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ABSTRACT

The neem tree (Azadirachta indica) is inimitable among the plant kingdom in terms of myriads of chemical compounds
present in its various parts. Early part of 19th century witnessed beginning of scientific research on neem and its
different parts. The prior studies were limited to making of crude extracts and investigating biological properties. In
the year 1968, the principle molecule-azadirachtin was characterized, which lead to profound interest by academia
and scientific community on this plant. These resulted in isolation and characterization of 116 chemical entities from
neem tree.  The scientific investigations also reconfirm over twenty eight different classes of biological properties.
Today majority of the manufacturers in various parts of the world directly use different parts of neem tree or its
extracts or active concentrate in preparation of the commercial products. At a time, when the agricultural community
is concerned about the rising costs of pesticides, lack of new leads from synthetic and combinatorial chemistry,
maximum utilization of the pesticide applications of neem will play a major role as a strategy for sustainable
agriculture. The neem extracts marketed over the world are generally of three categories, i.e., crude neem extracts,
active extract concentrates (up to 20% azadirachtin) and high pure technical concentrates (greater than 40%
azadirachtin). The formulations are mostly derived from neem oil with few based on active extracts. NEEMAZAL® is
a unique neem seed kernel extract concentrate having superior pest control properties by goodness of its highest
azadirachtin content. It contains about 51.7 per cent of azadirachtins besides other bio-active limonoids. The product
developed more than a decade ago, now stands world-over as the most recommended active bio-pesticide and as an
ideal eco-friendly organic input for cultivation of agricultural and horticultural crops. NEEMAZAL® formulations
have been evaluated for the control of insect and mite pests devastating to variety of vegetable, field and plantation
crops and produce. The product is reported to have superior systemic property and hence, used widely for effective
and continual control of chewing and sucking insect and mite pests. In many field trials the effectiveness of NEEMAZAL®

formulations was found to be comparative to synthetic pesticides due to which it has been identified as a stand alone
product for protecting crops. Presently, NEEMAZAL® formulations are Global brands with registrations in more than
36 countries, representing five continents. Further, no re-entry (NOEL) or post harvest interval restrictions (PHI) are
imposed in these countries for NEEMAZAL® formulations and it is popular as an ideal fit for the organic and
sustainable agriculture.

Key words: Azadirachta indica, neem, eco-friendly solution, agriculture.

Journal of Eco-friendly Agriculture 7(1): 1-7 : 2012

Neem tree (Azadirachta indica A. Juss) is an important
multipurpose tree having unique properties of curing
ailments afflicting mankind. All traditional medical systems
of India such as Ayurveda, Unani and Siddha, even today
various parts of neem tree are used for various type of
medicines. Neem tree have been revered as a “sacred tree”
and has become an inseparable part of livelihood. Neem tree
has been introduced to all continents such as South East
Asia, Africa, Central-South America and Australia,
representing more than fifty countries for various purposes.
Diverse parts of neem tree such as root, stem, bark, wood,
seed, kernel, fruit, flower, leaf etc. (Table 1) have been accepted
in agriculture as an insect and pest repellent and for animal
health as a veterinary medicine and in human health as
medicines, toiletries and cosmetics (Tewari, 1992; Ray, 1956;
Troup, 1921; Vartak and Ghate, 1990).

Even though, the traditional uses of neem are well
demonstrated, the awareness and importance of neem tree
for scientific research was realized only during the early
part of nineteenth century. Earlier studies were mainly
focusing on crude extracts. Subsequently the confirmation
of biological activities resulted in focus-shifting towards
isolation, identification and characterization of active
compounds (Anonymous, 1985; Atal et al. 1986; Audibert
and Lise, 1993; Baral and Chattopadhyay, 2004; Bhargava
et al. 1970; Chatterjee and Pakrashi, 1994; Chopra et al. 1958;
Chopra et al. 1956; Satyavati et al. 1976; Smita et al. 2005;
Upadhyay et al. 1992) with pesticidal, nematicidal,
fungicidal and medicinal properties. Continued research on
the chemical constituents and application of neem resulted
in publication of large number of monographs, books and

REVIEW
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organization of conferences at national and international
levels (Ahmed, 1995; Breuer et al. 1998; Edmund and
Hubertus, 1993; 2001; Locke and Lawson, 1990; Ruskin,
1992; Schmutterer, 1995; 2002; Singh and Saxena, 1999; Suri
and Mehrotra, 1994). All these studies revalidated majority
of the biological properties of neem.

Among these, the pesticidal constituents of neem are
predominantly used for the manufacturing and marketing
of bio-products. The characterization and structure
elucidation of the principle molecule, azadirachtin happened
in 1968. Similarly, large number of research studies and
publications also confirmed the existence of large number of
limonoids with diverse properties but majority of the research
studies continued to focus on investigating the chemical,
biological and medicinal properties of neem rather than
product development, manufacturing and
commercialization. Even though the scientific investigations
and publications on azadirachtin continued to re-establish
the insecticidal property, the degradation of azadirachtins
during extraction and manufacturing process, short shelf-
life of formulated products and need for extensive physico-
chemical and toxicological studies for regulatory clearance
for marketing labeled products became major impediment
for commercial exploitation of neem as a bio-pesticide for
environmentally friendly agriculture. Hence, large number
of entrepreneurs relied on traditional pharmacopeias and
simple extraction methods to develop diverse products for
local markets (Table 2). However, few innovators took the

Table 1. Commercial uses of various parts of neem

Part  (raw 
material) 

Potential use 

Seeds Oil and cake production, azadirachtin 

extraction, stock protection, medicine and 
animal care 

Oil Soap, commercial pesticides, cosmetics, 
medicine, animal care, lubricant, lamps and 

candle production 

Cake Fertilizer, soil additive, animal fodder and 
raw material for producing bio-pesticides 

Fruits Oil extraction, food for animals and medicine 

Leaves Medicine, cosmetics, mulching material, 
plant protection, stock protection, animal 

care and fodder 

Twigs Dental hygiene 

Wood Fire wood, construction material, furniture 

and panels 

Bark Tooth paste, dental hygiene, medicine and 
cosmetics 

Roots Medicine 
 

Table 2. Details of various traditional categories of neem
products in the market

S.No Product type Brand name 

A. HERBAL DRUG 

1. Neem tablets Neem Leaf Capsules 

2. Antifungal Himalaya Neem  

3. Antibacterial Organix Neem Leaf 

4. Capsules Neemguard 

5. Neem tea Neem Tea 

6. Rejuvenating anti stress Amritha herbal tea 

7. Detox and weight loss Neem Detox 

8. Blood rectifier tonic Neem life tonic 

9. Neuro stimulant Shiro Dhara oil 

10. Diabetics and Pancreas Daib Neem 

11. Arthritis oil Arthooil 

B. PERSONAL HYGIENE 

1. Soaps Margo, Neem, Ayurcare, 
Clean Fair, Faith in Nature, 
Limda 

2. Shaving cream Himalaya shaving cream 

3. Toothpaste Neem activ, Himalaya 
dental care, Neem, Miswak, 
Dabur, Auromere, Herbal 

vedic, Organix 

4. Tooth powder Neem 

5. Medicated soap for acne Anti-pimple cream 

6. Body lotions Neem Mist, Perpetua  

7. Shampoo Auromere 

8. Hair oil  Shao neem 

9. Hair conditioners Perpetua hair conditioners 

10. Hair rejuvenating tonics Neem Plus 

11. Mouthwash Dento Neem  

12. Face wash gel Neem O Jol, Ayucare 

13. Skin toner Neem tone 

14. Cleansing milk Neem O Clin 

15. Washing gel Dish wash gel 

16. Antibacterial Neem O line 

17 Disinfectant Secura 

18. Detergent spray Neem cleaner 

19. Air Purifier Neempur 

20. Face scrub Ecosense 

21. Anti lice No Lice 

22. Deodorant Ecosense 

23. Anti dandruff Ecosense 

C. COSMETIC PRODUCT 

1. Lip balm Ecosense 

2. Eye gel Sundari eye gel, Neem 
organics 

3. Night cream Glow Neem 

4. Moisturing cream Neemaura, Neem organics 

 
Table contd....
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challenge of overcoming the difficulties imposed by the
azadirachtin molecule for product development and invested
their resources for commercialization of azadirachtin based
bio-pesticides. These initiatives resulted in development of
a large number of new technologies, process, products and
patents (Table 3).

In India alone more than hundreds of pesticide
formulations are registered by regulatory agency, Central
Insecticide Board (CIB). These commercial preparations fall
in three major categories of formulations, namely low end
oil based, low azadirachtin based and high azadirachtin
based formulations (Table 4). There are also few technical
manufacturers of azadirachtins (10 - 40%) in India. Majority
of the Indian manufacturers continued to produce and sell
‘neem oil based commercial formulations’ for pest control
using “me-too” registrations exploiting the short-term
opportunities and using neem oil as a cheap raw material
source. The quality and margins varied depending upon the
source and type of neem oil used in the formulations. Such
unorganized practices resulted in non-performance of such
formulations in the farmers’ fields leading to aversion and
loss of faith on neem products.

Parry’s Experience

During the nineties, in line with Parry’s culture of
pioneering productivity improvement inputs for Indian
farmers, E.I.D. Parry (India) Ltd., explored the possibility of
neem for product development. On evaluation of various
extraction processes, available during that time resulted in
selection of Trifolio process (Trifolio GmbH). Subsequently
the signing of collaborative agreement and investments were
made in research and development. A pilot plant for
technology adoption, assimilation and improvement was
established. Research was focused on development of
consistent technical concentrate with highest number of
limonoids with azadirachtin as the principle molecule with
lowest impurities of aflatoxin and longest shelf-life. Based
on the experience gained in the research and pilot plant, a
state-of-art, highest azadirachtin concentrate manufacturing
plant was set up in 1995. These efforts resulted in production
of a unique neem seed kernel extract, i.e., NEEMAZAL®,
having highest azadirachtin content with lowest impurities
and diverse limonoids having superior pest control
properties (Table 5). It is a free flowing powder with greater
shelf stability and higher solubility enable to prepare wide
range of formulations. The laboratory, semi field and field
studies carried out on NEEMAZAL® formulations through
in-house, Universities and Research Institutes at national
and international levels confirmed wide spectrum pest
control properties (Table 6) in large number of crops and
pests (Edmund and Hubertus, 1993; 2001; Rao, 2002a, b;
Rao et al. 2002a, b; Sudhakaran and Liza, 2002).

To meet the national and international stringent
regulation of pesticides and safety norms, short term and
long term toxicological data have been generated at GLP
(Good Laboratory Practice) laboratories spread across the
world. These data indicated NEEMAZAL® is the least toxic

5. Face wash gel Neem O Jol 

6. Body scrub Glory Neem Scrub 

7. Body massage oil Perpetua  

8. Face scrub Neem orange and Neem 
silver 

9. Face pack Radiance 

10. Facial massage oil Ayucare Oil  

11. Sunscreen lotion All natural lotion 

12. Cleansing gel Sundari cleansing gel 

13. Pedicure Ecosense Heel Care Stick 

14. Powder Neem Aroma 

15. Hair Gel Reshlon Neem Hair gel 

D. VET CARE PRODUCT 

1. Pet shampoo Theraneem Oil, 
Neemjeevan  Pet Wash 

2. Lice spray Tick Lice Flea spray 

3. Powders Tick Flea Powder 

4. Scabies pet care Neem Scabies 

5. Soap Pet soap 

E. AGRICULTURAL PRODUCT 

1. Pesticides 

(Refer below) 

Neemazal ,  

Econeem, Ozoneem, 
Agroneem, Bioneem,  
Ecotin, Achook, etc. 

2. Fertilizers Hind Nimco 

3. Manures Organic Neem, Aum 

Green manure, 
GreenNeem 

4. Urea coating agent Neem Jeevan Urea Coat, 
Hind Urea Coat 

5. Soil conditioners Hind Hume Plus, Aum 
Soil conditioner 

6. Bio-control agents Aum Vector Spray 

7. Pruning paste Neem Jeevan pruning 

paste 

F. AESTHETIC PRODUCT 

1. Incense sticks Fragona Incense sticks 

2. Coir mix Neem Coir 

3. Candles Neem Products 

4. Room freshener Neem Blitz 

G. OTHER PRODUCT 

1. Cockroach repellent  Roachquit 

2. Mosquito repellent Mosquit, Neemaura, 
Exile 

3. Insect repellent Neem People 

 



4 Journal of Eco-friendly Agriculture 7(1) 2012

M. C. Gopinathan and R. Sudhakaran

Table 3. Technologies involved in neem pesticide production

Technological approach Parts used Type of application 

Seed powder Soil additive, Stock protection 

Oil Stock protection  and Emulsifier  

Cake Soil additive, Stock protection 

 
 

 
Direct usage of raw material Leaves Soil additive, Stock protection, Repellant, 

Medicines 

Simple approach  
 

Homemade 
insecticides 

Simple aqueous extract Seed /oil/leaves Medicine, Pesticide spray 

Alcoholic extract (direct) Oil/cake, Leaves/ 
bark 

Medical/Pesticide formulations  Traditional  
Approach  
Commercial liquid 

extracts  
Alcoholic extract+ emulsifier + 

adjuvant etc. 

Oil /cake Pesticide formulations 

Modern Approach 
Commercial liquid 
concentrate  

Solid-Liquid extractions 

+Formulation technology 

Kernel/ Oil/Cake  Pesticide  concentrate/Formulations  

Solid-Liquid extractions, Liquid –

liquid extraction + formulation 

technology 

Kernel/ Oil/Cake High purity technical concentrate + 

pesticide and medical formulations  

Chromatography + formulation 
technology  

Kernel/ Oil/Cake High purity food grade technical  
concentrate + pesticide and medical 

formulations 

Super critical extraction + 
formulation technonology 

Kernel/ Oil/Cake High purity food grade technical  
concentrate + pesticide and medical 

formulations 

 

Commercial 

technical 

concentrate  

Microwave  extraction + 
formulation technology  

Kernel/ Oil/Cake High purity food grade technical  
concentrate + pesticide and medical 

formulations 

Pure compounds Solid-Liquid extractions, Liquid –

liquid extraction, Chromatography, 

Microwave, HPTLC + HPLC + 
NMR+ Synthesis 

Kernel/ 

Oil/Cake/Bark 

Pure compounds for chemical analysis + 

research + synthesis + analogs 

 
Table 4. Details of neem pesticides registered under Central

Insecticides Board, India

S. 
No. 

Category Number of 
formulator 

Low end oil based formulation  A. 

Neem formulations - 0.03 - 0.5 % (Aza)  450 

Low azadirachtin based formulation B. 

Neem formulations – 0.3 – 0.5 % (Aza)  150 

High azadirachtin based formulation 

Neem formulations – 1.0  % (Aza)  95 

C. 

Neem formulations – 5.0  % (Aza) 55 

Azadirachtin technical  

Low purity Azadirachtin concentrate (10 %)  7 

D. 
 

High purity Azadirachtin concentrate (25 – 
50%) 

1 

 

Table 5. Azadirachtin content in NEEMAZAL®

Substance 
Average content by 

weight (%) 

Azadirachtin A  34 

Azadirachtin B  Approx. 5.5 

Azadirachtin D  Aprrox. 2.1 

Azadirachtin E < 1 

Azadirachtin F  < 1 

Azadirachtin G  < 1 

Azadirachtin H  Approx. 2.3 

Azadirachtin I  Approx. 0.8 

Azadirachtin K and other 
Azadirachtins 

< 2 

Azadirachtinin Approx. 2 

Sum of Azadirachtins 51.7 
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pesticide and safe to workers, humans, vertebrates and
environment (Table 7). NEEMAZAL® is presently registered
(through Parry, Trifolio and their partners) and marketed in
more than 36 countries including India, Germany, USA,

Belarus, Bulgaria, Estonia, Latvia, Luxembourg, Sri Lanka,
Korea, China, Saudi Arabia, Australia and New Zealand
representing all the continents. No re-entry or harvest
restrictions are imposed in these countries for NEEMAZAL®.
Hence, NEEMAZAL® is found to be an ideal fit for the organic
and sustainable agriculture competing with the chemical
pesticides but behind this success story there is a fifteen year
long painful ordeal of scientific investigation, financial
investment and human endeavor, which are briefly described
under the following heads.

Raw Material Procurement

In India, neem trees are wide spread from southern
region of Kerala (sea level) up to Himalayas in north (1500 m
above sea level) and dispersed as a part of natural vegetation,
where 14 to 20 million neem trees are reported, out of which
7.7 million trees occur in Uttar Pradesh and 2.5 million in
Tamil Nadu. Neem is an evergreen or deciduous medium-
sized tree, which can reach a height of 15-25m, occasionally
reaching up to 30m with a stem diameter of 30-90 cm. The
tree produces many small, white or cream-colored, bisexual
flowers. In India, flowering begins in January in Kerala, a
month later in Karnataka, during 1st week of March in Central
India and first week of April in Northern India and Tamil
Nadu and 1st week of May in sub-Himalayan regions.

Neem trees produce fruits starting as early as 3-5 years
and become fully productive at the age of 10-12 years. A
fully productive tree can yield 35 to 50 kg of fruits and has a
lifespan of two centuries. The fruits attain full size after two
to three months and ripen and fall on the ground during the
monsoon season. The fruit consist of a fleshy pericarp with
moderately soft shell inside enclosing oil rich kernel. It is
generally observed that the fruiting pattern follows the
monsoon schedules in India. Several birds feed on the sweet
pulp of ripe neem fruit and after feeding, drop the clean seeds

Table 6. Bio-efficacy spectrum reported world-wide on NEEMAZAL® and its formulations against various crop pests

Bio-efficacy status* Pest category No. of  
species 

reported 
Excellent Good Average Poor Total 

Good & 
above (%) 

Mites 14 39 28 8 0 75 89 

Beetles and Weevils 43 63 12 22 2 99 76 

Flies (fruitflies, leaf miners etc.) 24 35 14 12 0 61 80 

Sucking pests (Jassids, BPH, Aphids etc.) 77 210 70 45 0 325 86 

Caterpillars and Borers 55 163 48 19 2 230 91 

Thrips 10 24 17 6 0 47 87 

Total 223 534 189 112 4 837  
 
*Excellent = >80%; Good= >70%; Average= > 50% and Poor= <30%

Table 7. Toxicological data of NEEMAZAL® for the safety
to vertebrates, beneficials and ecology

Test NEEMAZAL® 

Acute oral toxicity, rat LD 50 >5000g Kgbw-1 

Acute dermal toxicity, rat LD 50 >2000g Kgbw-1 

Acute inhaling toxicity, rat LD 50 >0.72mg l-1 air 

Acute oral toxicity, mice LD 50 >3365g Kgbw-1 

Skin irritation, rabbit 
Non-irritant 0.5 g 
animal-1 

Eye irritation, rabbit 
Slight at 70 mg, 
reversible at 4th day 

Skin sensitization, guinea pig Slight 

Sub chronic toxicity, Rat 90 Days  NOEL 100ppm feed 

Cancerogenicity,rat 
No evidence 
600,1200,1600 ppm feed 

Mutagenicity, in vivo mice Not mutagenic  

Mutagenicity, in vitro, Salmonella Not mutagenic  

Mammalian cell gene mutation Not mutagenic 

Micronucleus test, mouse bone 
marrow 

No chromosome damage 

Developmental toxicity, rat 
NOAEL 50mg Kgbw-1 

day-1 

Teratogenicity rat NOAEL 500mg Kgbw-1 

Reproductive toxicity, rat NOAEL 5000mg Kgbw-1 

Ecotoxicology  Algae NOEC 144mg l-1, 72 hrs 

Daphnia NOEC 2.5 l-1,21 days 

Zebra fish NOEC 6.4 l-1 , 28 days 

 
Mexico, Guatemala, Honduras, Trinidad &Tobago, Jamaica,
Barbados, St. Lucia, St. Vincent, Colombia, Brazil, Argentina,
Suriname, South Africa, Netherlands, Lithuania,
Switzerland, Slovenia, Greece, Turkey, Italy, Austria, Spain,
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on the ground. The availability of the seed versus fruit
depends on the intensity of the bird population in a particular
area. In moist condition these fruits and seeds are often
infected by soil borne fungus, Aspergillus flavus, which
produces highly toxic aflatoxins. If, such infected seeds are
used as raw material, resultant product will have different
level of aflatoxins (B1, B2, G1 & G2). Regulatory agencies in
various countries restrict the permitted levels from 100 to 50
ppb in technical product and < 1 or 4 ppb in the formulated
product. This necessitates collection, de-pulping, drying and
storage of the seed immediately after fruits / seeds fall on the
ground.

In India, neem seeds for commercial purpose are often
collected by women and children either by picking piecewise
or sweeping under trees growing in their home lots, along
road side or in the wild. The material thus collected will be
contaminated with soil, stones and admixtures, which need
to be removed by sieving, winnowing or by washing. As the
trees are dispersed in its occurrence, generally an adult can
collect an average of 1 kg of seed per hour, making the neem
seed collection, time consuming and practically non-
remunerative in India. The neem seed thus collected are
generally sold to oil and cake manufacturers. The quality of
seeds and fruits varies widely resulting in inconsistent and
low quality end product (high in aflatoxins and other
impurities). Also the azadirachtin content varies from 0.1 to
0.7 per cent depending upon the climatic condition and
habitat. Year to year variation in the quality and azadirachtin
content in the seeds make the purchase decision difficult for
the azadirachtin based manufacturers. Networking with the
pickers and traders, educating and training them over a
period of time about the right practices to be followed for
seed collection has ensured improvement in quality of raw
material purchased by Parry, but this consistent demand for
quality seeds has resulted in steady increase in raw seed
price from Rs.3 to 28 per kg in span of 12 to 15 years. Upon
purchasing, seeds have to be dried properly and stored to
avoid loss of azadirachtin and prevention of growth of
contaminating fungus. Rapid drying and high temperature
results in degradation and loss of azadirachtins. Excellent
results are obtained by sun-drying / shade drying but would
involve large investments in manual pre-processing in terms
of manpower, land resources and time.

Manufacturing

Neem seed consists of outer shell and the seed kernel,
each comprising 50 per cent of the total weight. It is not
necessary to remove the hard shell for the production of oil
and cake. However, for the extraction of azadirachtin either
from the neem seed kernel or from the oil, it is necessary to
crack the shell (decorticate). Mechanical decortications

which are power operated become expensive and require
seeds of uniform size, whereas as per our experience, the
seed size varies from tree to tree, place to place and region to
region. This warrants segregation by sieving and loading
standard size seed to the decorticator and continuous
monitoring.

The simplest way to produce neem insecticide is to
crush the kernel, add solvents, filter and mix some
surfactants. These formulations, however, cannot be stored
and marketed due to the fast degradation property of
azadirachtin. Azadirachtin technical based manufacturers
of neem bio-pesticide need to extract azadirachtin in a
systematic way using selective solvents (non-azadirachtin
degrading), precipitating the active molecules and
evaporating the solvent at non azadirachtin degradation
temperature. Crushing of neem seed kernel in the solvent
system create additional difficulties in the separation of active
molecules from the oil-solvent complex. Further, our
experience confirms that the presence of neem oil residues
in the technical increases its degradation. Hence, Parry’s
process adopt a unique extraction methodology enabling
extraction of all azadirachtins (A, B, D, E etc.) including other
limonoids without crushing the kernel. The variability in
the azadirachtin content in the raw material (kernel)
necessitates the HPLC analysis of azadirachtin content at
every stage of manufacturing process from kernel to technical
grade powder on a continuous basis. Possible presence of
aflatoxins in the raw material warrants additional analysis
and certification of the technical to meet the international
standards. All these necessitated a heavy investment (20 Mn
USD in 1995) in the capital cost of the manufacturing plant.

Registration

Even though neem has been referred, identified and
talked as a bio-pesticide, suitable for environmental friendly,
sustainable agriculture, the regulatory authorities in various
countries continue to treat neem products similar to chemical
pesticides without waivers. This has resulted in heavy
investment in physico-chemical, toxicological, bio-efficacy
and environmental data generation through GLP accredited
laboratory studies. In the absence of harmonized procedures
for registration between the countries necessitated Parry to
generate data, country specific and file dossiers for regulatory
approval. These processes usually take 3 to 5 years. After all
the persistent struggle and investment to obtain registration,
practices prevalent in certain countries such as ‘lack of data
protection’ and ‘provision of me-too registration’,
discourages the pioneers in making investment in neem bio-
pesticide business. Our experience thus suggests, successful
product development in agriculture, requires integrated
management as it involves several functional agencies such
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as farmers, plant designers, researchers, process
technologists, regulators, medical experts, certification and
inspection agencies, formulators and experts in export
marketing. This example clearly illustrates that irrespective
of various odds and complexities, a systematic investment
in research, product development, ability to organize
expertise and co-operation from national and international
level, appropriate financial and marketing investments can
create a successful business model for a natural product.
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ABSTRACT

A field experiment was conducted in theri soil at village Puchikadu district Thuthukudi, Tamil Nadu, South India to
evaluate the effect of different organic amendments and its combinations on various physico-chemical and physical
properties and yield of groundnut. The results revealed that the composted coir pith had positive impact on all the soil
properties. The groundnut yield was highest (3135 kg ha-1) in the treatment composted coir pith (CP) + tank silt
applied @ 12.5 t ha-1. The next effective treatment was CP (12.5 t ha-1) with yield of 3065 kg ha-1.
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The theri soils are made up of deep sand zones. The
permeability of water is high, which makes the soil suitable
for agriculture. It faces higher level of soil erosion and has
low nutrients and minerals. Its water holding capacity found
less and the soil is susceptible to wind erosion. Theries have
a semi-arid tropical climate. The mean annual rainfall of the
area is between 610 to 700 mm (Jawahar et al. 1999 a). The
liberal addition of organic manures, silt and fertilizer in split
doses and adequate timing are immediately needed to reduce
the fertility constraints of theri soils (Jawahar et al. 1999 b).
There is rapid release of nutrients due to accelerated
decomposition of organic constituent when fully
decomposed FYM was added to soil. Investigations showed
that application of graded levels of FYM significantly
increased all available nutrients including micronutrients
(Binitha, 2006). The addition of FYM is considered as the
best source of nitrogen which proved more effective in
increasing the plant height as reported by Sharma and Dayal
(2005). Coir pith as an amendment has many benefits for all
types of soil. It increases the organic matter content and due
to its high lignin to cellulose ratio and remains in the soil
significantly longer period than peat. It improves water-
holding capacity of sandy soils. The drainage of clay soils is
improved with its inclusion due to its air porosity and
agglomeration with clay particles (US.2009/0113791 A1).
The bulk density and particle size are negatively correlated
since the bigger particles are less dense. It has been observed

that the coir pith particles are highly heterogeneous
(Maragatham and Samual, 2010). The information on the
effect of coir waste on groundnut crop in theri soil is scarce.
Hence, attempts have been made to find out the effect of coir
pith on the physical properties of theri soil and yield of
groundnut crop and results are reported in this article.

