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ABSTRACT
High altitude areas are the most different terrains with cold/freezing as
one the major problem which reduces the crop duration, affects quality and
productivity as most part of the year is covered with unfavourable climatic
conditions not suited for crop growth. Despite continued efforts, traditional
breeding gave limited success in imparting crop plants with better freezing
tolerance due to very little understanding about the mechanisms that regulate
chilling and freezing tolerance. The constraints of conventional breeding can be
overcome by application of modern biotechnology tools. Various traits such as
biotic stress resistance, quality and storage life have been successfully engineered
into vegetable crops and some of them have been commercialized to some extent
in different countries. Although the progress in commercialization of transgenic
vegetable crops has been relatively slow, transgenic vegetables engineered for
cold tolerance will contribute significantly to the high altitude agriculture in near
future. In this review article we discuss the effect of cold stress on plants, the
mechanism developed by plants to cope with cold stress and also mention about
different techniques that can be applied for crop improvement for cold stress in
particular. This review also focus on different cold related genes identified so far
for development of transgenics for cold tolerance in different crops and DRDO,
biotechnology initiatives in identification, isolation, characterization and cloning
of cold tolerant genes for developing transgenic vegetables for cold tolerance for
high altitude agriculture.
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INTRODUCTION
Food security and food sufficiency has
always been a looming problem in Indian context
and also in developing and underdeveloped
nations where agriculture contributes majorly to
the economy. Vegetables play an important role
in human nutrition and health. Cultivation of
vegetable crops is an integral part of the
agricultural economy of many developing

countries. Vegetable crop productivity and quality
are seriously affected by several biotic and abiotic
stresses, which destabilize rural economies in
many countries. Cold, drought, heat and salinity
are environmental stress factors, which cause
major economic loss to agriculture worldwide. All
these forms of abiotic stress primarily affect the
water relations of a plant on cellular as well as
whole plant level causing specific as well as
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unspecific reactions, damages and adaptation
reactions (Beck et al, 2007). In high altitude areas
cold/ freezing is the major problem. This reduces
the crop duration, affects quality and productivity
as most part of the year is covered with
unfavourable climatic conditions not fit for
growing crops. Despite continued efforts,
traditional breeding gave limited success in
imparting crop plants with better freezing
tolerance due to very little understanding about
the mechanisms that regulate chilling and freezing
tolerance. Marker and mapping technology has
enriched diversity analysis in existing germplasm
of different crops. It also provides phylogenetic
relationship based on which germplasm selection
can be made for crop improvement through
hybridization and selection. Different techniques
that can be applied for crop improvement for cold
stress are:
 Germplasm collection and evaluation for
novel cold tolerant genes
 Diversity analysis using molecular
markers like RAPD, ISSR, SSR, AFLP, etc.
 Gene isolation and characterization for
cold tolerant genes through differential
display (DD), subtractive subtraction
hybridization (SSH), microarray
technology etc.
 Transgenic development for cold tolerance
 Molecular mapping of cold related genes
using molecular markers
In the past four decades, conventional
breeding has contributed significantly for the
improvement of vegetable yields, quality, postharvest life, and resistance to biotic and abiotic
stresses. However, there are many constraints in
conventional breeding, which can only be
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overcome by application of modern biotechnology dehydration caused by the formation of ice
tools. Various traits such as biotic stress resistance, crystals in the extracellular space (Zhang et al,
quality and storage life have been successfully 2004; Ensminger et al, 2006; Verslues et al, 2006).
engineered into vegetable crops and some of them Freezing temperatures are responsible for more
have been commercialized. Significant progress crop losses worldwide than any other single cause
has been made to manipulate vegetable crops for and may be a significant factor influencing plant
abiotic stress tolerance, quality improvement, distribution (Li et al, 2005). As the temperature
pharmaceutical and industrial applications. With decreases ice formation begins on the epidermal
the advent of molecular genetics and surface, followed by ice formation within the plant
biotechnology, it is now possible to genetically tissues. At about –1°C, the extra-cytoplasm, where
engineer plants to be more tolerant to many the concentration of the solution is the lowest,
environmental adversities, including low begins to freeze and as a result withdraws water
temperature. Genetic engineering and tissue from the cytoplasm, dehydrating the cells and
culture technology has been used effectively to withering the cell membranes (Steponkus and
isolate, clone and characterize useful genes for their Webb 1992). The secondary stress effect is damage
further use to develop transgenics. Effective caused by reactive oxygen species (ROS), which
regeneration and transformation systems are the arises from imbalance between their generation
prerequisite for successful genetic transformation and scavenging (Randy, 1995). Low temperature
(Sharma et al, 2005). Still today the most widely affects plants by causing dehydration of the cells
and cost effective method of transformation is and tissues due to crystallization of the cellular
Agrobacterium mediated marker free method. The water (Beck et al, 2004). Plants have developed a
transgenics can be either released directly after variety of defences against low temperatures.
1. There is shrinkage of protoplast because
testing as essentially derived variety as the
of movement of water outside the cell and
cultivars generally chosen are best ruling cultivar/
extracellular ice formation.
varieties with specific defect, which needs biotech
2. Membrane lipid composition and
attention. The transgenics can also be used as nonmembrane viscosity changes owing to
recurrent parent in further breeding program to
disintegration of membrane bilayer by
transfer the gene in any desirable background
freeze dehydration. This causes membrane
without inviting biosafety concerns. Presently
leakage (Verlues et al, 2005)
development of transgenics and moreover it
3. There is reduction of metabolic activity to
commercialization is under hammer in lot of
minimum or nil in extreme conditions.
countries owing to its unpredicted effect on
4. The expression of Cold regulated genes
environment and health in long term, which
(COR) increases (Thomashow, 1999).
nothing but time can answer. Till date there is no
5. There is accumulation of compatible
single report of commercialisation of any abiotic
solutes e.g. sucrose and proline, which acts
stress tolerant transgenic crop. Although the
as osmoprotectants or cryoprotectants.
progress in commercialization of transgenic
6. Hydrophilic proteins such as dehydrins
vegetable crops has been relatively slow,
accumulate in plant parts during cold
transgenic vegetables engineered for cold
exposure.
tolerance will contribute significantly to the high
7. Chilling induces photoinhibition affecting
altitude agriculture in near future.
photosynthetic machinery and efficiency
EFFECT OF COLD STRESS ON PLANTS
(Liu et al, 2001).
Low-temperature stress includes two
8. Low temperature promotes free radical
different processes, chilling and freezing. Chilling
formation and oxidative stress by delayed
stress (0–10°C) causes membrane leakiness and
dissipation of photosynthetic energy (Vogg
inhibition of photosynthetic processes, whereas
et al, 1998). There is increase in level of
freezing stress (below 0°C) leads to cellular
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radical scavengers to remove ROS (singlet
oxygen, hydrogen peroxide, hydroxyl
radicals (Veranova et al, 2002).
9. Levels of enzymatic antioxidants
{Superoxide Dismutase (SOD), Ascorbate
Peroxidase (APX), Glutathione Reductase
(GR), Di-Hydro Ascorbate Reductase
(DHAR)} and non-enzymatic antioxidant
metabolites
(alpha-tocopherol,
carotenoids, ascorbate, and glutathione)
also increases.
10. Ionic homeostasis takes place to maintain
normal metabolic reactions. Plant cells
maintain high K+ (100-200mM) and lower
Na+ (<1mM) levels in the cytoplasm.
MECHANISMS DEVELOPED TO COPE
WITH COLD STRESS
To cope with unfavourable environmental
conditions plants undergo certain physiological
adjustments to adapt and acclimatize in due
course of time to cold stress.
Acclimatization: Most temperate plants
can acquire tolerance to freezing temperature by
a prior exposure to low non-freezing temperature,
a process known as cold acclimatization (Browse
and Xin, 2001). Plants sensitive to chilling
temperature are incapable of cold acclimation.
Different studies support the fact that cold
regulated gene expression is critical in plants for
both chilling tolerance (Hsieh et al. 2002) and cold
acclimation (Thomashow 1999; Tamminen, 2001).
Cold responsive genes encode numerous proteins
such as enzymes involved in respiration and
metabolism of carbohydrates, lipids,
phenylpropanoids and antioxidants: molecular
chaperones, antifreeze proteins, and others with
a presumed function in tolerance to dehydration
caused by freezing (Thomashow 1999). During
cold acclimatization there is change in the gene
expression in plants resulting in increased tolerance
(Steponkus et al. 1993). Certain COR (cold
regulated) genes might have role in freezing
tolerance. These COR genes were identified,
isolated and characterized to establish their role
in cold stress. Number of COR genes have been
identified in Arabidopsis thaliana (Gilmour et al,
1998; Liu et al, 2004).
Physiological adjustment: Plants vary

greatly in their ability to withstand low
temperature stress. Cold stress signal transduction
is a complex process. As an adaptation strategy
during cold acclimatization many biochemical
and physiological changes take place. Many
physiological changes like tissue break down and
senescence occur due to cold stress. Upon exposure
to low temperature, temperature sensors in the cell
membrane generates stress signals which are
transmitted and amplified through multiple steps
that include sensors like Ca2+ permeable channels,
histidine kinases, receptor kinases and
phospholipases. The massage eventually reaches
the nucleus and regulators of gene expression
called transcription factors, which act as master
switches to regulate the expression of groups of
genes, resulting in the increase of proteins and
other organic molecules that protect the cell from
freezing damage. Subsequently, cytoskeleton
reorganization and cytosolic Ca2+ influx takes
place (review Solanke and Sharma, 2008). Increase
in cytosolic Ca2+ is sensed by CDPKs (Calcium
dependent protein kinase), phosphatase and
MAPKs (Mitogen activated protein kinase), which
transduce the signals to switch on transcriptional
cascades. Photosynthetic apparatus have also
been thought to be responsible for low
temperature perception and signal transduction.
Many cold induced pathways are activated to
protect plants from deleterious effects of cold
stress, but till date, most studied pathway is ICECBF-COR signaling pathway. Cold stress
signalling has certain pathways common with
other abiotic and biotic stress signalling, which
suggest cross talks among these. The plants
response to cold acclimation is quite complex and
diverse. Hence the actual biochemical and
physiological changes are still poorly understood
at the molecular level.
TRANSGENICS FOR COLD STRESS
TOLERANCE
When plants are exposed to environmental
stress, they undergo physiological and
biochemical adaptations (Choi et al, 2002; Xiong
et al, 2002). Plants acclimate to environmental
stresses by activating cascades or network events
starting with stress perception and ending with
the expression of many effector genes (Shinozaki
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Table 1. Different cold related genes studied so far:
Source
Reference

Genes
Transcription factors
DREB1B/CBF1, DREB1C/CBF2,
DREB1A/CBF3
GhDREB1
Ethylene-responsive element-binding proteins

(EREBP)
Interleukin 1-alpha Converting Enzyme (ICE1)
GIGANTEA
ABF3(ABRE binding factor)
Dehydrin genes
Cadhn
ThCAP
Zinc finger proteins
SCOF-1 (C2H2 type Zinc finger protein)
STZ (Salt tolerant Zinc finger protein)
ZTP2
OSISAP1 (Oryza sativa sub sp. indica stress
associated protein), ZFP245
H2-type zinc ring finger protein

Arabidopsis
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Gosypium hirsutum
Capsicum annuum

Yamaguchi-Shinozaki and
Shinozaki 1994; Liu et al, 1998;
Shan et al, 2007
Hwang et al, 2005

Arabidopsis
Arabidopsis
Arabidopsis

Benedict, et al, 2006
Cao et al, 2005
Enkhchimeg et al, 2005

Capsicum annuum
Tamarix hispida

Chung et al, 2003
Li et al, 2009

Glycin max
Arabidopsis
Petunia sp.
Oryza sativa

Kim et al, 2001
(Sakamoto et al, 2004)
Sugano et al, 2003
Mukhopadhyay et al, 2004;
Huang et al, 2005
Sahin-Cevik and Moore, 2006

Citrus relative Poncirus
trifoliata
Capsicum annum

RDCP1 (Ring domain containing protein)
Kim et al, 2007
Others
FeSOD (Iron-Superoxide Dismutase)
Nicotiana tabacum
Van Camp et al, 1996
AFP (Antifreeze protein)
Winter flounder
Cheng and Merz, 1997
Osmyb4
Oryza sativa
Candida et al, 2004
Osmotin
Nicotiana tabacum
Larosa et al, 1992
et al, 2003; Shou et al, 2004). There are different have been isolated from other plant species (Guo
pathways leading to cold tolerance. These et al, 2002; Shen et al, 2003). These factors interact
pathways are under the control of several enzymes with cold- and dehydration-responsive elements
the genes for which are under the control of (DREs) and enhance tolerance to freezing, drought
different transcription factors. A number of studies and high salinity in plants (Jaglo et al, 2001;
have demonstrated that overexpression of cold- Kasuga et al, 2004). DRE elements contain the
induced genes can confer cold tolerance to conserved CCGAC core sequence, which is
transgenic plants (Puhakainen et al, 2004; Shou sufficient to induce gene transcription under cold
et al, 2004; Zhu et al, 2004). During the past stress and is present in the promoters of many colddecade, a family of transcription factors known inducible genes (Stockinger et al, 1997; Kim et al,
as dehydration-responsive element binding 2002; Narusaka et al, 2003). Expression of DREB1
proteins (DREBs) has been identified in genes is strongly induced by low-temperature
Arabidopsis, and a number of DREB-like proteins stress, whereas expression of DREB2 genes is
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Table 2. Status of transgenic research for cold stress
Crops
Gene
Reference
Rice
Glycine betaine, BADH (Betaine
Garg et al, 2002
Aldehyde dehydrogenase); trehalose
(otsA and otsB)
Rice
Cod A (Cytocine deaminase gene)
Van Camp, et al, 1994
Alfalfa
SOD
McKerise, 1996
Tobacco
DREB1A
Kasuga et al, 2004
Rice, Tomato, Capsicum,
CBF1
Lee et al, 2004; Hsieh et al, 2002;
Canola
Jaglo et al, 2001
Rice
OsDREB
Yamaguchi-Shinozaki and Shinozaki, 2005
Carrot, Tobacco, Potato
AFP
Worrall et al, 1998; Li et al, 2005,
Apple
Osmyb4
Pasquali et al, 2008
Arabidopsis
Rice
Rice
Rice
Rice
Maize, Alfalfa, Tea

Galactinol synthase
CDPK7
OsMYB3R-2
OsbHLH1
Glutamine synthetase (GS2)
MnSOD

Rice
Tomato
Lettuce
Tomato
Olive tree
Summer squash
Papaya
Tobacco

Calreticulin (CRT)
dhn24( dehydrin gene)
ABF3
osmotin
Osmotin
Cbf1
Cbf1 and 3
Omega-3-fatty acid desaturase
gene (FAD7)
ThCAP (Cold acclimation protein)

Populus

induced by dehydration, indicating that two
independent families of DREBs function as transacting factors in two separate signal-transduction
pathways under low-temperature and
dehydration conditions (Shinozaki et al, 2003;
Sakuma et al, 2006). It has also been suggested
that low temperature could trigger the expression
of DREB1 transcription factors, which play a key
role in cold tolerance, on the basis of the
observation that ectopic expression of AtDREB1A

Taji et al, 2002
Saijo et al, 2001
Ma et al, 2009
Wang et al, 2003
Kozaki et al, 1992
McKersie, 1993; Karnodle and
Scandalios, 1996; Vyas and Kumar, 2005
Li et al, 2003
Glodek et al, 2008
Enkhchimeg et al, 2005
Randhawa et al, 2009
D‘Angeli and Altamura, 2007
Shah et al, 2008
Dhekney et al, 2007
Khodakovskaya et al, 2006
Guo et al, 2009

and AtDREB1B induces the transcription of genes
containing the DRE promoter element and
enhances cold tolerance of transgenic plants
(Gilmour et al, 2000; Hsieh et al, 2002).
The CBF genes represent one of the most
significant discoveries in the field of low
temperature adaptation and signal transduction.
Using CBF genes various plants have been
transformed for cold tolerance such as canola
contain this gene and were able to survive
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freezing temperature as much as 4-5°C lower than
the non transgenic controls (Jaglo et al, 2001).
Tomato plants have also been successfully
engineered using the CBF genes to achieve chilling
tolerance (Hsieh et al, 2002). Over expression of
rice Osmyb4 gene in Arabidopsis lead to increased
chilling and freezing tolerance (Candida et al,
2004). There is strong evidence that the decrease
in fatty acids saturation upon exposure to low
temperature contributes to cold tolerance in plants.
In tobacco a broad-spectrum desaturase gene
from a cyanobacterium (Ishizaki-Nishizawa et al,
1996) was introduced which lead to low
temperature tolerance of transgenic plants.
Expression of a plant phosphatase (At PP2CA) in
transgenic Arabidopsis thaliana accelerates cold
acclimation and increased freezing tolerance.
Transgenic plants expressing a constitutively
active kinase NPK1 were found more tolerant to
chilling and other abiotic stresses (Kovtun et al,
2000). Other transcription factors, like ABI3 and
SCOF-1 have been used to successfully increase
cold tolerance in transgenic plants (Tamminen et
al, 2001). Transcription factor genes ABI3, CBF1
and 3, DREB1A, DREB1 and DREB2 from A.
thaliana, osmolyte biosynthesis genes from
Arthrobacter globiformis and AFP (anti freeze
protein) from A. thaliana are some other important
genes which were found to play significant role
under cold stress in plants.
Frost-hardy plants produce colligative
cryoprotectants such as sucrose and proline to
reduce the dehydration of cells (Wallis et al, 1997).
Several classes of proteins have been found to be
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associated with cold tolerance in plants and
animals, some of which are implicated in other
key stress responses, such as tolerances to drought
and salinity. However, some cold-hardy plants
produce specific antifreeze proteins (Urrutia et al,
1992; Griffith et al, 1994). Antifreeze proteins
(AFPs) have been described in fish and insects
(Griffith and Ewart, 1995), which provides frost
tolerance to organisms. These proteins reduce frost
injury by thermal hysteresis and inhibition of ice
recrystallization. Thermal hysteresis is the process
of lowering the freezing point of a liquid below
the melting point. Antifreeze proteins bring about
thermal hysteresis by inhibiting ice crystal growth
through adsorption to the surface of the crystal
(Davies and Sykes, 1997; Yeh and Feeney, 1996).
Once the ice crystals melt, ice recrystallization
(growth of larger ice crystals at the expense of
smaller ones) is inhibited by the adsorption of
AFPs to the crystal surface. AFPs with similar
properties have also been isolated from cold
acclimated plants. Although plant AFPs exhibit
weak thermal hysteresis, they are efficient in
inhibiting ice recrystallization. A gene, which
encodes a protein proven to inhibit the
recrystallization of ice, has been isolated from
carrots (Worrall et al, 1998). Antifreeze proteins
have exceptional properties and when applied,
these properties could have great benefits. The
expression of carrot antifreeze genes in plants is a
potential approach to increase the frost resistance.
Raffinose family oligosaccharides (RFO)
accumulating during seed development are
thought to play a role in the desiccation tolerance

8

Maya Kumari et al

of seeds. Sugar analysis showed that drought,
high salinity and cold treated Arabidopsis plants
accumulate a large amount of raffinose and
galactinol, but not stachyose. Raffinose and
galactinol were not detected in unstressed plants.
This suggests that raffinose and galactinol are
involved in tolerance to drought, high salinity and
cold stresses. Galactinol synthase (GolS) catalyses
the first step in the biosynthesis of RFO from
UDP-galactose. Three stress-responsive GolS
genes (AtGolS1, 2 and 3) were identified among
seven Arabidopsis GolS genes. AtGolS3 was
induced by cold stress but not by drought or salt
stress. Stress inducible galactinol synthase seems
to play a key role in the accumulation of galactinol
and raffinose under abiotic stress conditions, and
galactinol and raffinose may function as
osmoprotectants in drought and cold stress
tolerance of plants.
STEPS
TOWARDS
TRANSGENIC
DEVELOPMENT FOR COLD STRESS:
Transgenic development for cold stress mainly
comprises of four major steps: - genetic
engineering, establishment of regeneration
protocol, transformation system and finally
segregation analysis and stable gene integration
and expression.
Genetic engineering mainly comprises of
following steps:
· Identification of source of gene
· Isolation and full length cloning of gene
· Functional characterization of the cloned
gene
· Development and evaluation of gene
construct in suitable vector system
Tissue culture towards transgenic
development comprises of:
· Selection of suitable explants showing
regeneration potential
· Optimization of culture conditions and
media composition for development of
complete plantlet in vitro
· Selection of suitable dose of antibiotics
through sensitivity tests
· Hardening technique
Transformation system comprises of:
· Selection of suitable transformation system
like direct or indirect

·

Molecular confirmation of gene
integration and copy number
· Selection of positive plants
Segregation analysis comprises of:
· Molecular and genetic characterization
transgenic plants using gene specific DNA
markers for stable and efficient gene
expression
· Identification of homozygous lines for the
trait of interest.
· Stability analyses for the trait under study
over generations and location.
· Identification of homozygous and
homogeneous progenies from a stable line
and its multiplication for different trials.
· Morphological, biochemical and
physiological analysis of transgenic lines.
· Toxicological evaluation for bio-safety
assessment including food and
environmental safety (Following DBT and
GEAC guidelines).
· Evaluation of transgenic plants for their
effectiveness in alleviating the biotic or
abiotic stresses and field performance
· Transfer of genes to elite cultivars by
conventional breeding methods if required
· Commercialization of genetically
engineered crop.
DRDO BIOTECH INITIATIVES FOR CROP
IMPROVEMENT FOR HIGH ALTITUDE
AREAS
Different transgenics have been developed
so far in different crops for different biotic and
abiotic stresses. Here our major focus will be on
high altitude problem, which is mainly due to very
low temperature prevailing for most part of the
year. This is viewed as the most important abiotic
stress factors damaging crop production in high
altitude areas. In cold areas growing season is of
short duration and is available only in summer
season for about 100-120 days. Biotechnology has
the potential to enhance the productivity and also
extend the cropping period in high altitude areas
where vegetable cultivation is impossible in severe
winter months. This will not only help the troops
but also the farmers ensuring food security and
profitability and also catering to the local
population demand in such areas which is not
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easily accessible by rest part of the country transferred through Agrobacterium in tomato.
through transport due to difficult topography and Transgenic plants are being tested in high altitude
climate. In this direction DIBER, a DRDO R&D areas under controlled environments.
Mannitol-1 phosphate Dehydrogenase
lab is active towards the development of transgenic
(mtlD): Mannitol-1 phosphate dehydrogenase
vegetables for high altitude areas.
One of the major advantages of this (mtlD) gene encodes for enzyme that synthesize
modern technology is that it knows no barriers, osmoprotectants and enhance their expression in
genetic or environmental. Gene can be transferred transgenic plants leading to maintenance of
to any crop from any source irrespective of genus osmotic potential upon exposure to cold stress.
or species barrier. The only question is stable mtlD gene has been isolated from E. coli K-12
integration and desirable expression, which needs strain and code for an enzyme called mannitrol-1
to be evaluated extensibly. Inspite of lot of work phosphate dehydrogenase involved in mannitol
going on in this direction till today there in no synthesis. Accumulation of mannitol leads to
transgenic reported to have been released for cold tolerance at cellular level by adjustment of the
tolerance. However work is going in this direction cytosolic osmotic potential, a situation when the
in different countries and through literature we concentration of electrolytes is lower in the cytosol
come to know of current status of transgenics for than in the vacuole. Cucumber has recently been
transformed with mtlD gene and the transgenic
cold stress.
DIBER a DRDO establishment at plants are under further evaluation.
Glyceraldehydes phosphate Acetyl
Haldwani, has taken up the work on development
of transgenics for cold tolerance through isolation Transferase (GPAT) gene: The gene is
of cold tolerant genes from highly tolerant high responsible for the unsaturation of the fatty acids
altitude plant species, its full length cloning and present in the plant cell wall, which give the cold
transformation into high value, high demand tolerance to the plants during cold stress. Efforts
vegetable crops like capsicum, tomato and are on way to clone this gene from seabuckthorn
cucumber to cultivate them in higher altitude using differential display approach.
CBF1 gene: It is a transcription factor
areas for the fresh requirement of armed forces
and local population. At present the work is carried responsible for regulating the expression of many
out to develop transgenics in tomato, capsicum cold tolerant genes during cold stress in plants.
and cucumber. Efforts are also on way to clone First reported in Arabidopsis thaliana thereafter
cold tolerant genes from seabuckthorn and reported in many crop species and CBF families
lepidium plants, which grows at high altitude have been identified in many species like, rice,
areas. The genes, which are being used for barley, cotton etc., expressing under cold stress
developing cold tolerant vegetables, are described when transformed in Arabidopsis. The expression
of these genes changes the membrane lipid
below:
Osmotin gene: Low molecular weight composition and osmolyte concentration leading
osmolytes such as proline, betaines, amines and to cold tolerance in transgenic plants. At DIBER,
sugar alcohol accumulation is an important Haldwani, effort has been made towards the
mechanism underlying adaptation to cold stress. development of marker free transgenic Capsicum
Osmotin is a basic 24 KD protein that was annum in two cultivars, Yolo Wonder and
originally identified in tobacco for salt tolerance. California Wonder, using CBF1 gene from
The synthesis of osmotin is induced by ABA that Arabidopsis. Regeneration protocol is one of the
accumulates in response to osmotic stress and major requirements for in vitro transformation.
subsequently plays a pivotal role in osmotic In capsicum regeneration is a problem hence
adjustment. It is known that expression of osmotin different media combinations were tried to
gene induces proline accumulation in unstressed standardize a protocol for regeneration from
and stressed plants and imparts tolerance to both different explants. Regeneration was not obtained
salinity and drought stress. The gene has been through callus as they culminated into false leaf

10

Maya Kumari et al

like structure and never regenerated into plantlet.
Shoot tip regeneration was successful and hence
it was used as explants for transformation work.
Agrobacterium mediated gene transfer with twovector system one for nptII (kanamycin resistance
gene) and other for CBF1 (cold responsive gene)
in pCAMBIA plasmid vector was done through
co-cultivation method. The transgenic plants
obtained are now under evaluation for segregation
analysis and gene stability expression. Cold assay
under multilocation trial will be done further.
These lines will further be used in breeding
programme as donor parents for introgressing
cold tolerance in elite but cold sensitive
germplasm.
Conclusion:
High altitude regions face very harsh climate and
a short crop-growing season. Few vegetable crops
viz, radish, turnip, potato, cabbage and some leafy
vegetables are mainly grown in these areas.
Therefore there is a need for agro-techniques
suitable for vegetable production to meet the
requirement of high altitude areas. Work is going
on in this direction to develop suitable varieties/
hybrids through conventional breeding for these
regions. Conventional breeding alone is not
effective for developing abiotic stress tolerance in
sensitive crops. There is a need of advanced
technology to overcome this limitation.
Biotechnology can be viewed as a potential
answer. Different techniques have been in use to
identify genes for cold stress from cold tolerant
species, which are then isolated, cloned and
characterized to be used further for transgenic
development. Transgenic developed should be
marker free mainly due to biosafety issues. Hence,
transgenic technology is needed to aid traditional
breeding approach for introducing cold tolerance
genes from any source into high value vegetable
crops. This may help in increasing productivity
and production of commercially important crops
in high altitude regions also help in bringing
additional areas under cultivation which are
presently unfit for cultivation or are less
productive.
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ABSTRACT
“Biodiversity and genomics are two key words governing bioscience in
the 21 century. The Convention on Biological Diversity will be increasingly
important”. Modern biotechnology tools and techniques including tissue culture,
micro-propagation, transgenic plants and animals, and genomics can be used to
defend, conserve and propagate all forms of biodiversity. In short, biotechnologies
should be used with other possible means to maintain biodiversity".
st

INTRODUCTION
The concept of biological biodiversity
includes all organisms, species, and populations;
the genetic variation among these; and all their
complex assemblages of communities and
ecosystems. It can also be defined as the
interrelatedness of genes, species, and ecosystems
and their interactions with the environment.
Broadly biodiversity are discussed under genetic,
species, and ecosystem diversity.
Genetic diversity includes different genes
contained in all individual plants, animals, fungi,
and microorganisms within a species as well as
between species.
Species diversity includes all the
differences within and between populations of
species, as well as between different species.
Ecosystem diversity is all the different habitats,
biological communities, and ecological processes,
as well as variation individual ecosystems.
Modern biotechnology applications have
opened a new door to conserve the agricultural
biodiversity. The best well seen practical example

is the transgenic crops that are more likely to
increase agricultural biodiversity and help
maintain native biodiversity rather than to
endanger it.
Current concerns to Biodiversity
The loss of biodiversity is a significant
concern for all human beings since its directly or
indirectly related to us and our lives. Species are
becoming extinct at the fastest rate and most of
these extinctions have been done directly by
human, for ex-Rapid population growth and
unsustainable patterns of resources consumption
are major cause in the loss of species, populations,
and ecosystems. The over-exploitation and human
generated pollution and contamination are other
major concerns which are also directly related to
Global climate change. And in current scenario to
world “Global Warming” is presenting a real
threat to the life is also a result of loss of biodiversity
as well.
“Since the 1600s, over 250 species of birds,
mammals, reptiles, and amphibians worldwide
have become extinct as a result of human
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activities. In the past four years alone, 121 species
have been added to the 11,167 already known to
be threatened with extinction (i.e., those currently
on the Red List of Threatened Species issued by
the Species Survival Commission of the World

Conservation Union [IUCN]) ( Fonseca and
Benson)
“Loss of biodiversity can be measured by
a loss of individual species, groups of species or
by decreases in numbers of organisms” (Crane &
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Bateson 2003). The major threats to global And being a biotechnologist I am proud to say
biodiversity are habitat loss (result of increasing the fact that some times and for some diseases
Industrialization and Globalization)). Habitats Biodiversity provides medical models for research
can also be damaged by flooding, lack of water, into solving human health problems. Biodiversity
climate changes. Tropical humid forests are is thus fundamental for current and future social
particularly rich in biodiversity and It is estimated and economic livelihoods.
that only half of the original 16 million km2 of Biotechnology and Biodiversity
The tools of biotechnology can be applied
these forests a century ago are left, with about one
million km2 being destroyed every 5 to 10 years. to maintain biodiversity. The biotechnology can
be used as a great resources for knowledge by
Importance of Biodiversity
In one words it’s our “life “and we can understanding its molecular level concepts by
have a very simple example justifying this applying molecular biology advancements as well
statement that humans have always depended on as using this knowledge practically and in applied
the Earth’s biodiversity for food, shelter, and way for the plant and animal breeding that is to
health. Biological resources that are the basic needs transfer genetic information from one sort of
of the day to day life for human beings include organism to a particular crop, or to a farm animal
food, shelter and medicines all came from to make it transgenic known as Transgenic plants,
and Transgenic animals. And these became
biodiversity.
Food—species that are hunted, fished, and possible because of the excellent discovery in the
gathered, as well as those cultivated for field of biotechnology that is “Recombinant DNA
Technology” (also known as Genetic engineering)
agriculture, forestry, and aquaculture;
Shelter —timber and other forest products and which in fact revolutionized the whole concepts
and led to the discovery of new era to modern
fibers such as wool and cotton;
Medicines—both traditional medicines and those biotechnology. Biotechnology has also proven
synthesized from biological resources and useful for following genetic markers in plant and
animal breeding. Animal or plant varieties are
processes.
All food is directly or indirectly obtained crossed conventionally by sexual means then
from plants and other photosynthetic organisms. analyzing a few cells of the newly born calf or of
Apart from direct benefits of biodiversity from the the newly sprouted crop, one can look at the
harvest of domesticated or wild species for food, desired forms of gene. This gives scope to predict
fibres, fuel, pharmaceuticals and many other a phenotypic property, which will only show up
purposes, humans also derive benefit from its later in life, for example characteristics of a cow’s
influence on climate regulation, water milk or the crop’s expected resistance to an
purification, soil formation, flood prevention and infectious plant disease. In vitro fertilization is
nutrient cycling (i.e. ecological services); and the another revolutionary tool of biotechnology of
aesthetic and cultural impact is obvious (Daily animals through which the laboratory test can be
1997; Balmford et al 2002) . The loss of done even before the embryo is implanted, which
populations, species, or groups of species from an is refereed as pre-implantation diagnostics.
ecosystem can unbalance the normal function and Genetic conservation of crops is another good
disrupt these ecological services. The Earth’s example to prove the power of biotechnology for
biodiversity contributes to the productivity of biodiversity conservation.
According to Dr. Channaputra S. Prakash,
natural and agricultural systems. Insects, bats,
birds, and other animals serve as pollinators. “Biotechnology improvements are in
Parasites and predators can act as natural pest development that would allow hybrid rice to be
controls. Various biodegradable organisms are colonized by bacteria that fix nitrogen from the
responsible for recycling organic materials and atmosphere. Plants that are able to fix nitrogen
maintaining the productivity of soil. Genetic improve productivity in the absence of synthetic
diversity is also important in terms of evolution. fertilizers (which are typically unavailable to poor
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farmers). Further, improved tools such as
cryopreservation, developed by bio-technologists,
will help in the ex situ preservation of biodiversity,
while creative techniques, such as gene shuffling,
will help create more biodiversity and, perhaps,
will even re-create extinct crop traits”( Prakash,
C. S., 2000).
Biotechnological Approaches to
Conservation
Ex Situ Conservation
It is the biological process of protecting an
endangered species of plant or animal by
removing part of the population from a threatened
habitat and placing it out of the context of their
natural habitats is referred to as ex-situ
conservation. Examples include Zoos, botanical
gardens and seed banks etc.
Ex situ conservation in genebanks is widely
applicable method of preserving the genetic
diversity of crops and wild species of plants.
Cryogenic facilities are used for living sperms, eggs
or embryos. The samples are frozen in liquid
Nitrogen. With ex situ conservation, the long-term
safety and integrity of genetic resources can be
maintained by collecting and preserving desired
endangered seeds, living plants, cuttings, and
tissue cultures. To save a endangered plant it can
be moved from In situ to a gene bank for ex situ
conservation.
The functions of a gene bank include –
 Maintenance and expansion of germplasm
collections,
 Long-term conservation
 Characterization and evaluation of
samples
 Data management
 Exchange of germplasm among
researchers
 And the promotion of germplasm use to
enhance crop productivity.
Transgenic plants and animals/ GM
Technology
We can improve food production and
distribution in order to feed and fulfill the demand
of growing world populations through GM
technology which is also known as “transgenic
plants” and the food and crop produced is known
as transgenic crops and foods. GM technology can

be applied to plants and micro-organisms to
address the current challenges. Foods can be
produced through the use of GM technology has
several advantage –
 More nutritious,
 Stable in storage and,
 Health promoting
 Increase yield without increasing land
under cultivation
 Virus resistant crops
 Pest resistant crops
Since all genes consist of DNA, and the
information in this DNA molecule is read in the
same way in all organisms in order to make
proteins, it is in principle possible to take any
(single) gene from any organism and
Transfer of genetic materials that are DNA
(gene of interest) from one organism to any other
organism (so that the recipient produces a protein
normally only made in the donor) is called
transgenic. The first transgenic plants were made
in 1985, and the first transgenic crop appeared in
supermarkets in the USA, the “FlavrSavr”
tomato.
Other Biotechnology Tools
The effective biotechnological tools
available for conservation of endangered species
are cryopreservation of gametes, artificial
insemination, embryo transfer, in vitro
fertilization, and cloning. These technologies have
great feasible potential for the preservation of
biodiversity. Embryo transfer technology is used
to introduce fertilized embryos into surrogate
mothers. Artificial insemination is a successful tool
used in cattle farming. Frozen samples of sperm
are thawed and introduced into females that are
ovulating. The quality of cattle has been improved
using selected males to breed entire generations.
Cloning procedures have been widely used in
animal farming and has proven to be very feasible.
Biotechnology, Biodiversity and Dug
discovery & Development
Natural products has had been an
important part of drug development since from
past to present and will continue into the future.
The DNA sequencing of the human genome has
laid new milestones to understand and identify
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 Anti-bacterial agents from Penicillium
the defective proteins expressed by defective
species.
genes. These proteins can be used as molecular
 Other antibacterial agents includes
targets/drug targets for testing and identifying the
cephalosporins, aminoglycosides,
natural compounds through the applications of
tetracyclines, and polyketides.
new technology for ex- High throughput
 Immunosuppressants include cyclosporins
technology. “Natural product medicines have
and rapamycin, from Streptomyces species.
come from various source materials including
 Cholesterol lowering agents includes
terrestrial plants, terrestrial microorganisms,
mevastatin and lovastatin, from
marine organisms, and terrestrial, vertebrates and
Penicillium species.
invertebrates”.
 Anthelmintics and antiparasitic drugs
“An analysis of the origin of the drugs
include
ivermectins,
from
developed between 1981 and 2002 showed that
Streptomyces species.
natural products or natural product derived drugs
comprised 28% of all new chemical entities (NCEs) ACKNOWLEDGEMENT:
The authors are grateful to Uttarakhand
launched onto the market”( Newman et al., 2003).
In addition, “24% of these NCEs were synthetic State Council for Science and Technology
or natural mimic compounds, based on the study (UCOST) and UGC for necessary lab facilities and
of pharmacophores related to natural products”( financial assistance.
Newman et al., 2000). This combined percentage REFERENCES:
(52% of all NCEs) suggests that “natural products Crane, Peter. & Bateson, Patrick. (2003). Measuring
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modification during drug development”.( Young- Achard, F., Eva, H.D., Stibig, H.J., Mayaux, P., Gallego, J.,
Won Chin et al., 2006)
Richards, T. and Malingreau, J.P. (2002).
We have several successful histories of plants
products which have produced a lot of important
and effective drugs. Some examples are –
 Quinine - the anti-malarial drug btained
from the bark of Cinchona species.
 Morphine - the analgesic obtained from
the opium poppy
 Digoxin - for heart disorders, From
Digitalis purpurea.
 Reserpine - the antihypertensive agent,
from Rauwolfia serpentine
 Ephedrine - an anti-asthma agent,
from Ephredra sinica.
 Tubocurarine - the muscle relaxant,
from Chondrodendron and Curareaspecies.
 Taxol – the anti cancer agents from the
bark of Taxus brevifolia.
 Vinblastin and Vincristine – the anti
cancer agent from Catharanthus rosesus.
Microorganisms have also been extremely
important in drug applications, ushering in the
“golden age of antibiotics”:
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MOLECULAR DIVERSITY OF ECTOMYCORRHIZAL FUNGI OF
CENTRAL HIMALAYA OF INDIA:
AN IMPORTANT COMPONENT OF FOREST ECOSYSTEM
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E-mail: veena_kumaun@yahoo.co.in, veena_biotech@rediffmail.com
Department of Biotechnology, Kumaun University, Nainital, India-263001
ABSTRACT
Ectomycorrhizae are symbiotic organ formed between a fungus and the roots of tree.
These fungi are very important for the growth and development of higher tree species.
Ectomycorrhizal diversity through effective plant growth would affect tree species
composition and ecosystem functioning. In a preliminary study the comparative symbiotic
efficiencies of two ectomycorrhizal fungi viz., Amanita hemibapha and Russula vesca was
assessed in association with oak (Q. leucotrichophora) and pine (P. roxburghii) seedlings. Our
studies indicated that the fungal species had a marked influence on competitive outcome
of the seedlings, their growth and health status. Uttarakhand state (India) is very rich in
tree biodiversity however; the ECM fungal diversity of Himalayan region and how they
may be impacting the tree diversity is not well studied. It is essential to document this
important wealth and to find out the ways to conserve it. This will essentially require a
precise and authentic characterization of the fungal species and molecular approaches can
meet the challenge .We have used a molecular approach using RAPD techniques on genomic
DNA from different ectomycorrhizal (EM) fungal species belonging to the genus Cortinarius,
Boletus, Inocybe and Xerocomus of Kumaun region. Divergence analysis using RAPD markers
of different ectomycorrhizal species was done using UPGMA method (Unweighted Pair
Group Method with Arithmetic Mean). Divergence analysis of six genotypes revealed that
species 1(Boletus appendiculatus) and species 5 (Boletus variegates) were found to be located on
a single cluster reflecting their homology whereas species 1 (Boletus appendiculatus) and
species 2 (Inocybe species) were found to be distantly related. Species 4 (Xerocomus chrysenteron)
share near homology with species 1 (Boletus appendiculatus) and 5 (Boletus variegates) whereas
species 3 (Cortinarious species 1) and species 6 (Cortinarious species 2) also share near homology.
The study indicates that if assay conditions are carefully controlled, the RAPD methodology
may provide a cheap, rapid and effective means to evaluate the genetic diversity among a
large number of fungal species. When coupled to using primers specific to fungal ITS region
more accurate identification can be made all the way species and strain level.
Key Words: Ectomycorrhizae, Q. leucotrichophora, P. roxburghii, Molecular diversity.

INTRODUCTION
Mycorrhizae are symbiotic (occasionally
weakly pathogenic) association between a fungus
and the roots of a plant (Kirk et al. 2001). These
fungi are very important for the growth and
development of higher tree species.
Ectomycorrhizal fungi can account for 25% or

more of the root mass of forest, thus representing
a major belowground structural component of the
forest ecosystem. Ectomycorrhizal diversity
through effective plant growth would affect tree
species composition and ecosystem functioning.
Mycorrhizae, due to their key position at the plantsoil interface, are important to be considered in
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the study of ecosystems. Mycorrhizae are known to the genus Cortinarius, Boletus, Inocybe and
to influence plant performance through the Xerocomus of Kumaun region of India using
benefits they confer on their hosts. Their benefits, RAPD markers.
as an example, lead to improve growth of host MATERIAL AND METHODS
plants as well as increase tolerance to drought and
For the culture of ectomycorrhizae, fruiting
disease (Molina et al. 1992). More than 90% plant bodies were collected from the different places
species have association with mycorrhizal fungi near Nainital during the month of June -July. All
(Trappe 1987), but not much is known about the the samples were taken into lab and identified on
effects of mycorrhizal symbiosis on plant species the basis of various macroscopic, microscopic and
composition and competition (Ozinga et al. 1997). chemical characteristics following Pande, V.
Until recently the importance of mycorrhizal (2004). Total six species of genus Cortinarius,
fungi in determining plant diversity relative to Boletus, Inocybe and Xerocomus were selected for
other mechanisms such as species competition and genetic diversity analysis by RAPD markers.
species coexistence remained largely unattended. Different species selected for study were:
In a preliminary study the comparative symbiotic
1. Boletus appendiculatus
Species 1
efficiencies of two ectomycorrhizal fungi viz.,
2. Inocybe sp.
Species 2
Amanita hemibapha and Russula vesca assessed
3. Cortinarius sp. 1
Species 3
in association with oak (Q. leucotrichophora) and
4. Xerocomus chrysenteron
Species 4
pine(P. roxburghii) seedlings indicated that the
5. Boletus variegates
Species 5
fungal species seem to have a marked influence
6. Cortinarius sp. 2
Species 6
on competitive outcome of the seedlings, their DNA was isolated from dried fruiting bodies of
growth and health status(Pande et al .2004) . In different EM fungal species using four different
view of the great potential of suitable mycorrhizal protocols viz. Modified CTAB (Doyle
fungi, the pure culture technique as developed and &Doyle,1990), Qiagen DNeasy Miniplant Kit,
commercialized in other countries need urgent Wizard®Genomic DNA Purification Kit and
attention for harnessing this natural source of Fermentas genomic DNA Purification Kit. The
biofertilizer for growth, improvement and qualitative analysis of DNA was carried out by
greening wasteland in our country also. Another submerged gel electrophoresis using. 8% agarose
aspect of these fungi is they could be an alternative gels (Sambrook, 1987).The quantity of purified
of costly protein rich food because of their higher genomic DNA was estimated by measuring
protein content and presence of essential amino optical density at 260nm. The O.D. at 280 nm was
acids (Pande & Pande, 2004). They are excellent also recorded for determining protein
source of Vitamins also (Hayes & Hand, 1981). contamination. The ratio of O.D. 260/O.D. 280
By providing this knowledge to villagers gives the amount of RNA or protein in the
economic upliftment of the society could be done preparation. A value of 1.8 is optimum for best
by economy generation through selection of DNA preparation.
sporocarp of edible ectomycorrhizal fungi.
For RAPD analysis ten Random tenmer
Uttarakhand state is very rich in primers were used (Table 1). PCR amplification
biodiversity but a little work has been done in this of DNA extracted from seven species was done
state in the area of ectomycorrhizal fungi. The following the same standard protocol for all the
fungal diversity of India and particularly of primers. PCR products were run in agarose gel
Himalayan region is poorly understood. It is and bands were scored manually. The
essential to document this important wealth and amplification profile generated by each primer
to find out the ways to conserve it. This will was compared and the relatively molecular size
essentially require a precise and authentic of each band was examined by comparing the
characterization of the fungal species and a position of bands with markers. Divergence
molecular approach can meet the challenge. An analysis using RAPD markers of different
attempt was made to analyze inter generic and ectomycorrhizal species was done using UPGMA
intra generic molecular diversity of different (Unweighted Pair Group Method with Arithmetic
ectomycorrhizal (EM) fungal species belonging Mean) method.
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Table 1. Sequence of Primers Used
RESULTS
The quality and quantity of extracted DNA Primer No.
Primer sequence (5’-3’)
from various protocols was checked by UV
A.
CTCACGTTGG
spectrophotometery and agarose gel
GGTACTCCCC
electrophoresis. The ratio of optical density at 260 B.
nm and 280 nm for ideal solution should be C.
TCGTGCGGGT
around 1.7 to 1.8.By comparing the data on D.
CAGCGACTGT
successful completion of DNA extraction by
GTCCGTACTG
various protocols, it was observed that among the E.
four different protocols used, DNA was extracted F.
GGTGCTCCGT
successfully in all the samples ranging from good G.
CCTCTGACTG
to very good by using all the methods but
CACCCCCTTG
protocol D(Modified Doyle &Doyle method) was H.
GATACCTCGG
found best among four in terms of quality of DNA I.
(Table 2) .
J.
TCCGATGCTG
Among the 10 different 10 mer primers
used, only four primers produced scorable Fermentas genomic DNA Purification Kit
products of which only two primers bound method(protocol B) was found best with good yield
efficiently to all the six species (Table 3). The four with more samples whereas with reference to
primers generated a total of 39 PCR products quality of DNA Modified Doyle &Doyle method
ranging in size from 0.08-4.25 kb out of which 38 (protocol)was found best.
It is evident from the morphological traits
were polymorphic (Table 4).
The results were further analyzed by that the species selected in this study showed
plotting dendrogram using UPGMA method. The considerable variations. The molecular analysis
results were further analysed by plotting showed significant DNA polymorphism among
dendrogram using UPGMA method. Hierarchical these species. The dendrogram constructed with
electrophoresis generated banding pattern from
cluster analysis showed total five clusters.
PCR amplification (RAPD) of six genomic DNA
Dissimilarity matrix
Dissimilarity coefficient ranged from 0.00 of different ectomycorrhizal fungal species,
– 3.162 in different fungal species selected in reveals the following:
Among total set of analyzed genotypes 5
present experiment (Table 5). This matrix was used
genotypes
can be clustered into one major group
to generate a tree for cluster analysis using
whereas
one
genotype (Species 2) is entirely
UPGMA method (Fig 1). Species 2 and 3 have
been found to have maximum value of different
The group is composed of genotypes.1, 3,
dissimilarity coefficient, hence they have
4, 5 and 6. In this species 3 was found to be
maximum dissimilarity.
segregated from rest of the other four members
DISCUSSION
Of the 24 samples analysed, only of analyzing collection. In this group a sub cluster
13samples showed clear bands on agarose gel was present which comprised species 1, 5, 4 & 6
under UV light. The samples obtained by means In this sub cluster species 1,5 & 4 were further
of various protocols ,were evaluated according to placed in another sub cluster whereas species 6
DNA quality, colour, spectral absorbance ratio and was found to be segregated from rest of the other
final concentration .Out of four methods used, three members of analyzing collection.
In the sub cluster comprising species 1,5
Quizen DNeasy Miniplant Kit method (protocol
A) which uses silica gel-membrane technology and & 4, the genotype 1 and 5 found to be located on
simple spin procedures to isolate high quality a single cluster, reflecting their homology of
DNA ,was found not much better on quality basis genomes. The genotype 1 is found to be distantly
for these species which is clear from spectroscopic related to genotype 2 in evolutionary terms PCR
analysis(A260/A280ratio).By comparing the based DNA markers such as RAPD is known to
results with reference to yield of the DNA, be very useful for investigating genetic relatedness
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Table 2. Evaluation of DNA samples extracted using different protocols:
Extraction methods
Species
A260/A280 Concentration
(µg/ml)
Protocol A
(Quizen DNeasy Miniplant Kit)
Boletus appendiculatus
0.842
0.80
Inocybe sp.
1.242
Cortinarius sp.1
1.750
Xerocomus chrysenteron
1.752
7.45
Boletus variegates
1.369
Cortinarius sp.2
0.615
Protocol B
(Fermentas genomic DNA
Boletus appendiculatus
1.356
Purification Kit)
Inocybe sp.
1.425
6.20
Cortinarius sp.1
1.769
2.30
Xerocomus chrysenteron
1.791
10.30
Boletus variegates
1.450
4.35
Cortinarius sp.2
1.250
Protocol C
(Wizard®Genomic DNA
Boletus appendiculatus
1.480
7.55
Purification Kit)
Inocybe sp.
1.680
2.10
Cortinarius sp.1
1.937
3.10
Xerocomus chrysenteron
1.913
2.2
Boletus variegates
1.064
Cortinarius sp.2
1.232
Protocol D
(Modified Doyle &Doyle method)
Boletus appendiculatus
1.887
6.70
Inocybe sp.
1.137
Cortinarius sp.1
1.189
Xerocomus chrysenteron
1.448
2.10
Boletus variegates
1.750
3.15
Cortinarius sp.2
1.791
4.30
Table 3. Sequence of Primer with gave positive result during RAPD analysis of DNA
extracted from different ectomycorrhizal species
S.No. Primers
Species 1 Species 2 Species 3 Species 4 Species 5 Species 6
1
5’-CAGCGACTGT-3’(D)
+
+
+
2
5’- GGTGCTCCGT -3’(F)
+
+
+
+
+
+
3
5’-CACCCCCTTG-3’ (H)
+
+
+
+
+
+
4
5’-TCCGATGCTG-3’(J)
+
+
Table 4. Total Number of Amplified Products and Number of Polymorphic Products
Generated By PCR Using RAPD Markers
Sl. no. Sequence of Primers
Total number of
Total number of
Size range
amplified products polymorphic products
(kb)
1.
5’-CAGCGACTGT-3’(D)
5
5
0.7-2.0
2.
5’-GGTGCTCCGT -3’(F)
12
12
0.08-4.25
3.
5’-CACCCCCTTG-3’ (H)
15
15
0.08-4.5
4.
5’-TCCGATGCTG-3’(J)
7
6
0.08-2.5
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Table 5. Dissimilarity Matrix For Nei And Li’s Coefficient Of Seven Species Of
Ectomycorrhizal Fungi Based On RAPD Analysis:
Species 1
Species 2
Species 3
Species 4
Species 5
Species 6
Species 1
2.828
2.449
2.236
1.000
2.236
Species 2
2.828
3.162
2.646
2.646
2.646
Species 3
2.449
3.162
2.646
2.646
2.646
Species 4
2.236
2.646
2.646
2.000
2.828
Species 5
1.000
2.646
2.646
2.000
2.449
Species 6
2.236
2.646
2.646
2.828
2.449

Fig. 1. Hierarchical Cluster Analysis
and diversity in fungal species. This study revealed
that considerable differences could be observed
between results from molecular markers and those
from morphological traits for selected fungal
species. This shows that RAPD method is capable
of revealing appreciable levels of polymorphism
in case of different ectomycorrhizal fungal species.
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ABSTRACT
Interactions among soil fauna, litter diversity, soil nutrients and
biochemical properties during litter decomposition in Balanites aegyptiaca (T) based
silvipasture system of tropical desertic land of India was studied. The system has
Cenchurus ciliaris (CC) and Lasiurus sindicus (LS) grasses. Soil organic carbon (SOC),
total soil nitrogen (TSN), soil ammonical nitrogen (SAN), soil nitrate nitrogen
(SNN), soil available phosphorous (SAP), soil respiration (SR) and soil
dehydrogenase activity (SDA) were determined in litter decomposing soil. Faunal
association and litter decomposition were maximum in T+LS litter. The faunal
population and litter decomposition were significantly (P < 0.001) higher inside
the canopy of tree and at 5 cm depth. SOC, TSN, SNN, SR and SDA were significantly
(P< 0.05) greater in the mixture of tree and grass litters than tree litter alone. TSN,
SAN, SNN, SAP, SR and SDA were significantly (P< 0.05) higher under the canopy
zone. However, SOC was significantly (P< 0.05) higher at surface and minimum at
5 cm. A positive and significant correlation among litter-associated fauna, litter
decomposition, chemical and biochemical properties during decomposition
demonstrated the interacting effects of fauna on functional aspects of soil in
Balanites aegyptiaca based silvipasture system. Therefore, the strategy may be
adopted for decomposition of litters and improvement of soil systems employing
potentials of below ground biological resources.
Keywords : Desert region, fauna, soil nutrients, soil respiration, soil
dehydrogenase, silvipasture system.

INTRODUCTION
Various efforts have been made in the past
to understand the role of invertebrates in soil
processes. Over exploitation and mismanagement
of land resources had devastating impacts on
biodiversity. Publications of reports on sustainable
land use and soil biodiversity by various
international organizations leave the impression
that soil fertility is controlled by soil biodiversity.
It means that low soil fertility occurs together with
a decrease in soil biodiversity. This is the point of
attraction for biologists to look into the role of
below-ground faunal biodiversity in maintaining

sustainability of soil system. Since valuable reports
propagate below-ground biodiversity as a soil
health indicator, we take an opportunity here to
critically and experimentally analyze this notion.
Biological functions such as the maintenance of
soil fertility are based on the action of organisms
including soil micro- and macrofauna. One of the
major activities occurring in the pedoecosystem
is decomposition. Decomposition is central to the
normal functioning of an ecosystem and it is
estimated that 80-90% of net primary production
in terrestrial ecosystems is recycled by
decomposers. Since a great proportion of the
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nutrients in tropical ecosystems are incorporated
into the organic matter, the decomposition is an
important process for regenerating the nutrients
to support production in the ecosystem. It provides
basic clues in understanding and estimating
productivity, energy-flow and nutrient cycling.
Faunal biomass is a key component for
nitrogen mineralization (Anderson et al., 1985).
Thus soil cannot perform ecosystem services
without below-ground bioresources. Soil
organisms affect primary production directly by
root-feeding and indirectly through their
contribution to decomposition and nutrient
mineralization. Microbiel-grazing mesofauna
affect growth and metabolic activities of microbes
and alter community composition, thus regulatic
decomposition rate of organic matter (Whitford
et al., 1982; Seastedt, 1984). Litter decomposition
is affected by litter quality and climatic condition
(Frouz, 2008; Jimenez et al., 2009). Increasing rates
of litter decomposition accelerate nutrient cycling
and improve soil quality (Knoepp et al., 2000).

Diverse and active soil biota could create soil
conditions necessary for sustainable land
production through increased microbial activity,
carbon turnover and nutrient supply, preventing
plant pathogens, supporting the populations of
beneficial organisms, reducing loss of inorganic
fertilizers through erosion and leaching by shortterm immobilization, stabilizing soil structure,
and reducing reliance upon hazardous
agrochemicals. These properties or functions of
soil fauna can be used to indicate soil health.
The Indian arid silvipasture land is
characterized by harsh climatic conditions
including low and erratic rainfall, high air
temperature and intense solar radiation coupled
with high wind velocity and nutrient deficiency.
Recurring drought and famines are common
features in the region. Due to limited resource
availability in arid and semi-arid regions, the
benefits of the agroforestry system largely depend
upon efficient and judicious management of soil
and water resources. Selection of an appropriate
combination of tree and subvegetation (grass,
crop) and development of suitable management
practices like litter decomposition, pruning,
lopping and thinning are important aspects of
these nutrient deficient lands. Balanites aegyptiaca
is a common tree of tradition agroforestry system
of the northwestern arid area of India. The young
leaves and shoots provide a useful livestock fodder.
Their fruits are commonly eaten by local people,
known as “desert date”. The bark, leaves, fruits
and seeds are all althelmintic and purgative. In
northwestern arid area of India the bark is used
for de-worming cattle. The pulp of fruit contains
saponin and is used for cleaning silk and cotton
cloth. There is no information about links between
soil faunal bioresources and sustainability of such
agroforestry tree species. Therefore, it appears
necessary to evaluate the functions of soil
invertebrates in nutrient establishment in arid
pedoecosystem through litter decomposition.
Management of such traditional pedoecosystem
may optimize the below-ground biological
activities for sustainable land use in arid
environment.
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the precipitation resulting in perpetual water
MATERIALS AND METHODS
deficit throughout the year. Properties of
Site and environmental condition
Studies were conducted in Jodhpur temperature, relative humidity, rainfall and
district of Rajasthan. It is situated between 260 evapotranspiration are shown in Fig. 1.
45‘ North latitude and 720 03‘ East longitude in Experimental Procedures
The leaf litters of Balanites aegyptiaca (T)
the arid region of India. The climate of the region
is dry tropical type characterized by extremes of and Cenchurus cilliaris (CC) and Lasiurus sindicus
temperature, fitful and uncertain rainfall, high (LS) grasses were harvested, chopped and allowed
potential evapotraspiration and strong winds. to dry. A particular amount of tree litter alone and
Three prominent seasons in the year are summer, alongwith grasses (CC, LS) were kept in a nylon
monsoon and winter. Summer is the most bag of 7 mm mesh size. These litter bags were
dominant season characterized by high placed on horizontal and vertical positions in six
temperature spreading from March to middle of replications in four hectare area of Balanites
July. The period from mid July to September is aegyptiaca tree plantation to study the
the monsoon season, when most of the rainfall is quantification and kinetics of fauna associated
received. The winter season spreads from decomposition. Horizontally, they were placed
November to February. The most important outside and inside the canopy of tree. Vertically,
characteristic feature of the arid climate is the wide the litter samples were placed on surface, 5cm and
variations in diurnal and temporal temperature. 10cm depth. Bags were taken out from each
The maximum temperature in summer was position at an interval of four months. The fauna41.50C and the minimum temperature in winter associated with litter decomposition were
was 100C during the period of 2004-2005. The extracted with Tullgren funnel, identified and
diurnal temperature variations were high, both counted.
Decomposition associated changes in
in winter and summer months and this variation
was narrow during the monsoon months. chemical and biochemical properties of soil such
Maximum temperature was recorded in June as soil organic carbon (SOC), total soil nitrogen
which suddenly drops down to about 270C during (TSN), soil ammonical nitrogen (SAN), soil nitrate
onset phase of monsoon. But there was again rise nitrogen (SNN), soil available phosphorous (SAP),
in temperature during post monsoon period and soil respiration (SR) and soil dehydrogenase
decreased further in winter. The annual rainfall activity (SDA) were analyzed as described by
in this region varied from 0.2 to 140 mm. The Anderson and Ingram (1993). Soil organic carbon
south west monsoon, which begins in the last was determined by Walkley-Black digestion
week of June, lasts till middle of September. method. The total nitrogen was estimated by
Sometimes there was a little rainfall in the winter Kjeldahl method. Ammonical nitrogen, nitrate
season also. The average number of rainy days nitrogen and available phosphorous were
in this region was 15 to 21. Average wind speed analyzed spectrophotometrically. Soil respiration
was 14 to 18 km/h-1. Wind speed reaching as high and soil dehydrogenase activity were determined
as 60-70 Km/h-1 was common in summer. The using potassium hydroxide (KOH) and triphenyl
winds were strongest during the months of June tetrazolium chloride (TTC) respectively.
The data recorded from different
and July. The wind directions were east to north
westerly in winter and west to south westerly in experiments on decomposition, nutrient dynamics
summer. Arid region experiences high rate of and biochemical changes associated with faunal
potential evapotranspiration. The daily potential population were analyzed employing statistical
evapotranspiration ranged from 6.8-13 mm in package. Since all the observations for the same
summer, 5.4-6.7 mm during monsoon season and study site were available for different time
3.2-4.1 mm in winter.
Potential intervals, the data was processed by repeatedevapotranspiration was exceedingly higher than measure design to test the level of significance.
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Table 1. Repeated measure ANNOVA of different parameters in Balanites aegyptiaca
based litter decomposing silvipasture system

Repeated measure Litter
ANOVA
disappearance (%)

Fauna
(# /100g
litter)

0rganic
carbon
(ppm)

Test of within- subject effects
F value
F value F value
Month (M)
229.76*
154.97*
23.04*
M x Depth (D)
1.89
7.80*
0.15
M x Canopy zone (C) 3.16*
7.13*
0.02
M x Litter quality (L) 0.35
5.73*
0.26
MxDxC
0.30
0.30
0.01
MxDxL
0.83
0.74
0.16
MxCxL
0.14
0.05
0.26
MxDxCxL
0.09
0.44
0.29
Test of between- subject effects
D
164.72*
98.46*
25.08*
C
98.79*
75.04*
22.03*
L
72.88*
48.34*
4.49*
DxC
0.44
0.58
0.79
DxL
27.25*
11.54*
0.66
CxL
1.48
0.56
2.24
DxCxL
1.01
1.99
0.45

Total
Ammonical Nitrate
Available Soil resp- Soil dehynitrogen nitrogen
nitrogen phosphorus iration (mg drogenase
(ppm)
(ppm)
(ppm)
(ppm)
CO 2/m 2/ (p kat/g)
hour)
F value
37.22*
0.96
1.87
0.14
0.12
0.20
0.22
0.40

F value
21.29*
0.34
0.26
0.51
0.12
0.23
0.45
0.16

F value
4.212*
0.25
0.11
0.02
0.12
0.11
0.06

F value
17.17*
0.51
0.71
0.22
0.44
0.23
0.70

F value
651.23*
5.63*
13.05*
24.07*
25.38*
3.4*
2.95*

F value
269.06*
064
16.88*
5.68*
0.65
0.26
1.75

0.08

0.33

5.97*

0.33

13.22*
29.16*
1.06
0.53
0.81
0.33
0.79

10.77*
14.67*
2.24
0.01
0.20
0.06
0.07

7.57*
21.67*
3.89*
0.53
0.35
0.72
0.22

12.33*
40.98*
2.17
0.15
0.14
0.19
0.21

7.56*
32.09*
0.63
7.13*
0.99
3.47*
2.06

15.22*
76.22*
0.69
0.42
0.41
0.18
0.12

*Significant
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Fig.1 : Changes in temperature, relative humidity, rainfall and evapotranpiration.
Duncan’s Multiple Range Test (DMRT) was
performed to obtain homogenous subsets among
the litter qualities and soil depths. Pearson
correlation coefficient was calculated to know the
relationship between the faunal population and
litter decomposition, soil chemical and
biochemical properties. The level of significance
was set at 0.05.
RESULTS
Quantification and kinetics of fauna
associated litter decomposition
The faunal population and litter
decomposition were maximum in T+LS litter

(Table 1 and Fig. 2). While considering the mean
of all variables for canopy zone, faunal association
and litter disappearance was higher inside the
canopy as compared to outside. Depth-wise
faunal association and litter decomposition were
highest at 5 cm and lowest at surface. Faunal
population and litter disappearance varied
significantly (P < 0.001) due to changes in months.
They were higher during the first four months of
decomposition and subsequently declined as a
function of time interval.
The test of within-subject effects of month
x canopy interactions was significant (P < 0.05)
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Table 2. Correlation of soil faunal population with litter loss, organic carbon, total
nitrogen and ammonical nitrogen, nitrate nitrogen, available phosphorus, soil
respiration and soil dehydrogenase activity in Balanites aegyptiaca based silvipasture
system at different time intervals
Parameter
Decomopostion period (months)
4 (Oct.)
8 (Feb.)
I2 (June)
r- Value
P-Value r- Value
P-Value r- Value
P-Value
Litter loss
0.725
< 0.001
0.679
< 0.001
0.648
< 0.001
Organic carbon
0.036
NS
0.035
NS
0.086
NS
Total nitrogen
0.427
< 0.001
0.312
< 0.001
0.232
< 0.01
Ammonical nitrogen
0.462
< 0.001
0.347
< 0.001
0.249
< 0.009
Nitrate nitrogen
0.365
< 0.001
0.260
< 0.007
0.235
< 0.014
Available phoshorus
0.336
< 0.001
0.266
< 0.005
0.270
< 0.005
Soil respiration
0.218
< 0.023
0.300
< 0.002
0.293
< 0.002
Soil dehydrogenase activity
0.604
< 0.001
0.414
< 0.001
0.326
< 0.001
Sampling months are in bracket; NS, Non – significant.
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Fig. 2: Kinetics of decomposition of litters of Balanites
aegyptiaca(T) and grasses (CC, LS) and associated soil
fauna. CC : Cenchrus ciliaris; LS : Lasiurus sindicus; ( )
outside canopy; (- - -) inside canopy.

for both litter fauna and litter disappearance.
However, month x depth and month x litter
quality interactions were significant (P <
0.05) for litter disappearance. The test of
between subject-effect of depth x litter
quality was significant (P < 0.05) for both
litter fauna and litter disappearance. Litter
decomposition and associated fauna showed
a significant positive correlation (P< 0.001)
during all decomposition periods (Table 2).
Decomposition dependent chemical
changes
Soil organic carbon
Soil organic carbon (SOC) varied
significantly (P < 0.001) due to changes in
litter. SOC was maximum in T + CC litter.
Considering the mean of all variables for
canopy zone, SOC was significantly (P <
0.001) higher inside the canopy as compared
to outside. It was highest in top soil layer
(Table 1 and Fig. 3) and lowest at 5 cm depth.
SOC changed significantly (P < 0.001) due
to changes in months. About 1.5 to 3 fold
higher SOC was obtained after twelve
month of decomposition as compared to
initial values. Correlation between fauna and
SOC was non- significant (Table 2).
Total soil nitrogen
TSN did not varied significantly due to
changes in litter quality. While considering the
mean of all variables for canopy zone, TSN was
T
T+CC
T+LS
T
T+CC
T+LS
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Fig. 3. Changes in organic carbon and total nitrogen in
litter decomposing soil of Balanites aegyptiaca based
silvipasture system. T: Balanites aegyptiaca; CC : Cenchrus
ciliaris ; LS : Lasiurus sindicus; ( ) outside canopy; (- - -)
inside canopy.

