—
—
st
17
I Inst. 20
80.00
20.00
18
IInd Inst. 16
80.00
20.00
rd
May 19
III Inst. 11
68.75
31.25
20
IVth Inst. 5
45.45
54.55
th
21
V Inst. 1
20.00
80.00
22
Pupa
1
Dead
100.00
Subsequent
Adult
0
—
—
incidence from
1st July.
The present study provide information about
suicidal generation of Helicoverpa armigera ,which will
be helpful in planning strategy for integrated pest
management programs to control the pest
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ABSTRACT
Present studies incorporate the ATPase activity in the juxtaglomerular complex (JGC) and
glomerulus (GL) of the kidney of bat, Rhinopomamicrophyllum following the administration of HgCl2 ,
ATPase reaction appears to be somewhat increased where macula densa (MD) and granular cells
(GC) of juxtaglomerular complex (JGC) get darkly stained unlike control ones. Moreover, HgCl 2 induced toxicity caused erosion and structural disorganization of these components followed by
rupture of glomerular epithelial layers. In controls, enzyme localization appears to be mostly
concentrated in the glomerulus (GL) where mesangial cells (MC) and podocytes (PC) displayed
positive reaction. However, mild ATPase reaction was seen in the macula densa (MD) and
juxtaglomerular cells (JC) of the complex. Besides, brush borders of proximal convoluted tubules
(PT) of renal cortex displayed strong ATPase activity and somewhat mild reaction in the distal
convoluted tubules (DT).
Keywords: ATPase, JGC, GL, R. microphyllum, HgCl2 .

INTRODUCTION
Many workers have studied the effects of some
drugs and toxins on the distribution of phosphatases in
the juxtaglomerular cells and glomerulus of mammalian
kidneys (Ito et.al., 1962, Barajas and Latta, 1963, Lee
et.al., 1966 and Kyriakos and Kissane, 1967). Other
workers have dealt with the enzyme histochemistry of
ATPase in the rat kidney and concluded that the brush
borders of proximal convoluted tubules and loop of henle
are actively assoc iated with the ionic transport
processes across the plasma membranes (Majack et.
al.,1979, Rostgaard and Moller, 1980, Ernstand Schreiber,
1981 and Knut-Jan et. al.,1986). Recently many workers
have worked on the histochemical localization of cortical
Na+- K+ ATPase activity and emphasized its role as Na+/
H+ exchanger in rat kidney (Alessandra et. al., 1988,
Brown et. al., 1988, Djouadi et. al., 1992, Coux et. al., 2002,
Lee et.al., 2002, Stefanovic et.al., 2002, Kwon et.al., 2003
and Teresa et.al., 2004).
MATERIALS AND METHODS
Adult healthy bats (Weighing 20g approx.) were
collected with the help of nets from Mining Dept. of
M.B.M. Engineering College, Jodhpur.They were kept
alive in the cage at room temperature. For determining
nephrotoxic observations, adult healthy bats were
administered intramuscularly 1ml of 0.3%
HgCl2solution. After six hours, they were decapitated
without using any anesthesia. Afterwards, they were

dissected out and kidneys were removed from their
abdominal region as quickly as possible so as to
minimize the enzyme degradation. Their kidneys were
fixed in 10% neutral chilled formalin for 10-12 hours at
4oC. Frozen sections of the kidney were cut at 10-12 mµ
with the help of c ryostat and proc essed for the
demonstration of adenosine tri phosphatase activity as
described by Wachstein and Meissel (1957).
RESULTS AND DISCUSSIONS
It was observed that ATPase ac tivity in the
Juxtaglomerular complex of the kidney of HgCl2 –treated
R. microphyllum, appears to be somewhat increased
ATPase activity, unlike untreated bats (fig. 1 ). As is
evident, ATPase activity in the renal cortex of HgCl2treated bat seems to be mainly concentrated in the
mac ula densa (MD) and granular cells (GC) of
juxtaglomerular complex (JGC), a specialized group of
epithelial cells located on the wall of distal convoluted
tubules(DT). HgCl2-induced toxicity caused erosion
specialized tubular epithelial cells of macula densa(MD),
disorganization of basement membrane and
endothelium of granular cells of the arteriolar wall.
Besides, mesangial c ells of glomerulus(GL) and
Podocytes(PC) or visceral layer of Bowman’s capsule and
fenestrated endothelial cells(FEC), also displayed
structural disruption.
On the other hand, In control experiments (fig. 2 &
3), ATPase activity in the Juxtaglomerular apparatus of
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Fig. 1. C.S. of the cortical part of the kidney of HgCl2-treated animal x960
approx. Note increased ATPase reaction. Toxicity caused erosion of epithelial
cells in macula densa (MD) and granular cells (GC); disorganization of podocytes
(PC) and fenestrated endothelial cells (FEC).

