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ABSTRACT
Intensive agriculture depends on the use of fossil fuel-based inputs like chemical fertilisers, pesticides, herbicides etc.
While the application of these inputs contributed towards increased production, there is a growing awareness and
concern over their adverse effect on soil productivity and environmental quality. The concept of sustainable agriculture
envisages a system approach and places primary emphasis on maximising not only yields, but also agrosystem
stability. A major constraint in realising the genetic potential of crops for higher yields fully is the supply of adequate
nutrients, among which nitrogen plays an important role. The high cost of chemical fertilisers, the widening gap
between supply and demand, the low purchasing power of small and marginal farmers and their adverse effect on
environment has led the scientists to look for alternate strategies. One such approach is the use of soil microorganisms which can either fix atmospheric nitrogen or solubilise phosphorus or stimulate the plant growth through
synthesis of growth promoting substances as microbial fertilizers or biofertilizers or bioinoculants to relieve strain on
the part of chemical fertilizers. The present review embodies certain aspects of biofertilizers and their role in agriculture.

Historical Development
Inoculation of plants with beneficial bacteria can be
traced back to centuries. Although bacteria were not proven
to exist until von Leeuwenhoek in 1683 discovered
microscopic ‘animals’, their utilization to stimulate plant
growth in agriculture has been exploited since ancient times.
Theophrastus (372–287 BC) suggested the mixing of different
soils as a means of ‘remedying defects and adding heart to
the soil’ (Vessey, 2003). From experience, farmers knew that
when they mixed soil taken from a previous legume crop
with soil in which non-legumes were to be grown, yields
often improved. By the end of the 19th century, the practice
of mixing “naturally inoculated” soil with seeds became a
recommended method of legume inoculation in the USA. A
decade later, the first patent (“Nitragin”) was registered for
plant inoculation with Rhizobium sp. (Nobbe and Hiltner,
1896). Eventually, the practice of legume inoculation with
rhizobia became common. Inoculation with nonsymbiotic,
associative rhizosphere bacteria, like Azotobacter, was used
on a large scale in Russia in the 1930s and 1940s. Bacillus
megaterium for phosphate solubilization was used in the
1930s on large scale in Eastern Europe.
In India, from 1920 onwards, Joshi, Desai, Vyas, Biswas
and Acharya worked on phosphate requirements of legumes
for better recuperation of soil nitrogen and on anaerobic
digestion of organic matter at Imperial Agricultural Research
Institute. At the sametime, Madhok introduced the practice
of using bacterial cultures for berseem (Trifolium alexandinum)
in Punjab. Sanyasi Raju and Rajagopalan worked on root
nodulation of bengal gram and groundnut at the Madras
Agricultural College, Coimbatore (Subbarao, 1977). In West
©2007

Bengal , De worked on Azotobacter, Beijerinckia and blue-green
algae (BGA). The significance of BGA in rice cultivation was
reported by De in 1939.
Eversince the Division of Microbiology came into
existence at The Indian Agricultural Research Institute
(IARI) New Delhi in 1961, researches on legume nodulation,
BGA, organic matter decomposition and soil microbiological
aspects were intensified (Subbrao, 1977).
The production of rhizobial inoculants was first
undertaken at IARI, New Delhi in 1956 although its
commercialization started in late 1960’s when soybean was
introduced for the first time in the country. Various aspects
of Rhizobium-soybean association were explored by different
workers during this period (Balasundaram et al., 1970;
Bhargava et al., 1974; Dube et al.,1973). Inoculants for pulses,
oilseeds and fodder legumes were also produced. The Indian
peat as an ideal carrier for production of legume inoculants
was reported by Iswaran et al., (1969). The performance of
Indian peat-based inoculants was almost similar to that of
American peat - based ‘Nitragin’ cultures resulting in the
stoppage of importation of rhizobial inoculants for soybean
from USA. The process of development of rhizobial
inoculants for various legumes in India has made
considerable progress following the field evaluation of the
inoculants on yields of various pulses, soybean, groundnut
and fodder legumes was carried under the All India
Coordinated Research Programmes of the respective crops
by the Indian Council of Agricultural Research, New Delhi.
Because of the lead taken by the Division of
Microbiology at IARI, New Delhi in the field of Rhizobium-
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legume associations, a joint collaborative venture under IndoUS (STI) programme on ‘Rhizobium strain improvement,
maintenance of Rhizobium germplasm and improvement of
carrier and inoculation techniques’ was awarded. Under
this programme (1984-91), the culture collection was
augmented with strains of rhizobia acquired from India and
abroad. Looking at the importance of culture collections, the
Department of Biotechnology, Government of India funded
for the establishment of a National Facility for Rhizobium
Germplasm Collection in the Division of Microbiology at
IARI in 1990 and a catalogue of collections was brought out
(Tilak et al., 1992 a,b ).
Realising the importance of inoculants, Government
of India has also sanctioned a National Biofertilizer
Development Centre with 6 regional centres and 40 subcentres for production of inoculants. This centre has been
renamed as National Organic Farming Centre. The
biofertilizers suitable for different locations are also
developed by these centres. Besides, Research Institutes and
Universities have their own testing programmes to cater the
needs of specific agro-climatic regions.
The use of inoculants has considerably increased over
the years and a number of private producers have come into
operation. It is therefore, imperative to control the quality of
inoculants. Accordingly, the Bureau of Indian Standards has
sprung into action and specific standards for Rhizobium,
Azotobacter, Azospirillum and phosphate solubilizing bacterial
inoculants have been brought out. Generally, these standards
prescribe quality requirements of inoculants in terms of the
number of viable cells in the carrier material, stipulated
expiry period, freedom from contamination with other
microorganisms etc. The standards prescribe test procedures
for assessing quality besides sampling procedure.
Instructions for packing and marking are also given to ensure
consumer protection from standard products.
Some of the nitrogen fixers colonize the root zones and
fix nitrogen in loose association with plants. A very
important bacterium of this category is Azospirillum which
was discovered by a Brazilian Scientist, J. Dobereiner.
Pioneering research was carried out from India by Subbarao
and his collegues at the Indian Agricultural Research
Institute, New Delhi in mid 1970s. In the late 1970s
Azospirillum was found to enhance nonlegume plant growth.
Biocontrol agents, mainly of the Pseudomonas fluorescens and
P. putida groups, began to be intensively investigated in the
1980s (Bashan, 1998). In recent, years, various other
rhizobacteria, such as Aeromonas veronii, Azotobacter sp.,
Azoarcus sp., Cyanobacteria (predominantly of the genera
Anabaena and Nostoc), Alcaligenes, Burkholderia, Comamonas
acidovorans, Enterobacter, Erwinia, Flavobacterium, rhizobia
2

(including the Allorhizobium, Azorhizobium, Bradyrhizobium,
Mesorhizobium, Rhizobium, and Sinorhizobium),
Gluconacetobacter diazotrophicus, Herbaspirillum seroepdicae,
Serratia, Variovorax paradoxus and Xanthomonas maltophilia
have been identified for their use either as biofertilizers or
biological control agents (bioinoculants).
Biofertilizers
Nitrogen (N) is a key component of nutrition for plants
and crop production. Soils under cultivation are subjected
to high annual losses of N due to leaching, which results in
low levels of total and available nitrogen for plant growth.
This decline in soil quality is a serious global problem. The
current annual loss of arable land to soil degradation is
estimated at 5-7 million ha (Lal, 1989). Crop yields are often
limited by N supply. Nitrogen fertilizers are used only to
limited extent in high return cash crops because of their high
costs and low per capita income of farmers in developing
countries. It is in these situations that opportunities are
greatest for exploitation of the capacity of legumes to
symbiotically fix atmospheric nitrogen through biological
nitrogen fixation (BNF), which provides N inputs into
agricultural soils and helps replenish the soil N pool. Inputs
of biologically fixed N into agricultural systems are derived
from symbiotic relationship between legume and Rhizobium,
as well as due to non symbiotic associations between freeliving diazotrophs and plant roots (Lata, 2002). Although
indigenous population of Rhizobium are present in soil, they
are not efficient in nitrogen fixation. For this purpose, efficient
and competent strains of Rhizobium are generally used as
biofertilizers for legume crops. Globally about 11% of arable
land is used to cultivate legumes, pulses and oilseeds
(Peoples et al., 1995).
Different estimates of global N2 fixation have been
made from time to time. Burns and Hardy (1975) estimated
that a total of 175 million metric tons of N is fixed per year
through BNF of which legume N2 fixation accounted for
approximately 40%. It is believed that legume symbiosis
contributes atleast 70 million metric tons of N per year,
approximately one half of which is derived from the cool
and warm temperature zones and the remainder from the
tropics. BNF is an efficient source of N (Peoples et al., 1995).
Values estimated for various legumes are given in Table 1 .
Legumes contribute to increased productivity of other crops,
when incorporated into cropping systems as intercrops or
in crop rotations. In intercrops, the legumes generally
contribute for maintenance and restoration of soil fertility by
fixing large proportion of its own N. Decaying plant roots,
nodules and above ground material when incorporated in
soil also contribute to soil N.
Journal of Eco-friendly Agriculture 2(1) 2007.
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In addition to Rhizobium , free-living N2 fixers mainly
Azotobacter , Azospirillum, and blue green algae (BGA) also
fix N2 and are used as biofertilizers for cereal crops and non
legumes. Azolla-Anabaena and Frankia also contribute
towards soil N. Free- living bacteria contribute 15 kg N ha-1
y-1, cyanobacteria 7-80 kg N ha-1 y-1, associative bacteria 36
kg N ha-1 y-1, Azolla/Anabaena. 45-450 kg N ha-1 y-1, Frankia
2-362 kg N ha-1 Y-1 and the Rhizobium-legume 24-584 kg N
ha-1 year-1 (Elkan, 1992).
Table 1: Experimental estimates of the proportion and
amount of nitrogen fixed by important pulses and
oilseed legumes
Species

Pfix (%)

Amount of N2 fixed (kg N
ha-1)

Winter-season legumes
Chickpea
8 – 82
Lentil
39 - 87
Pea
23 – 73
Faba bean
64 – 92
Lupin
29 – 97
Summer-season legumes
Soybean
0 - 95
Groundnut
22 - 92
Common bean
0 – 73
Pigeon pea
10 – 81
Green gram
15 – 63
Black gram
37 – 98
Cowpea
32 – 89

3 – 141
10 - 192
17 - 244
53 – 330
32 – 288
0 – 450
37 – 206
0 – 125
7 – 235
9 – 112
21 - 140
9 - 201

(Source : Peoples et al., 1995)

In P deficient soils, phosphate solubilizing
microorganisms (PSM) and mycorrhizae, which solubilize
and mobilise P to plants, respectively and improves the soil
fertility and crop growth. They are considered to be important
biofertilisers. In addition to this, beneficial organisms which
inhabit the rhizosphere and promote plant growth due to
production of hormones are classified as plant growth
promoting rhizobacteria (PGPR) and are also used as
biofertilizers (Kloepper et al., 1989). The search for new
organisms is continuously being made to identify organisms
which plays role in plant growth promotion through direct
and indirect means. Acetobacter and Herbaspirillum are new
endophytic diazotrophs isolated mainly from sugarcane and
are promising new candidates to be added to the list of bio
fertilizers.
Rhizobium-legume associations
The genus Rhizobium (Frank,1889) was the first named
(from latin meaning root living) and for many years this was
Journal of Eco-friendly Agriculture 2(1) 2007.

a ‘Catch all’ genus for all rhizobia. Same species were later
moved into new genera based on phylogenetic analyses.
Currently there are 4 recognised species of nodule
bacteria with 11 genera, 9 belonging to  - proteobacteria.
Allorhizobium, Azorhizobium, Bradyrhizobium, Devosia, Ensifer
(formerly Sinorhizobium), Mesorhizobium, Ochrobactrum,
Rhizobium, Methylobacterium (Sehgal and Johri, 2006). Besides
species of Burkholderia (B. caribensis, B. cepecia, B. polymetum,
B. tuberum), Cupriovidus (C. taiwanensis), Herbasprillum
(H. lucitanum), and Phyllobacterium (P. trifolii) are also reported
to form nodules in legumes (Anonymous, 2006). In some
cases, these species have arisen through lateral gene transfer.
Plants belonging to leguminosae have the ability to
harness atmospheric nitrogen because of their symbiotic
association with Rhizobium. Biological nitrogen fixation is
dependant on establishment of symbiotic relationship
between the legume and effective Rhizobium strain. The
legume-rhizobia symbiosis culminates in the formation of
nitrogen fixing root nodules. These unique structures are
agronomically significant, as they provide an alternative to
the use of energy-expensive ammonium fertilizer. Not all
legumes fix N. The capacity to form nodules appear to be
absent from the majority of the segregate family
Caesalpiniaceae. On the other hand, nodulation, if not N2
fixation, with root nodule bacteria appears almost universal
in the segregate family Mimosaceae and other Fabaceae,
although only relatively small proportion of the total number
of species in these two groups has been properly examined
(Allen and Allen, 1961).
When legumes are first introduced into soils, root
nodules fails to develop because of low population of
compatible and effective strains of Rhizobium in the soil. Thus
addition of appropriate strains of Rhizobium by inoculation
is generally essential where legumes have not been grown
before and where there are no naturalised rhizobia. The aim
of inoculation of legume seed is to coat the seed with
sufficiently larger number of viable rhizobia of the
appropriate strain to give rapid and effective nodulation of
that legume in the field.
Most cultivated tropical soils are assumed to have
relativity large population (100g-1 dry soil) of rhizobia capable
of nodulating the legumes grown in such soils (Nambiar et
al.,1988). However, survey of farmer’s grain and fodder
legume crops have shown poor nodulation in large areas
and good nodulation only in few pockets in India. Presence
of nodules on plant roots does not necessarily mean that
sufficient N2 is being fixed for maximum benefit to the host
plant and soil. Field surveys had shown incidence of
ineffective strains as high as 40% in crops like chickpea,
3
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greengram, groundnut etc. (Tilak and Saxena,1996).
Contributions of legume-Rhizobium symbiotic system in
augmenting soil fertility in various systems has been well
documented (Wani et al., 1995).

bactericidal to other bradyrhizobial strains. Bacteriocin
production has been shown to be one of the factors for
competitiveness of chickpea rhizobia (Nirmala and Gaur,
2000, Saxena et al., 2002).

Grain legumes grown in rotation or as intercrops with
cereals has been reported to benefit the succeeding or
intercrop. The Rhizobium-legume association can fix upto
100-200 kg nitrogen per hectare in one crop season and in
certain situations can leave behind substantial nitrogen for
the following crop (Subba Rao and Tilak, 1984). Adequate
information on seed inoculation procedure and crop
responses is available (Saxena and Tilak,1999). Domination
of inefficient indigenous strains of rhizobia in nodule
formation in the field has been a formidable challenge in the
introduction of super strains of rhizobia into the host legume
in the field.

Studies carried out with host genotypes and rhizobial
strain(s) compatibilities in major legumes have shown that
the N2-fixing potential of a Rhizobium strain depends on the
compatibility with the cultivars or genotypes of the host
(Saxena, 2005).

Stem nodulating legumes such as Sesbania rostrata,
Aeschynomene sp. and Neptunia oleraccea have become popular
in improving soil fertility. The N2-fixing bacteria associated
with such stem nodulating legumes belong to Azorhizobium
and fast growing species of Rhizobium. The N-accumulating
potential of stem nodulating legumes under flooded
conditions ranges from 41-200 kg N ha -1. The stem
nodulating bacteria can be carried out through the seeds,
thereby ensuring the sustainability of the symbiosis over
generations. Besides, flood tolerance, other features
including susceptibility of N2-fixing potential to adverse soil
coniditons, made them ideal candidates for use as green
manure in flooded rice soils (Subba Rao et al.,1981,
Annapurna et al., 1996 ).
Competitive ability of rhizobia for nodulation
Legume inoculation in soils containing native rhizobial
population frequently results in small proportion of nodules
by the introduced strain. The efficiency of the introduced
rhizobial strain is often reduced due to competition with
ineffective indigenous rhizobial population. Competitive
strains of Rhizobium for chickpea, pigeonpea and mungbean
have been identified by several workers (Sreekumar and Sen,
1987; Chauhan and Gaur, 1988; Sasikala, 1995; Nirmala and
Gaur, 1999; Saxena et al., 2002). Screening of strains of
Bradyrhizobium sp. for mungbean in sterilized soil revealed
that COG 15, M10 and M11 strains are symbiotically efficient.
In field, maximum yield was recorded with COG 15 strain.
The results conclusively demonstrated that the crop
productivity is a sum total of proportions contributed by
efficiency and competiitive ability of a rhizobial stran (Saxena
et al., 1996) The molecular basis of competitiveness of this
strain was further probed by Saxena et al. (2002) and it was
observed that it produces a toxin, vigna toxin, which was
4

The desirable characterstics as outlined by several
workers for rhizobial inoculant production and utilisation
include not only their ability to fix nitrogen but also the genetic
stability, compatibility with agrochemicals, tolerance to stress
etc. (Brockwell et al., 1982; Howieson and Ewing, 1986; Keyser
et al., 1992). The most important aspect of the inoculum
production is its technology itself. Tilak et al. (1992) have
given certain recommendations for mass production of
rhizobial inoculants (Table 2). Several carriers for legume
inoculants were examined as early as 1977 by Tilak and
Subbarao. Peat –based inoculants have shown increased
yields as compared to other carrer-based inoculants
(Nambiar, 1985). In the absence of peat ,one can use finely
ground lignite as a carrier material. Freeze dried cells have
also been used as inoculants (Deaker et al., 2004). The
adoption of this practice was found to be poor. Synthetic
polymers like polyacrymalide, xanthan and alginate were
evaluated as carriers for rhizobial inoculants (Hegde and
Brahma Prakash, 1992). Recently, the use of liquid inoculants
has been recommended by several workers (Hegde, 2004;
Table 2. Optimum fermentation conditions for mass
multiplication of Rhizobium
Type of reactor
Type of operation
Carbon source
Nitrogen source
pH
Temperature
Inoculum rate
Inoculum count
Antifoam
Aeration
Agitation
Fermentation time
Cell processing
ISI specification
Shelf life

Stirred tank
Batch
Sucrose or molasses (3-5 g/l)
Corn steep liquor or yeast extraxct
7.8 (controlled)
280 C
10 %
109 cells /ml
PPG
0.5 VVM
Depends on the fermentor size
Variable ( 18-40 hours)
Centrifugation/membrane filtration
follwed by lyophilization
108 cells/ g carrier at the time of
manufacture
6 months from the date of
manufacture

(Source : Tilak et al., 1992)
Journal of Eco-friendly Agriculture 2(1) 2007.

Biofertilizers : Potentials and Prospects

Chandra, 2006) as they prolomg the shelf life of the organism
to a population of billion cells ml-1 of culture for a period of
18-24 months and absence of contaminants. The liquid
inoculants have become popular all over the world and are
available in the market along with solid carrier-based and
granulated forms of inoculants.

Subba Rao,1987).
Free- living nitrogen fixers
Associative and free living nitrogen fixers are important
inoculants for non-legume plants particularly graminaceous
and vegetable crop plants. Nitrogen fixing bacteria
colonising graminaceous plants can be grouped into three
categories : 1. rhizosphere organisms; 2. facultative
endophytes, and 3. obligate endophytes. In the first category
all species that colonise the root surface such as Azotobacter

Several pot and field trials were conducted under
different projects at the Indian Agricultural Reserch Institue,
New Delhi, India to demonstrate the response of pulses and
oilseed legumes to rhizobial inoculation. On an average, the
yield increases were ranging from 32 to 61% depending on
the crop, Rhizobium strain, soil and agro-climatic conditions
(Saxena, 2005). Multilocational trials under All India
Coordinated Pulses and Soybean Programmes of ICAR have
shown that the rhizobial inoculation brought an increase of
14-30% in yield over uninoculated controls (Khurana, 1994;
Annapurna and Balasundaram, 1995) (Table 3) .

Table 4 . Effect of pulse inoculation on the yield of subsequent
crops( Field trial; pH 7.3)
Yield of subsequent crop (kg ha-1)
Previous
Uninoculated Inoculated Crop/ variety
crop
control
crop
Arhar
20.75
24.15
Wheat
(Kalyansona )
Urd
20.75
21.25
Wheat
(Kalyansona )
Chickpea 25.15
27.15
Paddy ( IR 8 )
Lentil
22.57
25.55
Paddy ( IR 8 )

The newly introduced American soybean cultivars
seemed to require inoculation with efficient strains of
Bradyrhizobium japonicum as the inoculated plants in certain
cases had better nodulation and higher yield than the
uninoculated control plants in field trials (Saxena, 2005).
Subba Rao and Tilak (1984) reported that a well
inoculated legume(s) crop leaves as much as 25-30 kg N
ha-1 for succeding cereal crop (Table 4) . Nodulated chickpea
crop under Indo-Gangetic alluvial soils of Delhi India, could
fix 63 kg N ha-1 under field conditions as evidenced by the
isotope dilution method using labelled 15(NH4)2SO4. This
can be regarded as an important contribution as it gives the
accurate estimation of N2 fixation (Subba Rao et al., 1986;

(Source : Subba Rao and Tilak, 1977)

paspali and Beijerinckia spp. are included. Facultative
endophytes are those that can colonise the surface and
interior of the roots (species of Azospirllum, except A.
halopraeferans). The third category includes Acetobacter
diazotrophicus, Herbaspirillum spp. and Azoarcus sp.

Table 3. Response of rhizobial inoculation on grain yield of some pulses and soybean
Mean grain yiedl (kg ha-1)
Legume
Chickpea
Inoculated
Nitrogen (30 kg N ha-1)
Lentil
Uninoculated control
Inoculated
Rajmash
Uninoculated control
Inoculated
Soybean
Uninoculated control
Inoculated

Coimbatore

Delhi

Durga-Pura

927
788

1329
1347

1861
1330

1307
1665

Location
Ludhiana

Pantnagar

748
854

1573
2160

Varanasi

Vamban

1716
1836

613
715

1554
1552

The figures are means of different varieties / rhizobial strains / years
(Source : Khurana, 1994; Annapurna and Balasundaram, 1995)
Journal of Eco-friendly Agriculture 2(1) 2007.
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Over the years, several studies have been carried out to
demonstsrate the role of these rhizospheric and endophytic
nitrogen fixers largely in improving the crop productivity
and soil fertility (Saxena and Tilak, 1994; 1998).
Azotobacter, a free-living heterotrophic nitrogen fixer, is
a beneficial rhizospheric organism and it occurs in the
rhizosphere of variety of plants. The genus Azotobacter has
six species viz., A. chroococcum, A. vinelandii, A. beijerinckii, A.
nigricans, A. armemmacus and A. paspali. Except the last species,
which is a rhizoplane bacterium, the other members are
largely soil-borne and rhizospheric. The potential of A.
chroococcum and A. paspali as a biofertilizer for various nonlegume crops is well documented (Lakshminarayana, 1993;
Saxena and Tilak, 1998).
Azotobacter sp. are known to influence plant growth
through their ability to fix molecular nitrogen, production of
growth promoting substances like IAA, gibberellin or
gibberellin-like compounds and vitamins, excretion of
ammonia in the rhizosphere in the presence of root exudates
and production of anti-fungal metablites (Singh, 2001; Paul
and Verma, 2005).
Beneficial effects of Azotobacter chroococcum inoculation
reported by various workers on different cereals, vegetables,
oil seed and cash crops (Table 5) have been extensively
reviewed by Saxena and Tilak (1998). Inoculation
experiments with Azotobacter gave better yield performance
only at lower levels of nitrogen (0 to 30 kg N ha-1). Inoculation
of sugarcane with Azotobacter and Azospirillum along with
35 kg N ha-1 gave cane yield similar to that obtained with 70
kg N ha-1 alone. The biofertilizers had an important role in
the utilization of N by sugarcane through higher BNF and
increasing the availability and uptake of N (Thakur and
Singh, 1996).
Solid state fermentation of sorghum straw with
cellulolytic strains of Trichoderma viride in conjunction with

Azotobacter chroococcum strain W4 increased the yield of wheat
cv HD 2285 to a level of 15-24% over control (Nain et al.,
2000).
Seed inoculation of Azotobacter chroococcum increases
the yields of field crops by about 10 % and cereals by about
15-20%. The response to inoculation was increased by
manuring and by fertilizer application (Daterao and
Lakhdive, 1992). Coinoculation of Azotobacter with other
bioinoculants like Rhizobium, Azospirillum, P-solubilizers,
vesicular arbuscular mycorrhiza have been reported to
enhance the growth and yields of legumes, cereals and
vegetable crops. These interactive effects have been reviewed
(Saxena and Tilak, 1994; Tilak and Ranganayaki, 2005).
Azospirillum, a free-living nitrogen fixer, live in close
association with plants in the rhizosphere. Five species of
Azospirillum including: A. brasilense, A. lipoferum, A.
amazonense, A. halopraeferens and A. irakense have been
described to date. Positive effects of Azospirillum inoculation
on growth and yield of several crop plants mainly cereals
have been reported (Table 6) and reviewed from time to time
(Wani 1990; Saxena and Tilak, 1998; Tilak, 2005). The
increase in growth and yield have been attributed less to
nitrogen-fixing capacity and more to production of plant
growth promoting substances.
Extensive pot and field trials with Azospirillum
inoculation have revealed variable interactions, i.e. negative
neutral and positive influence on growth and yield of different
crop plants (Saxena, and Tilak, 1998, Bashan et al., 2004).
The picture emerging from the extensive data reviewed is
that of 60-70% success with statistically significant increases
in yield in the order of 5-30%. However, there are reports of
yield increases of 43% in wheat (Saha et al. 1990), 44% in
Table 6. Response of crops to inoculation with Azospirillum
Crop

Number
of
locations

Rice

5

Wheat

3

Barley

6

Oats

6

Table 5. Response of crops to inoculation with Azotobacter
Crop
Paddy
Wheat
Finger millet (Ragi)
Sorghum
Onion
Potato
Cotton
Mustard

% increase in yield over
uninoculated control
15
7.2 – 34.5
37
4.5 – 24.2
4.3 – 17.0
3.4 – 11.5
5.2 – 38.5
5 – 42

The figures are mean yields of different varieties/ years
(Source : Paul and Verma, 2005)
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Pearlmillet 2

Nitrogen Grain yield(q ha-1) %
applied
increase
over
control
Control Inoculated
0
30.46 36.98
21.40
40
44.44 49.14
10.57
0
20.40 21.30
4.41
40
21.70 24.70
13.80
0
23.92 27.90
16.70
40
35.20 39.76
12.95
0
21.35 30.40
42.23
40
58.10 64.75
11.44
0
14.72 15.75
6.31

(Source: Saxena and Tilak, 1998)
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finger millet (Patel et al 1993) and 60% in barley (Saxena et
al., 1995) due to Azospirillum inoculation. Significant
increases in yield were obtained mainly with sub optimum
levels of N fertillizers by inoculation with Azospirillum (Patel
et al., 1993).
The amount of nitrogen fixed by free living bacteria
both in the soil and in the rhizosphere of plants, while
contributing little directly to crop production, are useful in
maintaing long term fertility of soils. Ganguly et al. (1997)
conducted an experiment to assess the contribution of
Azospirillum to the nutritional status of jute-maize system in
West Bengal, India, The study of total N2 fixation in the post
harvest jute soil showed maximum value of 15.3 mg N kg-1 at
15 mg kg-1 plus Azospirillum , whereas inoculation alone
contributed 12 mg kg-1. The study revealed that inoculation
and limited supply of fertilizer N help nitrogen gain in soil.
Development of ammonia excreting mutants of
Azospirillum appears to be more beneficial to improve plant
productivity and soil fertility. These mutants support the N
supply of a wheat host to a much greater extent than the
wild type. In rice, inoculation with Azospirillum contributed
to 66% of total N in the plants (Malik et al., 1997).
In recent years, interest has been generated on plantmicrobe(s) interaction. Several reports have brought to light
where beneficial effects of Azospirlllum on plants are
enhanced when coinoculated with other microorganisms.
Apparently coinoculation allows the plants to have a more
balanced nutrition and absorption of N, P and other mineral
nutrients. Synergistic effects of Azospirlllum with Rhizobium
on various legumes have been reported. Inoculation of seeds
with A. brasilense and A. chroococcum increased the yield of
maize, sorghum and wheat. Beneficial effects have also been
reported following dual inoculation of Azospirillum and
phosphate solubilising bacteria (Algawadi and Gaur,1987).
Coinoculation of Azospirillum with arbuscular mycorrhiza
has been reported to improve growth and yield of many nonlegumes like wheat, sorghum, maize, millets etc. (Tilak and
Saxena, 1994).
Blue green algae
Blue green algae (BGA) or cyanobacteria are
photosynthetic bacteria and some of them are able to fix N2.
In cyanobacteria, under aerobic condition, nitrogen fixation
is carried out in specialised cells called heterocysts, which
provide necessary anaerobic conditions for the activity of
nitrogenase. These have thick walls and lack photosystem
II. Not only heterocystous but non-heterocystous BGA are
also capable of fixing N2 under microaerophilic conditions
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in flooded environment. These BGA’s are used as algal
biofertilizer in rice, which contribute N through BNF process
(Singh, 1992) and plays important role in the long term
maintenance of soil fertility in paddy fields.
Tropical conditions ensure increased incidence of
cyanobacteria in rice field soils. High humidity, temperature
and shade provided by crop canopy favour the luxuriant
growth of cyanobacteria. These biofertillizers contribute 1845 kg N ha-1 due to activity of diazotrophic cyanobacteria.
The amount of N contribution depend upon
agroecological conditions. In a series of multi-locational trials
conducted in India, algal inoculation in rice fields resulted
in addition of upto 30 kg N ha-1 season-1(Venkataraman,
1979). Algal nitrogen fixation under no circumstances can
completely substitute the nitrogenous fertilization in rice
cultivation. However, in those areas where no fertilizers are
used, the use of algal fertilizer can result in a benefit of about
30 kg N ha-1.
In India, the algal biofertilizer contains a mixture of
BGA mainly constituting nitrogen fixing Anabaena variabilis,
Tolypothrix tenuis, Nostoc muscorum and Aulosira fertilissima.
These algal biofertilizer could provide to the country’s rice
acreage as much nitrogen as obtained from 15-17 lakh tonnes
of urea (Venkataraman and Tilak, 1990). In addition to N2
fixation, Anabaena torulosa could successfully grow and fix
N2 in moderately saline soils and can help in reclaimation
of salt affected soils (Apte and Thomas 1977, Kaushik,1995).
Immobilised cyanobacteria also increased grain yield
in paddy fields (Kannaiyan et al. 1997). The information
regarding possible effects on yield of temperate crops is
lacking.
The cyanobacterial inoculations have also been found
to be beneficial to the crops that follow rice due to their
residual effect because of their role in improving soil health.
BGA reduced soil compaction, increase water holding
capacity of the soil and facilitates aeration in the rhizosphere
(Goyal, 1996; Pabbi and Singh, 1998). Studies on the effect of
slow release N fertilizers on fixation of N by BGA revealed
that Aulosira fertilissima inoculation crossed about 5%
increase in soil N (Sannigrahi and Mandal 1997).
Inoculation of rice soil with mixed culture of
diazotrophic bacteria increased the release of inorganic N.
Most of the N2 fixed by cyanobacteria remained in soil as the
hydrolysable form during vegetative growth stage.
Inoculation caused a 30% increase in N uptake of grain
(Ghosh and Saha 1997).
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Azolla-Anabaena symbiosis
Azolla spp., is a free floating aquatic fern, which
comprises several floating species found in tropical and
temperate ecosystems throughout the world. It has the ability
to fix atmospheric nitrogen through symbiosis with blue
green algae Anabaena-Azollae as a symbionts (Singh,1989,
Venkataraman and Tilak,1990).
Azolla can be grown as a green manure and can be
incorporated into the soil, during land preparation, as well
as can be added to crop during transplantation of seedlings.
The decomposition of Azolla as green manure is rapid and
several field experiments have shown that adding Azolla
green manure with urea to flooded rice can enhance grain
yield (upto 44%) and reduce but not eliminate loss of urea N.
Dual cropping of Azolla during rice cultivation further
improves rice grain yield (Singh and Singh,1989). Azolla
application also improves soil organic carbon content and
uptake of N and P by rice plants( Singh and Singh,1987).
Endophytic bacteria
Many diazotrophic bacteria were isolated over the years
from rhizosphere soil or the rhizoplane of a large number of
plant species. Bacteria which manage to enter and colonize
inside the roots or even are able to spread to aerial parts of
the plants have gained considerable importance in recent
years. It is increasingly recognized that the internal
colonization of plants by various endophytic bacteria is not
necessarily pathogenic, but in contrast may be beneficial to
the plant (Kloepper and Beauchamp, 1992). There are
different ways of beneficial bacteria / plant interactions. A
variety of endophytic nitrogen-fixing bacteria, have been
reported (Dobereiner,1995) which may contribute
substantially to the nitrogen nutrition of the plant.
A number of different species of diazotrophic bacteria
was demonstrated to inhabit the interior of crop plants . A
newly discovered diazotrophic bacterium, Actobacter
diazotrophicus, now renamed as Gluconacetobacter
diazotrophicus, mainly associated with sugar-rich plants like
sugarcane, sweet potato, cameroon grass, sweet sorghum,
coffee and finger millet has been reported ( Cavalcante and
Dobereiner, 1988; Gillis et al.,1989; Paula,et al., 1992; Isopi et
al., 1995 ). The organism has also been isolated from coffee
(Jimenez-Salgado et al.,1997) and finger millet (Loganathan
et al.,1999). It colonises roots, stems and leaves of sugarcane
in numbers upto 106 cells g-1 fresh weight (Reis et al.,1994)
and that of sweet potato upto 105 (Paula et al., 1992). Nitrogen
fixed by G. diazotrophicus is excreted as ammonia into the
medium (Cojho et al.,1993). However, no correlation was
observed in the number of bacteria and the capacity of
8

sugarcane varieties to obtain N from BNF (Silva et al.,1995).
Strains of Gluconacetobacter has been shown to produce
considerable amount of IAA (Fuentes-Ramrez et al.,1993).
Several varieties of sugarcane in Brazil are capable of
obtaining over 60% of their nitrogen (=150 kg N ha-1 year-1)
from BNF with the association of G. dizotrophicus (Boddey et
al.,1995).
Paula et al. (1991) reported the fungal-diazotroph
interactions and the infection of sweet potato, sugarcane and
sweet sorghum by G.diazotrophicus originating from the
spores of VA-mycorrhizal fungius, Glomus clarum. Synergistic
effects of plant growth and yield following inoculation with
G.diazotrophicus and AM fungi have been reported for
sugarcane (Reis et al.,1990); sweet potato (Paula et al.,1989)
and sweet sorghum. Inoculation of G. diazotrophicus increased
the root length, root branching and nitrogen assimilation of
Sorghum biclor cv. keller in combination with VAM fungi,
Glomus mosseae and G. constrictum ( Isopi et al., 1995).
Field trials conducted at different sugar mills in Tamil
Nadu indicated that the substantial reduction in chemical
fertilizer nitrogen application (140 – 275 kg N ha-1 year-1)
was possible by the inoculation of N2-fixing diazotrophs
like G.diazotrophicus, Herbaspirillum spp and Azospirillum
lipoferum with VAM . In all the trials, the treated plants
produced more yield than the uninoculated control which
received 275 kg N ha -1 . The treatments with mixed
diazotrophs and application of 140 kg N ha-1 produced
more yield than the control i.e.140 kg N ha-1 alone. Thus the
inoculation of mixed diazotrophs with reduction of 50% N
as well as the inoculation of the same diazotrophs with no
fertilizer N produced significantly higher yield than the
control ( Muthukumarasamy et al.,2001). Urquiaga et al. (1992)
envisaged that the replacement of N fertilization by BNF in
South Indian commercial sugarcane varieties is possible like
hat of Brazilian varieties. A synergistic association of G.
diazotrophicus with yeast, Lipomyces kononenkoae in mixed
cultures was reported by Cojho et al.(1993).
Herbaspirillum is another endophytic diazotroph
isolated from sugarcane leaves, stems and roots (Baldani et
al., 1986,1992). The impact of nitrogen fertilization on the
isolation of Gluconacetobacter diazotrophicus and
Herbaspirillum sp. from Indian sugarcane varieties has been
studied by Muttukumarasamy et al.(1999). Two species of
Herbaspirillum have been described sofar- H. seropedicae
(Baldani et al., 1986) and H. rubrisubalbicans
(Pimental et al., 1991; Gillis et al., 1991). Other species of
Herbaspirillum, H. fisingense as a N2 fixing bacterium isolated
from C-4 grasses, Miscanthus spp., Pennisetum purpurem and
Spartina pectina (Kirchhof et al., 2001) and H. chlorophenolicum
isolated from the root nodules of Phaseolus vulgaris grown in
Journal of Eco-friendly Agriculture 2(1) 2007.
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soil from Portugal (Valverde et al.,2004). Genus Herbaspirillum
has been found to colonise roots, stems and leaves of various
forage grasses (Indira and Bagyaraj, 1996). Coinoculation of
Herbaspirillum and Gluconacetobacter diazotrophicus yielded
more bionmass of sugaecane than G.diazotrophicus alone.
(Muthukumarasamy et al.,1999).
Another endorhizospheric diazotrophic bacterium
namely Azoarcus, was isolated from kallar grass (Leptochloa
fusca (L.) Kunth), a C4 plant with high tolerance to water
logged conditions, soil salinity and alkalinity. Two species
viz. A.indigenous and A. communis have been described
(Reinhold-Hurek et al.,1993). Besides the original host, its
association with crops like rice and sorghum has been
described (Hurek et al., 1991; Malik et al., 1997; Stein et al.,
1997). Azoarcus strain K-1 improved the plant biomass of
rice variety NIAB-6 (Malik et al., 1997). Stein et al. (1997)
demonstrated the ability of Azarcus to colonise the interior of
sorghum plants and could contribute 10.7% of nitrogen in
the shoot and 2 % in the root. Inoculation with Azoarcus sp.
strain BH 72 significntly promoted the growth of rice
seedlings over uninoculated controls (Hurek et al., 1991).
The genus Burkholderia has been recetly reported as an
important endophytic component in the soil microbial
community (Dalmastri et al., 1999). Pseudomnas cephacia was
originally described as Burkholderia in 1950 as the causal
organism of bacterial rot of onion (Burkholder,1950)
Burkholderia vietnamiensis is a promising bacterial
candidate for inoculation assays with its high rhizospheric
population and high nitrogenase activity, its ability to inhibit
fungal plant pathogens and its ability to produce
siderophores and indole acetic acid (IAA) .Tran Van et al.,
(2000) reported that inoculation of B. vietnamiensis in pot
experiment resulted in 20% yield increase in rice. Field and
pot experiments conducted in acid sulphate soil in Vietnam
using Burkholderia vietnamiensis showed an increase in rice
yield ranging from 13% to 22% due to increased tiller number
and grain weight (Tran Van et al., 2000). Not much
information is available on agricultural uses of this species.
Baldani et al., (2000) observed that Burkholderia sp.
contributed relatively high levels of N to rice via BNF ranging
from 28 to 31% in Brazil in contrast to the 19% recorded with
the B.vietnamiensis strain TVV75, isolated from the
rhizosphere of rice grown in Vietnam. The best strains were
those originating from washed and surface – sterilized roots
of rice, suggesting that the endophytic colonization of plant
tissues by these endophytic diazotrophs allows them to
express their potential better as compared to rhizosphere
bacteria. Rice stems are more suitable niches for N2–fixing
endophytes than roots because more photosynthates are
Journal of Eco-friendly Agriculture 2(1) 2007.

