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Pest Management in cotton witnessed various phases
of evolution viz., era of optimism when the synthetic
pyrethroids were introduced followed by era of doubt when
the impact of the 3 R’s (resistance, resurgence and residues)
about insecticides were felt and which culminated into the
era of IPM in the late 1980s. Thus, cotton evolved through
subsistence, exploitation, crisis and disaster phases of pest
management. For long, cotton consumed nearly 55 per cent
of the total insecticides in India inspite of occupying only
5 per cent of the cultivated area especially targeting the
bollworm complex. Thanks to the collective efforts made
by various public sector institutions (CICR,  Nagpur,  SAUs
and  NCIPM,  New Delhi) and the key role played by the
State Agricultural Departments through Directorate of
Cotton Development / DPPQ & S and Ministry of
Agriculture at the Centre. There was a radical improvement
in the awareness amongst the farmers about the importance
of judicious use of chemical insecticides (IRM) and various
IPM tactics. As a result, the use of insecticides  got
significantly  reduced  from    the  all time  high  of  75033
MT  a.i.  in  1990-91 to 43584 MT a.i.,  in  the  country  by  the
year 2000-01 (Source: DPPQ & S). Indeed, there was also
the availability of more effective and eco-friendly insecticide
molecules which were required in very low dosages. With
all this success though, the losses caused by the bollworms
could not be mitigated significantly.

Resistant cultivars are one of the critical components
determining the success of Integrated Pest Management.
Unfortunately, nowhere in the world, there were any
natural sources of resistance available against the
bollworms. Transgenic Bt cotton, which confers resistance
to the bollworms of cotton, timely filled this void and got
adopted as cotton in India as hybrids by a few thousand
farmers in 2002. This technology was so much effective that
it became the fastest technology ever adopted in the history
of agriculture. After the release of Bt cotton in India in 2002,
the area increased from 29, 307 ha in 2002 to an estimated
68,00,000 ha by 2008. Bt cotton covered an area of 82 per
cent of the total cotton area or 7.6 m ha out of 9.3 m ha in
2008-09 with more than 5 m farmers growing the crop
(Table 1).

Table  1. Area  expansion  of  Bt-cotton  in  India

Year 
Area total 

(mha) 
Bt  (ha) per cent  

of  total 
area 

No.  of  
farmers 
planting 
Bt cotton 

2002-03 7.67 29,307 0.38 Few 

2003-04 7.63 85,927 1.13 40,000 
2004-05 8.92 534,731 6 300,000 

2005-06 8.87 1,250,833 14.1 1,000,000 
2006-07 9.16 3,800,000 41.5 2,400,000 
2007-08 9.3 6,200,000 66 3,800,000 

2008-09 9.3 7,600,000 82 5,000,000 

 
India produced nearly 33 m bales in 2008-09 and

occupied second position in the global cotton production
after China. Export of cotton drastically increased from
India from 0.46 m bales to 9.0 m bales in the last 7 years
(Table 2):

Table 2: Cotton yield and production: Pre and post Bt-cotton
scenario

Year Area 
(m ha) 

Production 
(in  bale) 

Yield 
(Kg. 

lint/ha) 

Export 
(in 

bales) 

Import 
(in 

bales) 

Pre-TMC  & Bt  period    

2002-03 7.90 14.80 319 0.46 0.85 
2003-04 7.67 13.60 302 0.08 1.77 
2004-05 8.92 24.30 463 0.92 0.81 
2005-06 8.87 24.40 467 4.70 0.50 

2006-07 9.16 28.00 520 4.80 0.60 
2007-08 9.50 31.00 554 8.50 0.50 
2008-09 9.40 33.00 617 9.00 1.50 

 
with restricted imports of only extra long staple cotton.

Large scale cultivation of Bt cotton has resulted in significant
reduction of insecticide use to the tune of 40 to 60 per cent
and at national level it is estimated that Bt cotton farmers
gained US$ 288M (Rs. 1,127 crores) from reduced pesticide
uses and US$3.23 billion (Rs.12,608 crores) as additional
income to the Indian economy in 2007-08. There are nearly
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600 Bt cotton hybrids in market for area specific cultivation
and there is diversity in the ‘Events’ as many companies
and public sector institutions are providing technology. This
clearly demonstrates the field success of the Bt technology.
It is also clear that major area in the country is now covered
with Bt cotton, and as such we need to reorient our IPM
efforts largely towards Bt cotton.

Bt cotton too needs IPM

Since Bt cotton covers only the bollworm resistance,
there is an obvious need for managing the other pests,
particularly the sucking pests and the diseases. Farmers
tend to spray their crops even for stray appearances of one
or the other bollworms on just a few plants, which need to
be avoided, and careful use of insecticides for the sucking
pest management is to be advocated. The Bt cotton IPM
trials conducted under the ‘Technology Mission on Cotton’
project at Surat in Gujarat with two popular Bt hybrids
amply demonstrated the benefits the Bt cotton would give
when it is coupled with integrated management principles.

Pesticide  load  reduced  in  the  cotton  ecosystem

With over 7 years of adoption of Bt cotton by the Indian
farmers, a significant reduction was experienced in
insecticide usage and increase in yields mainly due to the
saving of first flush of squares from the attack of bollworms.
The large number of Bt cotton hybrids representing four
major events of gene transfer, gave farmers a wide choice
in agronomic performance. The unheard incidence of
bollworms on cotton from every nook and corner of the
country, since about 2004, when a sizable area was brought
under Bt cotton, has made the bollworms, especially,
Helicoverpa armigera, a thing of the past. It also is indicative
of the remote possibility of bollworms developing any
resistance to Bt protein.

Introduction of Bt cotton together with the availability
of novel insecticide molecules, changed the insecticide usage
pattern of the farming community in India. With the
introduction of many neonicotinoid insecticides such as
imidacloprid, thiomethoxam, acetamiprid, etc., the
traditional organo phosphate insecticides viz., dimethoate,
methyl-o-demeton, monocrotophos, phosphomidon, etc.,
are taking a back seat in the management of sucking pest
complex in cotton. The premetive seed dressing (which may
not be an advisable practice in all the situations) as well as
two or three rounds of foliar sprays for the sucking pest
management almost stabilized their use over the recent
years in cotton, whereas pesticidal sprays for bollworm
management went down gradually in inverse proportion
to the scale of Bt acreage. Summing up, the net pesticide
consumption has gone down radically from about 50 per
cent to less than 30 per cent in the last few years. The value
in rupees of pesticide usage went down from Rs 8522 m to
Rs 2372 m from 2004 to 2006 (Table 3).

Table  3.  Pesticide  usage  trend  in  cotton

Overall, the number of sprays in Bt-IPM reduced two
times compared to Bt non- IPM and the seed cotton yield
and net profit also increased by 6.5 to 20 and 11.5 to 29.5
per cent respectively in Bt-IPM over Bt non-IPM.

Source:  Industry reports  on  pesticide  consumption

Change  in  the  pest  scenario

The inevitable consequence of the radical reduction
of pesticide usage in the cotton ecosystem led to some
foreseeable changes in the pest scenario. The bollworms got
relegated to a secondary status, whereas, hitherto unknown

Pesticides  worth  million  Rs consumed   

Year Total cotton  
pest 

management 

Sucking pest 
management 

Bollworm 
management 

2002  (3  yr  
average) 

14,500 3,300 9,800 

2004 13,447 3,337 8,522 
2005 8,782 3,525 4,145 
2006 6,982 4,145 2,372 
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pests surfaced their heads in the absence of high pesticide
loads which were there on the conventional cotton. Two
cases are in point here; the mealy bugs and the mirid bugs.
Let us deal with these bugs in more details.

Mealy  bugs

High Incidence of mealy bugs was noticed in central
Gujarat during 2006-07 and then in Punjab during 2007-08.
The pest was simultaneously reported, though, not in severe
form, from almost all the cotton growing States in 2007-08,
and therefore, there was a general alert about the impending
danger of this pest in the year 2008-09.

As a precautionary step, a series of timely technical
group meetings were initiated since January 2008 by CICR,
NCIPM and Ministry of Agriculture for developing
strategies and creating awareness amongst extension
functionaries, pesticide stakeholders and farmers about the
mealy bug. NCIPM, CICR and SAUs developed the IPM
strategies and a good deal of popular literature on IPM for
mealy bug is now available. NCIPM has developed a
webpage (http://www.ncipm.org.in/Mealybugs/
mealybug.htm) totally dedicated to the cotton mealy bug.
In this web page a good collection of bulletins, folders and
posters are available on mealy bug along with an online
mealy bug survey report covering 8 districts and 320
villages of Punjab with weekly updates.

Important  facts  about  the  mealy  bug  on  cotton  in
India

1. The main mealy bug species affecting cotton in all the
cotton growing States is noted to be Phenacoccus
solenopsis.

2. Mealy bug affects both the Bt or non-Bt cotton versions
with equal ease and even the Desi cotton is affected
severely.

3. It was thought that Bt cotton was directly responsible
for the mealy bug menace and that the pest is invasive
(got introduced in India from some other country). A
closer examination reveals that it is not so. The non-
invasiveness can be related to the fact that a high
incidence of this species has been recorded in the non-
cotton growing areas too, viz., Gorakhpur, Lucknow,
Jabalpur, Bangalore, etc. on parthenium weed; and the
local enquiries revealed that the mealy bug was there
in India even before the introduction of Bt cotton in
2002. Recent discovery of two hymenopterous
parasitoids, i.e., Aenasius sp. (Chalcidodea:
Aphelinidae) from Delhi and Promuscidea unfasciati
Girault (Chalcidodea: Encyrtidae) from Parbhani

(Maharashtra) on P. solenopsis (NCIPM Newsletter, 14
(1) Jan-June 2008) to the extent of 30-80 per cent in
field conditions also point out to the fact that this mealy
bug, P. solenopsis is not a recent introduction.

The  mealy  bug  management

The  important  mealy bug management  components
are  given  below.

Before sowing: Alternate host plants like congress
grass (Parthamium sp.) and other weed hosts in and around
fields need to be removed. Water channels have been
observed to be one of the major sources of spread and
therefore these should be kept clean of weeds. Ants have a
symbiotic association with mealy bugs; they help keep the
colony clean and destroy the natural enemies of mealy bugs
and in return get honey secreted by the mealy bugs. Colonies
of ants should be destroyed during land preparation.

During crop season: Severely affected cotton plants
at early stage of infestation should be uprooted and burnt.
Equipment should be washed with a jet of water or sprayed
with chemical insecticides before moving to uninfected
portions in a crop. Regular monitoring of field should be
done and spot application of recommended insecticides
should be given so as to avoid further spread of mealy bugs
from infested plants. Spot application helps in conservation
of coccinellid beetles, wasps, etc, which are important
predators of mealy bug nymphs. Spray Verticillium lecanii
(2x10 cfu ml-1) (a fungal pathogen) @ 5 g or ml per litre of
water during high humid days. In case of severe infestation,
spray recommended insecticides such as carbamate
(carbaryl 50 WP @ 2500 g ha-1 or thiodicarb 75WP @ 625 gm
ha-1) or organophosphates (profenofos 50EC @ 1250 ml
ha-1, quinalphos 25 EC @ 2000 ml ha-1 or acephate 75 SP @
2000 gm ha-1 2-3 times as per need in rotation.

After harvesting: Do not allow the cattle to graze in
infested fields as these tend to spread the insect to other
areas. Remove and burn all crop residues in previously
infested fields. Store cotton sticks away from the fields and
if possible a barrier of insecticide (e.g. malathion dusting)
should be made around the stacks. Ratooning of the crop is
a practice in some parts of Maharashtra and Gujarat and in
these areas the pest has become a serious problem. This
practice needs to be avoided to keep at least 4 month’s crop
free period.

Mirid bug management

Another pest of some concern is the mirid bugs;
Creontiodes biseratense (Distant) in Karnataka and Ragmus
spp. in Maharashtra. Mirid bugs suck the sap from squares
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and tender bolls by injecting their salivary enzymes causing
blackening of anthers and leads to dropping of buds and
fruiting bodies.

In case of mirid bugs also there is an urgent need to
formulate and validate IPM strategies. The literature
enumerates that Lucerne is the best trap crop for mirid bugs,
which may be evaluated for its suitability under our
conditions. Besides the seed treatment and other effective
botanical and chemical insecticides should be looked in to.
Foliar spray of Fipronil, Imidacloprid, Cypermethrin ,
Acephate, Profenophos and Chlorpyriphos are found
effective in the management of mirid bugs.

ICM in Bt cotton

Physiological disorders, including parawilt should be
considered equally important in formulating IPM strategies.
The reddening of leaves in Bt cotton is mainly caused due
to Magnesium deficiency. Stress of such a kind as well as
appearance of parawilt would have implications on the Cry
protein expression of Bt cotton. Improper application of
macro (especially potassium) and absence of application of
most of the micro nutrients may further aggravate the
problem. The need for micro nutrients will be increasingly

felt under high yielding situations and intensive cropping
practices as that of “Cotton – Wheat” cropping in North
Zone. Therefore, Bt Cotton hybrids need special care in
nutrient management.

The  way  ahead

Bt cotton technology has given an impetus to farmers
by way of reduction in insecticide usage and increase in
seed cotton yield. Because of wide-spread cultivation of Bt
cotton, the dreaded American bollworm has been almost
eliminated from the cotton ecosystem, even to the extent of
benefiting other alternate host crops such as pigeonpea and
chick pea. However, other pests such as mealy bug and
mirid bug have assumed major status necessitating the
development of suitable IPM modules for Bt cotton too.
Given the current scenario, conservation of native natural
entomophages at the forefront supported with strategic use
of biopesticides and reduced use of synthetic insecticides
without sacrificing crop yields and profitability, should be
the agenda for overall pest management of the cotton
production system. Transgenic technology provides a
greater opportunity by way of increasing the natural enemy
biodiversity in cotton ecosystem because of reduced number
of sprays and we need to consolidate that gain.
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Farmers have adopted  various improved agricultural
practices like use of high yielding varieties, chemical
fertilizers and pesticides to increase the food production and
productivity of various crops. However, it has led to increase
to emergence of several types of insect pests and diseases in
damaging proportions. This is because most of the high
yielding varieties lacked inbuilt resistance against pests.
Moreover, excessive use of chemical fertilizers particularly
nitrogenous, made plants more succulent and susceptible
to pests. In the beginning, pesticides proved boon to the
farmers, but their hidden ill-effects became evident only after
continuous  and indiscriminate use which surfaced in the
form of development of resistance to pesticides in target insect
pests, resurgence of pests, pesticide poisoning, destruction
of beneficial organisms, pesticide residues in food, fodder,
soil and water, secondary outbreak of pests, and health
hazard. Because of these ill-effects, many  pesticides which
were once used on large scale have either been banned or
restricted in their use. Keeping in view the global concern on
the ill-effects of chemical pesticides, India re-oriented its
policy on plant protection with minimum, safe and judicious
use of pesticides on the basis of pest surveillance so as to
conserve natural enemies and protect ecosystem. Therefore,
Government of India adopted Integrated Pest Management
(IPM) approach as cardinal principle of plant protection
programme, since 1985.

The basic aim of IPM is to reduce the use of chemical
pesticides to the minimum. There is no doubt that in the
present scenario, we have to live with pesticides for
sustainable crop production, but it has to be in judicious
and harmonious manner. IPM costs very less, but needs
intelligent planning and decision support system. Basic
concept of IPM is based on the principle of managing the
pests rather than eradication. It is important to mention here
that a few pest species occurring at a level below those
causing economic loss are helpful in providing food to
natural enemies to maintain their population at level which
can prevent damaging pest outbreak. To understand the IPM
technology thoroughly one must know, What IPM?, Why
IPM? and How IPM?

What IPM?

IPM is adoption and application of more than one or
all available and suitable methods of pest control such as
cultural, mechanical, physical, genetical, regulatory,
biological and lastly chemical in as compatible manner as
possible, so that the pest population is maintained at a level
below those causing economic loss.  It also aims at minimum
and safe use of selective and relatively environment friendly
pesticides in order to minimize environmental pollution and
maintain ecological balance.

Why IPM?

Environmental pollution: It has been reported that only
less than 1 per cent of pesticides applied in the field is
actually used to control the insects pests/diseases, while
rest is lost in the environment causing air, water and soil
pollution. Increasing and indiscriminate use of chemical
pesticides has caused several adverse effects in animal as
well as in plant Kingdom through their toxic and long lasting
residual effects either directly or indirectly. Public are being
exposed to chemical pesticides daily either through their
daily needed items or through contaminated air/water. Some
of the chronic effects of pesticides reported by physicians in
human beings are cancer, heart attacks, paralysis, asthma,
high blood pressure, blindness, immature births, miscarriage,
genetic mutations, infertility in males, damage to kidney,
liver, eyes and nerves besides many other side effects. A large
amount of DDT and HCH residues have been reported in
the milk of lactating women from various parts of our country
(Ragupathy and Kuttalam, 1989; Narsimha Rao, 1990). Now
these pesticides have been phased out of agricultural use.
Therefore, there is a need to check the excessive and
indiscriminate use of pesticides to reduce environmental
pollution and maintain ecological balances.

Pesticide poisoning: Whenever pesticides are applied
in the field, their residues remain on the crop depending on
chemical property of pesticides. This period, i.e., between
the last spray and the harvest of the crop is known as waiting
period. But most of the farmers unknowingly or knowingly
for profit, harvest their crops before waiting period and
market the same. Consumption of such produce can be
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hazardous. Besides, a large number of poisoning occur due
to occupational exposure to pesticides.

Development of resistance: Resistance is an ability,
developed by an organism to resist/tolerate the normally
recommended doses of pesticides. Pests develop resistance
when it is used repeatedly over a period of time. Thus,
continuous, excessive and indiscriminate use of chemical
pesticides by farmers has led to development of resistance in
a large number of target pests as a result of which these pests
are not being controlled by the recommended doses of
pesticides, forcing the farmers to use higher doses and its
repeated applications. Helicoverpa armigera developed 300
times resistance to cypermethrin in some cotton growing
areas of Andhra Pradesh (as per IARI sources).

Pest resurgence: It is a phenomenon, where after
application of a pesticide, a good initial kill of pest occurs,
but after sometime, sudden increase is noticed in population
of the particular pest, necessiating the farmers for repeated
application of pesticides. This phenomenon is very common
in plant hoppers. This is due to the increased fecundity and
egg laying by females, shortened life cycle, higher feeding
rate and destruction of natural enemies (Chelliah, 1987).

Outbreak of minor/secondary pests: It has been
observed that pests which were of minor importance hitherto,
now have attained pest status causing considerable economic
loss to farmers (leaf folder, rice hispa, white flies, mites, mealy
bug in cotton etc.). This is because natural enemies (predators,
parasitoids & pathogens) of these pests, which are known
as farmers’ friends have either been completely destroyed or
their population has been considerably reduced by the
indiscriminate usage of chemical pesticides.

In view of the aforesaid adverse effects of chemical
pesticides, adoption of IPM is essential in the present
scenario.

How IPM?

The major components of IPM are:

Cultural practices: Cultural methods of pest control
consists of regular farm operations in such a way which
either destroy the pests or prevent them from causing
economic loss. The various cultural practices are:

(a) Preparation of nurseries or main fields free from pest
infestation by removing plant debris, trimming of
bunds, treating of soil and deep summer ploughing
which kills various stages of pests.

(b) Testing of soil for nutrient deficiencies on the basis of
which, fertilizers should be applied.

(c) Selection of clean and certified seeds and treating seeds
with fungicide or biopesticide before sowing for seed
for control of soil-borne diseases.

(d) Selection of seeds of relatively pest resistant/tolerant
varieties, which play a significant role in pest
suppression.

(e) Adjustment of time of sowing and harvesting to escape
peak season of pest attack.

(f) Crop rotation with non-host crops help in reduction of
incidence of soil-borne diseases.

(g) Proper plant spacing which makes plants more healthy
and less susceptible to pests.

(h) Optimum use of fertilizers along with FYM and
biofertilizers should be encouraged.

(i) Proper water management is required (alternate
wetting and drying to avoid water stagnation) as the
higher moisture in soil for prolonged period may be
conducive for development of pests especially soil-
borne diseases.

(j) Proper weed management is of utmost importance. It is
well known fact that most of the weeds besides
competing with crop for nutrients also harbour many
pests.

(k) Setting up yellow pan sticky traps for white flies and
aphids.

(l) Synchronized sowing where community approach is
required to sow the crops simultaneously in vast area
so that pest may not get different stages of crops suitable
for its population build up and if, pest appears in
damaging proportion, control operation could be
applied effectively in whole area.

(m) Growing trap crops on the borders or peripheries of
field is required. There are certain crops which are
preferred more by a pest species known as trap crops
for that particular pest. Growing such crops on the
border of the fields, pest population develops there,
can be either killed by using pesticides or its natural
enemies or allowed to develop there for natural control.

(n) Root dip or seedling treatment in pest infested area,
where ever applicable.

(o) Inter-cropping wherever possible must be adopted. All
the crops are not preferred by each pest species and
certain crops act as repellents, thus keeping the pest
species away from preferred crops resulting in
reduction of pest incidence.
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(p) Harvesting must be done as close as to ground level.
This is because certain developmental stages of insect
pests/diseases remain on the plant parts which act as
primary inoculum for the next crop season. Hence,
harvesting crops at ground level will lessen the
incidence of pests in next season.

(q) Before planting, nursery plants be sprayed/dipped in
copper fungicide/biopesticide solutions to protect the
plants from soil-borne diseases.

(r) While pruning fruit trees, remove broken/diseased/
crowded/dead branches and be destroyed. Do not pile
in the orchards, which may act as source of pest
infestation.

(s) Large pruning wounds should be covered with
Bordeaux paste/paint to protect the plants from pest/
disease attack.

(t) For excellent fruit set, pollinizers (cultivars) should be
planted in required proportion in the orchards.

(u) Keeping bee hives or placing flower bouquets of
pollinizer cultivars facilitate better pollination and
subsequent fruit set.

Mechanical practices:

(a) Removal and destruction of egg masses, larvae, pupae
and adults of insect pests and diseased plant parts,
wherever possible.

(b) Installation of bamboo cage-cum-bird perchers in the
field and placing parasitized egg masses inside for
conservation of natural enemies and withholding of
pest species, wherever possible.

(c) Use of light traps and destruction of trapped insects.

(d) Use of rope for dislodging leaf feeding larvae such as
caseworm and leaf folders.

(e) Installation of bird scarer in the field, where ever
required.

(f) Installation of bird perchers in the field for allowing
birds to sit and feed on insects and their immature
stages viz., eggs, larvae and pupae.

(g) Use of pheromones for mating disruption and kill zone
creation.

(h) Use of pheromone traps for monitoring and
suppression of pest population.

(l)        Use of pheromone traps for mass trapping.

Genetical practices:

(a) Selection of high yielding varieties of different crops,
which are comparatively pest resistant/tolerant.

(b) Use of genetically modified seeds, eg. Bt. cotton.

(c) Release of sterile male of insects in sufficient number
in field to compete with fertile males. Sterility in males
is induced in laboratory either through chemosterilants
or through radiation.

Regulatory practices: In this process regulatory rules
framed by Goverment of India  are brought into force under
which seeds and infested plant materials, not allowed to
enter the country or from one to other parts of the country.
These are known as quarantine methods. These are of two
types, i.e., domestic and foreign quarantine.

Biological practices: Biological control of insect pests
and diseases through biological means is most important
component of IPM. In broader sense, biocontrol is use of
living organisms to control unwanted living organisms
(pests). In other words, deliberate use of parasitoids,
predators and pathogens to maintain pest population at
level below those causing economic loss either by
introducing a new bioagent into the environment of pest or
by increasing effectiveness of those already present in the
field.

Chemical practices: Use of chemical pesticides is the
last resort when all other methods fail to keep the pest
population below those causing economic loss. Although
there is a great advancement in pest management research,
yet pesticides would continue to play an important role in
crop protection in view of complexity of pest problems.
Therefore, use of pesticides should be need based, judicious,
based on pest surveillance and economic threshold level
(ETL) to minimize not only the cost involved, but also to
reduce associated problems. While going for chemical
control, we must understand thoroughly what to spray,
when to spray, where to spray and how to spray, keeping in
mind the following points:

(a) ETL and pest defender ratio must be observed.

(b) Relatively safer pesticides should be selected, eg. neem
based and biopesticides.

(c) If, pest is present in strips or isolated patches, whole
field should not be sprayed.
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Implementation of IPM

Government of India, Ministry of Agriculture,
Department of Agriculture & Cooperation (DAC) has adopted
IPM as cardinal principle and main plank of plant protection
strategy in overall crop production programme since 1985.
To implement IPM effectively Government of
India,Department of Agriculture and Cooperation,
Directorate of Plant Protection, Quarantine and Storage has
established 31 Central IPM Centres (CIPMCs) in 28 States
and one UT under the Central Sector Scheme, “Strengthening
and  Modernization of Pest Management Approach in India”.
The mandate of these Centres are to conduct rapid roving
pest survey, production of bioagents/biopesticides in the
laboratory for field release, conservation of natural enemies
and organization of different IPM programmes viz., Farmers’
Field Schools (FFSs), Season Long Training Programmes
(SLTPs), short duration IPM trainings for farmers and
extension functionaries of State Department of Agriculture
and Horticulture.

Farmers’ Field Schools

Farmers’ Field Schools (FFSs) programme is field based
Integrated Pest Management Training for farmers conducted
at farmers fields throughout the crop season. In other words
FFSs are the schools without walls, i.e., farmers’ fields where
key principles of IPM are brought to light.  The basic aim of
FFSs is to train the farmers on IPM skills so that they may be
able to take decision in pest control operation.The extension
officers are also trained in FFSs so that they can train the
farmers on IPM technology. Core training team comprising
of two Extension Officers from State Department of
Agriculture/Horticulture, one scientist from State
Agriculture University/Krishi Vigyan Kendra and one
officer from Central IPM Centre runs the programme.  To
start with, a village having pest occurrence in endemic form
on a particular crop is selected. In this village 30 farmers
including the women farmers from all caste and creed and
five extension officers of State Department of Agriculture/
Horticulture are selected. The selected farmers/extension
officers are given training on IPM skills one day in a week
(0730-1400 hrs) for a period of 14 weeks continuously.  The
whole training programme is conducted at farmers’ field
itself in such a way so that farmers could know various
components of IPM including cultural, mechanical, biological
and lastly chemical methods.  The trainees are provided with
IPM kits which contains tools for use in field observations.
During training, major emphasis is given on Agro Eco-
system Analysis (AESA) of the field crop to make the trainees
expert in decision making.  In order to create interest to
develop solidarity and quality of activities, group dynamics
are also performed.  At the end of 14 weeks,farmers’ field

day is organized where interactions take place between other
farmers and extension officers with the trainees on various
aspects of IPM.  FFSs are being organized by each CIPMC in
their respective States/UTs on major Agricultural and
Horticultural crops in pest prone areas.  Since the start of
FFSs in 1994-95, so far, 11,299 FFSs have been conducted
wherein 46,750 Extension Officers and 3,40,356 farmers have
been trained.  Besides, Central Government, FFSs are being
organized by all States/UTs from their own resources and
funds received from Government of India under various
Centrally Sponsored Schemes.

Impact of IPM

1. Data available have shown that IPM farmers are able
to get higher crop yield ranging from 6.72 to 40.14 per
cent in rice and 22.7 to 26.63 per cent in cotton.

2. Data available have shown that IPM farmers are able
to reduce chemical pesticide sprays to the extent of
50.00 to 100.00 per cent in rice and 29.62 to 50.50 per
cent in cotton.

3. Adoption of IPM by the farmers has resulted in reduced
consumption of chemical pesticides from 75033 MT
(TG) during 1990-91 to 37959 MT(TG) during 2006-07.

4. Adoption of IPM has increased the consumption of
biopesticides/neem based pesticides from 123 MT
during 1994-95 to 1366 MT during 2006-07.

5. In IPM village community, there is increased awareness
about health and environment benefits associated with
IPM practices.

6. Implementation of IPM has increased the net income of
farmers through increased yield and saving in pesticide
cost.

Future Thrust

• Coverage under IPM programmes should be stepped
up through increased number of IPM trainings to
extension functionaries and farmers throughout the
country at District, State and National level.

• With a view to maintain quality of IPM programmes
undertaken by various agencies, it is essential that these
programmes be monitored at regular intervals by the
competent authority.

• Old traditional farming practices, which form the basis
of IPM and organic farming should be revalidated for
wider adoption by the farmers.
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• ICAR and SAUs should play a greater role in bridging
the gaps and in adopting multidisciplinary approach
in research.

• At least 50 per cent of the State budget on plant
protection be earmarked for IPM activities.

• Priority should be given for pest surveillance and
development of monitoring system for timely
forewarning of pest build-up.

• Quality control standards developed for biopesticides
should be enforced strictly to avoid the sale of
spurious/misbranded products.

REFERENCES

Narasimha Rao 1990.  AICRP on Pesticide Residue Scheme :
Bulletin Pesticide Contamination. A.P. Agriculture University
Rajindernagar, Hyderabad.

Ragupathy, A. and Kuttalam, S. 1989. Monitoring of HCH and
DDT contamination of human milk in Tamil Nadu.  National.
Symposium on Impact Management Pollutants on Crop
Productivity, HAU, Hisar, February 16-18, 1989.

Chelliah, S. 1987.  Insecticide induced resurgence of rice brown
plant hopper N. lugens Stat. In : Resurgence of sucking Pests, S.
Jayraj (Ed.)., Tamil Nadu Agricultural University, Coimbatore,
pp. 1-14.



©2010

In vitro  regeneration of biochemically superior vetiver
(Vetiveria zizaniodes) explants from polluted sites

Maneesh Kumar Gupta1 and Y. Vimala

Department of Botany, CCS University, Meerut, U.P., India
1 School of Biotechnology, Shobhit University, NH-58, Modipurum, Meerut -250 110, U.P., India
Email: aadimaneesh@gmail.com

ABSTRACT

Attempts have been made to regenerate an important grass, vetiver in vitro using leaf and nodal explants. Callus
induction took place on MS medium supplemented with 2.26 M and 4.52 M 2,4-D from nodal explants only. On the
same medium, nodal explants taken from plants grown in pots filled with soil of selected provenances, were also tried
but only AEE (after effluent entry) grown potted plants responded to regeneration, out of 3 soil provenance grown
plants.
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The tropical grass vetiver, Vetiveria zizanioides (Family-
Poaceae, subfamily- Panicoideae) is commonly known as
miracle grass as it grows in adverse condition of soil and
requires minimum attention and least input. It is used for
soil reclamation purpose (Lavania and Lavania, 2009). It
has also been reported to withstand allelopathic interactions
with commercially demanding biofuel plant Jatropha curcas
(Vimala et al., 2008). Due to its unique characteristics such
as higher biomass, fast growth, strong root system and
higher salinity, metal toxicity tolerance etc., it has important
role to play in these aspects (Shu and Xia, 2003; Vimala and
Kataria, 2003). It is useful in prostrate cancer, diabetes,
hernia, stomach problems, skin disease, irritations, kidney
stones and has abortifacient (Weiss, 1997), antioxidant, anti-
carcinogenic, termicidal and insect repellent properties
(Cheng et al., 2003). It is also used in aromatherapy (Wilson,
1995) and its root has an essential oil consisting of more
than 150 sesquiterpinoids (Akhila et al., 1981), used in soap
and perfume industry. Its 2 biotypes profuse flowering/
seeding type in north and non-flowering/late flowering/
non-seeding/low seeding type in South are found in India
(Lavania, 2003). It can be grown with nursery raised
seedlings as well as by slips, separated from clumps with
intact rhizome (plantlets), a common practice. The tissue
culture techniques can be used for regeneration of this grass,
which is advantageous as a very large number of plants
can be produced in limited time, it reduces the requirement
of large scale nursery, easy in transportation because of less
volume and weight and free from pests and pathogens.
Since all vetiver plants not flower and the germination rate
of seed is low, (Vietmeyer and Ruskin, 1993) somaclonal
variants with more oil and different oil composition can

also be obtained by tissue culture. Tissue culture can also
ensure beyond season supply of plantlets to such areas
where its cultivation is not possible. Hence, the attempts
have been made to regenerate the vetiver plant using
different explants and results are reported.

MATERIALS AND METHODS

Plant material: Soil of selected provenances viz., ditch
site soil (DSS), before effluent entry (BEE) and after effluent
entry (AEE) along with control, the irrigated garden soil
(IGS) was brought and filled in pots. Five leaf stage vetiver
slips were planted in these pots. Leaf base and culms inter-
nodal segments were taken from pot grown plant as
explants for callus induction.

Culture medium: Murashige and Skoog’s (MS)
medium (1962) was used as basal medium during the
present tissue culture study. The medium was
supplemented with sucrose (3 or 2% w/v), meso-inositol
(100mgl-1) and 2, 4-D (2.26 & 4.52 M) for raising the callus.
In case  of semi solid medium agar (0.8% w/v) was added
as gelling agent. The pH of the media was adjusted to 5.6-
5.8 by using 0.1 N HCI / 0.1 N NaOH before dispensing a
known volume of medium into culture vessels.

Sterilization of experimental materials : The
prepared media, glassware, forceps, scalpels, filter papers
and double distilled water were wrapped/covered with
aluminium foil and carefully autoclaved at 121oC for 20
minutes in a vertical autoclave.
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The vetiver leaf base and culm inter-nodal segments
(explants) were first disinfected with the help of 70 per cent
alcohol and afterwards with HgCl

2 
(0.1%) for 3-5 minutes

followed by 3-4 times rinsing with sterile double distilled
water. Such sterilized explants were inoculated on semi
soild medium containing growth regulators.

Incubation of cultures: The cultures were incubated
in culture room and provided with light of 40 µmols m-2s-1

intensity with a photo period of 16/8 h light/dark cycles at
25±2oC.

RESULTS AND DISCUSSION

Results show that culm-nodes from the plants grown
in garden soil and cultured on MS+ sucrose (3%) + 2,4-D
(2.26 M) and 2,4-D (4.52 M), callus induction occurred
within a week (Table 1). The callus was white and sticky.

and 4.52 M 2,4-D did not survive when transferred to MS+
sucrose (3%) alone and MS+ sucrose (4%) + 2.32 M Kn
combinations.  Among the auxins, 2,4-D was found the most
suitable growth regulator for callcus induction, hence in
present study various concentrations of 2,4-D and their
combination with cytokinins were tested using culm-node
as explant from vetiver plants growing at selected
provenances. The high concentrations of 2,4-D have been
reported successful in callus induction of monocots (Rao et
al. 1988; Tabaeizadeh et al.1990). Mucciarelli et al. (1993)
reported a complex medium MS+9.0 µM 2,4-D+5.7 µM
IAA+4.6 µM Kn respond well in the proliferation of leaf
explant. Within two weeks of inoculation, callus completely
covered the tissues.

The calli raised on 2.26 M and 4.52 M 2,4-D were
transferred on MS+ sucrose (2%) + coconut milk (25, 50 and

+++ Good growth, ++ less growth and – No growth

Table 1. Morphological response of Vetiveria zizanioides (control) on different media in vitro

Growth in callus on 2.26 M 2,4-D was more with lesser
stickiness in comparison to 2, 4-D (4.52 M). Callus
induction also observed on 9.04 M 2,4-D+2.32 M Kn, but
induction period was more, i.e., 8 weeks and the growth of
callus was very slow and was white in colour. The calli
growth on the medium supplemented with 2.26 M 2,4-D

100 ml l-1) for the development of somatic embryos and
regeneration. Rooting was less on coconut milk (CM)
concentration of 25 and 100 ml l-1 as compared to 50 ml l-1

(Table 1). Sreenath et al. (1994) obtained very good
regeneration in the medium supplemented with sucrose
(10%) but Leupin et al. (2000) could not obtained the same.

Media Tested 
(MS+3% sucrose+ PGR) 

Transferred on (MS+) Degree of 
response 

Days 
of response 

Type of 
 callus 

2.26 μM 2,4-D – +++ 7 white & sticky 

4.52 μM 2,4-D – ++ 7 white & sticky 

9.04 μM 2,4-D + 2.32 μM Kn – + 56 white  

2.26 μM 2,4-D 3% sucrose – – Black 

4.52 μM 2,4-D 3% sucrose – – Black 

2.26 μM 2,4-D 4% sucrose+2.32 μM Kn – – more black 

4.52 μM 2,4-D 4% sucrose+2.32 μM Kn – – more black 

2%sucrose+25 ml l-1 CM + 20 Less rooting 

2%sucrose+50 ml l-1 CM ++ 15 more rooting 

2.26 μM 2,4-D 

2%sucrose+100 ml l-1 CM + 20 Less rooting 

2%sucrose+25 ml l-1 CM + 20 Less rooting 

2%sucrose+50 ml l-1 CM ++ 15 more rooting 

4.52 μM 2,4-D 

2%sucrose+100 ml l-1 CM + 20 Less rooting 

2%sucrose+9.04 μM 2,4-D – – – 2.26 μM 2,4-D 

2%sucrose+18.09 μM 2,4-D – – – 
2%sucrose+9.04 μM 2,4-D + 25 White 4.52 μM 2,4-D 

2%sucrose+18.09 μM 2,4-D ++ 29 White 

2.26 μM 2,4-D 3% sucrose+8.87 μM BA – – – 
4.52 μM 2,4-D 3% sucrose+8.87 μM BA – – – 
2.26 μM 2,4-D 2% sucrose + 23 White 

4.52 μM 2,4-D 2% sucrose + 26 White 
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Similarly in present study growth of callus was not observed
on low concentration amended medium (MS+2% sucrose).
It has been found that 2,4-D play a key role in regeneration
of vetiver via somatic embryogenesis but via organogenesis
the medium should be supplemented with 6-BA instead of
2, 4-D. However, in present work 2.26 M 2,4-D + MS+
sucrose (2%) raised callus did not show any response on
MS+ 18.09 M 2,4-D, ½ MS + 0.232 M Kn, MS + 8.87 M
BA and MS + 2.26 M 2,4-D. After 6 sub-cultures, 2.26 M
2,4-D raised callus did not show any growth upon transfer
on MS+ sucrose (2%)+ 9.04 M 2,4-D and on MS+ sucrose
(2%) + 18.09 M 2,4-D. On the other hand, 4.52 M 2,4-D
raised callus showed little growth on MS+ sucrose (2%)
+9.04 M 2,4-D and more growth on MS+ sucrose (2%)
+18.09 M 2,4-D after same number of subculturing. The
same callus did not show any growth on transfer to MS+
sucrose (3%) +8.87 M BA and MS+ sucrose (2%) +4.52 M
2,4-D combinations. However, after 4th sub-culture, calli

Plate 1. Callus raised on different media in Vetiveria zizanioides (L.)
Nash., by using culm-nodes on MS+3% sucrose+2.26 M 2,4-D (a,b), 10
weeks old callus on MS+3% sucrose+2.26 M 2,4-D (c), 10 weeks old
callus on, MS+3% sucrose+4.52 M 2,4-D (d) and different stages of
calli on different regeneration media (e-i).

Plate 2. Plantlets regeneration in Vetiveria zizanioides (L.) Nash., inter-
nodal explant taken from potted plant raised in after effluent entry
(AEE) provenance, callus induction (a, b), plantlets regeneration (c,d),
regenerated shoots (e,f) and rooted regenerated shoots in jars (g,h) for
hardening

raised on 2.26 M and 4.52 M 2,4-D showed anthocyanin
development upon transfer in light (Plate 1). The sustenance
of  callus induced on 4.52 M and 2.26 M 2,4-D
supplemented to MS+ sucrose (2%), upto 6 and 4
subcultures, indicate that the amount of 2,4-D used by
Mucciarelli et al. (1993) in a complex medium (containing
auxins, cytokinin and sucrose) was too high.

Constabel and Shyluk (1994) pointed out that too many
biological factors such as genotype, physiological conditions
of source material and difference in culture conditions may
affect the regeneration. Difference in formation of
embryogenic callus between leaf explants from in vitro
grown shoots and from green house-grown plants have also
been reported (Holme and Petersen, 1996). In present
investigation explants from selected provenances were
evaluated for callus induction and subsequent regeneration.
Amongst these only AEE grown pot plants showed callus
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induction on 4.52 M 2,4-D and subsequent regeneration,
indicating a different biochemical and physiological status
of such plants. The regenerants from AEE grown pot plants
obtained were sub-cultured on the fresh medium and
rooting took place. The plantlets were transferred in jars
containing soilrite and MS medium and after one month in
pots (Plate 2). It would be worthwhile to test the oil contents
of such in vitro raised plantlets which might have higher
essential oil contents.
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ABSTRACT

The worm speices responded differently to the admixture used to degrade the coir pre-treated with lime solution
(1%). The exotic worm species like Eisenia eugeniae  and E. foetida were found to work better on coir waste than the
indigenous worms (Drawida willsi and Lampito mauritii). The effective admixtures for coir waste degradation as
ascertained in terms of the worm population were urea (0.5%) sol. and neem leaves (30%).
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The recovery of energy from non-conventional sources
like organic wastes is essential for solving partially the
energy crisis. Coir pith generated in the process of extracting
coir fiber is a major farm waste in the coastal region of
Orissa. Owing to its slow decomposition such agro-waste
poses difficulty in recycling. As a by-product of coir
industries about 52,460 m. tones coir pith is generated every
year (Gopal and Gupta, 2000). Composting by a suitable
earth worm species after proper degradation of coir waste
could help to produce quality manure. Composting of coir
pith through combined inoculation of fungus (Pleurotus
sajorcaju) and earthworm (Eisenia foetida) with cow dung,
lime and urea -N as amendments has been reported (Das et
al., 2003). However, efforts have not been made to study
the relative efficacy of earthworm species in composting
coir waste degrade with various admixtures. In view of this
the present studies were undertaken.