Surface
T
T+CC
T+LS
T
T+CC
T+LS

8

20

6

4

10

2

0

0
0

4

8

12

0

4

8

12

5 cm depth
Soil ammonical nitrogen (ppm)

significantly (P < 0.001) higher inside the canopy
as compared to outside the canopy (Table 1 and
Fig. 3). It was significantly (P < 0.001) greater at 5
cm depth and lowest at surface. TSN differed
significantly (P < 0.001) due to variation in
months. About 2 to 4 fold higher TSN was
obtained after the period of twelve months as
compared to initial values. There was a significant
(P< 0.001) positive correlation between the litterassociated fauna and TSN at different
decomposition durations (Table 2).
Soil ammonical nitrogen
SAN did not differ significantly due to
changes in litter qualities. However, significantly
(P < 0.001) higher SAN was found inside the
canopy zone than outside after considering the
mean of all variables for horizontal position (Table
1 and Fig. 4). Depth-wise variation in SAN was
significantly (P < 0.001) greater at 5 cm and lowest
at surface. SAN varied significantly (P < 0.001)
due to changes in months. It increased about 2 to

4 fold after twelve months of decomposition.
Interaction terms were not significant. Litterassociated fauna showed a significant positive
correlation (P< 0.001) with SAN at fourth and
eight months of decomposition (Table 2).
Soil nitrate nitrogen
SNN varied significantly (P < 0.001) due
to changes in litter quality. Maximum SNN was
found in T + CC litter. Whereas the other two
quantity of litter show almost similar values of
SNN (Table 1 and Fig. 4). Considering the mean
of all variables for canopy zone, SNN was
significantly (P < 0.001) higher inside the canopy
as compared to outside the tree. After averaging
the data for all soil layers, SNN was highest at 5
cm depth and lowest at top soil layer.
Approximately 1.5 to 2 fold greater SNN was
recorded after twelve month of decomposition as
compared to initial values. A significant positive
correlation (P< 0.05) between SAN and litter fauna
was obtained at different decomposition periods
(Table 2).

Soil nitrate nitrogen (ppm)
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Fig. 4. Changes in ammonical nitrogen and nitrate
nitrogen in litter decomposing soil of Balanites aegyptiaca
based silvipasture system. T : Balanites aegyptiaca; CC :
Cenchrus ciliaris; LS : Lasiurus sindicus; ( ) outside canopy; (- - -)
inside canopy.
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Fig. 6. Changes in soil respiration and dehyrogenase
activity in litter decomposing soil of Balanites aegyptiaca
based silvipasture system. T:Balanites aegyptiac;CC: Cenchrus
ciliaris;LS :Lasiurus sindicus; ( ) outside canopy; (- - -) inside
canopy.
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Fig. 5: Changes in available phosphorus in litter
decomposing soil of Balanites aegyptiaca based silvipasture
system. T : Balanites aegyptiaca; CC : Cenchrus ciliaris ; LS
: Lasiurus sindicus; ( ) outside canopy; (- - -) inside canopy.

Soil available phosphorus
SAP did not varied significantly due to
change in litter qualities. SAP was significantly
(P < 0.001) higher inside the canopy than outside
the canopy when it was considered with the mean
of all variables for horizontal position. SAP was
highest at 5 cm depth (Table 1 and Fig. 5) and
lowest at surface. A significant (P < 0.001)
alteration in SAP was observed due to changes in
months. About 2 to 4 fold higher SAP was
obtained at all positions as compared to initial

values. There was a significant (P< 0.05) positive
correlation between the litter-associated fauna and
SAP at all decomposition periods (Table 2).
Decomposition dependent biochemical
changes
Soil respiration
SR did not vary with the variation in litter
quality (Table 1 and Fig. 6). While considering the
mean of all variables for canopy zone, it was
significantly (P < 0.001) higher inside the canopy
as compared to outside the canopy. Depth-wise
variation in SR was maximum at 5 cm and
minimum at surface. SR varied significantly (P <
0.001) due to changes in months. Approximately
3 to 5 fold higher SR was found at all positions
during the first four months of decomposition.
However, it gradually decreased as a function of
time interval and remained still higher at twelve
months as compared to initial levels. All the
interaction terms of the test of within-subject
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effects were significant (P < 0.05). The test of
between-subject effect of depth x canopy and
canopy x litter quality were significant (P < 0.05).
A significant positive correlation (P< 0.001)
between SR and litter fauna was found at different
decomposition periods ( Table 2).
Soil dehydrogenase activity
SDA did not differ significantly due to
changes in litter quality (Table 1 and Fig. 6).
However, significantly (P < 0.001) higher SDA was
found inside the canopy zone than outside the tree
canopy after considering the mean of all variables
for horizontal position. SDA differed significantly
(P < 0.001) due to variation in soil depths. It was
maximum at 5 cm depth and minimum in top
soil layer. SDA varied significantly (P < 0.001) as
a function of month. It increased about 3 to 4 fold
over the first four months of decomposition.
However, it declined slowly as a function of
decomposition period. The test of within-subject
effects of month x canopy and month x litter
quality were significant (P < 0.001). litterassociated soil fauna showed a significant positive
correlation (P< 0.05) at all decomposition periods
(Table 2).
DISCUSSION
Fauna associated litter decomposition
In Balanites aeyptiaca based silvipasture
systems the faunal population associated with
litter was maximum with T + LS litter in
comparison to other quality of litters (Fig. 2).
However, the litter disappearance was more or less
equal in all quality of litters. Higher density of
fauna in mixed litter may be due to its diverse
chemical composition attracting soil fauna as
compared to single species litter. Abundance and
activity of invertebrates are influenced by the
initial litter chemistry. Schadler and Brandl (2005)
described that different species of invertebrates
may be attracted to certain litter types and with
an increasing richness of litter decomposer may
show complementary resources use. Hence higher
faunal population associated with the mixture of
litters was observed.
Litter decomposition and associated faunal
population were higher inside the canopy of tree
than outside the canopy in a horizontal position.
However, in a vertical position, both the litter

decomposition and associated fauna were higher
at 5 cm depth and lower at surface. This shows
that soil fauna associated with litter decomposition
preferred niche inside the tree canopy and at 5
cm depth. Due to sufficient availability of litter as
food and best climatic condition of rainy season
for growth and development of soil fauna, the
disappearance of litter and associated fauna were
higher over the first four months of decomposition.
The percentage of decay is found to increase with
increasing amounts of rainfall and humidity. The
highest intensity of organic matter decomposition
was observed under conditions of moderate soil
temperature (30°C) and moisture content (60-80
%) (Kononova, 1975). Nearly similar climatic
condition was found during first four of litter
decomposition in the present study. Shanks and
Olson (1961) compared litter decay beneath
natural stands at various elevations and concluded
that there was an average decrease in breakdown
of nearly 2 percent for each 1°C drop in mean
temperature. Lang (1974) found five folds higher
decay of litter during autumn as compared to the
winter and summer. Boonyawat and
Ngampongsai (1974) also demonstrated the
highest decomposition of hill evergreen forest litter
in the late rainy season and early winter and the
lowest rate in summer. Brinson (1977) and Vander
Drift (1983) pointed out that precipitation and
temperature were important factors for litter
decomposition because they affect both the
development of plant cover and the activities of
soil fauna, which are highly critical factors in litter
decompostion.
Madge (1965) documented higher litter
disappearance during the wet season, which may
be due to the activity of dense population of mites
and collembolans. Schowalter et al., (1991)
reported higher microarthropods densities during
wet months. The faunal association and litter
decomposition was higher in lower layers than top
soil layer. During the wet months the percolating
water from rainfall may leach the excrements and
remains of organisms down to the lower horizons,
where other specialized microbes attack organic
molecules and increase the rate of litter
decomposition and faunal density at lower depth
in comparison to surface. The amount of litter
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decomposition and faunal population decreased the spatial pattern of soil properties under tree
after four months. Schimel and Gulledge (1998) canopy in a forest region and reported a significant
suggested that the corresponding decrease in litter decrease in organic matter content with soil depth
decomposition and faunal population may be due and distance from the tree base. They showed a
to the changes in soil and litter moisture. These significant decrease in soil nitrogen and significant
consequences of climate change are likely to changes in phosphorus with the distance from tree
induce changes within functional groups or shifts base. The concentration of soil organic carbon,
in the balance between different functional groups total nitrogen, ammonical nitrogen, nitrate
in the soil decomposer community, which could nitrogen, available phosphorous were 1.5 –3 fold
signiûcantly affect litter decomposition (Swift et higher after the twelve months of decomposition
suggesting improvement in nutrient status.
al., 1998).
A positive and significant (P< 0.05) Coleman et al. (1992) documented bacteria and
interaction and correlation between litter fungi as the major nutrient cycling processors in
associated soil fauna and litter decomposition soil. The waste products of bacteria produce soil
clearly demonstrated the positive impact of soil organic matter and thus increase the level of
fauna on litter decomposing activities in organic carbon in soil. When soil fauna graze on
silvipasture system of desert region. It was fungul and bacterial infected litter, some of the
observed that the litter decomposition varied as a nitrogen bound in these microbes is mineralized
function of associated fauna in different litters. This and released as nitrogenous waste and increase
proves that decomposition was influenced by litter soil nutrient status (Whitford et al., 1982). Organic
matter in soil is the most important fraction that
quality and associated soil fauna.
supports microbial populations. Microbial
Decomposition-induced chemical changes
SOC, TSN, SAN, SNN and SAP were biomass, acts as the engine for organic matter
higher in the mixture of tree and grass litters than turnover and nutrient release. Therefore, higher
tree litter alone at all positions and different nutrient concentration was obtained at greater
decomposition durations (Fig. 2 to 4). They were faunal density during decomposition.
Pramanik et al. (2001) studied nutrient
higher under the canopy zone. The higher nutrient
enrichment of the soil under tree canopy was due mobilization from leaf litter by detritivore soil
to mixing and decomposition of greater volume arthropods and documented significantly high
of litters through soil biota. Further the nearest rates of organic carbon and nitrates release by soil
zone would have received more nutrients from fauna. It also supports the present findings of
the tree since the soil adjacent to the tree trunk higher nitrogen content at a greater faunal density
had been covered by the canopy for the longest in litter decomposing places. Griffiths (1994)
period which supports the establishment of estimated from several independent food web
decomposer community for higher studies that soil microfauna were responsible for
decomposition. In vertical position, the 20–40% of net nitrogen mineralization under field
concentrations of soil nutrients were maximum conditions. In addition, leaching from damaged
at 5 cm and minimum at surface except in case of fungal hyphae due to mesofauna grazing may
soil organic carbon. However, soil organic carbon also increase ammonia content in soil. Beare (1997)
was maximum at surface and minimum at 5 cm reported that fungal-feeding microarthropods are
depth. It may be due to the loss of carbon as CO2 very important in mobilizing nutrient from
surface residues through grazing. In addition to
by higher microbial population at 5 cm.
Over the first four months of decomposition protozoa, bacterial-feeding and predatory soil
the increments in the soil nutrients were higher fauna are estimated to contribute directly and
than the other periods of decomposition. The indirectly about 8 to 19% of nitrogen
increase in nutrients except soil organic carbon at mineralization.
ANOVA showed that all the parameters
depth may be due to leaching and deposition of
elements. Muoghalu and Awokunle (1994) studied such as soil organic carbon, soil total nitrogen, soil
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ammonical nitrogen, soil nitrate nitrogen and soil
available phosphorous differed significantly (P <
0.05) due to changes in month, soil depth and
canopy zone. A positive and significant correlation
and interaction among litter associated soil fauna
and soil nutrients during decomposition
demonstrated the impact of fauna on soil
nutrients. The increased rates of nutrient
mineralization suggested a more rapid cycling of
organic matter and greater amounts of nutrients
availability by soil fauna-induced litter
decomposition. The present observations on soil
arthropod associated changes in nutrient status
may be supported by the report of Maity and Joy
(1999) who described that the colonization of
microarthropods have a significant role in
trapping energy and nutrients from decomposing
litter and in enhancing biological activity in soil.
Kumar et al. (1999) also found high diversity and
density of soil fauna with greater nutrient status
in soil. They remarked that high fertility and
nutrient status of the soil may be due to the
presence of the diverse soil fauna which assist in
humus formation. The increase in soil nutrients
was associated with the increase in soil faunal
population. It reflects fauna-induced increase in
decomposition activities in soil. The present
strategy may be adopted for decomposition of
litters and improvement of soil. Therefore, the litter
and below-ground fauna management may
increase the productivity of Acacia senegal based
silvipasture system on a sustainable basis in dry
region.
Biochemical changes during decomposition
Soil respiration and soil dehydrogenase
activity were higher in the mixture of tree and grass
litters than tree litter alone at all positions during
different decomposition periods. Soil respiration
and soil dehydrogenase activity were higher under
the canopy zone. In vertical position, these
activities were maximum at 5 cm and minimum
at surface. It may be due to association of higher
faunal population with litters inside the canopy
and at lower depth. Over the first four months of
decomposition the increments in the soil microbial
activities (SR and SDA) were higher than the other
periods of decomposition. However, soil

respiration and dehydrogenase activity decreased
at eight and twelve months of litter decomposition
(Fig. 6). Soil respiration and dehydrogenase
activity were 3-5 fold higher at all positions after
four months of decomposition suggesting
improvement in soil biological activities.
Differences in soil respiration rates among distant
sites may be due to climatic differences (Raich and
Potter, 1995). Other factors which potentially
inûuenced the rates of soil respiration are the
availability of carbon substrate for
microorganisms (Seto and Yanagiya, 1983), soil
biota population (Singh and Shukla, 1977; Rai and
Srivastava, 1981), soil physical and chemical
properties (Boudot et al., 1986) and soil drainage
(Luken and Billings, 1985; Moore and Knowles,
1989; Freeman et al., 1993).
Dehydrogenase activity appears to be
more related to the metabolic state of microbial
population of the soil than to the activity of specific
free enzymes acting on a particular substrate.
Variations in the enzymatic activities of soil are
biologically important because they change the
quantity and quality of substrates upon which
they act and are responsible for altering the rate
of various soil processes. Soil enzyme activities are
often closely related to soil organic matter, soil
physical properties, and microbial activity and
biomass (Tate, 1995). As dehydrogenase activity
reflects the activity microorganisms in the soil
(Lenhard, 1956), the higher dehydrogenase
activity during the rainy season may be due to
optimum moisture and temperature for the
growth of microorganisms at that time (Rao and
Venkateswarlu, 1993). They also observed
significantly higher population of different
microorganisms during July-August. In many
desertic soils, higher temperatures and soil drying
during summer months bring down the microbial
population to a very low level (Sasson, 1972)
resulting in low dehydrogenase activities. In
winter, the low dehydrogenase activity might be
due to the fact that the microorganisms remain
in a state of biochemical inactivity (Milosevic,
1988). This was the main reason why there was
gradual decrease in soil dehydrogenase activity
after four month of rainy season at litter
decomposing sites.
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ABSTRACT
Three groups (1-3) of birds were subjected to non stimulatory photoperiod
(9L:15D), and received olive oil (0.1 ml), 10 and 50 ìg TP (Testosterone propionate)
per bird on alternate day respectively. Next three groups (4-6) of birds were
subjected to stimulatory photoperiod (15L:9D), and received olive oil (0.1 ml), 10
and 50 ìg TP (Testosterone propionate) per bird on alternate day respectively. In
total, fifteen injection were made. Groups (1-3) were transferred to stimulatory
photoperiod (15L:9D) after 60 days. Body mass, testis volume, plumage
regenerations, primary flight feathers and body molts also studied in this
experiment. Observations were made at the beginning, fortnightly and end of the
30 day experiment.
The results of current study demonstrate the effect of TP on the testes,
body weight, body molts, primary flight feathers and plumage regeneration in
brahminy myna. Brahminy myna placed on 9L:15D did not induced testis growth
till 60 days after that photoperiod of 9L:15D transferred to 15L:9D then the testis
volume increased significantly and this clearly suggest that brahminy mynas
were not sensitive to short photoperiod (non stimulatory photoperiod) and as
expected, 15L:9D showed testicular response till 60 days then suddenly decreased
and this can be taken to suggest that brahminy myna are a long day species and
this study did not show an effect of prior treatment of testosterone hormone on
photoperiodic induction of testicular growth.
Key words: Brahminy myna, Photoperiod, Testosterone propionate, gonads

INTRODUCTION
The steroid hormone testosterone (T)
mediates the expression of many secondary sexual
characters, including behaviors which influence
male reproductive success. In males of many birds,
territorial behaviors, such as song and aggressive
displays, are regulated by the hormone,
testosterone (Wingfield, 1994a; Hunt et al., 1995;
Hirschenhauser et al., 2003). In male chestnutcollared longspurs, Calcarius ornatus, high plasma

testosterone may be more important in eliciting
and maintaining sexual behavior than aggressive
behavior (Lynn and Wingfield, 2008). Apart from
the regulation of territorial aggression, increased
plasma T levels are important for the expression
of secondary sexual characters, sperm production,
and sexual behavior in male birds (Balthazart,
1983; Ketterson and Nolan, 1994).
Exogenous administration of T to males in
winter results in springtime plasma titers and
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consequently enhances territorial aggression
(Wingfield, 1994a). There appear two pathways
by which T can influence behavior: (i) by binding
to androgen receptors (Schwabl and Kriner, 1991;
Labrie, 1993), and (ii) by being converted in the
brain into 17-b estradiol (E2) by the enzyme
aromatase (Schlinger and Arnold, 1991; Wade et
al., 1994). Existing correlational studies have
yielded mixed results: in some year-round
territorial Afrotropical birds (Dittami and
Gwinner, 1985, 1990; Dittami, 1986, 1987) and in
subtropical Rose-ringed parakeets (Psitticula
krameri; Krishnapradasan et al., 1988) plasma T
levels are continuously elevated (but usually
remain below 2 ng/ml), perhaps indicating a
coupling of T and territorial behavior. In contrast,
in many other tropical species, which maintain
territories year-round, males have baseline T levels
throughout the year, even during the breeding
season (Levin and Wingfield, 1992; Wingfield et
al., 1992; Wikelski et al., 1999 a, b; Wikelski et al.,
2000). Moreover, in Afrotropical White-browed
sparrow weavers (Plocepasser mahali) aggressive
territorial behavior and song can be induced
without concomitant increases in plasma T levels
from baseline values (Wingfield et al., 1992;
Wingfield and Lewis, 1993). The photoperiodic
condition and social context may modulate the
effects of steroids on song control regions (SCR)
and singing behavior in adult male songbirds in
the fall (Strand et al., 2008). In male song birds
suppression of sickness behavior could occur when
testosterone (T) is elevated to socially-modulated
levels (Ashley et al., 2009).
Role of gonadal steroids in the regulation
of gonadal cycles has been studied in several
Indian birds. The notable ones are: the weaver
bird, lal munia, spotted munia, common myna,
blossom headed parakeet, migratory redheaded
bunting and yellow throated sparrow (Kumar
and Kumar, 1990); White-crowned sparrow
(Wikelski et al., 1999; Moore et al., 2002); House
sparrow (Kumar, 2002; Greenman et al., 2005);
Japanese quail (Desjardins and Turek, 1977;
Kumar et al., 2009); Western Scrub-Jays (Bridge
et al., 2009); Weaver finch (Lofts, 1962); White
throated sparrow (Turek et al., 1980); Brahminy

myna (Kumar and Kumar, 1992). Studies on these
species have revealed that, depending on the
species, on the phase of the gonadal cycles, and
on the dose administered, testosterone may
stimulate, inhibit or produce no effect on gonadal
cycles of Indian birds. Saxena (1964) studied the
role of testosterone in testicular cycle of the Indian
weaver bird. Testosterone, irrespective of its dose,
inhibits weaver birds gonadal growth cycle.
Similarly, the effects of testosterone on testicular
cycle were studied in detail in the Indian weaver
bird (Singh, 1982; Thapliyal et al., 1983). In longterm experiments, high doses of testosterone were
found to be gonadostimulatory, whereas low doses
of the hormone induced either stimulation or
inhibition of testicular activity, depending on the
phase of the testicular cycle when the treatment
was started. Gonadal hormones have also been
reported to be involved in the regulation of
photoperiodic responses and photorefractoriness
in more Indian species (Singh and Chandola,
1981; Lal 1982; Thapliyal and Lal, 1983, 1984a,b).
In male vertebrates, the hormone testosterone
increases in the circulation during the breeding
season (reviewed in Nelson, 2000). Testosterone
promotes the development of many male
secondary sexual characteristic (Emerson, 2000).
The gonadotrophin-inhibitory hormone (GnIH)
provides novel directions to investigate
neuropeptide regulation of reproduction (Tsutsui
et al., 2009). The gonadotrophin-inhibitory
hormone (GnIH) and its related peptides are
important modulators of reproductive function at
the level of the GnRH neurone, the gonadotroph
and the gonads (Bentley et al., 2009).
Post-nuptially, following the breeding
season, many photoperiodic birds enter a
photosensitive (photorefractory) state in which
testicular growth is not initiated on exposure to
long days. Administration of different doses of
testosterone propionate (TP) to birds during this
period should produce dose-dependent effects,
similar to those described in photosensitive
individuals (Turek, et al., 1976). At low doses,
circulating levels of testosterone remain normal
or below normal and, therefore, TP produces an
antigonadal response by the negative feedback
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action on the hypothalamo-hypophyseal (h-h) photoperiod (15L:9D) after 60 days. Plumage
system (Follett et al., 1972; Stetson, 1972). But, regenerations, primary flight feathers and body
once the circulating levels become sufficiently molts also studied in this experiment. Observations
higher after administration of high doses, TP were made at the beginning, fortnightly and end
directly acts on the seminiferous tubules leading of the 30 days experiment.
to stimulation and/ or maintenance of the growth
All the birds were housed in wire mesh
of the regressed testes (Desjardins and Turek, cages (size 45 x 25 x 25 cm³). An artificial light1977). In Mute Swans (Cygnus olor), molt is dark (LD) cycles were provided by 14-watt
related to decreasing plasma prolactin, and is fluorescent tubes (CFL). The room containing the
inhibited when plasma prolactin is increasing or light-tight photoperiod boxes was held in constant
high (Dawson et al., 2009). The photorefractoriness darkness and maintained at 23 ± 3 ºC temperature.
in birds coincides with the period of post-nuptial Observations on body mass and testis volume
molt (an event characterized by loss and were taken at the beginning and at appropriate
regeneration of feathers). There exists a direct intervals of the experiment. Body mass was
relationship between the gonads and the molt, and recorded on a top pan balance providing an
possibly this relationship is antagonistic accuracy of 0.1g. The size of the testis was
(Schleussner, et al., 1985). However, the dose- measured as the testicular volume. For this, the
dependent effects of testosterone on the body dimension of the left testis of each bird were
weight in gonadally regressed birds have not been recorded by unilateral laparotomy performed
fully studied.
under local anesthesia, and the testis volume was
Therefore, in this study, we investigated the
role of male hormone (testosterone) on the testes,
body weight, body molts, primary flight feathers
and plumage regeneration in brahminy myna.
MATERIAL AND METHODS
This experiment was performed on
photosensitive, adult male brahminy myna
(Sturnus pagodarum) procured locally at 29°N in
meerut. This experiment began on 18 March
2007, and acclimatized to captivity conditions
under natural day lengths (NDL) for 15 days
before they were exposed to experimental
conditions. The birds were given proteinaceous
food and water ad libitum to all experimental birds
and replenished twice daily during the day-time.
Birds maintained good health under captive
conditions and during the experimentation.
Three groups (1-3) of birds were subjected
to non stimulatory photoperiod (9L:15D), and
received olive oil (0.1 ml), 10 and 50 µg TP per
bird on alternate day respectively. Next three
groups (4-6) of birds were subjected to stimulatory
photoperiod (15L:9D), and received olive oil (0.1
ml), 10 and 50 µg TP per bird on alternate day
respectively. In total, fifteen injection were made.
Groups (1-3) were transferred to stimulatory

calculated using the formula 4/3ab², where a and
b denote half of the long (length) and short (width)
axes, respectively.
The data are presented as mean ± SE. They
were analyzed using one way analysis of variance
with repeated measures (1-way RM ANOVA)
when the response of a group was compared as a
function of time, followed by the Student
Newman-Keuls post-hoc test if ANOVA indicated
a significance of difference. We used 1-way
ANOVA without repeated measure in comparing
the means of the different groups on selected
observation. Significance was taken at P<0.05.
RESULT
The results are shown in figure 1. The mean
body mass was slightly increased among all the
groups, exposed to 9L:15D and 15L:9D
photoperiod throughout the experiment (1-way
RM ANOVA: control 9L, F3,12=8.498, P=0.0027;
10ìg TP 9L, F3,12=16.54, P=0.0001; 50µg TP 9L,
F3,12=14.15, P=0.0003; control 15L, F 3,12=29.18,
P<0.0001; 10µg TP 15L, F3,12=14.62, P=0.0003 and
50ìg 15L, F3,12=13.39, P=0.0004) (fig.1a&f).
Molt of body feathers (fig. 1b&g) in all
groups of 9L:15D and 15L:9D photoperiod
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showed significant variation (1-way RM ANOVA:
control, F 6,18 =27.00, P<0.0001; 10µg TP,
F 6,18 =17.31, P<0.0001; 50µg TP, F 6,18 =54.33,
P<0.0001; control, F6,18=23.31, P<0.0001; 10µg TP,
F6,18=6.643, P=0.0008 and 50ìg TP, F6,18 =23.12,
P<0.0001) respectively.
Molt of wing primaries in these three
groups of both photoperiod, showed significant
variation (1-way RM ANOVA: 9L control,
F6,18=3.000, P=0.0327; 9L 50µg TP, F6,18=25.00,
P<0.0001 and 15L 50µg TP, F6,18=3.000,
P<0.0327) (fig. 1c) but in another three groups did
not show significant variation (1-way RM
ANOVA: 9L 10µg TP, F6,18=2.455, P=0.0652; 15L
control, F6,18=2.407, P=0.0694; and 15L 10µg TP,
F6,18=1.000, P=0.4552) (fig. 1h).
Feather regeneration occurred in birds in
all three groups (G1, G2 and G3) of 9L photoperiod
and group 6 of 15L photoperiod but not in G4
and G5 of 15L photoperiod. Feather papillae did
not emerge in 2, 1, 1 and 2 birds of G1, G2, G3
and G6 respectively. The day of the first emergence
of papilla/papillae differed even amongst the
groups in which feather regeneration occurred.
A few papillae found emerged on day 8 in
one and day 24 in two birds of group 1; in G2, by
day 24 in one but day 27 in three birds; in G3, by
day 9 in one, by day 20 in two and by day 25 in
one bird and in G6, by day 18, 22 and 32 each
three birds of this group respectively. The sequence
of average numbers of emerged papillae in groups
were as follows G2>G3>G1>G6 (absent in G4 and
G5).These data indicate that TP integrates with
feather regeneration process in brahminy myna
in a dose dependent manner. Some dose facilitate
plumage regeneration, whilst other exert a
negative effect.
There was significant gain in papillae
regeneration in all groups of 9L:15D photoperiod
(1-way RM ANOVA: control, F 45,180 =8.762,
P<0.0001; 10µg TP, F45,180=22.59, P<0.0001 and
50ìg TP, F45,180=82.38, P<0.0001) (fig. 1d). Also
significant gain in papillae regeneration in 50µg
TP group of 15L:9D photoperiod (1-way RM
ANOVA : 50ìg TP, F45,180=5.835, P<0.0001), rest

both group did not show significant changes (fig.
1i).
The testis volume of three groups of 9L:15D
was unstimulated upto day 60 and then subjected
to long photoperiod (15L:9D) then these three
groups were fully developed upto day 90. There
was a significant difference in testis volume of three
groups of 9L:15D (1-way RM ANOVA: control,
F3,12=80.26, P<0.0001; 10µg TP, F 3,12 =111.6,
P<0.0001; and 50µg TP, F3,12=2041, P<0.0001) (fig.
1e). Also there was a significant change in the testis
volume of the three groups of 15L:9D (1-way RM
ANOVA: control, F3,12=310.4, P<0.0001; 10µg TP,
F3,12=98.35, P<0.0001 and 50µg TP, F3,12=728.9,
P<0.0001) (fig. 1j).
DISCUSSION
Previous studies on temperate population
of house sparrow show that gonadal steroids
inhibit growth of gonads; very high levels of
testosterone but not of estradiol stimulate inactive
gonads of both Indian and temperate population
of house sparrows (Turek et al., 1976; Thapliyal
and Gupta, 1989). Low doses of testosterone,
administered via 5- or 10-mm silastic capsules,
induce complete gonadal atrophy. But high doses
of testosterone, administered via 40-, 80-, or 120mm silastic capsules, maintained paired testis
weight and spermatogenic activity birds (Turek
et al., 1976). Effect of testosterone has also been
studied in male blossom headed parakeets
(Psittacula cyanocephala) (Maitra and Ghosh,
1981) during the breeding and post-breeding
phase of the annual cycle. During the breeding
season, a significant fall both in the testis weight
and the diameter of the seminiferous tubules was
observed. In the post-breeding phase, testes of all
control birds were very small and in the state of
regression. Testosterone treatment during the
period when the gonads were inactive did not
affect the testis weight. It is suggested that the
differential effect of exogenous TP on the testes
are due to its dose–dependent action (Turek, et
al., 1976). At low doses, circulating levels of
testosterone remain normal or below normal and
therefore, TP produces an antigonadal response
by the negative feedback actions on the

43
The Scientific Temper
hypothalamo-hypophyseal (h-h) system (Stetson,
There have been different accounts of the
1972). But, once the circulating levels become effects on TP on reproductively mature and active
sufficiently higher after administration of high testis of different birds. Kumaran and Turner
doses, TP directly acts on the seminiferous tubules (1949) and Lofts (1962) suggested that the
leading to stimulation and/or maintenance of the testosterone had no adverse effect on gonads in
growth of the regressed testes (Desjardins and near maximum breeding condition, but
Turek, 1977). In Western Scrub-Jays (Aphelocoma spermatocytes. It is also suspected that the
californica) birds with unpredictable food had spermatokinetic effect of exogenous androgen is
slightly lower testosterone levels relative to by way of direct action of the hormone on the
controls, but there was no effect on estradiol or testis (Lofts, 1962; Lofts et al., 1973). Studied
luteinizing hormone (Bridge et al., 2009).
performed by Davies and Bicknell (1976) and
Effect of TP has also been investigated in others on different avian species have also
the migratory red headed bunting (Emberiza documented the possible activation of the
bruniceps) (Kumar and Kumar, 1990). TP declines hypothalamo-hypophyseal system, particularly in
food intake but dose not potentially affect the gain relation to the secretion of that exogenous
in fat and body mass. This suggested that testosterone may have either pro- or anti-gonadal
photoperiodic effects on fattening and weight gain effect depending upon the sexual status of the bird
in Emberiza bruniceps were not exerted through (Tewary et al., 1985). They are also consistent with
hyperphagia. The authors argue that, probably, the studies on some mammalian species, which
the hormones other than gonadal steroids (viz. suggest a dose-dependent differential effect of
prolactin, adrenal steroids) are involved in the testosterone (Berndtson et al., 1974).
control of fattening and weight gain in bunting.
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Inhibition and maintenance of spermatogenesis
Although most of the effects may be
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inhibition by the increasing levels of steroid.
Changing levels of thyroid hormones may also
play an important role in determining the type
and extent of the effects of the testosterone on
neuroendocrine-gonadal axis from the late
quiescent phase to the reproductive phase of
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In conclusion, it appears that the effects of
gonadal steroids found in the current study as well
as a number of previous studies is primarily
through its feedback action on the central photoneuroendocrine machinery. This may have a lot
of adaptive implications. An internal control by
testosterone would help an individual not to
perform many avoidable activities at the time of
reproduction. In seasonal breeder, reproductive
window is too small and therefore, the animal
needs to have an internal regulation. The
advantage of having a testosterone-dependent
mechanism is that an “avoidable activity” is
slowed down, stopped or postponed only for the
period when it is actually needed.
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ABSTRACT
Crop production is constrained by several biotic and abiotic stresses.
Several techniques have been applied by different research groups to unravel the
molecular mechanism of tolerance to these stress factors in plants. Recently microRNAs have contributed towards understanding the role of micro-RNAs under
abiotic stress conditions. Through first reported in animals its abundance in found
in plants even with some difference in biogenesis and mechanism of target gene
regulation. However, the relationship between micro-RNAs and stress responses
is just beginning to be explored. Micro-RNAs are about 21-24 nucleotide single
stranded non coding RNA often conserved across species suggesting their
evolutionary significance. MiRNAs are either up or down regulated under stress
conditions suggesting their involvement in gene expression regulation by post
transcriptional degradation or translational repression in plants. A major category
of MiRNA target gene consists of transcription factors or other regulatory proteins
that function in plant development or signal transduction. One our own research
endeavour in this direction revealed the role of MiRNA towards salinity stress
response in sugarcane. Several researches worldwide is leading to the identification
of thousands of miRNAs, the functional validation of which will help in designing
new strategies for improving tolerance to biotic and abiotic stresses. The current
review gives the recent status of micro-RNA research towards its role under abiotic
stress.

INTRODUCTION
In the 1990s, two independent discoveries
on RNAi and miRNAs opened up new avenues in
the previously unsuspected world of non-coding
RNAs (ncRNAs). The phenomenon of RNA
interference (RNAi) was being uncovered as cosuppression in plants (Napoli et al., 1990; Krol et
al., 1990), quelling in fungi (Romano and Macino,
1992; Cogoni and Macino, 1997) and RNAi in
animals (Fire et al., 1998). At the same time in 1993,
Lee and colleagues discovered another curious
phenomenon in nematodes, wherein they

observed that product of gene lin-4 do not code
for a protein (oligopeptide), instead produce a pair
of short RNA transcripts (microRNA) and each
regulate timing of larval development by
translational repression of lin-14 that encode a
nuclear protein (Lee et al., 1993). Reinhart et al.,
2002 reported that miRNAs are also present in
plants and suggest that miRNAs could play
regulatory roles in development of plants. The two
worlds of RNAi and miRNAs merged when it was
observed that both RNAi and miRNAs (micro
RNAs) employed the same mechanism in
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regulating the eukaryotic gene expression at post
transcriptional level (Du and Zamore, 2005). The
universe of small RNAs has expanded to include
miRNAs, endogenous small interfering RNAs
(siRNAs), 21U RNAs, and Piwi-interacting
(piRNAs) RNA (Kim, 2005). However, of these
small RNA classes, only miRNAs form a
characteristic thermodynamically stable hairpin
structure. That stable hairpin makes miRNA
prediction in sequenced genomes a relatively
tractable exercise.
miRNAs and short interfering RNAs
(siRNAs) are small single stranded noncoding
RNAs that have recently emerged as important
regulators of mRNA degradation, translational
repression, and chromatin modification.
MicroRNAs (miRNAs) are endogenous 21–24
nucleotide, single stranded RNA product of a nonprotein-coding RNA gene (Bartel, 2004). It is
abundant class of tiny RNA and often found to
be conserved evolutionary across species
boundaries. miRNAs are highly specific regulators
of target gene expression and derived from larger
precursors that are transcribed from non-protein
coding RNAs. A majority of miRNA precursors
have considerably lower free energy (32-57 kcal/
mol) than the transfer RNA or ribosomal RNA. In
each species miRNAs represent 1 % of the total
genome. A major category of miRNA target genes
consists of transcription factors or other regulatory
proteins that function in plant development or
signal transduction. Though, miRNAs are known
as negative regulators of target genes, Place et al.,
(2008) reported that miR-373 induced expression
of genes, and that the promoter sequence of the
induced gene was a predicted target of the
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miRNA. Several miRNAs are either up regulated derived from primary miRNAs transcribed from
or down regulated by abiotic stresses, suggesting miRNA loci (Lee et al., 2002). Biogenesis of miRNA
that they may be involved in stress-responsive involves following steps.
gene expression and stress adaptation (Sunkar 1) First, a miRNA gene is transcribed by RNA
and Zhu, 2004). The lin 4 RNA was the first Polymerase II enzyme to a primary miRNA (pridiscovered member of miRNAs (Lee et al., 1993). miRNA), which is usually a long sequence of more
Currently, there are four approaches for than several hundred nucleotides. These
identifying miRNAs viz. genetic screening, direct transcripts of miRNA are capped and
cloning after isolation of small RNAs, polyadenylated similar to other protein encoding
computational strategy, and expressed sequence genes. Some of the miRNAs are encoded by single
tags (ESTs) analysis. Several hundred miRNAs copy genes whereas others by multicopy gene.
have been cloned and sequenced from mouse, 2) Then, pri-miRNA is cropped to a stem loop
human, Drosophila, C. elegans and Arabdiopsis intermediate (an 60- to 300-nucleotide hairpin
(Sanger Institute MirBase Sequence Database; structure) called miRNA precursor or pre-miRNA
http://microrna.sanger.ac.uk/Software/Rfam/ with 2-nt 3’ overhang by Pasha the RNase III
endonuclease Arabidopsis (plants), an equivalent
mirna/index.html).
Plant miRNAs are potentially processed enzyme Drosha in animals (Lee et al., 2003).
from one arm of foldback-stemloop precursors 3) In animals, pre-miRNAs are then transported
and transcribed from regions of the genome by exportin 5 from the nucleus into the cytoplasm,
distinct from previously annotated genes. Usually followed by formation of miRNA: miRNA* duplex
only the mature miRNA are conserved in plants and mature miRNAs by another RNase III-like
instead of miRNA precursors that are usually enzyme called Dicer. However, in plants the step
conserved in animals. Micro RNA has intriguing is catalyzed possibly by Dicer like enzyme 1
expression patterns. Some miRNA have spatially (DCL1) in the nucleus rather than in the
and others are temporally expressed. Plants also cytoplasm, then the duplex is translocated into the
contain another type of small RNAs (known as cytoplasm by HASTY, the plant orthologue of
siRNAs) that is similar in structure, biogenesis and exportin. The Dicer like enzyme processes prefunction to miRNAs. The siRNAs originate from miRNA to produce stem portion of the hairpin as
transcripts of transgenes, endogenous repeat an miRNA:miRNA* duplex (Knight and Bass,
sequences or transposons. One key distinction 2001). The duplex comprises a mature miRNA of
between miRNAs and siRNAs from transgenes 21 nucleotides with 2-nt overhangs at 3’ end of
and repeat sequences/transposons is that miRNAs each strand and a similarly sized miRNA*
target genes other than the ones that give rise to fragment on the opposing arm of the miRNA
the miRNAs while siRNAs target every sequence precursor, is then presumably unwound by a
that generate them (Bartel, 2004). However, a new helicase, releasing the single-stranded mature
class of siRNAs i.e trans-acting siRNAs (ta- miRNA.
siRNAs) discovered in Arabidopsis do not target 4) Biogenesis of Plant miRNA consist of an
the parental sequences. These ta-siRNAs originate additional step ie miRNAs are methylated on
from loci that give rise to non-coding transcripts ribose of the last nucleotide by miRNA methyl
that are themselves targets of miRNAs. Further, transferase, HEN 1 (Park et al., 2002).
the 5’ terminal phosphate and 3’ terminal 5) In the cytoplasm, both plant and animal
hydroxyl of mature miRNAs make them distinct mature miRNAs enter a ribonucleoprotein
from the most oligonucleotides and degraded complex known as the RNA-induced silencing
complex (RISC) where they regulate expression
fragments of functional RNAs (Bartel, 2004).
of target gene. The strand in which the 5’ end is
BIOGENESIS OF MICRORNA
MicroRNAs (miRNAs) are a class of gene less stable is selectively taken over in to RISC
products of 21 nucleotides in length that are (Schwarz et al., 2003) and then guides the complex
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to identify target messages for posttranscriptional
gene silencing through direct target cleavage
(Palatnik et al., 2003; Achard et al., 2004) or, in a
few cases, for translational repression (Aukerman
and Sakai, 2003; Chen, 2004).
Differences of Plant miRNAs from animal
miRNAs
Plant miRNAs are distinct from the animal
miRNAs in biogenesis and mechanism of target
gene regulation (Lu and Huang, 2008).
Differences between animal miRNAs and plant
miRNAs are: (1) Plant miRNAs are less conserved
than animal miRNAs. Usually, only the mature
miRNAs are conserved in plants however the
precursors as well as mature miRNAs are usually
conserved in animals (Bartel, 2004). (2) As stated
in biogenesis of miRNAs, in animals, the primiRNA is cleaved by the DICER family member
Drosha to produce a 60–70 nt pre-miRNA
whereas, in plants, the primary miRNAs are
cleaved by Dicer-like 1 (DCL1) protein to produce
a 60–300 nt miRNA precursor (Xie et al., 2004) (3)
Plant miRNAs are cleaved into miRNA:miRNA*
duplex possibly by DCL1 in the nucleus (Bartel,
2004). In contrast, in animals, the formation of
miRNA:miRNA* duplex and mature miRNAs
was controlled by Dicer in the cytoplasm
(Bernstein et al., 2001; Bartel, 2004). (4) In animals,
the miRNA–miRNA* duplex is transported out of
the nucleus by Exportin-5 (Yi et al., 2003; Lund et
al., 2004). Plants have an Exportin-5 homolog,
HASTY (HST) (Bollman et al., 2003; Han et al.,
2004). (5) Biogenesis of Plant miRNA consists of
an additional step of methylation. Plant miRNAs
are methylated on ribose of the last nucleotide by
miRNA methyl transferase, HEN 1 (Park et al.,
2002), whereas animal miRNAs are not
methylated. (6) Animal miRNAs usually bind to
target
mRNAs
through
imperfect
complementarity at multiple sites located at the
3’ untranslated regions (UTR), and repress gene
expression. However, in plants, most target
mRNAs only contain one single miRNA
complementary site located in the open reading
frame of the target, and most corresponding
miRNAs typically perfectly complement to these
sites and cleave the target mRNAs (Bartel, 2004;

Carrington and Ambros, 2003).
Molecular mechanisms of plant gene
regulation by microRNAs
In the RISC complex, miRNAs bind to
target messenger RNA (mRNA) and inhibit gene
expression through perfect or near-perfect
complementarity between them. This causes gene
silencing termed RNA interference (RNAi) in
animals, quelling in fungi, and posttranscriptional gene silencing (PTGS) in plants.
Plant miRNAs regulate gene expression by
catalyzing the posttranscriptional gene silencing
(Palatnik et al., 2003) or translation repression
(Reinhart et al., 2000; Chen, 2004). Thus, miRNAs
regulate gene expression at the posttranscriptional level not only by direct cleavage
of mRNAs, but also by attenuating translation of
target mRNAs. Plant miRNAs targets
transcription factors or other regulatory proteins
that have been implicated in the control of plant
development and function by mediating
degradation of key regulatory gene transcripts in
specific daughter cell lineages. Thus,
accumulation of miRNAs through induced
expression of miRNAs under biotic and abiotic
stresses will lead to the repression of the expression
of many protein-encoding genes and affect a
variety of cellular and physiological processes. In
plants, most target mRNAs only contain one
single miRNA complementary site and most
corresponding miRNAs perfectly complement
these sites and cleave target mRNAs.
Regulation of miRNA genes
Although miRNAs represent a relatively
abundant class of transcripts, their expression
levels vary greatly among species and tissues. Less
abundant miRNAs routinely escape detection
with technologies such as cloning, northern
hybridization and microarray analysis (Liu et al.,
2008). A typical approach for identifying miRNAs
is to monitor gene expression profiles. If a miRNA
is found to be differentially expressed in a certain
tissue or cell type, it may be hypothesized to play
a regulatory role in specifying tissue or cell
identity. Similarly, if a miRNA is expressed at a
specific developmental stage, then it may regulate
developmental timing. Plants have highly
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complex small RNA fractions including both animals (Weber, 2005; Zhang et al., 2007; Luo and
miRNAs and endogenous siRNAs as against the Zhang, 2009).
Prediction of miRNA targets is usually
relatively simple small RNA populations (mainly
miRNAs) found in mammals (Mineno et al., based on homology search, as all miRNAs
2006). This renders under representation of regulate target gene expression by binding to the
miRNAs in the small RNA fraction and affects targeted mRNA sequence in a perfect or near
their detection using methods such as cloning and perfect complementary site. Blast against
microarray hybridization. Recently, an endpoint particular crop genome sequence with allowing
stem-looped RT PCR method has been developed gap of 4 or less/no gap between miRNA sequence
enabling highly sensitive and fast detection as well and potential mRNA target will identify the target.
as expression profiling of miRNA. Stem-looped Sunkar and Zhu, 2004 based on sequence
RT discriminates between miRNAs that differ by complementarity, predicted fifty-one potential
two bases and between the mature miRNA and targets with diverse function for the newly
its precursor. Further, spatial constraint of the stem identified miRNAs in Arabidopsis. Patade et al.
loop structure prevents it from binding to the (2009) predicted potential targets of miRNA,
double stranded genomic DNA molecules and miR159 using computational tool, MiRU-Plant
eliminates the need for RNA preparation microRNA Potential Target Finder program
(Zhang, 2005) considering TIGR ATH1
(Varkonyi-Gasic et al., 2007).
Computational prediction of miRNA genes (Arabidopsis mRNA) release 5 as target dataset.
The prediction of potential targets was based on
and their targets
A number of approaches like direct cloning conditions like score allowed = 3, G: U pairs
and sequencing of total small RNAs with allowed = 6, indels allowed = 1, other mismatches
appropriate size from isolated tissues or whole allowed = 3. Various members of MYB
organisms have enabled the identification of transcription factor family viz. MYB 33, MYB 65,
hundreds of miRNAs in plants and animals MYB 101, MYB 120 etc) were predicted as the
(Lagos-Quintana et al., 2001; Reinhart et al., 2002). potential targets of miR159. Further, transcript
Majority of recently identified miRNAs were first expression analysis of MYB transcription factor
predicted by computational approaches and then and miR159 revealed concomitant up or down
validated by molecular techniques such as regulation with down or up regulation of the
Northern blotting (Zhang et al., 2006). miRNA, thus supported the prediction.
Apparently, computational approaches have Functions of miRNAs in plants
played an increasingly important role in miRNA
In animals, miRNAs have proven to be
identification. The principles of computational involved in many functional processes such as
approaches are based on the major characteristic development, stress response, and carcinogenesis.
features of miRNAs: hairpin-shaped stem-loop Also in plants, expression and function of many
secondary structure with minimal folding free genes are regulated by miRNAs. A major category
energy (Lagos-Quintana et al., 2001; Lee and of miRNA target genes consists of transcription
Ambros, 2001) and high evolutionary factors (TFs) or other regulatory proteins that
conservation from species to species (Legendre et function in plant development or signal
al., 2005). Accumulating evidence shows that transduction.
many miRNAs are evolutionarily conserved in 1) Regulation of plant development
animals from worms to humans (Pasquinelli et
Reduced level of mature miRNA (due to
al., 2000; Zhang et al., 2006), suggesting a loss of function of either DCLI or HASTEY genes)
powerful strategy to predict potential miRNAs by results in many developmental abnormalities,
using homology search. In fact, homology search such as altered leaf shape, delayed floral
as a computational approach has been developed transition, arrested embryos at early stages,
to identify miRNA genes in both plants and female sterility disrupting leaf shape and flower
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morphology, reducing fertility, and accelerating
vegetative phase change and disrupting the
phyllotaxis of the inflorescence. Micro RNAs
regulate plant development by controlling the
levels of transcription factors that are important
in development. miR165/166 and miR159/ JAW
are essential for controlling the pattern and
development of leaves by direct regulation of two
classes of transcription factor genes (HD-ZIP and
TCP), which are involved in controlling
asymmetric pattern along the leaf axis. APETALA
2 (AP2) is one of the genes that play an important
role in flowering time and flower morphology
(Juarez et al., 2004; Mallory et al., 2004). miR172
regulates AP2 gene expression through translational
inhibition (See review Chen et al., 2005). Besides,
miR159 and miR156, respectively are involved in
flower development and plant phase transition from
reproductive growth to vegetative growth includes.
miR164 play an important role in controlling shoot
and root development by regulating several
transcription factors like NAC domain transcription
factor family (Achard et al., 2004). It may be possible
to increase crop yields and resistance to
environmental stress by appropriately controlling
miR164 expression. In addition, some miRNAs
may function in the biosynthesis of cell wall
metabolites or cotton fibre development.
2) miRNAs regulate its own as well as siRNAs
metabolism and function. miRNAs such as
miR162, miR168, miR173, miR390 and miR398
are known to regulate miRNA biogenesis or
function (Xie et al., 2003).
3) miRNAs are involved in signal transduction as
several miRNAs affect signal transduction,
especially hormone signalling pathways (Wang
et al., 2004).
4) miRNAs are involved in biotic and
environmental stress responses. miRNAs are
involved in pathogen induced post transcriptional
gene silencing (PTGS), which ultimately enhance
plant resistance to pathogens. Several of the
miRNAs discovered recently are either up
regulated or down regulated by abiotic
environmental stresses, suggesting that they may
be involved in stress-responsive gene expression
and stress adaptation

Involvement of miRNAs in abiotic stress
responses
Recently discovered endogenous small
RNAs including miRNAs and siRNAs have
emerged as important players in plant stress
responses through regulation of target gene
expression. Up or down regulation of some stress
responsive small RNAs imply their role in stress
tolerance. Stress-induced small RNAs in general
down-regulate their target genes, which may
encode negative regulators of stress responses.
Conversely, down regulation of small RNAs in
response to stress lead to the accumulation of their
target mRNAs, which may contribute positively
to the adaptation to stress (Shukla et al., 2008).
In order to identify novel and abiotic stress
regulated miRNAs and siRNAs, Sunkar and Zhu,
2004 constructed a library of small RNAs from
Arabidopsis seedlings exposed to dehydration,
salinity, or cold stress or to the plant stress
hormone abscisic acid (ABA). Further sequencing
of the library and subsequent analysis identified
26 new miRNAs forming 15 new families.
Expression of some of the miRNAs was
preferentially in specific tissues, whereas several
miRNAs were either up or down regulated in
Arabidopsis seedlings exposed to dehydration,
salinity, or cold stress. Ten of the miRNAs are
highly conserved in other plant species. In order
to unravel function of microRNA, Zhao et al.,
2007 studied transcript expression profile of
miRNAs in rice (Oryza sativa) under drought
stress. The results validated drought-induced
expression of miR-169g and miR393 based on
microarray expression profiling of microRNAs
under drought stress in rice. The results confirmed
more prominent drought induced expression of
miR-169g in roots than in shoots. Sequence
analysis revealed occurrence of two proximate
DREs (dehydration-responsive element) in the
upstream of the MIR-169g, suggesting transcript
expression regulation of miR-169g by CBF/
DREBs.
Sunkar et al., (2006) provided evidence on
involvement of miRNA, miR398 in oxidative stress
responses. miR398 targets two closely related Cu/
Zn cytosolic and chloroplastic superoxide
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dismutases that detoxify superoxide radicals. stress has been studied in plants in response to
Transcript expression of miR398 in response to the cold, dehydration or NaCl by using expression
oxidative stresses was down regulated, which lead analysis, suggesting stress specific regulation of
to posttranscriptional accumulation of the SOD expression of different miRNAs (Sunkar and Zhu,
mRNA and thus oxidative stress tolerance. Further 2004). The results indicated strong up regulated
transgenic Arabidopsis thaliana plants over expression of miR393 by cold, dehydration, and
expressing a miR398-resistant form of SOD NaCl treatments, but only slight up regulation of
accumulated more mRNA than plants over miR397b and miR402 by these stress treatments.
expressing a regular CSD2 and were consequently Cold stress led to up regulation of miR319c but
much more tolerant to high light, heavy metals, not dehydration or NaCl stress whereas, miR389a
was down regulated by all the stress treatments.
and other oxidative stresses.
Recently, Zhou et al., (2008) developed a
Earlier, miR159 has been isolated and
cloned from Arabidopsis and is found to be computational transcriptome based-approach to
expressed during early seed germination. miR159 annotate stress inducible miRNAs in plants. Using
is encoded by three different loci, MIR159a, this approach, they reported up regulation of 19
MIR159b and MIR159c. Mature miR159b and miRNA genes belonging to 11 miRNA families in
miR159c differ from miR159a by one and two Arabidopsis thaliana by cold stress. Further, wet
nucleotides, respectively at the 3’ end (Reyes and lab experiments validated differential induction
Chua, 2007). Patade (2009) characterized of eight miRNA genes and constitutive expression
transcript expression of mature miR159 in of three miRNA genes under low temperature.
response to short- and long-term salt and PEG Interestingly, the promoter analysis of the miRNA
induced osmotic stress in sugarcane. Under long genes revealed presence of many known stressterm (15 days) iso-osmotic (-0.7 MPa) NaCl or responsive cis-regulatory elements in their
PEG stress, no change was detected in mature promoters.
transcript level of miR159 over control. However, Conclusions and future perspectives
As thousands of miRNAs have been
under the short-term (up to 24h) salt stress,
transcript level of the mature miRNA increased identified in plants, animals, and viruses, study
to 112 % of the control at 16h treatment. The of its function by the suppression of expression in
mature transcript level of miR159 was higher cells is a rapidly expanding area of research. The
under all the PEG induced osmotic stress next step will be to understand the biological
treatments as compared to the control, and it significance and roles of miRNA regulation
progressively increased with stress exposure period during plant development. For this, it is important
(1.3 fold at 8h treatment). This indicated that to know how the miRNAs themselves are
expression of miR159 gene was more responsive regulated at the transcriptional and
to osmotic stress than ionic stress. The early posttranscriptional levels, and the developmental
induction of the gene under the short treatments consequences of disrupting miRNA regulation.
supports its involvement in the regulation of genes Considering the important roles of miRNAs in
involved in stress perception and/or signaling. plant responses to biotic, abiotic environmental
Reyes and Chua (2007) also reported induction of stresses, development as well as genome
the miRNA under drought treatment in maintenance, continued efforts in the future are
Arabidopsis. Achard et al., (2004) reported needed to identify the complete set of miRNAs
expression of miR159 mainly in inflorescence and and other small RNAs. Results of the recent studies
floral tissues of several plants such as Arabidopsis, suggest that a large number of miRNAs and other
tobacco and barley, and induction of its expression small regulatory RNAs may play important roles
in plant responses to environmental stresses as well
in response to gibberellic acid (GA).
as in development and genome maintenance. The
MiRNAs in cold stress responses
The involvement of miRNAs in abiotic identification and functional validation of stress-
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regulated small RNAs including miRNAs will
help in the designing of new strategies for
improving stress tolerance.
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ABSTRACT
The present study is to determine the bioaccumulation of heavy metals in
various organs of the fresh water fish Clarias batrachus exposed to heavy metal
contaminated water system. The experimental fish were exposed to Cr, Ni, Cd and
Pb concentrations for periods of 48 days.the heavy metals Cd, Pb, Ni & Cr were
assayed using atomic absorption spectrophotometery and the result were given
as µg/g dry Wt. The accumulation of heavy metals gradually increases in liver
during the heavy metals exposure period. The heavy metal accumulation in the
gills was in the order of Pb>Cd>Ni>Cr, the heavy metal accumulation in the liver
was in the order of Pb>Cd>Ni>Cr. The bioaccumulation in kidney and flesh tissues
was in the order of Pb>Cd>Cr>Ni and Cr>Pb>Cd>Ni.
Keywords: Clarias batrachus, toxicity, pollutants, gills, liver, kidney, flesh

INTRODUCTION
Amongst the pollutants contaminating
water bodies, metals play an important role
(Witeska et al., 1995). Metals are elements found
naturally in aquatic ecosystems due to various
processes such as weathering and erosion
(Viljoen,1999).Some of these metals are essential
to living organisms in trace amongst (for example
copper & zinc). Essential trace elements have a
narrow optimal concentration range for growth
& reproduction and both excess and shortage can
be detrimental to organisms (Pelgrom et al.,
1994), with unusually high concentrations
becoming toxic to aquatic organisms (Wepener,
et al., 2001). Other metals (for example cadmium
and lead) have no known biological function
(Seymore, 1994). Certain of these non- essential
trace metals, for example cadmium, are major
contaminants of aquatic environments (Munger
et al., 1999) that are toxic towards aquatic
organisms (Witeska et al., 1995) even at
concentration found in natural waters (Pelgrom

et al., 1994). The most important heavy metals in
water pollution are zinc, copper, lead, cadmium,
mercury, nickel and chromium (Abel, 1989;
Seymore, 1994; Viljoen, 1999). Metal uptake by
aquatic organisms is a two-phased process, firstly
involving rapid adsorption or surface binding,
followed by slower transport into the cell interior.
The studies carried out on various fishes in different
regions have shown that heavy metals may alter
the physiological activities and biochemical
parameters both in tissue and in blood (Basa and
Rani, 2003; Canli, 1995; Tort and Torres, 1988). In
the present study, Clarias batrachus (Mangur) was
selected due to highly consumed fish in Gangetic
plains. The purpose of study is to quantify the
accumulation of heavy metals in various organs
in Clarias batrachus (Mangur).
MATERIALS AND METHODS
The fresh water fish Clarias batrachus
(Mangur) were collected from the ponds of
Western U.P. belt, India, having a length of 15-20
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Ph.D. : Awarded Ph.D. in 1995 on the
Water of aquaria was renewed 24 h, leaving no
thesis titled “Effect of Starvation of
Freshwater stinging cat fish,
faecal matter and debris. Analytical graded
Heteropneustes fossilis (Bloch)”under
cadmium chloride, lead nitrate, potassium
the supervision of Prof. H. S. Singh,
chromate and nickel sulphate was used as metal
Department of Zoology,C.C.S.U.
toxicants in the experiments. The fish were divided
Meerut. Teaching Experience : Total more than
equally into five groups, the first group served as
twelve years of teaching experience.1. Presently
controlled and rests were served as experimental
working as Reader at Department of Zoology, Meerut
College Meerut. 2. Served as Lecturer in Govt. Degree
groups. The experimental groups of fish were
College, Shivrajpur, Kanpur from 23-04-1998 to 05administered with a sub lethal concentration of 5
07-2000 (total 2 years and 3 months).
ppm of combined metal solution (1/10th of LC50/
Research Experience : Almost 14 Years of Research
48 h) daily for 1, 8, 16, 32 and 48 days. Fish from
Experience. Conferences/Workshop : Attended -16
experimental groups and the controlled were
Research Guidance : AWARDED: 2.
dissected to separate the organs (liver, gill, kidney,
Membership of Scientific and : Research Bodies
and flesh) according to the FAO methods (Dybem,
1. Member Research Board of advisors of ‘American
Biographical Research Publications : 10 research
1983) for the analysis of heavy metals. The
papers published in various Journals (List Enclosed
separated organs were put in petri dishes to dry
in Appendix-1) Honours & Awards : Won 2nd Young
at 120 0C until reaching a constant wt., after it the
Scientist Award in National Convention on Recent
organs were placed in digestion flasks and
Advances on Environmental Management for Vector
ultrapure con. nitric acid and hydrogen peroxide
Borne Diseases Control in Feb. 10-12, 1994 held at
(1:1 v/v) were added. To dissolve the material, the
Dehradun. Current Responsibility : Working as
digestion flasks were heated to 130 0C until the
Reader at Department of Zoology, Meerut College ,
Meerut.
material dissolved and then it was diluted with
double distilled water. The heavy metals Cd, Pb,
cm. and weight 55-60 gm. The specimens collected
Ni and Cr were analyzed using Shimadzu AA
were acclimated to laboratory conditions for a
6200 atomic absorption spectrophotometer.
week. Thirty to thirty five individuals were used
Palladium-magnesium nitrate matrix modifier
for the experimental work and 12 hour (h) photo
was employed for cadmium and lead analysis. The
period was maintained throughout the
Table 1: Heavy metal analysis in different organs of control fish Clarias batrachus
(Mangur) (µg/g. dw)
Heavy metals
Gills
Liver
Kidney
Flesh
Cr
0.876±0.026
1.012±0.015
1.324±0.021
1.622±0.021
Ni
1.756±0.021
1.349±0.021
0.967±0.010
0.672±0.015
Cd
1.832±0.028
1.672±0.015
1.332±0.015
0.512±0.025
Pb
1.872±0.020
2.492±0.017
1.982±0.020
1.765±0.034
Table 2: Heavy metal analysis in gills of fish Clarias batrachus (Mangur) after exposure to
the combination of heavy metal solution (µg/g. dw)
Heavy metals
Exposure days
1
8
16
32
48
Cr
2.342±0.015
2.423±0.017
2.576±0.021
2.697±0.010
2.803±0.017
Ni
3.252±0.021
3.467±0.020
3.595±0.017
3.926±0.017
4.114±0.021
Cd
6.342±0.017
6.437±0.021
6.671±0.010
6.732±0.026
6.913±0.021
Pb
6.953±0.015
7.132±0.020
7.351±0.021
7.469±0.021
7.621±0.017
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Table 3: Heavy metal analysis in liver of fish Clarias batrachus (Mangur) after exposure to
the combination of heavy metal solution (µg/g. dw)
Heavy metals
Exposure days
1
8
16
32
48
Cr
2.532±0.021
3.683±0.020
3.967±0.021
4.263±0.015
5.672±0.015
Ni
3.579±0.021
3.861±0.021
4.142±0.026
4.486±0.017
4.982±0.021
Cd
4.674±0.017
4.712±0.026
4.928±0.015
5.216±0.021
5.474±0.021
Pb
7.754±0.015
7.812±0.015
8.128±0.021
8.247±0.015
8.417±0.017
Table 4: Heavy metal analysis in kidney of fish Clarias batrachus (Mangur) after exposure
to the combination of heavy metal solution (µg/g. dw)
Heavy metals
Exposure days
1
8
16
32
48
Cr
3.131 ±0.015
3.213±0.017
3.258±0.021
3.469±0.010
3.657±0.017
Ni
1.832±0.020
1.957±0.020
2.065±0.017
2.213±0.017
2.416±0.021
Cd
4.241±0.015
4.312±0.021
4.512±0.017
5.016±0.026
5.325±0.015
Pb
6.769±0.015
6.821±0.015
6.911±0.021
7.018±0.017
7.231±0.017
Table 5: Heavy metal analysis in flesh of fish Clarias batrachus (Mangur) after exposure to
the combination of heavy metal solution (µg/g. dw)
Heavy metals
Exposure days
1
8
16
32
48
Cr
3.162±0.020
3.645±0.015
3.656±0.020
3.824±0.010
3.981±0.017
Ni
0.231±0.015
1.326±0.017
1.557±0.017
1.776±0.021
1.928±0.021
Cd
1.153±0.021
1.342±0.020
1.549±0.017
1.668±0.021
1.842±0.017
Pb
2.274±0.017
2.853±0.020
3.162±0.021
3.359±0.010
3.423±0.015
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Fig. 1: Accumulation of heavy metals in gills
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experimental data was analyzed and results were also indicate that lead and cadmium strongly
expressed as mean± S.D. The results were accumulate rather than chromium and nickel in
evaluated using Student, s t-test. The values of kidney, the heavy metals were uniformly
p<0.001 were considered statistically significant. distributed over the body muscles. The study
clearly shows that the order of heavy metal
RESULTS AND DISCUSSION
accumulation in gills was Pb>Cd>Ni>Cr, order in
The heavy metals such as chromium (Cr),
liver was Pb>Cd>Ni>Cr, order in kidney was
nickel (Ni), cadmium (Cd), and lead (Pb) were
Pb>Cd>Cr>Ni and the order in flesh was
analyzed in different organs of control fish. The
Cr>Pb>Cd>Ni. Heavy metal contamination
accumulation of heavy metals in fish species were
definitely affects the aquatic life, hence some
analyzed at the end of experimental period and
scientific methods are essential to improve the
compared with experimental fish, which were
quality of life.
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IN VITRO PROPAGATION OF POTENTILLA FULGENS HOOK
(BAJRADANTI) – A HIGH VALUE MEDICINAL HERB FOR
COMMERCIAL CULTIVATION
P.S.Negi1, Ranjit Singh & Zakwan Ahmed
Defence Institute of Bio-Energy Research, Field Station, Pithoragarh 262 501 (Uttarakhand), India
1
Email. ps.negi@rediffmail.com
ABSTRACT
A rapid in vitro clonal propagation protocol is standardized for Potentilla
fulgens, a high value medicinal herb of Indian Himalayas. The best promising results
were obtained by culturing the tender petiole segments for adventitious shoot
proliferation in Murashige and Skoog basal medium supplemented with a
combination of benzyl adenine (BA, 1.5 mg/l) and indole acetic acid (IAA, 0.5 mg/l).
The best rooting (92.3%) was obtained while culturing the in vitro raised shoots in
MS medium modified with IAA (1.5 mg/l). Rooted plantlets were hardened in
sterilized peat moss in plastic pots. Spray of quarter strength MS salts solution on
alternate days is found reducing the mortality of plants considerably during the
hardening process. As a result it is possible to obtain 30-35 rooted plant from a
single explant within three months, and hence is useful for commercial cultivation.
Keywords: Benzyl adenine; Indole acetic acid; clonal propagation ; Potentilla fulgens
Abbreviations: BA–6-Benzyl adenine, IAA-indole-3-acetic acid, MS- Murashige &
Skoog’s medium