MATERIALS AND METHODS

Field experiments were conducted at village Puchikadu
in district Thuthukudi, Tamil Nadu using groundnut
(Arachis hypogea Linn.) cv. TMV-7. The statistical design used
was Randomized Block and each treatment replicated thrice.
The soil samples were obtained using V shaped cut at the
depth of 15 cm, air-dried, ground, mixed, passed through 2
mm sieve and analysed for their physico-chemical and
physical properties. There were 13 treatments including
control using 3 organic sources (amendments), i.e.,
composted coir pith (CP), Farm Yard Manure (FYM) and
tank silt (TS). All the amendments were applied after 30 days
of drip irrigation and the soil samples were collected from
each plot using ‘V’ shaped cut at the depth of 15 cm and
analysed for physio-chemical and physical properties.

The physico-chemical properties viz., pH and electrical
conductivity (EC) were measured with potentiometry method
(1:2.5, soil : water) of Jackson (1973). Nitrogen (N) content
was analysed using the method of Subbiah and Asija (1956)
while, phosphorus (P) as per method of Olsen et al. (1954)
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and potassium (K) of Hanway and Heidel, (1952). The
physical properties, like particle density (PD), bulk density
(BD), water holding capacity (WHC) and pore space (PS)
were analysed by Keen Raczkowski (KR) box given by Keen
and Raczkowski (1921). Groundnut crop was grown in the
plots and soil sample collected after harvest and analysed.
Data on yield were analysed as per methods given by (Gomez
and Gomez, 1984).

RESULTS AND DISCUSSION

Physico-chemical Properties

EC and pH: The EC of the soil has considerably reduced
in all the plots (Table 1). The EC of the soil amended with TS
had the decreased values compared to the control plot
(without organic manure). The practice of addition of silt
loam tank sediment to clay soils resulted in increased sand
and silt content and indicated a decrease in soil pH and EC
(Ramesh, 2001). In the present study the value of EC was the
lowest (0.09dsm-1) in the treatment CP+FYM+TS having
equal dose (7.5 t ha-1). The detrimental effect of soil pH has
been reported by Srikanth et al. (2000) which could be
ascribed as the effect of organic acids produced during the
decomposition of FYM. The results is similar to present
finding as pH values were low (7.2) in the treatments CP
(17.5t ha-1) and CP+FYM+TS (17.5 t ha-1).

NPK

The value of N content was maximum (173 kg ha-1) in
CP+TS (17.5 t ha-1) and CP (17.5 t ha-1), which was 41.66 per
cent higher than the control plot (98 kg ha-1) in present study

(Table 1). The highest available nitrogen was recorded in
recomended FYM applied plot which had 47.2 per cent higher
available N over the treatment has also been obtained by
Mohankumar and Narase Gowda (2010). Combination of
50 per cent of farmyard manure and 50 per cent of tank
sediment served as a better source of phosphorus for ‘Ney
poovan’ banana crop than that of 100 per cent of single super
phosphate application (Keshavamurthy and Kotur 1996).
The finding is similar to ours where the value of P was
highest (61.3 kg ha-1) with CP+FYM (17.5 t ha-1) which was
78.30 per cent higher than the control (13.3 kg ha-1). If, the
acid or acid forming compounds are added in the form of
compost to the soil, it affects potassium availability. The K
content was higher (438 kg ha-1) with CP+FYM followed by
(388 kg ha-1) with CP+FYM+TS @ 17.5 t ha-1 (Table 1).
Similarly availability of more K to the plants has been reported
by Sarwar et al. (2008).

Groundnut Yield

Yield: The FYM directly added an appreciable amount
of major micronutrients to the soil, which might contribute
to the enhanced yield as reported by (Saha et al. 2010). The
level of tank silt at the rate of   20 t ha-1 recorded significantly
superior number of pods, pod yield, haulm yield and shelling
percentage (Binitha, 2006). The number of pods differed
significantly between 20 t ha-1 of tank silt, 10 t ha-1 and no
silt at harvest. In the present study, the maximum yield (3135
kg ha-1) of groundnut (Table 1) was with the treatment CP+TS
(12.5 t ha-1). It was 40.51 per cent higher than the control.
The next effective treatment was CP (12.5 t ha-1) with yield of
3065 kg ha-1, which was 39.15 per cent higher than control.

Table 1. Effect of composted coir pith, FYM and tank silt (ammendments) on various properties  of soil and yield of groundnut

S.No. Ammendment Dose (t ha-1) EC (dsm-1) pH **N (kg ha-1) **P (kg ha-1) **K (kg ha-1) **Yield (kg ha-1) 

1. CP (A) 7.5 0.13 7.6 130 cd 27.5 fg 338 de 2698 e 

2. CP (B) 12.5 0.15 7.4 125 de 25.0 gh 300 fg 3065 bc 

3. CP (C) 17.5 0.15 7.2 173 a 47.5 bc 250 h 2590 a 

4. CP+FYM (A) 7.5 0.17 7.4 140 bd 43.8 bd 283 g 2210 c 

5. CP+ FYM (B) 12.5 0.12 7.5 160 b 50.0 b 358 bd 2945 d 

6. CP+ FYM (C) 17.5 0.13 7.6 158 ab 61.3 a 438 a 2123 a 

7. CP+TS (A) 7.5 0.14 7.4 130 ce 31.3 ef 325 ef 2620 de 

8. CP+TS (B) 12.5 0.12 7.3 150 bc 35.0 de 355 cd 3135 c 

9. CP+TS (C) 17.5 0.12 7.5 173 a 40.0 cd 375 bc 1895 a 

10. CP+ FYM +TS (A) 7.5 0.09 7.5 168 a 18.8 fg 325 ef 2935 e 

11. CP+ FYM +TS (B) 12.5 0.16 7.3 133 cd 18.8 hi 283 g 2868 ab 

12. CP+ FYM +TS (C) 17.5 0.12 7.2 113 ef 51.3 b 388 b 1995 bc 

13. Control (without any 
treatment) 

- 0.19 7.9 98 f 13.3 i 188 i 1865 de 

 CD (P=0.05)  0.0560 1.7488 24.6039 9.6655 30.6679 293.9629 

 
*CP = Composted coir, FYM = Farm Yard Manure and TS = Tank silt
** Figures having same letter differ non significantly
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Physical  Properties

BD, PD and WHC: Bulk density decreased positively
with increasing organic matter sources such as tobacco
waste. The value of BD decreased (1.55 & 1.42 g cm-3) with
CP (12.5 & 17.5 t ha-1). The lowest value of BD was 1.42 g
cm-3 as shown in the (Table 2). Almost similar results is found
by Melis et al. 2008. Some surface soils with high OM contents
may exhibit particle density values of 2.4g cm-3 (Tan, 1996).
PD value was 2.25 g cm-3 with CP+FYM combination @ 17.5
t ha-1 (Table 2). As the dose of the treatment increased from
12.5 to 17.5 t ha-1 the PD value varied from 2.49 to 2.25 g cm-

3 at different combination doses of CP + FYM. Probably it
may be because of coir pith which may expand when it comes
in contact of water either irrigation or rain or available soil
moisture and improve the soil structure, water holding
capacity, cation exchange capacity and other soil properties,
depending upon the nature of the soil being amended
(US.2009/0113791 A1). The effect of organic treatments on
water holding capacity was analysed systematically (Table
2). WHC was highest (30.53%) with CP+FYM, which was

composted coir pith registered comparable population of soil
microbes was revealed by studies of Rangaraj et al. (2007).
Increase in microbial population due to addition of organics
might have regulated soil temperature and continuous
available of soil moisture and the humus content of soil. The
saturated moisture increased (28.94 & 34.54%) with CP (12.5
& 17.5 t ha-1).

Application of composted coir pith provided positive
effects on soil physical properties at different doses. It can be
said that CP is a soil conditioner, a nutrient and organic
source, which increases the yield. These results demonstrate
the importance of the incorporation of CP in soil which are
characterized by low organic matter content. It is
recommended that CP+TS (12.5 t ha-1) can be added for
improving soil properties. In order to maintain and improve
soil quality, further studies must be performed to confirm
the positive long-term effects of CP.

Table 2. Effect of composted coir pith, FYM and TS (ammendments) on physical properties of soil

BD = Bulk density, WHC = Water holding capacity, PD = Particle density, PS = Pore space and SM = Saturated moisture

S.N Ammendment BD (g cm-3) PD (g cm-3) WHC (%) PS(%) SM(%) 

1. CP (A) 1.55 2.31 22.29 35.74 24.19 

2. CP (B) 1.55 2.48 25.36 42.29 28.94 

3. CP (C) 1.42 2.44 26.93 45.39 34.54 

4. CP+FYM (A) 1.47 2.43 26.50 40.58 28.25 

5. CP+ FYM (B) 1.43 2.49 30.53 43.67 31.08 

6. CP+ FYM (C) 1.44 2.25 26.74 38.19 27.61 

7. CP+TS (A) 1.51 2.40 24.03 39.89 25.37 

8. CP+TS (B) 1.49 2.37 26.76 39.57 27.76 

9. CP+TS (C) 1.52 2.35 23.93 37.09 24.95 

10. CP+ FYM + TS (A) 1.50 2.35 26.19 40.38 28.48 

11. CP+ FYM +TS (B) 1.43 2.25 25.85 37.57 26.54 

12. CP+ FYM +TS (C) 1.51 2.46 23.05 39.95 25.99 

13. Control 1.60 2.49 22.21 35.55   23.14 

 CD (P = 0.05) 0.382 0.469 13.128 11.127 8.242 

 

27.27 per cent higher than the control. The second higher
value was 26.93 per cent with CP (12.5 t ha-1).

PS and SM : Soil total porosity varied from 35.74 to
45.39 per cent in different treatments (Table 2) with highest
(45.39%) in CP (17.5 t ha-1). The value was lowest (35.55%)
in untreated control. It has been reported by Aggelides and
Londra (2000) that the organic compost application
considerably improved soil physical properties by increasing
soil porosity and changing distribution of pore sizes in loamy
and clay textured soils. Application of press mud and
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ABSTRACT

Poly--hydroxybutyrate (PHB) accumulation in the nitrogen fixing (unicellular) cyanobacterium, Aulosira fertilissima,
was studied under various cultural and nutritional conditions. Under controlled condition, cells harvested at the
stationary phase of growth depicted maximum accumulation of PHB, i.e., 5.4 per cent (w/w of dry cells) as
compared to lag (4.8%) or logarithmic (3.7%) phases of cultures. A temperature range of 28–32 °C and pH 8.5 were
better for PHB accumulation. Cells cultivated under regular light–dark cycles accumulated more PHB (5.4%) than
those grown under continuous illumination (3.6%). Nitrogen and phosphorus starvation stimulated PHB accumulation
up to 8.5 and 7 per cent (dry cells), respectively. Aulosira cells pre-grown in glucose (0.1%) supplemented BG-11
medium, when subjected to P-defciency in presence of acetate (0.4%), PHB accumulation was boosted up to 13 per
cent (dry cells), the value almost 4-fold higher with respect to photoautotrophic condition. The PHB extracted from
A. fertilissima was comparable with the commercial PHB, thus may be advocated for its potential application in
various fields.

Keywords: Carbon  sources, N  and P deficiency, Poly--hydroxybutyrate, Aulosira fertilissima.
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Polyhydroxyalkanoates (PHAs), a group of
biodegradable polymers of biological origin, have gained
tremendous impetus in recent years. In order to mass-produce
PHAs, various wild type and recombinant bacteria have been
studied under fermentation processes (Steinbuchel and
Fuchtenbbusch, 1998). Nevertheless, the requirement of large
amount of exogenous carbon supplementation and
continuous oxygen supply made the fermentative production
of bacterial PHB much more expensive than that of the
petrochemical-based plastics. The commercially launched
bacterial product from Ralstonia eutropha by Monsanto costs
about US$ 15 kg-1. A cost reduction in PHA production could
be possible by using cheap substrates such as molasses,
whey, hemicellulose, palm oil, etc. (Reddy et al. 2003; Alias
and Tan, 2005). Helm et al. (2008) have performed in 7 and
70 l bioreactors and initiated by potassium, sulfur or iron
deficiency and observed accumulation of ultra-high
molecular weight poly--hydroxybutyrate in a methane-
utilizing mixed culture for  potassium deficiency. Bhati et al.
(2010) have examined of 25 cyanobacterial species from 19
different genera for photoautrophic production of

polyhydroxyalkanoates (PHAs) under batch culture and
found 20 species were poly--hydroxybutyrate (PHB)
accumulators, another potential production system may be
cyanobacteria, which are oxygenic photoautotrophic
prokaryotes. The advantages of using cyanobacteria in
comparison to heterotrophic bacteria are enormous as these
are oxygen evolving photoautotrophic organisms. Hence,
there is no need to supplement carbons for growth and
oxygen in production units/area. Some of them can fix
atmospheric nitrogen and there is no need to provide
nitrogen source(s) for those species. Moreover, cyanobacteria
can successfully be cultivated in wastewaters due to their
ability to use nitrogen and phosphorus from waste
discharges. Therefore, in this report PHB accumulation in
the culture of a model cyanobacterium, Aulosira fertilissima
has been studied with an aim to establish the actual potential
of the organism. Attempts have also been made to know the
role of various factors such  as pH,   temperature, light–dark
cycles,  N and P status and different carbon sources on PHB
accumulation.
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MATERIALS AND METHODS

Organism and Growth Condition

Axenic cultures of Aulosira fertilissima were grown in
150 ml  flasks containing 50 ml BG-11  medium (Rippka  et
al. 1979) and pH 8.5 under a photoperiod of 14:10 h  at light
intensity of  75 mol photon m-2s-1 PAR. Weight of dry cell
was determined gravimetrically as per method of Rai et al.
(1991).

Extraction of Poly-hydroxyalkanoates (PHA)

Biomass containing PHA was centrifuged and
suspended in methanol (4 °C, overnight) for removal of
pigments. The pellet obtained, dried at 60 °C and PHA was
extracted in hot chloroform (50-55°C) followed by
precipitation with cold diethyl ether. The precipitate was
centrifuged at 11,000g for 20 min, washed with acetone, and
dissolved again in hot chloroform as followed by Yellore
and Desia (1998).

Spectrophotometric Assay of Poly-- hydroxybutyrate
(PHB)

The spectrophotometric assay was performed as per
Law and Slepecky (1961) with the help of a
spectrophotometer (Specord S 100). The sample containing
polymer in chloroform was transferred in a clean test tube,
chloroform evaporated, concentrated H

2
SO

4 
(10 ml)

 
added,

and solution was heated in a water bath for 20 min. The
absorbance of the solution was measured at 235 nm against
H

2
SO

4 
blank. Absorption spectra (200–1000 nm) of the

sample as well as of the standard (DL--hydroxybutyric   acid,
Sigma) was recorded in the Spectrophotometer following
acid digestion to further confirm the presence of PHB. These
spectra were compared with the spectrum of crotonic acid
(Sigma).

PHB Assay with Gas Chromatography (GC) and NMR

Gas chromatographic assay was performed following
the propanolysis method of Riis and Mai (1988) using a GC
(Clarus 500, Perkin–Elmer) in split mode (1:50, v/v), equipped
with Elite-1 dimethylpolysiloxane capillary column (30 m x
0.25 mm x 0.25µm) and flame ionization detector. The
detection was made comparing the retention time of the
standard, poly (3-hydroxybutyric acid-co-3-hydroxyvaleric
acid) [P(3HB-co-3HV)]. Benzoic acid was used as the internal
standard. NMR spectra of the standard P (3HB-co-3HV) and
the extracted polymer from A. fertilissima in CDCl

3 
were

obtained in Bruker 200 Spectrometer.

Impact of pH, Temperature, Light–dark Cycle and Carbon

The medium (50 ml) was taken in 150 ml flasks, its pH
was adjusted to different values, ranging from  5.5 to  10.5
using MES buffer, 4 mM  (pH 5.5 & 6.5) and Tris buffer, 4 mM
(pH 7.5–10.5) before introducing the cells into the medium
and PHB accumulation analysed. PHB accumulation was
also studied in cultures grown at various temperatures,
ranging from 16 to 36 °C with a difference of 4°C, under
continuous illumination having  light–dark cycles of 14:10
h. Impact of mixotrophy on PHB accumulation was studied
by supplementing the BG-11 medium with different
concentrations (0.05–1.0%) of   glucose, fructose and acetate
(sodium acetate).

Impact of Phosphorus and Nitrogen Deficiencies

Impact of phosphorus deficiency on PHB
accumulation, was studied directly on culture of A. fertilissima
grown in phosphate-deficient medium, where K

2
HPO

4
 was

substituted by equimolar concentrations of KCl. The impact
of N

2
 deficiency was investigated on culture grown for 24

days in BG-11 medium, which was further transferred to
molybdenum deficient medium and PHB content estimated
after 5, 10 and 15 days of incubation.

Impact of Chemoheterotrophy

The stationary phase of photoautotrophic cultures
were supplemented with various concentrations of carbon
and incubated under complete darkness to find out the effect
of chemoheterotrophy. The PHB content was estimated after
5, 10 and 15 days of incubation.

Effect of Gas Exchange Limitation

Gas-exchange limitation in the culture flasks was
investigated by wrapping the cotton plugs with aluminum
foil followed by sealing with cellophane tape. The
exponentially growing cells were supplemented with
stimulatory concentrations of different carbons, made limited
for gas-exchange and PHB content estimated.

RESULTS AND DISCUSSION

Spectrophotometric  Assay of PHB

The spectrophotometric assay of the polymer extracted
from A. fertilissima and the standard PHB was carried out
after sulphuric acid digestion, which depicted highest degree
of similarity with the spectrum of crotonic acid.
Hydroxybutyric  acid  when digested with sulphuric acid  is
converted into  crotonic  acid,  which has  an  absorption
maxima  at  235 nm  (Law  and  Slepecky, 1961). Thus, the
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complete matching of the spectra of the acid-digested sample
and the standard with the spectrum of crotonic acid
demonstrated the presence of PHB in A. fertilissima.

The spectra of crotonic acid Standard and the crotonic
acid formed after digestion of PHB with concentrated H

2
SO

4

and PHB extracted from A. fertilissima sample after digestion
showed close similarity (Fig. 1) at 235 nm.

Fig. 2. Accumulation of PHB in Aulosira fertilissima with reference
to growth.

Impact of pH, Temperature and N and P Deficiency

PHB accumulation was found maximum at pH 8.5.
Acidic and highly alkaline pH were not found suitable for
PHB accumulation (Table 1). A significant positive
correlation (r =0.817, P < 0.05) between dry weight and PHB
accumulation demonstrates that accumulation of PHB in
the test organism is growth dependent. Effect of temperature
(r = 0.825, P < 0.05) also followed a similar trend (Table 1).

Table 1. Accumulation of PHB in Aulosira fertilissima at
different pH and temperature on 24th day of
incubation

Fig. 1. Absorption spectrum of crotonic acid with acid-digested
polymer of Aulosira fertilissima and the standard poly--
hydroxybutyric acid.

PHB Assay with Gas Chromatography and NMR

The chromatograms obtained after injection of the
propanolysed sample as well as the standard, P(3HB-co-
3HV),  depicted the presence of  PHB predominantly in the
test cyanobacterium (A. fertilissima) with a retention time of
3.11 min. The NMR studies also confirmed the above results.
Analysis of the spectrum of P (HB-co-HV) demonstrated that
the standard contained two monomeric units of HB and HV.
The absence of resonance at  0.886 and 1.636 of the spectrum
of the sample extracted from the test cyanobacterium
reconfirmed the accumulation of homopolymer of
hydroxybutyrate (HB) in Aulosira species.

Accumulation of PHB in Relation to Growth

Experiments conducted with A. fertilissima under batch
mode showed that maximum accumulation of PHB was at
the stationary phase of growth, i.e., 5.4 per cent (w/w of dry
cells) as compared to lag (4.8%) or logarithmic phases (3.7%)
of culture (Fig. 2). Such findings are not reported in literature
on A. fertilissima. However, maximum accumulation of PHB
was observed at the stationary phase of other organisms
(Campbell et al.1982; Stal, 1992). Continuous illumination
was not found suitable for PHB accumulation, thus   agreeing
with the earlier observation of Sharma and Mallick (2005)
that in photoautotrophic culture dark periods are essential
for PHB accumulation.

pH PHB (%) Temperature (°C) PHB (%) 
5.5 Culture died 16 2.3 ± 0.01a 
6.5 1.4 ± 0.20a 20 

3.1 ± 0.02b 
7.5 3.2 ± 0.28b 24 

3.5 ± 0.03b 
8.5 5.4 ± 0.41b 28 5.4 ± 0.03c 
9.5 4.9 ± 0.31c 32 3.9 ± 0.03c 

10.5 3.7 ± 0.22c 36 2.1 ± 0.02bc 

 
All values are mean ± SE. Values in the column superscripted by
different letters are significantly (P < 0.05) different from each other.

Limitations of phosphorus and nitrogen appeared to
be suitable stimulants for PHB accumulation (Fig. 3). The
stationary phase cells of the A. fertilissima when transferred
to P-deficient medium for 7 days, PHB  accumulation was
increased up to 7.9 per cent of dry cell weight. Almost similar
results were obtained earlier by Holmes (1985) and Pal et al.
(1998), due to unavailability of phosphorus.

Under nitrogen deficiency a rise in PHB pool up to 8.5
per cent was observed. This could be explained in the light
of the earlier reports of Lee et al. (1995, 2001), where an
increased PHB accumulation was observed under high
intracellular concentrations of NADPH or high ratio of
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NADPH/NADP. In 2001, Lee and his co-workers observed
that cells grown under usual growth conditions, i.e., in control
culture the amount of flux into the TCA cycle was almost
constant throughout the cultivation period and therefore,
the NADPH production during the whole cultivation period
did not vary significantly. However, under nitrogen
deficiency, NADPH consumption was decreased due to
limitation of nitrogen sources, which blocks the amino acid
synthesis pathway, especially the reaction from á-
ketoglutarate to glutamate, thus resulting into accumulation
of excess NADPH in the cells. This residual NADPH might
be responsible for the enhanced PHB accumulation in
nitrogen-deficient cells.

Impact of Carbon Sources

A rise in PHB pool up to 8.9 per cent (w/w of dry cells)
was observed in 0.3 per cent acetate-supplemented cultures
(Fig.  4A). Contrary to this, supplementation of glucose (Fig.
4B) and fructose (Fig. 4C) were not found to stimulate PHB
accumulation on dry weight basis. Interestingly, the acetate-
supplemented cultures though accumulated PHB about 8.9
per cent (w/w of dry cells) PHB. The possible explanation
for this rise could be the availability of plenty of precursors,
i.e., acetate for biosynthesis of PHB, as reported in case of
many bacteria (Doi, 1990; Kessler and Witholt, 2001; Zinn et
al. 2001).

Impact of Chemohetrotrophy and Gas-exchange

PHB accumulation ranged from 3.6 to 10.9 per cent
(dcw) with maximum and minimum in dark + glucose  (0.2%)
+ acetate (0.2%) and dark, respectively. Gas-exchange
limitation (GEL) was found to increase the PHB
accumulation significantly. Supplementation of carbon at
the initiation of GEL boosted the accumulation of PHB
significantly with a maxima of 17 per cent (dcw) in glucose

(0.2%) + acetate (0.2%) supplemented culture under GEL after
10 days (Fig. 5).

Results from  this study demonstrated about  4-fold
rise in PHB  pool  in A. fertilissima by manipulating the
nutrient status. PHB content reached up to 17 per cent of cell
dry weight. Most of the PHA producing bacteria accumulates
about 20–30 per cent of PHAs  in presence of suitable carbon
sources but the carbon concentrations were much higher in
comparison to present tested cyanobacterium. Therefore, the
possibility of using cyanobacterial strains should not be
neglacted before assessing their actual potential. The
research efforts must be expended towords screening of
various  biogenic wastewaters for cultivation as well as PHB
accumulation in cyanobacteria, which may help in reduction
of production cost and in turn successful replacement of the
non-gradable plastics.

Fig. 4. Impact of various concentrations of  acetate (A) glucose
and (B) fructose (C) on PHB accumulation potential of
A.fertilissima.

Fig. 5. PHB accumulation in Aulosira fertilissima under limitations
of gas-exchange

Fig. 3. Effect of nitrogen and phosphorus deficiency on PHB
accumulation potential of  Aulosira fertilissima
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ABSTRACT

The 2-years study revealed that the farmers (n=60) who had shifted to organic farming were middle aged (51.7%),
graduate (45%) and had 2-4 years of experience in organic cultivation (55%). The level of satisfaction in farmers using
bio-fertilizers was high in case of: wheat (44.9%), paddy (40.4%), sunflower (45%), maize (58%), sugarcane (50%)
and vegetables (46.8%). A high level of satisfaction was also recorded in case of different crops, i.e., wheat (57.7%),
paddy (35.9%), sunflower (37.5%), maize (44.7%), sugarcane (42.9%) and vegetables (50%), when vermicompost
was used. In addition, the respondents used other organic inputs like composted FYM, bio-pesticides, poultry
manure, biogas slurry, growth promoters, pest repellents, parasitic predators and green manure. Most of the conventional
crops of the region were farmed under organic cultivation and the minimum area was with vegetables (0.80-3.20 ha)
and maximum with wheat (2.00-8.00 ha) and the range of yield obtained was comparable to traditional and prevalent
practices. The respondents were for the promotion of organic farming and favoured its encouragement.

Keywords: Organic farming, vermicompost, survey, farmers satisfaction.
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In Punjab, agriculture has made remarkable progress
since mid 1960’s but now it has reached a plateau beyond
which sustaining the growth is an uphill task. Considering
the adverse effects of the intensified approach to agriculture
the natural resources of Punjab have suffered and now the
emphasis is on a need to develop strategies for sustainable
agriculture. Organic farming is a viable option to sustain
agricultural growth (Bajwa, 2003) and is associated with
the promotion of soil health, clean environment and
production of quality food products. Surveys have indicated
that the consumers are prepared to pay a premium price for
such products and their demand is increasing at national
and international levels (Mahadevappa, 2004). The increased
popularity of  organically grown agricultural produce adds
to the awareness of the consumers to the adverse effect of the
agrochemicals. Farmers too, are inclined to avoid the use of
agrochemicals and have adopted the integrated pest control
approach, which includes mechanical, cultural and
biological methods (Bhattacharya and Pandey, 2003;
Nagarajan, 2003; Vashishtha, 2003; Kumar and Shivay,
2009). There is a need for change in farm practices by the
farming community by emphasizing the need for organic
farming, vermiculture and others (Zinia, 2007).