MATERIALS AND MEHTODS

The experiment was conducted for two years (2002-03
and 2003-04) under ambient laboratory conditions during
October-March. The coir pith was first treated with 1 per
cent lime solution to neutralize its acidic reaction and then
cow dung 30 per cent (w/w), neem leaves 30 per cent (w/w),
Pleurotus sajorcaju (1:4), buttermilk Sol. (10 per cent), urea
Sol. (0.5 %) and cow dung 30 per cent (w/w) + urea 0.5 per
cent Sol. were mixed separately so as to enhance the
composition process. Limed coir pith (15 kg each) after
mixing with the above admixtures in the given proportions
was kept in wooden crates separately. Amended coir waste
was kept wet by sprinkling water as and when required till
its partial degradation. After degradation the coir waste
alongwith different admixtures was utilized as the food for
the test species of earthworms viz., Eudrillus eugeniae

(Kinberg), Eisenia foetida Sav., Drawida willsi Michaelsen and
Lampito mauritii Kinberg. The worms were cultured
separately in G.I. trays (60 x 25 x 10 cm) through standard
procedure. Earthworms (15 each species) were released in
each tray and two kilograms of partially decomposed coir
pith from each admixture was provided as food. Optimum
soils moisture was maintained for earthworms. There were
24 treatments comprising 6 admixtures and 4 earthworms
species. All the treatments were replicated thrice in
completely randomized design (CRD). The population data
and the weigth of castings were analyzed statistically
(Gomez and Gomez, 1976).

RESULTS AND DISCUSSION

A perusal of data (Table 1) indicate that the population
growth of earthworm species in respect of the admixtures
was distinct during fourth month of their culture. During
2002 the Maximum population of E. eugeniae, D. willsi, E.
foetida and L. mauritii after four months of culturing were
42.7, 28.0, 25.7 and 41.7, respectively. The worm species
responded differently to the admixture used to degrade the
coir waste. Coir waste degraded by 0.5 per cent urea was
found superior and encouraged the growth of worm
population (34.3 tray–1) as compared to the addition of either
30 per cent cow dung (29.9 tray–1) or 30 per cent neem leaves
(29.3 tray–1). The admixture with either butter milk (10%) or
cow dung (30%) + urea (0.5%) remained effective next to
admixture with urea (0.5%). The former two additives also
favoured the development of worm population and on an
average of 32.2 to 32.3 worms tray–1 were recorded which
were almost at par with the treatment of urea (0.5%). Quick
mineralization and their retention in the nitrate form might
have encouraged the growth of worms in the treatment urea
(0.5%).
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Addition of mushroom spawn of Pleurotus sajorcaju
with coir waste during the process of degradation also helped
in the population built up of local earthworm species like D.
willsi and L. mauritii. The population density tray–1 obtained
with such treatment (26.0-23.7) was statistically at par with
either urea (0.5%) or cowdung  (30%) + urea (0.5%) in case of
D. willsi, while, in case of L. mauritii the effectiveness of such
treatment remained at par with either cowdung  (30%) and
butter milk (10%). Exotic worm species (E. eugeniae and E.
foetida) were found to work on coir waste than the indigenous
worms (D. willsi and L. mauritii). Under ambient laboratory
conditions the overall population density tray–1 achieved
by the above exotic species in four months irrespective of
additives was recorded as 36.1 to 37.8, which was quite
appreciable as compared to the indigenous worm species
(24.7-25.6). Although, worms like Dichogaster bolaui, D. willsi,
L. mauritii and P. excavatus have been suggested for use under
Indian conditions, but D. willsi was reported as better worm
species for vermicompost than L. mauritii (Dash and Senapati,
1986). However, African night crawler E. eugeniae an exotic
species considered as an ideal one to work in agriculture
and agro based industry wase in tropical and sub-tropical
conditions (Kale, 1998).

Population growth trends of earthworm species during
2002 and 2003 almost remained same. The population
density tray–1 irrespective or worm species were found to
range from 29.9-40.5 and it was distinctly higher in case of
E. foetida (38.8 tray–1) and E. eugeniae (36.6 tray–1) as compared
to the local species D. willsi (26.6 tray–1) and L. mauritii (24.6
tray–1). Thus, in view of slow growth rate of the locally
available earthworm species (D. willsi and L. mauritii) the
exotic species, i.e., African night crawler, E. eugeniae and the
tiger worm or European compost worm., E. foetida seem to
have wider scope for composting coir waste on commercial
basis. In terms of earthworm population irrespective of
species, addition of neem leaves with coir pith was found as
an effective admixture followed by urea (0.5%). The overall
mean population tray–1 in the above treatments during 2003
was 40.5 and 34.5, respectively. However, the effectiveness
of the above additives was not consistent across years tested.

Among additives tested to degrade coir waste, urea
(0.5%) and 30 per cent (w/w) neem leaves offer great scope
for large  scale decomposition of coir waste. Exotic species
like E. eugeniae and E. foetida were found effective in
composting the cellulosic coir waste in short period than the

Table 1. Trends of population growth of earth worm species in response to amended coir pith

Earthworm population (No. tray–1) during Sl. 
No. 

Admixture 
2002 2003 

  S1 S2 S3 S4 Overall 

mean 

S1 S2 S3 S4 Overall 

mean 

1. Lime 1% + CD 30% 

(w/w) 

32.7 

(5.7) 

25.3 

(5.0) 

25.7 

(5.1) 

36.0 

(6.0) 

29.9 24.3 

(5.8) 

25.3 

(5.0) 

26.0 

(5.1) 

37.3 

(6.1) 

30.7 

2. Lime 1% + NL 30% 
(w/w) 

32.3 
(5.7) 

23.7 
(4.9) 

23.0 
(4.8) 

38.3 
(6.1) 

29.3 53.0 
(5.7) 

24.0 
(4.9) 

23.7 
(4.9) 

40.7 
(6.4) 

40.5 

3. Lime 1% + PS (1:4) 33.3 

(5.8) 

26.0 

(5.1) 

23.7 

(4.9) 

38.0 

(6.2) 

30.2 34.0 

(5.8) 

27.0 

(5.2) 

23.7 

(4.9) 

38.7 

(6.2) 

30.8 

4. Lime 1% + BM 10% 

Sol. 

41.3 

(6.4) 

25.0 

(5.0) 

25.7 

(5.1) 

36.7 

(6.0) 

32.2 42.0 

(6.5) 

28.3 

(5.3) 

26.3 

(5.1) 

37.7 

(6.1) 

33.6 

5. Lime 1% + Urea 
0.5% Sol. 

42.7 
(6.5) 

28.0 
(5.3) 

25.0 
(5.0) 

41.7 
(6.5) 

34.3 44.3 
(6.6) 

28.7 
(5.3) 

23.3 
(4.8) 

41.7 
(6.5) 

34.5 

6. Lime 1% + CD 30% 
+ Urea 0.5% 

34.3 
(5.8) 

25.7 
(5.1) 

25.0 
(5.0) 

36.0 
(6.0) 

32.3 32.0 
(5.6) 

26.3 
(5.1) 

24.7 
(5.0) 

36.7 
(6.1) 

29.9 

 Overall mean 36.1 25.6 24.7 37.8 - 36.6 26.6 24.6 38.8 - 

   SE(m) ±  CD 
(P=0.05) 

 SE(m) ±  CD 
(P=0.05) 

  

 Species (S)  0.06  0.20  0.03  0.10   

 Amendment (A)  0.07  0.20  0.04  0.10   

 Interaction (S x A)  0.14  Ns  0.08  0.23   

 CD : Cow dung; NL: Neem leaves; PS: spawn of mushroom, Pleurotus sajorcaju; BM: Butter milk

Ns: not significant; Figures in parentheses are x transformed values; S
1
 = E. eugeniae, S

2
 = D. willsi, S

3
 = L. mauritii, S

4
 = Eisenia foetida
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indigenous ones. In order to make the composting process
sustainable, testing of polyculture, i.e., utilizing exotic
species E. eugeniae with the local speices, D. willsi need furhter
attention in future experiments, as such studies were beyond
the scope of present investigation.
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ABSTRACT

Spraying of Triacontanol (0.5 ml l–1), Triancontanol (1.0 ml l–1) and NAA (50 ppm) gave significant effect on yield
and yield attributing character. Maximum plant height (139.39 cm), number of branches per plant (6.99), number of
umbels per plant (43.27), number of grains per umbel (29.72) and yield (1.65t ha–1) were recorded by spraying of
Triacontanol (0.5 ml l–1). Three sprays (40, 60 & 80 DAS) caused maximum number of umbels per plant (42.94) and
yield (1.55 t ha–1) followed by two sprays (40 & 60 DAS), whereas (40,60 & 80 DAS) Triacontanol (0.5 ml l–1) gave the
maximum plant  height (144.28 cm), number of umbels per plant (53.70), number of grains per umbel (33.94) and
yield (1.92 t ha–1) as compared to other treatments. So far cost benefit ratio is concerned, three sprays of bio-
regulators, Triacontanol (0.5 ml l–1) at 40,60 and 80 DAS gave the maximum return, Rs. 1.37 per unit cost (1:1.37).
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Coriander (Coriandrum Sativum L.) is an important spice
cash crop, occupies 3.74 lakh hectares area with an annual
production of 3.27 lakh tones and productivity level of 8.73
q ha–1. A sizeable quantity of coriander seeds (33,750 tones)
valued Rs.82.66 crore is exported to the other countries
(Anon., 2007). It is mainly used as fresh green herb or as
dried seed for flavouring the food. The odour and flavour of
these two products are marked differently. Besides the
preference of green herb for culinary purpose, it is also
considered as an important spice commodity of international
trade and used widely as flovouring substance in the whole
or powered form. The dried ripe fruits of coriander contain
volatile oil, fixed oil, tannins, cellulose, protein, pigments,
calcium, oxalate, minerals and sugar.  Plant growth regulators
(PGR

S
) have been found effective in increasing the plant

growth, number of primary, secondary and tertiary branches
per plant, hermaphrodite flowers, improved sex ratio
(hermaphrodite : staminate) and yield. In the present study
an attempt was, therefore, made to chalk out the growth
regulators with their concentration and number of spray for
obtaining the maximum yield of coriander.

MATERIALS AND METHODS

The experiment was conducted (2004-07) in Factorial
Randomized Block Design with three replications. The
experiment was comprised of four factors viz., Triacontanol
(0.5 ml l–1), Triacontanol (1.0 ml l–1), NAA (50ppm) and water
sprayed at three levels viz., 40 DAS (D

1
), 40 and 60 DAS (D

2
)

and 40,60 and 80 DAS (D
3
). The experiment was comprised

of 12 treatments mentioned below:

F1 : Triacontanol @ 0.5 ml lt-1 water D1 : One spray 40 DAS 

F2 : Triacontanol @ 1.0 ml lt-1 water D2 : Two spray 40 and 60 DAS  

F3 : NAA              @ 50 ppm D3 : Three spray 40, 60 and 80 DAS 

F4 : Water spray DAS : Days after sowing  

 
The experiment was laid in 3rd week of October every

year. The plot size for each treatment was 3.0 x 2.4m with a
planting distance of distance of 30 X 20cm. Well rotten FYM
(15 tones ha–1) and recommended dose of N:P:K (60:40:40
Kg ha–1) were incorporated uniformly before planting in the
soil at the time of land preparation. The observation on
growth and yield attributes were recorded from 10 randomly
selected plants under each replication of respective treatment.
The data were subjected to statistically analysis according
to Panse and Sukhatme (1978).

F1D1  :  Triacontanol 0.5 ml l–1 at 40 DAS  

F1D2  :  Triacontanol 0.5 ml l–1 at 40 and 60 DAS  
F1D3 :  Triacontanol 0.5 ml l–1 at 40,60 and 80  
F2D1  :  Triacontanol 1.0 ml l–1 at 40 DAS 
F2D2  :  Triacontanol 1.0 ml l–1 at 40 and 60 DAS  

F2D3  :  Triacontanol 1.0 ml l–1 at 40,60 and 80 DAS.  
F3D1                       :  NAA @ 50ppm at 40 DAS 

F3D2  :  NAA @ 50 ppm at 40 and 60 DAS 
F3D3  :  NAA @ 50 ppm at 40,60 and 80 DAS 

F4D1  :  Water spray at 40 DAS  
F4D2  :  Water spray at 40 and 60 DAS  
F4D3  :  Water spray at 40,60 and 80 DAS  
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RESULTS AND DISCUSSION

Effect of Bio-regulators

Spraying of Traicontanol (0.5 ml l–1), Triacontanol (1.0
ml l–1) and NAA (50 ppm) gave significant effect on yield
and yield attributing character as compared to only water
sprayed (Table 1). Maximum plant height (139.39 cm),
number of branches per plant (6.99), number of umbels per
plant (43.27), number of grains per umbel (29.72) and yield
(1.65 t ha–1) were in Triacontanol 0.5 ml l–1) followed by
Tricontanol (1.0 ml l–1). These findings are in agreement with
the findings of Tomar et. al. (1994), Lal et. al. (1999) and
Amruthavalli (1978, 1980).

2006).

Interaction effect

Interaction  effect was significant with respect to
plant height, number of umbels per plant, number of grains
per umbel and yield (t ha–1), while it was non-significant
with respect to number of branches and number of umbellets
per umbel (Table 1). However, three spray (40,60 & 80 DAS)
of bio-regulator Triconatnol (0.5 ml l–1) gave the maximum
plant height (144.28 cm), number of umbels per plant (53.70),
number of grains per umbel (33.94) and yield (1.92 t ha–1) as
compared to other treatments. Earlier also similar results
were reported by Amruthavalli (1980), Prakesh and Kumar
(1984), Lal et. al. (1999); Rai et. al. (2004) and Desai et. al.
(1994).

Economics evaluation

While considering the economic aspects of coriander
seed production indicated highest net benefit : cost (B:C) ratio
of Rs. 1.37 per unit cost with the combination effect of three
spray of bio-regulator Tricontanol (0.5 ml l–1) at 40,60 and 80
DAS followed by two spray of Tricontanol (0.5 ml l–1) at 40
and 60 DAS (Table 2).

    Character 
 
     

Treatment 

Plant 
height  
(cm) 

No. of 
branches 
(plant–1) 

No of 
umbels 
(plant–1) 

No. of 
umbellate 
(umbel–1) 

No. of 
grains 
(umbel

–1) 

Yield 
(t ha–1) 

F1 139.63* 6.99 43.27 5.92 29.72 1.65 

F2 136.94* 6.46 39.57 5.83 27.16 1.52 

F3 131.40* 6.23 38.25 5.69 25.29 1.40 

F4 123.83 5.52 32.01 5.61 22.18 1.02 

SEm ± 0.95 0.15 0.70 0.09 0.51 0.06 

CD at 5 %  2.81 0.44 2.06 NS 1.48 0.18 

D1 128.52 5.84 34.28 5.65 22.49 1.19 

D2 135.57 6.55 37.60 5.75 27.53 1.46 

D3 134.76 6.52 42.94 5.88 28.24 1.55 

SEm ± 0.82 0.13 0.61 0.08 0.44 0.05 

CD at 5%  2.43 0.38 1.78 NS 1.28 0.15 

F1 D1 136.10 6.43 34.89 5.72 23.87 1.30 

F1 D2 138.52 6.95 41.21 5.92 31.36 1.72 

F1 D3 144.28 7.60 53.70 6.13 33.94 1.92 

F2 D1 134.04 6.10 35.67 5.71 23.16 1.29 

F2 D2 139.78 6.71 39.32 5.87 29.75 1.64 

F2 D3 137.00 6.57 46.68 5.90 28.57 1.63 

F3 D1 123.66 6.65 35.49 5.64 22.93 1.22 

F3 D2 136.84 6.92 37.90 5.66 26.68 1.50 

F3 D3 133.70 6.12 41.36 5.78 26.27 1.48 

F4 D1 120.28 5.16 31.05 5.54 20.02 0.95 

F4 D2 127.14 5.62 31.97 5.59 22.35 0.96 

F4 D3 124.07 5.77 33.02 5.71 24.19 1.15 

SEm ± 1.65 0.26 1.22 0.16 0.87 0.11 

CD at 5 %  4.86 NS 3.57 NS 2.57 0.31 

CV (%) 2.16 7.17 5.50 4.81 5.81 12.98 

 

Table 1. Effect of Bio-regulator on vegetative and yield
attributes of coriander

Effect of number of sprays (DAS)

Different sprays viz., (40 DAS), two spray (40 & 60 DAS)
and three spray (40, 60 & 80 DAS) had significant effect on
yield and yield attributing character except number of
umbellets per umbel (Table 1). Effect of three sprays (40, 60 &
80 DAS) was significant as compared to one spray (40 DAS).
However, three sprays (40, 60 & 80 DAS) produced maximum
number of umbels per plant (42.94) and yield (1.55 t ha–1)
followed by two spray (40 & 60 DAS). Number of sprays
regulating yield and yield attributing parameters was also
observed by several workers (Rai et. al., 2004;  Kanthsawamy,

      Character 
       

   Treatments 

Gross 
income  

(Rs.) 

Cost of 
production 

(Rs.) 

Net 
profit 
(Rs.)  

Cost : 
Benefit 

ratio 

F1 41,250.00 20,240.00 21,010.00 1:1.04 

F2 38,000.00 20,320.00 17,680.00 1:0.87 

F3 35,000.00 20,090.00 14,910.00 1:0.74 

F4 25,500.00 20,000.00 5,500.00 1:0.28 

D1 29,750.00 20,000.00 9,750.00 1:0.49 

D2 36,500.00 20,000.00 16,500.00 1:0.83 

D3 38,750.00 20,000.00 18,750.00 1:0.94 

F1 D1 32,500.00 20,240.00 12,260.00 1:0.61 

F1 D2 43,000.00 20,240.00 22,760.00 1:1.13 

F1 D3 48,000.00 20,240.00 27,760.00 1:1.37 

F2 D1 32,250.00 20,320.00 11,930.00 1:0.59 

F2 D2 41,000.00 20,320.00 20,680.00 1:1.02 

F2 D3 40,750.00 20,320.00 20,430.00 1:1.01 

F3 D1 30,500.00 20,090.00 10,410.00 1:0.52 

F3 D2 37,500.00 20,090.00 17,410.00 1:0.87 

F3 D3 37,000.00 20,090.00 16,910.00 1:0.84 

F4 D1 23,750.00 20,000.00 3,750.00 1:0.19 

F4 D2 24,000.00 20,000.00 4,000.00 1:0.20 

F4 D3 28,750.00 20,000.00 8,750.00 1:0.44 

 

Table 2. Economics of different treatments

General Cost of production – 20,000 ha–1

Triacontanol – 80/250 ml – 750 ml – Rs. 240 ha–1

Triacontanol – 80/250 ml – 1 liter – Rs. 320 ha–1

NAA – 90/250 ml – 250 ml – Rs. 90 ha–1



Response of PGR on yield and yield attributing character of coriander (Coriandrum sativum L.)

Journal of Eco-friendly Agriculture 5(2) 2010 119

REFERENCES

Amruthavalli, S.A. 1980. Interaction of gibberellic acid (GA
3
)

and benezyladnine (BA) and flowering and sex expression in
Bulgar coriander (coriandrum sativum L.). Indian Journal of Plant
Physiology, 23 : 14-20.

Annonymous 2007. Arecanut and Spices Database. Directorate of
Arecanut and Spices Development, Government of India,
Calicut, Kerala, pp. 92-96.

Desai, U.T. Shinde H.J.; Chaudhari S.M. and P.N. Kale (1994).
Effect of plant growth regulators on quality of water melon
fruits. Indian Journal of Horticulture : 51: 285-287.

Kanthaswamy, V. 2006. Effect of growth harmones and chemicals
on growth yield and quality of Morangia varieties Vegetable
Science, 33 : 93-93.

Lal, H., Rathore, S.V.S. and Kumar, P. 1999. Influence of irrigation
and mixtaala spray on yield and economics of coriander
(Corianderum sativum L.). Vegetable Science, 26 : 69-73.

Panse, V.G. and sukhatme, P. 1978. Statistical methods for
Agricultural workers 3rd revised ICAR, New Delhi, pp. 70-99.

Prakash, G. and Kumar, N. 1984. Sexual diversity in Coriandrum
sativum L. Plant Cell Incompatibility Newsletter No 16:7-8.

 Rai, N., Patel, R.K., Yadav, D.S. and Asati, B.S. 2004. Effect of PGR
on growth flowering and yield of pole type French been cv.
Meghalya local. Vegetable Science, 31 : 95-97.

Singh, Jitendra (2008). Spices and plantation crops. published from
Avishkar publishers distributors, Jaipur 302 003, Rajasthan.
PP 25-48.

Tomar, S.S., Gupta K.P., Mohd, Abbas and Nigam, K.B. 1994.
Effect of irrigation and fertility levels on growth and yield of
coriander (Corianderum sativum L.). Indian Journal of Agronomy,
39 : 442-447.



©2010

Nitrate levels in groundwater of Varanasi district of Uttar
Pradesh, India

Anjani Kumar1, Triyugi Nath1
 
and Priyankar Raha2

1Department of Soil Science and Agricultural Chemistry, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi–221 005, Uttar
Pradesh, India
2Rain Forest Research Institute (ICFRE), Jorhat, Assam

Email: triyugibhu@gmail.com

ABSTRACT

In groundwater sample of cultivated areas of Varanasi district analysed for nitrate concentration revealed that
nitrate ranged between 1.95 to 58.52 mg l-1 with a mean value 27.23 mg l-1 which in most of the samples falls within
maximum permissible limit (45 mg l–1, USEPA, 1985). Similarly the quality of the shallow and deep aquifer it ranged
below the permissible limit except some samples having HCO

3
—, Na+ and Mg+ concentration beyond the permissible

limit.
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Nitrogen, constituting nearly 80 per cent of the
atmosphere, (Berner and Berner, 1987), is found in many
forms, the major ones being N

2
, N

2
O, NO, NO

2
, NH

3

(Gaillard, 1995). Nitrate is part of the nitrogen cycle in nature
and it represents the most oxidized chemical form of nitrogen
found in the natural systems. Nitrates, though very essential
for the very existence of life, is also one of the most widespread
pollutants of ground water in many parts of the world and
in several instances this is due to the intensification of
agriculture (Goldberg, 1989). Application of nitrogen based
fertilizers such as NPK, urea together with organic manure
like cow dung, decomposed vegetative waste, in more than
required quantities, lead to the percolation of nitrate into
sub-surface water bodies. Improper disposal of the human
and animal waste, opened drainage and sewerage lines may
also add to the nitrate contamination of ground water (Jack
and Sharma, 1983). Agriculture and live-stock production
accounts for nearly 80 per cent of all the nitrogen added to
the environment. Nearly 40 per cent of the fertilizers used in
India are used for rice cultivation of which 50 per cent of
applied N fertilizers are lost (Punjab Environment
Information, 2005) through various processes.

High concentration of nitrate in the drinking water
causes many serious health problems especially in children
and young livestock. Due to its hazardous nature, the
permissible limit of nitrate for drinking water has been
reduced from 100 mg l–1 to 45 mg l–1 by the Bureau of Indian
Standards in recent years. Methemoglobinemia (blue-baby
syndrome) is the most immediate life threatening effect of
the nitrate exposure. In numerous studies, exposure of high
levels of nitrate in the drinking water has been linked to a

variety of effects ranging from enlargement of the thyroid to
15 types of cancer and two kinds of birth defects and even
hypertension (Forman et al., 1985). Research shows a definite
relationship between increasing rates of stomach cancer with
increasing nitrate intake (Payne, 1993). Though, the effect of
continuous consumption of high nitrate in water may not be
physically visible as in the case of fluoride, the local people
have complained of recurring indigestion and gastro-
intestinal problems in the study area. The most common
contaminant identified in groundwater is dissolved nitrogen
in the form of nitrates. Handa (1975) found some very high
concentration of nitrate-N (up to 200 mg l–1) in saline
groundwater from north Rajasthan. Mathura district of Uttar
Pradesh observed nitrate up to 310 mg l–1 (Rastaugi, 1995).
Nagaur district of Rajasthan reported 32 per cent water
samples containing nitrate more than 250 mg l–1 followed
by Bikaner and Badmer districts (23%) (Gupta and Jain, 1995).
Nitrate poisoning generally caused death in animals. All
plants contain some nitrate, but excessively high levels are
likely to occur in forages. High rates of nitrogen fertilization
and drought conditions are the most important factors
contributing to nitrate buildup in plants.

Agriculture is the basic occupation of the people and
ground water is the major source of irrigation in the
Varanasi district, these are also the biggest contributors for
the contamination of the water system by nitrates. Since,
there is no systematic information available on the nitrate
status in groundwater in the cultivated areas of Varanasi
district, therefore the groundwater quality of Varanasi
district, collected from various tube-wells (deep aquifers) and
hand pumps (shallow aquifers) was evaluated to understand
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the geochemistry of the aquifers with special attention to
nitrate contamination and soil salinity problem. Furthermore,
its suitability for domestic, drinking and irrigation purposes
was also evaluated. This kind of investigation, when carried
out extensively, would enable planners and policymakers
to evolve a strategy to solve similar problems elsewhere.

MATERIALS AND METHODS

 Sampling site

Geographically the district Varanasi is situated at
25018' of Northern latitude, 83003' of Eastern longitude and
at an altitude of 128.83 m above the mean sea level in the
Indo-Gangetic plains of eastern Uttar Pradesh and falls in
the semi-arid to sub-humid belt of northern India. Annual
temperature varies between 50C to 460C. The mean relative
humidity is 62 per cent which increases upto 85 per cent
from July to September and down to 20 per cent from the end
of April to first week of June. It is main vegetable growing
belt of Uttar Pradesh. Tube well and hand pumps are the
main sources of groundwater for the domestic and
agricultural needs.

Collection of groundwater sample

A survey of Varanasi district was conducted in 2006 –
07, and representative sampling sites were identified. (Table
1). The ground water samples were collected within 50 km
from Banaras Hindu University, head quarter. The samples
of groundwater were collected in clean plastic bottles of 1000
ml from 25 sites (15 tube wells and 10 hand pumps located
in the populated part of the district) after flushing water 5-
10 minutes in order to remove the interference of the standing
water in the metal casing and to stabilize the electrical
conductivity (E.C.). Lack of municipal water supply system
has resulted in the dependency on the groundwater
resources. A separate sub-sample was collected and acidified
for the analysis of dissolved metals (Na+, K+, Ca++ and Mg++).
Groundwater samples were immediately transferred to the
laboratory and were stored at 40C to avoid any major chemical
alteration.

Analytical methodology

The groundwater samples were analyzed using APHA
procedure (1995). The various parameters like pH, EC,
calcium (Ca++), magnesium (Mg++), carbonate (CO

3
—),

bicarbonate (HCO
3

-), chloride (Cl-), sulphate (SO
4

—),
fluoride (F-), sodium (Na+) and potassium (K+) were
determined. The pH and EC were determined on the spot
by using µ-pH syatem-361 (Systronic, India) and
conductivity meter Mode-306 (Systronic, India), respectively.
Ca++, Mg++, CO

3
—, HCO

3
- and Cl- were estimated by titrimetry,

and Na+ and K+ by flame photometry (Systronic-128). NO
3
-

was estimated by ion selective electrode method and SO
4
—

was estimated using the PC based double beam
spectrophotometer (2202). Data were statistically analysed
using SPSS-11.0 software.

RESULTS AND DISCUSSION

The groundwater of study area was slightly alkaline
in nature. The pH value in samples varied from 7.50 to 8.43
(Table 2). The highest value for pH was observed at village
Pasupur. The tube well of this location was newly
established in comparison to other locations. In general,
groundwater pH was slightly alkaline due to the influx of
HCO

3
- ions in the groundwater aquifers, which was due to

percolation of rain water through soil (Mor et al., 2006;
Kumar et al., 2007). The EC is an indicator of soluble salt in
water and also signifies the amount of TDS. EC of collected
water samples ranged from 0.33 to 1.64 dS m-1.

The estimated Ca++ content in water samples ranged
from 8.0 to 36.0 mg l-1, while Mg++ concentration varied from

Table 1. Sampling Locations of Varanasi district

S. 
No. 

Sampling Location H.P./ 
T.W. 

Approxim
ate depth 

(m) 

Age 
(years) 

1. Raghunathpur T.W. 87 5 
2. Bacchaon T.W. 117 7 
3. Pasupur T.W. 167 1 
4. Sunderpur H.P. NA 3 

5. Basahi T.W. NA 11 
6. Sarnath H.P. 90 NA 
7. Aureya H.P. 93 7 
8. Lanka H.P. NA NA 

9. Ramnagar T.W. 67 2.5 

10. Bawatpur H.P. 23 8 
11. Chitrasenpur T.W. NA NA 
12. DLW T.W. NA 1 
13. BHU Agrofarm T.W. 83 25 
14. BHU Vegetable Research 

Farm 

T.W. 76 16 

15. Bhagwanpur T.W. 56 4 

16. District jail H.P. 25 16 
17. Bus stand, Varanasi H.P. NA NA 
18. Lahartara T.W. 74 9 

19. Jakhini T.W. 60 12 
20. Lohita H.P. 35 NA 
21. Araji line T.W. NA 15 
22. Chiraigaon T.W. 67 7 

23. Badhura bazaar H.P. 38 6 

24. Rani bazaar H.P. NA 3 

25. Shankarpur T.W. NA NA 

 T.W. = Tube well, H.P. = Hand pump, NA = Not Available
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0.00 to 64.80 mg l–1. None of the water sample of Varanasi
district had Ca++

 
content above the permissible limit. Mg++

content in two water samples was beyond the maximum
permissible limit.

HCO
3
- ranged from 68.93 to 405.65 mg l-1, while CO

3
- -

ranged from 0.00 to 16.50 mg l-1. High alkalinity does not
pose any serious health risk, but can cause problems, such
as an alkaline taste in the water. Alkalinity is a big problem
for irrigation, if alkaline water is used for irrigation purpose
continuously, then it may lead to formation of secondary
alkalinity in cultivated soil.

High content of chloride may give a salty taste to
ground water and can corrode pipes, pumps and plumbing
fixtures. Cl- concentration in the study area varied from 28
to 126.00 mg l-1. SO

4
- -is a naturally occurring ion in almost

all kinds of water bodies and is major contributor to total
hardness. More than 200 mg l-1 SO

4
-  content poses problem

for domestic purposes. Beyond this limit SO
4
— causes gastro

intestinal irritation. All the water samples of Varanasi
district had SO

4
— contents ranging from 9.6 to 43.68 mg l-1.

Higher Na+ content in irrigation water may cause
sodicity problems and may render the soil barren. Na+

content of the ground water of Varanasi district varied from
8.05 to 135.93 mg l–1 and six water samples have Na+ content
beyond the permissible limit. The K+ content of ground
water of Varanasi district varied from 1.17 to 8.58 mg l–1. K+

also regulates the stomatal activity of leaves and plays a
very significant role in crop physiology involving

transpirational losses, gaseous exchange, respiration and
photosynthesis.

Nitrate concentration in groundwater

The nitrate content in groundwater of Varanasi ranged
from 1.95 to 58.52 mg l–1. The maximum nitrate content in
groundwater was noticed in Raghunathpur which is a
potential rice-wheat cropping system area. The mean nitrate
content in Varanasi district was 27.23 mg l-1. The nitrate
concentration was higher in rice-wheat cropping system
area. It is expected that the nitrate in groundwater was
contaminated through nitrogenous fertilizer application
and leaching of nitrate from soil.

According to (USEPA,1985) the maximum acceptable
concentration  for nitrate in drinking water is 45 mg l–1, but
above 1 mg l–1 was not considered suitable for infant feeding
The nitrate in drinking water at levels under 45 mg l–1 is safe
for animals and humans between 45–90 mg l–1 nitrate in
drinking water is safe for livestock. Problem for livestock
can occur if drinking water has more than 45–90 mg l–1

nitrate concentration. Thus, according to USEPA, the nitrate
content in ground water of some locations (20%) of Varanasi
district has crossed the threshold limit.

Nitrate concentration in the ground water samples
ranged between 1.95 - 58.52 mg l-1 with a mean value 27.23
mg l-1. Their concentration in 80 per cent of the samples falls
within maximum permissible limit (45 mg l–1), and possibly
may not to pose the risk of nitrate pollution for the population.
Na salts of SO

4
- - and Cl- were identified as a major contributor

to TDS or EC. Na+ content was beyond the permissible limit
(50mg l-1) for 50 per cent of water samples. The problem seems
mainly enhanced by rainfall and irrigation together with
poor quality water/groundwater, which enhance salt
leaching. The relationship of NO

3
-
 
with other parameters

suggests that fertilizers and organic manure are the major
sources; animal waste dumps and domestic sewerage are
minor source of nitrogen contamination to groundwater in
the study area. The most effective way of reducing the
nitrogen content of groundwater in the areas where
agriculture is the main occupation is by reducing the
application of fertilizers in consultation with agricultural
scientists and by changing the cropping pattern, by going in
for irrigated dry crops which consume less water and
fertilizers and frequently modifying the cropping sequences
which offer possible ways to scavange the nitrogen.
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ABSTRACT

Cyanobacteria or blue green algae (BGA) Plectonema, Aulosira, Calothrix, Oscillatoria, Nodularia and Nostoc, isolated
from paddy fields were tested for phosphate solubilization by biomass production, chlorophyll content and increase in
available P in N free Bristol’s medium containing inorganic phosphorus sources. Calothrix recorded higher biomass
(0.06g and 0.03g) dry weight whereas Aulosira recorded better chlorophyll content of 0.62 and 0.59 mg g-1 in tricalcium
phosphate and aluminium phosphate incorporated medium. The maximum available phosphorus content (12.56µg ml-1

and 11.6µg ml-1) was found in the culture filtrate of Aulosira in aluminium phosphate and tricalcium phosphate incorporated
media. Better growth, phosphatase activity and increasing the available P content in non-water soluble inorganic
phosphorus makes the BGA cultures Aulosira, Calothrix and Oscillatoria as best candidates for further studies in phosphate
solubilization in rice ecosystem.
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Phosphorus, an essential nutrient required for plant
growth is supplied to crop plants as mineral fertilizers.
Though applied phosphorus initially available due to
chemical fixation reaction its availability goes down even
up to 90 per cent. Many bacteria, fungi, actinomycetes and
cyanobacteria are capable of solubilizing the applied
phosphorus (Roychoudhury  and Kaushik,  1989). BGA is
one of the suitable biofertilizer used in wetland and
gardenland crop plants. Cynobacteria, a major group of
nitrogen fixing microorganism, have greater potential as
biofertilizer in rice (Venkatraman, 1979). Besides nitrogen
fixation cyanobacteria are also soluablize the unavailable
phosphorous through the production of organic acids as
well as phosphate enzymes (Ramalingam and Gowtham
Prasanna, 2006; Roychoudhary and Kaushik 1989). The
nitrogen fixing cyanobacteria, Westillopsis prolifica and
Anabaena variabilis caused an increase in chlorophyll,
insoluble proteins and nitrogen fixation in presence of
Mussorie Rock Phosphate and Tricalcium Phosphate
(Yandigeri and Pabbi, 2005). Blue green algae are also
known to solubilize musorie rock phosphate and increase
the available phosphorus (Kaushik, 1986). Cell wall
cyanobacteria are similar to gram negative bacterial cell
wall, secrete alkaline phosphatase in the surrounding
medium and increases available phosphorus (Reichardt,
1971). Higher phosphatase activity was recorded in Rivularia
strain I and II isolated from deep water rice fields under
phosphorus limiting conditions (Banarjee and John, 2005).
Polyurathane foam immobilized cyanobacteria exhibited

higher alkaline phosphatase activity in rock phosphate than
alumunium phosphate incorporated medium (Ramalingam
and Gowtham Prasanna, 2006)

.
 Few reports are available

on the solubilization of inorganic phosphorus in presence
of insoluble phosphate sources. Hence, the present
investigation was aimed at isolation, purification and
identification of most common cyanobacterial cultures
prevalent in paddy fields, and their impact on the growth
potential and P availability in presence of insoluble
phosphate sources.

MATERIALS AND METHODS

Soil samples were collected from different locations
of rice fields. The cyanobacteria from soil samples were
isolated as per manual (Gerherdt et al. 1981). Standard
plating techniques were used for isolation of cyanobacterial
strains and the dominant forms were purified (Stanier et al.
1971). Identification of the strains was done using the
standard identification keys (Desikachary, 1959). BGA
cultures were grown in N-free Bristol’s medium (Bristol,
1927) with non-water soluble inorganic phosphorus sources
such as tricalcium phosphate and aluminium phosphate at
500 ppm at 28± 1o C under light intensity of 2,500-3000 lux
for 3 weeks of incubation. Biomass, chlorophyll content of
BGA cultures and available ‘P’ in culture filtrate were
assessed.  The biomass production of the blue green cultures
grown in 50ml of Bristol’s medium as determined by
estimating the fresh and dry weight (oven dried at 60°C for
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3h).  The results were expressed in terms of biomass (mg)
produced per 50 ml of the algal culture. The chlorophyll
content was determined by Wintermans and Demots (1965)
method. The phosphatase activity of culture filtrate of BGA
and the available P was determined through standard
procedures (Evazi and Tabatabai, 1977; Olsen et al., 1954).

RESULTS AND DISCUSSION

The cyanobacterial cultures (Plectonema, Aulosira,
Calothrix, Oscillatoria, Nodularia and Nostoc) were isolated
from the soil samples. The isolated BGA cultures were
identified based on the morphological features observed
on the microscope (Desikachary, 1959). Occurrence of Blue
green algae in paddy fields of Madurai districts was well
documented (Anand and  Revathi,1987). Survey and
isolation of Nostoc (Gnanachitra, 1997) was done from the
algal crusts of garden land of Agricultural College and
Research Institute, Madurai.

Calothrix recorded higher biomass (0.06 g and 0.03 g
dry weight) in N free Bristol’s incorporated with tricalcium
phosphate and aluminium phosphate, respectively
(Table 1). The incorporation of inorganic phosphorus
sources in medium with phosphate deficient BGA recorded
better biomass production (Simonis et al.1974). The biomass
production of BGA cultures viz., Anabaena, Nostoc,
Tolypothrix tenuis and Aulosira fertilissima has been found
better in N-free Bristol’s medium with tri calcium phosphate
(Bose et al.1970). Aulosira recorded maximum chlorophyll
content of 0.62 and 0.59 mg g-1 in incorporated N free
Bristol’s medium with tricalcium phosphate and aluminium

phosphate respectively. However, ‘N’ free Bristol’s medium
incorporated with tricalcium phosphate and aluminium
phosphate reduces the chlorophyll content of Nostoc.
Chlorophyll content of BGA culture Anabaena flos-aquae in
continuous culture was reduced with increase of inorganic
phosphorus source (Roychoudhury and Kaushik, 1989). In
our study, the higher chlorophyll content of Aulosira and
increased biomass production of Calothrix revealed their
growth potential in presence of non-water soluble inorganic
phosphorus.

BGA cultures recorded higher phosphatase activity in
‘N’ free Bristol’s medium with tricalcium phosphate and
aluminium phosphate (Fig. 1). Aluminium phosphate
incorporated ‘N’ free Bristol’s medium recorded the higher
phosphatase activity in culture filtrate of Oscillatoria (7.5
mg of p-nitrophenol released ml-1h-1) whereas culture
filtrate of Aulosira, Calothrix and Nostoc recorded the low
phosphatase activity. Tricalcium-phosphate incorporated
‘N’ free Bristol medium recorded maximum phosphatase
activity in culture filtrate of Calothrix (7.56 mg of p-
nitrophenol released ml-1h-1) and the lowest activity was
recorded in Plectonema of 5.95 mg p-nitrophenol released
ml-1h-1. Alkaline phosphatase activity of the blue green algae
Anabaena flos aquae has been reported (Bone, 1971)

.
 Alkaline

phosphatase activity of filamentous Anabaena flos-aquae has
been found to vary with medium phosphate composition
in batch cultures (Healey, 1978; Gupta et al.,1998). The
higher phosphatase activity in Oscillatoria and Calothrix
showed their ability to solubilize non-water soluble
phosphorus.

