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ABSTRACT

Organic agriculture is continuously growing worldwide on land and farms in more than 160 countries as well
as maintained the environment. It’s appeared to the tremendous strides in the past decade. The organic farming has
gained success day by day with increased acreage and greater market share. Organic agriculture, benefits to consumer,
the environment and rural communities. The organic agriculture restrict the use of chemical fertilizers, pesticides
including herbicides. The cultivar used in organic farming are immersed in the organic condition, hence it would be a
challenge for the breeding sector to developed cultivar for that condition. In organic agriculture, the immediate need
is to make available greater quantity of organically produced seed. But at an organic level, there is the essential need
to encourage breeding programmes, designed in concert with organic farming. As it is with many aspects of the
organic movement, organic seed and breeding development will have significant scientific, economic and institutional,
next great challenges.

Key words:  Breeding system, plant, organic, challenge.
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Worldwide, 37 million hectares of land is under
organic farming grown around 160 countries and managed
by 1.6 million farmers. In India its area about 4.4 million
hectares is too low as compared to other countries. Presently,
the India is depending on modern agriculture, that utilizes
higher quantity of fertilizers and pesticides, but this trend
has not been reflected in the crop production. More use of
pesticides and fertilizers, increased the risk of environment
and human health but organic food products are beneficial.
Organic agriculture is a sustainable and environment
friendly production system that offers cultural benefits. The
organic farming system differs fundamentally from
conventional agriculture in the management of soil fertility,
weeds, diseases and insect pests. Presently, organic farmers
depend greatly on conventionally bred and produced
varieties, but there is need of varieties, better adapted to
organic farming systems for further optimization of organic
agriculture production. This includes a greater need for
‘resilience’ varieties contributing to higher yield stability with
resistance to diseases and pests. The plant breeding system
should gives importance to organic farming for improvement
of plant ideotype suitable for the conditions. Interest in plant
breeding for organic systems has increased in recent years
due to the realization that these systems are not well-served
by modern plant breeding. The conventional systems, much
as marginal environments in developing countries are not
well-served by centralized breeding programmes either at
the national or international level (Desclaux et al. 2008).
Organic farmers are currently growning less adaptable
varieties, because there is little interest of private sector in

developing varieties for organic agriculture growing in
diverse environment (Desclaux, 2005).

Organic plant breeding

The aim of organic plant breeding is to develop plants,
which enhance the potential of organic farming and bio-
diversity. Organic plant breeding is a holistic approach,
which respects natural crossing barriers and  based on fertile
plants that can establish a viable relationship with the living
soil.

Naturalness

Organic production is also described as the natural
way of production. Some researchers reported that the
naturalness of organic agriculture should not be limited to
the refraining from chemical inputs and replacing them by
natural and organic compounds in the conversion from
conventional to organic farming. Organic farmers should
not only use the instrumental values of farm animals and
crops, but also respect their intrinsic values based on their
autonomy, completeness, species- specific characteristics
and being in balance with species-specific environment
(Verhoog et al. 2003). There are various statements about
naturalness of organic agriculture as given by Lammerts van
Bueren, (2002), i.e,

1. A widely accepted characteristic of organic agriculture
compared with conventional agriculture is its
naturalness.
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2. Control of the production process is not directed at
becoming independent of nature. It is controled with
respect of nature and natural processes, thus organic
agriculture is closer to nature than conventional
agriculture.

3.  Organic agriculture integrates culture and nature.

4. Genetic manipulation is seen as unnatural and in
conflict with important values of organic agriculture,
related to respect for life and species barriers.

5. Biotechnology can have effects that are positive for the
environment, but it is not a technology that is ‘green’ in
the ecological sense.

6. Genetically modified food is considered to be unnatural
because of its production method.

7. The naturalness of organic agriculture is not always a
guarantee,  that it will be good for the environment.

8. Means of production in organic agriculture must show
respect for plant, animal, nature and environment.

9. The organic farm is an agro-ecosystem with a
characteristic individuality, in which the farmer is
aware of the interrelatedness of all the elements of the
system.

10. In organic agriculture the characteristic nature and
integrity of plant species are respected.

 11. Food that is grown in a natural way is considered to be
important  and beneficial to  consumers.

Needs for organic plant breeding

This is new concept for crop improvement and most of
the farmers are depend on the seed and other propagules
developed by conventional breeding methods and
management practices. If ,  the efficiency of organic production
is to be maintained, the planting material used should be of
organic origin.

There are various reasons (George Acquaah, 2007),
why organic breeding needed to the  service of organic
production industry. These are as follows:

1. Genetically modified (GM) crop varieties are not
allowed in organic crop production. Since GM varieties
having transgenic origin and will affect the principle
of wholeness,  therefore, there is need to develop non-
GM varieties for organic production.

2. Variety suitable for organic production used to be

different in many aspect from those suited for
conventional production. Successful variety should be
adapted to wide range of soil moisture and fertility
conditions, resistance to diseases and insect pests and
competitive to weeds for nutrient.

3. Conventional plant breeding methods sometimes violet
natural barrier (genetic engineering /wide crosses) and
consequently integrity of plants not maintained.

By considering all these requirements, the organic crop
variety, should posses completely different crop ideotype
with specific traits. Hence, there is a need of to breed varieties
for organic agriculture.

Plant breeding techniques for organic agriculture

There are some breeding techniques which are utilized
for development of organic variety. Several techniques such
as genetic engineering, cytoplasm male sterile hybrids
without restorer genes, protoplast fusion, radiated mentor
pollen and induced mutations would be banned, then
possibly in the future, embryo culture, ovary culture and in-
vitro pollination could be used. Organic breeding. In order
to guarantee that only allowed techniques have been used.
The organic breeding programmes need to be certified. In
some interpretation the exchange of plant materials between
organic breeding and other breeding programmes would not
be allowed. If, several current and efficient breeding
techniques are banned, it will lead to enormous difficulties
for the organic variety development.

Organic plant breeding

a) Permitted techniques

 Hybrids: From the definition of the concept behind
organic breeding, hybridization as such can be
permitted, provided that the F1-offspring is fertile
and the parent lines can be propagated under
organic conditions.

 DNA marker assisted selection: It can be
permitted in an organic breeding programme, if
DNA screening is performed without enzymes
originating form GMOs and without radiation.

 Meristem culture: It can be used in certified
organic breeding programmes, because it is
considered as being close to classical breeding
techniques.

b)  Non- permitted techniques

 GMO: Genetically modified plants.
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 CMS: Hybridization without restorer genes, may
have a role in organic farming, provided that the
F1 is fertile and parent lines may be maintained
in natural circumstances (CMS is not applied
without a restorer line).

 Protoplast fusion: The techniques operate below
cell level is not permitted. Difficulties in
transmitting (resistance) genes in relation to
crosses between species, delay the breeding
process.

 Patenting: Patents prohibit free exchange of
varieties as input/geniteurs for future breeding
programmes among breeders of other companies,
thus, threatens genetic diversity as a general
principle of organic farming and breeding.

 Radiation: This technique is not used frequently
in breeding programmes. However, this method
is sometimes useful in the breeding of
ornamentals.

 In vitro pollination and selection: Creation of new
variation will be limited. Limitation of crossings
between different species, delay the breeding
programmes, un-economic and less chances of
success.

Goals of organic plant breeding

The goals of organic plant breeding are broad and
comprehensive, after all, the task at hand is the development
of diversity across the entire range of cultivated plants, rather
than simply a differentiation from conventional breeding or
genetic engineering (Grausgruber, 2009). Beyond their
contribution to the immediate goal of food production for a
secure livelihood, new varieties must also serve the physical
and ethical needs and requirements of many humans in the
long run. The goals of organic breeding are mentioned below.

Agronomic goal: Ecologically oriented extensive agriculture
is strongly linked to local and microclimatic conditions. More
than 80 per cent of the world’s crop land is cultivated by
extensive methods and therefore grossly neglected by
agricultural industry and research. In order to satisfy future
demands for food, the farming of these areas must be
improved in sustainable and socially acceptable ways. To
achieve this, breeding for compatibility with specific local
conditions is needed, as an industrialization of such areas
makes no sense, neither ecologically nor economically.
Consequently, organic breeding takes place on the sites
where the crops will later have to grow, i.e., mainly outdoors.
Experience shows that yield potential in organic farming
varies much more widely than in conventional agriculture.

Therefore, expectations for organic varieties include higher
adaptivity and plasticity, combined with consistent high
quality.

Crop-specific goal : In the course of its growth the plant
internalizes the living conditions that are at work in its
environment. This feat of adjustment informs its
developmental physiology, which in turn influences its habit,
structure, yield and quality. Working in concert with these
adaptive processes, is one of the tasks of organic breeding to
improve and tune them to new requirements. An over all
conservative view of species and varieties may easily impede
progress in breeding and lead to a loss in bio-diversity.

Socio-economic goal: Over the past two centuries, plant
breeding has emancipated itself as a specialist activity
independent of traditional farming. The current division of
labor between agriculture, seed production and breeding
raises some fundamental questions with regard to the
compensation and commercial viability of these
interdependent individual fields. Their mutual give and take
is further complicated by the fact that farmers are in no way
the only players, who benefit from the work of breeders,
processors and consumers also profit from the development
of new varieties. All those involved in the value creation
chain must manifest their interest in breeding for a healthy
and sustainable system. Any improved participatory
involvement of these players in the value creation chain is
bound to make a substantial contribution to a successful
breeding process and to increase the public appreciation of
its benefit for society as a whole.

Consumers’ goal: Sustainable breeding has to keep an eye
on a range of human needs, such as physical, emotional,
cultural, economic etc. as broad and variegated as possible.
It must be able to anticipate future needs and adapt its goals
accordingly. This is in contrast to the contemporary picture,
where half a dozen standardized commercial global crop
plants are produced, traded, processed and sold to consumers
by restricted number of companies.

Breeding as an innovative process : The trained eye of the
breeder, spots the future plant and in this way achieves his
breeding goals. In this process the creative human individual
always remains the source and originator of the innovation.
Institutions can not initiate the breeding process but they
can support it. The regulations of variety protection, which
have been developed for the defence of the breeders’ work
and the public interest in the creation of new varieties,
represent a proven and viable foundation for a promising
collaboration, based on the division of labor between
breeders and users of new varieties.
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Quality aspects and organic breeding

The organic breeding focuses on 3 quality aspects.
These aspects are:

a) Ecological: Organic farmers require varieties with
characteristics which are better adapted under this kind
of farming system. The desired variety traits include
adaptation to organic soil fertility management,
implying lower and organic inputs, better root system,
ability to suppress weeds, high yield level and yield
stability. The natural reproductive ability of the plants
to be retained, which thus ensures the sustainable use
of the cultivar. Varieties must be able to adapt easily
and independently to organic farming conditions and
where:

 Phenotype and genotype are considered equal.

 Greater genetic diversity within and between
varieties enhances the plant of ability to adapt to
local farming conditions.

 Resistance (broad) towards diseases and pests
enhance the self-regulating ability of the organic
farming system.

 New varieties should preferably be selected for
regional organic farming conditions.

b) Ethical: Organic breeding techniques and strategies
should be compatible with the principles of organic
agriculture, respecting the intrinsic value and integrity
of living organisms, including plants. Because of this
reason the GMO’s are excluded from organic
agriculture. Organic plant breeding strategies also
imply sustainability of the breeding system. In this
respect, the varieties should not be sterile or patented,
so that free exchange of the genetic inputs can safeguard
plants for the future, being the cultural heritage of
mankind.

c) Edible: Good organic potato and onion varieties with
long storage life without use of chemical sprouting
inhibitors have higher demands. Positive quality aspect
of the organic variety includes the inner quality of
products, such as good taste, good structure and
vitality. In these varieties, taste, colour, form, nutritional
value and keeping quality must be retained and
improved.

Organic variety

An organic variety is obtained by breeding methods
that compliance with the above concept and is the result of a
certified organic plant breeding programme.

Characteristics of organic varieties

 Fertile  and able to be propagated under organic (soil)
conditions.

 Adapted to organic farm conditions.

 Efficient uptake and use of nutrients.

 Good rooting system.

 Broad durable tolerance to diseases and pests.

 Weed suppressive ability.

 Good quality parameters of produce.

 Maintaining variation within varieties to be maintained
to allow for buffered response in relation to variation
in the local environment.

Traits for organic variety

A focus on breeding for organic agriculture would
require a shift from emphasis on maximizing the yield level
in combination with the use of crop protectants to an
emphasis on optimal yield stability. One of the main
characteristics of organic farming is a multilevel approach
to increase stability system to reduce risk of failures. A similar
approach could apply to cultivar development to adapt to
less controllable and unfavorable growing conditions (Table
1). The aim would then not only be adaptation to low nutrient
levels supported by improved interaction with beneficial soil
mycorrhizae, but also morphological and phytochemical
traits that reduce disease susceptibility (wax layers in Brassica
species, open plant architecture etc.), enhance weed
competition (early vigor and planophile growth habit) and
increase in flavonoids and glucosinolates (pest feeding
deterrents; Stamp, 2003; Zust et al. 2011).

Cultivar evaluation to organic seed production and plant
breeding programme

Organic farmers are always looking for the best
cultivars to meet their needs. As described above, cultivar
choice is a valuable tool of organic farmers to increase system
and yield stability. Many research projects have emphasized
farmer participatory trials to evaluate current cultivars to
select the best performing ones under organic growing
conditions. The next step in evolution to an organically based
breeding programme has been to produce organic seed of
the most suitable conventionally bred cultivars. The
subsequent step has been to identify ecological traits that
should be included in current breeding programmes. Often
breeders interested in breeding for low-input or organic
farming have also found that the protocols for cultivar testing
need to be adapted to allow appropriate cultivars to enter
the market as in case of Europe ( Loschenberger et al. 2008;
Rey et al. 2008).
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Table 1. Differences in plant ideotype between high input conventional and low-input organic cropping systems (Lammerts
van Bueren and Myers, 2012).

The final step in programme evolution has been to
develop appropriate cultivars through breeding that are
conducted under organic conditions. Table 2 shows an
overview of such steps that currently coexist in the market.
These steps represent a continuum that, depending on the
goals of the breeding programme, may fall somewhere in
between. For example, rather than maintaining two distinct
programmes for conventional and organic, some private
companies do their early breeding in conventionally
managed environments, then test later generations in both
conventional and organic conditions (Loschenberger et al.
2008).

Organic seed production

Breeding better adapted cultivars is stimulating

organic seed production of the best performing cultivars.
Even before organic breeding became an issue, organic seed
production (free of pre- and post-harvest chemicals) had
already started to develop on a small scale in  1970s. This
was mainly driven by small enterprises concerned about
lost genetic diversity that had once preserved older heirloom
and regional varieties. With more stringent rules on the use
of organic seed,  incorporated into organic regulations in the
United States and the Europe Union, the conventional seed
industry became interested in serving this market. As a result,
the availability and use of certified organic seed has increased
and seed businesses have matured. Both small organic
enterprises and larger commercial companies (who have
traditionally only serviced conventional markets) are dealing
with organic seed production of both horticultural and field
crops (Lammerts van Bueren and Myers, 2012).

Conventional Organic 

Above-ground traits 

Performs well at high population density Optimal performance at lower densities 
Increased harvest index Increased harvest index, but not as dramatic as for 

conventional production 
Erect architecture and leaves with short  plant stature  Taller plants, spreading canopy to be productive in low 

input situations 
Weeds controlled by herbicides Weeds limited by competition (plant height, spreading 

architecture), plants tolerate cultivation 
Yield is maximized with high level of inputs Maximized sustainable yield achievable with input of 

nutrients from organic sources 
Pest and disease resistance to specific complex of 
organisms, need for resistance to diseases of monoculture 
systems 

Pests and pathogens of monoculture potentially less severe, 
pathogen and pest complex differ, induce resistance 
relatively important, secondary plant compounds 
important for pathogen and pest defense 

Rhizosphere traits 
Root architecture unknown Exploratory root architecture, able to penetrate to lower soil 

horizons 
Adapted to nutrients in readily available form Adapted to nutrients from mineralization which are not 

readily available, need for nutrient use efficiency, 
responsive to mycorrhizae 

Legume-specific traits 
Nitrogen production by Rhizobia of lesser importance Rhizobia more important, discrimination against infective 

Rhizobia important for N acquisition 
Harvest and marketing traits 
Improved labour efficiency Incorporate traits that improve working conditions 
Improved processing, packing and shipping efficiency Improved nutrition, taste, aroma and texture 
Crop shaped by mechanical harvest constraints Traits priorities set jointly by researcher and farmer 
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At present, one can generally distinguish four types of
organic seed production businesses:

 Fully organic and independent seed companies.

 More or less independent daughter seed companies
linked through formal partnerships to conventional
seed companies.

 An integrated part of a conventional seed companies.

 Conventional seed companies that chooses not to
produce organic seed.

Confronted with a limited assortment of suitable
cultivars, organic growers have become more aware of the
need for greater cultivar choice with a greater diversity in
cultivar types (e.g., open-pollinated, F1 hybrids or variety
mixtures). In this context, organic crop breeding has become
an emergent sector in business and science.

The future of organic plant breeding

The need for organic seed production and breeding
will continue to grow as organic production increases. There
is now growing interest in breeding for organics, what
remains to emerge is the form or forms, this breeding may
take. There are three distinct forms of plant breeding, formal,
farmer and participatory (Don Burgett, 2004).

 Formal breeding: It can be either public or private and
is conducted by professional scientists with the goal of
releasing new varieties for the market. Here farmers
may or may not be involved in the evaluation of these
varieties, they have no real decision making power.

 Farmer breeding: This form is often referred to as “Seed
Saving,” wherein the farmer select plants from crops
in production that possess desirable qualities and then
collects seed from those plants for future planting. The
essential makeup of the variety is maintained through
mass population selection, although occasional
selections for variation may occur. Farmers often lack
the skills to select for qulaitative characteristics such
as disease resistance, cold tolerance etc. They also often
lack the necessary resources to support selection and
development of any new varietal lines that may emerge.

 Participatory breeding: This model is a combination
of formal and farmer breeding. It can take one of two
modes, the participation of farmers in formal led
research or the participation of science professionals
in farmer led research. They often differ at the stage at
which the farmer becomes involved e.g., do farmers set
the end goals? Are they integrated into the process of
design, selecting germplasm, collecting data, evaluation
and eventual distribution? The distinct advantages to
participatory breeding for organics comes in the ability
to adapt varieties to whole farming systems and
regional conditions and where the farmers are involved
in shaping the germplasm based on their experiences
with both the crops and consumer markets.

Breeding for resilience

Breeding for organic and low-input farming systems
with a special emphasis on strategies that allow for more
robustness or resilience in response to global change, is a
challenge. While organic and low-input agricultural systems
are more exposed than conventional ones to heterogeneous

Table 2. Time schedule to develop organic seed production and plant breeding (Lammerts van Bueren and Myers, 2012).

Time Activity Product 

Current  Selection of best-performing conventionally bred 
cultivars 

 No use of GM cultivars 

 No chemical post-harvest seed treatments 

 Conventionally bred cultivars 

 Conventional produced, 
untreated seeds 

Short-term  Organic seed production of the best suitable 

conventionally bred cultivars 

 Organic seed treatments 

 Conventionally bred cultivars 

 Organic seed production 

Mid-term  Includes ecological plant traits in conventional 
breeding programmes 

 Adapted protocols for organic variety trialing (e.g., 

VCU) to allow adapted cultivars to pass testing 
thresholds 

 Low-input cultivars 

 Organic seed production 

Long-term  Whole breeding cycle under organic conditions  

 Includes the concept of integrity of plants 

 Organically bred cultivars 

 Organic seed production 
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environments, low nutrient availability and biotic as well as
abiotic stresses. Global change might increase uncertainty
in environmental conditions by producing drastic variation
in climate, epidemic pressures, nutrient availability etc. These
changes could be considered an opportunity for the organic
sector to develop original and innovative strategies for high
level resilience. We will have to realize that certain plant
traits such as deeper root system or nutrient efficiency can
contribute to crop robustness, but there are more mechanisms
that support robustness in the broad sense which have not
yet fully explored to be able to optimise breeding programmes
for organic and low input agriculture. One can learn from
the ecological sciences to reconsider the use of bio-diversity
without ignoring the new tools coming from genomics and
molecular marker assisted selection (Goldringer et al. 2010).

Molecular marker assisted selection (MAS) in organic plant
breeding

Breeding for resilience (robustness) includes
quantitative traits such as nutrient-efficiency, root
architecture, polygenetic disease resistances etc. Such
complex traits depend on more genes and are very much
influenced by the environment. As low-input management
of organic agriculture results in a larger influence of varying
environmental conditions (in time and geography) on crop
performance. The QTLs (Quantitative Trait Loci ) may also
interact with environmental conditions and QTLs found in
one environment will not always be the ones found in
another. However, plant geneticists consider MAS for such
complex traits a useful additional tool in plant breeding
programmes to make selection more efficient. Standards for
organic agriculture do not exclude the use of molecular
markers, but still there is uncertainty whether molecular tools
are in line with the values of organic agriculture. Use of
genomics, e.g., molecular tools as easily associated with
genetic modification, which is banned in organic agriculture.
Modern breeding techniques, including in-vitro techniques,
have been discussed for many years in the organic sector not
only for ecological but also for ethical reasons not wanting
to violate the integrity of life (Lammerts van Bueren et al.
2003). The outcome so far is that breeding techniques applied
on whole plant level are applicable and techniques on cell
(tissue) level as the lowest level of self organised life, are still
under debate. More clarity is on the ban of techniques beyond
cell level and interfering directly at DNA level, e.g., genetic
modification, cell or protoplast fusion etc.

Organic and low-input farming conditions require
breeding for robust varieties that contribute to resilience at
all levels of the farming systems, which may be hampered by
too much focus on the molecular level. The question therefore
is how information and selection on molecular level can be

integrated in an approach that takes all levels of the crop
production into account. Pros and contras for use of
molecular markers in breeding for organic and low-input
agriculture were the topic of a Eucarpia-Bioexploit plant
breeding workshop in 2009 (Murphy et al. 2010). Through a
SWOT analysis produced during the workshop, the
strengths, weaknesses, opportunities and threats of the use
of molecular markers were explored (Lammerts van Bueren
et al. 2010). Clear strengths identified were better knowledge
about gene pool of breeding material, more efficient
introgression of new resistance genes from wild relatives
and testing pyramided genes. There were also common
concerns among breeders aiming at breeding for organic
and/or conventional agriculture, such as the increasing
competition and investments to get access to marker
technology and need for bridging the gap between
phenotyping and genotyping especially with complex and
quantitative inherited traits, e.g., nutrient-efficiency.
Integrating more disciplines such as Agronomy and Crop
Physiology in breeding research will provide ways to bridge
that gap and to deal with the interaction between genotype,
environment and management (Struik and Yin, 2009). Their
approach, including QTL-based ecophysiological
modelling, could provide the tools to breed for complex trait,
such as nutrient-use efficiency, making use of markers in a
more efficient way.

The extent to which MAS can be used efficiently in
breeding for organic farming to complement or to replace
part of the phenotypic selection will be highly dependent on
the specific trait and the availability of markers that reflect
the genetic basis of the special needs for organic farming.
With respect to the organic sector, there is a need to show
and discuss with molecular scientists about the good
practices of breeding and research projects with MAS
approaches as well as to be updated on how new protocols
may be adapted. This last aspect reflects the concern of the
organic sector that the development and use of molecular
markers often include the use of harmful chemicals and
enzymes produced from genetically modified organisms
(Ostergard, 2005). One of the opportunities is that the general
development within molecular techniques is moving
towards replacing harmful chemicals by alternatives that
cause less damage to the lab-workers and the environment
(Goldringer et al. 2010).

Plant genomics and organic/sustainable agriculture

 Greater efficiency in carbon and nitrogen metabolism/
utilization.

 Land reclamination.
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 Non-food crops.

 High performing spring sown cereals.

 Increase organic seed bank/quality.

 Crop types that encourage mixed cropping.

 Weed tolerance.

 Pest and diseases resistance.

 Finding non-GM solutions, e.g., signal/smart plants.

Some issues questions raised by participants of plant
genomics in organic/sustainable agriculture:

 What is the minimum scale a genomics system can
operate at profitably and there is a different business
model a plant breeder can adopt?

 How will adequate resources be made available to
incorporate genomics into breeding of sustainable
varieties?

 What are the needs of organic farming?

 What are the needs of sustainable agriculture?

 How do we develop information from the public and
private sector into plant breeding?

 Is the seed registration process facilitating or hindering
plant breeding towards a more sustainable direction?

Conclusion

The organic principles should be a challenge for the
breeding sector. It should not merely interpret the ecological
and ethical principles of organic agriculture as restrictions
to ‘leave out’ chemical protectants and certain valuable
techniques. Organic agriculture challenges itself and
researchers to develop new approaches within the framework
of the principles of naturalness to gain the desired progress
for organic production by new or additional breeding and
propagation concepts. This includes multidisciplinary
approaches from a non-chemical, agro-ecological and an
integrity approach in which variety improvement can play
an important role for organic production. Further,
elaboration of the concept of integrity including the
perception of plants will show in which way it can
complement the non-chemical and agro-ecological
approaches in developing a broader crop ideotype and
variety concept for the optimisation of organic production.
Even though the non-chemical and agro-ecological

approaches have been established already for many years,
main stream science has paid little attention to the organic
sector until lately. So far breeding efforts and variety testing
have almost only targeted conventional agriculture. The
constraints in organic production are not so much an issue
in conventional agriculture, current varieties are not selected
to cope with these constraints and hence, considerable
advances are to be expected with breeding efforts and variety
evaluation for organic growing conditions. Organic crop
breeding is rising from its infancy, has been maturing as a
business, and is becoming a scientific discipline. It is
contributing not only to the needs of organic farmers who
require cultivars better adapted to their farming systems, but
also to the development of sustainable agriculture aiming to
reduce external inputs. Organic crop breeding is an essential
strategy in arriving at such sustainable farming systems.
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ABSTRACT

The present studies were undertaken to find a suitable additive that can degrade coir pith and enrich the compost with
nutrients in vermiunits (360 x 120 x 60 cm) with worm species, Eudrillus eugeniae. The results revealed that the macro-
nutrients composition in vermi-compost was better with admixtures like Trichoderma sp., groundnut oil cake + CD
(Cow dung) and neem leaves +CD having NPK of 1.29, 0.33 and 1.13, 1.11, 0.47 and 1.48 and 1.11, 0.37 and 1.16 per
cent as compared to CD ( 0.95, 0.39 & 1.12%). Similarly, sulphur (S), zinc (Zn) and boron (Bo) content was appreciable
with admixtures Trichoderma sp. (S- 0.890%, Zn- 57.8 ppm & Bo- 305.45ppm) and neem leaves + CD (S- 0.829%, Zn-
59.2 ppm & Bo- 264.54 ppm) as compared to only CD (S- 0.14, Zn- 44.2 ppm & Bo- 190.90 ppm). The analysis of
elemental composition of vermi-compost indicated the presence of silicon in reasonable proportion with admixtures
like Trichoderma sp. + Bio NPK (0.65%), neem leaves + CD (0.52%) and CD (0.51%), hence there is scope to enrich the
compost with silicon. Thus, it is suggested that additives like Trichoderma sp. and neem leaves +CD would be ideal
for composting coir pith through earthworms, E. eugineae and the compost so generated could be a valuable substitute
for organic manures.

Key words: Admixtures, coir pith, composting, earthworm, Eudrilus eugeniae, elemental composition, nutrients.
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Vermi-compost generated from bio-degradable organic
waste could serve as a source of soil organic matter and
essential elements which could be an important component
of integrated plant nutrition system. A variety of bio-wastes
have been studied by various research workers in the past
for the production of vermi-compost (Ganeche et al. 2000;
Bhattacharya and Chattopadhyay, 2002, 2004; Dash et al.
2003; Tripathy, 2003). Coir pith generated in the process of
extracting coir fiber is one such bio-waste which has become
a major constraint in the coastal region of Odisha. Despite
its slow decomposition owing to high lignin and cellulose
contents (Kadalli and Nair, 2000), researchers in the recent
past have attempted successfully in composting coir pith
after its proper degradation with various admixtures and
utilizing a suitable earthworm species (Das et al. 2003;
Patnaik et al. 2009; Samal et al. 2010). As such, the exotic
worm species (Eudrilus Eugeniae) has already been reported
as the most competent for composting the coir waste (Prabhu
et al. 1998;  Patil et al. 1999;  Patnaik et al. 2009). However, the
nutritional status of vermi-compost generated from coir waste
has so far not been fully explored. Thus, the present studies
were undertaken to assess the status of nutrients and
elements in coir pith as well as in vermi-compost in response
to different admixtures to find the suitable additive that can
enrich the concurrent compost and results obtained are
reported.

MATERIALS AND METHODS

The study was conducted during 2010-11 in the
Department of Entomology, College of Agriculture, OUAT,
Bhubaneswar (Odisha), India. Coir pith collected from local
sources was first treated with lime solution (1 %) to neutralize
its pH and 10 days after treatment the coir waste was
amended in vermi-compost units (HDPE Tetra Vermi Bed,
manufactured by M/S Lamifabs & Papers Pvt. Ltd.,
Aurangabad, Maharastra) having dimension of 360 x 120 x
60 cm. The treatments used were ground nut oil cake (0.5%
w/w) + CD (30 % w/w), neem cake (0.5% w/w) + CD (30 %
w/w), neem leaves (30% w/w) + CD (30 % w/w), Trichoderma
sp. (Niprot 0.08% w/w), Bio NPK (Nalpak 0.5% w/w),
Trichoderma sp. (Niprot 0.08 % w/w) +Bio NPK (Nalpak)
0.5% w/w), CD (30 % w/w) and untreated limed coir pith
(check). The approximate load of amended coir waste per
unit was 650Kg. Care was taken to keep the amended coir
waste wet by sprinkling water as and when necessary until
its degradation. Nutrient analysis of coir pith was done by
drawing samples from the units after one month of the
amendment. Earth worm species, Eudrillus eugeniae were
released @ 10 Kg per unit during last week of July,  after
about two months of partial degradation of amended coir
waste. After release of worms, water was sprinkled at regular
intervals to keep the contents moist. The substrate in the
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units was aerated once by turning the contents of each bed
upside down one month after worms release. Harvesting of
vermi-compost was initiated during 1st week of September
and was continued till January. Samples in respect of the
treatments were taken from the initial stock of vermi-compost
for the analysis of macro-, secondary  and micro-nutrients.

Analysis of pH, OC and moisture content of vermi-
compost were done in the laboratory  following standard
procedures. The pH of coir compost was measured in coir
pith and water suspension in the ratio of 1:5 by means of
glass electrode pH meter (Elico model) as described by
Jackson (1973).The organic carbon was determined by rapid
titration method. Organic matter was calculated by
multiplying the organic carbon value with the factor 1.724.
Similarly, the micro-nutrient, Boron was estimated by
Azomethin –H indicator method as suggested by Berger and
Truog (1939), while that of Zinc by Atomic Absorption
Spectrophotometer. The secondary nutrient Sulphur in di-
acid (HNO3:HClO4, 3:1) digested coirpith was determined
by  turbidimetric method of Chesnin and Yien (1951) and
the methods as suggested by Jackson (1973) was followed to
determine the macro-nutrient N, P (Vanadomolybdate yellow
color method) and K. The analysis of micro- and secondary
nutrients in samples of vermi-compost and those of macro-
nutrients (N, P & K) in samples of both degraded coir pith
and vermi-compost, were done in the laboratory. The
elemental composition of coir pith (untreated) as well as that
of vermi-compost generated from coir pith with different
additives was done by EDS detector (Horiba make) fitted to
the Scanning Electron Microscope (Hitachi make; model S-
3400 Type-II) in the Instrumentation Cell of CAET, OUAT,
Bhubaneswar.

RESULTS AND DISCUSSION

The data in Table 1 showed that the limed coir waste
amended with various admixtures was slightly neutral to
alkaline in reaction (pH 6.58 – 7.45) and almost all
admixtures made the substrate suitable for further

degradation by the earthworms. Talashilkar et al. (2003)
indicated that most earthworm species preferred soils with
a pH of about 7. However, it was reported earlier that
addition of neem leaves with coir pith not only enhanced
the degradation process but also helped in cast production
by the worms (Patnaik et al. 2009). The organic carbon (OC)
content also varied from 15.7 to 35.0 per cent with the
amendments and it was unusually low (15.7%) in case of
neem cake + CD.

When the coir pith having moisture content ranging
from 62.0 to 80.0 per cent was analysed for major nutrients it
was found that the N, P and K content in coir pith, one month
after amendment ranged from 0.59 to 0.82, 0.24 to 0.86 and
3.09 to 5.45 per cent, respectively (Table 1). Maximum
contents of nitrogen (0.82%), phosphorous (0.86%) and
potassium (5.45%) were with admixtures, CD, neem leaves
+ CD and Trichoderma sp. However, Trichoderma sp. among
the admixture tested, was comparatively better in enriching
the coir waste appreciably with major nutrients N (0.75%) ,
P (0.82%) and K (5.45%) and this was followed by the
admixtures CD (0.82, 0.75, & 5.41%) and Bio- NPK (0.70,
0.68, & 5.00%). These admixtures were therefore considered
as superior over untreated limed coir pith, where  NPK were
0.70, 0.63 and 3.12 per cent. Das et al. (2003) have reported
higher estimates of N (1.0 %), P (0.2 %) and K (1.5 %) in coir
pith substrate amended with lime and cow dung and
inoculated with both mushroom (P. sajorcaju ) and
vermiculture (E. foetida ). Parmanik et al. (2007) indicated
that the use of lime 5g kg-1 with organic wastes like cow
dung, grass, aquatic weeds or municipal solids and Bacillus
polymyxa (a free living N-fixer) increased the nutrient
contents as well as the phosphatase and urease activities in
vermi-compost. Neem leaves + CD as admixture with coir
waste although showed slightly low N and K contents in
degraded coir waste in comparison with the untreated limed
coir pith, but such admixture in view of its easy availability
and cost effectiveness, was considered as most suitable for
partial degradation of coir pith. Moreover, on neem leaf litter,

Table 1. Nutrient analysis of coir pith one month after amending with various admixtures

Nutrients (%) 
S.No. Admixture pH 

OC 

(%) 

Moisture content 

(%) N P K 

1. Groundnut oil cake+CD 6.58 35.0 73.0 0.59 0.24 4.67 

2. Neem cake+CD 6.89 15.7 62.0 0.63 0.28 3.47 

3. Neem leaves+CD 6.79 30.4 78.0 0.68 0.86 3.09 
4. Trichoderma sp. 7.20 29.7 80.0 0.75 0.82 5.45 

5. Bio- NPK 7.45 32.3 77.0 0.70 0.68 5.00 
6. Trichoderma sp. +Bio- NPK 7.32 24.0 71.0 0.65 0.48 4.52 

Cow dung (CD) 7.18 29.1 78.0 0.82 0.75 5.41 7. 

8. Untreated limed coir pith 7.18 39.4 66.0 0.70 0.63 3.12 
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earthworm, E. eugeniae fed voraciously, grew faster and
reproduced more rapidly, hence neem leaves could be an
ideal source for the preparation of vermi-compost having
both fertilizer and pesticidal potential (Gajalakshmi and
Abbasi, 2004).

The vermi-compost generated from coir waste with
various admixtures in general showed slightly acidic to
neutral in reaction with pH ranging from 5.58 to 6.79 (Table
2). However, it was relatively more acidic when admixtures
like Trichoderma sp. (pH 5.58) and Trichodrma sp. + Bio- NPK
(pH 5.64) were utilized with coir pith for partial degradation,
while almost neutral reaction was observed in case of neem
leaves + CD (pH 6.79) and neem cake + CD (pH 6.60). The
OC content was low in compost obtained from coir pith
treated with neem cake + CD (7.8%) and Bio-NPK (7.0%).
However, in the rest of the treatments it varied from 12.1 to
22.4 per cent.

The vermi-compost when analysed for nutrients like S,
Zn and Bo, it became apparent that the S content was
distinctly high with admixtures like Trichoderma sp. (0.89%),
neem leaves + CD (0.82%) and groundnut oil cake + CD
(0.71%). The Zn enrichment in vermi-compost was noticed
with admixtures like neem cake + CD (63.9 ppm), neem leaves

compost was appreciably enriched with the macro-nutrients
in admixtures like Trichoderma sp. (NPK; 1.29,  0.33  &  1.13%),
ground nut oil cake + CD (NPK; 1.11,  0.47 & 1.48%) and
Neem leaves +CD with NPK of 1.11 to 1.29, 0.33 to 0.47 and
1.13 to 1.46 as compared to CD (0.95, 0.39 & 1.12%).
Enrichment of vermi-compost with N, P and K using ground
nut oil cake admixture has also been reported by Patnaik et
al. (2004). Further, the above authors also indicated that S
and Zn content in the castings were reasonably high with
the additives like ground nut oil cake (0.14%) and neem /
karaj oil cake (0.15-0.17%). Trichoderma sp., groundnut oil
cake + CD and neem leaves +CD though enriched the
resultant compost with macro-nutrients, but the former and
the later ones seemed to be useful in view of the fact that
such admixtures can simultaneously enrich the vermi-
compost with major nutrients along with S, Bo and Zn.
Moreover, insect suppressing ability of the compost
processed by worms from organic wastes degraded with
neem leaves (Gajalakshmi and Abbasi, 2004) or neem oil
cake (Panda et al. 2004) might add further value to the compost
generated from coir waste with the above additives. The
assessment on the elemental composition of untreated pith
and vermi-compost generated from coir waste with various
amendments indicated the presence of silicon in these

Table 2. Nutrient content of vermi-compost generated from coir waste amended with various admixtures

+ CD (59.2 ppm) and Trichoderma sp. (57.8 ppm) as compared
to other treatments. Similarly, Bo content in compost was
higher when admixtures like Trichoderma sp. (305.45ppm),
Bio-NPK (354.54ppm) and Trichoderma sp. + Bio-NPK (278.18
ppm) were used with coir pith during partial degradation.
Thus, these additives appeared to be the possible choices
among the admixtures for enriching the compost with Bo.
However, Trichoderma sp. and neem leaves + CD in general
could offer some scope in enriching the vermi-compost with
S, Zn and Bo.

The status of macro-nutrients (N, P & K) in vermi-
compost when ascertained, it became apparent that the

substrates (Table 3). But, its content was appreciable in VC6-
Trichoderma sp. + Bio-NPK (0.65%), VC3-  neem leaves + CD
(0.52%) and VC7- CD (0.51%). Therefore, these admixtures
have scope to enrich the compost with silicon which is
supposed to induce resistance in plants against insect pests.
High proportion of carbon content was noticed in vermi-
compost generated with admixtures like neem oil cake + CD
(1.91%) and Bio-NPK (1.90%), while nitrogen was only
recorded in compost generated with Trichoderma sp. (0.58%).
Therefore, these admixtures also merit attention for
enrichment of compost with nutrients.

Secondary 

nutrient (%) 

Micro-nutrient 

(ppm) 
Macro-nutrient (%) S. 