Some farmers in Punjab have adopted organic farming
on their own initiative and are using vermi-compost to grow
selected crops, primarily wheat and vegetables. In addition,

a small number of farmers are also engaged in cultivation of
paddy, maize, sunflower and sugarcane by using organic
inputs in District Hoshiarpur. It is important to know the
rationale and philosophy of the farmers practicing organic
farming, the area under organic practice and their level of
satisfaction in the adoption of these practices. Therefore, the
present study was undertaken to study the profile of the
farmers engaged in vermiculture/organic farming and to
determine the extent of satisfaction by adopting these
practices.

MATERIALS AND METHODS

The study was conducted in district Hoshiarpur, a sub-
mountain agrosystem of Punjab during the year 2008-2010.
Information about the farmers engaged in vermi-composting/
organic farming was obtained from Directorate of Extension
Education, PAU; Punjab Agricultural Management and
Extension Training Institute (PAMETI), PAU; PAU Kisan
Club and the office of the Chief Agricultural Officer,
Government of Punjab, Hoshiarpur. Sixty farmers practicing
vermi-composting/ organic farming were randomly selected
and a two part interview schedule, each relating to profile
and reactions of farmers, was prepared to collect the
information from the respondents. The information was
collected by interviewing the farmers personally and the data
obtained analysed with the help of standard statistical tools.
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RESULTS AND DISCUSSION

Profile of Farmers

It was observed that the majority of the respondents
were in the middle age group (51.7%) followed by the younger
age group (30%). The educational qualifications of the
respondent farmers were high school (41%), graduates (45%)
and post graduates (4%). More than half of the respondents
(55%) had 2-4 years of experience of organic farming,
whereas 40 per cent were the starters and had only 1-2 years
of experience. Thus, it can be infered that the educated, young
and middle aged farmers were more interested in adopting
the organic farming practices.

The Extent of Satisfaction

The data indicates that majority of the respondents of
wheat crop (57.7, 53.5, 48.9 & 46.2%) were highly satisfied
with the use of vermi-compost, bio-pesticides, growth
promoters and FYM (Table 1). However, 57.1, 44.4, 36.2, 33.3,
22.2, 17.4 and 16.3 per cent respondents were not satisfied
with the use of poultry litter, kitchen waste, poultry manure,
crop residue, compost, parasitic predators and biofertilizers.
A sizeable percentage of the respondents (66.6, 62.9, 62.5,
55.5, 51.6, 50.0, 48.9 & 47.8%) were somewhat satisfied with
the use of crop residues, cowdung, bio-gas slurry, kitchen
waste, growth promoters, green manure/FYM, poultry litter
and parasitic predators. In case of maize the most commonly
organic inputs used by the farmers were bio-fertilizers, bio-
pesticides, growth promoters, green manure and vermi-
compost. The respondents were highly satisfied with the
organic inputs, i.e., green manuring (58.3%), bio-fertilizers
(58.0%), biogas slurry (47.6%), growth promoters (45.6%),
cow dung (45.0%) and vermi-compost (44.7%). The
percentage of farmers not satisfied with the use of organic
inputs varied from 0.5 to 18.2, while it ranged from 13.3 to
62.0 per cent in case of satisfied respondents (Table 1).

In case of vegetables the most common organic inputs
used by the farmers were vermi-compost, bio-fertilizers, FYM,
growth promoters, green manuring and parasitic predators
(Table 1). The majority of the farmers were highly satisfied
with the use of vermi-compost (50.0%), leguminous crops
(50.0%), green manuring (47.4%), bio-fertilizers (46.8%) and
poultry manure (46.1%). The small percentage of the
respondents were somewhat not satisfied with the use of
compost (21.9%), kitchen waste (20.8%), use of leguminous
crops (18.7%) and bio-pesticides (15.8%). In  case of paddy,
majority of the respondents  (52.9, 45.2, 44.4 & 43.6%) were
highly satisfied with the use of cow dung, parasitic
predators, FYM and growth promoters. The percentage of
satisfied farmers with different organic inputs varied from
35.3 to 60.0 per cent, whereas, it was in the range of 4.7 to
20.0 per cent in case of non-satisfied (Table 1).

In case of sugarcane, farmers were highly satisfied  with
use of bio-fertilizers (50.0%), bio-pesticides (50.0%), parasitic
predators (50.0%), FYM (45.5%), vermi-compost (42.9%),
poultry manure (41.2%) and growth promoters (39.5%). The
percentage of non-satisfied farmers with various organic
inputs varied from 4.8 to 14.3, while these percentage were
in the range of 40.9 to 55.5 in case of highly satisfied (Table
1).  Similarly in the case of sunflower (Table 1), the majority
of the farmers were highly satisfied with the use of cow dung
(55.5%), poultry manure (52.4%), green manuring (50.0%),
bio-fertilizers (45%) and compost (44.4%). The farmers were
not satisfied with the use of parasitic predators (19.1%), bio-
fertilizers (15.0%), FYM (10.5%), plant repellents (9.7%) and
poultry manure (9.5%). A sizeable proportion of the
respondents were somewhat satisfied with the use of vermi-
compost (59.4%), bio-pesticides (58.9%), plant repellents
(58.1%), growth promoters (55.6%), compost (55.6%), FYM
(52.6%), parasitic predators (51.1%) and green manure
(50.0%).

Organic manure and other agricultural organic matter
are important source for maintenance of soil organic matter
and to sustain soil productivity. Using those organic inputs
that are less expensive as compared to chemical fertilizers
and pesticides and with a gradual but sustained increase in
yields over a period of time, farmers are sure to reap
handsome benefits in the long run (Nagarajan, 2010). In
intensive livestock farming, a huge amount of animal excreta
being generated. Proper utilization of these wastes can
improve the physical condition of soil and environmental
quality as well as provide nutrient for plants (Sinha and
Herat, 2009; Ronquillo, 2006; Ismail, 2005). Farmers were
aware of soil health, human health and environmental
degradation by various chemicals but were of the opinion
that the government should fix remunerative price for the
organically grown products (Zinia, 2007). Farmers had a
number of sources providing information regarding
vermiculture but their main grouse for not playing a major
and positive role in vermiculture as a segment of organic
farming, was against the government (Kalra et al. 2008).

Satisfaction as per Area and Yield

It was found that the majority of farmers (98.07%) were
growing the organic wheat crop in 2.00-8.00 ha of land (Table
2), while 76.92 per cent following the conventional method
of cultivation. In case of maize, 95.24 per cent of the
respondents were practicing organic farming in 2.00-7.50
ha of land and 64.28 per cent of followed the conventional
method. Paddy was grown under organic system in 0.40-
4.40 ha by 80.00 per cent farmers, whereas it was under
conventional system by the 70.00 per cent growers in the
area of 0.40-8.40 ha. Seventy per cent respondents were
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Table 1. Satisfaction level of the farmers (n=60) using organic inputs for cultivation of different crops

S. No. Crop/Input Highly satisfied Satisfied Not satisfied 

A. Wheat Frequency Percentage Frequency Percentage Frequency Percentage 

1. Bio-fertilizers 22 44.9 19 38.8 08 16.3 

2. Vermi-compost 30 57.7 20 38.5 02 3.8 

3. FYM 13 46.2 14 50 01 3.6 

4. Cow dung 07 25.9 17 62.9 03 11.1 

5. Compost 16 44.4 12 33.3 08 22.2 

6. Bio-pesticides 23 53.5 16 37.2 04 9.3 

7. Poultry manure 10 21.3 20 42.6 17 36.2 

8. Biogas slurry 07 21.9 20 62.5 05 15.6 

9. Growth promoter 15 48.9 16 51.6 0 0 

10. Kitchen waste - - 05 55.5 04 44.4 

11. Poultry litter - - 03 48.9 04 57.1 

12. Green manure 06 37.5 08 50 02 12.5 

13. Crop residues - - 02 66.6 01 33.3 

14. Parasitic predators 16 34.8 22 47.8 08 17.4 

B. Maize 

1. Bio-fertilizers 29 58 14 28 07 14 

2. Vermi-compost 21 44.7 19 40.4 07 14.9 

3. FYM 12 28.6 26 62 04 9.5 

4. Cow dung 18 45 20 50 02 05 

5. Compost 17 39.5 19 44.2 07 16.3 

6. Bio-pesticides 19 48.7 17 43.6 03 7.7 

7. Poultry manure 12 29.3 18 44 01 2.4 

8. Biogas slurry 10 47.6 05 45.5 02 18.2 

9. Growth promoter 21 45.6 23 50 02 4.3 

10. Kitchen waste 03 20 02 13.3 10 6.7 

11. Poultry litter - - - - - - 

12. Green manure 07 58.3 05 41.7 - - 

13. Parasitic predators 16 34.8 22 47.8 08 17.4 

14. Plant leased repellent 04 36.4 05 45.5 02 18.2 

C. Vegetables 

1. Bio-fertilizers 15 46.8 10 31.3 07 21.9 

2. Vermi-compost 20 50 18 45 02 05 

3. FYM 11 37.9 14 48.6 04 13.8 

4. Cow dung 15 42.8 18 51.4 02 5.7 

5. Compost 13 37.1 21 67.7 01 2.9 

6. Bio-pesticides 7 36.8 09 47.4 03 15.8 

7. Poultry manure 12 46.1 13 50 01 3.8 

8. Biogas slurry 04 36.4 07 63.6 - - 

9. Growth promoter 12 41.4 16 55.1 01 3.5 

10. Kitchen waste 07 29.2 12 41.4 05 20.8 

11. Poultry litter - - - - - - 

12. Green manure 09 47.4 09 47.4 01 5.2 

13. Use of leguminous crops 08 50 05 31.3 03 18.7 

14. Parasitic predators 11 42.2 13 50 02 7.6 

 Table contd...
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practicing organic system on 0.80-3.20 ha of land, in case of
vegetables, whereas the respondents percentage was 80.00
under conventional farming (Table 2). Organic sunflower
crop was grown by 89.50 per cent respondents in the area of
1.20-3.60 ha and by 52.64 per cent as conventional crop. All
the respondents were found to grow sugarcane crop
organically in small land holdings 1.60-2.80 ha, while 40.00
per cent were followed conventional method (Table 2).

The results of present study indicate that the large
number of the farmers of district Hoshiarpur are adopting
organic farming in a smaller holdings, while the majority of
the respondents cultivating the crops with conventional
farming in larger average. This is substantiated by the fact
that the area under organic farming increased from 12, 07,000
ha in 2008-09 from 42,000 ha in 2003-04 (Lakshmanan, 2010).
This increase is important as the shift in agricultural

S. No. Crop/Input Highly satisfied Satisfied Not satisfied 

D. Paddy Frequency Percentage Frequency Percentage Frequency Percentage 

1. Bio-fertilizers 21 40.4 25 48.1 08 15.4 

2. Vermi-compost 14 35.9 22 56.4 03 7.7 

3. FYM 16 44.4 17 47.2 03 8.3 

4. Cow dung 09 52.9 06 35.3 02 11.7 

5. Compost 22 39.3 28 50 06 10.7 

6. Bio-pesticides 20 38.5 29 55.7 03 5.8 

7. Poultry manure 19 38.7 25 51.0 05 10.2 

8. Biogas slurry 03 30 05 50.0 02 20 

9. Growth promoter 24 43.6 27 49 04 7.3 

10. Plant repellent 05 35.7 07 50.0 02 14.2 

11. Leguminous crops 03 42.8 04 57.1 - - 

12. Green manure 02 40 03 60.0 - - 

13. Crop residues - - - - - - 

14. Parasitic predators 19 45.2 21 50.0 02 4.7 

E. Sugarcane 

1. Bio-fertilizers 13 50 13 50 - - 

2. Vermi-compost 15 42.9 17 48.6 03 8.6 

3. FYM 10 45.5 09 40.9 03 13.6 

4. Cow dung 09 33.3 15 55.5 03 11.1 

5. Compost 12 37.5 17 53.1 03 9.4 

6. Bio-pesticides 21 50 19 45.2 02 4.8 

7. Poultry manure 07 41.2 09 52.3 01 5.9 

8. Biogas slurry 03 33.3 05 55.5 01 11.1 

9. Growth promoter 17 39.5 22 51.2 04 9.3 

10. Plant repellent 05 35.7 07 50.0 02 14.3 

11. Parasitic predators 25 50 21 42 04 8.0 

F. Sunflower 

1. Bio-fertilizers 09 45 08 40 03 15.0 

2. Vermi-compost 12 37.5 19 59.4 01 3.1 

3. FYM 07 36.8 10 52.6 02 10.5 

4. Cow dung 15 55.5 12 44.4 - - 

5. Compost 16 44.4 19 52.7 01 2.8 

6. Bio-pesticides 13 33.3 23 58.9 03 7.7 

7. Poultry manure 11 52.4 08 38.1 02 9.5 

8. Plant repellent 10 32.2 18 58.1 03 9.7 

9. Growth promoter 15 41.6 20 55.6 01 2.8 

10. Green manure 01 50.0 01 50.0 - - 

11. Parasitic predators 14 29.8 24 51.1 09 19.1 
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Table 2. Distribution of the respondents as per the percentage of area used under organic and conventional crops

Organic crop (ha) Conventional crop (ha) S. No. Crops (ha) 

Frequency Percentage Frequency Percentage      

A. Wheat ( n=52)     

a) 2.00-8.00 51 98.07 40 76.92 

b) 8.00-14.00 1 1.93 5 9.61 

c) 14.00-20.00 0 0.00 4 7.70 

d) >20.00 0 0.00 3 5.77 

B. Maize (n=42)     

a) 2.50-6.00 40 95.24 27 64.28 

b) 6.00-10.00 1 2.38 6 14.28 

c) 10.00-14.00 1 2.38 9 21.44 

d) >14.00 0 0.00 0 0.00 

C. Paddy (n=20)     

a) 0.40-4.40 16 80.00 4 20.00 

b) 4.40-8.40 4 20.00 10 50.00 

c) 8.40-12.40 0 0.00 6 30.00 

D. Vegetables (n=30)     

a) 0.80-3.20 21 70.00 24 80.00 

b) 3.20-5.60 9 30.00 4 13.00 

c) >5.60 0 0.00 2 7.00 

E. Sunflower (n=19)     

a) 1.20-3.50 17 89.50 10 52.64 

b) 3.50-6.00 1 5.25 8 42.10 

c) >6.00 1 5.25 1 5.26 

F. Sugarcane (n=15)     

a) 1.60-2.80 15 100 6 40.00 

b) 3.60-4.00 0 0.00 4 26.60 

c) >4.00 0 0.00 5 33.40 

 
practices and inputs is the unique solution to the problems
encountered in soil and human health. Since organic farming
is primarily a knowledge based rather than input based
phenomenon and aims at optimization rather than
maximization of outputs (Maruthamuthu and Yuvarani,
2011) and the change in trend of farmer’s approach is
appreciative. The present study also reveals that the majority
of the farmers, undertook organic farming were graduate
and experienced, hence supporting the hypothesis of organic
farming being knowledge based concept.

It has been noticed that the 55.76 per cent of the
respondents obtained 25.00-30.00 qha-1 and 44.24 per cent
20.00-25.00 qha-1 of yield of wheat under organic farming
but in case of conventional farming 82.70 per cent obtained
20.00-25.00 qha-1 and 15.38 per cent 15.00-22.50 qha-1 (Table
3). Only 1.92 per cent of the respondents obtained > 30qha-1

of wheat. Using vermi-compost on maize, 83.30 per cent of
the respondents obtained 13.50-15.00 qha-1 of yield and

16.70 per cent 15.00-22.50 qha-1, while in conventional
farming 71.60 per cent obtained 15.00-22.50 qha-1 and only
11.90 per cent 13.50-15.00 qha-1 (Table 3).

In case of paddy 64.70 per cent of the respondents got
20.00-27.50 qha-1 and 35.30 per cent 12.50-20.00 qha-1 yield
under organic farming, while 47.00 per cent respondents
obtained 12.50-20.00 qha-1, 35.40 per cent 20.00-27.50 qha-1

and only 17.60 per cent > 27.50 qha-1 under conventional
farming. In organic vegetables, 76.60 per cent growers
obtained 10.00-20.00 qha-1 and 23.40 per cent 20.00-30.00
qha-1 yield, whereas 76.66 per cent >30.00 qha-1, 20 per cent
20.00-30.00 qha-1 and only 3.34 per cent of the respondents
obtained 10.00-20.00 qha-1. The organic sunflower yield
obtained by 75.00 per cent respondents ranged in between
20.00-30.00 qha-1 and by 25.00 per cent in between 25.00-
30.00 qha-1 but in conventional way of farming it was 20.00-
25.00 qha-1 by 75.00 per cent farmers and 25.00-30.00 qha-1

by 25.00 per cent. In sugarcane crop, an equal percentage of
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the respondents (40.00%) have obtained 20.00-25.00 qha-1

and 25.00-30.00 qha-1 yield and remaining 20.00 per cent
obtained >30.00 qha-1 under organic farming, while in case
of conventional 60.00 per cent of the respondents obtained
20.00-25.00 qha-1 and 40.00 per cent 25.00-30.00 qha-1 (Table
3).

It has been reported that the vermi-compost exhibits
same effect on the growth and yield of plants as shown by
the inorganic fertilizers or growth regulators (Musculo et al.
1999; Singh, 2010). Application of vermi-compost along with
chemical fertilizers results in increased yield and fruit quality
(Arancon et al. 2004) mainly due to production of plant
growth regulators  by micro-organisms during the process
of vermi-composting (Atiyeh et  al. 2002). Organic agriculture
is an economically viable and feasible option for farmers as
they can earn more through organic crops and need fewer
inputs as compared to conventional farming. It has also been
observed that organic inputs are less expensive as compared
to chemical fertilizers and insecticides and enable the farmer
to attain a gradual but sustained increase in quality and
quantity of crops over a period of time.

Agricultural research institutes and universities are
turning to organic farming and even farmers have taken the
initiative to switch over towards organic means of farming.

Table 3. Distribution of the respondents as per the percentage of yield of different crops under organic and conventional
farming

S. N o. Crops yield (qha-1) O rganically grow n crop Conventionally grow n crop 

  Frequency Percentage Frequency Percentage 
A . W heat ( n=52)     

a) 3.20-4.00 23 44.24 43 82.70 

b) 4.00-4.80 29 55.76 8 15.38 

c) >4.80 0 0.00 1 1.92 

B. M aize (n=42)     

a) 1.80-2.40 35 83.30 5 11.90 

b) 2.40-3.00 7 16.70 30 71.60 

c) >3.00 0 0.00 7 16.70 

C. Paddy (n=17)     

a) 2.00-3.20 6 35.30 8 47.00 

b) 3.20-4.40 11 64.70 6 35.40 

c) >4.40 0 0.00 3 17.60 

D . V egetables (n=30)     

a) 1.60-3.20 23 76.60 1 3.34 

b) 3.20-4.80 7 23.40 6 20.00 

c) >4.80 0 0.00 23 76.66 

E. Sunflow er (n=12)     

a) 3.20-4.00 8 66.70 9 75.00 

b) 4.00-4.80 4 33.30 3 25.00 

F. Sugarcane (n=15)     

a) 3.20-4.00 6 40.00 9 60.00 

b) 4.00-4.80 6 40.00 6 40.00 

c) >4.80 3 20.00 0 0.00 

 

As per the farmers opinion there is a need of specialized
training programmes by the established institutes of higher
learning and this would encourage the farmer to adopt the
organic farming practices at their farms. The future success
of organic cultivation and vermi-culture management
strategies, therefore, has a great promise in protecting the
environment and increasing farm income.
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ABSTRACT

Field investigations on botanicals fermented in cow urine (Cu) alone and in combination with panchagavya (PG)
against brinjal shoot and fruit borer, Leucinodes orbonalis (Guenee) revealed that shoot infestation could be minimized
with Cu fermented lantana leaves (17.35%) and Cu fermented hyptis leaves (17.66%) as compared to untreated
control (20.90%), while, in combination with PG (3%), karanj leaves fermented in Cu (10%) showed the minimum
shoot infestation (16.22%). The test organics were however, found ineffective in restricting the fruit damage caused by
the borer species. However, from the point of the marketable fruit yield (135.5 -141.7 q ha-1) and benefit cost ratio
(38.20:1 - 42.68:1), treatments like Cu fermented karanj leaves (10%) and Cu fermented neem leaves (10%) were
considered ideal. The above organics could substantiate the loss caused by the shoot and fruit borer in brinjal, possibly
through compensation of plant growth.

Key words: Shoot and fruit borer, panchagavya, botanicals, cow urine, benefit cost ratio.
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The creativity of the farmers in solving technical
problems by native resources is gaining popularity in recent
years for achieving sustainability in agriculture and food
security. Botanical insecticides have long been touted as
alternatives to synthetic chemical insecticides because of their
safety to both the environment and human health (Murray,
2006). Researchers in the past showed that the combination
of cow urine and / or cow dung with plant products not
only provided nutrients to plants, but also acted as pest
repellents (Prakash and Rao, 1997; Vijayalakshmi et al. 1999)
and the effectiveness of cow urine along with various
botanicals has been reported in the past against certain major
crop pests of groundnut and chickpea (Vijayalakshmi et al.
1999; Barapatre and Lingappa, 2003), pigeonpea (Sadawarte
and Sarode, 1997), mustard (Gupta, 2005), sesame (Ahirwar
et al. 2008), potato (Rani et al. 2009),  okra (Hegde and
Nandihalli, 2009; Mallapur and Dhanalakshmi, 2011) and
wheat and paddy (Neelam and Chandla, 2010; Aswal et al.
2010). Similarly, the growth promoting ability of
panchagavya though established earlier (Perumal et al. 2006;
Mathivanan et al. 2006). However, no studies have so far
been initiated to study the efficacy of the above organics
against the insect pest of brinjal. Thus, the present studies
were conceived to assess certain botanicals fermented in cow
urine applied either alone or in combination with
panchagavya against the shoot and fruit borer incidence in
brinjal.

MATERIALS AND METHODS

Brinjal cultivar Utkal Anushree (BB 45C) seedlings were
planted on 29.08.2010 in plots of 4.0 × 2.0 m  with a row- to
row- and plant to plant spacing of 50 cm. The crop was
raised by following all the standard agronomic practices
and a recommended fertilizer dose of NPK (125: 80:100 kg
ha-1). The treatments comprising of botanicals fermented in
cow urine and panchagavya are cashew (Anacardium
occidentale) leaves soaked in cow urine  and sprayed @ 10%
(T1), neem (Azadirachta indica) leaves soaked in cow urine
and sprayed @ 10% (T2), karanj (Pongomia sp.) leaves soaked
in  cow urine  and sprayed @ 10% (T3), Lantana camara leaves
soaked in cow urine and sprayed @ 10 % (T4), Hyptis
suaveolens leaves  soaked in cow urine and sprayed @10 %
(T5), panchagavya 3% + T1 (T6), panchagavya 3% + T2 (T7),
panchagavya 3% + T3 (T8), panchagavya 3% + T4 (T9),
panchagavya 3% + T5 (T10), panchagavya 3% + T6 (T11),
endosulfan @ 2ml l-1 (T12) and Untreated control (T13).

All the required leaves of cashew, neem, karanj,
Lantana, Hyptis were freshly collected from field. The leaves
of the corresponding plants were pounded to paste and
soaked in freshly collected cow urine in the ratio of 1:2 and
allowed to soak for 24 hours in glass jars. The botanicals
thus prepared were sprayed at the concentration of 10 per

* Part of the M.Sc(Ag.) thesis submitted by the first author to OUAT during 2011.
1Present Address: C/o B.R.Ramulu, H.No.: 18-7-658/20/A, Sri Ram Nagar Colony, Chatrinaka, Charminar, Hyderabad 500 030.
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cent after straining them properly. About two liters of
panchagavya was freshly prepared in the specified
sequence. On the first day of preparation 300ml of cow urine
and coconut water were mixed in a container. After 3 days,
cow ghee was added to cow dung and thoroughly mixed in
an earthen pot. On 6th day cow urine was added to the cow
dung and ghee and on 8th day all the remaining ingredients
like curd, cow milk, jaggery, riped banana, fresh coconut
water and toddy water were added to the cow dung and
mixed thoroughly. Fresh coconut water fermented for 3 to 4
days was used as toddy water. Panchagavya, thus prepared
in an earthen pot was stirred twice every day (morning and
evening) to aerate the contents and prevent foul smell. On
15th day, the panchagavya (PG) was used for first three
sprayings after straining out the fiber and unwanted debris
and fresh PG prepared again for subsequent three sprays.
Total six sprayings were applied during the crop period with
first at one month after planting and the subsequent ones at
10-days interval. The number of plants showing shoot
damage in ratio to the total plants in middle two rows was
taken as a criterion for assessment of shoot damage during
vegetative stage of the crop and the observations recorded at
3rd and 10th day after spraying (DAS). In fruiting stage, at
each picking the total number of infested and healthy fruits
were counted in respect of each treatment. The percentage of
fruit damage was calculated from the cumulative counts of
total and infested fruits harvested during the crop period.

RESULTS AND DISCUSSION

The shoot damage (Table 1) caused by the shoot and
fruit borer varied with respect to various treatments at 3DAS
(15.31 - 24.23 %) and 10 DAS (15.45 - 21.53 %).  At 3 DAS
treatments like Cu fermented Hyptis leaves, PG with Cu
fermented cashew leaves and PG with Cu fermented karanj
leaves showed low shoot damage (15.57, 15.31 & 15.71%),
and these treatments were found superior over both, the
insecticidal treatment (18.6%) and untreated control (17.45%).
Similarly, at 10DAS low shoot damage of 15.45, 17.08 and
18.33 per cent were recorded in plots treated with Cu
fermented Lantana sp. leaves, Cu fermented Hyptis leaves and
PG with Cu fermented karanj leaves, respectively. All these
treatments were found effective in comparison with untreated
control (20.88%). The former two treatments, i.e, Cu fermented
Lantana leaves and Cu fermented Hyptis leaves were also
found effective as endosulfan (19.28 %).

The mean shoot damage across all the sprayings
showed significantly low shoot damage in plots treated with
PG with Cu fermented karanj leaves (16.22%), Cu fermented
Lantana leaves (17.35%) and Cu fermented Hyptis leaves
(17.66%) as compared to 20.90 per cent in untreated control.
Among the treatments, PG with Cu fermented karanj leaves

(16.22%) was also found superior over endosulfan (19.75%).
Although, the treatment effects in restricting the shoot
infestation was not consistent across spraying, but treatments
like Cu fermented Hyptis leaves and PG with Cu fermented
karanj leaves were considered as effective against the shoot
and fruit borer during vegetative stage of the crop under
pesticide free conditions.

The damage caused by L. orbonalis to fruits varied with
respect to various treatments and ranged from 23.57 to 32.69
and 21.59 to 33.59 per cent on number and weight basis
(Table 2). None of the organics showed their effectiveness in
restricting the fruit damage caused by shoot and fruit borer
(L. orbonalis) in comparison with untreated control.

Table 1. Effect of spraying with various organics on the
shoot infestation of Leucinodes orbonalis in brinjal

Cu= Cow urine and figures in parenthesis are angular values.

Shoot damage (%) by L. 

orbonalis (days after 
sprayings) 

S. 