INTRODUCTION
Potentilla fulgens Hook of family Rosaceae
is a high value annual medicinal herb growing at
an altitude of 2000 to 3000 meters (above msl) in
the Northwest Himalayas. Locally known as
“Bajradanti”, is endemic to the Indian Himalayas
(Samant et al. 1998) . Out of 120 species of
Potentilla reported globally (Hooker, 1986) only
50 are found in India (Anonymous, 1998).
The aerial parts of P. fulgens contain many
phenolic and flavanone compounds including
ursolic acid, which are having medicinal
properties. Leaves are astringent, antispasmodic
and the decoction is used in the treatment of
mouth cancer as well as for the strengthening of

gums. The roots are used to check the diarrhoea
and in the treatment of mouth ulcer (Fig. 1E).
The over exploitation due to the above
multifarious applications may result a
considerable shrinkage in the habitat of P. fulgens.
Conventional propagation of P. fulgens is quite
slow, reason being longer time for seed set and its
poor viability and also localized to specific niche
of Himalayas, which hinder the process of its largescale multiplication. This species therefore, needs
to be propagated on a large scale to fulfill the
demand of raw material for preparation of various
useful herbal products. Micropropagation may be
one of the alternatives that could be helpful in mass
multiplication of P. fulgens for its commercial

64

P.S. Negi et al.
Dr. P.S. Negi

Dr. P. S. Negi is presently working as
Senior Scientist with Ministry of Defence,
Defence Research and Development
Organisation, Defence Institute of Bio
Energy Research, Haldwani, Uttarakhand.
He did his MSc Ph. D in Botany from
Kumaun University, Nainital. The author
is having 25 years research experience in the various fields
of life sciences including research in both basic and applied
fields. His research contribution relates to myco-taxonomy,
cultivation of edible and medicinal mushrooms, plant tissue
culture and DNA fingerprinting. Dr Negi is having 35
research papers to his credit published in various national
and international journals. He has edited one book on Plant
Biotechnology for Sustainable Hill Agriculture and
published 01 technical bulletin on tissue culture of tomato.
The author is having 5 chapters published in different books
to his credit apart from 15 popular articles published in
various scientific magazines. He was one of the active
members of the team involved in transfer of technology of
in vitro culture of Cordyceps sinensis, a high value
medicinal fungus to the trade. Dr. Negi is having 3 patents
under process to his credit.

cultivation. Therefore, an experiment was planned
to work out a suitable protocol for propagation of
P. fulgens. So far no report is available on
micropropagation of P. fulgens.
MATERIALS AND METHODS
SURFACE STERILIZATION OF EXPLANT
MATERIALS - The different types of the
explants, leaf discs (0.75cm in diameter), shoot tips
and petioles (0.75 cm in length) were taken from
the freshly collected plants from their wild habitat.
The explants were washed with detergent extran
(neutral pH) to remove the dust, and then
thoroughly washed in tap water for 5 to 6 times
followed by rinsing in sterile distilled water. The
explants were surface disinfected with 0.1% HgCl2
for 10 minutes followed by three times washing
with sterile distilled water and surface drying
under aseptic airflow conditions.
ASEPTIC CULTURE ESTABLISHMENT
- The explants were cultured in Murasighe and
Skoog (1962) medium supplemented with 4
different concentrations of BA (0.5 mg/l, 1.0 mg/
l, 1.5 mg/l and 2.0 mg/l) in combination with 7
different concentrations of IAA (0.0 mg/l, 0.1 mg/

l, 0.2 mg/l, 0.3 mg/l, 0.4 mg/l, 0.5 mg/l and 0.6
mg/l).
The cultures were incubated in a culture
room at 25 ±10C, under a cyclic photoperiod of 16
hours of cool white fluorescence light (5500 to 6000
lux) followed by 8 hrs dark period. The vessels
used in experiment were glass conical flasks (150
ml) for shoot regeneration and glass tubes (150X25
mm) for root development in micro shoots. Each
conical flask and culture tube contained 50 ml and
10 ml shoot and root media respectively. MS basal
salts were supplemented with 3% sucrose and 0.8%
agar (HIMEDIA Pvt. Ltd.) and the pH of culture
medium was kept at 5.8.
SHOOT REGENERATION AND
ROOTING - During the period of incubation,
explants were observed for percent response to
shoot regeneration, days to shootlet initiation and
number of shoots per explant. Observations were
also recorded for root induction percentage in
shoots, number of roots per shoot and root length
in the rooting medium.
ACCLIMATIZATION - Seven-week-old
rooted plantlets were transferred to sterilized peat
moss in plastic pots (6 X 6 cm) and hardened inside
a mist chamber containing RH (80 ± 5%) for 2
weeks. One-fourth strength of MS salts were
sprayed on alternate day basis during the period
of acclimatization. The hardened plants were then
transferred to the mixture of sand, soil and oak
forest humus (1:1:1 ratio) in thermocol pots (8 x 7
cm) inside the glass house having controlled
temperature (25 ±10C) and relative humidity (70
– 80 %) for one week. During this process of
hardening water was sprinkled thrice a day on
the plantlets.
STATISTICAL ANALYSIS - Factorial
design with three replications was used to assess
the response of three types of explant materials
(first factor) for shoot regeneration efficiency in
28 combinations of BA and IAA (second factor).
Rooting medium consisted 11 levels of IAA (0.6,
0.7, 0.8, 0.9. 1.0, 1.1, 1.2, 1.3, 1.4, 1.5 and 1.6 mg/
l) and experimented in randomized block design
(RBD) with three replications.
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mg/l) and IAA (0.5 mg/l) (Table 1).
RESULTS AND DISCUSSION
RESPONSE OF SHOOT TIPS TO
RESPONSE OF EXPLANTS TO
SHOOT REGENERATION - Data on percent SHOOT PROLIFERATION-Shoot tip explants
response to shoot regeneration, days for initiation responded minimum 27.33% shoot proliferation
of shoot regeneration and number of shoots per in MS modified with BA (0.5 mg/l) and IAA (0.1
explant revealed significant differences among mg/l) and maximum of 70% in the same medium
explant sources and combination of growth modified with BA (1.5 mg/l) and IAA (0.5 mg/l).
regulators. Mean square for interaction of explant Minimums of 48.67 days were taken for shoot
sources and combinations of BA and IAA was also initiation with BA(1.5 mg/ l) and IAA (0.5 mg/l),
found to be highly significant for all the characters. which was significantly lower than the days taken
RESPONSE OF PETIOLE SEGMENTS TO to shoot initiation with other combinations. The
ADVENTITIOUS SHOOT REGENERATION - number of shoots obtained per explant varied
Petiole segments significantly (p<0.01) from a minimum of 8.33 with BA (2.0 mg/l) alone
regenerated maximum percentage of shoots, to a maximum of 24.33 shoots per explant with
produced highest number of shoots per explant BA (1.5 mg/l) and IAA (0.2 mg/l), (Table 1). Effect
and took minimum duration. Perusal of the table of cytokinins and auxins in combination to
1 indicated minimum of 31.67% response by mutiple shoot formation was earlier observed by
petiole segments to shoot regeneration with BA Yuan et al. (1994).
Thus, combination of BA (1.5 mg/l) and
(0.5 mg/l) alone while maximum response of
88.67% was observed at BA (1.5 mg/l) and IAA IAA (0.5 mg/l) was found the most suitable
(0.5 mg/l) with a mean response of 50.51% shoot combination of hormones for maximum number
regeneration over 28 combinations of BA and IAA. of shoot regeneration per petiole explant.
The earliest shoot regeneration observed in 39.67 Adventitious shoots regeneration from leaves
days with BA and IAA having concentrations 1.5 (Escalettes and Dosba, 1993; Camloha et al., 1994)
mg/l and 0.5 mg/l respectively and was found and cotyledons (Compton and Gray, 1994; Han,
significantly lower than the remaining of the 1994; Hossain et al., 1994) were earlier reported
combinations. The number of shoots per explant in different plant species.
ROOTING IN MICROSHOOTS varied from a minimum of 12.33 with BA (0.5 mg/
Analysis
of variance for root induction revealed
l) alone to maximum of 35.33 with BA (1.5 mg/l)
the significant differences among the treatments
and IAA (0.5 mg/l) (Figure 1-A).
RESPONSE OF LEAF DISHES TO for all the three characters. The IAA (8.56µM)
ADVENTITIOUS SHOOT REGENERATION significantly resulted into maximum rooting
- Interaction of explant sources with 28 (92.33%) in microshoots (Table 2). Number of roots
combinations of BA and IAA revealed that in case per microshoot varied from a minimum of 2.8 with
of leaf explant, growth regulator BA alone or in IAA (0.6 mg/l) to a significantly higher value of
combinations of BA and IAA did not response to 20.67 roots per shoot with IAA (1.5 mg/l) (Figure
shoot regeneration. The combination of BA (1.5 1-B & C). Significantly higher root length of 9.87
mg/l) and IAA (0.5 mg/l) gave 41.33% response cm was also observed with IAA (1.5 mg/l) whereas
to shoot regeneration, which was highest and IAA (0.6 mg/l) again showed minimum response.
statistically significant to other combinations. Days Thus, MS medium supplemented with IAA (1.5
to initiation of shoot regeneration were recorded mg/l ) was identified to be the best rooting
minimum of 54.33 days using BA (1.5 mg/l) and medium for an early root induction in microshoots
IAA (0.5 mg/l) and maximum of 82 days with BA of P. fulgens. Previous workers have also reported
(2.0 mg/l) and IAA (0.2 mg/l). There was no shoot the role of IAA in the development of lateral roots
regeneration in MS medium having BA (0.5 mg/ (Bhalero et al., 2002; Casimiro et al., 2001;
l) and IAA (0.3 mg/l) whereas maximum shoots Marchant et al., 2002; Reed et al., 1998).
ACCLIMATIZATION-A maximum
(10.33) per explant were observed with BA (1.5
survival frequency (91.12%) was observed when
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TABLE 1. RESPONSE OF DIFFERENT EXPLANTS TO VARIOUS COMBINATIONS OF BA
AND IAA IN P. FULGENS
PHYTO-

PERCENTAGE RESPONSE

HORMONE

TO SHOOT REGENERATION SHOOT REGENERATION

(mg/l)

Leaf

Petiole

BA X IAA

dishes

0.5 X 0.00

PER EXPLANT

Petiole

segments tips

dishes

segments tips

0.00 h

31.67 k

28.00 i

-

74.33 i

79.00 h 0.00 f

12.33 i

09.67 f

1.0 X 0.00

0.00 h

41.33 j

43.67 f

-

66.00 h

66.67 e 0.00 f

15.67 h

12.33 e

1.5 X 0.00

0.00 h

63.67 e

52.00 e

-

54.00 e

63.00 d 0.00 f

24.33 e

13. 67 d

2.0 X 0.00

0.00 h

50.33 h

47.00 f

-

62.00 g

69.67 f

0.00 f

19.00 g

08.33 f

0.5 X 0.1

0.00 h

33.67 k

27.33 i

-

60.67 f

78.33 h 0.00 f

13.67 h

09.00 f

1.0 X 0.1

0.00 h

42.67 i

40.67 g

-

55.00 e

73.33 g 0.00 f

18.33 g

11.67 e

1.5 X 0.1

0.00 h

64.33 e

56.33 d

-

50.67 d

69.33 f

0.00 f

24.67 d

14.00 d

2.0 X 0.2

0.00 h

52.00 g

53.33 d

-

55.33 e

71.67 f

0.00 f

21.00 f

10.33 e

0.5 X 0.2

0.00 h

35.67 k

33.67 h

-

56.33 e

68.67 f

0.00 f

20.00 f

09.33 f

1.0 X 0.2

0.00 h

54.67 f

49.33 e

-

51.33 d

65.00 e 0.00 f

23.67 e

10.67 e

1.5 X 0.2

9.00 g

70.33 d

63.33 c

80.67 f

47.00 c

61.33 d 2.67 d

26.33 d

24.33 a

2.0 X 0.2

7.00 g

66.33 e

59.00 c

82.00 f

48.33 c

66.00 e 1.67 e

23.67 e

11.67 e

0.5 X 0.3

0.00 h

40.67 j

38.67 g

-

54.00 e

62.67 d 0.00 f

23.00 e

10.33 e

1.0 X 0.3

15.67 f

58.33 f

55.67 d

71.67 e

51.67 d

58.33 c 3.67 c

25.00 d

12.33 e

1.5 X 0.3

22.33 d

75.33 c

67.33 b

67.33 c

43.00 b

57.00 c 6.67 b

27.33 c

14.67 d

2.0 X 0.3

18.00 e

68.33 d

62.00 c

70.33 d

54.33 e

61.33 d 4.67 c

25.33 d

13.33 d

0.5 X 0.4

18.33 e

57.33 f

45.33 f

66.33 c

53.00 d

63.67 d 6.00 b

22.00 f

11.33 e

1.0 X 0.4

20.00 d

71.67 d

59.33 c

64.33 c

46.67 c

58.33 c 6.67 b

28.67 c

15.00 d

1.5 X 0.4

25.00 c

84.67 b

74.33 a

57.00 a

41.00 a

53.33 b 8.00 b

31.33 b

16.67 c

2.0 X 0.4

20.67 d

76.67 c

64.33 c

65.00 b

48.67 c

56.67 c 5.67 c

27.67 c

13.67 d

0.5 X 0.5

34.33 b

64.67 e

51.00 e

67.00 c

55.00 e

59.67 c 4.00 c

25.00 d

13.00 d

1.0 X 0.5

36.87 b

77.00 c

62.67 c

60.00 b

47.33 c

54.33 b 8.67 a

29.00 c

17.33 c

1.5 X 0.5

41.33 a

88.67 a

70.00 b

54.33 a

39.67 a

48.67 a 10.33 a

35.33 a

21.33 b

2.0 X 0.5

34.00 b

71.67 d

59.67 c

64.33 c

48.00 c

58.33 c 6.67 b

33.00 b

13.67 d

0.5 X 0.6

22.33 d

46.33 i

35.67 h

68.33 d

59.00 f

64.00 d 3.67 c

20.33 f

10.67 e

1.0 X 0.6

28.33 c

50.67 h

38.67 g

65.67 c

56.00 e

59.00 c 5.00 c

22.67 e

12.33 e

1.5 X 0.6

34.33 b

54.33 g

49.33 e

62.00 b

48.67 c

59.00 c 7.00 b

26.67 d

17.00 c

2.0 X 0.6

27.67 c

45.33 i

41.67 g

67.33 c

57.67 f

64.67 e 4.33 c

22.33 e

13.33 d

3.80

3.13

*for interaction of explant and combination of phytohormones

Shoot

NUMBER OF SHOOTS

Leaf

*CD at 1%

Shoot

DAYS FOR INITIATION OF

Leaf

Petiole

dishes

segments tips

2.27

Shoot
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TABLE 2. EFFECT OF DIFFERENT CONCENTRATIONS OF IAA ON ROOTING IN
MICROSHOOTS.
PHYTOHORMONE
IAA (mg/l)
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
CD at 1%

PERCENTAGE OF
SHOOTS SHOWING
ROOT REGENERATION
15.33 i
17.00 h
19.00 g
28.67 f
40.33 e
50.33 d
65.67 c
78.00 b
84.67 b
92.33 a
82.67 b
5.086

A

D

NUMBER OF
ROOTS/SHOOT

ROOT LENGTH
(cm)

2.80 g
3.93 g
4.33 g
6.03 f
7.63 f
9.20 e
11.40 d
14.27 c
17.17 b
20.67 a
15.53 c
1.596

1.77 f
2.10 f
2.33 f
2.50 f
3.07 e
3.60 e
4.87 d
5.80 c
7.63 b
9.87 a
7.30 b
0.78

C

B

E

Fig 1. In vitro shoot regeneration in Potentilla fulgens: A. Shoot proliferation in MS medium supplemented with BA (1.5 mg/
l) and IAA (0.5 mg/l) B. Rooted shoots in MS medium containing IAA (1.5 mg/l) C. In vitro raised rooted seedlings D.
Hardening of tissue culture raised plantlets in peat moss E. Root yield in tissue culture raised plants of Potentilla fulgens.

rooted plantlets were transferred to peat moss for
a period of 2 weeks (Figure 1-D) followed by a
transfer to the mixture of sand, soil and oak forest
humus (1:1:1 ratio). The most congenial
environmental conditions found for

acclimatization of microshoots 25 ±1 0 C
temperature and 70 – 80 % relative humidity. A
sprinkle of quarter strength of MS medium on the
alternate day was found significantly useful in
reducing the mortality of plantlets.
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ELEMENTAL COMPOSITION OF SOME ECONOMICALLY IMPORTANT
LESS EXPLORED ALLIUM CULTIVARS OF WESTERN HIMALAYAN
REGION
H. K. Pandey, H.S. Meena, Deen Dayal, M.S.M. Rawat and Z. Ahmed
Defence Institute of Bio-energy Research (DRDO),
Pithoragarh- 262501 Uttarakhand, India.
ABSTRACT
Elemental composition of some economically important less explored
Allium species namely Allium auriculatum Kunth, Allium ampeloprasum L.,
Allium ascalonicum, Allium rubellum M: Bieb. and Allium tuberosum L., was
carried out. These species are distributed in temperate and alpine regions of Western
Himalayas. The edible part i.e. leaves and bulbs of these species were analyzed
separately for some important minerals like sodium, potassium, calcium,
phosphorus, sulfur, copper, zinc, iron, manganese and cobalt. Among these Allium
species maximum concentration of phosphorus, and sodium were found in the
leaves of A. ampeloprasum. The leaves of A. ascalonicum were rich in calcium and
manganese. Highest sulfur content was present in the leaves of A. auriculatum
while, in its bulbs maximum zinc was reported . Iron and copper were observed
maximum in the bulbs of A. rubellum. This study showed that The leaves of A.
ampeloprasum are rich source of minerals followed by A. rubellum bulbs and A.
ascalonicum. The quantitative yield of A. ampeloprasum, Allium rubellum and A.
ascalonicum were also found better than other species. Hence these Allium species
can be exploited for commercial cultivation in Western Himalayan region.
Key words: Elemental composition, Atomic absorption spectrophotometer,
Flame photometer, Bio-chemical composition, Micro-elements.

INTRODUCTION
In Western Himalayas Allium is one of the
important genuses of family Amarylliadaceae. It
is widely distributed throughout the temperate
and alpine regions. The wild Allium species have
been utilized as spice and condiments, locally
called Jamboo, Doona, Dunn, Dhun, Pharan etc.
Allium species are aromatic green, used in
pulverized state, primarily for seasoning or
garnishing food and beverages, characterized by
pungency, strong odour, sweet and bitter taste .
The leaves, bulbs and flowers of plant have been
harvested, dried and used as condiment (Chopra
et al., ; Gaur et al.,). The wild species of Allium

found in this region are consumed by the locals
whenever these are found in abundance. The plant
parts like leaves, bulbs, flowers, seeds etc. are
collected for consumption. The local inhabitants
of high altitude areas and shepherds usually
collect these Allium species from its wild sources,
while taking their herds to high altitude areas for
grazing. Mostly these plants are used as
condiments for seasoning various dishes either in
fresh or dried form. The persons who generally
do not consume onion and garlic also use these
species. In some cases the aerial parts are collected
, crushed and made into small cakes which are
dried in the sun and are used during lean season
(Negi et al.,). The market value of these wild
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species is very high and the cost of dried aerial cited elements.
parts of plants is around 300- 400 rupees per kg.
Due to over exploitation these species, many RESULTS AND DISCUSSION
highly demanded wild Allium species are at the
Calculation of data was carried out on mg
stage of extinction.
per 100 g dry wt. of Allium leaves and bulbs.
The influence of different cultivation Concentration range and mean value of Na, K,
practices viz. organic and conventional cultivation Ca, P and S are given in Table 1, while micro
(with the use of fertilizers and pesticides) on the elements Fe, Cu, Zn, Mn & Co are mentioned in
elemental concentration had been studied by Table 2.
(Gundersen et al.,) in onions (Allium cepa Hysam) It is evident from the data that potassium, calcium,
and Peas (Pisum sativum). Some earlier workers phosphorus and sulfur are the most prominent
(Ahmed et al.; Pandey et al.; Saily et al. ; Sondhi minerals in concentration terms. The
et al.) screened some important medicinal plants concentration of minerals in analyzed samples of
for macro and micro elemental composition.( Allium were found almost in similar trend as
Naeem et at.) evaluated mineral distribution in reported by earlier workers ( Gundersen et al.;
some fenugreek cultivars.
Pandey et. al.). It was observed from table 1 that
the concentration range of sodium varied from
MATERIALS AND METHODS
11.01 mg to 269.48 mg/100 g. dry wt. of Allium
The fully mature leaves and bulbs of Allium leaves and bulbs. Highest concentration of sodium
species viz. Allium auriculatum, Allium (269.48 mg) was found in the leaves of A.
ampeloprasum, Allium ascalonicum, Allium ampeloprasum followed by the bulbs (91.65mg)
rubellum and Allium tuberosum were collected and least quantity (11.01mg) was present in the
from temperate and alpine regions Western leaves of A. rubellum. Potassium on the other hand
Himalayas, authentically identified and grown at ranged between
628.29 mg to 3025.00 mg.
Defence Agricultural Research laboratory, Field Maximum concentration of potassium (3025.00
Station, Auli (Joshimath) , Chamoli (9000 feet mg) was found in the leaves of A. tuberosum
altitude ) . The leaves and bulbs were taken from followed by (1808.32 mg) in the leaves of A.
mature plants, washed, oven dried. The moisture auriculatum. The calcium content ranged between
free, dried samples were kept in airtight sample 141.47mg to 697.06 mg. The leaves of A.
containers. One gram-dried sample was first ascalonicum reported highest calcium (697.06
digested with 15 ml of triple acid mixture (10 part mg), while lowest calcium (141.47 mg) was found
HNO3+ 4 parts of HClO4 + 2 parts H2SO4) at 110 in the bulbs of A. tuberosum. Concentration of
0
C and reduced to about 1.0 ml. The digested phosphorus varied from 144.83 mg to 235.50 mg.
residue was dissolved in triple distilled water, In the leaves of A. ampeloprasum maximum
filtered and diluted to 100 ml. This solution was phosphorus (235.50 mg) was reported followed
used for the estimation of minerals. In similar (212.83 mg) in the bulbs of A. rubellum. Element
condition blank samples were also prepared. The sulfur was ranged between 34.67mg to 228.50 mg
samples of each cultivar were taken in three in different species. Highest sulfur (228.50 mg)
replications.
was present in the leaves of A. auriculatum and
Reference standards were prepared from least quantity (34.67mg) was observed in the bulbs
E. Merck, AAS Spectrosol (1000 mg L-1). of A. tuberosum.
Estimation of element like Na, K, Ca & Li were
Micro-element iron was ranged between
carried out by AIMIL, Photoflame, photometer, 1.37 to 29.12 mg. Highest iron content (29.12 mg)
New Delhi, while Fe, Co, Mn, Cu & Zn were was found in the bulbs of A. rubellum followed
determined by Atomic Absorption by (20.27 mg ) in the leaves of A. ascalonicum
Spectrophotometer, model 4129, Electronic while, least quantity of iron (1.37 mg) was
Corporation of India Ltd, Hyderabad (A.P.). The observed in the bulbs of A. ascalonicum. The
S and P were estimated by spectrophotometric Copper content varied from 0.98 mg to 2.75 mg.
methods. The instruments were calibrated by Maximum copper (2.75 mg) was found in the
using standard solutions (0.20-10 mgL-1) of above

Allium ampeloprasum Leaves

-do-

Allium ascalonicum

-do-

Allium rubellum

-do-

Allium tuberosum

-do-

3.

4.

5.

6.

7.

8.

9.

10.

25.42

20.65

5.936
4.333
4.180

C.D. at 5%

C.D. at 1%

CV

21.55

21.08

21.00

11.01

87.18

34.17

91.65

1.458

2.33-3.39

20.69–22.60

16.00–26.00

7.97-13.33

86.00–88.99

32.70–35.56

89.50–93.27

Mean

Range

Calcium
Mean Range

Sulfur
Mean

660.07 348.00-361.49 356.42 142.00-162.00 150.83 55.00-70.00

64.83

2.56

57.825

79.219

19.463

8.580

57.298

78.496

19.285

11.522

20.735

28.407

6.979

834.50 - 877.07 858.56 133.20- 148.17 141.47 168.80- 185.25 175.52 31.00- 38.00

2991.13–3058.88 3025.00 327.05-378.99 348.99 137.50-152.00 144.83 44.00-55.00

930.00–1040.00 985.00 267.30-286.00 276.77 176.00-249.00 212.83 59.00-66.00

11.580

20.552

28.552

7.015

34.67

49.17

62.33

86.00

628.29 134.55-155.76 144.10 188.00-226.00 202.00 127.00-159.00 143.17

1242.25-1292.89 1266.80 614.45-635.25 626.59 161.00-170.00 165.00 82.00-90.00

619.00–639.64

1655.16-1690.29 1655.16 607.28-786.83 697.06 183.00-193.00 189.33 172.00-189.00 176.33

633.56–683.59

1010.80 651.12-670.83 659.81 169.50-275.00 235.50 103.00-113.00 107.67

1213.04-1246.94 1225.99 151.00-189.57 170.78 143.00-207.00 176.17 83.00-109.00 96.77

169.75 205.50-258.00 228.50

Mean Range

Phosphorus

1791.62–1825.03 1808.32 437.60– 495.05 467.19 56.00-168.25

Mean Range

Potassium

Metal contents (mg/100g dry wt.)

265.89-273.50 269.48 971.47-1079.33

23.95–27.90

19.90–21.40

Range

Sodium

Sem

Bulbs

Leaves

Bulbs

Leaves

Bulbs

Leaves

Bulbs

Bulbs

-do-

2.

Leaves

Allium auriculatum

screened

Plant part

1.

S. No. Name of Species

Table –1. Elemental Composition of some less explored Allium Species

The Scientific Temper
71

Allium ampeloprasum Leaves

-do-

Allium ascalonicum

-do-

Allium rubellum

-do-

Allium tuberosum

-do-

3.

4.

5.

6.

7.

8.

9.

10.

6.498
4.743
20.05

C.D. at 5%

C.D. at 1%

CV

7.08

12.82

29.12

7..98

1.37

20.27

6.28

12.91

19.97

20.11

0.93-1.16

1.18-1.49

2.66-2.85

0.97-0.99

1.09-1.30

0.79-1.35

1.09-2.67

1.45-2.62

1.58-1.87

1.40-1.86

22.97

0.610

0.836

0.205

1.05

1.35

2.75

0.98

1.20

1.07

1.86

1.85

1.73

1.65

Mean

3.00-3.76

3.90-4.16

2.85-4.12

3.97-4.76

3.28-3.70

1.38-2.05

2.96-3.47

2.62-2.93

6.08-6.61

3.96-4.25

Range

Zinc

9.16

0.575

0.788

0.193

3.37

4.00

3.32

4.23

3.46

1.71

3.18

2.82

6.40

4.10

0.23-0.60

1.34-1.80

1.14-1.60

2.76-2.96

0.65-0.79

3.60-4.24

1.33-1.83

2.96-3.53

1.23-1.65

2.00-2.98

Cobalt

15.05

0.505

0.691

0.505

0.42

1.52

1.30

2.88

0.70

3.91

1.55

3.40

1.37

2.63

0.00-0.00

0.00-0.00

0.00-0.78

0.00-0.00

0.00-0.86

0.20-1.36

0.69-1.39

0.48-1.37

0.00-0.00

0.00-0.00

Mean Range

Manganese
Mean Range

Metal contents (mg/100g dry wt.)
Copper
Mean Range

1.596

5.68-8.46

11.04 – 14.62

21.41 – 35.94

7.05- 9.42

0.50- 1.92.

19.58- 21.22

5.98- 6.62

10.17- 16.45

18.24- 20.65

19.50- 20.79

Range

Iron

Sem

Bulbs

Leaves

Bulbs

Leaves

Bulbs

Leaves

Bulbs

Bulbs

-do-

2.

Leaves

Allium auriculatum

screened

Plant part

1.

S. No. Name of Species

Table –2. Micro elemental status of some less explored Allium Species

48.79

1.175

1.610

0.395

0.00

0.00

0.52

0.00

0.43

0.60

1.11

0.94

0.00

0.00

Mean
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bulbs of A. rubellum and least copper content REFERENCES
(0.98 mg) was observed in the leaves of A. Ahmed, S., Atiq-ur- Rahman, Quadeer Ur-Din, Badar, Y.
1994. Elemental analysis of a herbal drug, Intellanrubellum. Concentration of zinc ranged between
A neuro energizer. J. of Faculty of Pharmacy of Gazi Univ.
1.71 mg to 6.40 mg. In the bulbs of A.
auriculatum maximum zinc content (6.40 mg)
11 : 83-90.
was reported, followed by leaves of A. rubellum Chopra, R.N., Nayar, S.L., Chopra, I.C. 1956. Glossary of
Indian Medicinal Plants, NISC, CSIR, New Delhi.
(4.23mg) while, least zinc (1.71mg) was found in
the leaves of A. ascalonicum. Manganese content Gaur, R. D. and Semwal, J. K., 1984.Some little known
wild edibles of Garhwal Himalaya. Man and
varied between 0.42 mg to 3.91 mg. Maximum
concentration of manganese (3.91 mg) was
Environment, 7: 161-165.
present in the leaves of A. ascalonicum, followed Gundersen,V., Bechmann, I.E., Behrens, A. and Sturup, S.
2000. Comparative investigation of concentrations
by (3.40 mg) in the leaves of A. ampeloprasum
and least quantity (0.42mg) was observed in the
of major and trace elements in organic and
conventional Danish agricultural crops.1. Onions
bulbs of A. tuberosum. Cobalt was in the range of
(Allium Cepa Hysam) and Peas (Pisum sativum Ping
00.00 to 1.11mg. Highest cobalt concentration
(1.11 mg) was found in the bulbs of A.
Pong).J. Agri. Food Chem., 48: 6094- 6102.
ampeloprasum followed by its leaves (0.94 mg). Kulevanova, S., Ristov, T. 1995. The content of mineral
in nettle (Urtica dioica L.) and nettle extract. Acta
Cobalt was found absent in A auriculatum and
Pharmaceutica, 45 3 : 481-486.
A. tuberosum species.
The results reveal that, in the leaves of A. Naeem, S., Khan, F.A. Siddiqui, I., Mahmood, N. 1995.
Metal contents and distribution in Fenugreek
ampeloprasum maximum quantity of phosphorous
cultivated in Pakistan. J. of Sci. and Agri. 68 : 159-166.
and sodium, second highest concentration of calcium
and manganese were reported. The calcium and Negi, K. S., Pant, K.C., Kopper, M. N. and Thomas, T.A.
1991. Wild relatives of genus Allium L. in Himalayas.
manganese were found highest in the leaves of A.
Indian J. Genetic. Resources, 4: 73-74.
ascalonicum while it also contains good
concentration of sulfur and iron. In the A. Pandey, H. K., Vir, S.,and Das, S. C. 2006. Macro and micro
elements in some important Himalayan herbs, used
auriculatum sulfur and zinc contents were present
for the cure of various diseases. J. of med. And Arom.
highest in leaves and bulbs respectively. Maximum
Plant Sci.,28 :27-30.
amount of iron and copper were found in the leaves
of A. rubellum. A. tuberosum was found rich in Saily A, Sahu R., Mohan D., Gupta B., Sondhi S.M. 1994.
Determination of mineral elements in some
potassium content.
Hence it can be concluded that among five
Allium species A. ampeloprasum ,A. ascalonicum
and A. auriculatum are superior cultivars for
mineral contents. These species are also useful in
cardiac disorders; the presence of ample
concentration of minerals may be one of the reasons
responsible for their medicinal superiority. Due to
high economic value of these cultivars, they can be
exploited for commercial scale cultivation in
western Himalayan region.

medicinal plants used for the cure of various
diseases. Ind. J. of Pharma, Sci. 56 : 186-187.
Sondhi S.M. Agarwal N. (1995). Determination of mineral
elements in medicinal plants used for cure of
bronchitis, kidney and bladder disorder, skin
diseases and gonorrhoea etc. Hamdard Medicus, 38 (1)
: 24-29
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SCREENING OF PECTINASE PRODUCING THERMOPHILIC MUCOR
SP. ISOLATED FROM DECOMPOSTING FRUITS AND VEGETABLES
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2
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ABSTRACT
A thermophilic fungal strain producing pectinases was isolated after
primary screening of 12 different isolates on modified Pectin agar medium using
different compost and decomposed matter collected from the vegetable and fruit
markets of different cities of U.P. Selection of the fungus was done based on the
clearance zones and pectinase enzyme production carried out in solid state
fermentation. The fungal isolate was initially identified as a Mucor sp.
Keywords : Mucor, pectinase, pectin

INTRODUCTION
In nature, microorganisms have been
endowed with vast potentials. They produce an
array of enzymes, which have been exploited
commercially over the years. They are one of the
upcoming enzymes of the commercial sector,
especially the in juice and food industry (Kashyap
et al., 2001), paper and pulp industry (Beg et al.,
2001; Viikari et al., 2001). Preparations containing
pectin-degrading enzymes used in the food
industry are of fungal origin because fungi are
potent producers of pectic enzymes and the
optimal pH of fungal enzymes is very close to the
pH of many fruit juices, which range from pH
3.0 to 5.5 (Ueda et al., 1982). Fungal pectniases
used in industrial processes for juice clarification
are mainly obtained from mesophilic aspergilli
and penicillia (Aguilar and Huirton, 1990) and
the range of enzyme sources is being extended
through new recombinant and non-recombinant
fungal strains. Thermophilic fungi are potential
sources of various industrially important
thermostable enzymes, such as lipases, xylanases,

proteases, amylases and pectinases. These
enzymes have numerous applications in the
detergent, starch, food, paper and pharmaceutical
industries (Maheshwari et al., 2000). Higher cost
of the production is perhaps the major constraint
in commercialization of new sources of enzymes.
Though, using high yielding strains, optimal
fermentation conditions and efficient enzyme
recovery procedures can reduce the cost. In
addition, technical constraint includes supply of
cheap and pure raw materials and difficulties in
achieving high operational stabilities, particularly
to temperature and pH. Therefore, the
understanding of various physiological and
genetic aspects of pectinase is required for
producing thermostable and acid stable strains of
pectinolytic fungi. Literature highlighting the
optimization, biochemical characterization,
genetics and strain improvement studies of
pectinases from mesophilic fungi (Bartha et al.,
1981; Fanelli et al., 1978; Marciano et al., 1982;
Marcus et al., 1986) is available. However, the
studies on pectinases from thermophilic fungi are
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lacking. Considering the biotechnological
importance of thermophilic fungi in the enzyme
industry, the present paper reports the isolation
of pectin degrading thermophilic fungi from
various sources and their screening.
MATERIALS AND METHODS
Isolation of thermophilic fungi
Thermophilic fungi were isolated from
different compost and decomposed matter
collected from the vegetable and fruit markets of
Meerut, Modinagar and Ghaziabad cities of U.P.

Dr. Mohommad Arif
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1. Arif, Mohommad and Ahmed, Zakwan (2009) BioDiesel : Jatropha curcas ( A Promising Source)
2.Arif, M. and Kumar, N. (1996). Angora Rabbit farming
for wool production, DESIDOC, New Delhi, 1-45.

(India). Isolation medium of following
composition, gL-1 (Pectin - 10.0; Sucrose - 10.0;
Tryptone - 3.0; Yeast extract - 2.0; KCl - 0.5;
MgSO 4 . 7H 2 O - 0.5; MnSO 4 .5H 2 O - 0.01;
(NH4)2SO4 - 2.0) supplemented with mineral salt
solution of composition g/100 mL (CuSO4.5H2O
- 0.04; FeSO4 - 0.08; Na2MoO4 - 0.08; ZnSO4 - 0.8;
Na2B4O7 - 0.004, MnSO4 - 0.008), 1 mL; distilled
water to make 1L solution; pH 5.5-6.0 was used
(Singh and Sandhu, 1986). To the above medium,
ampicillin (100 mg/ mL) was added to restrict
bacterial growth. The inoculated plates were
incubated at 50ºC for 5-7 days. The cultures were
further purified by sub culturing on YPSS (Yeast
soluble starch agar) medium having composition,
gL-1 (Starch - 15; Yeast extract - 0.4; K2HPO4 0.23; KH2PO4 - 0.2; MgSO4.7H2O - 0.05; Citric
acid - 0.052; pH - 5.5-6.0).
Screening of soil fungal isolates for
pectinolytic activity
Preliminary screening of isolates for
pectinase production was carried out by disc plate
method (Acuna-Argulles, 1995). A total of twelve
isolates were assayed for pectinase activity using
pectin containing agar medium. Culture plates
with pectin containing agar medium were
inoculated with each isolate and incubated for 35 days at 50°C. Isolates were replicated 2 to 3 times
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Figure 1: Selected Mucor sp. (7 days old culture grown at 50°C)
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Figure 2: Semiquantitative analysis of thermophilic fungal isolates for pectinase production.
and tests were performed twice. After incubation, Identification of the genus was based on
plates were stained with aqueous 0.05% morphological and biochemical characteristics
ruthenium red solution for 1hr and rinsed with (Phutela et al., 2005).
deionised water. Cultures expressing pectinase RESULTS
activity exhibited a clear zone around the margins Isolation and Screening of isolates
Thermophilic fungal strains isolated from
of the colony. Isolates without a clear zone usually
various
sources and sites of different cities of U.P.
exhibited a ring of intense staining around the
colony. The cultures showing larger zones will be were purified and their cultural and morphological
further screened by individually plating on YPSS characteristics were examined (Cooney and
medium containing pectin in place of starch and Emerson, 1964). Fungal cultures were further
screened by modified yeast soluble starch agar
incubated at 50ºC.
plate method and the zone of clearance was
Selection and Identification of Fungus
Selection of the fungus was done based on the calculated. Isolate 7 and Isolate 3 cultures had a
zone of clearance above 3 mm.
clearance zones formed around colonies.
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High pectinase producing strains were
further screened semi quantitatively by plate
assay method. Results in Fig. 2 shows that the
maximal pectinolytic activity was observed in
isolate 7 (O.D. value - 0.978) closely followed by
isolated 3 (0.843) and isolate 4 (0.784). Minimum
enzyme activity was observed in isolate 6 (0.136).
Selection and Identification
On the basis of morphological and biochemical
characteristics the isolate was identified as a Mucor
sp. (Fig. 1).
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EFFECT OF SECONDARY NUTRIENTS ON THE QUANTITY AND
QUALITY OF LEAVES OF TERMINALIA ARJUNA BEDD
U. S. P. Sinha*, S. Das, J. Prasad, N. G. Ojha and B. C. Prasad
Soil Science and Chemistry Laboratory, Central Tasar Research & Training Institute,
P.O.- Piska Nagri, Ranchi- 835 303, Jharkhand, India.
ABSTRACT
Studies on the effect of different secondary nutrients in different doses on
the quantity and quality of leaves of Terminalia arjuna under 4’ x 4’ spacing revealed
that secondary nutrients have promotary effect in increasing the quantity and
quality of leaves of tasar food plant T. arjuna. Among all the treatments under
study, foliar application of Magnesium sulphate (2%, w/v) is the best in respect of
increasing the quantity and quality of leaves of T. arjuna. Under this treatment, leaf
yield increased by 26.20% over control. Chemoassay and bioassay results also
confirmed a significant improvement in the quality of leaf by the application of the
said treatment.
Keywords: Secondary nutrients, Terminalia arjuna, Leaf yield, Chemoassay, Bioassay

INTRODUCTION
Terminalia arjuna is one of the primary
food plant of tropical tasar silkworm Antheraea
mylitta Drury (Jolly et al., 1968). Extensive
economic plantations (4’x 4’ spacing) under Inter
State Tasar Project have been raised with this plant
for controlled rearing of the above silkworm. Its
continuous cultivation in the same field depletes
the soil fertility and decreases the quantity and
quality of leaves of the tasar food plants. Decrease
in quantity and quality of leaf per unit area will
lead to decreased quantity and quality cocoon
production. Several studies have been carried out
to improve the quantity and quality of leaves of
tasar food plants through application of major
and micronutrients (Sinha et al., 1999, 2002, &
2006). Further, Sinha et al., (2009) have carried
out a pot experiment to study the effect of
secondary nutrients on the leaf yield and
biochemical constituents of tasar food plant T.
tomentosa. Based on the observations of the above
experiment, this study has been undertaken with
a view to improve the quality and quantity of

leaves of T. arjuna under 4’ x 4’ spacing through
application of secondary nutrients.
MATERIALS AND METHODS
The experiment was conducted in the
experimental field of Central Tasar Research &
Training Institute, Nagri, Ranchi on T. arjuna
plants with 4’ x 4’ spacing under rain fed condition
during first (July- Aug.) and second (Sept.- Oct.)
rearing seasons. Before the layout of the
experiment, the fertility gradient of the field was
studied by the method of Hesse (2002). The plot
was quite uniform having sandy loam laterite soil
with pH 5.3, organic carbon 0.39 % and available
potassium 61.0 kg/ha. Secondary nutrient status
of the soil is as follows: available calcium,
2.80 C mol (P+) kg -1; available magnesium, 0.96
C mol (P+) kg -1; and available sulphur, 8.60 ppm.
The experiment was laid out in
Randomized Block Design with ten treatments in
three replications, each replication having 28 plants.
The usual package of practices of major nutrients
i.e., Nitrogen (150 kg/ha/yr), Phosphorus (50 kg/
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was followed for collecting the samples for the
study under reference. Leaf samples were
Dr. U.S.P. Sinha
The author, Dr. U.S.P. Sinha did
collected excluding too tender and over mature
M.Sc . (Chemistry) with Organic
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Chemistry as special paper from Bihar
All the biochemical constituents of leaves except
University, Muzaffarpur in 1974. He
moisture were determined on oven dry basis.
has been awarded Ph.D. Degree on the
Moisture, total mineral, total carbohydrate and
topic “Chemical and biochemical
crude fibre were estimated by the method of
studies on the tropical tasar silkworm Antheraea mylitta
Drury” from Ranchi University, Ranchi. He is engaged
AOAC (1955). Kjeldahl’s method as described by
in research works for more than 25 years and has
Vogel (1978) was followed for the determination
published 100 scientific papers on the varioous aspects
of total nitrogen. Crude protein was calculated by
of sericulture in National and International Journals.
multiplying the estimated value of nitrogen
He is presently working on mac ro, micro and
content by 6.25. For bioassay, disease free layings
secondary nutrients with an objective to boost the
of A. mylitta were brushed and reared in three
production of silk.
replicated batches of 100 worms each following
Mrs. S. Das
the rearing technique of Jolly et al., (1974). Method
The author, Mrs. S. Das did M.Sc.
as suggested by Arunachalam and
(Chemistry) with Inrganic Chemistry
Bandyopadhyay (1984) was followed to decide the
as special paper from from Ranchi
ranking of different treatments of secondary
University, Ranchi in 1995. She is
nutrients under study for different parameters.
involved in research works for more
than 10 years and has 17 scientific
Results and Discussion
publications in her credit on different aspects of
The leaf yield and percent increase in leaf
sericulture. She is presently working on improving the
yield of two crops are given in Table 1. Results
nutritional status of tasar food plants for higher
indicate that there has been significant increase
production of silk.
in leaf yield over control in case of all the
ha/yr), Potassium (50 kg/ha/yr) and Farm Yard
secondary nutrients, the highest being 26.20 %
Manure (6 MT/ ha) was also followed.
over control for treatment T8 (foliar application of
Ten treatments including control are as magnesium sulphate, 2%, w/v) followed by T
2
follows: T1, Calcium carbonate (3.0 quintal ha-1) (basal application of calcium carbonate, 4 q ha-1).
as basal application ; T2, Calcium carbonate (4.0 q In treatment T leaf yield increased by 18.20 %
2
ha-1) as basal application ; T3, Calcium carbonate over control. The increase in leaf yield due to the
(5.0 q ha-1) as basal application ; T4, Calcium application of magnesium sulphate may be due
sulphate (15 kg ha-1) as basal application ; T5, to the fact that magnesium and sulphur are
Calcium sulphate (20 kg ha-1) as basal application involved in the formation of chlorophyll and
; T6, Calcium sulphate (25 kg ha -1 ) as basal activation of enzymes (Gunther, 1981 and Tandon,
application ; T7, Magnesium sulphate (1%, w/v) 2002). Similar trends of increased yield of potato
as foliar application ; T8, Magnesium sulphate (2%, (21.00 to 41.60 %) and tea (20.20 %) have been
w/v) as foliar application ; T9, Magnesium sulphate reported by Sarkar and Singh (2003) by the
(3 %, w/v) as foliar application and T10, control application of magnesium sulphate and sulphur
i.e., without secondary nutrient.
respectively. The increase in leaf yield of T. arjuna
Treatments T1 to T6 were applied in due to the application of calcium carbonate (T2) is
single dose in the month of June. Magnesium mainly due to the fact that calcium carbonate
sulphate was foliarly applied in three split doses provides calcium to the soil in available form to
starting from May with an interval of 15 days. plants. Calcium is extremely important mineral
The effect of these treatments were studied on in plant nutrition. It is required for the growth of
quantity and quality of leaves of T. arjuna during the meristematic tissues and for the functioning
first (July-Aug.) and second (Sept.-Oct.) crops of the root tip. It also maintains the shape of the
through determination of leaf yield, chemoassay cell. Our findings also corroborates with the
and bioassay. Simple Random Sampling method findings of Sarkar and Singh (2003) who also
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Table 1. Mean leaf yield of Terminalia arjuna under different treatments of secondary nutrients in
kg/ha.
Treatment
Leaf yield (kg/ha)
Increase in leaf yield
Crop I
Crop II
Average
over control in %
T1
36667.60 de
38686.00 de
37676.80 fg
12.00
T2
39022.40 b
40502.56 b
39762.48 b
18.20
T3
37273.12 d
38887.84 d
38080.48 ef
13.20
T4
36331.20 e
38349.60 e
37340.40 g
11.00
T5
37340.40 d
38686.00 de
38013.20 ef
13.00
T6
38349.60 c
39695.20 c
39022.40 c
16.00
T7
38013.20 cd
38686.00 de
38349.60 e
14.00
T8
41780.88 a
43126.48 a
42453.68 a
26.20
T9
38013.20 c
39897.04 c
38955.12 d
15.80
T10 (Cont.)
32967.20 f
34312.80 f
33640.00 h
CD at 5%
370.42
412.28
510.20
Note: Figures with different alphabets differ significantly.
Table 2. Influence of different treatments of secondary nutrients on the commercial characters of
tasar silkworm A. mylitta
Treatment
Weight of late
E.R.R.
Cocoon Weight Shell Weight
SR (%)
5th stage larva (g.)

(%)

(g)

(g)

T1

41.25 cd

52.00 c

13.44 de

2.07 de

15.40 c

T2

42.50 b

54.33 b

14.17 b

2.23 b

15.73 b

T3
T4
T5
T6
T7
T8
T9
T10(Cont)

41.40 cd
40.75 d
41.10 cd
41.70 c
41.40 cd
43.40 a
41.50 cd
38.00 e

52.33 c
52.00 c
52.00 c
52.67 bc
52.00 c
56.00 a
52.33 c
50.00 d

13.58 cd
13.20 e
13.56 de
13.92 bc
13.68 cd
14.70 a
13.90 bc
12.00 f

2.10 cde
2.03 e
2.09 de
2.18 bc
2.11 cde
2.47 a
2.15 bcd
1.80 f

15.46 bc
15.38 c
15.41 bc
15.66 bc
15.42 bc
16.80 a
15.46 bc
15.00 d

CD at 5%

0.78

1.98
0.34
0.08
Note: Average values are based on two crops data.
Figures with different alphabets differ significantly.

reported that basal application of 2- 4 q ha-1 of
calcium carbonate increased the yield of Soya
bean to the tune of 26.70%.
Effects of different treatments on the
commercial characters of A. mylitta are presented
in Table 2. It is evident from the table that feeding
silkworm with leaves of secondary nutrients treated
plants has a favourable effect on the full grown

0.32

larval weight, effective rate of rearing (E.R.R.),
cocoon weight, shell weight and silk ratio (S.R.)
percent. This result corroborates with the findings
of Shankar et al., (1994) who also observed
improvement in silkworm larval growth, cocoon
weight and silk quality due to application of
secondary nutrients. Among the ten treatments
under study, treatment T8 is the most effective in
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Table 3. Chemical constituents of Terminalia arjuna leaves as influenced by different treatments of
secondary nutrients
Treatment

Moisture

Crude protein

Total

Crude fibre (%) Total mineral

(%)

(%)

carbohydrate (%)

(%)

T1

71.64 cd

13.31 bc

15.45 cd

10.20 a

7.28 de

T2

72.22 b

14.04 ab

15.99 b

10.40 a

7.53 b

T3

71.75 cd

13.45 abc

15.56 cd

10.30 a

7.33 cd

T4

71.45 d

13.06 c

15.28 d

10.10 a

7.20 e

T5

71.74 cd

13.44 bc

15.54 cd

10.20 a

7.32 cde

T6

72.02 bc

13.75 abc

15.80 bc

10.30 a

7.44 bc

T7

71.83 bcd

13.56 abc

15.63 bcd

10.20 a

7.38 cd

T8

72.98 a

14.38 a

16.70 a

10.50 a

7.82 a

T9

72.00 bc

13.75 abc

15.79 bc

10.30 a

7.43 bc

T10 (Cont.)

70.50 e

11.88 d

14.40 e

10.00 a

6.80 f

CD at 5%

0.44

0.93
0.40
NS
Note: Average values are based on two crops data.
Figures with different alphabets differ significantly

0.12

Table 4. Scores allotted to different treatments of secondary nutrients for leaf yield, commercial
characters of cocoons and chemical constituents of leaves
Treat Leaf
Commercial characters
Chemical constituents Total Rank
ment

yield Larval ERR Cocoon Shell
weight

Silk

Mois Crude Total Crude Total

score

weight weight ratio ture protein carbo fibreh mineydrate ral

T8

0.13

0.20

0.25 0.17

0.17

0.25 0.20 0.25

0.20

1.00

0.17

2.99

I

T2

0.25

0.40

0.50 0.33

0.33

0.50 0.40 0.38

0.40

1.00

0.33

4.82

II

T6

0.38

0.60

0.63 0.42

0.42

0.63 0.50 0.50

0.50

1.00

0.42

6.00

III

T9

0.50

0.70

0.75 0.42

0.50

0.63 0.50 0.50

0.50

1.00

0.42

6.42

IV

T7

0.63

0.70

0.75 0.58

0.67

0.63 0.60 0.50

0.60

1.00

0.58

7.24

V

T3

0.69

0.70

0.75 0.58

0.75

0.63 0.70 0.50

0.70

1.00

0.58

7.58

VI

T5

0.69

0.70

0.75 0.75

0.75

0.63 0.70 0.63

0.70

1.00

0.67

7.97

VII

T1

0.81

0.70

0.75 0.75

0.75

0.75 0.70 0.63

0.70

1.00

0.75

8.29

VIII

T4

0.88

0.80

0.75 0.83

0.83

0.75 0.80 0.75

0.80

1.00

0.83

9.02

IX

T10

1.00

1.00

1.00 1.00

1.00

1.00 1.00 1.00

1.00

1.00

1.00

11.00 X

increasing the larval weight, effective rate of
rearing, cocoon weight, shell weight and silk ratio
percentage followed by treatment T2. Under
treatment T8 i.e., foliar application of magnesium
sulphate (2 %, w/v), larval weight, effective rate

of rearing, cocoon weight, shell weight and silk
ratio percent increases by 14.21 %, 12.00 %, 22.50
%, 37.22 % and 12.00 % respectively in
comparison to control. Bose et. al., (1995) reported
that mineral contents stimulate the metabolic
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activities in silkworm resulting in quantitative for plant nutrition. It enhances the uptake of
improvement of cocoon and silk. Gunther (1981) nitrogen in the form of nitrates and helps in protein
concluded that about 300 enzyme reactions are synthesis (Das and Chaudhary, 2007).
influenced by Mg ions. When magnesium is
Data in Table 4 indicate the scores allotted
passed on to the silkworms, it accelerates the to the different treatments of secondary nutrients
growth of silkworms through orientation of under study for leaf yield, commercial characters
physiological activities. Moreover, sulphur is of cocoons and chemical constituents of leaves by
known to have an important role in the synthesis the method of Arunachalam and Bandyopadhayay
of amino acids, proteins and vitamins. This may (1984) where lower values signify higher ranking.
be the reason for improvement in commercial It is evident from this table that among different
characters of cocoons due to the application of treatments of secondary nutrients, treatment T8
magnesium sulphate. Further, results of (foliar application of magnesium sulphate, 2%, w/
Viswanath and Krishnamurthy (1982) is similar v) is the best among all treatments in respect of all
to our findings who reported that silkworm larvae the characters under study.
fed with Mg sprayed leaves resulted in better
From the present study it is, therefore,
cocoon yield and cocoon weight. Results of inferred that among all treatments of secondary
Loknath and Shivshankar (1986) also support our nutrients under study, treatment T i.e., foliar
8
findings. They observed that when leaves fortified application of magnesium sulphate (2%,
w/v) is
with Magnesium (1.25 kg/ha) were fed to the best for increasing the quantity and quality
mulberry silkworms, it favourably influenced the of leaves of T. arjuna.
cocoon yield and silk ratio percentage. In REFERENCES
treatment T 2 (basal application of Calcium Association of Official Agricultural Chemists (AOAC)
carbonate, 4.0 q ha-1 ), larval weight, effective rate
(1955) Official methods of analysis, 8th edition,
of rearing, cocoon weight, shell weight and silk
Washington, 99, 373, 118-119, 368.
ratio percentage increased by 11.84 %, 8.66 %, Arunachalam V. and Bandopadhyay, A. (1984). A method
to make decisions jointly on a number of
18.08 %, 23.89 % and 4.87 % respectively as
dependent characters. Indian J. Genet. 44, 413compared with control. These findings are similar
424.
to the findings of Subburathinam and Chetty
Bose
P.
C.,
Singh VI N. R. and Datta R. K. (1995) Effect of
(1991) and Subburathinam et. al., (1993) who also
micronutrients on the biochemical parameters
reported that enrichment of mulberry leaves with
of mulberry (Morus alba L.) leaf. Sericologia, 35,
calcium results in improvement of the commercial
65-69.
characters of cocoons.
Das S. and Chaudhary S. K. (2007) Nutrients and their
Table 3 shows the average chemical
management; in A book of Tasar Culture – Principles
and Practices, Suryanarayana, N., S. K. Gangwar,
composition of T. arjuna leaf under different
R. Kumar and A. K. Shrivastava (eds.) pp, 81-91,
treatments of secondary nutrients. It is evident
Central Tasar Research and Training Institute,
from the table that application of secondary
Ranchi.
nutrients has improved the quality of leaf. Except
Gunther T. H. (1981) Bioc hemistry and
crude fibre, contents of moisture, crude protein,
pathobiochemistry of magnesium. Magnesium
total carbohydrate and total mineral are
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ABSTRACT:
Present investigation deals with the isolation and screening of Aspergillus sp. for
the biosynthesis of xylanase. Isolation of fungi was carried out on Potato Dextrose Agar
(PDA) followed by serial dilution method using the samples obtained from the soil collected
from different areas of Meerut. The culture was incubated at 30 0C for 3-5 days. The fungal
isolates were subculture to purity and examine for xylanolytic activities. Screening for
xylanolytic activities was also performed on potato dextrose agar (PDA) containing 0.1%
(w/v) of xylan from oat spelt. Positive xylanolytic isolates were detected based on the clear
zones of hydrolysis on the xylan. The fungi were considered forxylanase production.
Keywords— Aspergillus, xylanase, xylan.

INTRODUCTION
Fungi are an important component of the
soil micro biota. (Ainsworth & Bisby, 1995). The
role of fungi in the soil is an extremely complex
one and is fundamental to the soil ecosystem
(Diana, 1994). Aspergilli are ubiquitous in nature.
They are geographically widely distributed and
have been observed in a broad range of habitats
principally in soils and decaying vegetation.
Species of Aspergillus are an important
microorganism, both medically and
commercially. Some of these fungi are important
pathogens of plants and animals (Gregory et al.,
1997).
Xylanases have been well characterized by
their properties and mode of action towards xylan
hydrolysis. They have industrial applications in
jute mill, paper and pulp industry, processing of
coffee and poultry feed (Wu et al., 2000). Xylanase
enhance the availability of feed components to

the animal and eliminate some of their natural
occurring nutritional effects(Chen et al.,. 2001).
Owing to these novel applications interest has
increased in microbial production of Xylanse in
the recent years. Production of xylanase by
Aspergillus sp. may be carried out by solid state
fermentation. Isolation and screening of a hyper
producer strain plays a key role in the production
of enzyme ( Haq et al., 2002).
There has been increased usage of xylanase
preparations having an optimum pH < 5.5
produced invariably from fungi (Subramaniyan
and Prema, 2000). The optimum pH for xylan
hydrolysis is around 5 for most of the fungal
xylanases although they are normally stable at
pH 3 - 8. Most of the fungi produce xylanases,
which tolerate temperatures below 50ºC. In
general, with rare exceptions, fungi reported to
be producing xylanases have an initial cultivation
pH lower than 7. Nevertheless it is different in the
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case of bacteria. The pH optima of bacterial
xylanases are in general slightly higher than the
pH optima of fungal xylanases (Khasin et al.,
1993). In most of the industrial applications,
especially paper and pulp industries, the low pH
required for the optimal growth and activity of
xylanase necessitates additional steps in the
subsequent stages which make fungal xylanases
less suitable. Although high xylanase activities
were reported for several fungi, the presence of
considerable amount of cellulase activities and
lower pH optima make the enzyme less suitable
for pulp and paper industries.
In this regards, different cultures of
Aspergillus sp were isolated from soil collected
from different areas of Meerut. The cultures of
Aspergillus sp. were identified and screened out
for the maximum production of xylanases.
MATERIALS AND METHODS
Isolation of fungal isolates:
The different cultures of Aspergillus sp.
were isolated from the agricultural soils
agricultural waste materials (Clark et al., 1958).
The samples were processed using the soil plate
method (Warcup, 1950) and Soil dilution plate
Method (Waksman, 1922).
Soil plate method:
About 1g of soil was scattered on the
bottom of a sterile Petri dish and molten cooled
(40-45oC) agar medium (PDA) was added, which
was then rotated gently to disperse the soil particles
in the medium. The plates were then incubated at
28oC for three days.
Soil dilution plate method:
The soil samples were mixed with sterile
distilled water and a series of dilutions were made.
From the dilutions, 1ml volumes were pippeted
onto Potato Dextrose agar and Czapek Dox agar
and incubated at 28oC for three days. Fungal were
then screened for Aspergillus species.
Screening of soil fungal isolates for
Xylanolytic activity:
A total of eight isolates were assayed for
xylanase activity. Screening for xylanolytic
activities was performed on malt extract agar
(PDA) containing 0.1% (w/v) of xylan from oat
spelt, pH 5.0. Culture plates with xylan containing
agar medium were inoculated with each isolate

and incubated for 3-5 days at 30°C. Positive
xylanolytic isolates were detected based on the
clear zones of hydrolysis on the xylan.
Identification of Aspergillus species:
Identification was done on the basis of clear
zone of hydrolysis on culture plates containing
xylan. Identification was performed according to
Raper & Thom (1945) and Gilman (1957).
RESULTS
The isolated and screened Aspergillus sp.
from agriculture soil and waste material from
different places of Meerut were purified and
identified on the basis of their morphological
characteristics Raper & Thom (1945). Out of eight
isolates a greater number of species and colonies
were isolated on soil plates than on dilution plates.
Isolate 2 and Isolate 4 cultures had a highest
growth (6.5 and 5.25 mm) on PDA (Table 1). at
temperature 25-35 °C. Isolate 2 had highest zone
of clearance 3.5 mm (Table 2).
Table 1. Per day growth in mm at room temperature.
S. NO. Name of
PDA
Temperature
Isolates
medium
°C
1
Isolate 1
5.0
25-35
2
Isolate 2
6.5
25-35
3
Isolate 3
4.8
25-35
4
Isolate 4
5.25
25-35
5
Isolate 5
2.8
25-35
6
Isolate 6
4.7
25-35
7
Isolate 7
4.9
25-35
8
Isolate 8
4.8
25-35
Table 2. Clear zone of hydrolysis in mm by all isolates.
S. NO. Name of
Clear zone of hydrolysis
Isolates
1
Isolate 1
1.5
2
Isolate 2
3.5
3
Isolate 3
1
4
Isolate 4
2
5
Isolate 5
3
6
Isolate 6
2.4
7
Isolate 7
1.25
8
Isolate 8
2.25
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ABSTRACT
Two field experiments with different levels of phosphorous and potassium
fertilizers were conducted to determine phosphatic and potassic fertilizers
requirements of mulberry under rain fed condition based on soil test values. The
biomass production (yield) of mulberry at different levels of phosphorus and
potassium fertilizers were subjected to Mitscherlish- Bray equation to estimate
the important parameters responsible for mulberry growth and production,
namely, theoretical maximum yield (A), efficiency factor for soil nutrient(C1) and
efficiency factor for added fertilizer nutrient (C). By utilizing the estimated C1 and
C values, a ready reckoner of phosphatic and potassic fertilizers requirements for
mulberry has been prepared with respect to sandy loam soil.
Key words: Mitscherlich- Bray equation, theoretical maximum yield, phosphatic
and potassium fertilizers.