No. 
Admixture pH 

OC 

(%) 
S  Zn Bo K P K 

1. Groundnut oil cake+CD 6.25 18.0 0.71 38.0 177.27 1.11 0.47 1.48 

2. Neem cake+CD 6.60 7.8 0.10 63.9 220.90 0.89 0.36 0.97 
3. Neem leaves+CD 6.79 13.4 0.82 59.2 264.54 1.11 0.37 1.16 

4. Trichoderma sp. 5.58 15.3 0.89 57.8 305.45 1.29 0.33 1.13 
5. Bio-NPK 6.44 7.0 0.11 47.7 354.54 0.96  0.38 1.05 

6. Trichoderma sp. +Bio-NPK 5.64 12.1 0.12 51.4 278.18 1.03 0.39 1.11 

7. Cow dung (CD) 6.50 22.4 0.14 44.2 190.90 0.95 0.39 1.12 
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It can be concluded from the above studies that the,
Trichoderma sp. and neem leaves + CD were the suitable
additives with coir pith for vermi-composting. The above
admixtures not only hastened the degradation process, but
also enriched the compost with macro-nutrients along with
S, Bo and Zn. Generating such compost from coir waste not
only helps to abates organic pollution, but also it can serve
as a valuable substitute for organic manures.
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Table 3. Elemental composition in pith and vermi-compost obtained from coir pith degraded with various admixtures

Composition of elements (% weight) 
Element 

Pith VC-1 VC-2 VC-3 VC-4 VC-5 VC-6 VC-7 

C 1.18 1.04 1.91 0.84 1.03 1.90 1.41 1.18 

N - - - - 0.58 - - - 

P 1.28 0.44 0.58 1.02 0.50 1.05 1.39 1.28 
Na - 0.05 0.03 0.13 0.03 0.03 0.06 - 

Mg 0.21 0.01 - 0.04 - 0.04 0.03 0.21 
Al 0.15 0.02 0.01 - 0.02 0.03 0.05 0.15 

Si 0.51 0.21 0.10 0.52 0.12 0.14 0.65 0.51 

K - - 0.02 - - - 0.05 - 
Ca - 0.04 0.04 0.07 0.06 0.06 0.06 - 

Fe 0.04 - - - - - - 0.04 

 
VC1= Groundnut oil cake+ CD, VC2 = Neem cake+CD, VC3 = Neem leaves + CD, VC4 = Trichoderma sp., VC5 = Bio-NPK; VC6 = Trichoderma
sp. + Bio-NPK and VC7 = Cow dung (CD)
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ABSTRACT

Field trails were conducted during winter season of 2009-10 and 2010-11 at Central Potato Research Station, Patna
to study the effect of potassium fertilizer dose on potato cultivar Kufri Pukhraj for yield and nutrient uptake under
different nitrogen levels. Progressive application of nitrogen and potassium significantly increased the tuber yield,
nitrogen  and  potassium uptake by tuber and haulm and tuber growth rate up to 150 Kg N ha-1 and 100 Kg
K

2
O ha-1,  respectively.

Key words: Potassium, nitrogen, potato, tuber yield, nutrient uptake.
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Potato is the fourth most important food crop after rice,
wheat and maize in the eastern plains of India. Nitrogen (N)
and potassium (K) are important essential macro-nutrient
which play significants role in growth and development of
potato crop. The potato crop requires balanced dose  of  N,
P and K  for optimum production. In the eastern plains, severe
imbalance in the NPK application ratio and unbalanced
fertilization in favour of N and lack of potash application is
quite common among farmers (Singh and Rai, 2011).
Nitrogen over application is a serious problem in light texture
soils of potato fields, consequently  more N losses and
environmental pollution. In contrast, K application has been
neglected by majority of farmers in our country resulting in
continued depletion of soil K (Lal et al.  2007). With high
crop intensity and high potassium removal, the soils are
likely to become deficient in K. Regmi et al. (2002) suggested
that due to inadequate K application, soil K imbalance in
agricultural ecosystem and stagnation of yield will become
more pronounced with time. N application rate influences
the K nutrition of crop. Application of N induces K deficiency
in plant, thereby, necessitating the balanced K application.
A better understanding of N and K interaction can be useful
guide to best nutrient management practices in potato crop
in order to achieve higher yield with high nutrient use
efficiency. Keeping above facts in view,  field trials were
conducted to study the effect of potassium fertilizer dose on
potato cv. Kufri Pukhraj for yield and nutrient uptake under
different nitrogen levels.

MATERIALS AND METHODS

The field experiments were conducted during winter
season of 2009-10 and 2010-11 at Central Potato Research

Station, Patna in sandy loam soil under irrigated conditions.
The soil of experimental plot was neutral in reaction having
pH 7.3, low in organic carbon , medium in available N (157.8
Kg ha-1), P (11.6 Kg ha-1) and K (179.4 Kg ha-1) . The experiment
was laid out under Randomized Block Design with three
replications having 16 treatment combinations of four levels
of N (0, 75,150 & 225 Kg ha-1) and K (0, 50, 100 & 150 Kg K

2
O

ha-1) at constant dose of P (60 Kg P
2
O

5
 ha-1). Well-sprouted

tubers of potato cv. Kufri Pukhraj with seed size of 50 to 60 g
were planted during first week of November and dehaulmed
at 90th day after planting during first week of February and
harvested after 10 to 12 days of dehaulming. Rest of the
agronomic package of practices adopted was as per
recommendation for potato cultivation.

RESULTS AND DISCUSSION

Tuber yield

The tuber yield increased with increasing N and K
application. Potato yield was 19.00, 29.22, 33.41 and 35.30 t
ha-1 due to main effect of 0, 75, 150 and 225 Kg N ha-1,
respectively. Potato yield was 22.24, 28.97, 32.25 and 33.48t
ha-1 due to main effect of 0, 50, 100 and 150 Kg K

2
O ha-1

(Table 1). The effect was more evident on the yield of large
sized tuber where the yield increased by 35.30, 49.50  and by
53.40  per cent at 50,100 and 150 Kg K

2
O ha-1 as compared to

no K application. Imas and Bansal (2002) also observed
increase in potato tuber yield due to potassium application
upto 120 Kg K

2
O ha-1. There was significant positive

interaction between N and K.  Application of 100 Kg K
2
O

ha-1 increased the total tuber yield over no K treatment by
7.04, 10.85, 12.37 and 9.78 t ha-1 at 0, 75, 150 and 225 Kg N
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ha-1, respectively. Potassium and N application also
improved tuber size by increasing the large and medium
grades yield. Application of 100 Kg K

2
O ha-1, increased the

large tuber yield over no K treatment by 3.31, 3.67, 4.53 and
4.46 t ha-1 at 0, 75, 150 and 225 Kg N ha-1. Maximum yield of
39.8 t ha-1 was obtained when N and K was applied @ 225
Kg N and 150 Kg K

2
O ha-1 against a tuber yield of only 14.36

t ha-1 in the control plot without N and K application.

Nutrient uptake

Nitrogen : The N uptake by tuber and haulm increased
with increasing levels of nitrogen application rate (Table 1).
Among different N doses, the highest uptake of N (141.90 Kg
ha-1) was recorded with the application of 225 Kg N ha-1.
The uptake of N recorded with 150 and 225 Kg ha-1 of N
application were at par. Tuber yield was 33.41 t ha-1 with
150 Kg ha-1 of N application which was at par  to  that in 225
Kg ha-1 of N (35.30  t ha-1). Of the total N uptake of 131.10 Kg
ha-1 at part at N application rate of 150 Kg ha-1, tuber and
haulm accounted for 64.20 and 35.80 per cent. Total N uptake
was 10.80 Kg ha-1 more with 225 Kg ha-1 of N compared to
150 Kg ha-1 of N application. However, tuber yield was only
slightly greater (by 1.89 t ha-1) with latter N rate. Under the
high N rate of application (225Kg ha-1), haulms accounted
for higher per cent (36.40) of total nitrogen uptake. There
was no significant difference in N uptake by the tubers for N
application of 225 Kg ha-1 and 150 Kg ha-1, although the N
uptake by haulms was greater in the former compared to the
latter treatment. The N removal by the tubers were 90.50  and
84.80 Kg ha-1 for 225 and 150 Kg ha-1 application of N (Table
1).

Similarly, total N uptake increased with increasing

levels of potassium application. Among different K doses,
the highest uptake of N (116.20 Kg ha-1) was recorded with
application of 150 Kg K

2
O ha-1 which was at par with the N

uptake recorded at 100 Kg K
2
O ha-1 (Table 1). Tuber yield

was 33.48 t ha-1 with 150 Kg ha-1 of K
2
O application rate

which was similar to that in 100 Kg K
2
O ha-1 of K rate (32.25t

ha-1). N uptake varied significantly perhaps due to variation
in dry matter yield. Higher nutrient content at higher level of
fertilizer application together with higher dry matter
production resulted in higher nutrient uptake (Imas and
Bansal, 2002). Under the high K rate of application (225 Kg
ha-1), tubers were the dominant sink for nitrogen. With
increasing K application rate, tuber accumulated more
percentage of total N uptake by plants. At 0 Kg ha-1 of K
application rate, the total N uptake of 87.60 Kg ha-1 was
partitioned in to 61.50 per cent in tuber and 38.50  per cent in
haulms, while at 150 Kg ha-1 of K application rate, of total
uptake of 116.20 Kg N ha-1, potato tuber and haulm
represented 69.60 and 30.40 per cent. Thus there is greater
partitioning of N in tuber by the plants in presence of
potassium. Potassium enhances protein synthesis there by
increasing the N uptake (Marschner, 1995). There is better
utilization of N in presence of K as reflected in increase in
plant height and yield (Chaddha et al. 2006).

Potassium : The K uptake by tuber and haulm increased
with increasing levels of nitrogen application up to 150 Kg
ha-1 of N. Among different N doses, the highest uptake of K
(172.30 Kg ha-1) was recorded with the application of 150 Kg
N ha-1 (Table 1). Of this total amount about 95.50 Kg ha-1 of K
was present in tuber which represented 54.80 per cent of
total K uptake. The daily K uptake rate varied considerably
due to different N levels as well as K levels that are indicative

Table 1. Effect of nitrogen and potassium levels on tuber yield and nutrient uptake of potato

N uptake (Kg ha-1) K uptake (Kg ha-1) Nutrient 
level  
(Kg ha-1) 

Tuber yield 
(t ha-1) Tuber Haulm Total Tuber Haulm Total 

Tuber growth 
rate  

(Kg ha-1 day-1) 

K uptake rate 
(Kg ha-1 day-1) 

Nitrogen  

0 19.00 45.70 17.00 62.70 51.60 25.80 77.40 292.30 0.90 

75  29.22 59.00 27.90 86.90 79.70 52.80 132.60 449.60 1.50 
150  33.41 84.80 46.30 131.10 95.50 76.80 172.30 513.90 1.90 
225  35.30 90.50 51.30 141.90 93.20 77.60 170.80 543.00 1.90 
CD (P=0.05) 3.21 3.60 2.40 4.80 3.40 2.30 4.90 29.50 0.30 
Potassium  

0 kg 22.24 53.10 34.50 87.60 55.20 53.80 109.00 342.10 1.20 

50 kg 28.97 69.10 35.40 104.50 73.50 54.60 128.10 445.70 1.40 
100 kg 32.25 78.20 36.10 114.20 89.70 59.10 148.80 496.10 1.70 
150 kg 33.48 79.60 36.50 116.20 101.70 65.50 167.20 515.00 1.90 
CD (P=0.05) 3.21 3.60 2.40 4.80 3.40 2.30 4.90 29.50 0.30 
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of difference in tuber growth rates. Tuber growth rate
increased significantly  from 292.30  Kg ha-1 day-1 at 0 Kg
ha-1 of N application rate to 543.00 Kg ha-1 day-1 at 225 Kg
ha-1 of N application. The K uptake rate commensurate with
the tuber growth rate was 0.90 and 1.90 Kg ha-1 day-1 for 0
and 225 Kg ha-1 of N application. The total K uptake
increased with increasing levels of potassium application.
Among different K doses, the highest uptake of K was with
application of 150 Kg K

2
O ha-1. The total K uptake was 167.20

Kg ha-1 at application rate of 150 Kg K
2
O ha-1. Of this total

amount, 101.70 Kg ha-1 of K was present in tuber which
represented 61.90 per cent of total K uptake. The per cent K
uptake by tuber (out of total K uptake) increased with
increasing K application rate from 0 to 150 Kg ha-1 of K
application. The tuber growth rate at 150 Kg ha-1 of K
application rate was 515.00 Kg ha-1 day-1 with K uptake rate
of 1.90 Kg ha-1 day-1 during the tuber growth period.
Potassium plays a crucial role in the energy status of the
plant, translocation and storage of assimilates and
maintenance of tissue water relation (Marschner, 1995).
Application of K is known to increase the tuber size and
enhanced tuber bulking rate, bulking period and delay the
maturity (Perrenoud, 1993)

On the basis of experimental results,  it can be concluded
that there is better utilization of nitrogen when applied with
potassium as greater percentage of N and K is partitioned in
to tuber resulting in increased tuber yield. The optimum
potassium and nitrogen dose for cultivation of Kufri Pukhraj
was found to be 100 Kg K

2
O and 150 Kg N ha-1 as it favoured

high yield and enhanced K and N use efficiency.
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ABSTRACT

A detailed village-wise survey of water samples of district Samastipur was carried out to assess the EC, pH, cation
(Na+, K+, Mg++, Ca++) and anion (CO

3
—, HCO

3
-
 
, Cl-, SO

4
- -) composition. The sodium adsorption ratio (SAR), residual

sodium carbonate (RSC) and soluble sodium percentage (SSP) of water were calculated from the analytical values.
The electrical conductivity of water samples varied from 0.64 to 2.73 dsm-1 with an average value of 1.23 dsm-1. The
pH of water samples ranged from 7.03 to 7.80 dsm-1 with an average value of  7.32 dsm-1. Ninety nine per cent water
samples had SAR value less than 10 which can be safely used for irrigation purposes. The residual sodium carbonate
(RSC) of 95 per cent of water samples belonged to the class < 1.25 which is safe limit of water for irrigating fields. One,
12 and 58 per cent water samples fell in the SSP classes, < 20, 20 - 40 and 40-60, which were safe for irrigation and 29
per cent water samples were found in 60 - 80 class which could be designated under the doubtful category.

Key words: Water quality, EC, pH, SAR, RSC, SSP.
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In arid and semi-arid regions of the country, irrigation
is essential for successful agriculture. The underground
water resources, i.e., wells and tube wells form an important
source of irrigation water in Bihar. The saline underground
waters are unfit for irrigation,  their indiscriminate use causes
secondary salinization and sodicity of soil, resulting in
serious effect on crop growth (Phogat et  al. 2007). In a study
in the Punjab, it was concluded that in case of shortage of
canal water, fairly encouraging results could be achieved by
giving alternate irrigation with underground water (Brar et
al. 2005). Under ground water contaminated with soluble
salts and heavy metals is not suitable for irrigation to
agricultural crops (Sidhu et al. 2011). According to habitat
conditions, ecological needs and tolerance range of each
plant species have significant relationship with water
properties (Zehtabian et al. 2010). A few studies indicated
the need for periodic monitoring of underground water for
physico-chemical characteristics (Bachenahalli et al. 2011;
Haroon et al. 2007). Sometimes in a small region of a locality,
variations are noted in chemical characteristics of ground
water. With above objectives in mind, a detailed village-wise
survey of Samastipur district of Bihar, India was carried out
for assessing different parameters  (electrical conductivity,
pH, cation and anion composition, SAR, RSC &  SSP) of
underground water for irrigation purposes.

MATERIALS AND METHODS

One hundred water samples were collected during
February, 2010 from 100 villages of ten blocks of district
Samastipur, Bihar to assess the quality of underground water
for irrigation purpose. Ten villages were selected from each
block and one water sample was collected from each village.
The list of selected villages/blocks is shown in Table 1.

The representative water samples were collected from
tube wells which were allowed to run for half an hour before
sampling. The detailed information like, name of farmer/
village/block, depth of strata in feet and period of tube well
in use were recorded. All the water samples were collected
in 250 ml plastic bottles from the tube wells for analysis of
various chemical constituents following method of  Richards
(1954). The sodium adsorption ratio (SAR), residual sodium
carbonate (RSC) and soluble sodium percentage (SSP) were
calculated from the analytical values. The water sample were
categorized as fit, marginal and unfit for irrigation using
different parameters, electrical conductivity (Bhumbla and
Abrol, 1972), sodium adsorption ratio (Richards, 1954),
residual sodium carbonate (Eaton, 1950), and soluble sodium
percentage (Wilcox, 1948), mentioned in Table 2.
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RESULTS AND DISCUSSION

The total concentration of soluble salts expressed as
electrical conductivity varied from 0.64 to 2.73 with an
average value, 1.14 dsm-1 (Table 3). Ninety five per cent water
samples had electrical conductivity less than 2 dsm-1 and
were fit for irrigation purpose, whereas only 5 per cent water
samples had the electrical conductivity more than 2 in the
range of 2-4 dsm-1. Similar results on the suitability of water
with regard to EC have been reported by earlier workers (Brar
et al. 2001;  Sidhu et al. 2011; Kamini et al. 2011).

The soluble carbonates and bicarbonates in the
analysed water samples varied from nil to 0.14 mel-1 with
mean value of  0.06 mel-1 and 1.2 to 6.6 mel-1 with mean value,

3.2 mel-1 (Table 3). The concentration of carbonate and
bicarbonate anions is important because these affect the
precipitation of calcium and thereby results in excessive
sodium saturation in soil (Sood et al. 1998). Chloride anions
ranged from 1.0 to 7.7 mel-1 with a mean value of 2.88 mel-1.
Balakrishna Rao et al. (1982) also reported that most of the
waters were of Na-Mg-Ca cationic type, but among the anions
studied, HCO

3
-Cl dominate in the lower and higher ranges

of salinity, respectively. Sulphate anions ranged from 0.43
to 16.63 mel-1 with a mean value of  4.97 mel-1. The presence
of sulphate, being important plant nutrient, its content in
these water samples in addition to supplying the nutrient to
plants is beneficial in reducing the sodium hazard of waters
having higher sodium content (Sood et al. 1998).

Table 1. List of selected villages for collecting irrigation water samples from district Samastipur, Bihar, India

Parameter  Unit  Classes and remarks 

Electrical conductivity  dsm-1 < 2 (fit)  2-4 (marginal)   > 4 (unfit ) 
Sodium adsorption ratio 
(SAR) 

mel-1 < 10   
(no Na+ 

hazard) 

10-18       
(low  Na+  hazard ) 

18-26 (medium 
Na+ hazard) 

>  26 (high 
Na+ hazard) 

- 

Residual sodium carbonate 

(RSC) 

mel-1 < 1.25       

(safe)  

1.25-2.5 (marginal ) > 2.5         

(unsafe ) 

- - 

Soluble sodium percentage 

(SSP) 

mel-1 < 20   (safe ) 20-40   

(safe ) 

40-60 

(permissible 
limit ) 

60-80 

(doubtful) 

> 80 

(harmful) 

 

Table 2. Criteria used for characterization of water samples for irrigation purpose

S. No. Name of block Name of village 

1. Samastipur  Singhia, Jagatsinghpur, Meapur, Punas, Jitwarpur, Lagunia, Bigha, Sambhupatti, 
Rohanatpur and  Nirpur  

2. Khanpur  Sarual, Murjhari, Chatur, Bahuara, Ranjitpur, Milki, Shapur,  Khanpur bazar, Enaet and 
Umarchak 

3. Morwa  Subhanchak, Rampur, Chashikandar, Nikashpur, Rampur, Morwa Khurd, Ganai Basti, 

Larua, Mahmudpur  and  Nisphi 
4. Ujiyarpur  Malti, Bedaulia, Harpur, Rewari, Hasauli, Pataili, Jagdishpur, Nikaspur, Hasanpur and  

Narhan  
5. Mohanpur  Gharni Paddi, Baghara, Mohanpur, Dumri, Jalalpur, Hardaspur, Chapri, Sisiwa and  

Piogari Sahpur 
6. Shivajinagar  Punwa, Katghara, Ratiyapur Kunz, Deevanpur, Baghopur, Balipur, Bora, Ninkar, 

Parwana and Shivaginagar Khas 
7. Hasanpur  Parariya, Dudhpura, Dewdha, Khas Toal, Aura, Rajwa, Kukni, Rathti, Saskarpur and  

Baida 

8. Bithan  Tetrahi, Nirpa, Larkapasiya, Pusaho, Bhatgawan, Sakhwa, Belsardi, Pirautana, 
Jagnorhra and  Sarakat  

9. Kalyanpur  Ajrakberasalpur, Surmar, Madhurapur, Sahuri, Simariyabhindi, Milki, Jitwarpur, 
Belsandi, Singhia and  Ghoghraha  

10. Dalsinghsarai  Bhairopaddi, Balochak, Bamaiya, Harlal, Basaria, Dhepura, Panar, Raghubarpur, 
Gousatpur and  Mathurpur  
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The pH of water samples ranged from 7.03 to 7.80 with
an average value of 7.23 dsm-1 (Table 4). Calcium ranged
from 0.4 to 9.2 mel-1 with a mean value of 2.58 mel-1.
Magnesium ranged from 0.3 to 6.7 mel-1 with a mean value
of 2.67 mel-1. The results of the present study for pH, Ca and
Mg were in conformity with the findings of Baruah et al.
(2011). Sodium ranged from 1.6 to 15.8 mel-1 with a mean
value of 6.2 mel-1. The continuous and indiscriminate use of
the waters with higher sodium is expected to build up
excessive sodium in soil solution and exchange complex
and will also clog the soil pores, which may lead to drainage
problem (Sood et al. 1998). Potassium ranged from 0.03 to
1.49 mel-1 with a mean value of 0.29 mel-1. In addition to its
fertilizer value, potassium when present also mitigates the
adverse effect of sodium. Less sodium is adsorbed on soil, if
sufficient potassium is present due to high bonding energy
of potassium than sodium to soil clay surfaces. Potassium,
when present up to one-tenth of total concentration of sodium
in irrigation water, reduces the sodium hazard greatly (Singh
and Kumar, 2009).

The SAR ranged from 0.69 to 10.10 mel-1 with a mean
value of 4.48 mel-1 (Table 5). Ninety nine per cent water
samples had SAR value less than 10 which can be safely
used for irrigation purposes. Only one per cent water fell in
the class, 10 to 18, which may be used for irrigation with
appropriate management. The waters with SAR < 10 are
excellent for irrigation purposes (Baruah et al. 2011).
However, Sood et al. (1998) reported maximum samples in
the range of 10 to 18, which are also good for irrigation with
appropriate management.

The RSC of these waters varied from -8.66 to 2.43 mel-1

with a mean value of -0.051 mel-1 (Table 5). According to
RSC standards, the waters of Samastipur district, which may
cause RSC problem (1.25 -2.5 mel-1) were only 5 per cent,
while 95 per cent water samples fell in the class, < 1.25
mel-1 , which is safe for irrigation. The water samples rich in
RSC may affect soil properties and crop production and such
waters are declared unsafe for irrigation purpose. The results
of the present study are in conformity with those of Sood et

EC (dsm-1) Co3
-- (mel-1) HCo3

- (mel-1) Cl- (mel-1) So4
--

 (mel-1) S. 

No. 

 Name of block 

  Range Mean Range Mean Range Mean  Range Mean Range Mean 

1. Samastipur  1.00-1.18 1.06 Nil nil 2.3-3.1 2.33 1.7-5.1 3.38 2.13-6.93 4.50 

2. Khanpur  0.81-1.11 0.99 0.01-0.06 0.02 2.3-3.9 2.91 2.9-4.1 3.32 1.87-6.24 4.13 

3. Morwa  0.79-1.82 1.19 Nil nil 2.7-5.7 3.64 1.0-6.2 3.23 1.12-9.81 5.20 

4. Ujiyarpur  0.81-1.75 1.13 Nil nil 2.3-4.3 3.61 2.1-4.9 3.14 0.97-6.59 4.72 

5. Mohanpur  0.64-2.20 1.05 Nil nil 3.1-4.1 3.57 1.7-6.9 3.09 0.43-16.63 3.83 
6. Shivajinagar  0.69-2.73 1.23 0.08-0.14 0.08 1.2-4.8 3.22 1.3-7.7 3.63 2.33-12.89 3.85 

7. Hasanpur  0.72-2.31 1.13 0.03-0.07  0.03 2.5-4.5 3.92 1.0-4.3 2.03 1.35-15.81 5.99 

8. Bithan  0.93-1.53 1.14 0.08-0.13 0.09 2.7-4.3 3.55 1.3-4.6 2.34 3.31-13.54 6.43 

9. Kalyanpur  0.83-2.00 1.25 Nil nil 2.9-6.6 3.93 1.2-4.3 2.15 2.93-12.03 5.69 
10. Dalsinghsarai  0.85-1.53 1.28 Nil nil 2.4-6.3 3.43 1.9-4.3 2.63 2.72-6.91 5.43 

 

Table 3. Range and mean of electrical conductivity, carbonate, bicarbonate, chloride and sulphate in underground irrigation
water of district Samastipur, Bihar, India

Table 4. Range and mean of pH, calcium, sodium, magnesium and potassium in underground irrigation water of district
Samastipur, Bihar, India

pH (dsm-1) Ca++ Na+ Mg++ K+ S. 

No. 

 Name of 

Block  Range         Mean Range Mean Range Mean  Range Mean Range Mean 

1. Samastipur  7.29 - 7.60 7.48 0.7 - 2.9 1.63 5.4 - 8.4 6.75 0.63 - 3.28 2.21 0.20 - 0.22 0.21 
2. Khanpur  7.48 - 7.80 7.55 0.4 - 3.0 1.50 3.0 - 8.0 6.03 1.03 - 5.50 3.20 0.10 - 0.21 0.18 

3. Morwa  7.25 - 7.50 7.44 1.4 - 3.2 2.30 3.1 - 10.5 6.66 0.96 - 6.34 3.40 0.03 - 0.43 0.13 
4. Ujiyarpur  7.30 - 7.54 7.32 0.5 - 5.3 3.43 1.8 - 8.2 6.19 0.99 - 3.20 2.20 0.06 - 0.25 0.12 

5. Mohanpur  7.23 - 7.56 7.41 1.3 - 7.3 3.63 1.6 - 5.9 4.55 0.33 - 6.70 2.26 0.04 - 1.49 0.23 
6. Shivajinagar  7.27 - 7.70 7.54 1.0 - 9.2 3.19 3.2 - 15.8 5.79 2.40 - 4.85 3.15 0.04 - 0.23 0.09 

7. Hasanpur  7.13 - 7.27 7.23 1.1 - 6.3 2.38 4.3 - 14.8 7.73 0.50 - 2.53 1.36 0.03 - 0.29 0.19 

8. Bithan  7.04 - 7.34 7.29 1.2 - 6.3 2.79 4.9 - 10.2 6.38 1.17 - 5.80 3.06 0.06 - 0.07 0.06 
9. Kalyanpur  7.12 - 7.36 7.23 1.0 - 4.5 2.58 4.3 - 8.3 6.29 1.90 - 6.23 2.81 0.03 - 0.09 0.06 
10. Dalsinghsarai  7.03 - 7.09 7.05 1.7 - 3.5 2.69 3.0 - 8.0 6.02 1.30 - 5.40 3.07 0.03 - 0.35 0.28 
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Table 5. Range and mean of SAR, RSC and SSP of underground irrigation water of different blocks of district Samastipur,
Bihar, India

SAR (mel-1) RSC (mel-1)  SSP (mel-1) S. No. Name of block 

Range Mean Range Mean Range Mean 

1. Samastipur  3.28-10.10 8.01 -2.52-1.84 0.90 76.02- 80.00 61.70 
2. Khanpur  2.78-8.04 4.30 -2.55-0.05 -1.43 27.88-60.89 49.00 

3. Morwa  0.89-4.31 3.09 -4.03-0.11 -0.09 17.00-60.63 45.00 
4. Ujiyarpur  0.69-7.13 4.29 -8.66-0.27 0.12 25.20-78.39 53.40 

5. Mohanpur  2.21-5.72 3.92 -5.01-1.0 0.44 39.00-64.00 53.20 
6. Shivajinagar  2.68-7.85 4.07 -7.71-0.26 0.12 35.25-74.00 52.10 

7. Hasanpur  3.39-9.59 5.69 -2.83-2.43 0.29 54.01-80.00 60.01 

8. Bithan  2.30-7.01 3.41 -7.67-0.22 -2.23 35.72-58.48 48.00 
9. Kalyanpur  2.89-7.21 4.31 -5.07-1.24 0.19 41.00-71.68 51.07 
10. Dalsinghsarai  1.88-5.59 3.79 -5.41-(-0.41) -2.89 35.40-65.88 50.78 

 

al. (1998). However, RSC rich waters are reported in Ferozpur
(Punjab) by Singh and Kumar (2009), Varanasi (U.P.) by Nath
et al. (2009) and south and north Bihar  plains by Sidhu et al.
(2011).

Soluble sodium was the dominant cation varying in
concentration from 17.0 to 80.0 mel-1 with a mean value of
52.43 mel-1. According to soluble sodium classes, 1, 12 and
58 per cent water samples fell in the SSP classes, < 20, 20 -  40
and 40 -  60, which were safe for irrigation purpose and 29
per cent water samples were found in 60 -  80 class, which
could be designated under the doubtful category (Table 5).
If, the water, which fall in doubtful category are used for a
longer period of time for growing the agricultural crops, it
may cause the sodium hazard. Similar to the findings of the
present investigation, Baruah et al. (2011) also reported that
majority of the water samples evaluated were in the safe
category for irrigation purposes.

In the present investigation, majority of the water
samples analysed for EC, pH, cation and anion composition,
SAR, RSC and SSP fell in the safe range for irrigation
purposes. Therefore, it can be concluded that majority of water
samples of district Samastipur Bihar (India) are safe for
irrigation, but the water which fell in doubtful category may
be the cause of sodicity after longer period of use.
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ABSTRACT

A set of 46 soybean genotypes were selected for estimating inter-character correlations between thirteen agronomic
characters. The study showed that the seed yield (plant-1) was highly significant and had positive correlation with
number of pods (plant-1), number of primary branches, biological yield and 100 - seed weight. Oil content showed
significant and positive correlation with seed yield and 100-seed weight. Significantly positive correlations were
observed for days to maturity,  biological yield,  number of seeds (plant-1), number of pods (plant-1),  number of seeds
(pod-1),  seed yield (plant-1), harvest index, 100-seed weight and oil content; biological yield and 100-seed weight,  oil
content  and seed yield (plant-1). Results obtained from this study can make better choice for soybean breeders for
selecting genotypes among large number of accessions.

Key words: Soybean, Glycine max, correlation, yield, components.
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Soybean [Gycine   max (L.) Merril.] is an important source
of high quality, inexpensive protein and oil. It has the highest
protein content (40-42%) of all other food crops and is second
only to groundnut in terms of oil content (18-22%,  comprising
85% unsaturated fatty acids and free from cholesterol) among
food legumes. Yield, an extremely complex trait, is the result
of the expression and association of several plant growth
components. Correlation coefficients, although very useful
in quantifying the size and direction of trait associations,
may be misleading, if the high correlation between two traits
is a consequence of the indirect effect of other traits (Dewey
and Lu, 1959). Establishment of relationship between yield
and its components can play a very important role in order
to select a superior genotype. To analyse the extent of mutual
relationship among different characters, correlation studies
could be quite beneficial in formulating a selection criterion
for soybean genotypes. Therefore, present study was
conducted to work out the relationship between yield and
other components of soybean crop.

MATERIALS AND METHODS

Forty six genotypes consisting of ten landraces and
commercial varieties from Indian and 36 germplasm lines
from Nigeria were planted in Randomized Block Design with
two replications at the Crop Research Center,  G. B. P. U. A. &
T., Pantnagar. Each plot consisted of two rows of 1.5 meter
length spaced 45 cm apart with plant  to plant distance of 5-
6 cm. Observations were recorded on days to 50 per cent

flowering, days to maturity, plant height, basal pod height,
number of pods (plant-1), number of primary branches,
number of seeds (pod-1), biological yield, 100-seed weight,
seed yield (plant-1), harvest index, oil per cent and crude
protein (%) on 5 randomly selected plants. The correlation
between all possible pairs of characters at genotypic,
phenotypic and environmental levels were estimated as per
the method suggested by Searle (1961).

RESULTS AND DISCUSSION

Correlation co-efficients estimated at the phenotypic,
genotypic and environmental levels are presented in Table
1, 2 and 3. Significant and positive association was found
between days to maturity and biological yield. Number of
pods (plant-1)  had highly significant and positive correlation
with number of primary branches, biological yield, seed yield
(plant-1) and harvest index (Table 1). Number of primary
branches has shown highly significant and positive
correlation with biological yield and seed yield (plant-1).
Biological yield had significant and positive correlation with
number of pods and number of primary branches. Hundred
seed weight showed significant and positive association with
seed yield (plant-1) and oil per cent, while significant and
positive association was found between seed yield (plant-1)
and harvest index. Harvest index was also found
significantly positive with oil per cent. However, crude
protein had highly significant and negative association with
oil per cent (Table 2). Hence, improvement in protein content
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simultaneously decreases oil content and vice-versa. In
general, correlation coefficients at genotypic levels were
similar in direction but of higher magnitude than phenotypic
correlation coefficient for most of the inter-character
association

The environmental correlation analysis (Table 3)
showed the positive effect on 100-seed weight, number of
seeds (plant-1) and number of pods (plant-1).  Similar results
were reported by earlier workers (Iqbal et al. 2010; Mishra et
al. 1994). Correlation coefficient for pod yield was positive
with days to 50 per cent flowering, days to maturity, plant

height and number of branches (plant-1). Therefore, increase
in these traits will ultimately increase the grain yield (Malik
et al. 2007). In general, the magnitude of environmental
correlation coefficient is small as compared to genotypic and
phenotypic correlation coefficient. The characters having
significant positive phenotypic association with seed yield
and also supported by substantial magnitude of genotypic
correlations were 100-seed weight and harvest index. These
results are in accordance to the report of Plesnik (1991) and
Sharma et al. (1989). Therefore, indirect selection for
biological yield, pods per plant, harvest index and 100-seed
weight might prove effective and rewarding for improving

Table 1. Inter-character (phenotypic) correlation between different character pairs of soybean

*** Significant at 5 and 1 per cent, respectively.

Table 2. Inter-character (genotypic) correlation between different character pairs of soybean

Character Days to 
50% 

flowering 

Days to 
maturity 

Plant 
height 

(cm) 

Basal pod 
height 

(cm) 

Number 
of pods  

(plant-1) 

Number 
of primary 

branches 

Number 
of seeds 

(pod-1) 

Biological 
yield (g) 

100-seed 
weight (g) 

Seed yield  
(plant-1) 

(g) 

Harvest 
index 

Oil  
content 

(%) 

Crude 
protein 

(%) 

Days to 50% 
flowering 

1.0000 -0.2447 0.0804 0.2321 0.0171 0.0181 -0.0380 -0.0824 0.0739 -0.0306 0.0531 -0.0235 0.2082 

Days to maturity  1.0000 0.2815 -0.2245 0.2526 0.3176* 0.3976** 0.4508** 0.2283 0.2818 -0.1220 -0.2729 0.3019* 
Plant height 

(cm) 

  1.0000 0.2335 0.2574 0.2538 0.3354* 0.2119 -0.0945 0.1186 -0.1873 -0.0801 0.1427 

Basal pod height 

(cm) 

   1.0000 0.0725 0.0608 0.1691 0.1322 -0.0323 0.0385 -0.1051 -0.0856 -0.1945 

Number of pods  

(plant-1) 

    1.0000 0.8837** 0.4689** 0.7117** 0.2037 0.5606** 0.3382* -0.0975 0.0101 

Number of primary 
branches 

     1.0000 0.3397* 0.7336** 0.2728 0.5889 0.1450 -0.2708 0.1289 

Number of seeds  

(pod-1) 

      1.0000 0.5599** 0.3744* 0.5743** 0.2711 -0.0185 -0.2112 

Biological yield (g)        1.0000 0.5549** 0.7790** 0.2738 -0.0651 -0.1533 

100-seed weight (g)         1.0000 0.5640** 0.1538 0.4316** -0.4073** 
Seed yield  (plant-1) 

(g) 

         1.0000 0.4530** 0.2079 -0.1678 

Harvest index           1.0000 0.4070** -0.3194* 

Oil Content (%)            1.0000 -0.4217** 
Crude protein (%)             1.0000 

 *,** Significant at 5 and 1 per cent, respectively.

Character Days to 
50% 

flowering 

Days to 
maturity 

Plant 
height 

(cm) 

Basal pod 
height 

(cm) 

Number 
of pods  

(plant-1) 

Number 
of primary 

branches 

Number 
of seeds  

(pod-1) 

Biological 
yield (g) 

100-seed 
weight 

(g) 

Seed yield 
plant-1 (g) 

Harvest 
index 

Oil  
 content 

(%) 

Crude 
protein 

(%) 

Days to 50% 
flowering 

1.0000 -0.2039 -0.0751 0.1438 0.1730 0.0847 0.0215 -0.0595 0.1051 -0.0256 0.0353 0.0707 0.0575 

Days to maturity  1.0000 0.2358 -0.1365 0.2304 0.2858 0.2240 0.4241** 0.2101 0.2622 -0.1087 -0.1771 0.1638 

Plant height 

(cm) 

  1.0000 0.1623 0.2478 0.2198 0.1135 0.1918 -0.0648 0.1151 -0.1259 -0.0074 -0.0071 

Basal pod height 

(cm) 

   1.0000 -0.0177 0.0312 0.0474 0.0665 0.0003 0.0259 -0.0521 -0.0172 -0.0718 

Number of pods 

(plant-1) 
    1.0000 0.7471** 0.2175 0.7022** 0.1923 0.5566** 0.3279* -0.0621 0.0002 

Number of primary 

branches 

     1.0000 0.1762 0.6195** 0.2362 0.5076** 0.1475 -0.0639 -0.0372 

Number of seeds  

(pod-1) 

      1.0000 0.2699 0.2638 0.2485 0.0533 -0.0499 -0.0842 

Biological yield (g)        1.0000 0.5137** 0.7764** 0.2610 -0.0364 -0.1000 

100-seed weight (g)         1.0000 0.5184** 0.1460 0.4498** -0.3470* 

Seed yield  plant-1 

(g) 

         1.0000 0.4595** 0.1681 -0.1179 

Harvest index           1.0000 0.3207* -0.2351 

Oil Content (%)            1.0000 -0.5995** 
Crude protein (%)             1.0000 

 



140 Journal of Eco-friendly Agriculture 8(2) 2013

Suneeta Pandey et al.

the seed yield.

It may be concluded from the study that the correlation
between yield and different phenotypic and genotypic
characters of soybean crop might be helpful in selecting the
better genotypes among the large population of soybean.

REFERENCES

Dewey, D.R. and Lu, K.H. 1959. A correlation and path coefficient
analysis of components of crested wheatgrass seed production.
Agronomy Journal, 51: 515-518.