No. 

Treatment 

3DAS 10DAS Mean (6 
Spray) 

1. Cu +cashew leaves  23.32 

(28.88) 

20.15 

(26.67) 

22.41 

(28.26) 

2. Cu + neem leaves 20.72 

(27.09) 

21.41 

(27.55) 

22.18 

(28.16) 

3. Cu + karanj leaves 24.23 
(29.48) 

19.77 
(26.40) 

28.73 
(29.13) 

4. Cu + Lantana  leaves 18.40 

(25.40) 

15.45 

(23.15) 

17.35 

(24.61) 

5. Cu + Hyptis leaves 15.57 

(23.24) 

17.08 

(24.42) 

17.66 

(24.85) 

6. Panchagavya+T1 15.31 
(23.05) 

18.70 
(25.64) 

17.59 
(25.47) 

7. Panchagavya+T2 18.43 
(25.40) 

20.07 
(26.63) 

18.80 
(25.70) 

8. Panchagavya+T3 15.71 

(23.34) 

18.33 

(25.37) 

16.22 

(23.78) 

9. Panchagavya+T4 19.7 

(26.16) 

21.53 

(27.67) 

20.13 

(26.66) 

10 Panchagavya+T5 17.20 
(24.50) 

19.98 
(27.47) 

19.41  
(26.15) 

11. Panchagavya alone 23.03 
(28.68) 

19.21 
(26.00) 

19.79 
(26.38) 

12. Endosulfan (2ml l-1) 18.6 

(26.55) 

19.28 

(26.06) 

19.75 

(26.38) 

13. Untreated control  17.45 

(24.70) 

20.88 

(27.20) 

20.90 

(27.22) 

 CD(P= 0.05) 1.11 1.68 1.81 
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Ineffectiveness of cow urine against the pod borer
complex in pigeon pea (Sadwarte and Sarode 1997; Santhosh
et al. 2009) and that of cow urine and PG against H. armigera
and S. litura were also reported earlier. However, Jacob et al.
(2007) reported that leaf extracts of ailanthus, casuarina and
cashew reduced the fruit bore infestation considerably in
brinjal.

Effect on the Marketable Fruit Yield and Benefit Cost Ratio

The marketable fruit yield of brinjal (cv. Utkal
Anushree) with respect to various treatments with organics
showed distinct variations and ranged from 93.25q ha-1

(untreated control) to 141.71q ha-1 (PG with Cu fermented
Hyptis leaves). All the treatments with Cu fermented
botanicals both alone and in combination with PG were
found superior over untreated control in respect of fruit yield
(Table 3). Plots treated with PG + Cu fermented Hyptis leaves
had maximum fruit yield (141.71q ha-1) and found at par
with Cu fermented karanj leaves (140.42 q ha-1), Cu fermented
neem leaves (135.59 q ha-1) and PG with Cu fermented Lantana
leaves (134.55q ha-1). All these organic treatments were also
found to be at par with endosulfan (140.58q ha-1).

Table 2. Effect of cow urine fermented botanicals alone and
in combination with panchagavya on the fruit
damage caused by shoot and fruit borer (L.
orbonalis) in brinjal

Cu= Cow urine and figures in parenthesis are angular values.

Fruit damage (%) 
S.No. Treatment 

Number  Weight  

1. Cu+ cashew leaves 24.69 (29.79) 23.57 (29.02) 

2. Cu+ neem leaves  24.53 (29.31) 21.59 (27.70) 

3. Cu+ karanj leaves 28.70 (32.37) 25.02 (30.01) 

4. Cu+ Lantana leaves 30.45 (33.50) 33.59 (35.40) 

5. Cu+ Hyptis leaves 27.05 (31.33) 27.73 (31.76) 

6. Panchagavya+T1 30.88 (33.77) 21.89 (28.04) 

7. Panchagavya +T2 26.87 (31.21) 24.43 (29.59) 

8. Panchagavya +T3 25.80 (30.50) 25.77 (30.50) 

9. Panchagavya +T4 32.69 (34.85) 28.88 (32.52) 

10. Panchagavya + T5 23.57 (29.05) 24.85 (29.89) 

11. Panchagavya alone 25.10 (30.10) 22.14 (28.04) 

12. Endosulfan (2ml l-1) 32.41 (34.66) 27.12 (31.39) 

13. Untreated control  25.38 (30.24) 24.05 (29.37) 

 CD(P=0.05) 2.71 2.42 

 

Table 3. Marketable fruit yield of brinjal infested with shoot and fruit borer and benefit cost ratio with respect to various
organic treatments

Cu= Cow urine, *average of nine observations, figures in parenthesis are angular values; **cost includes labour @ 3 labour ha-1 @ 90/- per day.

Cost of inputs: Cow ghee-Rs. 300 kg-1; cow curd- Rs.36 l-1; cow milk- Rs 22 l-1; Jaggery – Rs 40 kg-1; Ripped banana- (Rs 5/- 2 No.); coconut- (Rs10
piece-1); cost of brinjal (marketable) Rs.1500 q-1; cow dung, cow urine and botanicals were collected from local sources for free of cost and the cost
of collection of these items in terms of labour cost was included and cost of: Endosulfan- (Rs. 290 l-1)

S. No Treatment Yield 

(q ha-1) 

Enhanced yield 

over control  
(q ha-1) 

Cost of 

extra yield 
(Rs.) 

**Cost of 

application 
(Rs.) 

Profit or loss 

due to 
application 

Benefit-cost- 

Ratio 

1. Cu + cashew leaves 108.25 15.00 22500 1620 20880 12.88:1 

2. Cu + neem leaves  135.59 42.34 63510 1620 61890 38.20:1 

3. Cu + karanj leaves 140.42 47.17 70755 1620 69135 42.68:1 

4. Cu + Lantana leaves 110.21 17.17 23755 1620 24135 14.89:1 

5. Cu+ Hyptis leaves 128.13 34.88 52320 1620 50700 31.29:1 

6. Panchagavya+T1 122.71 29.46 44190 2940 41250 14.03:1 

7. Panchagavya +T2 106.83 13.58 20370 2940 17430 5.92:1 

8. Panchagavya +T3 133.13 39.88 59820 2940 56880 19.35:1 

9. Panchagavya +T4 134.55 41.30 61950 2940 59010 20.07:1 

10. Panchagavya + T5 141.71 48.46 72690 2940 69750 23.72:1 

11. Panchagavya alone 116.50 23.25 34875 2940 31935 10.86:1 

12. Endosulfan  140.59 47.34 71010 3360 67650 20.13:1 

13 Untreated control 93.25 - - - - - 

 CD(P=0.05) 7.16 - - - - - 
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It became apparent from above observations that
organics can enhance the fruit yield without even insecticidal
treatment. Salkinkop et al. (2008) opined that urine of cow
contains micro-organisms, which help in the growth of many
plants and herbs extracted with Cu showed insect repellency.
Similarly, Mudigora and Balikai (2009) indicated that plant
products like NSKE in combination with PG and Cu could
be as effective as that of chemical insecticides. In view of
above facts higher marketable fruit yields in brinjal as
obtained in the present investigation might be due to growth
promoting ability of Cu and PG. Earlier, Ramesh et al. (2005)
reported that increased yield could be possible with organic
practices. Increased yield using PG has been demonstrated
earlier in rice (Balasubramaniam et al. 2001), chilli (Sridhar
et al. 2001; Subhashini et al. 2001) and okra (Vennila and
Jayanthi, 2008). Enhancement of growth and vigour of the
crops, inducing resistant to pests and improving keeping
quality of vegetable and fruits have also been reported by
Natarajan (2002). Although, references on the effect of
organics (cow urine and PG) on brinjal fruit yield were not
available for comparison with the data of present
investigation, but use of organics in vegetable crops like
brinjal for enhancing the marketable fruit yield is foreseen
from the findings of the present investigation

While comparing marketable fruit yield obtained from
treated plots with that of untreated plots, the yield benefit
over the control was found to range from 13.5 to 48.46q ha-1

(Table 3). The cost of extra yield as innumerated on the basis
of prevailing prices showed to vary from Rs 20,370 to 72,690.
The profit due to application of organics was in the range of
17,430- 69,750. The cost benefit ratio (Table 3) with respect to
various treatments ranged from 5.92:1(PG +T2) to 42.68:1
(Cu+ karanj). The maximum benefit cost ratio (42.68:1) was
obtained with Cu fermented karanj leaves followed by the
treatments like Cu fermented neem leaves (38.20:1) and Cu
fermented Hyptis leaves (31.29:1). These treatments along
with PG + Cu fermented Hyptis leaves (23.72:1) were also
found superior over endosulfan (20.13:1). Thus, six sprayings
with any of these treatments, Cu fermented neem leaves, Cu
fermented karanj leaves and Cu fermented Hyptis leaves is
suggested for enhancing the fruit yield in brinjal irrespective
of damage caused by shoot and fruit borer (L. orbonalis) under
pesticide free conditions.  Panchagavya in nutrient
management strategies showed highest net returns and B:C
ratio in crops like rice (Yadav and Lourdraj, 2006), greengram
(Somasundaram and Amanullah, 2007) and blackgram
(Swaminathan et al. 2007).
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ABSTRACT

Field experiments were conducted with seven treatments including control for the management of safflower aphid
(Uroleucon compositae T.) during post rainy season for five years (2005-06 to 2009-10). The spray with dimethoate
(0.03 %) was most effective in suppressing aphid infestation and producing maximum seed yield (1000 kg ha-1)
followed by goneem @ 5 ml liter-1 (712 kg ha-1), seed treatment with thiamethoxam @ 5 g kg-1 (680 kg ha-1) and
dashparni (601 kg ha-1). The treatments goneem, thiamethoxam seed treatment and dashparni were at par with each
other. The other formulations were relatively less effective against safflower aphid and producing less seed yields.
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Safflower (Carthamus tinctorius L.) is an ancient
indigenous edible oilseed crop of India. It has occupied an
area of 2.92 lakh ha with the production of 1.89 lakh tones
and productivity of 649 kg ha-1 during 2008-09.
Maharashtra state contributes 64 per cent (1.86 lakh ha) and
56 per cent (1.05 lakh tones) area and production of the
country, with the productivity of 565 kg ha-1. The safflower
oil as well as petals have medicinal importance for the heart
patients because of rich profile of the polyunsaturated fatty
acids. Dajue and Griffee (2001) reported that in China and
India, the safflower corolla have been used for medicinal
purposes and the cultivar with a red flower, spinelessness
and narrow branching angle are much better than the
cultivars with the spiny and yellow flower. Safflower is
affected by a number of insect pests and diseases causing
substantial loss in yield (Singh et al. 1999). However,
safflower aphid (Uroleucon compositae) is one of the most
destructive pest infesting the crop particularly from its
elongation stage  to flowering period (Akashe et al. 1999;
Anonymous, 2003). The safflower aphid causes 37 to 74 per
cent loss in yield (Rathore, 1983; Bhardwaj et al. 1990).
Effective chemical control measures have been developed
for aphid control which involve number of insecticide
treatments (Dhange et al., 1996; Charati and Pawar, 1998
Neharkar et al. 2003; Akashe et al. 2007b; Anoymous, 2009;
Sharma et al. 2009). The major limitations of these methods
are insecticidal hazards and high cost of cash inputs for
plant protection. The relative efficacy of some of the botanicals
against safflower aphid has also been reported by earlier
workers (Akashe and Shewale, 1997; Akashe et al.1998; Pal
et al. 1999; Akashe et al. 2007a).  The natural products are

safe and eco-friendly for pest management as they do not
harm the parasites and predators and cause environmental
pollution (Ingawale et al. 2005). Therefore, efforts were made
to evaluate the botanicals in comparision with the presently
recommended dimethoate 30 EC (0.03%) spray as well as
seed treatment with thiamethoxam 70 WS (5 g kg-1).

MATERIALS AND METHODS

The field experiments were conducted with safflower
(cv. Bhima) during the year 2005-06 to 2009-10 with plot
size of 4.0 x 4.5 m. The experiments were carried out under
Randomized Block Design with seven treatments and three
replications. Two applications as per treatment details
(Table 1) were given at 40 and 55 days after sowing during
each season. The dashparni, extract of various plant leaves
on w/v basis and jivamrut of cow dung, urine, jaggery and
sorghum grains were prepared as per the methods given
below:

A) Dashparni extract:

1. Neem (Azadirachta indica) leaves 5 kg

2. Ghaneri /Tantani (Lantenna camera) leaves 2 kg

3. Nirgudi (Vitex nigurida) leaves 2 kg

4. Papaya (Carica papaya) leaves 2 kg

5. Dhatura (Datura innoxia) leaves 2 kg

6. Rui (Calotropis gigantea) leaves 2 kg

* No. Pub/MPKV/DOR172/2010
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7. Kanher (Narium indiccum) leaves 2 kg

8. Mogli Erand (Jatropha curcas) leaves 2 kg

9. Karanj (Pongamia pinnata) leaves 2 kg

10. Custard (Annona squamosa) leaves 2 kg

All the ingredients soaked in 100 litre of water, added
detergent powder (0.1 %) to prevent fungal growth and
shaken daily. After one month filtered and make up the
volume to 100 litre for spray.

B) Jivamrut

Cow-urine (15 l), jaggery (1 kg), partially crushed
sorghum grains (1 kg) and cow-dung (1 kg) and the mixture
was shaken one hour before application thoroughly with
the help of stick and applied five litre slurry jivamrut to each
plot (4.0 x 4.5 m) as a root zone application.

The observations on aphid count were recorded on 5
cm apical twig (plant-1) on five randomly selected plants in
each treatment at fortnightly intervals. Seed yield (kg ha-1) of
each treatment was recorded at harvest. The benefit cost ratio
of each treatment was also worked out for comparison.

RESULTS AND DISCUSSION

All the treatments recorded significantly less (11.65-
37.84 & 7.80-25.37 aphids plant-1) aphid population (Table
1, 2) than the absolute control (57.71 & 60.17 aphids plant-1)
after both the sprays. However, the pre-count before first spray
was non-significant which indicated the uniformity of pest
population in all treatments. The results also revealed

significant reduction in the aphid population on safflower
in the plots treated with dimethoate  (11.65 & 7.80 aphids
plant-1) after first and second sprays. It was followed by
goneem (20.08 & 12.23 aphids plant-1) and dashparni (22.40
& 14.50 aphids plant-1). These two treatements performed
better next to dimethoate. The maximum per cent decline in
aphid population after second spray (Table 2) could be
achived through dimethoate (87.04 %) followed by goneem
(79.67 %) and dashparni (75.90 %). After second spray two
treatments viz., jivamrut and cow urine were at par with
each other in respect of aphid population.

Significantly highest seed yield of 1000 kg ha-1 was
recorded by dimethoate (0.03 %) over rest of the treatments
followed by goneem (712 kg ha-1).  The treatments of goneem,
ST-thiamethoxam and dashparni were at par with each other
in respect of seed yield (Table 3).  The economics of the
treatments showed that the highest B : C ratio of 2.37 was
obtained from spraying of the dimethoate followed by
thiamethaxam ST (1.78), dashparni (1.56) and goneem (1.53).

The botanicals particularly neem formulations are
reported safer to parasites and predators (Sontakke, 1993)
and effective against aphids (Anonymous, 2001; 2005). Pal
et al. (1999) also tried some of the registered neem
formulations against safflower aphids (Dactynotus carthami
HRL) under Potter’s Tower using film technique and based
on LC

90
 values. Among various neem products, the

Nimbicidine was more effective than pure neem oil for
controlling 90 per cent of aphids. Based on the observations
made on the efficacy of botanicals, aphid population buildup
and reduction in its number and seed yield, it may be
concluded that either seed treatment with thimethoxam 70

Table 1. Efficacy of botanical insecticides agaisnt safflower aphid after first spray during 2005-06 to 2009-10

Population of aphids (5 cm twig-1 plant-1) 

Before spray After spray 

Treatment 

05-06 06-07 07-08 08-09 09-10 Mean 05-06 06-07 07-08 08-09 09-10 Mean 

Dashparni spray (2% each & 
5% neem leaves) 

66.67 44.33 45.00 43.00 53.33 50.47 39.00 11.00 21.67 19.17 21.17 22.40 

Jivamrut-root zone application 

(5 l plot-1) 

72.33 44.33 45.33 43.00 53.17 51.67 57.50 24.00 33.89 35.83 38.00 37.84 

Cow-urnine spray (50% w/v) 66.00 45.33 45.00 43.00 53.17 50.28 51.00 16.33 36.11 29.17 33.33 33.19 

Goneem spray (5 ml l-1) 75.67 44.33 45.00 42.00 52.00 51.76 37.50 11.33 22.39 13.17 15.50 20.08 

Dimethoate (Rogar) 30EC 
(0.03% 1 ml l-1) 

70.00 43.00 44.67 43.00 52.83 50.70 21.33 5.00 12.89 8.00 11.00 11.65 

Seed treatment with 

Thiamethoxam 70 WS (5 g kg-1) 

65.00 43.00 44.67 42.33 52.00 49.36 32.33 15.83 33.45 26.50 28.50 27.32 

Control without treatment  67.67 44.67 45.67 43.33 54.50 51.17 72.33 60.33 49.89 46.00 60.00 57.71 

C.D. at 5% NS NS NS NS NS NS 5.55 3.71 3.25 3.40 2.77 1.58 
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WS (5g kg-1 seed) at sowing or two sprays of dimethoate
(0.03%) are effective in controlling the safflower aphids.
Srivastava and Singh (2003) also studied the eco-friendly
management of insect pests and diseases of mustard.

Based on above results, it can be concluded that in lieu
of eco-friendly management of safflower aphid and
producing good seed yield, two sprays either of goneem (5ml
l-1) or dashparni as fermented on w/v basis or alternate spray
each first at ETL (40-45 DAS) and second at 55-65 DAS may
be suggested in the safflower growing scarcity zone of
Maharashtra, India.
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ABSTRACT

The  present studies consists of  lactic acid production through the batch and fed batch fermentation methods
utilizing hydrolyzed potato starch  and pure strains of Lactobacilli, i.e., Lactobacillus delbreuckii (NCIM2025), L. pentosus
(NCIM 2912), Lactobacillus sp. (NCIM 2734), Lactobacillus sp. (NCIM2084) and co-culture of first two strains. The
above fermentation methods required , 1.55g l-1 cell dry weight (inoculum) with 60, 80, 100, 120 and 140 g l-1 doses
of initial soluble potato starch. The potato starch was acid hydrolyzed and the neutralized hydrolyzate were applied
as carbon source  in production media with NaOH neutralizer (2%) at 360C having initial pH of 6.5 for 108 hours at
180 rpm. In batch and fed batch fermentations, the co-culture provided the highest lactic acid production of 94.10 g
l-1 and 120.08 g l-1, followed by that of L. delbreuckii, 87.86 g l-1 and 109.27 g l-1 at 120 g l-1 and 140 g l-1 potato starch
input. The 140 g l-1 starch input resulted in maximum lactic acid production in fed batch fermentation, while the same
dose was inhibitory in batch fermentation. The present experiment highlights the potential advantages of the co-
culture over pure culture and fed batch production over the batch one, in terms of maximum lactic acid production
and operating without inhibition at high potato starch input of 140 g l-1.

Keywords: Batch, co-culture, fed batch, fermentation, Lactobacillus.
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Lactic acid (2-hydroxy propanoic acid) is a high utility
organic acid   that finds various applications in food, dairy,
chemical, textile, pharmaceutical industries and in
biomedical sector (Ghosh and Ghosh , 2011). Several uses of
lactic acid  and its major producer, Lactobacillus sp., is widely
used as acidulant, preservative, flavouring agent, probiotics
and bacteriocins in food and dairy industries and act as
moisturizing agents in cosmetics (Adsul et al. 2007;
Narayanan et al. 2004; Adnan and Tan, 2007). About 20-30
per cent of global production of lactic acid has been used as
monomer feedstock for the biopolymer industry in 2005
(Zhang et al. 2007). Lactobacilli play an active role in pickling
of horticultural products such as cabbage, cucumber and
olives, they are also involved in partial fermentation of
carrots, cauliflower, okra and green tomatoes for mixed
pickled products (Vaughn, 1987). The lactic acid obtained
from Lactobacillus sp. is preferred over chemical synthesis
methods, as it provides steriospecific L(+) and D(-) forms of
high purity lactic acid, while chemical synthesis provides a
racemic mixture DL lactic acid which is expensive to separate
(Altaf et al., 2006). About 90 per cent of world wide lactic
acid production is based on microbial fermentation (Adsul
et al. 2007) because of high cost involved in purification of
lactic acid isomers in chemical synthesis. Cost of fermentative
lactic acid production can be minimized further through the

application of acid or enzyme hydrolyzed starch as carbon
source. Starch is a polysaccharide abundantly found in
agricultural crops such as potato, corn, sweet potato etc.
Starch production and utilization from potato has been
predominant due to the higher carbohydrate availability,
abundant production of potato round the year in various
seasons in different parts of the country. In the year 2005, 39
per cent of the net potato production in Japan had been
utilized for starch production (Absar et al. 2009 ). Besides
various uses such as in food industry, paper making, printing
industry, textile industry, adhesives and laundry washing,
the potato starch  has been utilized  in  production of lactic
acid and  ethyl alcohol (Trivedi, 2008). Application of potato
starch or food industry waste and water containing potato
starch has been successfully utilized in fermentative
production of lactic acid with Lactobacillus delbrueckii,
Rhizopus oryzae and Rhizopus arrhizus (Venkatesh et al., 1999;
Huang et al. 2005).Acid hydrolysis or enzymatic hydrolysis
of potato starch have been used  to provide glucose, which
may be applied as fermentation substrate, specially for non-
amylolytic  micro-organisms (Absar et al. 2009; Tsai and
Moon, 1998; Wang and Wang, 2001).  The objectives of the
present study were to compare the lactic acid production
through the batch and fed batch fermentations, to determine
the effect of different doses of starch (used after acid
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hydrolysis and neutralization) on lactic acid production by
the Lactobacillus strains and to evaluate the advantages of
application of co-culture over the pure strains of Lactobacilli,
in terms of lactic acid production and productivity.

 MATERIALS AND METHODS

The chemicals used in these experiments were of Merck
and High media make. Pure cultures of Lactobacillus
delbrueckii (NCIM2025), L. pentosus (NCIM 2912), Lactobacillus
sp. (NCIM 2734) and Lactobacillus sp. (NCIM2084) had been
acquired from National Chemical Laboratory(NCL) Pune.
The inoculum for the Lactobacilli strains were prepared in
MRS (de Mann Rogosa  Sharpe) medium at 350 C and 180
rpm for  fourteen hours. The MRS medium contains proteose
peptone (10g), yeast extract (5g), beef  extract (10g), dextrose
(20g), tween 80 (1g), ammonium citrate (2g), sodium acetate
(5g), MgSO

4
.7H

2
O (0.1g), MnSO

4
 (0.05g), K

2
HPO

4
 (2g) in one

liter of distilled water. The coculture was prepared with the
volumes of the liquid cultures corresponding to 1.55g l-1 cell
dry weight by mixing the L. delbrueckii and L. pentosus. Acid
hydrolysis of potato starch (Merck, analytical grade) at
different doses (60, 80 ,120 & 140g) to make one liter solution
in distilled water, was heated with HCl (1%) at 800C till 85
per cent conversion to glucose.  One litre of starch
hydrolyzate based production medium consists of acid
hydrolyzed starch prepared with various  initial doses of
60, 80, 120 and 140 g l-1 were applied in production medium
with 15 g of initial dose of dextrose and 15g yeast extract, 1g
sodium acetate, 0.03g MnSO

4
.H

2
O, 0.10g MgSO

4
.7H

2
O, 0.25g

KH
2
PO

4
, 0.25g K

2
HPO

4
 and 0.03g FeSO

4
. Earlenmayer flasks

of 250 ml containing 100ml production medium, were
inoculated with 1.55 g l-1 cell dry weight keeping the initial
pH 6.5.These were incubated at 36o C for 108 hours at 180
rpm with  an addition of sodium hydroxide neutralizer (2%)
every 12 hours to maintain the pH. In the fed batch
experiments, 10 ml feeding every 12 hours of acid hydrolyzed
and neutralized starch solutions prepared from 60, 80, 120
and 140g starch doses were performed with their respective
flasks. Sodium hydroxide (2%) was preferred over calcium
carbonate due the inhibitory effects of calcium carbonate on
the bacterial strains under study (Ghosh and Ghosh, 2008;
2009). The dry weight of bacterial cells was determined by
centrifugation of preculture MRS broth  obtained after 14
hours at 8000 rpm for 10 minutes to separate the cells from
supernatant followed by washing with NaCl solution
(0.85%) and drying in preweighed   microporous papers at
700C till constant weights were attained.

Estimation of Sugars by DNS Method

This method is used to quantify reducing sugars such
as glucose (Sadasivam and Manickam, 1996). It utilized DNS
reagent, which consists 3, 5 dinitrosalicylic acid, phenol,
sodium sulphate and sodium potassium tartarate. One gram
of dinitrosalicylic acid, 200mg crystalline phenol and 50 mg
sodium sulphite were dissolved in 100 ml sodium hydroxide
(1%) by stirring, to make the DNS reagent. A mixture of 3ml
test solution and an equivalent volume of the DNS reagent
were mixed and heated in boiling water bath for 5 minutes
and the warm  test tubes containing the above mixture  was
added with 1ml of sodium potassium tartarate (Rochelle salt)
solution (40%). After cooling, the absorbance was measured
at 510 nm in a UV-VIS double beam spectrophotometer.

Estimation of Lactic Acid by Kimberley Taylor Method

The lactic acid present in the extracts  were
quantitatively assayed by Kimberly  Taylor method, which
utilizes hot concentrated sulphuric acid effects , that include
oxidation of  lactic acid to acetaldehyde and subsequently
forms a chromogenic complex with p- phenyl phenol in
presence of copper. The extracts were centrifuged at 8000g
and the supernatants were used for  lactic acid estimation.
The supernatant (0.5 ml) was added with 3ml of sulphuric
acid (96%) followed by heating for 10 minutes in boiling
water bath and cooling it at room temperature for about 30
min. The cool solution was added with 50 micro litre copper
sulphate (4%) and 100 micro litre p- phenyl phenol(prepared
by  dissolving 1.5 per cent of reagent in 95% ethyl alcohol),
which provided a chromogenic complex. The absorbance
for lactic acid is measured in a UV-VIS double beam
spectrophotometer at 570nm (Taylor, 1996; Mirdamadi et al.
2002)

RESULTS AND DISCUSSION

The results of batch fermentation indicate that for every
dose of starch, the co-culture showed higher lactic acid
production in comparison with the pure strains of Lactobacilli
under study (Table 1). At 120 g l-1 starch input the co-culture
exhibited overall maximum lactic acid production
(98.10 g l-1) followed by L. delbruckii (87.86 g l-1). The L. pentosus
(primarily pentose utilizing bacteria) showed the least lactic
acid production for each dose of starch, since the acid
hydrolyzate of starch contains, glucose (hexose) as its major
component. At starch dose 120 g l-1 all the pure strains and
the co-culture attained their individual maximum lactic acid
production (Table 1) incase of batch fermentation, the co-
culture attained overall highest productivity of 1.53 at
100 g l-1 starch input. It is evident from the Table 1 that the
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values of the lactic acid production and productivity by all
the strains of Lactobacilli show a sharp decline at 140 g l-1

starch dose, due to inhibitory effect of high sugar dose.