INDTRODUCTION
The profitability of sericulturist depends on
quality and yield of leaves of the food plants on
which the silk worm are fed. Maximization of leaf
yield per unit area will lead to increase in cocoon
production per hectare at reduced cost (Sinha et
al., 2002). The improvement in quality and yield
depends on the nutrient status of the soil and
proper addition of fertilizers. Several studies have
been carried out on the effect of fertilization and
other agronomical practices on the yield and
quality of mulberry leaf (Pain, 1965;
Kasiviswanathan and Iyengar, 1970; Ray et al.,
1973). These studies were limited to generalization.
Fertilizer recommendations were not based on soil
test values. Kar et al., (2000) developed only
nitrogen fertilizer recommendation for mulberry

for different nitrogen availability. Hence, this study
has been undertaken to assess potassic and
phosphatic fertilizers requirements of mulberry
based on soil test values.
MATERIALS AND METHODS
Two experiments were conducted in uniform
conditions in experimental fields of Centre for
Integrated Sericulture Research, Jorhat for
consecutive three years for the assessment of
phosphatic and potassic fertilizers requirement for
mulberry under rain fed condition. For the
assessment of phosphatic fertilizer requirement,
the experiment was conducted with varying levels
of phosphorus (0, 15, 30, 45 and 60 kg /ha/year)
and potassium (50 kg/ha/year). Similarly, for the
assessment of potassium fertilizer requirement, the
experiment was carried out with varying levels of
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potassium (0, 15, 30, 45 and 60 kg/ha/year) and both the tables that biomass yield increases with
phosphorus (50 kg/ha/year).
the increase in phosphorus and potassium levels.
Randomized Block Design with four With the increase in phosphorus level, biomass
replications was followed for both the experiments. yield increases from 30.20 to 38.66 ton/ha
A sample size of 36 plants per replication with whereas, increase in potassium level was found to
90cm × 90 cm spacing was considered suitable be 27.93 to 35.89 ton/ha. These results are in
for the experiment. Soil texture, pH, available N, agreement with the findings of Ray et al., 1973
P & K were determined following the methods and Das et al., 1993. The data obtained were
described in the text book of Soil and Plant subjected to Mitscherlich- Bray equation and A,
Analysis by Piper(1966).
C1 and C calculated. Theoretical maximum yields
Two years old S1635 mulberry variety was ‘A’ for different levels of phosphorus and
taken for both the experiments. The plantation was potassium application are 44.67 ton/ha and 39.81
maintained following the recommended package ton /ha respectively. The ratio C1/C is higher under
of practices for respective field. Treatments were different levels of phosphorus application and
applied in two equal splits. Leaf and shoot yield lower in case of potassium application. It indicates
data were recorded crop wise. Annually, three that utilization of higher rate of P and lower rate
crops were harvested. Annual biomass was of K would give optimum biomass yield. This
computed by pooling three crops data.
observation is similar to Shete and Sonar (1993).
The data so obtained were subjected to
The mean C1 and C values for phosphorus
Mitscherlich- Bray equation (Shete and Sonar, and potassium have been employed in
1993) which is as follows for assessment of Mitscherlich-Bray equation for preparation of
phosphorus and potassium requirements for phosphatic and potassic fertilizers
mulberry based on soil test values.
Table-1: Initial Characteristics of
log (A-Y) = logA- C1b-Cx
experimental soil
Where, A is theoretical maximum yield, Y is actual
Characteristic
Phosphorus Potassium
yield obtained, b is native soil nutrient, C1 is
Expt.
Expt.
efficiency factor for soil nutrient, x is added
Texture
Sandy
loam
Sandy
fertilizer nutrient and C is efficiency factor for
loam
added fertilizer nutrient.
pH (1:2.5)
5.05
5.17
RESULTS AND DISCUSSION
Organic
carbon
(%)
0.36
0.40
The initial soil characteristics under both the
200
220
experiments have been shown in Table 1. Effects Alkaline KMnO4
–
N(kg/ha)
of different doses of phosphorus and potassium
18
13
on the annual biomass yield have been presented Bray-P(kg/ha)
in Table-2 and 3 respectively. It is evident from NH4OAC-(kg/ha)
75
87
Table-2: Mulberry biomass yield and efficiency coefficients of soil and phosphatic fertilizer
under rain fed condition
P2O5 (kg/ha/yr)
Yield (ton/ha)
Calculated 1/x
C1
C
C1/C
applied (x)
(y)
log y
0
30.20
0.0223
0.0073 3.81
15
33.34
1.52
0.067
0.0083
30
36.56
1.56
0.033
0.0065
45
37.33
1.57
0.022
0.0065
60
38.66
1.59
0.017
0.0063
Mean
0.0223
0.0586
Theoretical max. yield: 44.67 ton/ha
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Table-3 Mulberry biomass yield and efficiency coefficients of soil and potassic fertilizer
under rain fed condition
P2O5 (kg/ha/yr)
Yield (ton/ha)
Calculated 1/x
C1
C
C1/C
applied (x)
(y)
log y
0
27.93
0.0045
15
32.59
1.500
0.0667
0.0105
30
33.88
1.530
0.0333
0.0101 0.48
45
35.24
1.547
0.0222
0.0091
60
35.89
1.555
0.0167
0.0080
Mean
0.0045
0.0094
Theoretical max. yield: 39.81 ton/ha
Table 4: Phosphatic fertilizer recommendation chart for mulberry
Soil test value
Targeted yield, % of theoretical maximum
P2O5 (kg/ha)

70

75

80

Fertilizer P2O5 (kg/ha/yr) required
5

72

86

104

10

53

66

85

15

33

47

64

20

14

27

45

25

0

7.5

25

30

0

0

5.5

Table-5: Potassic fertilizer recommendation chart for mulberry
Soil test value
Targeted yield, % of theoretical maximum
P2O5 (kg/ha)

70

75

80

Fertilizer P2O5 (kg/ha/yr) required
25

43

52

63

50

32

40

51

75

20

28

39

100

8

16

27

125

0

5

15

150

0

0

3
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recommendations (Table 4&5). Table 4 & 5 clearly
indicates that requirements of phosphorus and
potassium depend on soil test values and targeted
yield.
Thus, from the present study, a ready
reckoner for utilization of phosphatic and potassic
fertilizers has been prepared which will prevent
the irrational application of fertilizers. Further,
preparation of ready reckoner by MitscherlichBray concept indicates that this concept can be
successfully employed for soil test based fertilizer
recommendation in mulberry cultivation.
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ABSTRACT
Tasar silkworm Antheraea mylitta D. is a polyphagous insect and is reared out
door on the food plant like as Terminalia arjuna, Terminalia tomentosa, Shorea robusta.
Productivity of cocoon in out door rearing is poor due to attack of number of pests,
predators and diseases besides natural vagaries such as, wide fluctuating
temperature, heavy rain and stormy wind etc. Attempts were made in the past to
increase the cocoon production by adopting various methods of indoor rearing
particularly for early instar worms and also by improving the rearing conditions.
In the present study, indoor rearing was conducted in wooden tray supported
with wooden rearing frames specially designed for young age and late age
silkworms. Trials were taken up to determine optimum number of feeds per day
for indoor rearing of tasar silkworm and there effects on disease incidence. Three
feed per day resulted significantly lower mortality of worms due to diseases and
other factors (65% and 70% during I and II crop respectively). Larval period was
also recorded less under three feeding condition. Significant increase in commercial
characters (cocoon weight and shell weight) was observed under three feedings
condition than other feeding treatments.
Key words: Antheraea mylitta, indoor rearing, wooden rearing frame.

INTRODUCTION
Larval feeding in non-feeding adult insect
is an active and dynamic process, and the amount,
rate and quality of food consumed directly affects
the growth, development, final weight, survival
and reproductive potential as well (Slansky and
Scriber, 1985). The tropical tasar silkworm,
Antheraea mylitta D is polyphagous insect. It is
commercially reared out doors on its primary food
plants, Terminalia arjuna, Terminalia tomentosa,
and Shorea robusta. Traditional rearing method of
tasar silkworm on nature grown forest plantations
has many disadvantages like erratic climatic
conditions, lack of watch and ward and free access
to parasites, pathogens and predators lead to

extremely low returns. There is heavy population
loss to the tune of 50-55% in early instars due to
pests and predators attack when reared out door
but in indoor rearing this loss during early instars
can be reduced (Jolly et al., 1974, 1979, Mathur et
al., 1999). It is pertinent to ensure higher recovery
which is possible only in rearing the silkworm
under controlled condition. Domestication of
silkworm i.e. the indoor rearing at the Institute
level has been tried by many scientists to study
the nutritional ecology (Rath et al., 1999; Ojha et
al., 2000; Sinha et al., 2000). But works are still
required to standardize the indoor rearing
technique for higher survivability. Insects attain
their functional optima through intake and growth
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technologies and devices which are in use, and about
(II crop) were taken for the experiments.
58 research papers to his credit were published in
Entire rearing operation was conducted
reputed International and National Journals and
attended a number of International and National
in a pre-disinfected rearing room. On the day of
Conference to present his research findings. His fields
hatching, the eggs were transferred from incubator
of specialization are: Aging, Insect Nutrition and
to disinfected rearing tray. The hatched worms
Reproduction. He was invited to the Annual meeting
were fed with tender leaves (except the two whorls
of Society for Invertebrate Pathology to give a
of apical leaves) of Terminalia arjuna (Arjun). All
presentation on “Microsporidia in Silk Moth” held in
Wuhan, China during 27 August-01 September, 2006.
the rearing trays were kept on rearing rack
His biography has been included in the special premier
separately treatment-wise. Young age rearing was
edition of Who’s Who Asia as one of the leading
conducted on small size rearing frame and during
achievers in his field during 2006 and in 25th Silver
the late age worms were transferred on to the large
Anniversary Edition of Who’s Who in the World in
size rearing frame. Bed cleaning was carried out
November 2007 (published by Marquis Who’s Who,
USA). He is associated with International Journals like
every day morning by replacing the news paper
Caspian Journal of Environmental Sciences and
along with litters and dead worms. During the
African Journal of Biotechnology as a reviewer.
whole process of rearing hygiene was maintained.
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c. Leaf harvesting
Leaf harvesting was preferred between 57 AM and then preserved up to 6 pm in a bamboo
box covered with wet gunny cloth to keep the
moisture content of the leaves. Leaf quality was
maintained as per the need of the worms of a
particular instar.
d. Feeding treatments
Four feeding trials were taken up by
providing different number of feeds per day as
follows:
T1-Only one feeding in a day at 9 AM
T2-Three feeds a day at 6 AM, 1PM, and 6 PM
T3- Four feeds in a day 6 AM, 10 AM, 2 PM and 6
PM
T4- Two feeds a day at 6 AM, and 6 PM (Control)
Each treatment has four replications and
each with two hundred worms.
e. Spinning
At the end of the fifth instar the weight
and size of the larva reach their peak. Soon the
feeding stops and the larva discharges the last
excreta (gut purging) and emptying the gut, thus
indicates that the larva is ready to spin the cocoon.
Here the matured worms were selected and
placed in separate tray for smooth spinning. In
spinning trays sufficient leaves along with twigs
were kept for making hammock and ring. During
the process cocooning worms were not disturbed.
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Cocoons were harvested after 10 days and they
were tied in form garland and stored in the cocoon
cage.
During the experiment data on effective
rate of rearing and commercial characters of the
cocoon were recorded and were statistically
analysed using analysis of variance (ANOVA).
RESULTS
The results are presented in Table 1-4.
Increase frequency of feeding to 3 feeds /day (T2)
significantly enhance the ERR % in both crops.
The ERR % increased by 16.66 % over control (T4)
and 94.4% over T1 (one feeds per day) during I
crop of rearing (Table-1). When one feeds per day
(T1) was maintained the ERR% was declined by
40% over T4 (control) while four feeds/day (T3)
registered a decline of 6.7%. Three feeds per day
(T2) has resulted significantly higher ERR % in I
and II crop. Based on pooled data the ERR % in
different treatment can be arranged in following
order T2>T4>T3>T1. The performance of I crop in
indoor rearing was always a better one than the II
crop (Table 1).
Larval duration was significantly increased
to 49 days in one feeds per day (T1) and less (36
days) in T2 than other treatments (Table 2).
In T2 the mortality was significantly low
(I crop 65 % and in II crop70 %) in comparison to
other treatments (Table 2). Treatment having four
feeds per day (T3) has resulted maximum (I crop
Table-1.Effect of frequency of feeding on rearing performance
Treatments
Effective rate of
Pooled
Mean
Performance of II
rearing %
value
crop over I crop
I Crop
II Crop
T1(One feeds/day)
18
12
30
15.0
-33.3%
(-40.0)
(-50.0)
T2(Three feeds/day) 35
30
65
32.5
-14.3%
(+16.6)
(+25.0)
T3(Four feeds/day
28
21
49
24.5
-.25.0%
(-6.6)
(-12.5)
T4(Two feeds/day,
Control)
30
24
54
27.0
-20.0%
CD% at 5%
4.10
4.85
4.47
(Figures in parenthesis indicate change over control)
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Table-2. Effect of frequency of feeding on mortality of worms
Treatments
Mortality %
Pooled value
Mean
I Crop
II Crop
T1(One feed/day)
82
88
170
85.0
T2(Three feeds/day)
65
70
135
67.5
T3(Four feeds/day)
72
79
151
75.5
T4(Two feeds/day
Control)
70
76
146
73.0
CD% at 5%
4.10
3.85
4.47

Larval Period
in days
49
36
40
44
2.56

Table - 3. Effect of frequency of feeding on disease incidence
Treatments
Disease Incidence%
Mortality due to other factors
Virosis
Bacteriosis
I
II Pooled Mean
I
II
Pooled Mean
I
II
Pooled Mean
Crop Crop Value
Crop Crop Value
Crop Crop Value
T1 (One feed 21
14
35
17.5 14
26
40
20.0 47
48
95
47.5
/day)
T2 (Three
29
35
64
32.0 22
20
42
21.0 14
15
29
14.5
feeds/day)
T3 (Four
40
43
83
41.5 26
28
54
27.0 6
8
14
7.0
feeds/day)
T4 (Two feeds 36
31
67
33.5 19
23
42
21.0 15
22
37
18.5
/day, Control)
C.D. at 5%
3.76 4.85 4.32 4.26 4.06 4.16 6.98 7.65 7.35
Table-4. Effect of frequency of feeding on commercial characters of cocoons.
Treatments
Cocoon weight(g)
Shell weight(g)
Silk ratio (%)
I Crop II Crop Mean I Crop II Crop Mean I Crop II Crop Mean
T1
8.96
8.78
8.87
0.92
0.89
0.90
10.26
10.13
10.19
T2
10.97
10.85
10.91
1.57
1.61
1.59
14.31
14.83
14.57
T3
10.12
10.14
10.13
1.22
1.23
1.22
12.05
12.13
12.09
T4
10.62
10.73
10.67
1.34
1.28
1.31
12.61
11.92
12.26
C.D. at 5%
0.32
0.11
0.21
0.17
0.26
0.22
NS
NS
NS
40 % and in II crop 43 %) disease incidence of
virosis which was significantly higher than other
treatments so also mortality due to bacteriosis
(26% and 28% during I and II crop respectively).
Interestingly mortality recorded for virosis and
bacteriosis in T1 were lowest than all but the larvae
in the same treatment were reported dead due to
other factors (Table 3). Above all the mortality

recorded were in the order of T1>T3>T4>T2.
Significant differences in cocoon weight
and shell weight were observed among treatment
groups. The pooled data revealed minimum single
cocoon weight (8.87gram) and single shell weight
(0.92gram) for T1 while in T2 the cocoon weight
higher single cocoon weight were 10.91 and 1.59
respectively. Based on pooled data of commercial
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characters the feeding trials can be arranged in frame supports comparatively large quantity of
the order T2> T3> T4> T2 (Table-4).
leaves and thus facilitates the bigger larva to feed.
Thus, the overall result revealed that T2 is
Silkworms passing last excreta were
better than others.
picked up and put in a separate tray over matured
leaves kept on late age rearing frame for cocoon
DISCUSSION
The success obtained in the present attempt spinning. Late age rearing frames was also found
at indoor rearing up to cocooning was due to the very helpful during cocoon formation. The bigger
introduction of wooden rearing frame. Such rearing frame provides optimum space is for
special type support was not used in earlier hammock, ring and peduncle formation.
The present study indicates the feasibility
attempts for rearing of A. mylitta (Jollly et al.,
of
indoor
rearing of tasar silkworm Antheraea
1972, 1974, 1979; Thangavelu and Sahu, 1983;
Tikoo and Singh, 1990; Thangavelu et al., 1993; mylitta in wooden tray along with wooden rearing
Ojha et al., 1994). Rearing till cocoon formation frame up to spinning stage by adopting 3 feed
was conducted in wooden tray having specially per day. This method can be adopted for better
designed frames to facilitate cocooning and restrict cocoon production and for conducting various
the worm inside the tray (Negi et al. 2004 and experiments and maintenance of precious
Prasad et al. 2005). Higher rate of nutrition results germplasm.
in higher survivability of Antheraea mylitta (Rath,
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HEMOCYTES PROFILE OF STINK BUG, CANTHECONA FURCELLUTA
Wolff: A SEVERE PEST OF ANTHERAEA MYLITTA DRURY
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Silkworm Physiology Laboratory,
Central Tasar Research and Training Institute, P.O. Piska Nagri, Ranchi- 835 303, India
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ABSTRACT:
The five types of hemocytes were documented in Stink bug, Canthecona
furcelluta Wolff, they are prohaemocytes (PRs), plasmatocytes (PLs), granulocytes
(GRs), adipohaemocytes (ADs) and oenocytoids (OEs). PRs are small spherical cells
with a centrally located large rounded nucleus filling the entire cytoplasmic area.
Mitotic divisions are frequently seen in these cells. PLs are spindle shaped biramous,
triramous and possess relatively smaller central nucleus with cytoplasmic
prolongations. GRs are spherical with centrally located nucleus. Their cytoplasm
is normally crammed with thick granules of diverse sizes. ADs are large, roughly
rounded to ovoid in shape with a comparatively small eccentric nucleus. OEs are
also large sphere-shaped with a small rounded eccentric nucleus and their
cytoplasm is generally thick and uniform. In addition great deal of variations was
recorded in the differential hemocyte count (DHC) of nymhal and adult stage.
Key words: Hemocyte, differential hemocyte count, Canthecona furcelluta, Antheraea
mylitta,

INTRODUCTION
Man has faced the nuisance of insect pests
quite early in the history of his existence. They
cause not only heavy loss to agricultural crops and
silk industry but also, fruits, vegetables, clothes,
various houses hold commodities etc. Stink bug
Canthecona furcelluta Wolff is the blood sucking
pest of the tropical Tasar insect of India, Antheraea
mylitta Drury and cause serious damage to Tasar
industry every year. Haemolymph cells
(hemocytes) are key component of the insect
defense system with multiple functions such as
nodule formation, phagocytosis, encapsulation,
synthesis and transport of nutrients, hormone
carrier, wound healing etc. Hemocytes are also
reported as a source of storage protein. Hemocytes
categories and their counts were studied by several

researchers (Wigglesworth 1959; Jones 1962;
Gupta, 1979; Lackie 1988; Jalali et al., 2008). The
various aspects of hemocytes have been studied
in hemipterous insects by a number of workers
(Sonawane and More, 1993; Sharma et al., 1998;
George and Ambrose, 2004). In A. mylitta five
types of hemolymph cells were recorded viz.
prohaemocytes (PRs), plasmatocytes (PLs)
granulocytes (GRs), spherulocyte (SPs),
adipohaemocytes (ADs), oenocytoids (OEs)
(Sharan et al., 2005). In our knowledge best
hemocyte profile of Tasar silkworm A. mylitta
serious pest C. furcelluta are totally ignored by
researchers. Considering all these aspects the
present study was, therefore, conducted to
investigate the hemocytes categories, their
structure and profile of Stink bug, C. furcelluta.

100

Dinesh Kumar et al.

Dr. Dinesh Kumar
Scientist C
Present
Address:
Silkworm
Physiology Laboratory, Central Tasar
Research and Training Institute,
Central Silk Board, P. O. Piska-Nagri,
RANCHI, Jharkhand PIN: 835303
Ph. D. ** Dr. B. R. Ambedkar
University, Agra U.P.)2010

MATERIALS AND METHODS
Insect culture conditions: Stink bug, C.
furcelluta Wolff (Hemiptera: Pentatomidae)
insects were obtained from field premises i.e.
silkworm rearing site, Central Tasar Research and
Training Institute, P.O. Piska Nagri, Ranchi, India.
Blood smear slide preparation: Blood samples
were obtained from desired stages and age groups
in live insects. A drop of haemolymph obtained
near the edge of a slide by cutting antenna was
drawn into a thin uniform film by pulling the edge
of an inclined slide backward. The film was airdried and stained.
Giemsa Hemocyte Staining Technique: Stock
solution of Giemsa stain was prepared by
employing the method of Yeager (1945) and a
portion of it were diluted to 10 times with distilled
water. The air-dried smear was stained with the
diluted stain for 20 minutes. The slide was rinsed
in distilled water and mounted in DPX.
Observations on hemocyte categories based on
morphology, function and staining reaction were
made by light and phase contrast microscopy.
Differential hemocyte count (DHC): 200 cells
of different categories were selected and from
random areas of stained smears of 10 insects from
both the experimental and control groups made
it separately and the percentage of different cell
types was calculated.
RESULTS
Based on morphology and staining
reaction, five types of hemocytes viz.
prohaemocytes (PRs), plasmatocytes (PLs),
granulocytes (GRs), adipohaemocytes (ADs) and
oenocytoids (OEs) have been documented in C.
furcelluta Wolff (Fig.1).
PRs: These cells were spherical with scanty
cytoplasm and a large rounded nucleus both the

nucleus and cytoplasm are basophilic. Mitotic
divisions were often seen in PRs.
PLs: The PLs were fusiform, spindle shaped,
biramous or triramous. The somewhat smaller
central nucleus either rounded or oval in shape.
These cells possessed a spherical or a triangular
central body with small or long cytoplasmic
prolongations. The cytoplasm of these cells
appears finely granulated and the nucleus with
discrete chromatin granules.
GRs: The GRs were spherical and their rounded
nucleus was centrally located. The nuclear
chromatin was homogeneous and the cytoplasm
was granular. The nucleus occupies 25 to 35 per
cent of the cell space. The cytoplasm was
characteristically filled with dense granules of
different size. The granules due to their large
numbers every now and then hide the nucleus.
ADs: ADs were large roughly rounded with the
spherical nucleus was eccentric occupying 12-18
per cent of the cellular space. The nucleus was
relatively small rounded or slightly elongated. A
number of globules possibly of fat were observed
in the cytoplasm.
OEs: In these were large spherical cells with
widely variable sizes small round eccentric nucleus
occupying 9-21 per cent of cellular space. The
cytoplasm was generally thick and homogeneous.
These cells were small to large and rounded in
shape with a smooth cell boundary. Infrequently,
two nuclei may be present.
DHC: The relative percentages of different types
of hemocytes vary greatly in 24hr old V instar
nymphs and adult bugs. The count of PRs and
ADs were more in 24 hr old nymph and more
PLs and OEs were recorded in 24 hr old adult
bugs. The count of GRs was very less and pattern
of change in profile of PLs and ADs looks
interrelated in nymph and adult insects (Fig. 2).
DISCUSSION
In present study, five types of hemocytes;
PRs, PLs, GRs, ADs and OEs have been
recognized on the basis of their distinctive
morphological features and staning reaction.
These cell types have been reported by several
researchers in different insects (Wigglesworth
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1959; Jones 1962; Gupta, 1979; Lackie 1988; Jalali reported in all insect orders as leucocytes,
et al., 2008). The hemocytes in hemipteran insects micronucleocytes, giant fusiform cells,
have been studied by several workers (Sonawane lamellocytes and immunocytes (Gupta, 1985a).
and More, 1993; Sharma et al., 1998; George and Because of the typical features of their own, PLs
Ambrose, 2004). PRs are reported in almost all and PLs have been given separate identities in
the insect orders except Collembola, Thysanura present investigation. GRs are plesiomorphic and
and Odonata (Gupta, 1985a) and have been are the only hemocyte types that have been
reported in all arthropod groups and
variously named for instance, proleucocytes
Onychophora (Gupta, 1985a) as amoebocytes
(Hollande, 1911). Hollande’s proleucocytes were with granular cytoplasm, pycnoleucocytes (Wille
later changed as PRs by Jones (1965) on the basis and Vecchi, 1966). ADs were reported only in
of their different origin and relationships among seven higher insect orders as adipospherules,
insects. Except Collembola, PLs have been adipoleucocytes, spheroidocytes and adipocytes.

Fig.1. Types of hemocyte in Canthecona furcelluta A- prohaemocytes,
B- granulocytes C- adipohaemocytes, D- oenocytoids and E-F- plasmatocytes.
Percentage of different hemocyte types

60.0
Nymph

50.0

Adult

40.0
30.0
20.0
10.0
0.0
PRs

PLs

GRs
ADs
Types hemocytes

OEs

Fig 2. DHC of 24 hr old V instar nymph and adult of Stink bug,
Canthecona furcelluta (n=10).

102

Dinesh Kumar et al.
histochemical observations on the blood cells
While Ashhurst and Richards (1964) and Shapiro
of the wax-moth, Galleria mellonella L. J. Morph.
(1968) reported ADs in G. mellonella. Likewise in
114: 247-253.
present investigation, ADs were regarded as a George, P. G. E. and Ambrose, D. P. 2004. Impact of
distinct cell type. OEs were not detected in
insecticdes on the haemogram of Rhynocoris
kumarii Ambrose and Livingstone (Hem;
Collembola, Thysanura, Odonata, Orthoptera,
Reduviidae). JEN, 128: 600-604.
Dermaptera, Mantodea, Plecoptera and
Gupta, A. P. 1979. Haemocyte types: Their structure,
Neuroptera and thus have been reported in ten
synonymies, interrelationships and taxonomic
insect orders (Gupta, 1985a). These cells (OEs)
significance. In: Insect haemocytes, (Ed Gupta, A P),
were variously named as oenocytes, non-granular
85-127, Cambridge University Press, Cambridge.
Gupta,
A. P. 1985(a). Cellular elements in the
spindle cells and the crystalloid cells. While these
haemolymph.
In : Comprehensive insect
cells have been attributed various shapes viz.
physiology, biochemistry and pharmacology
rounded to ovoid, rod-shaped, elongated, fusiform
(Eds. Kerkut, G A and Gilbert, L I), 401-451, Vol.
or even triramous in different species of Noctuidae
3, Pergamon Press, Oxford.
(Arnold, 1982), Gupta (1985b) found them Gupta, A. P. 1985(b). The identity of the so-called crescent
cell in the haemolymph of the cockroach,
crescent shaped in the cockroach, Gromphadorhina
Gromphadorhina portentosa (Schaum) (Dictyoptera:
portentosa. Like other researchers a variation in
Blaberidae). Cytologia, 50: 1- 8.
DHC was observed in present insect also. More Hollande, A. C. 1911. Etude histologiques comparee du
sang des insectes a hemorrhee et des insectes
PRs count was noticed in our study corroborate
sans hemorrhee. Arch. Zool. Exp. Gen. (ser. 5). 6:
the report of Yeager (1945) and Jalali and Salehi
(2008).They found the PRs have their peak in early Jalali, J.283-323.
and Salehi R. 2008. The hemocyte types,
instar nymph/larvae and this gives weight to the
differential and total count in Papiliodemoleus L
normally established view that PRs are the stem(Lepidoptera:
Papilionidae)
during
postembryonic development . Mun. Ent. Zool. 3
cells which give rise to other cell types (Jones, 1962;
(1): 199-216.
Gupta, 1979). More PLs and and OEs number in
Jones, J. C. 1962. Current concepts concerning insect
adult C. furcelluta in comparison to nymph
haemocytes. Amer. Zool. 2, 209-246.
suggest their involvement in egg production. Very Jones, J. C. 1965. The haemocytes of Rhodnius prolixus (Stal).
Biol. Bull. (Woods Hole), 129: 282-294.
less number of GRs was recorded in present insect
probably due to i) other cell types are doing Lackie, A. M. 1988. Haemocyte behaviour. Adv. Insect
Physiol. 21: 85-178.
analogous function similar to GRs ii) C. furcelluta Ribero, C.
and Brehelin, M. 2006. Insect hemocytes: what
is utilizing the haemolymph of other insects (such
type of cell is that? J. Insect Physiol. 52: 417-429.
as A. mylitta) as equivalent function of GRs. Shapiro, M. 1968. Change in the haemocyte population
of the wax moth, Galleria mellonella, during
Further confirmation need to be done to prove
wound healing. J. Insect Physiol. 14: 1725-1733.
why the count of GRs is very less in present insect.
Sharan, S. K. Mishra, P. K. and Suryanarayana, N. 2005.
Conclusions: A hemocyte profile of Stink bug,
Structure of the haemocytes of Tasar silkworm,
Antheraea mylitta Drury (lepidoptera:
C. furcelluta was studied probably first time and
Saturniidae). Proceeding of the 20th Congress of
five types of hemocytes were identified they were
the International Sericulture Commission,
PRs, PLs, GRs, ADs and OEs. Obvious changes
Bangalore, 15-18 Dec. Vol. II, pp 180-189.
in DHC of 24 hr old nymph and adult were Sharma, P. R. Tikku, K. and Saxena, B. P. 1998. A light and
electron microscopic study of the haemocytes
observed. Since hemocytes are key component of
of adult red cotton bug, Dysdercus koenigii. Biologia,
the insect defense system with multiple functions
Bratislava, 53: 759-764.
such as nodule formation, phagocytosis, Sonawane, V. S. and More, K. N. 1993. The circulating
encapsulation, synthesis and transport of
haemocytes of the bed bug, Cimex rotundatus
nutrients, hormone carrier, wound healing etc.
(Sign.) (Heteroptera: Cimicidae). J. Anim. Morphol.
Physiol. 40: 79-86.
Present study at hemocytic level will open the
door for researchers in the area of A. mylitta pest Wigglesworth, V. B. 1959. Insect blood cells. Ann. Rev.
Ent. 4: 1-16.
control at cellular level.
Wille, H. and Vecchi, M. A. 1966. Etude sur l haemolymph
de l’abelle (Apis mellifica L.).I. Les-frottisde sang
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STUDIES ON PROGRESSION GROWTH FACTOR FOR ERI SILKMOTH,
SAMIA RICINI DONOVAN (LEPIDOPTERA: SATURNIIDAE)
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Central Silk Board
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27 Kholi, Vikash nagar, Bilaspur- 495 001(C.G.)
ABSTRACT
The Progression Growth Factor was studied for Eri silkmoth, Samia ricini
Donovan by rearing the larvae on the leaves of four food plants (Castor, Ricinus
communis; Kesseru, Heteropanax fragrans; Tapioca, Manihot utilissima and papaya, Carica
papaya) at 26-280C temperature and 60-85% relative humidity.
It was observed that the values of Progression Growth Factor were almost
at par for castor and kesseru leaves indicating that growth was similar on both of
the host plants. The value was lesser for tapioca leaves than castor and kesseru.
However, the larvae could not complete their life cycle on papaya leaves.
Key words: Eri silkmoth, larva, Progression Growth Factor, Castor, Kesseru, Tapioca
and Papaya

INTRODUCTION
The study on growth has vast application
in various fields of biology. Several workers have
published data on growth measurements (Safer,
1923; Yagi, 1926; Hodge, 1933; Duarte, 1938;
Devey, 1954; Misra, 1962; Sidhu and Misra, 1980).
Growth has two aspects viz. the course of growth
and the rate of growth. The course of growth is
studied by cumulative or summation curves,
which integrates all the successive magnitudes of
gains added from time to time as the age
advances, giving a continuous whole picture. This
curve, however, can not tell about the fluctuations
in the rate by which the gains are attained. The
day to day gains in weight are revealed by the
Rate of Growth, which plot the successive
differences in gains, giving the curves of first
differences (Brody, 1927; Thompson, 1942; Misra,
1962 and Joshi, 1981).
The Progression Growth Factor (PGF) is a

part of course of growth and shows the multiple
by which the weight of the larva has increased
from one instar to the next. Thus, the study of
Progression Growth Factor is very much helpful
in the evaluation of different food plants. The
present study was therefore, undertaken to
evaluate various host plants of Eri silkmoth, Samia
ricini Donovan.
MATERIAL AND METHODS
After microscopic examination of female
moths for disease freeness, their eggs were utilized
for this experiment. Immediately after hatching
the larvae of Eri silkmoth, S. ricini were allowed
to feed on tender leaves of Castor (R. communis);
Kesseru (Heteropanax fragrans); Tapioca (Manihot
utilisima) and Papaya (Carica papaya) to first and
second instar larvae, more mature leaves to third
instar larvae, while most mature leaves were fed
to fourth and fifth instar larvae. As far as possible
leaves of same thickness and growth were selected
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RESULTS AND DISCUSSION
Table-1 shows that the growth in body
weight of Eri silkworm, S. ricini
has been progressing at a uniformly slow rate on
all the three diets up to the beginning of the fourth
instar when their weights increased in multiple of
an average of 4.72 irrespective of the diet being
R. communis or H. fragrance or M. utilissima.
However, the Progression Growth Factor on
Papaya diet is very less (2.85). It is interesting to
note that during later stages, the larval weight
increase had become exponential and wellmarked. The Progression Factor on Castor (R.
communis) and Kesseru (H. fragrance) diet is
same, indicating that growth on castor fed larvae
and on kesseru fed larvae is almost at par. The
value of Progression Growth Factor is lesser (4.87)
on tapioca fed larvae than on castor fed and
kesseru fed larvae. In case of papaya the larvae
could not complete their life cycle as mortality
started from first instar and all the larvae died after
third instar, indicating that papaya leaves may
not be allowed to feed for successful rearing.
Looking into over all mean value of
Progression Growth Factor of all the stages, the
order of suitability of these host plants can be
considered as follows:
R. communis> H. fragrance > M. utilissima
> C. papaya

from the plants. This was done to ensure
uniformity in the quality of the feed in all the
replicates. If, however, the leaves from one plant
were found insufficient, the leaves from another
plant of equal growth and age were plucked and
added to ensure feeding ad libitum.
The experiment was conducted at 26 0
28 C temperature and 60-85% relative humidity.
There were three replications for each of
the food plant having 100 larvae in each.
The experiment was repeated thrice and
an average value was taken for the result.
Table-1. Progression Growth Factor (Course of Growth) of the Eri silkmoth, Samia ricini
D., when the larvae were reared on four food plants
Instar /
Castor
Kesseru
Tapioca
Papaya
Stage
Av.wt. #
PGF*
Av.wt. # PGF*
Av.wt. # PGF*
Av.wt. #
PGF*
( in mg.)
( in mg.)
( in mg.)
( in mg.)
I
1.53
1.55
1.54
1.54
II
4.78
3.12
4.98
3.21
4.01
2.60
3.08
2.00
III
24.45
5.12
23.95
4.81
22.78
5.68
20.15
6.54
IV
148.53
6.07
147.25
6.15
131.50
5.77
survival:zero 0
mean
4.77
4.72
4.68
2.85
V
690.90
4.65
685.5
4.66
589.00
4.48
survival:zero 0
At
spinning 4911.00
7.11
4869.0
7.10
3428.00 5.82
survival:zero 0
stage
mean
5.88
5.88
5.15
Mean of the whole
5.21
5.18
# Average larval weight at beginning of each instar (in mg)
* Progression Growth Factor

4.87

2.85
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ABSTRACT
Antheraea mylitta is a well known sericigenous insect of India of economic
importance. Unsynchronized and prolonged emergence of adult moth in the
diapausing population of this insect affects the commercial egg production in
grainages to a great extent. The sex ratio (F: M) was found to be 1:1.4 in both wild
and semi-domesticated populations. The frequency distribution of cocoon weight
revealed 92.62% of male population were confined to the cocoon weight range of
8.1 to 12.5 g and 83.66% of female lied between 11.1 to 15.5 g in reared variety
while, 78.2% male population ranged between 11.1 to 15.5 g and 87.3% of female
population ranged between 15.1 to 19.0 g in wild variety. The mean cocoon weight
of male was found to be 10.3 g and 13.5 g, whereas that in female was 14.1 g and
16.1 g in reared and wild variety respectively. Wild variety was found to be superior
over reared variety in important cocoon characters, pupa weight and shell weight.
The average shell weight per gram of pupal tissue formed was about 0.200g.
Key words: Sex ratio, frequency distribution, Antheraea mylitta.

INTRODUCTION
Tropical tasar silk insect Antheraea mylitta
is and extremely versatile species of polyphagous
nature that spins one of the largest cocoon rich in
silk. It is a wild sericigenous species found in the
subtropical India, and known to encounter a wide
range of geo-climatic conditions. Foraging of the
silkworm on a variety of food plants together with
all abiotic factors (i.e., annual precipitation,
temperature and day length) of the habitat leads
to a marked difference in their life cycle activities,
and also expresses wide variations in behavioural,
phenotypical and physiological traits for their
survival and perpetuation. It did not lose its wild
behaviour although man has handled and

exploited it since long. The population size is well
under control of the nature. In captivity it poses
many difficulties due to unsynchronized
emergence and mating behaviour (Rath et al.,
1998). Even emergence pattern and voltinism are
greatly influenced by the geographical area
(Nayak et al., 1993; Rath et al., 2004). Earlier
studies revealed that there was no relationship
between pupa weight and pupa l period with
emergence (Rath et al., 2004). The sex ratio (F: M)
of emerged population in a given time varies
greatly from 1:0.48 to 2.17 (Rath et al., 2002). The
cocoon weight, length, breadth, volume etc. differ
greatly in reared and wild variety. The cocoons
obtained from wild are quite superior over reared
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with the indigenous insect Antheraea
experimental material of the wild population.
mylitta that produce ‘tasar silk.’ He has developed some
Observations on weight-wise frequency
technologies and devices which are in use, and about
distribution and various cocoon characters were
58 research papers to his credit were published in
reputed International and National Journals and
also recorded for the wild population in the same
attended a number of International and National
way as done in reared variety.
Conference to present his research findings. His fields
Frequency distribution of cocoon weight
of specialization are: Aging, Insect Nutrition and
were
examined
by grouping the cocoons on
Reproduction.
weight basis at an interval of 0.5 g starting from
He was invited to the Annual meeting of Society
for Invertebrate Pathology to give a presentation on
6.1 g in male and 8.6 g in female in reared
“Microsporidia in Silk Moth” held in Wuhan, China
population, and 9.1 g in male and 12.1 g in female
during 27 August-01 September, 2006.
in the wild population.
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Correlation between pupa weight and shell
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were studied to evaluate the trend of
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characters of wild and reared variety were
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compared and the difference between them was
analysed using student’s t-test for significance.
variety in respect of important characters. The sex
composition of population and their frequency RESULTS AND DISCUSSION
Frequency distribution of cocoon weight
distribution are important aspects required to be
studied particularly when emergence is long and in A. mylitta and sex ratio are presented in Fig. 1
unsynchronized to maximize the reproduction (a, b). Cocoon weight showed a symmetrical
and ultimately the silk production. The present distribution pattern in both sexes, while the
study was intended to find out the above facts. distribution was not quite symmetrical in wild
Simultaneously, it was intended to find out the variety. The cocoon weight distribution in A.
relationship between the commercial and pernyi, A. yamamai, their hybrids and reciprocal
reproductive characters in two divergent hybrids was reported asymmetrical (Kobayashi
et al., 1993). In the present study the peaks were
populations.
observed between 10.1 to 10.5 g and 13.6 to 14.0
MATERIALS AND METHODS
g in reared and wild male populations, whereas,
Antheraea mylitta Drury (eco-race Daba
in female it was observed between 13.1 to 14.0 g
bi-voltine; Lepidoptera: Saturniidae) was reared
and 17.1 to 17.5 g in reared and wild population
on Terminalia tomentosa to raise the diapausing
respectively. In general the female cocoon weight
population. From the harvested cocoons 3
was heavier than male and was distributed more
replications were made each having 3500
widely (8.6 to 20.0 g) as compared to male (6.1 to
randomly selected cocoons irrespective of their size
15.0 g) in the reared population whereas, in the
and weight. In all, 10500 cocoons thus selected
wild population both male and female cocoon
formed the experimental material of the reared
weight were distributed widely (male cocoon
variety. Replication wise all the cocoons were
weight ranged from 9.1 to 18.0 g and that of
serially numbered and their weight, length,
female from 12.1 to 20.0 g). The mean cocoon
breadth, peduncle length and volume were
weight for male was recorded 10.3 g and 13.5 g
recorded. Sexing of the pupa were made and
and that of female it was 14.1 g and 16.1 g in reared

Female

Male
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Table 1. Cocoon characters in reared and wild variety of Antheraea mylitta (average value)
Sex Source Cocoon Pupa
Shell Cocoon Cocoon Cocoon Peduncle Shell content
weight weight weight length
breadth volume length
/g pupa
(g)
(g)
(g)
(cm)
(cm)
(cc)
(cm)
formed
Reared 10.356 8.750
1.606 4.100
2.875
33.730
4.602
0.183
± 2.398 ± 2.092 ± 0.311 ± 0.276
± 0.334 ± 3.414 ± 1.352
± 0.014
P
< 0.01
< 0.01
< 0.001 < 0.001
< 0.02
NS
< 0.01
NS
Wild
13.507 11.500 2.101 4.904
3.058
36.117
7.006
0.183
± 2.535 ± 2.236 ± 0.296 ± 0.169
± 0.129 ± 3.407 ± 2.871
± 0.015
Reared 14.158 12.000 2.146 4.831
3.075
38.600
5.982
0.179
± 3.330 ± 2.814 ± 0.525 ± 0.336
± 0.316 ± 3.188 ± 1.782
± 0.013
P
< 0.01
< 0.01
< 0.01 < 0.01
< 0.01
< 0.01
NS
< 0.001
Wild
16.065 13.250 2.822 5.459
3.386
49.887
6.293
0.213
± 2.624 ± 2.092 ± 0.529 ± 0.367
± 0.147 ± 7.304 ± 1.624
± 0.021

Fig. 1 a. Sex-wise frequency distribution of cocoon weight rang in reared
populations of Antheraea mylitta.

Fig. 1 b. Sex-wise frequency distribution of cocoon weight rang in wild
populations of Antheraea mylitta.

110

S.S. Rath
4
3.5

Reared

Wild

Linear (Wild)

Linear (Reared)

Wild: y = 0.1256x + 1.2526
R2 = 0.9847

Shell weight (g)

3
2.5
Reared: y = 0.0926x + 1.2198
R2 = 0.9846

2
1.5
1
0.5
0
7.5

8

8.5

9

9.5

10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5 16 16.5
Pupa weight (g)

Fig. 2 a. Relationship between pupa weight and shell weight in reared
and wild variety of Antheraea mylitta (male).
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Fig. 2 b. Relationship between pupa weight and shell weight in reared
and wild variety of Antheraea mylitta (female)
and wild variety respectively.
Earlier attempts was made to find out sexwise frequency distribution of cocoon weight of
reared variety of Daba (Dubey et al., 1995), but
their study did not reveal the sex composition of
an unknown population. In the present study the
sex ratio (F: M) in reared and wild population were
found to be 1:1.36 and 1:1.45 respectively, which
were very close to the sex ratio (F: M) of A. assama
(1:1.365) (Srivastava et al., 1996). However, the

sex ratio was reported to be 1:2, 1:1.7, 1:1.3 and
1.7 A. yamamai, A. pernyi, hybrid of A. yamamai
x A. pernyi and hybrid of A. peinyi x A. yamamai
respectively (Kobbayashi et al., 1993). In B. mori
the sex ratio was found to be 1:1. In A pernyi the
sex ratio of 1:1 lost its equilibrium in late 5th instar
(Kurasawa and Koyama, 1950). Presence of
higher percentage of males in both reared and
wild populations of A. mylitta (1:1.4) observed in
the present investigation seems to be an

111
The Scientific Temper
their reciprocal hybrids. In: Wild Silkmoths’92
evolutionary adaptation to obtain the optimum
(Edited H. Akai, Y. Kato, M. Kiuchi and J. Inouchi),
reproduction rate where unsynchronized
International Society for Wild Silkmoth, Japan,
emergence pattern prevails.
pp. 77-85.
The important cocoon characters revealed
that wild variety cocoons were superior over the Kurosawa, Y. and Koyama, N. (1950) Discussion on sex
ratio of A. pernyi. J. seric. Sci. Jp. 20:188-190).
reared variety (Table 1).The female cocoon weight
was heavier than male. Wild male cocoon weight Nayak, B. K., Dash, A.K., Dash, M. C. and Akai, H. (1993)
was significantly higher (P < 0.01) than the reared
Environmental regulation of voltinism in
variety. Although females of wild population did
Antheraea paphia Linn. (Lepidoptera:
not have significantly higher mean cocoon weight
Satuniidae), the Indian tasar silk insect. In: Wild
but other important characters recorded had
Silkmoths’92 (Edited H. Akai, Y. Kato, M. Kiuchi
significantly higher values than the reared variety.
and J. Inouchi), International Society for Wild
Except cocoon volume in male other characters
Silkmoth, Japan, pp. 47-56.
in wild population had significantly higher values. Rath, S. S., Sinha, B. R. R. P. and Sinha S. S. (1998) Studies
The shell content per gram pupa tissue formed in
on the use of nylon net for increasing grainage
female of wild variety was found to be
efficiency in Antheraea mylitta D. (Lepidoptera :
significantly (P < 0.001) more than that of the
Saturniidae). Bull. Ind. Acad. Seri. 2(2): 30-35.
reared variety, but this was not true for male. An
average of 0.2 g of silk was produced (in terms of Rath, S. S., Prasad B. C. and Thangavelu, K. (2002): Age
related mating schedule in Antheraea mylitta- A
cocoon shell) per gram of pupal body weight in
strategic approach to increase seed production.
both wild and reared population irrespective of
In: Advances in Indian Sericulture Research (Edited S.
sex. Shell weight increased significantly (P <
B. Dandin and V. K. Gupta), pp. 412-417.
0.001) with increase in pupal weight irrespective
of the type of population and sex (Fig. 2 a, b). Rath, S. S., Ojha, N. G., Singh, B. M. K., Prasad, B. C.,
Sinha, B. R. R. P. and Thangavelu, K. (2004)
Similar results were also reported from the earlier
Distribution moth emergence in diapause
studies in other sericigenous species (Kobayashi
population: Relationship between pupa weight
et al., 1993) confirmed our results.
and diapause span in Antheraea mylitta. Bull. Ind.
From the above it can be concluded that
Acad. Seri. 8(1): 49-54.
the species Antheraea mylitta has a sex ratio (F:
M) of 1: 1.4 in both wild and reared population Srivastava, A. K., Mishra, P. K. and Jayaswal, J. (1996)
Life table studies of muga silkworm, Antheraea
indicating the biological adaptation for higher
assama Westwood (Saturniidae: Lepidoptera) on
reproductive value. The distribution of cocoon
three different host plants. Ann. Entomol. 14 (1):
weight was wider in wild variety, while it was
31-37.
compact in male but wide in female in reared
variety. In both the population irrespective of sex
each gram of pupal tissue correspond to 0.2 g of
silk, which indicates that the species is more
concerned about its continuation of generation
rather than to put energy for silk production.
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ABSTRACT
This study was designed to investigate, stimulatory effect of Anthocephalus
indicus (Family: Rubiaceae) alcoholic bark extract on protein profile (e.g. total
protein, albumin, total globulins and A/G ratio) in albino rat. Male albino rats
were administered with bark extract of Anthocephalus indicus at the dose of 50
mg/kg body weight for 7, 15, 30, and 60 days showed significantly increase in
serum total protein (P<0.001), albumin (P<0.01), total globulins (P<0.001) and A/G
ratio (P<0.05). These data suggest that the anabolic activity of alcoholic bark extract
of Anthocephalus indicus.
Key Words: Anthocephalus indicus, protein profile

INTRODUCTION
Anthocephalus indicus (Family: Rubiaceae,
Hindi name: Kadamba) is bitter, pungent and
astringent in taste, pungent in the post digestive
effect and has cold potency. It alleviates all the
three dosas, predominantly kapha and pitta. It
possesses light and dry attributes. By its special
potency, it acts as vedanasthapana – analgesic and
visaghna – detoxifies the toxins. The roots, fruits,
leaves, bark skin is used from medicinal purposes.
The decoction of the leaves is also used for this
purpose. The paste of its bark skin is benevolent
in conjunctivitis, as an external application.
Internally, the decoction of bark skin is an effective
remedy for diarrhea, dysentery and colitis. The
juice of bark skin combined with cumin seeds and
sugar alleviates vomiting. The excessive thirst in
fevers is quenched with its fruit juice (Umachigi
et al. 2007). Kadamba is the best panacea for
raktapitta, edema and cough. The decoction of
roots is salutary in urinary ailments like dysuria,

urinary calculi and glycosuria (Chandra and
Gupta, 1980). Therefore, the present study was
designed to investigate the anabolic activity of A.
indicus bark extract on protein profile in albino
rats.
MATERIALS AND METHODS
Experimental animals: Twenty five male
albino rats were acclimatized for two month prior
to experiment. Healthy and adult rats of both
sexes of almost equal size and weight ranging
from 100-120g were kept in polypropylene cages
measuring 90x60x30 cms at temperature 27±5ºC,
relative humidity 65±10% and photoperiod 12 hrs
/day. The rats were fed on Gold Molar brand ret
feed manufactured by Lipton India Ltd. Mumbai
and water was provided ad libitum.
Plant material and Extract: The root bark
of the Anthocephalus Indicus was collected from
Sarmathura town Dholpur (Rajasthan) India. The
root bark clean properly and morphologically
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identified by the Department of Botany, School expressed as Mean ± S.Em. (standard error of
of Life Sciences Khandari, Agra. The 250 grin of mean) for a given number of observations(n).
bark was extracted with 500 ml of ethanol and Groups of Data were compared statistically using
kept in magnetic stirrer for 48 hours at room Dunnett’s multiple comparison test (DMCT) and
temperature. After it the solution was filtered by performed calculation by KpKy plot (ver.3.0)
Whatmann no.1 filter paper and kept in lyophilize computer statistical software. Results were
for 48 hours and obtain material was stored at considered significantly at (P<0.05).
room temperature (250C). The residue was re- RESULTS AND DISCUSSION
extracted with distilled water for experiments.
In the present study a significantly
Dosage regimen:-The dose for the entire changes in serum protein profile viz. total protein,
research was 50mg/kg body weight given to albumin, total globulins and A/G ratio in albino
experimental rats. The doses were given once in a rats were observed after 7, 15, 30, and 60 days
day for 7, 15, 30, and 60 days respectively.
.Oral Administration of alcoholic bark extract of
Experimental protocol: All the rats were Anthocephalus indicus which shows the anabolic
effects with improvement in serum total protein,
divided in to six groups of five rats each.
1.Group-I: Treated as control groups albumin, Total globulins and A/G ratio in treated
rats and compared to the controls (Table -1).
provide starch.
In the present study, total protein increased
2.Groups-II:The remaining four
significantly
after oral administration of alcoholic
experimental groups treated with 50 mg/ kg b.wt.
of ethanol bark extract of Anthocephalus indicus. bark extract of Anthocephalus indicus in rats due
Serum separation: After the conclusion to increase in number of m-RNA molecules and
of experiment, the animals were subjected to the attachment to the ribosomes and thus
overnight fasting and killed under mild increases protein anabolism. Similar findings have
anesthesia. Blood was withdrawn from retro- also been reported by Kumar et al. (2008) in
orbital sinus using glass capillary in plain vials. hyperlipidemic rats after oral administration of
The blood was centrifuged and the serum was root extract of Anthocephalus indicus enhanced
protein anabolism. Serum albumin and total
separated for lipid biochemistry.
globulins was increased after oral administration
Protein Biochemical analysis: Serum of alcoholic extract of Anthocephalus indicus in
total protein was estimated by biurate method rats and due to increase in albumin synthesis in
(Lubram, 1978); while albumin and total globulins liver in response to increased availability of amino
was determined by the method of Savory and acids provided by portal blood. Total globulins
Hammond (1980).
increased due to bark extract act on
Statistical analysis: All results are reticuloendothelial system and the liver
Table-1
Effect of bark extract of Anthocephalus indicus on serum protein
profile in hyperlipidemic rats
Lipid
Control
Treated groups with alcoholic bark extract
profile
groups
of A. indicus (50 mg/kg b.wt.)
7 days
15 days
30 days
60 days
Total protein
5.20 ± 0.17
5.35 ± 0.12ns 5.60 ±0.09* 6.20 ± 0.09** 7.10 ± 0.20**
Albumin
2.00 ± 0.06
2.25 ± 0.10ns 2.50 ± 0.09* 2.73 ± 0.08** 3.20 ± 0.13***
Total globulins
1.80 ± 0.08
1.95 ± 0.05* 2.18 ± 0.12** 2.35 ± 0.69*** 2.70 ± 0.07***
A/G ratio
1.11 ± 0.03
1.15 ± 0.06ns 1.16 ± 0.07ns 1.16 ± 0.03ns 1.18 ± 0.02*
Values are mean ±SEM; n = 5 in each group. The protein profiles are given in gm/dl.
Non significant (P>0.05)ns; significant (P<0.05)*; highly significant (P<0.01)** and very highly significant
(P<0.001)***
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metabolism (McPherson, 1984).A/G ratio was
increased after oral administration of bark extract
of A. indicus and correlated with an increased
albumin and total globulins. Similar results have
been reported by Kapil et al.(1995) in rats
hepatoprotective effect of root extract of A.
kadamba on protein metabolism and improve
hepatic function.
In conclusion, the results of the present
study focused health promotive properties of
Anthocephalus indicus bark extract, which
indicate prevent the loss of function of various
organs of the body may be occurs due to the wear
and tear of body tissues.
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ABSTRACT
The present investigation evaluates the antioxidant activity of methanol
of extract of Zingiber officinale (family-Zingiberaceae).The hydrogen donating ability
of methanol extract of ginger was measured by reduction of DPPH and potassium
ferricyanide. It was observed that the antioxidant activity of methanol extract
increases proportionately with concentration.
Key words: Zingiber officinale, DPPH, ascorbic acid, BHT, antioxidant activity.

INTRODUCTION:
Zingiber is a genus of plants belonging to the
Zingiberaceae, one of the important family in this
region.It is widely distributed throughout tropical
and subtropical regions, paricularly south-east
Asia. Plants in this genus have variety of uses as
foodstuff, spices, in traditional medicines etc. [1,
6] Some Zingiber species also exhibit
antioxidant[11] and antimicrobial activities[2,9].
Now-a-days there has been an increasing demand
for safer natural antioxidants in the food industry
and other applications. This has caused a renewed
interest in natural products that have been used
for centuries for a variety of reasons, here we are
studying the antioxidant activity in a common
spice used in Indian ginger i.e. Zingiber officinale.
Its methanol extract has been selected for
determining the antioxidant activity and
compared with common antioxidants BHT (Butyl
hydroxy toluene) and ascorbic acid.

MATERIALS AND METHODS:
1, 1-Diphenyl-2-picrylhydrazyl (DPPH) ascorbic
acid, potassium ferricyanide, FeCl 3 and
Trichloroacetic acid (TCA) . All chemicals used
including solvents were of analytical grade.
1) PREPARATION OF METHANOLIC
EXTRACT
The fresh rhizomes of ginger (Zingiber officinale)
were dried and powdered. About 100g of dried
plant material was taken and soaked in methanol
(1L of 98%) for 5-7 days. The soaked material was
stirred every 24 hrs using sterilized glass rod. Final
extract was passed through Whatman filter paper
No.1 (Whatman Ltd, England).The filtrate
obtained was concentrated on a rotary evaporator
at 400C and stored at 40C till further use. A stock
solution was prepared in methanol. Working
solutions were prepared from 50-200 µg extract/
ml using suitable dilutions.
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2) DETERMINATION OF DPPH RADICAL
SCAVENGING ACTIVITY
The antioxidant activity of methanol extract of
ginger was assessed o the basis of radical
scavenging effect of stable DPPH free radical [4].
The diluted working solutions of test extracts were
prepared in methanol (50-200µg/ml). Ascorbic
acid was used as standard. The DPPH solution
was prepared in methanol at a concentration of
0.002% and 1ml of the working solutions was
mixed with 1ml solution of DPPH. These solutions
were kept in dark for 30 min. Later, optical density
was recorded at 517nm using UV-Visible
spectrophotometer. DPPH in methanol was used
as control. Optical density was recorded and

inhibition percentage was calculated using the
formula
% Inhibition of DPPH activity = A-B/A x 100
Where:
A: Optical Density of control
B: Optical density of sample
3) ASSAY OF REDUCING POWER
In this method [3,10] different extracts (50-200µg/
ml) were taken in different tubes and volume of
all the working solutions is made up to 1ml by
adding water, added 2.5 ml Phosphate buffer
(0.2M, pH 6.6)and 2.5 ml of potassium
ferricyanide (1%).The mixture was incubated for
20 min. at 50 0 C. Added 2.5 ml TCA
(Trichloroacetic acid) to each mixture and
centrifuged for 10 min. at 3000 rpm. The upper
layer (2.5ml) was mixed with distilled water and
0.5ml FeCl3 (0.1%). Absorbance was measured at
700nm against a blank using UV-Visible
spectrophotometer. Increased absorbance of
reaction mixture indicates increase in reducing
power.
RESULTS AND DISCUSSION:
Natural antioxidants that are present in herbs and
spices are responsible for inhibiting or preventing
the deleterious consequences of oxidative stress.
Spices and herbs contain free radical scavengers
like polyphenols, flavoids etc. [4]. In the present
paper evaluation of free radical scavenging
activity of methanolic extract of ginger has been
done for evaluation. Two methods have been
considered
(i) DPPH METHOD
The molecule of DPPH (á,á-diphenyl-âpicrylhydrazyl) is characterized as a stable free
radical by virtue of delocalization of spare electron
over the molecule as a whole and it gives a deep
violet color to the molecule and an absorption
band in ethanol solution at 517nm.When it reacts
with a substance donating hydrogen atom it goes
in pale yellow reduced form[8]:
Z. + AH = ZH+A.
The reduction capability of DPPH radical was
determined by decrease in its absorbance at
517nm which is induced by antioxidant [6]. Fig.
1 illustrates significant decrease in the
concentration of DPPH radical due to scavenging
ability of methanol extract; here ascorbic acid has
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Figure 1: Antioxidant activity in Methanolic extract of Ginger rhizomes by DPPH method

Figure 2: Antioxidant activity in Methanolic extract of Ginger rhizomes by Reducing
Power method
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EFFECT OF SODIUM FLUORIDE ON GROWTH AND DEVELOPMENT
OF FINGERLINGS OF CATLA CATLA
Rahul Singh, Sadguru Prakash and K. K. Ansari
Department of Zoology, M.L.K.(P.G.) College, Balrampur
ABSTRACT
The fingerlings of Catla catla were exposed to different sublethal doses of
sodium fluoride (20 mg/L of water, 40 mg/L of water and 60 mg/L water) for 20, 40
and 60 days. Observations revealed that fluoride concentration as well as exposure
period had an effect on the growth of fishes. The present study reveals that increase
in length and weight was retarded after exposure to fluoride in fingerlings.
Retardation was comparatively more in higher concentration as compared to
lower concentration and also during longer exposure as compared to less exposure.
Key words: Fluoride, Growth, Catla catla.