available to the bacteria (Barraquio et al., 1997).
The endophytic habitat of Burkholderia sp. strain BM16
has been confirmed using MLEE (Multilocus enzyme
electrophoresis) profiles. Large numbers of bacterial colonies
were recovered from surface sterilized plant tissues (103 to
and up to 105 cfu G-1 of fresh root (Estrada et al., 2002).
Microorganisms in soil influence plant productivity in
more than one way. Some of these organisms increase the
availability of nutrients and even stimulayte plant growth
and improve soil health and rhizosphere environment by
way of establishing in side the root system of plants (Malik
et al., 1996, 1999; Tilak and Srinivasa Reddy, 2006).
Mycorrhizal fungi
The symbiotic associations of plant roots and fungi
have intrigued many generations of biologists, and in the
late 1880s these associations were given the name
mycorrhiza derived from the Greek for fungus-root (Frank,
1885). Recent observations of fossil plants from the Devonian
era suggest that one type of mycorrhizal association, the
arbuscular mycorrhiza, existed approximately 400 million
years ago, indicating that plants have formed associations
with arbuscular mycorrhizal (AM) fungi since they first
colonized land (Remy et al., 1994). Vesicular arbuscular
mycorrhiza is a mutually beneficial symbiosis or partnership
between beneficial soil fungi and plants. In this symbiosis
plant gets the soil nutrients and in exchange the fungus gets
carbon. Today, the arbuscular mycorrhiza is the most
widespread type of mycorrhizal association and exists in
ecosystems throughout the world where it creates an intimate
link between plants and the rhizosphere.
The arbuscular mycorrhizal fungi are all members of
the zygomycota and the current classification contains one
order, the Glomales, encompassing six genera into which
149 species have been classified (Morton and Benny, 1990;
Bentivenga and Morton 1994). A major factor hampering
studies of the AM fungi, including the taxonomy, is their
obligately biotrophic nature. Despite the lack of axenic
culture, it is possible to grow them in sterile culture with
plant roots or with hairy roots transformed with
Agrobacterium rhizogenes (Diop et al., 1992). Recent
adaptations of these methods utilise petri plates in which
the fungus and root are cultured together in one compartment
while the external mycelium is permitted to ramify into a
second compartment separate from the roots (St-Arnaud et
al., 1996). Increasing numbers of fungal species are being
established in this culture system (Declerck et al., 1996; Douds
1997) which is proving useful for studies of the fungal
symbiont.
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Mycorrhizas are formed naturally by most of the major
crop families and they are formed early in the development
of the plants. Mycorrhiza is the natural state of most plants
with an estimated 90% of all plant species belonging to plant
families that form mycorrhiza. There are four major plant
families that characteristically do not form mycorrhiza:
Amaranthaceae, Brassicaceae, Chenopodiaceae and
Zygophyllaceae. The arbuscular mycorrhiza (AM) is the most
common of all mycorrhizal types involved and can benefit
plant growth and health. A number of diverse plant types of
economic interest have AM activity. These include firstly,
cereals and herbaceous legumes. Secondly, other crops, for
which the symbiosis can be exploited for improving plant
growth is greater, are (i) vegetable crops (lettuce, onion, leek,
asparagus, pepper, beans, tomato, strawberry etc.), (ii)
temperate fruit trees or shrubs (citrus, apple, peach, olive,
almond, grapevine etc), (iii) tropical plantation crops (coffee,
rubber, cacao, papaya, oil palm, avocado, cassava etc.) and
(iv) ornamental horticultural crops.
The main benefit of mycorrhizae is improved uptake of
nutrients, especially phosphorus. Phosphorus nutrition
brings with it drought resistance and other benefits. Ectomycorrhiza (ECM), in some cases, directly aid in water uptake
(Boyd et al., 1986), and there is some evidence that AM fungi
may do so as well (Hardie, 1986). They also benefit the host
plant by supplying growth-regulating substances and
vitamins and protecting against pollutants and soil-borne
pathogens (Mitchell, 1993). They have been shown to utilise
recalcitrant forms of nutrients such as organic nitrogen and
phosphorus, which would normally be unavailable to the
root. Mycorrhizal fungi can cleave organic nitrogen and
phosphorus compounds by secreting enzymes such as
proteases and phosphatases. The production of vitamins by
mycorrhizal fungi has been shown to increase root size and
longevity (Ek et al., 1983). Examples of pollutants, from which
the mycorrhiza may protect the plant are acid rain,
aluminium toxicity, sulphur dioxide and nitrous oxide
(Jeffries, 1987).
From an agronomic point of view the most important
function of both ecto and AM fungi is undoubtedly their
ability to increase P supplies to the plant. Because P uptake
at the root surface is faster than movement of phosphate to
the surface, a depletion zone develops around the root.
Hyphae extending from the root surface can pass across this
depletion zone and take up phosphate from more distant
parts of the soil inaccessible to nonmycorrhizal roots. Within
the hyphae phosphate is translocated from the soil-based to
the root-based mycelium where the plant provides a readily
accessible carbon source for active fungal growth. The extra
phosphate taken up comes from the pool of available soil
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phosphate and not from the much larger reserves of
unavailable, insoluble or strongly adsorbed soil phosphate.
This conclusion, based on 32P labelling experiments, has
been widely accepted (Abbott and Robson, 1984). Uptake of
minor elements with slow soil diffusion rates, like copper
and zinc can also be increased by mycorrhiza (Mosse, 1973).
The hyphal mycelium increases the total absorption surface
of infected plants and thus improves its access of immobile
elements such as P, copper (Cu), zinc (Zn) (Ortas et al., 1996)
and cadmium (Cd) (Guo et al., 1996) in areas beyond the
root’s depletion zone. Uptake of boron was also increased in
sunflower (Jodice et al., 1980).
Mycorrhizal fungi play a significant role in the
formation of soil-aggregate. The important role of the soil
mycelium of mycorrhizal fungi in the formation of waterstable soil aggregates is well documented (Andrade et al.,
1998; Miller and Jastrow, 2000). Wright et al. (1996)
discovered glomalin and named the substance after
Glomales, the taxonomic order of the fungi that produce the
sticky protein. The protein is a stable hydrophobic
glycoprotein, which helps in binding of soil particles (Wright
and Upadhyaya, 1998, 1999). As the roots grow, glomalin
sloughs off into the soil where it acts as a “super glue,”
helping sand, silt and clay particles stick to each other. This
protein is deposited on the outer hyphal walls of the
extraradical mycelium and on the adjacent soil particles
facilitating the aggregation of soil particle and thus,
contributes to the formation of microaggregates (Miller and
Jastrow, 2000), a basic building block of soil structure.
Glomalin stores 27 % of total soil carbon, compared to humic
acid’s 8%. It also provides nitrogen to soil and gives it the
structure needed to hold water and proper aeration,
movement of plant roots and stability to resist erosion.
Glomalin is relatively stable in soils. Glomalin contributed a
far stronger effect to water stability of aggregates than the
hyphae producing it (Rillig et al., 2002).
A well-developed mycorrhizal symbiosis may enhance
the survival of plants in polluted areas by better nutrient
acquisition, water relations, pathogenic resistance,
phytohormone production, contribution to soil aggregation,
amelioration of soil structure, and thus improved success of
all kinds of bioremediation (Jeffries et al., 2003). AMF have
been found to decrease caesium uptake by plants (Berreck
and Haselwandter, 2001), and thus could be used in the
establishment of plant vegetation on soil contaminated with
radionuclides, and therefore, have the potential to reduce
environmental risks. Effective mycorrhiza may also attenuate
deleterious soil conditions (Haselwandter and Bowen, 1996).
AM fungi also have a potential role in the monitoring of site
toxicity (Weissenhorn et al., 1995; Gucwa-Przepiora and
Journal of Eco-friendly Agriculture 2(1) 2007.
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Turnau, 2001) or the efficiency of restoration techniques
(Orlowska et al. 2002).

inorganic forms of phosphorus or by mineralization of
organic phosphorus.

Soil microorganisms influence the establishment and
activity of arbuscular mycorrhizal (AM) fungi. Interactions
among mycorrhiza formation, nutrient uptake etc. and soil
microorganisms (N2-fixing bacteria, phosphate solubilizing
bacteria, plant growth promoting rhizobacteria) have been
reported as beneficial (Bagyaraj, 1984; Linderman, 1988;
Kucey et al. 1989; Paulitz and Linderman 1989; AzcónAguilar and Barea 1992; Dey et al., 2005). AM fungi and
rhizosphere organisms interactions have mainly been
observed on selected non-pathogenic microorganisms
involved in nutrient transformations (Azcón and Barea,
1975; Bagyaraj and Menge, 1978; Brown and Carr, 1979;
Subba Rao et al., 1985). The objective of studying these AM
fungi-rhizobacterial interactions has focused upon obtaining
an additive effect on plant growth by microbial inoculants
either singly or in a concerted form.

The mycorrhizal fungi assist in the uptake of
phosphorus and trace metals and positively influence water
and nutrient status. Lack of suitable inoculum production
technology is the major limitation for the commercial
exploitation of this system.

Bacterial production of auxins can result in
translocation of soluble sugars to the root which can enhance
the metabolic activity of the fungus(Barea et al. 1976; Meyer
and Linderman, 1986). The value of certain bacteria may be
ascribed to the production of active metabolites (Lynch, 1976)
such as vitamins and small amounts of some inorganic acids,
stimulation of the biosynthetic capacity of germinated spores
(Hepper and Jakobsen, 1983).
Gilbert and Linderman (1971) suggested the term
“mycosphere effect” to describe the enhanced microbial
populations of selected microorganisms near fungal
structures in soil. The microbes in the mycosphere of
mycorrhizal fungi may profoundly affect mycorrhizal
functions, such as nutrient and water uptake, which are
mediated by the extra-matrical hyphae.
The effect of mycorrhizae in increasing plant growth
has been well documented by different workers for many
plants species. These fungi are also being recognised to
influence soil development, as much as plant development.
As a living link between roots and the surrounding bulk
soil, these AM fungi integrate the interdependent functions
of the plant-soil symbiosis. In particular, advances are being
made to relate the interactions between AM plants, AM fungi
and the soil microflora to plant health (Saxena et al., 1997).
Mycorrhizal fungi can also be used as bioremediation agents
in polluted soils or as bioindicators of pollution.
The beneficial effect of mycorrhizae on plant growth
has mostly been attributed to an increase in the uptake of
nutrients, especially phosphorus. Mycorrhizal fungi
improve the soil phosphorus availability by solubilizing
Journal of Eco-friendly Agriculture 2(1) 2007.

Plant growth promoting rhizobacteria
Plant growth promoting rhizobacteria (PGPR) include
a diverse group of free-living soil bacteria that can stimulate
the growth of plants by one or more of a number of different
mechanisms (Davison, 1988; Kloepper et al., 1989; Glick, 1995;
Glick and Pasternak, 2003). These bacteria may stimulate
plant growth either indirectly or directly. Indirect stimulation
of plant proliferation includes preventing phytopathogens
from inhibiting plant growth and development
(O’ Sullivan and O’ Gara, 1992; Sivan and Chet, 1992; Cook,
1993, Glick, 1995); direct stimulation provides plants with
compounds such as fixed nitrogen, phytohormones or
solubilized iron and minerals such as phosphorus from the
soil and production of ethylene synthesis inhibitor, ACCdeaminase that can modulate the level of phytohormone,
ethylene (Brown, 1974; Kloepper et al., 1988, 1989; Glick, 1995;
Wang et al., 2000; Glick and Pasternak, 2003). Any particular
plant growth promoting rhizobacterium may utilise one or
more of these mechanisms.
Pioneering work on the effect of rhizosphere
microorganisms on plant growth and yield was conducted
in the former USSR in the 1940s with two bacteria, Azotobacter
chroococcum and Bacillus megaterium var. phosphaticum. These
were used on cereals over 10 million hectares (Brown et al.
1964) for their putative effects via nitrogen fixation and
phosphate solubilization, respectively. Brown et al. (1964)
demonstrated that treatment of tomato seed with Azotobacter
stimulated seedling growth and promoted earlier flowering,
while Rovira (1963, 1965) using three nonsymbiotic nitrogenfixing bacteria, Azotobacter chroococcum, Bacillus polymyxa,
and Clostridium pasteurianum, found that each of these
organisms increased seedling vigor of corn, wheat and
tomato, and promoted earlier flowering of tomato.
Since 1978 there has been increasing interest in PGPR,
a term first proposed by Kloepper and Schroth (1978, 1981)
when they reported that fluorescent pseudomonads
promoted early growth of radish and potatoes by up to 500%.
Numerous instances of plant growth stimulation have been
recorded in the literature (Keel et al., 1991; Ogoshi et al., 1997;
Glick and Pasternak, 2003). Stimulation has been recorded
over a very wide range of plants: In horticultural and field
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crops showing improved seedling emergence and seedling
growth of a number of conifer species up to 47% increase in
the field after 13 months (Chanway and Hall, 1991; Chanway
et al., 1991). Extensive studies carried out by scientists in
China in early sixties refered PGPR as yield-increasing
bacteria (YIB). The species used in China were B. cereus (65%
of YIBs), B. firmus and B. licheniformis. By focusing on Bacillus
spp. which form spores which are resistant to desiccation
and heat, the process of developing a commercial product is
facilitated. In 1990, YIBs were used over an area of 3.3 million
hectares in 18 provinces on wheat, rice, corn, sorghum, sweet
potato, cotton, oil-seed rape, bean, sugar beet, watermelon,
peanut, and vegetables (Bowen and Rovira, 1999).
PGPR are extensively studied for their potential
applications in agriculture. They are commonly considered
to promote plant growth by competing with plant pathogens
or by producing plant growth regulators or by fixing nitrogen,
improving the nodule occupancy by efficient rhizobia etc.
(Tilak et al., 2006) (Table 7). However, some of them may also
promote plant growth by improving mycorrhizal symbiosis
establishment and functioning. Garbaye and Bowen (1989)
demonstrated that some bacteria closely associated with the
fungus directly played a positive role in ectomycorrhiza
formation. They were called MHB (mycorrhization helper
bacteria). Most MHB and PGPR belong to the same taxonomic
groups, fluorescent pseudomonads and sporulating bacilli.
The ecological distribution of different plant growth
promoting and soil supporting rhizobacteria has been
reviewed by Tilak et al. (2005) and that of native arbuscular
mycorrhiza by Gaur and Adholeya ( 2004).
Table 7. Effect of PGPR’s and Rhizobium sp. on plant biomass
and grain yield pigeonpea cv. P-921
Treatment
Uninoculated control
Rhizobium alone
Rhizobium + Azotobacter
chroococcum
Rhizobium + Azospirillum
brasilense
Rhizobium + Pseudomonas
fluorescens
Rhizobium + Pseudomonas
putida
Rhizobium + Bacillus
cereus
(Source : Tilak et al., 2006)
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Dry plant
biomass g
plant-1
3.5
4.2

Grain yield
g plant-1
1.05
1.25

4.0

1.30

4.0

1.35

4.2

1.75

4.8

1.75

4.0

1.62

Phosphorus -solubilizing microorganisms
The phenomenon of fixation and precipitation of P in
the majority of agricultural soils in India contain large
reserves of phosphorus. A large part of it has accumulated
as a consequence of regular application of P-fertilizer. It is
highly dependent on pH.. In acidic soils P is precipitated as
Al and Fe phosphates, whereas in calcareous soils high
concentration of Ca results in P precipitation. The soil is a
habitat for diverse group of organisms which employ variety
of solubilization reactions to release soluble phosphorus from
insoluble phosphates. The potentials of these phosphate
solubilizing microorganisms (PSM) has been realised and
are utilised as bioinoculants for crop grown in soils poor in
available P and amended with rock phosphate or tricalcium
phosphate.
Although in literature there are several reports on the
effect of PSM on plant growth and yield, very few studies are
aimed at studying their influence on soil fertillity (Singh and
Kapoor; 1998, Gaur, 1990; Gaind et al., 2001). Inoculation of
phosphate solubilizers such as Pseudomonas striata and
Bacillus polymyxa in chickpea increased the availabe
phosphorus content of soil. In presence of rock phosphate,
around 37% increase in the available P content in the soil
was recorded (Alagawadi and Gaur, 1988). Similarly, Gaind
and Gaur (1991) reported increase in available P2O5 content
of the soil due to PSM inoculation.
Future prospects
Although the microbiological advancements of the last
century has been profound, a great deal of biology remains
to be discovered and described through study of the microbial
world. There are problems preventing commercial use of
bioinoculants. Improvement of the biocontrol mechanisms
of these bacteria by ecological or genetic means is an
important approach for enhancing their performance as
bioinoculants.
The current aim of scientists all over the world is to
look for methods to retain applied nutrients, and make it
available to plant roots since not more than 30 to 40 % of the
applied nutrient is taken up by crops. Therefore, the best
achievement could be to minimise the energy and cost
intensive chemical nutrient application to crops. This could
be possible with the introduction of microbes that would act
as nutrient stabilizers, absorbers, retainers and transporters
in addition to their capabilities to improve soil health and
production of plant growth promoters and other biologicals.
Systematic and periodical study is essential to understand
the role of microbes in various cropping systems under
different agroclimatic zones.
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If our aim is to maximise plant growth responses, then
optimal combination of selected microbes should be used. It
is important, therefore, to identify the best strains of beneficial
microbes for the planting situation, verify their compatibillity
and combined efficiency both in vitro and in vivo, and employ
this combination inoculum in practices. Although the results
of field tests have demonstrated the considerable potential
of using combined inoculum of microorganisms to promote
plant growth but the consistency of the results is lacking.
Blue-green algae otherwise known as cyanobacteria is
an ideal group of microorganisms since it does not grow in
the rizosphere and therefore, does not compete for the
available nutrients. These microbes grow on the soil surface.
Therefore, they would certainly immobilize the prospective
leachates especially in a water flooded rice ecosystem. The
filamentous blue-green algae form the basic matrix for the
formation of biofilms that are the real bioactivity centres in
paddy fields. Hence, it is imperative to develop newer
methods to study biofilms in model systems and fields to
understand the role of microbes in INM. Efforts should also
be made to isolate suitable cyanobacterial strains that would
provide fixed N and excrete it continuously making it
available to rice plants and lower the demand of chemical
fertilizer.
It is essential to study the influence of microbes such as
nitrogen-fixers (symbiotic and free-living) and P-solubilizers
and P-mobilizers (VAM) in the retention of absorption and
release of nutrients to plants to augment crop yields.
Development of model systems and newer methods and
sensors for effective N and P utilization and newer probes to
assess microbial populations and microbial enzymes in
model systems would generate information on the role of
organic and bio-fertilisers in sustainable agricutlure.
Microbes will probably assume an increasingly
prominent role as bioinoculants as we look forward to new
environmentally safe technologies. Recent advances in our
understanding of the ecology and molecular biology of the
systems responsible for bioinoculants are opening the ways
to strain improvement. Substantial advances in elucidating
the genetic basis of the beneficial effects of bioinoculants
have been made, some from whole-genome sequencing
projects. This progress will lead to a more efficient use of
these strains and possibly to their improvement by genetic
modification. This information will help us further in the
development of futuristic agricultural biotechnology
products by ecological and / or genetic manipulation of plant
beneficial bacteria, engineered with rhizosphere competence
gene(s), for the purpose of modifying the soil or microflora
surrounding the root to achieve desirable environment to
improve plant growth. The new tools of recombinant DNA
Journal of Eco-friendly Agriculture 2(1) 2007.

technology, mathematical modeling, and computer
technology combined with a continuation of the more
classical approaches such as crop rotation, various
agronomic practices, addition of organic amendments such
as compost, mulch or manures, should quickly move
bioinoculant technology into a new era, to harness the power
of microbes to improve soil, plant, human and the
environment sustainability.
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ABSTRACT
The study was undertaken to compare the quality characteristics of fresh green peas grown by organic, inorganic and
integrated methods of cultivation. No significant difference was observed in terms of pod length while significant
difference was observed in number of seeds per pod, which was higher in peas grown by integrated method of
cultivation. Seed size was higher in inorganically grown peas. There was no significant difference in sensory quality of
green peas grown by organic, inorganic and integrated cultivation methods. Organic peas scored highest for colour,
flavour and taste, while peas grown by integrated method of cultivation scored higher for texture and appearance.
Significant difference was observed in the values of proximate composition and mineral content.
Key words: Green peas, organic farming, integrated farming

Use of chemicals in farming causes toxic effects on air,
water and soil. This has resulted in damage to environmental
resources. Focus currently is on organic methods of
cultivation. Organic farming is practiced without the use of
chemical fertilizers and pesticides. Soil therefore, becomes
enriched by natural methods like rotation of crops, use of
organic manure and vermin-compost. Another method of
cultivation is the integrated method, also termed as
Integrated Nutrient Management (INM) which aims at
achieving harmony in the use of fertilizers in conjunction
with organic manure; crop residues; green manure; use of
legumes in the cropping system; use of bio-fertilizers and
other locally available nutrient sources for sustaining soil
health and productivity on a long term basis. Data regarding
nutritional quality of plant food products grown by different
methods of cultivation is scarce. This leads to difficulties in
interpretation because organic and integrated produce were
not cultivated under comparable conditions such as location,
climate and altitude. Therefore, the present study was
designed to compare quality characteristics viz., differences
in physical characteristics, nutrient composition, cooking
quality and sensory quality in fresh green peas grown by
organic, inorganic and integrated methods.
MATERIALS AND METHODS
Experimental samples of green peas which were
organically produced, inorganically produced and grown
by integrated methods of cultivation were obtained from
Network Project on Organic Farming (ICAR) at Govind
Ballabh Pant University of Agriculture and Technology,
Pantnagar. Samples were dried at 750C for 16 h and ground
coarsely (40 mesh sieve size) in a laboratory mill for chemical
analysis.
©2007

Quality characteristics: Pod length and size of peas in
a pod were measured using Vernier Calipers. Number of
peas in a pod were counted manually.
Organoleptic evaluation: Organoleptic evaluation for
sweetness of raw green peas was carried out using a
questionnaire for descriptive analyses with scaling
(Larmond, 1977). To verify this data for sweetness, total sugar
was determined as described in AOAC (1975).
Cooking quality: Cooking quality of green peas was
evaluated by determining per cent cooking. Softness of
cooked grains was checked manually by pressing between
thumb and index finger. Number of cooked grains were
counted and expressed as percentage (Raghuvanshi and
Bhattacharya, 1986).
Sensory quality: Sautéed green peas were checked for
their sensory quality using score card method.
Chemical analysis: Proximate analyses of fresh green
peas was done using methods of AOAC (1975). Total iron
was estimated by Wong’s method (Wong, 1928).
Phosphorous was estimated by Fiske and Subba Row method
(Ranganna, 1986) and calcium by method of AOAC (1975).
Copper, manganese and zinc were estimated using atomic
absorption spectrophotometer (Raghuramulu et al., 2003).
RESULTS AND DISCUSSION
Table 1 showing pod length, suggested it to be similar
for green peas grown by organic method of cultivation (OGP),
inorganic method of cultivation (IGP) and peas grown by
integrated method of cultivation (InGP). Number of seeds
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Table 1. Quality characteristics of fresh green peas
Parameter

OGP IGP

InGP

p = 0.05

Pod length (cm)
No. of seeds/pod

8.94
3.90

8.70
6.00

8.95
6.50

0.50
1.13

Seed size (cm)

0.79

0.96

0.89

0.09

Note: Values are means of ten observations. OGP= organically
grown peas, IGP= inorganically grown peas, InGP= peas grown by
integrated method of cultivation

per pod were significantly different, being least for OGP and
highest for InGP. However, number of seeds and seed size
for IGP and InGP were not different statistically (Table 1).
The values were comparable with the values reported by
Bhattarai et al. (2003).
Sweetness and total sugar: Statistically significant
difference was not seen in the sweetness of green peas (Table
2). OGP recorded highest score of 5.01 for sweetness followed
by IGP with a score of 4.20 while InGP scored minimum.
Total sugar was more in OGP than in IGP and InGP (Table
2). However, total sugar in IGP and InGP was similar.
Table 2. Sensory score for sweetness and total sugar in fresh
green peas
Parameter
Score
Per cent total
sugar

OGP
5.01
4.09

IGP
4.20
3.78

InGP
4.14
3.79

p = 0.05
1.8
0.05

Note: Values are means of ten observations. OGP= organically
grown peas, IGP= inorganically grown peas, InGP= peas grown by
integrated method of cultivation

Cooking quality: OGP and IGP took 15 min for 100 %
cooking while InGP required 17 min for complete cooking
(Table 3). This could be because of bolder size in InGP.
Table 3. Cooking time for fresh green peas for OGP, IGP and
InGP
Time (min)
5
8
11
15
17

Percentage cooking
OGP
IGP
InGP
13
12
9
47
41
40
76.4
67
62
100
100
97
100

p = 0.05
0.6
1.6
2.5
5.7
2.3

Note: Values are means of three observations. OGP=organically
grown peas, IGP= inorganically grown peas, InGP= peas grown by
integrated method of cultivation

Sensory quality: Results of sensory evaluation of
sautéed peas showed no significant difference in any of the
three samples, for any of the parameters (Table 4). OGP scored
Journal of Eco-friendly Agriculture 2(1) 2007.

Table 4. Mean sensory score of fresh green peas of OGP, IGP
and InGP
Parameter
Colour
Flavour
Texture
Taste
Appearance
Overall
acceptability

OGP
8.5
8.2
8.2
8.3
8.2
8.2

IGP
7.5
7.7
7.8
7.8
7.8
7.9

InGP
8.0
8.1
8.3
8.1
8.5
8.4

p = 0.05
0.76
0.75
0.74
0.83
0.70
0.70

Note: Values are means of ten observations. OGP= organically
grown peas, IGP= inorganically grown peas, InGP= peas grown by
integrated method of cultivation

highest for colour, flavour and taste. IGP was rated lower in
all parameters whereas InGP was rated similar to OGP.
Chemical analysis: Table 5 indicates OGP had higher
moisture but had lower crude protein, crude fat and crude
fibre as well as carbohydrate content. OGP and IGP had
similar energy values and InGP had highest energy value,
on per 100 g basis. IGP had significantly higher protein
content whereas InGP had significantly higher crude fat and
crude fibre content.
Table 5. Proximate composition of peas for OGP, IGP and
InGP
On fresh weight basis
Parameter

OGP

IGP

InGP

p = 0.05

Moisture (%)
Crude protein (%)
Crude fat (%)
Total ash (%)
Crude fibre (%)
Carbohydrate (%)
Energy (Kcal %)

76.0
6.97
0.71
0.98
4.10
10.58
90

73.0
7.13
0.77
1.13
4.20
13.40
89

72.0
7.06
0.90
1.11
4.32
14.40
94

0.85
0.11
0.04
0.66
0.11
0.83
3.20

Note: Values are means of three observations. OGP= organically
grown peas, IGP= inorganically grown peas, InGP= peas grown by
integrated method of cultivation

Calcium and iron content was significantly higher in
InGP. Phosphorus was significantly higher in IGP. OGP
recorded significantly higher copper and zinc content.
Manganese content was highest in InGP (Table 6).
It cannot be conclusively said which method of
cultivation is better with regard to nutrition. However,
organically grown peas scored higher for total sugar,
sweetness, colour, flavour and taste. Among minerals
organically grown peas had higher copper and zinc levels
as compared to inorganically grown peas and peas grown
by integrated method of cultivation.
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Table 6. Mineral content of peas for OGP, IGP and InGP (mg
100g-1)
Mineral
(mg 100g-1)

OGP

Calcium
Iron
Phosphorous
Copper
Manganese
Zinc

29.54
1.75
73.85
0.28
0.14
0.69

On fresh weight basis
IGP
InGP
p = 0.05
33.64
1.51
93.83
0.22
0.15
0.58

40.26
2.10
89.47
0.24
0.19
0.58

1.77
0.07
4.40
0.01
0.05
0.02

Note: Values are means of three observations. OGP= organically
grown peas, IGP= inorganically grown peas, InGP= peas grown by
integrated method of cultivation
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ABSTRACT
Food material supplemented with various pesticides, resulted in varying degree of mortality of adult earthworms
ranging from 10.47 to 76.19 and 10.47 to 76.19 % during 2004-05 and 2005-06 respectively. Highest mortality (76.19
and 74.88%) was recorded with the Monocrotophos 36 SL @ 1.0 ml litre-1 of water during 2004-05 and 2005-06 and
was statistically at par with Endosulfan 35 EC @ 2ml litre-1 of water, which caused 73.15 and 71.76 % mortality.
Pooled analysis of the data indicated the similar trend in which both Monocrotophos 36 SL and Endosulfan 35 EC
resulted in significantly higher mortality (75.47% and 72.45 %). Streptomycin sulphate caused 10.47 % mortality.
Among the fungicides, Thiophenyte methyl @ 1g litre-1 water resulted in the highest mortality (40.8%) followed by
Carbendizim (39.32 %) @ 1.0 g litre-1 of water and Mancozeb (24.15 @ 2g litre-1 water. Effect of pesticides on juveniles
of earthworms revealed that Endosulphan 35 EC @ 2 ml litre-1 water and Monocrotophos 36 SL @ 1.0 ml litre-1 water
affected the highest mortality of 74.55 and 67.29 % respectively.
Key words: Eudrilus eugeniae, earthworm, pesticides

The earthworm’s activity in soil is known to influence
its various physical, chemical and biological properties
which is associated with increased enzyme activities and
microbial population in the worm casts compared to noninfested soil (Lee, 1985). Earthworms generally prefer neutral
pH values. Absence of worms in acid soils leads to the
accumulation of thick mat of slow decaying organic matter.
(Wood, 1995).
Chemical intensive farming has many harmful effects
including increased incidence of pest and diseases,
biomagnifications of chemicals through food chains,
destruction of physical/chemical properties of soil,
atmospheric pollution etc. Further due to rapid urbanization
problems of disposal of waste materials like solid and liquid
excreta of livestock, human population and urban wastes
have also cropped up which can be resolved by recycling
wastes through vermicomposting using potential earthworm
species. Vermicomposting of wastes and in situ
vermiculturing in various crops form a significant component
in bioremediation and its utility in the crop husbandry.
On the agricultural front, pesticides usage for plant
protection has increased. Synthetic pesticides used for pest
management remains active ingredients in post harvest
produce and in the plant residues like stalks, husks etc. Plant
residues after the harvest of the produce is used as feed for
the earthworms for the production of vermicompost. Some
of the pesticides are toxic to the earthworms affecting the

normal functions of the earthworms (Edward et.al 1968,
Thompson 1971). Hence the present studies were undertaken
to identify the safe and compatible chemicals for earthworm.
MATERIAL AND METHODS
Organic wastes (viz., dried leaves, sunflower stalks,
green leafy matter) and dung were mixed (10:1) and arranged
in a brick wall pit (above ground) 10m x 1m x 0.33 m size
(LxWxH) layer wise. Each layer was alternated with dung
layer. The pit was closed with a thin layer of soil (1 cm) and
covered with 15-30 cm mulch layer and watered regularly.
Decomposed organic matter was thoroughly mixed after 45
days and stored in the laboratory for further use. About 25
kg of decomposed organic matter was taken and put in
trough of 60x45x30 cm size. Different pesticides fungicides
were mixed with decomposed organic matter at their
recommended dosages. Carbaryl 50 WP, Phorate 10 G,
Chlorpyriphos 20 EC, Monocrotophos 36 SL, Endosulphan
35 EC, Cypermethrin 10 EC l, Alphamethrin 10 EC,
Dimethoate 30 EC, Copper oxychloride, Mancozeb,
Thiophenite methyl, Streptomycin sulphate and Bordeaux
mixture were used. Organic matter was sufficiently wetted
and twenty five adult earthworms Eudrilus eugenae collected
from vermiculture unit of R.A.S Bijapur were released. Three
replications were maintained. Sampling was made at 10 days
after release of earthworms and observations were recorded
on number of live/dead adults and juveniles. Data were
subjected to suitable statistical analysis.

*Part of Ph.D. thesis of first author being submitted to Dr. B.R.Ambedkar University, Agra (UP).
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RESULTS AND DISCUSSION
The data pertaining to effect of chemicals (table-1) with
respect to mortality of earthworm exhibited wide variation
among the treatments during 2004-2005 (10.47% to 76.19%).
Insecticides had more deleterious effect on earthworm
mortality, as compared to the fungicides. The lowest mortality
(10.47 %) was recorded in Streptomycin sulphate (0.5 g
litre-1 of water), whereas, the highest (76.19% and 74.88%
during 2004-05 and 2005-06) was recorded in case of
Monocrotophos 36 SL treatment 1.0 ml litre-1 water). Data on
average values of two years indicated the highest mortality
in case of of Endosulphan 35EC (82.45%) followed by
Monocrotophos 36 SL (75.47%), Chlorpyriphos 20 EC (63.87
%), Phorate 10G (54.05%), Carbaryl 50 WP (49.46%) and the
lowest in Streptomycin sulphate (10.47%) as compared
to control. Among the fungicides Thiophenyte methyl

1g litre-1 water recorded the highest mortality (40.8%)
followed by Carbendizim (39.32 %) and Mancozeb
(24.15%).

Table 1. Effect of pesticides on adult E.eugeniae earthworm,
when incorporated in to food material.

Table 2. Effect of pesticides on juveniles of E.eugeniae
earthworm, when incorporated in to food material.