The data for fed batch fermentation presented in Table
2 indicate the attainment of highest individual lactic acid
production values and productivities for all the Lactobacillus
spp. at 140 g l-1 of starch, while the same dose of starch
proved to be inhibitory (Table 1).The highest overall lactic
acid production was attained by the co-culture (120.08 g l-1)
while the L. pentasus showed minimum lactic acid production
with all the doses of starch (Table 2). The batch production
achieves maximum productivities till 120 g l-1 starch dose
while at 140 g l-1 starch dose fed batch fermentation has both
higher lactic acid production and productivities (Table 1).

All the Lactobacillus spp. and co-culture of L. delbruckii
and L. pentosus had lowest pH  values of 3.91, 4.10, 4.02, 3.96

and 3.82 at 140 g l-1 starch dose in fed batch production
while lower pH  values of  4.24,4.40, 4.35, 4.31 and 4.04 were
at 120 g l-1 starch level in batch production.

The mathematical relations (quadratic functions)
between the starch input and lactic acid output and the trend
line, resulting from the batch fermentation for all the
Lactobacillus spp. and co-culture showed in Fig. 1 (a, b, c, d,
e). Higher value of the coefficient of correlation R2 has been
taken into account for selection of these mathematical
relations  between the starch input and lactic acid output in
case of each of the Lactobacillus strains.

The mathematical relations between the starch input
and lactic acid output and the trend line, resulting from the
fed batch fermentation for the Lactobacillus spp. and co-culture
depicted in Fig. 2 (a, b, c, d, e). Higher value of the coefficient
of correlation R2 has been the basis of selection of these

Table 1. Production of lactic acid by the different strains of Lactobacilli at various doses of starch during batch fermentation.

LA= Maximum lactic acid concentration (g l-1); P-Corresponding productivity

Table 2. Lactic acid formation by the different strains of Lactobacilli corresponding to various doses of starch during fed batch
fermentation.

LA= Maximum lactic acid concentration and  P = Corresponding productivity

Starch g l-1 

60 80 100 120 140 Bacterial strain 

LA P LA P LA P LA P LA P 

L. delbrueckii  

(NCIM2025) 
47.08 0.784 63.33 1.055 78.39 1.306 87.86 1.220 72.12 1.001 

L. pentosus 

(NCIM2912) 
38.01 0.635 48.59 0.809 64.72 1.078 75.85 1.264 60.56 0.841 

Co-culture of 
both above spp. 

48.92 0.815 68.40 1.140 91.88 1.531 98.10 1.362 76.35 1.060 

Lactobacillus sp.  
(NCIM2734) 

43.01 0.716 57.39 0.956 71.85 1.197 78.84 1.306 68.39 0.949 

Lactobacillus sp.  

(NCIM2084) 

40.05 0.667 54.26 0.904 70.87 1.181 79.63 1.327 70.13 0.862 

 

Starch g l-1 

60 80 100 120 140 Bacterial strain 

LA P LA P LA P LA P LA P 

L. delbrueckii  (NCIM2025) 52.17 0.621 69.56 0.828 86.08 1.024 96.01 1.142 109.27 1.300 

L. pentosus (NCIM2912) 42.39 0.504 49.69 0.591 72.10 0.858 86.02 1.042 96.02 1.143 

Coculture of both above spp. 54.37 0.647 72.50 0.863 95.80 1.140 103.05 1.431 120.08 1.429 

Lactobacillus sp. (NCIM2734) 47.73 0.568 63.98 0.761 76.92 0.915 89.46 1.065 99.38 1.183 

Lactobacillus sp. (NCIM2084) 44.14 0.525 59.68 0.710 74.06 0.881 91.85 1.093 103.55 1.232 
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mathematical relations. In Fig. 2., the  lactic acid production
in first 3 Lactobacillus spp. and co-culture follows a
logarithmic relation with the starch input and the 4th

Lactobacillus sp. follows a linear one, while in Fig 1 all the
strains show a quadratic relation between these variables.

The present investigations showed that the lactic acid
production was highest in case of the fed batch fermentation,
while the productivity was higher in batch fermentation till
120 g l-1 starch input. Fed batch fermentation provided higher
lactic acid production as well as productivity for all the pure
strains and co-culture of Lactobacillus spp. at 140 g l-1 dose of
starch, whereas in batch production gets inhibited. Hence,
it can be inferred that fed batch fermentation is better than
the batch one at higher sugar inputs. Considering the
cheaper cost, abundance, wide distribution and easy
availability of potatoes throughout the year, the acid

Fig.1. Mathematical relations between potato starch input and lactic acid output in batch production by Lactobacillus delbrueckii (a),
 L. pentosus (b), Lactobacillus sp. NCIM 2734 (c), Lactobacillus sp. NCIM 2084 (d) and co-culture of L. delbrueckii and L. pentosus (e)

hydrolyzed starch obtained from it has the potential to
provide significant amount of  low cost carbon source  for
microbial production of lactic acid. The results of these batch
and fed batch experiments suggest that the Lactobacillus sp.
NCIM 2734 had higher lactic acid production than
Lactobacillus sp. NCIM 2084 till 100 g l-1 of starch input,  while
at the higher starch levels of 120 g l-1 and 140 g l-1 its
production fell below the Lactobacillus sp. NCIM 2084
suggesting better adaptation and  lactic acid production by
Lactobacillus sp. NCIM 2084 with higher inputs of sugar. The
present studies with batch and the fed batch fermentations
showed that the co-culture had significantly higher lactic
acid production than its constituent strains and the other
pure strains at all levels of starch input, hence, the co-culture
may be more suitable for the lactic acid fermentation
industries.
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Fig 2. Mathematical relations between potato starch input and lactic acid output in fed batch production by Lactobacillus delbrueckii (a), L.
pentosus (b), Lactobacillus sp. NCIM 2734 (c), Lactobacillus sp. (NCIM2084) (d) and co-culture of L. delbrueckii and L. pentosus (e).
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ABSTRACT

It is revealed from the results that the regular use of organic practices such as organic composts, local strains of
prophylactic bio-agents and ITKs were found to improve the soil health in terms of soil inhabiting beneficial micro-
fauna as well as availability of nutrients. The available nutrients in the organic field treated by different types of
compost improved rapidly except soil pH. The per cent increase in available nutrients (N, P, K, OC, Ca & Mg) in the
soil ranged from 0.48-0.98, 0.18-0.27, 0.38-0.58, 9.32-11.76, 0.40-1.30 (ppm) and 0.30-0.96 (ppm) after three year
regular addition of organic compost. The disease causing organisms and disease incidence in different crops showed
a decreasing trend in the organic field. However, the disease incidence mostly depends on several abiotic factors yet
the local strains of bio-agents, which acclimatized in the local ecological niches and ITK were proved quite effective in
reducing disease incidence. The per cent reduction in rice blast (basmati rice) ranged in between 17.18-62.64, early
blight of tomato between 18.61-69.78 and angular leaf spot of French bean between 25.39-66.67. It has also been
observed that the regular addition of organic composts (vermi, NADEP, biodynamic & EM) increases certain beneficial
soil inhabiting fauna such as earthworm and collembolan, helpful in regeneration of soil quality. The earthworm
population varied from 6.85-8.35 and collembolan from 102.91-132.53 25 m-2. The mortality in larval population of
different insect pests causing losses to the mountain crops were also observed during the course of study by using
ITKs. The per cent larval mortality in cabbage butterfly ranged in between 46.95-68.98 and in grain amaranth leaf
webber between 29.22-84.29.

Key words: Organic practices, soil health, amaranth, cabbage, paddy, diseases, insect pests.
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The Uttarakhand hills have 80 per cent population
engaged in agricultural and pastoral occupation. This region
is known for its varied climate, soil and agro-ecology and
possesses immense variability in plant wealth. Agriculture
is the main stay of life for the mountain dwellers. More than
three-fourth of Uttarakhand’s total population depends on
agriculture for their livelihood and the economy. However,
the land holdings are small and fragmented and irrigation
facilities limited. Due to physical, geographical and
environmental reasons, the scope for agricultural policies
based on modern input-intensive agriculture is severely
constrained in the hill regions. As a result, the majority of
the rural population in the hill either survives on subsistence
agriculture or migrates to other parts. In spite of being a small
state, Uttarakhand has certain key features that make it
distinct from other states of the country. All the hill districts
have subsistence farming as their main economic activity,
because of subsistence livelihood, migration and a remittance
economy operate in the hill districts. They are land-locked
with huge distances between the market and resources. Due
to these constraints, traditional agriculture cannot be the
lead sector for development. Thus, the state faces the challenge
of promoting livelihoods to minimize migration through local
employment and income generation and to enhance the
quality of life of people living in villages. There is an urgent

need to initiate steps for ensuring sustainable development
of mountain regions and one of the step may be use of
organics. The goal of present study is to evaluate the effect of
organic amendments on physio-chemical properties of soil
and pest incidence (insects and diseases) in organic fields.

MATERIALS AND METHODS

The field experiments were carried out by the Research
and Development Cell of Uttarakhand Organic Commodity
Board at State Training and Research Center for Organic
Farming, Mazakhali on different crops, viz. cabbage, tomato,
potato, grain amaranth, French bean and basmati rice to
know the impact of organic practices for 3 consecutive years
(2006-2007).

All the organic composts (vermi, biodynamic, EM &
NADEP) were prepared on the farm by the organic sources.
The data on pre and post physio-chemical properties of soil
in the organic field were recorded by analising the composite
soil sample. The pathological and entomological practices
were applied in the field by the locally isolated prophylactic
bio-agents and on farm available botanicals. An untreated
control plots for each crop were also maintained for
comparison.
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RESULTS AND DISCUSSION

Results revealed that, the physio-chemical properties
of soil were improved after the regular addition of organic
compost. The per cent increase in available nutrients in the
soil (Table 1) after three year regular addition of organic
compost ranged from 0.48-0.98 (N), 0.18-0.27 (P), 0.38-0.58
(K), 9.32-11.76 (OC), 0.40-1.30 (Ca, ppm) and 0.30-0.96 (Mg,
ppm), respectively. However, the vermi-compost was slightly
acidic. It contains high organic matter and essential macro
and micro-nutrients. If, vermi-compost is prepared from other
sources of solid waste materials, had high manuriable value,
indicating its suitability for use in agricultural field (Zaller,
2007). High organic matter contents in soil with humic
substances and growth hormones make it suitable in
improving the soil quality (Cavender et al. 2003). with turmeric rhizome powder (10 g l-1). Kim et al. (2003)

reported that curcumin was isolated from the turmeric
rhizome as a major antifungal substance and found potent
in vivo against several pathogens. In present investigation
particularly in case of rice blast almost similar pattern has
been observed, pattern where reduction in blast was 69.00
per cent. In present study, the reduction in tomato early blight
and French bean angular leaf spot ranged from 18.61-69.79
and 25.29-66.67 per cent by bio-agents T. harzianum and P.
fluorescens. (Fig. 2, 3) Results similar to resent finding were
also reported by Kharakrang et al (2002) in case of tomato,
potato and paddy.

 Although, the fertile soil means availability of nutrients
in soil but presence of beneficial soil biota are equally
important to maintain the fertility. The use of agrochemicals
cause significant increase in yield but it also imposes severe
damage to beneficial soil inhabitants like earthworms and
collembolans. The soil inhalitants are responsible for
increasing soil fertility resulting in significant increase in

Table 1. Impact of different organic maure on soil nutrient
and inhabitants

The use of organic amendments for the management of
plant pathogens has often been considered as best variable
but more often biological agents has attained importance in
modern agriculture to curtail the hazardous effect of
intensive use of chemicals for disease control (Tuber and
Baker, 1988). However, direct disease control methods are
rarely necessary in most organic crops, although some
natural plant extracts and bio-agents are applied regularly
against major diseases in some crops. Level of soil borne
and root diseases are generally lower in organic systems
than in conventional. Air borne pathogens do not generally
cause serious problems in organic system except few
exceptions.

All the diseases such as early blight, angular leaf spot
and rice blast were found to decreased in organic system
after use of certain amendments. The per cent reduction in
rice blast ranged in between 17. 18-62.64 (Fig.1) when seeds
treated with Trichoderma harzianum  and Pseudomonas
fluorescens  with highest reduction (62.64%) in the plot treated

Fig 1. Effect of different bio-agents on blast incidence and yield
of rice

Fig 2. Impact of bioagents on late blight and yield of tomato

Different Organic Substrate 

Soil nutrient/ 
inhabitants 

BD EM Vermi NADEP FYM 

Nitrogen (%) 0.98 0.48 0.82 0.68 0.8 

Phosphorus (%) 0.27 0.18 0.22 0.25 0.25 

Potasium (%) 0.58 0.38 0.49 0.5 0.54 

Organic carbon (%) 11.76 9.94 10.48 9.32 9.4 

Ca (ppm) 1.3 0.4 1.22 1 1.24 

Mg (ppm) 0.96 0.3 0.88 0.72 0.69 

Earthworms (25cm-2) 8.35 6.98 8.51 6.85 6.92 

Collembolans (25cm-2) 132.52 102.91 128.52 115.2 122.12 

White grubs (m-2) 4.1 7.31 4 5.6 5.6 

Cutworms (m-2) 1.21 3.41 3.2 2.3 2.4 

Wire worms (m-2) 5.2 7.06 6.1 8.12 7.12 
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yield and their population in the soil is the indicator of soil
health. In the present study in rainfed condition the
earthworm population varied from 6.85-8.35 (25cm-2) and
collembolan from 102.91-132.53 (25 cm-2) in the organic field
at the end of 3 years regular use of organic practices. It has
been reported in literature (Karnatak et al. 2007) that the
population of enchytraeids was 266.6 m-2 in plots treated
with chemical pesticides, while the untreated plot had more
population (2666.67 m-2). In present investigation the
earthworms’ population decreased (133.33 m-2) after 30 days
of treatment in the chemically treated plots and increased
(2366.67 m-2) in untreated ones. Same trend was observed in
case of collembolans population in the year 2004. The
herbivorous soil inhabiting insects like white grubs,
cutworms and wireworms population varied from 4.0-7.31,
1.21-3.41 and 5.20-8.12 m-2, respectively. There are
thousands of plants having pesticidal properties after
scanning of several on farm plants. It has been observed that

Fig 3. Effect of bio-control agents on angular leaf spot and yield
of French bean

Fig 4. Effect of different botanicals on mortality of butterfly larvae
and cabbage yield

Fig 5. Effect of different biotanicals on mortality of  leaf webber
and yield of amaranth grain

the per cent larval mortality in case of cabbage butterfly and
amaranth leaf webber due to uses of local botanicals after
fortification with cow urine was in the range of 46.95-68.98
and 29.12-89.29 (Fig. 4, 5). Past literature on pesticidal plants
revealed that so far these are distributed in 189 families.
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ABSTRACT

Twelve  fungal isolates, eleven Aspergillus niger and one Pencillium sp., obtained from rhizosphere and non-rhizosphere
soil of Thompson Seedless grapevines raised on two popular rootstocks, Dogridge and 110R, were evaluated for their
phosphorus (P) solubilizing abilities. The pH of the medium was brought down to 2.64 - 3.44 from 7.0 as a result of
inoculation with fungal isolates and the P solubilization from calcium triphosphate ranged from 124.7 - 178.7 ppm
(62.5 - 71.47 % solubilisation of added P)  in different isolates. The Aspergillus niger isolates were more efficient P
solubilizers than the Penicillium species. Eight bacterial isolates from rhizosphere of Thompson Seedless vines grafted
on rootstocks, Dogridge, 110R, 1103P, 99R and St. George were also evaluated for their P solubilizing capabilities.
Different bacterial isolates solubilized P content from 33.33 - 78.67 ppm (13.3 - 31.47% of added P) from calcium
triphosphate. Inoculation with bacterial isolates also decreased the pH of the media which ranged from 5.02 - 6.48 in
different isolates. A significant negative correlation was observed between the pH of the filtrate and amount of
solubilized P content by different bacterial and fungal isolates. All the fungal as well as bacterial isolates could
solubilize P at 3000 ppm NaCl salinity. Fungi were more efficient in solubilizing P than bacterial isolates.

Keywords: Phosphorus solubilizing microorganisms, salinity, grapes.
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Phosphorus (P) plays an important role in fruit bud
differentiation, increasing bunch weight and formation of
roots in grapevines. Phosphorus deficiency is detrimental to
inflorescence formation, as it results in more tendril formation
instead of clusters. Phosphorus accumulates in fruitful buds.
Large amount of P applied as fertilizer enters in to the
immobile pools through precipitation reactions with highly
reactive Al3+ and Fe3+ in acidic and Ca2+ in calcareous or
normal soils (Gyaneshwar et al. 2002; Hao et al. 2002; Omar,
1998). Therefore, very little percentage of the applied
phosphorus is actually used by the plants making continuous
P fertilizer applications necessary for good productivity. In
grape vineyards in India too, P is one of the primary nutrients
applied in large quantities due to the unfavorable soil
properties such as high calcium carbonate, high clay content
and soil compaction leading to its low availability to the
grapevines. Moreover, grapevines are considered inefficient
users of nutrients applied in soil as only 5 to 7 per cent of the
applied P is utilized by plant (Jacob and Uexkell, 1958)
leading to increased cost of cultivation. Soil microorganisms
play a key role in soil P dynamics and subsequent availability
of phosphate to plants (Richardson, 2001). With the
increasing cost of phosphatic fertilizers, there is growing
interest in devising technologies for improving the solubility
of insoluble phosphates. Phosphate solubilizing
microorganisms (PSMs) play an important role in
supplementing P to the plants, allowing a sustainable use of

phosphate fertilizers (Gyaneshwar et al. 1998; Kucey et al.
1989, Yazdani et al. 2009).  Information on ability of fungi to
solubilize phosphorus from insoluble sources is highly
lacking particularly from Indian vineyards. Hence, this study
was conducted to find out the diversity and efficiency of P
solubilizing microorganisms from different vineyards in
Maharashtra and results presented.

MATERIALS AND METHODS

The rhizospheric and non-rhizospheric soil from the
roots of Dogridge and 110R, the two commercial rootstocks,
grafted with the popular grape cv. Thompson Seedless, at
the research farm of National Research Centre for Grapes,
was used for isolation of phosphate solubilizing fungi. The
phosphate solubilizing bacteria were also isolated from the
above mentioned vineyards and three other Thompson
Seedless vineyards raised on promising rootstocks, 1103P,
99R and St. George. The rhizospheric soil samples were
collected from feeder roots, while the non-rhizospheric soil
was collected from the same vineyard soils between two rows
of vines.

Approximately 10g of feeder roots along with the
rhizosphere soil were shaken in 95 ml of sterile distilled
water (SDW) at 150 rpm for 20 minutes. Afterwards, 1 ml of
the suspension was pipetted out and mixed with 9 ml SDW,
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the suspension was vortexed and 1 ml suspension was
removed and added again to 9 ml SDW. Serial dilutions till
10-6 were prepared in similar fashion. Dilutions from 10-1 to
10-3 were used for isolation of fungi, while 10-3 to 10-6 were
used for isolation of bacteria. A 0.1ml of each dilution was
spread on Pikovskaya’s agar plates and the plates incubated
at 28±1oC. After incubation, fungal (5 days) and bacterial (8
days) colonies showing clear zone, signifying solubilization
of the tricalcium phosphate present in the medium, were
marked. Morphologically different colonies with a clear zone
of solubilization were picked from each sample. Purification
of the different isolates was done by serial dilution on
Pikovskaya’s agar plates, repeating the steps thrice.  Purified
cultures were maintained on PDA slants at 40C for further
studies. Bacterial isolates were characterised by their colony
morphology, ability to form spores and microscopic study,
as per the description of Carranza-Morse and Gilbertson
(1986). The fungal isolates were characterized on the basis
of morphological characters and also got identified from
Agharkar Research Institute, Pune.

The isolates were tested for their phosphate solubilizing
ability on Pikovskaya (PVK) broth (Pikovskaya, 1948) in
which 250 ppm P in the form of tricalcium phosphate
(Ca

3
(PO

4
)

5
) incorporated. The cultures of different isolates

were added @ 2x10-7 cfu ml-1 after making necessary dilutions
and adding the required amount of fungal culture. After
inoculation, the conical flasks (in triplicate) containing the
amended broth were incubated on a rotary shaker at 160
rpm for six days under natural day light conditions. Flasks
consisting of amended broth without inoculation served as
control. After six days of incubation, the broth of each flask
was filtered through Whatman filter paper no. 42 and the
solubilized inorganic P content in the filtrate estimated by
using ascorbic acid method (Murphy and Riley, 1962).  Salt
tolerant ability of the different isolates was evaluated on
Pikovskaya agar amended with 2000 and 3000 ppm NaCl

instead of 200 ppm used in control. The data was analysed
using CRD (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

P Solubuilizing Bacteria

The population of bacteria (g-1 soil) from different
vineyards ranged from 2.12 x 10 7 in case of P15 to 3.84 x 107

in case of P12 (data not shown). Formation of a clear halo
around the bacterial growth or clear zone around the colony
is an estimate of solubilzed P content in the media. The
cultural and morphological characteristics of the various
isolates of P solubilizing bacteria are presented in Table 1.
The isolates P1, P4, P110R and P9 were found to be motile,
while P12 was non-motile and P 14 and P15 were highly
motile. All the isolates except P110R were Gram negative.
The zone of clearance (Table 2) was largest in case of isolate
P4 (1.17 mm) followed by P14 (0.97 mm). The smallest zone
of clearance was observed in case of P110R (0.37 mm). The
solubilized P content ranged from 13.47 to 31.47 per cent
(33.33-78.67 ppm) of the total P added in the media in the
form of calcium triphosphate (Table 2.). Highest content of
solubilized P was observed in case of P12 (31.47% or 78.67
ppm) and statistically at par with P4, P13 and P14. The lowest
quantity of solubilized P was observed in case of isolate
number P110R (13.33% or 33.33 ppm) and the smallest halo
zone diameter was also observed in the same isolate. All the
bacterial isolates could solubilize P under different NaCl
salinity levels as evident from zone of clearance (Fig 1.). No
definite trend was observed in few of the isolates with respect
to the effect of salt concentration on the zone of clearance.
However, at 200 and 3000 ppm NaCl concentration (in
media), the zone of clearance was highest in case of P4. The
results of present study revealed that these isolates
particularly P4 and P14 have the potential as P solubilizers
in saline and alkaline soils.

Table 1. Cultural and morphological characters of bacterial isolates from  different rhizopheric and non-rhizopheric soil of
grape vine.

Bacterial 

isolate 

Rootstock Shape Colour Margin Elevation/ 

Consistency 

Opacity Gram reaction Bacterial 

shape 

Motility 

P1 1103 P Circular Pale Yellow Regular Moist Opaque Gram- Rods Motile 

P4 1103 P Circular White Irregular Moist Opaque Gram- Rods Motile 

P9 St. George Circular White Regular Moist Opaque Gram- Rods Motile 

P12 99 R Circular White Regular Moist Opaque Gram- Rods Non-motile 

P13 99 R Circular Yellow Regular Moist Opaque Gram- Rods Motile 

P14 Dog Ridge Circular White Regular Moist Opaque Gram- Rods Motile 

P15 1103 P Circular Deep Yellow Regular Moist Opaque Gram- Rods Motile 

P110R 110 R Circular White Regular Dry Opaque Gram+ Rods Motile 
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P solubilizing Fungi

A total of 12 fungal isolates were obtained, six from the
rhizospheric and two from the non-rhizospheric soil of
Dogridge rootstock and two each from the rhizospheric and
non-rhizospheric soil of 110R rootstock. Eleven isolates were
identified as Aspergillus niger and one as Penicillium sp. close
to Penicillium citrinum (Table 3). The size of the colony varied
from 14.00 to 40.00 mm and the total zone of solubilization
from 10.00 to 60.00 mm. The zone of clearance was highest

(60.00 mm) in A. niger isolate NRh VII. In broth culture studies
too, the final pH of the medium was least in the same isolate
(pH 2.64), indicating more acid production. Omar (1998) also
reported that A. niger and P. citrinum caused a marked drop
in pH of liquid culture media and solubilized considerable
amounts of phosphate. The Penicillium sp. had the maximum
growth rate, but it had least zone of clearance (10.00 mm).
There was no correlation between zone of clearance and the
final pH of the medium. Difference in the thickness of the
agar medium layer could be one of the reasons as medium
was poured manually

The final pH of the medium after six days of incubation
ranged from 2.77 to 3.44 and the P solubilization from 156.3
(62.5% of added tricalcium phosphate) to 178.7 ppm (71.5%
of added tricalcium phosphate). Fungal isolate NRh VII
solubilsed maximum P content from calcium triphosphate
(Table 3). The pH of the filtrate was also least (2.64) in  case
of this isolate. The Penicillium sp. had the maximum growth
rate, but it had least zone of clearance. This fungal isolates
solubilized least P content and decrease in pH (3.42) was
also less as compared to most of other isolates indicating
less acid production. Pradhan and Shukla (2005) also
reported that Aspergillus sp. solubilized greater amount of P
as compared to Penicillium sp. All the Aspergillus isolates
were found to have efficient P solubilizing abilities, indicating
that all of them produced organic acids, which helped in the
solubilization of P from insoluble tricalcium phosphate.
Amount of P solubilized by fungal isolates in different

Fig. 1. Zone of clearance ( halo) by different bacterial isolates from rhizopheric and non-rhizospheric soil of grape vine at different
concentration of NaCl

Table 2. Effect of bacterial isolates from different
rhizopheric and non-rhizopheric soil of grape vine
on pH, solubilized P content and zone of clearance
in Pikovaskaya’s medium

Bacterial 
isolate 

Final pH of 
the medium 

Quantity of  P 
solubilized 

(ppm) 

Zone of 
clearance 

(mm) 

P1 6.12 45.67 0.50 

P4 5.02 72.67 1.17 

P9 6.08 49.00 0.50 

P12 5.31 78.67 0.47 

P13 5.23 72.67 0.60 

P14 5.08 74.00 0.97 

P15 5.81 49.00 0.53 

P110R 6.48 33.33 0.37 

Broth  6.98 11.33 --* 

LSD (P=0.05) 0.030 7.07 0.10 

 * Not included in the statistical analysis
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isolates and control treatments was negatively and
significantly related with soil pH (r= -0.95503).