Available phosphorus content in culture filtrate of
BGA cultures was increased in ‘N’-free Bristol’s medium
incorporated with tricalcium phosphate and aluminium
phosphate (Fig 2). The culture filtrate of Aulosira recorded
maximum available phosphorus content of 12.56 and 11.6
mg ml-1 followed by Oscillatoria in N-free Bristol’s medium
incorporated with aluminium phosphate and tricalcium
phosphate, respectively. The culture filtrate of Nodularia in
‘N’ free Bristol’s medium with tricalcium phosphate
registered low available phosphorus content. The
inoculation of Anabaena sp., Calothrix braunii, Nostoc,
Scytonema, Tolypothrix ceylonica increases available
phosphorus through phosphate solubilization (Subba Rao,
1995). Solubilization of Mussorie rock phosphate by
nitrogen fixing cyanobacteria Tolypothrix tenuis, Scytonema
cincinnatum and Haplosiphon fontinalis was observed in vitro
(Thomas et al.1985).

A significant increase in available phosphorus was
noticed in medium inoculated with BGA cultures. Similar
results found with the cultures of Tolypothrix tenuis and
Aulosira fertilissima able to solubilize tri calcium phosphate
and registered available ‘P’ of 1.55 and 1.07 mg P

2
O

5

50ml-1, respectively. Aulosira, Calothrix and Oscillatoria

Table 1. Biomass production and chlorophyll content of
BGA cultures in N free Bristol’s medium
incorporated with non–water soluble inorganic
phosphorus

Biomass production (g 50ml-1) Chlorophyll 
content (mg g-1) 

AP (500 ppm) TCP (500 ppm) 
BGA 
cultures  

FW DW FW DW 
AP TCP 

Plectonema  0.04 0.005 0.1 0.01 0.51 0.49 
Aulosira  0.03 0.005 0.64 0.05 0.59 0.62 
Calothrix 0.27 0.03 1.91 0.06 0.56 0.58 
Oscillatoria  0.03 0.005 0.17 0.03 0.49 0.53 
Nodularia  0.04 0.007 0.92 0.04 0.45 0.48 
Nostoc  0.03 0.006 0.04 0.005 0.43 0.46 

SEd 0.0009 0.0001 0.007 0.0003 0.0041 0.004 
CD (0.05%) 0.002 0.0002 0.01 0.0007 0.009 0.009 

 FW: Fresh weight in g 50ml-1 DW: Dry weight in g (oven dried at
60°C for 3 hrs) 50ml -1

AP: Aluminium Phosphate TCP: Tri calcium Phosphate
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exhibited better growth and increased available phosphorus
in N-free Bristol’s medium with tricalcium phosphate and
aluminium phosphate which can be exploited for further
studies for phosphate solubilization in rice field ecosystem.
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ABSTRACT

Results revealed that incorporation of rice straw along with the application of 25 per cent additional N to wheat
caused significant increase in plant height, ear length and effective tillers m–2 of wheat over surface residue retention
+ no N to wheat and straw removal + no N to wheat but remained at par with all other treatments. Rice straw
incorporated plots with 25 per cent additional N resulted in maximum wheat grain yield (37.66 q ha–1) being over all
other treatments with a respective increase of 114.7, 143.9, 13.3, 14.8 and 8.8 per cent over surface residue retention
+ no N to wheat, straw removal + no N to wheat, straw removal + recommended N to wheat, straw incorporation +
recommended N to wheat and straw burning + recommended N to wheat. Growth and yield components of wheat,
i.e., plant height, ear length and effective tillers m–2 were not influenced by rice establishment techniques. Incorporation
of rice residue along with the application of 25 per cent additional dose of N to wheat crop can be a suitable option
for maintaining the sustainability of rice – wheat system.

Keywords: Rice-wheat, rice residue, straw burning, irrigated conditions
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Rice-wheat cropping system is an important sequence
in most parts of India including irrigated belts of Jammu.
There was a dramatic rise in the productivity and
production of this system during seventies and eighties,
but now it is no longer showing increased production with
increase in input use mainly due to excessive use of
fertilizer, less availability of organic manures and burning
of rice residue. The burning of the residues of rice and wheat
results in the loss of organic matter C, N and S and partial
loss of P, K and Mo to the atmosphere. Straw C, N and S in
atmosphere reacts with O

2
 and forms environmental

pollutants like CO
2
, NO

2
 and SO

2
. Therefore, to achieve

sustainable or higher productivity and reverse the present
trend in natural resource degradation efforts must be
focused on recycling of crop residues. (Sharma et al., 2009).
Incorporation of crop residues of either rice or wheat has
been reported to increase the yield and yield components
of rice and wheat and nutrient uptake and also improves
the physico-chemical properties of the soil which provides
better soil environment for crop growth (Das et al., 2003).
Keeping in view these rationales the present investigation
was conducted to evaluate different rice residue

management options in rice–wheat cropping system.

MATERIALS AND METHODS

The experiment was initiated in rainy season (Kharif)
2006 on Wheat and Barley. The soil of the experimental site
was clay loam and slightly alkaline. The initial pH (8.3),
electrical conductivity (0.08 ds/m), organic carbon (0.56%),
available nitrogen (212 Kg ha-1), available phosphorus (16
Kg ha-1) and available potassium (110 Kg ha-1) were recorded
before rice sowing in 2006. The experiment comprised of 9
rice residue management treatments viz., direct seeded rice
{(DSR) (Straw removal)} – Wheat (T1), DSR (Straw
incorporation) – Wheat (T2), DSR (Straw incorporation +
25% more N) – Wheat (T3), DSR (Straw burning)- Wheat
(T4), DSR (Surface residue retention + 25% more N) – Wheat
(T5), DSR (Surface residue retention) + Sesbania –Wheat (T6),
DSR (Surface retention) – Wheat (0 N) (T7), DSR (Straw
removal) – Wheat (0 N) (T8) and transplanted rice (Straw
removal) – Wheat (T9). These treatments were evaluated
under randomized block design with 3 replications. Rice
(cv. PC 19) and wheat (cv. PBW 343) were taken as test crops.
Both transplanted rice and direct seeded rice followed by

1.  Division of PBG, SKUAST-Jammu
2.  Farming System Research Centre, SKUAST-Jammu
3.  Division of Agronomy, SKUAST-Jammu
4.  Division of Plant Pathology, SKUAST-Jammu
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irrigated wheat were evaluated following different residue
management practices. Direct seeding of rice cv. PC 19 was
done on 07th, 04th and 2nd June in 2006, 2007 and 2008, using
a seed rate of 75 Kg ha–1, while transplanting of 30 days old
seedlings was done 1 month after direct seeding of rice using
a seed rate of 25 Kg ha–1. The direct seeded rice plots received
a pre sowing irrigation and irrigated soon after sowing for
seed germination. All the direct seeded rice plots received
frequent irrigation to keep the soil wet. For transplanted crop,
irrigation was applied for puddling, thereafter uniform
irrigations were applied to all the treatments. About ten days
before harvesting rice crop Sesbania green manure crop was
sown by broadcasting seeds @ 3 Kg ha–1. After harvesting of
rice, a pre sowing irrigation was applied to all the plots to
ensure optimum moisture for sowing of wheat. At the time of
land preparation for wheat crop, rice crop residues were
either incorporated in situ, removed from the plots, burnt in
the plots or retained on the surface as per treatment. The rice
crop residues before incorporation into the plots were
chopped by chaff cutter, spread in the plots and
incorporated into the soil. Sowing of wheat cv. PBW 343
was done on 20th, 22nd and 17th November in 2006, 2007 and
2008, respectively. Half of the N to wheat was applied and
incorporated into the soil at sowing and the remaining half
was applied as top dressing at the time of first irrigation. In
one of the treatments (T

3
) 25 per cent of the N was applied at

the time of incorporation of crop residues, while in another
(T

6
), green manuring of 45 days old dhaincha (Sesbania

aculeata) was done 5-7 days before sowing of wheat. The
sources for the nutrients taken were urea, diammonium
phosphate and muriate of potash. The data on plant height,
ear length, effective tillers m–2, 1000 grain weight; grain and
straw yields of wheat were recorded at the time of harvest.

RESULTS AND DISCUSSION

A perusal of data given in Table 1 reveals that
maximum plant height, ear length and effective tillers m–2 of
wheat were recorded on incorporation of rice straw along
with the application of 25 per cent additional N to wheat
(T

3
). This treatment was significantly better over surface

residue retention + no N to wheat (T
7
) and straw removal +

no N to wheat (T
8
) but remained at par with all other

treatments. At harvest, T
3
 recorded the highest value (96.64

cm) of plant height, which was 22.32 and 33.66 cm more
than T

7
 and T

8
, respectively. Similarly, yield attributes of

wheat viz. ear length and effective tillers m–2
 
recorded in T

3

were significantly higher  over control plots (T
7
 & T

8
) but

remained at par with all other treatments.  Maximum ear
length (9.58 cm) and effective tillers m–2 (380.96) recorded in
T

3
 showed a respective increase over T

7
 and T

8
 in ear length

by 22.3 and 38.6 per cent and in effective tillers by 52.0 and
78.8 per cent. However, the effect of residue management
treatments on 1000-grain weight of wheat was not significant.
Growth and yield components of wheat viz. plant height,
ear length and effective tillers m-2 were not influenced by
rice establishment techniques and these parameters were at
par whether the wheat was sown after direct seeded or
transplanted rice.

On pooled basis minimum wheat yield was recorded
in unfertilized control plots (T

7
 & T

8
). The wheat yield in

control plots (T
7
 & T

8
) was similar whether the rice residue

was retained or removed. The highest wheat yield (37.66q
ha–1) was obtained where rice straw was incorporated with
25 per cent additional N (T

3
) and it was significantly higher

than all other treatments with a respective increase of 114.7,
143.9, 13.3, 14.8 and 8.8 per cent over T

7
, T

8
, T

1
, T

2
 and T

4 
.

Table 1. Effect of rice residue management on growth, yield attributes and yield of wheat (Pooled data of 3 years)

Grain yield   
(q ha–1) 

Biological (strain) 
yield (q ha–1) 

Treatment Plant height 
at harvest (cm) 

Ear length 
(cm) 

Effective 
Tillers m–2 

1000-grain 
weight 

Rice Wheat Rice Wheat 

DSR (Straw removal)- Wheat (T1) 93.04 9.13 376.93 33.41 36.63 33.25 44.83 103.24 
DSR (Straw incorporation) - Wheat (T2) 95.11 8.84 361.11 32.96 37.83 32.80 45.33 103.18 
DSR (Straw incorporation + 25% N more) - Wheat (T3) 96.64 9.58 380.96 35.36 38.34 37.66 45.44 112.73 
DSR (Straw burning) - Wheat (T4) 94.24 9.18 362.40 33.25 36.81 34.33 43.92 104.49 
DSR (Surface retention + 25% N more) - Wheat (T5) 94.51 9.41 380.73 33.24 38.47 35.21 44.58 105.08 
DSR (Surface retention) +  Sesbania)-Wheat (T6) 95.83 9.12 365.58 32.58 38.94 33.55 46.06 111.54 
DSR (Surface retention) – Wheat (0N) (T7) 74.32 7.83 250.64 33.31 35.58 17.54 42.13 51.59 
DSR (Straw removal) – Wheat (0N) (T8) 62.98 6.91 213.0 32.69 34.48 15.44 42.63 44.86 
Transplanted rice (Straw removal)-Wheat (T9) 95.52 9.29 369.36 34.33 43.38 34.24 51.34 107.56 

CD (5%) 5.04 0.47 29.27 NS 2.12 2.41 2.16 9.3 

 



130 Journal of Eco-friendly Agriculture 5(2) 2010

A.K. Khokhar, A.K. Gupta, A.S. Bali and Vikas Gupta

The yield of wheat was not affected by the crop establishment
techniques in rice and the yield was similar whether the
wheat was preceded by DSR or transplanted rice. The grain
yield of wheat in plots where rice straw was removed (T

1
),

incorporated (T
2
), burnt (T

4
) and retained on surface (T

6
)

without additional N were significantly higher than control
plots (T

7
 & T

8
). The incorporation of rice residues along with

the application of additional N corrected the C: N ratio and
this might have over come the immobilization effects of
nutrients especially N. The rice crop residues on
decomposition released plant nutrients in soil slowly
throughout the crop growth period, which resulted in better
uptake of nutrients, plant growth and higher grain yield of
wheat. Similar, results were also reported by Kachroo and
Dixit (2005) and Singh and Yadav (2006). Hence,
incorporation of rice residue along with the application of
25 per cent additional dose of N to wheat crop can be a
suitable option for maintaining the sustainability of rice –
wheat system.
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ABSTRACT

In Kashmir, an yearly apple pomace waste (waste of apple) is about 5000 metric tonnes. A recycling technologies
using effective microorganisms (EM) and vermicomposting by (Eisenia foetida), which decomposes apple pomace in to
value added products were conducted at the research centre. Effective microorganisms were sprayed @ 200ml
treatment-1 after every 15 days and earthworm (Eisenia foetida) were cultured in plastic trays (45 x 30 x 30cm) containing
apple pomace alone, i.e., control (Tl), apple pomace + cowdung (T2), apple pomace + cowdung + EM (T3), apple pomace
+ cow dung + earthworm (T4) and apple pomace + cow dung + EM + earthworm(T5) for 60 days. Nutrient values and
microorganisms were determined from the compost and vermicompost. Results revealed that the NPK values and microbial
growth were maximum in T5 followed by T4 as compared to control (Tl).

Key words: Apple pomace, cow dung, effective microorganism, Eisenia foetida, NPK
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Earthworms often referred as farmer’s friends and
natures polughmente (Darwin, 1881) are extremely
important in soil formation, principally through their
activities in consuming organic matter, fragmenting and
mixing it intimately with mineral particles to form
aggregates. During their feeding, earthworms promote
microbial activity greatly, which in turn accelerates the
breakdown of organic matter and stabilization of soil
aggregate. Disposal of solid wastes can be done by many
methods, like land filling, incineration, recycling, conversion
to biogas, disposal in to sea and composting. Composting
is biological decomposition and stabilization of organic
material by microbial action. Vermi-composting is one of
the recycling technologies, which improve the quality of
products (Bhawalkar, 1991). Effective microorganisms (EM)
are currently being used in many countries as beneficial
microbial inoculants for processing organic material, so that
they can be recycled back into agricultural systems (Afzal
et al., 1994). The present study was undertaken to convert
fruit waste into value added vermi-compost.

MATERIALS AND METHODS

Earthworms, Eisenia foetida was used in the
experiment. The apple pomace was taken from Apple juice
plant, Sanathnagar. The experiment was done by using
plastic trays (45 x 30 x 30cm) containing apple pomace alone
(control, Tl), apple pomace + cowdung (T2), apple  pomace
+cowdung+EM (T3), apple pomace+cow dung+earthworm
(T4) and apple pomace + cow dung+EM + earthworm (T5)

with 3 replicates for 60 days. Effective microorganisms (EM)
were sprayed @ 200ml treatment-1 after every 15 days and
ten earthworms were introduced into each tray. The
bedding was kept moist throughout the experiment by
regular watering. The experiment was terminated on the
60th day and the vermi-compost produced by the
earthworms was harvested for analysis. The parameters for
analysis were pH, total nitrogen, phosphorus and
potassium. Microbial composition were also analysed after
the harvest of vermi-compost.

RESULTS AND DISCUSSION

The nutrient values of vermi-compost and compost
obtained in this study are presented in Table 1. The pH of
apple pomace (Tl) was acidic (6.0.). The pH of T5 compost
showed significant variation when compared to other
treatments. The over all increase of pH may be attributed
to the decomposition of nitrogenous substrates resulting in
the production of ammonia. It was clear from the results,
that there was a significant increase in NPK content in the
vermi-compost. The present study is in conformity with Lee,
1985, who found that the earthworm casts contain more
nitrogen, phosphorous and calcium. Esther et al., (2007)
found that the worm Eisenia fetida is capable of ingesting
and excreting organic materials at a high rate.
Gunathilagaraj and Ravignanam (1996) reported that the
macro and micronutrients in the vermi-compost of semi
cultural wastes were more. Gaur (1982) found that the
nutrients are richer in the earthworm casts. Lakshmi and
Vijayalakshmi (2000) reported similar increase in NPK
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values on subjecting sugar factory filter press mud to vermi-
composting. Ravichandran et al. (2001) also observed more
NPK in the compost than that in the initial soil. The NPK
content of the vermi-compost prepared from vegetable
waste and cow dung showed maximum increase, when
compared with the compost prepared using individual
constituents. The cow dung influenced the rate of vermi-
composting and increased the amount of macro nutrients
in the vermi-compost. The increased nitrogen may be due
to nitrogenous metabolic products of earthworms, which
are returned to the soil through casts, urine, muco-proteins
and earthworm tissue. Hence, it is clear that the mixture of
apple waste and cow dung is suitable for the production of
higher quality vermi-compost, compared to subjecting the
same components individually. High range of microflora
in vermi-compost could be attributed to higher quantities
of organic carbon and other minerals in feed substrates.
According to Edwards and Lofty (1976), earthworms
excrete certain secretions along with vermi-compost which
makes excellent microbial growth. Treatment combination
of T5 was found most rich in microbial populations because
of effective combinations of EM and earthworm for the
conversion of fruit waste into vermi-compost.

The vermi-compost content showed an increase in
nutrient composition depicting decomposition and
mineralisation of organic matter present in initial waste.
This was substantiated by recording a decrease in organic
carbon.
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Treatment pH N  
(%) 

P  
(%) 

K  
(%) 

Apple pomace alone  6.0 0.4 0.21 0.98 
Apple pomace+cowdung  7.0 1.20 0.98 1.56 
Apple  pomace+cowdung+EM  7.3 1.58 1.20 1.88 
Apple pomace+cow dung+earthworm 7.0 1.60 1.36 2.53 

Apple pomace +cow dung+EM+ 
earthworm 

7.5 1.76 1.40 3.60 

 

Table 1. Nutrient composition of compost made by
incorporation of EM and Eisenia foetida
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ABSTRACT

Rising awareness about the harmful effects of chemicals used in production, processing and preservation of food
on health, has led to the development of consumers for organically grown foods. Today, the organic market has
become the fastest growing sector of the agriculture industry. Organic food means crops without the use of conventional
pesticides, chemical fertilizers and processed without ionizing radiation and food additives or growth promoters.
Lots of studies have been done to compare the organic foods with their conventional counterparts in terms of
nutrition, taste, pesticide residues and nitrate content etc. Organic foods ensure high quality, which other conventional
foods cannot commit. Polyphenols concentrations in organic potatoes are 10 per cent higher than non-organic potatoes.
Chips from organic potatoes possess lower fat and calorie and greater content of fiber and minerals. Likewise organic
apples had 18.6 per cent more phenolic compounds (mainly flavonols) than non-organic orchards. Antioxidant
phenolic compounds are 26 per cent higher in organically produced wine. Organic vegetable soups contain almost six
times as much salicylic acid as non-organic soups. This acid, responsible for the anti-inflammatory action of aspirin,
helps fight hardening of the arteries and reduces the risk of heart attacks, strokes and bowel cancer. Since organic
foods are fresh and natural, these are rich in taste. But organic foods need to be certified and thus have to satisfy the
norms and regulations of monitoring standards like ISO-9000 quality assurance and HACCP programmes.

Key words: Organic foods, Benefits, Conventions
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Recently, people have become more aware about their
health related issues like what are their food habits? or what
should be their food habits etc., mainly due to the harmful
effects of chemicals used in production, processing and
preservation of food. Now, the EPA considers 60 per cent of
all herbicides, 90 per cent of all fungicides, and 30 per cent of
all insecticides as potential carcinogens. Consumer demand
for natural, organic foods is booming and shows no signs of
slowing down. According to NPOP (National Programme
for Organic Production) and APEDA, the total area under
certified organic cultivation in India is around 2.51 x 106 ha,
which also includes wild herbs collection from forest area.
India exports 31 organic products and a well known exporter
of organic tea. Other exporting products include honey,
cashew, cotton, basmati rice, sesame, spices, walnuts, pulses
and wheat (Yadav et al., 2007). Now every food category has
an organic alternative even non-food agricultural products
like cotton are being grown organically, which most experts
felt could not be grown organically.

Organic food means food crops grown without the use
of conventional pesticides, chemical fertilizers and
processed without ionizing radiations and food additives
or growth promoters. For animals it means they are reared
without the use of antibiotics and growth hormones. Also

organic food is produced without the use of genetically
modified organisms. Organic is not only matter of final
product but the whole process of production has significance
under the organic production systems. Codex Alimentarius
Commissions have established the norms for production,
processing, storage, transport, labeling and marketing of
organic foods (Makhal et al., 2004). In the manufacturing of
organic food products special care is taken to exclude
artificial and chemical ingredients, including flavours,
colours, sweeteners, stabilizers etc. (Banerjee, 2001). Organic
foods clearly have much lower levels of synthetic
agricultural chemical residues such as artificial pesticides,
herbicides, fungicides and veterinary drugs (eg, antibiotics
and growth hormones). Yet it is important to realise that
organic foods may still have some residues from incidental
soil and environmental contamination, even if the
concentrations of these residues are very low. According to
a survey described in the FAO report, less than one per cent
of food-related illness is caused by chemical contamination
of food. So even if chemical contamination of organic food is
less than that of conventional food, this will cause minor
effects on the overall rate of acute food-borne illness (FAO,
2000).
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Labeling categories

An organic ingredient is any substance used in the
preparation of an organic agricultural product that is still
present in the final product as consumed. Organic
ingredients cannot be produced using excluded methods
(GMOs, etc.), sewerage sludge, or ionizing radiation (NOP
205.301(F) (1)-(4)); cannot contain sulfites, nitrates, or nitrites
added during the production, except wine (NOP 205.301
(F) (5)); cannot use non-organic ingredients when organic
ingredients are commercially available (NOP 205.301(F)(6));
and cannot include organic and non-organic forms of the
sane ingredient (NOP 205.301(F)(7)). According to subpart
D, “Labels, Labeling and Market information” (NOP
205.300-311), several labeling options are available as also
described by Thomas et al. (2005).

100 per cent Organic: Any product sold, labeled, or
represented as 100 per cent Organic must contain only 100
per cent organically produced raw materials or ingredients,
including processing aids, except water and salt, which are
exempted. The labeling is the most stringent. The label must
state “Certified Organic by- (USDA Accredited Certifier)”
and may bear the USDA Organic seal and/or the accredited
certifier’s seal on the principal display panel.

Organic: Any product sold, labeled, or represented
as Organic must contain 95 per cent or more organically
produced raw materials and/or ingredients. The remaining
ingredients must be organic, unless they are not
commercially available or are non- agricultural substances
or non-organically produced agricultural products
consistent with the National List (NOP 205.601-606). The
label must state “Certified Organic by- (USDA Accredited
Certifier)” and may bear the USDA Organic seal and/or
the accredited certifier’s seal on the principal display panel.

Made with organic ingredients: Any product sold,
labeled, or represented as Made with Organic Ingredients
must contain 70 per cent or more organically produced raw
materials and ingredients. The remaining ingredients must
be organic, unless they are not commercially available or
are non-agricultural substances or non-organically
produced agricultural products consistent with the National
List. The label may include up to three organic ingredients
on the principal display panel and must state “Certified
Organic by- (USDA Accredited Certifier)”. The USDA
Organic seal may not be used, but the accredited certifier’s
seal may be used.

Benefits

The major markets for organic food products are in
the United States, European countries such as Germany,

France, Italy, Belgium and United Kingdom and Asian
countries like Japan and China. In China organic noodles
are available in different flavours. These noodles are more
nutritious with higher percentage of vitamin B, vitamin E
and minerals like zinc, magnesium, iron and phosphorus.
Fresh organic foods like fruits and vegetables are more
delicious having strong flavour and superior quality than
conventionally produced counterparts. These are even more
nutritious because of higher percentage of vitamins and
minerals. Most importantly, fresh organic foods are free from
any kind of chemical residues and since these are fresh and
natural so better in taste. Whereas the agriculturally inorganic
food means the foods for which the body has to process the
added chemicals. The body sees these chemicals as toxins
and it takes nutrients from the body to deal with these toxins.
These nutrients are then not available for the body to use in
other ways. This may be one of the reasons to show the
nutritional superiority of organic foods in comparison with
inorganic produce. However, scientific literature are not
available to show comparison in sensory quality between
organically and conventionally grown produce (Finesilver,
2008).

Production yields are often, but not always, lower on
organic farms because organic food production does not
involve the use of artificial fertilizers, pesticides and other
technological aids. Also, labour intensity is greater and many
organic farms are smaller than conventional farms, thus
missing economies of scale. Although several reviews have
indicated some consistent differences in favour of organic
versus conventional produce, this is difficult to interpret
because some of these studies may not have been conducted
in a truly scientific manner. Even so, the best of these studies
show consistency in higher vitamin C, (and perhaps iron
and magnesium), in organic food and consistently less
unwanted and potentially toxic nitrates. A simple reason
has been postulated for some of the differences observed,
particularly for minerals is that the organic produce have
lower water content, so minerals (and some other nutrients)
may be more concentrated in organic than conventional
produce (FAO, 2000) and according to Finesilver (2008) there
is a positive correlation between dry matter and nutrient
content of plant foods. But the large number of variable
affecting vitamin and mineral composition of plant have
made it very difficult to draw conclusions on the effect of
agricultural practices on these parameters.

A report by the highly respected Food and Agriculture
Organisation (FAO) concludes that organically grown
(golden delicious) apples were found to be firmer and
received higher taste scores than conventionally grown
apples. Another study showed that organic tomatoes were
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sweeter and organic carrots had more “carrot taste” in
comparison to their inorganic counterparts. It would appear
that, at least for some foods, the organic form can taste better
than the conventional equivalent. However, this may not be
true for all foods like higher levels of antioxidants could
cause a more ‘bitter’ taste, particularly in leafy green
vegetables (FAO, 2000). A study in Washington State
University measured the effects of an organic, a
conventional and an integrated apple production system
on the sustainability indicators of horticultural performance,
soil quality, orchard profitability, environmental quality
and energy efficiency. Firmness, sweetness and sensory
scores were higher among organic apples (www.nature.com,
2001).

It is also expecting that phytonutrients (antioxidants)
involved in the plant’s own defense system, will be 10-50
per cent higher in organic produce than conventional
produce because crops rely more on their own defenses in
the absence of regular applications of chemical pesticides.
Evidence is emerging that confirms this expectation. Higher
levels have so far been found of lycopene (anticancerous)
in organic tomatoes, polyphenols in organic potatoes,
flavonols in organic apples, and resveratrol in organic red
wine. Likewise Young et al. (2005) reported higher level of
phytochemicals including phenolic acids (eg. caffeic acid
and gallic acid) and aglycone or glycoside flavonoids (eg.
apigenin, kaempferol, luteolin, and quercetin) in some plant
originated organic foods. This seems to be associated with
a greater attack on the plants in organic plots by flea beetles.
These results indicated that although organic production
method alone did not enhance biosynthesis of
phytochemicals, the organic system provided an increased
opportunity for insect attack, resulting in a higher level of
total phenolic agents.

Polyphenols concentrations in organic potatoes were
10 per cent higher than non-organic potatoes (Hamouz et al.,
1999). Chips from organic potatoes possessed lower fat and
calorie and greater content of fiber and minerals (Rautela,
2008). The content of certain potentially harmful, naturally
occurring substances such as potato glycoalkaloid (solanin)
can be lower in organic produce than that in conventional
potatoes (Slanina, 1995). Organic apples had 18.6 per cent
more phenolic compounds (mainly flavonols) than fruit from
non-organic orchards (Weibel et al., 2000). Antioxidant
phenolic compounds were 26 per cent higher in organically
produced wine (Levite et al., 2000). Organic vegetable soups
contain almost six times as much salicylic acid as non-
organic soups. This acid, responsible for the anti-
inflammatory action of aspirin, helps fight hardening of
arteries and reduces the risk of heart attacks strokes and
bowel cancer. (Barterx et al., 2001). The average level of

salicylic acid in 11 brands of organic vegetable soup on sale
in Britain was 117 nanograms per gram (ng g-1). While for
non-organic vegetable soups this value was only 20 ng g-1

(www.foodmarketexchange.com 2008).

A study was carried out by Masamba and Nguyen
(2008) to determine and compare vitamin C, calcium and
potassium in organically and conventionally grown
cabbage, carrots, Cos lettuce and Valencia oranges. Results
from the study showed no significant differences were
observed in vitamin C content in conventionally and
organically grown cabbage, carrots and Cos lettuce, while
significant higher vitamin C content was observed in
organic Valencia oranges. Calcium and potassium contents
were higher in organically grown cabbage, carrots and Cos
lettuce as opposed to their conventionally grown
counterparts, while opposite trend was observed in case of
Valencia oranges.

Organic crops were found to contain significantly more
vitamin C, iron, magnesium, and phosphorus and
significantly less nitrates than conventional crops
(www.edenfoods.com1, 2001). On comparison of nutrition
content of organic kidney beans (www.edenfoods.com2, 2001)
with commercial kidney beans (www.edenfoods.com3, 2001),
the organic beans provide 17 per cent more protein, 55 per
cent more fiber, 42 per cent more calcium, 42 per cent more
zinc, 40 per cent more thiamin (vitamin B

1
) and 25 per cent

more potassium, whereas commercial beans also have about
50-60 times more sodium than organic beans, plus refined
sugar and disodium EDTA to preserve colour.

Rodale Institute’s 15 year farming systems trial
(www.edenfoods.com4, 2001) is the one of the good examples
to prove that organic food is better economically which show
that organic growing methods produce at least the same
yields and better draught resistance thus producing greater
yields in the years of low rainfall compared to conventional
growing methods.

A study on fresh potatoes, wheat and sweet corn bought
in supermarkets found that the average level of minerals in
organic foods was about twice that of non-organic foods.
The study also found decreased levels of the dangerous heavy
metals mercury, lead, aluminium and cadmium in organic
products. In 2001, a comprehensive review was published
of 41 scientific studies like the above. The studies, from
countries around the world, covered more than 27 different
crops and 37 different vitamins and minerals. The review
found that, on an average, organic crops contained 29 per
cent more magnesium, 27 per cent more vitamin C, 21 per
cent more iron, 13 per cent more phosphorus, 26 per cent
more calcium, 11 per cent more copper, 42 per cent more
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manganese and 9 per cent more potassium than conventional
crops (Worthington, 2001).

It is also reported that organic grains have less protein
than conventional grains, but this protein is of a higher
quality, i.e., it has more pure protein and essential amino
acids, and lower free amino acids (Worthington, 2001; Woese
et al., 1997). Like-wise due to the lack of artificial coloring
matter organic eggs are somewhat paler and expensive when
compared to eggs farmed intensively.

Guidelines for production

 Various factors should be followed for the organic food
production. It depends on the commodity to be produced.
Some of these guidelines are well described by Yadav et al.
(2007) and are as follows:

Organic fruits and vegetables

 No use of chemical fertilizers and soil fertility and crop
nutrients are managed through tillage and cultivation
practices, crop rotations, supplementation with
manure and crop waste material.

 Biological pest management is used with no use of
harmful pesticides.

 Crops are produced on land that has no prohibited
substances applied to it for at least three years prior
to harvest.

 Crop weeds and diseases are controlled through
physical, mechanical and biological methods.

 Organic fruits and vegetables must be stored and
shipped separate from conventionally grown produce.

 Organic produce is shipped or packed in containers
free from synthetic fungicides, preservatives and
fumigants.

Organic grains, legumes and oilseeds

 Use of natural soil nutrient improvers rather than
fertilizers.

 No use of growth hormones to increase yield.

 No use of synthetic herbicides and pesticides.

 Pest control by biological methods.

 Weed management practiced on manual basis.

 Storage area free from any kind of synthetic chemicals
like fumigants, fertilizers etc.

 Keeping the organic and conventional produce
separate.

 No genetic modification of cultivars.

Organic tea and coffee

 Environment friendly techniques are employed in
production.

 An organic unit should essentially be a self- sustaining
one.

 Manures and organic fertilizers must be used.
Chemical fertilizers and chemical inputs to be ignored.

 Tea estates are produced on land that has no prohibited
substances applied to it for at least three to five years
prior to harvest.

 Leguminous plants, shade trees, and green manure
should be the sources of nutrients for the growing
plants.

 Pest control should be biological which includes insect
predators, parasites and pathogens.

 At the time of applying compost or manure, the
moisture level kept 100 per cent for best results.

Organic milk

 Animals fed on organic feed.

 No prophylactic treatment to livestock.

 Generous supply of roughage in winter.

 Use of organically grown concentrates.

 No use of hormones for improving milk yield.

 Animal welfare provisions.

 Proper space for living and interaction among animals.

Organic poultry

 Birds should be kept in flocks of less than 500.

 Growth hormones should not be given and no
chemicals should be used to increase the egg yield.

 During disease birds should be kept away from
allopathic treatment.

 Free access to the organic pasture.

 Feeding on at least 80 per cent organic non-genetically
modified feed.
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Organic meat

 It is necessary to feed animals with 95 per cent organic
feed annually.

 Freedom from malnutrition.

 Freedom from thermal or physical discomfort.

 Freedom from injury and disease.

 Freedom to express most normal, socially acceptable
patterns of behavior.

 Freedom from fear.

 No growth promoters and no high protein feed.

Organic fish

 Water should be free from any kind of chemical
exposure like pesticide or fertilizer residues.

 Fish should be fed on organic feed.

 Water should be replaced properly.

 Fish should be healthy and disease free.

Certification for organic foods

The purpose of certification is intended to assure
quality and prevent fraud in organic trade. So organic foods
need to be certified and thus have to satisfy the norms and
regulations of monitoring standards like ISO-9000 quality
assurance and HACCP programmes. Organic certification
is for the public’s assurance that products have been grown
and handled according to strict procedures without
persistent toxic chemical inputs. If a product has been
Certified Organic by QAI (Quality Assurance International),
i.e., the product, its ingredients and the manufacturer have
gone through a thorough investigation by the organization.
International Federation of Organic Agriculture Movements
(IFOAM), ‘Soil Association’ and  ‘Organic Farmers and
Growers’, National Organic Program (NOP), Quality
Assurance International (QAI), Japanese Agriculture
Standard (JAS), Australian Quarantine and Inspection
Service (AQIS), Organic Crop Improvement Association
(OCIA), Ecocert are the global recognized certification
bodies for organic foods while at present in India the
following six authorized accreditation agencies have been
approved by the Ministry of Commerce and Government
of India. They are APEDA (Agricultural and Processed Food
Products Export development Authority), Coffee Board,
Spices Board, Tea Board, Coconut Development Board, Cocoa
and Cashew Nut Board. There is also an organic commodities

board at the national level another at the state level like
Uttarakhand Organic Commodities Board (UOCB). In
addition there are private (Indian and Foreign) certification
agencies accrediated by APEDA such as: IMO control Pvt.
Ltd., Bangalore, Skal International, Bangalore, SGS India Pvt.
Ltd., Gurgaon, ECOCERT, LAON GmbH, Kerala (Yadav et
al., 2007).

Organic foods are a simple way to reduce an
individual’s toxin burden of pesticides and food additives,
increase their nutrient intake, and perhaps alter their
consumption patterns away from less healthy choices. In
summary, it can be concluded that considering the known
safety, nutritional, sensory, environment friendly and
economic advantages issues for growers and producers,
organic food production is significantly efficient and
effective in comparison with conventional food production.
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ABSTRACT

Mahatma Gandhi said five decades ago ‘Agriculture is the backbone of the Indian Economy’. The situation
remains the same even today. The entire economy is being sustained by agriculture, which is the mainstay of the
villages. Although agriculture contributes only 21 per cent of India’s GDP, its importance in the country’s economic,
social, and political canvas goes well (Bheenaveni, 2007).  According to 2001 census, India’s population is 1.03 billion,
of which 72.22 per cent lives in villages and has agriculture as the main occupation. Agriculture continues to be the
predominant occupation of about two third of the population in India. The rural population, engaged primarily in
agriculture, increased from 298 million in 1950-51 to about 720 million in 1997-98 (Rao and Shenoy, 1998). Agriculture
remains the bedrock of Indian economy though its share in GDP may be declining. Indian agriculture is incomplete
without women as they are involved at every step from farm to kitchen. Present paper throws light on the contribution
of Indian rural women in agriculture and livestock farming.
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Women in agriculture and livestock farming

Some agriculture historians believe that it was women
who initiated the art and science of farming by first
domesticating the crop plants. In ancient times when men
went out hunting in search of food, they started collecting
seeds from the native flora and began cultivating those of
interest in view of food, feed, fodder and fuel (Swaminathan,
1990). Women contributed significantly in the struggle
against hunger. Their role has been complementary in
bringing about the green revolution, white revolution and
blue revolution (Sinha, 1990).

In Asia, women comprise 50 per cent of the agricultural
labour force. However, there is no homogeneity. In Vietnam,
this percentage is 70. In our country, average women
participation is about 50 per cent; in hilly areas, it is 90 per
cent, and in weaker sections 100 per cent women work for
agriculture and allied activities (Alam and Sekhon, 1990).

According to Sanghi (1990) the contribution of women
in agriculture may be estimated to be 50-60 per cent. In
India, rural women comprise about 50-80 per cent of labour
force in agriculture based on regional differences (Lal et al.,
1990). There are more than 30 million women working in
rural sector, 20 million as agricultural labourers and about
10 million engaged in animal husbandry, handicraft and
related activities. Female labourers outnumber males in
North-Eastern India and Assam (Lal et al., 1990). In India,
women play a significant role in production, processing and
storage of food grains (Sanghi, 1990). In one hectare of land,
a pair of bullock works for 1064 hours, a man works for

1212 hours but a woman works for 3488 hours (Shivani and
Kumar, 2002).

Studies conducted by Sri Avinashilingam Home Science
College, Coimbatore reported the extent of women’s
participation in farming operations (Table 1).

Table 1. Participation of women in agricultural operations

Per cent Activity 

Participation Supervision 

Sowing 38 62 

Transplanting seedlings 38 62 
Hoeing and weeding 36 64 

Keeping accounts 34 66 
Preparation of seed bed 34 66 

Harvesting 34 66 

Giving wages 31 69 
Hand threshing 27 73 

Scaring the birds 24 76 
Winnowing 23 77 

Care of cattle 23 77 
Application of fertilizers 22 78 

Irrigation 21 79 

Milling 16 84 
Preparation for marketing 13 87 

Marketing 12 88 
Ploughing 7 93 

Operation of implements 5 95 

 Devadas et al.  (1990)
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While farm women participate in almost all the
agricultural activities, some of the jobs have been
traditionally left for them such as post-harvest processing,
weeding, storage, winnowing, bird scaring, drying and
cleaning of produce (Singh and Bhattacharya, 1987).
Women are not only involved in physical production
processes but also in decision making about seed
management, crop production, post harvest processes,
biomass-utilization, marketing and livestock management
etc. and hence play a key role in the development of Indian
agriculture (Devnani and Ojha, 1990).

In developing economies, rural women have been
traditionally engaged in crop farming, plantations, animal
husbandry and dairy activities besides performing
household work (Arora, 1990). Women also play a
significant role in livestock sector. A large number of
livestock related activities like harvesting, transporting and
chaffing of fodder, feeding of animals, cleaning of cattle
sheds, filling of manure pits, preparation and sale of milk
products, poultry farming, wool and other animal fibre
production etc. are performed by rural women (Arora,
1990).

The participation of rural women in livestock
production varies from state to state and region to region
in India. Their participation is influenced by size of land
holding (Arora, 1990). Milk production system in India is
almost completely the responsibility of women and they
are engaged in harvesting, transporting and chaffing of
fodder, feeding of animals, cow dung cake making, cleaning
of animal sheds, milking and processing of milk into
indigenous milk products like curd and ghee etc. A study
in rural Karnal revealed that in landless households, 40 per
cent of total time spent, and in small farmers, 33 per cent of
total requirement of labour in dairy enterprise are
contributed by women.

In some parts of the country, fodder is transported and
chaffed manually by women and this is contrary to the
concept of human resource development. Women play an
important role by performing a variety of activities in goat
production system, wool production system, poultry
production system, bee keeping system and rabbit keeping
system (Arora, 1990).

In animal husbandry, most of the management work
is done by women in addition to their household
responsibilities. Their participation varies from zone to zone
depending upon the cultural practices and traditions
(Arora, 1990).

Scenario in the hilly regions

In many hilly and remote areas of developing countries,
such as the Himalayan region, agriculture is largely in the
hands of women as men have to go to towns and cities in
search of salaried jobs to augment the family income
(Swaminathan, 1990). Factors like small and scattered land
holdings, mainly rain fed agriculture and low per capita
availability of land have made hill agriculture a very poorly
remunerative vocation. This leads to the migration of males
of hills to the plains, thus leaving the females to fend for
themselves. In the hills, women do almost all the field jobs.
Farms in hills are undulating and scattered and hence
ploughing by tractor or ‘desi’ plough is not possible. In such
farms, tilling is done by hands and women are the main
workers. The report entitled ‘Integrated natural and human
resources, planning and management in hills of U.P.
(monograph) on employment of hill men and women in
activities’ revealed that the average per capita employment
of women workers in crop activities is 60 days as against 19
days (Table 2) for each male worker (Saxena and
Dhruvanarayana, 1990). According to Sanghi (1990) women
provide up to 80 per cent of labour force in hill agriculture
(Sanghi, 1990). Average women participation in agriculture
in hills is 90 per cent as given by Alam and Sekhon (1990).