INTRODUCTION
In both Urban and rural India, ground
water is the major source of drinking water and it
is the major source of fluoride pollution. It
constantly dissolves from the environment and
goes into the ground water (Jain et al., 2005).
Fluoride, though occurs in minimum quantities
in natural water yet evokes considerable interest
due to its impact on human health.
Fluoride is increasing in the environment
due to various human activities such as processing
of phosphate rock and its use as agricultural
fertilizer; combustion of cool (containing fluoride
impurities), and aluminium, steel, copper, nickel
and glass manufacturing industries.
Fluoride in very limited quantities is
desirable for healthy growth of teeth and bones
in human beings and prevents dental caries. But
in excess quantities, not only causes disturbance
of enamel structure but it also causes genetic
damage, and neurological damage (Saxena et al.,
2005).
The permissible limit of fluoride content
in drinking water recommended by ISI and
WHO is 1.0 mg/L. The maximum permissible
limit of fluoride in drinking water according to

the Bureau of Indian standard (BIS, 1983) is 0.6
mg/L to 1.2 mg/L. However, Teotia and Teotia
(1984) on the basis of their studies have suggested
the maximum permissible limit of fluoride below
0.5 mg/L.
The drinking water has been classified
according to its fluoride content as safe (up to 1.0
mg/L) marginally contaminated (1.1 mg/L to 2.5
mg/L) and highly contaminated (2.6 mg/L and
above) (Sushella, 1999). Buragohain et al., (2007)
reported that fluoride concentration in water less
than 0.7 mg/L may cause dental caries.
In spite of the fact that fluoride is
considered as a serious pollutant and its
concentration is increasing significantly in many
aquatic ecosystems, relatively little is known about
fluoride toxicity in aquatic animals.
On the basis of above fact in present study
it has been planned to observe the effect of fluoride
concentration on growth of fingerlings of Calta
catla which is a freshwater, surface feeder
culturable fish and certainly being exposed to
natural higher fluoride concentration in fresh
water bodies continuously.
MATERIAL AND METHODS
Present study was conducted in fingerlings
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of Catla catla, collected from local resources. They water. There was no increase after 60 days in
were treated with 0.1% KMn04 solution and kept fingerlings, exposed at the concentration of 60 mg
under standard laboratory condition for seven Na F/L of water. (Table 2 & Figure 2).
days before commencement of experiment. They DISCUSSION
Results in present investigation reveal that
were provided food and kept properly aerated in
glass aquarium in water having temperature 24 increase in length and weight was retarded after
exposure to sodium fluoride in fingerlings.
± 10C. pH 7.1±0.2 dissolved O2-8.2 ± 0.2 mg/L.
For experiment, fingerlings (weighing 7.2 Retardation was comparatively more in higher
± 0.32 gm/7.4 ± 0.21 cm length) were divided in concentration as compared to lower concentration
four groups, each group having 10 fingerlings, and also during longer exposure as compared to
Group I served as control while group II,III & IV less exposure. Stokinger (1949) reported that
served as experimental groups, exposed to sodium weight gain decreases in rats, rabbits and guinea
fluoride. Group II was exposed to lower pigs after exposure to hydrogen fluoride. Similarly
concentration i.e. 20 mg Na F/L of water while Messer et al. (1973) reported retardation in growth
group II was exposed to medium concentration rate of mice after exposure to 100 ppm or more
i.e. 40 mg Na F/L of water and to higher fluoride in drinking water. Guan et al. (1988) and
concentration i.e. 60 mg Na F/L of water. Hanison (1984) reported that growth and weight
Experiment was conducted for two months. decreases in rate suffering from chronic fluorosis.
Recently many other workers have
During this period length and weight was
recorded after 20 days, 40 days and 60 days for reported reduction in weight of rats after exposure
all four groups. Comparison was made between to 100 ppm fluoride in drinking water for two
the control and experimental groups to observe months (Chinoy et al., 1991; NTP, 1998; Patel,
1997; Saralakumari et al., 1988 and Stavert et al.,
the effect of fluoride on growth.
1991) and reported a loss in weight of rats and
RESULT
After exposure to fluoride It was found that mice exposed to fluoride which was recovered
increase in weight and length of fingerlings was after withdrawal of fluoride. Camarago (2003)
reported that fluoride ion acts as enzymatic poison
affected.
and inhibits enzymatic activity. Fluoride as
Length:
In control group there was increase in pollutants might be disturbing the CNS and
length of fingerlings at each level of observation endocrine glands responsible for controlling
i.e. continuous increase was found after 20 days growth of animals as well as nervous system
(+ 2.70%), 40 days (8.10%) and 60 days (14.86%). (Atsdr, 2001). Thus fluoride interrupts metabolic
In experimental groups there was 7.9% increase processes such as glycolysis, synthesis of DNA and
at 20 mg Na F/L concentration and 7.8% increase protein, inhibits cell proliferation and cytotoxic at
at 40 mg Na F/L concentration after 60 days high dose.
Thus retarded growth i.e. less increase in
exposure but fingerlings exposed to higher
concentration (60 mg Na F/L) there was no weight and length of fingerlings observed in
present study might be due to the fact that fluoride
increase at all. (Table-1 & Fig. 1).
interrupts those metabolic activities which are
Weight:
In control group weight of fingerlings responsible for growth and development in
increased after 40 days (8.33%) as well as after 60 organisms. Thus the observations of present study
days (31.94%) but there was no increase in weight state that fluoride toxicity to aquatic organisms
after 20 days. In experimental group there was including fishes increased with the increase in
slight decreased (-1.38%) at 40 days but fluoride concentration in aquatic medium and
increased (2.77%) at 60 days exposure at the exposure duration.
Thus it can be concluded that fluoride
concentration of 20 mg NaF/L of water. Weight
is also decreased (-1.38%) after 40 days exposure which is a pollutant, interferes with the normal
and slightly increased (+ 1.38%) at 60 days functioning of CNS and endocrine glands
exposure at the concentration of 40 mg Na F/L of responsible for controlling the growth of fish and
thus ultimately affect the fish production.
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Table 1: Effect of Sodium Fluoride on the length of Fingerlings of C. catla.
(Mean values ± S.D. of 10 fingerlings in each group)
Parameter
Length of fingerlings in cm.
0 days
20 days
40 days
60 days
Control (Group I)
7.4 ± 0.21
7.6 ± 0.33
8.0 ± 0.29
8.5 ± 0.32
(+ 2.70%)
(+ 8.10%)
(+ 14.86%)
20 mg Na F/L
7.4 ± 0.21
7.4 ± 0.24
7.6 ± 0.33
7.9 ± 0.25
(Group II)
(0 %)
(+ 2.70%)
(+ 6.75%)
40 mg Na F/L
7.4 ± 0.21
7.4 ± 0.25
7.5 ± 0.31
7.8 ± 0.26
(Group III)
(0 %)
(+ 1.35% )
(+ 5.40 %)
60 mg Na F/L
7.4 ± 0.21
7.4 ± 0.31
7.4 ± 0.32
7.4 ± 0.32
(Group IV)
(0 % )
(0 %)
(0 %)

0 days

20 days

40 days

60 days

8.6
8.4
8.2
8
7.8
7.6
7.4
7.2
7
6.8
Control

20 m g Na F/L

40 mg Na F/L

60 m g Na F/L

Figure 1: Effect of Sodium Fluoride on the length of Fingerlings of C. catla.
(Mean values in cm. of 10 fingerlings in each group)
Table 2: Effect of Sodium Fluoride on the weight of Fingerlings of C. catla.
(Mean values ± S.D. of 10 fingerlings in each group)
Parameter
Length of fingerlings in cm.
0 days
20 days
40 days
60 days
(Group I)
7.2 ± 0.32
7.2 ± 0.32
7.8 ± 0.24
9.3 ± 0.25
(0 %)
(+ 8.33 %)
(+ 31.94 %)
20 mg Na F/L
7.2 ± 0.32
7.2 ± 0.24
7.1 ± 0.32
7.4 ± 0.33
(Group II)
(0 %)
(- 1.38 %)
(+ 2.77 %)
40 mg Na F/L
7.2 ± 0.32
7.1 ± 0.23
7.1 ± 0.24
7.3 ± 0.31
(Group III)
(- 1.38 %)
(- 1.38 %)
(+ 1.38 %)
60 mg Na F/L
7.2 ± 0.32
7.0 ± 0.26
7.0 ± 0.28
7.2 ± 0.34
(Group IV)
(- 2.77 %)
(- 2.77 %)
(0 %)
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0 days

20 days

40 days

60 days

20 mg Na
F/L

40 mg Na 60 mg Na
F/L
F/L

8.5
8
7.5
7
6.5
6
Control

Figure 2: Effect of Sodium Fluoride on the
weight of Fingerlings of C. catla. (Mean
values in gm. of 10 fingerlings in each group)
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ABSTRACT
The Large-scale demonstrations of effectiveness of Trichogramma chilonis Ishii
were carried out in different sugarcane mill areas of the state for the control Chilo
auricilius Dudgeon. The demonstrations were carried out over an area of 2000 and
1400 ha during 2006 and 2007, respectively. T. chilonis was released @50,000 per ha
at 10 days interval during July to October. The releases of the parasitoid proved
very effective and reduced of C. auricilius by 55 to 60 percent.
KEY WORDS: Biocontrol based IPM, Chilo auricilius, sugarcane, Trichogramma chiloni

INTRODUCTION:
Sugarcane is an important crop of Udham
singh Nagar (Uttrakahnd and border area of
Uttar Pradesh), grown over an area of 1, 43,000
hectares during 2006-2007 with an average cane
yield of 550 quintals per hectare. Sugarcane is
damaged by many borers and the stalk borer,
Chilo auriculius Dudgeon (Lepidoptera:
Crambidae) is amount the serious pests and no
chemical control measures are available against
this pest. The borer apart from reducing yield
affects the sugar recovery adversely. Only the
cultural and mechanical control measures are
available for its control. Releases of Trichogramma
chilonis Ishil @ 50,000 per hectare at 10 days
interval during July to October have proved very
effective Shenhmar et al., 1997) Shahid et al.
(2001) demonstrated the efficacy of T. chilonis at
farmers fields over 94 hectares and reported
reduction is damage of this pest by 55.5 percent.
Demonstrations in large areas were conducted in
collaboration with sugar mills of the state to show
effectiveness of biocontrol method to the farmers
of the respective mill area.

MATERIALS AND METHODS:
The large-scale field demonstration using
T. chilonis were carried out against C. auricilus
during 2006 and 2007. During, three sugar mills
namely. Kiccha Co-op Sugar Mills Ltd. Kiccha;
Gadarpur Co-op Sugar Mills Ltd. Gadarpur and
majhola Sugar and Allied Industries, Majhola
were involved covering 2000 hectare area. During
2007, an area of 1400 ha of only two mills at,
Kiccha Co-op Sugar Mills Ltd. Kiccha; Gadarpur
Co-op Sugar Mills Ltd. Gadarpur was covered.
The egg parasitoid. T. Chilonis was released @
50,000 per ha at 10 days interval during July to
October. The observations on the incidence of stalk
borer were recorded from release fields and the
control from 10 locations in each mill area.
RESULT AND DISCUSSION
The data presented in Table-1 revealed that
during 2006, the incidence of stalk borer in release
fields at Kichha, Gadarpur and Majhola was 1.36,
4.1 and 12.5 percent, respectively, as compared to
6.03, 11.2 and 20.2 percent, respectively in control.
The mean incidence of borers at there mill areas
was 9.58 percent in release fields as compared to
12.47 percent in control thus the reduction in
damage over control was 52.04 percent. During
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Table: 1 Effectiveness of T. Chilonis on sugarcane in mill areas of Udham Singh Nagar (U.K
&U.P.) during 2006
Sugar mill
Area (ha) Incidence of stalk borer (%)
Reduction in damage
Release area Control area
over control (%)
Kiccha Co-op Sugar Mills Ltd.
800
1.36
6.03
77.44
Kiccha(U.K)
Kiccha Co-op Sugar Mills Ltd.
600
4.10
11.20
63.39
Kiccha(U.K.)
Majhola Sugar and Allied
600
12.50
20.20
38.11
Industries, Majhola(U.P.)
Total/ Mean
2000
5.98
12.47
52.04
T. chilonis released @50,000/ha at 10 days interval from July to October.
Table: 2 Effectiveness of T. Chilonis on sugarcane in mill areas of Udham Singh Nagar (U.K
&U.P.) during 2007
Sugar mill
Area Cov- Incidence of stalk borer (%)
Reduction in damage
ered (ha) Release area Control area
over control (%)
Kiccha Co-op Sugar Mills Ltd.
600
6.21
16.74
62.90
Kiccha(U.K.)
Kiccha Co-op Sugar Mills Ltd.
800
3.16
6.69
52.76
Kiccha(U.P.)
Total/ Mean
1400
4.68
11.71
60.03
2007, the incidence of stalk borer in release fields
of Kichha and Gadarpur was 6.21 and 3.16
percent, respectively as compared to 16.74 and
6.69 percent in control, respectively (Table 2). The
mean incidence of stalk borer was 4.68 percent in
release field as compared to 11.71 percent in
control resulting in 60.63 percent reduction in
damage over control.
It was observed that 11-21 releases of T.
chilonis @50,000 per hectare during July to
October could reduce the incidence of stalk borer
by 55 to 60 percent. Earlier, Shahid et al. (1996)
Shenhmar andBrar (1996) and Shenhmar et al.
(1997) recommended the releases of T. chilonis for
the control of C. auricilius on sugarcane. Misra et
al (1986) reported that releases of T.chilonis and
T. japonicum @50,000 per hectare per reduction
in borer intensity. Similarly Brar et al. (2001)
demonstrated the effectiveness of T. chilonis over
an area of 94 hectares.
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ABSTRACT
The distribution pattern of Rostellascaris donapaulae were worked out
from the stand point of prediction of disease outbreaks occurring in the water
body in the Central West Coast of India at Goa.

INTRODUCTION
The contrast in parasitic behavioural
ecology within the fish hosts of isothermal Central
West Coast of India (Arabian Sea), Goa has
provided a remarkable opportunity to investigate
distribution patterns of nematodes of deep sea
fishes as well as anisakid larvae in these fishes.
The extent of the parasite-induced modifications
of host growth, reproduction, and survivorship are
not only delimited by the genotypes of the
participants, but also environmental conditions.
The parasite-induced host life history variation,
thus advanced our understanding of host-parasite
evolutionary biology. The subject of investigation
were anisakid worms infesting deep sea fishes viz.
sharks (Rhincodon typus) and constituents of
benthic biotas. The long term data have been
utilized to develop futuristic models of disease
outbreaks using modern computerized software
applications.
MATERIALS & METHODS
The parasitological investigations were
conducted during the two and a half years study,
at Arabian Sea of Goa (Dona Paula beach), on
some of the marine habitats catfishes as well as

carps. This analysis is based on 64 months data
on sharks upto July 2005. Netting and angling
fishing methods were used to capture live fishes
and finally brought to the laboratory for
parasitological observations. These fishes
underwent weighing freshly, sexually determined
and their standard length measured. Different
organs of alimentary canals such as oesophagus,
stomach, small and large intestine, stripped
mucous membranes of the oesophagus and
stomach were examined for detection of
helminthic infection or any embedded worms.
Besides alimentary canal, other organs especially
gall bladder, liver, heart muscles and gonads too
were microscopically examined. For the purpose
of analysis of ecological data and the water
temperature at the collection site (Sea coasts of
Dona Paula at Goa) an up-to-date record of the
number of parasites in different months was
maintained, recorded and presented as mean±SE.
For morphological studies, the trematode and
cestodes were stretched in lukewarm water, fixed
in aqueous Bouin’s solution, stained in haemalum
or Borax carmine; dehydrated in a series of
alcohols (50%, 70%, 90% and 100%), cleared in
xylol and finally mounted in Canada balsam. The
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nematodes were washed in normal saline; fixed
in hot alcohol and glycerol (95:5), cleared in
lactophenol and mounted in gycerine.
Dissolved Oxygen (DO) and pH of water
were quantitatively estimated at the site of
collection after APHA (1967) on samples collected
fortnightly.
Statistical models: The following statistical
models and techniques have been used for
analyzing fish infection data and various
environmental factors like DO, pH, temperature:(i) Multiple Linear Model: The dependent
variable is a linear function of one or more
Independent variables and a random error
term.
(ii) Linear Model with Seasonal
Dummies: Dummy variable are includes
to incorporate seasonal affect in the model.
(iii) Seasonal Indices: Ratio to moving
average method is used to obtain seasonal
indices. Can be used to predict the periods
more prone to infection.
(iv) Periodic Model: The dependent variable
is expressed as sine (or cosine) function of
time (or some other independent variable).
These models are useful for prediction
purposes when data show periodic
behavior.
AR(1) Model: ARMA models proposed by Box
and Jenkins are widely used for forecasting
purposes. AR(1) models, in which the current
observation is expressed as a linear function of
observation of previous period and an error term,
has been used to model DO, pH and temperature
data. SYSTAT11 software was used to develop the
predicative hypothesis for disease outbreaks.

Model of Infection data with time (t) as
dependent variable: Since linear model does not
provide good fit, we fitted periodic model defined
as follows:
It=A+B.Sin (C.t)
Model for DO, pH and Temperature:AR(1)Model
DO(t)=Constant+AR*DO(t-1)
RESULTS & DISCUSSION
The comprehensive influence of R.
(spinicaudatum) donapaulae infections in
Rhincodon typus have been summarized for
February 2003-January 2005 (Jaiswal, 2006
Unpublished D.Phil. Thesis). Maximum mean
worm burden by male nematodes in male fishes
was 5.33 and by female nematode were 4. It was
3.0 by male worms in female fishes and 4.0 by
female nematodes in female fishes. The nemic
range was 1-4 in both sexes of fish hosts as well as
in total fishes. The distinct influence of winter
period on distribution of male nematodes in male
fishes depicted striking association to decreasing
water temperature during winter period during
2003-2005 (Jaiswal, 2006 Unpublished D.Phil.
Thesis). The findings could be correlated with the
result of Chesunov (1986) that demonstrated fall
in active feeding rate as well as nemic
reproduction at enhanced temperature conditions.
In a recent study Khan, Aziz, Afzal, Saher, Ali and
Naqvi (2003) concluded the preferred
temperature for Contracaecum larvae and
Rhabdochona charaddensis in a variety of fishes
viz. Cyprinus carpio, Hypophthalmicthyes
molitrix, Ctenopharynogodon idella, Cirrhinus
mrigala and Labeo rohita to be 26-27oc that was
in agreement of the findings of current
investigations. Thereafter, the long term influence

Table 1. The results for Shark infection prevalence data by Rostellascaris (spinicaudatum)
donapaulae.
Male Nematodes

S.No.
Parameter
A
B
C

in male fish
IPMM
R-square = 0.725
Estimate
A.S.E.
29.548
2.414
-10.538
3.405
-10.538
0.009

Female Nematodes

Female Nematodes

in male fish
IPMF
R-square = 0.760
Estimate
A.S.E.
31.244
2.247
1.084
3.170
11.005
0.078

in female fish
IPFF
R-square = 0.848
Estimate
A.S.E.
35.102
1.939
-8.808
2.718
10.292
0.008
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Table 2. The summary data on AR(1) models
-ii. Assessment of wider host range of parasitic
for pH and Water Temperature.
species.
Type
Estimate A.S.E.
-iii. Extinct host species evaluation.
1. DO
CONSTANT 3.424
0.258
Dep Var: IPMM Squared multiple R:
0.699
AR
0.509
0.119
Adjusted squared multiple R: 0.662, F ratio:16.266
2. pH
CONSTANT 3.837
0.163
Effect
Coefficient
Std Error
AR
0.454
0.115
DO
1.079
2.770
3. Temp CONSTANT 15.918
0.362
PH
4.953
3.976
AR
0.430
0.116
TEMP
0.482
1.731
Q1(Spring) 31.988
63.745
of hydrobiological and other environmental
Q2
12.060
32.729
factors on biogeographic distribution of
Q3
8.130
21.066
nematodes under study has induced the process
Q4
7.812
15.855
of coevolution in deep sea fishes. These patterns
Q5
4.287
12.344
were analyzed by the use of SYSTAT11 software
Dep Var: IPFF Squared multiple R:
0.823
to develop the predictive hypothesis for disease
Adjusted squared multiple R: 0.801 F-ratio: 32.655
outbreaks by R. (s) donapaulae.
Effect
Coefficient
Std Error
Parasite species dispersal by same sex of
DO
1.107
2.291
parasites in identical sex of fish exhibited
PH
1.053
0.288
compatible cyclic periodicity (i.e. male parasites
TEMP
0.292
1.431
in male sharks and female nematodes in female
sharks). The results for shark infection prevalence
Q1(Spring) 43.441
52.720
data by Rostellascaris donapaulae are presented
Q2
22.305
27.069
in Table 1. The data on AR(1) models for pH and
Q3
15.014
17.422
Water Temperature have been defined in Table 2.
Q4
10.416
13.113
DO had an overbearing influence on dispersal as
Q5
8.090
10.209
well as abundance over time.
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AND AMINO ACID DURING ANNUAL BREEDING CYCLE OF
HETEROPNEUSTES FOSSILIS (BLOCH)
V.K. Pandey, R.N. Mishra**, Shipra Upadhyaya and Anand Swaroop
Department of Zoology, K.S.S. P.G. College, Ayodhya-Faizabad 224 001 (U.P.)
**Department of Zoology S.K.P.G. College, Basti (U.P.)
ABSTRACT
The toxicity of paper mill effluent in liver of Heteropneustes fossilis was
studied. Fishes exposed to 0.5 and 0.8 of 96 hrs LC50 of effluents showed significant
alteration in biochemical parameters of liver protein and amino acid contents of
liver. Protein and amino acid contents of liver are maximum in spawning phases
but the protein and amino acid content of liver are measured to be decreased and
increased respectively in experimental fishes in all the three phases of the breeding
cycle. The changes were observed to be statistically very significant (P < 0.05, P <
0.001)
Keywords – Catfish, Effluents, liver

INTRODUCTION
With rapid growth of industrial activities
there has been tremendous increase in the
production of harmful concentration of the various
types of contaminants, affecting the aquatic life
in different ways. Biochemical studies have been
accepted progressive importance in toxicological
research. The biochemical changes are closely
associated with all the physiological faults. Liver
has been considered the main metabolic centre
as well as the major detoxifying organ of the body.
The fishes are the most sensitive of all the aquatic
animals towards such pollutants, and fish easily,
gets it tissues damaged due to water pollutants.
Although pollution of the fresh water bodies by
industrial effluents is known to damage the
aquatic species. The effects of industrial effluents
on the liver of cat fish have been well described
by many workers (Davies et, al, 1976, Joshi and
Desai 1988) The present study is an attempt to
deal with the effect of sub-lethal concentration of

industrial effluents and to evaluate the alteration
in the level of protein and amino acid contents in
the liver of fresh water cat fish Heteropneustes
fossilis in relation to annual breeding cycle.
Materials and methods
Live specimens of fish were collected from
the local fish market they were acclimatised to the
laboratory condition for 3 to 5 weeks under natural
photoperiod and temperature (21 to 300c) in a 125
litter aquarium and fed on small pieces of liver
and commercially available fish food. Mill
effluents of Sanjay paper mill, Maghar, Santkabir
Nagar (U.P.) India was selected as test toxicants
for biochemical studies. Fishes were put in the
group of 50 animals.
Group A- Control, were placed in tap water.
Group B- Experimental, were exposed to 0.5 and
0.8 sub-lethal concentration of effluents.
For the estimation of protein and amino
acid in the fish liver, the standard methods of
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Lowery et, al (1957) and standard methods of 1985, Sindhe et,al, 2002, Upadhyaya et,al, 2005)
Stressed fishes required additional energy,
Spies (1957) were used respectively. In the present
for
this
purpose gluconeogenesis were induced as
study SD, SE, confidence limits and regression corelation coefficient were calculated and tested a supplementary physiological response toward
properly by statistical methods of Sn edecor this requirements and as a result the protein
content of the tissue were degraded and rise amino
(1961).
acid pool generated for its conversion to glucose
RESULTS AND DISCUSSION
Control group of test fish showed the molecules to meet out the energy demand. The
maximum value of protein and amino acid in the reduction of protein and rise in free amino
spawning phase. The protein contents measured materials could also be related to stressed induced
during spawning phase was 1.32 and 1.6 times gluco neogenetic protein breakdown under the
greater from pre spawning and post spawning effect of pituitary inter renal hormonal axis and
phases respectively in the liver while the amino its toxic constituents of industrial effluents are also
acid contents measured during the spawning reported to decrease protein and increase amino
phase was 1.12 and 1.09 times greater from pre acid level in ovary tissue of cat fish, Clarias
spawning and post spawning phases respectively batrachus exposed to sugar mill effluents
in liver of control fish. But in experimental group (Upadhyay et,al, 2005).
Reduction in protein contents and
of test fish, the estimation of protein and amino
glycogenolysis
in liver tissue in different fishes
acid contents in liver were observed to be
decreased and increased respectively in all the under industrial effluents has already been
reported by various workers. (Mishra et,al, 2003,
phases of breeding cycle.
The spawning phase is the most active Narayan et,al, 1985, Pandey et,al, 2003, Shukla
phase of the life cycle. Liver is the main metabolic et,al, 1985, Sindhe et,al, 2002) Achyutha Devi et
centre, particularly during the spawning phases al, 2006.
of the fish, the rate of protein synthesis is many Acknowledgements
The authors are very thankful to the
fold increase in liver, because protein material is
Principal,
K S Saket P G College, Ayodhya,
also needed as main nutrients reserve in eggs of
spawning fishes. The similar result also reported in Faizabad for providing research facilities during
gonadial tissue by various workers. (Narayan et,al, the entire course of the present study.
Table :- Data showing changes in protein and amino acid content (mg % and µg/mg) in
liver of Heteropneustes fossilis along with percent changes from control due to exposure of
sub-lethal concentration effluents for 96 hrs.
Tissue Biochemical Phases of Group A
Group B Experimental (Mill Effluents)
Constituents Breeding Control
0.5 of 96
% change
0.8 of 96
% change
Cycle
hrs LC50
from control hrs LC50
from control
Pre
-24.08
0.760+0.237 -68.81
Spawning 2.437+0.232 1.852+0.099
Protein
Spawning 3.22+0.165 1.936+0.075
-40.09
1.76+0.104
-45.47
Post
2.04+0.155 1.646+0.071
-28.23
0.835+0.037 -59.06
Spawning
Liver
Pre
Spawning 40.64+0.256 49.68+0.177
+22.24
54.57+0.466 +34.77
Amino acid Spawning 45.53+0.325 53.82+0.538
+18.20
58.16+0.438 +27.73
Post
Spawning 41.77+0.798 47.47+0.550
+13.64
50.79+0.694 +21.59
(Values are of mean + SE, n=10)

The Scientific Temper
References
Achyutha Devi, J., Piska, Ravishankar (2006) Effect of
fluoride on tissue proteins of fresh water cat
fish Clarias batrachus (Linn). J. Aquatic Bio. 21(1) :
184-187.
Davies, J. C. (1976) Progress in sub-lethal effect studies
with kraft pulp mill effluent and salmonid J. Fish.
Res. Board Canada. 73:2031-2035
Joshi, U. M. and Desai A. K. (1988) Biochemical changes
in the liver of the fish I. Mossambica (Petters)
during continuous exposure to monocrotophos
Eco toxicol. Environ. Saf, 15: 272-276.
Lowry, O. H., N. J. Rosen brough, A. I. Farr and R. J.
Randall (1951) Protein measurements with folin
phenol reagent. J. Biol. Chem. 193: 265-275
Mishra, R. N., Pandey, V. K. and Swaroop, A. (2003) Effect
of sublethal value of LC50 of mill effluent on liver
carbohydrates of Heteropneustes fossilis (Bl.) in relation
to reproductive cycle. J. Liv. World. 10(3): 21-25.
Narayan, R. R. and A. G. Sathyanesan (1985)
Organophosphate induc ed bio-c hemical
changes in the brain, liver and ovary of the fish
Channa punctatus (Bl.). Proc. Indian. Natn. Sci. Acad.
B. 51(5): 537-542
Pandey, V. K., R. N. Mishra and Anand Swaroop (2003),
Effect of paper mill effluents on the mortality
and behaviour of Indian cat fish Heteropneustes
fossilis (Bl.) Acta Ecol. 25(1) : 51-55.
Shukla, J. P. and K. Pandey (1986) Zink induced changes
in the nucleic acid and protein metabolism in
the fingerlings of fresh water murrel, Channa
punctatus. Acta. Hydrochem. Hydrobiol. 14: 195-197.
Snedecor, G. W. (1961) Statistical methods. Allied Pacific
Pvt. Ltd. New Delhi.
Sindhe, V. R. Veeresh, M. U. and Kulkarni, R. S. (2002)
ovarian changes in response to heavy metals
exposure to the fish Notopterus notopterus (Pallas).
J. Environ. Bio. 23 (2): 137-141.
Spies, J. R. (1957) colorimetric procedure for amino acids.
In : methods in university in enzymology (eds :
Colowick, S. P. And N. O. Kaplan). Academic Press,
NewYork. P. 464-471.
Upadhyay, Shipra, Singh, Indu and Pandey, V. K. (2005)
Effect of sublethal concentration of sugar mill
effluents on protein and amino acid level in ovary
of cat fish, Clarias batrachus in relation to
reproductive cycle. Flora fauna, 11(2) : 155-157.

133

134

The Scientific Temper

135

The Scientific Temper
July, 2010; No.1: pp135-138
© All Rights Reserved
Academy of Innovative Research
Email: pntripathiphd@hotmail.com

QUANTIFICATION OF FLUORIDE IN DRINKING WATER OF RURAL
AND URBAN AREAS OF BALRAMPUR DISTRICT, U. P., INDIA
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ABSTRACT
A study of fluoride status in drinking water was evaluated in the Rural
and Urban areas of Balrampur district. The study was conducted with an aim to
assess and evaluate the reason for increasing level of fluoride in underground
water around Balrampur district. Though, in most of the areas level was within
the acceptable range but a significant change in level was observed as fluoride was
modetectable in these areas. Excessive entry of fluorides in human body results in
fluorosis. Fluoride is found to affect calcium and phosphate contents in bones
which become making brittle. The preliminary survey reports several cases of
arthritis in this area.
Key words: Ground water, fluorosis, Urban and Rural water quality.

INTRODUCTION
The increasing industrialization,
urbanization, and developmental activities to cope
up with the population explosion have brought
inevitable water crisis. Water, the universal solvent,
serves as an unavoidable medium for the
livelihood of the humanbeings, plants and
animals. The available fresh water is hardly 0.3
to 0.5% of total water on the earth.
Underground water plays an important
role in the overall water balance of the
environment. As a reservoir, it has an enormous
capacity to store water in rainy periods which can
be utilized in dry periods. Ground water is
primary source of fresh water in several towns and
rural areas.
It is widely used as a source of water for
drinking purpose. Affected ground water quality,
which is not useful for drinking purpose. Ground
water pollution causes irreparable damage to soil,

plants and animals including humanbeings.
Polluted ground water is the cause for the spread
of chronic diseases and other diseases in epidemic
form.
In both Urban and rural India, ground
water is the major source of drinking water and it
is the major source of fluoride pollution. It
constantly dissolves from the environment and
goes into the ground water (Jain et al., 2005).
Fluoride, though occurs in minimum quantities
in natural water yet evokes considerable interest
due to its impact on human health.
Fluoride in every limited quantities is desirable
for healthy growth of teeth and bones in human
beings and prevents dental caries. But in excess
quantities, not only causes disturbance of enamel
structure but it also causes genetic damage, and
neurological damage (Saxena et al., 2005).
MATERIAL AND METHODS
About 50 water samples were collected
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early in the morning from sources such as taps,
ponds, wells, handpumps, rivers and borewells of
different Urban and Rural areas of Balrampur
district. Fluoride concentration was estimated by
electronic method using expandable ion analyzer
EA-940. For this two electrodes i.e. reference
electrode and fluoride sensing electrode were used.
The electrodes were prepared and the instrument
was calibrated by 1 ppm, 10 ppm and 100 ppm
of known standard fluoride solutions. 10 ml of
unknown sample was taken in a beaker and 1 ml
of TISAB III solution was added. Fluoride
concentration was directly read in the samples,
by dipping the electrodes. 221 mg NaF was
dissolved in 1 liter of distilled water to make stock
solution. 100 ml of this stock solution was taken
and 1 liter of distilled water was added to make
standard fluoride solution (1 ml = 1g F).
RESULTS
Fluoride concentration in urban water
samples (Table 1) varied between 0.568 mg/L to
1.213 mg/L. The fluoride concentration in
municipal supply varied from 0.658 to 0.958 mg/
L in summer season, 0.434 to 0.512 mg/L in
monsoon seasons and 0.592 to 0.956 mg/L in
winter seasons. The fluoride concentration in hand
pump varied between 0.725 mg/L to 0.951 mg/L,
but in summer it varied from 0.812-1.122 mg/L,
in monsoon it varied from 0.631 to 0.802 mg/L
and in winter it varied from 0.732 to 0.982 mg/L.
The average fluoride concentration in open well,
ponds, river and Swan nallah varied from 0.6780.727 mg/L, 0.568-0.591 mg/L, 0.870 to 1.017 mg/
L and 0.713 to 1.213 mg/L, respectively. All the
samples were found below the maximum
permissible limit of 1.5 mg/L. They were also
below the desirable limit of 1.0 mg/L except
samples of Suaon Nallah upstream and Rapti
River down stream.
Fluoride concentration in rural water
samples is presented in table 2 and 3. The data
revealed that average fluoride concentration varied
in hand pump was 0.882-1.281 mg/L but in
summer, monsoon and winter it fluctuates from
0.922-1.312 mg/L, 0.838-1.261 mg/L and 0.8821.281 mg/L, respectively. The average fluoride
concentration in open well varied from 0.868 1.105

mg/L with fluctuation 0.913 - 1.092 mg/L in
summer, 0.821 - 1.113 mg/L in monsoon and
0.872 - 1.181 mg/L in winter seasons. The average
fluoride concentration in Borewell water sample
varied from 0.968-1.065 mg/L with fluctuation
0.973-1.091 mg/L in summer, 0.882-1.172 mg/L
in monsoon and 0.932-1.042 mg/L in winter
seasons. The average fluoride concentration in
ponds varied from 0.896 - 0.908 mg/L with
fluctuation 0.960 - 0.983 mg/L in summer, 0.8120.852 mg/L in monsoon and 0.893- 0.912 mg/L
in winter seasons. All the samples were found
below the maximum permissible limit of 1.5 mg/
L. They were also below the desirable limit of 1.0
mg/L except handpump and borewell water
samples of rural areas (Table 3). Presence of high
level of fluoride in water from hand pumps and
borewell of rural area could be due to high
concentration of fluoride in subsoil and shallow
borings.
DISCUSSIONS
The permissible limit of fluoride content in
drinking water recommended by ISI and WHO
is 1.0 mg/L. The maximum permissible limit of
fluoride in drinking water according to the Bureau
of Indian standard (BIS, 1983) is 0.6 mg/L to 1.2
mg/L. However, Teotia and Teotia (1984) on the
basis of their studies have suggested the
maximum permissible limit of fluoride below 0.5
mg/L. The drinking water has been classified
according to its fluoride content as safe (up to 1.0
mg/L) marginally contaminated (1.1 mg/L to 2.5
mg/L) and highly contaminated (2.6 mg/L and
above) (Sushella, 1999). Buragohain et al., (2007)
reported that fluoride concentration in water less
than 0.7 mg/L may cause dental caries. Thus all
the sites of Balrampur district are within the
permissible limit except the hands pumps and
borewell of rural area could be due to high
concentration of fluoride in subsoil and shallow
boring (Kumari and Rao, 1993; Garg et al., 1998
and Pandey et al., 2001) and due to fluoride
bearing minerals in the rocks where these hand
pumps and borewells are situated. (Sharma et al.,
2002).
In the present study, the result reveals that
although an overall picture of the area within the
municipal limits does not have fluoride content
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Table 1:
Concentration of fluoride in the water sample of Balrampur city.
S. Sampling
Sampling
No. of
Fluoride (mg/L)
Standard
No. Source
Sites
Samples
error of
Summer Monsoon Winter Average mean
1.
Municipal supply Chowk
12
0.958
0.434
0.956
0.782
±0.09
2.
Municipal supply Civil line
12
0.718
0.482
0.698
0.632
± 0.16
3.
Municipal supply Purabtola
12
0.658
0.512
0.592
0.587
± 0.14
4.
Municipal supply Khalwa
12
0.712
0.501
0.621
0.611
± 0.31
5.
Hand pump
Sugar Factory
9
1.120
0.802
0.932
0.951
± 0.41
colony
6.
Hand pump
Bhagwatiganj
9
1.122
0.742
0.813
0.892
± 0.35
7.
Hand pump
Terhi Bazar
9
0.990
0.732
0.982
0.901
± 0.05
8.
Hand pump
Baluha
9
0.812
0.631
0.732
0.725
± 0.14
9.
Open well
Purabtola
6
0.750
0.652
0.781
0.727
± 0.11
10. Open well
Teachers Colony
6
0.703
0.521
0.812
0.678
± 0.32
11. Ponds
Pajwa
12
0.658
0.432
0.614
0.568
± 0.11
12. Ponds
NaiBasti
12
0.712
0.532
0.531
0.591
± 0.31
13. Suaon Nallah
Upstream
9
1.350*
1.148
1.142
1.213
± 0.14
14. Suaon Nallah
Downstream
9
1.512
0.928
1.211
0.713
± 0.13
15. Rapti River
Upstream
9
0.821
0.832
0.958
0.870
± 0.18
16. Rapti River
Downstream
9
1.121
0.914
0.989
1.017
± 0.21
* Slightly higher concentration of fluoride according to BIS
Table 2:
Concentration of fluoride in the water sample of rural area of Balrampur district.
S. Sampling
Sampling
No. of
Fluoride (mg/L)
Standard
No. Source
Sites
Samples
error of
Summer Monsoon Winter Average mean
1.
Hand pump.
Mathura Bazar
12
0.922
0.838
0.882
0.880
± 0.25
2.
Hand pump.
Lalia
12
1.312
1.261
1.281
1.284*
± 0.11
3.
Hand pump.
Ratanpur
12
1.130
0.981
1.042
1.051
± 0.12
4.
Hand pump.
Arjunpur
12
1.090
0.951
1.021
1.020
± 0.18
5.
Borewell
Navbasta
9
0.973
0.941
1.042
0.985
± 0.20
6.
Borewell
Sisai
9
1.091
1.172
0.932
1.065
± 0.27
7.
Borewell
Laxminagar
12
1.061
0.973
1.012
1.015
± 0.10
8.
Borewell
Vishunpur
9
1.022
0.882
1.00
0.968
± 0.45
9.
Open well
Ranijot
10
0.913
0.821
0.872
0.868
± 0.07
10. Open well
Ajabnagar
10
0.962
0.821
0.903
0.895
± 0.18
11. Open well
Mahari
12
1.021
1.113
1.181
1.105
± 0.23
12. Open well
Premnagar
12
1.092
1.012
1.041
1.048
± 0.30
13. Ponds
Pakari
10
0.982
0.813
0.893
0.896
± 0.17
14. Ponds
Mahua Bazar
10
0.962
0.852
0.912
0.908
± 0.25
15. Ponds
Tilkahna
12
0.960
0.850
0.912
0.907
± 0.21
16. Ponds
Sehriwa
12
0.983
0.812
0.894
0.896
± 0.31
* Slightly higher concentration of fluoride according to BIS.
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Table 3:
Concentration of fluoride in mg/L in water samples in Balrampur district.
Sampling source
Average concentration of Fluoride
Urban area
Rural area
Urban area Rural area
Hand pump
0.725-0.951
0.882-1.281
0.867
1.058
Openwell
0.781-0.812
0.868-1.105
0.796
0.979
Municipal supply
0.587-0.782
0.653
Borewell
0.968-1.065
1.008
Ponds
0.568-0.591
0.896-0.908
0.579
0.901
Rivers
0.870-1.017
0.943
Suaon Nallah
0.713-1.213
0.963
higher than permissible limits, but there is certain
village where the fluoride concentration is slightly
higher than the desirable limits. Probably, our
study area lies in this safezone. It should also be
borne in mind that although only two out of thirty
two sites in this study showed a very marginally
higher value of fluoride as compared to that setup
by BIS (1.2 mg/L), but the long term use of such
waters may be detrimental for human health.
Fluoride in the range of 0.5 – 1.2 mg/L is generally
considered to be beneficial to humanbeings, but
consumption of fluoride for a long time through
drinking water containing higher fluoride
concentration than 1.2 mg/L will lead to fluorosis,
which is a chronic disease characterized by
mottling of teeth and softening of bones,
ossification of tendons and ligaments.
Thus, the quality of drinking water in rural
area of Balrampur district is not safe for drinking
purposes from ground water source. The fluoride
content in the surface water such as pond and river
was less as compared to ground water such as
hand pump and borewell. Hence, it is desirable
that the drinking water should be monitored for
the presence of fluoride to be well within the
permissible limits, the population should also be
made aware of the harmful effects of fluoride.
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ABSTRACT
Life table and intrinsic rate of increase have been studied in Apanteles agilis
Ashmead (Hymenoptera: Braconidae), a larval parasitoid of Diaphania
pulverulentalis (Hampson). The longevity of ovipositing females of A. agilis, ranged
from 6 to 8 days (mean 7.4 days). The number of progeny produced averaged 47.3
(range 40 – 53) individuals. The male : female offsprings averaged 1 : 1.529 (range 1
: 1.208 – 2.00). The first adult mortality was on the fifth day. Average length of
immature stages of parasitoid was 16 days. The maximum progeny production
per day, (mx) was 12.7 on third day and reproduction stopped on seventh day. The
intrinsic rate of increase (rm) per female per day was 0.180 and population multiplied
27.94 times in mean generation time ‘T’ of 18.50 days.
Key words : Life table, Apanteles agilis, larval parasitoid, Diaphania pulverulentalis

INTRODUCTION
Diaphania pulverulentalis (Hampson)
(Lepidoptera) is potential pest of mulberry in India.
The pest rolls the leaves and feed upon them and
contaminate by webbing, sheltering and by
producing excrement. Thus, the pest affect quality
and quantity of leaves and further rearing of
mulberry silkworms Bombyx mori L. as mulberry
leaves is food for B. mori. Use of pesticides on
mulberry ecosystem is not without danger.
Therefore, for hoping ecofriendly control
(biological control) of D. pulverulentalis the
present work will add great relevance. Review of
literature indicates that life tables and intrinsic rate
of increase have been studied in different insects
by several workers to understand the population
ecology (Bilapate and Pawar, 1980) but, very little
attention has been paid on Hymenopterous
parasitoids (Chundurwar, 1977; Nikam and

Sathe, 1983; Sathe and Nikam, 1984; Sathe, 1986,
1991, Sathe and Ingawale, 1993, etc). Keeping in
view all above facts, the present work was carried
out. The data will be helpful for raring the
parasitoid in biocontrol programme of D.
pulverulentalis.
MATERIALS AND METHODS
The life tables were constructed according to
Birch (1948), Howe (1953) and Watson (1964). The
parasitoids were reared on 4 day old D.
pulverulentalis larvae. A constant number of 30
hosts larvae were exposed to the parasitoids daily
for 24 hr. The parasitized host larvae were
transferred to separate containers for parasitoid /
moth emergence. The observations were made on
immature forms, longevity of adult parasitoids and
daily emergence of parasitoids from each lot of
hosts to determine the fecundity. The life tables
were constructed with the help of fecundity data
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and later, the intrinsic rate of natural increase of
population (rm) of parasitoid was calculated. All
experiments were conducted under laboratory
conditions (25 + 1 0 C, 60 - 65 % R.H., 12 hr
photoperiod). During the experiments, D.
pulverulentalis larvae were fed with Mulberry
(Morus alba L.) leaves and parasitoids with 50 per
cent honey.
RESULTS AND DISCUSSION
Results are tabulated in tables 1 to 3 and
Fig. 1. Longevity of ovipositing females averaged
7.4 days (range 6.0 – 8.0 days). The number of
progeny produced averaged 47.3 (range 40 – 53)
individuals. The male : female offsprings
averaged 1 : 1.529 (range 1 : 1.208 - 1 : 2.00). Most
of the females reached their peak of oviposition
on the first day. The first adult mortality was on
the fifth day. Oviposition period averaged 5.3 days
(ranged 4.0 – 6.0 days). Average length of
immature stages of parasitoid was 16 days. The
maximum progeny production per day, mx was
12.7 on third day and reproduction stopped on
seventh day. The intrinsic rate of increase per
female per day was 0.180 (Fig.1) and population
multiplied 47.3 times in mean generation time ‘T’
of 18.50 days.
lx m x x
525.68
Tc =
=
= 18.81
lx m x
27.94
Where, Tc is arbitrary ‘T’

rc =

log e R0

=

log e 27.94

Tc

=

0.177

18.81

Where rc is arbitrary ‘rm’
Tc = 18.30, rc = 0.177
Now arbitrary ‘rm’s (rc) are 0.19 and 0.23
? = e 7- r m x l x m x = 1
rm = 0.180 (Fig. 1)
Where ë is the finite rate of natural increase.
log e 27.94
Tc =
Tc = 18.50 T = 18.50days.
0.180
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In Agathis unicolorata (Shenefelt) average periods of immature stages were 17 and
(Chundurwar, 1977), Cotesia flavipes (Cameron) 18 days respectively while, in A. agilis the period
(Nikam and Sathe, 1983) and in Cotesia orientalis of immature stages was 16 days.
C. & N. and Cotesia diurnii R. & N., (Sathe and
Sathe (1991) studied the fecundity, life
Nikam, 1984; Sathe, 1986) the intrinsic rates of tables and intrinsic rate of natural increase in
increase were 0.144, 0.176, 0.188 and 0.158 Glyptapanteles malshri Sathe and Inamdar, a
respectively. The populations multiplied by 34.56, parasitoid of Plutella xylostella (Linn.). He
30.72, 41.93 and 25.99 times in mean generation reported that mated female had an average of 10.4
time of 24.60, 19.45, 19.87 and 20.61 days days ovipositional period and found producing on
respectively. In C. orientalis and C. diurnii the an average 96.3 adult progeny with a sex ratio (m
Table 1 : Longevity, oviposition period, fecundity and sex ratio of mated females of
A. agilis
Replicate Longevity Oviposition No. of larvae Parasitoid progeny
Sex ratio
(days)
Period
exposed
(days)
Male
Female
Total Male : Female
A
8.0
6.0
150
21
29
50
1 : 1.380
B
7.5
6.0
150
23
28
51
1 : 1.217
C
7.5
5.0
150
15
30
45
1 : 2.000
D
8.0
6.0
150
24
29
53
1 : 1.208
E
6.0
4.0
150
14
20
34
1 : 1.428
F
8.0
5.0
150
18
28
46
1 : 1.555
G
7.0
5.0
150
17
32
49
1 : 1.882
H
6.0
4.0
150
16
24
40
1 : 1.500
I
8.0
6.0
150
21
31
52
1 : 1.476
J
8.0
6.0
150
20
33
53
1 : 1.650
Avg.
7.4
5.3
150
18.9
28.4
47.3
1 : 1.529
Table 2 : Daily production of progeny by mated females of A. agilis
Replicate / Female
No. of females produced per day
number
1
2
3
4
5
6
7
8
A
2
7
13
4
2
1
D
B
2
6
12
5
2
1
D
C
4
8
14
3
1
D
D
3
7
14
4
1
D
E
2
7
9
2
D
F
3
6
12
5
2
D
G
2
9
15
4
2
D
H
3
7
11
3
D
I
2
9
13
4
2
1
D
J
2
7
14
6
3
1
D
Total number of 25
73
127
40
15
04
0
0
Females produced

Total
29
28
30
29
20
28
32
24
31
33
284

142

T.V. Sathe et al.

Pivotal age
(days)
x
Immature stages 16 days
17
18
19
20
21
22
23
24

Table 3 : Life table statistics of A. agilis
Proportional
No. of female
live at age
progeny/ female
lx
mx
lx m x
1
1
1
1
0.8
0.6
0.2
0.0

2.5
7.3
12.7
4.0
1.5
0.4
0.0
0.0

2.5
7.3
12.7
4.0
1.2
0.24
0.0
0.0
 27.94

lx mx x
42.50
131.40
241.30
80.00
25.20
5.28
0.0
0.0
 525.68

0.22
0.21
0.2
0.19
0.18
0.17

rm

0.16
0.15
0.14
0.13
0.12
0.11
1000

2000

e7- rm

x lxmx

Fig. 1 : Determination of intrinsic rate of increase in A. agilis.
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crop pests. Ph. D. thesis, Shivaji University, 1 –
: f) 1 : 1.365. The mean progeny production per
200.
day (mx) was 9.00 on the fifth day. The innate
Nikam, P. K. and Sathe T. V. (1983) Life tables and intrinsic
capacity of increase was 0.179 per female per day
rates of natural increase of Cotesia flavipes
and population multiplied 39.54 times in mean
(Cameron) (Hymenoptera: Braconidae)
generation time of 20.54 days.
population on Chilo partellus (Swin.) (Lepidoptera
: Pyralidae). Zang. Ent., 95, 171-175.
Sathe and Ingawale (1993) studied
Nikam,
P.
K. and Sathe T. V. (1984) Life tables and intrinsic
fecundity, life tables and intrinsic rate of increase
rate of natural increase of Cotesia orentalis C. & N.
in Apanteles jayanagarensis Bhatnagar, a larval
(Hymenoptera: Braconidae), population on
parasitoid of Spilosoma obliqua (Wlk.) in which
Exelastis atomosa Fab. Entamon, 9, 169-171.
average adult longevity was 6.8 days, average Sathe, T.V. (1986) Life table and intrinsic rate of increase
of Cotesia diurnii Rao and Nikam (Hymenoptera:
progeny production was 119.6 individuals and
Braconidae), a larval parasitoid of Exelastis
male : female offsprings averaged 1 : 1.349. They
atomosa Walsingham. Entomon, 11(4), 281-283.
also reported first adult mortality on 5th day and Sathe, T. V (1991) Fecundity and life table studies in
average length of immature stages 16 days. The
Glyptapanteles malshri S. & I (Braconidae), a larval
maximum mean progeny production per day
parasitoid of Plutella xylostella (Plutellidae). Riv.
di Parassitologia, 8, (LII), 3 : 299-306.
(mx) was 18.8 on the 2nd day in the parasitoid. The
Sathe,
T.
V. and Ingawale, D. M. (1993) Fecundity, life
intrinsic rate of increase per female per day was
tables and intrinsic rate of increase in Apanteles
0.225 and population multiplied 66.71 times in
jayanagarensis Bhatnagar, a parasitoid of Spilosoma
mean generation time of 18.66 days while, in A.
obliqua (Wlk.). J. Biol. Control., 7, 69-71.
agilis mated female’s ovipositional period Watson, T. F. (1964) Influence of host plant conditions of
population of larvae of Tetranychus telarius (L.)
averaged 5.3 days, the progeny production
(Acarina : Tetraychidae). Hilgardia, 35, 273 – 322.
averaged 47.3 individuals with average sex ratio
(m : f) 1 : 1.529 and the first adult mortality was
on the fifth day. Reproduction stopped on seventh
day and the innate capacity of increase was 0.180
per female per day. The present work will be
helpful for rating the parasitoid in mass rearing
programme.
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ABSTRACT
A study was conducted under pot conditions to testify the efficacy of neem seed
powder; neem leaf powder and 2 fungal isolates, Trichoderma harzianum and T. glaucum
to estimate pathogenicity of M. incognita infesting Solanum melongena. The freshly
hatched second stage juveniles (J2) inoculated @ 2000J2/pot and neem seed powder,
neem leaves powder and fungal isolates T. harzianum and T. glaucum, were applied @
0.2%. The observations of the study revealed that the infested brinjal plants showed
maximum root gall formation and decrease in root and shoot length as well as
their fresh and dry weight with the increase in levels of infestations as compared
to control. It was also observed that the brinjal plants amended with neem seed
powder separately and with a combination of neem seed powder and T. harzianum
showed better growth and significant reduction in gall formation (54.19% & 49.36%
respectively) over untreated inoculated plants.
Key words: Meloidogyne incognita, Bio-management, Trichoderma spp. Solanum melangena

INTRODUCTION
The root-knot nematodes (Meloidogyne
spp.) are sedentary endoparasites and are among
the most damaging agricultural pests, attacking
a wide range of crops (Barker et al., 1985). In
India, four species of Meloidogyne are commonly
found viz., M. incognita, M. javanica, M. arenaria
and M. hapla and almost all cultivated plants of
economic importance are vulnerable to attack by
one or the other species or by races of root-knot
nematodes in different parts of the world (Sasser,
1980). Brinjal, member of the family Solanaceae,
is a popular vegetable of the masses and native of
India. M. incognita is a major constraint in the
production of brinjal and causes severe loss.
Control of root-knot nematodes has been
accomplished primarily through chemical
nematicide, crop rotation, resistant varieties where
available (Widmer and Abawi, 2000). The soil

amendment by various organic, inorganic
additives and botanicals with bioinoculants has
been developed as a new trend in recent researches
to control Meloidogyne spp. (Ahmad and Khan,
2004; Brand et al., 2004). Barua and Bora (2008)
demonstrated efficacy of Trichoderma harzianum
against M. incognita.
The present investigation was undertaken
to find out the potentiality of neem seed powder,
neem leaves powder and two of the fungal species
viz. Trichoderma harzianum and T. glaucum as soil
amendment against M. incognita infesting brinjal
plants.
MATERIALS AND METHODS
The experiment was conducted in earthen
pots (15cm dia) filled with 2kg sterilized sandy
loam soil. Single seedling was transplanted in each
pot and inoculated, served as control. Neem leaves
and seed powder was applied alone @ 0.2% and
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in combination with fungal isolates @ 0.2%.
Plant and Inoculation material
Brinjal seedlings cv. Pusa Purple long were
raised in sterilized sandy loam soil along with
sterilized compost manure. Three weeks old
seedlings were transplanted in earthen pots.
Infected root samples were collected from the
nearby brinjal fields of District Meerut. The
infected roots were washed with running tap water
and egg masses were isolated in petriplates on
moist double layered tissue paper and incubated
for two days at 28±20C in BOD. Isolation of fungus
was done by dilution method, as 1g of soil (air
dried) diluted with 9ml of distilled water and
further diluted up to 7 times by mixing 1ml into
next 9 ml water. Thus from the prepared stock
solution 1ml was poured on PDA media plates.
All the petriplates were incubated in BOD at
25±20C for 5 days. The grown colonies of different
fungi were separated by single spore method
(Johnson and Booth, 1914) identifies with the help
of taxonomic keys. The fungal strains/isolates
were identified as T. harzianum and T. glaucum.
Neem seed and leaves powder were prepared after
drying the green seeds and green leaves in oven
at 700C for one hour, grinded in mortar and sieved
to make fine powder. After one week, the
transplantation seedlings were inoculated with
2000J2/pot and each level was replicated 4 times
and un-inoculated kept as control. After 7 days of
inoculation, the study was conducted as per
experimental design:
T1
= Un-infested Control
T2
= Infested Control
T3
= Infested plants treated with neem seed
powder
T4
= Infested plants treated with neem leaves
powder
T5
= Infested plants treated with T. harzianum
T6
= Infested plants treated with T. glaucum
T7
= Infested plants treated with neem seed
powder + T. harzianum
T8
= Infested plants treated with neem seed
powder + T. glaucum
Inoculation and soil amendment
The experiment was terminated after 75
days of inoculation and plants were removed

carefully. Roots were washed thoroughly in tap
water for root-knots counting. Plant growth
parameters and pathogenicity was recorded from
all the treatments.
The recorded data were subjected to
analysis by using SPSS software. Regression
analysis was used to determine the relationships
between root knot index and total plant fresh
weight and dry weight separately
RESULT AND DISCUSSION
In the present investigation, the
observations were recorded on various plant
growth parameters viz. length and weight (fresh
and dry) of root and shoot and estimation of root
knot formation in treated and un-treated plants
(Table-1, 2). The highest root length was recorded
in the infected plants amended with neem seed
powder followed by infected plants amended with
neem seed powder and T. harzianum (Table-2).
The highest root weight (fresh and dry) was
recorded in infected control plants, followed by
infected plants treated with T. glaucum. The shoot
length was recorded highest in healthy uninfected
plants followed by infected plants amended with
neem seed powder. The highest shoot weight
(fresh and dry) was recorded in uninfested plants
followed by plants treated with neem seed powder
(Table-1). Observations on nematode
multiplication by the formation of root knots and
release of egg masses on root surface were
recorded and recorded the least in infected plants
amended with neem seed powder (45 and 37.75
respectively) and highest in infected untreated
plants (98.25 and 100.75 respectively, Table - 2).
The relationship relationship between root knot
index and total plant fresh weight and dry weight
were established and presented in Table - 3.
Neem seed contains high amount of
nitrogen and is used as manure in field. Many
workers have studied the use of neem seed and
some inorganic fertilizer for the increased plant
growth (Singh and Sitaramaiah, 1971; Gowda,
1972; Khan et al., 1974). Addition of neem seed
powder considerably increased phenolic content
of the soil and this is due to the presence of phenol
in undecomposed seeds (Alam et al., 1980;
Sitaramaiah and Singh, 1978). Akhtar and Malik
(2000) have reported that the extract of neem seeds

4.68+1.12 1.06+0.08 85.2+1.50
(4.5-4.8)
(0.8-1.1) (82-89)
5.45+1.32 1.09+0.44 88.75+0.96
(5.2-5.7)
(0.5-2.4) (86-92)
6.34+1.42 1.21+0.46 92.75+1.78
(5.9-6.9) (0.3-2.5) (90-97)
4.19+0.96 1.03+0.26 49.75+1.58
(3.2-5)
(0.3-1.4) (45-52)
3.85+0.94 0.82+0.11 55.5+0.75
(3.6-4)
(0.4-0.9) (53-57)

22.7+0.77 11.11+0.47 1.59+0.16 13.2+1.41
(24.2-21.1)(10-11.9) (1.1-1.8) (10-16.5)
1.20+0.08 10.1+0.92
(1.0-1.4) (8-12.5)
0.44+0.13 9.3+0.56
(0.2-0.7) (8.2-10.5)

23.8+1.25 9.43+0.23
(20-29.9) (8.9-9.9)

23.2+1.16 6.35+0.41
(20-25.5) (5.1-6.8)

27.3+0.62 15.30+0.25 2.43+0.15 16.7+0.43
(28-25.5) (14.8-15.9) (2.1-2.8) (16-18)

24.9+0.41 14.35+0.14 2.33+0.16 12.8+1.24
(24-26)
(14-14.6) (2-2.7)
(10.5-15)

T4

T5

T6

T7

T8

43.51

49.36

5.59

9.66

13.23

54.19

———-

% reduction
in knot
information

50.37

2.72

10.17

14.14

65.75+0.87 34.73
(65-68)

50.0+1.65
(52-60)

98.0+1.49
(95-102)

90.5+1.38
(90-92)

86.5+1.44
(85-91)

37.75+1.25 63.0
(33-41)

3

2

4

4

4

2

4

NIL

% reduction RKI
in egg mass

100.75+1.18 —(95-102)

NIL

No. of
egg mass/
root

T1 = Un-infested Control; T2 = Infested Control; T3 = Infested plants treated with neem seed powder; T4 = Infested plants treated with neem
leaves powder; T5 = Infested plants treated with Trichoderma harzianum; T6 = Infested plants treated with Trichoderma glaucum; T7 = Infested
plants treated with neem seed powder + T. harzianum; T8 = Infested plants treated with neem seed powder + T. glaucum; RKI= Root Knot
Index

2.08+0.51 0.77+0.26 45.0+1.80
(2.0-2.1)
(0.4-1.5) (40-45)

29.8+0.31 16.78+0.29 4.63+0.18 17.7+1.11
(30.5-29) (17.4-16) (4.1-4.9) (15-20)

T3

Dry wt.
(gm)

8.44+1.05 1.61+0.33 98.25+1.55
(8.2-8.6)
(1-2.4)
(95-100)

Fresh
(gm)

18.6+0.55 4.28+0.09 0.14+0.02 6.55+0.33
(19.5-17) (4.02-4043) (0.1-0.2) (6-7.5)

Length
(cm)

T2

Dry wt.
wt.(gm)

No. of
root knot
/root

1.21+0.06 0.64+0.03 NIL
(1.0-1.3)
(0.5-0.7)

Fresh
wt. (gm)

Root

32.1+0.83 21.68+0.22 5.67+0.07 11.4+0.59
(34-30)
(21.2-22.1) (5.5-5.8) (10.5-12.9)

Length
(cm)

Shoot

T1

Treatment

Table 1. Effect of Meloidogyne incognita infestation on brinjal plants and efficacy at different inauculates.
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Table - 2. Efficacy of various treatments on different growth parameters of Solanum
melongena infested with Meloidogyne incognita.

S. No.

Plant Growth and Disease Parameters

Level of Various Treatments

1.

Shoot Length

T1 > T3 > T7 > T8 > T5 > T6 > T4 > T2

2.

Shoot Weight

T1 > T3 > T7 > T8 > T4 > T5 > T6 >T2

3.

Root Length

T3 > T7 > T4 > T8 > T1 > T5 > T6 >T2

4.

Root Weight

T2 > T6 > T5 > T4 > T7 > T8 > T3 > T1

5.