Phosphate solubilization is the result of combined effect
of pH decrease and organic acids production (Fankem et al.
2006). In the present study fungal isolates solubilised more
P from calcium triphosphate as a result of more acid
production as evident from more decrease in pH of the
medium. According to Nahas (1996) fungi have greater ability
to solubilize insoluble phosphates than bacteria.
Phosphorus solubilising microorganisms secrete different
types of organic acids such as carboxylic acid (Deubel and
Merbach, 2005) which may be playing role in P
solubilization. The Aspergillus spp. solubilized the insoluble
phosphates by secreting organic acids, formic, acetic,
propionic, lactic, glycolic, fumaric and succinic acids (Subba
Rao, 1993). Akintokun et al. (2007) have also reported
production of acids like malic, acetic, fumaric, citric, tartaric
etc. by Aspergillus and Penicillium species during the P
solubilization process. The organic acids produced by these
organisms lower the pH and bring about the dissolution of
bound forms of phosphate. Some of the hydroxyl acids may
chelate with calcium and iron resulting in effective
solubilization and utilization of phosphate.

Both bacterial as well as fungal isolates were able to
solubilise P from calcium triphosphate. However, fungal
isolates were more efficient in solubilizing P compared to
bacterial isolates. In the vineyards, A. niger was found as the
dominant P solubilizing fungi in both rhizospheric and non-
rhizopheric areas. All the A.  niger isolates were found
efficient in solubilizing P from calcium triphosphate. The
fungus isolate belonging to Penicillium sp. was less efficient

than A. niger in P solubilization. All the bacterial as well as
fungal isolates could solubilize P upto 3000 ppm NaCl
concentration in the medium used in the present study,
indicating that they can be effectively utilized in the saline-
alkaline soil conditions in grape vineyards of Maharashtra.
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ABSTRACT

Experiments were conducted at the Research Farm of Birsa Agricultural University, Ranchi far two consecutive years
under protected and unprotected conditions to determine the seed yield loss in linseed by the pest, bud fly. Results
revealed substantial variations in the budfly infestation (BFI) between protected (8.58%) and unprotected (42.31%)
crop, which resulted in yield loss upto 34.10 per cent (3.56 q ha-1). This yield-loss caused by budfly could be avoided
by four spraying of Imidacloprid (0.003%) at 20 days interval, starting from bud initiation stage.

Key words : Linseed, Dasyneura lini, yield, loss, determination, NMR, BCR.
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Linseed (Linum usitatissimum L.) is one of the most
important rabi  oilseed crop which is grown both under
irrigated and rainfed agro-ecologies. Among the various
insect pests infesting linseed, budfly (Dasyneura lini Barnes)
is the most serious pest. The maggots of budfly are hidden
pest of linseed. The maggots feed on the floral part of the
buds and making them unfit for capsule formation and seed
setting. It has been reported that the budfly can cause loss in
linseed upto 20 to 80 per cent (Pal et al. 1978; Prasad, 2000).
The severity of the pest incidence is regulated by variations
in the agro-climatic conditions of the area. Hence, pest
intensity varies in time and space. Information is not
available on extent of yield loss due to budfly (D. lini) for
Jharkhand region of the country in general and Ranchi area
in particular. Therefore, present studies were carried out to
understand the economic significance of this particular pest
species in the context of the region and results are reported.

MATERIALS AND METHODS

Experiments were conducted at the Research farm of
Birsa Agricultural University, Ranchi to assess the loss in
seed yield of linseed due to attack of budfly (D. lini) during
2004-05 and 2005-06. The experiment was conducted in plot
size of 4.0 x 2.5 m under paired plot technique. There were
six paired plots comprising six plots each for protected and
unprotected ones. Seeds of linseed (cv. Neelum) were sown
in the second week of November. Imidacloprid (0.003%) was
applied on the standing crop at 20 day intervals in the
protected plots starting from 50 days of seed sowing, just
before bud formation stage. Unprotected plots were not
sprayed with insecticide. The crop was also sprayed,
uniformly with Topsin-M to keep the crop free from diseases,

particularly from Alternaria bud blight. Data on incidence of
budfly (D. lini) was recorded at dough stage of the crop on 10
randomly selected plants in each plot of the protected and
unprotected ones. Seeds yield (g plot-1) of protected and
unprotected plots were recorded after harvesting the crop
and mean yield of both the years were calculated. Differences
between the yield of the treated and untreated plots were
calculated, separately, for each of the paired plots. All the
data were subjected to the appropriate statistical analysis
under the paired plots design and yield loss calculated by
following paired “t-test”. The arithmetic formula used to
calculate the gain and loss in yield were as follows:

   
Yt -Yc

i          Yield loss % = ×100
Yt

       -1

-1

Yt kg  -  Yc kg
ii         Yield loss kg ha = ×10,000

Area of the individual plot in sq.m.

= ‘x’kg ha  

   
-1

-1 ‘x’ kg ha
iii        Yield loss q ha   =

100

(iv) Additional gain in yield over control = Yt -  Yc

Where, Yt = yield (kg) of treated plots and Yc =  yield (kg) of
untreated plots.

Economics of the insecticidal sprays was calculated
by following formula:

 
 

  
    

   

Cost of pestMoney value of additional yield
i   NMR = -

gain over control control CPC
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NMR

ii   BCR =
CPC

Where, NMR = Net monetary returns, CPC = Cost of pest
control and BCR = Benefit cost ratio.

RESULTS AND DISCUSSION

A perusal of results (Table 1) revealed that there were
significant variations in the budfly infestation (7.64-39.98%
& 8.56 – 44.66%) as well as  seed yield of linseed (696.55-
1042.3 & 672.67-1039.98 g plot-1) under protected and
unprotected set of crops during 2004-05 and 2005-06,
respectively. Almost similar type of variations were also
observed in case of pooled data where incidence of budfly
was higher (39.92 & 45.33%) in unprotected plots as
compared to completely protected (6.95 & 10.26%).

Reduction in seed yield of linseed due to attack of budfly
(D. lini) was upto 32.88 and 35.32 per cent, i.e., 3.46 and 3.67
q ha-1. The pooled data of two years showed that in protected
conditions, significantly lesser bud damage (8.58%) was
noticed as compared to unprotected ones (42.31%), i.e.,
natural infestation of budfly. Accordingly, yield loss to the

budfly infestation and the corresponding yield loss in linseed
at different regions in the country might be due to variations
in the agro-climatic conditions of the areas.

It was noticed that unprotected crop of linseed was
found to be subjected to the attack of budfly infestation upto
42.31 per cent as compared to the protected crop (8.58%).
Hence, loss in seed yield of linseed was estimated to the tune
of 34.10 per cent which comes to 3.56 q ha-1 on account of
injuries caused to the crop by budfly (D. lini).  It was also
noticed that seed yield loss (34.10%) caused by the budfly
could be reduced by four foliar sprayings of Imidacloprid
(0.003%) at 20 day intervals starting from initiation of floral
buds in the crop.
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Table 1. Loss in seed yield of linseed caused by budfly (Dasyneura lini) under Ranchi conditions

2004 – 05  2005 – 06  Pooled yield                     

Protected Unprotected  Protected Unprotected  Protected  Unprotected  

Paired plot 
number 

Yield (g 
plot-1) 

Damage 
(%) 

Yield (g 
plot-1) 

Damage 
(%) 

Yield (g 
plot-1) 

Damage 
(%) 

Yield (g 
plot-1) 

Damage 
(%) 

Yield (g 
plot-1) 

Damag
e (%) 

Yield (g 
plot-1) 

Damag
e (%) 

P1 1060.70 8.33 720.20 42.60 1096.20 9.60 712.53 45.00 1078.45 8.96 716.36 43.80 

P2 1022.50 8.35 715.60 40.40 989.30 6.98 653.20 43.80 1005.90 7.66 684.40 42.10 

P3 988.50 9.16 661.56 42.06 1080.50 8.25 670.12 48.60 1034.50 8.70 665.84 45.33 

P4 1090.60 6.35 709.27 37.15 998.60 7.55 640.25 45.80 1044.60 6.95 674.76 41.47 

P5 992.50 7.75 636.90 39.40 1056.80 10.23 708.60 40.45 1024.65 8.99 672.75 39.92 

P6 1099.08 5.88 735.78 38.25 1018.46 8.76 651.30 44.30 1058.77 10.26 693.54 41.27 

Total  6253.88 45.82 4179.31 239.86 6239.86 51.37 4036.00 267.95 6246.87 51.52 4107.65 253.89 

Mean  1042.31 7.64 696.55 39.98 1039.98 8.56 672.67 44.66 1041.14 8.58 684.61 42.31 

Yield loss (%) 32.88 35.32 34.10 

Yield loss (q ha-1) 3.46 3.67 3.56 

‘t’ value : At 1% 4.03 4.03 4.03 

At 5% 2.57 2.57 2.57 
Cal. ‘t’ value 31.81** 33.88** 32.84** 

 ** Significant at 1.0 per cent

tune of 34.10 per cent (i.e. 3.56 q ha-1) was registered due to
attack of budfly.

Prasad et al. (2005) found yield loss in linseed from
15.34 to 66.66 per cent in Ranchi region of Jharkhand due to
damage of crop by budfly (D. lini)  and capsule borer
(Helicoverpa armigera Hubner). In the present studies, D. lini
could be able to cause yield loss in linseed upto the extent of
34.10 per cent that comes to 3.56 q ha-1 in the agro-ecologies
of Ranchi (Jharkhand). As such, variations in the level of
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ABSTRACT

The population build up of the mustard aphid (Lipaphis erysismi Kalt.) started in the last week of January
synchronizing with the flowering and sliqua formation stages of the crop. Although the aphid population varied
greatly during the two crop seasons, the mean aphid population plant-1 was 7.0 with the rise in temperature and fall
in relative humidity. The population gradually increased to attain peak (152.5 aphids plant-1) in the last week of
February when the average maximum and minimum temperatures, morning and evening relative humidity  and
rainfall were 26.0º and 10.8ºC, 91.0 and 44.5 per cent and nil, respectively. Further increase in temperature and
decrease in relative humidity caused a dicline in the pest-population in the first week of March and almost abruptly
reached to minimum level in the following weeks and disappeared with the crop gaining physiological maturity. The
correlation studies established that rise in temperature and declining relative humidity during the period favoured
pest activity. The co-efficient of determination factor (R2) values revealed that all the three biotic factors prevailing
during or one or two weeks prior to the pest activity, jointly accounted for 17.02 per cent fluctuation in mustard aphid
population.

Key word: Mustard cv. RAURD 1002, aphid population, weather parameters, control module.
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Mustard aphid (Lipaphis erysimi Kalt.) is an important
insect pest of cruciferous oilseeds particularly the Brassica
crops causing yield losses to the tune of 43.0 to 97.0 per cent
(Bakhetia and Singh, 1995). The biology of any pest is
governed by climatic factors. The build-up of mustard aphid
population has been higher during hot and humid weather
conditions and during a number of years the occurrence of
such weather conditions for a prolonged duration. On the
other hand some climatic factors like fog, frost, rain, severe
cold and heat wave have been found important natural
mortality factors for the aphids (Brar and Sandhu, 1976).
The pest has been found active from October to March and
its peak period of activity differed from host species and also
with crop seasons (Bakhetia and Singh, 1995, Sinha et al.
1990). The present studies is an effort to have an
understanding of aphid population fluctuation in late sown
Indian mustard (Brassica juncea) under present scenario of
agroeco situations of North Bihar. These information would
be useful in manipulating the possible agronomic practices
in relation to ecological parameters and devising pest control
module in realistic sense.

MATERIALS AND METHODS

Indian mustard (Brassica juncea L. Czern & Coss) variety
RAURD 1002 was raised at the oilseed research farm, in

plots of 15 × 10 m size. Seeds were sown on 20th November of
1995-96 and 1996-97. Weekly observations were recorded
on absolute population of mustard aphid beginning from its
appearance till maturity of the crop on top 10 cm central
shoot of 25 randomly selected plants. Meteorological data
were obtained from the college meteorological observatory
at weekly intervals for the period under study. The
quantitative relationship between the weekly mean aphid
population (plant-1) and the weather parameters viz., average
maximum temperature (X1), minimum temperature (X2),
morning relative humidity (X3), evening relative humidity
(X4) and rainfall (X5) were worked-out by using the method
of simple  correlation (Y) and regression co-efficient of
determination (R2) analyses, which were expressed in the
form of mathematical equations. The quantitative influence
of the five weather parameters prevailing during
experimentation as well as one and two weeks prior to the
corresponding period of infestation was also worked-out
separately for two crop seasons and finally on pooled basis.

RESULTS AND DISCUSSION

Data presented in Table-1 revealed that the pest
population during both the crop seasons appeared first in
late January  (4th standard week) when the plants were in
full bloom. The average temperature (max. & min.) and
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relative humidity (morning & evening) for the two crop
seasons were 20.6º and 7.7ºC and 98.0 and 55.5 per cent,
respectively. The rainfall at this stage was nil. The population
further increased from the first week of February onwards
and by the month end attained the peak population (152.5
aphids plant-1). The corresponding weather data recorded
to be 26.0º and 10.8ºC and 91.0 and 44.55 per cent, with no
rainfall during the week. A further rise in temperature and
decrease in relative humidity, the population of aphids after

attaining peak declined in the first week of March and
abruptly perished in 10th std. week during March.

The quantitative influence of meteorological
parameters on mustard during the activity and also one and
two weeks prior to the corresponding period of pest activity,
ascertained through correlation and regression analysis
studies. Results revealed uniform significant correlation
during both the crop seasons. A significantly positive

Table 1. Population fluctuation of mustard aphid (Lipaphis erysimi Kalt) in late sown cv. RAURD-1002 (Brassica juncea) in
relation to weather parameters in 1995-96 and 1996-97

Meteorological factors Month Std. 

week 

Crop 

season 

Mean number of 

aphid (10 cm top 
central shoot) plant-1  

Max. temp 
(oC) 

Min. temp. 
(oC) 

Morning RH 
(%) 

Evening RH 
(%) 

Rainfall 
(mm) 

     X1
* X2* X3* X4* X5* 

January  02 A   23.0 8.6 100.0 50.0 - 

  B   23.2 7.0 100.0 44.0 - 

  C   23.1 7.8 100.0 47.0 - 

 03 A   18.0 9.7 100.0 79.0 30.0 

  B   20.3 8.0 100.0 57.0 12.0 

  C   19.2 8.9 100.0 68.0 21.0 

 04 A 08  20.5 8.4 100.0 57.0 - 

  B 14.0  20.6 6.9 96.0 53.0 - 

  C 7.0  20.6 7.7 98.0 55.5 - 

February 05 A 00.9  22.7 7.8 98.0 43.0 - 

  B 29.7  23.1 8.3 96.0 48.0 - 

  C 15.3  22.9 8.1 97.0 45.1 - 

 06 A 3.8  25.1 10.8 93.0 40.0 3.0 

  B 175.7  22.9 9.0 91.0 48.0 - 

  C 89.8  24.0 9.9 92.0 44.0 1.5 

 07 A 5.4  24.0 11.1 88.0 38.0 - 

  B 251.7  24.7 9.5 85.0 38.0 39.0 

  C 128.6  24.4 10.3 86.5 38.0 19.5 

 08 A 8.2  26.4 12.0 89.0 47.0 - 

  B 296.7  25.5 9.2 93.0 42.0 - 

  C 152.5  26.0 10.8 91.0 44.5 - 

March 09 A 4.2  27.3 14.5 85.0 43.0 - 

  B 279.3  28.6 12.5 87.0 40.0 - 

  C 141.8  28.0 13.6 86.0 41.5 - 

 10 A 0.7  30.8 15.1 80.0 31.0 - 

  B 0.0  30.6 12.6 77.0 32.0 - 

  C 0.0  30.7 13.9 78.5 31.5 - 

 11 A Crop 

harvested 

      

  B Crop 
harvested 

      

 
A=1995-96, B= 1996-97 and C= Polled mean of 1995-96 and 1996-97.
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Table 2. Correlation coefficient between mustard aphid population on Brassica juncea and meteorological parameters at Dholi
during 1996-97.

correlation with average maximum and minimum.
temperatures. and negative correlation with average morning
and evening relative humidity existed with aphid population
build-up suggested that the temperature and humidity
played important role in the development of mustard aphid
(Table 2). The rainfall, was more during 1995-96 (3rd, 6th &
7th std. week) than in 1996-97 (3rd std. week only). The initial
shower during both the crop seasons occurred  in 3rd std.
week in January, when there were no aphid populations.
The initial aphid population was observed only from the 4th

std. week. Number of aphids was less in 1995-96 crop season
receiving more rains. It was reversed during 1996-97 crop
season having negligible rainfall (12 mm) during 3rd std.

Meteorological parameters 

Temperature (ºC) Relative humility (%) Rainfall (mm) 

Year 
 

Crop variety 
(cv. RAURD 1002) 

Maximum X1 Minimum X2 Morning X3 Evening X4 X5 

(a) Meteorological parameters prevailing during the period of aphid activity. 

1995-96 Y1 0.756 0.665 -0.771 -0.423 0.265 

1996-97 Y1 0.791 0.726 -0.729 -0.847 - 

Pooled Y1 0.851 0.829 -0.874 -0.703 0.297 

(b) Meteorological parameters prevailing one week prior to aphid activity 

1995-96 Y1 0.739 0.506 -0.839 -0.843 0.246 

1996-97 Y1 0.915 0.881 -0.804 -0.895 -0.608 

Pooled Y1 0.928 0.769 -0.890 -0.890 -0.127 

(c) Meteorological parameters prevailing two weeks prior to aphid activity 

1995-96 Y1 0.595 0.310 -0.522 -0.612 -0.203 

1996-97 Y1 0.485 0.683 -0.788 -0.395 -0.549 

Pooled  Y1 0.591 0.539 -0.759 -0.639 -0.114 

 

wk. (Table 1). The correlation studies although showed poor
relationship between aphid population and rainfall but the
influence was positive. The differential behavior of rainfall
during the two crop seasons may have played pivotal role in
population variation. In the present finding, the rainfall is
an important factor responsible for the mortality or decrease
in aphid population, is in conformity with the earlier repots
(Atwal et al. 1971; Brar and Sandhu, 1976; Singh et al. 1986).
The values of correlation co-efficient (r) reflected a strong
positive correlation with temperature (max. & min.) and
negative correlation with relative humidity (morning &
evening) indicating that mustard aphid was equally sensitive
to weather factors prior to corresponding period of pest
activity (Table 2).

Table 3. Co-efficients of determination (R2) and multiple regression equations in relation to aphid population on mustard cv.
RAURD 1002 and cv. YS-66-197-3 versus meteorological parameters at Dholi during 1995-96

Y1: cv. RAUD1002; X1: Max. temp. (oC); X2: Min.temp. (oC); X3: Morning RH (%); X4: Evening RH (%) and X5: Rainfall (mm).

Year R2 Regression equation 

(a) Meteorological parameters prevailing during the period of aphid activity 

1995-96 0.950 Y1=-187.282+4.507X1+-1.186 X2+7.271X3+5.538X4+3.238X5 

1996-97 0.787 Y1=514.474+1.454X1+(-)1.695X2+(-)3.556 X3+2.118 X4 

Pooled  0.943 Y1=452.791+5.1068 X1+(-)1.2381 X2+(-) 5.327 X3+1.085 X4+ (-) 8.888 X5 

(b) Meteorological parameters prevailing one week prior to aphid activity 

1995-96 0.950 Y1=(-) 30.514+7.228 X1+8.704 X2+2.341 X3+ (-) 1.331 X4 + 1.252 X5 

1996-97 0.940 Y1 =(-) 940.504+1.860 X1 + 9.016 X2 + (-) 3.320 X3 + 5.349 X4 (-) 9.782 X5 

Pooled 0.943 Y1= (-) 573.716 + (-) 6.563 X1 + 4.361 X2 + 8.341 X3 + (-) 7.730  X4 + 4.784 X5 

(c) Meteorological parameters prevailing two weeks prior to aphid activity 

1995-96 0.950 Y1= 442.798 + 3.557 X1 +(-) 8.574 X2 + (-) 5.292 X3 1.568 X4 + (-) 5.798 X5 

1996-97 0.929 Y1= 759.444+4.242 X1 + 3.810 X2 + (-) 1.513 X3 + 2.384 X4 +(-) 1.857 X5 

Pooled 0.940 Y1 = 274.983 +(-) 2.864 X1 + 2.826 X2 + 4.519 X3 + (-) 6.055 X4 + 6.888X5 
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The combined effect of environmental factors
determined by working out the co-efficient of determination
factor (R2) and regression equation (Table 3) revealed that
the weather factors prevailing during the pest activity as
well as one and two weeks prior to corresponding period of
pest activity jointly contributed 71.9 to 95.0 per cent to the
fluctuating aphid population, therefore the mustard aphid
population build-up was more dependent on above three
weather factors. Temperature between 20.6 to 26.0ºC, relative
humidity between 91.0 to 100.0 per cent and mild winter
rains also provided congenial condition for rapid
multiplication of aphids. Dry weather conditions due to
prevailing high temperature (28.0ºC and above), lower R.H.
(below 86.0%) and more frequent rains (as observed during
1995-96 crop season) proved highly detrimental to aphid
population build-up. The fluctuation in aphid population
was independent of the ecological parameters under study
corroborates the finders of Atwal et al. (1971), Roy (1975)
and Singh et al. (1986).
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ABSTRACT

Field experiments were conducted to determine the relation between the incidence of budfly (Dasyneura lini  Barnes)
and linseed seed yield to visualize the quantitative significance of this serious insect pest for 2 consecutive years. The
results revealed the negative relationship between budfly infestation and linseed seed yield. Variation in the seed yield
of linseed, ranged from 5.70 to 10.77 q ha-1, because of different levels of budfly infestation. Quantitative loss in the
seed yield due to different levels of bud damage (6.04 - 40.88%) varied from 13.81 to 46.70 per cent. It emanates from
the result that the linseed could be protected from bud fly with 6 sprays of cypermethrin (0.005%) applied at weekly
intervals and may enhance seed yield upto 71.60 per cent.

Key words : Linum usitatissimum, Dasyneura lini, pest intensity, yield –loss.
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Linseed (Linum usitatissimum L.) is one of the important
oil seed crop, grown through out the country except cooler
region of Himalaya. The budfly (Dasyneura lini Barnes) is a
serious and hidden insect pest of the crop. Its tiny maggots
cause enormous damage by feeding on floral buds and
making them unfit for opening into the flower, capsule
formation and seed setting, ultimately resulting into
substantial yield loss (Prasad, 2000; Prasad et al.  2005).
However, the extent of crop-loss varies in time and space as
per variation in the agro-climatic conditions. Considering
the pest status and absence of information on relationship
between the pest intensities and corresponding seed-yield
particularly in Jharkhand region, the present study was
carried out and findings presented.

MATERIALS AND METHODS

Field experiments on linseed cv. Neelum were
conducted at Research Farm of Birsa Agricultural University,
Kanke, Ranchi to find out the relationship between bud fly
intensity and linseed yield for 2 years. Seeds were sown on
7th and 14th November during first and second years,
respectively. The crop was sprayed with different number
(1-6) of cypermethrin (0.005%) at weekly intervals
commencing from the initiation of floral buds. The different
number of sprays, i.e., 1, 2, 3, 4, 6 and 0 were given to provide
varying exposure periods to the crop for natural incidence
of budfly incidence (BFI) for the corresponding variations in
the form of bud damage (%) and its impact on seed yield. The
crop was also provided with three fortnightly sprays of
Topsin-M to keep the crop free from the attack of fungal
diseases in general and Alternaria bud-blight in particular.

Observations were recorded on total number of floral buds
and number of damaged buds (due to budfly) on five
randomly selected plants for computing percentage of bud
infestation due to pest. Seed yield (kg ha-1) was also recorded
after harvest and converted into q ha-1. The data pertaining
to seed yield under the varied levels of bud damage, were
subjected to the statistical analysis for variance and
correlation and regression. Loss and gain in seed yield was
also calculated based on mean results of two year’s using
following formula :

 
T – C 

i     Additional gain in yield over control = ×100
C

   ii     Avoidable loss in seed yield %  caused by bud damage  

T – C 
        = ×100

T

Where, T refers to yield obtained from treated (protected)
crop and C the  yield obtained from untreated (unprotected)
crop.

RESULTS AND DISCUSSION

The results revealed that the crop protected with six
weekly sprays of Cypermethrin (0.005%) had significantly
minimum bud damage (5.65 & 6.44%) during first and second
years of trial (Table 1) and produced highest seed yield of
(10.85 & 10.69 q ha-1). The damage in unprotected crop was
39.85 and 41.12 per cent with the minimum seed yield of
5.95 and 5.54 q ha-1.  Almost similar trends was noticed in
case of pooled result of the two years. The simple correlation
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co-efficient between BFI(%) and seed yields (qha-1) were
r = -0.996** (1st year), r = -0.952** (2nd year) and r = -0.906**
(mean); while regression coefficient were, b = -0.1461**;
-0.1498** and -0.1440**. The values of correlation and
regression coefficients revealed highly negative association
between budfly infestation and linseed seed yield. It indicates
that with the increase in bud fly damage, there will be
corresponding decrease in the seed yield.

which could be able to explain the variation in seed yield of
linseed in late sown crop.
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Table 1. Effect of Cypermethrin (0.005%) sprays on bud fly infestation and seed yield of linseed

Budfly infestation (%) in dough stage  of the crop* Seed yield (q ha-1) Number of 
spray 1st year 2nd year Mean 1st year 2nd year Mean 

Loss in seed 
yield (%) 

Additional gain 
in yield (%) 

0 39.85 
(39.12) 

41.12 
(40.33) 

40.88 
(39.72) 

05.95 05.54 05.70 0.00 0.00 

1 34.43 

(35.93) 

32.02 

(34.43) 

33.22 

(35.18) 

06.72 06.61 06.66 13.81 16.03 

2 28.40 
(32.18) 

28.40 
(32.19) 

29.25 
(32.72) 

07.45 07.37 07.41 22.53 29.09 

3 22.55 

(28.31) 

24.24 

(29.46) 

23.39 

(28.88) 

08.88 08.76 08.82 34.92 53.66 

4 16.86 
(24.22) 

18.83 
(25.30) 

17.59 
(24.76) 

09.34 09.10 09.22 37.74 60.62 

5 12.45 
(20.62) 

13.00 
(21.02) 

12.72 
(20.82) 

09.96 09.74 09.85 41.72 71.60 

6 05.65 
(13.75) 

6.44 
(14.62) 

6.04 
(14.17) 

10.85 10.69 10.77 46.70 46.70 

C.D. (P = 0.05)  (4.41) (4.03) (3.77) - - - - - 

 Figures in parentheses are angular transformed values.