Table 2. Per capita employment of working population in
hilly regions

Activity Male 
worker 

female 
worker 

Crops 

Livestock 
Employment on off farm 
Employment in household work 

19 

51 
73 
41 

60 

79 
- 

104 

 Cited from Saxena and Dhruvanarayana (1990)

It is further reported that in a family, male and female
workers have more employment in livestock rearing than in
crop production. Non availability of sufficient fodder in
farms compels the female workers to walk daily for about
4-6 hours to forests to collect the grasses and green leaves
(Saxena and Dhruvanarayana, 1990). In hilly regions, the
number of women headed houses is higher than the average
in country, as because of migration of males to urban areas,
more number of women are acting as functional heads for
household purposes including farming.

The survey in hilly regions of U.P. (now Uttarakhand)
has revealed that the women tend to carry out even non-
conventional operations in farms (Table 3) which are usually
done by men (Singh and Sharma 1988).



Role of rural women in Indian Agriculture

Journal of Eco-friendly Agriculture 5(2) 2010 141

i. poor, illiterate, ignorant, widow land owners, landless
female labourers, wives and daughters of marginal and
sub marginal farmers and those from backward and
downtrodden communities with low economic status.

ii. women having no opportunity for migration to cities
or semi-urban areas to search livelihood and who have
been trapped in the webs of traditions and customs
with the least amenities for physical, educational and
social progress.

iii. over burdened and undernourished women-folk of the
country-side who are engaged in agricultural
operations involving physical labour and drudgery,
and neglected by planners, administrators,
researchers, extension personnels, educationists, land
owners and their own husbands.

Rural women: Some facts

According to National Family Health Survey 2 (NFHS,
1999), in rural India, 56 per cent of females aged 6 years and
above are illiterate. This figure is quite high as compared
with the male illiteracy of 31 per cent. Only 6 per cent of
females 6 years and above have completed high school. With
30 per cent of females aged 6-14 years not attending school,
the legacy of high rates of rural illiteracy is likely to continue.
Only 33 per cent of females aged 15-17 years are attending
school. Three among ten working rural women are unpaid
workers. Two-thirds of working women work in agricultural
occupations.

About 1,30,000 women die every year from pregnancy
and childbirth related causes in India. The maternal
mortality rate (MMR) in our country is 540 deaths per
1,00,000 live births (NFHS, 1999). Thus, the figures about
the status of rural women in India are not satisfactory and
are in need of a definite improvement for the country’s
Agriculture development.

CONCLUSION

Women are playing incomparable role in Indian
agriculture and livestock farming and their contribution
varies with the regions, cultures and traditions. In spite of
their immense contribution, they are generally ignored and
their contribution remains behind the curtain. They are
living in poor socioeconomic conditions and struggling. It
is the need of the time to concentrate our research and
policies on this group of our society.
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Table 3. Non-conventional operations carried out by
women in hilly areas of U.P. (Uttarakhand)

Operation Per cent of farms 

 Paddy Wheat 

Land preparation 

Herbicide use 
Plant protection 

2.5 

35.0 
40.0 

12.8 

33.3 
38.5 

 

In addition to working significantly in farming, women
have to shoulder the responsibility of rearing children and
looking after the home. Thus, they are bearing the triple
burden of farm work, child rearing and household duties
since the domestication of crop plants took place about
12,000 years ago (Swaminathan, 1990).

State of farm women

Farm women can be broadly grouped in three groups
as (a) those who go out mainly as casual worker on others’
farms, (b) those who carry out agricultural operations on
their own farms (c) those who may not carry out field work
directly but perform mainly supervisory role for certain
operations (Sanghi, 1990).

Women constitute about 50 per cent of the world’s
population, account for 60 per cent of the working hours
and contribute 30 per cent of the official labour force, but
they receive only 10 per cent of the income and they own less
than 1 per cent of the world’s property. There is hardly any
recognition of their wide contribution and by and large they
remain as ‘invisible workers’ (Devadas et al., 1990; Arora,
1990). The status of rural women in the world as brought out
by World’s Women Report, 1985 (quoted in Kurukshetra,
Nov., 1987) is ‘Women grow half the world’s food but own
hardly any land, find it difficult to get loans and are
overlooked by agricultural advisors and projects; women
are one third of the world’s official labour force but are
concentrated in the lowest paid occupations and are more
vulnerable to unemployment than men. Women continue to
outnumber men among the world’s illiterates by around
three to two, 90 per cent of the countries have organizations
for promoting the advancement of women but women are
under represented in the decision making bodies of their
countries’. In Asia, women are engaged more in agriculture
than in industry or service and are largely employed on
own account or as unpaid family workers (Pandey and
Pareek, 1990).

As reported by Singh and Bhattacharya (1990), in the
Indian context, farm women on the whole can be defined as:

Singh et al. (1998)
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ABSTRACT

The variation in temperature caused a significant (p < 0.01) impact on the development and predation of C.
septempunctata when fed on L. erysimi. The life cycle completed faster (51.60 ± 1.332 days) at high (28 ± 1°C)
temperature but slowed (67.46 ± 0.952 days) at low (20 ± 1°C) temperature. All the developmental stages (egg, larval,
pre-pupal, pupal and adult) were influenced significantly (p < 0.01) with change in temperature and required
minimum time period at 28 ± 1 ºC followed by 24 ± 1 ºC and 20 ± 1 ºC. Female beetles invariably required longer
duration for development than males at all the temperature ranges. The feeding rate of C. septempunctata (larvae +
adult) was recorded significantly (p < 0.01) maximum 1376.80 ± 33.762 nymphs generation–1 at 28 ± 1 ºC followed
by 24 ± 1 1142.75 ± 20.977 nymphs  generation–1 and 20 ± 1 ºC (907.15 ± 11.787 nymphs generation–1. Study showed
that high feeding potential and shorter development period of C. septempunctata was recorded at 28 ± 1 ºC as
compared to 24 ± 1 and 20 ± 1 ºC.

Key words: Coccinella septempunctata, development, predation, temperature
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Coccinellidae is a well known and diverse family of
beetles. They are of considerable interest and importance to
agriculture and forestry since adults and larvae of most
species are predators of herbivourous pests (Ali and Rizvi,
2007a). These beetles are commonly known as lady beetles
and ladybugs. They are primarily feed on aphids as
principal food and secondarily on honeydew, pollen, nectar,
mildew, coccids, mites, psyllids, mealy bugs and scale
insects as alternative foods (Majerus, 1994; Ali et al., 2009).
There are over 261 species of coccinellids belonging to 57
genera are reported as native of India against 5000 species
of the world (Omkar and Parvez, 2004). Of these, Coccinella
septempunctata is a most common and dominantly feeding
on mustard aphid throughout India (Ali and Rizvi, 2007a;
b; 2008).

The numbers and distributions of many ladybird
species in natural populations are declining because of
habitat destruction. Temperature is an extremely important
aspect to determine ecological variable for modelling
population dynamics of insect in given time and space
(Uvarov, 1931; Richards, 1957; Jarosik et al., 2002). In
predator and prey relationship, this parameter is directly
influencing the development, feeding rate and reproduction
of both predator as well as prey (Ali and Rizvi, 2008). It is
evident that development and mortality of ladybeetles
increases at relatively cool and extremes hot temperature.

Therefore, present investigation has been made on the effect
of varying temperature on the development and predation
of C. septempunctata on mustard aphid, Lipaphis erysimi.

MATERIALS AND METHODS

The culture of mustard aphid, L. erysimi was rared on
Indian mustard, Brassica juncea, sown on October 25, 2005
in the experimental field of the Faculty of Agricultural
Sciences, Aligarh Muslim University, Aligarh, India.
Initially, aphid commences their attack in the first week of
December.

To determine the development and predatory
performance, the grubs and pupae of C. septempunctata were
collected from aphid infested field and were kept at varying
temperature viz., 20 ± 1, 24 ± 1 and 28 ± 1ºC coupled with
65 ± 5 per cent RH and 12 : 12 L: D photoperiod, maintained
in BOD incubator. After adult emergence, fresh beetles were
reared at respective temperatures, in petri dishes (90 x 10
mm), provided with blotting paper spread over inner
surface for egg laying. The eggs laid by each female were
collected with the help of soft camel hair brush and
transferred to the petri dishes for hatching. After hatching, a
total of one hundred newly hatched (zero day old) grubs of
each C. septempunctata were reared individually in plastic
vials (4 x 6 cm) at respective temperatures. For newly born
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grubs, 50 early instar nymphs of L. erysimi were provided as
food. The number of aphids subsequently increased to a
maximum of 100 nymphs daily till grubs entered into pupal
stage. On the other hand, the exuvae found in each of vials
was removed when grub entered in to next instar. After
emergence of adult, they were again provided with a
minimum of 100 L. erysimi nymphs daily till their death. In
this way, daily consumption by grub, male and female of
C. septempunctata was recorded. The sexing of adult male
and female was done as per suggestions of Sathe and Bhosle
(2001). The observations were made for two successive
generations at respective temperature.

The data were subjected to one-way ANOVA by using
MINITAB 11 for WINDOW software. The statistical
difference determine by comparing means value through
Duncan’s Multiple Range Test (DMRT) at 1 per cent level of
significance.

RESULTS AND DISCUSSION

Development

The incubation period of C. septempunctata varied (3.50
± 0.042 to 4.20 ± 0.047 days) significantly (F

2, 14
 = 23.87; p <

0.01) with temperature disparity (20 ± 1°C, 24 ± 1°C and 28
± 1°C) (Table 1-2). The duration of larval (first, second, third
and fourth) instar of C. septempunctata was recorded
significantly (F

2, 14
 = 22.61, 015.00, 28.24 and 14.00; p < 0.01)

minimum (3.10 ± 0.065, 3.80 ± 0.101, 4.10 ± 0.178 and 4.40 ±
0.109 days) at 28 ± 1°C and maximum (3.50 ± 0.045, 4.20 ±
0.039, 4.90 ± 0.042 and 5.00 ± 0.037 days) at 20 ± 1°C. These
findings are in agreement with work of Katsarou et al. (2005),
where they observed the shortest larval period of C.
septempunctata at high temperature (23 ºC) as compared to
low (14, 17 and 20 ºC). Interestingly, the lower and upper

limits of temperature did not reveal a clear variation on pre-
pupal period C. septempunctata. The varying temperature did
not reveal a clear variation (F

2, 14
 = 2.22 and 1.67; p < 0.01) on

pre-pupal period of C. septempunctata. However, the pupae
attained significantly (F

2, 14
 = 21.45; p < 0.01) shortest period

(8.30 ± 0.213 days) at 28 ± 1°C and longest (10.56 ± 0.133
days) at 20 ± 1°C (Table 1).

The development period of adult (male and female) C.
septempunctata was recorded significantly (F

2, 14
 = 56.07,

158.49; p < 0.01) shortest (24.00 ± 0.632, 27.00 ± 0.557 days)
at 28 ± 1°C and longest (31.20 ± 0.512, 35.00 ± 0.730 days) at
20 ± 1°C. Development studies revealed that C. septempunctata
required significantly (F

2, 14
 = 168.04; p < 0.01) minimum

period (51.60 ± 1.332 days) to complete overall development
at 28 ± 1°C followed by 24 ± 1°C (62.75 ± 1.450 days) and
20 ± 1°C (67.46 ± 0.952 days) (Table 1).

Predation

The pre-imaginal stages of C. septempunctata (first,
second, third and fourth instar larvae) progressively
consumed significantly (F

2, 14
 = 150.07, 388.23, 488.78, 344.29;

p < 0.01) maximum L. erysimi (28.00 ± 1.325, 53.30 ± 1.713,
68.60 ± 1.293, 96.60 ± 1.240 nymphs/ larva) at 28 ± 1°C and
minimum (15.50 ± 0.831, 30.50 ± 1.653, 39.80 ± 0.891, 66.60 ±
2.130 nymphs/ larva) at 20 ± 1°C (Table 2). The drift in the
rate of consumption was observed to be directly proportional
with temperature variation and the consumption rate
declined progressively with a drop in temperature and vice-
a-versa (Omkar and Pervez, 2004; Katsarou et al., 2005).
Similar was the observations with respect to adult feeding,
the male and female consumed significantly (F

2, 14
 = 15000.00,

7777.42; p < 0.01) more L. erysimi (1028.30 ± 16.454 and
1232.30 ± 39.927 nymphs/ adult) at 28±1°C as compared to
less (624.00 ± 6.638 and 885.50 ± 5.926 nymphs/ adult) at

Table 1. Development of Coccinella septempunctata on Lipaphis erysimi at varying temperature

Temperat
ure (oC) 

Egg Ist instar IInd instar IIIrd 
instar 

IVth instar Pre-pupa Pupa Male Female Overall 

20 ± 1  4.20 ± 
0.047c 

3.50 ± 
0.045c 

4.20 ± 
0.039c 

4.90 ± 
0.042c 

5.00 ± 
0.037c 

2.00 ± 
0.026b 

10.56 ± 
0.133c 

31.20 ± 
0.512c 

35.00 ± 
0.730c 

67.46 ± 
0.952c 

24 ± 1  3.90 ± 
0.045b 

3.40 ± 
0.049b 

4.00 ± 
0.166b 

4.50 ± 
0.161b 

4.60 ± 
0.126b 

1.90 ± 
0.029a 

9.40 ± 
0.179b 

28.00 ± 
0.715b 

34.10 ± 
0.674b 

62.75 ± 
1.450b 

28 ± 1  3.50 ± 
0.042a 

3.10 ± 
0.065a 

3.80 ± 
0.101a 

4.10 ± 
0.178a 

4.40 ± 
0.109a 

1.90 ± 
0.029a 

8.30 ± 
0.213a 

24.00 ± 
0.632a 

27.00 ± 
0.557a 

51.60 ± 
1.332a 

F = 23.87 F = 22.61 F = 15.00 F = 28.24 F = 14.00 F = 2.22 F = 21.45 F = 56.07 F = 158.49 F = 168.04 F and p 

value d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 d.f. = 2, 14 
 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 

LSD value 0.10 0.06 0.07 0.11 0.12 0.06 0.35 0.69 0.81 0.89 

 
Means within a column with the same letters are not significantly different (L.S.D. test at 1 % level)
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20 ± 1°C (Table 2). The feeding consistently increased with
advancement the age at each temperature gradient. The adult
coccinellids, however, consumed maximum number of
aphids than larvae.

The high temperature proved to be more favorable
for the overall predation of C. septempunctata, it recorded
significantly (F

2, 14
 = 6944.78; p < 0.01) maximum (1376.80 ±

33.762 nymphs generation–1) at 28 ± 1°C followed by 24 ±
1°C (1142.75 ± 20.977 nymphs generation–1) and 20 ± 1°C
(907.15 ± 11.787 nymphs generation–1) (Table 2). Similar
observations on various coccinellid species were also made
by Perdikis and Lykouressis (2002), Katsarou et al. (2005),
and Ali and Rizvi (2007a).
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ABSTRACT

SERVO AGROSPRAY S Oil significantly reduced the thrips and mealybug population when sprayed @ 0.5% and it
was on par with 1% but found superior than the lower dose of 0.25% at all the four  locations namely  Pune, Narayangaon,
Nashik and Solapur. Both the doses (0.5 and 1%) were at par with the standard check Dichlorvos (2ml l-1) and all the
treatments were superior over untreated check. Similar trend was reflected in bunch infestation. None of the tested doses
were found phytotoxic. Natural enemy population was not adversely affected by SERVO AGROSPRAY S oil spray.
SERVO AGROSPRAY S oil found to be compatible with commonly used chemicals like Dichlorvos, Myclobutanil and
Urea. Flocculation, sedimentation and separation of Agro Spray S oil when mixed with other chemicals were also not
observed during the compatibility studies.
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INTRODUCTION

Thrips cause considerable damage to the grapes. Both
adult and nymphs of thrips  cause damage by rasping the
lower surface of the leaves, blossoms and developing
berries. Symptoms appear in form of drying up and drop
off of leaves. The thrips are also considered to be responsible
for the scab formation on the berries (Reddy, 1957; FIP,
Hydrabad,1982). The affected berries develop a corky layer
and become brown.

Mealy bugs , Maconellicoccus hirsutus have also been
reported to cause serious losses to crop from all major grape-
growing regions of India (Manjunath, 1985;  Mani et al.,
1987). Nymphs and adults of mealy bugs suck sap from the
tender shoots, resulting in crinkling and stunting of the new
shoots. Both nymphs and adults excrete honeydew and the
droplet of this coalesce and spread on leaves, shoots and
bunches over which sooty mould develops. Leaves covered
with sooty mould loose their photosynthetic ability
impairing the development of bunches. Grape berries in
an infested bunch with mealy bugs do not develop
normally, and are shriveled. Bunches affected by sooty
mould are poor in quality loose market value, and become
unfit for human consumption. The grape mealy bug alone
is able to cause 50-100 per cent yield losses in the field
(Azam, 1983). In the present experiment, Agro Spay oil  was
tested in different dosages for  managing  thrips and  mealy
bugs, its phytotoxicity, effect on natural enemies under field
conditions in four different locations of Maharashtra namely

Pune, Narayangaon, Nashik and Solapur and results are
reported.

MATERIALS AND METHODS

The experiment was conducted after foundation
pruning (October, 2007 to April, 2008) on Thompson
Seedless trained to ‘Y’ system at Pune, Narayangaon,
Nashik and Solapur. Experiment was laid out in a
Randomized Block Design (RBD) with five treatments
replicated four times consisting four vines each. All the
blocks  were  pruned during first fortnight of October 2007.
Sprays of SERVO AGROSPRAY S oil at different doses and
insecticide Dichlorvos (2 ml l-1) was sprayed as a standard
check and untreated control plots maintained at the three
locations . The treatment details were as under.

T-1 SERVO AGROSPRAY S Oil  0.25% (2.5 ml l-1)

T-2 SERVO AGROSPRAY S Oil  0.50% (5 ml l-1)

T-3 SERVO AGROSPRAY S Oil  1% (10 ml l-1)

T-4 Dichlorvos (2.0 ml l-1)

T-5 Control

Two sprays were given at 30 days interval with the
help of knap sack sprayer using spray volume of 1000 liters
per hectare. The bio-efficacy was assessed by recording the
total number of  thrips per shoot and mealy bug colonies
present on vines. Pre count of thrips and mealy bug colonies
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was taken before the treatment imposition, while post count
was taken after 3,7 and 14 days of spray. SERVO
AGROSPRAY S oil treated plants were critically observed
for presence of phytotoxic effects such as chlorosis, tip
burning, necrosis on leaves and berries, epinasty and
russeting. Observations were recorded in the form of visual
ratings using 0-10 scale. Natural enemies activity was
observed  under field conditions during the experiment.

RESULTS AND DISCUSSION

Pre-count of thrips and mealy bug population was
distributed uniformly before initiation of treatments in all
the four locations. There was significant difference in
treatments after 3, 7 and 14 days of spraying (Table 1-8).
Results indicate that SERVO AGROSPRAY S Oil (5 ml/l)
was statistically significantly superior over lower dose of
(2.5 ml l-1) in reducing thrips population  but it was at par
with the higher dose (10 ml l-1) in all the four locations
namely Pune, Narayangaon, Nashik and Solapur . However
both 0.5 and 1 per cent were significantly at par with
standard check Dichlorvos (2ml l-1) in reducing thrips
population. However, all the doses were superior over
untreated check. Similarly the efficacy of SERVO
AGROSPRAY S oil on mealybugs indicated that oil when
sprayed @ 0.5% resulted in significant reduction of
mealybugs and it superior over lower dose (0.25%) but at
par with the higher dose (1%) at the three locations,
Narayangaon, Nashik and Solapur.  Both 0.5 and 1 per cent
were at par with Dichlorvos (@ 2 ml l-1) and all the
treatments were superior over untreated check. Lowest
bunch infestation was recorded in plots treated with 0.5
per cent and the results were at par with higher dose of 1
per cent and standard check, Dichlorvos  and all the
treatments were better over untreated check  at all the three
locations.

Table 1. Bio-efficacy of Servo Agro spray oil for the
management of thrips at Pune

Table 2. Bio-efficacy of Servo Agro spray oil for the
management of mealybug at Pune

Thrips/shoot/ vine after DAS* 

I Spray II Spray 

 
Treatment 

No. 

Pre count of 
thrips/ 

shoot/vine 3  7 14  3 7 14 

1 16.25 14.75 12.25 10.40 9.30 8.40 6.25 

2 16.50 12.40 10.35 8.85 7.45 6.20 4.10 

3 16.55 12.10 10.50 8.80 7.85 6.05 4.10 

4 16.45 12.15 10.15 8.85 7.70 6.00 3.95 

5 16.40 14.50 14.30 13.75 12.60 11.70 10.05 

SEm 0.31 0.14 0.15 0.14 0.16 0.14 0.12 

CD at 5% 0.95 0.43 0.45 0.42 0.51 0.43 0.31 

 
* DAS-Days after spraying

Mralybug/shoot/ 
vine after DAS* 

I Spray II Spray 

Treatme
nt 

No. 

Pre count 
of mealy 

bugs/  
vine 3 7 14 3 7 14 

Bunch 
infestat
ion (%) 

1 14.55 13.50 12.15 10.85 10.10 8.50 7.50 33.00 

2 15.10 12.40 10.90 9.20 8.00 6.55 5.20 21.85 

3 14.95 12.05 10.95 9.15 8.00 6.25 5.00 21.25 

4 14.60 11.95 10.80 9.00 7.95 6.10 4.90 20.40 

5 15.10 14.50 14.55 14.50 12.40 10.40 9.30 42.55 

SEm 0.17 0.18 0.14 0.09 0.15 0.11 0.13 0.61 

CD at 5% 0.53 0.54 0.43 0.29 0.46 0.35 0.39 1.89 

 * DAS-Days after spraying

Table 3. Bio-efficacy of Servo Agro spray oil for the
management of thrips at Narayangaon

Thrips/shoot/vine after DAS* 

I Spray II Spray 

 
Treatment 

No. 

Pre count 
of thrips/ 

shoot/ vine 3  7 14  3 7 14 

1 15.25 13.65 11.30 9.30 8.20 7.40 5.25 

2 15.50 11.30 9.50 7.75 6.35 5.10 3.00 

3 15.55 11.10 9.40 7.70 6.30 5.05 2.90 

4 15.45 11.14 9.30 7.70 6.70 4.90 2.95 

5 15.40 13.40 13.30 12.65 11.50 10.50 9.40 

SEm 0.30 0.15 0.18 0.17 0.18 0.17 0.16 

CD at 5% NS 0.432 0.48 0.45 0.50 0.45 0.36 

 * DAS-Days after spraying

Table 4. Bio-efficacy of Servo Agro spray oil for the
management of mealybugs at Narayangaon

Mealybug/shoot/ vine afterDAS* 

I Spray II Spray 

Treatme
nt 

No. 

Pre count 
of mealy 

bugs/ 
vine 

3 7 14 3 7 14 

Bunch 
infestat
ion (%) 

1 13.50 12.40 11.00 9.40 8.20 6.50 5.50 16.80 

2 14.10 11.40 9.50 7.20 6.00 4.55 3.20 13.85 

3 14.20 11.05 9.65 7.15 5.90 4.25 3.00 13.25 

4 14.50 10.95 9.80 7.00 5.75 4.10 2.90 12.80 

5 14.40 13.50 13.55 12.50 11.40 8.40 9.30 22.55 

SEm 0.19 0.19 0.18 0.09 0.18 0.17 0.18 0.50 

CD at 5% NS 0.52 0.46 0.29 0.48 0.39 0.45 1.60 

 * DAS-Days after spraying

Table 5. Bio-efficacy of Servo Agro spray Oil for the
management of thrips at Nashik

Thrips /shoot/ vine after DAS* Treatment 
No. 

Pre count of 
thrips/ shoot/vine 3  7  14  3  7  14  

  I Spray II Spray 

1 14.15 12.35 10.30 8.40 7.20 6.40 4.35 

2 14.50 10.30 8.40 6.75 5.35 4.10 2.35 

3 14.55 9.90 8.30 6.50 5.30 4.05 2.20 

4 14.35 9.80 8.20 6.40 5.10 4.00 2.10 

5 14.40 13.40 13.60 11.85 11.50 9.40 8.40 

SEm 0.32 0.18 0.19 0.19 0.20 0.18 0.17 

CD at 5% NS 0.55 0.50 0.47 0.52 0.48 0.38 

 * DAS-Days after spraying
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Table 6. Bio-efficacy of Servo Agro spray oil for the
management of mealybugs at Nashik

* DAS-Days after spraying

Table 7. Bio-efficacy of Servo Agro spray Oil for the
management of thrips at Solapur

Thrips/shoot/ vine after DAS* 

I Spray II Spray 

Treatment 
No. 

Pre count 
of thrips/ shoot/ 

vine 3  7 14  3 7 14 

1 18.85 14.50 12.20 10.80 9.40 6.40 4.55 

2 18.50 12.20 10.40 8.40 7.10 4.50 3.40 

3 18.35 12.20 10.20 8.30 7.00 4.40 3.20 

4 18.15 11.80 10.00 8.10 6.90 4.30 3.00 

5 18.30 18.00 17.30 16.65 15.50 12.50 8.40 

SEm 0.32 0.24 0.20 0.19 0.28 0.26 0.22 

CD at 5% NS 0.56 0.52 0.48 0.56 0.56 0.42 

 

Table 8. Bio-efficacy of Servo Agro spray oil for the
management of mealybugs at Solapur

Mealy bug/shoot/ vine after DAS* 

I Spray II Spray 

Treatment 
No. 

Pre count 
of mealy 

bugs/vine 3 7 14 3 7 14 

Bunch 
infestat
ion (%) 

1 11.50 10.40 10.00 8.40 7.20 5.50 4.50 14.80 

2 11.10 9.40 8.40 6.10 5.10 3.55 2.20 11.85 

3 11.20 9.10 8.35 6.00 4.90 3.25 2.00 11.25 

4 11.50 9.00 8.30 5.80 4.80 3.00 1.90 10.80 

5 11.40 10.50 11.55 10.50 9.40 7.50 6.40 20.55 

SEm 0.20 0.22 0.22 0.15 0.19 0.19 0.22 0.48 

CD at 5% NS 0.56 0.48 0.35 0.48 0.45 0.40 1.56 

 

Mealy bug/shoot/ vine after DAS* 

I Spray II Spray 

Treatment 
No. 

Pre count 
of mealy 

bugs/vine 3 7 14 3 7 14 

Bunch 
infestati
on (%) 

1 12.50 10.40 10.20 840 7.20 5.40 4.50 19.80 

2 12.10 940 8.80 6.20 5.20 3.50 2.20 15.00 

3 12.00 9.10 8.60 6.15 5.10 3.40 1.00 14.25 

4 12.40 9.40 8.50 6.00 4.90 3.35 1.90 14.80 

5 12.80 12.50 12.55 11.50 11.00 8.40 6.30 24.30 

SEm 0.25 0.22 0.20 0.15 0.25 0.19 0.16 0.50 

CD at 5% NS 0.56 0.48 0.34 0.46 0.39 0.40 1.40 

 * DAS-Days after spraying

Similar kind of results were reported  on use of
petroleum based oils for the management of mealybugs
(Gould and Mcguire, 2000, Jianhua, 2003; Elmer et al., 1980).
Use of petroleum based oils for the management of thrips
was also reported by several workers in the past. (Allen et
al., 1983; Lindquist and Casey, 1993; Singh et al., 2000).
Results indicated that none of the treatments tried in the
experiment showed any type of phytotoxic effect either on
leaves or berries during the period of observation. Among
different natural enemies, Coccinellid predator or ladybird
population was noticed in  all the SERVO AGROSPRAY S
oil  treated plots as well as in untreated plots  and the
population was ranged between 2-3 grubs or adults per vine
in all three locations .

* DAS - Days after spraying

Compatibility  of  SERVO AGROSPRAY S oil with
commonly used chemicals

Compatibility studies revealed  that  Agro Spray Oil S
(0.5 %) was compatible  with  chemicals like Dichlorvos
Myclobutanil  and Urea (Table 9-11). Bioefficacy of Agro
Spray oil is not affected by mixing with these chemicals.
Compatibility studies revealed that there was no
Flocculation ,  sedimentation and  separation  of Agro Spray
S oil when mixed with other chemicals during the
experiment. It has been concluded that SERVO
AGROSPRAY S oil significantly  reduced the thrips and
mealybug population when sprayed @ 0.5 per cent and it
was at par with 1 per cent but found superior than  the

Thrips/shoot/vine after DAS* 

I Spray II Spray 

Treatment 
No. 

Pre count 
of thrips/ 

shoot/ 
vine 

3  7  14  3  7  14  

Agro spray S (0.5%) 15.50 11.30 9.50 7.75 6.30 4.90 2.80 

Agro spray S (0.5%) + 
Dichlorvos (2 ml l-1) 

15.30 11.00 9.50 7.60 6.00 4.80 2.90 

Agro spray S (0.5%) + 
Myclobutanil (2ml l-1) 

15.45 11.10 9.40 7.50 6.10 4.70 2.90 

Agro spray S (0.5%) + 
Urea (2%) 

15.45 11.10 9.30 7.50 6.20 4.90 3.00 

Control 15.30 13.40 13.30 12.50 11.50 10.50 6.50 

SEm 0.30 0.15 0.20 0.17 0.18 0.18 0.16 

CD at 5% NS 0.40 0.45 0.45 0.50 0.42 0.40 

 

Table 9. Compatibility  of  SERVO AGROSPRAY S Oil for
the management of thrips at Solapur

* DAS-Days after spraying

Mealybug/shoot/ vine after DAS* 

I Spray II Spray 

Treatment 
 

Pre count 
of mealy 

bugs/ 
vine 

3 
 

7 
 

14 
 

3 
 

7 
 

14 
 

Bunch 
infesta 

tion 
(%) 

Agro spray S 
(0.5%) 

13.10 10.40 9.20 6.80 5.00 4.55 3.20 13.85 

Agro spray S  
(@ 0.5%)  + 

Dichlorvos (2 
ml l-1) 

13.00 8.80 6.10 4.70 3.80 2.55 1.20 10.85 

T3-Agro spray 
S (0.5%) + 

Myclobutanil 
(2ml l-1) 

12.90 10.40 9.00 6.50 4.90 4.55 3.20 13.85 

Agro spray S 
(0.5%) + Urea 

(2%) 

12.80 10.30 8.90 6.40 5.00 4.55 3.20 13.85 

Control 13.40 13.00 12.55 11.50 9.40 8.40 9.30 22.55 

SEm 0.25 0.22 0.20 0.18 0.20 0.17 0.18 0.50 

CD at 5% NS 0.50 0.48 0.52 0.48 0.39 0.45 1.60 

 

Table 10. Compatibility  of  SERVO AGROSPRAY S Oil for
the management of mealybugs

* DAS-Days After spraying
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lower dose (0.25%) at all the three locations namely
Narayangaon, Nashik and Solapur. Both the doses of 0.5
and 1 per cent were at par with  the standard check
Dichlorvos (2ml l-1)  and  all the treatments were superior
over untreated check. Similar trend was reflected in bunch
infestation. None of the tested doses were found phytotoxic.
Natural enemy population was not adversely affected in
SERVO AGROSPRAY S treated plots. SERVO
AGROSPRAY S oil is found to be compatible with
commonly  used chemicals like Dichlorvos, Myclobutanil
and Urea. There was no flocculation,  sedimentation and
separation of Agro Spray S oil when mixed with other
chemicals.
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Treatment Flocculation Sedimentation Separation 

Agro spray S (0.5%) 0 0 0 

Agro spray S (0.5%) + 
Dichlorvos (2 ml l-1) 

0 0 0 

Agro spray S (0.5%) + 
Myclobutanil (2ml l-1) 

0 0 0 

Agro spray S (0.5%) + Urea 
(2%) 

0 0 0 

Control 0 0 0 

 

Table 11.  Flocculation ,  Sedimentation and  separation  of
AGRO SPRAY S oil when mixed with other
chemicals.
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ABASTRACT

The growth development and reproductive potential of fruit fly, Bactrocera dorsalis Hendel were investigated at 20,
25, 27, 30 and 35ºC temperature, using mango cultivar Chausa. Rate of development increased with increase in
temperature from 20 to 35ºC. The pre imaginal development was lowest at 20ºC and highest at 35ºC. The per cent
larval survival, adult emergence and growth index also increased with increase in temperature from 20 to 27ºC and
thereafter decreased up to 35ºC. Maximum fecundity and per cent viability of eggs was recorded at 27ºC and
minimum at 35ºC. Thus 27ºC was the optimum temperature for the survival, development of immature stages and
reproduction of B. dorsalis.
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Mango (Mangifera indica Linnaeus), is the most popular
and choicest fruit in the country and abroad. Fruits are
severely damaged by fruit flies. The most comman species
of the fruit flies are Bactrocera dorsalis, B. zonata and B. correcta
(Verghese and Sudha Devi, 1998). The female fruit flies
punctured the outer wall of the mature fruits with the help
of its pointed ovipositor and inserts eggs in small clusters
inside the mesocarp of mature fruits. The infested fruits
can be identified by presence of brown resinous juice which
oozes out of the punctures made by the flies for oviposition.
The oriental fruit fly, Bactrocera dorsalis (Hendel) is a
destructive pest of mango and is wide spread throughout
India, Southern East Asia, and the Hawaiian Island (Hardy,
1973). It is a quarantine pest, which is serious pest of mango
and cause heavy losses. The presence of several species of
injurious fruit flies, including B. dorsalis, is a major constraint
in exporting fresh mango fruits. The infestation starts with
the physiological maturity of the fruit. The management
strategies for the fruit fly should start from the initiation of
the infestation.

The mango fruit fly, Bactrocera spp. is one of the key
pests of mango in tropical regions of the world. It is reported
to occur throughout Asia, Africa, Australia and Pacific (CIE
Map A-180). The oriental fruit fly, (Hendel) (Tephritidae:
Diptera) is a pest of mango in Pacific Ocean (Guam, Hawaiian
Island) (Nagakawa et al., 1968), China, India, Myanmar,

Thailand and Bhutan (White and Elson Harris, 1992).
Developing the protocols necessary to meet international
quarantine restrictions requires detailed information on fruit
fly biology, distribution and demographic. The geographical
distribution of fruit is restricted mainly by temperature, hence
the experiment on the effect of temperature was conducted.

MATERIALS AND METHODS

Laboratory maintenance

B. dorsalis used in all experiment were taken from stock
colony maintained at Fruit fly Research Laboratory, R.B. Road
Campus of Central Institute for Subtropical Horticulture,
Lucknow. Rearing test were conducted at five constant
temperatures 20, 25, 27,30, and 35ºC and at 65 - 80 per cent
RH.  Mating pairs were kept in glass jars (14 x 25 cm) covered
with fine muslin cloth fastened with rubber bands. The fruit
flies were fed the mango cultivar Chausa. The fruits and the
protein diet were replaced daily with fresh ones to avoid
contamination. The eggs were collected daily.

Effect of temperature on the growth and development
of   immature stages

A total of one hundred eggs were collected from the
stock culture and placed (ten eggs per replicate) in Petri
dishes (16.0 x 2.6 cm.) at each temperature. In addition, water
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was kept in cavity block with a cotton wicks at the top. After
hatching, the first instar larvae were transferred to respective
fresh fruit.

Ten sets of one hundred eggs were taken out from the
stock and kept in separate Petri dishes at five different
temperatures  viz., 20, 25, 27, 30 and 35°C and at controlled
humidity (65% RH). After hatching the incubation period
and number of first instar were recorded. These were
transferred from Petri dishes to glass jars (14 X 25 cm) and
reared on mango cultivar Chausa. The fruits and the protein
diets were replaced daily with fresh ones to avoid
contamination. There after the number of larvae surviving
after each moult and the duration of each instar were
recorded, the number of pupae and the period were   recorded
prior to the emergence of adults. The experiment was
replicated ten times. The data were subjected to analysis of
variance (ANOVA) and regression analysis using a
statistical package.

Effect temperatures on reproduction

Ten pairs of newly emerged fruit flies were selected
from the laboratory stock and kept in glass jars (14 X 25 cm )
along with mango cultivar Chausa and the open ends were
covered with fine muslin cloth fastened with rubber bands.
These were kept in environmental test chamber at five
different temperatures, i.e., 20, 25, 27, 30 and 35°C for their
life time. The fruits and the protein diets were replaced daily
with fresh one.  The eggs laid by the female were counted
and separated daily from adults to prevent them from
cannibalism. The  fecundity and eggs viability at different

temperatures were recorded  in ten replicates and the data
were subjected to Analysis  of variance and comparison of
means was carried out using Bonferrones method following
statistical package “statistics – 4.1’  The fecundity was
correlated with temperature by single  polynomial regression
analysis and a best fit line was drawn (N= 10)

RESULTS AND DISCUSSION

Effect of temperature on the growth and development of
immature stages

Incubation period (F = 48.54, P<0.001) and the duration
of first (F=51.17; P< 0.001), second (F= 52.62; P<0.001) and
third (F= 17.53;   P< 0.001) instars decreased significantly
with the increase in temperature from 20 to 35ºC (Table 1).
The total larval (F= 45.55; P< 0.001), prepupal (F=26.29;
P<0.001), and pupal (F= 185.24; P< 0.001), periods decreased
significantly with the increase in temperature from 20° to
35°C. The total pupal period (F= 196.24; P< 0.001) and the
complete developmental period decreased significantly (Fig
1) from 34.75±0.85, to 12.90±0.34 days (F= 199.25 P<0.001).

Effect of temperature on reproduction

The fecundity of the fruit fly increased significantly
from 8.70±0.70 to 561.20±3.21 eggs (F=9133.18; P<0.001)
with increase in temperature from 20 to 27°C   and decrease
up to 485.60± 1.89 eggs on further increase in  temperature
to 35°C  (Table 2). The egg viability increased from 79.30 ±
0.05 to 83.09± 0.42 (F= 14.30; P< 0.001) with  increase in
temperature 20 to 25°C  and decrease  to 65.90 ± 4.18 on
further increase in temperature up  to 30°C (Fig. 2).

Table 1. Growth and development of B. dorsalis at five constant temperatures

Values are mean ± S.E.
Means in the same row followed by different letters are significantly different at P<0.001

Maggot period (days) Tempera-
ture 
(ºC) 

 

IP First 
instar 

Second instar 
Third 
instar 

Total larval 
period 

Prepupa Pupa 
Total 
pupal 
period 

Total 
developm

ent 
period 

20 
3.15 

 ± 0.27e 

3.80  

 ± 0.24d 

4.35  

± 0.20e 

8.10  

± 0.21d 

15.05  

± 0.44d 

2.05  

 ± 0.14d 

14.20  

± 0.36e 

16.20 

 ± 0.44e 

34.75  

 ± 0.85e 

25 
1.95 

 ± 0.09d 

2.15  

 ± 0.13c 

2.60  

± 0.18d 

5.30  

± 0.57c 

10.0 

 ± 0.54c 

1.60  

 ± 0.10c 

8.50 

 ± 0.22d 

10.30 

 ± 0.21d 

22.40  

 ± 0.50d 

27 
1.75  

 ± 0.11c 
1.85  

 ± 0.13b 
2.25  

± 0.11c 
4.45  

± 0.69b 
8.55  

 ± 0.69b 
1.30  

 ± 0.13b 
7.90 

 ± 0.23c 
9.20  

 ± 0.21c 
19.45 

 ± 0.68c 

30 
1.35 

 ± 0.15b 
1.60  

 ± 0.16b 
1.80  

± 0.17b 
4.10  

± 0.32b 
8.00  

 ± 0.37b 
0.75 

 ± 0.11a 
5.85  

 ± 0.26b 
7.40  

 ± 0.24b 
16.75 

 ± 0.43b 

35 
0.85 

 ± 0.11a 
1.45  

 ± 0.09a 
1.45  

± 0.09a 
3.35  

± 0.11a 
6.65  

 ± 0.21a 
0.65  

 ± 0.08a 
4.90  

 ± 0.23a 
6.85  

 ± 0.15a 
12.90 

 ± 0.34a 

F-value 48.54 51.17 52.62 17.53 45.55 26.29 185.24 196.24 199.25 
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Effect of temperature on the growth and development of
immature stages

The results revealed that the pre-imaginal period of  B.
dorsalis  decrease with increase in temperature, which is

Fig. 1. Duration of different life stages of B. dorsalis at five
temperatures
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Table 2. Reproductive attributes of B. dorsalis at five constant temperatures.