Pesticides/Treatment

Per cent
2004-05
Carbaryl 50WP (4g litre-1 of
59.30
water)
(50.36)
Phorate 10 G @ (80 g
60.60
trough of 60x25x30 cm)
(51.12)
Chlorpyriphos 20EC (3.0 ml 79.60
litre-1 of water)
(63.15)
Monocrotophos 36 SL @
94.30
(1.0 ml litre-1 of water)
(76.19)
Endosulphan 35 EC @ (2.0
91.60
ml litre-1 of water)
(73.15)
Cypermethrin 10 EC (0.5ml
13.30
litre-1 of water)
(21.39)
Alphamethrin 10 EC (0.25
22.30
ml litre-1 of water)
(28.18)
Dimethoate 30 EC (1.75 ml
21.60
litre-1 of water)
(27.69)
Copper-oxy-chloride 50%
11.60
(3g litre-1 of water)
(19.91)
Mancozeb (2 g litre-1 of
16.30
water
(23.81)
Carbendizim (1g litre-1 of
39.30
water
(38.82)
Thiophenate methyl @1g
40.30
litre-1 of water
(39.41)
Streptomycin Sulphate 0.5
3.33
g litre-1 water
(10.47)
Bordeaux mixture @ 1 %
10.60
(19.00)
Untreated control
0.00
(0.00)
S. Em + / 2.30
C. D. (p = 0.01)
7.00
C.V.(%)
7.60

Mortality ( 10 DAR)
2005-06
Pooled Mean
56.30
57.80
(48.56)
(49.46)
70.30
65.45
(56.98)
(54.05)
81.60
80.63
(64.60)
(63.87)
93.30
93.80
(74.88)
(75.47)
90.30
90.95
(71.76)
(82.45)
14.64
13.95
(22.38)
(21.84)
22.30
22.30
(28.11)
(28.11)
20.60
21.10
(26.99)
(27.34)
12.30
11.95
(20.44)
(19.99)
17.30
16.80
(24.50)
(24.15)
40.00
39.65
(39.23)
(39.32)
45.30
42.80
(42.25)
(40.8)
3.33
3.33
(10.47)
(10.47)
11.30
10.95
(19.55)
(19.275)
0.00
0.00
(0.00)
(0.00)
2.40
2.90
7.40
8.80
7.90
6.90

*Figures in parentheses are angular transformed values
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The data pertaining to the effect of pesticides on
juveniles of earthworms are presented in Table 2. The average
values of mean of two year data indicated that incorporation
of Endosulphan 35 EC in food material of earthworms gave
highest mortality (74.55%), followed by Monocrotophos 36
SL (67.29%), Chlorpyriphos 20 EC (64.28%), Phorate 10 G
(63.08%). Among the fungicides/bactericides, highest
mortality Carbendizim (45.08%) followed by Thiophenyate
methyl (39.29 %), Bordeaux mixture (23.69%). Lowest
mortality was recorded with the Mancozeb. Similar trend
was followed in both the years. The present findings are in
conformity with Awakanavar et al., (2001) who reported that,

Pesticides/Treatment
Carbaryl 50WP @ 4g litre-1
of water
Phorate 10 G @ 80
g/trough of 60x25x30 cm
Chlorpyriphos 20EC (3.0
ml litre-1 of water)
Monocrotophos 36 SL @
(1.0 ml litre-1 )
Endosulphan 35 EC @ (2.0
ml litre-1 water)
Cypermethrin 10 EC @
(0.5ml litre-1 water)
Alphamethrin 10 EC @
(0.25 ml litre-1 of water)
Dimethoate 30 EC @ (1.75
ml litre-1 of water)
Copper-oxy-chloride (3g
litre-1 of water)
Mancozeb (2 g litre-1 of
water)
Carbendizim (1g litre-1 of
water)
Thiophenate methyl @ (1g
litre-1 of water)
Streptomycin Sulphate (0.5
g litre-1 of water)
Bordeaux mixture @ 1 %
Untreated control
S. Em + / C D. (p = 0.01)
C.V.(%)

Per cent mortality ( 10 DAR)
2004-05
2005-06
Pooled Mean
69.60
71.30
70.45
(56.54)
(57.61)
(57.07)
79.00
80.00
79.52
(62.72)
(63.44)
(63.08)
82.32
80.00
81.15
(65.12)
(63.44)
(64.28)
85.63
84.60
85.10
(67.70)
(66.89)
(67.29)
91.00
94.62
92.80
(72.54)
(76.56)
(74.55)
35.00
40.44
37.70
(36.27)
(39.47)
(37.87)
41.00
39.32
40.15
(39.82)
(38.82)
(39.32)
43.09
40.60
41.82
(41.03)
(39.58)
(40.28
17.64
18.30
17.95
(24.88)
(25.33)
(25.06)
11.31
11.60
11.45
(19.64)
(19.91)
(19.77)
49.30
51.00
50.15
(44.60)
(45.57)
(45.08)
39.62
40.60
40.10
(39.00)
(39.58)
(39.29)
13.33
14.30
13.80
(21.39)
(19.64)
(20.51)
16.60
16.33
16.15
(24.04)
(23.81)
(23.69)
0.00
0.00
0.00
(0.00)
(0.00)
(0.00)
3.00
2.80
3.10
9.20
8.90
9.30
2.36
3.91
5.23

*Figures in parentheses are angular transformed values
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Endosulfan and Pyrethroids are more toxic to earthworms.
Rupell and Loughlin (1977), Stenerson (1979) also reported
that many Carbamate insecticides cause tumors and swelling
along the earthworm body.
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ABSTRACT
Life table and stable age distribution of Creatonotus gangis was investigated on artificial diet for three generations.
Survivorship of this insect dropped for first three days due to egg mortality. It remained more or less stable till 34 days
in all the generations. Subsequently, the survivorship dropped very quickly due to death of adults. The expectancy of
life increased slightly in all the generations on fourth day but decreased steadily with the advancement of population
development. The survival fraction (lx) of female of each cohort at the start of egg laying was 0.48, 0.50 and 0.44, and
subsequently a decrease in lx was noticed after females reached the age of 37.5, 35.8 and 38.5 days in successive
generations. Female population reached maturity quickly in second generation and continued to lay eggs for a
prolonged period as compared to first and third generations. The natality rates and net reproduction rates of females
of each age group were not constant during egg laying period. The mean length of generation of this insect was more
or less same in all the generations and it ranged from 37.9 to 38.5 days. The net reproductive rate, intrinsic rate of
increase, finite rate of increase, potential fecundity and annual rate of increase were highest in second generation but
the doubling time of the population was low during this period. This finding indicates that the diet was highly
suitable during second generation followed by first and third generations. At stable-age the per cent distribution in the
larval stage was 69.20, 71.58 and 71.44 in first, second and third generations, respectively, followed by egg 21.58,
23.86 and 21.26; pupa 6.56, 4.04 and 5.61 and adult 2.66, 0.49 and 1.70 during three generations. The results on
stable-age distribution showed that the immature stages contributed major proportion in the size of insect population.
Key words: Creatonotus gangis, stable-age distrubtion, age specific life table, female fertility life table

Arrangement of survivorship of a particular cohort of
a population and its birth rate and other vital life parameters
during the whole life period in tabulated form represents the
life table of that organism. In the field of agriculture, both
age-specific and female-fertility life tables of insects are very
useful for their control in the field as well as in the store
house. Hence, the knowledge of life table is very important
for sound pest management. Apart from age specific and
female-fertility life tables, information on stable-age
distribution is also essential and the life table parameters of
a species remain incomplete without calculation of stableage distribution of different age groups. Stable-age
distribution means age distributions of a population whose
birth rate and death rate remain constant if allowed to grow
in an unlimited space (Andrewartha and Birch, 1954). As a
result, the rate of increase of the population will remain
constant over an indefinite period under a given set of
environmental conditions (Atwal and Bains, 1974). However,
it does not exactly happen in nature because death may
occur at any of the growth stages either due to food factor or
competition for energy harvesting or environmental factors
or age factor etc. Therefore, an attempt has been made to
carry out the stable-age distribution along with age specific
and female-fertility life table of Lucerne hairy caterpillar,
Creatonotus gangis, a noxious pest of many crops (Baser and
©2007

Kushwaha, 1968; Raghunath et al., 1978, Catiding, 1993;
Bhattacharya et al., 2004).
MATERIALS AND METHODS
Preparation of artificial diet: The larvae of C. gangis
were reared for three successive generations on an artificial
diet for construction of life table and to find out the
distribution pattern of different age groups. The diet was
prepared following the method described by Tewari and
Bhattacharya (1987) and Bhattacharya (1993). Composition
of the diet was : Dehusked red gram flour 8.835 g, wheat
(soaked for 24 h) 8.835 g, yeast powder 3.07 g, sodium
ascorbate 0.31 g, methyl para hydroxybenzoate 0.31 g, sorbic
acid 0.15 g, agar 1.54 g, formaldehyde (10%) 0.15 ml and
water 76.80 ml.
Construction of life table and stable-age distribution :
A cohort of 100 newly emerged (0-12 h old) larvae from
nucleus culture was used in this study. The insects were
reared on the artificial diet at 30±1 0C and 80±5 r.h. Initially
larvae were reared in groups of 10 for eight days but thereafter
larvae were transferred individually into separate plastic
vials (10x4 cm) to avoid competition. Food was given ad
libitum. Observations on mortality of the larvae were recorded
daily while egg hatching was recorded from aliquots of egg
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batches. For construction of life table and stable-age
distribution of this insect it was assumed that all the eggs in
the cohort were fertile and mortality of the eggs was uniform
during the entire incubation period. Therefore, the mortality
count during egg stage was adjusted in such a way that the
lx value commenced with the initial number of cohorts of
100 eggs. To work out the intrinsic rate of increase, different
age groups of adult insects were paired for the construction
of female-fertility life table. Egg laying by ten females was
recorded daily. The observations were continued till
Table 1. Age specific life table of three generations of C. gangis
on artificial diet prepared with dehusked red gram
(flour) and wheat (soaked)
Generation I

Generation II

Generation III

X

lx

100qx eX

lx

100qx eX

lx

100qx eX

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

100
97
94
91
88
88
88
88
88
88
88
88
88
88
88
88
88
87
87
87
87
87
87
87
87
87
87

3.00
3.09
3.19
3.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.14
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

39.46
39.66
39.91
40.21
40.57
39.57
38.57
37.57
36.57
35.57
34.57
33.57
32.57
31.57
30.57
29.57
28.57
27.89
26.89
25.89
24.89
23.89
22.89
21.89
20.89
19.89
18.89

100
97
94
91
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88

3.00
3.09
3.19
3.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

38.58
38.76
38.98
39.25
39.57
38.57
37.57
36.57
35.57
34.57
33.57
32.57
31.57
30.57
29.57
28.57
27.57
26.57
25.57
24.57
23.57
22.57
21.57
20.57
19.57
18.57
17.57

100
97
94
91
88
88
88
88
88
88
88
88
88
88
86
86
86
86
86
86
86
86
86
86
86
86
86

3.00
3.09
3.19
3.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

38.76
38.94
39.17
39.45
39.77
38.77
37.77
36.77
35.77
34.77
33.77
32.77
31.77
30.77
30.48
29.48
28.48
27.48
26.48
25.48
24.48
23.48
22.48
21.48
20.48
19.48
18.48

27
28
29
30
31
32
33
34

87
87
87
87
87
87
87
83

0.00
0.00
0.00
0.00
0.00
0.00
4.60
0.00

17.89
16.89
15.89
14.89
13.89
12.89
11.89
11.44

88
88
88
88
88
88
88
88

0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.14

16.57
15.57
14.57
13.57
12.57
11.57
10.57
9.57

86
86
86
86
85
84
84
82

0.00
0.00
0.00
1.16
1.18
0.00
2.38
3.66

17.48
16.48
15.48
14.48
13.64
12.80
11.80
11.07
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35
36
37
38
39
40
41
42
43
44
45
46
47
48

83
83
82
82
82
82
81
81
77
66
49
34
19
7

1.15
0.00
1.16
2.35
16.87
2.90
7.46
12.90
22.22
16.67
31.43
66.67
37.50
60.00

8.67
7.77
6.77
5.84
4.97
4.88
4.01
3.29
2.70
2.33
1.70
1.25
1.75
1.50

79
77
75
75
72
72
71
71
68
62
53
46
31
12

2.53 10.47
2.60 9.73
0.00 8.98
4.00 7.98
0.00 7.29
1.39 6.29
0.00 5.37
4.23 4.37
8.82 3.54
14.52 2.84
13.21 2.24
32.61 1.50
61.29 .98
75.00 .75

49

0.00 10.44 87
1.20 9.44 86
0.00 8.55 86
0.00 7.55 85
0.00 6.55 83
1.22 5.55 69
0.00 4.61 67
4.94 3.61 62
14.29 2.77 54
25.76 2.15 42
30.61 1.72 35
44.12 1.26 24
63.16 .87
8
100.0 .50
5
0
2

0.00

2.00

3

100.0
0

50
51

2
1

50.00
100.0
0

1.00
.50

.50

X : Age of the insect in days; lx : No. surviving at the beginning of
each age interval x out of 100; 100qx : Mortality rate at the age
interval x ; eX : Expectation of life i.e. mean life remaining for
individual of age x

mortality of all adults. The calculations of the life table were
made with the help of the recently developed software
programme (Bhattacharya et al., 2002; Mondal et al., 2006).
RESULTS AND DISCUSSION
Table 1 indicates that survivorship (lx) of C. gangis
dropped initially for first three days due to egg mortality
and later it was more or less stable till 34 days in all the
generations. Subsequently, the survivorship dropped very
quickly due to death of adults. During this period a
corresponding rise in death curve (dx) was noticed in all
generations (Figure 1). The survivorship curves in three
generations were more or less similar in supporting
development which indicates that this diet is suitable for the
insect. These curves are similar to the stair-step type curves
recorded for holometabolus insects by Ito (1959) and Odum
(1971). They are also intermediate to Type I and II of the
survivorship curves described by Slobodkin (1962) and
Deevey (1947). Chaudhary and Bhattacharya (1986) also
recorded similar type of survival pattern of C. gangis, Spilaretia
obliqua and Spodoptera litura on foliage of winged bean.
The expectancy of life (ex) of C. gangis on this diet
increased slightly in all the generations on fourth day and
later it decreased steadily with the advancement of
population development (Figure 1). Such enhancement in
ex and its subsequent decrease was also noticed in
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Mountainship and Heaingull (Deevey, 1947), Philosamia
ricini (Misra and Joshi, 1980), Phyllocnistis citrella (Singh,
1984) C. gangis, S. obliqua and S. litura (Chaudhary and
Bhattacharya, 1986).

(lx) of each cohort at the start of egg laying was 0.48, 0.50
and 0.44 in first, second and third generations, respectively.
Subsequently, a decrease in lx was noticed after females
reached an age of 37.5, 35.8 and 38.5 days during first, second
and third generations. Female population reached maturity
very early, 29.5 days, in second generation and continued to

Table 2 indicates that the survival fraction of female

Table 2. Age specific female-fertility life table of three generations of C. gangis on artificial diet prepared with dehusked red
gram (flour) and wheat (soaked)
Generation I
x

lx

mx e-rx.lx.mx

Generation II
%*

x

lx

mx e-rx.lx.mx

r =0.0502

Generation III
%*

x

lx

mx e-rx.lx.mx

r =0.0584

%*

r =0.0482

0.5 to 31.5 days immature stages and
preoviposition period
32.5 0.48
0.1 0.0094
0.94
33.5 0.48
1.8 0.1608
16.08

0.5 to 29.5 days immature stages and
preoviposition period
30.5 0.50 0.6 0.0505
5.05
31.5 0.50 1.1 0.0874
8.73

0.5 to 32.5 days immature stages and
preoviposition period
33.5 0.44 0.8 0.0699
6.99
34.5 0.44 1.0 0.0833
8.32

34.5

0.48

1.4

0.1189

11.89

32.5

0.50

1.2

0.0899

8.98

35.5

0.44

1.6

0.1270

12.69

35.5

0.48

1.9

0.1535

15.35

33.5

0.50

1.4

0.0989

9.89

36.5

0.44

1.5

0.1134

11.33

36.5

0.48

0.9

0.0691

6.92

34.5

0.50

1.0

0.0667

6.66

37.5

0.44

1.8

0.1297

12.96

37.5

0.48

1.0

0.0731

7.31

35.5

0.50

1.3

0.0817

8.17

38.5

0.44

2.0

0.1374

13.72

38.5
39.5
40.5
41.5
42.5
43.5
44.5

0.47
0.46
0.41
0.34
0.24
0.13
0.05

1.4
1.5
1.4
1.3
1.2
2.7
3.9

0.0953
0.0950
0.0752
0.0550
0.0341
0.0395
0.0209

9.53
9.50
7.52
5.51
3.41
3.95
2.09

36.5
37.5
38.5
39.5
40.5
41.5
42.5
43.5
44.5
45.5
46.5

0.45
0.45
0.42
0.40
0.36
0.32
0.27
0.17
0.15
0.14
0.14

1.6
1.2
1.9
2.0
1.4
1.7
1.5
2.5
2.4
1.5
0.8

0.0854
0.0644
0.0842
0.0796
0.0473
0.0482
0.0338
0.0335
0.0268
0.0147
0.0074

8.54
6.44
8.42
7.96
4.73
4.82
3.38
3.35
2.67
1.47
0.74

39.5
40.5
41.5
42.5
43.5
44.5

0.43
0.39
0.34
0.29
0.23
0.13

1.2
1.5
1.3
1.4
1.3
2.1

0.0767
0.0829
0.0597
0.0522
0.0367
0.0319

7.67
8.28
5.96
5.22
3.66
3.19

= 244.461

XLXMX

= 250.196

= 329.424

R0 = lx.mx

= 6.606

= 8.754

= 6.349

T =  x.lx.mx/ lx.mx = 37.9

= 37.6

= 38.5

rapprox = logeRo / T

= 0.0576

= 0.0480

= 0.0502

= 0.0584

= 0.0482

= 1.051

= 1.060

= 1.049

= 20.5

= 25.2

= 17.5

= 11.868

= 14.368

= 1.81X1009

= 4.44X1007

raccurate
=

er(accurate)

Pf = MX
DT = loge 2/loge 
ARI = 365

= 0.0498

= 13.808
= 9.06X1007

X : Pivotal age in days; lx : Survival fraction of females;
* : % contribution of each group towards ‘r’
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Table 3. Percent distribution of different age groups in three generations of C. gangis reared on artificial diet prepared with
dehusked red gram flour and soaked wheat
Generation I
X

LX

e-r(X+1)

Generation II

% distribution

LX

r =0.0502

e-r(X+1)

Generation III

% distribution

LX

r =0.0584

e-r(X+1)

% distribution

r =0.0482

0

0.985

0.9045

6.07

Egg

0.985

0.9433

6.79

Egg

0.985

0.9529

5.97

1

0.955

0.8602

5.60

21.58

0.955

0.8898

6.21

23.86

0.955

0.9081

5.51

2

0.925

0.8181

5.16

0.925

0.8393

5.68

0.925

0.8654

5.09

3

0.895

0.7780

4.75

0.895

0.7917

5.18

0.895

0.8246

4.69

4

0.880

0.7399

4.44

Larva

0.880

0.7468

4.80

Larva

0.880

0.7858

4.40

5

0.880

0.7037

4.22

69.2

0.880

0.7044

4.53

71.58

0.880

0.7489

4.19

6

0.880

0.6692

4.01

0.880

0.6644

4.28

0.880

0.7136

3.99

7

0.880

0.6365

3.82

0.880

0.6268

4.03

0.880

0.6800

3.80

8

0.880

0.6053

3.63

0.880

0.5912

3.80

0.880

0.6480

3.63

9

0.880

0.5757

3.45

0.880

0.5577

3.59

0.880

0.6175

3.45

10

0.880

0.5475

3.28

0.880

0.5260

3.38

0.880

0.5885

3.29

11

0.880

0.5207

3.12

0.880

0.4962

3.19

0.880

0.5608

3.14

12

0.880

0.4952

2.97

0.880

0.4680

3.01

0.880

0.5344

2.99

13

0.880

0.4710

2.82

0.880

0.4415

2.84

0.870

0.5093

2.82

14

0.880

0.4479

2.69

0.880

0.4164

2.68

0.860

0.4853

2.65

15

0.880

0.4260

2.56

0.880

0.3928

2.53

0.860

0.4625

2.53

16

0.875

0.4051

2.42

0.880

0.3705

2.38

0.860

0.4407

2.41

17

0.870

0.3853

2.28

0.880

0.3495

2.25

0.860

0.4200

2.30

18

0.870

0.3664

2.17

0.880

0.3297

2.12

0.860

0.4002

2.19

19

0.870

0.3485

2.07

0.880

0.3110

2.00

0.860

0.3814

2.08

20

0.870

0.3314

1.97

0.880

0.2933

1.89

0.860

0.3634

1.99

21

0.870

0.3152

1.87

0.880

0.2767

1.78

0.860

0.3463

1.89

22

0.870

0.2998

1.78

0.880

0.2610

1.68

0.860

0.3300

1.80

23

0.870

0.2851

1.69

0.880

0.2462

1.58

0.860

0.3145

1.72

24

0.870

0.2711

1.61

0.880

0.2322

1.49

0.860

0.2997

1.64

25

0.870

0.2578

1.53

0.880

0.2191

1.41

0.860

0.2856

1.56

26

0.870

0.2452

1.45

0.880

0.2066

1.33

0.860

0.2722

1.49

27

0.870

0.2332

1.38

0.880

0.1949

1.25

0.860

0.2593

1.42

28

0.870

0.2218

1.32

0.880

0.1839

1.18

0.860

0.2471

1.35

29

0.870

0.2109

1.25

0.880

0.1734

1.12

0.860

0.2355

1.29
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30

0.870

0.2006

1.19

0.880

0.1636

1.05

0.855

0.2244

1.22

31

0.870

0.1908

1.13

0.880

0.1543

0.99

0.845

0.2139

1.15

32

0.870

0.1814

1.08

0.880

0.1456

0.94

0.840

0.2038

1.09

33

0.850

0.1726

1.00

Pupa

0.880

0.1373

0.88

0.830

0.1942

1.02

34

0.830

0.1641

0.93

6.56

0.875

0.1295

0.83

0.805

0.1851

0.95

35

0.830

0.1561

0.88

0.865

0.1222

0.77

0.780

0.1764

0.87

Pupa

36

0.825

0.1484

0.83

0.860

0.1152

0.72

Pupa

0.760

0.1681

0.81

5.61

37

0.820

0.1412

0.79

0.855

0.1087

0.68

4.04

0.750

0.1602

0.76

38

0.820

0.1343

0.75

0.840

0.1025

0.63

0.735

0.1526

0.71

39

0.820

0.1277

0.71

0.760

0.0967

0.54

0.720

0.1454

0.67

40

0.815

0.1214

0.67

0.680

0.0912

0.45

0.715

0.1386

0.63

41

0.810

0.1155

0.64

Adult

0.645

0.0861

0.41

0.710

0.1321

0.60

42

0.790

0.1098

0.59

2.66

0.580

0.0812

0.34

0.695

0.1259

0.56

43

0.715

0.1045

0.51

0.480

0.0766

0.27

0.650

0.1199

0.50

Adult

44

0.575

0.0993

0.39

0.385

0.0722

0.20

Adult

0.575

0.1143

0.42

1.7

45

0.415

0.0945

0.27

0.295

0.0681

0.15

0.49

0.495

0.1089

0.34

46

0.265

0.0899

0.16

0.160

0.0643

0.08

0.385

0.1038

0.25

47

0.130

0.0855

0.08

0.065

0.0606

0.03

0.215

0.0989

0.14

48

0.035

0.9510

0.02

0.035

0.0572

0.01

0.075

0.0943

0.04

49

0.020

0.0539

0.01

0.015

0.0898

0.01

50

0.015

0.0509

0.01

51

0.005

0.0480

0.00

X : Age group in days

lay eggs for a prolonged period, 46.5 days, as compared to
first and third generations. Comparatively females of first
generation laid eggs for a longer duration followed by third
and second generations. Earlier reports indicate that this
insect completed egg laying within 2 to 3 days and 3 to 5
days when reared on lucerne (Baser and Kushwaha, 1968)
and winged bean (Chaudhary and Bhattacharya, 1986),
respectively. The pre-oviposition period in all generations
was 1 to 2 days. The natality rate (mx) and net reproduction
rate (lx.mx) of females of each age group in three generations
showed an increasing as well as decreasing trend which
indirectly indicated that the mx and lx.mx were not constant
during egg laying period. Similar result was also recorded
for C. gangis, S. obliqua and S. litura (Chaudhary and
Bhattacharya, 1986) and Heliothis armigera (Rao, 1986).
The mean length of generation (T) of C. gangis was more
or less same in all the generations and it ranged from 37.6 to
38.5 days. This indicated that the preference of this diet for
development of C. gangis did not change with the
30

advancement of generation. The net reproductive rate (Ro),
accurate estimate of intrinsic rate of increase
(r accurate), finite rate of increase (l), potential fecundity
(Pf) and annual rate of increase (ARI) were also highest in
second generation but the doubling time (DT) of the
population was low during this period. All these life
parameters collectively indicate that the diet is highly
suitable during second generation followed by first and third
generations (Table 2).
Table 3 reveals that at stable-age condition the major
contribution in distribution of the insect population was
made by the larval stage, 69.20, 71.58 and 71.44 per cent in
first, second and third generation, respectively, followed by
egg of first, second and third generations as 21.58, 23.86 and
21.26, respectively. Similarly, for pupa it was 6.56 per cent
for first, 4.04 per cent for second and 5.61 per cent for third
generation while contribution of adult stage was negligible:
first 2.66, second 0.49 and third 1.70 per cent in three
successive generations. Similar results were recorded in
Journal of Eco-friendly Agriculture 2(1) 2007.
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Dissipation of three pheromones components of Helicoverpa
armigera (Hübner) from rubber septa
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ABSTRACT
Dissipation studies on three components of sex pheromone of Helicoverpa armigera Hübner, from rubber septa used for
monitoring, were determined and regression equation predicting dissipation rate of each component as a function of
time were developed. Results from GC analysis of residual amount of pheromone left in the septa demonstrated that
dissipation rates were following first order kinetics i.e. dissipation is dose dependent.
Key words: Sex pheromone, Helicoverpa armigera, dissipation, rubber septa

The economic importance of Helicoverpa armigera to
agronomic cross necessitates a readily available system for
monitoring the seasonal population. Pheromone traps
proved reliable for early detection and estimation of H.
armigera population and establishing economic threshold
level (ETL) (Hoffman et al., 1991; Szocs et al., 1995). The
efficiency of traps depends upon the release rate of
pheromone components in the specific ratio from septa. The
pheromones are quite volatile and some, particularly the
aldehydes, are unstable in air. The ideal formation should
release the appropriate pheromone in a linear fashion, with
a zero order release rate, throughout the growing season.
Proper protection, particularly of sensitive pheromone is
another key factor in these dispensers. In practice, some
formulations have limited longevity and release rate is non
linear of first order. In this paper, results of dissipation of
sex pheromone components of H. armigera from rubber septa
under field conditions have been discussed.
MATERIALS AND METHODS
Studies were conducted at the Crop Research Centre of
G.B. Pant University of Agriculture and Technology,
Pantnagar. The pheromone components of H. armigera viz.,
(Z)-11-hexadecenal (95%), (Z)-9-hexadecenal and
hexadecenol (99%) were obtained from Sigma-Aldrich Chem.
Co., USA. Traps containing rubber septa baited with one
milligram of these pheromone components separately were
installed in triplicate in the chickpea field for one month.
The samples were removed periodically at different time
intervals i.e., 3, 5, 7, 10, 15, 25 and 30 days after trap
installation. The samples that were prepared by eluting these
septa in hexane were analysed on a Hewlett Packard 5890
GC equipped with a 30 m×0.25 mm (HPINNOWAX)
capillary column.
The residual amount of pheromone was calculated
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from the peak area with the help of a standard curve. The
amount of pheromone released during the aging period was
determined from comparison of the amount contained
initially vs. those remaining after aging.
RESULTS AND DISCUSSION
The logarithmic plots of residual concentration (log (ax)) with time generated straight line is presented in Figures
1, 2 and 3. The data were subjected to statistical analysis
and are recorded in Table 1. The data supported the first
order rate equation indicating that dissipation of these
pheromone components from rubber septa follow first order
kinetics. Kinetic model was tested to understand the
dissipation of sex pheromone components tested.
Table 1. Desorption rate coefficients of sex pheromone
components from rubber septa
Pheromone
component
(Z)-9hexadecenal
(Z)-11hexadecenal
Hexadecenol

Apparent
Intercept r2
Half
Desorption rate
Value life
coefficient (k1)
(days)
0.071
2.4716 0.8281 9.76
0.074

2.8507

0.8911

9.36

0.146

3.0124

0.8894

4.75

The first order integrated rate equation (equation 2) was
applied to desorption kinetic data over the whole time range.
In [a/(a-x)]= kt

………… (1)

or
log10 [a/(a-x)] = k1 t ………… (2)
where, {k1 = (k/2.303)} is the specific rate constant for

Sonal Dixit, Bali Ram, N.K. Sand and Sudha Kanaujia

first order reaction, a = initial amount of pheromone
components applied on the septa, (a – x) = residual amount
of pheromone components left on the septa.
Leonhardt and Moreno (1982) stated that majority of
pheromone forumulations tend to follow first order kinetics,
in which the rate of release depends on the amount of
pheromone remaining. The straight line logarithmic curve
of residual amount of pheromone with time and statistical
analysis of data also supported the first order rate equation
Dissipation of sex pheromone component of H. armigera from
rubber septa followed first order kinetics.
Figures 1, 2 and 3 indicate that dissipation is faster in
initial days. This may be due to the weaker cohesive forces
between pheromone present on the outer surface of the septa.
But with the diffusion of pheromone molecules in the
atmosphere, the residual amount of pheromone in septa
decreases. This may result in strong adhesive forces between
dispenser and pheromone molecules resulting in a slow
release of pheromone with time.
The dissipation of pheromone from the dispenser can
depend upon diffusion through holes in matrix and on
penetration of compound through a wall or membrane
(Kydonieus, 1977). The variation in formation parameters
such as film thickness, particle size and solvent may alter
the dissipation rate.

Fig. 3. Dissipation of hexadecanol from rubber septa

There is a similarity in the dissipation patterns of two
aldehydes viz., Z-(11)-hexadecenal, Z-(9)-hexadecenal,
which may be due to same molecular weight and similar
chemical nature of the two compounds. Interestingly, the
alcohol component of the pheromone (hexadecenaol) showed
a different pattern of dissipation which may be possibly be
due to different functional moiety and different physical
properties like molecular weight. These data also support
the hypothesis that dissipation of majority of pheromones
from rubber septa follow first order kinetics. The design of
the dispenser must also be taken into account considering
the effect of each variable on the dissipation rate in order to
develop a system that is effective during the appropriate cycle
of the target insect pest.
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Effect of insecticides on the chlorophyll content of chickpea
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ABSTRACT
Studies were undertaken to determine the phytotoxic effect of Nimbicidine + Biolep, endosulfan + Biolep, Colphos
(Ethion + Profenofos), Roket (Profenofos + Cypermethrin) Endosulfan + Nimbicidine, Profenofos and Eucalyptus +
lemon grass oil + neem oil at two different concentrations on chlorophyll content ‘a’ of chickpea leaves. The results
obtained clearly indicate that insecticide mixture/combinations viz., Roket, Nimbicidine + Biolep, Eucalyptus +
lemon grass oil + neem oil and Profenofos (organophosphate insecticide) significantly increased chlorophyll content
‘a’ in chickpea leaves at both the concentrations. Only one treatment, Endosulfan + Biolep at both the concentrations
proved toxic to chickpea leaves showing sharp decline in chlorophyll content ‘a’. Endosulfan at 0.07% concentrations
with 0.5% Biolep proved toxic to chlorophyll content ‘a’ than Endosulfan at 0.05%.
Key words: Insecticides, chlorophyll content and chickpea leaves

Chickpea crop is attacked by several insect-pests,
which cause severe damage resulting drasite reduction in
yield. However, the new commercially available insecticides
mixture are environmentally and ecologically unsafe. The
very few effective available insecticides and target specific
have not been evaluated earlier for their toxicity towards
chickpea plant. Hence, present investigation was conducted
out to find out phytotoxic effect of insecticides mixture on
chlorophyll ‘a’ and ‘b’ content in chickpea leaves.

spectrophotometer at 645 nm for chlorophyll ‘a’ and 665 nm
for chlorophyll ‘b’. The observations recorded were subjected
for estimation of chlorophyll in mg. per gram of leaves tissue
by following formula:

MATERIALS AND METHODS

Where, D665 denotes reading of chlorophyll ‘b’ at 665
nm, and D 656 denotes read in of chlorophyll ‘a’ at 645 nm.

To evaluate the phytotoxic effects of insecticides
mixture, a field trial was laid out at Students’ Farm of
C.S.A.U.A. & T., Kanpur during Rabi season of two
consecutive years, 2003-04 and 2004-05. Chickpea cultivar
KPG 59 was used and sowing was done in lines (5 m length).
In the present investigations three commercial plant
products (Nimibicidine, Neemarin and Eucalyptus
formulation), two bacterial formulations (Biolep and Delfin),
four synthetic insecticides (Endosulfan 35 EC, Colphos 405
EC, Roket 44 EC and Profenofos 50 BC) were tested in
different combinations to evaluate the phytotoxic effect on
chickpea leaves.
First, spraying was given at vegetative stage (20 days
after sowing) and second spraying was given at 50%
flowering stage. Estimation of chlorophyll ‘a’ content was
done at by the technique evolved by Toshida et al., (1972).
For this purpose leaves from the upper part of the test plant
were selected randomly in each treatment and one gram of
leaf was crushed through a pastle and mortar and 10-20 ml
of 85% acetone was added in it. The material was
homogenized and the volume of solution was made up to
100 ml. After half an hour readings were taken on
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mg chlorophyll ‘a’ /g of leaves tissue = 1.07 (D 6650.094 D 645)
mg chlorophyll ‘a’ /g of leaves tissue = 1.77 (D 6450.28 D 665)

The experiment was laid under RBD with 2 x 2 factorial
design and the data were statistically analyzed by least
significant difference (LSD) test at probability level of 0.05.
RESULTS AND DISCUSSION
Results on spectrophotometer analysis for phytotoxic
effect on chlorophyll content ‘a’ and ‘b’ in chickpea leaves
are summarized in Table 1 and Table 2.
Effect on chlorophyll content ‘a’: All the treatments
except Endosulfan + Biolep (1.29 mg g-1) on leaves showed
significant increase in chlorophyll contents ‘a’ in chick pea
leaves (Table 1). Maximum 1.90 mg chlorophyll content ‘a’
per g on leaves was observed in treatment with Roket
followed by Profenofos (1.78 mg g-1 of leaves), Nimbicidine
+ Biolep (1.69 mg g-1 of leaves) and Eucalyptus formulation
(1.65 mg g-1 of leaves) in comparison to 1.42 mg chlorophyll
content ‘a’ per g of leaves in Colphos (1.51 mg g-1 of leaves),
Endosulfan + Nimbicidine (1.49 mg g-1 of leaves) and control.
The compatibility effect of Nimbicidine 2% + Biolep 0.5%
significantly enhanced the chlorophyll ‘a’ content than
Nimbicidine 1% and Biolep 0.5%. The interaction effect was
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Table 1. Effect of insecticides mixture/combinations at two different concentrations on chlorphyll content ‘a’ in the leaves of
chickpea plants during two consecutive years,2003-04 and 2004-05.
Concentrations (c)
Insecticides (1)
Nimbicidine + Biolep
Endosulfan + Biolep
Colphos
Profenofos
Roket
Endosulfan + Nimbicidine
Eucalyptus formulation
Treatment mean
Control
C1
C1
C1
C1
C1
C1
C1
C1

C1
1.90
1.23
1.46
1.76
1.76
1.56
1.59
-

Chlorophyll content 'a' (mg g-1 of leaves)
Statistical parameter
During 2003-04
During 2004-05
C2
Mean
C1
C2
Mean
1.48
1.69
2.01
1.89
1.95 For the year 2003-04
1.35
1.29
1.80
1.28
1.55 SEm ± (C) 0.04 NS
1.56
1.51
2.06
2.26
2.16 SEm ± (I) 0.08 0.17
1.80
1.78
1.53
2.08
1.80 SEm ± (CxI) 0.11 0.24
2.04
1.90
1.95
2.29
2.12
1.43
1.49
1.78
1.60
169 For the year 2004-05
1.70
1.65
1.96
2.10
2.03 SEm ± (I) 0.12 0.21
1.61
1.90 SEm (I) 0.15
0.29
1.42
1.75

for Nimbicidine + Biolep (2% + 0.5%)
for Endosulfan + Biolep (0.05% + 0.5%)
for Colphos (0.05%)
for Profenofos (0.05%)
for Roket (0.05%)
for Endosulfan + NImbicidine (0.05% + 2%)
for Eucalyptus formulation (2%)
and C2 are concentrations of insecticides

C2
C2
C2
C2
C2
C2
C2

for Nimbicidine + Biolep (1% + 0.5%)
for Endosulfan + Biolep (0.07%+ 0.5%)
for Colphos (0.07%)
for Profenofos (0.07%)
for Roket (0.07%)
for Endosulfan = Nimbicidine (0.07% + 1%)
for Eucalypus formulation (1%)

also significant in leaves treated with Roket, interaction effect
was also significant in leaves treated with Roket, where
increased chlorophyll content ‘a’ (2.04 mg g-1 of leaves) was
recorded with 0.07% as compared to Roket at 0.05% (1.76 mg
g-1 of leaves). No significant interaction effect was observed

with Endosufan = Biolep, Colphos, Profenofos, Endosulfan
+ Nimbicidine and Eucalyptus formulation at their
respective concentrations.
During 2004-05, similar trend was observed as

Table 2. Effect of insecticides mixture/combinations at two different concentrations on chlorophyll content ‘b’ in the leaves of
chickpea plants during two consecutive years, 2003-04 and 2004-05.
Concentration (c)
Insecticides (I)
Nimbicidine + Biolep
Endosulfan + Biolep
Colphos
Profenolos
Endosulfan + Nimbicidine
Eucalyptus formulation
Treatment mean
Control
C1
C1
C1
C1
C1
C1
C1
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C1
0.27
0.50
0.68
0.61
0.37
0.41
-

Chlorophyll content 'b' (mg g-1 of leaves)
During 2003-04
During 2004-05
C2
Mean
C1
C2
0.56
0.41
0.28
0.85
0.53
0.52
0.48
0.34
0.52
0.60
0.65
0.47
0.45
0.53
0.81
0.57
0.38
0.38
0.43
0.35
0.67
0.54
0.47
0.68
0.48
0.26
-

for Nimbicidine + Biolep (2% + 0.5%)
for Endosulfan + Biolep (0.05% + 0.5%)
for Colphos (0.05%)
for profenofos (0.05%)
for Roket (0.05%)
for Eundunfan = Nimbicidine (0.05% + 2%)
for Eucalyptus formulation (2%)

C2
C2
C2
C2
C2
C2

Statistical parameter
Mean
0.5
0.41
0.56
0.69
0.39
0.57
0.49
0.28

For the year 2003-04
SEm ± (C) 0.021 NS
SE m ± (I) 0.026 0.06
SE m ± (CxI) 0.037
For the year 2004-05
SE m ± (C) 0.025
SE m ± (I) 0.05 0.10
SE m ± (C x I) 0.07

0.08
NS
0.14

for Nimbicidine + Biolep (1% + 0.5%)
for Endosulafan + Biolep (0.07% + 0.5%)
for Colophos (0.07%)
for Roket (0.07&)
for Endosulfan + Nimbicidine (0.07% + 1%)
for Eucalyptus formulation (1%)
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Endosulfan + Biolep at both the concentrations showed
significant reduction in chlorophyll ‘a’ content which was
recorded as an average 1.55 mg g of leaves-1. Endosulfan
0.07% in combination with Biolep proved more toxic to
chlorophyll ‘a’ content (1.28 mg g -1 of leaves) than
Endosulfan 0.05% with Biolep (1.80 mg g-1 of leaves).
Remaining all the insecticides mixture/combinations
showed significantly higher chlorophyll content ‘a’ than
control. A significant interaction effect was observed with
Profenofos and Roekt. Both of these at 0.07% concentration
enhance chlorophyll content ‘a’ more than at 0.05%
concentration.
Effect on chlorophyll ‘b’ : As reagards the independent
effect of insecticidal mixture/combinations during 2003-04,
all the treatments were effective in increasing the chlorophyll
‘b’ content in mg g of chickpea leaves-1 (Table 2). The
maximum of 0.60 mg g-1 chlorophyll content ‘b’ was found
in leaves treated with Colphos, followed by Eucalyputs
formulation (0.54 mg/g) and Profenofos (0.53 mg/g). Other
treatment Nimbcidine + Biolep, Endosulfan + Nimbicidine
and Roket were also significantly different from control but
did not differ significantly among themselves.
Eucalyputs formulation (eucalyputs oil + lemon grass
oil + neem oil) has significantly higher chlorophyll ‘b’ content
(0.67 mg g-1 of leaves) at 1% concentration than at 2% (90.4
mg g-1).
Also in case of Profenofos, concentration at 0.05% also
gave more chlorophyll content ‘b’ (0.61mg/g) than at 0.07%
concentration (0.45 mg/g). Colphos at 0.05% also enhance
chlorophyll content ‘b’ (0.68 mg/g) more than at (0.07% (0.52
mg/g).
Similar trend was observed during 2004-05. All the
treatment effectively inceased chlorophyll ’b’ content in
leaves. Significant compatibility effect was observed in
treatment Nimbicidine + Biolep, Endosulfan + Bioleop,
Colphos, Profefos and Eucalyptus formulation. No
interaction effect was found in treatment with Roket.
Nimbicidine at 1% concentration gave more
chrolophyll ‘b’ content than at 2% with sublethal dose of
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Biolep (0.5%). Endosulfan showed higher concentration of
chlorophyll ‘b’ content at 0.05% than at 0.07%, with sublethal dose of Biolep (0.5%). Synthetic insecticides
(Profenofos) also gave more chlorophyll content ‘b’ at 0.05%
than at 0.07%. Thus, Eucalyptus formulation, Profenofos and
Colphos may proved toxic to chickpea leaves at higher
concentrations.
Present findings clearly indicate that Endosulfan at
higher concentration of 0.07% with sublethal dose of Biolep
has more detrimental effect on chlorophyll content ‘a’ than
concentration at 0.05%. Several authors (Bhattacharya et al.,
2003; Bhattacharya 2004) reported that Endosulfan even at
sub lethal dose showed inhibitor growth of Bacillus
thuringiensis. The inhibition significantly increased with the
increasing concentrations of Endosulfan. It may be possible
that the fact may be attributed to the toxic effect of combination
of Endosulfan + Biolep on chickpea plant.
None of the insectides mixture/combinations proved
toxic to chickpea leaves in respect to chlorophyll ‘b’ content.
The present findings clearly indicate that plant products
(Nimbicidine and Eucalyptus formulations) may be toxic to
chickpea leaves at higher concentration. Synthetic
insecticides (Colphos, Roket and Profenofos) proved to be
safer to chickepa leaves at their recommended dosages
(0.05%).
The work yielded a significant information in terms of
phytotoxicity of insecitides on chlorophyll content ‘a’ which
could be used to develop of a strategy for integrated
management programme against Helicoverpa on chickpea to
maintain a safe ecological environment.
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ABSTRACT
Sprays of herbal extract derived from Nerium odorum and Bombax malabaricum (Praghat +) on mealy bugs (Maconellicoccus
hirsutus) @ 1 ml 1-1 at 4 days interval or may spray with similar dose of 3 consecutive days showed significant control
of mealy bugs on grapes and increase in the yield. Both the treatments were on par with Dichlorvos @ 2 ml 5 ha-1.
Studies on shelf life of bunches treated with Praghat + alone or in combination with Pre-harvest sprays of Trichoderma
formation improved the freshness ratings significantly. The results indicate that Praghat + treatments did not reduce
Trichoderma performance.
Keywords: Bio-efficacy, Grapes, Mealybugs, Pragat + Shelflife and Trichoderma.