Iqbal, Z., Muhammad, A., Muhammad, A., Naeem, R., Malik,
M.F. and Waheed, A. 2010. Genetic divergence and correlation
studies of soybean [Glycine max (L.) Merrill.] genotypes. Pakistan
Journal of Botany, 42: 971-976.

Malik, M. F. A., Muhammad, A., Qureshi, A. S. and Ghafoor, A.
2007. Assessment of genetic variability, correlation and path
analyses for yield and its components in soybean. Pakistan
Journal of Botany, 39: 405-413.

Mishra, A. K., Ali, S. A., Tiwari, R. C. and Raghuwanshi, R. S.
1994. Correlation and path analysis in segregating populations
of soybean. International Journal of Tropical Agriculture, 12: 278-
281.

Plesnik, S. 1991. Correlation coefficient analysis in quantitative
traits of M2 generations after laces and ethylenimine treatment
in soybean. Soybean Genetics Newsletter, 18: 135-139.

Searle, S. R. 1961. Phenotypic, genotypic and environmental
correlation. Biometrics, 17: 474-480.

Sharma, B. K., Abraham, M. J. and Pattanayak, A. 1989.
Correlations of yield components of soybean in acidic soils.
Crop Improvement, 61: 87-89.

Table 3. Inter-character (environmental) correlation between different character pairs in soybean

Character Days to 
50% 

flowering 

Days to 
maturity 

Plant 
height 

(cm) 

Basal pod 
height 

(cm) 

Number 
of pods  

(plant-1) 

Number 
of primary 

branches 

Number 
of seeds  

(pod-1) 

Biological 
yield (g) 

100-seed 
weight (g)  

Seed yield  
plant-1 (g) 

Harvest 
index 

Oil 
Content 

(%) 

Crude 
protein 

(%) 

Days to 50% 
flowering 

1.0000 -0.0192 0.0592 0.0123 0.0244 0.2454 0.0834 0.1224 0.2426 0.0017 -0.0392 0.2446 0.0990 

Days to maturity  1.0000 -0.1988 0.1051 -0.0808 0.2181 0.1461 -0.0863 0.0598 -0.0941 0.0105 0.0897 0.0014 
Plant height 

(cm) 

  1.0000 0.0139 0.1573 0.1193 0.1431 -0.0884 0.4080 0.0893 0.3200* 0.2091 -0.2928* 

Basal pod height 

(cm) 

   1.0000 -0.4146** -0.0132 -0.0222 -0.2564 0.0868 -0.0131 0.0785 0.0615 0.0134 

Number of  pods  

(plant-1) 

    1.0000 0.2927* -0.0369 0.5280** 0.0967 0.4951** 0.2455 0.0480 -0.0269 

Number of primary 

branches 

     1.0000 -0.0766 0.2474 0.1301 0.2967* 0.1781 0.2647 -0.2076 

Number of seeds  

(pod-1) 

      1.0000 -0.0260 0.2858 -0.2041 -0.2346 -0.0737 -0.0353 

Biological yield (g)        1.0000 0.0766 0.6923** 0.1460 0.1030 -0.1121 

100-seed weight (g)         1.0000 0.0365 0.0989 0.6178** -0.4389** 
Seed yield  plant-1 (g)          1.0000 0.6816** 0.1432 -0.1705 

Harvest index           1.0000 0.1659 -0.2285 
Oil content (%)            1.0000 -0.7611** 

Crude protein (%)             1.0000 

 *,** Significant at 5 and 1 per cent, respectively
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ABSTRACT

Casing soil formulations,  prepared from farm yard manure (FYM), garden soil and sand with different combinations
were chemically sterilised and used for casing the mushroom bags of Calocybe indica.  Out of various casing material
combination , FYM,  garden soil and sand (2:1:1) having pH 8 and its 3 cm layer was found suitable and showed  best
result in yield as well as biological efficiency.

Key wards: Casing mixture, properties, cultivation, Calocybe indica, yield.
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Calocybe indica, a tropical edible mushroom, belongs to
the family Tricholomataceae of the order Agaricales. It is
becoming more popular, due  to its robust size, attractive
colour, sustainable yield, delicious taste  and unique texture
(Amin  et al. 2010). Calocybe indica is rich in protein, lipids,
mineral, fibre, carbohydrate  and is abundant with essential
amino acids (Alam et al. 2008). It is an excellent source of
thiamine, riboflavin, nicotinic acid, pyridoxine, biotin and
ascorbic acid (Breene, 1990). India has good environmental
conditions for the commercial cultivation of Calocybe indica.
This mushroom requires a temperature of 30 to 35oC and a
relative humidity of 70 to 80 per cent for cultivation, which
is prevalent in  the environmental conditions of  our  country.
A wide range of diverse cellulosic substrates are used for
cultivating mushrooms. The production of Calocybe indica
depends on top covering (casing)  after the substrate has
been fully colonised with mycelium. After complete mycelial
formation casing was done to provide a reservoir of water
for the developing fruiting body. Different materials are used
in the shape of casing throughout the world, but in India a
few casing substances have been developed and suggested
for use. Mentel  (1973) recommended the use of compost with
slaked lime and sand(4:1:1). Later, Hayes and Shandilya
(1977) and Shandilya and Agrawal (1983) recommended
farm yard manure and loam soil (1:1 v/v) as a standard
casing material for mushroom cultivation. Garcha et al.
(1987) suggested farm yard manure and two yrs old compost
(1:1) as a good casing material under north Indian conditions.
Beside physical, chemical and biological factors of the
suitable casing material, cost and availability are more
important factors in successful application and acceptance
by the mushroom growers. The aim of present study was to
evaluate some more casing mixtures for the cultivation of
Calocybe indica growers.

MATERIALS AND METHODS

The substrate (wheat straw) was chopped (3-4 cm)
soaked in water tank (clean water) for 15 to 18 hours and
allowed to imbibe water. After soaking period was over, the
excess water in the substrate was drained. Substrate was
pre-treated (sterilized) by using Carbendazim 50 per cent
(75 ppm), Formalin (500 ppm) and Nuvan (65 ppm) for 14
hours (Krishnamurthy, 2004). The excess water present in
the chemically pasteurized straw substrate was dried out to
attain the approximately moisture content of 70 per cent.
The sterilized substrate was filled with mushroom spawn
in high density polythene bags (45 X 60 cm) and  spawning
layer  was  followed as per standard procedure  (Pandey
and Tewari,  1994). In each bag 3 Kg wetted wheat straw (1
Kg dry weight) was filled.

 The casing material / soil mixture (Table 1) was
chemically sterilized by drenching with 2 per cent formalin
solution two weeks before its  use  and exposed  for escape of
the  formalin vapour. The pH of the medium was adjusted
between 7.0 to 8.5. For determination of pH, 10 g of casing
samples were collected on the day of casing, 100 ml  distilled
water  added in every sample and shaken well. This
suspensions was  kept for one hour at room  temperature
and pH was determined using electronic digital pH meter
(Electronic Instrument Limited). Afterwards it was added
over the mycelial impregnated substrate from 1 cm to 4 cm
thickness. Un-supplemented control bags were kept for
control. The mouth of the bag was covered with either
formalin treated or autoclaved newspaper to prevent the
insect and weed moulds. After casing, the filled bags were
shifted to cropping room where temperature of 25 to 320C
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and relative humidity of  85 to 90 per cent  were  maintained.
During fruiting, 3 to 4 fresh air circulations were given into
the cropping room. Light watering was done twice a day
and refilling of the casing soil surface was done
intermittently for good aeration. Each treatment was
replicated four times. Mature fruiting bodies were harvested
and observations on the number and average fruit body
weight were recorded. Biological efficiency was calculated
as a ratio between the fresh weight of harvested mushrooms
and the dry weight of substrate per bag and  expressed in
per cent. Data pertaining to  yield was  analysed statistically.

RESULTS AND DISCUSSION

Results rerealted (Table 1) show that  the casing
treatments of  FYM,   garden soil and  sand in the ratio of
2:1:1 and 3:2:1  gave early case run (18 & 20.5 days), which
were significantly superior to FYM,   garden soil and sand
(2:1:0) and 3:1:0 ratio where case run took place in 21.5 days.
All the casing treatments initiated the pinhead uniformly
within 26.5 to 28.6 days. The data related to mushroom yield
indicated  that treatments,  FYM,  garden soil and  sand was
significant by superior  over FYM  and  garden soil alone.
The yield in  Kg-1 FYM, garden soil and sand varied from
717 to 730 g  Kg-1 of dry straw as compared to FYM and
garden soil (545-580 g).  As regards average fruiting body
weight, there seems to be positive results between FYM and
garden soil with sand. FYM, garden soil and  sand (2:1:1)
gave heaviest fruiting body weight (61.3 g) followed  in 3:1:1
(59.15g)  over the FYM and  garden soil alone, 2:1 (54.5 g)
and 3:1 (51 g). Early case run, pining, first harvest and better
yield of Calocybe indica was found in the combined casing
soil mixture of FYM, garden soil and sand, which may be
due to the presence of rich microbial flora in the FYM, pore
space of the soil and water holding capacity due to presence
of sand that may help in the formation of large sporophore
thus increasing the productivity of mushroom. The important
role of such micro-flora has been reported by Hayes et al.
(1977). The present findings has also  been similar to results
of  Raina et al. (2002), who evaluated the fourteen
combinations of two year old FYM,  three year old spent
compost, garden soil and sand as casing material for Agaricus
bisporus cultivation. They reported higher yield with the
combination of FYM + garden soil + soil (4:2:1) followed by
FYM + sand (3:1) and lower yield in garden soil alone.
Delayed case run, pinning and first harvest recorded with
the FYM and garden soil alone could well be attributed to
the poor porosity and low aeration in the casing soil as it
contained more percentage of clay. Flegg (1953) also found
the similar results.

FYM, 
garden soil 
and sand 

Case 
run 

 (Days) 

Pinhead 
formation 

(DAS) 

Mushroom 
yield 

(g bag-1) 

Mean 
fruiting 

body 

weight  
(g) 

3:02:01 20.50 26.5 717 59.15 

2:01:01 18.00 26.5 730 61.3 
3:01:00 21.50 27.5 580 51 

2:01:00 21.50 28.6 545 54.5 
CD at  5% 0.98 1.17 8.46 6.57 

 

Casing   

 soil (pH) 

Case run 

 (Days) 

Pinhead 

formation 
(DAS) 

Mushroom 

yield 
(g bag-1) 

Mean 

fruiting 
body 

weight  
(g) 

7.0 19.5 23.4 345.0 39.0 

7.5 17.5 21.5 590.0 46.5 
8.0 15.5 19.5 617.5 47.5 

8.5 16.6 20.5 552.5 44.5 

CD at 5% 3.2 3.1 34.08  2.7 

 

Data related to  the effect of casing soil pH on case run,
pinhead formation, total mushroom yield and average fruit
body weight is depicted in Table 2.The data revealed that
with the increase in pH range from neutral (7.0) towards
alkaline (8.5), there was corresponding decrease in case run
period and thereafter it showed an increasing trend. The
early case run in 15.5 days was observed at pH 8.0 which
was 4 days earlier as compared to the treatment where casing
soil pH was adjusted at 7.0. The effect of casing soil pH
range seems to be naturalistic on pinhead initiation which
was uniform at 4 days at pH 7.0, 7.5, 8.0 and 8.5.
Krishnamoorthy and Muthuswamy  (1997), suggested using
steamed garden soil (clay loam with pH around 8.0) as a
casing material for Calocybe indica. However, the data on
total mushroom yield showed a perceptible increase in
mushroom yield with increase in pH up to 8.0. Maximum
mushroom yield of 617.5g per Kg dry straw was recorded at
pH 8.0 followed by 590 g per Kg dry straw at pH 7.5 and the
lowest mushroom yield of 345 g per Kg dry straw was
recorded at  pH 7.0. The results show that pH more than 8.0
decreases the yield of mushroom. The lowest fruiting body
number (13.5) was observed at pH 7.0 which gradually
increased to 15.5 with increase in casing pH  (7.5 - 8.5).
However, the maximum fruiting body number (17.1) was

Table 2. Effect of soil pH on yield and yield related
parameters of Calocybe indica

Table 1. Effect of soil casing material formulations on yield
and yield related parameters of  Calocybe indica
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observed at pH 8.0. Lambert and Humfeld (1939) and Park et
al.  (1971) have reported that higher mushroom yield seems
to be associated with more number of fruiting bodies and
higher average  fruiting body weight which ranged between
44.5g to 47.5g as against 39.0g at pH 7.0. These observations
have been supported by Tewari  (2003), who recommended
optimum casing soil pH in the range of 7.8 to 7.9 for better
fruiting in Calocybe indica.

The effect of depth of casing soil on yield and related
parameters of Calocybe indica  indicate that with the increase
in casing soil depth, there was corresponding delay in the
case run period. Early case run was 11.5 days observed at  1
cm casing depth which gradually increased to 12.5,16.5 and
18.0 days with increasing casing depth at 2,3 and 4cm (Table
3). However, pinhead formation occurred in 2  to 4 days after
complete case run in all the treatments. Early first harvest at

It can be concluded from the present study that the
casing mixture of FYM, garden soil and sand (2:1:1) with pH
of 8.0 and its thickness of 3 cm is better for Calocybe indica
cultivation and may be followed.
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Table 3. Effect of casing depth on yield and yield related
parameters of Calocybe indica

Casing 
depth(cm) 

Case run 
 (Days) 

Pinhead 
formation 

(DAS) 

Mushroom 
yield 

(g bag-1) 

Mean 
fruiting 

body 

weight  
(g) 

 1 11.5 13.5 265 12.5 

 2 12.5 16.0 315 27.5 
 3 16.5 20.5 430 47.5 

 4 18.0 21.5 415 42.5 

CD at 5% 4.84 5.97 18.29 6.62 

 
25.5 days was observed at 3 cm casing depth followed by
26.5 days at 4 cm, 29.0 days at 2cm and 31.0 days at 1 cm. In
case of yield,  the  trend was reverse and maximum mushroom
yield of 430 g was observed at casing depth of 3 cm which
decreased to 265 g  Kg-1 dry straw with decrease in casing
soil depth to 1 cm.  It seem the higher yield associated with
more number of fruiting  bodies harvested and higher average
fruiting body weight. The average fruiting body weight also
showed a resembling trend. In case of casing soil depth at
1cm, it was 12.5 g which rose to 47.5 g at casing depth of 3
cm and then decreased to 42.5 g at 4 cm in present finding.
Contrary to our observations, Krishnamurthy and
Muthuswamy (1997) got maximum biological efficiency (100-
142 g) at 2 cm depth. Sharma et al. (1997), while evaluating
various casing material at different thickness reported biogas
spent slurry and two year old cow dung at a thickness of 2.5
cm as best casing material for Calocybe indica giving biological
efficiency of 100 and 98.70 per cent,  respectively. In the
present investigation,  the fruiting  bodies were heavy and
robust with long and stout stripe when depth of casing soil
was adjusted on 3 cm, which resembles to the findings of
Sharma et al. (1997).
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ABSTRACT

Heterosis for seed yield and its component traits was studied in fifty six hybrids (F
1
s) developed by crossing four male

sterile lines and fourteen restorers (testers) of pigeonpea [Cajanus cajan (L.) Millsp.] following a line x tester mating
design. The computation of heterosis (%) over mid-parent, better parent and best parent was done. The magnitude of
heterosis in desirable direction was highest for seed yield plant-1 (g) followed by number of pods (plant-1), number of
fruiting branches (plant-1), 100-seed weight (g) and plant height (cm). A total of 40, 30 and 21 hybrids exhibited
significant positive heterosis for seed yield (plant-1) over mid-parent, better parent and best parent. Five out of 21
hybrids, where the highest significantly positive heterosis for seed yield (plant-1) over mid-parent, better parent and
best parent was observed simultaneously are ms Prabhat DT x 83H 15-12 (152.3. 110.5 & 50.0%), ms Prabhat DT x
Seekri (148.2, 90.5 & 69.7%), ms Prabhat DT x H82-68 (142.6, 112.0 & 35.1%), ms Prabhat DT x H82-135 (129.8, 78.1
& 54.2%) and ms Prabhat DT x 85HP 343-1 (125.4, 66.4 & 66.4%).

Key words: Heterosis, hybrid, seed yield, pigeonpea, male sterility.
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Pigeonpea [Cajanus cajan (L.) Millsp.], also known as
Arhar, tur or redgram, is the second most important pulse
crop of India. The production and productivity of pigeonpea
has been more or less stagnant, except for some favourable
trends observed in the recent past. Conventional breeding
procedures such as single plant and pedigree selections have
remained the main methods for genetic improvement
whereby, the success in increasing the yield levels has been
rather insignificant. Identification of two genetic male sterile
systems by Reddy et al. (1978) and Saxena et al. (1983) has
opened the possibilities of commercial exploitation of high
degree of heterosis in pigeonpea. The development and
release of the world’s first pigeonpea commercial hybrid,
ICPH-8 by Saxena et al. (1989) in India has further
emphasized the importance of exploiting heterosis to achieve
significant yield gains. Therefore, the present investigation
was carried out to find out the magnitude of heterosis (%) in
pigeonpea hybrids developed.

MATERIALS AND METHODS

The experimental material comprised four male sterile
female parents viz., ms Prabhat NDT, ms Prabhat DT, ms
Co-5 and ms T-21 and fourteen restorers (testers) of
pigeonpea, Seekri, H82-68, Deepalpur-2, H82-99, 85HP 343-
1, D-8, H82-135, 85HP 3041-2, H82-148, S. Khurd-2, Pundri,
83H 15-12, H82-155 and ICPL-l43 collected from different
sources and evaluated during Kharif, 2006. These were

crossed in a line x tester mating design during Kharif, 2007.
The complete set of 74 populations comprising 56 F

1
s and

18 parents was raised during Kharif, 2008 in a Randomized
Block Design with three replications at the research farm of
Pulses Section, Department of Plant Breeding, CCS Haryana
Agricultural University, Hisar. Each genotype was grown
in a single row plot of 4 m length with spacing of 60 cm
between rows and 20 cm between plants. During all the
seasons, recommended package of practices were followed
for raising the good crop. Observations on plant height,
number of fruiting branches (plant-1), number of pods
(plant-1), 100-seed weight and seed yield per plant were
recorded on 5 competitive plants from each genotype, selected
randomly from each replication. The computation of heterosis
(%) over mid-parent, better parent and best parent was done
following Hayes et al. (1955) and Kempthorne (1955).

RESULTS AND DISCUSSION

The analysis of variance for hybrids exhibited highly
significant differences among all the genotypes and
characters studied, indicating the presence of sufficient
amount of genetic variability in the experimental material.
The range of per cent heterosis for seed yield per plant over
mid-parent  was observed  as - 40.99  to  152.30,  over  better
- 50.94 to 126.23 and  best - 64.69 to 69.69 parents  (Table 1).
Similarly for 100-seed weight, the range of per cent heterosis
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was -17.42 to 20.40, -19.15 to 19.15 and -22.72 to 9.70 over
mid,  better  and best parents. Likewise, considerable range
of heterosis (%) over mid-parent, better parent and  best
parent for number of pods (plant-1), number of fruiting
branches and plant height were observed. Range of variation
for heterosis for seed yield and its components was observed
to be higher over mid- parents and lower over the best parents.
Similar observations for different traits have been reported
for heterosis over mid, better and best parents by earlier
workers (Ahar et al. 2006; Baskaran and Muthiah, 2006;
Dheva et al. 2008; Lohithaswa and Dharamraj, 2003;
Vanniarajan et al. 1999).

Out of 56 F
1
 hybrids, the positive heterosis over mid-

parent was expressed by 18 hybrids for plant height, 17 for
number of fruiting branches (plant-1), 2 for number of pods
(plant-1),  15  for  100-seed  weight and 40 for seed yield
(plant-1). Only one hybrid showed significantly negative
heterosis over mid-parent for plant height. The number of
hybrids exhibiting positive heterosis over better parent got
reduced and observed to be lower and only 9 hybrids for
number of fruiting branches, 14  for 100-seed weight and 30
for seed yield showed significantly positive heterosis. But
over best parent, positive and significant heterosis was
expressed by only 7 hybrids for 100-seed weight and 21
hybrids for seed yield (Table 1). Patel and Tikka (2008) have
also reported similar observations for various traits in
pigeonpea.

The present investigation revealed that the magnitude
of desirable heterosis was highest for seed yield (plant-1),
followed by number of pods (plant-1), number of fruiting
branches (plant-1), 100-seed weight and plant height (Table
2). Significantly positive heterosis for seed yield over mid,
better  and best parents simultaneously, was exhibited by 21
hybrids out of which the best performing nine hybrids are
ms Prabhat DT x 83H 15-12 (152.3, 110.5 & 50.0%), ms
Prabhat DT x Seekri (148.2, 90.5 & 69.7%), ms Prabhat DT x
H82-68 (142.6, 112.0 & 35. 1%), ms Prabhat DT x H82-135
(129.8, 78. 1 & 54.2%), ms Prabhat DT x 85H 343-1 (125.4,

66.4 & 66.4%), ms Prabhat DT x D-8 (115.2, 91.3 & 17.2%), ms
Prabhat DT x H82-99 (94.9. 58.6 & 20.5%), ms T-21 x D-8
(82.1, 48.2 & 44.5%) and Prabhat NDT x ICPL-143 (80.4, 74.2
& 52.5%). The significant positive heterosis over both mid-
and better parents for seed yield per plant was observed in
only nine hybrids out of which the best performing six hybrids
are ms Prabhat DT x 85H 3041-2 (133.5 & 126,2%), ms Prabhat
NDT x 85H 3041-2 (53.5 & 18.8%), ms Prabhat DT x
Deepalpur-2 (53.4 & 28.1%), ms Prabhat DT x H82-155 (45.5
& 9.9%), ms Prabhat DT x ICPL-143 (43.3 & 10.7%) and ms
Prabhat DT x S. Khurd-2 (37.4 & 30.2%). It was also observed
that the magnitude of heterosis over mid-parent was the
highest, followed by better and the best parents  for seed
yield (plant-1). High magnitude of heterosis for seed yield
and its component traits has also been reported earlier (Ahar
et al. 2006; Baskaran and Muthiah 2006; Dheva et al.  2008;
Singh and Singh, 2009; Lohithaswa and Dharamraj, 2003,
Vanniarajan et al. 1999). Significant negative heterosis which
is desirable for plant height was observed only in one hybrid,
i.e., ms Prabhat NDT x H82-l35 (-10.10%) indicating
significant reduction in plant height.

The crosses, ms Prabhat DT x Seekri, ms Prabhat DT x
85HP 343-1, ms Prabhat DT x D-8, ms Prabhat DT x H82-
135, ms T21 x Seekri, ms T-21 x H82-99, ms T-21 x 85H 3041-
2, ms T-21 x S. Khurd-2 and ms T-21 x ICPL-143 exhibited
significant heterosis over both mid- and better parents for
seed yield as well as number of fruiting branches (plant-1).
The positive heterosis over both mid- and better parents for
seed yield and 100-seed weight was recorded in the hybrids,
ms Co-5 x H82-68 and ms Co-5 x ICPL 143. The significant
positive heterosis over mid-parent for seed yield, number of
pods (plant-1) and number of fruiting branches (plant-1) was
observed in the hybrid, ms Prabhat DT x Seekri, whereas the
hybrid, ms T-21 x Seekri exhibited significant heterosis over
mid-parent for seed yield, 100-seed weight and number of
fruiting branches. Almost similar findings for heterosis have
been reported in Literature (Aher et al. 2006; Baskaran and
Muthiah, 2006; Dheva et al. 2008; Singh and Singh, 2009,
Vanniarajan et al. 1999). The highest magnitude of heterosis

Table 1. Range of heterosis and number of hybrids showing heterosis for seed yield and its components in pigeonpea

Range of heterosis (%) over Number of hybrids showing positive 

significant heterosis (%) over 

Character 

Mid-parent Better parent Best parent Mid-parent Better parent Best parent 

Plant height (cm) -10.10 to 20.00 -3.82 to 32.64 16.63 to 34.68 18 23 56 

Number of fruiting 
branches (plant-1) 

-39.78 to 37.19 -46.93 to 24.70 -52.16 to -10.13 . 17 9 - 

Number of pods (plant-1) -47.04 to 72.71 -51.32 to 52.90 -67.71 to -00.15  2 - - 
100-seed weight (g) -17.42 to 20.40 -19.15 to 19.15 -22.72 to 09.70  15 14 7 
Seed yield plant -1 (g) -40.99 to 152.30 -50.94 to 126.23 -64.69  to 69.69 40 30 21 
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for seed yield was recorded in those crosses where ms Prabhat
DT was used as female parent, followed by ms T-21 and ms
Prabhat NDT. It was also observed that no single hybrid
exhibited significant heterosis for all the traits studied. This
revealed that heterosis for seed yield was manifested through
component heterosis and hybrid vigour of even small
magnitude (non-significant effect) for individual yield
components, may have additive or synergistic effect on seed
yield. Evidently, manifestation of heterosis for seed yield and
yield components may be due to non-additive genetic
variability of the parents. The present study revealed
manifestation of high magnitude of heterosis for seed yield
in certain hybrids like, ms Prabhat DT x 83H 15-12, ms
Prabhat DT x Seekri, ms Prabhat DT x H 82-68, ms Prabhat
DT x 85H 3041-2, ms Prabhat DT x H82-135 and ms Prabhat
DT x 85 HP 343-1.

It may be concluded from the foregoing results that the
hybrids showing heterosis should be exploited commercially
and the parents involved should be used in the future
breeding programmes to break the yield barrier in pigeonpea
crop.
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ABSTRACT

The laboratory experiments have been conducted to study the antifeedant and growth regulatory effects of cow urine,
neem leaf and jatropha seed extracts prepared in water and cow urine ( 5 & 10%) against different stages of Spodoptera
litura on castor. Results showed the cent per cent larval mortality in neem extracts treated castor leaf disc, whereas  the
survival of larvae and pupae and their weight were significantly less with extended larval, pupal and developmental
period in cow urine and jatropha seed extracts in comparison to untreated control. The leaf area consumed by the
larvae at higher concentration (10%) was less demonstrated. It means the tested leaf extracts at their higher concentration
were having high antifeedant activity. According to the overall mean preference index none of the plant extracts and
cow urine was found to belong extremely antifeedant category but a strong antifeedant action was noticed in neem
extracts treated castor leaf discs. Physical effects of larval feeding on treated castor leaf discs were prominently seen.
Most of the larvae had reduced physical growth with deformation and death and reduction in pupation.

Key words: Antifeedant, cow urine , jatropha , neem, Spodoptera litura.
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The tobacco caterpillar, Spodoptera litura (Fabricius)
(Noctuidae: Lepidoptera) has acquired the status of a key
pest amongst the polyphagous pests causing enormous
losses to various crops (Rao et al. 1983). This is a ubiquitous,
multivoltine, noxious lepidopterous pest which has been
reported to feed on 112 cultivated crop plants such as
soybean, pulses, oilseeds, cotton and vegetables and some
species of weeds all over the world (Shelkar et al. 2005).
Various insecticides have been used in the past to combat
this pest, however, the continuous and injudicious use of
insecticides not only resulted in the development of
resistance against this pest but also causes hazardous effect
on agro-ecosystem and ultimately the biosphere (Armes et
al. 1997). S. litura has been reported to develop resistance to
almost all groups of insecticides and even to recently
introduced spinosad belonging to a new group of insecticides
(Moulton et al. 2000). It is the need of time to re-evaluate the
efficacy of traditional methods such as animal originated
products, cow urine, cow dung, biogas etc. to control insect
pests and diseases for better crop production and to reduce
the ill effects of chemicals. Out of the many non-synthetic
insecticidal control methods, use of animal originated
products are gaining more attention. There are several reports
on the use of plant materials and cow urine for the control of
insect pests of field crops (Patel and Gajjar, 2001; Dubey et al.
2004;  Sharma et al. 2009; Akash and Tiwari, 2010). Keeping
these points in mind, the present studies were designed to
assess the effect of cow urine and neem leaf and jatropha

seed extracts in water and cow urine on feeding preference
and growth and development of S. litura and results obtained
are reported.

MATERIALS AND METHODS

Culture of the test insect: The culture of S. litura was
raised in glass jars on leaves of castor, Ricinus communis Linn.
The nucleus culture of the test insect larvae was collected
from university premises and brought to the laboratory,
reared on fresh castor leaves till pupation and healthy pupae
were procured for the next generation. The culture was
maintained at 27 ± 10C and 70 ± 5 per cent  RH. The adults
obtained from above culture were released in separate glass
jars ( 21x15 cm) the walls of which were lined with white
paper for egg laying. White paper strips were also kept in
the jars for egg laying and muslin cloth and strips were
checked daily for egg laying. The eggs were removed and
placed in a separate jars on fresh succulent castor leaves for
hatching. The neonate larvae were reared on fresh castor
leaves to maintain the test culture of S. litura. In adulthood,
the culture had been covered with muslin cloth and
continuously supplemented with honey solution (10 %). One
generation passed larvae were used for the experiment to get
homogenous population.

Extraction of bioactive compounds: The test plants,
neem (Azardiracta indica, L.) leaves and seeds of jatropha
(Jatropha curcas L.) were collected from the university campus
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and nearby areas of Pant Nagar ,whereas, cow urine was
collected from desi breed cow. The neem leaves were washed
with water to remove the dust particles or foreign matter and
dried in shade. To prepare 5 and 10 per cent concentrations
of neem and jatropha extract in water and cow urine, 50 and
100 neem leaves and jatropha seed powders were weighed
separately. These weighed materials macerated in the
electrical grinder and mixed with 500ml of water and cow
urine separately in the containers and were kept for
fermentation for 24 hrs and then filtered by using muslin
cloth. When used alone similar concentrations of cow urine
were also taken.

Bioassay: The growth and development of different
larval stages of of S. litura on different treated leaf discs was
evaluated by using no-choice test method. Fresh castor leaf
pieces ( 4x4 cm2) were treated with cow urine and plant
extracts, separately, with the help of atomizer and placed in
tilted orientation under ceiling fan for air drying. These
treated leaf pieces (discs) were kept in pertidishes lined with
moist filter paper to maintain the humidity. Thereafter, 10
larvae replication-1 of different stages of S. litura, were
released separately into each petri dish ( 90mm dia)
containing treated leaf discs and allowed to feed till
pupation.Treated leaves are provided adllibitum  till
pupation. Each treatment was replicated thrice. In control,
the leaf discs were dipped in distilled water and drip dried
before provided as feed to larvae. Observations were recorded
on the different growth parameters such as larval weight, its
survival, pupal period, pupal survival, per cent adult
emergence and growth index calculated as follows:

Feeding preference: Procedure similar to above was
followed with single 10 - days - old larvae starved for 6 hrs
with known weight using treated leaf discs separately in
triplicates. The area of leaf consumed by the larvae on treated
and untreated leaves was recorded till pupation at the
interval of 24 hrs with the help of graph paper and the larval,
pupal and adult weight was taken simultaneously .

The per cent feeding in each treatment over control was
worked out using the formula:

Antifeedant activity was compared using the formula:

Per cent feeding inhibition (FI) was calculated
following the formula of Pande and Shrivastava, 2003:

C T
FI 100

C T

-
= ´

+

Where, C = Consumption of control leaves

T= Consumption of treated leaves

Preference index was calculated according to Kogan
and Geoden (1970):

2A
C

M A
=

+

Where, C= Preference index

A= Area eaten on the treated leaf

M = Area eaten on the untreated leaf

The antifeedant activity of each plant extracts was
worked out on the basis of preference indices ( C-values) as
per the scale, i.e., 0.1-0.25 ( Extremely antifeedant), 0.26-0.50
(Strong antifeedant), 0.51-0.75 (Moderately antifeedant), 0.76-
0.99 (Slightly antifeedant) and >1 (Preferred plant extract).

Data were analysed statistically after suitable
transformations using programme STPR 2.

RESULTS AND DISCUSSION

All neonate larvae died in 5 and 10 per cent neem leaf
water extract (NLWE) after 6 days of exposure to the treated
castor leaves, whereas very less larval survival (13.33 %)
was observed in 10 per cent neem leaf cow urine extract
(NLCUE) followed by 5 per cent NLCUE (16.67%) with
extended larval period of 21.9 days (Table 1) but larva could
not molt to pupae and died with some deformities. Among
the different treatments,  the per cent larval survival ranged
from 10.00 to 40.00 per cent with highest (99.00%) in untreated
castor leaf discs. A significantly increased larval period at
all concentrations was observed with highest of 21.9 days in
NLCUE (10%) which was at par with 5  per cent NLCUE
(21.5 days ) and 5 per cent jatropha seed water extract (JSWE
- 21.3 days) with lowest larval period in 5 per cent cow urine
(CU- 17.8 days) in comparison to control (14.5 days). The
lowest (10.0%) pupation was seen in JSWE (10%), (JSCUE -
10%) and CU (10%). The pupation was more in 5 per cent
CU  ( 33.33) and JSWE  ( 26.67%), while it was  90.00 per cent
in untreated control. Pupal period was significantly higher
at 10 per cent JSWE ( 10.00 days) with 9.3 days in JSWE (5%),
JSCUE (5 & 10%) and CU (5%), whereas 8.5 days of pupal

 
periodtaldevelopmenTotal
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period was observed in untreated control. There was
reduction in per cent adult emergence in comparison to per
cent pupation in different treatments except control . The
adult emergence was very less among the treatments ( 10.00
- 26.67%) in comparison to control ( 90.00%). Most of the
emerged adults were deformed in which wings were not
fully developed and some were adultoids . The growth index
for survived neonate larvae in treated castor leaf discs was
also very low (0.34 - 0.98) in comparison to untreated control
(3.91).

The efficacy of neem leaf extracts prepared in water
was high with cent per cent mortality of 7 days old larvae
after few days of feeding on the treated castor leaves (Table
2), whereas very less larval survival (10.0%) was observed
in NLCUE (10%) which was at par with 5 per cent NLCUE
(16.67%). The per cent larval survival among the other
treatments ranged from 30.00 to 60.00 per cent with less larval
mortality and deformity and no mortality in untreated
control. A significant increase in larval and pupal period
with no pupation in NLCUE (10%) and only 10 per cent
pupation in 5 per cent NLCUE and JSWE (10%) which was

at par with 5 per cent JSWE ( 13.33%). There was less adult
emergence (13.33 - 33.33%) in the treatments. The growth
indices values were very less (0.70 - 1.82) for all the treatments
with highest (5.22) in untreated control.

It has been found that from the provided castor leaf
area (discs) of 16.00 cm2 treated and untreated the
consumption was very less (Table 3) in neem leaf extracts
prepared in water and cow urine (7.00-9.27 cm2) followed
by 10 and 5 per cent JSWE ( 10. 50 & 10.70cm2), 10 per cent
JSCUE (11.17 cm2),  5 per cent JSCUE (12.50 cm2), 5 per cent
CU ( 12.53) and 10 per cent CU (12.60) in comparison to
control ( 15.43cm2) after 24 hr of feeding. The mean larval
weight among the treatments ranged from ( 236.0 - 311.3mg)
while in control it was 346.0 mg. Leaf consumption was
observed very less after 48 hr of feeding on castor leaf discs
treated with neem leaf extracts prepared in water and cow
urine (3.00- 8.60cm2) and feeding stopped after 72 hrs of
treatment on neem leaf extract treated castor leaf discs with
a continuous reduction in weight of larvae in 10 per cent
NLWE ( 133.3mg), 5 per cent NLWE ( 161.0 mg), 10 per cent
NLCUE ( 273.6mg),  5 per cent NLCUE (288.0mg) and 10 per

Table 1. Effect of neem leaf and jatropha seed extracts on growth and developmental behavior of neonate larvae (0-24hr) of
Spodoptera litura

Treatment Concent

- ration 
(%) 

 Larval 

survival 
(%) 

Larval 

period 
(days) 

Pupation 

(%) 

Pupal 

period 
(days) 

Adult emergence 

(%) 

Growth index 

(G.I.) 

5 0.00 (0.00)  0.00 (0.00)- - - - Neem leaf water extract (NLWE) 

10 0.00  
(0.00) 

 0.00 (0.00 - - - 

5 16.67 
( 24.08) 

21.5 0.00 (0.00)  - - - Neem leaf cow urine extract 
(NLCUE) 

  10 13.33 
(21.40) 

21.9 0.00 
(0.00) 

- - - 

5 26.67 
(31.09) 

21.3 26.67 
(31.09) 

9.3 13.33  
(21.40) 

0.42 Jatropha seed water extract 
(JSWE) 

10 33.33 

(35.25) 

20.0 10.00 

(18.44) 

10.0 0.00 

(0.00) 

- 

5 20.00 

(35.67) 

19.0 20.00 

(35.25) 

9.3 20.00  

(35.67) 

0.70 Jatropha seed cow urine extract 

(JSCUE) 
10 10.00 

(18.44) 

20.0 10.00 

(18.44) 

9.3 10.00  

(18.44) 

0.34 

5 40.00 

(39.23) 

17.8 33.33 

(35.25) 

9.3 26.67 

 (31.09) 

0.98 Cow urine (CU) 

10 10.00 

(18.44) 

19.0 10.00 

(18.44) 

9.1 0.00 

(0.00) 

- 

Control (without treatment) - 99.00 
( 84.28) 

14.5 90.00 
 

8.5 90.00 
 (71.57) 

3.91 

CD at 5% 
 

 0.15 
(0.22) 

 0.15 
(3.40) 

0.14 
(0.23) 

0.12  
(0.11)) 
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cent JSWE (389.0mg) in comparison to 10 per cent cow urine
(522.0mg) and control (771.0 mg). On the 4th day (96 hrs) of
feeding a significantly high reduction in the larval weight
was observed in treatments NLWE (10 & 5 %) and NLCUE
(5 % & 10%) which were 78.00, 110.00, 133.66 and 146.00
mg) with 100 per cent larval mortality. The larval weight
was highest (791.00 mg) in control .The reduction in pupal
weight was recorded in JSWE 5 and 10 per cent (144.66 &
172.00 mg) with some deformities in pupal structure,
followed by others (202.00 mg - 221.00 mg) than untreated
control ( 314.66 mg ). The weight of adults were significantly
less (76.00 - 110.00 mg) on treated leaves with no adult
emergence in neem treated leaf discs, whereas adult weight
was higher in untreated control (220.00 mg).

The consumption of leaf discs (pieces) were very less
(Table 4) in 10 per cent NLWE (4.70cm2) followed by same
concentration of NLCUE (5.00cm2) , 5 per cent NLWE
(7.00cm2) and 5 per cent NLCUE (7.27 cm2). The mean leaf
area consumed in JSWE and JSCUE was ranged from 10.5
cm2 to 12.5cm2 with higher feeding on cow urine treated
leaves of 5 per cent (12.60 cm2) and 10 per cent (12.53cm2) in
comparison to control (15.43 cm2).The significantly lowest
mean per cent feeding, (29.38 %) was observed in NLWE
(10%) followed by 31.25, 43.75 and 45.44 per cent in 5 per

cent NLWE, 10 per  cent NLCUE and 5 per cent NLCUE . The
feeding percentage was more in JSWE (66.88 - 65.63%) and
JSCUE (78.31 - 78.75%). The highest feeding ( 96.44%) was in
untreated control.