Tempera-ture 
(ºC) 

Fecundity 
Egg 

viability 
(%) 

Pre-
oviposition 

period 

Oviposition 
period 

Post-
oviposition 

period 

Male 
longevity 

Female 
longevity 

20 
215.60  
± 2.18b 

79.30  
± 0.65b 

25.90 
 ± 0.31c 

33.20 
 ± 1.43c 

9.90 
 ± 0.43d 

45.50 
 ± 1.07d 

56.30  
± 0.97d 

25 
384.30 
 ± 1.99c 

83.09  
± 0.42d 

13.40 
 ± 0.22b 

35.60 
 ± 0.72c 

7.70 
 ± 0.26c 

31.10 
 ± 0.57b 

69.00 
 ± 1.56e 

27 
561.20 

 ± 3.21e 

82.50  

± 0.39d 

8.70 

 ± 0.26a 

38.50 

 ± 0.76d 

5.70 

 ± 0.30b 

35.50 

 ± 0.65c 

52.90 

 ± 2.90c 

30 
485.60 

 ± 1.89d 

81.97 ± 

0.63c 

8.90 

 ± 0.38a 

20.80 

 ± 1.05b 

4.50 

 ± 0.50a 

18.50 

 ± 0.58a 

34.20  

± 1.33b 

35 
8.70 

 ± 0.70a 
65.90  

± 4.18a 
13.10 

 ± 0.35b 
12.90 

 ± 0.28a 
5.90 

 ± 0.38b 
19.20 

 ± 1.92a 
31.90 

 ± 0.60a 

F-value 9133.18 14.30 512.71 137.28 29.96 263.94 197.02 

 Values are mean ± S.E.
Means in the same row followed by different letters are significantly different at P<0.001
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Fig. 2. Reproductive and non-reproductive periods of
B. dorsalis at five temperatures

attributed to the increase in metabolic activities in life stages.
This indicates an inverse relationship between the
temperatures and the larval development period. Similar
findings were also recorded by Renjhan (1949). These
observations were also recorded in many studies
(Srivastava and Omkar, 2003; Omkar and Pervez, 2004;
Omkar and James, 2004).

The decrease in incubation period with the increase in
temperature may be attributed to the accelerated

embryogenesis which probably caused early hatching of
neonate instars. The decrease larval period of B. dorsalis with
increase in temperature may be attributed to the increase
metabolic activities due to the possible increased feeding
activity of the instars, providing more nutrients for rapid

development. The development was fastest in the third
instars followed by first and third instars.

A relative long duration of second instars and third
instar larvae may be attributed to the high feeding activity in
the bid to store certain food reserves for the necessary energy
requirement in the pupal phase (James, 2001).

Effect of temperature on reproduction
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Fecundity increased with increase in temperature up
to 27°C and thereafter decreased. Significantly high
fecundity at 27°C reveals that temperature optimization
directly influences the progeny production in the fruit fly.
This may be due to the development and maturation of
ovaries, resulting in increased ovariole production.

Thus egg viability in B. dorsalis increased with
temperature up to 27°C and decreased thereafter,
emphasizing 27°C to be optimum for viability. The
decreased per cent hatching at higher and lower temperatures
may be due to increased egg mortality. Per cent egg viability
of B. dorsalis recorded at different temperatures showed
maximum hatching at 25°C and minimum at 35°C. Egg
viability increased with the increase in temperature up to
25°C beyond which increase in temperature decreased the
viability of eggs. The view was supported by the findings on
C. vesuviana (Lakra et al. 1989). The optimum constant
temperature (in terms of immature survival and development)
for the mass rearing of B. dorsalis was found to be 27ºC
temperature. (Fig. 3)
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ABSTRACT

The cow (Bovine spp.) urine and extracts of three plants (seed) viz., Azadirachta indica L, Sapindus mukorossi L. and
Jatropha curcas L (10%) tested against glasshouse white fly, Trialeurodes vapororium (Westhood) on potato crop (50
days old plants) gave 87.97 per cent and 82.98 per cent mortality of glasshouse white fly after 14 Days of spray.
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White fly, T. vapororium in recent years has become the
major pest on the glass house planted potato, ornamental
plants and vegetable crops. The damage on potato plants
is caused by the nymphs and adults which suck the sap
from ventral surface of leaves and devitalize the plants
(Mishra et al., 2003).

Use of pesticides is recommended for the management
of T. vapororium (Chandla et al., 2001). Botanicals, in the view
of environmentally safety offer an alternate to synthetic
pesticides. Cow urine acts as germicide and cow dung
provides nutrient to the crops. This practice is being followed
by 5 per cent families in Karnataka, India for the last 25
years (Anonymous, 2008). Although there are very few
reports on the use of plants extracts in cow urine for the bio-
intensive management of T. vapororium, however it has been
found effective against white grubs (Puja et al., 2009). Thus
present investigation was carried out to explore new
technique, i.e., use of cattle urine plants extracts for the
management of T. vapororium.

MATERIALS AND METHODS

The experiment was conducted on potato plants in
glasshouse conditions to test the efficacy of botanical extracts
in indigenous cow (Bovine spp.) urine against T. vapororium
during 2008 and 2009. Three indigenous plants ritha
(Sapindus mukorossi L.),  ratna jayot (Jatropha curcas) and neem
(Azadirachta indica L.) were selected to evaluate their
insecticidal property in indigenous cow (Bovine spp.) urine
against T. vapororium.

Seeds of neem, ritha and ratna jayot were decorticated
and powdered in a grinder. Required quantities of plants

parts were dipped in cow urine separately in separate tin
containers in the ratio of 1: 9 (w/v), kept for fermentation for
three weeks. and later filtered through sieve of 40 mesh size.
Extracts diluted in water upto 10 per cent and spraying was
carried out on 50th day of sowing potato plants in the evening
hours. The indigenous cow (Bovine spp.) urine alone was
also mixed in water (10%) and applied as standard control
untreated check pots were sprayed with plain water. All the
treatments along with control were replicated thrice.
Experiments were carried out in glasshouse. The population
of T. vapororium was recorded on top, middle and bottom
leaves of selected potato plants in each replication at four
intervals one day before and 1st, 7th, and 14th day after spray
(DAS).

To observe phototoxic effects of botanical extracts in
indigenous cow (Bovine spp.) urine on potato plants, tubers
were planted in pot of 12 liters capacity. All the three plant
extracts in cattle urine were sprayed @ 10% on one month
old potato plants and continuously observed for phytotoxic
effect on growth. The data were subjected to analysis of
variance (ANOVA) in Completely Randomized Design after
approximate transformation (Panse and Sulchatme, 1978).

RESULTS AND DISCUSSION

Data presented in Table 1 reveal that neem extract at
1DAS to 14DAS reduced white fly population from 14 to
5.67 per leaf, while it was 48.00 to 47.67 in untreated check.
In J. curcas treatment, it was 18.33 to 8.33 at 1DAS to 14DAS
on the other hand in case of S. mukorossi, white fly population
/leaf was 29.33 to 23.33 at 1DAS to 14DAS. The data on the
percentage mortality of white fly by using plants extracts
showed that in all sets of experiments, spraying of Azadirachta
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indica (10%) and Jatropha curcas (10%) provided best
management of white fly as compared to control. The extract
of Azadirachta indica gave 70.55%, 85.86% and 87.98%
mortality after 1DAS, 7DAS and 14 DAS, respectively. Braza
(1992), reported repellant and antifeedent effect of neem leaf
extracts on Eureme balada, an important insect of Falcate
(Paraseranthes falcataree). The neem seed product has been
reported as strong oviposition deterrent against white fly,
Bemisia tabaci (Patel et al., 1996).

Extract of Jatropha gave 62.46, 80.90 and 82.97 per cent
killing of white fly after 1, 7,14DAS respectively. However, it
was slightly toxic than neem. Shukla (2003) also reported
that mixing J. curcas with cow urine can enhance its efficacy
against several pests. Fortification of cow urine with leaf
extracts of J. curcas (10+10%) has increased its insecticidal
property against castor leafhoppers, white flies and thrips.
The extract of S. mukorossi caused 41.10, 52.48, 53.92 per cent
mortality at 1, 7 and 14DAS. S. mukorossi proved less effective
as compared to neem and jatropha. It has been reported that
activity of S. mukorossi increased after mixing with Aleo vera
and found effective in the management of mustard aphid,
Lipaphis erysimi. Aleo vera has also been used sucessfully
along with cow urine against cotton insect pest. In the
literature no insecticidal properties of Sapindus sp. has been
reported so far, but farmers of Himachal Pradesh,
particularly in Shimla and Mandi districts have been using
the powder of Sapindus sp. against mustard aphids. Sapindus
sp. contains saponin which acts as emulsifier and may be
making fine film over the leaf surface which acts as the barrier
for sucking pests. None of the treatments showed any kind
of negative effect on the growth of potato plants and treated
leaves did not showed any burn or other symptoms.

This technique can be utilized by the farmers to manage

white fly in glass house and nursery beds without toxic effect
to useful fauna and human beings. It also suits well in
organic farming. It can be  concluded that the indigenous
cow (Bovine spp.) urine extracts of three botanical plants
namely Azadirachta indica, Jatropha sp.,and Sapindus mukorossi
may be used in the management of white fly, T. vapororium
in glass house condition as an alternative to the toxic
pesticide.
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Table 1. Effectiveness of botanical extracts in indigenous cow (Bovine spp.) urine in the management of white fly under glass
house condition

Mean number of white fly / leaf Mortality (%) Treatment (10%) Mean number of white 
fly / leaf before spray  1DAS 7DAS 14DAS 1 DAS 7DAS 14DAS 

Azadirachta indica 47.33 14.00 
(3.79)* 

6.67 
(2.67) 

5.67 
(2.48) 

70.55 
(57.22)** 

85.86 
(68.01) 

87.97 
(69.78) 

Jatropha sp. 49.00 18.33 
(4.33) 

9.33 
(3.13) 

8.33 
(2.87) 

62.46 
(52.28) 

80.90 
(64.18) 

82.98 
(65.67) 

Sapindus mukorossi 50.00 29.33 
(5.46) 

23.67 
(4.91) 

23.00 
(4.84) 

41.10 
(39.89) 

52.48 
(47.48) 

53.92 
(47.27) 

Cattle urine 61.00 47.33 
(6.90) 

41.67 
(6.49) 

38.00 
(6.19) 

22.25 
(28.15) 

9.27 
(17.75) 

6.21 
(14.12) 

Control 49.00 48.00 
(6.96) 

47.67 
(6.94) 

47.67 
(6.94) 

2.02 
(6.63) 

1.40 
(5.57) 

0.74 
(2.85) 

SE± 3.38 2.17 
(0.19) 

1.82 
(0.16) 

2.08 
(0.18) 

1.70 
(1.65) 

1.38 
(1.76) 

1.17 
(1.84) 

CD (0.05) 11.04 7.08 
(0.61) 

5.95 
(0.53) 

6.78 
(0.58) 

5.57 
(5.39) 

4.51 
(5.74) 

3.83 
(6.02) 

 
Each value mean of three replications; ** arcsine transformed, * x 0.5+  transformed values
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ABSTRCT

The expectancy of life increased steadily up to 6th day being the maximum of 33.1, later it decreased continuously
till 47th day. The female population laid eggs after an age of 29.5 days and continued till 39.5 days. It laid 64.5 per cent
of total eggs during the first three days of oviposition. All the vital statistics of C. gangis computed on soybean
indicated a favourable population growth of this insect.  The mean length of generation (T) is 31.8 days and an annual
rate of increase of 1.5290 x10 28  with 11.5 generations in a year.  The accurate estimate of Intrinsic Rate of increase (r)
was 0.1778. All the vital statistics of growth and development indicate the suitability of soybean for development of
C. gangis and it may attain an important pest status on soybean in future.

Key words: Lucerne hairy caterpillar, Creatonotus gangis, age specific life table, female fecundity, vital statistics life,
soybean.
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Creatonotus gangis L., a polyphagous insect, defoliates
and cause damage to cash crops, food gains, fodder, fruit
and oilseed crops.  The attack of C. gangis on soybean was
first noticed during kharif, 1986 at Pantnagar (Bhattacharya,
unpublished). It can successfully complete growth and
development on 43 plant species belonging to 16 families
(Jamwal & Bhattacharya, unpublished). Later, Bhattacharya
et al. (2004) reported that this insect may attain an important
status among the defoliator complex of soybean based on
the developmental parameters of C. gangis on soybean.
However, information is not available on the population
growth of this insect on any of the host plants except winged
bean.  In the present study an attempt was made to estimate
the population growth of C. gangis on soybean foliage under
laboratory conditions so as to get an idea about its potentiality
to become a major pest on soybean.

MATERIALS AND METHODS

Two types of life tables, viz., age specific survival/
mortality life table and age specific survival and fertility
table for female of C. gangis were constructed (Deevey, 1947;
Morris and Millar, 1954) and standard technique was
followed for computing various life parameters and
observations recorded (Birch, 1948; Chaudhary and
Bhattacharya 1986).

A cohort of 100 newly hatched (0-12 hr) larvae of
C.gangis were reared individually under laboratory
conditions on soybean foliage (Glycene max Miller).  The
insects were initially reared in groups of ten for eight days
in screw capped vials (6.0 x 2.5 cm).  The centre of the cap
was bored and a fine brass mesh (80) was fixed for aeration.
Subsequently, they were reared individually in similar type
of bigger vials (10 x 4 cm).  Tender leaves of soybean whose
cut ends were wrapped with a small quantity of moist cotton
were provided for feeding after every 48 hours.  Observations
on age specific mortality of larvae were recorded after every
24 hours.  Egg hatch was recorded from an aliquot of egg
batches.  This egg mortality was adjusted and corrected the
entire data, so that the life table commenced with an initial
number of 100 egg cohort.  Egg mortality was considered to
be occurred uniformly over the entire incubation period. All
the eggs in the cohort were assumed to be fertile and those
did not hatch died due to the death of embryo during
development.

Ten females of different age groups obtained from the
age specific life table study were paired and 10 per cent
sucrose solution was provided for feeding.  Observations
on eggs laid every day by each pair were recorded.  The
age specific survival and fertility table of female was
constructed with the assumption that, the survivorship of
both sexes of larvae were same and eggs of the cohort had
a sex ratio of 1:1.

*Address for correspondence: Senior Scientist, CTRI Regional Station, Kandukur – 523 105.
e-mail: kcchenchaiah@yahoo.co.in
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RESULTS AND DISCUSSION

Age specific life of C.  gangis developed on soybean
foliage are presented in Table-1.  The survival (lx) of the
insect was dropped during the first four days due to the
egg mortality. It was fallen again slightly during 4th and 5th

day due to the early instar larval mortality. Thereafter, lx
remained more or less stable till 34th day. Subsequent decline
in lx was more rapid due to the mortality of adults.  This
mortality pattern was matched with the increase in the death
curve (dx).  The survival curve was between type-I and type-
II of the four basic types of curves indicated by Slobodkin
(1962) and type –I and type –II curves of Deevey (1947). Ito
(1959) and Odum (1971) indicated that the survival curves
of holometabolous insect is stair step type in which survival
rate undergo sharp changes in transition from one life stage
to the other. The survivorship curves in the present
investigation also similar to the one described by Ito (1959)
and Odum (1971). Chaudhary and Bhattacharya (1986)
found that winged bean supported more larval survival of
C. gangis as compared to Spilosoma obliqua (Walker) and
Spodoptera litura (F.).

The expectancy of life (ex) of C. gangis increased
steadily up to 6th day being the maximum of 33.1 days.  This
increase was due to the egg and early larval mortality.  From
7th day onwards the ex decreased continuously till 47th day.
The expectancy of life on 47th day was 0.50 days.  Similar
type of increase in ex due to heavy mortality of insect at
any age group and decrease with the advancement of age
was reported for Philosamia ricini Hutt. (Joshi and Mishra,
1981) and C. gangis (Chaudhary and Battacharya, 1986;
Bhattacharya et al., 2002).  The pattern of ex was also similar
for Mountain sheep, Hearingull (Deevey, 1947) and Grey
squirrel (Barkalow et al., 1970).

The female population laid eggs after attaining an age
of 29.5 days which continued till 39.5 days (Table-2).   The
duration between the emergence of first female and the
death of last female was 15.0 days. Survival fraction of
female (lx) at egg laying was 0.42 which became stable in
the first three days. Subsequently, a gradual fall was
recorded in lx due to the death of adult.  Female laid 64.5
per cent of eggs during the first three days of oviposition.
Egg laying was recorded after two days of pre-oviposition
period.  The age specific fecundity rate (mx) and net
reproduction rate (lx.mx) showed an increasing and
decreasing trend during the egg laying period. Similar trend
of mx and lx.mx curves for C. gangis was reported by
Chaudhary and Bhattacharya (1986) on winged bean,
Chenchaiah and Bhattacharya (2000) and Mondal et al.
(2007) on several semi-synthetic diets.

Table 1. Age specific life table of C.gangis on soybean

Age of 
the 

insect 
in days 

No.surviv
ing 

at the 
beginning 

of each 
interval x 
out of 100 

No. 
dying 
during 

age 
interval 
x out of 

100 

Mortality 
rate at 
the age 

interval x 

No. of 
individu
als alive 
between 

age x and 
x + 1 

Total No. 
of 

individual
s of  x age 

unit 
beyond 

the age x 

Expectati
on of life 
remainin

g for 
individu

al 
of  age  x 

       X lx dx 100qx Lx Tx ex 

        0 100 3 3.00 98.5 3193.0 31.93 

1. 97 3 3.09 95.5 3094.5 31.90 

2. 94 3 3.19 92.5 2999.0 31.90 

3. 91 3 3.29 89.5 2906.5 31.94 

4. 88 4 4.55 86.0 2817.0 32.01 

5. 84 4 4.76 82.0 2731.0 32.51 

6. 80 1 1.25 79.5 2649.0 33.11 

7. 79 0 0 79.0 2569.5 32.53 

8. 79 1 1.27 78.5 2490.5 31.53 

9. 78 0 0 78.0 2412.0 30.92 

10. 78 1 1.28 77.5 2334.0 29.92 

11. 77 0 0 77.0 2256.5 29.31 

12. 77 1 1.29 76.5 2179.5 28.31 

13. 76 0 0 76.0 2103.0 27.67 

14. 76 2 2.63 75.0 2027.0 26.67 

15. 74 0 0 74.0 1952.0 26.38 

16. 74 0 0 74.0 1878.0 25.38 

17. 74 0 0 74.0 1804.0 24.38 

18. 74 1 1.35 73.5 1730.0 23.38 

19. 73 0 0 73.0 1656.5 22.69 

20. 73 0 0 73.0 1583.5 21.69 

21. 73 0 0 73.0 1510.5 20.69 

22. 73 0 0 73.0 1437.5 19.69 

23. 73 0 0 73.0 1364.5 18.69 

24. 73 0 0 73.0 1291.5 17.69 

25. 73 0 0 73.0 1218.5 16.69 

26. 73 0 0 73.0 1145.5 15.69 

27. 73 0 0 73.0 1072.5 14.69 

28. 73 0 0 73.0 999.5 13.69 

29. 73 0 0 73.0 926.5 12.69 

30. 73 1 1.37 72.5 853.5 11.69 

31. 72 0 0 72.0 781.0 10.85 

32. 72 0 0 72.0 709.0 9.85 

33. 72 0 0 72.0 637.0 8.85 

34. 72 0 0 72.0 565.0 7.85 

35. 72 3 4.17 70.5 493.0 6.85 

36. 69 2 2.89 68.0 422.5 6.12 

37. 67 2 2.98 66.0 354.5 5.29 

38. 65 3 4.62 63.5 288.5 4.44 

39. 62 5 8.06 59.5 225.0 3.63 

40. 57 6 10.53 54.0 165.5 2.90 

41. 51 18 35.29 42.0 111.5 2.19 

42. 33 9 27.27 28.5 69.5 2.11 

43. 24 9 37.50 19.5 41.0 1.71 

44. 15 8 53.33 11.0 21.5 1.43 

45. 7 2 28.57 6.0 10.5 1.50 

46. 5 3 60.00 3.5 4.5 0.90 

47. 2 2 100.0 1.0 1.0 0.50 
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A perusal of vital life statistics of C gangis (Table 3)
indicated that the mean length of generation (T) was 31.8
days and it remained constant throughout the year,
indicating 11.5 generation in a year.  The net reproduction
rate (Ro) which indicates the multiplication rate per
generation was 262.93, while the potential fecundity (pf) was
682.8. However, Chaudhary and Bhattacharya (1986)
recorded much lower pf and Ro with a longer T, for C. gangis
when reared on winged bean leaf that resulted to only 8
generations of C. gangis in a year.

Table 2. Life and fertility table of C.gangis on soybean

Pivotal 
age 

(days) 
 X 

Ages 
specific 
female 

survivo
rship 

 lx 

Mortal
ity rate 

mx 

Net 
reprodu

ctive 

rate 
lx.mx 

lx.mx X Value 
of x-x 
ix.mx 

when r-
0.1778 

Per cent 
contribut

ion of 

each age 
group 

towards 
‘r’ 

0.5 to 28.5 days immature stage and pre-oviposition period 

29.5 0.42 147.1 61.78 1822.51 0.2878 28.78 

30.5 0.42 180.4 75.77 2310.99 0.2943 29.43 

31.5 0.42 113.2 47.54 1497.51 0.2066 20.66 

32.5 0.39 55.2 21.53 699.73 0.0714 7.14 

33.5 0.38 13.8 5.24 175.54 0.0127 1.27 

34.5 0.37 12.3 4.55 156.93 0.0086 0.86 

35.5 0.34 47.9 16.29 578.30 0.0257 2.57 

36.5 0.30 68.3 20.49 747.89 0.0274 2.74 

37.5 0.24 39.3 9.43 353.63 0.0105 1.05 

38.5 0.06 3.9 0.23 8.89 0.0002 0.02 

39.5 0.05 1.5 0.08 3.16 0.0001 0.01 

 

Table 3. Summary of life parameters of C. gangis on soybean

Parameter  Value 
 

Mean length of generation (T) 31.8 

Net reproductive rate (Ro) 262.93 

Intrinsic rate of increase (r)  

             approximate estimate  0.1752 

             accurate estimate  0.1778 

Finate rate of increase (λ) 1.1946 

Doubling time (DT) 3.9 days 

Potential fecundity (pf) 682.8 

Annual rate of increase (ARI) 1.5290 x 1028 

 
The approximate and accurate estimate of intrinsic rate

of increase (r) was calculated and it was found that the
accurate estimate of r (0.1778) was higher than its
approximate estimate (0.1752). The intrinsic rate of C. gangis
per week was 1.2446. The finite rate of increase (ë) which

measures the population increase rate per individual per
day was 1.1946. The doubling time (DT) of C. gangis was 3.9
days and the Annual Rate of Increase (ARI) was 1.5290 x
1028. The population growth of C. gangis was much lower
(2.052 x 1017) when it was reared on winged bean
(Chaudhary and Bhattacharya, 1986). C. gangis took 4 days
for egg stage, the first larvae completed the development on
21st day and the last larvae on 31st day (this includes 1-4
days pre pupal period). During the development, the first
pupae was recorded on 22nd day and continued till 32nd

day. Adult emergence was noticed on 31st day and continued
till 37th day of the life of the cohort of 100 insects. The death
of first adult of C. gangis was recorded on 36th day and the
last on 47th day. The female laid eggs for 4-6 days. The above
results are also in confirmation with the report of
Bhattacharya et al. (2004) where in all the developmental
parameters of C. gangis on soybean foliage are favourable to
the insect to become a major pest status among the defoliator
complex of soybean.

All the vital statistics of C. gangis in the present study
showed a favourable trend of population growth on
soybean foliage and it may apparently reach to a status of
major pest among the defoliators of soybean under a given
set of favourable environment.
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ABSTRACT

Efficacy of crops in the order of coriander > African tall marigold > French marigold > French bean as intercrops
with brinjal (3:1 ratio) in terms of suppression of incidence of brinjal shoot and fruit borer, Leucinodes orbonalis Guen
has been demonstrated. The lower incidence of L. orbonalis  was recorded in intercrops than untreated sole crop of
brinjal. Intercrop of coriander with brinjal was as effective in reducing L. orbonalis  incidence as the root zone application
of insecticide @ 1.5 kg a.i. ha–1.

Key Words : Brinjal, Leucinodes orbonalis,  insecticides, inter cropping, shoot and fruit damage
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Binjal (Solanum melongena Linn.), an important vegetable
crop is heavily damaged by the shoot and fruit borer,
Leucinodes orbonalis (Guen.), resulting in yield loss upto 55
per cent (Tripathi el al. 1996). Frequent application of
insecticides over the standing crop has been a general practice
to combat the pest problem, despite several well known
undesirable side effects of insecticides. Hence, alternatives
pest management tools are required to be explored and
expolited particularly in vegetables, for protecting them
against insect pests. Intercrops grown with brinjal could also
be effective in reducing the incidence of the major pest species
for sustainable crop production. Information is almost
lacking and scanty in this regard (Prasad, 2001). The present
study was undertaken to grow brinjal without use of
insecticides or their judicious and only need based use for
sustainable production.

MATERIALS AND METHODS

A field experiment was conducted during rabi season
with brinjal variety “Pusa Kranti” for two years (2003, 2004)
under randomized block design. The treatments included
were intercropping with French bean (Phaseolus vulgaris L.)
cv. S-9, French marigold (Tagetis patulla),  African tall
marigold (T. erecta L.) and coriander (Coriandrum sativum L. )
in 3:1 ratio and brinjal alone without any insecticidal
application and root zone soil application of carbofuran
(Furadan 3G), phorate (Thimet 10G) and cartap
hydrochloride (Padan 4G) @ 1.5kg a.i. ha–1 in plots of 4.0  x

2.5 m. Each treatment was replicated thrice. In between three
rows of brinjal, seedlings of T. erecta, T. patulla  and seed of P.
vulgaris  and C. sativum  were planted/sown. Recommended
agronomic practices were followed. The required quantity
of test insecticide was applied around root zone three weeks
after transplanting of brinjal. Three uniform foliar spraying
with Delfin (BTk) @ 1.50kg ha–1 in 600 liters of water were
given at 15 days interval at the peak period of fruit borer (L.
orbonolis) incidence. Observations on the pest incidence
(shoot damage) at 15 days intervals, starting 35 days after
transplanting and fruit damage (total weight of fruits and
that of damaged ones) were recorded. Data were pooled on
year basis and the averages were transformed to angular
values for statistical analysis.

RESULTS AND DISCUSSION

Data presented in Table 1 indicate that, during both
the years, all the treatments with companion planting and
insecticide applications were significantly effective in
reducing the pest incidence in comparison with untreated
sole crop of brinjal. Phorate treatment was most effective in
reducing the shoot and fruit damage, while cartap
hydrochloride and carbofuran were statistically at par.
Phorate treated plants suffered only 10.17 and 8.46 per cent
shoot damage and 13.37 and 10.03 per cent fruit damage
during 2003 and 2004, respectively. The untreated sole crop
of brinjal suffered 30.26 and 36.38 per cent during 2003 and
28.77 and 38.45 per cent during 2004. These results are in
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conformity with earlier workers (Mote, 1981;  Yazdani et al.,
1984; Prasad, 2001). It was encouraging to note that brinjal
crop without any pesticidal protection and grown in

Table 1. Effect of inter cropping and soil application of
insecticides on the incidence of Leucinodes orbonalis
Guen. in brinjal

Figure in parentheses are angular transformed values

Shoot damage 
(%) 

Fruit damage 
(%) 

Treatment  

2003 2004 2003 2004 

Brinjal alone (untreated) 30.26 
(33.36) 

28.77 
(32.41) 

36.38 
(37.08) 

38.45 
(38.32) 

Brinjal in association with 
French bean (P. vulgaris) 

(3:1) 

24.36 

(29.56) 

21.85 

(27.85) 

27.82 

(31.84) 

29.15 

(32.66) 

Brinjal in association with 
French marigold (T. patulla) 

(3:1) 

18.45 
(25.42) 

22.06 
(27.98) 

21.06 
(27.29) 

23.55 
(29.12) 

Brinjal in association with 
African tall marigold (T. 

erecta) (3:1) 

20.03 
(26.65) 

23.15 
(28.74) 

23.70 
(29.14) 

25.63 
(30.46)  

Brinjal in association with 
coriander (C. sativum) (3:1) 

14.38 
(22.32) 

12.86 
(20.98) 

16.06 
(23.59) 

13.85 
(21.82) 

Brinjal alone and root zone-
soil application of 
carbofuran granules  

10.87 
(19.18) 

9.34 
(17.74) 

13.80 
(21.84) 

11.87 
(20.09) 

Brinjal alone and root zone 
soil application of phorate 

granules  

10.17 
(18.54) 

8.46 
(16.88) 

13.37 
(21.48) 

10.03 
(17.55) 

Brinjal alone and root zone 
soil application of cartap 
hydrochloride granules  

11.83 
(20.08) 

12.70 
(20.85) 

14.13 
(22.08) 

12.75 
(20.87) 

S.E.M. (±) 
C.D. (P = 0.05) 

1.52 
4.53 

1.43 
4.25 

1.03 
3.07 

1.05 
3.17 

 

association  with coriander also remained at par with the
treated ones (phorate). Brinjal grown in association with
coriander resulted in significant reduction in shoot and fruit
borer incidence and shoot damage of 14.38 and 12.86 per
cent and fruit damage of 16.06 and 13.85 per cent during
2003 and 2004, respectively. Intercropping with T. patulla
and  T. erecta were equally effective in reducing the pest
incidence (Table 1), while the relatively higher level of shoot
and fruit damage were recorded in intercrop with french
bean. Untreated sole crop of brinjal received the highest pest
incidence.

In conclusion, inter-cropping of brinjal either with
coriander or marigold will help in reducing damage of L.
orbonalis on brinjal and could emerge as feasible and socially
acceptable practice
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ABSTRACT

Aqueous extracts of Azadirachta indica (20%) after 72 hrs of application was most effective (75.92%) against
Sciarid fly larvae under in vitro condition followed by Chrysanthemum cinerierifolium (61.85%), Artemisia  absinthium
(51.11%) and Matricaria chamomilla (10.37%). Aqueous extracts of A. indica, C. cinerierifolium, A. absinthium, Lavendulla
officinalis, Ricinus communis and Atropa acuminate also effected mycelial stimulation of Agaricus bisporus. However,
Juglans regia, Datura stramonium and M. chamomilla caused inhibition in growth of host mycelium (A. bisporus). Colony
diameter of A. bisporus was 81.0 and 65.66 mm at 20 per cent concentration of A. indica and R. communis.

Key words:  Botanicals, Bradysia tritici, Control, In vitro, White button mushroom
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Sciarid flies, cecids, springtails and mites are important
arthropode pests of the cultivated mushrooms throughout
the world. Being an indoor crop mushrooms provide
congenial habitat for insect pests as the optimum temperature
in the cropping rooms provides ideal conditions for the
biological activity and population build up of the pests.
Sciarid fly (Bradysia tritici) Coq. is a serious pest of button
mushrooms, has been found infesting the mushroom in
Punjab, India (Sandhu and Brar, 1982) and Pakistan (Khan
and Javed, 2002). The larvae of Sciarid fly feed on thickened
mycelial attachments in the developing pin-heads and
buttons of white button mushrooms and decaying organic
matter thus rendering the pickable mushrooms un-
marketable (Brar and Sandhu, 1989). Fenitrothion, lindane,
aldicarb, phorate, diflubenzuron, dichlorovas and diazinon
have been used for the control of insects (Sandhu and Brar,
1982; Sandhu et al., 1983; Chhabra and Kaul, 1982; Sandhu
and Arora, 1990, Bhandari et al., 1989). Increasing awareness
about the harmful effects of insecticides has led to the search
for safer insecticide(s) in the pest management. In view of
this, experiments on the effect of plant products for pest
management was undertaken.

MATERIALS AND METHODS

The medicinal and aromatic plants were collected from
the Farm of Regional Research Laboratory, Srinagar, (CSIR)
and Medicinal Plants Farm, SKUAST-K, Shalimar. The
botanical extracts were prepared by standard technique
adopting Jeyapaul et al. (2003) with some modifications. The

plant parts were washed and shade dried. The aqueous
extract of each test botanical was prepared by chopping
and homogenizing in sterilized distilled water in pestle and
mortar at the rate of one gram plant tissue per ml of water
(1:1 w/v). The extract was filtered through a Whatman filter
paper No.1. The extract so obtained was taken as standard
(100 per cent) and then further diluted to 5, 10 and 20 per
cent concentrations. Aqueous extracts of the botanicals were
assayed for their insecticidal action against B. tritici (Coq.)
at all the three different concentrations. Five ml of each
extracts at each level of concentration were sprayed
separately with the help of automizer on 3rd instar larvae.
The larvae were kept in petri-plates covered with muslin
cloth and thin slices of A. bisporus were given to them for
feeding. The food was changed after every 1 day. Water
sprayed sample served as comparative check. Each treatment
was replicated thrice. Data on mortality of larvae in each
treatment and in control was recorded. Botanicals (5, 10 and
20%) were also evaluated against mushroom mycelium in
vitro by poison food technique. The required quantity (5 ml)
of test botanical extract was mixed with 20 ml of potato
dextrose agar (PDA) before pouring in 90 mm petriplates. A
5 mm agar plug from 20 days old culture of button mushroom
(A. bisporus) was placed in the centre of the plates which
were incubated at 24 ± 2oC. The diameter of colony in each
treatment was measured after 15th day.

* KVK, Baramulla, SKUAST-K, Srinagar (J & K)
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RESULTS AND DISCUSSION

Maximum mortality of larvae (75.92%) resulted due to
the application of A. indica, whereas minimum mortality
(10.37%) was noticed in M. chamomilla, A. absinthium and R.
communis were at par with each other and recorded 51.11
and 48.14 per cent mortality. Higher mortality (45.43%) was
recorded at 20 per cent concentration and lower mortality
(25.18%) at 5 per cent concentration. The increase in the period
of application also increased the mortality. The highest
(46.91%) mortality was observed after 72 h, whereas lowest
(24.93%) after 24 h (Table 1).

A. indica  caused 70.00, 53.33 and 40.00 per cent mortality
within 24 h, 76.67, 66.67 and 46.67 per cent within 48 h and
90.00, 76.67 and 76.67 per cent within 72 h at 20 per cent
concentration. No mortality was observed in untreated check.

The influence of A. indica on mortality of larva are in
conformity with Attri and Prasad (1980) who reported that
neem oil extract caused 100 per cent failure of the mosquito
larvae to emerge as adults at higher concentration. Essential
oil of Chenopodium ambrosioides has been found active on
the second and third instars of the fungus gnats Bradysia
sp. nr. coprophila (Cloyd and Chiasson, 2007).

Table 1. In vitro effect of aqueous extracts of nine botanicals on mortality of sciarid fly (Bradysia tritici) Coq. at different
intervals

CD (P = 0.05)
Botanicals = 3.83
Concentration = 2.21
Time period = 2.21
Botanical x concentration = 6.64

Figures in parenthesis are the arc sin transformed values

A significant interactions was noticed between
botanicals and concentrations. A. indica caused 83.33 per
cent mortality within 24 h, 90 per cent within 48 h and 100.00
per cent within 72 h at 20 per cent concentration. C.
cinerierifolium, A. absinthium and R. communis followed by

All the aqueous extracts of the botanicals were
statistically significant and caused significant stimulation/
inhibition in growth of A. bisporus (Lange) within 15 days
(Table 2). Maximum colony diameter (72.55 mm) was noticed
in A. indica. R. communis, A. acuminata, C. cinerierifolum,

Per cent mortality of larvae 

24 h 48 h 72 h 
Botanicals 

  
Conc. (%) 5 10 20 

Mean 
5 10 20 

Mean 
5 10 20 

Mean 
Pooled 
mean  

Chrysanthemum 
cinerierifolium 

23.33 
(28.78) 

50.00 
(45.00) 

70.00 
(56.99) 

47.77 
(43.59) 

40.00 
(39.14) 

63.33 
(52.86) 

76.67 
(61.22) 

60.00 
(41.07) 

66.67 
(54.99) 

76.67 
(61.22) 

90.00 
(74.90) 

77.77 
(63.70) 

61.85 
(52.79) 

Artemisia 
absinthium 

16.67 

(20.01) 

36.67 

(37.22) 

53.33 

(46.92) 

35.55 
(34.72) 

36.67 

(36.66) 

50.00 

(45.00) 

66.67 

(54.99) 

51.11 
(45.64) 

56.67 

(48.93) 

66.67 

(54.78) 

76.67 

(61.22) 

66.66 
(54.97) 

51.11 
(45.11) 

Juglans regia 10.00 
(15.09) 

20.00 
(26.07) 

36.67 
(37.22) 

22.22 
(26.13) 

20.00 
(26.07) 

23.33 
(28.07) 

40.00 
(39.14) 

27.77 
(31.09) 

26.67 
(38.78) 

30.00 
(33.00) 

50.00 
(45.00) 

35.55 
(35.25) 

28.51 
(31.16) 

Lavendula 
officinalis 

0.00 
(0.28) 

6.67 
(12.38) 

16.67 
(23.85) 

7.77 
(12.17) 

6.67 
(12.38) 

10.00 
(18.43) 

20.00 
(26.07) 

12.22 
(18.95) 

16.67 
(23.85) 

20.00 
(26.56) 

26.67 
(30.99) 

21.11 
(27.13) 

13.70 
(19.42) 

Ricinus communis 20.00 
(26.56) 

28.87 
(30.99) 

40.00 
(39.14) 

28.88 
(32.23) 

33.33 
(35.21) 

46.67 
(43.07) 

60.00 
(50.85) 

46.66 
(43.04) 

60.00 
(50.85) 

70.00 
(56.78) 

76.67 
(61.22) 

68.88 
(56.28) 

48.14 
(43.85) 

Atropa acuminata 6.67 

(12.38) 

13.33 

(21.14) 

16.67 

(23.85) 

12.22 
(19.12) 

13.33 

(21.14) 

20.00 

(26.56) 

23.33 

(28.78) 

18.88 
(25.49) 

20.00 

(26.07) 

26.67 

(30.99) 

30.00 

(33.00) 

25.55 
(30.02) 

18.88 
(24.88) 

Azadirachta indica 36.67 
(37.22) 

66.67 
(54.78) 

83.33 
(69.97) 

62.22 
(53.99) 

60.00 
(50.85) 

76.66 
(61.22) 

90.00 
(74.90) 

75.55 
(62.32) 

73.33 
(59.21) 

96.67 
(83.66) 

100.00 
(89.71) 

90.00 
(77.52) 

75.92 
(64.61) 

Datura 
stramonium 

0.00 
(0.28) 

3.33 
(6.33) 

10.00 
(18.43) 

4.44 
(8.34) 

6.67 
(12.38) 

10.00 
(15.09) 

13.33 
(21.14) 

10.00 
(16.20) 

16.67 
(23.85) 

20.00 
(26.07) 

20.00 
(26.56) 

18.88 
(25.49) 

11.11 
(16.68) 

Matricaria 
chamomilla 

0.00 
(0.28) 

3.33 
(6.33) 

6.67 
(12.38) 

3.33 
(6.33) 

3.33 
(6.33) 

13.33 
(17.80) 

13.33 
(21.14) 

10.00 
(15.09) 

10.00 
(18.43) 

20.00 
(26.07) 

23.33 
(28.78) 

17.77 
(24.42) 

10.37 
(15.28) 

Control 0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

0.00 
(0.28) 

Mean time period  24h = 24.93 (26.29) 48h = 34.69 (34.32) 72h = 46.91 (43.98) 

Mean concentration 5%  = 25.18 (26.60) 10% = 35.92 (35.19) 20% = 45.43 (42.98) 
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A. absinthium and L. officinalis treatments which were at par
with each other and recorded 57.99, 56.11, 55.82, 55.67 and
54.10 mm colony diameter, respectively. The lowest, even
than untreated check (51.66 mm) colony diameter (15.44 mm)
was in D. stramonium treatment followed by M. chamomilla
(27.21 mm). Maximum colony diameter (52.33 mm) was
noticed at 20 per cent concentration and minimum (45.72
mm) at 5 per cent concentration. The interactions between
botanicals and concentration were statistically significant
(P=0.05) and the treatments resulted stimulation in growth.
Maximum colony diameter was recorded at 20 per cent
concentration whereas reverse trend was observed in the
treatment which showed inhibition in growth. A. indica
treatment showed maximum (81.00 mm) colony diameter at
20 per cent concentration, whereas, D. stramonmia showed
minimum (24.33 mm) colony diameter at 20 per cent
concentration.

These observations are in accordance with Baba (1990)
who reported positive influence of neem seed cake and
neem seed powder on growth by producing 2.5-2.9 and 2.5-
2.7 cm colonies. Raina et al. (2003) reported that water
extracts of R. communis stimulated the growth of A. bisporus
mycelium. Neem leaf extracts incorporated in the PDA
medium caused considerable increase in the mycelial growth
of A. bisporus (Sohi et al. 1986).

A. indica at 20 per cent concentration after 72 h resulted
in highest larval mortality. Interestingly the same treatment
also stimulated the mycelial growth of A. bisporus, around
36.22 per cent increase over control at 20 per cent
concentration after 15 days inoculation.