Mealy bug, Maconellicoccus hirsutus, the most serious
pest of grape in India has been reported to cause serious
losses to crop throughout the grape growing regions
(Manjunath, 1986; Mani et al., 1987). It’s nymphs and adults
suck the sap from the tender shoots, resulting in crinkling
and stunting of the new shoots. They excrete honey-dew
which favours copious growth of sooty mould throughout
the shoot. Leaves covered with sooty mould lose their
photosynthetic ability resulting in distorted development of
bunches. Besides a pathogenic fungus Cladosporium also
develops on this honey dew, thus increasing the inoculum
load in the field (Indu Sawant, Personal observation). Grape
berries in such bunches remain under developed and
shriveled thereby loose market value due to poor quality.
The grape mealy bug alone is able to cause 50-100 per cent
yield losses in the field (Azam, 1983).

experiment Praghat + (herbal preparation of Nerium odorum
and Bombax malabaricum) was tried on mealybugs for its bioefficacy. Also the effect of Praghat + on shelf life of grapes
was evaluated when sprayed with or without Trichoderma,
as the latter is commonly used as preharvest sprays for better
shelf life.

Though mealy bugs are present throughout the year in
the vineyards but they are active during June to August and
November to March in peninsular India. Usually, the activity
of mealy bugs is more pronounced during main harvesting
season. Hot and dry weather seems to be highly favourable
for mealy bugs.

T-1: 1ml Praghat + 1-lit-1 water (-3 consecutive sprays);
T-2: 1.5 ml Praghat + 1 lit-1 water (8 days interval;) T-3 : 1 ml
Praghat + 1 lit-1 water- (4 days interval); T-4: Spray of
Dichlorvos 2 ml 5-1 (Standard Check) T-5: No Treatment
(control)

Owing to the concealed habitate and waxy coating on
the bugs, most of the insecticides are ineffective and the ones
found effective pose problem in the form of residues. Several
botanical preparations have been found effective against
mealy bugs and safe to natural enemies and environment
with least or no residues at the harvest. In the present
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MATERIAL AND METHODS
The experiment was conducted during fruiting season
(October 2003 to April, 2004) on Tas-A-Ganesh variety
trained on bower system in the growers farm at
Narayanagoan. Experiment was laid out in a Randomised
Block Design (RBD) with five treatments and four
replications containing four vines each as per following
treatments. The block was pruned on 1st October 2003.

Two sets of spray were given during fruit ripening stage
with the help of knap sack sprayer using sprayer volume of
1000 liters per hectare. The bioefficacy was assessed through
the total number of mealy bug colonies present on vines. Pre
count of mealy bug colonies was taken before the treatment
imposition and post count was taken at 7 and 15 days after
spray (DAS).

Bio-efficacy of herbal extract derived from Nerium odorum and Bombax malabaricum (Praghat +) on mealy bugs (Maconellicoccus hirsutus)

Shelf life studies with or without Trichoderma sprays.
Half of the plot treated with Praghat+ was given preharvest sprays of 5 ml litre-1 Trichoderma formulation (108
cfu ml-1) Bunches from each treatment were harvested and
packed in 2.0 kg cardboard boxes normally used for transport
of grapes within country. There were three boxes for each
treatment. Packed boxes were kept on table top in the
laboratory at room temperature (28 to 35oC) for 6 days.
Physiological loss in weight (PLW) was estimated by
weighting the grapes at 2 and 6 days after harvest and was
expressed as per cent loss in weight. Observations on number
of fallen berries were recorded after 6 days of storage.
Freshness rating were recorded on visual basis after 6 days
of storage as per following scale. 1= Fresh as harvested; 2=
Only peduncle dried with fresh grapes; 3= Laterals and rachis
of the bunch dried with fresh grapes; 4 = Rachis dried with
dull berries but not shriveled; 5 = few berries show shriveled.
RESULTS AND DISCUSSION
Bioefficacy of Praghat+ on mealybugs
Mealy bug population was almost uniform among the
treatments before initiation of the experiment. However,
significant differences were recorded following 7 and 15
days of spraying (Table 1)

Treatments with Praghat+ 1 ml litre-1 for 3 consecutive
spray (T1) and 1 ml litre-1 at 4 days interval (T3) were
statistically on par with each other in reducing the mealybug
population and both the treatments were on par with
chemical treatment (Dichorvos 2 ml litre-1). Similar trend was
observed during second spray after 7 and 15 days of
spraying. Praghat 1.5 ml-1 at 8 days interval (T2) was inferior
to the treatments in both the cases but statistically significant
over control. Similar trend was noticed in respect of yield.
Insecticidal efficacy of Nerium oleander was reported by EIShazly et. al., (2000) Murugun et al. (1998) reported that
extract of Nerium odorum caused 75% feeding deterrency and
70% mortality of Spodoptera litura.
Shelf life berry rot and organoleptic studies with or without
Trichoderma sprays.
Results presented in Table 2 indicate that none of the
treatment affected the PLW up to six days of storage. PLW in
various treatments ranged between 7.68 to 71.69 per cent
Table 2. Effect of Praghat + on performance of pre harvest
sprays of Trichoderma in improving shelf-life one
berries in packing for local market.
Treatments

PLW*
(%) After
2 days of
harvest

T1-Praghat+ @ 1 ml L-1
three sprays during three
days intervals
T2-Praghat+ @ 1.5 m L-1
two sprays at 8 days
interval
T3-Praghat+ @ 1 ml L-1
two sprays at 4 days
interval
T4-Diclorovos 2 ml L-1

4.22
(11.70)*

Table 1. Reduction of mealybug population and fruit yield
as influenced by Praghat +
Treatments
Praghat+ @ 1
ml L-1 three
sprays during
three days
intervals
Praghat+ @
1.5 m L-1 two
sprays at 8
days interval
Praghat+ @ 1
ml L-1 two
sprays at 4
days interval
Diclorovos 2
ml L-1
Pre harvest of
Trichoderma
Formulation(
with 108 CFU
ml-1) 5 ml L-1
SEm
CD (p=0.05)

Precount
7.62

7.37

I Spray
II spray
Yield
7 DAS* 15 DAS 7 DAS 15 DAS (K/Vine)
5.06
5.05
2.00
3.30
14.45

7.06

6.81

3.87

4.87

11.87

7.50

5.06

4.56

1.87

2.87

14.65

7.50

5.00

4.56

1.94

2.50

14.90

T5-Pre harvest sprays of
Trichoderma Formulation
(with 108 CFU ml-1) 5 ml
L-1
T6-T1+ T5

7.62

7.69

7.62

6.06

5.44

8.50

T7-T2+T5
T8-T3+T5
T9-T4+T5

0.22
NS

0.19
0.60

0.17
0.52

0.18
0.56

0.14
0.44

0.15
0.47

T10-Control (No spray)
C.D. (p = 0.05)

*DAS-Days after Spraying
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PLW
Freshness
(%)
rating (1After
5 scales)
harvest
of 6 days
of
harvest
9.77
3.33
(18.18)

Fallen
berries
/2 Kg
grapes

54.67

3.87
(11.33)

8.51
(16.96)

3.00

37.33

3.31
(10.46)

8.06
(16.48)

2.33

44.33

3.90
(11.36)
4.07
(11.63)

8.33
(16.76)
8.78
(17.22)

3.67

86.67

2.67

46.00

3.77
(11.17)
3.64
(10.90)
5.08
(12.97)
3.68
(11.03)
4.13
(11.72)
NS

7l.69
(16.09)
7.68
(16.03)
11.38
(19.70)
8.57
(16.99)
9.59
(17.99)
NS

2.50

42.00

3.33

25.67

2.33

46.33

2.67

47.33

4.33

86.67

0.02

28.30

* Figures of parenthesis are Arcsine transformed values
* PLW = Physiological Loss in Weight
39

N.S. Kulkarni, Indu S. Sawant, S.D. Sawant and P.G. Adsule

after six days of storage. All the treatments with Praghat +
alone or in combination with Pre-harvest sprays of
Trichoderma formulation improved the freshness ratings
significantly. Freshness ratings in all the treatments with
Praghat + (T1-T3) were on par with its corresponding
treatment in combination with Trichoderma sprays. All the
treatments except of Diclorovos alone showed significant
reduction in fallen berries. Fallen berries in all treatment
except Trichoderma treatments showed fungal growth or
rotting. Growth of Alternaria, Asperigillus, Rhizopus and
Cladosporium was noticed on rotten berries. The results
indicate that Praghat + treatments did not have any adverse
effect on bio-efficacy of Trichoderma in controlling post
harvest decay.
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Eco-friendly management of tomato fruit borer, Helicoverpa
armigera (Hubner)
G.D. Sharma, Nirmala Devi and Desh Raj
Department of Entomology, CSKHPKV, Palampur-176 062, Himachal Pradesh, India

ABSTRACT
Studies on the management of tomato fruit borer, Helicoverpa armigera (Hubner) with different insectitcide and biopesticide treatments alone or in combination were conducted during summer seasons of 2004 and 2005 at Sullha
(Himachal Pradesh). Overall effectiveness expressed in terms of reduction in fruit borer damage and yield loss as well
increase in field yield indicated the superiority of Btk (500 g ha-1) in combination with doses of the recommended
insecticidfes viz., acephate (0.025%), deltamethrin (0.0014%) and endosulfan (0.025%). Among insecticides acephate
(0.05%) proved effective whereas the possible bio-combination comprising HaNPV (250LE) + Btk (500g ha -1) +
Trichogramma chilonis (50,000 PE ha-1) also proved equally effective in reducing the fruit damage and yield loss as well
as increasing the yield suggesting thereby that bio-control of the pest is possible.
Key words : Helicoverpa armigera, Bacillus thuringiensis, NPV, Trichogramma Chilonis.

Tomato, Lycopersicon esculentum Mill, an important
vegetable crop all over the world for fresh market
consumption and processing is cultivated in Himachal
Pradesh during summer months (April to October) covering
an area of 2366 hectares with an annual production of 53578
metric tones (Anonymous, 2003). Insect pests like fruit borere,
Helicoverpa armigera (Hubern), whiteflies, Bemisia tabaci
(Gennadius) and Trialeurodes vaporariorum (Westwood), fruit
fly, Bactrocera spp. and cutworms Agrotis spp. are the major
constraints in its cultivation. (Bhalla and Pawar, 1977;
Dhillon, 1990). Amongst these pests H. armigera is a serious
pest of this crop (Bhalla and Pawar, 1977) casuing 5 to 30
per cent losses to the crop (Kakar et al., 1980; Verma et al.,
1994; Kumar et al., 1990).

Deltamethrin (Decis 2.8EC) and Endosulfan (Endohit 35EC),
three commercially available bio-pesticides viz., HaNPV
(Helicide 100 LE), Bacillus thuringiensis var. kurstaki (Biolep)
(-Btk) and Azadirachtin (Achook) and one egg parasitoid
Trichogramma chilonis were applied in the field alone and in
combination as per details given in Tables 1.

In view of the adverse affects of pesticides on non-target
organisms, environemntal pollution concern, health hazards
and development of resistance, the present studies were
conducted to evaluate the efficacy of different insecticides/
bio-pesticides and a parasitoid, Trichogramma chilonis for
management of H. armigera on tomato to minimize the use of
pesticides in management of these pests.

Data on the marketable yield (q ha-1), per cent fruit
damage (number basis) and per cent yield loss (weight basis)
were recorded at the time of harvest for all the treatments.
The data were pooled together to compute the yield attributes.

MATERIALS AND METHODS
The crop was raised as per recommended package of
practices (Anonymous, 2003) in randomized block design
during 2004 and 2005 summer seasons at Sullah (1000m
asl). Four week old healthy seedlings of of tomato Palam
Pride were transplated during 4th week of April maintaining
90 x 30 cm spacing between rows and plants respectively.
All the treatments were replicated thrice alongwith untreated
control in plots of 4 x 3 m. Four insecticides viz., Acephate
(Commando 75SP), Imdaclorpid (Confidor 200 SL),
©2007

Spraying was done during 3rd week of June at the
initiatioin of fruiting during both the years. NPV were
sprayed in the evening hours to protect from sunlight as
well a to avoid any adverse effect on natural enemies.
Adjuvants like teepol and jaggery were added to NPV before
spraying. Single spraying was done by mixing two
components. Four releases of T. chilonis were made starting
from the appearance of the pest at weekly intervals.

RESULTS AND DISCUSSION
During 2004 only 5.22 per cent fruit damage and 4.24
per cent yield loss was recorded following application of
Btk + Acephate (500 g ha-1 + 0.025%) which appeared best
treatment followed by Acephate (0.05%), Btk + Endosulfan
(500 g ha-1 + 0.025%), Bkt + Deltamethrin (500 g ha-1 +
0.0014%) and Acephate + T. chilonis (0.025% +50,000 PE
ha-1) which were statistically at par with the best treatment
recording 5.39, 5.43, 5.54 and 5.75 per cent fruit damage,
respectively. The biological combination of HaNPV + Bkt +
T. chilonis (250 LE + 500g ha-1+ 50,000 PE ha-1) proved euqally
effective with 5.95% fruit damage followed by Btk (500g
ha-1), Bkt + T. chilonis (500 g ha-1 + 50,000 PE ha-1, HaNPV

G.D. Sharma, Nirmala Devi and Desh Raj

(250 LE) ha-1 and HaNPV + T.chilonis (250 LE ha-1 + 50,00
PE ha-1) with 6.17, 6.19, 7.34 and 7.78 per cent fruit damage,
respectively. Imidaclorpid (0.004%), neem formulation
Achook (0.00045%), bioagent, T. chilonis (50,000 PE ha-1) were
less effective resulting in 8.86, 8.56 8.96 per cent fruit damage,
respectively. However, they were superior to untreated
control where 14.43 per cent fruit damage was recorded.
Minimum yield loss (4.24%) was observed in Btk +
Acephate treated plots followed by 4.35, 4.42, 4.53, 4.51, 4.80,
4.6 and 5.05 per cent yield loss in Acephate + T. chilonis, Btk
+ Deltamethrin, Acephate, Btk + Endosulfan, HaNPV, Btk +
T. chilonis, and Btk treated plots, respectively as compared to
untreated control (11.56%). During 2005,the incidence of the
pest was slighly lower which resulted in lower fruit damage
and higher yiled in comparsion to the previous year.
However, all the treatments, indicated similar trend with
few exceptions with respect to fruit damage, yield loss and

yield. Minimum fruit damage, (4.22%) was recorded in Btk +
Deltamethrin treated plots followed by Btk + Acephate
(4.42%) and Bk + Endosulfan (4.43%). the combination of
HaNPV + Btk + T. chilonis was also equally effective resulting
in only 4.90 per ent fruit damage and was statistically at par
with the best treatments. The yield varied from 3.74 per cent
to 7.24 per cent in different treatments with lowest yield loss
being recorded in Acephate + Btk treated plots whereas
highest yield loss (11.03%) was recorded in untreated control.
Similary, the highest yield (136.90 q ha-1) was observed in
Btk + Acephate treated plots which was stastically at par
with Btk + Deltamethrin (134.53 q ha-1).
Btk + Acephate, Btk + Endosulfan, Btk + Deltamethrin,
Acephate alone, HaNPV + Btk + T. chilonis and Acephate +
T. chilonis were found superior than other treatments with
respect to reduction in fruit damage and yield loss. Acephate
alone has been found quite effective in reducing the larval

Table 1. Fruit damage, yield loss due to H. armigera infestation and marketable yield under different insecticide/bio-pesticide
treatments in tomato (var. Palam Pride at Sullah, Himachal Pradesh.
Treatment (Dossage)
Acephate (0.05%)
Imidaclorid (0.004%)
T. chilonis (50,000 PE ha-1)
Ha NPV (250 LE)
Btk (500 g ha-1)
Achook (0.0045%)
Btk + deltamethrin
(500g ha-1 + 0.0014%)
Btk + endsulfan
(500g ha-1 + 0.025%)
Btk + acephate
(500 g ha-1 + 0.025%)
Acephate + T. chilonis
(0.025% + 50,000 PE ha-1)
HaNPV + T. chilonis
(250 LE + 50,000 PE ha-1)
Btk + T.chilonis
(500 g ha-1 + 50,000 PE ha-1)
HaNPV + Btk + T. chilonis
(250 LE + 500 g ha-1 + 50,000
PE ha-1)
Untreated Control
CD (5%)

Per cent Fruit Damage (Number Basis)
2004
2005
Mean
5.39
4.89
5.14
(13.22)
(12.77)
8.86
7.94
8.40
(17.31)
(17.35)
8.96
8.51
8.74
(17.39)
(16.95)
7.34
7.27
7.31
(15.70)
(15.63)
6.17
5.29
5.73
(14.38)
(13.28)
8.56
8.16
8.36
(17.00)
(16.59)
5. 54
4.22
4.88
(13.61)
(11.85)
5.43
4.43
4.93
(12.14)
5.22
4.42
4.72
(13.17)
(12.13)
5.74
4.94
5.34
13.85)
(12.84)
7.78
6.18
6.98
(16.18)
(14.38)
6.19 (14.38)
5.09
5.64
(13.03)
5.95
4.90
5.43
(14.10)
(12.76)
14.43
(22.30)
1.17

12.06
(20.30)
1.12

13.25
-

Yield Loss (%)
2004
2005
Mean
4.53
3.49
4.01
(12.29)
(10.77)
6.93
6.58
6.76
(15.26)
(14.84)
7.27
7.20
7.24
(15.62)
(15.55)
5.92
6.36
6.14
(14.07)
(14.58)
5.05
4.25
4.65
(12.96)
(11.89)
7.12
6.15
6.64
(15.47)
(14.35)
4.42
3.38
3.90
(12.13)
(10.58)
4.61
3.37
3.99
(12.38)
(10.58)
4.24
3.24
3.74
(11.84)
(10.36)
4.35
3.73
4.04
(12.02)
(11.12)
6.37
4.90
5.64
(14.61)
(12.79)
4.96
3.85
4.41
(12.87)
(11.29)
4.80
3.74
4.27
(12.65)
(11.13)

Marketable Yield (q ha-1)
2004
2005
Average
93.03
123.50
108.27

11.56
(19.85)
1.09

11.03
(19.38)
0.93

84.60

115.80

100.20

84.17

114.17

99.17

88.93

116.20

102. 57

89.37

120.47

104.92

84.23

119.20

101.72

96.17

134.53

115.35

93.07

123.70

108.39

97.83

136.90

117.37

90.76

123.50

107.13

87.30

119.70

103.50

90.07

121.93

106.00

90.30

123.00

106.70

11.30

79.03

102.73

90.88

-

7.14

7.18

-

* PE - Parasitized Eggs
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infestation on tomato thereby increasing the yields
substantially. Two sprays of Acephate (0.05%) were found
more effective against H. armigera on tomato than Endosulfan
and Fenvalerate in terms of reduction in yield loss (Kumar et
al.,1999). Further in combination with Btk also it performed
well with respect to reducing the fruit damage yield loss and
increasing the yield, (Divyantoro and Siswajo 1988). The
efficacy of the treatment comprising Acephate + T. chilonis
may be due to lesser toxicity of the insecticide against the
bioagent (Prem Chand et al., 2001). Both Endosulfan and
Deltamethrin also combined well with Btk. Kumar and
Sharma (2004) also observed that application of Btk 500 gm
+ Endosulfan 563 ml resulted in lowest fruit infestation
(1.13%) and highest marketable yield (199.5 q ha-1). On the
other hand Mehta et al., (2000) obtained lowest fruit damage
(5.58%) and highest fruit yield (157.96 q ha -1 ) with
application of Deltamethrin in combination with Btk which
also support the results obtained during the present
investigation.
REFERENCES
Anonymous, 2003. Vegatable Production, Directorate of Extension
Education. CSK Himachal Pradesh, Krishi Vishvavidyala,
Palampur, pp.5.
Bhalla, O.P.and Pawar, A.D. 1977. A survey of Study of Insect and
Non-Insect Pests of Economic Importance in Himachal Pradesh, Tikku
and Tikku, Kitab-Mahal, Bombay 80 p.

Journal of Eco-friendly Agriculture 2(1) 2007.

Dhillon, Kamini, 1999. Bionmics of Whitelfy (Homoptea : Aleyrodidae)
on tomato, M.Sc. Thesis, Dr. Y.S. Parmar, University of
Horticulture and Forestry, Solan, Himachal Pradesh.
Dibyantoro, A.L.H. and Siswojo, S. 1988. Approach to integrated
control of some vegetable insect pests by using microbial
inseticide, Bacillus thuringiensis Berl. Bulletin of Penelitian
Horticulture, 16 : 67-72.
Kakar, K.L., Nath, A. and Dogra, G.S. 1980. Control of tomato
fruit borer H. armigera under mid hill conditions. Pesticides,
19 : 11-13.
Kumar, J. and Sharma, S.D. 2004;. Efficacy and economics of
Bacillus thuringiensis var. kurstaki for management of Helicoverpa
armigera on tomato (Lycopersicon esculentum) in lower Kullu
Valley, Himachal Pradesh. Indian Journal of Agricultural Sciences,
74 : 396-398.
Mehta, P.K., Vaidya, D.N. and Kashyap. N.P. 2000. Management
of tomato fruit borer, Helicoverpa armigera (Hubner) using
insecticide and biopesticides. Himachal Journal of Agricultural
Research, 26 : 50-53.
Prem, Chand; Kashyap, N.P. and Sharma, D.C.2001. Laboratory
evaluation of toxicity of commercially used insecticides
against egg parasitoid, Trichogramma chilonis Ishii
(Hymenopetra: Trichogrammatidae). Journal of Biological
Contents, 15 : 39-42.
Verma, K.S. Kakar, K. L. and Verma, A.K. 1994. Incidence, biology
and population fluctuations of Heliothis armigera (Hubner)
(Lepidoptera: Noctuidae) in mid-hill region of Himachal
Pradesh. Pest Management and Economic Zoology, 2 : 41-44.

43

Journal of Eco-friendly Agriculture 2(1): 44-45 : 2007

Influence of dates of sowing on the incidence of insect pests
of mothbean, Vigna aconitifolia (Jacq.) Marechal
D.K. Bairwa and J.K. Sharma
Department of Entomology, S.K.N. College of Agriculture, Jobner, 303329, Rajasthan, India

ABSTRACT
Pest incidence of mothbean crop was recorded on four dates in Kharif 2003 and 2004. Least incidence of insect pests
was noticed on early sown crop, i.e., 30th June and relatively more yield was obtained as compared to late sown crop.
Maximum population was recorded in the late sown crop. i.e., 30th July.
Key words :

Vigna aconitofolia, Insect pests, Date of sowing.

INTRODUCTION
Mothbean, Vigna aconitifolia (Jacq.) Marechal, an
important pulse crop of western Rajasthan is attacked by a
number of insect pests like white grub, Holotrichia
consanguinea (Blanchard); termite, Odontotermes obsesus;
(Rambur); jassid, Empoasca motti (Pruthi); whitefly, Bemisia
tabaci (Gennadius); galerucid beetle Madursia obscurella;
thrips, Caliothrips indicus (Bagnoll); stem fly, Opiomyia phaseoli
(Tryou); red hairy caterpillar, Amsacta moorei (Butter); flea
beetle, Phyllotreta cruciferae (Goeaze) and pod borer,
Catechrysops cnejus responsible for moderate to severe damage
(Bindra and Singh, 1969; Puttaswamy et al., 1977, Parihar,
1979; Satyavir, 1980 Pareek et al., 1983) A study on the effect
of different dates of sowing can gives us an exact picture on
the incidence and extent of damage caused by pest complex.
Thus, the present investigation was undertaken.

was 17.14 ± 7.18 in 2003 and 15.49 ± 6.24 in 2004. Similarly
thrips appeared in third week of august during both the
year with their peak activity during and third week of
september (10.85 ± 3.67 in 2003 and 10.61 ± 3.64 in 2004).
Maximum crop yield was recorded on early sown crop
whereas the minimum yield was obtained from late sown
crop (Table 1 and 2).
Table 1. Effect of dates of sowing on the incidence of
sucking insect pests and yield of mothbean. V.
aconitifolia (Kbarif, 2003)
Dates of sowing
30.06.03
10.07.03
20.07.03

MATERIALS AND METHODS
Field trials were conducted during Kharif, season for
two consecutive years (2003 and 2004) at Agronomy farm of
S.K.N. College of Agriculture, Jobner Mothbean variety (RMO40) was sown on June,30, July 10, July 20 and July 30 in a
Randomized Block Design with five replications in plot of
2.40 x 3.00 m2 with spacing of 30 x 15 cm between row to
row and plant to plant under unprotected conditions.
Recommended agricultural practices and fertilizers were
administered to the crop. Seeds harvested from different plots
were weighed and per hectare yield was computed.
RESULTS AND DISCUSSION
Jassid, whitefly and thrips in both the years were the
major insect pests observed. Jassid appeared in the third
week of August during both the year with the population
attaining peak during second and third week of september.
The number of jassid during peak period was 14.84 ±
4.82 in 2003 and 15.25 ± 6.60 in 2004. The population of
whitefly in the peak period (2nd and 3rd week of september)
©2007

30.07.03
SEm±
CD (P = 0.05)

Jassid
9.84
(3.20)*
12.28
(3.57)
16.44
(4.11)
20.80
(4.61)
0.12
0.36

Mean number of insects per plant
Whitefly
Thrips Yields (q ha-1)
9.16
7.16
5.15
(3.08)
(2.79)
14.12
9.64
4.84
(3.79)
(3.20)
19.36
10.72
3.90
(4.43)
(3.37)
25.92
15.88
(5.10)
(4.07)
0.14
0.05
0.10
0.43
0.16
0.30

Figures in parentheses are X + 0.5 transformed values.

Table 2. Effect of dates of sowing on the incidence of
sucking insect and yield of mothbean. V. aconitifolia
(Kharif, 2004)
Dates of sowing
30.06.04
(3.06)*
10.07.04
(3.32)
20.07.04
(4.38)
30.07.04
SE ±
CD (P = 0.05)

Jassid
9.00
(2.90)
10.44
(3.75)
18.88
(4.27)
22.68
(4.78)
0.08
0.24

Mean number of insects per plant
Whitefly
Thrips Yields (q ha-1)
8.12
6.96
4.90
(2.71)
13.44
10.80
4.53
(3.33)
17.56
11.44
3.70
(3.48)
22.84
13.24
3.03
(4.81)
(3.88)
0.14
0.04
0.10
0.42
0.13
0.32

Figures in parentheses are X + 0.5 transformed values.
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The regression equation of dates of sowing with respect
to incidence of jassid, whitefly and thrips and yield data
revealed that the correlation coefficient between dates of
sowing and incidence were positive whereas correlation
between date of sowing and yield were negatively correlated.
The “b” value for jassid population and dates of sowing
were 0.48 and 0.62 indicating that expected Jassid
population increased from 3.16-4.10 per plant during 2003
and 2.95-4.19 Jassid per plant during 2004, with the delay in
sowing of the crop by every 10 day. The “b” value for whitefly
population and dates of sowing were 0.67-0.63 indicating
that expected whitefly population increased from 3.10 to 4.44
and 3.00-4.26 whiteflies per plant during 2003 and 2004
with the delay in sowing of the crop by every 10 days. The
“b” value for thrips population and dates of sowing were
0.40 and 0.37 (Table 3). This indicated that expected thrips
population increased from 2.76-3.56 per plant during 2003
and 2.80 to 3.55 per plant during 2004 with the delay in
sowing of the crop by every 10 day. The “b” value for yield
and dates of sowing were 0.72 and -0.64. The expected yield
decreased 0.72 q ha-1 during 2003 and 0.64 q ha-1 during
2004 with the delay in sowing time of the crop by every 10
days.
Table 3. Regression equation between dates of sowing and
incidence of jassid, whitefly, thrips and yields of
mothbean, V. aconitifolia (Kharif, 2003 and 2004)
Date of
sowing
Jassid V/s
date of
sowing

Whitefly
V/s date of
sowing

Thrips V/s
date of
sowing

Yield V/s
date of
sowing

Year Correlation 'b'
Relationship Variation
coefficient value (regression explained
(r)
equation)
(%)
2003
0.9971
0.48
Y1 = 2.68 ±
99.42
0.48 x
2004

0.9723

0.62

2003

0.9997

0.67

2004

0.9923

0.63

2003

0.9699

0.40

2004

0.9727

0.37

2003

-0.9820

2004

-0.9900

Y2 = 2.33 +
0.62 x
Y3 = 2.43 +
0.67 x

94.54

Y4 = 2.37 +
0.63 x
Y5 = 2.36 +
0.40 x

98. 47
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ABSTRACT
Hypovirulence in fungal plant pathogens refers to the reduced ability of selected isolates within a population of a
pathogen to infect, colonise, kill and (or) reproduce on susceptible host tissues. Hypovirulence has been reported to
occur in numerous fungal plant pathogens, but not in Sclerotium rolfsii. In an attempt to study vegetative compatibility
in Sclerotium rolfsii, ten field isolates were collected from different hosts/locations and based on the basis of intermingling
and interaction zones developed in the pairing, the isolates were assigned to three mycelial compatibility groups
(MCGs). The incompatible reaction between SR-5 and SR-7 isolates resulted in reduced as well as scanty growth and
less sclerotia formation. Therefore, an isolate (SR5-7Hv) was isolated from the mycelium of intermingling zone and
was further investigated for hypovirulence. This isolate (SR 5-7Hv) was not able to develop characteristic symptoms
of the disease on its respective host in greenhouse; rather this isolate and its cell free culture filtrate showed biological
activity against other pathogenic isolates of S. rolfsii. The cell free culture filtrate and powdered biological formulation
of the hypovirulent isolate was also used to study the biocontrol effect in glasshouse against S. rolfsii. With the use of
SR5-7Hv isolate, the disease suppression percent varied from 80-100%.
Keywords: Sclerotium rolfsii, variability, biocontrol, hypovirulence

Sclerotium rolfsii Sacc. (telemorph Athelia rolfsii (Curzi)
Tu & Kimbrough), a devastating soil-borne plant pathogenic
fungus infects more than 500 host species including legumes,
crucifers and cucurbits (Sarma et al., 2002). It can infect seeds,
seedlings, mature plants in the field, and cause diseases of
fresh vegetables and rhizomes while in storage and during
transit (Das Gupta and Mandal, 1989). In India, the disease
generally occurs when higher soil temperatures prevail. This
fungus survives as sclerotia, which maintain their viability
in soil for a long period. The available disease management
strategies in field with high level of infestation include soil
solarization, crop rotation, application of fungicides and
biocontrol agents. Interestingly, commonly used fungicides
do not give effective control (Sarma et al., 2004). Variability
in the effectiveness of disease management practices may be
associated with genetic variability in pathogen but
information on intraspecific variation in S. rolfsii is very
limited. Information on hypovirulence and its use as a
biocontrol agent is also not available. The aim of present
work was to examine possible differences among isolates of
S. rolfsii collected from different hosts and locations of Delhi
and Rajasthan, vegetative compatibility and evaluation of
hypovirulent isolate as biocontrol agent against S. rolfsii
isolates causing disease in different hosts.
MATERIALS AND METHODS
Variation in Isolates : Five isolates were isolated from
linseed, lentil, wheat, soybean and gram plants infected by
S. rolfsii from Rajasthan and two isolates (cauliflower, tomato)
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from IARI fields during 2003. Three isolates were randomly
collected from S. rolfsii infested field at Vegetable Research
Farm, IARI, New Delhi. The pathogen was isolated either
from infected lesion or sclerotia. Sclerotia were surface
sterilized for 1 min with 70% ethyl alcohol and 3 min with
2% sodium hypochlorite. One isolate was obtained from each
sample. Ten isolates were prepared and designated as SR-1
(cauliflower), SR-2 (Tomato), SR-3 (Soil IARI), SR-4 (Soil IARI),
SR-5 (Soil IARI), SR-6 (Lentil), SR-7 (Linseed), SR-8 (Gram),
SR-9 (Soybean) and SR-10 (Wheat). All cultures were grown
on PDA at 25o C and growth was determined by measuring
colony diameter after 4 days. Five replicates were employed.
Sclerotia formed in two randomly selected petriplates were
used to determine size and number of sclerotia.
Mycelial Compatibility Groups (MCGs): To determine
possible difference among ten isolates of S. rolfsii, the isolates
were paired on PDA medium. Agar discs with a diameter of
5 mm were placed 3 cm apart on PDA medium in 9 cm
petridish and incubated at room temperature (25oC), the
pairing were examined microscopically after 4 – 15 days.
Assessment of compatibility was based on mycelial
continuity between the interacting colonies without
formation of either a strip of thin mycelium or the uniform
distribution of sclerotia in the plate. Assessment of
incompatibility was based on the failure of two colonies to
fuse, which was indicated by the formation of a strip of thin
mycelium at the interaction zone (Kohli et al., 1992). A
hypovirulent isolate was isolated from the interaction zone
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formed between SR5 and SR7.
Study of hypovirulence
(a) Evaluation of hypovirulent isolate as a biocontrol agent
Bioefficacy test: The seven days old culture of both the
virulent and hypovirulent isolates were inoculated in potato
dextrose broth medium in 500 ml Erlenmeyer flasks,
separately. After 7 days of incubation, cultures were filtered
through Whatman No. 1 filter paper and further through
Millipore filter. They were used to make different
combinations of culture filtrate mixtures viz., 1:1, 2:1, 3:1,
1:2, 1:3 with the isolate SR5-7 Hv, SR-2, SR-7, SR-9 and SR10. The mixed cell free culture filtrate was injected onto 15
days old tomato leaves in vitro by 2-ml Dispovan syringe at
four places on upper side. The inoculated leaves were then
placed on the moistened blotter paper into polythene bags
and humidity was maintained by regular water spray. The
symptom development was observed regularly upto 7 days
after cell free culture filtrate inoculation by following the
method of Sharma and Dureja, 2004.
Use of powdered formulation: The hypovirulent and
virulent isolates of S. rolfsii were multiplied on boiled and
autoclaved sorghum seeds in Erlenmeyer flasks. In one set
of experiment, 7 days old culture of hypovirulent isolate was
mixed in different combinations with other virulent isolates
of S. rolfsii, separately and mixed in the sterilized pot soil by
giving a final weight of mixture as 2.5 g. The pots were then
watered lightly and covered with polythene sheet for 10 days.
The seeds of tomato were grown in the inoculated pots and
irrigated regularly. The effect of the hypovirulent and virulent
isolate mixture on seed germination, vigour index and
disease suppression per cent was recorded at regular
intervals and the final observation was taken one month
after seed sowing (Abdul Baki and Anderson, 1973).
(b)

Comparative evaluation of T. harzianum (known) and
hypovirulent isolate as biocontrol agent (BCA)

Bioefficacy test: In one set of experiment, the cell free
culture filtrates of S. rolfsii isolates were mixed separately
with the T. harzianum (TH3) culture filtrate that was found
best in the previous experiment in different combinations
viz., 1:1, 2:1, 3:1, 1:2, 1: 3 with the isolate SR-2, SR-7, SR-9, SR10 and SR 5-7Hv. The symptom development was recorded
on tomato leaves in vitro.
Use of powdered formulations: In another set of
experiment, T. harzianum (TH3) isolate was mixed with 7
days old culture of hypovirulent and virulent isolates of S.
rolfsii in different combinations and mixed in pot soil
separately. The seeds of tomato were sown in these treated
Journal of Eco-friendly Agriculture 2(1) 2007.

soil pots and the effect of T. harzianum and Hv isolate on
seed germination, vigour index (Abdul Baki and Anderson,
1973) and disease suppression per cent was recorded one
month after sowing.
RESULTS AND DISCUSSION
Morphological characteristics: The isolates of S. rolfsii
varied in colony morphology, mycelial growth rate, sclerotial
production, sclerotial size and color (Table 1). Out of 10
isolates, colonies of 7 isolates were fluffy, whereas 3 were
compact. The color of mycelium of most of the isolates was
brownish white, while lentil isolate was off-white and
isolates from gram and soil (IARI farm) were white. In growth
characteristics, all isolates grew fast (7-9 cm 4 days-1) except
the isolate from soil IARI (SR-5), which was the slow growing
one (5.5 cm 4 days-1). Variability in number of sclerotial
production was one of the prominent characteristics of
different isolates. SR-9 from soybean produced highest
number of sclerotia as compared to SR-5, which produced
80 sclerotia. The average size of sclerotia of most of the isolates
varied from 0.8 to 2.0 mm in diameter. The color of sclerotia
was mostly dark brown to reddish brown at maturity. In
India, variability among S. rolfsii isolates is reported by Sarma
et al. (2002). The isolates varied in colony morphology,
mycelial growth rate, sclerotium formation, telemorph
production, sclerotial size and color. Similarly, Radwan
et al. (1987) have observed variation in mycelial color and
sclerotial production in five isolates collected from different
fields. Ansari and Agnihotri (2000) grouped isolates of
S. rolfsii into six groups based on the sclerotial arrangement,
size and color.
Mycelial interaction: A compatible interaction was
observed between two isolates fusing to form one colony,
while an incompatible interaction was observed between
two isolates growing to form two distinct colonies. On the
basis of intermingling and interaction zones that developed
in the pairing, the isolates were assigned to Mycelial
Compatibility Group (MCGs). Within a compatibility group,
all isolates grew together when paired and hyphae
intermingled with little or no cell death. Within the interaction
zone of incompatible pairing, however, variations in strip of
thin white mycelium with no sclerotia or with sclerotia on
margin was observed (Fig. 1). Isolates within a MCG also
varied in mycelial and sclerotial morphology (Table 1 and
2). Out of 45 pairing, only 19 combinations showed an
incompatible reaction (42.3% of all the combination) where
mycelia of two isolates intermingled at the zone of
interaction. Based on mycelial compatibility, three MCGs
i.e. MCG-1 (SR-1, SR-7, SR-10), MCG-2 (SR-3, SR-4, SR-5, SR6, SR-9, SR-10) and MCG-3 (SR-2, SR-3, SR-4, SR-5, SR-6, SR47
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Figure 1: Pairing of isolates of S.rolfsii 14 days after inoculation. A: compatible interaction, between SRI-1 and SRI-1; B an
incompatible interaction, with a white reaction line between SRI-1 and SRI-2 C incompatible reaction between SRI-4 and SRI-7 D
Compatible interaction between SRI-3 and SRI-5; E show incompatible reaction between SRI-1 and SRI-3

Table 1: Morphological characteristics of ten isolates of S. rolfsii
Isolate
No.