Similar trend was observed in antifeedant and feeding
inhibition property (Table 4). Based on the leaf area of the
disc consumed under NLWE (10%) and NLCUE (10%), the
feeding inhibition was 53.30 and 51.05 per cent followed by
5 per cent NLWE and NLCUE ( 37.58 & 35.95%). There was
less feeding inhibition in case of other treatments, which
was in the range of 10.10 to 19.01 per cent. In the control, leaf
discs were almost completely eaten (15.43cm2 out of
16.00cm2). The control significantly differed from the
treatments and a significant difference exited among the
treatments. The data on overall mean preference index
showed that none of the plant extracts and cow urine was
found to belong extremely antifeedant category but the
preference indices on neem extracts treated discs were
significantly less, i.e., a strong antifeedant action was noticed
on 10 per cent NLWE ( 0.47) and NLCUE (0.49), whereas 5
per cent NLWE ( 0.62) and NLCUE ( 0.64) showed moderate
antifeedant activity as compared to other treatments viz.,
JSWE (10%), JSWE (5%), JSCUE (10%), JSCUE (5%), CU (10%)
and CU (5%),  where C values were  0.81, 0.81, 0.84, 0.89, 0.89

Table 2. Effect of neem leaf and jatropha seed extracts on growth and developmental behavior of 7 days old larvae of Spodoptera
litura

Treatment Conccent

-ration 
(%) 

Larval 

survival (%) 

Larval 

period 
(days) 

Pupation (%) Pupal 

period 
(days) 

Adult 

emergence (%) 

Growth index 

(G.I.) 

5 -  - - - - Neem leaf water 
extract (NLWE) 10 -  - - - - 

5 16.67 

 

10.0 10.0  

(18.44) 

10.00 0.00 - Neem leaf cow urine 

extract (NLCUE) 
10 10.00 10.5 - - - - 

5 40.00 9.1 13.33 
(21.42) 

9.7 13.33  
(21.41) 

0.709 Jatropha seed water 
extract (JSWE) 

10 33.33 10.6 10.00 (18.44) 9.2 0.00 - 
5 50.00 9.7 46.67 

(43.09) 

9.3 33.33 

(35.26) 

1.754 Jatropha seed cow 

urine extract (JSCUE) 

10 30.00 9.0 26.67 
(31.09) 

9.0 26.67 
(31.09) 

1.481 

5 60.00 8.9 40.00 (39.23) 9.3 26.67 
(31.09) 

1.465 Cow urine (CU) 

10 33.33 9.3 26.67 
(31.09) 

9.0 33.33 
(35.26) 

1.821 

Control - 100.00 7.7 90.0  
(71.57) 

8.0 86.67 
(68.56) 

5.221 

CD at 5% 
 

 0.276 0.202 
(0.22) 

0.27 
(0.22) 

0.14 
(0.15) 

0.15 
(0.14) 
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and 0.90, respectively. The leaf area consumed at the lower
concentration (5%)  was found more than that at the higher
concentration (10%) in all of the treatments, clearly
demonstrate that the tested leaf extracts at their higher
concentrations were having high antifeedant activity. Neem
adversely affects the growth and development of different
insects in a species specific manner by its multifarious
actions like antifeedant, repellants, morphogenetic
variations, oviposition inhibition and sterilant (Immaraju,
1998). Patel and Gajjar (2001) reported that neem leaves
extract at 5 and 10 per cent suspension gave 76.77 and 71.70
per cent larval mortality of S. litura. Cent per cent mortality
was found in larvae fed on neem leaf extract(10 %) treated
leaves after 96 hours of feeding with reduction in leaf area
consumption and larval weight which showed its efficacy

against S. litura. Reports of earlier workers confirm the fact
that the extracts of neem have anti-feedant activity to S. litura.
The neem product and animal origin pesticides were found
effective against S. litura (Purwar and Yadav, 2003) and these
can be used as a component of IPM for the management of S.
litura. Mukherjee and Sharma (1996), recorded a gradual
decrease in larval and pupal weight of S. litura at different
concentrations of Azadirachtin. Mandal and Bhattacharya
(2003) revealed that at the higher level of azadirachtin
showed more pronounced antifeedant effect which resulted
in complete mortality of the larva, while at lower
concentrations mortality was observed during larval molting
and pupal stage.

It can be  concluded from the present findings that due

Table 3. Mean leaf area consumed (MLAC) by 10 days old larvae of Spodoptera litura  of castor leaf dises (16 cm2)treated with
neem leaf and jatropha seed extracts at different time intervals

Table 4. Comparative antifeedant activity of neem leaf and jatropha seed extracts against 10 days old larvae of Spodoptera
litura  on castor leaf pieces ( 16 cm2)

MLAC (cm2)/ 
time interval (hours) 

Initial 
weight of 

larvae 

(mg) 

Mean  larval weight (mg)/ 
time interval (hours)  

                                                                                                                                                                                                                                                                
Treatment 

Conc. 
(%) 

24 48 72 96  24 48 72 96 

Mean 
pupal 
weight 

(mg) 

Mean 
adult 

weight 

(mg) 

5 7.00 7.40 0.00 0.00 207.30 236.00 250.00 161.6 110.0 - - Neem leaf water extract 

(NLWE) 10 4.70 3.00 0.00 0.00 209.30 238.00 242.30 133.33 78.00 - - 
5 7.27 9.36 5.16 0.00 206.30 298.60 314.60 288.0 133.66 - - Neem leaf cow urine  extract 

(NLCUE) 10 5.00 8.60 6.40 0.00 207.30 259.30 315.60 273.6 146.00 - - 
5 10.70 10.86 18.73 9.20 207.30 290.30 391.30 413.6 498.60 144.66 76.00 Jatropha seed water extract 

(JSWE) 10 10.50 9.53 16.00 6.13 208.00 258.00 314.60 389.0 267.00 172.00 100.00 
5 12.50 11.16 18.40 13.10 207.30 276.00 391.50 498.6 556.00 212.00 110.60 Jatropha seed cow urine extract 

(JSCUE) 10 11.17 9.60 10.00 6.13 207.30 298.60 413.30 472.5 522.00 202.00 96.00 
5 12.53 14.13 18.73 20.90 207.30 303.00 449.00 492.0 504.00 202.33 90.00 Cow urine (CU) 

10 12.60 12.26 12.43 19.20 208.60 311.30 465.60 522.0 522.00 221.00 56.00 

Control  15.43 15.86 31.40 25.73 207.70 346.00 609.30 771.0 791.00 314.66 220.00 

CD at 5%  1.734 1.756 6.493 7.82 8.56 56.754 79.701 123.65 80.459 61.518 0.153 

 

Treatment Concentration 
(%) 

MLAC  
( cm2) 

 Feeding 
(%) 

Protection over 
control (%) 

Feeding 
inhibition (%) 

Preference index 

5 7.00 43.75 54.63 37.58 0.62 Neem leaf water extract (NLWE) 
10 4.70 29.38 70.62 53.30 0.47 
5 7.27 45.44 52.88 35.95 0.59 Neem leaf cow urine extract 

(NLCUE) 10 5.00 31.25 68.75 51.05 0.49 

5 10.70 66.88 30.65 18.10 0.81 Jatropha seed water extract 
(JSWE) 10 10.50 65.63 31.95 19.01 0.81 

5 12.50 78.13 18.99 10.49 0.89 Jatropha seed cow urine extract 
(JSCUE) 10 11.17 69.81 27.61 15.43 0.84 

5 12.60 78.75 18.34 10.10 0.89 Cow urine (CU) 

10 12.53 78.31 18.79 10.37 0.90 

Control - 15.43 96.44 - - - 

CD at 5%  0.159 (0.913) 0.960 0.451 0.112  
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to strong antifeedant and growth regulatory activity of neem,
the larvae could not feed properly because of which their
weight got reduced to such an extent that they larvae has
died. In the other treatments antifeedant action was mild,
hence feeding was not much affected but larval and pupal
growth affected. These studies clearly demonstrated the
potential and possibilities of using plant and animal origin
products alone and in combination in IPM strategies for the
control of S. litura in the field crops.
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Bio-efficacy of botanical extracts against cutworm, Agrotis
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ABSTRACT

Efficacy of plants viz., Azadirachta indica L., Sapindus mukorossi L., Melia azedarach L., Urtica diocia L. and Allium
sativum L. extracted in indigenous cow (Bovine sp.) urine and used @ 5 and 10 per cent. These plant extracts were
tested under field conditions to control cutworm, Agrotis segetum, infesting potato crop. All the extracts were effective
in reducing the population of cutworm as well as potato plant damage (%). Minimum  plant damage  (0%) was in the
treatments, A. indica and M. azedarach applied @ 10 per cent.
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  The cutworm, an important (larvae of A. segetum) pest
of potato cut  the tender stalks of young potato plants at  base
or a few centimeters above the ground level during night
time. Sometimes, heavily infested potato fields look as it has
been been grazed and losses during epidemic year cross over
30 per cent (Chaudhary, 1953). In young crops, cutworm
usually damage tender shoots and branches. Thus, The use
of pesticides of plant origin for the control of agricultural
pests has a long history but has assumed greater importance
in recent years due to environmental deterioration and health
hazards associated with the uses of synthetic pesticides.
Botanical pesticides exert a range of behavioral and
physiological effects on the colonization, development,
growth, survival and multiplication of insects (Deshmukh
and Borley, 1975). Cattle urine has been used by the farmers
for the management of pest and diseases as a traditional
method (Banjo et al. 2003). Cow urine acts as germicide and
cow dung provide nutrient to the crops (Srivastava and
Pandey, 2006). Therefore, investigations were carried out to
explore the possibiltiy of new technique, i.e., involving
botanicals for the management of cutworms and results
reported.

MATERIALS AND METHODS

 The field experiments were carried out at Central Potato
Research Institute, Shimla to test the bio-efficacy of botanical
extracts prepared in cow urine for the management of
cutworm, A. segetum during 2010 and 2011.

Preparation of plant extracts: To prepare extracts, neem
(Azadirachta indica) seeds, soapnut (Sapindus mukorossi)

epicarp, darek (Melia azedarach) and garlic (Allium sativum)
bulbs were decorticated and powdered/made paste in a
grinder. Leaves of stinging neetle (Urtica diocia) were dried
in shade for 4-5 days. All the plant parts after shade drying
were dipped in indigenous cow urine separately in tin
containers in the ratio of 1:9 (w/v) for seeds and 1:4 (w/v)
for leaves and kept for 2 weeks for fermentation. Prior to its
application, the extracts were filtered through sieve of 40
mesh size. The filtrate was considered as 100 per cent and
further diluted with water to make the concentration of 5
and 10 per cent.

Field application: The botanical extracts were diluted
in water and applied @ 5 and 10 per cent by drenching
( 3000 l ha-1) near the base of the potato plants in the evening
hours. The indigenous cow urine alone was also mixed in
water @ 100 ml-1 and applied as standard control, whereas
control plots were sprayed with water alone. The experiments
were laid out in Randomized Block Design with plot size of
3 X 2m consisting of  50 plants plot-1.  The potato variety
used was Kufri Jyoti and each treatment replicated thrice.
There were total 4 drenching of treatments at  the interval of
15 days in a season. First application of the extracts was
given when moths (adults of A. segetum) started emerging
out in second week of April. The data on the number of
cutworms plot-1 and damaged potato were collected after
one week of botanical applications. The statistical analysis
of the data was carried out by using M-STAT software after
suitable transformations.

Test for phytotoxicity: Preliminary studies were carried
out to observe phytotoxic effects of botanical extracts in
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plant damage) after 14 days. The number of cutworms and
plant damage were 1.00 and 1.33 per cent at 10 per cent
concentration in the plots treated with S. mukorossi, 2.00 and
4.00 per cent  in U. diocia and 2.67 and 8.67 per cent in A.
sativum, as compared to 4.00 and 10.00 per cent in standard
control. The results are in agreement with Kishore and Mishra
(2001), who also evaluated neem cake for the management
of cutworm, A. ipsilon damaging potato in different agro
climatic zones of India and found that applications of the
neem cake in furrows at planting time reduced the damaged
tubers on number and weight basis  as compared to control.

   In phytotoxicity test, none of the treatments showed
any kind of negative effects on the growth of potato plants.
The treated leaves also not showed any abnormal symptoms.
This is because the doses of botanical extract  prepared in
indigenous cow urine and used in the investigation was not
high. In present investigation, the potato plants were healthy
without any kind of burning or  curling, which is in the line
of work of Puja et al. (2009) as they also not found any
phytotoxic effects of botanical extracts, i.e., neem, stinging
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indigenous cow urine on potato plants  under  the glass
house conditions. All the five plant extracts in cattle urine
were sprayed @ 5 and 10 per cent on one month old potato
plants. The plants were continuously observed for
appearance of toxic symptoms and negative effect on growth.

RESULTS AND DISCUSSION

There was significant reduction in numbers of cutworm
in all the tested botanical extracts after 7 and 14 days of
treatments (Table 1). Minimum numbers of cutworm (0.67 &
0.00 plot-1) and potato plant damage (1.33 & 0.00%) were
recorded at 5 and 10 per cent concentration of M. azedarach
followed by A. indica (1.33 & 0.33 cutworms & 2.00 & 0.00%

nettles and soapnut on potato crop. This technique can be
utilized easily by the farmers and as it proved an effective
tool in the management of cutworm, A. segetum and suiting
well for organic farming.

It can be concluded that the indigenous cow urine
extracts of five botanical plants namely A. indica, M. azedarach,
S. mukorossi, U. diocia and A. sativum proved effective in the
management of cutworm, A. segetum in potato.
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Table 1. Effect of botanical extracts in indigenous cow urine for the management of potato cutworms (Agrotis segetum)
underf field conditions

 *Square root transformed value;  ** arcsine transformed value; DAT= days after treatment

No. of cutworm (plot-1) Plant damage (%) Botanical extract Dose (%) 
 7 DAT 14 DAT Mean 7 DAT 14 DAT Mean 

5 2.00(1.58) * 1.33(1.35) 1.66 2.67(9.40) ** 2.00(8.13) 2.33 Azadirachta indica  

10 0.67(1.08) 0.33(0.91) 0.5 0.33(3.29) 0.00(0) 0.16 
5 1.33(1.35) 0.67(1.08) 1.00 2.00(8.15) 1.33(6.62) 1.67 Melia azedarach 

10 0.67(1.08) 0.00(0.70) 0.33 0.67(4.69) 0.00(0.00) 0.33 
5 2.67(1.78) 2.33(1.68) 2.50 5.33(13.35) 3.33(10.51) 4.33 Sapindus mukorossi 

10 2.33(1.68) 1.00(1.22) 1.66 3.33(16.51) 1.33(6.62) 2.33 
5 3.00(1.87) 2.33(1.68) 2.66 5.33(13.35) 4.67(12.48) 5.00 Utrica diocia 

10 3.00(1.87) 2.00(1.58) 2.13 4.00(11.54) 4.00(11.54) 4.00 

5 3.33(1.95) 3.33(1.95) 3.33 10.00(18.44) 9.33(17.79) 9.67 Allium sativum 

10 3.00 (1.87) 2.67(1.78) 2.83 9.33(17.79) 8.67(17.13) 9.00 
Standard control (urine) - 4.33(2.19) 4.00(2.12) 4.16 11.33(19.67) 10.00(18.44) 10.67 

Control (water) - 5.33(2.14) 6.33(2.16) 5.83 14.67(22.53) 15.33(23.06) 15.00 

 CD (0.05) - 1.16 1.06 - 1.92 1.65 - 
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ABSTRACT

Six commercial salt mixtures (USP-XIV, HMW, BTM, No. 2, McCollum Wesson’s salt mixture) were used
separately in the casein based chemically defined (holodic) diet for maggots and adults of oriental fruit fly, Bactrocera
dorsalis in two different experiments. The diet containing HMW supported the best growth and development of the
maggots.  The pupal formation (65.15%), the weight of the pupae (12.16 mg) and adult emergence (41.66%) were
highest, while average maggot period   was lowest (12.25 days) in the diet with HMW salt.  The next best was
Wesson’s salt mixture. Poor growth and development of maggots was observed in McCollum and BTM salt mixtures.
Quantitative requirement of these four salt mixtures studied, showed that the HMW salt mixture at 150 mg 52.3g-1

diet followed by Wesson’s salt mixture, supported good growth of maggots.  In case of  adult, the absence of salt
mixture from the diet had a profound effect on the oviposition and fertility, although some egg laying was observed.
Without minerals the pre-oviposition period was prolonged, egg laying and egg viability reduced and longevity of
adults shortened.  Improvement of diet was observed by addition of any salt mixture  without  mineral. Among the
salt mixtures, BTM, McCollum and No. 2 showed best longevity, whereas oviposition and egg viability were highest
in BTM.

Key Words: Artificial diet, salt, Bactrocera dorsalis, minerals, maggot growth, reproductive potential.
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A nutritionally complete diet for most insects in axenic
cultures must contain essential amino acids, carbohydrates,
fatty acids, cholesterol, vitamins, several minerals and water.
Insect requirement for dietary sterol is the only proven
difference between insects and mammalian nutritional
requirements. It is now proved that not only carbohydrates,
cholesterol, lipids and vitamins can play a role in growth
and development of insects but it is also the combination
and quantity of minerals that affects normal growth and
development. As minerals are essential for normal growth
and morphogenesis of insects, severe deficiency or excess
may cause striking changes in the metabolism and
development of an insect.  Mineral ions function osmotically
in specific biochemical reactions in maintaining
biopotentials and  establishing membrane excitability. Insects
like vertebrates, require a number of minerals for growth and
development and which can neither be synthesized nor
replaced by any other class of nutrients.  Hence, complex
salt mixtures are essential components of insect diets (House,
1967; Blaine and McEwens, 1984). Bactrocera dorsalis (Hendel)
is a pest of great economic importance and found all over the
world with wide host range. A suitable holidic diet needs to
be developed with all essential mineral nutrients that can

support good growth and reproductive potential of the
insect. This will facilitate in conducting research on the
biochemical basis of resistance of insect pests and other
nutritional studies.  The knowledge on the role of salt
mixtures on growth and reproductive potential will also help
us to apply the mineral nutrition principles in limiting the
population of fruit flies.

MATERIALS AND METHODS

The culture of oriental fruit fly, B. dorsalis was
maintained in the laboratory at 27oC ± 1oC and 70 per cent
RH on fresh fruits (Srivastava, 1975) and adults were fed on
diet of yeast hydrolysate enzyme,  sugar and water. The effecte
of six different salt mixtures (USP-XIV, HMW, BTM, No. 2,
McCollum and Wesson’s salt mixtures at 100 mg 52.3 g-1 of
diet) in the diet was studied on the growth and development
of B. dorsalis. Quantitative requirement of two best and two
least performing salt mixtures were investigated to determine
the optimum concentration for maximum growth and
development.  Different doses viz., 50, 75, 100, 125, 150 and
200 mg 52.3 g-1 diet were taken separately for each salt and
tested for their effect on growth parameters.  Diet without
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any salt mixture was served as control. An artificial diet
developed by Srivastava et al. (1989) was followed to conduct
experiment on maggots. Casein based diet developed by
Srivastava and Anand (1995) for B. cucurbitae was used to
study the reproductive potential of the adult flies. The
efficiency of holidic diet for maggot was assessed on the
basis of the factors like per cent pupae formation, maggot
period, weight of pupae, per cent adult emergence and growth
index. There were six replications. In another experiment,
the effect of individual salt mixture on the reproductive
potential was assessed on the basis of pre-oviposition period,
oviposition period, peak oviposition period, longevity of
female adults, total oviposition, number of ovipositional
peaks, oviposition during peaks and egg viability. This
experiment was replicated thrice. All the data were analysed
by using AgRes software, 3.01 version and the values with
percentage were transformed (Arc sin ) before statistical
analysis.

RESULTS AND DISCUSSION

Effect  on growth and development of maggots

The pupal percentage (65.15), adult emergence (41.66
%) and pupal weight (12.16 mg) were high in the diet
containing HMW salt mixture (Table. 1). The next best
performing salt was Wesson’s salt mixture.  Except the weight
of pupae, the remaining parameters were at par in these salt
mixtures.  The weight of pupae was about 6 per cent less
(11.52mg) in Wesson’s mixture as compared to HMW (12.16
mg). No significant difference was found in pupal formation
of other four salts.  The average maggot period was lowest
in the HMW (12.25 days) followed by Wesson’s (13.03 days)
and was longest  in McCollum (16.09 days), which was at
par with BTM (14.79 days).  The growth was best in the diet

containing HMW as indicated by index (5.38) followed by
Wesson’s (4.73), while it was least growth in BTM (2.14) and
McCollumn (1.86). Gupta and Anand (1994) found that
HMW salt mixture best suited for growth and development
of melon fruit fly, B. cucurbitae at 100 mg 52.3 g-1 diet, which
is almost similar to present findings.

Impact of salt mixtures doses on the growth and
development

Effecive salt mixtures were further investigated on
development of maggots by changing their quantities in the
diet.

Maggot period: Maggot period was shortest (11.80 days) in
diet having 150 mg of HMW salt mixture followed by 125
mg (12.86 days). In 50, 75 and 100 mg of salt mixture maggot
period recorded was 14.88, 14.38 and 14.25 days,
respectively.   It further increased (15.50 days) in 200 mg
HMW salt although, difference was non-significant (Table
2). In case of Wesson’s salt mixture shortest maggot period
(12.57) was at 150 mg followed by 125 mg (Table 3). In the
remaining concentrations, maggot period was extended from
15.08 days (100 mg) to 16.33 days (200 mg). In diet with
Wesson’s salt mixture at 150 mg the maggot period was
higher as compared to 150 mg of HMW salt but was
statistically at par.  In BTM, lowest maggot period was
observed at 200 mg (14.60 days) concentration. At 150 mg
concentration average maggot period was 14.80 days which
prolonged in other lower concentrations (Table 4). In
McCollum salt mixture the maggot period was very high
(17.0 - 22.0 days) in all the concentrations (Table 5).

Pupal percentage and weight : The highest pupal percentage
(85.15) was recorded in 150 mg HMW salt mixture.  When

 
Treatment 

(100mg diet-1) 

Average maggot 

period 
(days) 

Average  weight of 

pupae 
(mg) 

Average pupa 

formation (%) 

Average  

adult emergence 
(%)) 

Average  

growth 
index 

McCollum 16.09 9.07 33.21 (30.00) 19.95 (11.65) 1.86 

USPXIV 13.48 11.33 39.23 (40.00) 25.35 (18.33) 3.09 
Wesson’s 13.03 11.52 48.53 (56.15) 34.23 (31.25) 4.73 

No. 2 13.67 10.46 38.35 (38.50) 24.08 (16.65) 2.82 
HMW 12.25 12.16 53.82 (65.15) 40.20 (41.66) 5.38 

BTM 14.79 9.21 34.24 (31.65) 21.38 (13.30) 2.14 

Control 0.00 0.00 0.35 (0.00) 0.35 (0.00) 0.00 

C D at 5% 1.40 1.41 6.07 5.51 0.39 

Table 1. Effect of different salt mixtures on the growth and development of Bactrocera dorsalis  in the holodic diet

Figures in the parenthesis are transformed to angle = Arc sinÖ percentage.
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the salt concentration was less (50 mg), the pupal formation
was low (21.66) and steadily increased with increase in
concentration of salt mixture except in 150 mg (Table 2).  In
Wesson’s salt, the highest (76.20) pupal formation was
recorded in 150 mg which was lower than HMW at same

lower than the HMW salt at the same concentration.  It was
followed by 125, 75, 50, 200 and 100 mg. The overall average
weight of pupa was statistically significant in this salt (Table
3).  In BTM (Table 4)  it was high (11.97mg) in 50 mg followed
by 200 mg (10.64 mg) .  In McCollum salt mixture, the pupal

HMW salt 

concentration  
(mg diet-1) 

Average  maggot 

period(days) 

Average pupae  

weight (mg) 

Average pupation 

(%) 

Average adult 

emergence(%) 

Average 

growth index 

50 14.88b 10.12b 27.73d(21.66) 24.09d(16.66) 1.46e 

75 14.38b 7.33bc 36.27c (35.00) 26.57c(20.00) 2.43d 

100 14.25b 11.98b 49.78b(58.33) 35.25b(33.30) 4.09c 

125 12.86b 11.66b 50.76b(60.00) 36.27b(35.00) 4.67b 

150 11.80b 12.95a 67.23a (85.15) 52.75a(63.33) 7.21a 

200 15.50b 11.26b 22.78d(15.00) 18.44d(10.00) 0.96f 

Control 0.00a 0.00c 0.35e(0.00) 0.35e(0.00) 0.00g 

C D at 5% 5.23 5.26 7.18 7.10 0.38 

 

Table 2. Effect of different doses of HMW salt mixture on the growth and development of Bactrocera  dorsalis  in the holodic diet

Table 3. Effect of different doses of Wesson’s salt mixture on growth and development of Bactrocera dorsalis in the holodic diet

concentration and was followed by 125, 100, 75, 125, 50 and
200 mg (Table 3). In BTM, the average pupal formation at
100 mg and 125mg was high, i.e., 33.33 and 28.30 per cent
(Table 4). These are  statistically non-significant. In
McCollum, pupal formation was high (31.66 %) in 100 mg
concentration .

       The average weight of the pupae was highest (12.95
mg) in the diet with 150 mg HMW salt followed by 100 mg
(11.98mg) and 125 mg (11.66). The average pupal weight
was lowest in 75 mg HMW salt (Table 2). In Wesson’s,
average weight of pupae at 150 mg was 11.67 mg, which is

weight was highest (8.61mg) at 100 mg concentration but
found lowest (3.95 mg) at 150mg concentration (Table 5).

Adult emergence and growth index : The percentage of adult
emergence was highest in HMW in diet with 150 mg salt
(52.75) followed by Wesson’s, 48.88 at 150mg concentration
but no adult emergence was observed in this salt at 200 mg
concentration (Table 3).  In BTM and McCollum salt mixtures,
maximum adult emergence was recorded in treatment with
100 mg salt (Table 4). No adult emergence was recorded in
McCollum salt at 200 mg concentration (Table 5). Based on
growth index, 150 mg  of HMW (7.21) is the best concentration

Figures in parathesis are transformed angle values (Arc sin  percentage)

Figures in paranthesis are transformed angle value (Arc sin  percentage)

Wesson's salt 

concentration  
(mg diet-1) 

Average  maggot 

period(days) 

Average pupae  

weight (mg) 

Average pupation 

(%) 

Average adult 

emergence(%) 

Average 

growth index 

50 15.67b 8.35b 25.35d(18.33)) 22.78c (15.00) 1.17d 

75 15.61b 8.93b 34.24c(31.67) 25.33bc(18.33) 2.02c 
100 15.08b 6.58b 45.95b(51.66) 32.16b (28.33) 3.43b 

125 13.83b 10.70b 47.87b(55.00) 33.21b(30.00) 3.97b 
150 12.57b 11.67a 61.35a(76.20) 48.80a (56.70) 6.06a 

200 16.33b 7.77b 24.09d(16.66) 0.35d (0.00) 1.02d 

Control 0.00a 0.00c 0.35e(0.00) 0.35d (0.00) 0.00e 

C D at 5% 4.70 4.64 8.43 7.51 0.53 
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Table 5. Effect of Mc Collum salt mixture doses on growth and development of Bactrocera dorsalis in the holodic diet

Figures in the parenthesis are transformed  angle values (Arc sin percentage)

Table 4. Effect of different doses of BTM salt mixture on growth and development of Bactrocera dorsalis in the holodic diet.

Figure in paranthesis are transformed angle values (Arc sin percentage)

to support high growth.  It is significantly different from
others.  It was followed by 125 (4.67), 100 (4.09), 75 (2.43)
and 50mg (1.46). Growth and development was low (Table
2) in 200 mg (0.96). Our results are in accordance with Gupta
and Anand (1994), who  found that in B. cucurbitae maggots
overall growth and development was maximum in the diet
with HMW salt mixture but at 100 mg concentration. In
Wesson’s, it was observed that 150 g (6.06) supported high
growth on the basis of its index, followed by 125 (3.97), 100
(3.43), 75 (2.09), 50  (1.17) and 200 (1.02) mg. In case of BTM
salt mixture the growth index indicates that the development
of maggots was comparatively better in 100 mg (1.99) closely
followed by 125 mg (1.85) concentration. Unlike the HMW
and Wesson’s salt mixtures, where the 150 mg concentration
was supported high growth and development, BTM salt
mixture had not supported high growth and development
(Table 4). In McCollum, the growth index clearly showed its
poor performance among other. When all the parameters

were taken into consideration, it was found that the best
suited salt mixture is HMW salt mixture at 150 mg per 52.3 g
diet. Pant and Gupta (1984) found that the diet containing
USP IV, salt mixture No. 2 with Mn and Zn in the ratio of 2:1
were superior to all the diets in terms of growth and
development of cotton jassid.

Effect of  salt mixtures on  reproductive potential

Egg laying was observed in the absence of salt mixture
in adult diet but the preoviposition period prolonged, life
span shortened, fecundity reduced and the egg viability at
peaks was reduced.  The effect of different salt mixtures on
the various parameters of reproduction is given below:

Longevity : The flies lived more when fed on diet with BTM
salt mixture (106.15 days) followed by McCollum (99.08 days)
and No. 2 (96.49 days). BTM and McCollum salt mixtures
were statistically at par with each other and significant at

BTM salt 

concentration  
(mg diet-1) 

Average  maggot 

period(days) 

Average pupae  

weight (mg) 

Average pupation 

(%) 

Average adult 

emergence(%) 

Average 

growth index 

50 15.35 b 11.97 a 21.41 b(13.33) 12.92b(5.00) 0.87 e 

75 16.25 b 10.40 a 25.35 b(18.33) 14.96b(6.66) 1.13c 
100 16.67 b 8.60 a 35.25a(33.33) 22.79a(15.00) 1.99a 

125 15.46 b 9.78 a 32.14a(28.30) 21.41a(13.33) 1.83b 
150 14.80 b 10.29 a 22.78 b(15.00) 16.78bc(8.33) 1.02d 

200 14.60 b 10.64 a 24.08 b(16.65) 10.51bc(3.33) 1.13c 

Control 0.00 a 0.00b 0.35c(0.00) 0.35c(0.00) 0.00 f 

C D at 5% 8.25 8.48 6.05 8.34 0.08 

 

McCollum salt 

concentration  
(mg diet-1) 

Average  maggot 

period(days) 

Average pupae  

weight (mg) 

Average pupation 

(%) 

Average adult 

emergence(%) 

Average 

growth index 

50 18.63 b 5.50 a 19.67b(11.33) 12.92 bc(5.00) 0.61 c 

75 20.80 b 7.00 a 21.41b(13.33) 14.96b(6.66) 0.64 c 
100 21.92 b 8.61 a 34.24a(31.66) 21.41a(13.33) 1.44b 

125 17.00 b 6.00 a 32.14a(28.30) 19.67ab(11.33) 1.66a 
150 17.70 b 3.95 a 18.44bc(10.00) 10.51 bc(3.33) 0.56 c 

200 22.00b 6.33 a 12.92 c(5.00) 0.35c(0.00) 0.23 d 

Control 0.00a 0.00 b 0.35 d(0.00) 0.477c(0.00) 0.00 e 

C D 5% 11.73 8.60 5.89 7.65 0.18 
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5% level (Table. 5). In USP, the longevity was 83.66 days.
The longevity of flies was even less than control (69.58 days)
in Wesson’s salt mixture.

Pre-oviposition and oviposition periods :  The average pre-
oviposition period in salt mixtures USP XIV, HMW, BTM,
No. 2, Wesson’s and McCollum  was 5.00, 5.33, 5.33, 5.66,
5.00 and 5.66 days but did not different significantly from
each other. In case of diet without salt mixture, the average
pre-oviposition period was longer  8.3 days (Table 6). The
oviposition period in case of diet with BTM salt mixture was
longest (90.66 days) followed by McCollum and No. 2 where
the oviposition period was 83.00 and 82.66 days,
respectively.  These two were at par with each other.  In USP
XIV salt mixture the oviposition period was 71.66 days.  In
HMW and Wesson’s salt mixtures, the oviposition period
was 56.66 and 47.66 days which were shorter as compared
to the control (60.33 days). The effect of minerals on the
reproductive potential of B. cucurbitae Coquillett was studied
by Kaur and Srivastava  (1995). They observed that the
absence of minerals in adult diet, the oviposition period,
longevity, egg-deposition, number of ovipositional peaks and
egg viability were drastically reduced to 34.00 days, 24.70
days, 2987.70, 4.33  and 21.13 per cent,  leading to a
considerable reduction in the reproductive potential of the
melon fruit fly.

Fecundity : The shortest peak oviposition period was
observed in MC Collum (13.00 days) followed by Wesson’s
salt mixture (13.66 days) and control (14.33 days).  The longer
peak oviposition period was observed in HMW salt mixture
(23.34 days) followed by USP XIV (20.66days) and BTM (18.66
days).  USP XIV and BTM were statistically at par with each

other. Number of oviposition peaks was high in BTM (12.33)
and No. 2 (12.00) salt mixtures (Table 6).  These two are at
par with each other.  The next positions were occupied by
McCollum (10.66) and USP XIV (9.33) salt mixtures. Number
of oviposition peak was less in HMW (6.66) and Wesson’s
(4.33) which is lower than the control. It has been reported
earlier that the salt mixtures No. 2 and 185 showed best
effect on longevity, fecundity and fertility.  USPXIV and HMW
salt mixture showed a decrease in oviposition, longevity and
fertility of the flies.  The diet with Wesson’s salt mixture had
an adverse effect on the reproduction  (Gupta and Anand,
2001), which is in line of the present findings. The maximum
oviposition (Table 6) was observed in the diet with BTM salt
mixture (4224.67) which is significantly different from other
salt mixtures followed by HMV (3380.67), McCollum
(2302.00) and USP XIV  (2223.00).  The oviposition during
peak was highest (1719.00) in the diet with BTM followed by
No.2 (1357.33), USP XIV (1284), McCollum (1175.33), HMW
(814.33) and Wesson’s (670.66). Among the salt mixtures,
No. 2 and 185 showed the best effect on longevity, fecundity
and fertility.  USP-XIV and HMW mixture showed a decrease
in oviposition, longevity, and fertility of the flies (Gupta and
Anand, 2001).

Fertility : The percentage egg viability was highest (95.00%)
in BTM followed by McCollum (92.00%) and  No. 2  (90.66%).
It was 88.33 per cent in HMW (Table 6).

The effect of six commercial salt mixtures (USP-XIV,
HMW, BTM, No.2, 185 and Wesson’s) on the various
parameters of reproductive potential of D. cucurbitae was
observed.  Treatment without salt mixture from the diet had
a profound effect on the oviposition and fertility.  The pre-

Table 6. Effect of different salt mixtures on the reproductive potential of Bactrocera dorsalis

Figures in the parenthesis are transformed to angle values (Arc sin   percentage)

Salt mixture 

 

Average  

oviposition 
peaks 

Average 

oviposition  
during 

peaks (10 
females-1) 

Average 

oviposition 
( 10 

females-1) 

Average egg 

viability 
(%) 

Pre-

oviposition 
period 

(days) 

Average 

oviposition 
period 

(days) 

Average 

peak 
oviposition 

period 
(days) 

Average 

longevity 
(days) 

USP - XIV  9.33 1284.00 2223.00 60.02 (75.33) 5.00 71.66 20.66 83.66 

HMW  6.66   814.33 3380.67 69.73 (88.33) 5.33 56.66 23.24 80.33 
BTM 12.33 1719.00 4224.67 77.08 (95.00) 5.33 90.66 18.66 106.15 

No. 2 12.00 1357.33 1752.33 71.57(90.66) 5.66 82.66 15.00 96.49 
McCollum 10.66 1175.33 2302.00 73.57 (92.00) 5.66 83.00 13.00 99.08 

Wesson’s   4.33   670.66 1896.33 50.76 (60.66) 5.00 47.66 13.66 69.58 

Control (No salt)   5.66   562.33 1344.67 56.17 (69.00) 8.33 60.33 14.33 74.26 

C D at 5% 1.48 260.17 1318.30 9.37 1.08 3.17 3.42 2.98 
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oviposition period was prolonged, egg laying was reduced,
life shortened and the egg viability was drastically reduced
(Gupta and Anand, 2001).  Martel (1998) suggested that it is
not possible to make broad generalizations about the impacts
of individual minerals on the fecundity of insect herbivores,
as other nutrients and defensive components of the diet
modify their effects and responses. Our findings are in
accordance with Silva et al. (2005), as they suggested that
insects need considerable amounts of potassium,
phosphorous and magnesium in their diets, where as little
calcium, sodium and chloride are required. The above
furnished research findings substantiate the importance of
mineral salts in relation to growth and development of
maggots and reproduction  ability of adult flies especially in
the species which carry insufficient reserves of salts into the
adult stage.  B. dorsalis adults require a dietary source of
minerals probably due to the same reason. HMW was found
the best salt mixture for maggot development, however,
Wesson’s salt which was second best can be utilized in place
of HMW, if needed. HMW has quantitatively more of
carbonate salts and probably carbonates present in the HMW
salt mixture may be getting converted to bicarbonate ion
leading to better buffering action in the haemolymph resulted
in enhancing the growth of maggots as evident by higher
growth index. The BTM mixture supported reproductive
potential of the pest attributing to its utility in adult diet.

It cab be inferred from the present findings that the
addition of salt mixtures in holidic diet is essential for better
growth, development and reproduction capacity of Bactrocera
dorsalis (oriental fruit fly).
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ABSTRACT

The efficacy of eight different new molecules and boipesticides were tested against tobacco cut worm, Spodoptera
litura (Fabricius) at Agricultural College, Shimoga, Karnataka. Spinosad showed highest mortality (94.09%) followed
by fluebendiamide (87.37%) after 2 days of application. Spinosad had better control of larval population (100.00%)
within seven days. Fluebendiamide also had cent per cent control of larval population application. The biopesticides,
viz., BtDipel, SlNPV, Nomuraea rileyi and NSKE were also effective in controlling the pest and recorded significantly
lower larval population (0.02 - 0.73 larvae plant-1) as compared to control (3.06 plant-1).
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India is the third largest producer of tobacco in the
world after China and Brazil. Around 0.25 per cent of India’s
cultivated land is used for tobacco production. Karnataka is
the third largest tobacco growing State in the country. But its
productivity of tobacco is lowest because of several biotic
and abiotic factors. Among the biotic factors, cut worm,
Spodoptera litura (Lepidoptera: Noctuidae) is an important
pest on tobacco causing serious damage by defoliation (Zhou
et al. 2007). It is a polyhagous pest, damaging numerous
crops in India and many other countries (Shivayogeshwara
et al. 1991) and has been reported to damage more than 112
species of plants belonging to 44 families, of which 40 species
are known from India (Chari and Patel, 1983). Cultivation of
the crop in large areas with a sole dependence on insecticides
at various doses leads to development of resistance to the
pest. Feeding on tobacco or with nicotine added to the diet,
the larvae became more tolerant to insecticides, especially to
phoxim and emamectin benzoate (Xue et al. 2010). It has
become resistant to many commonly used insecticides,
particularly pyrethroids and carbamates, resulting in failure
of effective control (Kranthi et al.  2002; Ahmad et al.  2007). In
the present study efficacy of different new molecules and
biopesticides were tested against cut worm and results
obtained are reported.