Number of root knot/root

T2 > T6 > T5 > T4 > T8 > T7 > T3

6.
Number of egg masse/root
T2 > T6 > T5 > T4 > T8 > T7 > T3
T1 = Un-infested Control; T2 = Infested Control; T3 = Infested plants treated with neem seed powder; T4
Infested plants treated with neem leaves powder; T5 = Infested plants treated with Trichoderma
=
harzianum; T6 = Infested plants treated with Trichoderma glaucum; T7 = Infested plants treated with
neem seed powder + T. harzianum; T8 = Infested plants treated with neem seed powder + T. glaucum.
Table - 3. Regression depicting correlation coefficient between plant weight (fresh & dry)
and root knot index.
Coefficient Correlation with Fresh Plant Weight
Source of

Degree of

Sum of

Variation

freedom

Squares

Regression

1

47.632

47.632

Residual

6

40.984

6.831

Total

7

88.616

Y = 6.2350 – 0.0507X,

Mean Square

F

6.973

Significance

0.039

P > 0.01
Coefficient Correlation with Dry Plant Weight

Regression

1

12.180

12.180

Residual

6

7.897

6.831

Total

7

20.077

9.254

0.023

Y = 6.2350 – 0.5590X, P > 0.05
contain phenols and tannins which are toxic to
nematode hatching and mortality.
Neem seed is full of several chemical
constituents, among which the limonoids are the
compounds belonging to B-furano-triterpenoids
alone which have been found to be nematotoxic.
The presence of phenolics causes the retardation
of giant cell formation and poor nutrition of rootknot larvae (Sitaramaiah and Singh, 1978). T.

harzianum contain enzymatic secretions viz.
chitinolytin, proteases and proteinases etc., which
are antinemic attributes. Proteinases are involved
in nematophagous fungal activity on nematode
eggs (Dackman et al., 1989). The J2 cuticle is
mainly composed of proteins (Blaxter and
Robertson, 1998); therefore it may be assumed
that improved proteolytic activity of the
antagonist would lead to increased bio-control
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ability of neem seed.
Results showed significant suppression of
M. incognita by T. harzianum and good plant
health (Table-2, 3). The possible mechanism
involved in Trichoderma antagonism had been
studied intensively in terms of antibiotic and
enzyme production as hyphal interactions
(Dennis and Webster, 1971; Elad et al., 1982).
Production of chitinases may have direct
significance in the parasitism of Trichoderma on
M. incognita as these enzymes function by
breaking down the polysaccharides, chitin and
â-glucan that are responsible for the rigidity of
fungal cell walls thereby destroying the outer
most body covering of the nematode. T. harzianum
solubilizes the inorganic elements in the soil and
provide to the plants. M. incognita may also be
killed while feeding on root tissues by the systemic
action of these nematicides when they are
absorbed by the plant roots and Translocated in
the plant system. Trichoderma harzianum colonize
and penetrate plant root tissues and initiate a series
of morphological and biochemical changes in the
plant considered to be a part of plant defense
response, which in the end leads to induced
systemic resistance (ISR) in the entire plant.
Significant suppression of nematode
multiplication by the neem seed and T. harzianum
was due to its capability of altering root exudates,
which could alter nematode behavior and
suppress nematode population in root system
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STUDY OF INHIBITORY EFFECT OF EUCALYPTUS FRUIT EXTRACT
AGAINST DIFFERENT BACTERIA
S. Gaherwal, M.M. Prakash & V. Sharma
Dept. of Biotechnology, Govt. Holkar Science College, Indore (M.P.)
ABSTRACT
The present paper describes the in vitro antibacterial activity of Eucalyptus
fruit on the basis of inhibition zone. The aqueous, methanol and ether extract of
fruit was used to test its antibacterial activity by disk diffusion method against
E.Coli, S. Typhi and L. acidophilus. Result obtained showed positive antibacterial
activity of Aqueous and Ether extract against E.Coli, S. Typhi and L. acidophilus.
While, Methanol extract showed the positive activities against only E. coli.
Keyward:- E.Coli, S. Typhi, L. acidophilus, Eucalyptus fruit and antibacterial activity

INTRODUCTION
Human has for centuries used many
species to treat several diseases.2 According to
Farombi 3 medicinal plants have continuously to
play a dominant role in the maintenance of
human health since ancient time. The present
study was undertaken to study the effect of fruit
extract of Eucalyptus on the micro organisms like
E.Coli, S. Typhi and L. acidophilus.
MATERIAL AND METHODS
Material collection
The Eucalyptus fruit was collected from the
campus of Govt. Holkar Science College, Indore
in between the months of January to March, 2009.
The fruit was washed with distilled water, than
dried under the incubator at 370C temperature
for 2-3 days until it becomes totally dried.
Extract preparation
The extracts were prepared in three solvent
i.e. Aqueous, Methanol and Ether. The 10 gram
powder of fruit was dissolved in 100 ml of different
solvent and heated until it becomes nearly half
i.e. approximately 50%. It was then filtered in a
test tube with the help of Wateman Filter paper
No. 1. Filtered solution was centrifuged at 2000

rpm for two minutes. The supernatant which
contain clear fresh extract of fruit of Eucalyptus
was used for experimental work.
Media preparation
The Mueller Hinton media was used to test Micro
organism susceptibility.
Media Composition - (Typical, g/l)
· Meat infusion – 2.0
· Casein Hydrolysate – 17.5
· Starch – 1.5
· Agar – agar 17.0
Media Preparation Method
38gm of Mueller Hinton dehydrated
media was prepared in 1000 ml of purified flittered
distilled water. It was then heated with frequent
agitation and boil for one minute and sterilize at
1210C (15 lbs of pressure) for 15 minute. After that
it was cool to 450 to 500C, mixed gently and finally
poured into previously sterile petriplates.
Disk Preparation
E-270 (diameter 12.5) paper was cut into a
shape of disk, and then sterilized into incubator
for over night. These disk were placed into
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The aqueous extract of fruit was effective
against all the 3 bacteria. It was most effective in
treatment of E. coli followed by Lacto acidophilus
than Slamonella typhy. The sized based decreasing
order of inhibition zone was observed asE. coli > Lacto acidophilus > Salmonella typhy
The methanol extract gave zone of
inhibition only with E. coli. However, there was
no zone of inhibition with Salmonella typhy and
Lacto acidophilus.
The ether extract gave best result with
Salmonella typhy then both E. coli and Lacto
acidophilus. The diameter of zone of inhibition was
prepared extract of experimental fruit for 20
similar in E. coli and Lacto acidophilus. The sized
minutes, then removed with the help of a sterile
based decreasing order of inhibition zone was
forcep and placed into a separate sterile
observed aspetriplates, allow drying in the laminar air flow.
Salmonella typhy > E. coli = Lacto acidophilus
Inoculums Preparation
On comparison of different extract, the E.
From a stocked pure bacterial sample, 4 coli gave maximum inhibition zone in aqueous
to 5 colonies were transfer with a wire loop to 10ml extract followed by methanol extract than ether
of distilled water in test tube.
extract. The sized based decreasing order of zone
of inhibition was observed asInoculation procedure
Aqueous > Methanol > Ether
Disk diffusion method was used to test the
The
Salmonella typhy was found to exhibit
antibacterial activity of Eucalyptus fruit extract
equal inhibition zone to aqueous and ether
against the experimental bacteria.
extract. The methanol extract was ineffective
RESULT AND OBSERVATION
against the Salmonella typhy.
Antibacterial activity of Eucalyptus fruit
The Lacto acidophilus gave best result in
extract on different bacteria was given in table 1 aqueous extract followed by ether extract.
and presented with fig.1.
However, there was no inhibition zone in
Table-1 Antibacterial activity of Eucalyptus fruit extract on different bacteria
S.No. Organism
Inhibition Zone (Radius)
Aqueous Extract (10%)
Methanol Extract (10%) Ether Extract (10%)
(10gm/100ml)
(10gm/100ml)
(10gm/100ml)
1
Escherichia coli
10 mm
6 mm
5 mm
2
Salmonella typhy
6 mm
No Result
6 mm
3
Lacto acidophilus
7 mm
No Result
5 mm
Fig.-1 antibacterial activity of Eucalyptus fruit extract on different bacteria
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methanol extract. The sized based decreasing
order of inhibition zone was observed asAqueous > Ether
Overall result for fruit extract showed that
for E. coli, aqueous extract was most effective. For
Salmonella typhy, both the aqueous and ether
extract gave same result. However, for Lacto
acidophilus, aqueous extract was most effective.
DISCUSSION
Kumar et al.,4 studied antibacterial activity
of Abutilon indicum and described maximum
activity with ethanolic extract followed by
petroleum ether and aqueous. Ahmad and Ahmad
1
studied antibacterial activity of ethanolic extract
to 22 traditionally used Indian medicinal plants
against 7 bacteria including S. typhi and E. Coli
and found 10 plants with antibacterial activity.
Naqvi et al., 5 found aqueous extract of plant as
antibacterial including E. Coli and S. typhi. In the
present investigation too aqueous extract of fruit
of Eucalyptus was found most effective against
E. Coli and L. acidophilus, while against S. typhi
ether extract of fruit of same plant was most
effective. Interesting finding in the present study
was that methanol extract of fruit of studied plant
showed no response against S. typhi and L.
acidophilus.
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A NEW GLYCOSIDE FROM THE BUDS OF CLOVE GROWN IN NORTH
INDIAN PLAINS
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ABSTRACT
A new glycoside gallic -7-O--D-glucopyranoside has been isolated first
time from the methanolic extract of Syzygium aromaticum. The structure was
elucidated by spectroscopic methods and acid hydrolysis.
Keywords : Syzygium aromaticum, Gallic-7-O-β-D-glucopyranoside,clove buds.

INTRODUCTION
Syzygium aromaticum belongs to the family
Myrtaceae. It is used as flavoring material whole or in
ground form. In India it is cultivated in Kerela, Tamil
Nadu, Karnataka and Andaman and Nicobar Islands.
A large number of compounds have been reported from
clove like aglycone-quercetin,kaempferol,rhmnetin
[2],terpenoids like β-caryphyllene,its oxides,α-humulene
epoxide and eugenol [5] and ellagitannins.This genus
shows many act ivit ies also like antio xidant
[4,6,8],insecticidal [5],and antimicrobial [9] .
The present paper describes the isolation and
structural elucidation of a new compound(1) (first time
report fro m this plant ) , gallic -7-O- β-Dglucopyranoside.
EXPERIMENTAL
Plant Material:
The buds of Syzygium aromaticum were purchased
from local market in December 2008 and specimen
voucher have been deposited in University’s herbarium.
Extraction and isolation:
The dried buds of Syzygium aromaticum (1.5 Kg)
were extracted with n-hexane, chloroform and
methanol.The solvents were removed in vacuo to give
three fractions weighing 113 g, 102g and 195g
respectively. Fifty grams of methano fractionl extract was
loaded on column on silica gel using n-hexane, hexane-

ethylacetate, ethylacetate-methanol as solvents. Different
compounds which were obtained are oleonolic acid
(1g),cratagolic acid (30mg), Orsellinic 2-O- β-Dglucopyranoside (40 mg) (a new compound [1] and
compound no.1 (28mg),which was obtained at Rf 0.45
in CHCl3:MeOH (3:1).
Spectral data:
Gallic-7-O-β-D-glucopyranoside
(1)
colourless,crystalline [MeOH],M.P 250 0-252 0C
,IR[ν]max nm:3380, 1670,1618, 1541, 1444, 1300,
1258, 1210, 1100,1020 cm-1,H1-NMR (200MHz,
CD3OD);δ 8.5 (3H,m,Ph-OH),4.0(1H,dd,J=7,12
Hz,H-2’ to 5’),4.2(2H,d,J=7Hz,H-1’),7.88(2H,s,H-2
& 6). C13-NMR (50MHz,CD3OD) δ 62.6(C-6’),
72.7(C-4’),75.5(C-2’), 77.8 (C-5’),79.6(C-3’),
104.2(C-1’)110.3(C-2,6)121.9(C-1),139.5(C4),146.3(C-3,5),169(C-7). EI/MS,m/z,70eV,rel,int.332[M+] (40),170 (50),152 (48),126 (35),102 (35),77
(40), 44(100).
Hydrolysis : Compound 1 ( 30 mg) in MeOH was
refluxed with 5% HCl (2ml) for 4 hr. on water bath.
After cooling, the reaction mixture is processed for
aglycone as usual method and it was dried over MgSO4
and concentrated under vacuum. The aglycone was
recrystallized from MeOH to give a compound ( 12 mg)
mp-2400-2410C which was identified as gallic acid by
Tlc, mp,mmp. The aqueous layer was processed for
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sugar. The sugar was identified as glucose by cocomparison with a standard sample on paper
chromatography (BuOH-HOAc-H2O;4:1:5) using
aniline hydrogen phthalate as spray reagent [1].
RESULTS AND DISCUSSIONS
Mass (M+ 332) and C13-NMR spectra (13 carbons)
leads to molecular formula C13H16O10. IR absorption
band 3380 cm-1and positive Gibb’s test indicated the
phenolic nature of the compound, which was further
supported by a broad single at δ 8.5 in 1H-NMR,which
disappeared on addition of D 2O. The 1H-NMR
spectrum revealed the presence of two proton as singlet
at δ 7.88 attributed to aromatic proton H-2 and H6.Further signals in 1H-NMR and C13-NMR clearly
indicated the presence of glucose moiey supported by
mass fragment at m/z 170 (M+-Gl) in the mass
spectrum.A one proton doublet at δ 4.2 (J=7Hz) could
be assigned to β-anomeric proton [3,10,11,13 ] which
was further supported by a signal in C13-NMR at
δ104.2.Hydrolysis of the compound with methanolic
HCl afforded two products, a sugar which was identified
as glucose by paper chromatography and an aglycone
identical to gallic acid (mp,mmp,tlc) [ 12].Thus from
the above spectroscopic and chemical data the
compound was concluded as gallic -7-O- β-Dglucopyranoside .This is a first time report from this plant.
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BALRAMPUR DISTRICT (U.P.) INDIA
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ABSTRACT
This paper documents the traditional knowledge of medicinal plants that
are in use by the Tharu tribes residing in Gaisari and Pachpedwa blocks of
Balrampur district of Devipatan division of north-eastern Uttar Pradesh, India.
Altogether 20 types of animal ailments have been reported to be cured by using 25
medicinal plant species. The informations during study period (2008-09) were
collected through questionnaire and personal interviews of local traditional healers.
Key words— Traditional, Phytotherapy, Animal; Diseases.

INTRDOCUTION
The cure of diseases and preservation of
health are as old as life itself. All indigenous
remedies, whether traditional or modern, have
originated directly or indirectly from folklore,
rituals, magic and superstitions. In other words,
the therapeutic hints or measures hold key to the
treasures of knowledge in folk medicine and
native-medico-botany. Native phytomedicine is
kind of systematised and analysed traditional
knowledge of folk healing in its own way. A large
number of ancient medicines are still being valued
for the same action and properties, the basic
principles and practices surving through ages,
handed over from generation to generation, may
be with or without modification (Mitra, 1989).
Traditional uses of medicinal plants have
been continuing since Vedic period and still a large
population is dependent on these plants but no
anthentic record is available for the treatment of
cattle by plants (Pandey et al., 1999). However,
the commondable efforts of botanists in the
direction of studies on traditional phytotherapy
cannot be overlook. Sundarsanam et al. (1995),
Geetha et al. (1996), Rajan and Sethuraman

(1997), Reddy et al. (1998), Ali (1999) and Pandey
et al. (1999) have shown their deep concern for
the indigenous people and their medicinal
knowledge system and how this knowledge could
be develop for the welfare of our domesticated
animals.
Although the contributions of aforesaid
workers have enriched our knowledge on
traditional phytotherapy of animal diseases,
however, there is still an urgent need of studies on
ethno phytoveterinary wealth of our country
specially in the remote areas like Balrampur
district of north-eastern Uttar Pradesh.
The district Balrampur is a part of the
remote Tarai belt of north-eastern U.P. It lies in
subtropical region with the total area of 3419.50
Km2 having total pupulation 1685000. The district
falls between 27008” N to 27054” N lattitude and
82.2030” E to 82049” E longitude. The district
consists of very rich natural forests like Kuano,
Janakpur, Jarwa, Beerpur-Semra etc. The Tharu
tribes residing in isolated pockets of this district
specially in Gaisari and Pachpedwa blocks. In
Tharu areas (Tharuhat) mainly plant species are
used are therapheutic agent for the treatment of
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various animal ailments. Due to increasing
veterinary facilities and depletion of indigenous
culture, this knowledge is lossing repidly. It is
therefore the present study is undertaken to
explore and document folklores about
phytoveterinary practices in this remote area of
eastern Uttar Pradesh.
MATERIALS AND METHDOS
An ethnobotanical survey was carried out
during 2008-09 to collect information on the
medicinal uses of plants for the treatment of
various diseases and ailments of domesticated
animals by Tharu tribes. Local traditional healers
having practical knowledge of plants in medicine
were interviewed in 20 villages of the Gaisari and
Pachpedwa blocks of Balrampur district (Fig.1).
During the course of ethnomedicinal exploration,
method of Jain and Rao (1976) was followed.
Information about the plants were recorded with
regards to their vernacular names, plant part
used, process of preparation of medicine either
individually or in combination with other plant
parts/material, mode of application and doses for
the treatment of a particular disease or diseases.
All the vaucher specimens were identified using
relevant literature (Singh, 1991; Jain, 2003). Out
of informations collected, presented alphabetically
according to their vernacular (local) names
followed by botanical names and families.
RESULT AND DISCUSSION
The results of the present study are
presented in Table (1). During survey of the study
area, 25 phytoveterinary medicinal plant species
belonging to 21 families were documented. For
each species local name, botanical name, family,
parts used, methods of preparation,
administration and ailments treated are provided.
Traditional healers are using these plants to cure
diseases of domesticated animals related to skin
problems, eye troubles, cold, fever, cough,
diarrhoea, fertility problems, foot and mouth
diseases, cuts and wounds, swelling of shoulders,
worm infestation, physical weakness, lactation,
appetite etc. problems.
Out of 25 plant species recorded, the
monocots represented by only two species namely
Dendrocalmus strictus and Desmostachya
bipinnata. Herbs were found to be most used

plants followed by trees, shrubs, climber and an
quatic species Nelumbo nucifera. Among the
families Solanaceae, Proaceae, Fabaceae,
Caesalpiniaceae and Meliaceae are represented by
two genera and their species whereas
Convolvulaceae, Combrectaceae, loranthaceae,
verbenaceae, Asteraceae, Fabaceae, Lamiaceae,
Moraceae, Nymphaeaceae, Oxalidaceae,
Euphorbiaceae, Acanthaceae, Liliaceae,
Bombacaceae and Aunnonacae are represented
by only one genus and their species (Table.1).
Among the different parts of plants used
in the treatment of various ailments and diseases
of domesticated animals by Tharu tribals, the
leaves and whole plant were most common
followed by stem bark, fruits and seeds. The
methods of preparation fall into following
categories ; as paste, decoction, juice, powder, fresh
plant parts, and crushed plant parts. Moreover a
single plant is used for more than one disease.
The survey indicated that, the study area
has plenty of medicinal plants to treat a wide
spectrum of animal ailments. Earlier studies on
traditional medicinal plants (Pandey et al., 1999;
Singh, 1991) also revealed that the local people
(Tribals, Nomadics) of Tarai region of north-east
U.P. prefer folk medicine due to low cast and more
availability (Muthu et al., 2006). It is evident from
the study that the knowledge of phytoveterinary
medicine is limited to traditional healers, herbalists
and elderly persons, commonly known as ‘Vaidya’
of the study area. The survey also indicates that
certain species of medicinal plants are being
exploited by the local residents who are unaware
of the importance of that plants in the treatment
of various ailments and diseass of domesticated
animals. Also the information recorded from the
survey need a thorough phytochemical
investigation including extraction and isolation of
alkaloids along with certain clinical trials.
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ABSTRACT
The investigation entitled “studies on survey, collection and evaluation of
water chestnut (Trapa natans var. bispinosa Roxb.) under Sathiaon Block of Azamgarh
District of Uttar Pradesh” was carried out comprising eight villages viz., Pahi
Ghat, Mafiya, Pichari, Rasulpur, Amilo, Baniyapara, Hafizpur, Ojhauli in the
Azamgarh district of U.P. in 2007-08. The Physico-chemical parameters were
observed in the Laboratory of the Department of Applied Plant Science
(Horticulture), Babasaheb Bhimrao Ambedkar University, Lucknow. Fifteen
cultivars Khas Gulab-1, Chhota Dana, Light green (Safed)-1, Hara-1, Khas Gulab2, Hardiya-1, Hara-2, Light Green (Safed)-2, Khas Gulab-3, Dambu-1, Hara-3,
Bhudiya-1, Hardiya-2, Dambu-2, Khas Gulab-4 were found to grow under these
villages. It has been observed that maximum length of fruit and cheek diameter
was recorded in cultivar Khas Gulab-1 (4.810 cm and 4.646 cm, respectively).
Maximum fruit breadth, weight and breadth of Kernel was recorded in cultivar
Hara-2 (4.716 cm, 37.796 g. and 3.916 cm, respectively). Maximum peel weight was
recorded in cultivar Hardiya-1 (23.836 g). Maximum weight, length of kernel and
cheek diameter was recorded in cultivar Dambu-1 (14.500 g, 3.838 cm. and 3.863
cm, respectively). Maximum T.S.S. content was recorded in cultivar Hardiya-2
(10.533 0Brix). Maximum ascorbic acid and acidity content was recorded in cultivar
Khas Gulab-2 (9.703mg/100g and 0.0910 %, respectively), while the minimum acidity
was recorded in cultivar Bhundiya-1 (0.0640 %).

INTRODUCTION
Water chestnut (Trapa natans var. bispinosa
Roxb.) commonly known as ‘Singhara’ or ‘Pani
Phal’ all over India belongs to family Trapaceae
and is a minor fruit of India. It is an aquatic nut
crop usually grown in rainy season in ponds and
lakes. The edible portion is mature kernel
(Chakor, 1974).
The fruit is a one seeded, top shaped drupe.
The fleshy pericarp of which is delicious and covers
a large two or four horned stony endocarp
(Pyxena). Based on colour of the husk, water

chest nut is categorized into three types:
completely green , completely red and green
blended with red (Ahmad and Singh, 1998).
Although water chest nut is a tropical crop
but is cultivated commercially in tropical and
subtropical parts of the world such as Pakistan,
Sri Lanka, Indonesia, Africa, South-Eastern
countries of Asia and USA. Currently it is also
cultivated in Japan, Taiwan, China, Thailand as
well as Australia. In India, it is cultivated in U.P.,
Bihar, Tamilnadu, W.B., Assam, Orissa and
Jammu & Kashmir (Chakor, 1974).
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The pulp contains 70% moisture, 23.9%
Carbohydrate, 4.7% Protein, 0.2% Fats, 1.1%
minerals and 20 I.U. vitamins A (Aykroyed,
1941). It has 9.8 mg /100g Vitamin C, T.S.S. 7 0
Brix and acidity 0.09%. This crop has got medicinal
important due to starchy nature. In certain tribal
villages, the flour is used for treatment of diarrhoea
and abdominal pain. It is used in textile industry
also (Kumar, 1984). It is necessary to not only
study and identify cultivars but also to make
proper rich collections for their preservation
(Zahedi and Sanei, 2006). Physico-chemical
characteristics of fruit play an important role in
fruit improvement programmes since, superior
quality cultivars can be selected after a detailed
survey of area in which they are indigenous and
adopted for commercial cultivation.
Keeping this in view, the present study was
undertaken for screening the chestnut (Trapa
natans var. bispinosa Roxb.) cultivars Under
Sathiaon Block of Azamgarh District of Uttar
Pradesh.
MATERIALS AND METHODS
The present investigation entitled “Studies
on survey, collection and evaluation of water
chestnut (Trapa natans var. bispinosa Roxb.) under
Sathiaon Block of Azamgarh District” was
conducted in the Research Laboratory of the
Department of Applied Plant Science
(Horticulture), Babasaheb Bhimrao Ambedkar
University, Lucknow, during in the year 20072008.
A survey was carried out in eight villages
of Azamgarh district of U.P. viz., Pahi Ghat,
Mafiya, Pichari, Rasulpur, Amilo, Baniyapara,
Hafizpur, and Ojhauli in 2007-08. Fifteen cultivars
Khas gulab-1 (T1) Chhota Dana (T2), Light green
(Safed)-1 (T3), Hara-1-(T4 ), Khas gulab-2 (T5 )
Hardiya-1 (T6), Hara-2 (T7), Light green Safed-2
(T8), Khas gulab-3 (T9), Dambu-1 (T10), Hara-3
(T11) Bhundiya-1 (T12), Hardiya-2 (T13), Dambu-2
(T14), Khas gulab-4 (T15) were found to grown
under these villages.
The Physico-chemical parameters were
observed in the Laboratory of the Department of
Applied Plant Science (Horticulture), Babasaheb
Bhimrao Ambedkar University, Lucknow. The
study has been divided in to two parts:
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Table-1- Physical characteristics of fruit of Water chestnut.
Parameters
Length Breadth Cheek Diameter Weight Specific

Khas Gulab-1 (T1)
Chhota Dana (T2)
Light green
(Safed)-1 (T3)
Hara-1 (T4)
Khas Gulab-2 (T5 )
Hardiya-1 (T6)
Hara-2 (T7)
Light green
Safed-2 (T8 )
Khas gulab-3 (T9)
Dambu-1 (T10)
Hara-3 (T11)
Bhundiya-1 (T12)
Hardiya-2 (T13)
Dambu-2 (T14)
Khas gulab-4 (T15)
C D at 5 %

(cm)
4.810
3.746
3.736

(cm)
4.473
3.800
4.166

4.310
3.956
3.866
4.683
4.123
4.143
3.850
4.110
3.660
3.866
3.786
4.070
0.416

Peel

of (cm)
4.646
3.956
3.906

(g)
23.493
20.516
23.443

gravity
1.356
1.497
1.311

weight (g)
16.826
9.706
11.000

4.113
4.476
4.586
4.716
4.420

4.306
4.103
4.270
4.646
4.186

21.773
21.706
37.570
37.796
26.993

1.426
1.219
1.114
1.192
1.056

12.886
12.100
23.836
23.136
15.616

4.230
3.896
4.116
4.043
4.410
4.053
4.376
0.386

4.190
3.883
4.050
3.683
4.263
3.703
4.513
0.360

21.706
21.070
20.733
20.536
27.696
20.043
26.653
4.915

1.209
1.094
1.157
1.084
1.102
1.137
1.023
0.0287

11.333
9.163
10.203
10.756
14.183
11.636
17.510
1.212

1. Survey of water chestnut growing areas
in Sathiaon Block of district Azamgarh.
2. Collection and Evalution of germplasm of
water chestnut from ponds of Sathiaon
Block of Azamgarh District of Uttar
Pradesh:
Fruit of water chestnut from different
villages as cited above were collected in the month
of October – November. Mature fruits of water
chestnut were harvested from the ponds where
they are grown on commercial level. The fruits
were collected in polythene bas along with some
water and brought for the physico – chemical
analysis in the Horticultural Laboratory of the
Department. The experiment was laid out in a
Completely Randomized Block Design (CRD)
and was replicated thrice. Nine healthy water
chestnut fruits of uniform size were taken for
observations. Physical parameters of fruit was
recorded on length of fruits (cm), breadth of fruits

(cm), cheek diameter of fruits (cm), weight of fruits
(g), volume of fruits (ml), specific gravity of fruits,
length of kernel (cm.), breadth of kernel (cm),
cheek diameter of kernel (cm), weight of kernel
(g), volume of kernel fruits (ml), specific gravity
of kernel, weight of peel (g) and kernel: peel ratio.
For Bio-chemical parameters, nine fully
matured fruits were selected randomly. The T.S.S.
was recorded directly with the help of hand
refractometer (ERMA, Japan, 0-30 °Brix), while
acidity was determined by diluting the juice and
titrating it against 0.1N NaOH using
phenolphthalein indicator and was expressed as
percent citric acid. Ascorbic acid was determined
with the help of three percent metaphosphoric acid
and 2, 4 - dichlorophenol-indophenol dye
(Ranganna, 1991). The data recorded during
observations was analyzed to test the level of
significance as per standard method (Chandel,
1984).
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Table: 2- Physico-Chemical characteristics of Kernel of Water chestnut.
Parameters
Cultivars
Length Breadth Cheek
Weight Specific Total
Ascorbic
(cm)
(cm) Diameter (g)
gravity soluble acid
of (cm)
solids(0B) (mg/100g)
Khas gulab-1 (T1)
3.636
3.508
3.703
10.666 1.408
7.633
9.230
Chhota dana (T2)
3.111
3.450
3.625
10.083 1.910
5.366
8.046
Light green
3.035
3.406
3.558
7.416
1.412
4.700
8.993
(Safed)-1 (T3)
Hara-1 (T4)
3.473
3.396
3.555
10.250 1.170
5.833
8.046
Khas gulab-2 (T5)
3.186
3.761
3.821
11.250 1.331
4.616
9.703
Hardiya-1 (T6)
3.330
3.470
3.425
12.250 1.253
5.933
8.283
Hara-2 (T7)
3.281
3.916
3.466
9.416
1.204
4.600
9.446
Light green
3.311
3.700
3.625
9.666
0.972
6.133
8.756
Safed-2 (T)8
Khas gulab-3 (T9)
3.366
3.636
3.501
13.333 1.289
9.333
9.230
Dambu-1 (T10)
3.838
3.426
3.863
14.500 1.111
7.966
8.993
Hara-3 ( T11)
3.323
3.483
3.611
11.833 1.028
7.800
9.230
Bhundiya-1 (T12)
3.261
3.490
3.791
10.250 1.213
7.500
8.520
Hardiya-2 ( T13)
3.403
3.880
3.490
11.883 1.051
10.533
8.992
Dambu-2 ( T14)
3.285
3.306
3.751
11.000 0.931
8.300
8.046
Khas gulab-4 (T15) 3.273
3.410
3.508
9.583
1.055
6.866
9.230
C D at 5 %
0.079
0.059
0.073
0.317
0.085
0.503
0.370
RESULTS AND DISCUSSION
A very little work has been done on survey,
collection and evaluation of physico-chemical
parameters of water chestnut. The observations
were recorded with respect to physical parameters
of fruits and Bio-chemical parameters of fruits
have been revealed through critically analysis is
as follows:
Physical parameters of fruits:
In the present study, the observations
recorded in all fifteen cultivars of water chestnut
by different scientific methods were mostly
significant. A statistically significant difference in
length and cheek diameter of fruit was recorded
in all fifteen cultivar of water chestnut. It has been
observed that maximum length of fruit and cheek
diameter was recorded in cultivar Khas Gulab-1
(4.810 cm and 4.646 cm, respectively), while the
minimum fruit length and cheek diameter was

Acidity
(%)
0.076
0.069
0.083
0.082
0.091
0.091
0.083
0.074
0.082
0.074
0.076
0.064
0.068
0.065
0.072
0.006

recorded in cultivar Bhundiya-1 (3.660 cm and
3.683 cm, respectively).
It is evident from the table-1, that breadth
of fruit shows significant difference. The
maximum breadth and weight of fruit was 4.716
cm and 37.796 g., respectively, while minimum
breadth (3.800cm.) was observed in cultivar
Chhota Dana. The minimum weight of fruit
(20.043 g) was found to be recorded in cv. Dambu2. In the present study considerable variation were
recorded in specific gravity of fruit of water
chestnut. The variability in specific gravity of fruit
was found to vary from 1.023 to 1.497. Maximum
specific gravity of fruit was recorded in cultivar
Chhota Dana-2 (1.497), while it was minimum
(1.023) in cultivar Khas Gulab – 4. Maximum peel
weight was recorded in cultivar Hardiya-1 (23.836
g.), while it was recorded minimum (9.163) in cv.
Dambu -1. The observation regarding Peel weight
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was in agreement with result of Dixit and concluded that the water chestnut cultivars Khas
Banerjee (2003).
Gulab-1 was the best cultivar however, cultivars
Physico-chemical parameters - Kernel:
Hardiya-2 and Khas Gulab-2, Dambu-1, Hara-2
Significant variation in cheek diameter and Hardiya-1 were also found superior and more
and length of kernel were observed. Maximum suitable for commercial cultivation under
weight, length of kernel and cheek diameter was Sathiyaon Block of District Azamgarh, U.P. since
recorded in cultivar Dambu-1 (14.500 g., 3.838 they have a large fruit size, attractive appearance
cm. and 3.863 cm, respectively), while the and better fruit quality parameters as compared
maximum breadth of kernel was recorded in to other cultivars.
cultivar Hara-2 (3.916 cm), and it was recorded REFERENCES:
minimum (3.306 cm) in cv. Dambu-2. Variation Ahmad, S. H. and Kumar, A. K. (1998). The fresh water
aquatic fruit: water chestnut. Aquaculture and
observed in all fifteen cultivars was significant
Fisheries Institutional Finance and Program
regarding to breadth of kernel. Minimum cheek
Implementation Department, Government of
diameter of kernel (3.425cm) was found to be in
Bihar (18 (1): Home PP, 1-3.
cv. Hardiya-1, while minimum weight and length
Aykroyed, W. R. (1941). Nutritive value of Indian foods.
of kernel was recorded in T3 (7.416 g and 3.111
(Revised. Ratwardhan, M. and Ranganathan, S.
cm, respectively). The variation in weight of kernel
1951.
may be because the latter stage of water chestnut Biswas, S. and Ray, B. N. (1983). Studies on maturity
had higher kernel weight (Mandal et al., 1997).
standards of litchi (Litchi chinensis sonn.) cultivar
Bombai. Progressive Horticulture, 15 (3): 187-189.
Maximum specific gravity was recorded in
Chandel,
S. R. S. (1984). Handbook of agricultural statistics.
cultivar Chhota Dana (1.910), while the minimum
Achal
Prakashan, C. 21-26.
(0.931) specific gravity of kernel was recorded in
Chakor, I. S. (1974). Indian Far. Dig., 7:35.
cultivar Dambu – 2.
Dixit, B. S. and Banerjee, R. (2003). Carbofuran residue in
In present studies a significant variation
water chestnut. Bulletin of Environmentalwas recorded in all fifteen cultivar with regard to
contamination and Toxicology, 70: 4, 789-791.
their total soluble solids (T.S.S.). Maximum T.S.S. Mandal, U. and Mazumdar, B. C. (1997). Quantitative
content was recorded in cultivar Hardiya-2
characteristics of some summer season tropical
and sub-tropical minor fruits grown in West
(10.533 0Brix), while it was observed minimum
0
Bengal. Indian Agriculturist, 41: 291-298.
(4.60 Brix) in cultivar Hara-2. Biswas and Roy
Mustard,
M. J. (1952). Ascorbic acid content of some
(1983) reported that in Litchi, TSS increased with
miscellaneous tropical and sub tropical plants
increase in aril weight and advancement in the
and plant product. Food Res. V. – 1.7 (1): 31.
age of litchi fruit but the time taken to reach the Ranganna, S. (1991). Hand book of analysis and quality
highest value of T.S.S. varied widely with cultivars
control for fruit and vegetable products third
and the geographical location of the orchard site.
edition, Tata McGraw Hill Pub. Co. Ltd. New
Similar observations have been reported by
Delhi, India.
Roschowdhary et al. (1962) who reported the Rodrigues, R. P.; Agrawal, C. and Saha, N. K. (1964). J.
Food Sci. Tech., 1:28.
vitamin-C contents of the kernel (9 mg/100 g).
Supe,
V.
S.; Shete, M. B.; Chavan, J. D. and Kaulgud, S. N.
The ascorbic acid and acidity was found to vary
(1998). Physico-chemical analysis of different
significantly. Quantity of ascorbic acid and acidity
aonla (Emblica offcinalis) c ultivars under
was recorded maximum in cultivar Khas Gulab Maharashtra c onditions. Journal of
2 (9.703mg/100g and 0.0910 %, respectively),
Maharashtra Agricultural University, 22 (3):
while the minimum ascorbic acid content was
310-312.
recorded in cultivar Chhota Dana-2, Dambu-2, Zahedi, B and Sanei, M. (2006). Identification of grape
cultivars grown in Khoramabad- LorestanHara-1 (8.046 mg/100g) and acidity was
Iran, Abstracts, 27th International Horticultural
minimum (0.0640 %) in cultivar Bhundiya-1.
Congress & Exhibition, August 13-19, 2006, Coex
T.S.S. and acidity showed a tendency of increase
(Convention & exhibition), Seoul. Korea
with delayed harvesting and the harvesting delay
International Society for Horticultural Science
also increased the Vitamin-C content (Supe et al.
(ISHS) Korean Society for Horticultural Science
1998). These observations were similar with
(KSHS). (S 01-0-30). P-9.
studies of Mustard (1952).
On the basis of overall performance it is
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A POTYVIRUS ISOLATED FROM COCCINIA GRANDIS(L.)VOIGT IN
ALIGARH. INDIA.
Muzafar Sheikh*, Mehar Fatima and Q.A.Naqvi
Plant Virology lab, Department of Botany, Aligarh Muslim University Aligarh- 202002 India
*E.mail.sheikhmuzafar4@gmail.com
ABSTRACT
Coccinia grandis(L.)Voigt Plants collected from Aligarh showing mosaic and
mottling, were naturally infected by a virus of Potyvirus group identified
according to particle morphology and size, host range, physio -chemical
properties, etc . The virus isolate was identified as a strain of Watermelon Mosaic
Virus (WMV-2). The virus induced cytoplasmic inclusions in the form of pinwheels
and scrolls and long lamellar aggregates.
Key words: Potyvirus, Watermelon mosaic virus(WMV-2), cytoplasmic inclusions

INTRODUCTION
Coccinia grandis (L.)Voigt being a wild
plant of the family Cucurbitaceae has now been
grown on large scale in many states of India for
its Fruits, roots etc. C. grandis has not been
reported to be infected from viral disease except
for some reports of Bhargava et al. (1975) which
suggests that C.grandis is a ready source of
Watermelon mosaic virus-2 (WMV-2). Purciful et
al.(1989) described a serologically related strain
of WMV-2 on C.grandis and designate it as
Trichosanthes Virus(TV).During the survey in and
around Aligarh. C.grandis plants were found
severely infected with mosaic and mottling
symptoms on leaves. The present investigation is
concerned with the identification and of strain of
WMV-2 from naturally infected C.grandis plants.
MATERIALS AND METHODS
HOST RANGE
Infected C.grandis leaves were ground in
0.1M Phosphate buffer pH 7.0 and the extract was
mechanically inoculated on the following plants
of the families:.
Acanthacea (Ruellia tuberose L.),
Amaranthaceae (Amaranthus caudatus

L.),Apiaceae(Daucus carota L.cv pusa kesar, Ammi
majus L.,Apium graveolens L. cv. White solid,
Petroselenium orispum(Mill.) Mansf.cv. Imperial
curie,Asteraceae(Centaurea cyanus L., Ageratum
maxicanum Sims W.Blue Mink., Bellia perennis
L.cv Sutton Dwarf White,Cosmos bipinnatus
Cav.cv. Double Mixed, Dahlia rosea Cav.cv. Dwarf
mixed, Lactuca sativaL. Brasicaceae (Brassica
compestris L., C.amaranticolor Coste & Reyn,
C.murale L.,C. quinoa L.,Spinacea oleracea
L.cv.pusa Jyoti and Palang sag, Beta Vulgaris L.,
Cucurbitacea (Cucumis sativus L., Cucurbita
maxima L., Lagenaria vulgaris Ser.,
Benincasa hispida Savi., Trichosanthes anguina L.,
Lamiaceae (Salvia occidentalis Swartz),
Solanaceae (Capsicum annum L., Nicotiana
debneyi. N.glutinosa L.,N.occidentalis, N.palmeri
Gray., N. tabacum L.cv Anand-2 Bidi type, Bhopali
pakra, Harrison Special and Jayshree.
PURIFICATION
The virus was purified by a method
involving the extraction of the virus in 0.1M
Phosphate buffer Ph 7.0 in presence of 30% nbutanol and 0.1% thioglycolic acid together with
EDTA (0.01Mm) in 6% PEG and 0.1% Nacl. This
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was followed by two cycles of differential
centrifugation. Further purification of partially
purified virus was done by centrifugation in
sucrose density gradients as described by Brakke
(1969).
ELECTRON MICROSCOPY
Negatively stained preparations were
made from purified virus by using 2 % (M/V)
aqueous uranyl acetate solution. The average
dimensions of the particle were determined from
stained preparations.
The detailed schedule of the technique
given by Ronald (1978) was followed to study the
ultra structure of inclusions induced by the virus
and its insitu localization. The treatment was given
to young leaves of experimentally infected
N.glutinosa L. plants.
SEROLOGY
Five weekly injections of 1.5ml of the
purified virus preparations were administered
intravenously through the marginal ear vein of
the rabbit. After one week of the last intravenous
injection, one booster dose of 1ml of virus
emulsified with equal amount of incomplete
Freund,s adjuvant was injected subcutaneously.
The rabbit was bled fifteen days after the booster
dose and antiserum titer was measured by tube
precipitin tests.
Ouchterlony,s double diffusion tests were
performed to identify the virus up to strain level.
Purified virus (antigen) was deposited in the central
well and antisera of zucchini yellow Mosaic
(ZYMV). Bean Common Mosaic (BCMV) and

Fig 1.Flexuous rod typical of Potyvirus

Potato Virus Y (PVY) were deposited in the
peripheral wells. Diffusion was allowed overnight.
IMMUNOSORBENT ELECTRON
MICROSCOPY (ISEM)
For ISEM, the method described by
Derrick (1973) and later modified by Milne and
Luisoni (1977) was applied using the antis era of
ZYMV, BYMV, Papaya Ring spot Virus (PRSV),
PVY and homologous antis era.
RESULTS
HOST RANGE
23 out of 35 plant species or cultivars were
found susceptible to WMV-2 strain. In all 25
species back inoculation onto C. amaranticolor
gave positive results. Most of the plants of
Chenopodiaceae and Cucurbitaceae were found
locally infected and plants of Solanaceae specially
belonging to genera Nicotiana produced systemic
mosaic.
PURIFICATION
The purified virus preparation gave a
single light scattering band in density gradient.
The UV- spectrum of the purified virus was typical
of nucleoproteins. A260/A280 ratio was 1.1838 and
RNA% was 6.02 typical of WMV-2.
ELECTRON MICROSCOPY
The purified virus suspension revealed the
presence of flexuous rod –shaped particles
exhibiting typical potyvirus structure measuring
760 nm in length and 12nm in width (fig.1). The
sub-cellular structure of infected N.glutinosa
leaves showed the occurrence of cytoplasmic

Fig 2. Cytoplasmic inclusions
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the virus, as these were not reported by Purciful
et al(1989).
On the basis of properties like flexuous
particles measuring c.760×12nm, RNA % of 6.02,
induction of cytoplasmic inclusions like pinwheels,
scrolls and lamellar aggregates, and of course
serological relationship with ZYMV, it is concluded
that the virus under investigation is a member of
potyvirus group and appears to be a strain of
Watermelon mosaic virus-2, naturally infecting
Coccinia grandis(L.) Voigt.
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ABSTRACT
A trial was laid down to test the efficacy and mass production of the 15 isolates of
the two important Entomopathogenic nematodes viz. Steinernema and Heterorhabditis
sp. using three of the important pests i.e. Galleria mellonella, Helocoverpa armigera and
Spodeptera litura under laboratory condition. Different inoculants Viz. 10, 20, 40, 60,
80 Infective Juveniles/insect were used for the study. Observations were taken at 6
hrs intervals on the mortality of insects (6–72hrs). A dose of 10-30 Infective Juveniles
(second generation) of all the 5 tested entomopathogenic nematode isolates were
found significant (P < 0 05) causing mortality (60-80%) within 50-94 hrs. S. littura
was found more susceptible as compared to G. mellonella and H. armigera. The values
of LC50 and LT50 indicated that nematodes of both genera gave significant results in
virulence and time required for killing the pest larvae.
Key words: Entomopathogenic nematodes, Helicoverpa armigera, Spodeptera litura,
Galleria mellonella, Steinernema, Heterorhabditis, efficacy

INTRODUCTION
Biological control occurs in nature when
populations are limited through the action of
parasites, predators, and pathogens. As an applied
science, biological control often involves release
of exotic natural enemies in an attempt to
suppress introduced pest species in agriculture,
forestry, and human health (classical biological
control), but it is also implemented through the
augmentation or conservation of native natural
enemies. Natural and applied biological control
tactics are important in successful management
of pest populations, below those causing
economic injury. Most of the synthetic chemicals
decimate the beneficial parasitoids and predators.
The value of biocontrol is now well recognized
particularly in the context of environmental
protection as well as stable pest management

strategy. The role of biopesticides particularly
microbial pathogens in biorational pest
management has been well documented and the
efficacy of microbial pathogens can be enhanced
further by genetic improvement.
The modern history of biological control
dates from the remarkable success that was
achieved in controlling the cottony cushion scale
(Icerya purchasi) on California citrus in 1888
through introduction from Australia of the
predatory vedalia beetle (Rodolia cardinalis).
Biological control stands today as a corner stone
of integrated pest management (IPM) and is the
foremost alternative to the use of chemical
pesticides (Greathead 1986, De-Bach and Rosen
1991). Much work has been done on biological
control of the different insect pests using EPNs
(Grewal 2002).
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Highlights of the Research Work:
1. Diversity and infection incidence of Meloidogyne {M.
incognita (Race 1, 2, 3, 4); M. javanica (Race 1); M.
arenaria (Race 1, 2); M. hapla (Race 1)} from some
districts of Western Uttar Pradesh have been
studied.
2. Two species M. arenaria, M. hapla reported first time
from this region. The presence of all these species
was also confirmed on the molecular basis.
3. Biochemical estimation viz. carbohydrate, protein,
cholesterol, lipid and free amino ac ids and
karyological study of root knot nematodes have
been done.
4. Two major Entomopathogenic Nematodes (EPN)
have been isolated viz. Steinernema & Heterorhabditis.
5. Monoculture of 66 Isolates of both the genera
(Steinernema-49, Heterorhabditis-17) and monoxenic
culture of each of the isolates is maintained in the
laboratory.
6. Nematicidal Screening of Fungi (12 spp.) and Bacteria
(16 isolates of Bacillus subtilis) have been done and
mass production of these bio-agents are in progress.
7. Culture filtrates of all these bio-agent isolates have
been tested for the nematicidal properties that
showed positive effect against Meloidogyne spp.
8. Properties of antagonistic fungi vs pathogenic fungi;
antagonist bacteria vs pathogenic fungi have also
been studied.
9. Cost effective mass production technology of EPN
has been developed and maintained in the
laboratory
10. Four formulations have been develop for storing
the EPN for longer duration and all the four
formulations have been tried for their best efficacy.
11. All the produc ts are ready for commercial
production and for distribution to the farmers.

The success of any insect biological control
programme by entomopathogenic nematodes
depends on the nematode species, the target insect
pest and environmental conditions. During the
recent past, greater attention has been given to
entomopathogenic nematodes to explore their
biocontrol potential for the management of insect
pests. Nematodes belonging to more than 30
families are known to parasitize insects but
potential entomopathogenic nematodes belong to
only two families, Steinernematidae and
Heterorhabditidae.Entomopathogenic nematodes
from these families possess wide host range and
have been widely exploited for their biocontrol
potential (Lacey et. al. 2001, Kaya & Gaugler
1990). The family Steinernematidae comprises
two genera Steinernema with known 56 species
and Neosteinernema with only one species,
whereas Heterorhabditidae has one genus
Heterorhabditis with 10 species (Ganguly 2006).
Entomopathogenic nematodes have been
recovered from soil of a wide variety of climatic
regions in India (Karunakar et. al. 1999, Ganguly
& Singh 2001, Hussaini et. al. 2004).
The nematode belonging to family
Steinernematidae and Heterorhabditidae carry
symbiotic bacteria in their gut. These bacteria are
got released through faecal matter of the
nematode in the haemocoel of the insect and cause
rapid death of the insect host within 24-72 hrs due
to septicemia (Kaya & Gaugler, 1993). The
biocontrol potential of these nematodes is well
established in laboratory and also in field under
favorable conditions. Performance of
Entomopathogenic nematodes, however, varies
greatly with the isolate, in addition to insect host
and climatic conditions. Therefore it is need of day
to explore the native strains of Entomopathogenic
nematodes which could perform well under given
set of environmental conditions and could provide
a better and long lasting control.
In the present study we have tried to find
out the most efficacious locally available
entomopathogenic nematode isolate against the
important insect pests viz. Gallaria mellonella,
Helicoverpa armigera and Spodoptera litura.
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A and B and mixed for 30 seconds. This warm
MATERIALS AND METHODS
1. Target insects and their rearing in the homogenous mixture poured in to sterilized
petriplates and allowed to cool.
laboratory
iii. S. litura (larvae and adults) were reared
The original stock culture of target insects, Galleria
mellonella, Helicoverpa armigera and Spodeptera on castor leaves and on 1% sucrose solution
litura were reared in the laboratory on semi- respectively.
synthetic diet in plastic-jars until reached the 2. Tested Nematode Isolates
Fifteen entomopathogenic nematode
desired larval stage.
i. G. mellonella was reared on the artificial isolates were screened and isolated collected from
feed composed of Glycerol - 125ml; Maize flour - different agriculture fields of Meerut region (Table
200g; Wheat brawn - 100g, Milk Powder - 100g; 1). The nematodes were baited out using Gallaria
on white trap (Bedding and Akhurst, 1975). Oneand Yeast powder - 30g.
ii. H. armigera was also reared on artificial week-old cultures were used in the experiments.
diets which was prepared in three fractions viz. All the isolates were produced in large number
Fraction-A, Fraction-B and Fraction-C. The using the 5th instar of G. mellonella larvae adopting
the procedure as described by Woodring & Kaya
preparation of all fractions is as follows:
a. Fraction-A : Chick-pea flour - 94g and (1988).
Wheat germ - 13g mixed in Luke warm water 3. Bioassay
Fifteen nematode isolates were tested for their
(500ml).
b. Fraction B : Agar-agar - 15g added in to virulence on G. mellonella and same were tested
325ml distilled water. Fraction B was then added on the larvae of H. armigera and S. litura. The
tested nematodes were suspended in distilled water
in to fraction A and shake well for 1 minute.
c. Fraction C : Yeast powder - 24.5g; Casein to obtain the desired concentrations, control (0),
- 15g; Ascorbic acid - 6g; Methyle-para-hydroxy 10, 20, 40, 60 and 80 Infective Juveniles/ml/larva
benzoate - 2g; Asorbic acid - 1.2g; Streptomycin against the control using 1ml of distilled water/
sulphate - 0.2g; Cholesterol - 0.6g; Formaldehyde Petridis. There were ten replicates for each
(40%) - 1ml; Multivitamin solution (vitamins concentration. Each concentration was sprayed on
ABCDE) - 1.5ml; Multivitamin capsule - 2 and á- single larva placed in a Petridis (50 mm dia) lined
tacopherol - 400mg. Fraction C then added in to with filter paper and left for 72 hrs at 28+20C in
Table 1. Geographical location of the Entomopathogenic Nematode ioslates in district
Meerut (Western Uttar Pradesh).
S. No.
EPN isolate
Soil PH
Crops
Geographical Origin
1
H2
6.4
Pea Pegion
Meerut
2
H4
6.8
Pea Pegion
Meerut
3
H 11
7.6
Wheat
Kaili
4
H 17
6.2
Sugarcane
Sevaya
5
H 18
6.2
Sugarcane
Sevaya
6
H 19
6.2
Sugarcane
Sevaya
7
H 20
6.2
Sugarcane
Sevaya
8
S5
7.2
Rice
Meerut
9
S7
7.3
Potato
Bajaut
10
S8
7.5
Wheat
Bhatjevda
11
S 12
7.9
Cabbage
Kharkhauda
12
S 13
7.7
Radish
Lalsana
13
S 14
7.1
Jowar
Dorli
14
S 21
7.2
Jowar
Sevaya
15
S9
6.9
Wheat
Kharkhauda
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Table 2: LC50 and LT50 values of some of the
Entomopathogenic Nematode isolates on G.
mellonella larvae.
S.No. Indigenous
LC50 (IJs/ LT50 (In
EPN Isolates larvae)
hrs.)
1
H 20*
10.16
56.46
2
H 19*
18.90
61.22
3
S 13*
19.28
56.32
4
H 17*
23.74
51.52
5
S 14
27.24
55.57
6
S 5*
28.64
67.19
7
H 11
32.21
69.45
8
S9
38.88
66.92
9
H2
40.81
57.21
10
H 18
42.08
55.89
11
S7
42.08
61.67
12
S 21
42.11
69.48
13
S8
52.83
69.03
14
H4
36.11
65.28
15
S 12
55.12
69.66
* Entomopathogenic Nematode isolates
showing significance efficacy.
Table 3: Relative efficiency of 5 isolates of
Steinernema sp. and Heterorhabditis sp.
nematodes against Helicoverpa armigera
larvae.
Steinernema sp.
LC 50

Heterorhabditis sp.

5S

13S

17H

19H

30

20

25

20

20H
10

(IJs/ml.) P>0.05 P>0.01 P>0.05 P>0.005 P>0.001
LT50

94.22

74.86

80.32

53.24

(In hrs.) P>0.05 P>0.05 P>0.05 P>0.05

48.45
P>0.01

Table 4: Relative efficiency of 5 best isolates
of Steinernema sp. and Heterorhabditis sp.
nematodes against Spedoptera litura larvae.
Steinernema Sps.
LC 50

S

5

Heterorhabditis sps.
S

13

H

17

H

19

H

20

(IJs/ml.) 30

20

25

20

10

LT50

30.65

51.70

41.30

38.29

(In hrs.)

58.38

BOD incubator. Mortality counts were recorded
daily for 72 hrs from the initiation of the
experiment and percent mortality was calculated
for each concentration level. Probit analysis was
used for determining the LC50 values (IJs/larva),
and time mortality relation LT50 (mortality/6 hrs)
was calculated. Duration of 50% kill of the larvae
was determined for each nematode on targeted
insect pest (G. mellonella, H. armigera and S.
litura).
Out of fifteen isolates only five isolates (two
of Steinernema, S 5 & S 13 and three of
Heterorhabditis H 17 , H 19 & H 20) have much
potential to kill G. mellonella larvae. Therefore, in
the present study, only these five isolates were used
to check their potential against H. armigera and
S. litura. The bioassay for target insect pests viz.
H. armigera and S. litura was conducted same as
G. mellonella but the dose of Ijs were applied
according to the LC50 values of EPN isolates on
G. mellonella and LT50 values were calculated for
these isolates (S 5 , S 13 , H 17 , H 19 and H 20 )
separately on H. armigera and S. litura.
RESULTS AND DISCUSSION
Gallaria mellonella
Comparing the virulence of the native EPN
isolates of Steinernema and Heterorhabditis species
to G. mellonella larvae (5th instar), as indicated by
values of lethal mortality concentrations and lethal
time required (Table 2), it might be concluded that
out of fifteen EPN isolates (Eight Steinernema sps.
and Seven Heterorhabditis sps.), only five isolates
(two of Steinernema and three of Heterorhabditis
isolates) 5S, 13S, 17H, 19H and 20H were more
virulent and faster in killing G. mellonella larvae,
in which, isolate 20H was more virulent. These
results are in accordance with those of dose
concentrations.
Helicoverpa armigera
In case of comparing the virulence of
above mentioned best 5 isolates on G. mellonella
and on H. armigera larvae, as indicated by value
of LC50 and LT50 (Table 3), it might be concluded
that by using the same dose of EPNs on G.
mellonella and on H. armigera, isolate 13S was
more virulent and faster in action to the G.
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mellonella larvae than H. armigera larvae followed may explain the relative lack of resistance to
by 5S to both the larval species. As well, bacteria. Thus, it could be suggested that the
comparing the virulence of 20H, 19H and 17H higher concentrations of nematodes will elaborate
isolates to H. armigera larvae as indicated by the much more bacteria which in turn multiply
values of Lethal time required (Table 3), it could rapidly producing huge numbers of bacterial cells
be concluded that the 20H and 19H was more which in tern kill the insect larvae more rapidly.
virulent to the H. armigera than G. mellonella, Thus the higher concentrations caused faster and
while 17H was more virulent to the G. mellonella higher mortality than the lower ones.
than H. armigera. We found that all 5 nematode ACKNOWLEDGEMENT
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ABSTRACT
Cyanobacteria provide an extraordinarily wide-ranging contribution to
human affairs in everyday life. Both the beneficial and detrimental features of
Cyanobacteria are of considerable significance as they are important primary
producers and their general nutritive values is high. The occurrence of a particular
genus and species of Cyanobacteria around the world is apparently affected by
regional differences in water chemistry and climatic conditions. The ponds, taken
into consideration for the present study are located in District Meerut. All of these
ponds are very important for commercial point of view. Interference of local people,
as they bath, wash their clothes and utilise the water for agriculture and other
purposes, leads to fluctuations of physico-chemical characteristics which affect
the growth and diversity of Cyanobacteria.
Key words- Cyanobacteria, Meerut region, Physico-chemical characteristics.

INTRODUCTION
India being the fourth largest producer of
fish is playing an important role in global fisheries.
With current production of over 2.4 mmt from
aquaculture, the country also occupies second
position in the world after China, (CIFA, 2007).
India has a great variety of topographical and
climatic conditions. As a result the fresh water flora
and fauna fluctuate to great extent. Odum (1971)
reported that water and biota of an aquatic
ecosystem are inseparable and complementary to
each other.The present study has been conducted
for two consecutive years (from July 2004 to June
2006) on three fish culture ponds located at
Nanpur, Shahjahanpur and Kithore in Meerut
district. These ponds were surveyed frequently to

obtain data. All the sampling sites are natural,
evergreen and muddy ponds. These ponds were
visited monthly to analyse physico-chemical
parameters, cyanobacterial diversity and to collect
different fish species found in these ponds.
MATERIAL AND METHODS
The physico-chemical characteristics of
the water were measured monthly at selected
sampling sites. The collection and analysis of water
was conducted after following Trivedy and Goel
(1984) and APHA AWWA WEF (1995). The
physico-chemical parameters are as follows
Water Temperature (°C): The
temperature of water was recorded on the
sampling site during forenoon (8:00-11:00 AM)
with a 0-50°C thermometer.
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Hydrogen ion Concentration (pH): pH
of pond water was recorded with accuracy of 0.1
unit at the site immediately after the collection of
samples, using a portable pocket-type pH meter
(Hanna make).
Turbidity (NTU): For turbidity
measurement, the water samples were taken in a
clean sampling bottle, brought to the laboratory
and measured by the digital turbidity meter
(model 331 E) in NTU (Nephlometer Turbidity
Unit). The mean value of turbidity in each month
was recorded.
Dissolved Oxygen (ppm): Dissolved
oxygen was measured at the site without any
delay after collecting the sample. Wrinkler’s
method was applied to measure the DO.
Free Carbon-di-oxide (ppm): The
analysis of free CO2 was made independently after
the sampling by using phenolphthalein as
indicator and N/44 NaOH solution as titrant. The
amount of free CO2 was calculated in ppm.

alkali salt. Absorbance at 410 nm was taken with
the help of spectrophotometer and the result was
compared with the standard value.
Total Phosphate: 25 ml of collected water
sample was taken in 100 ml conical flask and
evaporated up to dryness. The residue was cooled
and 1 ml of perchloric acid was added into it. Flask
was heated , till the residue becomes colourless.
The temperature was increased to evaporate the
perchloric acid. Afterwards, one drop of
phenolphthalein indicator and distilled water were
added to it. It was titrated with 8% NaOH solution.
Slight pink colour appears. With this treatment,
all forms of phosphate are converted into orthophosphate.
Now, 1 ml ammonium molybdate solution
and three drops of Stannous chloride solution were
added to it. Blue colour was appeared. The
readings were taken with the help of
spectrophotometer at 690 nm and the result was
compared with the standard value.

Alkalinity (ppm): Water sample was
taken in a conical flask and two drops of
phenolphthalein indicator were added into the
sample. As the phenolphthalein alkalinity was
disappear, methyl orange indicator was added to
the fresh water. The titration was continued by
N/50 Sulphuric acid to convert all the bicarbonates
( HCO3 ) into CO2 and water. The complete
neutralization of the alkalinity in the sample was
indicated by the change in colour from yellow to
orange at the end point. The total methyl orange
alkalinity, carbonate and bicarbonate, were
calculated in ppm by multiplying used volume
of N/50 H2SO4 (ml) by 10.
Biological Oxygen Demand (BOD): The
BOD determination involves the measurement of
differences in oxygen concentration in the sample
before and after incubating it for 5 days.
Following formula was applied for the calculation
of BOD of the water samplesBOD mg/L = (Di-D5) * dilution factor
Where, Di = Initial DO in the sample
D5 = DO after 5 days of incubation.
Nitrate-Nitrogen: Nitrate reacts with
phenol disulphonic acid to form nitro acid
complex, which gives yellow colour with strong

Diversity of cyanobacteria: The diversity
of cyanobacteria was studied at selected fish
culture ponds. The samples of cyanobacterial
blooms were collected from each sampling site
every month and transported to the laboratory
for further study, viz. their identification. The
species were separated by morphotypes to which
a numerical code is already assigned. Each
morphotype was identified up to genus level. The
cyanobacteria were identified and classified after
following Rippka et al. (1979). Qualitative and
quantitative study of the cyanobacterial
population was done. Cell counting and
differentiation were performed microscopically,
with the help of counting chamber.
Statistical analysis : The mean values of
multiple observations of the experimental designs
were calculated with their standard deviations to
reach on meaningful conclusions. For correlation
study, bi-variant Pearson correlation coefficient
was calculated by using statistical software SPSS
version 10.0.
RESULT:
The qualitative as well as quantitative study
of cyanobacterial diversity was undertaken for
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the period of two years (from July 2004 to June n=24) and BOD (r=-0.589, P<0.01, n=24).
Similarly in Shahjahanpur fish pond,
2006) in all the ponds, to understand about the
cyanobacterial species and their impact on other cyanobacteria were observed abundant with a
peak density in December (51.00 ±3.20 Nos./liter
biological organisms present in the ponds.
The monthly occurrence of cyanobacterial in the year 2005) and March (56.67 ±3.09 Nos./
population in aquatic environments of all three liter in the year 2006). These populations
ponds was determined and their density per liter decreased towards summer and monsoon months
of water was recorded and tabulated in tables-1 showing a similar trend in annual variation of
to 3, respectively. The cyanobacterial community cyanobacterial population as Nanpur fish pond.
in Nanpur, Shahjahanpur and Kithore fish ponds The minimum density of cyanobacteria in
was mainly represented by six dominant Shahjahanpur fish pond was noted as 40.67 ±2.29
cyanobacterial genera, viz. Anabaena, Nostoc, Nos./liter in April 2005 and 41.33 ±1.75 Nos./liter
Spirulina, Microcystis, Oscillatoria and in May 2006 (Table-2). In Shahjahanpur also,
Oscillatoria was found as the most dominant
Phormidium (Tables-1 to 3).
In Nanpur fish pond, the cyanobacterial genus throughout the study period followed by
abundance was observed during winter months Spirulina (Table-2). The population of Oscillatoria
(January-February) with a peak density (68.00 was found maximum in late winter months (14.33
±5.20 Nos./liter during February 2005 and 54.33 ±5.51 Nos./liter in February 2005 and 13.00 ±3.46
±3.42 Nos./liter during January 2006). The Nos./liter in March 2006), while Spirulina was
cyanobacterial population gradually declined found maximum during November 2004 (13.33
towards the summer months and was minimum ±2.89 Nos./liter) and January 2006 (13.33 ±1.15
in the month of May (24.67 ±1.64 Nos./liter in the Nos./liter) respectively.
In Shahjahanpur fish pond also,
year 2005 and 19.00 ±2.18 Nos./liter in the year
2006) (Table-1). Oscillatoria was the most cyanobacterial density was positively correlated
dominant genus throughout the study period in with nitrate-nitrogen (r=0.944, P<0.001, n=24),
Nanpur fish pond followed by Spirulina (Table- total phosphate (r=0.866, P<0.001, n=24) and
1). The population of Oscillatoria was found chlorophyll-a content (r=0.890, P<0.001, n=24).
maximum in winter months (20.33 ±3.06 Nos./ The cyanobacterial density showed significant
liter in February 2005 and 12.67 ±2.08 Nos./liter negative correlations with temperature (r=-0.541,
in January 2006), while Spirulina was found P<0.01, n=24) and turbidity (r=-0.436, P<0.05,
maximum during December 2004 (15.00 ±1.73 n=24) only.
In Kithore fish pond, the cyanobacterial
Nos./liter) and January 2006 (13.33 ±2.89 Nos./
abundance was observed during winter months
liter) respectively.
It was revealed by the analysis of Pearson (December-February) with a peak density of
correlation coefficient that in Nanpur fish pond, 65.33 ±5.21 Nos./liter during February 2005 and
cyanobacterial density showed positive 55.67 ±3.21 Nos./liter during January 2006. A
correlations with DO (r=0.604, P<0.01, n=24), gradual decrease in cyanobacterial community
nitrate-nitrogen (r=0.911, P<0.001, n=24), total was observed after winter months and it was found
phosphate (r=0.532, P<0.01, n=24) and minimum in the month of May (28.00 ±1.94 Nos./
chlorophyll-a content (r=0.971, P<0.001, n=24). liter) in the year 2005 (Table-3). However, during
On the other hand, the cyanobacterial density the year 2006, the minimum population of
showed significant negative correlations with cyanobacteria was observed in the month of
temperature (r=-0.695, P<0.001, n=24), pH (r=- March (25.00 ±2.66 Nos./liter). Similar trend was
0.405, P<0.05, n=24), turbidity (r=-0.475, P<0.05, observed with the populations of Oscillatoria and
n=24) and BOD (r=-0.619, P<0.01, n=24) however Spirulina. The maximum density was of
it was negatively correlated with temperature (r=- Oscillatoria (20.33 ±3.06 Nos./liter in February
0.527, P<0.01, n=24), free CO2 (r=-0.429, P<0.05, 2005 and 12.67 ±2.08 Nos./liter in January 2006),

Cyanobacterial Genera
Anabaena
Nostoc
Phormidium
Microcystis
Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D.
Jul. 04
5.00
1.00
5.67
1.53
5.67
0.58
4.33
1.53
Aug. 04
7.33
1.15
5.67
0.58
3.67
0.58
6.33
0.58
Sep. 04
3.33
0.58
4.33
1.53
3.33
0.58
6.33
1.15
Oct. 04
7.67
0.58
7.67
0.58
4.67
0.58
10.33 1.15
Nov. 04
6.33
0.58
4.67
0.58
6.67
0.58
5.33
0.58
Dec. 04
7.33
1.15
6.67
1.15
9.67
0.58
11.00 1.73
Jan. 05
7.67
0.58
9.67
1.15
8.33
1.15
9.67
1.53
Feb. 05
6.67
0.58
13.33 1.15
11.67 0.58
10.67 1.53
Mar. 05
4.67
1.15
5.0
1.73
6.33
1.15
3.67
0.58
Apr. 05
7.67
0.58
6.33
0.58
5.00
1.73
3.67
0.58
May 05
3.67
0.58
2.67
1.53
4.33
0.58
5.33
1.15
Jun. 05
6.67
1.53
3.33
0.58
1.33
0.58
5.00
1.00
Jul. 05
6.33
1.15
6.67
0.58
9.67
1.15
8.30
0.58
Aug. 05
6.00
0
5.33
2.08
10.00 1.00
9.00
1.73
Sep. 05
7.67
0.58
6.33
2.08
8.67
0.58
5.67
2.52
Oct. 05
2.67
0.58
4.00
3.00
9.67
1.15
7.00
2.65
Nov. 05
5.33
1.15
7.33
1.15
4.67
2.08
6.00
1.00
Dec. 05
4.00
1.00
9.00
2.00
7.33
1.15
7.00
1.00
Jan. 06
5.33
0.58
7.00
1.00
8.67
2.08
7.33
1.53
Feb. 06
3.67
0.58
4.33
0.58
8.67
0.58
7.67
0.58
Mar. 06
5.67
0.58
4.67
1.15
5.33
3.51
4.67
1.53
Apr. 06
5.33
0.58
3.67
2.52
6.67
3.06
8.67
0.58
May 06
2.33
0.58
1.33
1.53
2.67
1.53
2.33
2.08
Jun. 06
5.33
0.58
5.67
2.31
1.67
2.08
0.67
1.15
* Data presented here is the mean of three observations.