Isolates from

Colony characters
Growth

Colour

Sclerotial characters

Growth
(cm 4 day-1)

No. of
sclerotia
plate-1

Colour

Size

Shape

SR-1

Cauliflower

Fluffy

Brownish

8.5

380

Dark brown

1.5 mm

Spindle

SR-2

Tomato

Fluffy

Bronish white

8.6

110

Dark brown

1.2 mm

Round

SR-3

Soil (IARI)

Fluffy

Brownish white

7.5

516

Dark brown

1.0 mm

Round

SR-4

Soil (IARI)

Compact White

7.0

205

Reddish brown

1.0 mm

Oval

SR-5

Soil (IARI)

Compact White

5.5

80

Dark brown

1.0 mm

Oval

SR-6

Lentil

Fluffy

Off white

9.0

105

Reddish brown

1.0 mm

Round

SR-7

Linseed

Fluffy

Brownish white

9.0

120

Dark brown

1.0 mm

Round

SR-8

Gram

Compact White

8.1

170

Reddish brown

1.4 mm

Oval

SR-9

Soybean

Fluffy

Brownish white

8.5

610

Light brown

0.8 mm

Round

SR-10

Wheat

Fluffy

Brownish white

9.0

490

Dark brown

1.0-2.0 mm

Round

SR-1—SR-5 = Delhi isolates, SR—10= Rajasthan isolates

Table 2: Mycelian compatibility among isolates of S. rolfsii
Isolates
Isolates Number
No.
SR-1 SR-2 SR-3 SR-4 SR-5 SR-6 SR-7
SR-1
IC
IC
IC
IC
IC
C
SR-2
C
C
C
C
IC
SR-3
C
C
C
IC
SR-4
C
C
IC
SR-5
C
IC
SR-6
IC
SR-7
SR-8
SR-9
SR-10

SR-8
IC
C
C
C
C
C
IC

SR-9
IC
IC
IC
C
C
C
IC
C

SR-10
C
IC
C
C
C
C
C
IC
IC

C- Compatible reaction; IC-Incompatible reaction

8) were assigned to the ten isolates of S. rolfsii. Five isolates
i.e. SR-3, SR-4, SR-5, SR-6, SR-10 showed variable reaction.
Mycelial incompatibility among isolates of S. rolfsii indicates
that genetic heterogenicity exists within the species and that
mycelial compatibility/incompatibility reactions are an
effective way of categorising intraspecific heterogenicity
(Puhalla, 1985). Leslie (1993) has reported that mycelial
compatibility can be used to examine genetic variability in
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numerous fungal plant pathogens. Grouping of isolates on
the basis of vegetative compatibility has been used to study
intraspecific variation including variation in virulence in
several species in Fusarium oxysporum (Puhalla, 1985;
Jacobson and Gordon, 1988).
Study of hypovirulence
(a)

Evaluation of hypovirulent isolates as a biocontrol
agent :

Comparative evaluation of T. harzianum (know) and
hypovirulent isolate as biocontrol agent (BCA)
When these hypovirulent and virulent isolates culture
filtrate was mixed with the culture filtrate of T. harzianum at
various ratios and subjected for symptom expression on
tomato leaves, the SRS-7Hv did not produce disease symptom
of any ratio but the SR-7 and SR-10 produced symptoms at
1:1 ratio (Table 3).
The Table 4 shows that mixing of Trichoderma with the
virulent isolates of S. rolfsii at different concentrations and
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Table 3. Evaluation of cell free culture filtrate of T. harzianum
and hypoviruelent isolate of S. rolfsii as biocontrol
agent
Treatments

SR 2 (Tomato)

SR 7 (Linseed)

SR 9 (Soybean)

SR 10 (Wheat)

BCA Alone

Combination
Pathogen : BCA)
1:1
1:2
1:3
2:1
3:1
1:0
1:1
1:2
1:3
2:1
3:1
1:0
1:1
1:2
1:3
2:1
3:1
1:0
1:1
1:2
1:3
2:1
3:1
1:0

Symptom development
(mm)
TH
SRS-7Hv
0.00
3.69
0.00
2.75
0.00
1.50
3.54
3.84
3.92
4.00
5.87
5.87
1.12
1.00
0.00
1.38
0.00
0.75
1.08
1.20
1.57
1.90
2.72
2.75
0.00
1.88
0.00
1.75
0.00
0.13
2.14
2.23
3.02
3.12
5.87
5.87
4.21
4.62
0.00
3.12
0.00
2.00
4.85
4.85
5.04
5.35
2.50
2.50
0.00
1.12

inoculation in the pots led to the increased disease
suppression % and seedling vigour index. However,
inoculation of T. harzianum with hypovirulent isolate revealed
disease suppression and reduced seedling vigour index as
compared to Trichoderma and SR-5-7Hv isolate alone. Thus,
the maximum disease suppression and seedling vigour index
was observed in Trichoderma and SRS-7Hv alone treatment.
However the other combination showed varied response
with respect to Trichoderma and virulent isolates themselves,
generally the ratio of 1:1, 3:1, 2:1 of Trichoderma with S. rolfsii
isolates showed better performance for disease suppression
% and seedling vigour index.
The variability observed in isolates of S. rolfsii suggests
that under the field conditions there will be a mixture of
isolates, each with different characteristics such as growth
rate, sclerotia formation. The hypovirulent isolate of S. rolfsii
which was found effective for reducing disease symptom
expression and seedling vigour index in virulent isolates of
S. rolfsii challenged tomato plants, could be utilized as an
alternative for cheaper biological control of mainly S. rolfsii
disease in crop plants.
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Table 4. Evaluation of powdered bioformulation of T. harzianum and hypovirulent isolated of S. rolfsii
Treatments

Combination (Pathogen : BCA)

SR 2 (Tomato)

SR-7 (Linseed)

SR 9 (Soybean)

SR 10 (Wheat)

BCA Alone
Journal of Eco-friendly Agriculture 2(1) 2007.

1:1
1:2
1:3
2:1
3:1
1:0
1:1
1:2
1:3
2:1
3:1
1:0
1:1
1:2
1:3
2:1
3:1
1:0
1:1
1:2
1:3
2:1
3:1
1:0

Disease suppression (%)
TH
SRS-7Hv
80
40
40
80
40
80
70
40
20
20
11
11
90
80
60
100
80
100
40
60
40
40
40
40
40
60
80
80
60
80
50
40
30
20
10
10
60
80
50
80
50
100
60
60
10
20
20
20
100
100

TH
1352
808
916
938
244
68.2
1936
1446
2096
648
408
356
492
1312
1092
605
345
71
1218
1195
1255
972
102
136
2820

Vigour index
SRS-7Hv
912
1960
2064
540
210
58.3
1560
2130
2450
912
364
272
852
1928
1984
472
166
58
1464
1616
2210
846
204
108
2500
49
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ABSTRACT
An experiment was conducted to assess the efficacy of a Trichoderma harzianum formulation on the collar rot disease
of groundnut, caused by Sclerotium rolfsii, and crop yield. The results showed that seed treatment of T. harzianum was
better in reducing the collar rot disease and the yield increased significantly in comparison to untreated control. The
application also did not lead to any phytotoxic symptoms on the host plants.
Key words: Groundnut, Trichoderma harzianum, Collar rot disease, biocontrol, phytotoxicity

Groundnut (Arachis hypogea), a member of family
leguminosae cultivated for the production of dry ripe fruits
is grown on a large scale in almost all the tropical and
subtropical countries of the world. The most important
groundnut growing countries are India, China, Nigeria,
Sudan and USA. It is cultivated on an area of 24.7 million
hectares with a total production of 33 million tonnes in whole
world. India occupies the first place with respect to acreage
and second in production (Shilling and Gibbons, 2002).
The groundnut is valued for its protein contents, which
are of high biological value. The proteins in groundnut are
well balanced, except for slight deficiency in some of the
essential amino acids. They may be eaten raw, boiled,
steamed or roasted and sometimes as a sweetmeat by coating
them with sugar. A large number of food products have been
prepared from the groundnuts for consumption e.g. flour,
milk, curd and vegetables. They may also be taken in their
germinated form which makes them more digestible in
addition to enhancing their food value, especially in vitamin
B and C contents. The groundnut oil is also used in food
preparation in several parts of the world including India
(Gulati, 1987).
The cultivation of groundnut, like a large number of
other cultivated crops, is affected by different pathogens,
which leads to decline in quantitative and qualitative yield.
Significant losses in groundnut yield may be attributed to
the adverse effects caused by biotic stresses. The collar rot
disease caused by Sclerotium rolfsii being one of the most
important diseases. It has a very wide host range and is not
easily controlled by chemical means (Punja, 1988; Sarma
et al., 2002). The symptoms of the disease appear early as
water soaked areas near the collar zone of the plants with
cottony mycelial growth of the pathogen. Later on, these
lesions develop in to brown coloured, mustard seed like
sclerotia which help in spreading the disease to other plants.
©2007

The severely infected plants become constricted at the collar
zone, wither off and die. The collar rot pathogen is an
important pathogen of groundnut and adversely affects its
yield. The control of collar rot pathogen, S. rolfsii, by using
fungicides has not been found to be fruitful. In addition the
residues present in the groundnut lead to the problem of
biomagnification. In the past few years, management of
diseases by using biological antagonists has been increasing
continuously. This is influenced by the idea that they may
be potential alternative to the use of chemicals for managing
the plant diseases caused by soilborne pathogens (Chet;
1990, Kishore et al., 2005; Singh et al., 2006). The objective of
the present study was to observe the effect of application of a
formulation of Trichoderma harzianum (NBRI 1055) on the
management of collar rot disease of groundnut under field
conditions and whether the application of Trichoderma
formulation leads to any phytotoxicity symptoms on the host
plants.
MATERIALS AND METHODS
The culture of T. harzianum strain NBRI 1055 (MTCC
3241) was isolated from the field soil of the National Botanical
Research Institute, Lucknow, India. For the mass inoculum
production, five ml of spore suspension, prepared by
harvesting the spores from one week old culture of T.
harzianum in sterile distilled water (108 – 1010 ml-1 spore
concentration), was injected into the autoclavable bags
containing presterilised bajra grains. The pore in the bag
was sealed with sterile cellophane tape and incubated at
room temperature (25 - 300C). After 15 days of growth, the
colonised bajra grains were dried at 350C and ground to
powder using a laboratory blender. The powdered spores of
T. harzianum were mixed with presterilised talc powder in a
ratio of 1:9 (powder: talc) and used for further studies. (C.F.U
108-109 g-1)
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The disease control experiments were carried out in a
naturally infested farmer’s field in Bareilly district of U.P.,
India. Amber, a variety of groundnut, highly susceptible to
collar rot was selected for conducting the field trials. The
field trial was conducted for two consecutive cropping
seasons. The experiments were started in July of each
cropping season i.e. 2002-2003 and 2003-2004, and
harvesting was done in November. The plots were laid out
in a randomized block design having four treatments and
three replications. The plot size was 5 x 4 m2. The plant to
plant and row to row distance was maintained at 45 and 25
cm, respectively.
The seeds of groundnut were treated with the
formulation for Trichoderma harzianum @ 10g/kg seed. For
seed treatment, the seeds were surface-sterilized with 0.02%
mercuric chloride for 5 minutes and rinsed three times in
sterile distilled water. The seeds were coated with 2% gum
arabic as an adhesive and uniformly coated with Trichoderma
formulation by hand and kept for air drying for 30 minutes
under shade. In furrow treatment (soil application), the
formulation of Trichoderma was applied in the furrows @ 2.5
kg/ha. In another treatment, the groundnut seeds were
treated with 0.2 % solution of Bavistin before sowing. In
control plants, no formulation or fungicide was applied.
The per cent mortality of the groundnut plants was
calculated by using the following formula.
Percent 

Total no.of plants (sown in treatment  survived in treatment)
x100
Total no.of plantssown in treatment

Ten groundnut plants from each treatment were
randomly selected for assessment of qualitative phytotoxicity
symptoms i.e. injury on leaf tips and leaf surface, wilting,
vein clearing, necrosis, epinasty & hyponasty were recorded
as per the Manual for testing the phytotoxicity of pesticides.
RESULTS AND DISCUSSION
A significant reduction in per cent mortality (Table 1)
of groundnut plants due to collar rot pathogen was observed
in both experimental years as a result of treatment of the
groundnut seeds with the powdered formulation of
T. harzianum (NBRI 1055). The reduction in disease incidence
was more in seed treatment than either in the furrow
treatment with T. harzianum or Bavistin treatment. The
difference in the per cent mortality was statistically
significant in comparison to control. The crop yield also
showed significant enhancement in the plants which were
treated with T. harzianum formulation in comparison to
control. The screening of groundnut plants for any adverse
effects of Trichoderma application as per the ‘Manual for
testing the phytotoxicity of pesticides’ revealed no phytotoxic
symptoms on the groundnut plants. The application of
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Table 1. Efficacy of Trichoderma harzianum (Strain No. NBRI1055) against collar rot disease of groundnut
caused by Sclerotium rolfsii.
Treatments

T1 (seed
treatment
@10g kg-1
seed)
T2 (soil
application @
2.5 kg ha-1)
T3 (Bavistin
seed dressing
@ 0.1 %)
Control

Per cent
mortality
2002- 20032003
2004
6.19
5.91

Per cent disease Pod yield (q
control
ha-1)
200220032002- 20032003
2004
2003
2004
85.78
86.92
44.89 45.17

(14.41) (14.06)

(67.85)

(68.79)

7.57

82.61

86.07

(15.97) (14.52)

(65.35)

(68.09)

16.67

6.29

15.33

41.67

43.33

37.86

38.91

61.70

66.06

(24.09) (23.05)

(51.77)

(54.36)

45.33

-

-

29.39

28.79

-

-

9.73

8.96

45.17

(42.32) (42.23)
p = 0.05

26.20

*

Seed treatment with T. harzianum formulation
Furrow treatment with T. harzianum formulation
#
Bavistin seed treatment
Values in parentheses are Arc Sine Percentage transformation values
**

T. harzianum (NBRI-1055) W.P. formulation in field had no
adverse effect on the beneficial microbes viz., Arbuscular
Mycorrhiza (Glomus spp.) in groundnut rhizosphere at all
dosage tested for bio-efficacy. In fact, the application of
Trichoderma may have a beneficial effect on the population
of such microbes, which may have synergistically acted in
reducing the per cent mortality of plants and enhancing the
groundnut yield.
The application of antagonistic microorganisms
suppresses disease infection both by the external protection
of the plant through the inhibition (competition for substrates
and/or production of antibiotics) of the pathogen growth
and via induction of systematic resistance (Yedidia et al.,
2000). Besides, the role of production of stimulus for plant
growth has also been suggested to play an important role in
disease suppression (Whipps, 2001). Seed priming enhances
the extra-embryo enzyme activity (Karssen et al., 1989) and
increases antioxidant compounds and/or enzymes
production (Baily et al., 2000). This increased production of
antioxidants activates and/or acts as a defense system for
the host plants (Guetsky et al., 2002). In our experiments the
seed treatment of groundnut may have led to destruction of
sclerotia of the pathogen (Punja, 1988) which caused the
lower plant mortality and enhanced growth and yield of the
protected plants regardless of their differential initial
tolerance to the disease. The results of the present study
indicate that the application of T. harzianum was also effective
Journal of Eco-friendly Agriculture 2(1) 2007.
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as soil application though less than that of seed treatment in
reduction of disease incidence and crop yield. Recently,
Karthikeyan et al. (2006) have reported that Trichoderma viride,
an isolate each of T. harzianum and Pseudomonas fluorescens
were inhibitory to the growth of Sclerotium rolfsii the causal
agent of collar/stem rot of groundnut under in vitro
conditions. Kishore et al. (2005) reported that Pseudomonas
fluorescence could be used successfully to control 6 pathogenic
fungi of groundnut including S. rolfsii thereby adding to the
selection of another broad spectrum biological control agent
for management of soilborne pathogens of groundnut.
Trichoderma used in our study has also showed the potential
to control several diseases of other crops (Singh et al., 2006;
Kidwai et al., 2006) . The increased crop yield was associated
with reduced mortality of the plants. While the biocontrol
has been widely documented to improve resistance to
diseases and to enhance plant growth (Taylor et al., 1994;
Singh and Singh, 2004), the result obtained in this study
with regard to the seed treatment (biopriming) of groundnut
with T. harzianum that reduced the incidence of collar/stem
rot disease is considered new.
Several researchers have reported the improved disease
control using various combinations of multiple compatible
biocontrol organisms (Whipps, 2001; Singh, 2006). This has
been due to the result of multiple mechanisms of action
employed by different antagonists (Whipps, 2001). The
results of the present investigation also suggest that the
application of T. harzianum is safe for the plants as well, as
there was no phytotoxic symptoms during any point of time
of the whole cropping season in both the years.
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Sensitivity of different Isolates of Colletotrichum capsici to
Trichoderma spp.
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ABSTRACT
Five monoconidial isolates i.e. KG, S2, BIL, SIT and DIN of colletotrichum capsici when evaluated against two fungal
antagonisitic species i.e., Trichoderma viride and T. harzianum to study the interactions, revealed that poetentiality of
bioagents differed against different isolates of pathogen. Besides, response of pathogen isolates too differed with
respect to antagonistic effect of the bioagents.
Key words: Colletotrichum capsici, Trichoderma spp. bioagents.

The capsicum is vulnerable to various diseases which
are responsible for taking away a big chunk of production.
Among the fungal diseases, anthracnose/die back/fruit-rot
of chillies caused by Colletotrichum capsici (Syd.) Butler and
Bisby, is an important disease, causing serious losses in field,
transit, transport and storage (Sujathabai, 1992; Datar, 1995;
Verma, 1999). Under congenial conditions it may cause 12
to 25 per cent loss (Singh, 1985). Little information is
available on management of this disease through nonchemical methods particularly bioagents. The presence of
naturally occurring resident antagonists with antifungal
property has been documented and evaluated against a
number of Colletotrichum sp. causing infection to many
commercially important crops (Silva and Pascholati, 1992).
This study was conducted to confirm the biocontrol potential
of the antagonists against the pathogenic isolates, along with
their distinctive inhibitory potency vis-a-vis pathogen.

was poured @ 15 ml per petri plate. Following solidification,
mycelial discs having diameter of 5 mm from 7-day old
culture of pathogenic isolates as well as antagnosits were
placed maintaining the distance between test fungus and
antagonist. Control was maintainted by inoculating the test
fungus only. All the petri plates were incubated at 25±1oC.
After 72 h, growth of C. capsici isolates was recorded and per
cent inhibition in radial growth was calculated
(Vincent,1927).
In-vivo Assay

Chilli growing areas in Tarai belt of Uttaranchal Tarai
(Sitarganj, Pantnagar, and Bilaspur) were surveyed during
the crop season (2001-2002). Diseased plant parts showing
anthracnose symptoms, particularly die-back and fruit rot
were collected and brought to laboratory for microscopic
examination and isolation of pathogens. Purified cultures
were tagged and tentitatively disignated based on locations
of the samples. In vitro pathogenicity was proved on
detached fruits of cultivar “kandhari”.

Pot culture experiment was conducted in glasshouse
using susceptible cultivar Kandhari. Seedlings were raised
in pots filled with sterilized soil. Forty-five days old plants
were artificially inoculated with conidial suspensions (3.5 x
10 5 ml-1) of the pathogenic isolates individually using
sterilized atomizer. Inoculated plants were kept in fabricated
moist chamber for 3 days. The pots were watered regularly.
After 3 days, the pots were removed from chamber and kept
under normal condition at 25±2oC. After 15 days of pathogen
inoculation, spore suspensions of T. viride and
T. harzianum @ 10 ml plant-1 (105 spores ml-1) were sprayed.
Comparative checks were maintained by inoculating
pathogenic isolates only. The disease severity was recorded
2 weeks before harvesting using 1-5 rating scale (1= No
symptom, 2 = up to 10% severity, 3 = 11-25% severity, 4= 2650% severity and 5 = above 50% severity). Per cent reduction
in disease severity was calculated.

In-vitro assay

RESULTS AND DISCUSSION

MATERIALS AND METHODS

Two fungal antagonists (T. viride PBAT-10 and T.
harzianum PBAT-43), being commercially produced in
Biological Control Lab, Department of Plant Pathology,
Pantnagar, were evaluated for their differential interactions
with pathogen isolates under in vitro conditions. Sterilized
Potato Dextrose Agar medium (PDA) of measured amount
©2007

In-vitro Assay
The results on inhibition of radial growth of C. capsici
isolates in dual culture after an incubation period of 72 h are
given in Table 1. T. viride, caused maximum inhibition (27.5
%) in DIN isolate followed by BIL isolate (26.4 %). In the

Sensitivity of different Isolates of Colletotrichum capsici to Trichoderma spp.

Table 1. Effect of T. viride and T. harzianum on radial growth
of different isolates of C. capsici after 72 hours.
Isolate
KG
S2
BIL
SIT
DIN
CD
(p = 0.05)

T.viride T. harzianum Check T. viride T. harzianum
(Radial Growth in cm)
(Inhibition %)
3.57
4.00
4.26
16.19
6.10
4.29
4.75
5.31
19.20
10.55
2.82
3.00
3.83
26.37
21.67
2.84
3.00
3.52
19.32
14.72
3.01
3.75
4.15
27.46
9.64
0.22
0.36

Each value is a mean of three replications.

remaining three isolates (SIT, KG and S2) inhibition was
moderate and varied from 16.2 to 19.3 %. On the other hand
maximum inhibition in BIL isolate due to T. harzianum was
21.8 % whereas, it was least effectives against isolate KG
(6.1%). Inhibition in radial growth varied between 9.6 to 14.7
% in remaining isolates. Antagonistic potential of T. viride
and T. harzianum has been reported against several
Colletotrichum spp. (Jayalakshmi et al., 1998; Singh, 1992;
Micheref, 1993).
In-vivo Assay
In pot culture experiment, the results (Table 2) revealed
that there was maximum reduction in disease severity by T.
viride against BIL and S2 isolates (0.00%) followed by isolate
SIT (41.04%) and DIN (90.93%). T. viride was recorded with
least effective against KG isolate. Data presented in the Table
2 revealed that efficacy of T. harzianum in reducing disease
severity was relatively lesser as compared to T. viride.
Table 2. Effect of T. viride and T. harzianum on disease
severity cause by different isolates of C. capsici.
Isolate
KG
S2
BIL
SIT
DIN
CD
(p = 0.05)

Disease Severity (%)
T.viride T. harzianum Check
2.85
2.95
3.75
2.40
2.65
4.80
2.00
2.36
4.00
2.50
3.67
4.24
2.67
2.96
4.52
0.32
0.69

Reduction (%)
T. viride T. harzianum
24.00
21.33
50.00
44.79
50.00
25.00
41.04
41.00
40.93
34.51

Similar observations on antagonism between T. viride,
T. harzianum and Colletotrichum spp. have been reported by
Jayalakshmi et al., (1998). The interaction study between the
pathogen isolates and Trichoderma spp. establishes the fact
that sensitivity of the isolates to bioagents differs to a great
extent. Out study indicate that T. viride is a potential
biocontrol agent for the management of chilli fruit-rot disease.
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Economics of integrated nutrient management in sorghumwheat cropping sequence under irrigated conditions
M. B. Dhonde, T. K. Tiwari and A. D. Tambe
Department of Agronomy, Mahatma Phule Krishi Vidyapeeth, Rahuri – 413 722, Maharashtra, India

ABSTRACT
A field experiment was conducted during 1999-2000 and 2000-01 at Cropping System Research Project, MPKV.,
Rahuri to study the economic viability of sorghum-wheat cropping sequence with integrated nutrient management.
The results revealed that maximum sorghum grain equivalence (122.29 q ha-1 and 114.24 q ha-1) was observed with
the application of 50 % RF + 50 % N substitution through FYM to sorghum and 100 per cent RF to wheat during both
the years. Total net monetary returns (Rs. 20540 ha-1) and benefit cost ratio (1.60) were more with the application of
50 % RF + 50 % N substitution through FYM to sorghum and 100 % RF to wheat as compared to rest of organic and
inorganic nutrient management treatments.
Keywords : Sorghum-wheat crop sequence, Integrated nutrient management, Economics

Sorghum-wheat cropping system has become very
important production system in irrigated areas of
Maharashtra and contributes about one third cereal
production of country. About 1.81 lakh ha of irrigated wheat
is taken under sorghum-wheat sequence. Complementary
use of available renewable sources of plant nutrients
(organic/biological) alongwith the mineral fertilizers is of
great importance for maintenance of soil health and
productivity. Roy and Ange (1991) found positive interaction
results from integrated use of mineral fertilizers and organic
sources of plant nutrients within the framework of integrated
nutrition system. The information on the effect of
continuously added fertilizers and manures in calcareous
soils for sorghum-wheat cropping is quite meagre. Hence
the present investigation was carried out to find out
economically feasible plant nutrition system for sorghumwheat sequence under irrigated conditions.

Recommended doses of fertilizers for both sorghum and
wheat were 120:60:60 kg N: P2O5: K2O ha-1 for each crop,
respectively. Organic sources of nutrients viz., Farm Yard
Manure (FYM), Wheat Cut Straw (WCS) and glyricidia leaf
manuring (GLM) were applied on the basis of their
compositional N content basis. In case of chemical fertilizers
half dose of N and whole quantity of P2O5 and K2O were
applied as a basal dose and remaining half N was applied
at 30 and 21 days after sowing of sorghum and wheat,
respectively. It is important to note that only N was
supplemented in case of 50% integratation. All other cultural
operations were carried out uniformly according to
recommendations. For comparison between crop sequences,
the yield of wheat crop was converted into sorghum grain
equivalent on market price basis (Yadav and Newaj, 1990).

MATERIALS AND METHODS

Sorghum yield

The field experiment was conducted during 1999-2000
and 2000-2001 at Cropping System Research Project, MPKV.,
Rahuri. Ten treatments comprised of use of chemical
fertilizers alone and in conjunction with different organic
manures viz., Farm Yard Manure (FYM), Wheat Cut Straw
(WCS) and glyricidia leaf manuring (GLM) were laid out in
Randomised Block Design with 4 replications. The soil of
the experimental plot was clayey in texture with low in
available nitrogen (153 kg ha-1), medium in available
phosphorus (14 kg ha-1) and rich in available potash (496 kg
ha-1) and slightly alkaline in reaction (pH 8.2). Sorghum
variety CSH-9 was sown on 27.6.1999 and 23.6.2000 while
wheat variety HD-2189 was sown on 26.11.1999 and
14.11.2000.

Application of 50 % recommended dose of fertilizers
(RF) alongwith 50 % N through FYM recorded significantly
highest yield (54.25 and 49.03 q ha-1) and was at par with
that obtained with application of 100 % RF during first and
second year. During decomposition of FYM, there might be
release of organic acids that would have acted upon the
chemically fixed forms of nutrients, which as a result would
have liberated the nutrients in available form. Also, on
complete decomposition of FYM, there might be addition of
major and micronutrients. The better uptake of these
nutrients by sorghum crop would have resulted in increased
yield. However, in second year, application of 75 % RF + 25
% N through FYM, 50 % RF + 50 % N through glyricidia leaf
manuring and 75 % RF + 25 % N through glyricidia leaf
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manuring were also on par owing to better uptake of nutrients
that were released on complete decomposition of these
organic sources. These findings confirm the earlier reports
of Raghuwanshi and Umat (1994) and Patil et al. (1999).

which was at par to above INM treatment (Table 2). Moreover,
grain equivalence was spectacularly increased due to use of
organic and inorganic sources of fertilizers as compared to
sub-optimum (50 and 75 % RF) levels of fertilizers without
organic manures. Lowest grain equivalence (12.11q ha-1)
was obtained in absolute control plot.

Wheat yield
Application of 100 % RF to wheat preceded by 50 % RF
+ 50 %N through FYM to sorghum recorded significantly
highest yield (44.49 and 42.64 q ha-1 in first and second year,
respectively). This might be due to edge over effect of FYM
applied to kharif sorghum that would have resulted in
continuous supply of available nutrients throughout the crop
growth of wheat and influenced the yield significantly.
Addition of FYM not only would have released the macro
and micronutrients on decomposition but also released
organic acids that might have helped to solubilize or release
the chemically fixed forms of nutrients from soil colloids.
Increased availability of these nutrients might have
enhanced their uptake by wheat crop. However, in second
year this treatment was at par with the yield obtained through
application of 100 % RF to both sorghum and wheat (Table
1). Similar findings were also reported by Hegade (1996)
and Singh et al. (1999).

Table 2. Effect of integrated nutrient management system
on grain equivalence in terms of sorghum grains
(q ha-1)
Treatments

Sorghum grain equivalence
Significantly maximum sorghum grain equivalence to
the tune of 122.29 q ha-1 in first year and 114.24 q ha-1 in
second year was observed due to application of 50 % RF +50
% N substituted through FYM to sorghum and 100 % RF to
wheat in sorghum-wheat crop sequence except in second
year 100 % RF applied to each of sorghum and wheat crop

Grain equivalence (q ha-1)

Kharif sorghum

Rabi wheat

1999

2000

Pooled
mean

Control (No
fertilizers)

Control (No
fertilizers)

12.11

14.52

13.52

50 % RF

100 % RF

90.10

102.97

96.54

75 % RF

75 % RF

98.35

95.23

96.79

100 % RF

100 % RF

110.06

113.51

111.79

50 % RF + 50 % N 100 % RF
(FYM)

122.29

114.24

118.27

75 % RF + 25 % N 75 % RF
(FYM)

104.75

101.93

103.34

50 % RF + 50 % N 100 % RF
(WCS)

102.07

94.51

98.29

75 % RF + 25 % N 75 % RF
(WCS)

100.22

97.17

98.70

50 % RF + 50 % N 100 % RF
(GLM)

108.90

107.39

108.15

75 % RF + 25 % N 75 % RF
(GLM)

103.06

105.44

104.25

4.69

6.53

9.79

C. D. (p= 0.05)

Table 1. Grain yield of sorghum and wheat in sequence as influenced by integrated plant nutrient management system
Treatments

Grain yield q ha-1
Sorghum

Wheat

Kharif Sorghum

Rabi Wheat

1999

2000

Pooled

1999

2000

Pooled

Control (No fertilizers)
50 % RF
75 % RF
100 % RF
50 % RF + 50 % N (FYM)
75 % RF + 25 % N (FYM)
50 % RF + 50 % N (WCS)
75 % RF + 25 % N (WCS)
50 % RF + 50 % N
(GLM)
75 % RF + 25 % N
(GLM)
C. D. (p= 0.05)

Control (No fertilizers)
100 % RF
75 % RF
100 % RF
100 % RF
75 % RF
100 % RF
75 % RF
100 % RF

1.53
34.83
43.71
51.14
54.25
46.96
39.09
45.43
48.76

2.84
43.74
39.26
48.97
49.03
46.11
36.62
41.45
46.33

2.19
39.29
41.49
50.06
51.64
46.54
37.86
43.44
47.55

6.94
36.14
35.73
38.56
44.49
37.79
41.18
35.82
39.41

7.64
38.73
36.60
42.20
42.64
36.50
37.85
36.44
39.93

7.29
37.44
36.17
40.38
43.57
37.15
39.52
36.13
39.67

75 % RF

48.23

46.38

47.31

35.85

38.62

37.24

3.54

4.91

6.47

2.17

1.89

3.49
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Table 3. Effect of integrated nutrient management system on gross monetary returns, net monetary returns and benefit cost
ratio of sorghum and wheat crop sequence
Treatments

Kharif
Control (No fertilizers)
50 % RF
75 % RF
100 % RF
50 % RF + 50 % N (FYM)
75 % RF + 25 % N (FYM)
50 % RF + 50 % N (WCS)
75 % RF + 25 % N (WCS)
50 % RF + 50 % N (GLM)
75 % RF + 25 % N (GLM)
C. D. (p= 0.05)

Total gross monetary
returns
(Rs ha-1)
Rabi
Control
(No fertilizers)
100 % RF
75 % RF
100 % RF
100 % RF
75 % RF
100 % RF
75 % RF
100 % RF
75 % RF

1999
5952

2000
6992

Total cost Total net monetary returns
of
(Rs. ha-1)
cultivation
(Rs ha-1)
Pooled
1999
2000
Pooled
6472
27971
-22019
-20979 -21499

42039
46023
51542
57228
48718
47204
46175
50981
48038
2095

47602
44073
52467
52903
47602
44034
45276
49436
48552
3056

44821
45048
52005
55066
48160
45619
45726
50209
48295
4405

Cost of cultivation of sequence
-1

The maximum (Rs. 34,567 ha ) cost of cultivation was
recorded where 50 % RF was combined with 50 % N through
wheat cut straw applied to sorghum and 100 % RF to wheat
in a year (Table 3). However, this was followed by treatment
comprising of FYM for substitution of N in a sequence (Rs.
34,526 ha-1). This might be due to higher existing market
rates of FYM of the location i.e. irrigated area.
Net monetary returns
The mean maximum net monetary returns from
sorghum-wheat cropping sequence were (Rs. 22,702 and Rs.
19,422 q ha-1 during 1999 and 2000, respectively) recorded
due to application of 50 % RF + 50 % N through FYM to
sorghum and 100 % RF to wheat applied during first year
and 100 % RF for both the crops applied during second year,
respectively (Table 3). Among the organic sources tested for
N substitution, FYM ranked the first and glyricidia leaf
manuring was the second one.
B:C ratio
The average mean maximum benefit : cost ratio of
sorghum-wheat cropping sequence was obtained due to use
of 50 % RF + 50 % N through FYM to sorghum and 100 % RF
to wheat which was significantly higher than rest of all the
treatments studied except treatment involving 100 % RF for
both the seasons and they were on par during second year of
experimentation (Table 3). These results were in conformity
with the findings of Dubey et al. (1997) and Patidar (2000).
Thus, it can be concluded that application of 50 %
recommended dose of fertilizer with remaining 50 % N
58

31777
31777
33045
34526
33152
34567
33172
33156
32466
-

10262
14246
18497
22702
15566
12637
13543
17824
15572
2096

15825
12296
19422
18377
14450
9467
12104
16280
16086
3056

13044
13271
18960
20540
15008
11052
12824
17052
15829
4405

Benefit : Cost ratio

1999
0.21

2000
0.25

Mean
0.23

132
1.45
1.56
1.66
1.47
1.37
1.41
1.54
1.48
0.062

1.50
1.39
1.59
1.53
1.44
1.28
1.37
1.49
1.50
0.092

1.41
1.42
1.58
1.60
1.46
1.33
1.39
1.52
1.49
-

substituted through FYM to kharif sorghum and 100 % RF to
wheat enhanced grain equivalence and net monetary returns
of sorghum-wheat crop sequence under irrigated conditions.
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Development and storage stability of -carotene rich products
using green leafy vegetable powder
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ABSTRACT
The present investigation was envisaged to develop -carotene rich food products incorporating green leafy vegetable
powder. The products developed were chikki, namkeen and chutney mix. The basic ingredients used were rice flakes,
spinach leaf powder, mustard leaf powder and jaggery. The products developed were subjected to nutrient analysis
namely moisture, protein, fat and -carotene. Sensory evaluation was done to evaluate the degree of acceptance. The
 -carotene content in the products ranged from 811 to 610 100g-1. Nine-week storage study was carried out to
observe the effect of storage on nutrient composition and sensory characteristics. The results were subjected to
statistical analysis to measure the variance. No significant difference was found in protein, fat and sensory characteristics
of the products after completion of the storage study. Loss of -carotene in the range of 11.5 to 32.4% was observed
in the products in two months. Even after completion of storage period these products had  -carotene, which was
enough to meet half of the daily requirement of-carotene.
Key words: -carotene, spinach leaf, mustard leaf, storage, micronutrient

Green leafy vegetables (GLV) are particularly rich in
carotenoids, iron, calcium, riboflavin, vitamin E and folic
acid. The daily requirement of some essential vitamins and
minerals can be met by consuming 40 to 100 g of GLV along
with other vegetables and tubers everyday in a balanced
dietary pattern.carotene is the most important vitamin A
precursor, both because of its greater pro-vitamin A activity
and because of its wide distribution in plant foods. Vitamin
A is essential for normal vision, growth, reproduction,
maintenance of epithelial cells and immunity (Tee, 1992).
Despite the abundance of green leafy vegetables, which are
inexpensive and easily available especially during winter
and rainy season, micronutrient deficiencies prevail at an
alarming rate in different areas of the world. A survey
conducted in 1991 revealed that 0.7 % i.e. 5.92 million people
in India are suffering from vitamin A deficiency (Mathew et
al., 1999). Dietary improvement of locally available carotene
rich foods has been found to be effective in combating vitamin
A deficiency (Patil et al.,1978). Green leafy vegetables such
as spinach (Spinach oleracea), mustard (Brassica campestris),
lamb’s quarter (Chenopodium album), fenugreek leaves
(Trigonella foenum graecum) are rich sources ofcarotene.
Amino acid profile of GLV shows that they have a ratio of
lysine: methionine which is similar to that of milk which is
considered to be one of the best (Gopalan et al.,1989).
Due to the seasonal availability of GLV, various
techniques have been evolved to find out suitable economic
methods to preserve the vegetables without much nutritional
loss during processing and storage (Patil et al., 1978). Leaves
can be dehydrated easily to make them available in off season,
provided the quality and variety of dehydrated products is
©2007

maintained at acceptable level (Srivastava and Nath, 1985).
Products using GLV powder need to be developed and
utilised to protect against anemia, vitamin A deficiency,
chronic heart diseases and even cancer as GLV are a rich
source of carotene, iron, calcium, vitamin A, dietary fibre
and also provide quality protein. With this in view, an
attempt was made to develop products, usingcarotene
rich processed leafy vegetables and evaluate their nutrient
content namely protein, fat, moisture andcarotene; storage
stability of nutrients and sensory quality of the stored
products.
MATERIALS AND METHODS
Mustard leaves (Brassica campestris var. sarson) and
spinach leaves (Spinacea oleracia) were procured from the local
market during winter season. The leaves were washed, dried
in a hot air oven at 50±50C and powdered to be incorporated
in the products. In preliminary trials, products were prepared
and analysed for  carotene content and sensory
characteristics. The products with more than 800 g of
carotene 100g-1 were considered a rich source ofcarotene
and were selected for further analysis. The scores of overall
acceptability were taken into consideration while selecting
the products. The products thus selected were chikki, namkeen
and chutney mix.
Preparation of products : The powder of spinach and
mustard leaves was incorporated in chikki, namkeen and
chutney mix. Other ingredients used were rice flakes, jaggery
and roasted Bengal gram.
Chikki: For one kg of chikki, 335 g of rice flakes were
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roasted in 35g of oil. Roasted Bengal gram 55g, spinach leaf
powder 12g and mustard leaf powder 30g was added to the
roasted rice flakes and kept aside. Jaggery syrup was made
using 555 g of jaggery. All the ingredients were mixed into
the jaggery syrup. These were then poured and spread on a
greased plate. After cooling and setting these were cut into
square pieces for sensory evaluation and ground to powder
for estimation of nutrients.
Namkeen: Seven hundred g of rice flakes were roasted
in 35g of oil and 175g of roasted Bengal gram, 35 g of mustard
leaf powder and 30 g of salt were added to form the namkeen
mixture weighing approximately 1 kg.
Chutney mix: Jaggery 525 g was powdered and added
to 165g of spinach leaf powder, 75 g of salt and 10g of citric
acid to form the mix. It was rehydrated using 275 ml of
lukewarm water before sensory evaluation. Nutrient
estimation of chutney mix was done.
Nutrient estimation : The leaf powders and the
products were analysed in triplicate for nutritive value using
methods described in AOAC (1975). Nutrients analysed were
moisture, crude protein, crude fat, crude fibre and total ash.
carotene was separated using column chromatography
and estimated spectrophotometrically (Raghuramulu et
al.,1983 ).
Storage of products : This study was carried out in the
months of April and May, when the prevailing
environmental temperature and relative humidity were

28.70C and 66 %, respectively. The products were packed in
polythene bags and were stored at room temperature for nine
weeks in separate packets. Nutrient composition of the
developed products was analysed at 15 days intervals.
Sensory evaluation of the products : Fresh and stored
products were subjected to sensory evaluation using nine
point Hedonic scale to test the level of liking or disliking for
various attributes such as, colour, taste, texture, flavour and
overall acceptability at 30 days intervals.
Statistical analysis : Results of chemical analysis were
subjected to ANOVA according to method of Snedecor and
Cochran (1967) to test the level of significance.
RESULTS AND DISCUSSION
Nutritive value of leaf powders : Nutritive value of
leaf powder of spinach (LPS) and leaf powder of cauliflower
(LPC) was as follows on dry matter basis: crude protein 31.66
and 46.08 %; crude fibre 9.41 and 8.63 %; crude fat 3.10 and
5.66 %; total ash 22.93 and 13.08 %; iron 73.75 and 37.97 mg
% andcarotene 40.87 and 75.47 µg %, respectively. Moisture
content of spinach and mustard leaves was 89.8 and 87.8 %,
respectively.
Effect of storage on sensory characteristics : Among
the three products developed namkeen was liked the most
followed by chikki and chutney mix. The mean scores for
sensory attributes like taste, flavour, texture, colour and over
all acceptability are given in Table 1. Namkeen was

Table 1. Effect of storage on sensory quality of the products developed
Attributes
Products
0 day
Score
Sem ±
Chikki
Taste
6.6
0.84
Namkeen
6.8
1.21
Chutney mix
5.8
1.31
Flavour

Texture

Colour

Over all acceptability

F-value for over all
acceptability
60

Chikki
Namkeen
Chutney mix
Chikki
Namkeen
Chutney mix
Chikki
Namkeen
Chutney mix
Chikki
Namkeen
Chutney mix
Chikki
0.178

6.4
6.8
6.1
6.1
6.8
6.1
6.5
7.1
6.4
6.4
6.9
6.1
Namkeen
1.071

1.07
1.31
0.87
1.28
0.63
1.10
0.84
0.94
1.07
1.17
0.87
0.99

Period of storage
30 days
Score
Sem ±
6.9
0.56
7.1
1.01
5.5
1.71
6.3
7.3
5.2
6.4
7.2
6.6
6.4
7.4
6.4
6.7
7.2
6.0

0.94
1.05
1.01
0.84
1.03
1.07
1.07
1.07
1.07
1.00
0.78
1.41
Chutney mix
0.0023

60 days
Score
Sem ±
6.3
0.67
6.6
1.07
5.8
1.31
6.4
7.0
5.4
6.5
6.5
6.3
6.5
6.6
6.2
6.2
6.9
6.0

0.69
0.94
1.31
1.02
0.70
1.05
0.84
0.69
0.91
1.03
0.87
1.24
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categorized in the ‘liked moderately’ category according to
the Hedonic scale interpretation and chikki and chutney mix
were categorised as ‘liked slightly’. The products had a
desirable colour, flavour, texture and over all acceptability
as observed by the mean scores of sensory evaluation on
nine points Hedonic Scale are presented in Table 1. Statistical
inference shows that the organoloeptic characteristics of the
stored products do not differ from that of fresh products.

observed in protein content of chikki, namkeen and chutney
mix (P<0.01). Moisture and -carotene content of all the
samples differed significantly at the end of storage period.
An increasing trend in the moisture content of all the samples
was observed. Maximum increase was observed in the case
of chutney mix followed by namkeen and chikki Table 2. This
variation in increase in moisture content can be attributed to
compositional variations.