MATERIALS AND METHODS

A field experiment was carried out during Kharif  2011-
2012 at ZARS, Shimoga, to assess the efficacy of different
biopesticides/ insecticides against tobacco cut worm. The
field experiment was conducted under Randomized Block
Design (RBD) using A-145 variety of  chewing  tobacco   with

three replications and nine treatments including control. The
plot size was 2.4 X 4.2m. The transplanting was done on
16th July, 2011 with a spacing of 60 X 40cm.  All agronomic
practices were followed as per the package of practices except
plant protection measures recommended by UAS, Bangalore.
Observations were recorded on the larval population of cut
worm on leaves of 5 selected plants from each plot. Population
of larvae was recorded at one day prior to treatment and
second, seventh and 15th day after application of treatments.
All the data were subjected to statistical analysis.

RESULTS AND DISCUSSION

The mean number of larvae present (plant-1) before
biopesticide and chemical application ranged from 1.33 to
2.53 (Table 1) and there was no significant difference in the
larval population. Two days after treatment the average
larval population ranged from 0.13 to 2.8 per plant. Spinosad
had lowest larval population (0.13 larva plant-1) followed
by flubendiamide (0.26) and chlorpyriphos (0.33). In case of
biopesticides, Nomuraea rileyi and SlNPV the larval
population was 0.5 plant-1, where as in novaluron and Bt
(Dipel) the population were 0.53 and 0.6 plant-1. Larval
population was higher (1.73 plant-1) in NSKE. However, all
the treatments were significantly superior than control (2.8
plant-1). Two days after application of biopesticids and
insecticides, the reduction in larval population ranged from
21.36 to 94.09 per cent with maximum (94.09%) in spinosad
followed by flubendiamide (87.37%). In standard check,
chlorpyriphos it was 78.84 per cent.

Seven days after application the larval population
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ranged from 0.0 to 3.66. All the treatments were statistically
superior over control (Table 1). Spinosad was significantly
superior to all other treatments by recording nil larval
population followed by flubendiamide(0.06 plant-1), SlNPV
(0.33 plant-1), chlorpyriphos (0.40 plant-1) and Nomuraea
rileyi (0.40 plant-1) which were at par to each other. The next
better treatments, having lower larval population were
novaluron (0.46 plant-1), BtDipel (0.46 plant-1) and NSKE
(0.93 plant-1). Reduction of Spodoptera  in plots treated with
spinosad was 100.00 per cent after 7 days followed by
flubendiamide (97.08%). The other treatments succeeding
the above were novaluron (79.64%), BtDipel (79.09%) and
Nomuraea rileyi (78.94%). The minimum larval reduction was
in NSKE (57.72%).

Fifteen days after treatment, the larval population
ranged from 0.0 to 3.06 (Table 1). All the treatments were
significantly superior over control (3.06 plant-1). The
treatments spinosad and flubendiamide was significantly
superior to all other treatments by recording nil larval
population per plant. Novaluron,  SlNPV  and  chlorpyriphos

had lower population (0.2 plant-1), which were at par with
treatments Nomuraea rileyi  and BtDipel (0.33 plant-1).
Reduction in larval population of Spodoptera was cent per
cent in plots treated with spinosad and flubendiamide after
15 days of treatment. Next better treatment were novaluron
(91.15%), chlorpyriphos (87.17%), BtDipel (85.00%), SlNPV
(84.96%) and Nomuraea rileyi (82.63%). The minimum
reduction was in NSKE (66.81%).

Similar to present findings, Stanley et al. (2006) also
reported that S. litura was highly susceptible to spinosad.
Similarly, Narayanamma et al. (2010) reported superiority of
spinosad and indoxacarb over other treatments against both
defoliaters and capsule borers in case of castor. Joshi and
Patel (2011) stated that the spinosad (0.01%) was the most
effective against the cut worm on soybean,  which is in  line
of  present findings. Tatagar et al. (2009) reported that the
flubendiamide suppressed all the population of S. Litura.
The results reported earlier on chlorpyriphos (Dhandapani,
1994; 1992; Sitaramaiah et al. 2001; Ahmed et al.
2004; Mutkule et al. 2009; Khan et al. 2011),  NSKE

Table 1 . Efficacy of biopesticides and new molecules on cut worm, S. litura in chewing tobacco

Figures in the parenthesis are x+0.5 transformed values; means in the same column showing similar alphabets are non-significant; NS- non
significant; PTC- Pre-treatment count; DAT = Days after treatment

No. of larvae plant-1 
Larval reduction (%) 

Biopesticide/ 

New molecule 
PTC 2  DAT 7 DAT 15 DAT 2 DAT 7 DAT 15 DAT 

Novaluron 10EC 
2.26  

(1.65)a 

0.53  

(1.00)cd 

0.46  

(0.97)bc 

0.20  

(0.83)c 
76.54 79.64 91.15 

Flubendiamide 480SC 
2.06  

(1.60)a 
0.26  

(0.86)de 
0.06  

(0.75)cd 

0.00 
 

(0.70)c 
87.37 97.08 100 

Nomuraea rileyi 

(1.2X109 spores ml-1) 
1.90  

(1.54)a 

0.50  

(0.99)cd 

0.40  

(0.94)bcd 

0.33  

(0.90)bc 
73.68 78.94 82.63 

Spinosad 45 SC 
2.20  

(1.59)a 
0.13  

(0.78)e 

0.00 
 

(0.70)d 

0.00  
(0.70)c 

94.09 100 100 

SlNPV 250LE 
1.33  

(1.30)a 

0.50  

(0.90)cde 

0.33  

(0.91)cd 

0.20    

(0.83)c 
62.40 75.18 84.96 

NSKE (2%) 
2.20  

(1.64)a 

1.73  

(1.49)b 

0.93  

(1.18)b 

0.73   

(1.10)b 
21.36 57.72 66.81 

Chlorpyriphos 20EC 
1.56  

(1.43)a 
0.33  

(0.91)cde 
0.40  

(0.94)bcd 

0.20 
 

(0.83)c 

78.84 74.35 87.17 

Bt Dipel (17600IU mg-1) 
2.20  

(1.63)a 

0.60  

(1.04)c 

0.46  

(0.98)bc 

0.33   

(0.91)bc 
72.72 79.09 85.00 

Control 
2.53  

(1.73)a 

2.80  

(1.81)a 

3.66  

(2.02)a 

3.06   

(1.87)a 
- - - 

CD (p = 0.05) NS 0.17 0.26 0.22 - - - 
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(Ramaprasad, 1989; Murthy et al. 1989) and  SINPV (Nathan
and Kalaivani 2006) are in close agreement with present
findings.

It can be  inferred from the present findings that
spinosad and flulendiamide had better control ability of
Spodoptera litura on chewing tabacoo and can be
recommedded against  the pest.
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ABSTRACT

Effect of host plants on the different stages of Hymenis recurvalis (Fabricius) was studied under ambient condition. The
larval and pupal period differred with respect to host plant. The total larval period on different test food plants
differed significantly in different amaranths cultivars viz., PRA-1, PRA-2, PRA-3, Subharna and Anna Purna. Maximum
larval period was registered on PRA-3 (14.40 days) followed by PRA-2 (14.00 days) and minimum in PRA-1 (13.12
days). The larvae gained maximum weight and length (29 mg & 12.4 mm) by feeding on PRA-1, followed by PRA-
3 (23.0 mg & 9.9 mm), while it was minimum on Anna Purna (11.0 mg & 5.5 mm). Besides amaranths cultivars,  other
tested host plants such as Chenopodium sp., french bean and soybean also deferred in respect to larval development.
The larval period was maximum (26.67 days) on soybean followed by french bean (19.12 days) and Chenopodium sp.
(17.98 days).

Key words: Hymenia recurvalis, host plants, growth, development.
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Amaranthus leaf webber Hymenis recurvalis (Fabricus)
is a polyphagus pest. In India, the pest is found on all the
Amaranthus spp., A. gangeticus, A. mangostanus, A. cruentatus
and A. dubius show a fairly high attack. Other recorded host
plants include Trienthema monogyna, silver beet, sugar beet,
marigold, urgul (Beta vulgaris), mung, soybean, Coleus
parviflorus, Celosia cristata, Digera arvensis, Gomphrena
celonoides, spinach, melon, french been, ridge gourd (Luffa
acutangula) and various grasses. Besides this, it has also been
recorded from Alfa  sp. The caterpillars feed on the epidermis
and palisade tissues of the leaves and webbed with silvery
thread. Some times two-three adjacent leaves are also tied
up together and the caterpillars feed from inside. Very often
the whole of the inner content of the webbed leaves are eaten
away and replenished with excreta of the pest (Bhattacherjee
and Menon, 1964). The leaves are the carbohydrates
synthesizing organ of the plants. They are necessary for the
interception of light energy and transformation to growth
and yield via photosynthesis. The leaves are source of
nitrogen for fruiting, mobilizing it and redistributing in to
the plants. Thus, leaf damage impaire food production
resulting in death of plants (Martin et al. 2003). In India, it is
of common occurence throughout the year particularly
during the warmer and rainy months  and in Uttarakhand,
it is distributed from foot hills to very high elevation. It has
attained the status of key pest in the recent years, causing
immense damage to the amaranthus crop particularly in

Uttarakhand. The present studies provide information about
the effect of host plants and its relationship with this pest.

MATERIALS AND METHODS

The comparative biology of H. recurvalis was studied
on different host plants viz., amaranthus (PRA-1, PRA-2,
PRA-3, Anna Purna & Shubhrna), soybean, french bean and
Chenopodium sp. during Kharif season under laboratory
conditions. The amaranthus cultivar PRA-I was used as
standard host. Full grown caterpillars were collected from
amaranthus field and released in seprate plastic containers
with perforated lid (10 cm dia x 15 cm high) contains basal
layer of sand (5 cm thick) for pupation. The sand was kept
slightly wet. Newly emerged adults (male & female) were
kept in rearing cages containing amaranthus plants. Cotton
swabs soaked with 10 per cent sugar solution were kept
hanging from the top, which were changed every morning.
The newly laid eggs were transferred with the help of a moist
camel hair brush to respective host leaves placed on moist
filter paper in petridishes (13 cm dia). The pre and post -
weight and length of every larval instar were measured with
the help of electronic balance and micrometer. The effect of
host plants on larval period, pupal period, percentage
pupation and adult longevity (male &  female) were observed.
Growth index, larval, pupal and survival index and standard
deviation were calculated by the fallowing formulae:
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RESULTS AND DISCUSSION

Maximum larval period (Table 1) was registered in
PRA-3 (14.42 days) followed by PRA-2 (14.00 days) and
minimum in PRA-1 (13.12 days). Besides amaranths
cultivars, the larval period was highist (26.67 days) on
soybean followed by french bean (19.12 days) and
Chenopodium sp. (17.98 days). It has been reported earlier
that the total larval period varies from 12 to 15 days
(Bhattacherjee and Menon, 1964; Singh, 1970; Sharma, 1985;
Singh and Mishra, 2002). Martin et al. (2003) observed the
total larval period in the range of 13 to 16 days, while   French
(2006) stated that the larval period persisted from 10 to 15
days. Similarly, the maximum pupal period recorded on
Anna Purna (11.72 days) followed by Subharna (10.42 days)
and minimum on PRA-1 (8.12 days). On the other hosts, the
total pupal period was maximum (18.81 days) on soybean
followed by french bean (16.12 days) and Chenopodium sp.
(14.52 days).

The larvae gained maximum weight and length (29 mg
& 12.4 mm) in the form of total difference (Table 2) by feeding
on PRA-1 followed by PRA-3 (23 mg & 9.9 mm) and minimum
on Anna Purna (11 mg & 5.5 mm). It is also evident that the

weight and length gained by the larvae fed on Chenopodium
sp., french bean and soybean was negligible in comparison
to amaranths cultivars (Table 2). These studies showed
conformity with the observations made by Bhattacherjee and
Menon (1964) and Singh (1970), who observed the total pupal
period of 8 to 11 days, while Singh and Mishra (2002), Martin

(i)
Percentage pupation

Growth index(GI)=
Larval period

(ii)

(iii)

(iv) [ ]
2

x (an observation) (mean)
Standarddeviation

n (number of observations)

- m
=

Table 1. Effect of different food plants (host)  on growth
and development of Hymenis recurvalis

Name of test host Larval 
period 
(days) 

Pupal 
period 
(days) 

Pupation 
(%) 

Survival 
(%) 

Amaranthus var. PRA1 13.12 8.12 91.67 93.33 
Amaranthus var. PRA2 14.00 9.00 89.33 89.34 
Amaranthus var. PRA3 14.42 8.92 88.00 88.67 

Amranthus   var. 
Subharna 

13.91 10.42 86.67 85.0 

Amaranthus var. Anna  
Purna 

13.18 11.72 87.67 88.00 

Chenopodium sp. 17.98 14.52 75.00 68.33 

French bean 19.12 16.12 63.33 58.33 
Soybean 26.67 18.81 45.00 40.12 

CD at 5% 0.77 0.47 1.44 1.01 

 

Table 2. Effect of different host plants (feed) on the dimensions (weight  & length) of different larval instars of Hymenis
recurvalis

Difference in growth of  larvae (instar) 

I II III IV 

Total difference Name of host 

Weight 
(mg) 

Lenght 
(mm) 

Weight 
(mg) 

Lenght 
(mm) 

Weight 
(mg) 

Lenght 
(mm) 

Weight 
(mg) 

Lenght 
(mm) 

Weight 
(mg) 

Length 
(mm) 

Amaranthus var. PRA-1 +6.0 +2.1 +5.0 +7.0 +6.0 +6.0 +6.0 +9.0 +29 +12.4 

Amaranthus var. PRA-2 +5.0 +1.5 +7.0 +6.0 +6.0 +6.0 +6.0 +4.0 +27 +06.7 
Amaranthus var. PRA-3 +7.0 +1.1 +5.0 +3.0 +4.0 +5.0 +7.0 +8.0 +23 +9.9 
Amaranthus var. Subharna +6.0 +1.0 +2.0 +2.0 +2.0 +4.0 +5.0 +4.0 +15 +5.6 
Amaranthus var. Anna 
Purna 

+2.0 +8.0 +3.0 +3.0 +3.0 +4.0 +3.0 +4.0 +11 +5.5 

Chenopodium sp. +2.0 +9.0 +1.0 +3.0 +2.0 +3.0 +2.0 +3.0 +07 +4.5 
French bean +3.0 +9.0 +1.0 +1.0 +1.0 +2.0 +2.0 +3.0 +07 +4.5 
Soybean -- - -- -- +1.0 +1.0 +1.0 +2.0 +02 +2.3 

 

hosttesttheon)days(pupalMeanhostdardtanson)days(periodlarvalMean

hostdardtanson)days(periodpupalMeanhostdardtanson)days(periodlarvalMean
periodpupalLarval






hostdardtanstheonlarvaeofnumbersamethefromemergedadultsofnumberThe

hosttesttheonlarvaofnumbersamethefromemergedadultsofnumberThe
indexSurvival 
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et al. (2003) and French (2006) reported the pupal period
range of 6 to 15 days. The total survivality rate was maximum
(93.33 %) on PRA-1 followed by PRA-2 (89.34 %) and
minimum on Subharna (85.0 %). It was less on Chenopodium
sp. (68.33%), french bean (58.33%) and soybean (40.12) in
comparison to amaranthus cultivars (Table 1). The larval-
pupal index and survival index of the pest were highest on
amaranthus cultival PRA-1 (1.0 & 1.0) , while growth index
was highest on cultivar Anna Purna (4.0). These indexes
were lower in case of other hosts (Table 3).

Table 3. Growth index values of Hymenis recurvalis on
different host plants (feed)

Name of host Growth 
index 

Larval 
pupal index 

Survival 
index 

Amaranthus var. PRA-1 3.96 1.0 1.0 
Amaranthus var. PRA-2 3.47 0.87 0.89 
Amaranthus var. PRA-3 3.48 0.98 0.64 
Amaranthus  var. Subharna 3.21 0.91 0.91 

Amaranthus var Anna Purna 4.0 0.90 0.86 
Chenopodium sp. 2.32 0.73 0.73 
French bean 2.17 0.69 0.73 
Soybean 1.85 0.66 0.64 

 

It could be concluded from the investigation that the
amaranthus cultivar PRA-1 is better for growth and
development of the pest, Hymenis recurvalis (leaf webher) in
comparison to other amaranthus cultivars and hosts.
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ABSTRACT

Laboratory studies on different biological aspects of greater wax moth, Galleria mellonella L. carried out with old
broken pieces of brood combs of Apis cerana indica at different temperature and relative humidity levels. The results
revealed that both the abiotic factors influenced growth and development of G. mellonella distinctly in many aspects
like premating and ovisposition periods, fecundity etc. Rise in temperature from 25 to 400 C reduced the premating
period from 3.93 to 1.33 days with a corresponding relative humidity level of 30 to 80 per cent. A temperature range
of 30 to 350C was observed to be ideal with a relative humidity range of 30 to 50 per cent, which  favoured a higher
oviposition period and increased number of eggs laid (female-1).

Key words: Galleria mellonella, comb, premating period, oviposition period, fecundity.
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Honeybees play a pivotal role in pollination of several
agro-horticultural crops in addition to the source of honey
and wax. A bee colony is the source of learning of the spirit
of social science, equidivision of labour, sense of unity,
sacrifice and well recognized as a medium of scientific study.
Scientific management of honey bee colonies aids in
successful beekeeping as the honey bees are subjected to
infestation by a large number of enemies and diseases. The
enemies include wax moths, mites, wasps, lizards, bee eater
birds, bears etc. Of all these enemies some feed on honey,
some on wax and rest on brood and adult bees. The larvae of
greater wax moth, Galleria mellonella L. are responsible for
heavy losses to beekeepers throughout the world causing
greater damage to combs inside honey bee colonies and in
storage (FAO, 2006). Their infestation is more pronounced
in tropical climate than in the temperate region (Kapil and
Sihag, 1983). Due to damage to combs, bees are forced to
waste both time and labour in building new combs, which
results in weakening of colonies and poor yield. The studies
on the biology of G. mellonella are necessary to identify the
weak links in its life history, which can be exploited for
developing the effective management operations to minimize
the damage. Temperature and relative humidity play major
role on the growth and development of this bee enemy (Bogus
and Cymborowski, 1977; Huang, 1984; Chauvin and
Chauvin, 1985).

MATERIALS AND METHODS

The present investigation was carried out in the

laboratory of Department of Entomology, College of
Agriculture, Orissa University of Agriculture and
Technology, Bhubaneswar. Freshly emerged adults reared
on old broken comb pieces, collected and used to observe
premating and oviposition periods and fecundity. The adults
were paired after identifying their sex, and ten pairs in each
case were selected and one pair of each released in specimen
tubes (10.0 cm long with 3.7 cm diameter) covered with
muslin cloth. Three additional pairs in each case were also
selected and kept in specimen tubes in the same way so as to
compensate the mating failures. These tubes were placed in
air tight desiccators at different temperature (25, 30, 35 &
400C) and relative humidity (30, 50 & 80 %) levels by using
potassium hydroxide and water following the method of
Solomon (1951). Ten replications corresponding to each
temperature and relative humidity regime were maintained
and observations were recorded premating and oviposition
periods and fecundity.

Premating period

The period after the emergence of adults till the start of
mating was taken as premating period. The pairs which did
not mate were not considered and in their place mated pair
from extra stock (3 pairs) was taken into consideration to
maintain ten replications.

Oviposition period and fecundity

Oviposition period and fecundity of the female used
for above aspect were observed twice a day (morning and
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evening). The period of initiation to stoppage of egg laying
was taken as oviposition period. After the female started egg
laying, the pair was transferred to a new specimen tube at
the time of every observation and number of eggs laid by a
female was counted twice a day (morning and evening) with
the help of a hand lens. Total number of eggs laid by a female
during its oviposition period was taken as fecundity.

RESULTS AND DISCUSSION

The interaction effect of temperature and relative
humidity (RH) on the premating period was quite
pronounced (Table 1). The individual abiotic factor also had
significant effect on the premating period. Increase in
temperature from 25 to 400C recorded a mean premating
period of 3.93 to 1.33 days regardless of the effect of RH and
similarly the premating period also declined from 2.97 days
(at RH 30 %) to 2.32 days (at RH 80 %). However, there was
no variation existed in three different RH levels at 400C.
Reduction in premating period with increase in temperature
and RH might have been caused due to increased sexual
stimuli in both the sexes. Kumar et al. (2009) also witnessed
a similar effect of temperature and RH on premating period
of G. mellonella from which the present finding derives ample
support.

Table 1. Effect of different levels of temperature and relative
humidity on the premating period of Galleria
mellonella

Table 2. Effect of different levels of temperature and relative
humidity on the oviposition period of Galleria
mellonella

Premating period (days) 

Relative humidity (%) 
Temperature 

(oC ) 
30 50 80 

Mean 

25 4.50 3.70 3.60 3.93 

30 3.70 3.20 2.60 3.17 
35 2.30 2.00 1.80 2.03 

40 1.40 1.30 1.30 1.33 

Mean 2.97 2.55 2.32 - 

 CD (P = 0.05) Temperature Humidity Temperature x Humidity

0.14 0.12 0.27

Results presented in Table 2 clearly showed that at 300

and 350C, the average oviposition period was more (3.90 &
3.87 days) than at 250C (3.53 days). This clearly indicates
that the temperature range of 30 to 350C was ideal for more
duration of oviposition, while at 400C, the duration was
drastically reduced (1.6 days). But the RH factor did not
showed the  similar trend. At 30 and 50 per cent RH with
temperature range of 30 to 350C, the oviposition period was
more or less same as compared to 250C but at 400C, there
was no effect of RH.

Oviposition period (days) 

Relative humidity (%) 
Temperature 

(oC ) 
30 50 80 

Mean 

25 3.40 3.60 3.60 3.53 

30 3.60 3.60 4.50 3.90 
35 3.60 3.60 4.40 3.87 

40 1.60 1.60 1.60 1.60 

Mean 3.05 3.10 3.52 - 

 CD (P = 0.05) Temperature Humidity Temperature x Humidity

0.12 0.10 0.23

A congenial environment is necessary for enhanced
oviposition period and oviposition. The present finding
envisaged that the temperature range of 30 to 350C was more
ideal one than 250C and 400C. Similar results were obtained
by Kumar et al. (2009) and Swamy et al. (2009).

With increase in RH from 30 to 50 per cent, the number
of eggs laid per female increased from 164 to 290 with a
mean number of 228 at 250C (Table 3). While at 30 and 350C
the number increased and it was highest (377) at 350C with
80 per cent RH. The average number of eggs laid female-1 did
not differ much between 30 and 350C regardless of the RH
but at 400C though the number of eggs reduced significantly,
yet, showed an increasing trend with increase in RH. Thus,
it was clear from the study that the temperature range of 30
to 350C was responsible for higher number of eggs laid
(female-1), while increase in RH increased the oviposition
rate. The increase in number of eggs laid at 30 to 350C could
be attributed to increase in oviposition period at that

Fecundity  (Eggs female-1) 

Relative humidity (%) 
Temperature 

(oC ) 
30 50 80 

Mean 

25 164 231 290 228 

30 256 301 374 310 
35 272 302 377 317 

40 132 150 189 157 

Mean 206 246 307 - 

 

Table 3. Effect of different levels of temperature and relative
humidity on fecundity of Galleria  mellonella

CD (P = 0.05) Temperature Humidity Temperature x Humidity

5.00  4.00 9.00
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temperature regime. Perhaps this temperature range is ideal
for stimulation of production of more oocytes in the ovariole,
which in turn might have been converted to functional eggs.
It has been reported earlier that the highest number of eggs
are laid by female of G. mellonella at 280C. (Jyothi and Reddy,
1994),  29 to 340C (Khanbash and Oshan, 1997) and  350C
(Kumar et al. 2009), which are almost similar to present
findings.

It can be concluded from the present investigation that
the temperature and relative humidity are the two major
abiotic factors, which influenced growth and development
of G. mellonella distinctly in many aspects like premating
and ovisposition  periods,  fecundity  etc. A temperature
range  of  30  to  350C  with  RH of  30 to 50  per cent was found
ideal.
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ABSTRACT

The activity of ichneumonid parasitoid, Trathala flavo-orbitalis was studied during winter 2006-07 and summer 2007
seasons, under Bhubaneswar conditions. The extent of parasitsation varied from 17.9 to 33.5 and 8.3 to 31.7 per cent
during winter and summer crop seasons, and the average parasitization did not vary with seasons. The peak activity
of T. flavo-orbitalis was noticed during 11th standard week (March 12-18) in winter and 21st standard week (May 21-
27) in summer crop. Usually, warm weather conditions favoured the activity of T. flavo-orbitalis. Conclusively, T.
flavo-orbitalis appeared to have a vital role in suppression of larval density of eggplant fruit and shoot borer during
flowering and fruiting of winter crop, while it was during late vegetative to flowering stage of the summer crop. Thus,
these periods warrant precautionary measures while planning insecticidal application.

Key words: Parasitization, Leucinodes orbonalis, Trathala flavo-orbitalis, egg plant.
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Information on the activity of natural enemies of
Leucinodes orbonalis Guenee is now considered as vital for
planning IPM strategies, but in view of wide variation of
their occurrence under different agro-ecological conditions,
the present attempts were made to document the activity
trends of larval-pupal parasitoid, Trathala flavo-orbitalis
Cameroon in eggplant ecosystem of Odisa.

MATERIALS AND METHODS

Samples consisting 100 each of infested shoots, flower
buds and fruits depending upon the crop stages, were
randomly collected periodicaly from a gross plot of 308.7 m2

planted with eggplant cv. Purnima on 10th November, 2006.
The crop was pruned on 14th March 2007 to raise a ratoon
crop during summer with recommended agronomic package
of practices so that to continue the observations on parasitoid
activity. The crop was sprayed either with endosulfan or
fenvalerate as per need after collection of the samples. The
collection of infested plant samples were made at weekly
intervals from 52nd std week to the end of 22nd std week. All
the larvae irrespective of instars, collected from plant samples
were reared, on sliced potato tubers till pupation and adult
emergence as suggested by Rajalakshmi et al. (2004). The
extent of parasitization by T. flavo-orbitalis in respect of the
larval instars of L. orbonalis, infesting shoots, flower buds
and fruits of egg plant were recorded separately and the
seasonal fluctuations of the parasitoid T. flavo-orbitalis

periods were ascertained. The seasonal fluctuations of the
parasitoid, T. flavo-orbitalis were also correlated with either
larval incidence of the pest or with the prevailing weather
conditions and the correlation coefficient values were worked
out following standard statistical procedures of Gomez and
Gomez (1976).

RESULTS AND DISCUSSION

The results showed that the T. flavo-orbitalis
(ichneumonid) actively parasitized different larval instars
of L. orbonalis infesting shoot, flower buds and fruits during
both winter and summer seasons. The extent of parasitisation
varied from 17.9 to 33.5 and 8.3 to 31.7 per cent during the
corresponding seasons. The peak activity of parasitoid T.
flavo-orbitalis was noticed during 11th std week in winter
and 21st std week in summer crop (Fig.1). Both being warm
periods seemed to have favoured the parasitoid activity,
which was also reported by earlier workers (Alam et al. 2003;
Yasodha and Natarajan, 2006). However, the mean intensity
of parasitisation of L. orbonalis larvae by the ichneumonid
remained almost the same during winter (21.2%) and summer
(22.1%) under Odisa conditions. Moreover, the ichneumonid
mostly perferred 3rd and 4th instar larvar of L. orbonalis
irrespective of its presence in shoots, flower buds and fruits.
Further, it was observed that in winter the parasitoids mostly
attacked the host larvar in shoots (27.4%) and fruits (24.6%),
but during summer season, it invariably attacked its host
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preasent in shoots, flower buds and fruits in almost equal
intensities (10.0-11.6%).

The male and female ratio of T. flavo-orbitalis remained
mostly in favour of females with the being from 1:1 to 1:3.8
and 1:1 to 1:5.3 during winter and summer, respectively (Fig.
2.). The parastoid being parthenogenetically the lytokous
with long ovipositor was reported as a highly promising
larval-pupal parsitoid because it produced more females in
the absence of males, but owing to solitary parasitisation,
commercial production of  T. flavo-orbitalis could not became
economically feasible (Natarajan 2005). The over all male
and female ratio was 1:2.0 in winter and 1:1.6 in summer.
Since, after causing damage to the eggplant, L. orbonalis is
attacked by the ichneumonid, the activity of the parasitoid
therefore, seems to restrict proliferation of the larval density
either in subsequent crop stages or in the next crop.

The correlation between temperature and T. flavo-
orbitalis activity showed a positive relation, when the
temperature a week before the parasite emergence was
correlated with the number of parasites emerged. Only the
minimum temperature seemed to exhibit positive impact on
parasitic activity. The extent of its influence as evident from
coefficient of determination values were high during summer,
2007 (R2=40.62%) and winter, 2006-07 (R2=40.10%), but
such relationship between these two variables were only
found statistically significant during winter 2006-07 (Table
1). Yasodha and Natarajan (2005) reported that the maximum
temperature prevailing two weeks before sampling showed
positive impact on population parasitizing the larvae in
infested shoots. Maximum emergence of T. flavo-orbitalis in
the laboratory also coincied with peak density of L. flavo-
orbitalis larvae collected from infested plant samples (shoot,
flower buds & fruits).
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Fig.1. Seasonal incidence of the parasitoid, Trathala  flavo-orbitalis
in brinjal ecosystem during winter’ 06-07 and summer’
2007

Fig.2. Relative proportion of male and female of Trathala. flavo-
orbitalis that emerged between standard weeks 3rd and
22nd

Winter, 2006-07 Summer, 2007  
Variable  

df 
Correlati

on co-
efficient 

(r) 

Coefficient 
of deter-
mination 

(R2) 

 
df 

Correla-
tion co-
efficient 

(r) 

Coefficient 
of deter-
mination 

(R2) 

Temperature one week before parasitoid emergence 
Maximum 
tempeture 
(0C) 

0.497ns 24.69 0.578ns 33.42 

Minimum 
temperature 
(0C) 

 
 
 

7 0.470ns 22.10 

 
 
 

9 0.637ns 40.62 

Temperaturer on day of parasitoid emergence 
Maximum 
temperature 
(0C) 

0.188ns 3.54 0.096ns 0.93 

Minimum 
temperature 
(0C) 

 
 

7 
0.543ns 29.52 

 
 

9 
0.246ns 5.58 

 It could be concluded from  the study that T. flavo-
orbitalis played a vital role in suppression of larve of fruit
and shoot borer during flowering and fruiting of winter crop
and during late vegetative to flowering stage of the summer
crop of eggplant.
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ABSTRACT

Investigation on seasonal incidence of brinjal pests and their natural enemies was carried out at the Organic
Farming Research Center, Zonal Agricultural Research Station, Navile during February, 2009 to February, 2010. The
maximum incidence of leafhopper, Amrasca biguttula biguttula (Ishida) was noticed during second fortnight of April
(11 three leaves-1 plant-1). Aphid, Aphis gossypii Glover attained highest incidence of 23.33 aphid three leaves-1

plant-1 during second fortnight of March. Both the  sucking pests showed negative correlation with rainfall. The highest
incidence of brinjal lace wing bug, Urentius hystricellus (Richter) was observed during first fortnight of October (9.3
three leaves-1 plant-1). Brinjal shoot and fruit borer, Leucinodes orbonalis (Guenee) infestation on shoots was maximum
during second fortnight of August (22.68% shoot damage), whereas on fruits infestation was maximum during
second fortnight of October (22.77% fruit damage). The population of lady bird beetle (Coccinella spp.) and spiders
showed positive correlation with population density of aphids and leaf hoppers.

Key words: Seasonal incidence, brinjal pests, natural enemies, organic ecosystem.
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Brinjal or eggplant (Solanum melongena L.) is an
important solanaceous crop of subtropics and tropics. In
India, brinjal is cultivated in an area of 566.1 thousand
hectares with an annual production of 9595.8 thousand
metric tonnes during 2007-08. It is also exported in the fresh
or frozen form. In 2007-08, 34 million Kg worth of Rs. 19
million was exported mainly to UK, Netherlands, Saudi
Arabia and Middle East countries (Anon., 2008). Studies on
the seasonal incidence of insect pests throughout the crop
period in relation to biotic and abiotic factors provide basic
information on population dynamics of insect pests
(Gangawar and Sachan, 1981). However, temperature,
rainfall, relative humidity and wind speed are the main
weather parameters that largely direct the activity of a given
species of insect. The interaction between pest activity, biotic
and abiotic factors helps in deriving at predictive models
that aids in forecast of pest incidence.

MATERIALS AND METHODS

To study the effect of weather parameters on major insect
pests of brinjal and their natural enemies the observations
were recorded at fortnightly intervals starting from  second
fortnight of Feb. 2009 to 1st Feb. 2010 on variety  Mysore
Green Long. About 35-days-old seedlings were transplanted
in a bulk plot of 100 m2 by adopting 60 x 60 cm spacing. The
recommended quantities of organic manures (FYM @ 25 t
ha-1) were applied at one week before transplanting. Vermi-
compost @ 400 Kg ha-1 was applied as top dressing after six

weeks of transplanting adopting ring method. The incidence
of selected pests was recorded from sowing to harvest of the
crop. Observations on the population of sucking insect pests
(leaf hoppers, aphids and lace wing bugs) were recorded on
three leaves one each from top, middle and bottom canopy of
the five plants selected randomly in each plot. The incidence
of Leucinodes orbonalis (Guenee) on shoot was recorded by
counting total number of shoots and affected shoots plant-1,
whereas on fruits incidence was recorded by counting total
number of fruits and the number of damaged fruits plant-1.
The population of natural enemies was also recorded on
five plants selected randomly in each plot. The data obtained
on pest density and natural enemies was correlated with
abiotic and biotic factors to carry out multiple regression
analysis to know the influence of biotic and abiotic factors.

RESULTS AND DISCUSSION

The incidence of leafhopper,  Amrasca biguttula biguttula
(Ishida) varied from 0.07 to 11.00 leaf hoppers three leaves-1

plant-1. The peak population was noticed during second
fortnight of April (11 leaf hoppers, three leaves-1 plant-1).
Steady decline in population was noticed from May to July
second fortnight. The lowest of 0.07 leaf hopper three leaves-

1 plant-1 was observed during second fortnight of August
(Table 1). It is evident from the data that the population
building up was associated with an increase in temperature.
The present findings are in close conformity with the findings
of Senapati and Mohanty (1980) who reported that
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leafhopper population declined from April to July and further
increased from January up to March. The coefficient of
determination (R2) for leafhopper population was 0.83,
which showed that the abiotic factors together were able to
explain the variation in the population of A. biguttula to the
extent of 83 per cent (Table 3).

The Aphis gossypii Glover population ranged from 0.07
to 23.33 aphids three leaves-1  plant-1. The highest incidence
of 23.33 aphids three leaves-1  plant-1 was observed during
second fortnight of March, while the lowest of 0.07 aphid
three leaves-1  plant-1 was observed during first fortnight of
October and second fortnight of May (Table 1). The present
findings are in close conformity with the findings of Roy
and Behura (1979), who reported the aphid population
throughout the year. Heavy infestation was observed during
September to November and March to April. The aphid
population exerted significantly positive correlation (0.41)
with maximum temperature (Table 2). The coefficient of
determination (R2) for aphid population was 0.80, which
indicates that the abiotic factors together will be able to

explain the variation in the population of aphid to the extent
of 80 per cent (Table 3).

The seasonal incidence of brinjal lace wing bug,
Urentius hystricellus (Richter) showed that its population
ranged from 0.73 to 9.33 lace wing bugs three leaves-1

plant-1. The highest incidence of 9.33 lace wing bugs three
leaves-1 plant-1 was observed during first fortnight of
October, whereas its  lowest ( 0.73  three  leaves-1 plant-1)
was during second fortnight of August and  afterwards
population declined (Table 1). It is evident from the data that
the population build up was associated with a decrease in
temperature. The present findings are in close conformity
with the findings of Singh and Mann (1986) who reported
that all the stages of the bug were present between May to
September but in October and April only adults were found,
this is because of the fact that insect undergo hibernation in
adult stage in the plant debris from November to March.

The incidence of shoot and fruit borer, Leucinodes
orbonalis (Guenee) occurred throughout the study period. Its

Table 1. Seasonal incidence of major insect pests and natural enemies of brinjal at  College of Agriculture, Shimoga, Karnataka

Sampling at 

fortnightly 
intervals 

Mean no. of 

leaf hoppers  
(3 leaves-1 

plant-1) 

Mean no. of 

aphids (3  

leaves-1 plant-1) 

Mean no. of lacewing 

bugs (3 leaves-1  

plant-1) 

Shoot 

infestation 
(%) 

Fruit 

infestation 
(%) 

Coccinellids 

(plant-1) 
Spiders 

(plant-1) 

Feb. IInd,2009 6.13 19.40 0.00 4.89 0.00 1.33 0.6 

Mar. Ist 6.00 21.20 0.00 7.33 0.00 1.47 0.73 

Mar. IInd 10.07 23.33 0.00 12.89 5.00 1.73 1.07 

April Ist 8.67 12.80 0.00 15.89 7.90 1.07 4.13 
April IInd 11.00 15.93 0.00 18.68 9.00 1.2 1.87 

May Ist 10.40 10.53 0.00 6.46 14.20 0.87 0.73 
May IInd 0.27 0.07 0.00 9.49 15.55 0.53 0.33 

June Ist 0.47 0.40 0.00 4.89 10.20 0.33 0.2 

June IInd 1.27 0.00 0.00 3.34 7.27 0.13 0.27 

July Ist 0.20 0.00 0.00 14.21 4.52 0.07 0.47 

July IInd 0.00 0.00 0.00 11.51 0.00 0.00 0.00 
Aug. Ist 0.80 0.60 0.80 19.82 0.00 0.4 0.00 

Aug. IInd 0.07 0.09 0.73 22.68 0.00 0.47 0.00 
Sep. Ist 0.20 0.11 2.47 14.16 14.30 0.53 0.27 

Sep. IInd 0.40 0.10 7.87 5.85 10.48 0.67 0.00 

Oct. Ist 0.67 0.07 9.33 1.48 15.42 0.2 0.33 

Oct. IInd 1.47 0.33 6.67 5.25 22.27 0.00 1.27 

Nov. Ist 1.07 1.00 7.33 1.21 13.24 0.00 1.8 
Nov. IInd 1.60 1.47 3.60 2.33 8.72 0.00 2.07 

Dec. Ist 2.13 5.40 2.33 7.50 14.51 0.93 1.2 
Dec. IInd 3.40 10.47 2.53 8.43 7.97 1.33 0.47 

Jan. Ist, 2010 2.60 5.47 0.40 4.91 3.61 0.73 0.53 
Jan. IInd 5.33 10.87 0.00 6.22 3.24 0.33 1.13 

Feb. Ind 7.27 13.07 0.00 0.00 0.00 0.27 1.87 
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incidence  on shoot was maximum (22.68%) during second
fortnight of August. On initiation of flowering the pest
infestation continuously declined on the shoot, but at this
critical stage the borer infestation shifted over to flowers and
fruits. The incidence of   this pest on fruits was maximum
(22.77%) during second fortnight of October which was
evident from the data that low temperature gradient and
moderate rainfall favoured the outbreak of shoot and fruit
borer (Table 1). The present finding are in close conformity
with the findings of Singh et al. (2000) who reported that the
shoot infestation was 73.33 per cent of the top shoots during
August, which peaked to 86.66 per cent during third week of
September. The shoot and fruit borer incidence exhibited
positive correlation with maximum temperature while
relative humidity had negative relationship with shoot and
fruit infestation (Table 2).