Table 2. In vitro effect of aqueous extracts of nine botanicals on mycelial growth of Agaricus bisporus (Lange) Imbach

CD (P = 0.05)
Botanical 5.18
Concentration 2.99
Botanical x concentration 8.99
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Colony diameter (mm)                                         
after 15 days 

Per cent stimulation / inhibition of 
A. bisporus over control 

Botanicals 
Conc. (%) 

5 10 20 Mean 5 10 20 

Chrysanthemum cinerierifolium 51.80 53.33 62.33 55.82 0.27 3.13 17.11 
Artemisia absinthium 51.70 55.33 60.00 55.67 0.07 6.63 13.9 
Juglans regia 41.00 43.00 45.33 43.11 20.63* 16.76* 12.25* 
Lavendula officinalis 51.66 52.00 58.66 54.10 0.0 0.68 11.93 
Atropa acuminata  51.68 53.00 63.66 56.11 0.03 2.52 18.85 
Ricinus communis 51.66 56.66 65.66 57.99 0.00 8.82 21.32 
Azadirachta indica 63.33 73.33 81.00 72.55 18.42 29.55 36.22 
Datura stramonium 20.00 16.33 10.00 15.44 61.28* 68.38* 80.64* 
Matricaria chamomilla 28.66 28.66 24.33 27.21 44.52* 44.52* 52.90* 
Control - - - 51.66 - - - 
Mean concentration  45.72 47.96 52.33     
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ABSTRACT

Significantly lower shoot fly egg load was recorded by NSKE (5%) spray at 3,6,9 days after emergence (DAE),
6,9,12 DAE and  3,6,9,12 DAE and it was at par with Endosulfan 35 EC (0.07%) spray at all these intervals. The
lowest deadhearts due to shoot fly at 28 DAE was recorded under NSKE (5%) at 3, 6,9,12 DAE (17%) and it was at
par with Azagro (5%) spray  and plant mixture (5%) at 3,6,9,12 DAE, Endosulfan at  3,12 DAE, 6,12 DAE, and 9,12
DAE. However, the Endosulfan spray at 3, 6, 9 DAE, 6,9,12 DAE and 3, 6,9,12 DAE was inferior (14.66, 15.00 and
14.00%). The highest grain yield (18.22q ha–1) was obtained at NSKE (5%) spray 3, 6,9,12 DAE and it was at par with
Azagro (5%) sprayed at this interval (18.13 q ha–1), Endosulfan spray at 3, 6, 9 DAE (18.29 q ha–1) and at 6,9,12 DAE
(18.30q ha–1).

Key words: Sorghum shoot fly, botanicals, spray, critical stage
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Shoot fly (Atherigona soccata Rondani) is one of the most
important and destructive pest of sorghum (Sorghum bicolor
(L.) Moench) a major food and fodder crop in the tropics and
semi arid tropics at the seedling stage causing around
5,25,2000 tonnes annual loss. Currently early sowing,
increased seed rate, thinning and destroying of seedlings
with deadhearts and soil application of carbofuran are being
used for the pest management. Granular insecticides are the
most reliable for management of this pest. Since sorghum is
grown mainly by small farmers the chemical control method
is not economically feasible although endosulfan, malathion,
methyl demeton and cypermethrin have been recommended
for spraying at 7 and 14 days after germination. This spray
schedule may not be feasible for many small farmers. Further,
insecticides are also harmful to non-target beneficial species
cause pollution, hazards, biomagnification and resistance,
to insect pests and resurgence of even minor insect pests.
Hence, safer and cost effective strategies are required to be
evolved.

MATERIALS AND METHODS

Experiment was conducted at Dharwad in the
Randomized Block Design in three replications with a plot
size of 4x2.8 m2 leaving a gangway of one meter all around
the plots. The sorghum cultivar CSH-16 with a spacing of
45x15 cm2 was sown during second fortnight of July.

Recommended package of practices were followed except
plant protection. Fifty gram seeds of Neem (Azadirechta indica
A.Juss) were smashed and soaked overnight in distilled
water, and 5% solution was made with distilled water for
preparation of NSKE. Ten grams of each of fresh leaves of
Vitex negundo L., Ricinus communis L., Clerodendron inerme l.,
Calotropis gigantia W.T.Aiton and Parthenium hysterophorus
L. were taken and 5 per cent solution was prepared. Azagro
(5%, neem based insecticide) was also used as one of the
treatment. Endosulfan 35 EC was used as standard check.
Ten plants in each plot were randomly selected 21 days after
emergence (DAE),. Number of shoot fly eggs was counted
from each plant and total number of eggs on ten plants was
averaged to represent the eggs present per plant.  Total
number of plants in each plot and the number of plants
showing deadhearts were recorded and per cent dead heart
were calculated on 28 DAE. Grain yield was recorded after
harvesting and converted to per hectare. Cost economics for
the treatments which found superior was calculated.

RESULTS AND DISCUSSION

Shoot fly oviposition data revealed that irrespective of
spraying intervals, NSKE (5%) recorded significantly less
oviposition (1.13 eggs plant–1) over other treatments (Table
1). But it was inferior to Endosulfan 35 EC (1.02 eggs
plant–1) This was not in agreement with the findings of Singh
and Batra (2001) who reported the supermacy of neem
sprays (0.6 eggs plant–1) over Endosulfan sprays (1.33 eggs *Part of the M. Sc. (Agri.) Thesis submitted by the senior author
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Table 2. Evaluation of spraying botanicals at different intervals on the deadheart formation by shoot fly on 28 days after
emergence in sorghum

* Figures in parentheses are arc sine transformed values
Means followed by same alphabet do not differ significantly (0.05) by DMRT
DAE – Days After Emergence

Deadhearts (%) at spraying interval (DAE) of 

Treatment 3 6 9 12 3, 6 3, 6, 9 3,6,9,12 3, 9 3, 12 6, 9 6, 9, 12 6, 12 9, 12 Untreated 
control 

Mean 

Azagro 
(5%) 

30.66b 
(33.23)* 

30.66e 
(31.71) 

30.00e 
(31.36) 

32.66bcd 
(32.73) 

27.66f 
(30.12) 

18.33mno 
(24.52) 

17.33no 
(23.84) 

27.33f 
(29.94) 

21.66ghi 
(26.65) 

26.33f 
(29.35) 

19.00klm 
(24.96) 

21.00hij 
(26.24) 

22.00gh 
(26.86) 

82.33a 
(51.96) 

29.28a 
(30.25) 

NSKE (5%) 33.00bc 
(32.89) 

30.00e 
(31.36) 

30.00e 
(31.36) 

32.66bcd 
(32.73) 

27.00f 
(29.75) 

18.66lmn 
(24.74) 

17.00o 
(23.61) 

26.33f 
(29.38) 

21.00hij 
(26.24) 

26.33f 
(29.38) 

18.66lmn 
(24.74) 

21.66ghi 
(26.65) 

21.00hij 
(26.23) 

81.66a 
(51.75) 

28.92a 
(30.06) 

Plant 
mixture 
(5%) 

34.00b 
(33.39) 

31.00de 
(31.88) 

31.66cde 
(32.22) 

33.00bc 
(32.89) 

26.33f 
(29.33) 

19.00klm 
(24.95) 

17.33no 
(23.84) 

28.00f 
(30.30) 

22.33gh 
(27.06) 

27.00f 
(29.75) 

19.00klm 
(24.96) 

22.62g 
(27.25) 

22.33gh 
(27.06) 

83.66a 
(52.38) 

29.80a 
(30.52) 

Endosulfan 
35 EC 
(0.07%) 

22.00gh 
(26.86) 

20.33ijk 
(25.82) 

20.00jkl 
(25.61) 

21.66ghi 
(26.65) 

18.66lmn 
(24.74) 

14.66p 
(21.93) 

14.00p 
(21.42) 

19.00klm 
(24.96) 

17.33no 
(23.84) 

19.00klm 
(24.95) 

15.00p 
(22.18) 

17.00o 
(23.61) 

17.33no 
(23.84) 

81.00a 
(51.54) 

22.66b 
(26.28) 

Mean 33.66b 
(31.59) 

28.00c 
(30.19) 

27.91c 
(30.14) 

30.00b 
(31.25) 

24.91d 
(28.49) 

17.66f 
(24.03) 

16.41g 
(23.18) 

25.16d 
(28.64) 

20.58e 
(25.95) 

24.66d 
(28.36) 

17.91f 
(24.21) 

20.58e 
(25.94) 

20.66e 
(26.00) 

82.16a 
(51.91) 

27.66 
29.28 

  SEm± CD at 5% 

Between treatment 
Between spraying intervals 
Interaction between treatments and spraying intervals 

0.1 
0.15 
0.21 

0.36 
0.42 
0.87 

 

Table 1. Effect of spraying botanicals at different intervals on oviposition of shoot fly at 21 days after emergence in sorghum

* Figures in parentheses are x 1+  transformed values

Means followed by same alphabet do not differ significantly (0.05) by DMRT.
DAE – Days After Emergence

Number of shoot fly eggs per plant at spraying interval (DAE) of 

Treatment 3 6 9 12 3, 6 3, 6, 9 3,6,9,12 3, 9 3, 12 6, 9 6, 9, 12 6, 12 9, 12 Untreated 
control 

Mean 

Azagro (5%) 2.00b 

(1.73)* 

2.00b 

(1.73) 

1.66c 

(1.63) 

1.66c 

(1.63) 

1.33d 

(1.53) 

1.00e 

(1.41) 

0.66f 

(1.15) 

1.00e 

(1.41) 

1.33d 

(1.53) 

1.00e 

(1.41) 

0.66f 

(1.29) 

1.00e 

(1.41) 

1.00e 

(1.41) 

2.66a 

(1.91) 

1.31b 

(1.52) 

NSKE (5%) 2.00b 
(1.73) 

1.33d 
(1.53) 

1.33d 
(1.53) 

1.33d 
(1.53) 

1.33d 
(1.53) 

0.33g 
(1.15) 

0.33g 
(1.15) 

1.00e 
(1.41) 

1.33d 
(1.53) 

1.00e 
(1.41) 

0.33g 
(1.15) 

1.00e 
(1.41) 

1.00e 
(1.41) 

2.33a 
(1.83) 

1.13c 
(1.46) 

Plant mixture 
(5%) 

2.00b 
(1.73) 

1.66c 
(1.63) 

2.00b 
(1.73) 

1.66c 
(1.63) 

1.66c 
(1.63) 

1.33d 
(1.53) 

1.33d 
(1.53) 

1.66c 
(1.63) 

1.33d 
(1.53) 

1.66c 
(1.63) 

1.33d 
(1.53) 

1.33d 
(1.53) 

1.33d 
(1.53) 

2.66a 
(1.83) 

1.62a 
(1.62) 

Endosulfan      
35 EC (0.07%) 

1.66c 
(1.63) 

1.33d 
(1.53) 

1.33d 
(1.53) 

1.00e 
(1.41) 

1.00e 
(1.41) 

0.33g 
(1.15) 

0.33g 
(1.15) 

1.00e 
(1.41) 

0.66f 
(1.29) 

1.00e 
(1.41) 

0.33g 
(1.15) 

0.66f 
(1.29) 

0.66f 
(1.29) 

2.33a 
(1.91) 

1.02d 
(1.42) 

Mean 1.92b 
(1.71) 

1.59c 
(1.61) 

1.59c 
(1.61) 

1.34d 
(1.53) 

1.34d 
(1.53) 

0.74f 
(1.32) 

0.59g 
(1.26) 

1.16e 
(1.47) 

1.16e 
(1.47) 

1.16e 
(1.47) 

0.66f 
(1.29) 

1.00e 
(1.41) 

1.00e 
(1.41) 

2.49a 
(1.87) 

1.27 
(1.51) 

  SEm± CD at 5% 

Between treatments 
Between spraying intervals 
Interaction between treatments and spraying intervals 

0.01 
0.02 
0.03 

0.03 
0.06 
0.09 

 

plant–1). Irrespective of treatments, all spraying intervals were
superior over untreated check (2.49 eggs plant–1). Interaction
effect revealed that spraying NSKE (5%) at 3,6,9 DAE, 6,9,12
DAE and  3,6,9,12 DAE recorded significantly less egg load
(0.33egg plant–1) and it was at par with spraying Endosulfan
35 EC (0.07%) at all these intervals (0.33 egg plant–1).
Irrespective of spraying intervals, significantly less
deadhearts were recorded in Endosulfan 35 EC (22.66%) and

all botanicals were inferior to it (28.92%-29.82%) (Table 2).
This trend of neem insecticides remaining less effective than
chemicals was also found by Kareem et al. (1974), who
reported that NSKE sprays were less effective than
insecticides against sorghum shoot fly. Singh and Batra
(2001) reported minimum deadhearts due to shootfly in
sorghum in Endosulfan spray (10.5%) followed by neem
(18.5%).  Endosulfan 35 EC spray @ 0.07 per cent at 7 DAS
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recorded least per cent deadhearts due to shoot fly in
sorghum (25.00%) and NSKE (5%) spray recorded
significantly higher damage than Endosulfan spray as
reported earlier (Anonymous 2001).  Present findings are
also in agreement with those of Bhanukiran and Panwar
(2005), who reported that high azadirechtin neem
formulations neemazal F 5 EC and Neemazal-T/S 1 EC were
potential enough to reduce infestation due to maize stalk
borer but were in no way superior to Endosulfan 35 EC.
However, opposite results were obtained by Anonymous
(2002) where neem leaf (5%) spray at 7 DAG of sorghum
with normal seed rate recorded 19.60 per cent deadhearts
and it was found superior to carbofuran soil application at
30 DAG in combination with different seed rates. Interaction
effect revealed that spraying NSKE (5%) 3, 6,9,12 DAE was
better  (17%) and it was at par with spraying Azagro (5%) at

and also plant mixture (5%) at 3,6,9,12 DAE, Endosulfan
3,12 DAE, 6,12 DAE, and 9,12 DAE (17.33%). However, it
was inferior to spraying Endosulfan at 3, 6, 9 DAE, 6,9,12
DAE and 3, 6,9,12 DAE (14.66, 15.00 and 14.00%). All
treatments irrespective of spraying intervals were superior
over untreated check (81.00-83.66% deadhearts).
Significantly higher yield among botanicals was recorded
by NSKE (5%) spray at 3, 6,9,12 DAE (18.22q ha–1) and it
was at par with Azagro (5%) sprayed at this interval (18.13
q ha–1), Endosulfan spray at 3, 6, 9 DAE (18.29 q ha–1) and at
6,9,12 DAE (18.30q ha–1) (Table 3). However it was inferior
over Endosulfan at 3, 6,9,12 DAE (18.49 q ha–1). Similar to
this result, Carbofuran 3 G (30 kg ha–1) recorded significantly
highest sorghum grain yield (17.00 q ha–1) and NSKE was
found next best (13.22 q ha–1) in the study of Shrinivas (2006).
The highest Incremental Benefit Cost ratio of 44.38:1

Table 3. Effect of botanicals spray at different intervals on yield of sorghum

Yield (q ha-1) at spraying interval (DAE) of 
Treatment 

3 6 9 12 3,6 3,6,9 3,6,9,12 3,9 3,12 6,9 6,9,12 6,12 9,12 
Untreate
d control 

Mean 

Azagro (5%) 14.68uv 15.11s 15.15rs 14.62v 15.73p 16.64u 18.13c 15.78p 16.30lm 15.81p 16.68f 16.34klm 16.38jkl 8.84w 15.58b 

NSKE (5%) 14.60uv 15.27qr 15.27qr 14.58uv 16.06o 16.91e 18.22bc 16.05o 16.52ghi 16.64fg 16.94e 16.47hij 16.44ijk 8.77x 15.59b 

Plant 
mixture (5%) 

14.49v 14.80t 14.76t 14.55uv 15.19qrs 16.43ijk 17.60d 15.28a 16.10o 15.23qrs 16.45ijk 16.06o 16.17no 8.81w 15.14c 

Endosulfan 
35 EC 
(0.07%) 

16.29lmn 16.58fgh 16.54gi 16.23mn 16.95e 18.29b 18.49a 17.02e 17.60d 17.01e 18.30b 17.61d 17.67d 8.75w 16.67a 

Mean  15.02d 15.44d 15.43d 15.00d 15.98c 17.07b 18.11a 16.03c 16.63b 16.05c 17.09b 16.62b 16.67b 8.80e 15.72 

 
SEm± CD at 5%

Between treatments 0.01     0.02
Between spraying interval 0.02     0.06
Interaction between treatments and spraying interval 0.04     0.11

Means followed by same alphabet do not differ significantly (0.05) by DMRT
DAE – Days After Emergence

Table 4. Cost economics for the management of sorghum shoot fly through spraying botanicals at different intervals

Sl. 
No. 

Treatment and spraying interval 
Yield (q 

ha–1) 

Increase in 
yield over 
control (q 

ha–1) 

Per cent 
increase in 
yield over 

control 

Cost of pest 
control (Rs. 

ha–1) 

Gross 
return (Rs. 

ha–1) 

Net return 
(Rs. ha–1) 

IBC 
ratio 

1 Azagro (5%) 3, 6, 9 DAE  16.64 7.80 88.23 1680 24960 23280 13.86:1 

2 Azagro (5%) 6, 9, 12 DAE 16.68 7.84 88.69 1680 25020 23340 13.89:1 

3 Azagro (5%) 3, 6, 9, 12 DAE 18.13 9.29 105.00 2240 27195 24955 11.14:1 

4 NSKE (5%) 3, 6, 9 DAE 16.91 8.07 91.29 560 25365 24805 44.29:1 

5 NSKE (5%) 6, 9, 12 DAE 16.94 8.10 91.63 560 25410 24850 44.38:1 

6 NSKE (5%) 3, 6, 9, 12 DAE 18.22 9.38 106.11 720 27330 26610 36.96:1 

7 Plant mixture (5%) 3, 6, 9 DAE 16.43 7.59 85.16 560 24645 24085 43.00:1 

8 Plant mixture (5%) 6, 9, 12 DAE 16.45 7.61 86.09 560 24675 24115 43.06:1 

9 Plant mixture (5%) 3, 6, 9, 12 DAE 17.60 8.76 99.09 720 26400 25680 35.67:1 

10 Endosulfan 35 EC (0.07%) 3, 6, 9 DAE 18.29 9.45 106.9 1380 27435 26055 18.88:1 

11 Endosulfan 35 EC (0.07%) 6, 9, 12 DAE 18.30 9.46 107.01 1380 27450 26070 18.89:1 

12 Endosulfan 35 EC (0.07%) 3, 6, 9, 12 DAE 18.49 9.65 109.16 1840 27735 25895 14.07:1 

13 Untreated control 8.84 - - - - - - 
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(Table 4) was obtained at NSKE (5%) spray at 6,9,12 DAE
which was superior to Endosulfan 3,6,9 DAE  (18.88:1),
6,9,12 DAE (18.89:1) and at 3,6,9,12 DAE (14.07:1). It can be
concluded that spraying NSKE at 3.6,9 DAE, 6,9,12 DAE
and 3, 6,9,12 DAE and plant mixture (5%) at these intervals
is helpful in managing shoot fly.
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ABSTRACT 

Peak catches of B. zonata was observered  on second week of October, 2006 and second week of March, 2007 with the
catch of 32.3  fruit flies /trap /week . B. correcta  peak catch was  observed on  second  week of December, 2006 and second
week of April 2007 with the trap catch of 30 and 47.6 fruit flies /trap /week. B. dorsalis peak catch was 2 fruit flies /trap
/week  in 2006 and in 2007 peak  catch was 46.6 fruit flies /trap /week  during fourth week of April. In Vegetable farm
B. zonata had peak catch on first week of October, 2006 with 26.3 fruit flies/trap/week and  gradually decreases with 24.3
fruit flies /trap in fourth week of January. B. correcta had peak catch in second week of December, 2006 with 26.6  fruit
flies/trap/week  and  fourth week of  April  2007 with 37.6 fruit flies /trap /week. B. dorsalis recorded 1.6  fruit flies /trap
in  2006 and in  first  week  of April 2007 with 37.3 fruit flies /trap /week.

Key words: Bactrocera  dorsalis, B. zonata,  B.correcta, Methyl Eugenol.
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Fruit flies are major pests of several fruit and vegetable
crops throughout the tropical and subtropical world. Mango
and guava are two important fruit crops which are severely
damaged by fruit flies. Most common species, attacking
these two fruits are Bactrocera dorsalis Hendel,  B. correcta
Bessi and B. zonata(Saunders).

The use of methyl eugenol traps stands is the most
outstanding alternative (Rajitha and Viraktamath, 2005).
Methyl eugenol has both olfactory as well as
phagostimulatory action and is known to attract fruit flies
from a distance of 800 m. Methyl Eugenol, when used
together with an insecticide impregnated into a suitable
substrate, forms the basis of male annihilation technique.
This technique has been successfully used for the
eradication and control of several Bactrocera species.

MATERIALS AND METHODS

This experiment was conducted during 2006 to 2007
by randomly selecting two places in Kanpur district. The
ME traps were inspected separately at weekly intervals at
two places, i.e., Horti-orchard (Deptt. of  Horticulture), Veg.-
Farm (CSA, Kalyanpur), placed at a distance of 50 m
between the traps to avoid interference effect. The methyl
eugenol traps used were transparent 2000 ml soft drink

bottle traps. Each bottle trap had three windows of equal
size and a wooden piece of 5 x 5 cm charged with 6:4:1
(alcohol:methyl eugenol:malathion) placed in a loop of
plastic wire. This wooden pieces were recharged at  monthly
interval. The treatments were replicated thrice. The wooden
pieces were dried in shade and hung inside the bottle with
the help of plastic thread.

RESULTS AND DISSCUSSION

Peak catch of B. zonata was observered in second
week of October, 2006 and second week of March, 2007 (41st

and 10th  std week, Table 1), with the trap catch of 32.3 fruit
flies/trap/week. Similar trend was also reported by
Agarwal and Kumar (1999). Gupta and Bhatia (2000),
reported peak during second week  of October and first
week of November 2006.

B. correcta  peak catch was observed in second week
of December, 2006 and second week of April, 2007 with the
trap catches of 30 and 47.6 fruit flies/trap/week (49th and
14th std week, Table 1). Present result endorse the findings
of Suresh Babu andViraktanath (2003), Ravi Kumar (2005)
and Rajitha and Viraktahmath (2005) who reported peak
catch of B. correcta from October to December and third
week of May with 40.6 fruit flies /trap.

1 Present Address: Department of Entomology, Institute of Agricultural Sciences.
Banaras Hindu University, Varanasi - 221005
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Table: 1 Methyl eugenol trap catch of different species of fruit flies from October, 2006 to September,  2007 at Horti- Orchard
of CSAUA&T, Kanpur

Date Standard week Trap catches per week 

  B. zonata B. correcta B. dorsalis Total 

01-07 Oct, 2006 40 26.3 28.6 1.6 56.3 

08-14 41 32.3 29.0 0.6 61.9 

15-21 42 28.0 28.3 0.0 56.3 

22-28 43 32.3 18.6 1.0 51.9 

29-4th Nov 44 18.0 20.3 0.6 38.9 

05-11 45 14.3 20.0 1.0 35.3 

12.18 46 15.3 15.0 0.6 30.9 

19-25 47 7.6 13.3 0.3 21.2 

26-02 Dec 48 8.0 11.3 1.0 20.3 

03-09 49 24.0 30.0 1.3 25.6 

10-16 50 16.3 28.0 1.0 45.3 

17-23 51 22.3 20.3 2.0 44.6 

24-30 52 12.6 21.0 0.0 33.6 

01-07 Jan,2007 1 23.0 29.6 1.6 54.2 

08-14 2 21.0 22.3 1.0 44.3 

15-21 3 29.6 18.3 2.6 50.5 

22-28 4 24.3 23.6 0.0 47.9 

29-04 Feb 5 23.3 17.6 4.6 45.5 

05-11 6 16.3 20.0 2.0 38.3 

12-18 7 26.0 18.6 3.0 47.6 

19-25 8 26.3 24.0 3.6 53.9 

26-04 Mar 9 29.6 33.3 7.6 70.5 

05-11 10 32.3 29.6 5.3 67.2 

12-18 11 29.3 23.0 5.0 57.3 

15-25 12 21.0 28.3 3.0 52.3 

26-01 April 13 2.4 19.3 4.0 25.7 

02-08 14 29.0 47.6 31.0 107.6 

09-15 15 14.0 25.6 28.0 67.6 

16-22 16 26.3 23.0 17.0 66.3 

23-30 17 24.6 29.0 46.6 100.2 

01-07 May 18 7.3 22.3 29.0 58.9 

08-14 19 7.6 20.3 24.0 51.9 

15-21 20 18.0 25.3 40.6 83.9 

22-28 21 9.0 18.3 32.0 59.3 

29-05 June 22 12.3 18.0 30.0 60.3 

06-12 23 7.6 19.6 23.0 50.2 

13-19 24 8.3 14.6 28.3 51.2 

20-26 25 7.0 12.0 21.0 40.0 

27-02 July 26 8.6 13.6 16.0 38.2 

03-08 27 9.0 10.3 9.3 28.6 

09-15 28 9.6 17.3 9.0 35.9 

16-22 29 10.0 14.6 3.3 27.9 

23-29 30 13.0 13.0 0.0 26.0 

30-05 Aug 31 14.6 15.6 1.0 31.2 

06-12 32 17.0 16.0 0.0 33.0 

13-19 33 15.6 22.0 2.0 39.6 

20-26 34 18.3 23.3 2.0 43.6 

27-03 Sep 35 17.0 22.6 0.0 39.0 

04-10 36 18.6 18.0 0.0 36.6 

11-17 37 26.0 22.0 0.0 48.0 

25-31 39 27.0 18.3 1.0 46.3 
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Table : 2 Methyl eugenol trap catch of different species of fruit flies from October, 2006 to September, 2007 at Veg.Farm at
CSAUA&T, Kanpur.

Date Standard week Trap catches per week 

  B. zonata B. correcta B. dorsalis Total 

01-07 Oct, 2006 40 26.3 20.0 1.0 47.3 

08-14 41 24.6 24.6 1.6 50.8 

15-21 42 21.6 19.6 0.0 41.2 

22-28 43 23.0 16.0 0.0 39.0 

29-4th Nov 44 16.0 12.6 1.0 29.6 

05-11 45 10.3 16.6 1.0 27.6 

12-18 46 8.0 14.6 1.6 24.2 

19-25 47 11.6 14.0 0.0 25.6 

26-02 Dec 48 9.3 12.3 0.0 21.6 

03-09 49 14.3 26.6 1.0 41.9 

10-16 50 21.3 15.3 0.6 37.2 

17-23 51 22.3 21.0 0.6 43.9 

24-30 52 11.0 15.6 0.6 27.2 

01-07 Jan, 2007 1 24.0 20.6 0.0 44.6 

08-14 2 19.3 19.0 4.3 42.6 

15-21 3 17.3 17.3 6.0 40.6 

22-28 4 24.3 20.3 0.6 45.2 

29-04 Feb 5 15.0 13.0 3.0 31.0 

25-11 6 23.6 17.3 3.3 44.2 

12-18 7 20.3 20.0 2.3 42.6 

19-25 8 20.6 24.6 4.6 49.8 

26-04 Mar 9 19.3 20.6 2.3 42.2 

05-11 10 19.0 16.6 3.0 38.6 

12-18 11 11.3 27.0 3.0 31.3 

15-25 12 21.6 27.3 6.0 54.9 

26-01 April 13 21.6 33.3 3.6 58.5 

02-08 14 14.3 24.3 37.3 75.9 

09-15 15 20.0 20.3 19.3 59.6 

16-22 16 16.6 37.6 29.0 83.2 

23-30 17 14.0 29.3 34.6 77.9s 

01-07 May 18 13.0 22.0 35.6 70.6 

08-14 19 15.0 23.3 27.3 65.6 

15-21 20 9.3 14.6 18.6 42.5 

22-28 21 14.6 26.6 26.0 67.2 

29-05 June 22 11.6 18.3 19.0 48.9 

06-12 23 11.0 13.6 23.3 47.9 

13-19 24 7.3 13.0 27.6 47.9 

20-26 25 6.3 10.3 23.0 39.6 

27-02 July 26 7.6 9.6 24.3 41.5 

03-08 27 8.3 9.0 26.6 43.9 

09-15 28 5.0 7.3 24.0 36.3 

16-22 29 6.6 10.6 17.3 34.5 

23-29 30 8.3 13.3 7.6 29.2 

30-05 Aug 31 9.0 15.0 7.0 31.0 

06-12 32 10.0 15.3 4.3 29.6 

13-19 33 10.6 17.0 3.6 31.2 

20-26 34 14.3 17.6 0.0 31.9 

27-03 Sep 35 18.3 22.3 2.3 42.9 

04-01 36 16.6 19.3 0.0 35.9 

11-17 37 22.0 20.6 0.0 42.6 

18-24 38 18.3 18.0 2.0 38.3 

25-31 39 18.0 17.3 0.0 35.3 
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B. dorsalis peak was in 2006 with mean catch 2 fruit
flies /trap while in 2007 peak catch was 46.6 fruit flies/
trap  during fourth week of April (51st and 17th std week,
Table 1). Khattak et al (1990), Agarwal et al (1999) and
Madhura (2001) conducted field studies on the annual
population incidence of B. dorsalis showed peak occurrence
during January, December (1986) using ME traps. Low fly
activity was observed during January, March. However,
from April onwards population started to build up.

The total peak catch in Horticulture Orchard during
October were due to the peak fruiting of guava, while the
peak was noticed in April - May, due to peak fruiting period
of mango in the surrounding orchards (41st and 14th std
week, Table 1). These observations are in conformity with
the observation of Sarada et al. (2001). Ravi Kumar (2005)
also reported peak catches during 41, 45, 21 standard week.

In Vegetable farm, B. zonata had peak catch in first
week of October, 2006, 26.3 (fruit flies/trap) which
gradually decreases to 24.3 fruit flies/ trap in fourth week
of January, 2007 (40th and 4th std week, Table 2). Madhura
et al. 2001 studied population monitoring and fruit fly
infestation by installing methyl eugenol in mango orchards
at Bangalore, Karnataka. The Population of fruit flies in
mango was observed throughout the fruiting season from
flowering to maturity and Bactrocera zonata was dominant
over B. cucurbitae. Peak catch of B. correcta was during third
week of December, 2006 (26.6 fruit flies/trap/week) and
fourth week of April, 2007, (37.6 fruit flies/trap/week) 49th

and 16th std week, Table 2). These findings are in conformity
with the reports of  Suresh Babu and Viraktamath (2003)
and Rajitha and Viraktahmath (2005) who reported peak
catch of B.correcta during 22nd and   42nd standard week.

Similarly, B. dorsalis population was 1.6 fruit flies/trap
and in first week of April, 2007, it rises to 37.3 fruit flies/
trap. Population rises from February to April  and maintain
the same level till May 2007 (46th and 14th std week, Table
2). Agarwal et al. (1999) reported that average numbers of
B. dorsalis and B. zonata trapped at Bihar in April and
August, 1997 were 39.94 and 134.92 fruit flies/ trap/ week.

The fruit flies population varied as per species. The
major peak population (50.8 fruit flies /trap /week) was
observed during second week of April, 2007 and  83.2 fruit
flies/trap/week in its third week (41st and 16th std week,
Table 2).
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ABSTRACT

Effect of different insecticidal combinations on mean larval population of Helicoverpa armigera and yield of
chickpea cv. KPG 59 was studied. The results revealed that Roket (cypermethrin + profenofos) was proved best,
giving 84.10 per cent reduction in larval population over control with 172.30 per cent increase in yield followed by
Colphos (ethion + profenofos) with 82.73 per cent reduction in population and 166.50 per cent increase in yield. The
minimum larval reduction (19.82%) was obtained with eucalyptus formulation (2%).
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The gram pod borer, Helicoverpa armigera (Lepidoptera
: Noctuidae) is serious pest feeding on variety of crops. In
India, the annual pesticide consumption has increased by
20 to 25 folds during the past four decades, leading to
development of resistance against pesticides and its
combinations with different group of insecticides/mixtures.
Therefore, the present investigation was carried out to
evaluate the efficacy of biopesticides and insecticides mixture
against H. armigera in chickpea.

MATERIALS AND METHODS

Field trials were conducted during 2003-04 and 2004-
05 rabi season using chickpea variety KPG 59 in order to
find out the best insecticide/bio-pesticide (synthetic eco-
friendly) for management of H. armigera.  The experiment
was laid out in 3.6 × 3 m plots with plot to plot spacing of 30
cm in RBD with 13 treatments including control. All the
treatments were replicated thrice. Recommended cultural
practices were followed as and when required. The first
insecticidal spraying was given at 50 per cent flowering and
second after 15 days of first. Larval population of H. armigera
was counted on 10 randomly selected plants in each plot
prior to first spray (pre-treatment) and subsequently 4th and
10th day of second spray. The yield from different treatment
was recorded by harvesting central rows, leaving the border
rows at maturity during both the years of trial. The analysis
of variance (ANOVA) was applied for the statistical analysis
of data.

RESULTS AND DISCUSSION

The data presented in Table 1 revealed that Rocket
(cypermethrin + profenofos) was best against H. armigera as
decrease in larval population was 0.93 larvae 10

plants–1 on 10th day after second spray and found at par
with Colphos (ethion + cypermethrin) with 1.01 larvae 10
plants–1. The per cent reduction in larval population over
control was 84.10 and 82.73 per cent in these 2 treatments.
Among the bio-pesticides, Nimbicidine gave maximum
control with 45.81 per cent reduction over control, eucalyptus
formulation was least effective with 19.05 per cent reduction
over control. It is worth mentioning that more than 70 per
cent reduction in larval population in Rocket and Colphos
treated plots was achieved on 10th day of first spray. Among
the bio pesticides, Biolep (0.5%) proved most effective with
52.21 per cent reduction in larval population over control.
The bio pesticides-combination, endosulfan and Biolep
(0.07% + 0.5%) also found better in reducing larval
population.

Although Rocket and Colphos were most effective for
managing H. armigera population, the present finding
indicate that neem formulation (Nimbicidine and Neemarin)
and B.t. formulation (Biolep & Delfin) effectively reduced its
larval population (52.21–41.36%). The combination of
insecticides and bio-pesticides, Nimbicidine + Biolep and
endosulfan + Nimbicidine were also effective for managing
this pest. In the present findings, endosulfan (0.07%) proved
better than B.t. and neem formulation. According to Kulat
et.al. (1999) endosulfan (0.07%) exbibited minimum larval
population with higher yield than Dipel 8L and HaNPV
which is in conformity of the present result. Mishra (2003),
reported that Nagata (ethion 40% + cypermethrin 5%), Viraat
(cypermethrin 3% + quinalphos 20%) and Koranda
(acephate 25% + fenvalerate 3%) were effective against
Antigastra catalaunalis in sesame.

Yield (Table 2) was also highest (28.38 q ha–1) in Rocket
(0.05%) followed by Colphos (27.94 q ha–1) and Profenofos
(22.79 q ha–1). The increase over control was to the tune of
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172.30, 166.50 and 118.70 per cent, respectively. Neem
formulation (Nimbicidine & Neemarin), B.t. (Biolep & Deflin)
and combinations, Nimbicidine + Biolep, endosulfan +
Biolep, endosulfan + Nimbicidine and endosulfan were no
doubt effective in reducing losses and increasing the yield
(83.30 – 47.31%) but eucalyptus formulation found inferior

It may be inferred from the findings that the
cypermathrin + profenofos and ethion + cypermethrin may
be used as sprays in management of H. armigera in chickpea
to obtain best results.

Table 1. Effect of different insecticides and combinations on population of Helicoverpa larvae in chickpea

   Average number of surviving larvae 10 plant–1 

First application Second application Insecticide/combination  Dose  
(%) 

Pre-count 
(No.) 4 DAT 10 DAT 

Reduction over 
control (%) 4 DAT 10 DAT 

Reduction over 
control (%) 

Nimbicidine 2.0 4.62 3.70 4.01 32.37 3.25 3.17 45.81 

Neemarin 2.0 4.54 3.33 4.07 31.37 3.78 3.43 41.36 
Biolep 0.5 5.04 4.25 3.82 35.58 3.48 2.80 52.21 
Delfin 0.5 5.07 3.62 4.17 29.68 3.40 3.11 46.83 
Nimbicidine+Biolep 2.0 + 0.5 4.90 3.13 3.46 41.65 3.08 2.59 55.72 
Endosulfan+Biolep 0.07 +0.5 4.67 2.61 3.25 45.19 2.38 2.32 60.34 
Colphos 0.05 4.97 1.50 1.67 71.84* 1.31 1.01 82.73* 
Profenofos 0.05 5.31 1.77 2.49 58.01 2.57 2.38 59.31 
Roket 0.05 5.21 1.11 1.66 72.00* 0.96 0.93 84.10* 

Endosulfan+Nimbicidine 0.07+2 5.15 2.60 3.57 39.79 3.02 2.62 55.21 
Eucalyptus formulation 2 5.22 3.28 4.80 19.05 4.50 4.69 19.82 
Endosulfan 0.07 5.44 2.98 3.60 39.29 2.95 2.49 57.43 
Control – 5.18 5.77 5.93 – 6.25 5.85 – 

S.Em± – 0.89 0.48 0.499 – 0.185 0.248 – 
C.D. (p=0.05) – NS 1.00 1.03 – 0.38 0.513 – 

 

Table 2. Effect of different insecticides and combinations on yield in infected chickpea field

Insecticide/combination Dose 
(%) 

Mean grain yield  
(q ha–1) 

Increase over control  
(q ha–1) 

Increase in yield over control  
(%) 

Nimbicidne 2 17.41 6.99 67.08 
Neemarin 2 15.35 4.93 47.31 
Biolep 0.5 19.10 8.68 83.30 
Delfin 0.5 17.18 6.76 64.87 
Nimbicidine+Biolep 2.0+0.5 18.78 8.36 80.23* 
Endosulfan+Biolep 0.07+0.5 20.02 9.60 92.13 
Colphos 0.05 27.94 17.52 166.5 

Profenofos 0.05 22.79 12.37 118.7 
Roket 0.05 28.38 17.96 172.3 
Endosulfan+Nimbicidine 0.07+2.0 18.08 7.66 73.51 
Eucalyptus formulation 2.0 13.10 2.68 25.71 
Endosulfan 0.07 18.76 8.34 80.00 
Control – 10.42 – – 

S. Em ± – 0.82 – – 
CD (p = 0.05) – 1.6 – – 

 

DAT = Days after treatment

to all these treatments and showed only 25.71 per cent
increase in yield. Singh et. al. (1999) reported that the bio-
pesticides (Dipel, Delfin & NPV) when used alone or in
combination with endosulfan proved superior to the
untreated control which is similar to the findings reported
in this article. The combinations of neem, B.t. and endosulfan
(Table 1, 2) were more effective than neem and B.t. alone.
Probabily this may be due to fact that in such combinations,
initially higher doses of neem products elicited immediate
mortality right after 24hr and in due course, the B.t. compound
started taking larval life.
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ABSTRACT

Studies were conducted on the spatial distribution of different stages of the mango fruit fly, Bactrocera spp. at
experimental field in villege habibpur near Central Institute for Subtropical Horticulture, Rehmankhera, Lucknow
during 2004 and 2005. The values of various parameters of distribution showed that the eggs and larvae followed
negative binomial (Contagious) distribution.
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The mango fruit fly, Bactrocera spp. is one of the key
pests of mango in tropical regions of the world is reported
to occur throughout Asia, Africa, Australia and Pacific (CIE
Map A-180). The most comman species of    the fruit flies
are Bactrocera dorsalis, B. zonata and B. correcta (Verghese
and Sudha Davi, 1998). The female fruit flies punctures the
outer wall of the mature fruits with the help of its pointed
ovipositor and inserts eggs in small clusters inside the
mesorarp of mature fruits. The infested fruits can be
identified by presence of brown resinous juice which oozes
out of the punctures made by the flies for oviposition. At
present it is one of the major constraints in the export of
fresh mango fruits. The oriental fruit fly, (Hendel)
(Tephritidae: Diptera) is a pest of mango in Pacific Ocean
(Guam, Hawaiian Island) (Nagakawa et al., 1968), China,
India, Myanmar, Thailand and Bhutan (White and Elson
Harris, 1992). The infestation starts with the physiological
maturity of the fruit. As mango has staggerd flowering
within a season, the fruit maturity is also staggered varying
from a month to three within a variety. Besides there are
early and late maturing varieties. The management
strategies for the fruit fly should start from the initiation of
the infestation. Information is not available on the spatial
distribution of different stages of the fruit flies within the
tree. Studies on spatial distribution are very important in
insect population ecology because of the effect of this
dispersion pattern upon the precision of estimations of
population parameters in any sampling programme, the
method of analysis of data,  the transformation of data to
suitabilize the variance and the construction of population
models (Iwao, 1970).

MATERIALS AND METHODS

Sampling techniques

Seven trees identified for the study were kept free of
insecticide to allow the pest population to build up. For the
study of egg and larval distribution 100 fruits were selected
randomly from all segments and heights of each tree. The
number of eggs deposited on each fruit and the number of
larvae present were counted in the sections of these fruits
with the help of hand lens.

Statistical analysis

The sets of observations collected from seven trees were
summarized in the form of frequency tables for fitting
mathematical distributions and analysis of dispersion
indices (Lloyd, 1967). Index of patchiness, which is the ratio
of mean crowding (X*) to mean density (X¯), was calculated
for each set of observation. The value of mean crowding
(X*) with estimates based on samples was calculated using
following formula:

             X* = X¯ [+s²/X¯ -1]

Where, X¯= mean, and s² =variance

The value of the index equals unity in a random
distribution, but is greater and smaller than unity in
contagious and regular distributions, respectively.