Effect of storage on nutritive value : Table 2 presents
the effect of storage on nutrient composition of the products
developed. The moisture content of the products developed
was 5.15 g in 100g-1 of chikki, 3.18g 100 g-1 namkeen and 5.95
g 100 g-1 of chutney mix, on as is basis. These products can be
stored easily due to low moisture. Protein content was
observed to be 8.14, 6.74 and 7.00 g in 100 g of chikki, namkeen
and chutney mix, respectively. Dietary proteins are believed
to improve vitamin A absorption because of their ability to
act as surface active agents (Macrae et al., 1993). There is a
direct interaction between protein intake and serum vitamin
A status. Fat content was 7.40, 9.12 and 6.75 per 100 g of

Figure 1 depicts the per cent losses in -carotene content
of chikki, namkeen and chutney mix during the progressive
storage study. In the first fortnight the average loss in 
carotene content is 11.5 %, which increased to 32.4 % at the
end of 60 days. Statistical analysis showed significant loss
(P<0.01) in  carotene content during storage. It is also
evident that losses are maximum in initial storage period.
These findings are in accordance with the loss incarotene
content of blanched air dried carrots reported by (Arya et al.,
1982). Losses incarotene l were minimum for chutney mix
and maximum for chikki. This variation may be due to
difference in method of preparation and composition of the

Table 2. Effect of storage on nutrient composition of the products developed
Content nutrient
100g-1
Moisture (g)

Protein (g)

Fat (g)

β-carotene (µg)

Products
Chikki
Namkeen
Chutney mix
Chikki
Namkeen
Chutney mix
Chikki
Namkeen
Chutney mix
Chikki
Namkeen
Chutney mix

0
5.15
3.18
5.95
8.14
6.74
7.00
7.40
9.12
6.75
1073
811
6109

Storage period (in days)
15
30
45
5.16
5.12
5.39
3.48
3.48
4.04
6.58
6.58
8.81
8.14
8.14
8.81
6.74
6.74
6.72
7.00
7.10
7.10
7.40
7.20
7.18
9.11
9.12
9.09
6.75
6.50
6.54
938
820
752
719
644
585
5434
4951
4581

60
5.42
4.43
9.30
8.12
6.70
7.00
7.20
9.00
6.55
694
549
4296

F-value

p = 0.01

331.29**
173.30**
79.01**
0.08
4.00
0.24
1.50
0.92
0.87
2708.48**
330.89**
814.21**

0.20
0.106
0.144
NS
NS
NS
NS
NS
NS
37.41
11.63
1.59

NS = non significant

chikki, namkeen and chutney mix, respectively.carotene is
fat soluble and its absorption is enhanced by the presence of
fat. The addition of fat to a fat free diet or one with very low
fat content has been shown to improve the availability of
carotene. Therefore, these products having fat and protein
would enhance bio availability of -carotene. The -carotene
was found to be 1073, 811 and 6109 µg 100g-1 of chikki,
namkeen and chutney mix, respectively. The actual absorption
of carotenoids from uncooked foods can be very low and
mild cooking can enhance absorption by increasing the
digestibility of the food and its constituent carotenoids.
After 60 days of storage, no significant change was
Journal of Eco-friendly Agriculture 2(1) 2007.

product, which affects the stability of -carotene during
storage. Almost similar losses (40 %) of -carotene content of
carrot powder during 90 days of storage was reported by
Baloch et al., (1977a, b). The storage conditions such as storage
temperature, availability of oxygen, exposure to heat and
change in moisture content of the samples greatly affects the
carotene content. Losses during storage can also contribute
to auto-oxidation and to the action of lipoxygenase enzyme
(Booth, 1992).
The products developed viz., chikki, namkeen and
chutney mix are useful as a rich source of -carotene. The
presence of fat and protein in the products can enhance
61
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40
35.33
35
32.4

29.92
30

29.67

Per cent loss

27.87
23.57

25

25.01

20.59
20
18.96
12.58

15
10

11.34

Chikki
Namkeen

11.05

Chutney
mix

5
0
15 days

30 days

45 days

60 days

Storage period

Fig 1. Per cent loss in -carotene content of the three products

absorption of -carotene. Progressive storage for two months
resulted in non significant changes in protein, fat and
sensory characteristics of the products. Moisture and 
carotene showed significant change during storage. An
average increase in the range of 5.5 to 5.6 % in moisture
content of the products was observed in two months of
storage. Consumption of about 100g of namkeen or 150g of
chikki or 25 g of chutney mix can provide 811, 1609 and 1527
g ofcarotene, respectively, if eaten fresh. Even after two
months of storage these products can providecarotene in
the range of 549 to 1091 g 100g-1 if consumed in the above
amounts.
REFERENCES
AOAC. 1975. Official Methods of Analysis. 12th edn. Association of
Official Analytical Chemists, Washington, DC.
Arya, S.S., Natesan, V, Parihar, D.B. and Vijayaraghavan. 1982.
Effect of prefreezing on the stability of carotenoids in
unblanched air dried carrots. Journal of Food Technology, 17:109113.
Baloch, A.K., Buckle, K.A. and Edwards, R.A. 1977a. Effect of
processing variables on bleaching loss, carotene content on
susceptibility of browning in dehydrated carrots. Journal of
Food Technology, 12:160-171
Baloch, A.K., Buckle, K.A. and Edwards, R.A. 1977b. Effect of
processing variables on the quality of dehydrated carrots.
Journal of Food Technology, 12:285-316.

62

Booth, S.A. 1992. Nutrient content of selected indigenous leafy
vegetables consumed by the Kekchi people of Alta Verapaz,
Guautemala. Journal of Food Composition Analysis, 3:47-53.
Gopalan, C., Ramasastri, B.V. and Balasubramaniam, S.C. 1989.
Nutritive Value of Indian Foods, National Institute of Nutrition,
ICMR, Hyderabad.
Macrae, R., Robinson, R.K. and Sadler, VMJ. 1993. Encyclopedia of
Food Science, Food Technology and Nutrition, Academic Press,
New York. 1:707-713
Mathew, A.E., Mohanti, J.P., Behera, U.C., Siva Kumar, B. and
Nair, M. 1999. Why Food Fortification? In: Nutrition, National
Institute of Nutrition, ICMR, Hyderabad 33:13
Patil, V.R., Kulkarni, D.N., Kulkarni, K. and Ingle, U.M. 1978.
Effect of blanching factors on quality and durability of
sundried and dehydrated fenugreek leaves (methi). Indian Food
Packer, 32:43-49
Raghuramulu, N., Nair, K.M. and Kalyansundaram, S. 1983. A
Manual of Laboratory Techniques, National Institute of Nutrition,
Hyderabad. p 129-130.
Snedecor, G.W. and Cochran, W.G. 1967. Statistical Methods, Oxford
and IBH Publishing Co., Calcutta.
Srivastava, P.R. and Nath, N. 1985. Development of a process of
drying fresh and brined cauliflower. Journal of Food Science and
Technology, 22:334-339
Tee, E.S. 1992. Carotenoids and retinoids in human nutrition.
Critical Reviews of Food Science and Nutrition, 31:103-163

Journal of Eco-friendly Agriculture 2(1) 2007.

Sunita Dixit and Shahnaz Jahan

Test for colorfastness: The dyed silk was evaluated for
colourfastness to light, washing, perspiration and crocking
following procedures laid by IS: 686-1957, IS: 3361-1979,
IS:971-1956, IS: 766-1956, respectively (AATCC, 1975).
RESULTS AND DISCUSSION

Percentage

Among the three medium for dye extraction (aqueous,
acidic and alkaline), acidic medium gave best shades on
silk. Hence, acidic medium for dye extraction was selected
for further study. While optimising the dye concentration it
was observed that the percentage of absorption increased
when 1 to 4 % dye was used. Further increase in concentration
of dye resulted in decrease in percentage absorption. Sample
dyed with 4 % dye scored the highest by visual evaluation.
Thus, 4 g of dye was selected as optimum for dyeing (Fig. 1).
Regarding the optimum extraction time the percentage
Percentage of absorption

90
80
70
60
50
40
30
20
10
0

Percentage score

Percentage of
absorption
Percentage score

45 min 60 min 75 min
Extraction time

90 min

Fig:2 Percentage of absorption and percentage score of plum
leaves dye at different extraction time on silk fabric

for 60 min obtained maximum score (Fig. 3). Evaluation was
done on different criteria including luster, evenness of dye,
depth of shade and overall appearance, which are important
100
Percentage of absorption
80

Percentage score

60
40
20
0
30 min

45 min

60 min 75 min

90 min

Dyeing time

Fig:3 Percentage of absorption and percentage score of plum
leaves dye on silk fabric at different dyeing time

for the consumer while selecting coloured silk. Therefore, 60
min dyeing time was considered best and selected for further
study. Rawat and Jahan (2004) observed that dye of
Euphorbia leaves gave good shades with dyeing time of 60
min.
Among different concentrations of natural mordants
i.e. 1, 2, 3, 4 and 5g g-1 of silk sample, 4 % harda and 5 %
walnut bark were selected as optimum level of mordants for
dyeing and gave best colors on silk (Table 1). Both ferrous

1

2
3
4
Concentration (%)

5

Fig:1 Percentage of absorption and percentage score of various
concentrations of plum leaves dye on silk fabric

absorption increased from 30 to 60 min and thereafter it
decreased from 60 to 90 min. On visual evaluation highest
percentage of scores were allotted to sample dyed with 60
min extraction time. Hence, extraction time of 60 min was
selected as optimum for dyeing (Fig. 2).
Compilation of optimum dyeing time revealed that
percentage of absorption increased up to 45 min and after
this period increase in dyeing time resulted in decline of
percentage absorption. On visual evaluation the sample dyed
64
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Percentage

Mordanting was carried out by 3 methods: (i) premordanting (ii) simultaneous mordanting and dyeing, and
(iii) post mordanting, by using the optimum concentration
of the dye, extraction time, dyeing time and concentration of
mordant.

Percentage

45, 60, 75 and 90 min. Best sample was selected on the basis
of per cent absorption and visual evaluation. Simultaneous
mordanting and dyeing method was used to determine
optimum concentration of mordant. The concentrations used
for natural mordants were 1, 2, 3, 4, and 5g 100ml-1 of water
g-1 of silk. The concentrations used for metallic mordants
were 0.01, 0.02, 0.03, 0.04 and 0.05g 100ml-1 of water g-1 of
silk.

Table 1. Optimisation of concentration of natural mordants
for dyeing silk fabric with plum leaves dye

Concentration*
(mordant g-1 of
silk)
1
2
3
4
5

Marks (%)
Harda (Terminalia
Walnut bark
chebula)
(Juglans regia)
62.3
60.3
67.2
61.9
65.0
68.1
80.6*
70.1
73.3
75.1*

* Selected concentration of natural mordants
Journal of Eco-friendly Agriculture 2(1) 2007.

Plum (Ziziphus jujuba) leaves as a source of dye for textiles

Table 2. Optimisation of concentration of metallic mordants
for dyeing silk fabric with plum leaves dye
Concentration*
(mordant g-1 of silk)
0.01
0.02
0.03
0.04
0.05

Marks (%)
Ferrous
Stannous
sulphate
chloride
73.3
75.9
75.2
78.0
82.1*
83.2*
63.2
73.1
58.2
69.1

* Selected concentration of metallic mordants

sulphate and stannous chloride gave best results with plum
leaves dye prepared with 0.3g (Table 2).
For selecting the best method of mordanting, silk
samples were mordanted by three methods. The best method
of mordanting was selected for different metallic and natural
mordants on the basis of visual evaluation. Premordanting
method received highest score for harda and walnut bark.
Postmordanting method was selected for ferrous sulphate
and for stannous chloride simultaneous mordanting and
dyeing was considered as best (Table 3).
Light fastness test revealed that the samples dyed with
plum leaves showed fair to good light fastness. Washing
fastness test showed noticeable to negligible colour change
and slight to no staining on both silk and cotton. During
perspiration, fastness test samples showed noticeable to
negligible change in colour in acidic perspiration and
noticeable to slight colour change in alkaline perspiration.
Samples showed noticeable to negligible colour change in

Journal of Eco-friendly Agriculture 2(1) 2007.

Table 3. Optimisation of mordanting method for dyeing silk
fabric with plum leaves dye
Concentration
(mordant g-1 of
silk)
Harda(Terminalia
chebula)
Walnut
bark(Juglans regia)
Ferrous sulphate
Stannous chloride

Marks (%)
Pre
Simultaneous Post
mordanting mordanting morda
and dyeing
nting
82.2*
75.1
72.3
78.5*

70.1

73.3

68.7
77.3

74.5
87.0*

89.0*
73.1

dry crocking whereas it showed noticeable to slight change
in wet crocking. Samples showed noticeable to negligible
staining on silk and cotton during dry crocking and
noticeable to slight staining on silk and cotton was observed
in case of wet crocking.
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Earthworms are important biocomponents of ecosystem
as they help in soil formation principally through their
activities in consuming organic matter, fragmenting it and
mixing it intimately with mineral particles to form
aggregates.
Different species of earthworms contribute in different
degrees to the mixing of the organic and inorganic
components of soil (Grappelli et al.,1985). Influence of
different species of earthworms on various organic wastes
and their impact of quality of vermicompost has been studied
(Kale, 1996). The earthworms move large amounts of soil
ranging from 2 to 250 tons hectare-1 annum-1 from the deeper
strata up to the surface. Earthworms also affect soil structure
through their burrowing activities for better aeration and
infiltration
Rigorous screening of efficient earthworm species is a
pre-requisite for commercial vermiculture development
which is based on their factors viz. high frequency,
adaptability to environmental stress, high growth rate and
conversion ratio, short development period, low incubation
period and high fecundity.
Vermicomposting utilizing suitable endemic species
of earthworms is the requirement of contemporary
agricultural technology. Hence, studies were under taken
on evaluation of different species to identify the efficient
species for vermicomposting under environmental condition
prevailing in North Karnataka.
Three species viz., Eudrilus eugeniae, Eisenia foetida and
Perionyx excavatus were collected from Vermiculture Unit of
the department (Bijapur), whereas native earthworms species
viz., Lampito mauritii, Pentoscolex corethurus and Polypheritima
elongata were obtained from Vermiculture Unit of University
of Agricultural Sciences, Dharwad.

Food material required for experimentation and
maintenance of earthworms species was prepared using
organic wastes (dried leaves, sunflower stalks, green leafy
matter and dung). Organic wastes and dung (10:1) were
arranged in a brick wall pit (above ground) having 10m x
1m x 0.33m size (LxWxH) in layer. Each layer was alternated
with dung layer. The pit was closed with a thin layer of soil
(1 cm) and covered with 15-30 cm mulch layer and watered
regularly. After 45 days, the decomposed organic matter was
thoroughly mixed, collected and stored in the laboratory.
Decomposed organic matter (25 kg) was taken and put in
trough (60 x 45 x 30 cm). Organic matter was sufficiently
wetted and twenty-five adult earthworms were released. Four
replications were maintained. Sampling was made after 90
days of release of earthworms and observations were
recorded on number of cocoons and juveniles earthworms.
Data were subjected to statistical analysis.
Results of the experiment revealed that, the per cent
conversion of waste material into vermicompost by different
species varied from 51.20 to 94.40 %. E. eugeniae effected
highest recovery of waste material into vermicompost
(94.40%) followed by E. foetida (80.80%). P. excavatus recorded
70.40% recovery whereas L. mauritii, P. corethrurus and P.
elongata caused 51.20, 58.40 and 51.20 % recovery and were
on par with each other (Table 1).
Highest vermicompost yield of 23.63 kg 25 kg-1 waste
material was resulted from E. eugeniae followed by E. foetida
(20.23 kg). Lowest vermicompost yield (12.82, 14.64 and 12.82
kg 25 kg-1) was recorded with L. mauritii, P. corethrurus and
P. elongata.
Maximum number of cocoons per earthworm was
recorded (82.44 cocoons earthworm-1) with E. eugeniae
followed by E. foetida and P. excavatus. Maximum juveniles
cocoon-1 (2.88) and maximum juveniles earthworm-1 (300)

*Part of Ph.D. thesis of first author being submitted to Dr. B.R.Ambedkar University, Agra (U.P.)
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Table 1. Evaluation of different species of earthworm for
vermicomposting under laboratory conditions
Treatments

Per cent recovery
of waste material
in to
vermicompost
(90 DAR)
94.40
80.80
70.40
51.20
58.40
51.2
3.21
9.63
8.2

Eudrilus eugeniae
Eisenia foetida
Perionyx excavatus
Lampito mauritii
Pentoscolex corethrurus
Polypheritima elongata
S.Em+/ C.D. (p=0.01)
C.V.(%)

Vermicompost
yield (kgs) per
25 kg feed
material
(90 DAR)
23.63
20.23
17.66
12.82
14.64
12.82
1.01
2.96
4.76

* DAR= Days after release

Table 2. Biological traits of different species of earthworms
for vermicomposting under laboratory conditions
Treatments

Eudrilus eugeniae
E. foetida
Perionyx
excavatus
Lampito mauritii
Pentoscolex
corethrurus
Polypheritima
elongate
S.Em +/ C.D. (p = 0.01)
C.V.(%)

No of cocoons
earthworm-1

No. of juveniles
earthworm-1

82.44
74.16
72.22

No.of
juveniles
cocoon-1
2.88
1.70
1.70

69.20
70.70

1.65
1.92

101.06
182.00

65.20

1.74

101.00

2.56
7.63
2.86

0.17
0.51
3.44

12.10
36.22
2.79
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300.00
194.00
188.26

were noticed in Eudrilus eugeniae (Table-2).
The present findings are in agreement with Kale,
(1996), who opined that, Eudrilus eugeniae was superior over
other species (P. excavatus and E. foetida) with respect to
vermicompost yield and multiplication rate. Since E. eugeniae
exhibits seasonal rhythum and does not experience
quiescence or dormancy during dry seasons, population
increase in E. eugeniae was up to 40 times. The species
appeared to be most adaptable followed by E. foetida. These
two species were found to assimilate 5-10 per cent of the
ingested material and the rest was excreted out as
vermicompost (Reinecke and Viljoen, 1991) .
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Bee keeping is highly valued for its multipurpose uses.
The bee keeping industry is threatened with several pests
that cause significant economic losses both in terms of quality
and quantity of hive products besides causing physical
injury to the bees. Among them, the greater wax moth, Galleria
mllonella, L., is the most serious pest of honeybeen colonies.
The larvae often destroy the unprotected combs in storage or
in the colonies that become weakened. Larvae feed on combs,
particularly the brood combs, in addition they feed on honey,
pollen, larvae of honeybees and pupae. Though the
occurrence of nuclear polyhedrosis virus (NPV) in G.
mellonella has been reported in India there was no study to
show how the virus retained or persisted in the environment.
The present investigation deals with the adsorption of
polyhedra of nuclear-polyhedrosis (NPV) virus by soil
particles.
There are a number of studies on persistence of nuclear
polyhedrosis (NPV) and granulosis (GV) viruses in soil.
Jaques (1967) believed that a NPV of cabbage looper,
Trichoplusiani was persistent in the soil as polyhedra rather
than as free, naked virus rod because the virus occluded in
polyhedra was more resistant to inactivation by physical
and chemical agents.

suspension and without soil were treated simultaneously
as controls. All adsorption tests were performed at 28oC.
About 0.5 ml of the top portion of the mixture was
carefully pipetted from each tube and used for enumerating
polyhedra. In general, these samples contained no polyhedra
adsorbed onto soil particles, because these aggregates
sedimented faster than the unadsorbed polyhedra. Two
counts of polyhedra were made for each sample in the two
counting areas of haemocytometer under a 40 x objective of a
bright field microscope.
The following formula was used for the computation
of the adsorption rate (A) on the assumption that unadsorbed
polyhedra sediment at the same speed in the adsorption and
control tubes:
A  1-

No. polyhedra ml-1 in the sample from the adsorption tube
No. polyhedra  l in the sample from the control tube

The number of polyhedra adsorbed per mg of soil (N)
was computed as follows:

N

A x No. of polyhera added to the tube
mg of soil in the tube

The study on the adsorption of polyhedra by soil
particles was done following the procedure outlined by
Hukuhara and Wada (1972). Black soil collected at Hiryur
Agronomy farm and red soil collected at GKVK Sericulture
farm were used for the adsorption tests in test tubes. The soil
samples were ground gently in a mortar with a wooden
pestle, passed through a 100 mesh sieve and suspended in
distilled water. Four different weights of each type of soil,
25, 50, 100 and 200 g, were suspended in 10 ml of distilled
water in flat bottomed glass tubes.

In as much as the polyhedron counts had a Poisson
distribution, the actual counts were transformed to square
roots. In addition, the values of A and N are transformed to
arc sin and logarithms, respectively. The arithmetic means
of the transformed values were changed back to the original
numbers and are presented in Table 1. Tests of significance
were carried out with the transformed means with the use of
F and multiple comparisons.

One ml of a soil suspension was combined with 1 ml of
a polyhedron suspension containing 4.9 x 106 POB/ml in
flat-bottom glass tubes (13 x 68 mm), and continuously
agitated for 2 min. After agitation the tubes were kept upright
for two durations of 30 m, and 2 h for the sedimentation of
the suspended particles. Tubes containing the polyhedron

When suspensions of polyhdedra and soil particles
were mixed in a test tube and examined with a phase-contrast
microscope, some polyhedra were found adsorbed on the
surfaces on soil particles, while others were free in the
suspending media. Although some soil particles fell in the
size range of polyhedra, they could be differentiated one from
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the other on account of the characteristic cuboidal shape of
the polyhedra (Biswas, 2002). After 30 minutes, most soil
particles sedimented to the bottom of the tube together with
the adsorbed polyhedra. Unadsorbed polyhedra also moved
downward during this period, but most of them remained
suspended at different levels. The top portion of the
suspension contained unadsorbed polyhedra and minute
soil particles.
The polyhedra are also highly resistant to microbial
decomposition. Jaques (1969) recovered a NPV of the cabbage
looper, which had been applied as polyhedra to the surface
of field soil, at 0-7.5 cm level and the virus activity in the soil
did not decline significantly during 231 weeks after
application.
Quantitative analysis of adsorption when different
amounts of red soil, from 25 to 200 mg, were mixed with a
constant number of polyhedra, (4.9 x 106 POB/ml per tube),
revealed that the mean number of polyhedra per microlitre
in the top 0.5 ml of the adsorption tube ranged from 2 x 106
POB s in test tube containing 25 mg soil is 4.4 x 105 POBs in
test tube containing 200 mg soil when compared to 49 x 106
POBS in control tube with no soil. The percentage of
adsorption varied from 48.57 to 96.8 for 25 and 200 mg of
soil, respectively. The adsorption rate ranged from 0.447 to
0.982. The number of polyhedra significantly increased from
6.8 x 106 POBs to 1.36 x 107 as the amount of soil was
increased. On other hand the number of polyhedra adsorbed
per mg of soil decreased as the amount of soil increased from
9.5 x 107 for 25 mg to 2.37 x 107 for 200 mg of soil as the
amount of soil increased (Table 1).

Elucidation of nature of adsoprtion of polyhedra to soil
may help to develop a method to isolate them and also to
apply them more effectively so that they persist in the soil
long after application. This will bring about prolonged
control of the pest in the apiary. It is worth noting that the
larvae of G. mellonella travel from hive to hive within the
apiary (Neilsen and Brister, 1979). It is quite possible
therefore, for the larvae to pick up the virus from the soil
while it is travelling.
The results on the quantitative adsorption of polyhedra
of Gm NPV to two different (Fig. 1) types of soil, red and
black, showed an increase in adsorption in both the types
with an increase in the amount of soil, but the number of
polyhedra adsorbed per unit weight of the soil decreased
irrespective of the soil type used (Table 1). These results
corroborated the report of Hukuhara and Wada (1972).
However, the adsorption rate and number of adsorbed
polyhedra per mg of soil was found to be more in red soil
than in red black soil.

Table 1. Absorption of polyhedra to various amounts of soil
Amount
of soil
(mg-1
tube)

25
50
100
200
Control

Mean no.
of
polyhedra
ml-1
top
portion of
soil
solution
7.2 x 106
2.8 x 106
1.2 x 106
4.4 x 105
1.4 x 107

% adsorbed
polyhedra

Mean No.
Adsorbed
polyhedra

Mean No.
Adsorbed
Polyhedra
mg-1 of soil

48.57
80.00
91.40
96.80
0.00

6.80 x 107
1.12 x 107
1.28 x 107
1.36 x 107
-

9.5 x 107
7.84 x 107
4.48 x 107
2.37 x 107
-

The adsorption rate and the mean number of polyhedra
adsorbed per mg of black soil followed more or less the same
trend as that of the red soil. Thus the number of polyhedra
decreased from 9.5 x 107 to 2.37 x 107 POBs for 25 to 200 mg
of black soil.
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Since the POBs are negatively charged (Smith, 1967), it
has been suggested that the polyhedra are adsorbed to soil
particles mainly by Coulomb force, that is, negatively
charged. Polyhedra are retained on the positively charged
sites on the soil particles as suggested by Hukuhara and
Wada (1972). The capacity of soil particles for holding anions
is known to decrease with rising pH as a result of increasing
negative charge and decreasing positive charge on their
surfaces (Wiklander, 1964). Since the ion-exchange properties
of soil is almost entirely due to the clay and silt fraction, the
adsorption capacity of polyhedra to the black soil may be
due to its high percentage of clay and silt contents, which
are mostly negatively charged. Jaques (1964) also observed
that polyhedra were held less rapidly by vermiculite than
soil and that potting mixture rich in organic matter did not
retain the virus as compared to the field soil, which was
relatively low in organic matter. This corroborates the present
69
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observation that red soil having low organic matter retained
more POBs by way of adsorption than black soil, with rich
organic matter. The absorption sites in the black soil were
partially masked by the organic matter.
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Sugarcane is an important commercial crop. Although
about ten Chilo species have been recorded on sugarcane,
only five of them are considered to be major and known to
appear regularly causing economic loss while five others
are minor pests. Among them, Chilo infuscatellus is one of the
major pests of sugarcane distributed widely, attacking one
to three months old crops and causes dead hearts by way of
tunneling into the stem and thereby causing heavy damage
by way of reduction in cane yield and impaired juice quality
(Awasthy and Tiwari, 1986; Easwaramoorthy, 1984)
necessitating control measures. During the course of regular
survey for Trichogramma sp. at Regional Research Station,
V.C Farm at Mandya, Karnataka, some dead larvae of
sugarcane shoot borer, C. infuscatellus were found to harbour
virus. A nucleopolyhedrovirus (NPV) was isolated from a
few dead caterpillars of C. infuscatellus. Smear of diseased
larvae examined under phase-contrast microscope revealed
the polyhedral occlusion bodies (POBs) in the nuclei of cells
of fat bodies and tracheal matrix. The present communication
deals with observations made on the symptomotology and
gross pathology of C. infuscatellus larvae, when it was
administered with known quantity of NPV through diet
surface contamination technique along with certain
preliminary cross infectivity studies.
Polyhedral occlusion bodies (POBs) of C.infuscatellus
NPV were extracted and partially purified from the diseased
larvae of C. infuscatellus by differential centrifugation
following the method of (Narayanan, 1985). Diseased larvae
were homogenized with distilled water for 3 min and the
homogenate was then filtered twice through several layers
of muslin cloth and the filtrate was centrifuged at 1000 rpm
for 10 min. The supernatant was then decanted and further
centrifuged at 12,000 rpm for 30 min. The differential
centrifugation process was repeated twice and the resultant
pellet was resuspended in sterile distilled water. The number
of polyhedral occlusion bodies ml-1 of the stock suspension
was determined using an improved Neubauer
haemocytometer counting chamber. A test was conducted to
determine its pathogenicity against third instar larvae of
C. infuscatellus. Thirty third instar larvae were inoculated
with a dose of 1x106 POBs ml-1 by diet surface contamination
technique. The larvae were reared individually on the virus©2007

contaminated diet till their death. A similar number of same
larvae, treated without virus served as control. The dead
larvae were diagnosed by microscopic examination of the
squashed preparations for the presence of polyhedral
occlusion bodies. In order to test its cross infectivity, a
preliminary cross infectivity study was conducted with NPV
of C. infuscatellus against ten lepidopteran pests (Table 1).
The dose of 1x106 POBs/ml was tested either through diet
Table 1. Cross infectivity of Chilo infuscatellus NPV to other
lepidopteran pests.
Insect

No. of
insects
used

Chilo partellus
Trichoplusia ni
Opisina arinosella
Cadra cautella
Corcyra
cephalonica
Galleria
mellonella
Spodoptera litura
Helicoverpa
armigera
Plutella xylostella
Bombyx mori

30
5
20
10
30

Stages
treated
(larval
instar)
III
III
II
II
II

Mortality Incubat
(%)
ion
period
(days)
100
5-5.5
nil
nil
nil
nil
nil
nil
nil
nil

30

II

nil

nil

30
10

II
II

nil
nil

nil
nil

10
10

II
II

nil
nil

nil
nil

surface contamination technique in the case of Chilo partellus,
Trichoplusia ni, Opisina arinosella, Galleria mellonella,
Spodoptera litura,and Plutella xylostella and mulberry leaf
surface contamination technique in the case of Bombyx mori
depending on the availability of number and the stage of
the insects. In case of Cadra cautella and Corcyra cephalonica
surface contamination of broken cashewnut and sorghum
grains were used.
The pathogenicity study of C. infuscatellus NPV has
revealed 100% mortality of third instar larvae when it was
administered through diet surface contamination technique.
There was no natural mortality in the case of control larvae
treated without virus The incubation period ranged from 5-
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6 days. The symptoms of the NPV infected C. infuscatellus
were generally comparable with those of most of the
nucleopolyhedrovirus reported in other insects. Living
diseased larvae of C. infuscatellus showed typical
sluggishness in their movement and were also less
responsive to external tactile stimuli. Further, in contrast to
healthy larvae, which are brownish in colour with five stripes
dorsally and dorsoventrally, the NPV infected C. infuscatellus
larvae became pale whitish in colour mostly due to the
accumulation of large number of polyhedral occlusion
bodies. After death, a characteristic white liquid oozed out
through the skin after piercing. Examination of the tissue in
water under the phase-contrast microscope revealed
numerous polyhedral occlusion bodies emanating from the
ruptured cells.
Table 1 revealed that except C. partellus, none of the
insects tested were susceptible to C. infuscatellus NPV. Further,
that NPV of C. infuscatellus was also found to be safe to useful
insect like mulberry silkworm, Bombyx mori. However, studies
on the cross infectivity of C. infuscatellus to C. partellus revealed
the high susceptible nature of C. partellus to heterologous
NPV of C. infuscatellus, recording cent per cent mortality of
second instar larvae when it was administered at 1x106
POBs/larva through diet surface contamination technique.
However, the incubation period ranged from 9-12 days. In
order to confirm the identity of the progeny of virus obtained
from C. partellus larvae, ten third instar larvae of C.infascatellus
were inoculated with progeny virus obtained from C. partellus
through diet surface contamination technique, which
resulted in 100% mortality. Thus the virus retains its
pathogenicity for C. infuscatellus even after passage through
C. partellus, thereby confirming the cross infectivity of
C. infuscatellus NPV against C. partellus.
Generally, insect viruses are considered to be relatively
specie specific or at least have a limited host range (Ignoffo,
1968). However, cross infection of insect viruses between
closely related as well as unrelated lepidoptera has been
reported (Vail et al. 1973; Harper, 1976; Narayanan, 1986).
In this case, the NPV of C. infuscatellus was found to be crossinfective to C. partellus. Several species of Chilo occur on
sugarcane including C. partellus even though as a minor
pest it has been reported along with their geographical
distribution in India, Pakistan and Srilanka (Bleszynski,
1969; Hattori, 1971). The susceptibility of C. partellus to
C. infuscatellus NPV, widens the scope of controlling both
the species viz C. infuscatellus and C. partellus, occurring on
the same cropping system by the application of C. infuscatellus
NPV alone.The NPV of C. partellus has not been included in
the catalogue on viral disease of insects (Martignoni and
Iwai,1986). Though the occurrence and field efficacy of
C. infuscatellus GV has been reported earlier with an
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incubation period ranging from 11.9 to 18.0 days to cause
mortality of the host (Easwaramoorthy and David, 1979,
Easwaramoorthy, 1984); this is the first report on the natural
occurrence of NPV on C. infuscatellus from India with an
incubation period ranging from 5 to 6 days to cause cent per
cent mortality of the host under laboratory condition. These
observations will be useful for testing these nucleopolyhedro
virus under field conditions on larger scale.
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Soybean (Glycine max L. Merrill), a rich source of oil
and quality proteins is attacked under storage conditions by
bruchids, often resulting in alarming qualitative losses. In
India, about 8.5% of total production of pulses, is lost during
post harvest handling and storage (FAO 1977). During
storage, pulses are mainly attacked by pulse beetles of which
Callosobruches maculatus is most serious and cause maximum
damage to black eyed cowpea followed by moth bean and
green gram (Ramzan et al.,1990). Losses to pulses due to
infestation of bruchids have been reported by Dwivedi and
Sharma (1993). The control of C. maculatus mainly relies on
the use of synthetic chemicals which lead to the development
of resistance in the insect pests. Genotypic resistance to the
beetle seems to be a potential means of reducing post harvest
losses. Therefore, in the present investigation an attempt was
made to find out the inherent resistance of soybean genotypes
against C. maculatus.
Ten genotypes of soybean were used (Table 1). Freshly
Table 1. Number of eggs laid, developmental period, number
of adult emergence and per cent loss in seed weight
caused by C. maculatus on different genotypes of
soybean:
Genotypes

NRC-7
JS-71-05
NRC-12
PUSA-16
PK-1162
PK-1092
NRC-8
JS-335
PK-564
SL-444
p = 0.01

No.
of Develop
eggs laid* mental
period
(days)
8.8 (2.9)
34.0
7.5 (2.7)
33.5
7.9 (2.8)
35.6
5.8 (2.4)
30.2
6.8 (2.7)
28.4
5.0 (2.1)
30.0
9.5 (3.3)
29.3
9.9 (3.2)
28.5
4.0 (2.0)
28.0
10.8 (3.1)
26.9
0.3 (0.2)
1.7

No. of adult Loss
in
emergence seed
weight (%)
34.3 (35.8)
41.0 (39.8)
44.3 (41.7)
45.4 (42.2)
58.4 (49.8)
48.2 (44.0)
50.2 (45.1)
56.2 (48.6)
60.6 (51.1)
78.8 (62.6)
7.3 (6.2)

28.2 (32.1)
23.9 (29.2)
27.8 (31.8)
29.9 (33.1)
56.1 (48.)
39.0 (38.6)
36.1 (36.9)
43.0 (40.9)
48.5 (44.1)
69.8 (56.6)
4.1 (3.3)

Figures in parentheses are angular (arcsin) transformed values
Present Address : Department of Entomology, G.B. Pant University of
Agriculture and Technology, Pantnagar-263 145, Uttaranchal, India.
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harvested seeds were sterilised at 60oC for 5 h to get rid of
any hidden infestation and conditioned at a temperature of
30 ± 1oC and 60 ± 5% r.h for 24 h. Rearing of C. maculatus was
carried out on green gram at 27 ± 1.5oC and 60 ± 5% r.h. The
experiment on egg laying preference of C. maculatus was
conducted by using free choice wooden chamber (Khanna et
al.,2003) consisting of 20 smaller cavities all around and one
large cavity in the centre. Fifty grains of each genotype were
placed in the cavities randomly. One hundred (3-4 days old)
adults were released in the central cavity. The chamber was
covered with tightly fitted sliding cover to avoid escape of
insects. There were two sets of wooden chambers which
made four replications. The sets were placed in the an
incubator at 27 ± 1.5oC and 60 ± 5% r.h. The adults were
removed after 24 h and eggs laid on grains were counted
carefully.
The bioassays on the bruchids were performed in the
plastic vials using 100 g conditioned seeds of each genotypes
with four replicatious. Four pairs of freshly emerged adults
(24 h old) were introduced in each plastic vial and kept for
five days. Observations in adult emergence were recorded
daily commencing from 20 days after infestation when F1
adults started emerging and continued till the last adult
emergence. The beetles after emergences were removed to
prevent further breeding. The weight of the seeds was
recorded at the end of the experiment. The growth and
development pattern of the bruchids as recorded on the basis
of developmental period, number of adults emerged, and
per cent loss in seed weight. The data were statistically
analysed after suitable transformations. Correlation among
various parameters were also worked out.
The data obtained on different genotypes exhibited
differential responses to egg laying, growth and development
of C. maculatus (Table 1). Maximum egg laying was recorded
on SL-444 and minimum on PK-564. Variation was also
observed in infestation and damage. NRC-7, NRC-12 and
JS-71-05 emerged least susceptible recording very less
number of insect emergence despite higher number of egg
laying (Table 1). The development period (embryonic + post
embryonic) ranged from 26.9 days to 35.6 days. Maximum