The population of coccinellids was maximum during
second fortnight of March (1.73 plant-1). However, the
population of spiders was maximum during first fortnight
of April (4.13 plant-1). The coccinellid population showed
significantly negative association with rainfall. The present
findings are in close agreement with the findings of Sunil
et al. (2007). According to them the peak population of
coccinellid was during middle of March and it  had  negative
correlation with rainfall. The multiple correlations between
the populations of coccinellids in relation to pests of brinjal
are given in Table 4.  The  coccinelid  population  had
significant  positive correlation with leafhoppers and aphids,
while it had non-significant negative correlation with shoot
and fruit borer population. The spider population had
significant positive correlation with the population of leaf
hoppers, while it was non-significant positive correlation
with aphids and fruit borer.

Table 4. Correlation between brinjal pests and natural enemies

* Significant at 5% ; Table ‘r’ value = 0.404

Table 2. Correlation between brinjal pests, natural enemies and weather parameters

* Significant at 5%; Table ‘r’ value = 0.404

Table 3. Multiple linear regression coefficients between abiotic factors and pests on brinjal

 X
1
- Maximum temperature, X

2
= Minimum temperature, X

3
= Relative humidity, X

4
= Rain fall

Pest Regression equation R2 

Leaf hopper Y=-93.29+3.50X1-4.08X2+0.83X3-0.18X4 0.83 
Aphid Y=-88.51+1.88X1-0.70X2+0.55X3-0.04X4 0.80 

Lace wing bug Y=-0.74-0.91X1+1.04X2+0.15X3-0.01X4 0.44 

Shoot borer Y=-69.14+0.51X1+1.00X2+0.50X3+0.49X4 0.14 
Fruit borer Y=-44.95-0.75X1+3.14X2+0.12X3-0.038X4 0.33 

 

Weather parameter Pest/natural enemy 

Max. temp (0C) Min. temp (0C) Mean RH (%) Rainfall (mm) 

Leaf hopper 0.63* 0.03 0.17 -0.56* 

Aphid 0.41* -0.36 0.29 -0.57* 

Shoot borer 0.02 0.17 -0.10 0.30 

Fruit borer 0.05 0.48* -0.06 0.01 

Lace wing bug -0.55* 0.03 0.39 -0.01 
Coccinellids 0.30 -0.26 0.26 -0.43* 

Spiders 0.36 0.24 0.20 -0.42* 

 

Pest/ natural enemy Leaf hopper Aphid Shoot borer Fruit borer Epilachna beetle Lace wing 
bug 

Coccinellids 0.67* 0.82* 0.26 -0.20 -0.18 -0.33 
Spiders 0.54* 0.37 -0.05 0.11 -0.46 -0.03 

 

It can be inferred from the findings that the studied
pests of brinjal had significant positive correlation with
natural ememies which can be exploited in its  control.
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ABSTRACT

Dry excreta samples of seven common bird species (blue rock pigeon, eurasian collared dove, common myna,
house crow, common babbler, cattle egret & red wattled lapwing) of agroecosystems at Punjab Agricultural University,
Ludhiana, Punjab, were analysed for pesticide residues. The residues of different organophosphtaes (OPs),  dichlorvos,
acephate, phorate, monocrotophos, dimethoate, diazinon, chlorpyriphos methyl, methyl parathion, fenitrothion,
malathion, chlorphenvinphos, quinalphos, profenophos, ethion, triazophos, edifenophos, anilophos, phosalone were
absent in excreta of all bird species. Only chlorpyriphos was found  present in concentration of 0.046 ppm in house
crow and 0.33 ppm in cattle egret amongst OPs residues and it may be correlated with its use for tick control in cattle
at the site of sample collection. The organochlorines (OCs) residues viz., -HCH, –HCH, -HCH, heptachor, -HCH,
aldrin, dicofol, op DDE, -endosulphan, DDE, DDD, DDT, -endosulphan, pp DDD, pp DDT and endosulphan
sulphate and the synthetic pyetheroids such as bifenthrin, fenpropathrin, -cyhalothyrin, -cyfluthrin, cypermethrin,
fluvalinate, fenvalrate and deltamethrin were found to be  absent in excreta of these bird species.
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Birds constitute an important component of
agroecosystems. The rapidly changing technologies like the
use of chemicals (pesticides) in agriculture for the purpose
of controlling various pests, has given rise to concern about
their effects on man and his environment as well as the effects
on birds in particular, which has been intensively studied
in U.K. and U.S.A. Pesticides cause significant bird mortality
each year. One well known estimate (Pimentel and Acquay,
1992) suggested that more than 670 million birds are directly
exposed to pesticides each year in U.S. farms alone and 10
per cent of which or 67 million birds die. Agricultural areas
in India probably experience the most heavy and
indiscriminate use of chemical pesticides leading to direct
and indirect mortality of predatory and frugivorous birds
(Dhindsa et al. 1986). The birds must also have been
contaminated with their residues. Mortality of birds due to
toxic chemicals needs to be assessed because several crops
and insects contaminated with the insecticide are taken by
avian species. The assessment of the effects of these
compounds upon birds requires the integration of various
types of information e.g. population trends of various bird
species in recent years, the results of chemical analysis of
tissues and eggs, laboratory studies of the pharmacological
and toxicological effects of these compounds. There has
hardly been any information on residue analysis and other
toxicological aspects on birds of agricultural habitats.
However, significant decline has been reported in the

population of a number of bird species, but the reasons for
the same are not properly correlated.  According to Wildlife
Protection Act 1972, the capturing and killing of birds is
legally banned by Govt. of India, therefore any analytical
studies on the tissues of these animals are beyond the reach
of scientists working in this area. Thus, excreta of birds is
the only source, which if, analysed can perhaps give an
assessment of the harmful impact of environmental
contaminants on these animals.

MATERIALS AND METHODS

Sample collection : Dry excreta samples of common birds
(blue rock pigeon, eurasian collared dove, common myna,
house crow, common babbler, cattle egret & red wattled
lapwing) were collected from their roosting, foraging and
nesting sites in Punjab Agricultural University (PAU), Guru
Angad Dev Veterinary and Animal Sciences University
(GADVASU) and residences of Ludhiana city from January
2009 to April 2011. The samples were stored in refrigerator
for further use.

Extraction : Five grams samples of  excreta of different bird
species (which included pooled samples of about 30-50
pellets of each species) were dipped in 50 ml acetone
overnight. The extracts were filtered with rinsings of acetone
in 500 ml separating funnel containing 250 ml of distilled
water of 5 per cent sodium chloride solution. Then 75 ml of
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dichoromethane was added and lower layer was collected
and rinsed with 75 ml of hexane twice and the layer above
the aqueous layer was collected. The different fractions were
combined and treated with 100 mg of activated charcoal
powder for about 2  to 3 hours at room temperature. The
clear extracts so obtained were filtered and concentrated in
a rotary to 15 ml.

Clean up : The extracts were cleaned up by column
chromatography using silica gel (60-120 mesh) as an
adsorbant. The column was pre-washed with
dichloromethane following which the extract was poured
over it. The extract was eluted with a freshly prepared solvent
mixture of dichloromethane-acetone (1:1, v/ v). The elute
was concentrated to near dryness in a rotary evaporator
under vacumm and then transferred to 5 ml acetone for
further analysis.

Estimation : The sample extracts were analysed using gas
liquid chromatograph (GLC) and the residue level was
calculated in ppm.

RESULTS AND DISCUSSION

The residues of different organophosphates (OPs)
dichlorvos, acephate, phorate, monocrotophos, dimethoate
diazinon, chlorpyriphos methyl, methyl parathion,
fenitrothion, malathion, chlorpyriphos, chlorphenvinphos,
quinalphos, profenophos, ethion, triazophos, edifenophos,
anilophos and phosalone were analysed  in dry excreta of
blue rock pigeon, eurasian collared dove, common myna,
house crow, common babbler, cattle egret and red wattled
lapwing. It was observed that all these pesticides were non-
detecbale in 5 g excreta of all these bird species. The only
pesticide detected was chlorpyriphos, which was found to
be in concentration of 0.046 ppm in house crow and 0.33
ppm in cattle egret (Fig. 1).

The residues of organochloride (OC) pesticides viz., -
HCH,  –HCH, -HCH, heptachor, -HCH, aldrin, dicofol,
op DDE, - endosulphan, DDE, DDD, DDT, -endosulphan,
pp DDD, pp DDT and endosulphan sulphate were analysed

for the presence in the dry excreta of  the seven bird  species.
There was no OC residue in the excreta of any of these species.
The residues of synthetic pyretheroids, bifenthrin,
fenpropathrin, - cyhalothyrin, -cyfluthrin, cypermethrin,
fluvalinate, fenvalrate and deltamethrin were also analysed
and found to be absent in 5 g excreta of different bird species.
The non-detecability of all the OCs and synthetic
pyretheroids in excreta of all seven  bird species studied
may be because of their less use for insect pest control
in Punjab as the pesticides like aldrin, benzene hexachloride,
calcium cyanide, chlordane, copper acetarsenite,
bromochloropropane,  endrin,  ethyl mercury chloride,
ethyl parathion, heptachlor, menazone, nitrofen,
paraquat dimethylsulphate, pentachloronitrobenzene,
pentachlorophenol, phenylmercury acetate, sodium methane
arsenate, tetradfon, toxafen, aldicarb, chlorobenzilate,
dieldrin, maleic hydrazide, ethyl dibromide TCA, DDT,
dieldrin, diazinon, parathion, aldicarb, atrazine, paraquat
and glyphosate are banned in India.

OPs are most commonly used pesticides throughout
the world because of their low bioaccumulation properties
in comparison to OCs. Since the early 1980s, both OPs and
carbamates (CMs) have been used as pesticides. Both these
insecticides inhibit acetylcholinestrase (AChE) at the
postsynaptic membrane of cholinergic synapses (Bishop et
al. 1998) in the central and peripheral nervous system of all
vertebrate species. Birds appear to be more sensitive to acute
exposure to anticholinestrase pesticides due to reduced levels
of acetylcholinestrase detoxifying enzymes (Parker and
Goldstein, 2000). Due to high activity of AChE in the brain of
birds (Westlake et al. 1983), the rate of binding to OPs and
CMs are more rapid than other vertebrates (Hill, 1992). The
presence of chlorpyriphos in excreta of house crow and cattle
egret may be correlated with its common use in the
insecticidal formulations for control of ticks in cattle and
buffaloes at dairy form of GADVASU from where the excreta
of cattle egret mainly and to some extent of house crows
were collected. Thus, it throws light on a direct correlation
between the use of chlorpyriphos and its entry into these
birds through oral as well as dermal route by consumption
of ticks, while sitting on the cows and buffaloes.
Chlorpyriphos, an OP, inhibits AChE in a way that has cross
generational implications (Anway et al. 2005) and it severely
affects birds (Mitra et al. 2011).

In a recent survey for detection of pesticides/
insecticides in the blood samples of human beings in four
different villages of Punjab in Bathinda and Ropar districts,
the residues of OCs were detected in most of the samples as
they are persistent in nature due to their slow decomposition
rate, long half life and high stability in the environment
inspite of the fact that many of the OCs are banned for their

Fig. 1. Concentration of chlorpyriphos in excreta samples
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use in India and most of them are replaced by less persistent
pesticides, i.e., OPs. Thus, the observations on pesticide
residue in the excreta of seven bird species of agrifields,
revealing the detection of only one type of OP, i.e.,
chlorpyriphos in present studies may be because of more
use of this pesticide in the cropland areas of Punjab as most
of the pollutants can travel long distances thus act as
transboundary pollutants.

The birds have also been shown to be more suspectible
than mammals to many pesticides because of their relatively
inefficient system of detoxification (Walker, 1978). The high
toxicity of OPs to birds, such as diazinon (Machin et al. 1976)
and pirimiphosmethyl (Brealey et al. 1980) has been
correlated with relatively low ‘A’ esterase activity in avian
plasma. The low activity of certain detoxifying enzymes in
birds may result in the efficient accumulation of certain
pollutants that are slowly metabolized and are present at
low levels in their food. The understanding of the
relationship between metabolism of pesticides and toxic
action in birds is very limited. There is little information on
the in vivo metabolism of pesticides and the relative
importance of urine and bile as routes of excretion for these
compounds. Even the present studies on pesticide residues
in bird excreta do not reveal any direct indications of the
impacts of these chemicals as environment pollutants on
bird populations except for chlorpyriphos in cattle egret and
house crow. Chipman and Walker (1981) have reported that
metabolism and excretion of HCE is slower in the pigeon
than in the male rat, thus providing further evidence for the
limited capability of the species to perform certain detoxifying
transformations and thus making it undectable in fecal
matter. The free-flying birds are also exposed to insecticides
via the inhalation and dermal routes (Vyas et al. 2007).
Therefore, it can be concluded that because of the multiple
routes of exposure of the birds to chemical pollutants and
their variable metabolic potentials, the excreta may not be a
very good monitoring tool for correlating the pesticide
exposure and its effects on bird population decline.

 Thus, because of the initial heavy use of OC pesticides
like DDT (considered to be POPs  and later replaced by less
persistent OPs and CMs), it seems that  the bird population
was tremendously affected initially by their
bioaccumulation. The initial impacts were by direct induced
killings of birds using lethal doses of pesticides (OCs). The
second kind of effects were because of bioaccumulation of
pesticides like DDT and DDE,  which resulted in reproductive
dysfunctions, egg shell thinning, metabolic changes, birth
defects and endocrine disruption and thus both the acute
and chronic exposure to all kinds of pesticides caused

increased mortality, while sublethal levels adversely affected
their reproductive functions and thus caused a significant
decline in bird diversity/population world over.
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ABSTRACT

The efficacy of seedbiopriming and foliar spray as combined as well as single application of Trichoderma harzianum
and Pseudomonas fluorescens, was evaluated for plant growth promotion in rice and bacterial leaf blight management.
Both antagonists, significantly enhanced the root and shoot length, grain yield and plant vigour index. The combined
application of these bioagents was found more effective than individual application. The bacterial leaf blight disease
intensity was least (5.91 %) in combined application of antagonists as compared to individual application and check
(17.04%). These antagonists were also effective in vitro in checking the growth of Xanthomonas oryzae pv. oryzae.
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The manipulation of crop rhizosphere has been a
powerful technology for enhancement of crop growth, yield
as well as suppression of plant diseases. Plant growth
promoting rhizobacteria (Pseudomonas fluorescens) and
Trichoderma spp., both are competent root colonizers. Bacterial
leaf blight (BLB) of rice caused by Xanthomonas oryzae pv.
oryzae (Swings et al. 1990) was first reported in Japan. The
disease symptoms starts from the tip goes downward
causing drying of leaf tips, result in straw-coloured stripes
either on one or both margins of leaves. It produces three
types of symptoms viz.,  kresek, leaf blight and pale yellow
phase (Mew and VeraCruz,  1979). The kresek phase is most
severe and causes complete drying of shoots. This disease
considered to be a major constraint in achieving higher
productivity of rice. Many antibiotics, singly or combined
with fungicides, have been tried for the management of BLB
but with limited success (Singh and Rao, 1982; Thind and
Mehra, 1992; Rajappan and Vidhyasekaran, 1996).
Application of bactericidal chemical is not effective due to
high cost, low efficiency and residual toxicity. Breeding for
bacterial leaf blight resistance is the most economic strategy
for disease management but has been of partial success
because of diversity in pathogen and also time consuming
and laborious. Therefore, biological control, assumes special
significance for bacterial blight management, being an
ecology conscious and cost effective. Pseudomonas fluorescens
has been shown to be effective root colonizer and strong

biocontrol agent (Schroth and Hancock, 1982). Pseudomonas
fluorescens (PGPR) has been isolated from Delhi and
characterized. It has been found antagonistic to the most
virulent isolate (Kaul isolate) of Xanthomonas oryzae pv. oryzae
(Xoo) in Northwestern plains of India. It has been reported
effective for reducing disease in Pusa Basmati-1 (Jayaraman
and Meena, 2004). A potential fungal strain (Trichoderma
harzianum Th3, ITCC-5593 & Gene Accession No EU 365835)
has been identified effective against soil and foliar pathogens
of vegetable crops. It is biologically effective and pesticide
tolerant with a broader range of antagonistic activities
against a large number of foliar and soil borne fungal
pathogens ( Sharma and Dureja, 2004; Sharma, 2008).
Manmeet and Thind (2002) found that P. fluorescens and T.
harzianum significantly reduced the disease severity and also
caused significant increase in rootlength and number of
tillers per plant. Sivalingam et al. (2007) also demonstrated
that P. fluorescens treated rice plants were taller and had more
number of tillers. They reported significantly higher seedling
length and weight with P. fluorescens. Though, the efficacy of
Trichoderma sp. and P. fluorescens in plant growth promotion
has been demonstrated significantly in different crops but
limited information is available in rice. Therefore, the present
study was undertaken to evaluate the efficacy of antagonists,
T. harzianum and P. fluorescens as bioenhancers and rice  BLB
management  through seedbiopriming and foliar spray and
results reported.
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MATERIALS AND METHODS

Bioagents and plant material

Antagonists, Trichoderma harzianum (Th3) and
Pseudomonas fluorescens (RRb11) and pathogen culture were
obtained from Biological Control Lab, Division of Plant
Pathology, IARI, New Delhi. Seeds of Pusa Basmati-1 were
obtained from Genetics Division, IARI, New Delhi.

In vitro evaluation of antagonists

Biopotency of fungal antagonists against BLB pathogen
was tested by dual culture method. A suspension was made
by adding 10 ml double sterilized distilled water in petriplate
containing 24 hrs old culture of BLB pathogen and scrapping
gently with inoculating needle. A paper disc (5mm dia)
dipped in suspension and placed on petriplates containing
peptone sucrose agar (PSA) medium. An other 5mm dia disc
cut from 48 hrs old culture of Trichoderma harzianum (Th3)
and T. viride with the help of sterilized cork borer and placed
5cm apart in the same petriplate. Four replication were
maintained for each treatment and incubated at 25±1°C for
72 hrs. Efficacy of bacterial antagonists was tested by
inhibition zone technique. Inhibition zone measured after
24, 48 and 72 hrs of incubation.

Rice seed bio-priming

Seeds of rice cultivar Pusa Basmati-1 sterilized with
sodium hypochlorite (2%) for 30 seconds, rinsed in sterilized
distilled water and dried overnight  under  asceptic
condition. Seeds were primed with single and combined
aqueous solution of bio-formulations of T. harzianum (Th3)
and P. fluorescens (RRb11), prepared by adding 10 g of
inoculants in 100ml sterile double distilled water. Ten gram
seeds were soaked in solution for 5-6 hrs, dried in shade and
sown in cemented pots in 3 rows with 50 seeds in each pot.
Germinated seedlings were counted after 12 days of sowing
and germination percentage calculated.

Rice nursery and transplanting

Twenty one days old bioprimed rice seedlings uprooted
and transplanted in the same cemented pots (60×45×20 cm)
filled with sterilized soil. Proper moisture was maintained
by watering the pots regularly. In combined treatment,
antagonists were also applied as foliar spray at 20 days after
transplanting. The antagonists suspension was prepared
by mixing 10 g inoculants in 1 litre of sterilized double
distilled water and straining it through muslin cloth. The
different plant growth promoting parameters were measured
at 15th day after antagonists application during two crop
seasons.

In another experiment, plants inoculated with bacterial
suspension of BLB by leaf clip and dip method. Inoculation
was done 48 hrs post foliar spray. Disease lesions and leaf
length measured after 21 days of inoculation. Disease
intensity (DI) was calculated by the formula: DI=(Lesion
length/leaf length) × 100.

Analysis of data

Data generated from the field experiments were
subjected to the statistical analysis, appropriate to the
experimental design. Data were assessed by Duncan’s
multiple range tests with a probability P< 0.05. Least
significant difference (LSD) between means was calculated
using the SPSS program (SPSS version 16.0).

RESULTS AND DISCUSSION

Efficacy of antagonists in vitro

A significant radial growth inhibition of Xanthomonas
oryzae pv. oryzae (52.01 %) was found by T. harzianum (Th3)
over check on 3rd day of incubation. On 6th day inhibition of
bacterial pathogen was cent per cent. In case of bacterial
antagonist the zone of inhibition was 32.33mm after 72 hrs
of incubation.

Effect of seedbiopriming on plant growth promotion

Invariably both fungal and bacterial antagonists,
applied either alone or in combination, enhanced  all the
parameters of crop biomass viz., number of tillers, plant
height, leaf length, root length, grain yield, germination
percentage and vigor index. The maximum effect was
observed on root length with increase of 60.72 per cent over
check (Table 1). Combined application of the antagonists
was found more effective in enhancing biomass than single
ones. Seed germination percentage increased over control
by 9.15, 11.39 and 14.34 in single application of P. fluorescens,
T. harziamum and combined application. Plant vigor index
was significantly higher (7088.76 & 7585.58) in the treatment
where both antagonists applied together as compared to
single application and control (Table 1) with per cent increase
of 43.75 per cent over check.

Ecofriendly management of BLB

Both fungal and bacterial antagonists significantly
decreased the disease severity of bacterial leaf blight over
check but combined application was more effective in disease
reduction than single application of antagonists in two crop
season (Table 2).  In  combined  application  of  antagonists
T. harzianum (Th3) and P. fluorescens (RRb11), disease
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intensity was significantly less (5.91%) than control (17.04
%), while reduction by fungal and bacterial antagonists was
at par.

In present study, T. harzianum and P. fluorescens were
found very effective in restraining the growth of X. oryzae pv.
oryzae in vitro. It has been reported by the Gangwar and
Sinha (2010) that the T. harzianum and other 23 isolates of
Trichoderma spp. inhibited 100 per cent radial growth of Xoo
and fully covered bacterium growth. Manmeet and Thind
(2002) reported that largest inhibition zone (5.25 mm)
produced by P. fluorescens followed by T. harzianum. They
also found that amongst the methods of antagonists
application, seed treatment + foliar spray were best in
lowering the disease intensity, increasing root length and
plant vigour than other methods which is almost similar to
our findings. The results were better in combined application
because Trichoderma and Pseudomonas spp. shows positive
interaction with other microbes resulting in growth
promotion in plants by synthesizing growth promoting
substances. Shanmugaiah et al. (2009) found a significant
enhancement in seed germination percentage, root length,
shoot length, fresh weight and vigour index by Trichoderma
viride and Pseudomonas fluorescens in cotton plants. The
promotive effect of Trichoderma and Pseudomonas were
recorded in growth promotion during nursery and crop
growth stage in tomato, which were quite significant (Kumar
et al. 2007). Combined application of Trichoderma and
Pseudomonas through seed treatment + foliar spray, showed
significantly lesser disease intensity than single application
of fungal and bacterial antagonists, which is similar to
results reported by Manmeet and Thind (2002).

It is concluded from the results, that the Trichoderma
harzianum and Pseudomonas fluorescens effectively restrained
the growth of Xanthomonas oryzae pv. oryzae in vitro. Both
antagonists as a bio-enhancers, promoted the growth and
enhanced germination percentage, grain yield, vigour index
in rice and significantly reduced the BLB serevity under field
conditions.

Table 1. Efficacy of antagonists on plant biomass of rice
cultivar Pusa Basmati-1

15 Days after antagonists 
application 

Growth 
parameter 

Treatment 

Kharif 
2009 

Kharif 
2010 

Pooled 

Increase 
over 

control (%) 

Pfl 12.19a 15.88a 14.04 24.04 

Th3 14.96a 16.76a 15.86 40.17 

Pfl+Th3 16.33a 17.36a 16.85 48.87 

 

No. of 
tillers 

Untreated 10.72b 11.91b 11.32 0.00 

Pfl 58.52a 62.22a 60.37 12.58 

Th3 61.87a 62.95a 62.41 16.38 

Pfl+Th3 62.82a 64.31a 63.57 18.54 

 

Plant 
height 
(cm) Untreated 53.49b 53.76b 53.63 0.00 

Pfl 37.62a 44.89a 41.26 15.50 

Th3 38.62a 45.28a 41.95 17.44 

Pfl+Th3 41.33a 45.88a 43.61 22.07 

 

Leaf 
length 
(cm) Untreated 33.05b 38.39b 35.72 0.00 

Pfl 13.86b 17.65b 15.76 43.42 

Th3 14.38ab 18.72ab 16.55 50.66 

Pfl+Th3 15.75a 19.56a 17.66 60.72 

 

Root 
length 

(cm) Untreated 10.35c 11.62c 10.99 0.00 

Pfl 308.33b 312.33b 310.33 16.30 

Th3 329.00ab 335.00ab 332.00 24.42 

Pfl+Th3 336.67a 342.67a 339.67 27.30 

 

Grain 
yield 

Untreated 264.33c 269.33c 266.83 0.00 

Pfl 85.78a 86.67a 86.23 9.15 

Th3 87.78a 88.22a 88.00 11.39 

Pfl+Th3 90.22a 90.44a 90.33 14.34 

 

Germinat-

ion (%) 

Untreated 78.89b 79.11b 79.00 0.00 

Pfl 6208.60b 6922.07b 6565.34 28.62 

Th3 6693.06b 7205.11b 6949.09 36.14 

Pfl+Th3 7088.76a 7585.58a 7337.17 43.75 

 

Plant 
Vigour 
Index Untreated 5036.27c 5172.28c 5104.28 0.00 

 
Different lower case letter within the same column indicate that the
treatements are significantly different (p  0.05)

Lesion length (cm) Leaf length (cm) Disease intensity (%) Treatment 

2009 2010 pooled 2009 2010 pooled 2009 2010 pooled 

Pseudomonas fluorescens 

(RRb11) 
2.95b 0.93b 1.94 27.13b 25.60b 26.36 10.94b 3.66b 7.30 

Trichoderma harzianum (Th3) 3.09b 0.89b 1.99 28.00b 28.00c 28.00 11.06b 3.17ab 7.11 

Pseudomonas fluorescens + 
Trichoderma harzianum  

2.47a 0.74a 1.60 27.20b 27.00c 27.10 9.07a 2.75a 5.91 

Check 5.05c 3.17c 4.11 23.80a 23.40a 23.60 21.20c 13.61c 17.04 

 

Table 2. Efficacy of bioagents in reduction of bacterial leaf blight disease in two crop season under field conditions

Different lower case letters within the same column indicate that the treatements are significantly different (p  0.05)
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ABSTRACT

Field surveys were conducted for collection of various fleshy fungi from different localities of the Gorakhpur,
Vindhyachal, Chunar and Varanasi, U.P., India. The mushrooms have been collected, were listed date wise, as for as
possible correct scientific name with citation of authors name and taxonomic position and also contained information
about common or local name, habitat, types of soil /forest, single / bunches growing substrates and places / locality.
The edible mushrooms of ethanobotanical food use, collected during the survey included 3 species of Agaricus, 5 of
Pleurotus, 2 each of Volvariella, Ganoderma, Lycoperdon and 1 each of Calocybe, Lentinus, Flamulina, Auricularia, Armillaria,
Tuber and Hypomyces.
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So far 2000 edible species of mushroom has been
reported in the world. Out of 10,000 species of fleshy fungi,
about 300 species belonging to 70 genera are reported from
India. It has been also reported that 80 species are being
grown experimentally and out of these 20 species are
cultivated commercially and 4-5 species are produced in
Industrial scale all over the world. There are many edible
fungi which in ethnobotanical food use by the tribals of forest
regions of India and Nepal which belongs to many species
of mushrooms such as volvarias, polypores and tubers. These
fungi are obviously non- toxic as these have been in intimate
human consumption by native and tribals, since antiquity
(Pandey and Srivastava, 1994). However, the food value and
acceptance of these edible fungi by the scientific and civilized
world have not been recognized. These edible fungi are more
important for a tropical / subtropical country like India,
which has a climate most congenial for the natural growth
of such fungi (Purkayastha and Chandra, 1985). As such,
there is need for carrying out collection and identification of
some edible fungi from different forest regions for recognizing
the biodiversity in edible fungi consumed locally, hence the
work has been taken.

MATERIALS AND METHODS

Field survey was conducted for collection of various
fleshy fungi from different localities of the Gorakhpur,
Vindhyachal, Chunar and Varanasi. During this survey
collected the 21 species of edible fleshy mushrooms
belonging to different families of Basidiomycetes and
Ascomycetes. Edible fleshy mushrooms were collected from

different   forest regions. Identification of edible fleshy fungi
were done with the help of literature and expertise available
in the department. Whenever needed  the consultation about
confirming the identification of mushrooms was also done
with Directorate of Mushroom Research, Solan (H. P.) and
R. A. U., Pusa, Samastipur, Bihar.  The colleted edible fleshy
fungi were observed for  morphology and other phenotypic
grwoth parameter  as on of fresh form. The ethanobotanical
edibility of these edible mushrooms were recorded by
obtaining information from native and tribals consuming
the same. The   collected edible fungi had different flavour
parameters such as cheese, vegetable, fish, chicken and sweet.
Chewing fills like hardness and softness which has also
been asked to mushroom consumers.

RESULTS AND DISCUSSION

Collection of edible mushroom

Different edible mushrooms for traditional food use
was collected from forest locations for their nutritional value
like protein content and yield potential. The collected
mushrooms were listed date wise, as for as possible correct
scientific name with citation of authors name and taxonomic
position (Table 1). The table also contains information about
common or local name, habitat, types of soil /forest and
single / bunches, growing substrates and places,  locality of
collecting of  these edible mushrooms. The edible mushrooms
of ethanobotanical food use collected during this study
included three species of Agaricus, 5   of Pleurotus, 2 each  of
Volvariella, Ganoderma, Lycoperdon and 1 each of Calocybe,
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Lentinus, Flamulina, Auricularia, Armillaria, Tuber and
Hypomyces  (Table 1).

Phenotypic parameter of collected edible  fungi

All the 21 colleted edible fleshy fungi were observed
for  their  morphology and other phenotypic parameters
noted in fresh form  (Table 2 ,  3). The observations were
recorded on the size of  fructification (cm), morphology of
carpophores, shape of fruiting, kinds of umbo and scale

colour, shape, gills edges,  stipes  length (cm), stipes width
(cm) and presence/ absence of gills, type of veil, annuls
(position) and volva. The volva and type of veil were only
presence in the two species of Volvariella. The colleted fruiting
bodies were of different colour like white milky in Calocybe,
Pleurotus ostreatus and Lentinus edodes, pink in Pleurotus
eryngii, brown in the two species of Lycoperdon and Volvariella
and Hypomyces lactiflies. Ganoderma lucidum and Ganoderma
multiplicatum were looked as dark orange and reddish,
respectively.

Table 1. Collection of edible fleshy fungi from different forest locations of Uttar Pradesh and Madhya Pradesh, India

S. No.  Date of 
collection  

Place of 
collection  

Habitat  Type of 
soil/forest 

Bunch/ 
single 

Scientific name  Common name  Family  

1. July, 2009 Chunar, 
Mirzapur 

On bark wood 
of mango tree 

Loam  Bunches  Agaricus bisporus.(Lange.) 
Imbach. 

Button mushroom  Agaricaceae  

2. July, 2009 Sonebhadra On humus Clay loam Bunches Armillaria ponderosa Pk. 
Sacc. 

White matsu take Armillariaceae 

3. July, 2009 B.H.U Campus On wood Clay loam Single Hypomyces lactifluorum 
Roger. 

Lobster mushroom Hypocreaceae 

4. July, 2009 KVK, Chandauli On wood Mixed forest Single  Auricularia polytricha 
(Mont.) Sacc. 

Black ear 
mushroom  

Auriculariacea  

5. August, 
2009 

Adalpura, 
Mirzapur 

On wood Loam Bunches  Pleurotus sajar-caju Fr. 
Singer. 

Dhingri mushroom Tricholomataceae 

6. August, 
2009 

B.H.U Campus On dead tree Mixed forest Single  Ganoderma lucidum 
(Curt:F) P. Karst 

Reishi mushroom Ganodermataceae 

7. August, 
2009 

Siddhi, M.P.  On wood Wild forest  Bunches  Pleurotus flabellatus Berk 
Fr. Sacc. 

Dhingri mushroom Tricholomataceae 

8. August, 
2009 

Vindhyachal, 
Mirzapur 

On road side  Wild forest Single Ganoderma multiplicatum 
Curtis Fr. P.  

Reishi mushroom Ganodermataceae 

9. September, 
2009 

Sonebhadra On paddy 
straw 

Wild forest Bunches  Vovariella volvacea Su & 
Seth 

Paddy straw 
mushroom 

Volvariaceae 

10. September, 
2009 

Churk, 
Robertsganj  

On humus Wild forest Single  Calocybe indica Purka & 
Cha 

Milky mushroom  Tricholomataceae  

11. July, 2010 Churk, 
Robertsganj  

On wood Wild forest Bunches Agaricus placomyces. 
(Lange.) Imbach. 

Button mushroom Agaricaceae  

12. July, 2010 Kolna, Mirzapur  On wood of 
tamarind’s 
tree 

Clay loam Single Tuber gibbosum Harkness White truffle Tuberaceae 

13. July, 2010 Vindhyachal 
Mirzapur 

On bark wood  Wild forest Bunches Pleurotus ostreatus Jack Fr. 
Kummer 

Dhingri mushroom Tricholomataceae 

14. July, 2010 B.H.U Campus Tree leaf fall  - Bunches Flamulina velutipes Curtis 
Fr. P. 

Winter mushroom  Tricholomataceae 

15. July, 2010 B.H.U Campus On mango tree Mango trees  Bunches Pleurotus florida  (Mont.) 
Singer 

Dhingri mushroom Tricholomataceae 

16. July, 2010 Siddhi, M.P. On tree lea fall  Mixed forest Bunches Pleurotus eryngii (DC. Ex. 
FY.). 

Dhingri mushroom Tricholomataceae 
 

17. August ,  
2010 

Kushmi forest, 
Gorakhpur  

Rotted weed 
straw  

Mixed forest Bunches Volvariella esculenta (Mass) 
Singer 

Paddy straw 
mushroom 

Volvariaceae 

18. August,  
2010 

Kushmi forest, 
Gorakhpur 

On wood Mixed forest Bunches Lentinus edodes (Berk) 
Singer.  

Shitake mushroom Tricholomataceae 
 

19. August,  
2010 

Kushmi forest, 
Gorakhpur 

On wood Mixed forest Single  Lycoperdon giganteum Batsh 
ex. Pers.  

Giant puff ball  Lycoperdaceae 

20. August,  
2010 

Kushmi forest, 
Gorakhpur 

Ground wood  Mixed forest Bunches Agaricus bitorquis (Quel) 
Sacc. 

White button Agaricaceae 

21. August,  
2010 

Kushmi forest, 
Gorakhpur 

On wood Mixed forest Single  Lycoperdon pyriform Pers. Common puff ball Lycoperdaceae 
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Table 2. Phenotypic parameters  of collected edible fleshy fungi from different locations of U.P. and M.P., India

Table 3. Phenotypic parameter carpophores part and colour of collected edible fleshy fungi form different location of U.P. and
M.P., India

S. 
No.  

Edible fleshy fungi Umbo Scale The gills Colour  Gills edges Type of 
veil 

Annuls 
position 

Volva 

1. Agaricus bisporus  Present  White  Present  Furry white  Smooth  Absent  Single  Absent 
2. Armillaria ponderosa Present/convex White Present White to cream Smooth Absent  Single  Absent 
3. Hypomyces lactifluorum Oyster Brown  Present  Brown  Smooth  Absent  Absent  Absent 
4. Auricularia polytricha  Present ear  Grey  Present  Grey  Smooth  Absent  Absent  Absent 

5. Pleurotus sajar-caju  Present oyster Creamy  Present  White creamy   Smooth  Absent  Absent  Absent 
6. Ganoderma lucidum Absent  Absent  Absent Dark orange  Absent  Absent  Absent  Absent 
7. Pleurotus flabellatus  Present oyster Brown  Present  Dirty brown  Smooth  Absent  Absent  Absent 
8. Ganoderma multiplicatum Absent  Absent  Absent Reddish   Absent  Absent  Absent  Absent 
9. Volvariella volvacea  Present  Brown  Present  Brown  Smooth  Present  Deciduas Present 

10. Calocybe indica  Present/convex Milky  Present  Milky Smooth  Absent  Deciduas  Absent 
11. Agaricus placomyces  Present  White  Present  Milky creamy  Absent Absent  Absent Absent 
12. Tuber gibbosum Absent  Absent  Absent Olive  Absent  Absent  Absent Absent 
13. Pleurotus ostreatus  Present oyster White  Present  White milky   Smooth  Absent  Absent  Absent 
14. Lentinus edodes  Present  White  Present  White milky   Smooth  Absent  Absent  Absent 

15. Pleurotus florida  Present oyster Brown  Present  Dirty brown  Smooth  Absent  Absent  Absent 
16. Pleurotus eryngii  Present oyster Pinky  Present  Pinky   Smooth  Absent  Absent  Absent 
17. Volvariella esculenta Present  Brown  Present  Brown  Smooth  Present  Deciduas Present 
18. Flamulina velutipes Present White  Present White  Smooth  Absent  Absent  Absent 
19. Lycoperdon giganteum Absent  Brown  Absent  Brown  Rough Absent  Absent Absent  
20. Agaricus bitorquis Present  White  Present  Furry white  Smooth  Absent  Single  Absent 
21. Lycoperdon pyriform Absent  Brown  Absent  Brown  Rough Absent  Absent Absent  

 

S. 

No.  