Fig. 2. C.S. of the cortical part of the kidney magnified X270
approx. Note positive ATPase reaction in the cortical tubules and
glomerulus.

the kidney of Rhinopomamicrophyllumappeard to be mild
specially among its specialized tubular epithelial cells,
the mac ula densa(MD) and the granular or
juxtaglomerular cells of the adjacent arteriolar wall.
However, mesangial cells (MD) which are located

Fig. 3.C.S. of the cortical part of the kidney X960. Note strong ATPase staining along
the microvilli and lumen of the proximal convoluted tubules (PT), squamous
epithelial of Bowman’s capsule, blood capillaries of glomerulus (GL), mesangial cells
(MC) and podocytes (PC). Quite mild reaction is seen in the distal convoluted
tubules (DT), macula densa (MD) and juxtaglomerular cells (JC).

between loops of capillaries tuft of glomerulus(GL),
podocytes(PC) and fenestrated endothelial cells(FEC) as
well as the basement membrane cells of Bowman’s
capsule showed strong ATPase reaction (fig. 3).
Likewise, ATPase activity in the kidney of R. microphyllum
appeared to be mostly concentrated along the brush
borders of Proximal convoluted tubules (PT) where
surface epithelial cells lining the lumen of the tubules
exhibited heavy enzymic deposition. The functional
significance of ATPase has been stated by several
workers notably Skou (1965) and Appel et al., (1969) its
role in various metabolic activity related with protein
synthesis. Likewise Bonting and Caravoggio (1963), Udo
and Walter (1976) have suggested a close relationship
between Na+, K+-ATPase activity and rate of active
transport. Many workers notably Bonting et al., (1961),
Wheeler andWhittam (1964) , Katz and Epstein (1967),
Shiro et al., (1976),Katz et al., (1979) and Yasunobu et al.,
(1981) emphasized the role of Na+,-K+- activated ATPase
in the reabsorption of sodium by active transport
mechanism in the mammalian kidney. Elgavish and
Elgavish (1985) gave evidence for presence of ATP
transport system in brush border membrane vesicles
of kidney cortex. According to Oberling and Hatt (1960)
the role of juxtaglomerular complex in the regulation of
sodium metabolism in the body. Stephan et al., (2011)
renin-angiotensin-aldosterone system (RAAS) plays a
role in the regulation of blood pressure, electrolyte and
fluid homeostasis in mammals. Occurrence of ATPase
activity in the macula densa of the complex and
glomerular epithelial cells might suggest the possibility
that these sites are actively involved in the transport
processes as well as regulation of blood pressure.
However, nephrotoxic effects of HgCl2, as revealed by
structural disorganization of JGC and glomerulus and
increase ATPase reaction might be associated with the
impairment of various nephrophysiological processes
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required for renal metabolism. Present observations
confirm the findings reported by these workers on role
of nephrotoxins on ATPase activity in the renal
physiology.
ACKNOWLEDGEMENT
The author is grateful to the Head, Department of
Zoology, J.N.V.University for providing necessary
facilities.
REFERENCES
Alessandra, P.;Vittoria, V.;Fabiana, T.; Gianni, T.; Anna, R.B. (1988).
Na+ + K+ - and Na+-stimulated Mg2+-dependent ATPase
activities in kidney of sea bass (Dicentrarchuslabrax L.).
Comp. Biochem and Physiol Part B: Comp Biochem.,90(1):
41-52.
Appel, S.H.; Autileo, l.; Festoff, B.W.; Sacveta, A.V. (1969).
Biochemical studies of synapsis in vitro ionic activation
of protein synthesis. J. Biol. Chem., 244: 3166-3172.
Barajas, L.; Latta. (1963). The juxtaglomerular apparatus in
adrenalectomizedrats:light and electron microscopic
observations.Lab. Invest.,12: 1046-1050.
Bonting, S.L.; Caravoggio, L.L. (1963). Studies on Na+, K+ activated
ATPase V. Correlation of enzyme activity with cation flux
in six tissue. Archs.Biochem.,101: 37-46.
Bonting, S.L.; Simon, K.A.; Hawkins, N.M. (1961). Studies on
Sodium, Potassium activated ATPase. I. Quantitative
distribution in several tissues of cat. Arch. Biochem.
Biophys.,95: 416-423.
Brown, D.; Hirsch, S.; Gluck, S. (1988).Localization of a protonpumping ATPase in rat kidney. J. Clin. Invest.,82: 21142126.
Coux, G.; Trumper, L.; Elias, M.M. (2002). Renal function and cortical
Na+-K+-ATPase activity , abundance and distribution after
ischaemia reperfusion in rats. Biochem.Biophys.Acta.,1586:
71-80.
Djouadi, F.;Wijkhuisen, A.;Bastin, J. (1992).Coordinate development of oxidative enzymes and Na-K-ATPase in thick
ascending limb: role of corticosteroids. Renal Physiol.,
263(2): F237-F242.
Elgavish, A.; Elgavish, G. (1985). Evidence for the presence of an
ATP transport system in brush border membrane vesicles
isolated from the kidney cortex. J. Biochem.
Biophys.Acta.,812: 595.
Ernst, S.A.; Schreiber, J.H. (1981). Ultrastructural localization of
Na+,K+-ATPase in rat and rabbit kidney medulla. J. Cell.
Biol., 91: 803-806.
Ito, T.; Takuhashi, Y.; Umahara, Y.
(1962).Morphologischestudienuber den
juxtaglomerenApparat der Nierebei der
Japanischenfledermaus.Arch. Histol.Japan., 22: 281-304.
Katz, A.D.; Epstein, F.H. (1967). The role of Na+ and K+-ATPase in
the reabsorption of sodium by kidney.J. Clin. Invest.,4:
1999-2011.
Katz, A.I.; Doucet, A.; Morel, F. (1979). Na+, K+-ATPase activity in
the rabbit, rat and mouse nephron. Am. J. Physiol., 237:
114-120.