Ruchira Tiwari

adult emergence was recorded in SL-444 and minimum in
NRC-7. Maximum loss in seed weight was recorded in SL444 followed by PK-1162, PK-564 and JS-335. However,
genotypes, JS-71-05, NRC-12, NRC-7 and Pusa-16 were less
damaged by the C. maculatus. Khanna et al. (2003) reported
maximum egg laying and damage in SL-444 by C. analis in
soybean. This cause of variation in susceptibility of soybean
genotypes in C. maculatus might to due to improper texture of
the seed coat or the presence of certain non-nutritional
chemicals such as phaseolin (vicilin-like proteins),
-amylase inhibitors and lectins in testa of seeds (Silva et al.,
2004) or the presence of seed coat tannins (Lattanzio et al.,
2005) which can deter, poison or starve bruchid larvae that
feed on the seed. Ghosal et al., (2004) reported complete
mortality of C. chinensis on soybean seeds due to the presence
of phenolic contents. They observed that phenol contents >
0.92 mg g-1 of stored legume seeds drastically retarded the
growth and development of C. chinensis.
Among various parameters, the coefficient correlation
(r) showed that number of adult emergence was positively
correlated with per cent loss in seed weight (Table 2).
Development period was negatively correlated with number
of adult emergence and per cent loss in seed weight. This
Table 2. Correlation coefficients (r) among various parameters
Develomental
period

Average
Number of
eggs laid
Developmental
period
No. of adult
emergence

-0.63

** significant at p = 0.05, p = 0.01

74

No. of
adult
emergence
.225

Percent
loss in
seed
weight
.197

-.856*

-.854*
.948**

revealed that C. maculatus developed normally on susceptible
genotypes with higher adult emergence and reduced
developmental period which may cause higher loss in seed
weight. The genotype SL-444 was susceptible while NRC12, NRC-7, JS-71-05 and PUSA-16 were identified as
moderately resistant to C. maculatus.
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Helicoverpa armigera, (Hübner) is a major pest of several
economically important crops such as chickpea, pigeonpea,
cotton, tomato, tobacco, sunflower etc. In India it has
developed resistance against a large number of insecticides.
particularly the pyrethroids and Endosulfan (Armes, 1993).
With the changing scenario of sustainable agriculture, there
is now much greater awareness for utilization of
environmentaly safe and sustainable pest suppression
agents. Entomopathogenic fungi which infect through
contact and persist in environment for long time have
received considerable attention in the recent past. Santharam
(2001) and Rabindra et al. (2001) reported 90 genera and 700
species of fungi, involved in entomopathogenicity. Aspergillus
flavus with great potential in controlling seasonal crop pests,
can be utilized for the management of H. armigera infecting
chickpea. Therefore, the present laboratory study was
conducted to determine the efficacy of A. flavus against
H.armigera.
Aspergillus flavus was isolated from infected H. armigera
larvae collected from field maintained on potato-dextroseagar (PDA) medium in petridishes at 28°C. The pure fungal
colonies were subcultured on PDA slants. Aqueous spore
suspension of spore concentration 1x108 conidia ml-1 was
prepared in sterile double distilled water. The spore count
was done by using haemocytometer from the laboratory
culture reared on semi synthetic gram flour based diet at 27±
2oC and 60-80% r.h. Third instar larvae (4-6 days old) were
used as test insect. The larvae were starved for four hours
before treatment. Fresh chickpea pods free from, insecticidal
application were collected from the field. The treatments
comprised of: spraying on the larvae, spraying on chickpea
pods, dusting on the body of larvae, dusting on chickpea
pods and untreated chickpea pods as control. Spraying of
spore suspension on larvae/chick pea pods was carried out
by atomizer.
The dusting treatment was effected by allowing to
crawl individual larva or spreadig chickpea pods on
sporulated mat of the fungus grown in slants/petridishes.
The sprayed/dusted larvae and chickpea pods were later
transfered individally in vials containing untreated pods.
©2007

Untreated control was also set up and run side by side.
Observations on larval mortality was recorded after 48, 72,
96, 120, 144, 168 and 216 h. Each treatment was replicated
thrice with five larvae in each replication. The mortaltiy data
were converted to angular transformed values and they were
statistically analysed. Spraying of A. flavus on chickpea pods
resulted in 100 % larval mortality indicating effectiveness of
this fungus for the control of H. armigera. Spraying of spore
suspension on larvae and dusting on chickpea pods resulted
in 86.6% larval mortality. Dusting on body of larvae showed
66.6% larval mortality. All the treatment used in the
experiment were highly significant in comparision to
untreated control where mortality was 13.3%. Larval
mortality may be attributed to occurence of aspergillosis on
third instar larvae of this pest. These observations are in
conformity with the results of Prasad et. al., (1990). They
observed that spraying of spore suspension of Beauveria
bassiana to second instar larvae of H. armigera was highly
effective. Mc Millan et. al.,(1990) reported contamination of
Heliothes zea with A. flavus. Occurrence of Aspergillosis was
also reported by Battu and Bath (2005) on Barioscapus cordiae
larvae infesting Indian cherry in Punjab. Use of such
ecofriendly and environmentally safe bioagent may be
advocated for the management of pea pod borer Helicoverpa
armigera in chickpea ecosystem.
Table –I Effect of Aspergilus flavus on larvae of Helicoverpa
armigera
Treatments
Spraying of spore suspension on
larvae
Spraying of spore suspension on
chickpea pods
Dusting of spore on larvae
Dusting of spore on chickpea
pods
Untreated control

Larval mortality (%) ± S.D
86.6±9.4
(72.2±12.5)
100.0±0.0

(90.0±0.0)

66.6±24.9
86.6±9.4

(59.9±21.7)
(72.±12.5)

13.3±9.4

(17.6±12.4)

Figures in parentheses are angular transformed values
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Apple has been grown in Jammu and Kashmir since
ancient times. During the last two to three decades there has
been enormous increase in its plantation. In India, the
incidence of phytophagous mites has increased apparently
due to extensive and injudicious use of non-selective
pesticides, introduction of high yielding varieties, availability
of more irrigation facilities and use of fertilizers which are
all conducive to the population build up of mites. In Kashmir,
mites were secondary pests and caused no economic damage
to fruits because of occurrence of a number of natural enemies
associated with these pests. Though, in recent years, tweleve
species of phytophagous mites were recorded on fruit trees
in Kashmir including European red mite (Panonychus ulmi)

and two spotted mite (Tetranychus urticae).Outbreak of
population of these mites in epidemic form has occurred
lately in apple orchards of Kashmir valley and assumed
devastating dimensions. Since then these mites assumed the
status of key pests on apple in Kashmir (Zaki et. al., 2004).
Therefore, the bioefficacy of some summer spray oils against
European red mite, Panonychus ulmi was studied.
The experiment was laid out in a Randomised Block
Design at two locations (Hanjiwara and Arabal) on Red
Delicious cultivar of apple of the age ranging between 15 –
20 years, during the year 2003, with the treatments indicated
in Table 1. The summer oils were sprayed with the help of a

Table 1. Comparative bio efficacy of different summer spray oils against European red mite on apple variety Red Delicious in
Hanjiwara (Pattan) Kashmir during 2003
Treatments

DC Tron plus

PD Spray oil

ATSO oil

Conc.
(%)
0.75

Pretreatment
count
10.0

1.00

9.8

0.75

11.6

1.00

11.9

0.75

11.4

1.00

13.1

0.75

13.4

1.00

13.3

0.75

12.9

1.00

13.3

Water

14.2

H.T.spray oil

Arbofine

Control
p=0.05

3.1

I day
0.3
(97.1)
40.1
(98.2)
0.3
(97.6)
0.3
(97.1)
0.2
(98.2)
0.1
(99.1)
0.2
(98.5)
0.3
(98.0)
0.2
(98.2)
0.4
(96.8)
0.0
(72.2)
1.6
(11.1)

3rd day
2.0
(97.9)
1.9
(87.8)
2.2
(80.2)
1.9
(83.6)
2.9
(73.9)
2.2
(89.5)
1.9
(88.7)
2.3
(82.4)
1.6
(87.2)
2.1
(84.3)
10.9
(22.8)
1.4
(10.3)

* P. ulmi population leaf-1
Post treatment count (Days after treatment)
7th day
15th day
30th day
0.3
1.1
1.2
(96.7)
(88.9)
(87.9)
0.1
0.3
0.5
(98.9)
(96.2)
(93.9)
0.4
0.9
0.3
(96.4)
(92.0)
(97.0)
0.1
0.1
0.3
(98.8)
(99.2)
(97.1)
0.5
1.1
0.7
(95.5)
(90.7)
(93.6)
0.1
0.2
0.3
(98.9)
(98.7)
(97.8)
0.6
1.3
1.5
(95.5)
(90.3)
(88.7)
0.2
0.2
0.4
(98.2)
(95.2)
(97.2)
0.6
0.5
1.3
(95.1)
(96.2)
(90.2)
0.2
0.2
0.2
(98.2)
(98.8)
(97.5)
11.5
9.0
12.5
(19.0)
(36.1)
(12.0)
0.8
0.4
0.9
(3.9)
(4.5)
(5.9)

Figures in parentheses are mean per cent mortalities of P. ulmi population over pre-treatment values
* = Mean of 12 observations
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45th day
0.8
(92.5)
0.3
(96.5)
1.0
(91.3)
0.2
(98.2)
1.1
(90.7)
0.5
(96.3)
1.2
(91.0)
0.4
(97.0)
1.2
(90.7)
0.5
(95.9)
10.8
(23.8)
0.6
(2.9)

Pooled mean
90.4
95.2
92.4
95.7
90.4
96.7
92.1
94.7
92.9
95.2
30.9

M. A. Parray, M. A. Mantoo and F. A. Zaki

motorized sprayer. There were three replications of each
treatment. Live P. ulmi populations were counted on 12 leaves
obtained from four quadrants of each replicate in every
treatment before first day of treatment and at subsequent
intervals (1, 3, 7, 15, 30 and 45 days after treatment). Per cent
mortality of the pest was worked out by computing the
difference between pre and post treatment populations of
the pest by applying Abbot’s (1925) formula. The data
obtained was subjected to ANOVA.
The data on mean number of live European red mite
(ERM), Panonychus ulmi (Koch) population and their per cent
mortalities over pre-treatment values at different treatment
before first day of treatment and at subsequent intervals of 1,
3, 7, 15, 30 and 45 days after treatment (DAT) at Hanjiwara
and Arabal are furnished in Table 1 and 2. Mean live ERM
population per leaf ranged from 9.8 to 14.2 and 13.5 to 21.5
before treatment and 0.0 to 12.5 and 0.3 to 12.8 after treatment
at Hanjiwara (Pattan) and Arabal (Srinagar), respectively
and the treatments were significantly superior in minimizing
European red mite population on apple as compared to
control. Among the treatments, Atso oil; H.T. spray oil;

Arbofine recorded 98.2%, 99.1%, 98.5, 98% and 98.2, 96.8%
mortality of the pest at 1st DAT at 0.75, 1.00% concentrations
at Hanjiwara (Pattan). Similarly D.C. Tron plus resulted 97.1,
98.2%; 90.4, 95.7% and 92.5, 96.2%; 74.8, 92.5% mortality of
the pest at 0.75, 1.00% concentrations at 1 and 45 DAT at
Hanjiwara (Pattan) and Arabal (Srinagar), respectively.
These results are in agreement with those in literature
(Anonymous, 2005) where D.C. Tron plus has been reported
to cause 84.0 , 85.0 and 92.4% mortality of the pest at 0.50,
0.75 and 1.00% concentrations at 3 DAT.
The mean pooled data at both the locations revealed
that D.C.tron plus, P.D.spray oil, Atso oil, H.T.spray oil and
Arbofine resulted 90.5 and 95.2, 92.4 and 95.7, 90.4 and 96.5,
92.1 and 94.7, 92.9 and 95.2% and, 91.5 and 95.4, 89.4 and
96.5, 90.3 and 95.7, 91.8 and 95.4, 90.9 and 97.3% mortality
of the pest in comparison to control (30.9 and 51.8%) at 0.75
and 1.00% concentrations at Hanjiwara (Table 1) and Arabal
(Table 2), respectively. The overall bioefficacy of summer
spray oils evaluated was in the order of Arbofine > H.T.spray
oil > Atso oil > D.C.tron plus > P.D.spray oil. The information
revealed that the summer spray oils were effective against

Table 2. Comparative bio efficacy of different summer spray oils against European red mite on apple variety Red Delicious
in Arabal (Shalimar) Srinagar, Kashmir during 2003
Treatment

DC Tron plus

PD Spray oil

ATSO oil

* P. ulmi population leaf-1

Conc.
(%)

0.75

Pretreatment
count
14.4

1.00

13.5

0.75

19.6

1.00

20.0

0.75

17.5

1.00

18.7

0.75

16.7

1.00

15.1

0.75

21.5

1.00

18.9

Water

17.9

H.T.spray oil

Arbofine

Control
p=0.05

4.034

I day
1.4
(90.4)
0.5
(95.7)
1.3
(92.9)
0.3
(98.6)
1.2
(93.5)
0.2
(98.9)
0.6
(96.4)
0.2
(98.4)
1.3
(93.9)
0.3
(98.2)
10.4
(41.9)
1.3
(6.3)

3rd day
0.3
(97.7)
0.8
(93.7)
0.3
(98.4)
0.3
(98.2)
0.5
(97.1)
0.1
(93.9)
0.8
(94.9)
0.3
(98.5)
0.3
(98.2)
3.5
(80.1)
3.5
(80.1)
0.6
(6.0)

Post treatment count (Days after treatment)
7th day
15th day
30th day
0.8
0.4
0.8
(94.6)
(96.9)
(94.7)
0.5
0.3
0.3
(95.8)
(97.7)
(97.6)
0.4
0.9
4.4
(98.1)
(95.8)
(76.9)
0.3
0.5
1.3
(98.2)
(97.3)
(93.4)
0.6
1.2
2.8
(96.5)
(93.5)
(84.7)
0.9
0.3
0.5
(94.9)
(98.2)
(97.2)
0.8
0.9
1.3
(94.9)
(94.2)
(91.9)
0.6
0.2
0.7
(95.8)
(98.4)
(95.3)
0.4
1.4
3.5
(98.1)
(93.6)
(83.6)
0.5
0.3
1.2
(97.1)
(98.2)
(96.1)
9.9
3.4
10.7
(43.2)
(78.3)
(40.4)
0.9
0.5
0.9
(8.6)
(3.9)
(3.8)

45th day Pooled mean
3.6
91.5
(74.8)
1.7
95.4
(92.2)
4.8
89.4
(74.6)
1.2
96.5
(93.1)
4.3
90.3
(97.5)
1.6
95.7
(91.0)
4.1
91.8
(75.6)
1.6
95.4
(89.9)
4.7
90.9
(77.9)
0.7
97.3
(95.9)
12.8
51.8
(27.3)
0.8
(8.1)

Figures in parentheses are mean per cent mortalities of P. ulmi population over pre-treatment values
* = Mean of 12 observations
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the pest and can be used in IPM owing to their compatability
withparasitoids and predators of the pest, for managing
ERM population on apple in order to minimize not only the
harmful effects of chemical pesticides. Our results are in
agreement with Atwal and Daliwal (1997) Georghiou and
Melon (1983) and Zaki et. al. (2005).
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The mango mealy bug, Drosicha mangiferae Green
(Hemiptera: Coccidae) is the second most damaging insect
pest of mango. Use of synthetic organic insecticides to
manage the pest, besides being costly, leads to poisonous
residues which are harmful for both plant and consumers.
Hence, with eco-friendly approch in view, the effectiveness
of plant extracts dusts of ten herbs viz., Duranta repens Linn.,
Anona squamosa Linn., Uveria nerium Blume, Tephrosia vogelli
Hook F., Pongamia glabra, Tribulus terrestris Linn., Cleome
icosandra Linn., Ageratum conyzoides Linn., Thevetia nerifolia
Juss and Caesalpinia crista Linn. was evaluated against
nymphs of mango mealy bug in the laboratory at 27 ± 1oC
temperature and 75 ± 2% relative humidity.
The nymphs of mango mealy bug collected from mango
orchards were reared in large well aerated cages on mango
infloresence at constant temperature at 25oC and 65-75%
relative humidity. The test insects were protected from natural
enemies. The test plants before processing were washed with
tap water. Fresh latex bearing plants were macerated,
whereas shade dried and coarsely powdered ones devoid of
moisture were subjected to hot percolation process. The
preliminary phytochemical screening of the extracts (Table
1) was subjected to standard chemical tests as per method
described by Johri, (1990). The ethanolic/petroleum ether
extracts of selected plant parts were diluted in ethyl alcohol.
The plant extracts used in the experiment were formulated
as emulsions using 50 % (V/V) ethyl alcohol as solvent and
0.5% (V/V) Triton-X 100 as emulsifier.
Twenty laboratory reared mango mealy bug female
adults placed in clean and dry petridish and covered with
wire netting were sprayed directly under potter’s Tower with
1 ml. solution of specific concentration of plant extracts. Each
treatment was replicated thrice. A control treatment, i.e.
spraying 1 ml emulsified water or solvent with emulsified
water was kept for comparison. After spraying, the
petridishes were air dried for one hour. Therafter, the treated
and untreated insects were transfered over healthy mango
inflorescens kept in a glass trough for further observations
on mortality recorded at 36 hours after the treatment. The
average percentage mortality was corrected by Abbott’s
formula (Abbott, 1925). The data on heterogeneity, LC50
©2007

Table 1. Phytochemical screening with special reference to
extraction process & solvent applied for extraction
of the plants used in different experiments.
Plants

Duranta repens

Fruits

Dominent
bioactive
principal
Alkaloid

Anona
Squamosa
Uvaria nerium

Seeds

Fatty oil

Root &
bark
Leaves &
seeds
Leaves &
seeds
Leaves

Alpaloid

Tephrosia
vogelli
Pongamia
glabra
Tribulus
terrestris
Cleome
icosandra
Ageratum
conyzoides
Caesalpinia
crista

Thevetia
nerifolia

Plant part
used

Seeds
Whole
plant
Seeds

Fresh
fruits

Rotenoids
Fatty oil

Extraction
Solvent
process
used in
applied
extraction
Hot
Ethyl
percolation alcohol
---do--Petroleu
m ether
---do--Ethyl
alcohol
---do--Petroleu
m ether
---do-----do---

Saponins

---do---

---do---

Volatile oil
(Terpenoids)
Fatty oil

---do---

---do---

---do---

---do---

Oil &
Glucoside

Glucoside

Hot
Ethyl
percolation alcohol &
Petroleu
m ether
Maceration
Ethyl
alcohol

values, their fiducial limits, relative toxicity and order of toxic
as well as bioassy studies of plant extracts were subjected to
probit analysis (Finney, 1952) (Table 2).
It is evident from Table 2 that the relative efficacy of
extracts of ten herbal plants was in the order of T. nerifolia >
A. squamosa> T. vogelli> C. crista> P. glabra> D. repens>
T. terrestris> A. conyzoides> C. icosandra> U. nerium. The
extracts of T. nerifolia was most toxic to mango mealy bug
followed by A. squamosa, T. vogelli, C.crista and P. glabra. The
extract of U. nerium exhibited lowest toxicity which was
0.9839 times less compared to LC50 value of T. nerifolia
(0.3078).
Since, there is very little information on insecticidal
properties of plant extract (Srivastava, 1997) the present work

Herbal insecticidal approach to control mango mealy bug, Drosicha mangiferae (Hemiptera: Coccidae)

Table 2. Relative toxicity of different plant origin insecticides aganist audlt females of mango mealy bugs, D. mangiferae Green.
Plant material & bio-active
principals
Alcoholic extract of D. repens
(Fruit-alkaloids)
Petroleum ether extract of
Anona seed-oils
Alcoholic extract of U. nerium
(root & bark aklaloids)
Petroleum ether extract of
T. vogelii leaves & seedsrotenoids
Petorleum ether extract of
P. glabara leaves & seeds oils
Petroleum ether extract
T. terrestris leaves saponins
Petorleum ether extract of
C. icosandra seeds (fatty oil)
Petroleum ether extract of
A. conyzoides whole plant (fatty
oil)
Alcoholic extract of T. nerifolia
(fresh fruit-Thevetin glucosides)
Alcoholic & Petroleum ether
extract of C. grista seeds
(glucosides & fatty oil)

Heterogenetiy

Regression
equation

D.F
2

X2
2.14

y = 3.69 + 1.82x

2

1.48

2
2

LC50
values

Fiducial limits

Relative
toxicity

Oral
toxicity

0.52

L1
0.366

L2
0.74

1.88

6

y = 3.69 + 2.53x

0032

0.21

0.49

3.00

2

0.19

y = 2.65 + 2.36x

0.98

0.83

1.16

1.00

10

1.54

y = 3.82 + 2.20x

0.34

0.21

0.53

2.87

3

4.17

y = 3.70 + 1.91x

0.47

0.32

0.68

2.08

5

2

0.41

y = 3.09 + 1.82x

0.70

0.56

0.87

1.39

7

2

1.32

y = 2.78 + 1.28x

0.93

0.72

1.11

1.05

9

2

0.47

y = 2.91 + 2.30x

0.80

0.66

0.97

1.22

8

2

1.75

y = 3.57 + 2.92x

0.30

0.20

0.46

3.19

1

2

1.00

y = 3.89 + 1.92x

0.37

0.23

0.59

2.61

1

Where : X = Log (Conc. X 10) y = Probit kill LC50 = Conc. to give 50% kill D.F. = Degrees of freedom
1. In all cases x 2 was found non significant
2. The data were not found to be significantly heterogeneous at P = 0.05.

offers valuable information on mealy bug Drosicha mangiferae
Green management through herbal insecticides.
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Chrysopids are potential predators of several insect
pests, viz. aphids, lepidopterons (eggs and neonate larvae)
and other soft bodied insects (Hydorn and Whitecomb, 1979).
Chrysopid, Chrysoperla carnea (Stephens) is widely
recommended for augmentive biological control programmes
against pest of tobacco, sunflower, groundnut, mustard and
cotton crops (Rao and Chandra, 1984; Singh and Jalali, 1991).
The rapeseed and mustard are the important oilseed crops
and the major constraint in realizing potential yield is the
damage caused by mustard aphid Lipaphis erysimi. Due to
the current emphasis on the alternative system of pest
management farming, the studies were conducted on the
effect of starvation and prey density on the feeding potential
of predator C. carnea for evaluating its potential in the biosuppression of mustard aphid.

Table 1. Effect of starvation on feeding potential of
Chrysopera carnea larvae on mustard aphid
Treatments

Starvation
hours 4
Starvation
hours 8
Starvation
hours 12
Starvation
hours 24
Control
Mean

Mean * number of apids consumed
Mean
by different instars of C. carnea
Ist
2nd
3rd
Mean
13.25 (3.77) 67.75 (8.29) 91.25 (9.60) 57. 41 (7.22)
19.75 (4.55) 76.25 (8.78)
30.25 (5.58) 84.75 (9.25)
44.00 (6.70)

100.25
(10.06)
9.50 (3.23) 62.25 (7.95)
23.35 (4.77) 78.25 (8.87)

100.75
(10.09)
113.0
(10.68)
129.0
(11.40)
87.50 (9.41)
104.30
(10.23)

65.58 (7.80)
76.00 (8.50)
91.08 (9.39)
53.08 (6.86)
-

* Mean of four replications of ten larvae each
Figures in parentheses are square root transofrmed values
CD (p =0.05), Instar 0.08, Starvation 0.11, Instar x Starvation 0.19

Culture of C. carnea was maintainted on Corcyra
cephalonica (Staton) eggs as food. Newly emerged 1st, 2nd and
3rd instar larvae of C. carnea were transferred individually to
each homeopathic vials (2 dram) and plugged with surgical
cotton to starve them for different time intervals (4, 8, 12 and
24h) and thereafter transferred to individual petri dish with
the help of soft moist hair brush (0 number) containing 50
aphids along with a circular (30 mm diameter) cut mustard
leaves which were changed after every 24 h. The petri plates
were covered with lid tightened by a rubber band. The
observations were recorded daily at 11.00 am followed by
removal of surviving aphid and providing them fresh (50)
ones. The observation on a particular instar of predator were
continued till its moulting. The unstarved predator larvae
were kept as control. For evaluating the effect of prey density
on feeding potential of C. carnea the four levels of prey
densities i.e, 50, 100, 150 and 200 per day were used. The
number of predators, replications and the rest of procedure
was the same as in case of starvation studies except for
releasing the respective number (50, 100, 150, and 200) of
aphids in the respective treatment after 24 h.

The aphid consumption increased with increase in
starvation period and all the levels of larvae consumed
significantly higher number of aphids than unstarved larvae
(53.08). The highest consumption (91.08 aphids) was
recorded when larvae were starved for 24 h and it was
significantly higher than unstarved and all the levels of
starvation. The 3rd instar larvae consumed 104.30 aphids
which were significantly higher than 2 nd instar (78.25
aphids) which in turn was significantly higher than 1st
instar (23.35 aphids). Saminathen et al., (2003). and Kumar
et al., (2000) reported that the starvation affected the feeding
potential of C. carnea and the maximum consumption was
by the 3rd instar larvae. The present findings of the maximum
prey consumption by 3rd instar have also been supported
by Balasubramani and Swamiappan (1994). The maximum
aphid consumption (129.0) was recorded in case of 3rd instar
starved for 24 h and it was significantly better than all other
combinations.

The data presented in Table 1, reveal that the starvation
of the larvae affected the aphid consumption significantly.

The increase in prey density (Table 2) also showed a
remarkable impact on the feeding potential of the predator.
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Table 2. Effect of mustard aphid density on feeding
potential of Chrysoperla carnea larvae
Prey
density

50 Instar
100 Instar
150 Instar
200 Instar
Mean

Mean number of aphidds
consumed by different instars of
C. carnea
1st
2nd
3rd
9.50
62.25
87.50 (9.40)
(3.23)
(7.95)
11.00
64.25
94.00 (9.74)
(3.45)
(8.07)
13.25
65.50
97.25 (9.91)
(3.76)
(8.15)
16.25
71.00
105.75 (10.33)
(4.15)
(8.48)
12.50
65.75
96.12 (9.84)
(3.65)
(8.16)

Total

159.25
169.25
175.90
192.90
-

Mean

53.08
(6.86)
56.41
(7.09)
5866
(7.27)
64.33
(7.65)
-

* Mean of four replications of ten larvae each
Figures in parentheses are square root transformed values
CD (p = 0.05), Instar 0.09, Density 0.10, Instar x Density 0.18

The maximum aphid consumption (56.41 aphids) was
recorded at 200 level of prey density followed by 150 level
(58.66 aphids), 100 level (56.41) aphids) and 50 level prey
density (53.08 aphids) which were significantly different
among each other. Here also the 3rd instar larvae consumed
maximum (96.12 aphids) which was significantly higher
than 2nd instar (65.75 aphids) followed by 1st instart (12.05
aphids). Maximum aphid consumption (105.75) was
recorded in case of 3rd instar larvae at 200 level prey density
which was significant than all other combinations. Singh
and Kumar (2000) reported the same rate of consumption of
mustard aphid at 90 per level density by C. carcea. The total
number of aphids consumed during the total larval period
was maximum (192.90) at 200 prey level density followed by
150 (175.90 aphids), 100 (169.25 aphids) and 50 (159.25
aphids) level prey densities. Saminathan et al., (2003) and
Rana and Srivastava (1998) reported that the prey

Journal of Eco-friendly Agriculture 2(1) 2007.

consumption was high at the prey density of 200/day. it has
also been reported that temperature and relative humidity
have great impact on prey consumption rate by the predator
(Zaki, 1987). It was also observed that the predator starvation
for 24 h before release could be effective in increasing the
feeding potential of all the three instars under field conditions.
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Conservation of natural enemies is one of the basic
components of utmost importance in pest management
strategies for sustainable cultivation of mustard crop. In the
absence of native natural enemies, the faunistic balance gets
titled in favour of crop pest. Every agro practice responsible
for negative impact on crop pest enemies is required to be
assessed properly. Mustard is attacked by many insects at
different stages of plant growth (Bakhetia, 1987). Among
them, the Lipaphis erysimi (Kaltenhach) infest the crop
sometimes severely at flowering and pod formation stages
of crop causing heavy reduction in crop yield. Natural
enemies play an important role in limiting the population of
Lipaphis erysimi (Kalt.). Dates of sowing of the crop also have
significant influence on the aphid infestation (Karmakar
2003, Bhadauria et al 1992). Keeping in view the role of
sowing dates on conservation of natural enemies of pest, an
experiment was conducted to find out the native natural
enemies interaction with Lipaphis erysimi (Kalt.) in timely
and late sown crop.
The experiment was carried out to observe the natural
enemies population and their effect on the mustard aphid,
Lipaphis erysimi Kaltenbach in year 2002-2003 and 2003-2004
during rabi season at Rajendra Agricultural University Farm,
Pusa, Bihar. The crop (Brassica juncea L. variety Varuna (Rai)
was grown as per recommended agronomical practices in
two sets i.e. timely date-sowing and late-date sown on 15th
October in both the years and harvested in first week of
March and third week of March in both years of timely and
late-date sown crop respectively.
The numbers of Lipaphis erysimi Kalt. were counted
individually at random on the basis of per plant (Singh and
Malik, 1998). Aphid infestation was recorded following 0
to1 level of aphid index. There were five samples collected
from four corners and one from centre containing ten plants
each.
The number of coccinellid, Coccinella septempunctata and
Syrphid, Xanthogramma scutellare F. Paragua serratus F. larvae
was counted weekly on per plant basis. Similarly,
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parasitoids were recorded from five randomly collected
samples, each containing five infested plants. Plants base
was wrapped with water soaked cotton and kept in a
transparent plastic wrapped rearing cages (1.5 x 1.0M) for
15 days to count the mummified aphids as well as number
of emerged Diaeretiela rapae. The percentage of parasitization
was calculated on the basis of mummified aphids number
by total numbers of aphid collected at rearing for each plant.
Population dynamics of mustard aphid, Lipaphis erysimi
(Kaltenbach) and their interaction with the available natural
enemies viz. parasitoid Diaeretiella rapae, predators, Coccinelid,
Coccinella septempunctata, Syrphid, Xanthogramma scutellarae
(Fabricius), Paragus serratus (Fabricius) in timely and latesown crop of both the years are presented in Table 1 and 2.
It is evident from Table 1 that aphids began to appear
during fourth week of November with an average of number
0.12 per plant. The mustard aphid number ranged from 0.12
to 0.60 per plant during third week of November to second
week of January. In this period aphid number of showed
slight increase or decrease trend may be due to dispersal of
early alate form in initial establishment phase, unfavourable
abiotic factors particularly temperature (prevail beyond the
favourable range) and affect of natural enemies (predators).
After the different weeks on November, the mustard aphid
showed the continuous slow increase trend up to second
week of February with a peak number population peak
(11.36, 13.25 was noticed during first fortnight of February
arrange of 0.40 to 3.60 has been recorded during November
to February at Junagarh (Gujrat) (Gami et al. 2002). This
increasing trend may be due to the presence of favourable
biotic factors, prevalence of more apterous form
(reproductive).
During the period the range of maximum and minimum
temperature was 22.6 o C- 23.85 oC and 9.20 oC-9.8 o C
respectively. The corresponding figures for relative humidity
were 88.5% and 43.5-48% respectively Table-3. A correlation
between peak during January-February and the prevalent
temperature and humidity ranges has been recorded in
different parts of India and the world.

Influence of Sowing Dates of Mustard Crop on Population Dynamics of Natural Enemies of Lipaphis erysimi (Kaltenbach)

Table 1. Existing natural enemies population numbers and
their host in timely sown mustard crop, Brassica
juncea L.
Weeks

October

November

December

January

February

Av.
Parasitization
Nos.aphid percent of
Diaeretiella
plant-1
rapae)

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

0
0
0
0
0
0
0
0.12
0.21
0.42
0.40
0.35
0.29
0.60
3.95
8.79
11.36
13.25
7.15
0.34

Syrphid
larvae
plant-1
(infested
aphid)
S.scutellaris
Paragas
serratus (F)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.53
0.88
1.30
1.00
0

Table 2. Existing natural enemies population and their host
in late sown mustard, Brassica juncea L.
Weeks

Av. nos. 10-1
sweeps of
Coccinella
septempunctata

November

0
0
0
0
0
0
0
0
0.02
0.08
0.07
0.05
0.02
0.02
0.90
3.60
4.95
5.15
2.85
0

December

January

February

March

Av.
Nos.aphid
plant-1

Pre cent
parasitization
Diaeretiella
rapae

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2

0
0
0
0
0
0
0.26
0.77
1.36
3.87
6.95
9.15
14.15
27.36
39.15
68.50
23.15
11.26

Syrphid Av. nos. 10-1
larvae
sweeps
Coccinella
plant-1
(infested septempuncta
ta
aphid) S.
scutellaris
Paragas
serratus (F)
0
0
0
0
0
0
0
0
0
0
0
0
0
1.65
3.90
6.81
6.85
2.96

0
0
0
0
0
0
0
0
0
0.13
2.10
3.00
4.26
2.15
5.31
5.15
8.25
3.05

Average of two years population.

Average of two years population.

It is evident from table 2 that there was continuous
increase of aphid population since third week of December
to last week of February in the range of 0.26 to 68.50 plant-1.
This increasing trend was due to favourable temperature,
relative humidity along with availability of more choicious
host plant to the not alate form. The prevalence of temperature
ranges i.e. 20.20oC to 27.90oC (maximum temperature) 6.7oC
to 13.20oC (minimum temperature) along with 87 to 92 per
cent (morning) and 43.5 to 65.0 per cent (afternoon) relative
humidity appears to be conductive for the development of
aphid population. Our findings are accordance with the work
of many workers at different places (Zhao et al. 1990,
Srivastava et al. 1995, Panda et al. 2000).

3rd week of February (0.53-1), 1st week of January to 3rd week
of February (0.06-0.16) and 1st week of December to 3rd week
of February (0.02-2.85) respectively, in timely sown crop. The
corresponding population prevalence period and population
ranges in late sown crop’s were 2nd week of February to 2nd
week of March (1.65-29.6), 3rd week of January to 2nd week of
March (0.75-6.15) and 2nd week of January to 2nd week of
March (0.13 to 3.05) respectively. Our results in respect of
the occurrence of predators and parasitoids on the crop, their
population dynamics and its correlation with the prevalent
abiotic factors are in testimony with the work of Agarwala et
al.(1984), Kulkarni and Patel (2001), Srivastava and Omkar
(2003) Dogra et al. (2003).