Further, patchiness regression, which gives a linear
relationship between mean crowding (X*) and mean density
(X¯) over a series of densities (x¯ = a +  x¯) was calculated

*Part of Ph.D. thesis awarded by Lucknow University, Lucknow to senior author.
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following Iwao (1968). Iwao termed the Inter cept, the
intercept, ?, the index of basic contagion and the slope, ,
the density contagiousness coefficient. Positive values of ?
indicate a tendency to crowding and negative values
repulsion. The distribution pattern is contagious, if  >1 and
a < 0 or  = 1 and a >0. The pattern is regular, if  < 1 and
a = 0, or  = 1 and a =0.

Among models of contagious distributions, the negative
binomial is perhaps the most widely applied to insect
populations; (Suman et al., 1980).  The negative binomial is
defined by two parameters: the mean, m, and a positive
exponent, í, which is obtained by the expansion of (q-p) k P
= m/ k and q = 1+ P. An important characteristic of this
distribution is that the variance is greater than the mean.
The k-value of the negative binomial gives a measure of
dispersion, the smaller value, the greater the degree of
aggregation.

For positive binomial distribution, any sampling unit
has an equal probability of being occupied by one
individual, but the presence of one such individual
decreases the chances of another individual falling in the
same unit. The distribution itself is given by the expansion
(q+p) k, where k = maximum number of infected fruit /
unit, P = probability of any given point being occupied by
an individual, and q =1-P. The mean of the distribution is
given by nP and its variance by nPq.

RESULTS AND DISCUSSION

Spatial distribution of Bactrocera spp.

Distribution of eggs

The statistical parameters for the distribution pattern
of eggs of Bactrocera spp.  are given in Table 1. For all the
seven sets of observations, the variance values (9.28–11.84)
were more than their respective mean values (4.63–9.75)
which indicates the contagious nature of the distribution of
eggs. As the density of eggs increases, the variance also

increases, indicating the dependence of the latter on the
former. The values of the dispersion parameter (k) for seven
sets of observations range between 3.36 and 9.96.

The values of Lloyd’s (1967) Index of Mean Crowding
(X*) (1.18–1.73) was also less than mean density (4.63–9.75)
values and, therefore, Lloyd’s (1967) Index of Patchiness
(X* IX) was larger (0.72–1.11) than unity in all the sets except
one, showing that the egg population follows a contagious
distribution. The consistency of this value in all replicates
is noteworthy. The value of the index of basic contagion
being greater than 0 again indicates the innate tendency to
crowding (possibly due to oviposition habit), and the value
of the density contagiousness coefficient being greater than
unity revealed the tendency to crowding due to
environmental factors. The values of x2 and probability of fit
for the negative binomial distribution shown in Table 1
indicate good agreement between observed and expected
frequencies.

Distribution of larvae

The data on intra- fruit distribution of mango fruit fly
larvae are presented in Table 2. In this case also the variance
(7.63–9.64) is greater than mean (5.70–9.08) which indicates
the contagious nature of the larvae. The k value ranged from
6.04 to 9.14. The x2 value (8.63-11.56) and the probability of
fit (0.6-0.9) indicate good agreement between observed and
expected frequencies.  Mean crowding (1.02 – 1.34) was also
lesser than mean (5.70 – 9.08) in all the sets which indicates
negative binomial distribution. Further, the value of the
ratio of the mean crowding to mean density (Lloyd’s Index
of Patchiness) ranged from 1.005 to 1.054 confirming the
negative binomial distribution.

Spatial distribution pattern

The value of Lloyd’s (1967) Index of Mean Crowding
(X*) are also higher than mean density (X) values and,
therefore, Lloyd’s (1967) Index of Patchiness (X*/ X¯) was

Table 1. Statistical parameters for distribution of eggs of Bactrocera spp. on mango fruits

Orchard 
No. 

 

Mean 
(X) 

Variance 
(S2) 

Mean 
variance 

ratio (S2/X) 

Mean 
crowding 

(X) 

Dispersion 
parameter 

(K ) 

Lloyd’s (1967) 
index of 

patchiness 
(X / X) 

X2 value D. f. Probability of 
fit 

1 7.81 9.28 42.65 1.18 7.99 1.02 8.48 12 0.7-0.8 

2 9.75 11.84 45.48 1.21 9.96 1.02 9.25 13 0.5-0.6 

3 8.08 9.76 38.86 1.26 8.28 1.02 7.80 12 0.7-0.8 

4 6.69 8.77 21.51 1.31 6.88 1.02 6.20 9 0.7-0.8 

5 5.84 8.72 11.90 1.49 6.33 1.08 7.40 12 0.8-0.9 

6 5.31 8.49 8.86 1.58 5.90 1.11 9.92 13 0.5-0.6 

7 4.63 8.01 6.34 1.73 3.36 0.72 10.28 13 0.5-0.6 
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Table 2. Statistical parameters for the distribution of larvae of Bactrocera spp. on mango fruits

Orchard No. 
 

Mean 
(X) 

Variance (S2) Mean 
variance 

ratio (S2/X) 

Mean 
crowding (X) 

Dispersion 
parameter 

(K ) 

Lloyd’s (1967) 
index of 

patchiness 
(X / X) 

X2 value D. f. Probability of 
fit 

1 7.54 7.72 327.82 1.023 7.56 1.00 10.28 13 0.5-0.6 
2 9.08 9.64 13.73 1.06 9.14 1.00 11.56 18 0.8-0.9 

3 8.34 8.70 193.95 1.043 8.38 1.005 10.28 13 0.5-0.6 
4 6.47 7.75 32.84 1.19 6.82 1.05 11.56 18 0.8-0.9 

5 5.76 7.61 17.94 1.32 6.08 1.05 9.25 13 0.7-0.8 

6 6.25 7.63 28.40 1.22 6.47 1.03 11.56 18 0.8-0.9 

7 5.70 7.69 16.32 1.34 6.04 1.05 8.63 13 0.6-0.7 

 
larger than unity in all the sets, showing that the egg
population follows a contagious distribution. The
consistency of this value in all replicates is noteworthy.
Studies on the within-tree spatial distribution of Bactrocera
spp. show that egg and larvae population follow a negative
binomial distribution. This change in distribution could be
due to the lower population densities of adults due to high
levels of mortality of first instar larvae. Such changes in
distribution with the age of pest population have been
reported in the case of Pieris rapae (Ito et al., 1964), Plutella
maculipennis (Harcourt, 1961) and Phyllophaga spp. (Guppy
and Harcourt,1970).

Shukla et al. (1984) reported that eggs of Sternoohetus
mangiferae (mango stone weevil) followed negative binomial
distribution, while larvae and adults followed positive
binomial distribution.

REFERENCES

Guppy, J.C. and Harcourt, D.G. 1970. Spatial pattern of the
immature stages and teneral adults of Phyllophaga spp.
(Coleoptera: Scarabaidae) in a permanent meadow.  Canadian
Entomologist, 102: 1354-1359.

Harcourt, D.G. 1961. Design of a sampling plan for studies on the
population dynamics of the diamond back moth, Plutella
maculipennis (Curt.) (Lepidoptera: Plutellidae). Canadian
Entomologist, 93: 820-831.

Iwao, S. 1968. A new regression method for analyzing the
aggregation pattern of animal populations. Res. Popul. Ecol.
(Kyoto), 10: 1-20.

Iwao, S. 1970. Problems of spatial distribution in animal
population ecology In : Random counts in biomedical and
social sciences. The Pennstate Statistics Series, The
Pennsylvania State University Press, University Park, London,
pp. 118-149.

Ito, Y., Gotoh, A. and Miyashita, K. 1960.  On the spatial
distribution of Pieris rapae crucivora population. Japanese Journal
of Applied Entomological Zoology, 4: 141-145.

Lloyd, M. 1967. Mean crowding. Journal of Animal Ecology, 26:1-30.

Nagakawa, S., Farias, G. J. and Urgao, T. 1968. Newly recognized
hosts of the Oriental fruit fly, melon fly and Mediterranean
fruit fly. Journal of Economic Entomology, 61: 339-340.

Shukla, R.P., Tandon, P.L., and Suman C.L. 1984. Spatial
distribution of different stages of mango stone weevil,
Sternochetus mangiferae (Fabricius) coleopteran: curculionidae).
Agriculture Ecosystems and Environment, 12:135-140.

Suman, C.L., Wahi, S.D. and Jagan Mohan, N. 1980.  Distribution
pattern of onion thrips (Thrips tabaci Linn.). Current Science,
49: 28- 29.

Varghese, A. and Sudha Devi, K. 1998. Relations between traps
catch of Bactrocera dorsalis (Hendel) and a biotic factors.
Proceeding of the First National Symposium on Pest
Management in Horticultural Crops. Environmental
Implications and Thrusts. Association for Advancement of
Pest Management in Horticultural Ecosystems, Bangalore, pp.
15-18.

White, I. M. and Elson Harris, M. M. 1992. Fruit flies of economic
significance: their identification and bionomics. CABI
Publication, 602p.



©2010

Improving the shelf life of grapes by pre-harvest treatment
with Trichoderma harzianum 5R

S.D. Sawant and Indu S. Sawant

National Research Centre for Grapes, P.O. Box 3, Manjri Farm Pune-412 307, Maharashtra, India
E-mail : ipmsawant@yahoo.co.in

ABSTRACT

Pre-harvest sprays (2) with T. harzianum 5R were as effective as the sulphur dioxide generator sheet in preventing the
decay during storage. Moreover, T. harzianum 5R treatment was more effective than the generator sheet in preventing
fungal growth on the bunch. In out station trials, too, significant control of decay was obtained by pre-harvest T. harzianum
5R applications. The grapes treated with T. harzianum 5R also retained their freshness for longer duration and had less
fungal growth on the bunch as compared to untreated grapes during storage on the shelf. Pre-harvest T. harzianum 5R
application helped in keeping the grapes as fresh as at harvest while the unsprayed grapes appeared less fresh.

Key words: Postharvest decay, grapes, Trichoderma harzianum 5R, sulphur dioxide generator sheet, freshness, fungal
growth
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Postharvest decay in table grapes is caused by infection
of Aspergillus spp. (mainly A. niger), Rhizopus stolonifer, R.
nigricans, Alternaria alternata, Cladosporium sphaerospermum,
Botryodiplodia theobromae and Penicillium spp. (Subramanian
et. al., 1973; Sawant et. al., 2008). These facultative
saprophytes are ubiquitous in nature and present on the
surface of the grape berries at harvest. Injuries inflicted
during the harvesting, handling and transport operations,
facilitate berry and pedicle infections. Sometimes the latent
infections by fungi also erupt during storage. Mixed
infection by all these fungi is commonly observed in grapes
from any single vineyard but in some situations infection
by any one organism may predominate. Severe economic
losses due to R. stolonifer are observed in grapes, which
become wet due to pre-harvest rains or early morning dew.
Similarly, more damage in grapes is observed due to A.
niger harvested from vineyards, in which dust had blown
up due to wind or vehicular traffic.

Some growers have started using in-package sulphur
dioxide generator sheets to prevent postharvest losses due
to decay, as pre-harvest fungicide treatments are avoided
due to apprehensions of pesticide residue in fruits. These
sheets, containing sodium metabisulphite, are routinely
used in grapes for export, as a protection against postharvest
decay (Nelson and Ahmedullah, 1976; Kokkalos, 1986). The
present study was undertaken to explore the potential of
pre-harvest application of T. harzianum in managing
postharvest decay in grapes stored for short durations at
ambient temperatures. The fungus is a well-known

biocontrol agent used for managing postharvest diseases
of fruit crops (Dorras and Vila, 1991) including grey mold
of grapes (Elad, 1994; Stefaniak, 1998). Strain of T. harzianum
(T 39) was even selected and formulated into a commercial
product for control of B. cinerea in grapes (Elad, 2000; 2001).

MATERIALS AND METHODS

The experiment was conducted on Thompson Seedless
grapes, grafted on Dogridge rootstock at Maharashtra State
Grape Growers’ Association’s vineyard during the fruiting
season (2000-01). The vines were trained to extended Y
trellis. T. harzianum isolate 5R was used for the study. The
inoculum was an aqueous suspension of spores and
mycelial mass from 15-day old cultures of T. harzianum 5R
grown at 28 ± 10C in potato dextrose broth and homogenized
in a blender. No adjuvants were added. The concentration
of the suspension was adjusted to minimum 5 x 106 spores
ml-1. Two methods of the spore suspension application were
followed (spraying bunches or dipping them in the
suspension). All the bunches on a single vine were dipped
in T. harzianum 5R suspension by immersing one bunch at
a time in a 1000 ml polypropylene beaker filled with 750 ml
suspension. The beakers were filled with fresh suspension
for treating bunches on the subsequent vine. For spraying,
about 500-600 ml suspension was used per vine ensuring
complete coverage of each bunch. Treatments were applied
after 4 PM to prevent the T. harzianum 5R inoculum from
drying out immediately after the treatment. Application
was done once in 20 days before harvest (DBH), and twice
in 20 days and 2 DBH. Benomyl (0.1%) sprayed once, 20
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DBH and benomyl (0.05%) sprayed twice, 20 and 10 DBH
and untreated bunches as positive and negative control,
respectively. Experiment was conducted in field in RBD
with three replications and after imposition of post-harvest
treatment, analysed by factorial RBD.

Grapes were harvested and packed in 2 kg cardboard
boxes, used commercially for transporting grapes for
domestic markets. A paper sheet was used to line the box,
bunches were arranged in a single layer on the paper and
the box was closed and sealed with tape. In some boxes the
quick release sulphur dioxide generator sheet (M/s J.K.
Enterprises, Nasik), containing 1.65 g sodium
metabisulphite, was placed on top of the grapes, before
sealing the box. Boxes were kept on shelf upto 6 days, before
recording observations.

Fungal growth which develops on bunches during
storage was rated on a scale of 1-5 as follows,
(commensurate with the extent to which the growth had
covered the rachis, laterals and pedicel) : 1 = upto 9 %; 2 =
10-25 %; 3 = 26–50 %; 4 = 51–75 % and 5 = > 75 %. The
bunches were rated for freshness on scale of 1 to 5 as follows,
(commensurate with the proportion of defective berries in
a bunch) 1 = > 75 % berries shriveled or decayed; 2 = 50 to
75 % berries shriveled or decayed; 3 = berries without lustre
and at least few berries shriveled; 4 = few berries with
reduced lustre, none decayed or shriveled and 5 = berries
as fresh as at the time of harvest.

Studies were also conducted to check the extent of
control following growers’ practices during fruiting season

(2000-01 and 2001-02). Many growers have the practice of
covering the grape bunches with paper, about 50 days
before harvest (near veraison stage) and remove the cover
1-2 days before harvest, as a protection against pink berry
disorder. In such vineyards, it would not have been possible
to give the sprays 20 and 2 DBH. Moreover, many growers
would not have been able to afford two sprays due to
economical reasons, hence the feasibility of decay control
and improvement of shelf life by single application was also
studied. The trials were conducted at private vineyards in
Bhandgaon (Pune), Sangli, Solapur and Mukhed regions
of Maharashtra, on Thompson Seedless grapes and the
T. harzianum 5R was applied as spray at 55 and 1 DBH, at 7
DBH, at 1 DBH and on the day of harvest (9h before harvest),
respectively. Packing was done as indicated earlier, without
use of the sulphur dioxide generator sheet. Fifteen
replications consisting of a single bunch were maintained
and data analysed by ‘t’ test.

RESULTS AND DISCUSSION

The extent of decay was least (2.27 berries kg-1) in
grapes treated with two sprays of T. harzianum 5R 20 and 2
DBH (Table 1) and it was equal to the grapes with single
spray of T. harzianum 5R at 20 DBH, and also to that of
benomyl (0.05 %) 20 and 10 DBH. In the set with the sulphur
dioxide generator sheet, the extent of decay in grapes from
all treatments was on par. Comparing the two negative
controls (grapes without any pre-harvest treatment), the
extent of decay in the set stored without the sulphur dioxide
generator sheet was more than three times that of the set
with the sheet. However, pre-harvest treatment with

Table 1. Effect of pre-harvest application of Trichoderma harzianum 5R as spray or bunch dipping at 20 and 2 DBH on post-
harvest behavior of Thompson Seedless grapes

Decayed berries  
(No./ kg grape) 

Extent of fungal growth on the 
bunch (rating) 

Freshness  
(Rating) 

Treatment Without 

generator 
sheet 

With 

generator 
sheet 

Mean Without 

generator 
sheet 

With 

generator 
sheet 

Mean Without 

generator 
sheet 

With 

generator 
sheet 

Mean 

T. harzianum 5R spray 20 DBH 6.50 3.07 4.79 3.33 1.67 2.50 2.0 4.0 3.0 

T. harzianum 5R dip 20 DBH 9.73 2.72 6.23 4.00 1.67 2.83 2.0 4.3 3.2 
T. harzianum 5R spray 20 and 2 DBH 2.44 2.10 2.27 1.33 1.00 1.17 3.0 4.0 3.5 
T. harzianum 5R dip 20 and 2 DBH 11.96 2.76 7.36 3.33 1.67 2.50 2.3 4.0 3.2 
Benomyl (0.1 %) 20 DBH 7.94 2.67 5.31 4.67 2.00 3.33 2.3 2.3 2.3 

Benomyl (0.05 %) 20 and 10 DBH 5.09 3.00 4.05 1.67 2.00 1.83 3.0 4.0 3.5 

Control 12.68 3.90 8.29 4.00 2.00 3.00 2.7 3.3 3.0 
Mean 8.05 2.89  3.19 1.71  2.5 3.7  

LSD (P=0.05) 
SO2 generator sheet 1.38 0.54 0.30 

T. harzianum 5R / benomyl 2.76 1.01 0.56 
SO2 generator sheet  T. harzianum 
5R / benomyl 

3.90 NS 0.79 
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T. harzianum 5R spray twice at 20 and 2 DBH could minimize
the decay to the level obtained with the sheet.

Similarly, the extent of fungal growth on the bunch,
too, was least (1.17) in grapes with T. harzianum 5R as spray
20 and 2 DBH. The growth was significantly less than all
other treatments, and equal to benomyl (0.5%) 20 and 10
DBH. The grapes kept with the sulphur dioxide generator
sheet were fresher as compared to those kept without the
sheet. Except benomyl (0.1 %) 20 DBH (a rating of 2.3), all
the treatments were on par.

Results indicate that two pre-harvest sprays with T.
harzianum 5R were as effective as the sulphur dioxide
generator sheet in preventing decay. However, T. harzianum
5R treatment was more effective indicating its superiority
over the sheet in preventing fungal growth on the bunch,
for management of postharvest decay. Our earlier studies,
too, had shown that pre-harvest application with T.
harzianum 5R coupled with lower dosage of sodium
metabisulphite (2.3 g for every 5 kg of grapes, instead of
3.5g) helped in preventing development of fungal growth
on the pedicles and the rachii and retaining the freshness
of the grapes, better than the generator sheet or the fungicide
treatment alone (Sawant et al. 2003; Sawant and Sawant,
unpublished).

In the trials conducted in the private vineyards, more
than ninety per cent decay control was obtained, when two
applications of T. harzianum 5R were done at 55 and 1 DBH
or when a single application was done at 1 DBH (Fig. 1).
When T. harzianum 5R application was done at 7 DBH, the
control was about sixty per cent, however, the extent of
decay in these grapes was very high (375 decayed berries
per kg in the untreated grapes) as compared to the grapes
from the other sites, and could have been responsible for
the lower level of decay control obtained by T. harzianum
5R treatment. There was no decay in both treated and
untreated grapes at Mukhed site (T. harzianum 5R
application done on the day of harvest).

The fungal growth in grapes not treated with T.
harzianum 5R was equal (a rating of 2) at Pune, Sangli and
Solapur (Fig. 2). But, in treated grapes, it was lower (a rating
of 1) when the application was done twice 55 and 1 DBH
and when it was done 7 DBH. There was no suppression of
fungal growth when the application was done 1 DBH,
probably because the bio-control agent did not get enough
time to parasitize the pathogens. At Mukhed site (treatment
done on the day of harvest), fungal growth was not
observed in both treated and untreated grapes. Maximum
freshness rating (5) was obtained in grapes treated on the
day of harvest, and it was higher than in the untreated

grapes (a rating of 4).  A freshness rating of 4 was scored by
grapes treated twice at 55 and 1 DBH and in those treated 1
DBH, while the rating in the respective untreated grapes
were 2 and 3 (Fig. 2). The grapes were not as fresh (a rating
of 3) when the pre-harvest application was made at 7 DBH,
but they were fresher than the untreated grapes (a rating of
2). This may be due to the higher pathogen load as seen by
the extent of decay. Results indicate that there is better
retention of the freshness of the grapes, if the time of
application T. harzianum is closer to harvest.

In the multi-locational studies, a significant decay
control retention of freshness of the grapes and inhibition
development of fungal growth on the bunch as compared
to untreated grapes was obtained by pre-harvest T.
harzianum 5R applications.

At present pre-harvest T. harzianum application has
been adopted as a common practice in Maharashtra. The
feed back from growers in Sangli, Solapur and Nasik
districts of Maharashtra indicated higher sale price in the
market due to less postharvest deterioration of bunches.
Thus indicating the success of this technology at field levels.

Fig. 1. Decay control by pre-harvest application of Trichoderma
harzianum at different intervals before harvest

Fig. 2. Effect of pre-harvest application of Trichoderma harzianum
on fungal growth on bunch and berry freshness

0

20

40

60

80

100

55 & 1 DBH 7 DBH 1 DBH

Time of application

P
e
r

c
e
n

t
d

e
c
a
y

c
o

n
tr

o
l

0

1

2

3

4

5

55 & 1
DBH

7 DBH 1 DBH 0 DBH 55 & 1
DBH

7 DBH 1 DBH 0 DBH 

Fungal growth Freshness 

R
a

tin
g

T. harzianum

Check



182 Journal of Eco-friendly Agriculture 5(2) 2010

S.D. Sawant and Indu S. Sawant

ACKNOWLEDGEMENTS

The authors are grateful to M/s Maharashtra State
Grape Growers’ Association and their members for sparing
their vineyards for the field trials. The technical assistance
of Shri B.B. Khade and Ms. Shailaja Satam is gratefully
acknowledged.

REFERENCES

Dorras, M.A.D. and Vila, A. 1991. T. harzianum sp. an antagonist
of fungi causing post-harvest decay in crops. Alimentaria, 28:
57-59.

Elad, Y. 1994. Biological control of grape gray mold by T.
harzianum. Crop Protection, 13: 35-38.

Elad, Y. 2000. T. harzianum T39 preparation for  biocontrol of plant
diseases-control of Botryis cineria, Sclerotinia sclerotiorum and
Cladosporium fulvum. Biocontrol Science Technology, 10: 499-507.

Elad, Y. 2001. TRICHODEX: commercialization of Trichodema
harzianum T39-a case study. Agrow Report, Biopesticides:
Trends and Opportunities. PJB Publications Ltd, Richmond,
GB, pp. 45-50.

Kokkalos, T.I. 1986. Postharvest decay control of grapes by using

sodium metabisulfite in cartons enclosed in plastic bags.
American Journal of Enology and Viticulture, 37: 149-151.

Nelson, K.E. and Ahmedullah, M. 1976. Packaging and decay
control systems for storage and transit of table grapes for
export. American Journal of Enology and Viticulture, 27: 74-79.

Sawant, Indu. S., Sawant, S.D., and Adsule, P.G. 2008. Studies on
fungi associated with postharvest decay in table grapes from
Maharashtra. Acta Horticulturae, 785: 425-430.

Sawant, S.D., Sawant, Indu. S., and Banerjee, K. 2003. Minimizing
sulphur dioxide injury in table grapes (Vitis vinifera) for export
by pre-harvest benomyl sprays. Indian Journal of Agricultural
Sciences, 72: 635-638.

Sawant, Indu. S. and Sawant, S.D. Minimising sulphur dioxide
injury to table grapes (Vitis vinifera L.) stored at low temperature
by pre-harvest application of Trichoderma harzianum 5 R.  (Under
communication).

Stefaniak, M Z. 1998. Antagonistic activity of epiphytic fungi from
grape vine against Botrytis cineria Pers. Phytopathologia Polonica,
16: 45-52.

Subramanian, T.M., Sadasivam, R., Raman, N.V. and Gowde, B.
1973. Controlling storage decay in Anab-e-Shahi. Indian
Horticulture, 18: 2.



©2010

Combined effect of soil amendment with Trichoderma
harzianum and ferrous sulphate in presence of the wilt
pathogen on growth and yield of tomato

Mushtaq Ahmed and R. S. Upadhyay

Laboratory of Mycopathology and Microbial Technology, Department of Botany, Centre of Advanced Study in Botany, Banaras Hindu University,
Varanasi-221005, India
E-mail: upadhyay_bhu@ yahoo.co.uk

ABSTRACT

The fungi, Trichoderma harzianum and Fusarium oxysporum f. sp. lycopersici (wilt pathogen) were isolated from the
rhizosphere of tomato. The effect of these fungi in combination with ferrous sulphate was studied on the growth and
yield of tomato plants. Trichoderma harzianum was found antagonistic to Fusarium oxysporum f. sp. lycopersici resulting in
reduced incidence of wilt disease. It also exhibited plant growth stimulating activity on tomato plants. The antagonistic
activity of Trichoderma harzianum and growth promoting ability on tomato plants was found to increase in combination
with ferrous sulphate.
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Trichoderma harzianum, T. virens etc. have been reported
to suppress the pathogenic soil microbes and promote the
growth and yield of crop plants (Hyakumachi, 1994).
Antagonistic activity of Trichoderma spp. has been exhibited
against Fusarium oxysporum  responsible for the tomato wilt
(Howell and Stipanovic, 1983). T. harzianum has been
reported to produce a metabolite T22azaphilone that
inhibited the growth of Rhizoctonia solani, Pythium ultimum
and Gaeumannomyces graminis var. tritici. Burkholderia cepacia
MCI 7 has been reported as a promising plant growth
promoting inoculant for maize in the soil infested with a
pathogenic strain of Fusarium moniliforme (Bevivino et al.,
2000). Plant growth promoting effect of Cladosporium
cladosprioides, Trichoderma harzianum and Trichoderma  virens,
isolated from the rhizosphere of Pisum sativum and Cicer
arietinum, has also been established in vitro and in vivo (Singh
et al., 1995).

Plant growth promoting ability has been found to be
enhanced when applied in combination with chemical
fertilizers. Numerous chemicals such as manganese
sulphate, ferrous sulphate, ammonium phosphate,
ammonium molybdate etc. lead to more nutrient availability
to the rhizosphere plant growth promoting fungi (PGPF)
resulting in greater utilization of assimilates by them
(Hossain et al., 2007) and boost their growth in the soil
(Khalid and Malik, 1982). The increased population of
antagonistic PGPF in the soil suppresses the pathogenic
microorganisms (Papavizas, 1973). Application of T.

harzianum in combination with manganese sulphate in the
soil suppressed Fusarium oxysporum f. sp. medicaginis (which
causes the wilt of alfalfa), significantly reduced the wilt
disease incidence and enhanced plant growth as well as
yield (Adhilakshmi et al., 2008).

MATERIALS AND METHODS

Isolation of Trichoderma harzianum from rhizosphere of
tomato

For the isolation of Trichoderma harzianum, both healthy
and wilted tomato plants were collected at regular growth
intervals (seedling, vegetative, flowering and fruiting
stages) from two tomato fields. Root system was taken out
with a sterilized spatula. Roots of healthy and diseased
plants were kept separately. Small pieces of roots (2cm in
length) of different diameters were cut under aseptic
conditions and twenty five such root pieces for each one
were transferred into two separate 250ml Erlenmeyer flasks
(one for healthy and the other for diseased root) containing
100ml sterilized distilled water. The flasks were shaken
vigorously with the help of a shaker to get a homogenous
suspension of the rhizosphere soil. Conventional soil
dilution plate method was followed for isolation of
Trichoderma harzianum. Dilutions of 1:100, 1:1000, and
1:10000 were prepared from stock solution in separate
sterilized conical flasks for the study (Warcup, 1950). Three
replicates of sterilized petri plates were inoculated with one
ml aliquots from all the diluted suspensions and potato
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dextrose agar medium was added in plates. Plates were
incubated at 25 ± 2°C for seven days. Colonies of fungus
appearing on the medium were transferred into fresh
sterilized petri plates containing PDA medium.

Isolation of Fusarium oxysporum f. sp. lycopersici (FOL)
from tomato plants

Similarly, the roots of wilted tomato plants collected
from the above mentioned fields washed separately with
tap water to separate the adhering soil particles and were
aseptically cut into small pieces of two centimeters each
(Harley and Waid, 1955). The root pieces were surface
sterilized with 0.1 per cent aqueous solution of NaOCl for
one minute and washed with sterilized distilled water for
5-6 times to remove traces of NaOCl. Five such sterilized
root pieces were transferred on to 20ml of cooled potato
dextrose agar (PDA) medium in petri plates with the help
of sterilized forceps. These plates were incubated at 25 ±
2°C for seven days. The wilt pathogen Fusarium oxysporum
f. sp. lycopersici was isolated and its pure culture was
maintained on PDA slants for further studies.

Preparation of mass culture of the the wilt pathogen and
bioagent

The mass culture of the test pathogen Fusarium
oxysporum f. sp. lycopersici was prepared on barley grains
(Shivanna et al., 1994). Clean and intact barley grains were
boiled in water for 20-30 minutes so as to raise the moisture
content (40-50%) of the grains. Later the grains were spread
on wire mesh to drain out the excess water and mixed with
2 per cent Gypsum (calcium sulphate) and 0.5 per cent chalk
powder (calcium carbonate) on dry weight basis. These
would help to check the pH of the medium. Clean glucose
bottles were filled with 100g of such barley grains and the
mouth of bottles were plugged with non-absorbent cotton
and steam sterilized in autoclave at 22 p.s.i. for 1-2 hours.
After cooling at room temperature, five agar blocks (5 mm
diameter) cut from the margin of the actively growing
culture of the test pathogen were placed in the bottle which
were incubated at 25 ± 2°C for ten days. The barley grains
colonized by the pathogen were air dried and aseptically
stored at 4°C for further use.

Surface sterilized seeds with 1 per cent NaOCl for one
minute, washed with sterilized distilled water and were
sown in each infested and control pots in triplicate. The
pots were kept under greenhouse conditions and the
germinated plants were regularly observed for disease
symptoms. The pathogen was reisolated from the diseased
plants and compared with the original ones to confirm its
pathogenicity as per Koch’s postulates (Koch, 1876). The

mass culture of Trichoderma harzianum was prepared on
above barley grains.

Preparation of plots

Plots of 11 m² size were prepared for the experiment.
The pure inocula of Trichoderma harzianum and FOL,
prepared on barley grains separately were mixed in soil in
each plot at the rate of 1 per cent. Moisture level (25–30%)
of soil in the field was maintained by watering the plots as
per requirement. The plots were left for one week during
which the PGPF as well as the test pathogen developed and
colonized the soil particles. Ferrous sulphate was mixed
after one week in each plot as recommended rate (10 kg
FeSO

4 
ha-1) for field use (Rathore et al., 1995). The plots

without any amendment served as control. One hundred
surface sterilized seeds of tomato variety H-24  were sown
in each plot. The experiment was set in the replicates of
three. The observations for the combined effect of T.
harzianum, FOL and ferrous sulphate on growth and yield
of the tomato plants were made in terms of plant height,
dry weight of the plant, number of fruits per plant, and
weight of 100 dry seeds at 110 days after sowing (DAS).

RESULTS AND DISCUSSION

The T. harzianum (PGPF) in combination with ferrous
sulphate showed significant stimulatory effect on the
growth and yield of tomato even in presence of the test
pathogen (Table 1). Maximum height of the tomato plants
was recorded with T. harzianum + ferrous sulphate + FOL
(39.03cm). This was followed by T. harzianum + FOL (38.00
cm) which was significantly higher than the control (29.50
cm). Minimum plant height was recorded in presence of
FOL treatment alone (12.13cm). Maximum dry weight of
the plant was recorded for T. harzianum + ferrous sulphate
+ FOL (1.92g). This was followed by T. harzianum + FOL
(1.89g) and FOL alone (0.97g). The number of fruits per plant
was recorded to be the highest in case of T. harzianum +
ferrous sulphate + FOL (27.00). This was followed by

Treatment Plant height 
(cm) 

Dry weight 
of  plant (g) 

No. of 
fruits  
plant-1 

Weight of 
100 dry 

seeds (g) 

T. harzianum + FOL 38.00c ± 0.5 1.89b ± 0.08 24.0c ± 0.0 0.84c ± 0.00 

T. harzianum + FOL 
+ FeSO4 

39.03d ± 0.4 1.92b ± 0.06 27.0d ± 0.0 0.91c ± 0.01 

FOL only 12.13a ± 0.0 0.97a ± 0.00 - - 

Natural soil 
(control) 

29.5b ± 0.30 1.50b ± 0.08 4.0b ± 0.0 0.40b ± 0.00 

 

Table 1: Combined effect of soil amendment with
Trichoderma harzianum and ferrous sulphate in
presence of the wilt pathogen on growth and yield
of tomato in field
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T. harzianum + FOL  (24.00), which was approximately 6
times more then the control (4.00). The weight of 100 dry
seeds was highest in case of T. harzianum + ferrous sulphate
+ FOL (0.91g). This was followed by the treatment T.
harzianum + FOL (0.84g), which was almost more than twice
the weight in control (0.40g).

The Trichoderma spp. exhibit antagonistic activity
against the pathogenic soil microbes (Howell and
Stipanovic, 1983). Inhibition of mycelial growth of Fusarium
oxysporum, Heterobasidion annosum and Phytophthora spp. by
non-volatile metabolites of Trichoderma spp. has been
reported (Dennis and Webster, 1971; Etebarian et al., 2000)
Trichoderma spp. produce non-volatile substances such as
Trichodermin which could be the cause of inhibition of the
growth of FOL in the present study (Dennis and Webster,
1971). It has been reported that T. harzianum produced a
metabolite identified as T22azaphilone(83) that inhibited
the growth of Rhizoctonia solani, Pythium ultimum and
Gaeumannomyces graminis var. tritici.

An Antifungal metabolite (3, 4-dihydro-8-hydroxy-3-
methylisocoumarin) by T. aggressivum has been found to
inhibit the growth of Agaricus bisporus and other fungi

(Krupke et al., 2003). John et al. (2004) studied the interaction
between T. harzianum and Eutypa lata, the pathogen which
causes dieback disease of grapevine and reported that the
metabolites produced by T. harzianum reduced the growth
of this test pathogen in vitro. Non-volatile metabolites of T.
harzianum had fungicidal effect (complete inhibition) and
volatile metabolites showed fungistasis (inhibited spore
germination) against the test pathogen. Eziashi et al. (2006)
tested the metabolites of Trichoderma spp. against
Ceratocystis paradoxa and found them to be growth
inhibitory.

Plant growth promotion effect was observed in
cucumber which was due to the suppression of Pythium
spp. by indigenous PGPF (Hyakumachi 1994).

T. harzianum in combination with ferrous sulphate in
the field showed stimulatory effect on the growth and yield
of tomato in spite of the soil being inoculated with the wilt
pathogen (Plate 1). This might be due to combined effect of
the treatments. Adhilakshmi et al. (2008) studied the
combined effect of bioagents and mineral nutrients on
alfalfa wilt pathogen Fusarium oxysporum f. sp. medicaginis
and found that the application of manganese sulphate + T.

Plate 1:  Effect of soil amendment with the inoculum of T. harzianum + FeSO
4
 + FOL on growth and yield of tomato in field
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harzianum in the soil significantly reduced the wilt disease
incidence accompanied by improved plant growth as well
as yield. Ferrous sulphate, zinc sulphate and manganese
sulphate have been reported to promote the mycelial
growth of Flammulina velutipes (Sharma et al., 2005).

Ability of ferrous sulphate to suppress and/or inhibit
the mycelial growth of the pathogenic soil microorganisms
including wilt causing Fusarium oxysporum and to accelerate
the growth and sporulation of T. harzianum might have
resulted in better growth eventually effecting its mineral
solubilizing potential and yield of tomato (Altmore et al.
1999; Jim-hua et al., 2004).

T. harzianum (PGPF) in combination with ferrous
sulphate significantly promoted the growth as well as the
yield of tomato plants and also protected the tomato crop
from Fusarium wilt by suppressing the pathogen (FOL). This
fungus therefore, may be a better option for sustainable
agriculture, particularly in developing countries.
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ABSTRACT

Extracts of Boaugainvillea spectabilis, Datura metel, Ipomea carnea, Ocimum sanctum, Pennisetum typhoides, Azadirechta
indica and Cynodon dactylon along with chemicals were evaluated for their efficacy against pumpkin yellow vein mosaic
virus. Sprayed pumpkin seedlings showed induced resistance against yellow vein mosaic virus (PYVMV) leading to
immunity in plants. Bougainvillea spectabilis extracts was the best followed by Datura metel and Ipomea carnea in reducing
PYVMV infection by 88.9 and 83.3 per cent, respectively. Pre-inoculation sprays were effective than post inoculation.
Among the chemicals, acetyl salicylic acid affected the least transmission of virus followed by barium chloride.

Keywords:  Pumpkin, plant extracts, chemicals, PYVMV.
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Plant diseases caused by viruses are difficult to control.
However, resistance is one of the most effective means of
controlling plant virus infection. Resistance may be
constitutive or conferred. The induced resistance
mechanisms normally are expressed only after infection or
specific treatment with certain chemicals/botanicals.
Presence of potent inhibitors of plant viruses, also termed
as antiviral principles (AVPs), in the extract of variety of
plant species have long been recognized. Antiviral
principles have been reported to activate certain host
defense genes prompting the susceptible host to produce a
new virus inhibitory agent. In the present investigation,
seven plant extracts and four virus inhibitory chemicals
were evaluated for their efficacy against PYVMV.

MATERIALS AND METHODS

In order to test the efficacy of botanicals against
infection by pumpkin yellow vein mosaic virus, fresh green
leaves of Boaugainvillea spectabilis, Datura metel, Ipomea
carnea, Ocimum sanctum, Pennisetum typhoides, Azadirechta
indica and Cynodon dactylon were collected from fully mature
plant and extract was prepared by homogenizing leaf tissue
in water (1g ml-1) using pestle and mortar. The homogenate
was squeezed through muslin cloth. The crude sap was
centrifuged at 3000 rpm for 20 minutes. The extract was
sprayed on the primary leaves of seven days old pumpkin
seedlings @ 2.5 ml plant-1.

Virus inoculum was prepared by triturating young
infected leaves of pumpkin in chilled sterilized mortar by
adding 1 ml of sterilized chilled water for every gram of

plant tissue. The extract was then filtered through muslin
cloth, centrifuged at 3000 rpm for 20 minutes and the
supernatant used as inoculum. Twenty-four hours after
application of plant extracts having anti-viral principles,
pumpkin seedlings were inoculated with virus inoculum
and after 24 hours of challenge inoculation with virus
inoculum, leaf extracts were applied. Control was
maintained by substituting anti viral principle extract with
water. Observations on development of symptoms and
number of plant infected were recorded.

RESULTS AND DISCUSSION

Among pre-inoculation treatments, leaf extract of
Bougainvillea spectabilis reduced the number of infected
plants by 88.9 per cent and Datura metel and Ipomea carnea
by 83.3 per cent followed by Ocimum sanctum and
Pennisetum typhoides (77.8 and 72.3 %) (Table-1). Pre
inoculation spray of plant extracts was far better than post
application in reducing the infection. Among post
applications, leaf extracts of Bougainvillea spectabilis and
Ipomea carnea reduced the percentage of infected plants by
77.8 after treatment followed by 72.3 and 66.7 per cent  by
Datura metel and Ocimum sanctum. The infection was
reduced by 61.2 and 55.6 per cent with Pennisetum typhoides,
Azadirachta indica and Cynodon dactylon sprays. Least
difference in per cent reduction between pre and post
inoculation application was found in case of Ipomea carnea
and maximum reduction in per cent inhibition between pre
and post inoculation treatments was found in case of
Azadirachta indica and Cynodon dactylon (Table 1).
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Acetyl salicylic acid (0.01%) was found highly effective
in reducing 90 per cent PYVMV infection over control
followed by Barium chloride (85.0%). Ammonium
molybdate (0.04%) could cause 75.0 per cent reduction over
control (Table 2). Chemicals were more effective in reducing
the infection under glass house conditions.

of Prosopis chilensis and Bougainvillea spectabilis were highly
effective in reducing okra yellow vein mosaic virus
infection. Jayeshree et al. (1999) reported that Bougainvillea
spectabilis showed maximum inhibition of virus
transmission followed by Boerhavvia diffusa.