Months
Oscillatoria
Mean ±S.D.
8.33
1.53
7.33
0.58
4.67
1.15
5.33
0.58
9.67
0.58
14.67 1.53
15.33 1.53
20.33 3.06
14.00 2.65
3.67
0.58
6.33
0.58
7.00
2.65
7.33
1.53
8.33
1.15
5.33
2.08
7.00
2.00
8.67
0.58
4.67
2.08
12.67 2.08
10.00 1.00
1.67
1.53
2.67
2.52
6.67
0.58
7.67
0.58

Spirulina
Mean
±S.D.
7.33
0.58
8.33
0.58
9.33
1.53
10.67
0.58
11.33
0.58
15.00
1.73
7.00
1.00
5.33
1.15
5.00
1.73
4.67
1.15
2.33
0.58
5.00
2.00
3.33
0.58
4.00
1.00
4.00
1.00
8.67
1.53
5.33
2.08
2.67
0.58
13.33
2.89
10.67
1.15
1.33
2.31
5.33
2.08
3.67
2.08
3.00
1.00

36.33 ±1.73
38.67 ±1.65
31.33 ±2.37
46.33 ±2.40
44.00 ±2.50
64.33 ±3.53
57.67 ±2.99
68.00 ±5.20
38.67 ±3.82
31.00 ±1.69
24.67 ±1.64
28.33 ±2.40
41.63 ±2.10
42.67 ±2.47
37.67 ±2.11
39.00 ±3.03
37.33 ±1.86
34.67 ±2.53
54.33 ±3.42
45.00 ±2.81
23.33 ±2.45
32.33 ±2.68
19.00 ±2.18
24.00 ±2.79

Total Cyanobacteria
±S.D.

TABLE-1: DISTRIBUTION OF CYANOBACTERIAL POPULATION IN NANPUR FISH POND DURING TWO
CONSECUTIVE YEARS (JULY 2004 – JUNE 2006)
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Cyanobacterial Genera
Anabaena
Nostoc
Phormidium
Microcystis
Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D.
Jul. 04
7.33
0.58
6.67
1.53
8.33
0.58
7.00
1.73
Aug. 04
6.00
2.65
6.00
2.65
8.00
1.73
8.67
2.08
Sep. 04
4.33
2.08
4.67
0.58
6.00
1.00
8.67
1.53
Oct. 04
7.00
2.00
7.33
1.53
7.33
1.15
10.00 1.00
Nov. 04
5.67
2.08
7.00
1.73
5.00
0
8.33
3.51
Dec. 04
7.67
1.53
6.00
1.73
5.33
0.58
9.33
2.31
Jan. 05
6.00
2.65
7.67
0.58
5.33
3.06
9.00
2.00
Feb. 05
6.33
0.58
7.67
3.79
5.67
1.15
8.67
3.51
Mar. 05
7.33
1.15
7.33
2.08
7.33
1.15
7.33
4.04
Apr. 05
4.67
2.52
7.00
2.00
5.67
1.15
9.00
2.65
May 05
7.00
1.73
7.00
1.73
5.67
0.58
6.67
2.31
Jun. 05
6.00
2.00
6.00
2.00
8.67
2.52
7.67
3.21
Jul. 05
4.33
2.08
8.67
0.58
8.33
0.58
8.30
4.93
Aug. 05
5.00
1.00
7.33
1.15
9.67
2.89
8.67
3.21
Sep. 05
5.33
0.58
6.00
1.73
8.00
1.73
8.33
0.58
Oct. 05
5.67
1.53
5.67
0.58
7.00
3.46
9.67
2.08
Nov. 05
7.00
1.73
8.00
0
6.67
1.53
8.00
3.61
Dec. 05
5.00
1.73
7.67
1.53
10.00 3.46
10.33 1.53
Jan. 06
2.33
1.53
6.33
1.53
6.67
2.08
8.67
4.73
Feb. 06
5.33
0.58
6.67
2.31
6.33
1.53
10.67 3.21
Mar. 06
8.33
0.58
6.67
2.08
9.00
4.58
9.33
0.58
Apr. 06
7.33
0.58
8.67
0.58
9.67
2.08
7.33
1.53
May 06
6.33
2.31
7.33
1.15
7.67
1.53
6.33
2.31
Jun. 06
6.00
1.00
6.00
1.73
7.00
2.00
8.33
0.58
* Data presented here is the mean of three observations.

Months
Oscillatoria
Mean ±S.D.
10.00 2.00
9.67
3.79
8.67
0.58
8.00
1.00
8.33
2.89
10.33 4.51
12.33 2.52
14.33 5.51
11.33 3.21
6.67
2.52
11.00 3.61
7.00
2.65
8.67
4.73
7.33
2.52
8.67
2.08
9.67
2.08
8.00
1.00
7.33
2.08
12.33 1.53
9.67
0.58
13.00 3.46
9.67
2.52
7.67
0.58
9.67
2.08

Spirulina
Mean
±S.D.
8.67
0.58
6.67
2.08
9.67
4.93
10.33
1.53
13.33
2.89
12.33
1.53
6.67
1.53
7.67
1.15
7.33
1.15
7.67
1.53
7.33
0.58
8.33
1.15
8.00
2.65
8.33
0.58
9.67
3.79
8.33
1.53
8.33
0.58
10.00
0
13.33
1.15
9.00
0
10.33
3.06
7.33
0.58
6.00
2.65
9.67
1.15

48.00 ±1.61
45.00 ±2.60
42.00 ±2.91
50.00 ±1.81
47.67 ±3.47
51.00 ±3.20
47.00 ±3.03
50.33 ±3.94
48.00 ±2.54
40.67 ±2.29
44.67 ±2.43
43.67 ±2.24
46.30 ±3.12
46.33 ±2.35
46.00 ±2.33
46.00 ±2.45
46.00 ±1.64
50.33 ±2.59
49.67 ±4.35
47.67 ±2.48
56.67 ±3.09
50.00 ±1.68
41.33 ±1.75
46.67 ±2.05

Total Cyanobacteria
±S.D.

TABLE-2: DISTRIBUTION OF CYANOBACTERIAL POPULATION IN SHAHJAHANPUR FISH POND
DURING TWO CONSECUTIVE YEARS (JULY 2004 – JUNE 2006)
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Cyanobacterial Genera
Anabaena
Nostoc
Phormidium
Microcystis
Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D.
Jul. 04
7.00
0
5.33
1.53
5.67
0.58
4.33
1.53
Aug. 04
6.00
1.73
6.33
1.53
3.67
0.58
6.33
0.58
Sep. 04
8.00
1.00
7.00
1.00
3.33
0.58
6.33
1.15
Oct. 04
8.00
1.00
8.33
1.15
4.67
0.58
10.33 1.15
Nov. 04
6.33
2.31
5.00
0
6.67
0.58
5.33
0.58
Dec. 04
8.00
1.00
6.67
0.58
9.67
0.58
11.00 1.73
Jan. 05
7.33
0.58
7.67
1.53
8.33
1.15
9.67
1.53
Feb. 05
8.33
0.58
9.00
4.58
11.67 0.58
10.67 1.53
Mar. 05
5.00
0
5.33
2.52
6.33
1.15
3.67
0.58
Apr. 05
6.00
0
6.67
0.58
5.00
1.73
3.67
0.58
May 05
5.67
1.15
4.00
3.61
4.33
0.58
5.33
1.15
Jun. 05
6.67
1.53
4.67
2.08
1.33
0.58
5.00
1.00
Jul. 05
6.00
1.00
7.67
1.15
9.67
1.15
8.30
0.58
Aug. 05
8.33
0.58
4.67
1.53
10.00 1.00
9.00
1.73
Sep. 05
6.67
0.58
6.00
1.73
8.67
0.58
5.67
2.52
Oct. 05
5.00
0
6.67
2.52
9.67
1.15
7.00
2.65
Nov. 05
8.67
0.58
6.33
1.53
4.67
2.08
6.00
1.00
Dec. 05
5.00
0
9.00
2.00
7.33
1.15
7.00
1.00
Jan. 06
6.33
0.58
7.33
1.15
8.67
2.08
7.33
1.53
Feb. 06
6.00
1.73
4.33
0.58
8.67
0.58
7.67
0.58
Mar. 06
6.00
0
6.00
2.00
5.33
3.51
4.67
1.53
Apr. 06
6.00
1.73
4.33
3.51
6.67
3.06
8.67
0.58
May 06
7.00
1.00
3.33
2.08
2.67
1.53
2.33
2.08
Jun. 06
8.00
1.00
5.00
2.00
1.67
2.08
0.67
0.58
* Data presented here is the mean of three observations.

Months
Oscillatoria
Mean ±S.D.
8.33
1.53
7.33
0.58
4.67
1.15
5.33
0.58
9.67
0.58
14.67 1.53
15.33 1.53
20.33 3.06
14.00 2.65
3.67
0.58
6.33
0.58
7.00
2.65
7.33
1.53
8.33
1.15
5.33
2.08
7.00
2.00
8.67
0.58
4.67
2.08
12.67 2.08
10.00 1.00
1.67
1.53
2.67
2.52
6.67
0.58
7.67
0.58

Spirulina
Mean
±S.D.
7.33
0.58
8.33
0.58
9.33
0.53
10.67
0.58
11.33
0.58
15.00
1.73
7.00
1.00
5.33
1.15
5.00
1.73
4.67
1.15
2.33
0.58
5.00
2.00
3.33
0.58
4.00
1.00
4.00
1.00
8.67
1.53
5.33
2.08
2.67
0.58
13.33
2.89
10.67
1.15
1.33
2.31
5.33
2.08
3.67
2.08
3.00
1.00

38.00 ±1.68
38.00 ±1.71
38. 67 ±2.25
47.33 ±2.45
44.33 ±2.55
65.00 ±3.40
55.33 ±3.14
65.33 ±5.21
39.33 ±3.81
29.67 ±1.39
28.00 ±1.94
29.67 ±2.41
42.30 ±2.17
44.33 ±2.52
36.33 ±1.98
44.00 ±2.20
39.67 ±2.00
35.67 ±2.41
55.67 ±3.21
47.33 ±2.42
25.00 ±2.66
33.67 ±2.81
25.67 ±2.37
26.00 ±3.11

Total Cyanobacteria
±S.D.

TABLE-3: DISTRIBUTION OF CYANOBACTERIAL POPULATION IN KITHORE FISH POND DURING
TWO CONSECUTIVE YEARS (JULY 2004 – JUNE 2006)
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followed by Spirulina (15.00 ±1.73 Nos./liter in
December 2004 and 13.33 ±2.89 Nos./liter in
January 2006).
Moreover, in Kithore fish pond,
cyanobacterial density was positively correlated
with DO (r=0.473, P<0.05, n=24), nitrate-nitrogen
(r=0.990, P<0.001, n=24), total phosphate (r=0.813,
P<0.001, n=24) and chlorophyll-a content (r=0.968,
P<0.001, n=24). While it showed significant
negative correlations with temperature (r=-0.637,
P<0.001, n=24), total alkalinity (r=-0.425, P<0.05,
n=24) and BOD (r=-0.621, P<0.01, n=24).
To understand the possible role of
environmental factors on cyanobacterial density
of different ponds, Pearson correlation coefficient
was analyzed and compared. It was observed that
among various physico-chemical parameters;
water temperature, nitrate-nitrogen and total
phosphate are the major factors that determine
the density and diversity of cyanobacteria in
ponds. This impact has shown in the figs.-1 to 6,
for Nanpur, Shahjahanpur and Kithore fish ponds
respectively.
As the water temperature decreased
towards winter months, the density of
cyanobacteria was increased in all the three ponds.
After winter months, the temperature rose
gradually and it acted as a limiting factor for
cyanobacterial density. As a result, cyanobacterial
density decreased towards summer months in all
the ponds (Figs.-1 to 6). However, nitrate-nitrogen
and total phosphate were found directly
proportional to the density of cyanobacteria. The
cyanobacterial density was found fluctuated
according to the fluctuations in both the
parameters in all the ponds (Figs.-1 to 6).
DISCUSSION:
Since the physicochemical characteristics
of a water body exert a great effect on its biota,
hence the parameters of paramount importance,
like water temperature, turbidity, pH, free CO2,
DO, total alkalinity, nitrate, phosphate and BOD
of three different ponds viz. Nanpur,
Shahjahanpur and Kithore were studied
continuously from July 2004 to June 2006 during
the present study.

Temperature is one of the important
physical factors, which regulate the quality of
ecosystem. In the present study, the temperature
of all the ponds was found to exert a negative
impact on the cyanobacterial density (r=-0.695,
P<0.001; r=-0.541, P<0.01 and r=-0.637, P<0.001
for Nanpur, Shahjahanpur and Kithore fish ponds
respectively). It clearly indicates that during
winter months, when the temperature of water
was quite low, the cyanobacterial density and
diversity reached to its maximum. While in
summers, cyanobacteria were decreased due to
the high temperature and bloom-formation
occurred.
Welch (1952) reported that the smaller the
water body, quickly it reacts with the change in
atmosphere, which is well evident in light of the
present study. It is also well known that the
temperature directly affects the solubility of gases,
mainly CO2 and oxygen (Srivastava, 1956; Kajak,
1961; Vasisht and Bhandal, 1978). The results of
the present study also support this fact.
According to Roberts et al. (1940), pH
values between 5 and 8.5 are suitable for
freshwater fauna. The pH of water is greatly
influenced by the concentration of CO2, an acidic
compound. Phytoplanktons and other aquatic
vegetations remove CO2 from the water during
photosynthesis, as a result of which, pH of a water
body rises. Present investigation also supports this
fact. The pH was found slightly alkaline in nature.
It ranged from 7.50 ±0.26 to 8.60 ±0.30 in Nanpur
fish pond, 7.17 ±0.75 to 8.90 ±0.80 in
Shahjahanpur fish pond and 7.53 ±0.21 to 8.70
±0.96 in Kithore fish pond. The pH showed a
negative relation with free CO2, but the significant
correlation was only established in Nanpur fish
pond (r=-0.471, P<0.02).
Because cyanobacterial blooms often
develop in eutrophic water bodies, it was
originally assumed that they required high
phosphorus and nitrogen concentrations.
Experimental data have shown that the affinity
of many cyanobacteria for nitrogen or
phosphorus is higher than for many other
photosynthetic organisms. This means that they
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can dominate over other phytoplankton & Azaraiah (1999). In the present study, the
organisms under conditions of phosphorus or significant positive correlation of cyanobacterial
nitrogen limitation. In addition to their high density was observed with total phosphate
nutrient affinity, cyanobacteria have a substantial (r=0.532, P<0.01; r=0.866, P<0.001 and r=0.813,
storage capacity for phosphorus. They can store P<0.001 in Nanpur, Shahjahanpur and Kithore
enough phosphorus to perform two to four cell fish ponds respectively) and nitrate-nitrogen
divisions, which corresponds to a 4-32 fold increase (r=0.911, P<0.001; r=0.944, P<0.001 and r=0.990,
in biomass. However, if total phosphate rather P<0.001 in Nanpur, Shahjahanpur and Kithore
than only dissolved phosphate is considered, high fish ponds respectively). Hence the present study
concentrations indirectly support cyanobacteria concluded in spite of the fact that the
because they provide a high carrying capacity for cyanobacteria are universal, their population
dynamics are greatly influenced by the available
phytoplankton.
The results of seasonal variation in nutrients and the physico-chemical conditions of
cyanobacterial population suggest that the the ecosystem.
Biological oxygen demand (BOD) affects
favourable period for primary production is from
August to February, when nutrient accumulation the metabolism of aquatic organisms. BOD was
from freshwater run-off due to monsoon rainfall found fluctuating from 12.33 ±1.15 ppm to 96.00
is higher. Some studies were concerned with ±8.00 ppm, 12.33 ±2.08 ppm to 95.00 ±8.19 ppm
addition of fertilizers and its effect on the and 14.00 ±3.61 ppm to 88.33 ±2.52 ppm in
Cyanobacteria in fish ponds (Boyd, 1982) and Nanpur, Shahjahanpur and Kithore fish ponds
others related to water quality control (Tebbutt, respectively. According to Ray et al. (1966) and
1999). Singh (1960) in his study on the Tandon and Singh (1972), BOD lowers down due
phytoplankton of inland water of Uttar Pradesh to the sewage addition in ponds. The BOD was
in India recorded primary peak of phytoplankton observed maximum in summer months and
decreased to a minimum in winters in all the
in the months of September-October.
In present investigation, low amount of ponds. Similar trend was observed in BOD
dissolved oxygen in all the ponds had a significant fluctuation during whole study. Welch (1952)
effect in reducing the cyanobacterial population. reported positive correlation between BOD and
Therefore, a positive relationship was established DO, however BOD has shown a negative
between the DO and cyanobacterial density. correlation with DO in the present study (r=-0.510,
Similar types of results have also been reported P<0.02; r=-0.517, P<0.01 and r=-0.762, P<0.001 in
by various workers (Subha & Chandra, 2005; Nanpur, Shahjahanpur and Kithore fish ponds
respectively).
Pingale & Deshmukh, 2005; Rani et al., 2005).
In the present study, a positive relationship
During the present study, free CO2 did not
show any definite trend and no relationship could was found between the concentration of nitrate
be established between free CO2 and dissolved nitrogen and DO, thus the present observation did
oxygen. This view is supported by several workers not support the view of Munawar (1970).
Phosphates act as limiting factor in
(Munawar, 1970; Khan and Siddiqui, 1971;
Mandal and Hakim, 1975; Mehra, 1976; Khan et enhancement of aquatic productivity and more
al., 1978; Zutshi and Khan, 1988). The free CO2 in amounts of inorganic phosphate can be attributed
Nanpur fish pond ranged between 3.10 ±0.20 ppm from the surrounding areas as observed by
to 4.53 ±0.25 ppm, while it was fluctuated from Michael (1969), Mehra (1976) and Zutshi and Vass
3.43 ±0.21 ppm to 5.53 ±0.74 ppm and 2.97 ±0.32 (1978) in the water of Dal Lake. These observations
ppm to 4.77 ±0.21 ppm in Shahjahanpur and strongly support the findings recorded in the
present study.
Kithore fish ponds, respectively.
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ABSTRACT
Present study describes the length-weight relationships of a freshwater
catfish Mystus vittatus (Bloch). Lengths of fishes were varied from 4.9 to 12.2 cm. The
correlation coefficient of female (r²=0.937) is found to be higher when compared to
that of male. The value of r² was found to be 0.728 to 0.921 in male and 0.783 to 0.937
in female. The equation of Linear Regression were y = 2.664x -13.50 r² = 0.835 for
male and y = 3.269x -18.48 r² = 0.843 for female catfish Mystus vittatus (Bloch). The
value of correlation coefficient (r²) was not less than 0.728.
Keywords: catfish, Mystus vitatus, Ghaghra river, length-weight relationships.

INTRODUCTION:
Catfish are most abundant group of fish.
Mystus vittatus, locally known as Tengra is a
minor Bagrid catfish that occurs in the East and
North - East regions of India. Among the small
sized fishes it has high economic importance and
market value. Locally it is sold from Rs.120-150/
Kg because of its export to Middle-East countries.
In India it is found in all type of freshwaters in
warm areas. The Mystus species are an important
component of riverine and brackish water fisheries
in India. The Asian striped catfish Mystus vittatus
(Bloch, 1794) is a member of the Bagridae
(Siluriformes) family that occurs widely
throughout the Indian subcontinent including
Bangladesh, Pakistan, Sri Lanka, Nepal and
Bhutan, but it has been also reported from
Myanmar, Malaysia, Laos, Vietnam and
Cambodia (Froese and Pauly, 2006). Also found
in canals and irrigation channels, this species
usually inhabits marginal vegetation in lakes and
swamps with muddy substrates and feeds on

plants, shrimps, insects, molluscs and fishes (Bhatt,
1971; Pethiyagoda, 1991). This small, indigenous
fish species has a high nutritional value in terms
of protein, micronutrients, vitamins and minerals
not commonly available in other foods (Ross et
al., 2003).
The mathematical relationship between
length and weight of fishes is a practical index
suitable for understanding their survival, growth,
maturity, reproduction and general well being (Le
Cren 1951). Length-weight relationships are useful
in fishery management for both applied and basic
use (Pitcher & Hart 1982). Length-weigth
relationships are also important in fisheries
management for comparative growth studies
(Moutopoulos & Stergiou 2002). Present work will
provide baseline information for the growth of
catfish from Ghaghara belt of Eastern U.P. and it
can be supportive in future for the management
of catfishes in India.
MATERIALS AND METHODS:
In total 476 fish specimen used for present
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study, were collected from river Ghaghra and local Specimens were brought to the laboratory of the
fish market Niyawan, Faizabad. Regular monthly Department of Zoology K.S.Saket P.G. College
samples were obtained from fishermen’s catch at Ayodhya, Faizabad for further observation. Total
fish landing center near Guptarghat, Jamthara, length (TL) and standard length (SL) of fish were
Ayodhya, in Faizabad and Amanipur, Raunahi, measured and body weight was determined with
Bikapur, Milkipur, Akbarpur, Tanda, Itaura, a digital balance. The statistical significance level
Tighra, Surhurpur and Lakarmandi outside of of correlation coefficient (r2) was estimated and
Faizabad city during April, 2007 to March, 2008. the parameters m and c were estimated by linear
Table-1: Monthly estimated parameters of length-weight relationship for both sexes of
Mystus vittatus (Bloch) from April, 2007 to March, 2008.
Month
Sex
N
Standard length Weight of fish
Regression
r2
of fish (cm.)
(gm)
Parameters
Min.
Max.
Min.
Max.
a
b
April
M
16
5.5
9.8
3
12
2.516
12.45
0.806
F
26
7.1
10.8
5
19
3.534
21.69
0.792
May
M
13
5.6
11.1
3
16
2.338
11.07
0.788
F
21
5.5
12.2
3
22
3.419
20.20
0.879
June
M
14
5.5
10.5
3
15
2.703
13.24
0.921
F
23
7.4
11.3
4
22
4.353
28.60
0.898
July
M
12
5.7
9.6
3
14
2.756
13.81
0.854
F
14
4.9
10.8
2
18
2.691
12.68
0.856
August
M
18
4.9
10.1
2
15
2.433
11.27
0.840
F
30
5.5
11.2
3
22
3.095
16.34
0.783
September M
22
4.9
9.5
2
13
2.282
10.63
0.821
F
20
5.1
11.2
3
19
2.55
11.08
0.872
October
M
20
4.9
10.8
2
18
2.598
11.69
0.907
F
28
5.4
10.6
3
18
2.775
13.51
0.801
November
M
17
7.6
10.8
5
18
3.684
22.4
0.896
F
28
5.5
10.8
2
17
3.112
17.31
0.937
December
M
23
4.9
10.8
2
18
2.729
13.62
0.909
F
32
7.2
10.7
5
18
3.865
23.87
0.925
January
M
18
4.9
10.3
2
18
2.401
11.56
0.818
F
29
5.2
11.2
2
18
2.850
14.28
0.907
February
M
22
7.4
10
4
14
3.062
18.68
0.790
F
29
7.2
10.7
5
18
3.421
19.91
0.883
March
M
15
4.9
8.5
2
8
1.494
5.40
0.728
F
21
7.4
9.8
4
14
4.044
26.22
0.844
Overall
M
210
4.9
11.1
2
18
2.664
13.50
0.835
F
266
4.9
12.2
2
22
3.269
18.48
0.843
B
476
4.9
12.2
2
22
2.992
16.08
0.843
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regressions equation Y= mX + c, where m is the male.
slope and c is the intercept.
In the present study the value of r² was
RESULTS AND DISCUSSION:
found to be 0.728 to 0.921 in male and 0.783 to
During the period of observation the total 0.937 in female. In male the lowest r² value i.e.
of 476 specimens of Mystus vittatus (Bloch) used 0.728 were obtained in March, 2008 and highest
for the length-weight relationship studies 210 were r² value is 0.921 obtained in June, 2007. In female
males, while 266 were females, contributing the lowest r² value i.e. 0.783 were obtained in
(44.11%) and (55.88%) respectively. The Length- August, 2007 and highest r² value is 0.937
weight relationship for Mystus vittatus (Bloch) obtained in November, 2007.
observed for one year during April, 2007 to March,
The overall length-weight relationship of
2008 has been presented in Table-1. The the male and female catfish Mystus vittatus
correlation coefficient of female (r²=0.937) is found (Bloch) shows that the linear relationship was
to be higher when compared to that of male. From obtained for both male and female fishes. The
this trend it may be presumed that the female equation of Linear Regression were y = 2.664x gained more weight with increases in length than 13.50 r² = 0.835 for male and y = 3.269x -18.48 r²

Fig.1: Relationship between standard length (cm) and
body weight (gm) of male Mystus vittatus (Bloch)

Fig.2: Relationship between standard length (cm) and
body weight (gm) of female Mystus vittatus (Bloch).
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Fig.3: Relationship between standard length (cm) and
body weight (gm) for both sexes of Mystus vittatus (Bloch).
= 0.843 for female catfish Mystus vittatus (Bloch)
(Fig. 1 to 3).
In the present study the value of correlation
coefficient (r²) was not less than 0.728 shows that
the results of length weight relationship were
significant in all months during the period of
observation and highly significant in the month
of June, October, November, December and
January.
Jhingran (1968) observed the lengthweight, equation for G. chapra reveled that the
differences in the exponential indices of length in
males and females were statistically not
significant. Parameswaran et.al. (1970) studied
the length-weight relationship of the catfish
Ompak bimaculatus (Bloch). The length-weight
relationship indicates that the increase in weight
is an exponential function of length and coefficient
of correlation r = 0.95389. Vinci (1986) studied the
biology of Mystus seenghala (Sykes) and observed
the length-weight relationship studies indicated
that males of M. seenghala had superior weights
for length above and females for weight below
546 mm. Similar results were also observed by
Hossain et.al. (2006) studied the annual condition
as well the length–weight (LWR) and length–
length relationships (LLR) of the Asian striped
catfish, Mystus vittatus (Bloch), the r2 value found
0.953 and 0.965 for male and female respectively.
Venkateshwarlu et.al. (2007) observed the lengthweight relationship and condition factor (K) of
freshwater catfish, Mystus cavasius (Hamilton-

Buchanan) from Bhadra reservoir, Karnataka. The
equation for length-weight relationship was
W=0.0309 L2.493 for male and W=0.0648L2.7402 for
female.
In conclusion, the present study provides
baseline information on length-weight relationship
for Mystus vittatus (Bloch.) that will be useful for
researchers and fishery managers in future.
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ABSTRACT
An experiment was conducted on 4-year old guava trees during 2007-08
to study the “Effect of Bio-fertilizer and organic manures on yield and quality of
guava cv. Red Fleshed”. Average maximum fruit yield for the rainy and winter
season crop was 38.23 kg/tree and 19.03 kg/tree respectively, with 250g Azotobactor
+ 20 kg FYM. Vermicompost (20kg/tree) had significantly higher yield over control
and was recommended as 3rd best treatment among all regarding the yield. Highest
fruit weight 198.2g and 299.2g, fruit length 5.9cm and 7.19cm and fruit breadth
7cm and 7.41cm for rainy and winter season crop, respectively, were obtained
with the application of Phosphobacterin (50ml/tree), which was, however at par
with that obtained with VAM (10 kg/tree). Highest TSS (16.07 OB and 17.9 0B) for
rainy and winter season crop, respectively, as well as Vitamin C (189.57 mg/100g)
was obtained with the application of VAM. Acidity was not influenced by the
application of bio-fertilizer. However, acidity was highest (0.54 %) under FYM
treatment. From the present study, it can be concluded that the application of biofertilizer was more effective than organic manures in enhancing fruit growth
parameters in guava in both seasons. When bio-fertilizers were grouped together,
P-solubilizers were found to have more beneficial influence on fruit physicochemical characteristics of guava cv. Red Fleshed as compared to N-fixers.
Keywords: Bio-fertilizer, organic manures, Red Fleshed guava, yield and quality.

INTRODUCTION
Extensive and continuous use of chemicals,
both fertilizers and pesticides, in crops has led to
several detrimental effects on soil and
environment. Chemical fertilizers, considered an
expensive input for developing countries like
India, are in short supply and international
demand for organic produce has necessitated the
need for alternative agrotechniques for cultivation
of crops. Organic farming, using organic sources
like FYM, animal excreta, oil cakes, green
manures, crop residues etc., as source for
supplying nutrients to crops in the past, is slowly

regaining importance. It has more relevance to
horticultural crops, which are largely consumed
in fresh form immediately after harvest, unlike the
field crops. Guava (Psidium guajava L.) is one such
horticultural crop, where fruits are consumed after
harvest along with skin and pulp and hence, there
is feasibility of organic farming in its cultivation.
Though systematic work on manuring of guava
started since 1960 in India and region-wise
schedules were recommended including both
organic and inorganic manures however, use of
biofertilizers and organic manures for enhancing
crop productivity and quality especially in usar
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soils have not been studied. But work has not been
done on cv. Red Fleshed with application of biofertilizer and organic manures. Therefore the
present investigation was carried out to find out
the effect of bio-fertilizer and organic manures on
yield and quality of guava cv. Red Fleshed in usar
soils of UP.
MATERIALS AND METHODS
The investigation was carried during the
year 2007-08 in guava orchard situated at the
Horticultural Research Farm of the Department
of Applied Plant Sciences (Horticulture), BBAU,
Lucknow. The soil of the experimental site was
saline as it was analyzed in the laboratory of
Indian Institute of Sugarcane Research (ICAR),
Lucknow. 36 four year-old plants of guava cv.
Red Fleshed was taken for study. The experiment
consisted of 12 treatment combinations and
replicated thrice.
Table – 1. Treatments and their combinations
Treatments Treatment combinations
T1
20kg FYM
T2
Dhaincha – grown under the basin
of the tree
T3
250g Azotobactor
T4
250g Azospirillum
T5
50ml Phosphobacterin
T6
50g Microphos
T7
10 kg VAM
T8
250g Azotobactor + 20 kg FYM
T9
T10
T11
T12

250g Azospirillum + 20 kg FYM
20kg Vermicompost
Vermiwash + 20kg FYM
Sunhemp – grown under the basin
of the tree
20 kg FYM was inoculated with 250g
Azotobactor and 250g Azospirillum and were
applied in a circular trench at a distance of 60 cm
from the trunk on 16th March, 2007 for rainy
season crop and again on 20th July, 2007 for winter
season crop and Vermiwash was applied 2 times
as a foliar spray in the month of April and again
in September at 15 days interval in the ratio of

1:7 with water. For the determination of yield,
the numbers of fruits were counted for each
replication and average number of fruits per tree
was calculated. Average weight of fruit was
worked out by weighing 5 fruits from each
treatment on electronic balance. The length and
breadth of each fruit was measured with the help
of vernier calipers. TSS of the fruit was recorded
with the help of hand refractometer (Erma and
Japan, 0-320B). The acidity and ascorbic acid in
fresh fruit pulp was estimated as per methods.
Data were subjected to relevant statistical analysis.
RESULTS AND DISCUSSION
1. Effect of bio-fertilizer along with organic
manure on yield of guava cv. Red Fleshed.
It is evident from the Table -1 that biofertilizer and organic manure had significant
effect on fruit yield. Average maximum fruit yield
(38.23kg/tree) and (19.03 kg/tree) was obtained
with treatment -T8 Azotobactor 250g + FYM @
20 kg/tree followed by (35.75kg/tree) and (17.21
kg/tree) with Azotobactor only during, rainy and
winter season, respectively. Similar results have
been reported with application of FYM and
Azotobactor in Guava (40.11 kg/tree) (Ram and
Rajput, 1998; Ram and Pathak, 2007). Yield and
yield attributing characters viz. fruit yield, fruit
weight, fruit length, and fruit breadth were
significantly affected by the organic manures as
well as bio-fertilizer treatments or their
combination. These findings are in conformity
with the findings of Ram and Nagar (2004) in
guava who reported highest yield of 13.69 kg fruit
by applying 20 kg FYM + 200 g Azotobactor.
Vermi-compost also had significantly higher yield
over control and was 3rd best treatment among all
regarding the yield. Average fruit yield with
Vermi-compost application was (31.93 kg/tree)
and (16.23 kg/tree) for rainy and winter season,
respectively. The increase in yield in vermi-culture
treatments over control may be attributed to
increase in level of readily available N in the
presence of both dead and live worms which often
enhanced growth mechanism in plants. (Barve,
1992). These findings were also in accordance
with the findings of Venkatesh (1995) in grape and
Athani et al. (2007) in guava.
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Table-2. Effect of Bio-fertilizer and Organic manures on physical characteristics of guava
cv. Red –Fleshed in the rainy and winter season crop.
Treatments
Yield (kg/tree)
Weight (g)
Length (cm)
Breadth (cm)
Rainy
Winter Rainy
Winter
Rainy
Winter Rainy
Winter
season
season season
season
season season season season
T1
10.05
5.54
122.13
172.80
5.11
6.39
5.95
6.9
T2
11.56
5.97
102.35
154.50
5.12
6.40
6.31
7.4
T3
35.75
17.21
179.60
229.13
5.15
6.45
6.37
7.48
T4
25.29
13.08
168.04
227.56
5.04
6.37
6.30
7.41
T5
22.16
12.52
198.20
249.20
5.9
7.19
7.04
8.06
T6
20.24
10.15
183.95
233.03
5.21
6.56
76.61
7.69
T7
25.59
12.72
191.84
240.50
5.63
6.86
6.76
7.87
T8
38.23
19.03
183.57
231.74
5.15
6.48
6.49
7.58
T9
29.10
15.03
175.57
228.91
5.07
6.38
6.40
7.51
T10
31.93
16.23
188.23
240.29
5.54
6.85
6.71
7.81
T11
19.03
9.51
186.68
237.92
5.53
6.82
6.68
7.78
T12
11.10
6.44
93.14
144.08
5.08
6.38
5.70
6.78
CD at 5%
1.13334 0.60923 1.83976 2.000666 0.06464 0.0339
0.0577
0.0455

Table-3- Effect of Bio-fertilizer and Organic manures on bio-chemical characteristics of guava cv.
Red –Fleshed in the rainy and winter season crop.
Treatments
T.S.S. (0B)
Acidity (%)
T.S.S./acidity ratio Ascorbic acid (mg/100g)
Rainy
Winter
Rainy
Winter Rainy
Winter
Rainy
Winter
season
season
season
season season
season
season
season
T1
11.17
13.39
0.38
0.54
29.30
24.64
61.17
158.97
T2
8.58
10.79
0.29
0.46
29.14
23.28
68.88.
170.70
T3
14.62
16.83
0.32
0.48
44.50
35.07
60.82
129.85
T4
14.21
16.43
0.34
0.50
41.45
32.44
65.33
164.50
T5
14.62
16.83
0.38
0.44
38.14
38.270
70.77
173.77
T6
14.52
16.70
0.38
0.43
37.99
38.275
68.18
169.91
T7
16.07
17.90
0.29
0.46
53.75
38.92
71.86
189.57
T8
40.73
16.94
0.34
0.51
42.66
33.17
85.18
166.45
T9
14.44
16.63
0.24
0.40
59.11
41.60
95.43
177.11
T10
14.15
17.30
0.19
0.35
79.73
49.47
77.08
156.61
T11
14.14
16.68
0.29
0.45
48.77
36.53
96.72
178.79
T12
8.49
10.84
0.21
0.37
40.34
38.32
75.23
156.70
CD at 5%
0.1887
0.1227
0.00496 0.02860 0.97882
1.73439 0.76057
1.42184
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Among the various organic manures, the fertilizer and organic manures. This is clear from
minimum yield (10.05 kg/tree) was recorded with the data presented in Table-2 for rainy and winter
FYM during rainy season while it was nearly 5.97 season. All the treatments increased the TSS,
kg/tree with FYM during winter season. These acidity and ascorbic acid over control. Such result
results are in conformity with those of Naik and may be attributed to the better vegetative growth
Babu (2007) in guava. Increase in yield and other of the treated plants which resulted in higher
yield components apparently result from quantities of photosynthates (starch,
improved soil chemical and physical properties carbohydrates etc.) and their translocation to the
that were induced by organic manure application fruits, thus increasing the contents of various
quality parameters (Naik and Babu, 2007). In the
(Mahendra et al., 1998).
2. Effect of bio-fertilizer along with organic present study, application of VAM resulted in
manure on physical characteristics viz. fruit highest TSS (16.07 0B) and (17.9 0B) during rainy
weight, fruit length and fruit breadth of and winter season, respectively. Among the
various bio-fertilizers, application of P guava fruit cv. Red Fleshed.
The fruit growth parameters responded solubilizers significantly influenced the physico significantly to various treatments. The data in chemical characteristics of fruits compared with
Table-1 for rainy and winter season, respectively, control. Ascorbic acid content varied from 96.72
indicated that the application of bio-fertilizer was to 60.82 mg/100g and 189.5 to 158.97 mg/100g
more effective than organic manures in enhancing during rainy and winter season respectively.
fruit growth parameters. The increased availability Application of P – solubilizers significantly
of nutrients improved the fruit growth parameters influenced Vitamin C content in guava over the
which might have reflected and increase in fruit control (61.17 and 158.97 mg/100g) during rainy
weight, length and breadth. Highest fruit weight and winter season, respectively. Highest Vitamin
(198.2 g and 299.2g), length (5.9 and 7.19 cm) C was recorded with VAM (189.57 mg/100g)
and breadth (7 and 7.41 cm) were obtained with during winter season while 96.72mg/100g with
the application of Phosphobacterin during rainy application of Vermiwash followed by
and winter seasons, respectively, which was, Vermicompost and VAM during rainy season.
however at a par with that obtained with VAM. This is in conformity with the results of Dey et al.,
Similar results have been obtained by Dey et al. 2003 which was 149.3 mg/100g. Kadam and Patil
(2005) in guava. Among the different organic (1993) also observed positive effect of P in Sardar
manures viz. FYM, sunhemp, Dhaincha, guava. Ram and Rajput (2004) observed good
Vermicompost and vermiwash; Vermicompost response of Azotobactor under U.P. condition,
application proved best and the fruit growth was however their study did not include P-solubilizers.
superior. The fruit of Vermicompost ranked 3rd in When bio-fertilizer were grouped together, P –
average fruit weight while treatment-T12 sunhemp solubilizers were found to have more beneficial
resulted in minimum fruit growth. Almost similar influence on fruit physico-chemical parameters of
results were obtained by Baphana (1992) in guava cv. Red Fleshed than that of N-fixers.
Sapota and by Athani et al. (2007) in guava. Beneficial effect for quality parameters of
Improved fruit size viz. length, breath was also Vermicompost is due to the presence of macro and
observed with application of FYM inoculated with micro-nutrients and vital plant promoting
Azotobactor. Similar results were also observed by substance (Bano et al., 1987). Results similar to
Ram and Rajput (1998) in guava cv. Allahabad present investigation was also obtained earlier by
Athani and Ustad et al. (2007) in guava cv. Sardar.
Safeda.
3.
Effect of bio-fertilizer along with The activity of earthworms in the soil might have
organic manures on Chemical characteristics helped for increased yield in the above treatments.
viz. TSS, Acidity, TSS/Acidity ratio and Similar results were also obtained by Venkatesh
Ascorbic acid content of guava fruit cv. Red (1995) in grapes.
Acidity was not influenced by the
Fleshed. Quality parameters were improved with
application of different organic source viz. bio- application of bio-fertilizer. Acidity content in fruits
varied from the 0.38 to 0.19 per cent and 0.54 to

197
The Scientific Temper
0.35 per cent during rainy and winter season, Barve, J.V. (1992). Vermiculture experience in grape
cultivation. Congress on Traditional Science and
respectively, due to the application of different
Technology, Inst. Tech., Mumbai, pp.10-13.
treatments but variation among treatments did Dey, P.;
Rai M.; Kumar, S.; Nath V.; Das, B. and Reddy, N.
not differ significantly. Acidity was highest (0.54
(2005). Effect of bio-fertilizer on physico - chemical
per cent) under FYM treatments. This is in
characteristics of guava (Psidium guajava L.) fruit.
Indian Journal of Agriculture Sciences, 75(2):95-96.
conformity with results of Naik and Babu (2007).
Kadam,
A.S. and Patil, V.K. (1993). Phosphorus nutrition
Ram and Pathak (2004) and Ram and Rajput
studies in guava. Annals of Plant Physiology. 7(2):
(1998) also reported improvement in fruit quality
150-2.
parameters with application of organic manures Mahendra, S.B.; Kenneth, S.D.; Venkateswara, R.S. and
and bio-fertilizer. Linder (1985) noticed quality
Vencent, E.P. (1998). Application of poultry manure
influence Thompson Seedless grape production and
improvement in organically grown guava fruit.
soil properties. Hort. Sci., 23 (6): 1010 – 1012.
Thus, based on physico-chemical characteristics
Naik,
M.H. and Babu, H.R. (2007). Feasibility of Organic
of fruits, efficacy of bio-fertilizer followed the
Farming in guava (Psidium guajava L.). Proceedings
order: Phosphobacterin > VAM > microphos >
of the Ist International Guava Symposium at CISH,
Azotobactor > Azospirillum. This is in conformity
Lucknow. Acta Horticulturae. 735. pp. 365-372.
with the findings of Dey et al. (2005).
Ram , R.A., and Pathak, R.K. (2007). Integration of
Organic Farming Prac tic es for Sustainable
CONCLUSION:
Production of Guava: A Case Study. Proceedings of
Thus, on the basis of results, summarized
the Ist International Guava Symposium at CISH,
above, it can be concluded that the application of
Lucknow. Acta Horticulturae. 735. pp. 357-363.
bio-fertilizer was more effective than organic Ram, R.A., Bhriguvanshi, S.R., Garg, N. and Pathak, R.K.
manures in enhancing fruit growth parameters.
(2007). Studies on Organic Production of guava
(Psidium guajava L.) c v. Allahabad Safeda.
When bio-fertilizer were grouped together, P –
Proceedings of the Ist International Guava
solubilizers were found to have more beneficial
Symposium at CISH, Lucknow. Acta Horticulturae.
influence on fruit physico-chemical characteristics
735. pp. 393-379.
of guava cv. Red Fleshed than that of N-fixers. Ram, R.A. and Nagar, A.K. (2004). Effect of different
Based on physico-chemical characteristics of fruits,
organic treatments on yield and quality of guava
(Psidium guajava L.) cv. Allahabad Safeda. National
efficacy of bio-fertilizer followed the order:
symposium
on organic farming in horticultural
Phosphobacterin > VAM > microphos >
crops for sustainable production, 29-30 August,
Azotobactor > Azospirillum. Among the different
CISH, Lucknow , Proceeding, pp. 25-26.
organic manures viz. FYM, Sunhemp, Dhaincha, Ram , R.A. and Rajput, M.S. (2004). Role of bio-fertilizer
Vermi-compost and Vermiwash; Vermi-compost
and manures in production of guava (Psidium
guajava L.) cv. Allahabad Safeda. Haryana Journal
application proved best and the fruit growth was
rd
of Horticultural Sciences. 29 (3-4):193-4.
superior. The fruit of Vermi-compost ranked 3
Ram , R.A. and Rajput, M.S. (1998). Effect of organic
in average yield and fruit weight among all the
manures and bio-fertilizers on growth, yield and
treatments applied. Winter season guavas were
quality of guava cv. Allahabad Safeda. Int. J. Mendel,
found better in terms of quality or physico15 (1-2) : 17-18.
chemical characteristics than rainy season guava Ranganna, S. (1991). Handbook of analysis and quality
control for fruit and vegetable products third
fruits. However, further repetition of the
edition, Tata Mc Graw Hill Pub. Co. Ltd. New Delhi,
experiment is needed to get more improvement
India.
in the results.
Singh, A. and Singh, S.P. (2004). Response of banana
(Musa sp.) to Vescicular – Arbuscular Mycorrhizae
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THE ROLE OF REMOTE SENSING TECHNOLOGY IN COUNTERNAXALITE OPERATIONS: PROBLEMS AND PROSPECTS
Nand Kishore and Abhaya Kumar Singh
Department of Defence and Stratagic Studies
K.S. Saket P.G. College, Ayodhya, Faizabad
The internal challenges to Indian security
are growing serious day by day. India has long
history of separatist and secessionist violence, be
it in North-East, Punjab or Kashmir. The nation,
presently, is facing not one but two wars within
its own borders. The first, as we all know, is the
rising threat of Islamic terrorism, but the second
often overlooked dimension to this internal war,
is that of the naxalite terrorists, who are bred and
sustained by the Communists Party of India
(Marxist-Leninist) CPI (ML). In April 2006, Indian
Prime Minister Manmohan Singh called the
naxalite threat the “biggest internal security
challenge ever faced by our country” 1.
Naxalism is pure and simple terrorism,
which disguises itself with terms like “class
struggle” and “social justice.”2 The term ‘naxalite’
is derived from Naxalbari in Darjeeling district of
West Bengal where, the rebel cadres of the CPI
(M), the ruling party of the state, led by Charu
Majumdar and Kanu Sanyal launched a peasants’
uprising on May 25, 1969 after a tribal youth, who
had a judicial order to plough his land, was
attacked by “goons” of local landlords on March
2. Tribals retaliated and started forcefully
capturing back their lands. The CPI (M)-led
United Front government cracked down on the
uprising and in 72 days of the “rebellion” a police
sub-inspector and nine tribals were killed. The
incident echoed throughout India and naxalism
was born.3 The naxalites claim to represent the
most oppressed people in India, those who are
often left untouched by India’s development and

bypassed by the electoral process. Invariably, they
are the Adivasis, Dalits, and the poorest of the poor,
who work as landless labourers for a pittance, often
below India’s mandated minimum wages.
Ideologically, the naxalites claim they are against
India as she exists currently. They believe that
Indians are still to acquire freedom from hunger
and deprivation and that the rich classes landlords, industrialists, traders, etc -control the
means of production. Their final aim is the
overthrow of the present system; hence they target
politicians, police officers and men, forest
contractors, etc. The ideology of naxalism soon
assumed larger dimension and entire state units
of CPI (M) in Uttar Pradesh and Jammu and
Kashmir and some sections in Bihar and Andhra
Pradesh joined the struggle. Chhattisgarh, Orissa
and Jharkhand have replaced Andhra Pradesh
and Bihar as the states most affected by it.4
The root cause for the rise in naxalism is the
inability of the states to address the many genuine
grievances of the people. The gape between the
unrealistic expectations, fuelled by populist
rhetoric, and their actual fulfillment has increased
and not decreased over the years. The younger
generation is no longer willing to put up passively
with injustice and humiliation without a fight. The
bitterness of angry young men against the
prevailing unjust socio-economic system is
spilling over. The older generation is not
unsympathetic to them. Educational systems
which produce unemployable young boys and
girls have not helped. Pressure on land has made
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the task of survival on agriculture more difficult.
Callous district administrations, especially in the
rural areas, a clogged judicial system and feudal
attitudes have compounded the problem. The land
disputes have multiplied, but the land records and
the judicial system to settle them is in disarray.
There is a sense of frustration and anger.5
Naxalites have exploited the dissension
among the havenots very deftly and several
naxalite groups have mushroomed in recent years.
The most prominent among them are the People’s
war Groups (PWG) and the Marxist Communist
Centre (MCC). But it is not ideology and
revolutionary zeal that is driving them. For many,
joining these groups is the only way to survive.
Their main activity is extortion. Huge funds
amounting to hundreds of crores of rupees are
being extorted by them. What they cannot get
through legitimate means they obtain through
arms and explosives. Their tactics are no different
from the insurgent and terrorists. Create terror and
extort money.6According a report naxalite extorted
Rs. 40 crores annually in the Jharkhand only.7
They are, however, not secessionists. Their aim is
to overthrow what they call an unjust socioeconomic system. But they are in hurry to achieve
their ideological aims as they can extort enough
money. Corrupt politicians, policemen and civil
servants have made their own adjustments with
these groups. A live and let to live attitude is
mutually beneficial to all of them
Presently, naxalism has spread to more
than 170 of India’s 600 districts in 15 states,
constituting more than 27 per cent of the land
area of the country. The area under the naxalite
influence has been nicknamed the “red corridor”.8
Starting from Andhra Pradesh, the ‘Red Corridor’
runs through eastern Maharashtra, Madhya
Pradesh, eastern Uttar Pradesh, Chhattisgarh,
Jharkhand, West Bengal and Bihar. It links the
‘liberated zones’ of India with the Maoist held
territories of Nepal. The ‘Red Corridor’ unites the
left-extremists of India with their comrades in
Nepal.
The ‘Red Corridor’ makes nonsense of
any official claim, made either by state
governments or the Union government, that
security agencies are battling the Naxalites with
full force. Its expansion at a rapid pace9 betrays
the fact that our security agencies and their
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political patrons are both clueless and lacking in The camp comprised 32 huts, two training
courage to tackle India’s enemy within.
grounds, a firing range and a play field, the release
Nor does it make sense to pretend that said. One rifle with magazine and ammunition,
Naxalites pose a ‘law and order problem.’ The 10 grenades, two radio sets and 40 kg of explosive
.14
threat from Naxalites is much more than that — materials were recovered from the spot The
they pose a challenge to India’s democratic polity Maharashtra government had introduced a
and rule of law; they pose an ideological threat helicopter for anti-naxal operations with much
15
that questions the legitimacy of the Indian State. fanfare April 2008. Jharkhand police have
The naxalites have not only extended their paws planned to install video cameras for surveillance
upto more than a quarter of the total land area of in Parasnath hills. Khammam police in Andhra
the country but also they have established Pradesh conducted on aerial survey of naxal
liberated zone in the Dandakaranya forest where infested areas with helicopter fitted with latest
they run a parallel government. It extends from gadgets including zoom cameras, on March 11,
16
Gadchiroli in Maharasthra to Abduz and Bastar 2008.
in Chhattisgarh, covering an area of 92,000 square
Keeping in view the magnitude and
kms which twice the size of Keral. The most expansion of the naxalite menace, we can easily
disturbing and conspicuous feature of this area is guess the difficulties and risks involved in
total absence of Indian Tri-colour.
gathering information required for counterIn Jahanabad 1000 naxalites stormed a operations. The conventional method of patrolling
police complex housing a district jail in eastern not only requires huge manpower but also incur
Bihar on November 13, 2005 exemplifying their heavy losses in terms of life and material both. To
capacity to strike. In the Dandakaranya they have make the counter-naxalite operations cost-effective
and result-oriented, employment of modern
shown their capacity to rule.10
Seen from the perspective of internal surveillance technology i.e. Remote Sensing
security, the Naxalites are fast turning into India’s Technology would be highly beneficial. Though
‘Fifth Columnists,’ more than willing to join hands helicopters are being used for aerial surveillance
with external forces that have been trying to and counter-naxalite operations by paramilitary
undermine India’s territorial integrity and rend its forces in some states, there is vast scope for remote
social fabric. They are today’s Trojan forces.11 sensing. A Memorandum of Understanding
According to intelligence reports; naxalites have (MoU) was signed by Central Reserve Police Force
joined hand s with Jihadi fundamentalists for the (CRPF) and Indian Space Research Organisation
purpose of subverting the Indian state. India’s (ISRO) on March 15, 2008 for developing a
intelligence agencies have evidence to prove that focused Geographical Information System (GIS)
Naxalites are being used by Pakistan’s ISI for using high-resolution satellite images to hunt
drug-trafficking and pumping fake currency down terrorists and naxalites from their hideouts
notes. In return, the ISI is providing the Naxalites in hilly areas and dense jungles across the country.
with sophisticated weaponry and the know-how India is set to use satellite images for the first time
for making and using improvised explosive for the purpose. It will first be used by the CRPF
devices. Seized weapons and ammunition bear which is the main counter-insurgency force in the
country.
witness to this evidence.12
Remote sensing has provided a new
A Union Home Ministry report indicated
impetus
for
national development and security.
that the Naxalites could capture nearly 60 per cent
During
the
last four decades, through space
of the land area of Chhattisgarh by 2010, if
decisive operations are not carried out to dismantle observation programme, it became possible to
their bases. The report also said that a total of 749 gather accurate information about the whole
people, including 285 civilians, were killed in globe or a specific area without disturbing or
Naxalite violence in India during the year 2006.13 taking permission from any country or whole
Official sources said the Army had detected at least body. These geo-graphical and positional
120 militant camps in interior parts of the three informations have become an integral element in
districts by using Remote Sensing Satellite System. the development and in fighting wars. Increasing
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firepower and diminishing time have compelled information”(Aronoff, 1995).
our defence planners, strategists and scientists to
More precisely, it can be defined as: “The
consider better ways for reconnaissance, acquisition and measurement of data/information
surveillance and target acquisition for combat on some property (ies) of a phenomenon, object,
effectiveness through remote sensing techniques. or material by a recording device not in physical,
What is Remote Sensing?
intimate contact with the feature(s) under
17
The science (and art) of acquiring surveillance”.
information about an object, without entering in
Thus, we can say that remote sensing
contact with it, by sensing and recording reflected is any observation made at a point removed from
or emitted energy and processing, analyzing, and the object under investigation. More commonly
applying that information.
it refers to observations of areas of land and water
Remote sensing refers to the process of covering the earth by airplane or satellite. In the
gathering information about an object, at a broadest sense, remote sensing is the small or
distance, without touching the object itself. The large-scale acquisition of information of an object
most common remote sensing method that comes or phenomenon, by the use of either recording or
to most people’s minds is the photographic image real-time sensing device(s) that is not in physical
of an object taken with a camera. Remote sensing or intimate contact with the object –such as by
has evolved into much more than looking at way aircraft, spacecraft, satellite, buoy or ship .
objects with our eyes. It now includes using Components of a Remote Sensing System:
instruments, which can measure attributes about
While the definition of remote sensing
objects which unaided human eyes can’t see or describes a very wide array of technologies and
sense.
types of research, all remote sensing technologies
According to Colwell, “Photogrammetry are based on certain common concepts, and all
and Remote Sensing are the art, science and remote sensing systems consist of the same basic
technology of obtaining reliable information about components. These four basic components of a
physical objects and the environment, through a remote sensing system include a target, an energy
process of recording, measuring and interpreting source, a transmission path, and a sensor.
imagery and digital representations of energy
patterns derived from noncontact sensor systems”
(Colwell, 1997).
According to Sabins, “Remote sensing
may be broadly defined as the collection of
The target is the object or material that
information about an object without being in
physical contact with the object. Aircraft and is being studied. The components in the system
satellites are the common platforms from which work together to measure and record information
remote sensing observations are made. The term about the target without actually coming into
remote sensing is restricted to methods that physical contact with it. There must also be an
employ electromagnetic energy as the means of energy source which illuminates or provides
detecting and measuring target characteristics” electromagnetic energy to the target. The energy
interacts with the target, depending on the
(Sabins, 1978).
According to Aronoff, “Remote sensing is properties of the target and the radiation, and will
the art and science of obtaining information from act as a medium for transmitting information from
a distance, i.e. obtaining information about objects the target to the sensor. The sensor is a remote
or phenomena without being in physical contact device that will collect and record the
with them. The science of remote sensing provides electromagnetic radiation. Sensors can be used to
the instruments and theory to understand how measure energy that is given off (or emitted) by
objects and phenomena can be detected. The art the target, reflected off of the target, or transmitted
of remote sensing is in the development and use through the target.
analysis techniques to generate useful
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systems to record the images. Digital image data
can be transmitted to ground-based stations and
digital data are able to be processed on
computers. An important feature of remote sensing
systems is resolution. There are four measures of
Once the energy has been recorded, the resulting resolution21
set of data must be transmitted to a receiving
1. Spectral resolution,
station where the data are processed into a usable
2. Temporal resolution,
format, which is most often as an image. The
3. Radiometric resolution, and
image is then interpreted in order to extract
information about the target. This interpretation
4. Spatial resolution.
can be done visually or electronically with the aid
Spatial resolution refers to the size of a
of computers and image processing software.18
pixel that is recorded in a raster image - typically
Remote sensing involves collecting an pixels may correspond to square areas ranging in
image of a region on the Earth by one of two side length from 1 to 1000 meters.
means- passive and active.19
Spectral resolution refers to the number
1. Passive sensing monitors the objects under of different frequency bands recorded - usually,
investigation by using electro-optic sensors to this is equivalent to the number of sensors carried
collect solar radiation reflected off the object. by the platform(s). Current Land sat collection is
Passive sensors are those which sense natural that of seven bands, including several in the infraradiations, either reflected or emitted from the red spectrum. The MODIS satellites are the highest
earth.
resolving at 31 bands.
2. Active sensing uses a source of electromagnetic
Radiometric resolution refers to the
radiation. RADAR is an example of active number of different intensities of radiation the
remote sensing where the time delay between sensor is able to distinguish. Typically, this ranges
emission and return is measured, establishing from 8 to 14 bits, corresponding to 256 levels of
the locations, height, speed and direction of the gray scale and up to 16,384 intensities or
an object.
“shades” of colour, in each band.
Remote sensing can also be broadly
The temporal resolution is simply the
classified as optical and microwave. In optical frequency of flyovers by the satellite or plane, and
remote sensing, sensors detect solar radiation in is only relevant in time-series studies or those
the visible, near-, middle- and thermal-infrared requiring an averaged or mosaic image as in
wavelength regions, reflected/scattered or emitted deforesting monitoring.
from the earth, forming images resembling
The other type of remote sensing, active
photographs taken by a camera/sensor located systems, primarily use radar as the source of
high up in space.20 Remote sensing sensors are electromagnetic radiation. Radar has two major
generally classified as panchromatic (PAN) or advantages over reflected solar radiation: it can
multispectral (MS). The former produce data in penetrate cloud cover and it can be used at night
black and white, while the latter produce data in because it does not depend on the sun. Active
color. MS sensors record images that provide the systems, therefore, can make observations that
means to identify and study characteristics of cannot be made by passive systems. Radar
different surface features. These sensors usually observations, however, are more complex and
include portions of the spectrum in both the visible costly than passive systems and have been slower
and infrared regimes. Recently, hyper spectral to develop. Advances in radar imaging
sensors have been developed that divide up the technology, however, have increased interest in
spectrum into many more, smaller bands than MS these systems in recent years. In addition to
sensors for even more detailed characterization of technologies for obtaining images, a very
surface features.
important aspect of remote sensing is the
Earlier remote sensing satellites recorded processing of the raw images to facilitate the
images on film. All current satellites use digital analysis and application of the data. It consists
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primarily of the development and application of Centre (NRSC) from September 1, 2008. Since
software to analyze the content of the images. then, the country has crossed many a major
Because the latter are in a digital format, much of milestones in this field. India entered operational
this processing is done with the use of computers. remote sensing arena by launching indigenously
In addition to computer software, human expertise built first Remote Sensing Satellite IRS-1A in
in interpreting remote sensing images is an March 1988 under Indian Earth Observation
Programme. IRS-1A had two types of payloads
important component.22
Applications of satellite remote sensing are one with a resolution of 72.5 m and the other with
varied and growing. The type of application varies 36.25 m, providing a swath of about 148
23
primarily with the portion of the spectrum that km. Since then, a number of IRS Satellites have
can be observed by a sensor, by the spatial been launched and remote sensing capability has
resolution of that sensor, and by whether the grown many folds in the country as shown in
sensors are passive or use radar. Most current Table-1.
satellites carry a range of sensors so that they can
Table 1. Major Specifications of Present
perform a variety of applications. Satellites with
IRS Series of Satellites
low spatial resolution-over one kilometer-are Satellites
Year
generally used for collecting meteorological and IRS-1A
1989
environmental data. Medium resolution satellites,
1991
that is, less than 100 m, are used primarily for IRS -1B
1994
environmental monitoring and a range of other IRS-P2
applications including military observations and IRS-1C
1995
mapping of urban areas. High resolution remote IRS-1D,
1997
sensing satellites, that is, 10 m and less, are
IRS-P3
1996
relatively recent. Recently, India launched a 1 m
1999
PAN satellite. Beside a range of mapping IRS-P4 (Oceansat)
2003
applications these satellites also offer increased IRS-P6 (Resourcesat-1)
potential for national security applications. The IRS-P5 (Cartosat-1) PAN
2005
U.S. satellite of this category, Ikonos 2 is being Cartosat-2
2007
used by the U.S. military in the current war in
The evolution of the Indian EO satellites
Afghanistan. In addition, images from that
satellite were used extensively by the media can be classified into three broad categories, viz.
following the September 11 attacks on the World first generation of experimental satellites
Trade Center and the Pentagon. A range of other (Bhaskara-1 and 2), second-generation of
national security applications, including force operational satellites (IRS series) and present
monitoring and treaty verification, are envisaged generation of theme-specific satellites (OceansatResourcesat-1, Cartosat-1 and 2). The Bhaskara-1
for these high resolution satellites.
and 2 satellites provided necessary experience in
Evolution of Remote Sensing Technology in India handling a total remote sensing system. It carried
Starting from Bhaskara, the first two payloads, viz. a Television Camera and a
experimental Earth Observation (EO) satellite Microwave Radiometer. IRS-1A and IRS-1B with
launched in 1979, to the recently launched identical payloads (LISS-I and LISS-II sensor) were
Cartosat-2 in 2007, a range of spatial resolution the first operational satellites launched for both
ability from 1 km to better than 1 m has been marine and land applications. While LISS-I and
achieved and operationalised. The Indian Space LISS-II systems were found useful in many national
Programme was initiated in 1980 when National level natural resource management studies, a need
Remote Sensing Agency (NRSA) came under the was felt to have panchromatic sensor with high
Department of Space. The National Remote spatial resolution for urban mapping.24
Sensing Agency (NRSA), an autonomous society
Considering these needs, as a follow-up
under Department of Space (DOS) has been to IRS-1A and IRS-1B satellites, IRS-1C and IRSconverted into a full-fledged Government 1D satellites were launched with newer payloads
organisation called National Remote Sensing such as Panchromatic camera (PAN), LISS-III
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camera and a Wide field sensor (WiFS). The PAN ocean observations, atmospheric profiles and
camera was the highest spatial resolution (5.8 m) global change. The planned EO missions include
civilian system in the world at the time of launch Oceansat-2, INSAT-3D, RISAT, Megha-Tropiques
of IRS-1C satellite in 1995. The four-band multi and Resourcesat-2. The improved OCM, Ku-band
spectral camera LISS-I/LISS-II was modified into Scatterometer, C-band SAR, Imagers and
four band multi-spectral LISS-III camera with Sounders are some of the important sensors
inclusion of SWIR band in place of the blue band. planned in future missions as shown in Table 2.
The SWIR band was included due to need for Table 2. Satellites Planned for Near-Future
detection of moisture stress in crops and Launching and Their Sensor Characteristics
discrimination of snow from clouds. The WiFS
Satellite
Sensor Spectral Bands
camera was conceptualized from the need of
Multi-spectral camera
frequent observation for monitoring of crops at TWSAT
SAR
national scale. The WiFS camera provided large RISAT
area information at a temporal resolution of five Megha Tropiques
MADRAS
days, which was found highly useful in national
SAPHIR
level wheat area and production forecast and
SCARAB
cropping system analysis. While availability of
Scatterometer
data from the operational EO systems starting Oceansat-2
OCM
from IRS-1A/1B to IRS-1C/1D facilitated
applications in the fields of agriculture, forestry, INSAT-3D
Imager
land use, coastal zone, etc., strong need was felt
Sounder
to design application- specific sensors for ocean
On April 28, 2008, ISRO scientists have
observations, cartography and land resources.
marked
the history by sending 10 satellites out of
This started the era of theme-specific missions such
as Oceansat-1, Resourcesat-1 and Cartosat- 1 and which 6 nano satellites were collected in the bundle
2. Experience gained in ocean colour studies from and 2 nano were projected separately from Satish
IRS-P3 MOS data helped to formulate the sensor Dhawan Space Centre in Sriharikota, Andhra
specifications of IRS-P4 (Oceansat-1), which Pradesh through Polar Satellite Launch Vehicle
became the first Indian satellite, primarily built (PSLV-C9) orbit. Eight satellites out of ten were
for ocean applications. Oceansat-1 carried Ocean from Germany and Canada. The bundled
Colour Monitor (OCM) sensor and Multi- satellites were collectively named NLS-4 that were
Frequency Scanning Microwave Radiometer put into orbit including major Cartosat2A, mini
(MSMR). Resourcesat-1 (IRS-P6) is a mission satellite (IMS-1) and two nano satellites and
primarily dedicated to agricultural applications projected on the set target. The rocket reached on
in India. It caries three cameras, viz. LISS-IV, the destination point within 20 minutes as per
LISS-III and Advanced WiFS (AWiFS). The calculated time without26any slightly deviation, as
selection of Resourcesat-1 sensor parameters was per ISRO sources said.
The major Cartosat2A is a remote-sensing
based on the experience gained from earlier
satellites as well as experimental campaigns satellite inbuilt with a high-resolution camera,
conducted over agricultural region. Cartosat-1 which will supply data for maps precise enough
and recently launched Cartosat-2 satellites are to detail every house in the country. With a life
state-of-the-art remote sensing satellites intended span of five years, Cartosat2A is the third in the
for cartographic applications. The present IRS ‘carto’ or mapping series. ISRO will use the
systems discussed so far, gave an idea of received information for managing infrastructure
27
application- driven development of imaging and natural resources.
technology, within a span of two and half Conclusion and Suggestions:
decades.25
Being an important and responsible
In addition to the present EO missions, country of this part of the continent, it is our sheer
there are specific remote sensing satellites planned responsibility to evaluate the strategic importance
in future to address issues of monitoring disasters, of this region periodically . So, it is necessary to
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have a modern system of reconnaissance and REFERENCES
surveillance. For better management of forces and 1. http://pmindia.nic.in/hs13apr2k6
materials, it is necessary to monitor the 2. Naxal Watch
inaccessible infested areas and the neighbouring 3. http://pmindia.nic.in/hs13apr2k6
region including Indian Ocean and it’s under water 4. Ibid.
5.
Ved Marvah, “India’s Internal Sec urity
regularly. This can only be possible through
Challenges”, Strategic Analysis, vol. 2, no. 4, Octadvance spy or military satellites, navigation
Dec 2003, p. 512.
system, airborne intelligence system along with 6. Ibid.
powerful ground intelligence network. Although 7. Naxal Watch, September 27, 2007.
we have IRS series of satellites and various others 8. http://pmindia.nic.in/hs13apr2k6
ground intelligence for collecting different 9. The Red Corridor engulfed 55 districts in 9 states
in 2003. It soon spread to 170 districts in 15 states
information about the region but at the same time
in 2005.
to meet the future challenges, it is need of the hour
10. Naxal Watch, November 14, 2005.
that to make our distinct mark in the field of 11. Naxal Watch, 24 November 2004.
remote sensing by developing and launching high 12. Ibid.
resolution remote sensing satellites specially for 13. Dr. Nihar Nayak, Naxalism in Chhattisgarh: down,
military purposes at the regular interval of every
not wiped out, IDSA, Strategic Comments, January
30, 2007.
two years.
14.
Times of India, 29 November, 2004.
So to avoid more Kargils in future to cater
15. Naxal Watch 20 August, 2008
our future needs relating to internal security and 16. Naxal Watch, March 12, 2008.
to counter the future naxal activities in the country 17. http://rst.gsfc.nasa.gov/Intro/Part2_1.html
effectively, it is now pertinent to strengthen our 18. h t tp : //ear t h ob ser vat or y. n asa. gov /Lib r ar y/
electronic intelligence capability through modern
RemoteSensing/
means of remote sensing and information 19. Ranganath R. Navalgund, V. Jayaraman and P. S.
Roy, Remote Sensing Applications: An overview,
technology.
CURRENT SCIENCE, vol. 93, no. 12, 25 December
The status of remote sensing technology
2007, p. 1748.
in India is very advanced. The employment of 20. Ibid.
remote sensing technology gathering information 21. Navalgund and Kasturirangan, 1983 Indian remote
for security forces involved in counter-naxalite
sensing satellite-a programme over view, Proc. Indl
operations will certainly enhance their capabilities
Academy of Science & Engg. Sciences, vol. 6, pp.
313-336.
and effectiveness manifolds. Though the
employment of remote sensing technology will 22. Remote Sensing-Wikipedia, the Free Encyclopedia.
greatly help the forces engaged in countering the 23. Ibid.
R. Navalgund1, V. Jay Raman and P. S.
naxalite menace, they, in no way, help in 24. Ranganath
Roy, CURRENT SCIENCE, vol. 93, no. 12, 25
eradicating the epidemic. For eradicating the
December 2007, pp. 1754-55.
internal security challenges, be it naxalism, 25. Ibid.
religious fundamentalism, terrorism etc. the 26. Times of India, New Delhi, 28 April, 2008.
country require sensibility towards its security and 27. Ibid.
integrity in political leaders and policy makers
more than remote sensing. In the end, the military
principles of Sun Tzu and Carl Von Clauswitz
among others of the ages will reaffirm the need to
constantly re-evaluate and refine our current
operational doctrine as the only constant
throughout military history is change.
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Cd4+ CELL COUNTS IN THE PATIENTS OF HIV INFECTED IN SALEM
S. Sathiyavathi*, V. Mathivannan and Selvi. Sabhanayakam
Department of Zoology, Annamalai University
Annamalai Nagar – 608 002, Tamil Nadu, India
ABSTRACT
Human ImmunoDeficienfy Virus( HIV) targets the CD4+ positive leading
to cytopathic effects and chronic immune activation followed by eventual
depletion of CD4+ lymphocytes and serve immune suppression. Treatment with
combination antiretroviral therepy has lead to dramatic improvements in HIVrelated morbidity and mortality.
The progressive depletion of CD4+ lymphoytes is the cardinal event in
the pathogenesis during the infection by human immunodeficiency virus. The
absolute number of these CD4+ T cells in the peripheral blood is the single most
important parameter for monitoring tha disease associated with HIV
infection.CD4+ Tcell enumeration is essential in three areas. First, CD4 counts are
used to assess, The degree of immune deterioration as a surrogate marker for HIV
induced damage and repeated CD4 tests define a decline slope of CD4 counts as
an indication of the speed of progression towards Acquired Immuno Deficiency
Syndrome (AIDS) , with the help of baseline CD4 counts , patients are placed for
appropritate timing of starting antiretro viral therapy (ART) and to define the
starting point for efficient prophylaxis against opportunistic infection . Secondly,
while on therapy , improvement in CD4 counts is indicative of the efficacy of
ART . Finally, epidermiological AIDS surveillance is based on CD4 counts to help
define an anticipated welfare and health care needed .There is indeed an urgency
to make it possible to deliver efficient therapy to patients at the right time, to
guard against unmonitored drug distribution of resistance to commonly used
drug and to dispel an out –dated myths that flow cytometry is too complex,
Expensive and complicated for routine use in wide areas of the globe.
The successful ART is associated with potent suppression of HIV
replication as measured by falling HIV/AIDS viral load and improvement in
immune function with increased CD4+ lymphocyte numbers. Both previously
sequestered memory CD4+ cells and naïve lymphocytes are involved in the
immune reconstruction .
KEY WORDS: HIV ,ART , CD4+ cells

INTRODUCTION
The natural history of HIV infection is
characterized by progressive decline in CD T –
cell number and function that place infection
persons at risk for opportunistic infection . In
recent years significant immune reconstitution
has been achieved by anti retro Viral(ART )
resulting in a dramatic decline in HIV related
morbidity and mortality ( Christoph G . lemge
etal .2003) .