The regression equations, revealed that every increase
in one per cent budfly infestation beyond the respective
unavoidable bud infestation of 5.65 per cent, resulted in
reduction of 14.61 kg ha-1 seed yield during first year.
Similarly, regression equation, Y = 11.775 – 0.1498X  revealed
that every increase in one per cent bud damage beyond 6.44
per cent resulted in reduction in the seed yield to the tune of
14.98 kg ha-1. Like-wise regression equation derived from
the pooled mean data of the two experimental years,
(Y  = 11.25 - 1440 X) clearly indicated that every increase in
one per cent bud infestation beyond 6.04 per cent was found
responsible for reduction in seed yield to the tune of 14.40 kg
ha-1. The earlier workers have also reported similar
relationship between levels of bud damage and linseed yield
(Prasad and Prasad, 2008; Prasad et al. 2008; Tripathi et al.
2003).

In present investigation, linseed was grown as late crop
(sown on 8th & 15th November), hence budfly could be able to
cause loss in seed yield upto 47.70 per cent. Almost similar
results are obtained by Pal et al. (1978) and Minz et al. (2009).
It can be concluded from the 2 years of trial that the
relationship between bud fly infestation (r = - 0.906** & b =  -
0.1440**) and linseed seed yield was significantly negative
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ABSTRACT

Field experiments were conducted to find out the effect of soil application of  oiled neem cake (NC) and sprays of 1%
neem soap (NS) and 4% neem seed powder extract (NSPE) on the okra fruit borer (Earias vitella F.) and leaf hopper
(Amrasca biguttula biguttula Ishida) during two seasons of 2006 and one of 2007. The effect of these treatments on the
incidence of petiole maggot (Melanagromyza hibisci Spencer), a minor pest of okra was also studied during Rabi, 2006.
The borer incidence ranged between 13.12 to 26.61 per cent and the hopper between 12.93 to 92.33 per five plants in
control plots during the study period. The sprays of NSPE, NS and soil applications of NC significantly reduced the
borer and hopper incidence in all the three seasons. However, soil application of NC when combined with sprays of NS
and NSPE  was consistently more effective in reducing the borer and leaf hopper than  soil application of NC or foliar
spray, given as solo treatment. These treatments also significantly reduced the okra petiole maggot during Rabi, 2006.
The yield obtained in these treatments were also at par with the yield obtained in the plots sprayed with Indoxacarb
either alone or in combination with NC. Hence, it is concluded that soil application of neem cake supplemented with
sprays of NS or NSPE can be used as alternatives to the use of synthetic insecticides in the management of fruit borer,
leaf hopper and petiole maggot in okra. However, it is emphasized that quality of neem cake is very important and
hence, freshly prepared NC (about 8% oil) should be used to get best results.

Keywords: Neem products, Indoxacarb, okra fruit borer, leaf hopper, petiole maggot, management.
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Okra, Abelmoschus esculentus (L) Moench is an important
vegetable grown in India. Fruit borer (Earias vitella F.) and
leaf hopper (Amrasca biguttula biguttula Ishida) are the two
most important insect pests infecting this crop. Okra petiole
maggot (Melanagromyza hibisci Spencer), a minor pest
attacking the main stem and leaf petioles of the crop (Krishna
Kumar and Krishna Moorthy, 2001) may become
occasionally serious causing drying of leaves and sometimes
cause mortality of plants. At present synthetic insecticides
are used for control of these insect pests. Since okra is
harvested at 2-4 days interval, pesticide residue problems
have to be addressed and alternative technology for
managing insect pests in this crop is needed. Neem is
considered to be a good alternative to synthetic insecticides
and sprays of neem  products like neem formulations, home
made aqueous neem seed kernel extract (NSKE) and neem
oil have shown promising results in reducing insect pests of
many crops (Ambekar et al. 2000; Gahukar, 1995;  Srivastava,
2001; Schumutterer, 2002;  Chari and Ramaprasad,  1993).
Soil application of oiled neem cake (NC)  and sprays of neem
seed powder extract (NSPE) and neem soap (NS) are the
alternative technologies which can be used for insect pest
management in vegetables (Krishna Moorthy and Krishna
Kumar, 2002; Krishna Moorthy et al. 2002). Neem cake is
generally used as organic manure in many horticultural

crops and also recommended for nematode management
(Vijayalakshmi and Prasad, 1982; Gahukar, 1995; Srivastava,
2001; Schumutterer, 2002). Though neem cake was found to
reduce okra fruit borer (Malik and Lal, 1989), its efficacy on
other insect pests is yet to be fully documented. Neem soap
(NS) and neem seed powder extract (NSPE) are new products
derived from neem for insect management (Krishna Moorthy
and Krishna Kumar, 2002). These were developed to
overcome the difficulty and drudgery in preparing neem seed
kernel extract (NSKE).  Neem oil is saponified by Potassium
Hydroxide to get neem soap and now commercially available
in South India. The information on the efficacy of NS and
NSPE on different insect pests of okra is not yet available
and the effect of neem cake on okra and other crop pests is
limited. Therefore, studies were conducted during 3 seasons
of 2006 (2) and 2007 (1) at Indian Institute of Horticultural
Research, Bangalore on  the efficacy of soil application of
NC and sprays of NSPE  and NS on okra  fruit borer
(E. vitella) and leaf hopper (A. biguttula biguttula) and
compared to a popular synthetic insecticide, Indoxacarb
during two and one seasons of 2006 and 2007, respectively.
The incidence of petiole maggot, M. hibisci was very high
during Rabi 2006. Hence, the observations on the effect of the
treatments on this pest was also recorded during the season.
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MATERIALS AND METHODS

Field experiments were conducted at the experimental
farm of the Indian Institute of  Horticultural Research,
Bangalore for three seasons, i.e., during Kharif and Rabi, 2006
and Kharif,  2007. Okra (cv. Arka Anamika) was sown on 1st

June and 21st September in 2006 and 20th July in 2007. In
each season, the experiments were conducted in two different
blocks, the first block having all the treatments with neem
cake as a soil application component and second block
having treatments without neem cake soil application. An
isolation distance of about 100 metres was maintained
between the blocks to avoid possible interference of volatiles
(smell) emanating from neem cake. Care was taken to select
uniform blocks for conducting experiments.  In each block
there were four treatments in plot size of  4 x 3 m and each
treatment was replicated thrice. Treatments evaluated were
sprays of NSPE (4%), NS (1%) and Indoxacarb (0.075%), an
effective contact insecticide used against lepidopteran
insects. These spray treatments were also taken in
combination with soil application of oiled neem cake (250
kg ha-1).  Neem cake (about 8% oil) was applied to ridges at
7 days after sowing (DAS) and repeated at 30 DAS. Spray
treatments were imposed at 30 DAS and repeated four times
at 10 day intervals. High volume sprays till the point of run
off stage were given by using a gator sprayer. Neem soap
and neem seed powder were prepared just before the start of
the experiment during all the three seasons. Observations
on the leaf hopper incidence was recorded at 40, 50, 60 and
70 DAS on  5 plants, selected randomly in each plot by
counting the nymphs on top, middle and bottom leaves of
each plant. In case of borer, data on bored and healthy fruits
were recorded at each harvest in each plot. After the final
harvest, cumulative borer incidence and healthy marketable
yield were computed for each plot. During Kharif  2007,
because of high incidence of petiole maggot,  observations

on  per cent plants, showing drying of leaves in each plot
was recorded at 50 DAS. Yield data was transformed to tons
ha-1 before analysis.  All the data collected were analysed
statistically after appropriate transformation of values, i.e.,
angular, square root etc.

RESULTS AND DISCUSSION

The result indicates that the borer damage was
significantly more (13.12, 26.61 & 16.76 %)  in control plots
as compared to the plots having soil application of NC (3.86,
15.09 & 7.77 %) during Ist, IInd and IIIrd seasons, respectively
(Table 1). During the Ist season, plots having only foliar
sprays of NSPE and NS recorded 7.29 and 7.80 per cent borer
damage but it got reduced significantly (2.00 & 2.80 %) when
supplemented with NC. Similarly during IInd and IIIrd
seasons, foliar sprays of NSPE and  NS recorded  highest
incidence of borer (16.97 & 16.49 & 6.36 & 4.07%) but it got
reduced (9.19 & 9.77 & 4.62 & 4.01 %) with combined soil
application of NC.  Indoxacarb also, when combined with
NC gave better control of borers than the solo treatment (Table
1). However, sprays of NSPE and NS when combined with
NC were at par with this treatment of Indoxacarb in case of
borer damage.

During 1st season, incidence of hopper was more in
control (12.93 - 22.97  5 plants -1),  which was significantly
reduced when soil application of NC was combined with
foliar sprays of NS and NSPE (Table 2). The pooled incidence
of hoppers during Ist season was more (30.63 & 41.8 hoppers
5 plants-1) in foliar sprays of NSPE and NS as compared to
22.53 and 25.57 when combined with soil application of
NC. In IInd  and IIIrd  seasons also when foliar sprays were
combined with soil application of NC, the hopper incidence
got significantly reduced as compared to foliar sprays alone
(Table 3, 4). The performance of NS and NSPE when

Table 1. Effect of different neem products on okra fruits affected by borer in different seasons

NC= Oiled neem cake, NSPE=Neem seed powder extract, NS=Neem soap. Figures in parenthesis are angular transformed values and followed
by same alphabet in the same column differ non-significantly

Per cent fruits affected 
Treatment 

Kharif,  2006 (Season I) Rabi, 2006  (Season II) Kharif,  2007 (Season III) 

NC  (250 kg ha-1) 3.86 (11.28) b 15.09 (22.76 ) c 7.77 (16.15)d 

NC  (250 kg ha-1)+ NSPE (4%) 2.00 ( 8.12) a 9.19 (17.52 ) a 4.62 (12.38) abc 

NC   (250 kg ha-1) + NS (1%) 2.80 (9.62) ab 9.77 (18.12 ) ab 4.01 (11.42) ab 

NC  (250 kg ha-1) +Indoxacarb (0.075%) 2.68 (9.41) a 9.23 (17.65 ) a 3.10 (10.09) a 

NSPE (4%) 7.29 (15.64) c 16.97 (24.29 ) c 6.36 (14.56) cd 

NS (1%) 7.80 (16.21) c 16.49 (23.88 ) c 4.07 (11.64) abc 

Indoxacarb (0.075%) 6.55 (14.81) c 15.00 (22.62 ) bc 4.00 (11.23) ab 

Control 13.12 (21.18) d 26.61 (30.98 ) d 16.76 (24.15) e 

CD (P=0.05) 1.74 4.57 2.80 
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combined with soil application of NC was consistent in
reducing hoppers during all the three seasons. However,
Indoxacarb, a contact insecticide, when given as solo
treatment, marginally  reduced  hoppers only during IInd
and IIIrd  seasons (Table 2,  3).

Incidence of the petiole maggot was 14.75 per cent in
control plots,  which  got reduced significantly in all the
treatments, including Indoxacarb (Table 5). Here also, foliar
sprays of NSPE and NS supplemented with NC treatment
significantly reduced petiole maggot (5.29 - 7.68 %).

Control plots produced the yield of  7.2, 3.62 and 8.45 t
ha-1 during Ist, IInd and IIIrd seasons, respectively. The
treatments, NC alone, and NC combined with foliar sprays
of NSPE, NS and Indoxacarb (Table 6) were found to produce
higher marketable yield  of okra (>8.85 t ha-1) as compared to
control (3.2 -8.45 t ha-1). Foliar sprays of NS and NSPE when
combined with NC soil application or applied alone were

significantly effective in increasing yield and were at par
with Indoxacarb in all the three seasons.

In the present study, soil application of oiled NC, sprays
of NSPE and NS were found effective in reducing the borer,
hopper and petiole maggot in okra.  It has also been found
that foliar applications of NS and NSPE when combined
with soil application of NC are more effective than solo
application.  These treatments increased yield significantly
and were at par with the yield obtained in the plots having
NC soil application and Indoxacarb sprays. The neem
products NSKE have been used earlier in the management
of insect pests of okra (Sardana et al. 2005,  2007; Adilakshmi
et al. 2008; Mishra and Mishra, 2002). Results of present study
is in the line of above findings and indicate the feasibility of
using neem products in the IPM of okra. Currently, the authors
are recommending the sprays of NSPE instead of NSKE
(Krishna Moorthy and Krishna Kumar, 2002) because it

Table 2. Effect of different neem products on leaf hopper (Amrasca biguttula biguttula) during Kharif, 2006 (Season I)

NC= Oiled neem cake, NSPE=Neem seed powder extract, NS=Neem soap, Figures in parenthesis are square root (X + 1) values and followed by
same alphabet in the same column differ non-significantly.

Mean number of hopper nymph (5 plants -1) 

Treatment 
50 DAS 60 DAS 70 DAS 80 DAS Pooled 

NC  (250 kg ha-1) 15.70 (4.05 ) abc 3.00 (1.98) a 6.23 (2.69) bc 7.10 (2.84) b 32.03 (5.73) bcd 

NC  (250 kg ha-1)+ NSPE (4%) 12.37 ( 3.55 ) ab 2.70 (1.91) a 3.73 (2.17) a 3.73 (2.17) a 22.53 (4.81) a 

NC   (250 kg ha-1) + NS (1%) 10.93 (3.45 ) a 4.70 (2.38) ab 5.57 (2.56) b 4.37 (2.31) a 25.57 (5.15) ab 

NC  (250 kg ha-1) +Indoxacarb (0.075%) 18.53 (4.30 ) abc 7.20 (2.83) abc 7.83 (2.97) b 7.13 (2.84) b 40.70 (6.40) cd 

NSPE (4%) 12.60 (3.66 ) ab 6.10 (2.57) ab 6.23 (2.69) bc 5.70 (2.58) ab 30.63 (5.61) abc 

NS (1%) 18.33 (4.37 )abc 9.70 (3.21) bc 7.83 (2.96) bc 5.93 (2.62) ab 41.80 (6.51) d 

Indoxacarb (0.075%) 18.73 (4.43 ) bc 8.53 (3.07) bc 10.57 (3.39) d 11.37 (3.51) c 53.43 (7.36) e 

Control 22.97 (4.80 ) c 15.00 (3.86) c 12.93 (3.72) d 17.20 (4.26) c 63.87 (8.05) e 

CD (P=0.05) 0.92 1.05 0.37 0.9 0.81 

 

Table 3. Effect of different neem products on incidence of leaf hopper (Amrasca biguttula biguttula) during Rabi, 2006 (Season II)

NC= Oiled neem cake, NSPE=Neem seed powder extract, NS=Neem soap, Figures in parenthesis are square root (X + 1) values and followed by
same alphabet in the same column differ non-significantly.

Mean number of hopper nymph (5 plants -1) 

Treatment 50 DAS 60 DAS 70 DAS 80 DAS Pooled 

NC  (250 kg ha-1) 19.00 (4.09) a 31.67 (5.68) b 26.33 (5.23) bcd 30.67 (5.54) bc 107.67 (10.39) b 

NC  (250 kg ha-1)+ NSPE (4%) 23.33 (4.74) ab 26.33 (5.16) b 11.67 (3.55) ab 11.67 (3.54) a 78.00 (8.83) a 

NC  (250 kg  ha-1) + NS (1%) 22.33 (4.67) ab 13.33 (3.79) a 18.67 (4.42) abc 15.67 (3.98) a 70.00 (8.32) a 

NC  (250 kg  ha-1) +Indoxacarb (0.075%) 24.33 (4.99) ab 29.67 (5.53) b 28.00 (5.20) cd 23.33 (4.89) ab 105.33 (10.28) b 

NSPE (4%) 32.00 (5.74) bc 63.33 (8.02) c 16.67 (4.18) ab 23.33 (4.91) ab 130.33 (11.46) bc 

NS (1%) 24.00 (4.80) ab 76.00 (8.76) cd 26.67 (5.16) bcd 29.00 (5.42) bc 155.67 (12.51) cd 

Indoxacarb (0.075%) 32.33 (5.58) bc 76.00 (8.77) cd 37.33 (6.14) d 37.33 (6.18) bc 183.00 (13.56) d 

Control 41.67 (6.07) c 92.33 (9.65) d 55.00 (7.46) e 46.67 (6.90) c 235.67 (15.35) e 

CD (P=0.05) 1.47 3.15 1.59 1.40 1.24 
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reduces the drudgery in preparing fresh NSKE every time. In
NSPE, the whole seed powder can be stored up to three
months and the powder can be soaked in water, filtered and
sprayed whenever required. Neem soap is now
commercially available and can be used as an alternative to
synthetic insecticides.

Malik and Lal (1989) had observed that soil application
of neem cake reduces borer incidence in okra. Our earlier
studies have shown that soil application of neem cake
reduces insect pests like brinjal shoot and fruit borer
(Leucinodes orbonalis Guen), fruit fly (Bactrocera cucurbitae
Coqullett) in cucurbit and tomato fruit borer (Helicoverpa
armigera Hub) in tomato (Krishna Moorthy et al. 2002).
Mandal et al. (2007) have also shown that neem cake
application along with neem oil spray reduces fruit borer
and jassids in okra.  The  present study of three seasons, also
showed that soil application of neem cake reduces  hoppers
and borer  incidence significantly. Saxena et al. (1984) have
observed that neem cake when applied to soil has systemic

Table 4. Effect of different neem products on incidence of leaf hopper (Amrasca biguttula biguttula) during  Kharif,  2007 (Season
III )

NC= Oiled neem cake, NSPE=Neem seed powder extract, NS=Neem soap, Figures in parenthesis are square root (X + 1) values and followed by
same alphabet in the same column differ non-significantly.

Table 5. Effect of different neem products on the incidence
of okra petiole maggot (Melanagromyza hilusci)

Table 6. Impact of neem products on marketable yield of
okra

Mean number of hopper nymph (5 plants -1) 
Treatment 

50 DAS 60 DAS 70 DAS 80 DAS Pooled 

NC (250 kg ha-1) 16.67 (4.20) abc 25.67 (5.13) bc 22.00 (4.74) ab 32.33 (5.74) bc 96.67 (9.86) cd 

NC (250 kg ha-1)+ NSPE (4%) 14.00 (3.85) ab 10.33 (3.28) a 15.67 (3.91) a 20.33 (4.58) a 60.33 (7.83)  ab 

NC  (250 kg ha-1) + NS (1%) 12.33 (3.65) a 11.33 (3.44) a 13.67 (3.77) a 19.67 (4.52) a 57.00 (7.61) a 

NC (250 kg  ha-1) +Indoxacarb (0.075%) 20.00 (4.56) cd 25.67 (5.11) bc 25.33 (5.09) b 30.67 (5.63) bc 101.67 (10.10) d 

NSPE (4%) 21.00 (4.69) cde 19.00 (4.45) ab 21.33 (4.67) ab 23.67 (4.88) ab 85.00 (9.20) cd 

NS (1%) 18.33 (4.39) bcd 16.67 (4.18) ab 21.00 (4.56) ab 23.33 (4.89) abc 79.33 (8.88) bc 

Indoxacarb (0.075%) 24.00 (4.99) de 25.00 (5.09) bc 30.33 (5.59) bc 33.33 (5.85) c 112.67 (10.65) d 

Control 27.00 ( 5.27) e 33.00 (5.82) c 39.67 (6.37) c 50.67 (7.19) d 150.33 (12.30) e 

CD (P=0.05) 0.68 1.25 1.05 1.01 1.07 

 

NC= Oiled neem cake, NSPE=Neem seed powder extract, NS=Neem
soap, Figures in parenthesis are angular transformed values and
followed by same alphabet in the same column differ non-significantly.

Treatment Incidence (%) 

NC  (250 kg ha-1) 10.53 (18.93 ) d 

NC  (250 kg ha-1)+ NSPE (4%) 7.68 (16.02) b 

NC   (250 kg ha-1) + NS (1%) 5.29 (13.29) a 

NC  (250 kg ha-1) + Indoxacarb (0.075%) 9.33 (17.75 ) c 

NSPE (4%) 19.41 (26.11) f 

NS (1%) 14.90 (22.68) e 

Indoxacarb (0.075%) 19.49 (26.19) f 

Control 14.75 (22.58) e 

CD (P=0.05) 1.60 

 

NC= Oiled neem cake, NSPE=Neem seed powder extract, NS=Neem
soap, Figures followed by same alphabet in the same column differ
non-significantly.

Yield (t ha -1) Treatment 

Kharif,  2006 
(Season I) 

Rabi, 2006  
(Season II) 

Kharif,  

2007 
(Season III) 

NC  (250 kg ha-1) 9.37 a 8.85 a 11.16 ab 

NC  (250 kg ha-1)+ NSPE (4%) 9.81 a 9.12 a 11.14 ab 

NC   (250 kg ha-1) + NS (1%) 9.89 a 9.69 a 11.1 ab 

NC  (250 kg ha-1) +Indoxacarb 
(0.075%) 

10.54 a 9.45 a 12.71 a 

NSPE (4%) 9.58 a 7.43 ab 11.21 ab 

NS (1%) 9.84 a 8.14 ab 9.74 bc 

Indoxacarb (0.075%) 10.73 a 6.29 b 12.16 a 

Control 7.2 b 3.62 c 8.45 c 

CD (P=0.05) 2.67 2.37 1.97 

 

action in suppressing insect pests.  However, we
hypothesized that the volatiles of neem cake is responsible
for its insecticidal activity and quality of neem cake is very
important (Krishna Moorthy and Krishna Kumar, 2002). Our
laboratory studies have proved that the volatiles emanating
from neem cake have ovicidal property and kill early instars
of diamondback moth and we have filed an Indian patent
application (Indian Patent Application No.  537/CHE/2007)
about the release of neem cake volatiles from substrates for
controlling insect pests.

Though there are few references on the use of NC in
IPM but the quality of neem cake is not elaborated. In India,
two types of NC are generally available, oiled neem cake
(about 8 % oil) and de-oiled neem cake (<  4% oil). Oiled
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neem cake is derived by cold expeller process and de-oiled
neem cake by solvent extraction process. Oiled neem cake
commands premium price (Rs. 10-12 kg-1) as compared to
de-oiled neem cake (Rs. 4-5 kg-1). Further, odour of the oiled
neem cake also gets reduced gradually with storage. We have
repeatedly observed the superiority of fresh oiled neem cake
over stored and old ones. Oiled neem cake is marketed under
different trade names in India.  Many firms are also exporting
pelletised oiled neem cake to many countries at premium
price but, for India for a farmer, it will be better to use fresh
neem cake purchased directly from oil mills.

Present study has clearly demonstrated that soil
application  of oiled neem cake (about 8% oil) @ 250 kg ha-1

given immediately after germination  and repeated at 30 days
after sowing can be combined with foliar sprays of botanicals
like NSPE and NS as a management strategy for borer,
moderate level of hopper and petiole maggot in okra. Such
eco-friendly strategy can be used to produce  pesticide free
okra.
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ABSTRACT

Experiments were carried out on brinjal (cv. Mukta Keshi) at Agricultural Research Farm, Department of Entomology
and Agricultural Zoology, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi to evaluate the bio-
efficacy of thiodicarb 75 WP against shoot and fruit borer of brinjal (Leucinodes orbonalis Guen.) for 2 consecutive years.
Thiodicarb 75 WP was applied @ 375, 625 and 1000 g ha-1 as foliar sprays. Monocrotophos 36 SL (1250 ml ha-1) and
Endosulfan 35 EC (1500 ml ha-1) the standard recommendation along with untreated check were also used for
comparison. The results revealed that the thiodicarb 75 WP (625 & 1000 g ha-1) was highly effective for control of
shoot and fruit borer of brinjal (Leucinodes orbonalis Guen.) as foliar spray resulting in higher yield (90.35 & 208.95
q ha-1) and net monetary returns of Rs. 50,236 and Rs. 62,290 ha-1.
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Brinjal (Solanum melongena L.) is one of the most
important vegetables in India. The crop is grown almost
throughout the country round the year. Shoot and fruit borer
(Leucinodes orbonalis Guen.) is the major yield-loss
contributing factor which is responsible for causing loss in
yield ranging from 40.45 per cent at Santhal Pargana, Bihar
(Singh, 2000) to 42.19 per cent at Pant Nagar, Uttarakhand
(Sharma and Chhibber, 1999) region of the country.
Krishnaiah and Vijay (1975) and Dhankar et al. (1997) also
reported the yield loss upto 70.00 and 63.00 per cent due to
this pest. Till now, judicious use of suitbale insecticides is
considered as one of the most effective tool for integrated
management of the pest for sustainable production of brinjal.
However, repeated use of the same insecticide is usually not
successful in managing the pest because of development of
resistance against the insecticides. Hence, there is need for
search of alternative insecticides for the management of the
pest. Keeping in view of this objective the present studies are
carried out and results reported in the article.

MATERIALS AND METHODS

The experiments were conducted on brinjal cv. Mukta
Keshi at Research Farm of Department of Entomology and
Agricultural Zoology, Institute of Agricultural Sciences,
Banaras Hindu University, Varanasi for 2 consecutive years.
There were 6 treatments including control under
Randomized Block Design with plot size of 4 x 2.5 m and
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each treatment replicated 4 times. The transplanting of
seedlings was done in the 4th week of December of each
testing year. The crop was raised by employing recommended
agronomical package of practices. Six foliar sprays with the
test insecticides, i.e., thiodicarh (375,625, 1000 ml ha-1),
monocrotophos (1250 ml ha-1) and endosulfan (1500 ml
ha-1) were given on the standing crop of brinjal at 10 days
interval commencing from 55 days after transplanting (DAT)
with high volume knap sack sprayer. Shoot borer damage
was assessed at 3, 7 and 10 DAT by counting the total number
of shoots and the borer infested shoot from 20 randomly
selected plants from each plot to compute the percentage of
shoot damage (infestation). Total number of healthy and
infested fruits harvested from each plot were counted at the
time of every plucking and per cent fruit-infestation was
calculated. Based on the mean (pooled) data of two years
experimnetation, comparative economics was calculated for
economic feasibility of the test insecticides.

RESULTS AND DISCUSSION

Shoot Infestation

The insecticidal treatments were found to cause a
drastic reduction in shoot infestation caused by shoot borer
(Table 1). The impact of different treatments were observed
to be significantly superior over untreated at 3, 7 and 10
DAT. Thiodrcarb 75 WP applied @ 1000 g ha-1 was found
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most effective in decreasing the shoot borer infestation (5.06,
6.12 & 8.05%) at 3, 7 and 10 DAT in comparison to other
treatments during first year of trial. The untreated plants
were having significantly maximum shoot damage (30.87,
34.50 & 38.50 %) at 3, 7 and 10 DAT. The shoot damage was
also minimum in case of thiodicarb (9.62, 10.73 & 12.36%)
during the second year of evaluation (Table 2) at 3, 7 and 10
DAT in comparision to the other treatments (17.40-24.22,
18.33-28.88 & 21.06-28.23%). The untreated check had
significantly maximum shoot borer infestation (28.36, 29.39
& 32.80%).