103

Knut-Jan, A.; Tore, R.; Randi, J. (1986). Analytical study on NA-KATPase
(and
cysteine
insensitive
pnitrophenylphosphatase
in
rat
kidney-cortex
microsomessubfractioned
by
zonal
centrifugation.InternationalJournal of Biochemistry., 18(4):
305-310.
Kwon, T.H.; Nielson, J.; Kim, Y.H.; Knepper, M.A.; Nielson, S.
(2003). Regulation of sodium transporters in the thick
ascending limb of rat kidney: response to angiotensin II.
Am. J. Physiol., 285: 152-165.
Kyriakos, M.; Kissane, J.M. (1967). Nephrotoxic nephritis in rats :
Quantitative histochemistry of isolated glomeruli.
Exp.Molec.Path., 6: 223-231.
Lee, J.; HA, J.H.; Kim, S.; Kim, S.W. (2002). Caffeine decreases the
expression of Na+, K+-ATPase and Na+/H+ exchanger in
rat kidney. Clin. Exp. Pharmacol. Physiol., 29: 559-563.
Lee, J.C.; Hurley, S.; Hopper, J. (1966).Jr Secretory activity of
the juxtaglomerular cells of the mouse. Morphologic
and enzyme histochemical observations.Lab. Invest.,15:
1459-1476.
Majack, R.A.; Paull, W.K.; Barett, J.M. (1979). The ultrastructure
localization of membrane ATPase in rate thin limbs of the
loop of Henle.J. Histochemistry., 63: 23-33.
Oberling, C.; Hatt, P.Y. (1960). Etude de I apparel juxtaglomerulair
du rat au microscope electronique. Ann. Anat. Path., 5:
441-447.
Rostgaard, J.; Moller, O. (1980). Localization of Na+, K+-ATPase to
the inside of the basolateral cell membranes of epithelial
cells of proximal and distal tubules in rabbit kidney.Cell
Tissue Res.,212: 17-28.
Shiro, S.; Eiichi, O.; Yukie, I. (1976).Effects of aldosterone, actinomycin D, puromycin and cycloheximide on RNA synthesis, Carbonic anhydrase and ATPase activities of the kidney and on urinary excretion of sodium in adrenalectomized mice. J. Steroid Biochemistry.,7(6): 429-438.
Skou, J.C. (1965). Enzymatic basis for active transport of Na+ and
K+-ATPase across cell membranes. J. Physiol. Rev., 45:
383-393.
Stefanovic, V.; Mitik, Z.M.; Savik, V.; Vlahavic, P. (2002). Effect of
polyamines on mesangial cell acto-5’-nucleotidase and
ecto ATPase activity.Nephron.,92(1): 216-218.
Stephan, W.R.; Bernd, K.; Caroline, B. (2011).Nephron-specific
expression of components of the renin–angiotensin–aldosterone system in the mouse kidney.Journal of ReninAngiotensin-Aldosterone system.,12(4).
Teresa, A.G.; Laura, C. (2004). Biochemical changes in the
kidneys after perinatal intoxication with lead and/or
cadmium and their antagonistic effects when
coadministered. J. Ecotoxicology and Environmental
Safety., 57(2): 184-189.
Udo, S.; Walter, G.G. (1976).Sites of enzyme activity along the
nephron.J. Kidney International., 9: 233-242.
Wheeler, K.P.; Whittam, R. (1964). Some properties of a kidney
adenosine tri phosphatase relevant to active cation
transport. J. Biol. Chem., 85: 495-507.
Yasunobu, S.; Katsumi, B.; Takeo, Y. (1981).Effects of ethanol and
lead ingestion on urinary sodium excretion and related
enzyme activity in rat
kidney.BiochemicalPharmacology.,30(16): 2293-2297.



104

Dhirender