Edible fleshy fungi Size of the 

fructification (cm) 

Carpophores shape Shape Stipes length  

(cm) 

Stipes width 

(cm) 

1. Agaricus bisporus  5-6x6-8 Thick button  Clubbed  5-6 1-2 

2. Armillaria ponderosa 5-10x4-8 Umbrella  Clubbed 4-10 1-1.5 

3. Hypomyces lactifluorum 8-11x7-15 Oyster  Slender  6-10 5-10 
4. Auricularia polytricha  2-3x4-6 Ear  Ear  2-3 1.5-2 

5. Pleurotus sajar-caju  4-8x5-10 Oyster  Slender tapering 5-10 1-1.5 
6. Ganoderma lucidum 2-4x3-4 Thick hard oval  Thick broad  2-3 1-2 

7. Pleurotus flabellatus  8-11x7-15 Oyster  Slender tapering  6-12 1-1.5 
8. Ganoderma multiplicatum 2-4x4-10 Thick hard heart Thick broad  2-3 1-2 

9. Volvariella volvacea  6-8x4-6 Ice-cream  Smooth slender 4-6 1-1.5 
10. Calocybe indica  6-12x5-8 Thick clubbed  Thick clubbed 8-10 1.5-2 

11. Agaricus placomyces 8-10x-8-10 Thick hard barrel  Thick broad 8-12 6-8 

12. Tuber gibbosum Broad area Thick hard egg  Egg  Absent Absent 
13. Pleurotus ostreatus  6-10x6-11 Oyster  Slender  6-10 1-1.5 

14. Lentinus edodes  4-8x510 Funnel  Clubbed  4-7  2-2.5 
15. Pleurotus florida  8-11x7-14 Oyster  Slender  5-11 1-1.5 

16. Pleurotus eryngii  8-11x7-15 Oyster  Slender  4-9 1-1.5 

17. Volvariella esculenta 4-6x3-5 Ice-cream  Smooth slender 3-5 1-1.5 

18. Flamulina velutipes 5-6x2-4 Funnel  Funnel 5-6 1-1.5 
19. Lycoperdon giganteum 2-3x2-3 Oval  Oval  2-3 Absent  

20. Agaricus bitorquis 5-6x6-8 Thick button  Clubbed  5-6 1-2 

21. Lycoperdon pyriform 3-4x2-3 Pear   Pear   2-3 Absent  

 



188 Journal of Eco-friendly Agriculture 8(2) 2013

Ram Chandra et al.

Nage et al. (1991) have collected several member of
Agaricus from mushroom mycoflora of Jaipur district, of  these,
Agrocybe pediades (Fr.) Fayod, Psedocoprinus disseminatus (Fr.)
Kuhner, Strofaria semiglobota (Fr.) Quest and Tremitomyces
heimii Natarajan,  reported first time from Rajasthan,
paticularly  morphology, anatomy and taxonomy of these
species. Chhetry and Pfoze (2007) have stated that  out of 24
different edible fungi collected and identified in local
dialects, and mainly focused on 9 locally well known
mushrooms of Manipur, India. Bhosle et al.(2010) have
reported the Ganoderma is the genus from order
Aphyllophorales with more than 300 species. The type
species, Ganoderma lucidum is medicinally important and
many other species are worked out for various medicinal
properties.

It can be concluded from the study that the edible fleshy
fungi are prevalent in diffirent forest regions of U.P. and
M.P., which could be exploied for commercial cultivation.
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ABSTRACT

Alternaria blight of ber started during the first week of January as faded green areas on the margins of the
leaves which gradually enlarged to form irregular brown coloured sporulation masses (lesions). During humid
weather, these lesions coalesced to form large blightened patches leading to pre-mature defoliation. Five different
media were used for in-vitro culture of  the pathogen. Potato dextrose agar followed by ber leaf extract agar
supported the maximum radial growth of the fungus. The fungus yielded maximum biomass and spore germination
at 200C. The fungus could infect both the injured and uninjured surfaces of the ber leaves, however injured leaves were
preferred for pathogenesis. Out of 25 ber cultivars, none was found resistant or tolerant against the disease when
screened under natural or artificial inoculation conditions.

Key words: Ber, Alternaria alternata, temperature regimes, sporulation, biomass, screening, germplasm.
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Ber (Zizyphus mauritiana Lamk) is an ancient and
indigenous fruit of India, China and Malaysia region. It is
drought tolerant, poor man’s fruit known for its nutritive
value. However, it is affected by many serious (Jamadar  et
al.  2005) diseases (Jamadar et al. 2005) like powdery mildew,
sooty mold, leaf spots (Alternaria, Cercospora, Septoria,
Cladosporium, Pestalotiopsis etc.). The leaf blight disease of
ber caused by Alternaria alternata was first reported by
Jeyarajan and Cheema (1972) from Punjab and by Gupta
and Madaan (1977) from Haryana. This pathogen attacks
both nursery and grown up plants. The disease appear in
the form of small irregular brown spots on the upper surface
of the leaves and gray to brown spots on the lower surface
which generally starts from the tip and margins of the leaves
and spreads gradually downwards and inwards. Many
spots coalesce to form large patches involving most of the
leaf lamina, resulting into pre-mature defoliation of diseased
leaves (Gupta and Madaan, 1977). A number of ber cultivars
screened against the pathogen but none was found
resistant/ tolerant. Since, detailed investigations has not been
done on this disease in India.  Therefore,  the  objectives of
the present investigation were to determine effect of
temperature regimes on biomass production  and  sporulation
of A. alternata and its pathogenic potential on different
commercial ber cultivars.

MATERIALS AND METHODS

The pathogen was isolated from the diseased leaves of
ber collected from New Orchard, PAU, Ludhiana on potato
dextrose agar (PDA) medium. The culture of the fungus was
purified by single spore isolation technique. Further, a

number of synthetic and semi-synthetic media were tested
with a view to find out the suitable medium,  which favours
the best growth of Alternaria alternata. The solid media
included in  the study were Potato dextrose agar (PDA), Oat
meal agar, Richard’s agar, Czapek’s Dox agar  and ber leaf
extract. Each medium was poured (20ml) into the sterilized
petri plates under aseptic conditions in a laminar air flow
cabinet. Petri plates were inoculated with 8mm discs of the
inoculum cut with  sterilized cork borer from 15 days old
culture of A. alternata raised on PDA. Three replicates were
kept under each treatment. Inoculated petri plates were
incubated in a BOD incubator at 25±10 for 7 days. The
observations in terms of colony diameter (mm) were recorded
every day up to seven days of inoculations. The data
obtained were analysed statistically.

To, determine the minimum, optimum and maximum
range of temperature for the growth and sporulation of
A. alternata, 25ml of the basal liquid medium (PDA) was
dispensed in 250 ml Erlenmeyer conical flasks, autoclaved,
inoculated with 5mm culture bit and incubated at different
temperature regimes viz.,  10, 15, 20, 25, 30 and 350C  in BOD
incubators. Each treatment was replicated thrice. The data
in terms of dry weight of the  fungus, growth pattern and
extent of sporulation were recorded. For recording dry weight
of fungal growh, the mycelium from the flasks were filtered
through the pre-weighed Whatman’s No.1 filter paper discs
and dried in hot air oven at 650C for 48 hours and weighed
on an analytical electric monopan balance.

The colony growth of   the fungal biomass was observed
visually. For determining the extent of sporulation, 8mm
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vegetative growth was homogenized in 1ml distilled water
and spores counted under microscope. The extent of
sporulation was graded as:

Excellent = + + + + (>50 conidia microscopic field-1)

Good = + + + (< 50-40 conidia microscopic field-1)

Fair = + + (<40-20 conidia microscopic field-1)

Poor = + (<20 conidia microscopic field-1)

Further, to find the most suitable temperature for
inducing the maximum germination of spores of A. alternata,
different temperatures viz., 10, 15, 20, 25, 30 and 350C were
tested. The spore suspension was prepared in dextrose
(2000µg ml-1) solution. The cavity slides with hanging drops
kept in petriplates (moist chambers) were incubated at
different  temperatures in different BOD incubators. A germ
tube length of 20µm was taken as standard crieterion for the
germination of conidia. The data in terms of conidia
germinated after 12 and 24 hours were recorded.

The pathogenic potential of A. alternata the was  studied
on 25 cultivars of ber  namely Umran, Kaithali, Wallaiti,
Nazuk, Selected Safeda, Safeda, Chhuhara, Dandan, Gorva,
Pathani, Sanaur-2, Sanaur-3, Sanaur-4, Sanaur-5, Thornless,
Illaichi, Dudhia, Sandhura-Narnaul, Seo, Banarsi, Banarsi
Pewandi, Desi Alwar,  Gola, Nalagarh and Narikeli under
in vitro and in vivo conditions. In case of in vitro, 10 leaves of
uniform size and and age from each of the 25 cultivars were
collected from the  Orchard, washed under running tap water
and air dried. Moist cotton pad of approximately 4cm
thickness were kept in rectangular (30 ×6 cm)  plastic trays.
Glass rods having diameter 0.5cm were placed on the moist
cotton pads. Ten leaves of each cultovar were inoculated
using droplet placement method. The inoculation sites were
marked on lower surface in the form of circular marks
approximately 5mm diameter with the help of tip of refill-
pen to make a shallow surface injury. Pathogenicity tests
were also carried out on un-injured leaves. Hundred

inoculation sites were maintained in each case. Parallel
checks with distilled water applied in the similar manner
were also run simultaneously. After, inoculation, trays were
tightly covered with polythene sheets to maintain humid
conditions inside the trays. Data in terms of per cent disease
index was recorded after 10 days of inoculation.

In case of screening of cultivars in vivo, 3 trees of each
cultivar were selected at random and twenty leaves of each
tree were inoculated using droplet inoculation method. After
placing the droplet on the leaves, moist cotton swabs were
wrapped around the leaves to create humid conditions.
Leaves were then covered with polythene bags. Data in terms
of per cent disease index (PDI) were recorded after 10 days of
inoculation. On the basis of PDI, the cultivars were
categorized as resistant  (R,  PDI=0-5%), tolerant,  (T,  PDI=6-
10%), moderately susceptible,  (MS, PDI=11-20%),
susceptible, (S, PDI=21-50%) and highly susceptible, (HS,
PDI>50%).

RESULTS AND DISCUSSION

Results show  that the fungus grew well on three media
viz., potato dextrose agaar (PDA), ber leaf extract and  oat
meal agar media (Table 1). Maximum growth of the fungus
supported by PDA. All the five test media differed
significantly from each other.

The data in Table 2 revealed that the maximum biomass
production was obtained at 200C (485.66mg) followed by
15, 25, 100C (409.33, 385.33, 323.33mg) and minimum at 300C
(245.66 mg). Temperature of 350C does not support the growth
of the fungus. The fungal biomass at all temperature regimes
differed significantly from each other. The temperature
ranges of 150C  and  250C  favoured the excellent growth
whereas 300C supported poor growth. These observations
are in agreement with those of Hiroe et al. (1958) in relation
to A. alternata.

The data in terms of per cent germination of spores of
A. alternata in 2 per cent dextrose solution, recorded 12 and

Table 1. Daily mean radial growth of Alternaria alternata on different solid media at 25 ±10C

Mean radial growth (mm) of the fungus after (days)* Medium 

1 2 3 4 5 6 7 

Potato dextrose agar 9.37 22.58 31.74 46.16 61.83 70.00 81.83 

Ber leaf extract agar 8.70 19.83 29.50 39.33 52.36 63.83 75.33 
Oat meal agar 8.33 15.83 23.16 35.83 43.16 55.16 63.50 
Czapek’s dox agar 8.08 12.33 17.50 18.50 21.83 25.00 30.33 

Richarrd’s agar 8.21 12.16 14.16 22.50 26.16 31.17 34.00 

 *CD (P=0.05);  Between media (1.643), Between days (1.944) and  Media × days (4.347)



Physio-pathological studies on Alternaria alternata, the causal pathogen of ber blight

Journal of Eco-friendly Agriculture 8(2) 2013 191

24 hours of inoculation at different temperature regimes viz.,
10, 15, 20, 25, 30 and 350C are enumerated in Table 3. The
data  indicate  that the A. alternata expressed its maximum
preference at 200C,  i.e., 60.33 and 90.11 per cent germination
of spores after 12 and 24 hours of incubation. Temperature
regime of 350C failed to induce germination of spores of A.
alternata.

Out  of the 25 cultivars, none were  found resistant
under natural conditions (Table 4) . Cultivars, Illaichi,
Sanaur-2, Sanaur-3, Sanaur-4, Sanaur-5, Chhuhara,
Dandan, Umran, Nazuk, Safeda, Nalagarh, Narikeli, Gola,

Table 2. Effect of temperature regimes on production of biomass and sporulation of Alternaria alternata after 7 days of inoculation

Per cent germination of spores after hrs Temperature 

regime 

( 1 0C) 12 24 

10 10.66 25.91 

15 35.73 71.39 
20 60.33 90.11 

25 29.34 52.67 

30 16.14 29.02 
35 0.00 0.00 

 

Table 3. Effect of different temperature regimes on the
germination of spores of Alternaria alternata in
dextrose (2%) solution after 12 and 24 hours

Table 4. Relative field response of different ber cultivars
against Alternaria blight under  natural infection

Cultivar PDI Reaction 

Illaichi 28.75 S 
Sanaur-3 43.25 S 

Sanaur-5 41.75 S 

Chhuhara 29.50 S 
Dandan 39.40 S 

Umran 27.25 S 
Wallaiti 34.25 S 

Nazuk 29.75 S 
Safeda 59.75 HS 

Seo 33.25 S 
Sandhura narnaul 49.30 S 

Dudia 57.00 HS 

Banarsi 59.75 HS 
Desi alwar 37.25 HS 

Nalagarh 56.75 HS 
Sanaur-4 59.25 HS 

Narkeli 44.25 S 
Golar 34.75 S 

Kaithali 42.25 S 
Gorva 39.25 S 

Pathani 45.00 S 

Sanaur-2 41.25 S 
Selected safeda 35.75 S 

Banarsi pewandi 45.25 S 
Thornless 46.75 S 

 

Temperature 
regime (±10C) 

Mycelial dry weight 
(mg) 

Extent of 
sporulation 

Colony characteristics 

10 323.33 (18.01) + + + The colony is slow growing and showing raised growth. 
Colony colour light green. 

15 409.33 (20.25) + + + + The colony growth of the fungus slightly raised and 
spreading uniformly. Colour of colony blackish green. 

20 485.66(22.06) + + + + The colony growth of fungus vigorous, fast growing 
forming a continuous mat. The colony fastly changing from 
light green to blackish green 

25 385.33 (19.65) + + + + The colony showing scattered growth but later on forming 
a thicker mat. The colony growth raised and dark greenish 
black in colour. 

30 245.66 (15.70) + + The colony growth of fungus is scanty, spreading very 
slowly and uniformly. The colour of colony is dark 
blackish green. 

35 0.00(1.00) - - 

CD (P=0.05) 0.414   

 Figures in parentheses represent  n+1 transformed values.
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Table 6. Relative susceptibility of different ber cultivars
against Alternaria alternata under expreimental
(artificial inoculation) field conditions

Kaithali, Gorva, Pathani, Thornless, Selected Safeda and
Banarsi Pewandi were found to show susceptible reaction,
whereas Wallaiti, Dudia, Seo, Sandhura Narnaul, Desi Alwar
and Banarsi expressed highly susceptible reaction. Similarly
in vitro the ber varieties,  Illaichi, Sanaur-2, Sanaur-3, Sanaur-
4, Sanaur-5, Chhuhara, Dandan, Umran, Nazuk, Selected
safeda, Nalagarh, Narikeli, Golar, Kaithali, Gorva, Pathani,
Thornless, Dudia were found  susceptible to ber  blight, while
Wallaiti, Safeda, Seo, Sandhura Narnaul, Desi Alwar were
found highly susceptible (Table 5). To further confirm the
relative susceptibility of different cultivars, inoculations were
done under field conditions on grown up trees and data on
per cent disease index are tabulated in Table 6. Cultivars,
Illaichi,  Sanaur-2, Sanaur-3, Sanaur-4, Sanaur-5, Chhuhara,
Dandan, Umran, Nazuk, Selected safeda, , Nalagarh,
Narikeli, Golar, Kaithali, Gorva, Pathani, Thornless, Dudia
expressed a susceptible response to the disease, whereas
Wallaiti, Safeda, Seo, Sandhura Narnaul, Desi Alwar were
found highly susceptible. Cultivar, Sandhura Narnaul was

found to be highly susceptible with a per cent disease index
of 62.75. These observations are in agreement with those of
Jeyarajan and Cheema (1972) where cultivars, Banarsi
Pewandi, Banarsi, Desi Alwar, Sandhura Narnaul, Selected
Safeda, Seo and Wallaiti are reported highly susceptible,
while cultivars Chhuhara, Dandan, Gorva, Illaichi, Kaithali,
Nalagarh, Narikeli, Nazuk, Pathani, Rohtaki Gola, Safeda,
Sanaur-5, Thornless, Umran and ZG-2 were reported
moderately susceptible to this pathogen.

It can be inferred from the study that the PDA (medium)
and 200C   temperature  are better for growth and sporulation
of Alternaria alternata, the causal pathogen of ber blight and
could be used in further studies.

Table 5. Relative susceptibility of different ber cultivars
against Alternaria alternata inoculated on detached
leaves (in vitro)

Cultivar PDI Reaction 

Illaichi 35.75 S 
Sanaur-3 45.75 S 

Sanaur-5 43.25 S 

Chhuhara 31.25 S 
Dandan 39.50 S 

Umran 33.50 S 
Wallaiti 68.25 HS 

Nazuk 40.75 S 
Safeda 52.00 HS 

Seo 63.25 HS 
Sandhura Narnaul 65.00 HS 

Dudia 42.75 S 

Banarsi 60.50 HS 
Desi alwar 66.00 HS 

Nalagarh 49.75 S 
Sanaur-4 35.75 S 

Narkeli 40.50 S 
Golar 48.75 S 

Kaithali 45.75 S 
Gorva 49.75 S 

Pathani 47.50 S 

Sanaur-2 49.00 S 
Selected safeda 49.25 S 

Banarsi pewandi 53.00 HS 
Thornless 43.25 S 

 

Cultivar PDI Reaction 

Illaichi 31.75 S 

Sanaur-3 43.75 S 

Sanaur-5 41.25 S 

Chhuhara 30.25 S 

Dandan 37.25 S 

Umran 32.75 S 

Wallaiti 62.25 HS 

Nazuk 37.75 S 

Safeda 51.30 HS 

Seo 60.00 HS 

Sandhura Narnaul 62.75 HS 

Dudia 40.75 S 

Banarsi 58.75 HS 

Desi alwar 61.75 HS 

Nalagarh 47.25 S 

Sanaur-4 32.50 S 

Narkeli 37.75 S 

Golar 45.75 S 

Kaithali 43.25 S 

Gorva 48.00 S 

Pathani 45.25 S 

Sanaur-2 48.25 S 

Selected safeda 47.75 S 

Banarsi pewandi 50.75 HS 

Thornless 39.75 S 
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ABSTRACT

The edible mushrooms of ethanobotanical food use were collected, which includes 3 species of Agaricus, 5 of Pleurotus,
2 each of Volvariella, Ganoderma, Lycoperdon and 1 each of Calocybe, Lentinus, Flamulina, Auricularia, Armillaria, Tuber
and Hypomyces. The ethanobotanical edibility of these edible mushrooms was ascertained by obtaining information
from native and tribals, consuming the same. These information were recorded as fruiting phase and part used of
mushroom at the time of consumption and as well as their edibility. The results shows that, all three species of
Agaricus was consumed at fruiting stage, Lycoperdon and Volvariella consumed at button stage and all other mushrooms
consumed at the mature stage. This collection revealed that, Agaricus bisporus, A. placomyces, A. bitorquis, Volvariella
volvacea and V. esculenta have excellent edibility. The flavor of collected edible fungi had different flavours such as
cheese, vegetable, fish, chicken and sweet. Information on chewing fills like hardness and softness was also collected
from mushroom consumer.

Key words: Fleshy fungi, edibility, flavour.
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There are many edible fungi which is in ethnobotanical
food use by the tribals of forest regions of India and Nepal,
e.g.  species of mushrooms, volvarias, polypores and tubers.
These fungi are obviously non-toxic as these have been in
intimate human consumption by native and tribals, since
antiquity (Pandey and Srivastava, 1994). However, the food
value and acceptance of these edible fungi by the scientific
and civilized world have not been recognized. These edible
fungi are more important for a tropical / subtropical country
like India, which has a climate most congenial for the natural
growth of such fungi (Purkayastha and Chandra, 1985). As
such, there is need for carrying out edibility and flavour test
of some edible fungi from different forest regions for
recognizing the biodiversity in edible fungi consumed locally.

MATERIALS AND METHODS

Field survey was conducted for collection of various
fleshy fungi from different localities and forest regions of the
Gorakhpur, Vindhyachal, Chunar and Varanasi regions of
Uttar Pradesh, India. The collected fleshy fungi were studied
for their macroscopic details partening to the habit, habitat,
morphology and other phenotypic parameter,  noted in fresh
form. During this survey, collected 21 species of edible fleshy
mushrooms, belongs to different families of Basidiomycetes
and Ascomycetes. Identification of these fleshy fungi were
done with the help of literature and expertise available in
the Department. Whenever, needed the consultation about

confirming the identity of mushrooms was done with
Directorate of Mushroom Research Solan,  H. P. and R. A. U.
Pusa , Samastipur, Bihar, India. The ethanobotanical edibility
of these edible mushrooms were recorded by obtaining
information from natives and tribals consuming the same.
Information about the collected fleshy fungi and its chewings
fills such as hardness/softness also collected from native
consumers.

RESULTS AND DISCUSSION

Edibility test and flavour of collected edible fleshy fungi

The ethanobotanical edibility of the collected edible
mushrooms is presented in Table 1. The table shows that, all
three species of Agaricus are consumed at fruiting stage and
Lycoperdon and Volvariella at button stage, while others are
consumed at the mature stage. This collection revealed that,
Agaricus bisporus, A. placomyces, A. bitorquis, Vovariella volvacea
and V. esculenta have excellent edibility. Some other
mushrooms also have very good edibility such as Pleurotus
sajar-caju, P. flabellatus, P. ostreatus, Lentinus edodes, P. florida,
P. eryngii and Flamulina velutipes. The collected edible fungi
has cheese, vegetable, fish, chicken and sweet flavours and
textures (chewing/ fill) has also been found different.

Sohi et al. (1964) prepared a list of some interesting
mushrooms from Himanchal Pradesh. They prepared a list
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of 15 mushrooms of which 3 were noted as edible. Some
edible species of order Agaricales were also recorded by
Ghose et al. (1967) including three species of Volvariella. The
edibility of Flammulina velutipes and Volvariella bombycina
was specially mentioned. Kaul and Kachroo (1974) have
enlisted common edible mushroom of Jammu and Kashmir.
They described the number of species of Coprinus, Morchella,
Pleurotus, Lycoperdon, Calvatia and Elvella. Rai et al. (2000)
conducted periodical surveys of the forest of Melghat,
Amravati, Bhandara, Sakoli of Vidarbha region
(Maharashtra, India)  during  the  monsoon  seasons  of
1996-97, 1997-98 and 1998-99 for the collection of edible wild
mushrooms. Edibility of the mushrooms was  tested on the
basis of local consumption of villagers and tribal people.
Commonly found edible genera are Termitomyces,
Cantharellus, Agaricus, Morchella, Podaxis, Pleurotus,
Auricularia, Volvariella and Coprinus. Chhetry and Pfoze
(2007) have stated that, out of 24 different edible fungi
collected and identified in local dialects, where main focus
was  on 9 locally well known mushrooms of  Manipur, India.

It may be concluded from this study that the edible
fleshy fungi (mushrooms) are available in forest of India,
which could be exploited for commercialization by
mushroom researches/growers/consumers.
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Table 1. Edibility test and flavour of edible fleshy fungi collected from different forest regions of India

Edibility Chewing S. No.  Scientific name  Common name  Sporophore 
stage  

Edible part  

Taste  Flavor  Softness Hardness 

1. Agaricus bisporus  Button mushroom  Pre-mature  Stipe+ pileus  Excellent  Cheese   ++ 0 
2. Armillaria ponderosa White matsu take Mature Stipe+ pileus Good Cheese ++ 0 
3. Hypomyces lactifluorum Lobster mushroom Mature Stipe+ pileus Good Cheese ++ 0 
4. Auricularia polytricha  Black ear mushroom  Mature Full fruit body  Good  Veg.   + + 
5. Pleurotus sajar-caju  Dhingri mushroom Mature Stipe+ pileus Very good  Fish  + + 
6. Ganoderma lucidum Reishi mushroom Mature Stipe+ pileus Good Tea  0 + 
7. Pleurotus flabellatus  Dhingri mushroom Mature Stipe+ pileus Very good Fish  + + 
8. Ganoderma multiplicatum Reishi mushroom Mature Stipe+ pileus Good Tea 0 + 
9. Volvariella volvacea  Paddy straw mushroom Mature Stipe+ pileus Excellent  Sweet  ++ 0 
10. Calocybe indica  Milky mushroom  Mature  Stipe+ pileus  Good   Chicken  + + 

11. Agaricus placomyces.  Button mushroom Pre-mature  Stipe+ pileus  Excellent  Cheese  ++ 0 
12. Tuber gibbosum White truffle Pre-mature Full fruit body Good Chicken 0 + 
13. Pleurotus ostreatus  Dhingri mushroom Mature Stipe+ pileus Very good Fish + + 
14. Lentinus edodes  Shitake mushroom  Mature Stipe+ pileus Very good Fish + 0 
15. Pleurotus florida  Dhingri mushroom  Mature Stipe+ pileus Very good Fish + + 
16. Pleurotus eryngii  Dhingri mushroom  Mature Stipe+ pileus Very good Fish + 0 
17. Volvariella esculenta Paddy straw mushroom Mature Stipe+ pileus Excellent  Sweet  ++ 0 
18. Flamulina velutipes Winter mushroom  Mature Stipe+ pileus Very good Veg. + + 
19. Lycoperdon giganteum Giant puff ball  Pre-mature  Button  Good  Sweet 0 ++ 
20. Agaricus bitorquis Button mushroom  Pre-mature  Stipe+ pileus  Excellent  Cheese   ++ 0 
21. Lycoperdon pyriform Pear puff ball  Pre-mature Full fruit body Good  soyabea + + 
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ABSTRACT

An attempt was made to prepare candy using fast and slow cooking methods from immature fruits of Lesora and its
chemical and sensory quality assessed after 3 and 6 months of storage. Results revealed that the ascorbic acid was
minimum in candy prepared by slow cooking method, while values of total soluble solids and total and reducing
sugars were higher in candy prepared by fast method. The sensory acceptability scores showed that the candy
prepared by fast cooking method was best in retention of colour and flavour. The promotion and addition of Lesora
into human diets can assists in its protracted use resulting in its conservation as well as in income generation of
farmers.

Key words: Candy, Lesora, cooking method, sugars.

Journal of Eco-friendly Agriculture 8(2): 196-198 : 2013

Lesora (Cordia dichotoma) is a highly nutritive fruit of
ovoid shape with light green colour. Lesora in Himachal
Pradesh (H.P.) is known as Lusiada and used as vegetable.
Its common name is bird lime tree and in India its fruits are
known as Gonda or Indian cherry or Seabesten plum. The
Lesora tree is generally propagated by seeds, bears flowers
during February /March and a potential source of soluble
gums. Lesora fruits are harvested in May/June and can be
grouped into bold and small on the basis of fruit size
(Kaushik and Dwivedi, 2004). Lesora fruit when ripe has a
viscid sweetish transparent pulp surrounding a central stony
part. Ripe fruits are eaten as delicacy in Rajasthan and have
high medicinal properties (Meghwal, 1997). It is very effective
against dry cough, bronchitis, chronic fever and arthritis
(Agarwal, 1991). Usually Lesora tree grows in many parts of
Himachal Pradesh wildly and bears abundant amount of
fruits but still its value addition is unexploited. Therefore,
an attempt was made to prepare candy from immature Lesora
fruits and study its storage stability in terms of nutritional
and sensory attributes and results reported in this
communication.

MATERIALS AND METHODS

Fresh, immature Lesora fruits (seedless and not fully
grown) were selected for preparation of candy. The candy
from halves was prepared by using slow and fast set methods
as standardized in the lab as per description of Lal et al.
(1986) as shown in flow chart 1. The standard methods of
Ranganna (2007) were used in determining total soluble

solids (TSS), acidity, ascorbic acid and sugars during 6
months of storage at ambient   temperature. The organoleptic
quality of candy was also determined on a 9- point Hedonic
scale (Larmound, 1977). Data were statiscally analysed and
compared at 5 per cent level of significance by the method of
Gupta (2000).

RESULTS AND DISCUSSION

Titrable acidity and ascorbic acid

 The effect of method of preparation as well as storage
duration on acidity was non-significant. Maximum acidity
was exhibited in candy cooked by slow method. Although
there was a decline in acidity from 0.31 to 0.07 per  cent
(Table 1) in fast cooked candy and 0.32 to 0.09 in slow cooked
ones with storage of 6 months. This may be due to
neutralization of acid by interaction with natural chemical
constituents of candy.  Within the treatments, the ascorbic
acid content of candy prepared by fast cooking method was
higher (2.38 mg 100 g-1) when compared with candy
prepared by slow method (1.84 mg 100 g-1) which may be
due to its loss because of longer duration of preparation. The
values for ascorbic acid of candy prepared by fast cooking
method decreased from 2.38 mg 100 g-1 to 0.69 mg 100 g-1

(Table 1), whereas in candy prepared by slow method the
decline was from 1.84 mg 100 g-1 to 0.56 mg 100 g-1 with
storage of 6 months. This may be due to its oxidation to
dehydroascorbic acid as described by earlier workes (Gupta,
1996).
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Washing, sorting, grading of Lesora 
 

Dipping overnight in  salt solution (2%) and then washing 
 

Preparing syrup of 30°B  Layering of Kachnar /Lesora with 
sugar and keeping for 24 hours 

Raising concentration to 70°B by 5°B 
daily and keeping for 7 days 

 Raising concentration of syrup to 
65°B and cooking for 3 minutes 

 

Raising concentration to 75°B and again 
keeping for 7-9 days 

 Raising concentration of syrup to 
75°B by 5°B daily  

Keeping for 7 days and then 
draining the syrup 

Draining syrup and drying in drier at 45°C   Draining and drying in drier at 45°C 

 
Flow chart  1. Steps in candy preparation from Lesora

 Method of preparation as well as storage duration had
a significant (p=0.05) effect on the total soluble solids and
total and reducing sugars of immature Lesora candy. Total
soluble solids were high (43.18 °B) in candy prepared by fast
cooking method which increased to 43.63 °B and 43.80 °B
with storage of 3 and 6 months (Table1). In candy prepared
by slow cooking method, the values of soluble solids
increased from 40.14 to 40.97 °B after storage of 6 months
which may be due to decrease in moisture content and
imbibitions of sugar by the process of osmosis. Total sugar
(41.08%) and reducing sugars (15.71%) were higher in candy
prepared by fast cooking method whereas, the corresponding
values for the same were lower (36.77 & 14.76 %)  in candy
prepared by slow method. With storage, both total as well as
reducing sugars increased from 40.46 to 41.99 per cent and
15.25 to 16.12 per cent in candy prepared by fast cooking

method. On the other hand, there was a negligible change in
total sugars (36.69 - 36.87 %) and a significant (p=0.05)
increase in reducing sugars (14.11 - 15.05 %) after 6 months
of storage in candy prepared by slow cooking. Probably this
increase in total sugars may be due to loss of moisture during
storage and increase in reducing sugars which may be
attributed to conversion of sucrose to reducing sugars. Similar
observations have also been reported by  earlier workers
(Sethi and Anand, 1982; Siddique et al. 1990; Gupta, 1996;
Kaur, 2005).

Sensory scores for candy

 The method of preparation affected the sensory scores
significantly (p=0.05). Candy prepared by fast cooking
method was revealed the best in terms of better retention of
colour and flavor, i.e., 7.57 and 8.25, while texture scored

Table 1. Effect of storage on chemical parameters of Lesora candy prepared from immature fruits

FC=Candy by fast cooking method; SC=Candy by slow cooking method; T=Treatment; S=Storage

Titrable acidity (% 

citric acid) 

Ascorbic acid  

(mg 100g-1) 

Total soluble solids 

(°B) 

Total sugar  

(%) 

Reducing sugar 

(%) 

Storage 

period 
(months) FC SC FC SC FC SC FC SC FC SC 

0 0.31 0.32 2.38 1.84 43.18 40.14 40.46 36.69 15.25 14.11 

3 0.09 0.15 1.61 1.00 43.63 40.73 40.80 36.77 15.75 14.76 
6 0.07 0.09 0.69 0.56 43.80 40.97 41.99 36.87 16.12 15.05 

Mean 0.16 0.19 1.56 1.13 43.53 40.61 41.08 36.77 15.71 14.64 

CD  

(p < 0.05) 

T = NS;  S = NS;      

T x S = NS 

T = 0.31;  S = 0.38;    

T x S = NS 

T = 0.22;  S = 0.27;     

T x S = NS 

T = 2.32;  S = NS;      

T x S = NS 

T = 0.20;  S = 0.25;   

T x S = NS 
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better in slow method (Table 2). The sensory scores decreased
to a mean value of 7.12 from 6.85 after 6 months of storage for
colour and for flavour from 8.00 to 7.20. There was increase
in scores for texture after 6 months of storage from 6.50 to
6.91, which may be due to decrease in gums which has
improved the texture of candy. The results are not in
agreement with those reported by Gupta (1996) and Kaur
(2005), which may be due to variation in fruits used for
preparation of candy in present studies.

The result of the study revealed that Lesora candy could
be prepared by both slow and fast cooking methods, but the
best results can be obtained by fast cooking method as the
candy had better chemical and sensory qualities. Its glazing
with sugar or glucose can also be done. The promotion and
addition of Lesora into human diets can assists in its
protracted use, resulting its conservation and income
generation to growers.
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Colour Flavour Texture Overall acceptability Storage(months) 

FC SC FC SC FC SC FC SC 

0 7.57  6.75  8.25  7.75  6.50 6.66  7.41 7.05 

3 7.5  6.5  7.91  7.33  6.66 6.83  7.35 6.83 

6 7.36  6.33  7.58  6.83  6.91 7.0  7.28 6.70 

Mean 7.45  6.52  7.91  7.30  6.69 6.83  7.35 6.86 

CD (P<0.05) T = 0.37 
S = NS 

T x S = NS 

T = 0.56 
S = NS 

T x S = NS 

T= NS 
S = NS 

T x S = NS 

T = 0.42 
S = NS 

T x S = NS 
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ABSTRACT

Milk is an excellent medium for microbiological growth due to its high nutritional value. Therefore, fresh raw
milk preservative becomes indispensible in order to guarantee a safe and shelf-stable product. Currently, several
physical and chemical methods are used for milk preservation, of which chemical preservatives have its limitations
due to possible health hazards associated with them. In the present study, the pseudo stem juice of Amritsagar
banana cultivar (PJB) as a potential raw milk preservative has been assessed. Three different concentrations of PJB
viz., 0.1, 0.2 and 0.3 per cent were added to two parts of fresh samples of cow and buffalo milk, one part of it kept
at ambient temperature (AT) at 30±10C and remaining part at refrigerated temperature (RT, 7±10C). The physico-
chemical parameters studied during 7 days preservation of these samples were, i) keeping quality of cow and buffalo
milk on the basis of titrable acidity, alcohol test and clot-on-boiling test and  ii) effect on the fat, protein, lactose,
proteolysis and lipolysis content of milk. The milk samples preserved with PJB did not show any visible change in
colour and physical appearance for the storage period of 7 days. Afterwards, curdling and pink colouration were
noticed but no significant change was observed in levels of fat and protein. Buffalo milk curdled earlier than the cow
milk samples. PJB  (0.3%) treated samples showed slow rate of acid development, negative alcohol test and COB test
for maximum period than that of untreated sample of milk.

Key words : Pseudo-stem juice, milk preservative, keeping quality, titrable acidity, clot-on- boiling, ambient
temperature.
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Milk is one of the most nutritious foods having
perishable nature. It also works as a good medium for micro-
biological growth which makes it unsuitable for processing
or consumption. It results in decreased shelf life, loss of
bouquet freshness and spoilage of milk (Amadkar et al. 1991).
Generally physical and chemical methods of milk
preservation are used to prevent microbial growth. The
physical methods include heat treatment, refrigeration,
cooling, drying, irradiation, ionization etc. Heat treatment
finds the most important place for eliminating harmful micro-
organisms (Birlouez-Aragon et al. 2002; Considine et al.,
2007). The chemical methods involve addition of chemical
preservative that inhibit the development of micro-organisms
or kill them. The chemical preservatives are of limited use for
control of microbial population in milk due to possible health
hazards associated with them. Amritsagar banana (AAA) is
a popular commercial cultivar of banana grown extensively
for table and processing purpose in India and Bangladesh
(Loeillet et al. 2011). Pseudostem juices (PJB) of this banana
variety are used as buffering agent by local farmers since
time immemorial. In this work we endeavored to evaluate
the pseudostem juices of banana (PJB) as potential
preservative for raw milk as well as their influence on
physico- chemical changes of raw milk from cow and buffalo

stored at ambient and refrigerated conditions and results
reported.

MATERIALS AND METHODS

Fresh cow and buffalo milk samples were collected
from the nearby village of Mohanpur situated nearby
Haringhata, West Bangal, India. For using PJB as a
preservative the pseudostem of banana plantain was cut in
small pieces and grinded in a mixer for juice extraction. After
filtering, three different concentrations (0.1, 0.2 & 0.3%) of
pseudostem juices  were prepared. The milk samples after
being collected were divided into two parts. One part  kept
as control and in another part PJB  was added.  The PJB were
added in three different concentrations each. So ultimately,
there were four different parts of one sample of milk for
analytical purpose. After initial observations the sample
preserved with 0.1, 0.2 and 0.3 per cent of pseudo-stem juices
were kept at AT (30±10C) and RT (7±10C). The effects of
preservation at  AT  and  RT were observed each day for
eight days.

Platform tests

It include a series of tests such as titrable acidity (TA)
test, clot-on-boiling (COB) test, alcohol test as well as chemical
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tests. The chemical tests were carried out for  fat percentage
determination (Gerber method), estimation of protein content
of milk (Kjeldahl’s Method), estimation of proteolysis ,
lipolysis  etc in milk.

Titrable acidity : It was determined following the method as
given in ISI (1981) with reagents 0.1 N NaOH and
phenolphthalein indicator (0.5 %) in 95 per cent (v/v) ethyl
alcohol. Ten ml of the milk sample in a beaker was taken and
0.5 ml of phenolphthalein indicator was added to it. The
content was titrated against 0.1 N NaOH solutions till a
faint pink colour appeared, lasting for approximately 30
seconds. Calculation was made by following formula :

Where, A = ml of alkali   used for titration, N = Normality
of sodium hydroxide solution and B = Volume of sample
taken in ml.

Clot-on-boiling (COB) test : Five ml of the prepared milk
sample was taken in a test tube and placed in a boiling water
bath for about 5 minutes.  The tube was observed for presence
of clots on the sides and bottom of the tube. The presence of
clots is an indication of positive test. Positive COB test
indicates high acidity in milk.

Alcohol test : Five  ml of milk sample was taken in a test tube
and equal quantity of alcohol (Ethyl alcohol – 68% by weight
or 75% by volume, density 0.867 g ml-1 at 270C) was added to
it. The whole contents were mixed by inverting the test-tubes
several times. The presence of flake or clot denotes positive
test. A negative test indicates low acidity and good heat
stability of the milk sample particularly for condensing and
sterilization.