The CD4 cell count is the best known, most
studied and readily available prognostic marker.
It is makes sense as a marker because decline in
CD4 cell numbers is an effect of HIV, and CD4 Tcell depletion causes immune deficiency.
A normal CD4 cell count in the blood of a
man without HIV infection will be in the range of
approximately 400 to 1200 cells/mm3 and 500 to
1600 cells/mm3 in women. HIV is not the only
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factor that can affect the CD4 cell count. Studies
looking at CD4 cell counts in unifected,
heterosexual and homosexual men and women
found that –
(1) Women had higher CD4 cell counts that either
heterosexual or homosexual men, by an average
of 111 cells/mm3.
(2) Women’s CD4 cell counts fluctuate with the
menstrual cycle.
(3) Oral contraceptive use was associated with a
lower CD4 cell count.
(4) Smokers tended to have higher CD4 cell
counts, by an average of 143 cells/mm3.
(5) A good night’s sleep decreases the number of
CD4 T-cells and other immune system cells in the
blood. However, the following afternoon and
evening, a person who slept soundly has higher
levels of CD4 cells than a person who experienced
wakefulness during the night.
No racial differences were seen in one
study (Maini 1996), but other studies have found
differences.
A trend towards higher CD4 counts has
also been seen in HIV-positive smokers, as
compared with non-smokers. It may be deceptive
for an untested person to use their CD4 cell count
as a guide to whether or not they may be infected
with HIV. A US study of HIV-negative patients
admitted to an intensive care unit found that 17%
had CD4 counts below 20, and the mean CD4 cell
count was 510 cells/mm3 (Aldrich A-cute illness
other than HIV infection may also affect the CD4
cell counts, but it will not affect the CD4 : CD8
ratio, unlike HIV infection.
Only a small percentage of the total CD4
count is in the blood at any one time. The rest are
in the tissues and lymph nodes. Changes
described above may be due to the movement of
CD4 cells between blood and tissues.
The CD4 cell count is a marker of likely
disease progression, independent of viral load.
Initially in HIV infection there is a sharp drop in
the CD4 cell count and then usually stabilization
around 500 to 600 cells/mm3. Both the extent of
the early drop in the count and the level at
stabilization are prognostic markers for the future
risk of developing disease.

The best CD4 count to use to give an
accurate prediction for the future is the most recent
count Irregular counts (those unexpectedly high
and low) may be laboratory errors or real
temporary or sustained changes which should be
checked by repeating the counts. It is estimated
that for every fall of 100 cells/mm3 in the CD4 cell
count, the relative risk of developing AIDS is
increased twofold. The absolute risk of developing
AIDS, or not surviving, after having a particular
count is changing over time as a result of
treatment advances and other factors. A study of
people with very low CD4 cell counts at Londons
Royal Free Hospital found that in 1989 no patient
survived with a count of zero, but by 1997 the
average (medium) survival for people with zero
counts was 1.2 years due to improved clinical care
(Sabin 1997).
The CD4 cell count appears to decline
more rapidly in the year before an AIDS
diagonosis, and this is why treatment guidelines
recommend that people with CD4 cell counts
between 350 and 200 cells/mm3 should consider
treatment if their CD4 cell count begins to fall more
rapidly (Schellekens 1992).
CD4
CELL
IN
THE
AGE
OF
ANTIRETROVIRAL THERAPY
While viral load and CD4 cell count are
both predictors of disease progression in untreated
populations, there is evidence that CD4 cell count
response on treatment is a better predictor of
clinical outcome than viral load among people
receiving antiretroviral therapy. In addition, CD4
cell count prior to treatment is crucial to response
to treatment. That is, if a patient starts treatment
with a CD4 cell count below 200 cells/mm3, they
are more likely to experience deteriorating health
than if they start treatment when the CD4 cell
count is above 200 cells/mm3.
CD4 CELL COUNT AND RESPONSE TO
TREATMENT
The link between baseline CD4 cell count
and response to treatment in terms of viral load
and clinical status is now well established.
Numerous studies have found that risk of
disease progression is reduced among people who
start antiretroviral therapy when their CD4 cell
count is above 200 cells/mm3. However, current
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evidence indicates there is no clinical (health) Sl.No. Type
benefit to starting treatment with a CD4 cell count
of HIV
above 350 cells/mm3. Individuals who start
1
1
treatment with a CD4 cell count below 200 cells/
2
1
mm3 are more likely to experience disease
3
1
progression than people who start treatment
4
1
earlier. The predictive value of CD4 cell counts
5
1
prior to therapy is used as the basis for guidelines
6
1
concerning when to start theraphy.
7
1
OBJECTIVE
8
1
To study the long-term immunological
9
1
recovery in HIV – infected individuals receiving
10
1
potent antiretroviral therapy (ART).
11
1
DESIGN
12
1
Prospective, observational study.
13
1
METHODS
14
1
Plasma HIV RNA, CD4 T lymphocyte
15
1
counts were determined at 3 – 6 monthly intervals
16
1
in 100 HIV infected subjects receiving ART, who
17
1
suppressed plasma HIV RNA to levels below 400
18
1
copies/ml during a median observation period of
19
1
30 months from Jan 2006 to June 2008.
20
1
The analysis was based on data from 100
21
1
patients, who were followed for a median
22
1
observation period of 30 months. Study
23
1
participants had a age of 20 to 55 and they are
24
1
from in and around the Salem district of
25
2
Tamilnadu, India.
26
1
Among the patients, the reverse
27
1
transcriptase (NNRTI) inhibitor regimen mainly
28
1
consisted of stavudine and lamivudine, 65 were
29
1
received and 20 were received zidovudine and
30
1
lamivudine, 15 members were receiving the
31
1
stavudine.
32
1
Stavudine
15 + 65
 80
33
2
Lamivudine  65 + 20
 85
34
1
Zidovudine  20
35
1
Stavudine
36
1
&
65
37
1
Lamivudine
38
1
Zidovudine
39
1
&
 20
40
1
Lamivudine
41
1
42
1
Antibodies 1 and 2, CD4 counts before and after
43
2
ART treatment as follows:
44
1
45
1

}
}
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CD4 Before
ART counts
250
210
190
198
172
170
189
210
315
411
310
270
215
310
405
191
217
315
271
250
311
340
265
240
135
240
194
211
245
237
230
185
143
311
275
186
214
225
305
242
273
306
151
206
344

CD4 counts
After ART
400
315
240
270
300
290
315
375
565
520
475
290
325
375
455
215
270
375
325
314
371
420
232
298
300
301
275
267
315
345
306
263
196
429
312
270
272
309
390
311
355
412
211
245
370

210
46
47
48
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50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1

256
214
405
375
256
273
292
282
333
390
320
240
211
275
109
189
199
275
186
306
376
272
269
229
240
312
409
276
145
375
411
395
365
319
406
275
406
310
315
245
276
319
176
207
111
200
325

300
275
575
650
302
345
355
319
375
495
374
295
276
299
185
252
270
325
244
372
470
349
322
390
303
379
512
340
211
420
475
625
425
375
700
350
511
370
345
270
345
372
250
286
196
269
396

93
94
95
96
97
98
99
100

1
272
348
1
319
372
1
296
365
1
245
299
1
356
411
1
369
445
1
249
306
1
310
375
As the world enters the third decade of the
AIDS epidemic, the evidence of its impact is
obvious. Wherever the epidemic has spread
unchecked, it is robbing countries of the resources
and capacities on which human security and
development depend. (Y.M. Tatfung et.al 2007).
Potent antiretroviral therapy (ART)
efficiently inhibits viral replication, resulting
typically in a biphasic decline in plasma HIV RNA
(HODD. Neumann Au. et.al 1995). The degree
of viral load reduction in inversely associated with
the short and medium-term increase in CD4 cell
count. (Kaufmann D et.al 1998) allowing for a slow
but gradual quantitative and qualitative recovery
of the immune system (Autran et.al 1997 and
Kelleher et.al 1996).
The CD4 T-lymphocyte response to ART
is highly variable, which has resulted in early
reports in discordant virological and
immunological response. The reasons for the high
variability of T-cell responses have been
insufficiently studied and still remain unclear. It
is conceivable that immunological as well as
virological factors may be involved. In treatment,
naïve individuals, a syncytium – inducing T-Cell
tropic viral strain leads to a more rapid decline of
CD4 T-lymphocytes than a macrophage, tropic
strain. (Koot et.al 1993). As viral replication is not
completely suppressed by ART (Lafeuillad et.al
1998 and Zhang L et.al 1990) a highly cytophathic
viral strain may similarly impede the recovery of
CD4 T-lymphocytes in individuals receiving ART
(Renaud et.al 1999).
CD4 T-cell counts provide an indicator of
immune competence in HIV disease, reasonably
pre-ducting short-term risk for opportunistic
infection.
The TLC are of limited value in predicting
CD4 counts and should not be substituted for CD4
counts whenever possible (Mbanya et.al 2008).
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Graphical Representation of CD4 counts -

CD4 T-cell recovery was satisfied by CD4
T-cell ART (>500 cells/µL was defined as a
complete response as an incomplete response)
determinants of incomplete were evaluated using
logistic regression and survival. Individuals with
incomplete CD4 T-cells more advanced HIV-1
infection at baseline. CD4 T-cell months of ART
already reflect the capacity of the immune CD4
T-lymphocytes (Gibert et.al 2005).

211

Early detection of virological failure is
important for optimal management of HIV –
infected patients receiving ART. Patients who
continue to receive a failing regimen are at risk of
immunological failure, morbidity and death.
Moreover, accumulation of multiple
antiretroviral drug resistance mutations may
compromise the response to future drugs and fuel
the spread of primary drug resistance within
communities (Motasim Badri et.al 2008).
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ABSTRACT
India is one of the largest and most populated country in the world with
more than one billion inhabitants with around half of whom are adults in the
sexually active age group. The first AIDS case in India was detected in 1986; since
then HIV infection has been reported in all states and union territories. A study
was undertaken to know the level of awareness about HIV/ AIDS among the women
of Punjab from 2006 to 2008. A self administered questionnaire was completed by
10000 randomly selected women. The finding shows that the majority of the
respondents know about the major routes of transmission and each of the
information source listed made some contribution to the general knowledge about
HIV/ AIDS processed by the respondent. But media, education, friends and relatives
and area of residence have a significant role in determining HIV/AIDS awareness
level. Media, particularly T.V. and education plays a leading role regarding this.
Finding always indicate that myths related to the transmission and infection
persists but the knowledge gap is narrowing. Interventions should aim to stimulate
discussions in young people’s social network in order to increase overall AIDS
information, communication and knowledge. Thus the information awareness
should be selected according to the needs of social groups.
Key words: HIV/AIDS, sources, Information and Media

INTRODUCTION
India is one of the largest and most
populated countries in the world with more than
one billion inhabitants with around half of whom
are adults in the sexually active age group. The
first AIDS case in India was detected in 1986; since
then HIV infection has been reported in all states
and union territories (UNAIDS, 2007).The average
HIV prevalence among women attending
antenatal clinics in India is 0.60%. Much higher
rates are found among people attending sexually
transmitted disease clinics (3.74%),female sex
workers (4.90%),injecting drug users (6.92%) and
men who have sex with men (6.41%),(NACO,
2006).Today the epidemic affects all sectors of
Indian society, not just the groups-such as sex

workers and truck drivers-with which it was
originally associated.
Unlike developed countries, India lacks the
scientific laboratories, research facilities,
equipment and medical personnel to deal with an
AIDS epidemic .In addition, factors such as
cultural taboos against discussion of sexual
practices, poor coordination between local health
authorities and their communities, widespread
poverty and malnutrition, and a lack of capacity
to test and store blood would severely hinder the
ability of the Government to control AIDS if the
disease did become widespread(Ghosh, 1986).
In terms of AIDS cases, the most recent
estimate comes from August 2006, at which stage
the total number of AIDS cases reported to NACO
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different dialects are spoken within its population.
Rattan Singh
This means that, although some HIV/AIDS
M.Sc., Bed., M.Phil.
prevention and education can be done at the
M.Phil. (Zoology) from Panjab University,
Chandigarh. 2004 – 77.7%,M.Sc. (Zoology)
national level, many of the efforts are best carried
from Dr. B. R. Ambedkar University, Agra.
out at the state and local level.
2003 –65.5%, B.Ed. from Gauhati
With no specific cure for HIV/AIDS,
University, Gauhati. 2000 – 55.5%, B. Sc. from H.P.
preventive measures based on information and
University, Shimla. 1999 – 58.25%, Senior secondary
education programs remain crucial for tackling
from H.P.B.S.E., Dharamsala. 1996 – 52.75%,
HIV/AIDS and its associated problems(IIEP/
Matriculation from H.P.B.S.E., Dharamsala. 1993 –
UNESCO, 2003). Thus, communication and
64.4%, Three years teaching experience as lecturer in
intervention strategies play important On the
Zoology at Dev Samaj College for Women Ferozepur
AIDS awareness programme roles in educating
(Punjab). Published six papers in various
the public, especially the young adult, on the
international and national research journals and three
prevention and control of HIV/AIDS. So the
papers are in communication. (list attached) Presented
present survey was conducted to assess the
five research papers in various national and state
knowledge. Attitude and risk behavior related to
conferences, seminars and symposia.
HIV/AIDS among the women and adolescent girls
was 124,995. Of this number, 29% were women
of Punjab.
and 36% were under the age of 30. These figures
are not accurate reflections of the actual situation MATERIAL & METHODS
Across-sectional study was designed in this
though, as large numbers of AIDS cases go
survey
based upon the literature review of other
unreported (NACO, 2006).
Overall, around 0.36% of India’s similar surveys conducted in the region as well as
globally. A total of ten thousand women and
population is living with HIV. While this may seem
adolescent girls were interviewed face-to-face by
a low rate, India’s population is vast, so the actual
using a self styled questionnaire prepared in three
number of people living with HIV is remarkably languages (Hindi, English and Punjabi). The data
high(UNAIDS, 2007).
collected then analyzed by using statistical
People living with HIV in India come from analysis.
incredibly diverse backgrounds, cultures and RESULTS
lifestyles. The vast majority of infections occur
A total of ten thousand respondent
through heterosexual sex, and most of those who
become infected would not fall into the category responded in this survey, out of which 38% were
of ‘high-risk groups’-although members of such from the urban and 62% were from the rural
groups, including sex workers, men who have sex community. 55.4% of which were adolescent girls.
with men, truck drivers and migrant workers, do The analysis of the collected data is done w.r.t. the
face a proportionately higher risk of infection. The questions in the questionnaire which is as follow:
Table 2. Source of Information:
absence of information infrastructures results in
Rural %
insufficient knowledge about the disease, a Source of Information Urban %
situation that has large implications both on the TV
47.1
34.7
management and provision of care for the people Radio
33.1
23.6
who are infected, as well the exposing the healthy News Paper
21.4
14.5
persons to the risk of contracting the disease Clinical Health Worker
20.8
16.9
(NACO, 2007).
Teacher
27.8
35.9
Educating people about HIV/AIDS and Friends/Relative
41.9
27.5
how it can be prevented is complicated in India,
Magazine
17.6
8.74
as a number of major languages and hundreds of
Table 1. (Sample Break up and Area of Residence)
Urban
3763

Women
%
Raspondents
1697

45

Adolescent
Girls
2066

%

Rural

Women
Raspondents

%

Adolescent
Girls

%

55

6237

2763

44.4

3474

55.6
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Table 4. Modes of Transmission
Table 3. Education of the Respondents
Mode of
No of respondents
%
Education
Number of Respondent %
transmission
with correct answers
of the
Respondent who know
Sexual Contacts
9351
93.5
Respondent
about AIDS
Infected blood
8433
84.3
No Education
2568
303
11.8
transfusion
Primary
3245
976
30.1
Mother to child
7842
78.4
Secondary
2245
1787
79.6
transmission
Higher
1942
1877
96.7
7304
73.0
Awareness regarding HIV/AIDS was Sharing needles,
blades, and
highest among higher educated women and
The percentages of awareness of AIDS by syringes
7129
71.2
sources among the respondents are shown in Kissing and
Table 2. 47% of the urban women and adolescent casual contacts
girls reported that they have heard of AIDS from Mosquito bite
5957
59.5
TV, 33.1% from radio and 41.8% from friends and
relatives. In contrast, 34%, 23.2% and 27.5% of also aware that HIV infection is not transmitted
the rural women and adolescent girls have heard by casual contacts (71.2%). However, some myth
of AIDS from television, radio and friends and and conceptions related with the mode of
relatives. This result shows clearly that, although transmission still persist.
Table 5. Preventive measures
radio, television and friends and relatives
No of respondents
%
constitute a great source of information about Preventive
with correct answers
AIDS to the people, each of these sources serves measure
8723
87.2
the various groups differently. The role of Teachers, Use of condom
Avoid
Drugs
7517
75.1
friends and relatives in AIDS awareness in the
Faithful
to
your
9143
91.4
rural areas is very significant for the girls of rural
community. It would appear that the women Partner
8376
83.7
tend to learn more about HIV/AIDS when talking No sharing of
Blades/needles/
with others.
Finally, the finding shows that only a few syringes
sources of information are actually effective in
In response to the question asking how
addressing the issue of disseminating HIV/AIDS HIV infection could be prevented, 84.3% of the
information to various stakeholder communities. respondents believed that it could. As shown in
lowest among the illiterate women. Women with the Table 5, the most well-known modes of
no education only 11.8% ever heard AIDS. As the prevention were: (1) Use of condom, (2) avoid
education level increases the percent of the taking drugs, and (3) to not share injecting needles
respondents who aware about AIDS also and syringes and (4) to be faithful to your partner.
increases. Women with primary education, Some misconceptions were noted; with among
secondary and more have 30.1%, 79.6% and 96.7% respondents believing that avoiding touching HIV
of awareness respectively. The survey found that positive people could prevent the HIV infection.
11.8% of respondents had never heard of HIV/ DISCUSSION
AIDS and most of these individuals were from
Information is power and has been
rural areas. Of those that had heard of HIV/AIDS recognized worldwide as being effective in
when further asked to define HIV and AIDS, changing, behavior and attitudes essential in
many were unable to correctly differentiate HIV health situations such as HIV/AIDS where there
from AIDS. Misconceptions were still noted is as yet no known cure. Therefore, the future
relating to HIV/AIDS.
trend of the HIV/AIDS pandemic to a large extent
On questions about mode of transmission, depends on the level of HIV/AIDS awareness and
most of the respondents knew that HIV is the knowledge possessed by the people. Awareness
transmitted via having sexual intercourse with an of HIV/AIDS is necessary for people to protect
infected person (93.5%), receiving blood from an themselves from HIV acquired through sexual and
infected person (84.3%), sharing injecting needles other relations and to protect their children from
with an infected person (73%), and from an the risk of mother-to –child transmission (Boer and
infected mother to her fetus (78.4%). Most were Emons, 2004).
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Women and girls are generally believed to mass media /electronic media like radio, TV 52.1%
be at a disadvantage regarding accessing and in awareness. It is usual to expect that urban people
using information and other resources because of are more alert than their rural counterparts. Urban
social and cultural factors which make them people enjoy more amenities like TV, telephone,
predominantly poorer and less empowered than radio, newspaper, magazine etc. than rural
other members of the society. In the rural areas, people.
this problem is very intractable; cultural ACKNOWLEDGEMENT
observances join poor infrastructure to complicate
The authors are highly thankful for the
information delivery, access and use to the rural cooperation of the respondents and the principal
women and girls (Nwagwu, 2008).
and management of Dev Samaj College for
It had been identified that the factors women, Ferozpur for their support and funding.
exposure of electronic media, education of the
respondent, area of residence, occupation, were REFRENCES
associated with the level of awareness about HIV/ Agha, S. (2003). The impact of mass media campaign on
personal risk perception, perceived, self-efficacy and
AIDS. Broadcast media like TV, radio have
on other behavioral predictors. AIDS Care, 23: 147-69.
tremendous reach and influence and play a vital
Boer,
H. and Emonos, P.A.A. (2004). Accurate and
role to build up awareness against HIV/AIDS in
inaccurate HIV transmission beliefs stigmatizing
the community (Das, 2003). There is an increasing
and HIV protection motivation in Northern
trend in proportion of women identified media
Thailand. AIDS Care 16: 167-76.
(both TV and radio) as their main source of Das, S.(2003). Radio Days in Indian villages. Available from:
information about AIDS. This indicates that media
http://www.infochangeindia.org/features145. jsp.
organizations have an enormous influence in Ghosh, T.K.(1986). AIDS : a serious challenge to public
educating and empowering individuals to avoid
health. J.Indian Med. Assoc., 84(1): 29-30.
contracting HIV/AIDS. This study also shows that International Institute for Educational Planning/ UNESCO.
HIV/AIDS and Education(2003). A strategic approach.
the electronic media like radio and TV, particularly
NACO
(2006). Information, Education, communication
TV, play leading role in building awareness about
and
Social Mobilization.
AIDS (WHO/ROEM, 2001; Agha, 2003 and
NACO
(2008).
Overview of HIV/AIDS in India.
Rahman and Rahman, 2007). Therefore, now is
NACO (2006). Monthly updates on AIDS.
the time to emphasize more on education,
Nwagwu, W. E. (2008). Effectiveness of sources of HIV/
alleviation of poverty, ensuring electronic media
AIDS awareness in a rural community in Imo State,
exposure, head to head communication program,
Nigeria. Health Info. And Lib. J., 25(1): 38-45.
institutional based sex education and necessary Rahman, M.S. and Rahman, M.L. (2007). Media and
information to learn about HIV/HIDS for the
Education play a tremendous role in mounting AIDS
young, adult and adolescents all over the country.
awareness among married couples in Bangladesh.
AIDS Res.Therp. 4(10): 6405-6410.
All possible venues such as workplace, schools/
churches/temples, etc should be targeted to Sarkar, M., Milkowski, W., Slanger,T. (2005). The role of
HIV related knowledge and ethnicity in determining
intensify health promotion and education
HIV risk perception and willingness to undergo HIV
activities. Social and religious values and attitudes
testing amomg rural women in Burkina Faso. AIDS
should be maximized for creating more
Behav., 9:243-249.
supportive environments for HIV/HIDS
UNAIDS (2007). 2.5 million people in India living with
prevention.
HIV, According to new estimate, press release.
It was observed in this study that although WHO/ROEM (2001). World AIDS Compaign 2001. In man
the large majority of the study population had
and AIDS. WHO Regional Office. East. Medit. Health J.,
correct knowledge of the most common modes of
2:449-458.
transmission, such as sharing injecting needles and Wong, L.P., Caroline, C.K.L. and Jaafar, N.(2008). HIV/
AIDS- Related knowledge among Malaysian young
sexual transmission, misconceptions were still held
adults: Findings from a Nationwide Survey.
regarding
nonsexual
routes
of
Medscape J. Med.10(4): 148.
transmission(Sarkar et al, 2005). Belief that HIV
WHO(2007)
Sexual and reproduc tive health of
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literature and projects,2005.
Wong, 2002 and Wong et al, 2008).
Zulkifli, S,N. and Wong, Y.L.(2002). Knowledge, attitude
It is usual to have awareness among the
and beliefs related to HIV/AIDS among adolescents
people who retain themselves in close contact to
in Malaysia. Med. J. Malaysia, 57: 3-23.
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ROLE OF ANTHROPOGENIC EMISSIONS IN CLIMATE CHANGE
Kunwar Ananad Singh, Poonam Pandey,
Environment Monitoring Section,
Indian Institute of Toxicology Research, M.G. Marg, PO No. 80, Lucknow-226 001

ABSTRACT
Climate change is any long-term significant change in the expected patterns of
average weather of a specific region (or more relevantly to contemporary sociopolitical concerns, of the Earth as a whole) over an appropriately significant period
of time. Climate change reflects abnormal variations to the expected climate within
the Earth’s atmosphere and subsequent effects on other parts of the Earth, such as
in the ice caps over durations ranging from decades to millions of years. Increased
carbon dioxide levels are thought to exacerbate the heating effects of the Greenhouse
Effect by reducing the re-radiation of heat from the sun and, therefore, increasing
the temperature contained in the atmosphere. The climate of the Earth is always
changing. In the past it has altered as a result of natural causes. The changes we
have seen over recent years and those which are predicted over the next 80 years
are thought to be mainly as a result of human behaviour rather than due to natural
changes in the atmosphere. The present paper focuses on different type of
anthropogenic emissions and how it contributes and its major role in changing
our climate.

The climate system is a complex, interactive
system consisting of the atmosphere, land surface,
ice, ocean and other bodies of water, and living
things. The atmospheric component of climate
system most obviously characterizes climate; is
often defined as ‘average weather’. Climate is
usually described in terms of mean and variability
of temperature, wind and precipitation over a
period of time, ranging from months to years. The
climate system evolves in time under the influence
of its own internal dynamics and due to changes
in external factors that effect climate (called
‘forcing’). External forcing include natural
phenomenon such as volcanic eruption and solar
variations, as well as human induced changes in
atmospheric changes in atmospheric composition.
The debate on global climate change which
until the recent past was restricted to academic
and scientific circles has encouragingly shifted to

include the common man. For a country like
India, the subject of climate change needs to be
looked at from many different perspectives1
Commercial energy conversion and usage.
2
Providing access to commercial energy to
a large section of deprived population.
3
Agricultural and general habitat activities
in the rural areas.
4
Increased pressure on land and evolving
water.
5
Stress conditions in very large area of the
country spanning all regions.
The energy conversion process particularly
fossil fuel based is a major cause for CO2 emissionwhich constitutes the largest component of
greenhouse gases released in the atmosphere. In
India this is more profound as bulk of the primary
energy resource is coal based.
In computer-based models, rising
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concentrations of greenhouse gases produce an
increase in the average surface temperature of the
Earth over time. Rising temperatures may in turn
produce changes in precipitation patterns, storm
severity, and sea level commonly referred to as
“climate change”. Assessments by the
Intergovernmental Panel on Climate Change
(IPCC) suggest that the Earth’s climate has
warmed between 0.6 and 0.90C over the past
century and that human activity affecting the
atmosphere is “very likely” an important driving
factor. The IPCC’s Fourth Assessment Report
(Summary for Policymakers) states, “Most of the
observed increase in globally averaged
temperatures since the mid-20th century is
very likely due to the observed increase in
anthropogenic
greenhouse
gas
concentrations.” It goes on to state, “The
observed widespread warming of the
atmosphere and ocean, together with ice
mass loss, support the conclusion that it is
extremely unlikely that global climate change
of the past 50 years can be explained without
external forcing, and very likely that it is not
due to known natural causes alone.”
In our solar system, the atmospheres of
Venus, Mars and Moon also contain gases that
cause greenhouse effects. Greenhouse gases,
mainly water vapor, are essential to helping
determine the temperature of the Earth; without
them this planet would likely be so cold as to be
uninhabitable. Although many factors such as the
sun and the water cycle are responsible for the
Earth’s weather and energy balance, if all else was
held equal and stable the planet’s average
temperature should be considerably lower without
greenhouse gases. Human activities have an
impact upon the levels of greenhouse gases in the
atmosphere, which has other effects upon the
system, with their own possible repercussions. The
most recent assessment report compiled by the
IPCC observed that “changes in atmospheric
concentrations of greenhouse gases and
aerosols, land cover and solar radiation alter
the energy balance of the climate system”, and
concluded that “increases in anthropogenic

greenhouse gas concentrations is very likely
to have caused most of the increases in global
average temperatures since the mid-20th
century”. Earth’s most abundant greenhouse
gases are: Water vapor , Carbon dioxide , Methane
, Nitrous oxide , Ozone , CFCs. When these gases
are ranked by their contribution to the greenhouse
effect, the most important are:
1 Water vapor, which contributes 36–70%
2 Carbon dioxide, which contributes 9–26%
3 Methane, which contributes 4–9%
4 Ozone, which contributes 3–7%
The major non-gas contributors to the
Earth’s greenhouse effect, clouds, also absorb
and emit infrared radiation and thus have an
effect on radiative properties of the greenhouse
gases.
The main sources of greenhouse gases
due to human activity are:
1 Burning of fossil fuels and deforestation
leading to higher carbon dioxide
concentrations. Land use change (mainly
deforestation in the tropics) account for up to
one third of total anthropogenic CO 2
emissions.
2 Livestock enteric fermentation and manure
management, paddy rice farming, land use
and wetland changes, pipeline losses, and
covered vented landfill emissions leading to
higher methane atmospheric concentrations.
Use of chlorofluorocarbons (CFCs) in
refrigeration systems, and use of CFCs and
halons in fire suppression systems and
manufacturing processes.
3 Agricultural activities, including the use of
fertilizers, that lead to higher nitrous oxide
(N2O) concentrations.
The seven sources of CO2 from fossil fuel
combustion are (with percentage contributions for
2000–2004):
1 Solid fuels (e.g. coal): 35%
2 Liquid fuels (e.g. gasoline): 36%
3 Gaseous fuels (e.g. natural gas): 20%
4 Flaring gas industrially and at wells: <1%
5 Cement production: 3%
6 Non-fuel hydrocarbons: <1%
7 The “international bunkers” of shipping and
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elevations above 2000 m (not corrected for
air transport not included in national
crustal motion) and a thinning at the low
inventories: 4%
elevations at rates up to 1 m/yr.
Predicted Climate Change from Increased
11
Worldwide measurements from tidal
Greenhouse Gases
gauges during the last 100 years indicate
Some of the predicted responses to
that mean sea level has risen between 10
increases in greenhouse gases include increases in
and 25 cm (18 cm mean). This rate is greater
mean surface air temperature, increases in global
than would be expected from the
mean rates of precipitation and evaporation, rising
archaeological and geological record of sea
sea level, and changes in the biosphere. Many of
level from the last two millennia. Most
these predictions are based largely on computer
modeling studies, including simulations of
models that simulate fundamental geophysical
the combined effects of increasing
processes.
greenhouse gases and aerosols, predict that
8
Most model simulations of Earth’s climate
the trend in rising sea level will continue
indicate that an increase in the atmospheric
in the future.
concentration of a greenhouse gas will lead
A possible biological effect may be seen in
to an increase in the average surface air 12
evidence that there has been an increase
temperature of the Earth.
in the active growing season at high
9
An increase in surface air temperature
latitudes in the Northern Hemisphere.
would cause an increase in evaporation and
The earth’s climate has changed over the
generally higher levels of atmospheric
water vapor. The positive feedback last century. There is new and stronger evidence
associated with this leads to the expectation that most of the warming observed the last 50
that an increase in surface air temperatures years is attributable to human activities. Evolving
would lead to a more intense hydrological computer models are predicting that, because of
cycle, with more frequent heavy greenhouse gas emissions, temperatures should
precipitation events. However, because of continue to rise over the 21st century, impacting
the coarse spatial resolution of present nature and mankind both positively and
general circulation models, simulations of negatively.
The impacts should vary among regions,
the regional and seasonal distribution of
but they can not yet be predicted accurately,
precipitation are poor.
10
Another possible consequence of especially for small-scale areas. However, it is
greenhouse-gas-induced climate change is expected that:
elevated sea level. The main factors that 1 More the greenhouse gases are emitted, the
higher the tendency for the earth to warm,
contribute to sea level rise are thermal
expansion of ocean water and the melting 2 The greater and faster the warming, the more
the adverse effects will dominate,
of glaciers, both of which are in response
to higher air temperatures. Although it has 3 And the higher the possibility, although
probably remote, of large-scale and possibly
been well established that melt water from
irreversible impacts.
the world’s small glaciers has contributed
Therefore, although an acceptable level for
to sea level rise during the last century, the
mass balance of the ice sheets in Greenland greenhouse gases has not yet been determined,
and Antarctica is unknown. However, reducing emissions should reduce the risk of
recent geodetic airborne laser altimeter adverse effects. Many options for emission
measurements indicate that between 1993 reductions are available; their costs need to be
and 1998 the southeastern part of the balanced with the risks left for future generations.
The overall economic impact of warming
Greenland ice sheet thinned overall, with
a thickening at a rate of 0.5 ± 0.7 cm/yr at due to increased Green House Gas emission needs
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to be assessed and policy correction steps
undertaken to encourage increased use of
renewable energy resources, technology
development for reducing methane generation
and harnessing generated methane for energy
production and acceleration of afforestation
program.
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BIOREMEDIATION: A BIOTECHNOLOGICAL APPROACH TOWARD
ENVIRONMENTAL MANAGEMENT
S. K. Mishra
Department of Botany, Ewing Christian College, Allahabad,U.P.
Biotechnology has emerged as an applied
discipline of biological research with its application
in agriculture, forestry and industry as well as in
medicine. An equally important area of global
concern that has emerged only recently is the
environmental Biotechnology. It is concerned both
with the implications and applications of
Biotechnology in the wider context of
environment. Due to rapid industrialization,
urbanization and other developments, there is a
constant threat to the environment and to the
depleting natural resources. Both these problems
are receiving constant attention of
environmentalists. The efforts are being made to
use Biotechnology to protect the environment
from pollution and to conserve natural resource.
At a time, when the gap between those who have
plenty and those who do not have even the
minimum is widening, both end of this spectrum
i.e. plenty and poverty is contributing to the
environmental degradation. It is, therefore,
necessary that the developing and developed
countries jointly find a path of development,
which “meets the needs of the present without
compromising the ability of future generation to
meet their needs. Efforts are being made to
achieve these objectives through a variety of
approaches and Biotechnology is certainly one of
them.
In recent years, we have witnessed a
debate on the environmental implication of
Biotechnology. In this debate, risks involved in the
use of Biotechnological approaches have often
been emphasized and the adequate guidelines for

safety have been suggested and enforced by law.
However, there have also been rapid developments
in the application of biotechnology, which may
help in controlling environment at pollution, thus
giving a cleaner and sustainable environment in
future. It has only been recognized quite recently
that biological systems, primarily of microbial
origin could prove potential means of degrading
some such complex environmental pollutants as
well as preventing pollution through waste
treatment. Such recent environmental application
of biotechnology emerged into new area of
research and development popularly known as
Bioremediation.
Bioremediation
for
environmental
management: Bioremediation is the use of living
organisms (primarily micro-organisms) to
degrade environmental pollutants or to prevent
pollution through waste treatment. It is emerging
as most ideal alternative technology for removing
pollutants from the environment, restoring
contaminated sites and preventing further
pollution. This environment friendly technology
is expanding the range of organisms to be used to
clean up pollution and form a vital component so
called green movement of maintaining the
nature’s overall ecological balance.
Application of living organisms to degrade
environmental pollutants or to treat waste to
control pollution is expanding worldwide. The
OECD (organization for Economic to cooperation
and development) in a report entitled
“Biotechnology for a clean environment” issued in
1994 estimate that world market potential for all
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environmental biotechnologies nearly double by
2000.
Bioremediation extends the natural processes by
which microorganism consumes organic
molecules including hydrocarbons. The micro
organisms convert organic molecule such as
carbon dioxide and water that can be readily
accommodated in the environment (Atlas and
Pramer 1990).
Diverse microorganisms, including many species
of bacteria and fungi, have evolved the metabolic
capacity to degrade the hydrocarbons (Atlas and
Cerniglia, 1995). The most prevalent bacterial
hydrocarbon degraders belongs to genera
Pseudomonas, Achromobacter, Flavobacterium,
Nocardia, Vibrio, Bacillius, Actinomyces,
Alkalygens, Corynebacterium, Klebsiella, Sarcina,
Sphaerotilus and Xanthomonas. Fungi tend to
have to more significanct role than do bacteria in
the biodegradation of organic compounds
(Cerniglia et. al., 1992). The most prevalent fungal
biodegraders are Candida, Rhodotorula,
Penicillium, Aspergillus, Cladosporium, Botrytis,
Cephalosporium, Cunninghamella, Mucor,
Torulopsis, Trichoderma and Trichosporon. There
are significant difference in the mechanism of the
hydrocarbon metabolism used by fungi and
Bacteria (Gibson and Subramanian 1984).
Bioremediation is primarily based on principle of
biodegradation, bio-mineralization of complex
pollutants. Microorganisms are capable of
breakdown of these recalcitrant by disruption of
covalent bonds by their enzymatic activity. The
microorganisms may be photoautotrophs,
chemoautotrophs or chemoheterotrophs. This
biodegradation activity of microorganisms can be
further enhanced by redesigning of these enzymes

and by incorporating these bioremediation
actively into new microorganisms, tested for
desired result. Environmental biotechnology is not
a new field but it is based on old environmental
biotechnology of composting and waste water
treatment by modifying microorganism or by
using genetically engineered organisms.
Biodegradation of pollutants: Biological
treatment of effluents is a long established practice
in many countries, but some constituents of these
effluents are recalcitrant and thus are not
amenable to conventional treatment.
Biotechnological research projects are being
modified to expand the range of microorganism
used for bioremediation. There is search for
naturally occurring microbes that have better
pollutant degradation kinetics, attack a wider
range of pollutant compounds, and do so over a
wider range of microbial growth conditions.
Researchers have also using genetic
engineering to develop new microbial strains with
novel biodegradative capabilities. For instance,
modified microbes may be produced through
genetic coding to attach the complex chlorinated
hydrocarbons such as dioxins, which are non
degradable
by naturally
occurring
microorganisms. Adding genes that code for
enzyme which breaks down toxic chemicals into
microbes so that they could be able to survive and
grow in much disturbed and harsh environment.
These efforts would greatly extend the range of
compounds that might be treated with
bioremediation (Chakrabarty, 1974).
Bioremediation for upgrading waste and
water treatment system: The dry anaerobic
composting (Dranco) process converts the organic
fraction of biodegradable organic solid wastes and
refuses into energy in the form of bio gas
(Methane and carbon dioxide and hydrogen) and
humus like material. The biogas is produced by a
consortium of anaerobic bacteria that includes
Methanogens
(methane
producing
archaebacteria).
Fluidized bed reactors had been used to
remove nitrate from water at municipal water
treatment. The reactors contain the
methylotrophic bacteria such as Methylotrophilus
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methylotrophus that carry out nitrification. The degraded. Some fungi like Candida tropicalis are
bacteria convert nitrate to nitrite then to molecular able to assimilate styrene, a fragrant liquid
nitrogen, which is released in the atmosphere. The unsaturated hydrocarbons used chiefly in making
removal of nitrate from waste water helps in synthetic rubber, resins and plastics. The
prevention of eutrophication of the waterways mycelium of the fungi gives the biofilters a large
surface area and greater capacity to eliminate
receiving the treated water (Scheidegger, 1991).
Certain mircro-organisms can biodegrade pollutants than conventional compost biofilters.
toxic compounds like hydrocarbons and Bioreactors consist of filamentous white rot fungi
chlorinated solvents found in industrial plant Phanerochacete chrysosporum is used to treat
waste water. Bacteria like Pseudomonas cepacia are effluents of paper industry. They contain lignin
able to biodegrade chlorinated hydrocarbons degrading and modifying enzyme, which is useful
present in the effluents of pesticide industries since it may reduce energy cost and corrosion thus
manufacturing DDT, heptachlor chloradane etc. increasing the life of the system and also reduce
Azo and reactive dyes constitute the environmental hazards associated with bleach
largest class of dyes used commercially in textile plants effluents.
The plastic industries use alkenes like
industries. Dyes are recalcitrant molecules difficult
to be degraded biologically. The extensive use of ethylene and propylene which is then converted
textile dyes causes environmental pollution as they into alkenes oxides which are then polymerized
are carcinogenic, mutagenic, allergenic and toxic. to form plastics such as polypropylene and
A large number of methods are available to treat polyethylene. The raw materials have inherent
waste water containing dyes. Chemical processes danger of escaping into atmosphere thus causing
are costly, less efficient and produces large amount pollution. Methylococcus capsulate has been
of sludge. Biological processes are getting more successfully used for converting alkene into alkene
and more since they are cost effective and eco oxides (Gibson and Subramanian, 1984).
friendly. Now a days textile and dye industries Removal of oil spills: Oil spills on ocean waters
are using the bacterium Acetobacter liquefaciens caused alarming threat to biodiversity and human
and Pseudomonas fluorescens to treat their waste health. The wreck of the tanker Torrey Canyon in
water. These bacteria are able to consume bright 1969 focus the environmental concern on the fate
coloured azo dyes. The waste effluents of several of hydrocarbon pollutant on the marine habitat,
modern industries also contain heavy metal like flora and fauna. Oil spills from oil tankers on
Mercury, Lead and Cadmium, which causes beaches have been recognized as a major
poisoning. Biotechnical approaches are environmental hazard. This spilled oil is believed
recommended where metal extracting forms of to not only destroy the habitats of aquatic animal
algae can be grown in ponds where factory and fish, but also create health problems for local
effluents (rich in heavy metals) are discharged. residents and causes long-term damage to the
The microbes will extract the heavy metals and environment. The remediation efforts using
sequester them inside their cell membrane. The chemical or physical dispersants either cause
metal can be subsequently recovered from this pollution or they are expensive and time
consuming. Biotechnological efforts using the
microbar.
Traditional water treatment system, process of microbial degradation has been proved
particularly aerobic trickling filters, has been efficient and cost effective method of oil removal
modified to treat air pollutants. In bioscrubbers from the environment.
Oil spills have contaminated marine
and biotrickling filters, multiple microbial
communities are grown on solid surfaces to shorelines and causes several environmental
Hydrocarbons
degrading
produce multilayered complexes called biofilms, damages.
when gas streams coming out of water treatment microorganisms are ubiquitously distributed in
plant containing organic pollutants are passed marine ecosystem and the rates of hydrocarbon
through these systems, the pollutants are biodegradation are limited by abiotic
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environmental factors. Low level of phosphate and
fixed form of nitrogen in marine environment
limits rate of hydrocarbon degradation and
molecular oxygen is required for rapid
hydrocarbons degradation (Atlas and Bartha,
1992). The hydrocarbons biodegradation can be
accelerated by overcoming the rate limiting factors
in order to remove contaminating pollutants
(Atlas, 1991). The two approaches taken for
bioremediation of petroleum that is able to
degrade hydrocarbons and the modification of the
environment by adding fertilizers or aerating the
contaminated sites (Atlas 1991, 1993). Since
hydrocarbons degrading bacteria and fungi are
naturally present in marine habitat hence adding
fertilizers and ensuring adequate aeration is more
promising for treating oil spills.
In early years, application of oleophilic (oil
loving) fertilizers as food for oil utilizing microbes
was considered useful since this would allow rapid
growth and multiplication of indigenous microbes
thus speeding up the biodegradation process for
removal of oil. In recent years, however, using
genetic engineering, oil utilizing micro organism
have been successfully produce, which would
rapidly grow on oil. These genetically modified
strains could not be tested in the field for removing
the oils due to the debate concerning the release
of genetically engineered microorganism in an
open environment. Professor Ananda M.
Chakrabarty, a hydrocarbon biotechnologist,
working on the strain of oil eating bacteria had
developed a very efficient oil eating “Superbug”
using species of Pseudomonas through
recombinant DNA technology. Many oil-utilizing
microorganisms may also produce surface-active
compounds that can emulsify oil in water and thus
facilitate removal of oil. A strain of Pseudomonas
aeruginosa has been developed by Chakrabarty,
which produces a glycolipid emulsifier which
reduces the surface tension of an oil water interface
and thus helps in removal of oil from water. This
microbial emulsifier is non toxic and
biodegradable thus being ecologically sound. A
hydrocarbon degrading bacterium was the first
patented microorganism (Chakrabarty, 1974), but
it has never been used in the field and it is poor

competitor with reference to indigenous
hydrocarbons degraders.
Bioremediation through simple addition of
nitrogen containing fertilizers to the contaminated
shore lines, stimulate the metabolism of
indigenous hydrocarbon degradation in
microorganisms and degrade both surface and
subsurface oil, three to five time faster then
occurred at untreated test sites. However marine
water has low concentrations of nitrogen,
phosphorus and other mineral nutrients that
needed for biomass production. The availability
of these nutrients is critical for hydrocarbon
degradation (Atlas & Cerniglia, 1995). The
oleophilic fertilizers are designed to concentrate
these nutrients at the oil water biodegradation
interface.
Bioremediation of heavy metal polluted sites:
Besides organic compounds, bioremediation can
be used to treat sites contaminated with heavy
metals of radionuclides. Microbes’ algae, bacteria
and fungi as well as higher plants have capabilities
to uptake these pollutants. After uptake, these are
either accumulated or are assimilated by them.
Accumulated heavy metals are recovered by
recycling or disposal. Zoolgea remigera adsorbs
Copper and Cadmium. Radioactive metals as
Uranium and thorium are removed by Geobacter
metallireducans Rhizopus arrhizus and Penillium
chrysogenum from the industrial effluents.
Pseudomonas putida, Arthrobacter viscosa and
Citrobacter species removes several toxic heavy
metals from industrial effluents. The bacteria like
Thiobacillus thiooxidans bring about bioleaching
of Zinc, Cobalt and Nickel from sulphide rocks.
Fungi belonging to the genera. Trichoderma,
Aspergillus, Ophiostoma and Rhodotorula are
shown to have biosorption ability of heavy metals
and these seem to play important role in
detoxification of industrial effluents.
Bioremediation of weed and pest control
sites: Majority of chemical herbicides, pesticides
and fertilizers that are used commercially cause
environmental hazards.
Due to increasing concern about
contamination of environment by herbicides, new
herbicides are being developed that are safer and
biodegradable. Herbicides, normally affects

225
The Scientific Temper
process like photosynthesis or biosynthesis of 20-25% of their bodies dry weight of Nickel.
essential amino acids. Herbicides are being Aquatic weeds such as species of Salvinia, Lemna,
developed which will be environmentally safe. To Azolla and Eichhomia are also known to tolerate
allow the use of these herbicides for crop up take and even accumulate heavy and other
protection programme, genetically engineered toxicants and they can provide opportunity for
herbicide resistant plants have been produced in the removal of these metals.
Plants as such may not be able to sequester
a number of crops, which should eventually allow
the use of environmentally safer herbicides. In this toxic pollutants from wastes. Roots and rhizomes
approach a pathway is introduced that will de- of some plants provide an ideal habitat for the
toxify the herbicide, so that the latter will kill the growth of different kinds of microorganism chiefly
weeds and not the crop. A number of detoxifying bacteria and fungi. These microbes are very
enzymes have been identified in plants as well as effective in remediation of contaminated waste
in microbes. Some of these emzymes including water and industrial waste containing chlorides,
(i) Glutathione S transferase or GST (in maize and bromides, sulphate etc. These microbes remain
other plants) which detoxifies the herbicide active even under extreme conditions. The marshy
atrazine; (ii) Nitrilase (coded by gene bxn in plants are the heart of biotreatment process of
Klebsiella pneumoniae which detoxifies the phytoremediation. The plants bulrush (Sciirpus
herbicide bromoxynil (iii) Phosphinothricin acetyl Spp) and cattails (Typha Spp) create the
transferase or PAT (coded by bar gene in environment for the clean up process whereas the
Streptomyces spp.), which detoxifies the herbicide microorganisms, chiefly bacteria living roots and
PPT (L Phophinothrin). Similarly popular rhizomes of these sedges breakdown the
weedicide 2-4 D which kills broad leaf plants can contaminants (chloride, Sulpahte, bromide etc.).
outlook
and
conclusions:
be effectively biodegraded by Akalygens Future
eutrophis, Burkholderia cepacia and Halomonas etc. Bioremediation have has promising future with
Bacterial pesticides are being developed, several potential applications to clean up the
though they are slow in action and are expensive. polluted environment and treat wastes compared
Heliothrix complex, which lives in close to physical cleanup methods. In-situ
association with plant root consist of two major bioremediation is much less expensive and causes
crop pests normally budworm and bollworm. less environmental perturbation. It may alter
Biological insecticides against both these insets are manufacturing practices, fuel production and
being prepared by transfer of gene from Bacillus composition, the way of individuals’ disposal of
thuringiensis (Bt), into either naturally occurring wastes, cost of products and environmental
quality. Diverse microorganism have the capacity
soil bacterium or into a strain of Pseudomonas.
Management of environmental degradation of degrading a wide spectrum of pollutant by
using diverse metabolic path way. Some of these
through plants
The process of recovery of hazardous path way result in detoxification and destruction
substances from soil or groundwater of pollutants where as other inactivate potentially
contaminated with municipal or industrial water harmful compounds. These metabolic path way
etc. by using plants is called phytoremediation. provide the basis for bioremediation.
Green plants are able to remove heavy metals However employing bioremediation effectively in
from contaminated soil ground water. Some many applications requires both further R&D and
strains of Brassica juncea accumulate heavy metal clarification of government policies particularly in
like Chromium growing in metal contaminated release of genetically engineered organisms a
soil. Modified strains of these plants have been controversial issue scientifically as well as
shown to accumulate up to 40% of their biomass politically. However, it may be possible to use them
as heavy metals such as Lead and Chromium. A in contained bioreactor.
variety of tree, Sebertia acuminata (Sapotaceae) a Our efforts to preserve the global environment and
native of New Caledonia acuminate an astonishing treat wastes and conserve natural resources by
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utilizing the sophisticated function of
microorganisms to make them friendly to the
environment. Once our project to develop
biotechnological system to combat global
environmental change will be successful, India will
become leader of environment protection along
with Netherlands and Germany to fulfill the
phrase ‘Act locally and think globally’. They
implication of bioremediation for the
environmental management is emerging as an
important cost effective strategies to combat with
environmental degradation an conservation of
natural resources and ecosystem.
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ACTIVITY OF THE ACADEMY DURING THE ACADEMIC SESSION
2009-2010
The academy organized a national level symposium at Poddar International College, Jaipur on 30-32010 on the topic’ “NATIONAL SYMPOSIUM ON BIOTECHNOLOGY IN INDIA, PRESENT
STATUS AND FUTURE SCOPE”. There was an overwhelming response from the students, research
scholars, Professors, academicians and from the Biotech Industries and from an international publishing
company- the Springer-Verlag.
The symposium was organized under a qualified International nature organizing committee, includingProf. N K Dubey (Varanasi)
Prof. Amla Batra (Jaipur)
Prof. Ravi Prakash (Rohtak)
Dr. Raj Narain (Raigarh)
Dr. Mohd. Arif (Nainital)
Prof. M C Kalita (Guwahati)
Dr. V B Avasthi (Jodhpur)
Prof. Vinay Sharma (Bansthali)
Prof. U C Srivastava (Allahabad)
Prof. H S Singh (Meerut)
Prof. Anand Poddar (Jaipur)
Dr. P R Yadav( Muzaffar Nagar)
Dr. Sasya Thakur (Allahabad)
Dr. A Metwally ( Assuit, Egypt)
Dr. V Togneti (Belgium)
The Organizing Secretaries were,
Dr. B N Tripathi ( Bansthali)
Dr. G S Shekhawat (Jaipur)
The Treasurer were,
Ms. Indu Bhatt (Bansthali)
The Convener was,
Dr. P N Tripathi (General Secretary of the Academy of Innovative Research)
The symposium was attended by five hundred plus audience.
The following researchers submitted abstracts for paper and poster presentation;
A K Chaubey, Meerut
A P Singh and Tushar Arora, Bareilly
A Srivastava et al, Varanasi
Amit Sharm and Amla Batra, Jaipur
Anamika Aggarwal and Tushar Arora, Bareilly
Anchal Saraswat et al, Bansthali
Anjali Aggarwal, Bansthali
Antara Sen and Amla Batra, Jaipur
Atin Jaiswal, et al, Banstahli
Bhanu Prakash et al, Varanasi
Bharti Garg, Banshtali
Birendra Kumar et al, Muzaffarnagar
Deepa Grover et al, Jaipur
G Tripathi and A Shivanand, Jodhpur
Garima Zibbu and Amla Batra, Jaipur
Himani Gupta et al, Bansthali
Himanshi Saini and Ayushi Akash, Bansthali
Indu Bhatt, Bansthali
Iti Sharma, Bansthali
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Jyoti Nagraj, Bansthali
K Mahajan and R V Singh, Jaipur
K P Singh et al, Allahabad
Kanika and G S Shekhawat, Bansthali
Khusbu Goel and Shreyashi, Basthali
Manorma Sharma, Bansthali
N Mishra et al, Bansthali
N P Singh, Faizabad
Najma Ismail and Amla Batra, Jaipur
Neelam Chaturvedi and Sheel Sharma, Bansthali
Nishtha Seth and Tushar Arora, Bareilly
Priyanka Singh and P N Tripathi, Ayodhya
Priyanka Tyagi, Bansthali
Priyanks Singh et al, Varanasi
Rachna Jain and Veena Garg, Bansthali
Raj Bahadur Singh, Kalyan
Rajeshwar Singh and Tushar Arora, Bareilly
Ramesh Pantola,Jaipur
Ravi Prakash et al, Rohtak
Renu Pandey, Bansthali
Sarita Singh, Bansthali
Satish Kumar Tiwari, Gorakhpur
Sheetal Gupta and Veena Garg, Bansthali
Shefali Mathur and G S Shekhawat, Bansthali
Shikha Shukla, Bansthali
Shilpa Aggarwal, Bansthali
Shipra Dhabhai and Amla Batra, Jaipur
Shraddha Shukla, Faizabad
Sonali Jana et al, Banstahli
Sunita Rao and G S Shekhawat, Basthali
Tapas Chakravorty, New Delhi
Uma Rani and Amla Batra, Jaipur
Vijeta Singh, Bansthali
Prof. H D Kumar, B H U Varanasi, was the Chief Guest of the occasion.
The academy also conferred honorees causa Fellowship Award (2010) and gave the lifemembership to the following distinguished scientists of the nation;
Dr. A K Chaubey,Meerut
Prof. Amla Batra, Jaipur
Dr. Anand Poddar, Jaipur
Dr. Ashok Munjal. Jaipur
Dr. Bhumi Nath Tripathi, Banstahli
Dr. G. Tripathi,Jodhpur
Prof. H D Kumar, B H U, Varanasi
Dr. K P Singh, Allahabad
Dr. Mohammad Arif, Nainital
Dr. P R Yadav, Muzaffarnagar
Dr. Prem Narayan Tripathi, Faizabad
Dr. Raj Narain, Raigarh
Dr. Ram Kishan, Muzaffarnagar
Prof. Ravi Prakash, Rohtak
Dr. Santosh Pathak
Prof.Vinay Sharma, Bansthali
Dr. Zakwan Ahmed, Haldwani
We did not apply for grant to any funding agency but managed it from our own resources.
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