Impact of prevalent temperature and relative humidity
was also evident on the population build up humidity was
also evident on the population build up of associated natural
enemies population (Table 1-2). Population of Diaeretiela rapae
and S. scutellaries, Paragas serratus and Coccinella
septempunctata were noticed during 4th week of January to

Our study convincingly demonstrates that the timely
sown crop have comparatively less faunistic diversity than
late date-sown crops. For sustainable cultivation could be
timely date-sown crops could be means for environment
protection.
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Table 3. Averaged measured abiotic factors of the year 20022003 and 2003-2004 of crop season.
Population
October

Max. Min. Max. Min. Min
RainTemp Temp RH
RH
RH
fall
1
31.10 24.65 89.0
73.0 205.00
2
34.60 25.00 90.0
59.5 81.00
3
32.75 23.05 589.0 54.5
4
31.95 22.50 89.5
55.0
November
1
30.65 21.25 88.5
54.0
2
30.35 19.10 89.5
48.0
3
29.45 16.70 91.5
47.5
4
28.50 16.05 92.5
57.0
December
1
26.80 12.20 90.0
39.5
2
23.90 11.05 93.0
58.0
3
21.80 10.70 92.0
65.0
4
21.95 10.55 90.5
56.5
5
24.30 10.10 90.0
49.0
January
1
20.20 8.85
90.5
56.5
4.0
2
20.70 6.70
91.0
50.0
3
22.60 9.95
91.0
57.0
4
22.20 9.65
87.0
49.5
February
1
22.60 9.20
88.5
48.0
2
23.85 9.85
88.5
43.5
3
26.15 11.75 90.0
48.0
4
27.19 13.20 88.0
45.0
March
1
27.55 12.3
91
37.5
6.5
2
29.85 13.4
82
34.5
3
15.85 15.85
75
31.5
-
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Foliar blights of wheat caused by Bipolaris sorokiniana
(Sacc.) Shoem. and Alternaria triticina (Pras. & Prab.) being
more common in warm and humid regions is known to cause
an considerable losses in grain yield (Joshi et al., 1986)
particularly in north-eastern and north western plains of
India. It has recently assumed major importance in north
west and eastern India (Nagarajan and Singh, 1998).
Cultivation of varietal mixtures, an effective tool due to
its genetic diversity appears to be a dependable option for
containing the development of disease epidemics as against
the genetic uniformity, a crucial factor in offering congenial
environment for disease epidemics caused by air born
pathogens. Certain composites have given as high as 8.5 per
cent more yield over the average of their pure components/
varieties (Pandey et al., 1978).
Keeping this in view the effect of varietal mixtures of
the same height groups was studied on the development of
leaf blight and yield of wheat.
The experiments were conducted during rabi seasons
(1997-98 to 1998-99) using a mixture of varieties of uniform
agronomic characters, viz height and maturity barring
susceptibility to leaf blights. In each group, seed of three
varieties were mixed together in equal proportions for
mixtures viz. mixture I (RR 21 + PBW 226 + HUW 234);
mixture II (HD 2329 + HW 542 + UP 2338) and mixture III
(PBw 154 + Sangam + UP 2338) to make twelve subtreatments
(Table-1), unprotected and protected plots were kept as main
treatments. The trials were conducted in split plot
arrangement utilizing a randomized block design with sub
plot size of 5 × 2 m2 with three replications. The protected
plots were given three sprays of Tilt 25 EC (Propiconazole)
at the rate of 1.0 l ha-1 at 20 days intervals to keep the plots
free from the blights. The sprays were started just after the
appearance of disease whereas unprotected plots were kept
for natural infection of leaf blight. The crop was raised as
per recommended agronomic practices. Disease rating was
done at 10 days interval from date of disease appearance in
traces till maturity of the crop. Disease intensity of leaf blight
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was recorded by using 0-9 scale, (Saari and Prescott 1975).
This scale was used in a single digit system.
Per cent disease decrease over the mean of components
Disease decrease in mixture (%)
=

Mean disease of components - disease of mixture
 100
Mean disease of components

Determination of per cent yield increase and per cent yield
loss
(i)

Per cent yield increase =

M-C
 100
C

where,
M = yield of variety mixture (mixture of resistant and
susceptible variety)
C = average yield of resistant and susceptible
components
(ii)

Per cent yield loss =

Yield of protected plot - Yield of unprotected plot
 100
Yield of protected plot
Disease intensity was reduced in the mixtures in
comparison to the susceptible variety alone (Table 1).
Amongst varietal mixtures, leaf blight development was
minimum in HD 2329 + WH 542 + UP 2338 mixture which
caused lowest disease intensity (3.34) than other mixtures.
Mixture of PBW 154 + Sangam + UP 2338 and RR 21 + PBW
226 + HUW 234 resulted in 4.42 and 5.00, disease intensity
respectively. The susceptible varieties PBW 154, HUW 234,
RR 21 and HD 2329, had higher disease intensities of 7.34,
7.16, 6.50 and 6.34, respectively. Lower disease intensity
values were observed in UP 2338 (4.34), Sangam (3.92) and
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Table 1. Effect of variety mixtures on leaf blight (unprotected conditions) and grain yield under unprotected and protected
conditions during 1997-98 and 1998-99 crop seasons (average)
Treatments
RR 21 alone

Leaf blight
Yield (q/ha)
Disease % decrease Unprotected Protected
intensity over mean of
components
6.50
–
45.80
53.80

PBW 226 alone

5.33

–

42.90

58.20

HUW 234 alone
RR 21 + PBW 226 + HUW 234 (33.3% each)

7.16

–

33.00

53.15

5.00

21.01

40.42

58.34

HD 2329 alone

6.34

–

41.42

54.21

WH 542 alone

3.42

–

46.04

UP 2338 alone

4.34

–

47.75

HD 2329 + WH 542 + UP 2338 (33.3% each)

3.34

28.94

PBW 154 alone

7.34

–

CPAN 3004 (Sangam) alone

3.92

UP 2338 alone
PBW 154+CPAN 3004 + UP 2338 (33.3% each)
Mean

5.14

14.87
26.28

0.00

–

37.91

22.48

-0.35

30.72

0.00

–

23.59

51.83

11.15

–

11.17

53.42

15.28

–

10.61

50.33

56.92

21.51

11.67

11.57

36.04

49.62

0.00

–

27.37

–

44.54

52.16

23.58

–

14.61

4.67

–

47.67

53.04

32.26

–

10.12

4.42

16.76

46.50

54.50

29.02

8.77

14.68

43.53

54.09

WH 542 (3.42). There was 28.94 per cent reduction of leaf
blight in mixture of HD 2329 + WH 542 + UP 2338 over
mean of its components. However, other two mixtures i.e.
mixture of RR 21 + PBW 226 + HUW 234 and mixture of
PBW 154 + Sangam + UP 2338 resulted in leaf blight decrease
by 21.01 and 16.76 per cent respectively. Mixtures comprising
of resistant and susceptible cultivars exhibited larger
reductions of Septoria blotch (Mundt et al., 1995). Sharma
and Dubin (1996) while studying the effect of wheat cultivar
mixtures on Spot blotch (Bipolaris sorokiniana) using RR 21,
UP 262 and Nepal 251, noticed that mixtures of wheat
cultivars with different levels of resistance to Spot blotch
offer an alternative strategy for managing Spot blotch and
Leaf blight at the farm level.
Mean yield of unprotected plots (43.53 q ha-1) was also
significantly lower than the corresponding mean yield of
the protected plots (54.09 q ha-1). The mixture of HD 2329 +
WH 542 + UP 2338 and PBW 154 + Sangam + UP 2338
yielded 50.33 and 46.50 q ha-1, respectively as compared to
pure varieties viz., RR 21 (45.8 q ha-1), WH 542 (46.04 q ha-1)
and Sangam (44.54 q ha-1). The results revealed that the
mixture of PBW 154 + Sangam + UP 2338 gave 29.02 per
cent, more yield than pure susceptible variety (PBW 154),
whereas, mixture of HD 2329 + WH 542 + UP 2338 could
give 21.51 per cent higher yield than pure HD 2329, under

30.00

% yield loss
with out
protection

–

CD (p= 0.05)
0.75
CD1 (for comparing overall mean of main plots)
CD2 (for comparing sub plots means with in main plot
CD3 (for comparing of corresponding sub plots)
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Grain yield (unprotected)
% yield increase over
Susceptible
Mean of
check
components
38.78
–

4.65
5.80
6.10

unprotected conditions. In the same condition, above two
mixtures produced 8.77 and 11.67 per cent more yield,
respectively as compared to the average yield of their
components. Only the mixture of RR 21 + PBW 226 + HUW
234 produced -0.35 per cent more yield as compared to the
average yield of their components.
Results demonstrate that life of susceptible varieties
may be extended by growing them in mixtures with resistant
varieties. Variety mixtures (3 components) with 33 per cent
susceptible plants functioned as good as resistant varieties.
By cultivation of such mixtures the same yield can be achieved
without chemical measures against the foliar blights.
Marshall and Brown (1973) also concluded that variety
mixture could give higher yield than the stable pure lines
due to intrapopulation diversity of lines and their different
yield response in varying environments. The use of wheat
variety mixtures has been reported to increase yield in
comparison to the pure lines and average yield of their
components (Tewari and Singh, 1988; Gacek et al., 1997).
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Indian mustard (Brassica juncea (L.) Czern & Coss), an
important rabi oilseed crop is widely grown in northern belt
of India. Among various factors responsible for low
productivity level of the crop, Alternaria leaf spot/blight
caused by Alternaria brassicae (Berk.) Sacc. is the major
constraint in its production. (Kolte et al., 1987). Alternaria
leaf spot/blight appears in endemic form and causes more
than 17-18% yield loss (Saharan 1992). Due to peculiar nature
of the pathogen and lack of source of resistance, use of
fungicides has been advocated (Kumar and Sharma, 2006).
However, application of fungicides is of greater concern due
to the environmental consideration. This has resulted in
adoption of ecofriendly management practices. The toxic
substances obtained from various plant species have, of late
shown great promise against a number of fungal diseases.
(Patni and Kolte, 2006). Keeping this in view, an attempt
was made to evaluate some locally available botanicals to
manage Alternaria leaf spot/blight of mustard.
Test fungus, A. brassicae was isolated from the diseased
leaves of mustard and pure culture of the test fungus was
maintained through single spore culture. Potato dextrose
agar (PDA) was used as culture medium throughout the
study. Leaves (100 gm) of Azadirachta indica, Nerium indicum,
Eucalyptus sp., Calotropis procera, Ricinus communis, Bauhinia
varigata, Datura stramonium and Mentha arvensis were washed
thoroughly in distilled water and then crushed in pestle and
mortar by adding 100 ml of sterilized distilled water. The
crude material was then filtered through double layered
muslin cloth and filtrate was filtered through Whatman filter
paper no. 1. The plant extracts so prepared were heated at
400 C for 5 min. to avoid contamination (Jagnathan and
Narsimhan, 1988). Poisoned food technique (Dubey and
Patel, 2001) was used for evaluation of efficacy of plant
extracts in vitro. To examine their inhibitory effect on the
mycelial growth, the requisite quantities of plant extracts
were incorporated in sterile non solidified potato dextrose
agar medium and shaken well to make it homogeneous. The
medium was then poured into 100 mm sterile petriplates
@20 ml petriplate-1 and allowed to solidify. Controls were
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maintained on PDA without plant extracts. Mycelial disc 5
mm of seven days old culture of pathogenic fungi was
inoculated in the centre of petriplates. The observations on
fungal growth were taken after every 24 hours. Five replicates
for each treatment were maintained.
To prepare ethanolic extracts fresh leaves of these plants
were washed with 70% ethanol followed by repeated
washing with fresh water and sterilized water in order to
remove the traces of ethanol. Leaves were pulverized well in
ethanol and strained through two layers of sterilized cheese
cloth and finally the filtrate was centrifuged at 5000 rpm for
5 min (Jaspal and Tripathi, 1993). The resultant plant extract
was designated as standard slock solution. Efficacy of leaves
was also tested under in vivo condition. Surface sterilized
seeds of B. juncea var. Alankar were sown in plastic pots
containing sterilized soil. Five plants pot-1 with five replicates
were maintained. Conidial suspension (1.5 x 105 ml-1) was
prepared from 15 days old culture of A. brassicae in sterilized
distilled water. Spore suspension was passed through four
layers of cheese cloth, to remove mycelial fragments and
centrifuged at 3000 rpm for 5 min. Leaves of thirty days old
plants were sprayed with conidial suspension using
automizer and kept for 48 hour. The plants were kept in the
moist chamber having 80-85% RH and 23 ± 20C temperature.
The pots were marked and kept inside the moist chamber for
symptom development. Spraying of different concentrations
of ethanolic extracts was done after 48 hour of inoculation.
Five percent (5%) concentration of ethanolic extract diluted
by 5 ml of extract in 100 ml of distilled water was sprayed
after first appearance of the disease and repeated at 15 days
of interval. Observations were recorded on disease severity
at regular interval.
Least significance difference (LSD) was calculated for
each parameter at P<0.05 to findout significant effects of
different treatments in lab as well as in pot conditions
(Dospekhov, 1984).
The aqueous and ethanolic extract of all botanicals
significantly (P < 0.05) decreased the radial growth of the
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pathogenic fungus (Table 1, 2). The inhibition of fungal
growth was apparently due to the presence of antimicrobial
principles in plant extracts which lead to inactivation of the
pathogen (Taylor, 1984). Aqueous and ethanolic extract of
Azadirachta indica showed the highest average radial growth
inhibition of pathogenic fungus followed by Calotropis procera.
These results are in accordance with Ghewande (1989).
Ethanolic extract of A. indica and C. procera were more effective
than aqueous extracts as it decreased the average radial
growth of A. brassicae by 60% and 55.2% as compared to 51.6
and 51%, respectively. A similar trend was observed by Elmi
(1986). Aqueous extract of Ricinus communis was found highly
effective (63%) as compared to other botanicals after 48 hours
of inoculation (Table 1) but after 48 h sharp decline in the
antimicrobial activity of aqueous and ethanolic extracts of
R. communis was recorded whereas ethanolic extract of
A. indica decreased the radial growth of pathogenic fungus
(75%) after 48 hours of inoculation (Table 2). Aqueous and
ethanolic extract of Eucalyptus sp. appeared to be third most
effective plant extract against A. brassicae and inhibited 35.6
and 51.4% radial growth. Inhibition of the pathogenic fungus
exhibited a decreasing trend and after 144 hours, which was
43 and 38% respectively. Studies conducted by Gomathi et
al. (2000) have also demonstrated the primacy of time factor
vis-a-vis toxic potential. Ethanolic extract of Eucalyptus sp.
showed a slight decrease in its inhibitory potential and it
remained effective even after 144 hour as compared to
aqueous extract. Results from Table 1 and 2 show that
ethanolic extracts of different plants are more effective as
compared to aqueous extracts. Singh et al., (1999), also that
noticed spore germination of F. udum was less in methanolic
extracts as compared to aqueous extract of Cyperus rotundus.
Our study offer strong evidence that persistency of some
antimicrobial fraction could be ameliorated through ethanol.

Table 2. Effect of different ethanolic plant extracts on the
radial growth (cm) of Alternaria brassicae.
Treatments
Control
Azadirachta indica
Nerium indicum
Eucalyptus sp.
Mentha arvensis
Calotropis procera
Ricinus communis
Bauhinia varigata
Datura
stramonium
L. S. D (P < 0.05)

48

Duration (h)
72
96
120

144

2.0
0.5*
0.9*
0.7*
0.7*
0.6*
0.6*
0.7*
0.8*

3.6
1.2*
2.1*
1.6*
2.0*
1.2*
1.4*
1.6*
1.9*

5.9
2.3*
4.2*
2.6*
3.6*
2.5*
2.7*
3.9*
3.0*

7.7
3.4*
6.1*
4.1*
5.7*
4.2*
4.8*
6.1*
5.0*

8.1
4.6*
7.1*
5.1*
6.9*
5.0*
6.2*
6.5*
6.8*

0.2

0.2

0.2

0.3

0.3

Average
inhibition (%)
60.0
31.2
51.4
37.2
55.2
49.0
38.4
41.4

Each value is mean of five replicates. * Significant over control
P<0.05.

Under glass house conditions, A. indica significantly
decreased the number of spots (73%) followed by C. procera
(61%). All the treatments significantly decreased the disease
severity, highest being with A. indica (58%) (Fig 1). Similar
effects of neem have been reported by (Sinha and Sinha, 2000).
Extracts of Nerium indicum appeared to be least effective as
only 18% reduction was noted in disease severity (Fig 1).

45

Control
Eucaplyptus sp.
Ricinus communis

Azadirachta indica
Mentha arvensis
Bauhinia varigata

Disease severity (%)

Size of spots (mm)

Nerium indicum
Calotropis procera
Datura stramonium

40
35
30
25
20
15
10

Table 1. Effect of different aqueous plant extracts on the
radial growth (cm) of Alternaria brassicae.
Treatments
Control
Azadirachta indica
Nerium indicum
Eucalyptus sp.
Mentha arvensis
Calotropis procera
Ricinus communis
Bauhinia varigata
Datura stramonium
L. S. D (P < 0.05)

48
2.2
0.9*
1.1*
1.2*
1.0*
0.8*
0.8*
1.0*
1.1*
0.2

Duration (h)
72
96

120

144

3.8
1.6*
2.2*
2.2*
1.9*
1.7*
2.0*
2.2*
2.0*
0.2

7.6
3.7*
7.1*
5.3*
6.0*
4.1*
5.4*
6.4*
6.0*
1.5

8.5
5.2*
8.4*
6.7*
8.0*
5.4*
6.5*
7.5*
7.2*
1.3

6.0
2.8*
4.7*
3.6*
4.1*
2.7*
3.4*
4.7*
4.0*
0.6

Average
inhibition (%)
51.6
24.1
35.6
32.4
51.0
40.8
28.6
33.2

Each value is mean of five replicates. * Significant over control
P<0.05.
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5
0
Alternaria spot/leaf

Fig 1. Efficacy of certain ethanolic extracts (botanicals) against
leaf spot/blight of mustard under pot conditions.
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Nitrogen is the most important element for growth and
development of rice. Availabilty of fertilizer nitrogen being
an ever-shrinking non renewable fossil fuel based energy
source is progressively declining and the cost becoming
increasingly prohibitive. Integrated nitrogen management
harmoniously integrates all the major source of N supply to
the extent possible so as to get the maximum economic yield
without any deleterious effect on physiocochemical and
biological properties of the soil.
Thus keeping in view the possibility of combining the
nitrogen fertilizer with the renewable sources like green leaf
manuring on low land rice and to develop nitrogen
management package of sustainable nature, a study was
conducted to worked out economics of the package.
A field experiment was conducted during Kharif 1999
at S.V. Agricultural farm, Tirupathi. The soil of the
experimental site is sandy clay loam with pH 7.7, very low
in organic carbon (0.19%) and available nitrogen (125 kg
ha -1), medium available phosphorus (38 kg ha -1) and
available potassium (148 kg ha-1). The experiment laid out
in split plot design replicated thrice with four sources of
nitrogen supply (M1-fertilizer nitrogen, M2-Fertilizer nitrogen
+ BGA (Blue Green Algae) M3-Fertilizer nitrogen + neem leaf
manuring, M4 - fertilizer manuring + BGA + neem leaf
manuring) were imposed in main plots and five levels of
fertilizer nitrogen (0, 25, 50, 75 and 100 kg ha-1) were assigned
to sub plots. BGA was applied @ 10 kg inoculum ha-1 on 7th
day after transplanting. Neem leaves were incoporated @
10t fresh leaf hectare-1 ten days before planting. Gross returns
and net returns ha-1 were computed considering the existing
market price of inputs and output. Benefit cost ratio was
worked out for different treatments by dividing the gross
returns by corresponding of cultivation.
Different sources and levels of nitrogen as well as their
interaction was found to significantly influence the grain
yield gross returns, net returns, and benefit cost ratio of rice
(Table-1). Among the sources of N combination of fertilizer
nitrogen, blue green algae (BGA) and neem leaf manuring
resulted in the highest grain yield, gross returns, net returns
©2007

Table 1. Grain yield and economic as influenced by
integrated nitrogen management practices in rice.
Treatment

Sources of Nitrogen
Fertiliser Nitrogen (FN)
FN + BGA (10 kg ha-1)
FN + Neem leaf manuring
(10 t/ha)
FN + BGA + NLM
SE m ±
CD at 9%
Levels of Nitrogen (kg
ha-1)
0
25
50
75
100
SE m ±
CD at 5%
Interaction (Sources X
Levels)
CD at 5%

Grain
Gross
Net
Benefit
yield (kg returns Returns Cost Ratio
-1
-1
-1
ha )
(Rs ha ) (Rs ha )
(BCR)
3635
4128
4851

20498
23288
27217

11668
14406
17894

2.32
2.61
2.91

5006
39.0
170.0

28065
257.0
632.0

18693
300.0
740.0

2.99
0.03
0.07

3287
4027
4567
4930
5214
74.0
214.0

18563
22630
25758
27677
29307
137.0
396.0

9875
13734
16556
18369
19791
238.0
680

2.12
2.55
2.81
2.96
3.08
0.01
0.04

214.0

791.0

1377.0

0.09

and benefit cost ratio of rice, followed by the combination of
fertilizer nitrogen + BGA as compared to fertiliser nitrogen
alone. Added levels of nitrogen supply also progressively
enhance the grain yield, gross, net returns and benefit cost
ratio up to the highest level of nitrogen (100 kg ha -1)
irrespective of the source of supply.
The interaction between sources and levels of N
revealed that conjunctive use of BGA, neem leaf manuring
along with 100 kg fertilizer nitrogen resulted in highest grain
yield (5598 kg ha-1) gross returns (Rs 31483 ha-1) as well as
net returns (Rs 21696 ha-1) closely followed by neem leaf
manuring along with 100 kg fertilizer nitrogen ha-1. The
increase in yields with application of relatively cheaper
sources of nitrogen and in turn inflated the net returns were
also reported by Reddy, (1998). The Benefit Cost was higher
(3.2) with application of 100 kg fertilizer nitrogen coupled
with neem leaf manuring either in presence or absence of
BGA. Higher levels of grain yields associated with above

A. Upendra Rao and K.M. Dakshina Murthy

Table 2. Grain yield and economics as influenced by
integrated nitrogen management practices in rice.
Treatment

Fertiliser Nitrogen (FN)
N0
N25
N50
N75
N100
FN + BGA/ (10 kg/ha)
N0
N25
N50
N75
N100
FN + Neem leaf
manuring (10 t/ ha)
N0
N25
N75
N75
N100
FN + BGA + NLM
N0
N25
N50
N75
N100
CD (P = 0.05
Sources of N
Levels of N
Sources of N* Levels of
N

94

1876
3085
3913
4519
4783

10783
17420
22013
25347
26929

2369
8795
13182
16309
17684

1.28
2.10
2.49
2.80
2.91

mentioned treatments resulted in enhanced returns. The
results are in accordance with Kumar (1996). The grain yield
as well as economic return was least with zero nitrogen
fertlization. Application of BGA coupled with 25 kg N ha-1
resulted in on par BCR to that of 50 kg fertilizer nitrogen ha.
Similar results were reported by Sharma and Mishra (1986)
and Singh and Shrivastava (1990). Neem leaf manuring
alone yielded economic returns equal to that of application
of fertilizer nitrogen @ 50 kg ha-1 or BGA coupled with 25 kg
N ha-1.

2978
3825
4351
4594
4892

16917
21591
24483
25952
27496

8449
12916
15602
16864
18201

2.00
2.49
2.76
2.85
2.96

The study indicates that the integrated nitrogen
management package for low land rice crop involving 100
kg N per ha coupled with neem leaf manuring and BGA are
better to reap higher returns as well benefit cost ratio.

3896
4534
4864
5279
5583

21971
25396
27832
29566
31322

139061
16279
18509
20036
21585

2.47
2.78
2.98
3.10
3.22

43398
4664
5042
5328
5598

24580
26113
28306
29843
31483

15620
16946
18933
20269
21696

2.74
2.86
3.02
3.11`
3.22

170
214
328

632
396
791

740
689
1377

0.07
0.04
0.09

Grain
yield
(kg ha-1)

Gross
Net
Benefit
returns
Returns Cost Ratio
(BCR)
(Rs ha-1) (Rs ha-1)
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Decreasing availability and increasing prices of pulses,
have made it necessary to search for a cheaper substitute of
pulses without sacrificing nutrition. This substitute can be
incorporated in Indian dietaries through traditional foods,
without impairing its acceptability. Modern scientific
research is proving that defatted soy flour and drumsticks
leaves are one of the richest sources of such nutrients. Soy
bean is hailed as the “miracle of golden bean” of the twentieth
century. It has the highest protein content among the plant
products. Soy protein provides many health benefits to
humans. Soybean can be better utilised in defatted flour form
(Fisher, 1998).
Drumstick leaves contain high levels of ascorbic acid
(229.9 mg 100g -1), b- carotene (5080 µg 100g -1) and low
levels of oxalic acid (92.5 mg 100g -1) as compared to spinach

(www.treesforlife.org). Therefore, the present study was
conducted to explore the possibility of using defatted soy
flour and drumstick leaves in traditional snacks to obtain
nutrient dense products.
Three types of blends were prepared for mathri and sev
separately. Proportions of refined wheat flour/ defatted soy
flour / drumstick leaf powder used in preparation of mathri
samples were 100: 00: 00; 85: 15: 00; 85: 15: 7.5. For sev,
proportions of Bengal gram flour/ defatted soy flour /
drumstick leaf powder were 100: 00: 00; 80: 20: 00; 80: 20: 5.0.
The mathri and sev samples were dried in hot air oven at 60º
C for 48 hours, ground to powder form in a moisture free
environment and stored in airtight plastic containers for
chemical analysis. Proximate analysis of mathri and sev
samples in term of moisture, crude fat, crude protein, total

Table 1. Chemical composition of defatted soy flour (DSF) and drumstick leaf powder incorporated mathri and sev expressed
on dry weight basis
Product blends
Refined
DSF
Carbohydrate
Energy wheat
flour/ Bengal
gram
Mathri

Drumstick Moisture
leaf powder
(%)

Ash
(%)

Crude
(%)

Crude
protein
(%)

Crude
fiber
(%)

Carbohydrate
(Kcal
100g -1)
(%)

100

0

0

11.3±0.3

1.7±0.3

11.0±0.2

0.30±0.1

30.9±0.4

54.5

450.7

85

15

0

85

15

7.5

12.2±0.4
(+7.7%)
13.2±0.6
(+16.9%)

2.6±0.1
(+54.8%)
3.1±0.4
(+84.5%)

17.8±0.8
(+61.5%)
18.3±0.0
(+64.7%)

0.4±0.1
(+30.0%)
0.5±0.1
(+66.7%)

31.6±1.2
(+2.2%)
31.9±0.3
(+3.4%)

45.5
(-16.5%)
43.1
(-20.9%)

447.5
(-0.7%)
442.9
(-1.7%)

100

0

0

10.8±1.9

3.0±0.1

17.7±0.2

1.2±1.7

33.2±0.9

50.2

455.9

80

20

0

80

20

5.0

10.4±0.5
(+4.1%)
10.4±0.0
(+34.2%)

3.7±0.1
(+22.8%)
4.0±0.0
(+34.2%)

26.2±0.3
(+44.8%)
26.5±0.44
(+49.8%)

1.2±0.1
(+0.8%)
1.3±0.1
(+1.6%)

35.2±0.9
(+5.6%)
35.6±0.3
(+7.4%)

33.4
(-33.4%)
32.2
(-35.9%)

469.6
(+2.9%)
465.6
(+2.1%)

Sev

Mean ± S.D ( n=3) Data in parenthesis indicate % increase or % decrease
©2007
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Table 2. In-vitro protein digestibility, b-carotene and mineral composition of DSF and drumstick leaf powder incorporated
mathri and sev expressed on dry weight
Products
blends
Refined Iron
wheat (mg
100g-1) Bengal
gram flour
Mathri
100
2.7±0.4
85
11.5±0.1
(+327.4%)
85
11.6±0.2
Sev
100
8.5±0.1
80
16.0±0.1
(+87.6%)
80

DSF

Drumstrick leaf
powder

In-vitro protein
digestibility (%)

b-carotene
(mg100g-1)

Calcium (mg
100g-1)

Phosphorus (mg
100 g-1)

0

0

39.2±0.8

8.3±0.4

23.0±0.6

121.0± 0.3

15

0

42.9± 0.9
(+9.5%)

70.3±1.3
(+747.0%)

72.1±0.7
(+213.0%)

234.0±1.6
(+93.4%)

15

7.5

44.2± 0.4
(+12.7)

178.0±1.0
(+2044.6%)

109± 0.8
(+375.6%)

(+96.6%)
(+329.6%)

0

0

51.1 ± 0.9

43.0±0.8

65.0±0.6

33.0±0.6

20

0

62.6±0.7
(+21.8%)

105.0±.03
(+144.1%)

105.0±0.8
(+61.5%)

393.6±0.6
(+20.3%)

20

5.0

63.4±0.5
(24.0%)

156.6±1.4
(94.2%)

126.2±0.3
(+20.4%)

397.3±2.5
(+94.0%)

16.5±0.1
Mean ± S.D ( n=3) Data in parentheses indicate % increase or % decrease

ash, and crude fiber was determined using AOAC (1975)
method and carbohydrate was estimated “by difference”.
Physiological energy value. Iron and calcium were
determined using AOAC (1975), In-vitro protein digestibility
was estimated by Akeson and Stahmann (1964) and bcarotene was estimated by Ranganna (1986). Estimations
were made in triplicate.

respectively. Protein digestibility improved from 39.2 % in
control to 42.9 % while b-carotene increased from 8.3 µg 100
g –1 to 70.3 µg 100 g –1. In 20 % defatted soy flour substituted
sev, calcium, phosphorus and iron increased by 61.5 , 20.3
and 87.6 % as compared to control. Protein digestibility
improved from 51.1 to 63.6 % while b-carotene increased
from 43.0 µg100 g –1 to 105.0 µg100 g –1 (Table 2).

Mathri prepared from refined wheat flour / defatted
soy flour / drumstick leaf powder (85: 15: 7.5) showed an
increase in protein 64.7 %, ash 84.5 %, fat 3.4 %, fibre 66.7 %
and decrease in carbohydrate by 21.0 % as compared to
control (without defatted soy flour and drumstick leaf
powder). Sev prepared from Bengal gram flour / defatted
soy flour / drumstick leaf powder (80: 20: 5.0) showed an
increase in protein 44.8 %, ash 34.2 %, fat 7.4 % and decrease
in carbohydrate by 35.9 % as compared to control (Table 1).

Singh et al. (2000) reported that protein, ash, fat, crude
fibre and carbohydrate contents were 10.5 , 1.3 , 17.7 , 0.5
and 70.3 %, respectively, when biscuits were made by
incorporating 20 % defatted soy flour. However, calcium,
phosphorus and iron was 41.5 mg100g–1, 181.8 mg100g–1,
14.5 mg100g–1, respectively. Therefore, it may be concluded
that incorporation of defatted soy flour and drumstick leaf
powder would yield macronutrient and micronutrient rich
traditional foods. These products could be used in the
supplementary feeding programme to reduce the incidence
of malnutrition and micronutrient deficiency diseases in the
population.

In 15 % defatted soy flour substituted mathri, calcium,
phosphorus and iron increased by 213.0 , 93.4 and 327.4 %,
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Brinjal, a most common and popular vegetable due to
its nutritive and medicinal value in rural and urban
communities, is available throughout the year. However,
optimum yields generally are not possible without N, P, K
fertilizers and secondary nutrients (Selvaraj et al.,2002).
Micronutrients also play a vital role in enhancing crop
productivity (Ranganathan and Perumal, 1995). In addition
to yield increase, application of micronutrient especially zinc
and boron also improve the quality of crop due to increased
protein and carbohydrate content. Majority of growers follow
recommended doses of NPK fertilizers to achieve higher
yields but they may be ignorant that one or more
micronutrients like boron (B), copper (Cu), iron (Fe),
manganese (Mn), molybdenum (Mo), zinc (Zn) and chlorine
(Cl) that may limit their yield. There is however, limited
work on their efficacy. Hence, this study was undertaken to
work out the effect of micronutrients on growth and yield of
brinjal.
The experiment was laid out in randomized block
design with nine treatments and three replications. The
brinjal variety Vaishali was transplanted on October 3, 2002
with gross and net plot size was 4.2 m and 3.6 m and 3.0 m
x 2.4 m, respectively. The row to row and plant to plant
spacings were 60 cm x 60 cm. Recommended dose of
fertilizers 100:50:50 NPK kg ha-1 was applied.
The commercial product “Win-chi-win” was used for

different treatments. The composition of the product was
citric acid and amino acids (30.0 %), zinc (Zn) as sulphate
(0.3 %), boron (B) as borate (1.0 %), nitrogen (N) as urea (1.10
%), phosphorus (P) as water soluble (7.2 %), potassium (K)
as phosphate (2.3 %), dissolving agent (add water to make
100 %) (30.0 %), maximum biuret (0.05 %) and pH value (2.53.0 ). The product “Win-chi-win” was sprayed during the
crop growth period (table 1).
The crop was sprayed at vegetative and reproductive
stage. Two sprays at vegetative and two at reproductive stage
resulted in maximum height at 15, 45, 60, 75, 90 and 105
days after transplanting. However, it was found at par with
two sprays at vegetative and one at reproductive and two
sprays at vegetative stage treatments. Different treatments
except one spray at reproductive stage and two sprays at
reproductive stage significantly increased the weight of fruit
over control. The weight of fruit was maximum with two
sprays at vegetative and two at reproductive stage and was
significantly superior to the rest of the treatments. The next
better treatment in this regard was two sprays at vegetative
stage and one at reproductive stage which was at par with
one at vegetative and one at reproductive stage, one at
vegetative and two at reproductive stage. Similarly, crop
sprayed twice each at vegetative and reproductive stage
yielded maximum fruits followed by the treatment two sprays
at vegetative and one at reproductive stage. The plant height
was increased due to application of four sprays of the

Table 1. Effect of micronutrients on height of plant,weight of the fruit , yield per plot and per hectare .
Spray schedule
No spray i.e. control
One spray at vegetative stage
Two sprays at vegetative stage
One spray at reproductive stage
Two sprays at reproductive stage
One spray at vegetative and one at reproductive stage
Two sprays at vegetative and two at reproductive stage
One spray at vegetative and two at reproductive stage
Two spray at vegetative and one at reproductive stage
CD at 5%
©2007

Plant height (cm) at Weight of fruit
105 DAT
(g)
55.1
16.3
57.9
17.7
60.2
17.9
55.2
16.4
56.0
16.6
58.1
17.7
61.4
18.4
58.5
17.9
60.8
18.0
2.05
0.29

Yield (kg)
plot-1
15.9
17.6
17.8
16.2
16.6
17.7
20.9
18.1
19.0
0.39

Yield (q)
ha-1
222.0
244.0
247.0
225.0
231.0
246.0
290.0
251.0
264.0
5.42

Effect of micronutrients on growth and yield of brinjal

product “Win-chi-win” two each at vegetative and
reproductive stages. Two sprays at vegetative and two at
reproductive stage were highly beneficial. The next better
treatment was two sprays at vegetative stage and one spray
at reproductive stage. Through these applications, brinjal
plants received the supplementary foliar nutrition, which
might have helped as the biostimulant for the enhancement
of vegetative growth. Our results obtained are in agreement
with Bhale and Malode (1978) in cabbage, Hooda and Pandita
(1982) in potato and Dhakshinamorthy and Krishnamurthy
(1989).
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Okra (Abelmoschus esculentus (L.) Moench, is one of the
most important annual warm season fruit and vegetable
crops grown for tender and succulent fruits throughout
tropics and subtropics. Okra has a prominent position
among vegetables due to its wide adaptability, year round
cultivation, export potential and high nutritive as well as
medicinal value. In this context use of plant growth
regulators and bioenzymes, which does not have any residual
effect appears to be the most important new tool to increase
the yield and quality of vegetables. The synthetic growth
regulating chemicals and bioenzymes, when applied to
plants can cause modifications in growth and development
in a desired direction. Hence, the present investigation was
conducted with the objective to study the effect of various
concentration of Gibberellic Acid, Napthylene Aacetic Acid,
Gycocel, biozyme, vipul, agro-seastim and urea on growth,
flowering and yield of okra (Abelmoschus esculentus (L.)
Moench).
The experiment was laid out in Randomized Block
design with three replications. There were fourteen (14)
treatments viz., GA 1000 ppm, GA 2000 ppm, NAA 100
ppm,NAA 200 ppm, CCC 100 pm, CCC 200 ppm, Biozyme 1
ml lit-1, Biozyme 2 ml lit-1, Vipul 0.5 ml lit-1, Vipul 1 ml lit-1,
Agro-seastim 1 ml lit-1, Agro-seastim 2 ml lit-1, Urea 1 % and
Control. The okra variety Parbhani Kranti was sown on
22nd July, 2001 which gross and net plot size was 2.4 m x 2.4
m and 2.1 m x 2.1 m, respectively. The row to row and plant
to plant spacings were 30 cm x 30 cm.
To obtain 1 ml/lit, 1 ml of biozyme was pipette out
into volumetric flask and the final volume was made to one
litre by using distilled water. Similarly, different
concentrations of biozyme,( Vipul and Agroeastim were
prepared. Biozyme was sprayed at 1 ml lit-1 and 2 ml lit-1.
All the plant growth regulators, bioenzymes, urea and
distilled water were sprayed on the entire plant. The first
and second spraying were carried out at 20 days after sowing
(at active vegetative stage) and 40 days after sowing (flower
initiation stage)
©2007

Vipul (triacentanol): Vipul is a naturally occurring long
chained alcohol named tricontanol [CH3 (CH2)28 (H2OH)],
which was isolated from alfalfa.
It is plant growth promoter and manufactured by Bihar
Agro-Chemical and Feeds Pvt. Ltd., Maharashtra and
Marketed by Godrej Agrovet Ltd., Surat, Gujarat. Vipul was
sprayed at. 0.5 ml lit-1 and 1 ml lit-1.
Agro-seastim : Agro-seastim contains folic acid 0.1 %,
3-aminopropionic acid 5% other ingredients and solvent 94.9
%. It is manufactured by Seasmens Agro. Tech. Co. Pvt. Ltd.,
Dhule, Maharashtra. The spraying was done at 1 and 2 ml/
lit.
The data was analysed statistically and was observed
that on 90 days after sowing, application of GA 200 ppm
produced significantly large plant height as compared to
other treatments. Next in order was GA 1000 ppm which
was superior over other treatments. Treatment with biozyme
2 ml lit-1, Vipul 0.5 ml lit-1 and Vipul 1 ml lit-1 were at par
with each other but significantly superior to NAA 100 ppm,
CCC 100 ppm, CCC 200 ppm, urea 1 % and control. The
treatments Gycoul 100 pm and Gycocil 200 ppm were at par
recorded significantly minimum plant height than the
control (Table 1).
The highest number of flowers per plant were produced
by Vipul 1 ml lit-1 which was significantly superior over all
other treatments except biozyme 1 ml lit-1, biozyme 2 ml lit-1,
Vipul 0.5 ml lit-1 and Agro-seastim 2 ml lit-1 but were similar
with Vipul 1 ml lit-1. The use of GA 100 ppm, NAA 100
ppm, NAA 200 ppm, CCC 100 ppm, CCC 200 ppm) and
Agro-seastim 1 ml lit-1 were at par with each other and
produced significantly larger number of flowers as compared
to urea 1 % and control.
Highest total green pod yield per plot and per hectare
was recorded in Vipul 1 ml lit-1 of water which was
significantly superior over all other treatments, except
Biozyme 1 ml lit-1, Bioenzyme 2 ml lit-1 and Vipul 0.5 ml lit-1
were statistically at par with other treatments.

Effect of plant growth regulators and bioenzymes on growth, flowering and yield of okra (Abelmoschus esculentus (L.) Moench)

Table 1. Effect of plant growth regulators and bioenzymes on mean plant height (cm), number of flowers/plant, total green
pod yield/plot (kg), total green pod yield/hectare (q) and length of pod (cm).
Treatment details

GA 100 ppm
GA 200 ppm
NAA 100 ppm
NAA 200 ppm
CCC 100 pm
CCC 200 ppm
Biozyme 1 ml/lit
Biozyme 2 ml/lit
Vipul 0.5 ml/lit
Vipul 1 ml/lit
Agro-seastim 1 ml/lit
Agro-seastim 2 ml/lit
Urea 1 %
Control
p= 0.0 5

Plant
height
(cm)
89.8
94.5
77.6
79.0
65.6
62.2
79.9
82.4
83.2
85.1
78.9
80.2
73.3
71.2
3.75

Number of Total green pod Total green
flowers plant-1 yield plot-1 (kg) pod yield ha-1
(q)
15.6
4.4
76.7
15.3
4.4
76.5
16.2
4.5
78.6
16.4
4.7
82.4
16.1
4.4
77.2
16.5
4.6
80.2
17.2
4.9
86.4
17.4
5.1
89.7
17.6
4.1
88.8
18.0
5.3
92.0
16.5
4.6
81.0
16.9
4.8
84.0
14.0
4.0
70.4
13.0
3.9
67.8
1.25
0.44
7.56

Mean length of pod (cm)

10.34
10.60
10.72
11.00
10.46
10.78
11.53
11.90
11.26
11.66
10.98
11.10
9.46
9.00
0.76

*Observations recorded 90 days after sowing.

Maximum length of pod was observed in Biozyme 2
ml lit-1, which were significantly superior over all other
treatments, except Biozyme 1 ml lit-1, Vipul 0.5 & Vipul 1ml
lit-1 and Vipul 1 ml lit-1, which were statistically similar with
each other. The treatments GA 100 ppm, GA 200 ppm, NAA
100 ppm, NAA 200 ppm, CCC 100 pm, CCC 200 ppm, Agroseastim 1 ml lit-1 and Agro-seastim 2 ml lit-1 were significant
in producing more length of pod than control and were at
par with each other.
More plant height in Gibberellic acid might be due to
cell elongation which in turn would have increase normal
internodal length. Stambera and Petrikova (1970) reported
that GA treatment at 10, 40 and 60 ppm elongated the
internodes in tomato. higher number of flowers per plant,
with Vipul 1 ml lit-1 might be due to excellent vegetative
growth as it increased uptake of nutrients( Nickel, 1982).
These findings were similar with the results reported by
Bisaria and Bhatanagar (1978). Plant growth regulators and
bioenzymes significantly of increase the yield of pods
plant-1 plot-1 hectare-1. All the treatments increased the pod
yield over control. Yield of green pod is dependent on better
vegetative growth, number of pods per plant, length and
girth of pod and weight of pod. As application of Vipul 1
ml l-1 of water influenced the above parameters and hence,
the yield of green pod per hectare was higher in this
treatment. Pandita et al. (1991) recorded highest yield in
okra cv. Pusa Sawani, when the plants were treated with
Mixtalol and Vipul. Among the different treatments
maximum length of pod was recorded in biozyme 2 ml/lit
Journal of Eco-friendly Agriculture 2(1) 2007.

of water. The results of present findings are in agreement to
those of Singh et al., (1990). They reported that foliar
application of Mixtalol (triacontanol) caused increase in
length of fruit in bottlegourd.
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