Chemical tests : Fat percentage was determined by Gerber
method with reagent,  Gerber sulphuric acid with density of
1.807 to 1.812 g ml-1 at 270C corresponding with a
concentration of sulphuric acid from 90 to 91 per cent by
weight  and Amyle alcohol 95 per cent of clear, colourless
liquid distilled between 1300C to 1320C with density of 0.803
to 0.805 g ml-1 at 270C. Ten ml of Gerber sulphuric acid is
taken in a butyrometer and 10.75 ml of well mixed sample of
milk was added carefully without allowing it to mix with
the acid.  Before tightening the stopper 1 ml amyl alcohol
was added and the contents were mixed by shaking the
butyrometer at 45 degree angle until all the curd dissolved.
After keeping the butyrometer in the water bath at 65± 20C
for 5 min, it was centrifuged at 1100  to 1200 rpm for 5 minutes.
The fat column within the scale on butyrometer was then
adjusted and reading recorded.

Estimation of protein : Estimation of protein content of

milk  caried out by  Kjeldahl’s method. One  gram of milk
sample was taken in a Kjeldahl flask and 2.5 ml of
concentrated H

2
SO

4
 and 1 g  mixture of copper sulphate and

potassium sulphate in a ratio of  1: 20 were added.  It was
then digested in a fume chamber for about 1 hr until the
solution became clear. The digested liquid was allowed to
cool, diluted with distilled water and the whole quantity
was transferred to a Kjeldahl assembly flask. Afterwards 15
ml of 50 per cent sodium hydroxide was added to it. The
content was distilled and the released ammonia vapour was
absorbed in 10 ml of saturated boric acid solution, containing
mixed indicator and  then the ammonia absorbed boric acid
solution was titrated against 0.02 N HCl. A blank experiment
was done under identical condition by using 1 g  pure sucrose
in place of milk. Protein content was calculated by following
formula:

Where, V
1 
= Volume of 0.02 N Hydrochloric acid

used for sample, V
2
= Volume of 0.02 N Hydrochloric acid

used for blank  and W = Weight of  the  milk sample  taken.

RESULTS AND DISCUSSION

The milk samples preserved with pseudo-stems juice
did not show any visible change in colour and physical
appearance for the entire storage period of  7 days.  Curdling
and pink colouration were noticed at the end of storage
period. Buffalo milk curdled earlier than the cow milk . This
might be due to the higher total solids and fat content, which
could have facilitated the rapid multiplication of bacteria.
The results obtained in the present study are  discussed
below:

Platform tests

Titrable acidity (TA):  The results revealed that the rate of
acid development is slow in PJB treated samples than in
untreated cow and buffalo milk sample. It is observed that
the initial acidity (0.135%) of cow milk was maintained up
to 2 hr in control as well as in PJB, treated sample of cow
milk (Table 1). On the other hand control sample of buffalo
milk showed a change in TA from 2 hr storage but all PJB
treated sample of buffalo milk did not maintain the initial
acidity (0.144% ) up to 2 hr storage (Table 2). The general
acceptable acidity limit is 0.03 per cent developed acidity. In
present investigation, all PJB treated sample of cow milk
maintained this limit up to 5 hr but in 0.3 per cent
concentration of PJB,  cow milk does not showed high acidity
development up to 6 hr. On the other hand,  PJB (0.1 & 0.2%)
treated sample of buffalo milk showed 0.167 per cent TA at 4
hr storage period. But in case of 0.3 per cent concentration,
PJB showed high  acidity (0.201% LA) at 6 hr storage period.

B

AN9
)v/w,acidlatic%as(AcidityTitratable 

1 20.028×(V - V )
Protein content (% byweight) = ×6.38

W
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Thus,  the PJB preserved the cow milk up to 5 hr but in 0.2
and 0.3 per cent concentration  preserved sample of cow
milk up to 5 hr and 6 hr with 0.035 per cent developed acidity
from initial acidity (0.135%). The PJB preserved the buffalo
milk up to 4 hr storage,  but 0.2 and 0.3 per cent concentration
preserved the buffalo milk up to 4 hr and 5 hr with 0.023 and
0.027 per cent developed acidity  from initial acidity (0.144%).
There was increasing trend in TA which was significantly
different from control. The increase in TA during storage
might be due to the multiplication of bacteria and production
of lactic acid in the milk samples. Similar finding were made
in formalin or potassium dichromate preserved milk samples
(Jandal and Rai, 1989; Bajaj and Rai, 1993; Karmakar and
Ghatak, 1995). They reported that there was a progressive
increase in TA in formalin and potassium dichromate added
milk samples with increase in storage period

 The results pertaining to change in TA in cow and
buffalo milk samples preserved with PJB stored at RT (7±10C)
for 6 days are presented  in Table 3 and 4.  The TA of fresh

cow and buffalo milk samples were  0.135 and 0.146 per
cent, respectively.  It is evident from the Table 3 and 4 that
PJB preserved cow and buffalo milk underwent some
changes in its TA during storage. Further it is noticed that in
case of milk samples preserved with PJB at 0.2 and 0.3 per
cent concentration the increase in TA was faster as compared
to that preserved with 0.1 per cent concentration. Also it was
noticed that development of TA was faster in the initial stage
and then increase at a steady rate. But in case of buffalo milk
the increase in TA was at a steady rate for entire period of
storage. It was observed that the initial acidity (0.135%) of
cow milk and initial acidity (0.144%) of buffalo milk was
maintained for one day in control and in all PJB treated
samples. Thus it is clear that the 0.3 per cent concentration
of PJB treated the cow milk was preserved up to 5 days, but
its 0.2 and 0.3 per cent concentration,  preserved cow milk
for 4 days and 5 days with 0.037 and 0.040 per cent
developed acidity (Table 3).

Table 1. Effect of added preservative, pseudostem juice of banana  (PJB) on the titrable acidity (% lactic acidity) of cow milk
during storage at ambient temperature (30±10C)

Duration of storage (hr) / Titrable acidity (TA) PJB 

concentration 
(%) 

0 1 2 3 4 5 6 7 8 

Control 0.135 0.135 0.137 0.149 0.162 0.182 0.207 0.252 0.273 

0.1 0.135 0.135 0.135 0.149 0.158 0.178 0.198 0.234 0.252 
0.2 0.135 0.135 0.135 0.144 0.158 0.175 0.192 0.225 0.244 

0.3 0.135 0.135 0.135 0.144 0.153 0.167 0.175 0.190 0.228 

 

Table 2. Effect of added preservative, pseudostem juice of banana (PJB) on the titrable acidity (% lactic acidity) of buffalo milk
during storage at ambient temperature (30±10C)

Table 3. Effect of added preservative, pseudostem juice of banana (PJB) on the titrable acidity (% lactic acidity) of cow milk
during storage at refrigerated temperature (7±10C)

Duration of storage (hr)/titrable  acidity (TA) PJB concentration 

(%) 0 1 2 3 4 5 6 7 8 

Control 0.144 0.144 0.149 0.160 0.172 0.196 0.225 0.265 0.310 

0.1 0.144 0.144 0.149 0.157 0.167 0.189 0.212 0.252 0.302 

0.2 0.144 0.144 0.146 0.157 0.167 0.180 0.210 0.250 0.296 
0.3 0.144 0.144 0.144 0.152 0.157 0.171 0.201 0.236 0.285 

 

Duration of storage (days)/ Titrable acidity (TA) 
PJB concentration (%) 

0 1 2 3 4 5 6 

Control 0.135 0.139 0.152 0.168 0.182 0.225 0.278 

0.1 0.135 0.139 0.148 0.160 0.176 0.207 0.243 

0.2 0.135 0.139 0.148 0.158 0.172 0.198 0.236 
0.3 0.135 0.137 0.144 0.152 0.164 0.175 0.212 
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The PJB (0.3%) treated sample preserved the buffalo
milk up to 4 days, while its  0.1 and  0.2 per cent
concentrations preserved the buffalo milk up to 3 days with
0.053 and 0.047 per cent  developed acidity.  The increase in
TA during storage might be due to higher total solids and fat
content, which could have facilitated the rapid multiplication
of bacteria. No reports are available to support this finding
in PJB treated milk samples. However, similar findings were
made in formalin and  potassium dichromate preserved milk
samples (Hussain et al.  1984, Jandal and Rai, 1989; Bajaj
and Rai, 1993 and Karmakar and Ghatak, 1995).

Alcohol test : The results of alcohol test of PJB treated and
untreated samples of cow and buffalo milk at AT (30±10C)
for 8 hr are depicted in Table 5. The control sample of cow
and buffalo milk showed negative alcohol test up to 4 hr but
0.2 and 0.3 per cent concentration of PJB treated samples of
cow milk showed negative alcohol test up to 5   and 6 hr,
respectively. In case of buffalo milk 0.1 and 0.2 per cent
concentration of PJB treated samples showed negative
alcohol test up to 4 hr, while the third concentration, i.e.,  0.3
per cent  showed negative alcohol test up to 5 hr.  On the
basis of alcohol test maximum keeping quality have been
observed in 0.3 per cent concentration of PJB treated sample
of both cow and buffalo milk. The results of alcohol test of
cow and buffalo milk preserved with PJB at RT (7±10C) for 7

days storage are depicted in Table 6. The control samples of
cow milk showed negative alcohol test up to 3 days.  The
initial samples of cow and buffalo milk preserved with PJB
showed negative results. PJB treated samples of cow milk
showed negative alcohol test up to 5 days storage period at
higher concentration (0.3%). In case of cow milk 0.1 and 0.2
per cent concentration of PJB treated samples showed alcohol
test negative up to 4 days. On the other hand, control samples
of buffalo milk showed negative alcohol test up to 2½ days
storage period,  but at higher concentration (0.3%) of PJB,
samples showed negative alcohol test up to 4 days, while at
0.1 and 0.3 per cent it was  negative  up to 3 days of storage.
On the basis of above study it may be inferred that cow milk
showed better keeping quality than its counterpart. These
variations may be due to the difference in initial microbial
quality of cow and buffalo milk.

Clot-on-Boiling (COB) test : The results of COB test of PJB
treated and untreated samples of cow and buffalo milk at
AT (30±10C) for 8 hrs storage period are depicted in Table 7.
The control samples of cow and buffalo milk showed negative
COB test up to 4 hr storage. A remarkable improvement in
heat stability of cow and buffalo milk has been noticed due
to the application of all levels of PJB. Maximum boiling
stability of cow and buffalo milk was observed up to 6 hr
and 5 hr, respectively, when milk from cow and buffalo were

Table 5. Effect of added preservative, pseudostem juice of banana (PJB) on the alcohol test of cow and buffalo milk during
storage  at ambient temperature (30±10C)

Duration of storage (hr)/Alcohol test 
Cattle species 

PJB concentration 

(%) 0 1 2 3 4 5 6 7 8 

Control – – – – – + + + + 

0.1 – – – – – + + + + 

0.2 – – – – – – + + + 
Cow  

0.3 – – – – – – – + + 
Control – – – – – + + + + 

0.1 – – – – – + + + + 

0.2 – – – – – + + + + 
Buffalo 

0.3 – – – – – – + + + 

 (+) Alcohol test positive and (-) alcohol test negative

Table 4. Effect of added preservative, pseudostem juice of banana (PJB) on the titrable acidity (% lactic acidity) of buffalo milk
during storage at refrigerated temperature (7±10C)

Duration of storage (days)/ Titrable acidity (TA) 
PJB concentration (%) 

0 1 2 3 4 5 6 

Control 0.144 0.148 0.166 0.192 0.221 0.262 0.283 

0.1 0.144 0.148 0.159 0.170 0.197 0.225 0.260 

0.2 0.144 0.146 0.156 0.164 0.191 0.210 0.248 
0.3 0.144 0.146 0.149 0.153 0.171 0.189 0.220 
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treated with 0.3 per cent concentration of PJB. Thus, both 0.1
and 0.2 per cent concentration of PJB treated samples of cow
milk showed negative COB test up to 5 hr. But in case buffalo
milk, 0.1 and 0.2 per cent concentration  showed negative
COB test up to 4  and 5  hr, respectively.  In the present
investigation, buffalo milk showed lower keeping quality
than that of cow milk, which may be due to the type and
number of microbes initially present in milk. However,
similar observations were also made in formalin preserved
milk samples (Jandal and Rai, 1989; Bansal and Singhal,
1991; Bajaj and Rai, 1993; Karmakar and Ghatak, 1995). They
reported that except formalin all other preservatives like
mercuric chlorides and potassium dichromate added to milk
showed COB positive test within a few days of storage at
AT. The result of COB test of cow and buffalo milk preserved
with PJB treated and untreated samples at RT (7±10C) for 7
days storage period are depicted in Table 8. The control and
treated samples of cow and buffalo milk showed negative
COB test on the zero day. Control samples of cow milk
showed negative COB test up to 3 days storage. Maximum
stability of cow milk was observed up to 6 days of storages

when the sample was treated with 0.3 per cent concentration
of PJB. But milk samples treated with 0.1 and 0.2 per cent
concentration of PJB showed negative COB test up to 4 days
and 5 days,   while control samples of buffalo milk showed
negative COB test up to 2 days storage. Maximum stability
of buffalo milk was observed up to 5 days storage when the
samples were treated with 0.3 per cent concentration of PJB.
The 0.1 and 0.2 per cent concentration of PJB treated samples
showed negative test up to 3 hr and 4 hr, respectively. Heat
stability of cow and buffalo milk has been noticed due to
preservation with PJB. Earlier  workers have reported similar
findings in formalin and mercuric chloride preserved
samples (Karmakar and Ghatak, 1995). They reported that
cow and buffalo milk samples treated with formalin (0.4%)
remained COB negative up to 12 months of  storage.

Chemical parameters

Fat content of milk : The results relating to the change in fat
content of cow and buffalo milk preserved with PJB treated
and untreated samples at AT (30±10C) for  6 hours and RT
(7±10C) for 6 days during storage are shown in Table 9 and

Table 6. Effect of added preservative,  pseudostem juice of banana (PJB) on the alcohol test of cow and buffalo milk during
storage  at refrigerated temperature (7±10C)

(+) Alcohol test positive and (-) alcohol test negative

Table 7. Effect of added preservative, pseudostem juice of banana (PJB) on the clot-on-boiling (COB) test of cow and buffalo
milk during storage at ambient temperature (30±10C)

Duration of storage (hr)/COB Cattle 

species 

PJB concentration 

(%) 0 1 2 3 4 5 6 7 8 

Control – – – – – + + + + 

0.1 – – – – – – + + + 

0.2 – – – – – – + + + 
Cow  

0.3 – – – – – – – + + 
Control – – – – – + + + + 

0.1 – – – – – + + + + 

0.2 – – – – – – + + + 
Buffalo 

0.3 – – – – – – + + + 

 (+) COB positive and (-) COB negative

Duration of storage (days)/Alcohol test 
Cattle species 

PJB concentration 

(%) 0 1 2 3 4 5 6 7 8 

Control – – – – + + + + + 

0.1 – – – – – + + + + 

0.2 – – – – – + + + + 
Cow 

0.3 – – – – – – – + + 

Control – – – + + + + + + 
0.1 – – – – + + + + + 

0.2 – – – – + + + + + 
Buffalo 

0.3 – – – – – + + + + 
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Table 8. Effect of added preservative,  pseudostem juice of banana (PJB) on the clot-on-boiling (COB) test of cow and buffalo
milk during storage at refrigerated temperature (7±10C)

Table 9. Effect of added preservative,  psuedostem juice of banana (PJB) on the fat content (%) of cow and buffalo milk during
storage  at ambient temperature (30±10C)

Duration of storage (days)/ COB 
Cattle species 

PJB concentration 

(%) 0 1 2 3 4 5 6 7 

Control – – – – + + + + 

0.1 – – – – – + + + 

0.2 – – – – – – + + 
Cow 

0.3 – – – – – – – + 

Control – – - + + + + + 
0.1 – – – – + + + + 

0.2 – – – – – + + + 
Buffalo 

0.3 – – – – – – + + 

 (+) COB positive and (-) COB negative

10,  respectively. The average fat content in fresh cow milk
and buffalo milk samples was 3.81 and 5.01 per cent. No
significant change was observed in fat level of milk samples
preserved with PJB during storage at AT as well as RT. So, it
can be concluded that PJB had no influence on fat content of
the preserved samples. There are different reports on changes
in fat percentage in milk samples preserved with formalin or
potassium dichromate (Des Raj and Singhal, 1990; Karmakar
and Ghatak, 1995). They reported marginal increase in fat
content of formalin or potassium dichromate-preserved cow
and buffalo milk samples during storage.

Protein content of milk: The results pertaining to the
change in the total protein content of cow and buffalo milk
preserved with PJB during storage at AT (30±10C) and RT
(7±10C) are shown in Table 11 and 12,  respectively. The
average protein content of control sample of cow and buffalo
milk was 3.30 and 3.55 per cent respectively. The protein

content of cow and buffalo milk added with PJB remained
unchanged throughout the storage period of 6 hrs at AT and
at RT for 6 days. These results are in the tune with the
findings of earlier workers when formalin and potassium
dichromate (Bajaj and Rai, 1993; Karmakar and Ghatak, 1995)
were used. They reported no change in protein content of
cow and buffalo milk samples treated with formalin during
storage. On the basis of above observations it may be
concluded that addition of PJB and subsequent storage did
not have any effect on protein content in milk samples of
both the species.

In the present study the pseudo-stem juice of banana
was evaluated as potential preservative. The physico-
chemical analysis of different parameters has shown that
the addition of 0.03 per cent PJB can be used as a potential
preservative of milk for up to a week under conditions of
rural India and Bangladesh.

Duration of storage (hr)/ Fat content 
Cattle species PJB concentration (%) 

0 3 6 

Control 3.81±0.14 3.80±0.14 3.79±0.30 

0.1 3.81±0.14 3.81±0.12 3.79±0.26 

0.2 3.81±0.14 3.81±0.30 3.79±0.20 
Cow  

0.3 3.81±0.14 3.82±0.04 3.79±0.90 

Control 5.01±0.12 5.08±0.12 5.10±0.01 

0.1 5.01±0.12 5.08±0.13 5.10±0.10 

0.2 5.01±0.12 5.07±0.14 5.10±0.16 
Buffalo  

0.3 5.01±0.12 5.10±0.01 5.10±0.20 

 



Physico-chemical quality of raw milk preserved with pseudostem juice of banana

Journal of Eco-friendly Agriculture 8(2) 2013 205

ACKNOWLEDGEMENT

Authors are thankful to the support of West Bengal
University of Animal and Fishery Sciences, Kolkata, West
Bengal, Sanjay Gandhi Institute of Dairy Technology, BVC
Campus, Patna (BAU, Sabour) and Patna University, Patna.
Financial support by ICAR, New Delhi, is gratefully
acknowledged.

Table 10. Effect of added preservative, pseudostem juice of banana (PJB) on the fat content (%) of cow and buffalo milk during
storage  at refrigerated temperature (7±10C)

Table 11. Effect of added preservative,  pseudostem juice of banana (PJB) on the protein content (%) of cow and buffalo milk
during storage  at ambient temperature (30±10C)

Table 12. Effect of added preservative,  psuedostem juice of banana (PJB) on the protein content (%) of cow and buffalo milk
during storage at refrigerated temperature (7±10C)

Duration of storage (days)/ Protein content 
Cattle species PJB concentration (%) 

0 3 6 

Control 3.30±0.04 3.26±0.03 3.27±0.04 

0.1 3.31±0.05 3.25±0.02 3.28±0.03 

0.2 3.31±0.04 3.27±0.04 3.26±0.04 
Cow milk 

0.3 3.30±0.05 3.28±0.01 3.27±0.02 

Control 3.55±0.07 3.53±0.03 3.52±0.03 
0.1 3.55±0.06 3.52±0.01 3.51±0.04 

0.2 3.55±0.07 3.53±0.04 3.52±0.04 
Buffalo milk 

0.3 3.55±0.06 3.52±0.02 3.52±0.03 
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ABSTRACT

Food habits are influenced by a range of factors from local availability to socio-economic aspects. Vegetarian
and non-vegetarian are two categories of food habits generally used to classify. This study was conducted in
Faizabad district of Eastern U.P. to have a look on the food habits of people with reference to their religion, income and
residing area. Results showed that in urban area, half of the sample was vegetarian, whereas  in rural area, a greater
proportion of sample (58%) was found to be vegetarian. Eggs were found to be more popular among city people.
There were differences in food habits according to residing area, income levels and religious aspects of the population
sample under study.
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Preferences, food habits and food consumption pattern
of a community are influenced by a variety of variables, the
major ones being locally available food, culture, religious
beliefs, economic pressures and residing area/region.
Jonnalagadda and Diwan (2002) reported that the
traditional food habits have a regional diversity. Food habits
of a population may be broadly classified into two, i.e.,
vegetarian and non-vegetarian. Since a long-time, a
controversy has been existing about the suitability of
vegetarian and non-vegetarian foods for human
consumption and health. Vegetarian diet has been
associated with lower risk of cardiovascular diseases and
lipoperoxidation by various researchers (Melby et al. 1994;
Krajcovicova et al. 1995). A significantly higher level of
ascorbic acid (an antioxidant) in blood serum of vegetarians
than in non-vegetarians has been reported by Kovacikova et
al. (1998). In India, about seventy per cent population is non-
vegetarian but again a high regional diversity is prevalent.
As far as frequency of non-vegetarian foods intake is
concerned, an average non-vegetarian family in India, barely
eats animal foods daily (5%), another 45per  cent takes it
once a week and 10 per  cent once in a month (Kapil  et al.
2000). Three basic socio-economic parameters such as
religion and caste, income and residing area (rural or urban)
seem to be important in influencing the food habits of Indian
population in terms of vegetarianism and non-vegetarianism
and also the frequency of non-vegetarian foods consumption
in non-vegetarian population. In view of these above facts,
the present study was conducted to study the association of
religion, income and residing area, whether rural or urban,
with the food habits of the families.

MATERIALS AND METHODS

Study area and population

The present study was conducted in Faizabad District
of Eastern part of Uttar Pradesh,  India. Certain villages of
Faizabad district and Faizabad city itself were selected for
the study to gain insight into the difference in food habits of
rural and urban areas. A total of 100 families were
interviewed. Among these 50 families were from rural area
and another 50 families were from urban area. Families were
selected on the basis of random sampling.

Interview method

An interview schedule was developed comprising the
questions regarding various socio-economic aspects and
food habits of the families. Families were contacted personally
and information was gathered from the head of the family or
an adult family member who so ever was present at the time
of contact. A rapport developed with the interviewee and
family members and the interview was conducted in an
informal atmosphere to enhance the quality and reliability
of information gathered.

Categorization and analysis of data

On the basis of data collected, the families from rural
and urban areas were categorized into certain income
categories such as low income group (LIG), middle income
group (MIG) and high income group (HIG). Criteria given in
Table 1 was used for the categorization of families on the
basis of their income.
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Table 1. Income groups based on  monthly income of family

Range of income (Rs. month-1) Income group 

Rural Urban 

Lower Income Group 
(LIG) 

800-2000 1000-3000 

Middle Income Group 
(MIG) 

2001-7000 3001-10000 

Higher Income Group 
(HIG) 

7001-20000 10001-25000 

 
Families studied were categorized according to their

religion as Hindu and Muslim. Further, the families from
Hindu religion were categorized into various castes of Hindu
religion such as Brahmin, Rajput, Kayastha, Backward
castes (BC) and Schedule castes/schedule tribes (SC/ST).
Food habits of the families were studied in terms of
vegetarianism and non-vegetarianism. Further, vegetarian
families were categorized into following three different
categories based on the type of diet/foods taken by them.

1. Vegetarians: Vegetarians, who exclude all animal
products including milk and milk products from their
diets.

2. Lacto-vegetarians: Vegetarians, who include milk and
milk products in their diet.

3. Lacto-ovo-vegetarians: Vegetarians,  who include eggs,
besides milk and milk products in their diet.

Non-vegetarian families were categorized according
to the frequency of non-vegetarian foods consumed by them.
These were:

1. Families consuming non-vegetarian foods daily.

2. Families consuming non-vegetarian foods once a week.

3. Families consuming non-vegetarian foods once a
month.

4. Families consuming non-vegetarian foods
occasionally.

Statistical analysis of the data collected was done using
appropriate statistical procedures. Frequency and per cent
distribution were used to study the collected data and to
find the associations.

RESULTS AND DISCUSSION

Sample structure

The distribution of families studied according to
income group, religion and caste is presented in Table 2,

which shows that in rural area, majority (70%) of the families
were from lower income group and only few families (6%)
were in the HIG category, while in case of urban area, majority
(60%) of the families were from high income group followed
by middle (34%) and lower (6%) income group. Majority of
the families studied were from Hindu religion both in rural
(84%) and urban (94%) areas. Further, among the Hindu
families, in rural area, maximum (54.8%) were from backward
castes, while in urban area maximum families (36.2%) were
Brahmin families. The table shows a higher proportion of
families from Muslim religion and backward and schedule
caste and schedule tribe castes in rural sample than in urban
sample.

Influence of residing area

Area type and food habits: Table 3a shows the
comparison of food habits of rural and urban families. The
study revealed that a greater number of families (58%) in
rural area were opting for vegetarian diet as compared to
urban area (50%).

Area type and type of vegetarianism: Further, among
the vegetarians, number of lacto-vegetarians was quite
higher (82.8%) in rural families as compared to  urban (36%)
families (Table 3b). Only 17.2 per  cent  rural vegetarian
families reported to include eggs in their diet, while a majority

Rural (N=50) Urban (N=50) 
Income/religion/caste 

n Per cent n Per cent 

Income     

Lower Income Group 35 70.0 3 6.0 

Middle Income Group 12 24.0 17 34.0 
Higher Income Group 3 6.0 30 60.0 
Total 50 100.0 50 100.0 

Religion/caste     

Muslim 8 16.0 3 6.0 

Hindu 42 84.0 47 94.0 
Total 50 100.0 50 100.0 

Castes of Hindu     

Brahmin 2 4.8 17 36.2 
Vaishya 4 9.5 6 12.8 
Kayastha - - 8 17.0 
Thakur 6 14.3 6 12.8 

Backward 23 54.8 8 17.0 
SC/ST 7 16.7 2 4.3 

Total 42 100.0 47 36.2 

 

Table 2. Distribution of sample according to income group,
religion/caste

n = Number
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to consume non-vegetarian foods daily. Among rural families,
more of the families were vegetarians than the urban families
and further among vegetarians, more of them were reportedly
lacto-vegetarians. Similarly frequency of non-vegetarian food
intake was also lower in rural population. Religious or pious
view, low availability and low purchasing capacity of the
rural families may be attributed to the lower non-
vegetarianism and intake of non-vegetarian foods.

Influence of income

Income and food habits : Table 4a shows the food habits
of families studied in relation to their income group, they
belonged. Vast differences were found in food habits of
different income groups. In rural area, in case of MIG, the
percentage of vegetarian and non-vegetarian families was
equal. Greater variations were found in case of LIG and HIG
families. A greater percentage of families, both in lower and
higher income group (60 &  66.7%) reported to be vegetarian
as compared to non-vegetarian (40% & 33.3%). Contrary to
this, in urban area, the proportion of vegetarians and non-
vegetarians in HIG was found to be equal. LIG had greater
majority (66.7%) of families consuming non vegetarian diet
as compared to MIG and HIG (47.1 & 50%).

Income and type of vegetarianism : Income group of
vegetarian families and their food habits in terms of lacto-
vegetarian and lacto-ovo-vegetarian are depicted in Table
4b. In rural area, in LIG and MIG families, majority (90.5 &
66.7%) was lacto-vegetarian, while in HIG equal percentage
of families reported to be lacto-vegetarian and lacto-ovo-
vegetarian. On the other hand, in urban area, none of the
vegetarian family was lacto-vegetarian means all were
consuming eggs. In case of MIG and HIG, majority (77.8 &
53.3%) of vegetarian families were consuming eggs besides
milk and milk products.

Influence of religion and caste

Religion and caste and food habits : In India, religion/
caste is also an important deciding factor of the food habits
of people. Various traditional norms and beliefs about plant

Food habit 

Vegetarian Non-vegetarian 

Residing area 
 

n Per cent n Per cent 

Urban (N=50) 29 58.0 21 42.0 
Urban (N=50) 25 50.0 25 50.0 

 

Table 3a. Residing area and food habits

n = Number

Table 3b. Residing area and vegetarianism

n = Number

Type of vegetarianism 

Lacto-vegetarian Lacto-ovo-vegetarian Residing area 

n Per cent n Per cent 

Rural (N=29) 24 82.8 5 17.2 

Urban (N=25) 9 36.0 16 64.0 

 

Table 4a. Income and food habits of rural and urban families

n = Number

(64%) of urban vegetarian families reported to do the same.

Area type and frequency of non-vegetarian food
intake: As far as frequency of non-vegetarian food items
intake is concerned, among the rural non-vegetarians, 38.1
per cent families were consuming non-vegetarian food items
monthly and occasionally and 19 per cent reported to
consume it weekly, as shown in Table 3c. In case of non
vegetarian urban families majority (56%) were consuming it
weekly and a good number (32%) was consuming it monthly.
However, in both the areas very less (<5%) families reported

n =  Number,  % = Percentage;  D: Daily,  W: Weekly,  M: Monthly,
O: Occasionally

Residing area 
Frequency of non-vegetarian food items 

intake 

D W M O 
 

n % n % n % n % 

Rural (N=21) 1 4.8 4 19.0 8 38.1 8 38.1 
Urban (N=25) 1 4.0 14 56.0 8 32.0 2 8.0 

 

Table 3c. Residing area and frequency of non-vegetarian
food items intake

Food habit 

Rural Urban 

Vegetarian Non-vegetarian Vegetarian Non-vegetarian 
Income group 

N 
n Per cent n Per cent 

N 
n Per cent n Per cent 

Low Income Group 35 21 60.0 14 40.0 3 1 33.3 2 66.7 

Medium Income Group 12 6 50.0 6 50.0 17 9 52.9 8 47.1 
High Income Group 3 2 66.7 1 33.3 30 15 50.0 15 50.0 
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and animal foods are found to have enormous impact on
dietary habits of Indians. In traditional Brahmin families,
non-vegetarian food items are strictly prohibited, whereas,
Muslim religion allows its followers to include animal foods
in their diet. There are variations in food consumptions in
different castes and communities of Indian society. Table 5a
shows the distribution of vegetarians and non-vegetarians
across different religion and caste. Majority (87.5% in rural
and 100% in urban area) of the families from muslim religion
were no- vegetarian,  while majority (66.7% in rural and
53.2% in urban area) of the Hindu families were vegetarians.
Further, in Hindu families, all the Brahmin families were
vegetarians in rural area and a great majority of 94.1 per cent
reported to be vegetarian in urban area. Majority of Vaishya
families were found to be non-vegetarian in rural (75%) and
urban area (66.7%) and 75 per cent of Kayastha families
reported to be non-vegetarian in urban area. Differences were
found in the food habits of Thakurs, Backwards and Schedule
caste/Schedule tribes (SC/ST) of both rural and urban area.
A greater percentage of Thakurs (66.7% vs. 33.3%),
Backwards (62.5% vs. 30.4%) and SC/ST  (100 vs. 28.6%)
families reported to be non-vegetarian in urban area as

compared to that in villages. Religious influences have been
observed on the food habits of both rural and urban families.
Higher prevalence of vegetarianism in Hindu families is due
to their religious beliefs of Hinduism, which supports
vegetarianism. In the same line, greater presence of
vegetarianism among Brahmin Hindu families in
comparison to other castes also seems to be the matter of
religious aspect. More number of non-vegetarian families in
all the Hindu Castes in urban area shows the influence of
residing area in terms of urbanization and so change in views
towards food habits.

Religion and caste and type of vegetarianism : Among
muslim vegetarian families, none was lacto-vegetarian. In
Hindu families, majority was lacto-vegetarian in rural area
(85.7%) and lacto-ovo-vegetarian (64%)  in urban area  (Table
5b). In case of various castes of Hindu religion, half of the
Brahmin families reported to be as vegetarian and half as
non-vegetarian both in rural and urban area. In rural area,
all the Vaishyas, Thakur and SC/ST families and majority
(81.3%) of Backward families were reportedly lacto-
vegetarians, while contrary to this, in urban area all the

n = Number

Type of vegetarianism 

Rural Urban 

Lacto-vegetarian Lacto-ovo-vegetarian Lacto-vegetarian Lacto-ovo-vegetarian 
Income group 

N 
n Per cent n Per cent 

N 
n Per cent n Per cent 

Low Income Group  21 19 90.5 2 9.5 1 - - 1 100.0 

Medium Income Group  6 4 66.7 2 33.3 9 2 22.2 7 77.8 
High Income Group 2 1 50.0 1 50.0 15 7 46.7 8 53.3 

 

Table 4b. Income and type of vegetarianism in rural and urban families

Food habits 

Rural Urban 

Vegetarian Non-Vegetarian Vegetarian Non-Vegetarian 
Religion/caste 

N 
n Per cent  n Per cent 

N 
n Per cent  n Per cent  

Hindu 42 28 66.7 14 33.3 47 25 53.2 22 46.8 

Muslim 8 1 12.5 7 87.5 3 - - 3 100.0 
Caste of Hindu religion 
Brahmin 2 2 100.0 - - 17 16 94.1 1 5.9 
Vaishya 4 1 25.0 3 75.0 6 2 33.3 4 66.7 
Kayastha - - - - - 8 2 25.0 6 75.0 
Thakur 6 4 66.7 2 33.3 6 2 33.3 4 66.7 

Backward  23 16 69.6 7 30.4 8 3 37.5 5 62.5 
Scheduled caste/Tribe 7 5 71.4 2 28.6 2 - - 2 100.0 

 

Table 5a. Religion and caste and food habits of rural and urban families

n = Number
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Table 5b. Religion and caste and type of vegetarianism in rural and urban families

Table 5c. Religion and caste and frequency of non-vegetarian food intake in rural and urban families

n = Number,  D: Daily, W: Weekly, M: Monthly, O: Occasionally

n = Number

Kayastha, Thakur and Backward families were reportedly
lacto-ovo-vegetarians. In the vegetarian families, more
percentage of lacto-vegetarian families in all the castes of
Hindu religion in rural area in comparison to the urban area
as well as all the urban vegetarian families taking lacto-ovo-
vegetarian diets indicate the difference in food habits as per
the residing area.

Religion and caste and frequency of non-vegetarian
food intake : In Muslim non-vegetarian families, frequency
of intake of  non-vegetarian food items was found to be higher
in urban area as one third (33.3%) and two third (66.7%) of
the families reported to consume non-vegetarian food daily
and weekly, while in rural area, 14.3 and 28.6 per cent
reported to consume non-vegetarian foods daily and weekly

respectively as shown in Table 5c. In case of Hindu non-
vegetarian families, none of the family reported to consume
non-vegetarian foods daily in both rural and urban areas.
Frequency of non-vegetarian food intake was higher in urban
area as compared to rural area, as majority (54.5%) here was
consuming it weekly, while in rural area only 14.3 per cent
families were doing so. Higher frequency of non-vegetarian
foods intake in Muslim non-vegetarian families as compared
to Hindu families both in rural and urban areas may be
attributed to the religious differences.

Further, among Hindu non-vegetarian families only
one family from Brahmin caste was non-vegetarian and it
reported the consumption of non-vegetarian foods to be once
in a month.  None of the family from any caste from any area

Food habits 

Rural Urban 

Lacto-vegetarian Lacto-ovo-vegetarian Lacto-vegetarian Lacto-ovo-vegetarian 
Religion/caste 

N 
n Per cent n Per cent 

N 
n Per cent n Per cent 

Hindu 28 24 85.7 4 14.3 25 9 36.0 16 64.0 

Muslim 1 - - 1 100.0 0 - - - - 
Cast of Hindu religion 
Brahmin 2 1 50.0 1 50.0 16 8 50.0 8 50.0 
Vaishya 1 1 100.0 - - 2 1 50.0 1 50.0 
Kayastha - - - - - 2 - - 2 100.0 

Thakur 4 4 100.0 - - 2 - - 2 100.0 
Backward  16 13 81.3 3 18.7 3 - - 3 100.0 

Scheduled caste/Tribe 5 5 100.0        

 

Frequency of non-vegetarian food intake 

Rural Urban 

D W M O D W M O Religion/caste 

N 
n 

Per 
cent 

n 
Per 
cent 

n % n % 
N 

n 
Per 
cent 

n 
Per 
cent 

n 
Per 
cent 

n 
Per 
cent 

Hindu 14 - - 2 14.3 5 35.7 7 50.0 22 - - 12 54.5 8 36.4 2 9.1 

Muslim 7 1 14.3 2 28.6 3 42.8 1 14.3 3 1 33.3 2 66.7 - - - - 
Caste of Hindu religion 
Brahmin - - - - - - - - - 1 - - - - I 100.0 - - 
Vaishya 3 - - 1 33.3 1 33.3 1 33.3 4 - - 3 75.0 1 25.0 - - 
Kayastha - - - - - - - - - 6 - - 4 66.7 2 33.3 - - 

Thakur 2 - - 1 50.0 - - 1 50.0 4 - - 3 75.0 - - 1 25.0 

Backward 7 - - - - 4 57.1 3 42.9 5 - - 1 20.0 3 60.0 1 20.0 

Scheduled 
caste/Tribe 

2 - - - - - - 2 100.0 2 - - 1 50.0 1 50.0 - - 
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(rural or urban) reported to consume non-vegetarian foods
daily. Vaishya, Backward and SC/ST families in urban area
had frequent consumption of non-vegetarian foods in
comparison to rural areas.

Therefore,  it was inferred that in urban area, half of the
sample was vegetarian, whereas in rural area, a greater
proportion of sample (58%) was found to be vegetarian. Eggs
were found to be more popular among city people. Similarly,
non-vegetarian diet was consumed by a greater majority
(50%) of sample in urban area as compared to 42 per cent in
rural area. In rural area, middle income group (MIG) and in
urban area, high income group (HIG) had equal number of
vegetarians and non-vegetarians. In rural areas, in case of
LIG and HIG, the majority of sample was vegetarian (60 &
66.7%). In contrast to this, LIG people in urban area were
mostly found to be non-vegetarian (66.7%). MIG in urban
area were mostly found to be non-vegetarian (66.7%). MIG
in urban area had greater percentage (52.9%) of vegetarians
as compared to no-vegetarians (47.1%). The frequency of
consuming non-vegetarian foods was discovered to be greater
in case of urban area in all the three income groups. Almost
all Muslims were found to be non-vegetarians and all
Brahmins, vegetarians. In case of Vaishyas and Kayasthas,
a greater majority consumed non-vegetarian foods. Certain
variations were found in case of Thakurs, Backwards and
SC/STs of rural and urban areas.

The trends of the analysed data of the present study
conclude the influence of residing area, income levels and
religious aspects on the food habits of a community. The
study leaves a scope for the conduct of such studies on larger
samples. This may generate information about the factors
affecting food habits of the population, which define the foods
and nutrients intake of the population, ultimately affecting
the nutritional status and health of different sections of the
society.
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