The inhibition of virus infection by chemicals has also
been reported (Dumas and Gianinazzi,1984; Hooft Van
Huijsduijnen et al., 1986). White(1979) observed the
formation of several new protein after injecting acetyl
salicylic acid and benzoic acid into tobacco leaves before
inoculating TMV.
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Table 1. Effect of pre and post inoculation treatment of
plant extracts against pumpkin yellow vein
mosaic virus

Per cent infection/ reduction in PYVMV 

Pre-inoculation          Post-inoculation  

S. 
No. 

Name of 
Plant 

Infection Reduction 
over control 

Infection Reduction 
over control 

1. Bougainvillea 
spectabilis 

11.1 
 

88.9 22.2 
 

77.8 

2. Datura metel 16.7 83.3 27.7 72.3 
3. Ipomea carnea 16.7 83.3 22.2 77.8 
4. Ocimum 

sanctum 
22.2 

 
77.8 33.3 

 
66.7 

5. Pennisetum 
typhoides 

22.2 
 

77.8 38.8 
 

61.2 

6. Azadirachta 
indica 

27.7 
 

72.3 44.4 
 

55.6 

7. Cynodon 
dactylon 

27.7 
 

72.3 44.4 
 

55.6 

8. Control 100.0 0.0 100.0 0.0 

CD at 5 % 4.518  0.976  
CD at 1% 0.700  0.269  

 

Table-2. Effect of different chemicals on Pumpkin Yellow
Vein Mosaic Virus

Per cent infection/ 
reduction in PYVMV 

Treatment 

Infection Reduction 
over control 

Acetyl salicylic acid (0.01%) 10.0 90.0 
Barium chloride (0.05%) 15.0 85.0 

Salicylic acid (0.02%) 20.0 80.0 
Ammonium molybdate (0.04%) 25.0 75.0 
Control 100.0 0.0 

CD at 1% 3.995 - 

CD at 5% 0.998 - 

 Infection prior to spray of Datura metel and
Clerodendrum aculetum leaf extract (applied 24-hours) found
effective against TMV (Verma et al. 1985). Antiviral activity
of aqueous extract of dry coconut has been reported against
PYVMV only in prior sprays (24- hours) (Rao and Shukla,
1985). Induction of resistance against several host virus
combination was demonstrated by using anti-viral principle
from Prosopis specigera (Nagarajan and Murthy,1977),
Bougainvillea spectabilis (Verma and Dwivedi,1984),
Boerhavvia diffusa (Awasthi et al.,1984). Louis and
Balakrishnan (1996) reported that medicinal plant extracts
tested showed more virus inhibitory activity when applied
pre virus inoculation than post inoculation. Pun et al. (1999)
have reported that pre-inoculation sprays with leaf extracts
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ABSTRACT

Germination per cent of cvs BG-209, BG-256, BG-372 and K-850 was highest in seeds treated with Rhizobium in both
sterilized and unsterilized soil. The germination per cent was lowest in plants inoculated with Fusarium oxysporum f. sp.
ciceri in both types of soil. There was more wilting in plants which were inoculated with F. oxysporum f. sp. ciceri as
compared to plants where seeds were treated with Rhizobium and inoculated with F. oxysporum f. sp. ciceri. Rhizosphere
soil harboured more fungal population than non-rhizosphere soil. Higher fungal populations were noticed in the
rhizosphere of F. oxysporum f. sp. ciceri inoculated plants than uninoculated ones. Lowest fungal populations were in the
rhizosphere of plants treated with Rhizobium.
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Chickpea a prime pulse crop in India, occupies
maximum acreage and production but its productivity is
low as compared with its potential yield (Kumar, 1997).
India contributes more than 60 per cent  of the total acreage
and production of chickpea (Cicer arietinum) in the world
and more than 80 per cent of this production is of desi type.
Even then, India is importing about one million tonnes of
chickpea every year (Gupta et al., 2006). Artificial
inoculation of seeds of chickpea with Rhizobium has
established its potential in increasing productivity (Khurana
and Dudeja, 1981; Namdeo et al., 1989). Seed inoculation
with effective Rhizobium inoculant is recommended to
ensure adequate nodulation and N

2
 fixation for maximum

growth and yield of pulse crops. Phosphate solubilising
bacteria (PSB) and plant growth promoting rhizobacteria
(PGPR) influence the symbiosis particularly during the early
growing period. Many of these rhizobacteria has been found
synergistic to Rhizobium and their co-inoculation with
Rhizobium showed improvement in root nodulation, N

2

fixation, nutrient uptake and yield of chickpea (Dashti et
al., 1998; Dube 1997). The present study aimed to elucidate
the role of wilt causing fungi, F. oxysporum f. sp. ciceri on
germination, wilting, rhizosphere and non-rhizosphere
population of fungi in different chickpea cultivars in
presence or absence of Rhizobium and F. oxysporum f. sp.
ciceri.

MATERIALS AND METHODS

The chickpea seeds cultivars BG- 209, BG- 256, BG-

372 and K-850 were sown after surface sterilization with
0.5 per cent Sodium hypochlorite followed by double
washing with sterilized distilled water in the first week of
November and sowing was done in rows.

For inoculation, the mycelial mat of Fusarium
oxysporum f. sp. ciceri was dried in between two layers of
blotting sheets, macerated in electric mixer using sterile
distilled water in ratio approximately 100:100 weight/
volume. The collected mixture of mycelium /spore was
again dried in between blotting sheets and 2 g of macerated
mycelial mat diluted in 100 ml sterilized water. The
inoculation was done by making four holes around the root
zone of plants and 10 ml of suspension pipetted around
each plant.

Mycelium/spore of F. oxysporum f. sp. ciceri (2 g) was
inoculated to the soil around the seedlings of two weeks
old. All the beds were watered after the treatment. Fungi
were isolated from rhizosphere and non-rhizosphere of
different chickpea cultivars. For non-rhizosphere fungi, soil
was taken from unsown portion of bed. For isolation of
rhizosphere and non-rhizosphere organisms, the soil plate
method was used (Warcup, 1950). Five plants of each
treatment were carefully removed from the field and
brought to the laboratory in sterile containers. Soil particles
were removed from the root surface of plants. The amount
of soil obtained was placed in sterilized petri dishes crushed
and transferred with the flattened tip of a sterilized needle
to petri dishes containing 10 ml of sterilized melted and
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cooled PDA. The petri plates were incubated at 25 ± 2°C
for a week and then examined for growth of fungi. Isolation
of fungi was also made from non rhizosphere soil. Twenty
plates were used for each treatment.

For determining the population, the soil held on a
flattened tip of a needle was transferred to each plate. Later
the average weight of each transfer was determined.
Subsequently the population was determined by counting
the number of colonies developed in all the plates and then
transforming this figure to number of colonies to be
developed in one gram of soil. R:S ratio was calculated on
the basis of colonies per gram of rhizosphere soil devided
by colonies per gram of non-rhizosphere soil. All the data
were subjected to analysis of variance (ANOVA) and Least
Significant Difference (LSD) at 0.05 probability (Gomez and
Gomez, 1984).

RESULTS AND DISCUSSION

Effect on seed germination

The germination was 80, 90, 70 and 80 in cv. BG-209,
while it was 90, 100, 80 and 90 in BG-256 and BG-372 and
70, 80, 60 and 70 in cv. K-850 in seeds treated with Rhizobium
and F. oxysporum sp. cicri. Rhizobium alone and check in
sterilized soil in pot (Table 1). The germination of
unsterilized soil of field was 70, 80,60 and 70 in cv. BG-209,
80, 90, 70 and 80 in cv. BG-256 and cv. BG-372 and 60, 70,
50 and 60 in cv. K-850 in control, Rhizobium, F. oxysporum f.
sp. ciceri and mixture of Rhizobium and F. oxysporum f. sp.
ciceri. The germination percentage was more in sterilized
soil of pot as compared to unsterilized field soil. The
percentage germination of seeds in four cultivars was
highest in seeds which received Rhizobium in both sterilized
soil of pot and unsterilized soil of field. However, the
percentage germination was same in untreated seeds
(control) and the seeds treated with Rhizobium plus
F. oxysporum f. sp. ciceri under both the soil conditions. The
germination percentage was lowest in seeds treated only
with F. oxysporum f. sp. ciceri in both types of soil. Amongst
different cultivars, germination was highest (100%) in
Rhizobium treated seeds (in sterilized soil) in cvs BG-256

and BG-372. The lowest germination (50%) of seeds was
found in cultivar K-850 in unsterilized field soil treated with
F. oxysporum f. sp. ciceri.

Different chickpea cultivars viz., BG-209, BG-256, BG-
372 and K-850 in untreated seeds and treated with Rhizobium
and F. oxysporum f. sp. ciceri in pot and field conditions
showed variation in germination. The germination per  cent,
in general, was more in sterilized soil of pot compared to
unsterilized field soil. Amongst different treatments,
germination per cent of seeds in four cultivars was highest
in seeds received Rhizobium in both sterilized soil of pot
and unsterilized soil of field. However, the per cent
germination has been same in untreated seeds (control) and
the seeds treated with Rhizobium plus F. oxysporum f. sp.
ciceri under both the soil conditions. The germination per
cent was lowest in seeds treated only with F. oxysporum f.
sp. ciceri in both types of soil, while highest in Rhizobium
treated seeds (in sterilized soil). The lowest and highest per
cent germination of seeds was observed in cultivar K-850
and cultivar BG-256 and BG-372, respectively. Bacterization
of chickpea seeds with Rhizobium resulted in increased seed
germination in both types of soil. Seed germination was
also increased where seeds were treated with Rhizobium plus
F. oxysporum f. sp. ciceri as compared to seeds treated only
with F. oxysporum f. sp. ciceri. Our findings are in agreement
with earlier studies (Kumar and Dube, 1992).

Effect on plant wilt

Wilting per cent on 0-9 scale of different cultivars (BG-
209, BG-256, BG-372 and K-850) of chickpea untreated
plants (control), plants inoculated with F. oxysporum f. sp.
ciceri and seeds treated with Rhizobium and plants
inoculated with F. oxysporum f. sp. ciceri is given in Table 2.
In all the four cultivars no wilting (0 scale) was found in
untreated plants (control), whereas 11 (5), 10 (3), 10 (3) and
20  (5) per cent wilting was found in BG-209, BG-256, BG-
372 and K-850 cultivars in plants inoculated with F.
oxysporum f. sp. ciceri. Similarly 10 (3), 1 (1), 1 (1) and 11 (5)
per cent wilting was found in BG-209, BG-256, BG-372 and
K-850 where seeds were treated with Rhizobium as well as
inoculated with F. oxysporum f. sp. ciceri. Wilting was more
in plants inoculated with F. oxysporum f. sp. ciceri alone as

Table. 1. Germination of different chickpea cultivars in seed treated with Rhizobium and Fusarium oxysporum f. sp. ciceri in
pot and field conditions

Seed germination (% ) in 

Control Seed+Rhizobium  Seed + F. o. f.sp ciceri Seed + Rhizobium  + F. o.  f.sp  ciceri Cultivar 

Sterilized U nsterilized Sterilized Unsterilized Sterilized Unsterilized Sterilized Unsterilized 

BG-209 80 70 90 80 70 60 80 70 

BG-256 90 80 100 90 80 70 90 80 

BG-372 90 80 100 90 80 70 90 80 

K-850 70 60 80 70 60 50 70 60 
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compared to plants treated with Rhizobium plus F.
oxysporum f. sp. ciceri. Maximum wilting 20 (5)% was noticed
in F. oxysporum f. sp. ciceri in chick pea cv. K-850.

The presence of Rhizobium makes the plants healthier
and thus less damage is done by the fungus. Maximum
wilting has been noticed in F. oxysporum f. sp. ciceri
inoculated plants of cultivar K-850 of chickpea. These results
are in agreement with earlier studies (Kotasthane et al., 1976;
Bekele et al., 1992). Bacterization with Rhizobium also
decreases wilting (Kumar and Dube, 1992; Wange et al.,
1996; Patel et al., 2007).

Rhizosphere and non-rhizosphere population ratio

The population of fungi (g-1 soil) in non rhizosphere
soil(S) was 16000, 15000, 14000 and 17000 in BG-209, BG-
256, BG-372 and K-850 cultivars respectively. The
population of fungi (g-1 soil) was 13000, 105000, 95000 and
150000 in rhizosphere soil(R) of untreated plants of cvs BG-
209, BG-256, BG-372 and K-850. R:S ratio for respective
cultivars were 8.13, 7.00, 6.79 and 8.82 (Table 3).

The population of fungi was 100000, 80000, 70000 and
120000 in rhizosphere soil of cultivars BG-209, BG-256, BG-
372 and K-850 when seeds were treated with Rhizobium.
The R:S ratio for respective cultivars in this treatment was

6.25, 5.33, 5,00 and 7.05. The population of fungi was 280000,
260000, 220000 and 300000 in rhizosphere soil of BG-209,BG-
256, BG-372 and K-850 cultivars, in F. oxysporum f. sp. ciceri
inoculated plants. R:S ratio for these cultivars were 17.5,
17.33, 15.71 and 17.65. The population of fungi of BG-209,
BG-256, BG-372 and K-850 cultivars, in seeds treated with
Rhizobium plus 14 days old F. oxysporum f. sp. ciceri
inoculation were 8.75, 7.66, 7.86 and 9.41.

The population of fungi (per gram of soil) was highest
in cultivar K-850 of chickpea in non rhizosphere and
rhizosphere soils of control and above mentioned
treatments. The highest population of fungi (g-1 soil) was
17000 in non rhizosphere and 300000 in rhizosphere soil of
F. oxysporum f. sp. ciceri inoculated plants of cultivar K-850.
The highest R:S ratio 17.65 was noticed for F. oxysporum f.
sp. ciceri inoculated plants of cultivar K-850.  The lowest
population of fungi was 14000 (g-1 soil) in non-rhizosphere
and 70000 in rhizosphere soil of plants of cultivar BG-372
where seeds were treated with Rhizobium. The lowest R:S
ratio (5.00) was for plant of cultivar BG- 372 when seeds
were treated with Rhizobium.

The population of fungi in non-rhizosphere and
rhizosphere of different chickpea cultivars, BG-209, BG-256,
BG-372 and K-850 in presence and absence of Rhizobium
and F. oxysporum f. sp. ciceri  showed variations. The
population of fungi has been high in the rhizosphere of both
untreated (control) and treated plants as compared to non
rhizosphere. Owing to presence of amino acids,
carbohydrates and growth promoting substances in the
form of root exudations which have been reported to have
stimulatory effect on fungi (Starkey, 1931; 1958,
Rangaswami and Vasantharajan, 1962). Moreover, the
fungal population has been high in the rhizosphere of plants
inoculated with wilt causing fungus as compared to
uninoculated ones. In the diseased plants there has been
greater metabolic activity leading to more root excretions,
which might be the reason for more activity of fungi
(Mathur and Chauhan, 1972; Babushkina, 1973; Rai and
Upadhyay, 1980; Satyaprasad, 1982). Total free amino acids,
phenols, O-dihydroxy phenols and sugars might have

Table 2. Per cent wilting of different chickpea cultivars in
presence of Rhizobium and Fusarium  oxysporum f.
sp. ciceri.

Treatment Control Seed+Rhizobium+ F. o f. 
sp. ciceri 

Seed + F. o. f.sp 
ciceri 

BG-209 0 10(3)* 11(5) 

BG-256 0 1(1) 10(3) 

BG-372 0 1(1) 10(3) 

K-850 0 11(5) 20(5) 

 *figure in parenthesis represents the wilting on 0-9 scale (Mayee and
Datar, 1986)

Table 3. Population (R:S) of fungi in non-rhizosphere and rhizosphere of different cultivars in presence and absence of
Rhizobium and Fusarium oxysporum f. sp. ciceri

Population (g-1) in rhizosphere soil (R) and R:S ratio Cultivar Non-
rhizosphere 

soil (S) 
Control  R:S ratio Seed + 

Rhizobium 
R:S ratio Plant+ 

F.o. 
f.sp.ciceri 

R:S ratio Seed+ F.o. 

f.sp ciceri 

R:S ratio 

BG-209   16* 130 8.13 100 6.25 280 17.50 140 8.75 

BG-256 15 105 7.00 80 5.33 260 17.33 115 7.66 

BG-372 14 95 6.79 70 5.00 220 15.71 110 7.86 

K-850 17 150 8.82 120 7.05 300 17.65 160 9.41 

L.S.D (P < 0.05) 0.63 7.92 0.29 11.2 0.59 38.6 0.27 5.84 0.33 

 
* in thousands
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leached out in the soil providing more stimulation of fungi
(Mathur and Chauhan, 1972). Satyaprasad and Rama Rao
(1983) also concluded that amino acids and sugars in the
root exudates exert a marked influence on germination of
conidia and chlamydospores of F. oxysporum f. sp. ciceri in
the root region leading to root infection. The population of
fungi (g-1 soil) has been highest in cultivar K-850 of chickpea
in non-rhizosphere and rhizosphere soil of control
(untreated) and treated plants. The lowest population of
fungi in non-rhizosphere and rhizosphere soil was
harboured by cv. BG-372 where seeds were treated with
Rhizobium. R:S ratio was also lowest for plants of same
cultivar mentioned above in the same treatment.
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ABSTRACT

Freshly harvested lemon fruits were given three treatments comprising of washing in tap water, soaking and
rinsing in chlorinated water (100ppm) and in bavistin solution (350ppm). The treated and non-treated fruits were packaged
in the high density polymeric films (HDPF) of 100 and 150 gauge thickness, each having three levels of ventilations (0.00,
0.50 and 1.00%). The non-packaged fruits were treated as control. The packed and non packed fruits were stored under
zero energy cool chamber and under ambient conditions. The fruits samples were assessed for quantitative loss in weight
after a storage interval of 15 days, up to 45 days of storage. Among the antifungal treatments the bavistin was found most
effective in minimizing the loss in weight under both the storage conditions. While comparing the overall effects of
packaging thickness and ventilations, the polymeric film of 150 gauges having 0.5 per cent ventilation was found most
effective in reducing the quantitative loss. The loss in weight of packed fruits compared to non packed fruits stored under
both the atmospheres was lower. However, the loss was much lower under zero energy cool chamber conditions compared
to ambient conditions.

Key words: Lemon, storage, zero energy cool chamber, packaging, antifungal treatments, ventilation
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Lemon (Citrus limon) a member of the family Rutaceae,
is an important fruit grown in many parts of India. Bulk of
the lemon crop matures in early winters leading to glut in
the market, resulting in low returns to the growers due to
price crash and spoilage of fruits. Zero energy cool chamber
is a simple and cheap technique that can enhance the shelf
life of fruits and vegetables. This technique has been
reported to enhance the shelf life of various fruits (Sindhu
and Singhrot, 1994; Kaushal and Thakur, 1996; Rana, 1989).
Therefore, the present investigation was carried out with
the objectives to find out the suitable antifungal treatments,
packaging thicknesses, ventilation and storage conditions,
which can improve the quality and storage life of lemon
fruits.

MATERIALS AND METHODS

The lemon fruits were harvested at optimum maturity,
sorted for uniformity in size and colour of the fruits. The
samples were divided into three lots for further application
of different fungicides, i.e., chlorine (100ppm), bavistin
(350ppm) and simple tap water for ten minutes. After the
washing treatment, the fruits were air dried and packaged
in the high density polyethylene film (HDPE) of 100 and
150 gauge thickness, having three levels of ventilations (0.00,
0.50 and 1.00%). The non-packaged fruits were treated as
control. The fruits from each treatment were stored in zero
energy cool chamber (15.5-21.20C and 86.7-93.7% RH) as
well as under ambient conditions (20.0-26.50C and 37.5-

51.0% RH). The experiment was laid out in completely
randomized design with three replications for each
treatment. The loss in weight was calculated on the fresh
weight basis, after an interval of 15 days under both the
storage conditions.

RESULTS AND DISCUSSION

The loss in weight of the fungicide treated, non-
treated, packaged, non packaged, ventilated and non-
ventilated fruits stored in zero energy cool chamber as well
as under ambient conditions are presented in Table 1, 2 and
3, respectively. A remarkable difference was observed in
the loss in weight between the packaged and non-packaged
fruits in both the storage conditions. A maximum loss in
weight was observed in the fruits simply washed in water,
whereas the minimum loss in weight was observed in the
bavistin treated fruits, after a storage interval of 45 days.
The loss in weight in all the treatments increased with the
increase in the storage interval. However, the loss in weight
among all the treatments increased with the decrease in the
thickness of the polymeric film and with the increase in the
level of ventilation. While comparing the overall effects of
the packaged and non-packaged fruits the maximum loss
in weight, i.e., 33.31 per cent was observed in the non-
packaged fruits. It was found that seal packaging of the
fruits reduced the moisture loss more effectively in the
packaged fruits. These findings were in agreement with the
findings of Josen et al. (1983) in case of Kinnow fruits. The
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Packaging Storage interval (in 
days) 

Thickness 
(Gauge)         

Ventilation 
(%) 

Storage 
Condition 

15 30 45 

Mean 

100 0.0 ZECC 0.23 1.73 3.52 1.82 
100 0.0 AC 1.90 3.09 6.63 3.89 
100 0.5 ZECC 1.51 2.06 5.97 2.18 
100 0.5 AC 8.26 20.90 28.37 19.18 
100 1.0 ZECC 1.71 3.49 7.86 3.79 
100 1.0 AC 12.03 24.33 46.23 27.39 
150 0.0 ZECC 0.20 1.52 3.17 1.63 
150 0.0 AC 1.96 2.45 6.66 3.69 
150 0.5 ZECC 0.48 1.64 3.42 1.85 
150 0.5 AC 2.95 12.17 24.10 13.07 
150 1.0 ZECC 1.65 2.82 6.53 3.50 
150 1.0 AC 12.03 24.33 41.60 26.15 
Control-1 - ZECC 4.38 24.10 37.20 21.89 
Control-2 - AC 23.57 32.13 44.23 33.31 

Mean   5.10 11.23 18.66 11.66 

Overall 
mean 

 
ZECC 5.24    

Overall 
mean 

 
AC 18.10    

 

Table 1. Effect of packaging thickness, ventilation, storage
condition and storage duration on the loss in
weight (%) in the water washed fruits

CD (P=0.05), Treatment (T) = 0.35, Storage condition (S) = 0.18,  Storage
duration (D) = 0.22
ZECC - Zero energy cool chamber,  AC- Ambient conditions

Table 2. Effect of packaging thickness, ventilation, storage
condition and storage duration on the loss in
weight (%) in the chlorine treated fruits

Packaging Storage interval (in days) 

Thickness 
(Gauge) 

Ventilation 
(%) 

Storage 
Condition 

15 30 45 
Mean 

100 0.0 ZECC 0.50 2.50 5.75 2.92 
100 0.0 AC 1.70 6.79 12.49 6.99 
100 0.5 ZECC 1.47 2.84 6.92 3.74 
100 0.5 AC 6.53 10.69 19.60 12.27 
100 1.0 ZECC 2.83 4.82 8.23 5.29 
100 1.0 AC 19.03 22.97 26.13 22.71 
150 0.0 ZECC 0.40 2.20 5.65 2.75 
150 0.0 AC 1.30 5.45 11.89 6.21 
150 0.5 ZECC 0.96 2.80 5.60 3.12 
150 0.5 AC 6.16 9.94 18.62 11.57 
150 1.0 ZECC 2.64 3.50 7.01 4.38 
150 1.0 AC 17.67 21.57 26.73 21.99 

Control-1 - ZECC 6.24 15.73 19.27 13.75 
Control-2 - AC 21.37 23.78 28.07 24.39 

Mean   6.34 9.68 13.08 10.19 

Overall 
mean 

 
ZECC 5.13    

Overall 
mean 

 
AC 15.16    

 
CD (P = 0.05), Treatment (T) = 0.33, Storage condition (S) = 0.18,
Storage duration (D) = 0.22
ZECC - Zero energy cool chamber, AC- Ambient conditions

Table 3. Effect of packaging thickness, ventilation, storage
condition and storage duration on the loss in
weight (%) in the bavistin treated fruits

Packaging Storage interval (in days) 

Thickness 
(Gauge) 

Ventilation 
(%) 

Storage 
Condition 

15 30 45 
Mean 

100 0.0 ZECC 0.40 2.32 5.58 2.77 
100 0.0 AC 1.64 6.60 12.32 6.85 
100 0.5 ZECC 1.33 2.58 6.32 3.46 
100 0.5 AC 5.93 10.12 18.57 11.21 
100 1.0 ZECC 2.53 3.23 7.58 4.45 
100 1.0 AC 16.87 20.82 25.22 20.97 
150 0.0 ZECC 0.32 2.20 5.23 2.58 
150 0.0 AC 1.56 5.52 11.86 6.31 
150 0.5 ZECC 0.57 2.32 6.12 3.00 
150 0.5 AC 5.27 10.05 17.52 10.95 
150 1.0 ZECC 2.20 3.13 6.02 3.78 
150 1.0 AC 16.07 18.23 25.45 19.92 

Control-1 - ZECC 6.16 14.27 18.43 12.95 
Control-2 - AC 16.40 21.52 27.82 21.91 

Mean   5.51 8.78 13.86 9.36 

Overall 
mean 

 
ZECC 4.71    

Overall 
mean 

 
AC 14.02    

 

reduced loss in weight was also due to the build up of the
high relative humidity inside the polymeric film and due
to the accumulation of water vapours. Similar findings were
observed by Singh and Narayana (1995) in Dashehari
mango fruits stored under ambient conditions. A higher
loss in weight was observed in the fruits stored under
ambient conditions as compared to the fruits stored in zero
energy cool chamber. This may be due to the reason that
low temperature and high relative humidity inside the cool
chamber decreased the rate of various physiological
processes (Jain and Chauhan, 1995).

In conclusion, it can be said that the extent of
quantitative losses occurring in fruits during storage under
ambient conditions can be minimized by storing in zero
energy cool chamber. The use of polymeric films of
appropriate thickness and ventilations in packaging can be
very useful in further minimizing the losses.
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ABSTRACT

Sugar mills provide cheap and abundant raw material, sugarcane bagasse, which bears immense potential in agro-
based pulp and paper mills for paper manufacture. Sizing process is carried out with the bagasse pulp to improve the
sizing characterstics and strength properties. It imparts the resistance to water penetration in paper demanded for liquid
packaging, printing quality, and packaging of wet foods. Some Indian mills have adopted neutral sizing on softwood
and hardwood pulp mixture. Present studies were carried out at different phases on neutral sizing with blend fiber
furnish of 80 per cent bleached bagasse and 20 per cent bleached hardwood pulp and to optimize the dosages of fortified
dispersed rosin and polyaluminium chloride (PAC) in the bagasse furnish for obtaining cobb value. The present paper
discuss  experiments on varying the dosages of rosin at 2.0, 2.2 and 2.4 per cent and PAC at 1.4 and 1.6 per cent at
different pH levels of 6.0, 6.5, 7.0 for determination of cobb value and other mechanical and optical properties. The ideal
cobb

60
 value could be achieved in the combination of FDR and PAC, dosage of 2.2 per cent and 1.4 per cent at 6.5 pH.

Chemical pulp can be sized at neutral pH by using dispersed rosin and PAC to produce permanent and eco-friendly
environment papers at optimum cost. Premixing of dispersed rosin with alum and PAC is the better option for neutral
paper making followed by reactive sizes.
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Sugarcane a major sugar crop, occupies 45.5 per cent
of the total cropped area in the country. Production of bone
dry bagasse is about 1/3rd of the total sugarcane crushed
in the factories (Anonymous, 1995). Owing to deforestation
availability of soft wood is getting down, hence some cheap
and abundant renewable raw materials like bagasse has to
be utilized (Chandel et al., 2007). The bagasse generated
from Sugar Mill due to long, strong, fiber bundles from the
rind and the fibrous fraction serves as excellent raw material
for pulp and paper industry (Anonymous, 1995).

Present studies were carried out at different phases
on neutral sizing with blend fiber furnish of 80 per cent
bleached bagasse and 20 per cent bleached hardwood pulp
and to optimize the dosages of fortified dispersed rosin and
polyaluminium chloride (PAC) in the bagasse furnish for
obtaining cobb value, hence the experiments on varying
dosages of rosin and PAC at different pH levels were caried
out for determination of cobb value and other mechanical
and optical properties.

MATERIALS AND METHODS

Blend fiber furnish of 80 per cent bleached bagasse
and 20 per cent bleached hardwood pulp was used. Refined
bleached hardwood pulp (340SR) and unrefined bleached

bagasse pulp (300SR) were collected separately from the
stock preparation end. Both the pulps were blended in the
laboratory.

Twelve gram OD pulp was diluted to 2000ml water
and then disintegrated at 2500 rpm for about 5 minutes.
All the chemicals like rosin and PAC were added into pulp
slurry (1.0% consistency). The slurry was taken in a
container and volume was made up to 3 per cent
consistency using water and 4000ml slurry was prepared
for making the hand sheet. pH of the final stock was
maintained as per requirements. Sixty gram paper hand
sheets were prepared on the sheet former.

Laboratory studies were carried out at different cases
on neutral sizing to optimize the dosage of fortified
dispersed rosin and polyaluminium chloride in the refined
bleached hardwood pulp (340SR) and unrefined bleached
bagasse pulp (300SR) furnish for obtaining the target cobb

60

values of gsm. At the same time various paper qualities of
neutral sizing over the acid sizing studies were carried out.
For each set of experiment, (after addition of all chemicals
and maintaining required pH) 60 gsm hand sheets were
made, air dried, cured at 103± 2°C for 10 minutes and tested
for cobb

60
 and other strength properties.
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The chemicals used in the experimentation:  were
dispersed rosin (Nature-liquid; Total solids-30±1%; Specific
gravity-1.03; pH 6.3; Colour-Milky; Supplier-Ivax Paper
Chemicals Ltd.) and Polyaluminium chloride (PAC)
(Nature-liquid; water soluble- 18±1%; Specific gravity-1.35;
pH-3.5; Colors-Pale Yellow; Supplier Gujarat Alkali &
Chemicals Ltd). The experimentation was done in 2 cases.

CASE–1: The combination of dispersed rosin and Poly
Aluminium Chloride was used for all trials. Experiments
were carried out at varying the percentage of rosin, i.e., 2.0,
2.2, 2.4 per cent and PAC at 1.4 and 1.6 per cent and at
different pH level, i.e., 6.0, 6.5 and 7.0 in order to obtain
target cobb

60 
value. Sizing experiments were also carried

out in combination of dispersed rosin and iron free alum at
pH 4.5 and 6.0 at the rosin dosage of 2.2 per cent.

CASE–2: In this case, the neutral sizing experiments were
carried out in combination of fortified dispersed rosin (FDR)
with PAC and fortified dispersed rosin with iron free alum.
In this case of study, retention aid was also added.

RESULTS AND DISCUSSION

CASE–1: The ideal cobb
60

 value could not be achieved at
pH 6.0 and 7.0 at the dosage of dispersed rosin and PAC.
However, cobb

60
 value of 26-27 gsm could be achieved at a

pH of 6.5 at rosin dosage of 2.2 per cent and PAC of 1.4 per
cent (Table 1). Ideal cobb

60
 value could not be obtained by

combining dispersed rosin and paper marker’s alum even
at 4.5 pH which may be due to the insufficient amount of
aluninium molecule (Table 2).

CASE-2:  Though the ideal cobb
60 

value could be obtained
at the PAC dose of 1.4 per cent and alum dose of 1.4 per
cent at pH of 6.5 and at rosin dose of 2.2 per cent (Table 3
and 4).

pH 6.0 pH 6.5 pH 7.0  Sizing 
chemical 

Unit 

1 2 3 1 2 3 1 2 3 

Fortified 
dispersed 
rosin 

% 
 

2.0 
 

2.2 
 

2.4 
 

2.0 
 

2.2 
 

2.4 2.0 2.2 2.4 

PAC % 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 
Cobb60 g/m2 30 26 16 28 25 16 35 33 23 

 

Table 3. Cobb at different per cent of fortified dispersed
rosin and PAC at various pH levels

Table 4. Cobb at different per cent of fortified dispersed
rosin and alum at various pH levels

pH 6.0  pH 6.5  pH 7.0  Sizing 
chemical 

Unit 

1 2 3 1 2 3 1 2 3 

Fortified 
dispersed 
rosin 

% 2.0 2.2 2.4 2.0 2.2 2.4 2.0 2.2 2.4 

Alum % 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 
Cobb60 g/m2 31 25 16 31 27 18 38 35 16 

 

Table 5. Effectiveness of starch with FDR and alum at pH
6.5

Sizing chemical Unit with 
starch 

without 
starch 

Fortified dispersed rosin  % 2.2 2.2 
Alum % 1.4 1.4 
Cobb60 g/m2 25 26 
Brightness in Technibrite (TB) % 74.2 74.7 

Opacity % 92 93 
Burst factor - 27 26 
Tear factor - 46 42 

 

No difference in strength properties were noticed by
avoiding the use of starch, further experiments were carried
out without starch addition. At the optimum dose of alum
and rosin as mentioned above, further experiments were
performed for determining Cobb

60 
and strength properties

of hand sheets (Table-5).

Table 1. Cobb at different per cent of PAC and dispersed
rosin at different pH levels

Sizing chemical pH Unit 1 2 3 4 5 6 

Dispersed rosin (on 
OD basis) 

% 2.0 2.0 2.2 2.2 2.4 2.4 

PAC (on OD basis) % 1.4 1.6 1.4 1.6 1.4 1.6 

Cobb60  

 

pH 6.0 

g/m2 33 31 31 29 30 29 

Dispersed rosin (on 
OD Basis) 

% 2.0 2.0 2.2 2.2 2.4 2.4 

PAC (on OD Basis) % 1.4 1.6 1.4 1.6 1.4 1.6 

Cobb60  

 

pH 6.5 

g/m2 31 29 26 27 17 20 

Dispersed rosin (on 
OD basis) 

% 2.0 2.0 2.2 2.2 2.4 2.4 

PAC (on OD basis) % 1.4 1.6 1.4 1.6 1.4 1.6 

Cobb60 

 

pH 7.0 

g/m2 39 35 25 30 21 26 

 

Table 2. Test results with dispersed rosin and alum

Sizing 
chemical 

Unit Control Dispersed 
at pH 4.5 

Rosin + Alum 
at pH 6.5 

Cobb60 g/m2 25/27 36/40 24/26 
Brightness % 74.3 74.2 74.1 
Opacity % 87 89 88 

 

The ideal cobb
60

 value could be achieved in the
combination of FDR and PAC, dosage of 2.2 per cent and
1.4 per cent at 6.5 pH (Table 6). Neutral rosin sizing requires
sufficiently cationic alum species to be absorbed on to the
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Table 6. The best results of trials with PAC and fortified
dispersed rosin at pH 6.5

paper quality stronger, permanence and durability. There
is no corrosion extends life and reduced cost and increased
productivity.

Chemical pulp can be sized at neutral pH by using
dispersed rosin and PAC to produce permanent and
environment friendly papers at optimum costs. Premixing
of dispersed rosin with alum and PAC is the better option
for neutral paper making followed by reactive sizes.
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Sizing chemical Unit Trial-1 Trial-2 Trial-3 

Fortified dispersed rosin  % 2.2 2.2 2.2 

PAC % 1.4 1.4 1.4 

Cobb60 g/m2 25 25 26 

Brightness in Technibrite (TB) % 74.7 74.3 74.5 

Opacity % 92 93 92 

Burst factor - 26 27 26 

Tear factor - 46 46 45 

 anionic surface of fibers at neutral pH. Usually PAC is used,
and first pass retention is important. From economic point
of view, the combination of fortified dispersed rosin and
PAC or iron free alum is the best combination for neutral
sizing of bagasse furnish. The neutral sized paper gives the
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The tribal heritage in the Himalayas has protected the
landraces and primitive cultivars of grain amaranths in this
region from time immemorial. Such rich genetic resources
provide important genes for nutrition, resistance to diseases
and pests, drought, salinity, acidity, frost and cold.
Amaranth, buckwheat and chenopod have been selected by
the mountain dwellers to suit their requirements. The
terracing technique developed over the years has made it
possible to cultivate the crop on the steep slopes of hills.
Amaranth cultivation in this region is one of the farmer’s
strategies for eliminating the economic risk in the wake of
harsh and variable climate.

Amongst the various pests the leaf webber, S. recurvalis
(H. recurvalis) of amaranth has attained the status of national
importance of serious pest. This pest has been reported to
cause extensive damage to a variety of cultivated plants of
amaranths (Nayar et al., 1976; Yarger, 2006; French, 2006;
Shirai, 2006; James et al., 2006). The caterpillars feed on the
epidermis and palisade tissues of the leaves and webbed
with silvery thread. Some times two-three adjacent leaves
are also tied up together and the caterpillars feed from
inside. Quite often the inner content of the webbed leaves
are eaten away and replenished with excreta of the pest
(Bhattacherjee and Menon, 1964).

The leaves are necessary for the interception of light
energy its transformation to growth and yield via
photosynthesis, source of nitrogen for fruiting, mobilizing
it and redistributing it to the plants. Thus leaf damage
impaires food production resulting in death of plants (Martin
et al., 2003). In India, it is common throughout the year
particularly during the warmer and rainy months. In
Uttarakhand, this pest is distributed from foot hills to very
high elevation and attained the status of key pest in the
recent years, causing immense damage to the amaranths.
Amongst the various species of amaranths leaf webber, H.
recurvalis is the most devastating species in the state. Due to
non-availability of appropriate management technologies,

the hill farmers are unable to protect their crop from this
pest. In view of Uttarakhand declared as organic state, there
is no scope to use chemical insecticides in pest management
programme. Hence, the natural enemies, parasitoids and
predators are the one of the best suitable methods to protect
the crops.

Extensive survey was carried out to record the natural
enemies of amaranth leaf webber (S. recurvalis) with respect
to different phyto-geographical zones of Garhwal hills of
Uttarakhand (elevation 750m-2200m ASL).

Larvae were collected from standing crop of amaranth
from different areas. The collected larvae brought to the
laboratory and placed in the plastic vial covered with thin
muslin cloth till the emergence of adult parasite. The fresh
amaranth leaf supplied food for larvae was changed after
48 hours and emergence of parasitoids was observed.
Hundreds larvae were collected every month and the
percentage of larvae parasitized in different months was
determined. The larval population of S. recurvalis was also
recorded in amaranths field on randomly selected plants.
The predators were also collected from the amaranths field
and brought to the laboratory for further study and
identification. The parasites and predators were got
identified from Division of Entomology, Indian Agricultural
Research Institute, New Delhi.

Apanteles sp. was recorded in abundance parasitising
the larvae of S. recurvalis during different months of the crop
season. The adult females of the parasite laid their eggs inside
the larval body of S. recurvalis resulting in inactivation and
larval mortality of S. recurvalis. The infested larvae then
become inactive and died later on. During the inactive and
mortality stage of the host larvae of Apanteles sp., devoured
the host till its transformation into adults. S. recurvalis larvae
collected from the fields at different intervals showed
maximum parasitisation 31% during September and
minimum 7.00 % during July (Table 1). Larval population of
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S. recurvalis was maximum (96.70) during September and
minimum (32.83) during July. The intensity per cent of
parasitisation, however, showed similarity with the
abundance of available host. The parasite been reported for
the first time from the Garhwal hills. The appreciable
infestation per cent by the Braconid parasitoid (Apanteles
sp.) on S. recuvalis larvae and the synchronization of the
peak period of population with the peak activity period
(September) of S. recurvalis appeared to be significant in
minimizing the population of S. recurvalis larvae in nature.

Eupteromalus viridescens Walsh and Sagaritis provencheri D.T.
have been found in Virginia (USA). The Carabid beetle
Calosoma calidum F. also occasionally attacks the larva.
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Sl 
No. 

Month No. of 
larvae 

collected 

No. of 
larvae 
found 

parasitized 

Per cent 
parasitisation 

No. of S. 
recurvalis 

larvae 

1 June Nil Nil 0.0 Nil 

2 July 100 7.0 5.6 32.83 

3 August 100 11.0 10.13 96.20 

4 September 100 31.0 32.62 96.70 

5 October 100 27.0 24.30 65.48 

6 November 100 17.0 16.10 13.15 

7 December Nil Nil 0.0 Nil 

 

Table 1. Per cent parasitisation by Apanteles on S. recurvalis
larvae

Pruthi, (1941) found Apanteles rudius to be parasite of
this pest in India. Nayar et al. (1976) have found Apanteles
delhiensis actively parasitising (11.43%) on the pest in Delhi.
Fischer and Prasad (1968) described a new parasite,
Cardiochiles hymeniae Max. on the larvae of this pest. Singh et
al. (1970) recorded Cardiochiles hymeniae Max. as an
important endoparasite of H. recurvalis from July to first week
of September. They also pointed out that up to the first week
of September, A. delhiensis were seldom collected but from
the second week of September onwards they were very
common. Figueroa (2003) observed that largest percentage
of parasitism was occurred during September and October
in the larvae of H. recurvalis and than declined in November
and December and showed similarity with the present study.
In Hawaii three Ophionids (Ichneumonidae), Cremastus
flavoorbitalis Cam., C. hymeniae viereck and Casinaria infesta
(Cresson) and three Braconids, Chelonus blackbruni Cam.,
Bracon omiodivorum (Terry) and Apanteles marginiventris have
been found on this pest.  Trichogramma minutum Reley attacks
the eggs in Florida and the larval parasites, A. marginiventris,
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