It is worthwhile to note that all the 3 doses of thiodocarb
was singnificantly superior over the untreated check. Even
the lower dose of thiodocarb (625 g ha-1) proved significantly
superior over endosulfan (1500 ml ha-1) and remained at
par with that of monocrotophos (1250 ml ha-1) in reducing
the shoot borer damage throughout observation period (3, 7
& 10 DAT). Dhamdhere et al. (1998) found that thiodicarb
(0.15%) applied as foliar spray could be able to reduce the
incidence of okra shoot and fruit borer (Earias vittella Fab.)
upto maximum extent and oxydemetation methyl remained
at par, which shows similarity to present finding. Srinivasan
et al. (1998) found promising control of shoot and fruit borer
of brinjal through foliar spraying of monocrotophos and
carbaryl. In present study also monocrotophos was found
effective in reducing shoot damage due to L. orbonalis but
thiodicarb showed better results.

Fruit Infestation

Thiodicarb 75 WP (1000 g ha-1) was also found most
effective (Table 1) in checking the attack of fruit borer
(L. orbonalis) where fruit damage found significantly

minimum. Its lowest dose, i.e., 375 g ha-1 too proved superior
over endosulfan (1500 ml ha-1) and remained at par with
monocrotophos (1250 ml ha-1) in checking fruit borer
incidence during first year of trial. In second year also
thiodicarb (1000 g ha-1) registered the significantly lowest
level of fruit infestation (2.03%) and it was found superior
over other treatments (Table 2) including untreated check.It
is interesting to note that all the three test doses of thiodicarb
proved superior over the other treatments, i.e., monocrotophos
(1250 ml ha-1) and endosulfan (1500 ml ha-1) which are
general and standard recommendation for shoot and fruit
borer control. Dhamdhere et al. (1998) reported that thiodicarb
(0.15%) as foliar spary proved most effective in suppressing
the incidence of fruit borer of okra (E. vittella) which is in
conformity of the present findings. Srinivasan et al. (1998)
found spraying of monocrotophos and endosulfan was
highly effective in control of L. orbonalis of brinjal.

Fruit Yield

The observations on yield data exhibited that the
thiodicarb (1000 g ha-1) proved significantly superior over
all other treatments in respect of yield (Table 2) of healthy
and marketable fruits (213.3 q ha-1) during first year of trial.
Even the lowest dose of thiodicarb (625 g ha-1) remained at
par with most commonly used and the standard
recommendation of insecticide, i.e., monocrotophos (1250
ml ha-1). The yield was minimum (118.2 q ha-1) in untreated
check. All the three test doses of thiodicarb (375, 625 & 1000
g ha-1)  produced significantly higher yield (142.60, 194.50
& 204.60 q ha-1) as compared to untreated plants (136.40 q
ha-1) during second year also (Table 2).

Table 1. Bioefficacy of insecticides against shoot and fruit borer (Leucinodes orbonalis Guin.) of brinjal during first year

Shoot damage (%) S. No. Insecticide Dose (g/ml ha-1) 

3 DAT 7 DAT 10 DAT Mean 

Fruit damage (%) 

1. Thiodicarb 375 g 24.41 

(4.99) 

24.80 

(5.02) 

26.31 

(5.18) 

25.17 

(5.07) 

12.32 

(3.58) 

2. Thiodicarb 625 g 18.62 

(4.37) 

19.52  

(4.47) 

21.24 

(4.66) 

19.79 

(4.50) 

7.26 

(2.78) 

3. Thiodicarb 1000 g 5.06 
(2.35) 

6.12 
(2.57) 

8.05 
(2.92) 

6.41 
(3.41) 

1.88 
(1.54) 

4. Monocrotophos 1250 ml 22.72 
(4.82) 

23.43 
(4.89) 

24.62 
(5.01) 

23.59 
(4.91) 

17.62 
(4.25) 

5. Endosulfan 1500 ml 25.58 

(5.13) 

27.24 

(5.27) 

29.74 

(5.49) 

27.62 

(5.29) 

19.85 

(4.51) 

6. Untreated check --- 30.87 

(5.60) 

34.50 

(5.90) 

38.50 

(6.24) 

34.62 

(5.91) 

27.22 

(5.27) 

 C.D. (P=0.05) --- 0.42 0.46 0.51 0.41 0.73 
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The result of 2 years experiment revealed that the
thiodicarb (625 & 1000 g ha-1) could be highly effective for
the promising control of shoot and fruit borer of brinjal.
Results similar to present finding are reported by Dhamdhere
et al. (1998) in case of fruit borer of okra (Earia vittella Fab.)
Similarly, Srinivasan et al. (1998) reported earlier that the
foliar spraying of monocrotophos and endosulfan found
effective against fruit borer of brinjal and in between 2,
endosulfan was least effective.

Economics of the Insecticidal Treatments

The relative economics (Table 3) of the treatments
revealed that the foliar sprays of thidicarb (1000 g ha-1) could
be able to realize the highest net monetary returns of Rs.
62,290  ha-1 followed by thiodicarb @ 625 g ha-1 (Rs. 50,236

ha-1) and moncocrotophos @ 1250 ml ha-1 (Rs. 42,600 ha-1).
endosulfan (1500 ml ha-1) remained the least effective in
reducing the pest incidence and gave the relatively lower
yield of marketable fruits (132.10 q ha-1) and lowest net profit
of Rs. 4568 ha-1 only. Similar results were obtained by
Dhamdhere et al. (1998) against E. vittella in case of okra.

Thiocarb (625 & 1000 g ha-1) when applied as foliar
sprays (6) at 10 days interval commencing from 55 days of
planting could be effective in control of shoot and fruit borer
(Leucinodes orboanllis Guin) of brinjal which results in more
yield and net monetary returns (ha-1). Thus the insecticide
thiocarb (625 or 1000 g ha-1) could be recommended for end
users against fruit borer of brinjal.

Table 2. Bioefficacy of insecticides against shoot and fruit borer (Leucinodes orbonalis Guin.) of brinjal during second year

DAT = Days after treatment
Figures in parentheses are transformed values.

Table 3. Relative economics of insecticides in protecting brinjal against shoot and fruit borer Leucinodes orbonalis Guen

Shoot damage (%) S. No. Insecticide Dose (g/ml ha-1) 

3 DAT 7 DAT 10 DAT Mean 

Fruit damage (%) 

1. Thiodicarb 375 g 20.66 

(4.55) 

23.56 

(4.92) 

25.56 

(5.11) 

23.32 

(4.86) 

10.34 

(3.29) 

2. Thiodicarb 625 g 17.40 

(4.23) 

18.33  

(4.34) 

21.06 

(4.64) 

19.93 

(4.40) 

6.77 

(2.69) 

3. Thiodicarb 1000 g 9.62 
(3.18) 

10.73 
(3.35) 

12.36 
(3.58) 

10.90 
(3.37) 

2.03 
(1.59) 

4. Monocrotophos 1250 ml 20.78 
(4.61) 

21.79 
(4.72) 

23.48 
(4.89) 

22.02 
(3.84) 

16.22 
(4.34) 

5. Endosulfan 1500 ml 24.22 

(4.97) 

26.68 

(5.16) 

28.23 

(5.36) 

26.37 

(5.16) 

18.36 

(4.34) 

6. Untreated check --- 28.36 

(5.37) 

29.39 

(5.46) 

32.80 

(5.77) 

30.18 

(5.77) 

24.34 

(4.98) 

 C.D. (P=0.05) --- 0.65 0.52 0.44 0.54 0.66 

 

Fruit yield (q ha-1) Yield increase over 
unprotected 

Insecticide Dose 
(g/ml ha-1) 

1st Year 2nd year Mean (qha-1) Per cent 

Monetry 
return (Rs. 
600 qha-1) 

Expenditure 
on control 
(Rs. ha-1) 

Net 
monetary 

retrun (Rs. 
ha-1) 

Thiodicarb 375 g 134.50C 142.60c 138.55 17.05 14.03 13640 3218 10422 

Thiodicarb 625 g 186.20b 194.50b 190.35 68.85 56.67 55096 4860 50236 

Thiodicarb 1000 g 213.30C 204.60a 208.95a 87.45 71.97 69960 7670 62290 

Monocrotophos 1250 ml 179.00b 188.50b 183.75 62.25 51.23 49800 7200 42600 

Endosulfan 1500 ml 127.80c 136.50b 132.10 10.06 8.28 8048 3480 4568 

Untreated check --- 118.20d 136.40c 121.50 ---- ---- ---- ---- ---- 

C.D. (P=0.05) --- 11.32 3.16 1016 ---- ---- ---- ---- ---- 
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ABSTRACT

Field experiments were conducted on linseed (cv. Neelum) during 2004-05 and 2005-06 to establish relationship
between levels of bud infestation and seed yield. The results revealed that the mean economic injury level (EIL) of
linseed bud fly (Dasyneura lini  Barnes) was 4.53 per cent, while economic threshold level (ETL) was 4.41 per cent. The
correlation between levels of budfly infestation (BFI%) and seed yield of linseed was significantly negative with
r = - 0.9807** and b = - 4.48** in the agro-climatic conditions of Ranchi, when linseed crop was protected with foliar
sprays of Imidacloprid (0.003%).

Key words :  Dasyneura lini, EIL, ETL, linseed.
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Linseed (Linum usitatissimum L.) is one of the important
rabi oilseed crop, used in various industrial purposes and
utilities. The crop is grown under both rainfed and irrigated
conditions. The crop is subjected to attack by 28 pest species
throughout its growth stages (Malik, 1998). Of these, the bud
fly (Dasyneura lini  Barnes) is most destructive and specific
pest of linseed. The maggots of this pest causes floral bud
damage ranging from 13.00 to 75.00 per cent (Prasad, 2000;
Prasad et al.  2008) as well as the leaf buds at growing tips of
the young plants (Sharma et al. 1983) resulting in a loss of
seed-yield between 40.00 to 80.00 per cent (Pal et al.1978;
Prasad, 2000). Keeping in view, the importance of economic
injury (EIL) as well as economic threshold (ETL) levels for
effective management of D. lini, the present study was
undertaken and results obtained are reported.

MATERIALS AND METHODS

The experiment with linseed (cv, Neelum) were
conducted at the farm of Birsa Agricultural University,
Kanke, Ranchi to find out the EIL and ETL of bud fly on
linseed crop during 2004-05 and 2005-06. There were seven
treatments including unprotected check (control) and each
treatment replicated thrice under Randomized Block Design
with plot size of 4.0 x 2.5 m. Seeds of linseed were sown on
10th and 15th November during 2004 and 2005, respectively.
Six foliar sprays of Imidacloprid (0.003%) were given at
weekly intervals starting with first application at the time of

bud initiation. The foliar treatments from 1 to 6 were provided
to create various exposure periods to the crop for attack of
budfly to create different levels of bud fly infestation (BFI).
Mancozeb (0.25%) spray at fortnightly intervals was also
given to ward off fungal diseases in general and Alternaria
bud-blight in particular. Observations on total number of
buds and number of damaged buds due to budfly were
recorded at dough stage of the crop on five randomly selected
plants in each replication to calculate the percentage of bud
infestation with budfly. Seed yield (kg plot-1) was recorded
at harvest and analysed after converting it to q ha-1. Co-
relation coefficient and regression equations between BFI
per cent and seed yield were worked out to determine the
regression coefficient (b) and the value of gain threshold (GT).
The EIL and ETL of budfly was calculated by following the
method of Stone and Pedigo (1972).

The mathematical procedures and steps for calculating
economic injury level (EIL) and economic threshold level
(ETL) are mentioned below :

1. Economic threshold level (EIL)  =  UBFI (%)

Where, UBFI (unavoidable budfly infestation) refers to the
extent of percentage of bud damage under the influence of
full protection provided by application of six foliar sprays
with Imidacloprid (0.003%) given to the crop against bud
fly’s attack.
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2. -1

)-1Cost of treatment (Rs. ha
Gain threshold (GT) =

Price of linseed (Rs. kg )

3. Regression equation between percentage bud
infestation  (X) and seed yield of linseed :  kg ha-1 (Y) :

Y= a ± bx

Where, a is pure constant, b refers to regression coefficient, y
for seed yield of linseed and x means budfly infestation (%).

4. Calculated EIL = 
 

 
Gain threshold GT

 
Regression coefficient b

5. Actual EIL =  Calculated EIL + UBFI

RESULTS AND DISCUSSION

The protected crop showed significantly minimum bud
damage of 4.23 and 4.59 per cent during 2004-05 and 2005-
06 and maximum seed yield of 10.20 and 9.63 q ha-1 during
respective years. The unprotected crop, on the other hand,
recorded maximum bud damage of 33.43 and 45.53 per cent
at dough stage of the crop and lowest seed yield of 4.75 and
3.89 q ha-1 (Table 1).

EIL of bud fly infesting linseed is regulated by the
relationship between the quantum of plant’s injuries viz.,
extent of bud damage and the amount of loss in yield caused
by the particular level of bud-infestation (Prasad et al.  2008).
Calculated threshold (GT) was 0.56 q ha-1 and 0.49 q ha-1

during 2004-05 and 2005-06 (Table 2). The pooled mean GT
of both the years was 0.52 q ha-1. Simple correlation coefficient
(r) between bud fly infestation (x) and seed yield (Y) computed
from the data obtained during 2004-05 and 2005-06 and
mean of two years was calculated as r = -0.9839** and
r = -0.9776** and r = -0.9807** with regression coefficient,
b = -4.17** and b = -4.80** and – 4.48**. The calculated
economic injury level  was worked out to be 0.130, 0.102 and
0.120 per cent based on gain threshold of 0.56 q ha-1, 0.49 q
ha-1 and 0.52 q ha-1 and regression coefficient, b = -4.17**, b
= -4.80** and b = -4.48** during 2004-05 and 2005-06 and
mean of the two years. Unavoidable bud-infestation values
of 4.23, 4.59 and 4.41 per cent were observed in the
corresponding years and the actual EIL determined as 4.36,
4.69 and 4.53 per cent (Table 2). ETL remained 4.23 and 4.59
per cent during 2004-05 and 2005-06 alongwith its mean of
4.41 per cent.

The relationship between infestation of bud fly and
linseed yield as per the regression coefficient (b) revealed
that every increase of one per cent bud-infestation beyond
unavoidable bud infestation of 4.23 (2004-05), 4.59 (2005-
06) and 4.41 (mean) per cent were responsible for reduction
in seed yield to the tune of 4.17, 4.80 kg ha-1 and 4.48 kg
ha-1. Some workers found different EIL as well as ETL of the
pest species (D. lini) depending upon the variations in agro-
climatic conditions, price of seed yield and cost of insecticidal
measures during different years of experimentations. Malik
et al. (1996) determined EIL of linseed bud fly which was
2.67 per cent, while ETL was fixed as 2.00 per cent which
was almost in the line with that of the protection cover

Mean of budfly infestation (%) at dough stage*  Seed yield (q ha –1) No. of spray Exposure 
period (days) 2004-05 2005-06 Mean 2004-05 2005-06 Mean 

6 0 4.23 
(11.84) 

4.59 
(12.26) 

4.41 
(12.05) 

10.20 9.63 9.92 

5 7 6.73 
(15.03) 

9.33 
(17.75) 

8.03 
(16.39) 

9.78 8.79 9.28 

4 14 9.68 

(18.08) 

12.46 

(20.66) 

11.07 

(19.35) 

8.10 6.97 7.54 

3 21 18.83 
(25.19) 

22.05 
(28.01) 

20.44 
(26.60) 

7.63 6.29 6.96 

2 28 22.69 

(28.40) 

26.06 

(30.69) 

24.37 

(29.54) 

6.17 5.65 5.91 

1 35 28.12 
(32.02) 

37.07 
(37.49) 

32.59 
(37.75) 

5.43 3.95 4.69 

0 42 33.43 
(35.32) 

45.53 
(42.44) 

39.28 
(39.28) 

4.75 3.89 4.62 

CD (P = 0.05) 2.38 1.98 1.76 1.46 1.55 1.28 

 

Table 1. Budfly infestation (BFI) and seed yield under different frequencies of Imidacloprid sprays

*The figures in parentheses are angular transformed values
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provided with phosphamidon under the agro-climatic
conditions of Kanpur. Tripathi et al. (2003) reported EIL of
linseed bud fly at 7.32 per cent, while ETL value was 5.00
per cent which were also similar to that of present
investigation. However, Malik (1999) has reported less
(11.20) bud infestation as EIL of linseed bud fly. It is
interesting to note that ETL and EIL of the budfly (D. lini)  are
almost close to each other in the present studies but ETL
values remained some what lower to that of EIL.
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Table 2. Computation of economic injury level (EIL) and economic threshold level (ETL) of linseed budfly (D. lini)

S. 
No. 

Statistical parameters for computing ETL and EIL  2004-05 2005-06 Mean 

1. Gain threshold, GT (q ha-1) =  CP/PL 0.56 0.49 0.52 

2. Correlation coefficient (r) between BFI (%) and seed yield  - 0.9839** 0.9776** -0.9807** 

3. Regression equation between BFI(x) and seed yield (Y) = Y = a   bx Y =  54.74 – 4.17X Y =  58.00 – 4.80 X Y = 56.37 – 4.48 X 

4. Regression coefficient (b) between BFI (%) and seed yield -4.17** -4.80** -4.48** 

5. Calculated EIL in the terms of bud infestation (%) 0.130 0.102 0.120 

6. Unavoidable bud fly infestation, UBFI (%) = Economic threshold level 
(ETL) 

4.23 4.59 4.41 

7. Actual EIL in terms of BFI  (EIL cal.+UBFI) 4.36 4.69 4.53 

 
BFI (%) = Percentage of bud fly infestation; UBFI (%) = unavoidable bud infestation (%);
CP = Cost of protection through insecticidal treatments; PL = Price of linseed (Rs kg-1); Cal. = Calculated.
* Significant at 5 per cent level (P=0.05); and **Significant at 1 per cent level (P = 0.01)
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ABSTRACT

In the present scenario, aphids are considered as a notorious pest of different agricultural and horticultural crops in
India. During winter, it causes an extensive loss to rapeseed-mustard crop. Indian farmers are mostly relying on many
chemical insecticides for its management, which are not only harmful to man and beneficial insects but also pollute the
environment. To preserve the beneficial insects, present investigations has been designed to survey 3 districts of Uttar
Pradesh to collect the indigenous species of coccinellids and study their population dynamics. Results revealed the
variation in the population index of different coccinellid species with change in time and place. Among different
indigenous species of ladybeetles, Coccinella septempunctata was found dominating species at all the experimental site.
The highest index of C. septempunctata was recorded as 5.67 at Farah in district Mathura during April, 2009 and
March, 2010 and also the same at Sikandra of district Agra during April, 2009. Similarly, the maximum population
index was (4.43) for C. transversalis at Farah in district Mathura during March, 2010. On the other hand, Menochilus
sexmaculatus attained highest index of 4.00 at Tundla in district Firozabad and also at Mathura during April, 2009.
This variation in the population index of ladybeetles could be attributed to the deviation in aphid population,
environmental factors and plant characteristics.
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Aphids are well known to attack many economically
important crops. They propel their proboscis into the phloem
system of plants for sucking the cell sap. Besides sucking the
sap, it also facilitates viral infection to the plants (Ali and
Rizvi, 2007). Many aphids have a narrow host range, such
as mustard aphid, Lipaphis erysimi, feeds only on cruciferous
plants, Hyadaphis coriandri on coriander plants, Macrosiphum
rosae only on rose plants and Rhopalosiphum nymphae on
duck-salad (Blackman and Eastop, 2000). However, some
aphid species have broader host range and have been
classified as polyphagous, e.g. the cowpea aphid, Aphis
craccivora feeds on about 100 families of plants (Ofuya, 1997).
In the biosphere, a number of natural enemies are associated
with the aphid colonies viz., coccinellids (41.97 %), syrphids
(15.67 %), braconids/ aphidids (11.78 %) and chrysopids
(7.64 %) etc. (Singh et al. 2003). Among them, ladybeetles
occupy a prominent position with over 5,000 species known
throughout the world. In India, about 261 species including
57 genera are reported as predaceous coccinellids (Omkar
and Pervez, 2004). Beside aphids, they also feed on other
sucking insect such as coccids, thrips, mites and whiteflies
(Ali and Rizvi, 2007). In fact, majority of the coccinellids are
indeed poisonous to smaller predators, such as lizards and
small birds. However, a human can eat several hundred
coccinellids without feeling any effect. Adult coccinellids

are able to reflex bleed (haemolymph) from their leg joints,
releasing oily yellow toxin with a strong repellent smell. It
becomes quite obvious when one handles it roughly. Many
workers of coccinellidae group have reported that Coccinella
septempunctata Linn., C. transversalis Fab., Brumoides suturalis
(Fab.), Hippodamia variegate (Fab.), Propylea dissectas
(Mulsant), Harmonia octomaculata (Fab.) and Menochilus
sexmaculatus (Fab.) are the key species predating on aphids
in different parts of India (Agarwala and Yasuda, 2000;
Omkar and Pervez, 2000; Omkar and James, 2004; Omkar et
al. 2005; Gupta et al. 2006; Ali and Rizvi, 2009; 2010).
Considering the importance of coccinellids on many sucking
insects, an extensive survey for collection of indigenous
species of predatory coccinellid and their population
dynamics has been studied in mustard crop ecosystems at
three districts of Uttar Pradesh.

MATERIALS AND METHODS

An extensive survey has been conducted in rapeseed-
mustard crop at few locations of district Mathura, Agra and
Firozabad during the year 2009-10 and 2010-11. The survey
has been started form the month of February, 2009. During
survey, mixed population of two aphid species, i.e., Lipaphis
erysimi (Kalt.) and Myzus persicae (Sulzer) was found to attack
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rapeseed-mustard crop. However, 3 species of ladybird,
Coccinella septempunctata Linnaeus, Coccinella transversalis
Fabricius and Menochilus sexmaculatus Fabricius were also
found associated with the colonies of these aphids. They
were round in shape and small in size, ranging from 1-10
mm. Body colour was yellow and orange with small black
spots on their elytra. The head, antennae and legs were black
in colour. The populations of above coccinellid species are
synchronized with the inhabitants of aphids. The surveys
have been conducted in rapeseed-mustard at farmers field
(each replicated thrice) at every location (experimental site)
of each district at monthly intervals and population of
associated coccinellid species recorded for calculating the
population index. Population index was constructed for
different coccinellid species using assumption grades for
different set of populations in the experimental field. The
assumption grades used were, no coccinellid in the field or
crop not available (0), 1 coccinellid present on plants in 1 m2

area (1), 5 coccinellids present on plants in 1 m2 area (2), 1
coccinellid present on each plant (3), 1-5 coccinellids present
on each plant (4), 5-10 coccinellids present on each plant (5)
and > 10 coccinellids present on each plant.

RESULTS AND DISCUSSION

An extensive survey has been conducted in the farmer’s
field of rapeseed-mustard at Farah, Mathura and
Chhatikaran (district Mathura), Sikandra, Khandauli and
Chhalesar (district Agra), and Tundla, Firozabad and
Shikohabad (district Firozabad). At every experimental site,
farmers had sown rapeseed-mustard in the last week of
October and aphid attack initiated in the month of November.
In nature, some aphidophagous ladybeetles also appeared,
to check the population of aphids at the farmer’s fields in the
month of November and their population increased with
inhabitants of aphid. The ladybeetle fauna associated with
the aphid colonies included C. septempunctata, C. transversalis
and M. sexmaculatus.

The variation in the population of different coccinellid
species was quite evident with change in time (experimental
years) and place (locations). The highest population index
of C. septempunctata was 5.67 at Farah followed by
Chhatikaran (5.33) and Mathura (5.00) in district Mathura
during the month of April in the year 2009-10. In the
successive year (2010-11), the index of C. septempunctata was
more (5.67, 5.00 & 4.67) at Farah, Chhatikaran and Mathura

Table 1. Population of different indigenous species of coccinellids in mustard crop at different locations of district Mathura

* = Crop not available

Coccinnelids population index 

Farah Mathura Chhatikaran 

Year/ 
Month 

  Coccinella 
septumpunctata 

Coccinella 
transversalis 

Menochilus 
sexmaculatus 

Coccinella 
septumpunctata 

Coccinella 
transversalis 

Menochilus 
sexmaculatus 

Coccinella 
septumpunctata 

Coccinella 
transversalis 

Menochilus 
sexmaculatus 

2009-10          

February 4.33 3.00 2.67 4.00 2.67 3.00 4.33 2.33 2.67 

March 5.33 3.33 3.33 4.67 3.33 3.67 5.00 2.67 3.33 

April 5.67 4.00 3.67 5.00 3.67 4.00 5.33 3.00 3.67 

May * * * * * * * * * 

June * * * * * * * * * 

July * * * * * * * * * 

August * * * * * * * * * 

September * * * * * * * * * 

October 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

November 1.33 0.00 0.67 0.67 0.33 1.33 1.33 0.33 1.00 

December 2.00 0.67 0.33 2.00 0.67 1.33 2.33 0.67 1.67 

January 3.67 2.00 2.00 3.33 1.67 2.33 3.33 1.33 2.33 

2010-11          

February 4.67 3.33 2.00 4.00 3.33 2.33 4.67 3.67 1.67 

March 5.67 4.33 3.00 4.67 3.67 3.67 5.00 4.00 2.33 

April 3.30 2.67 0.67 2.00 1.67 1.67 3.00 2.00 1.00 

May * * * * * * * * * 

June * * * * * * * * * 

July * * * * * * * * * 

August * * * * * * * * * 

September * * * * * * * * * 

October 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

November 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

December 1.67 1.00 0.67 1.33 0.67 0.33 1.00 0.67 1.67 

January 4.33 4.00 1.67 3.33 3.67 1.33 3.33 2.33 2.67 
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* = Crop not available

in the month of March (Table 1). Similarly, the population
index of another ladybeetle species C. transversalis was higher
(4.00 & 4.33, 3.67 & 3.67 & 3.00 & 4.00) at Farah, Mathura
and Chhatikaran during the months of April and March in
the year 2009-10 and 2010-11, respectively (Table 1).  As far
as M. sexmaculatus is concerned, the population index was
higher (4.00 & 3.67, 3.67 & 3.00 & 3.67 & 2.33) at Mathura,
Farah and Chhatikaran in the months of April, 2009-10 and
March, 2010-11, (Table 1).

At district Agra, the population index C. septempunctata
showed higher index at Sikandra (5.67 & 4.33), Khandauli
(5.33 & 3.67), and Chhalesar (5.00 & 4.00) during the month
of April, 2009 and March 2010 (Table 2). The population of
C. transversalis, was high with population index of 2.00 and
3.33 at Sikandra followed by 2.00 and 3.00 at Chhalesar and
1.67 and 2.67 at Khandauli during the months of April, 2009-
10 and March, 2010-11 (Table 2). On the other hand, the
index of M. sexmaculatus was more (3.67 & 2.33, 3.33 & 1.67,
3.00 & 2.00) at Sikandra, Khandauli and Chhalesar during
April, 2009 and March 2010 (Table 2).

As far as district Firozabad is concerned, the population

index of C. septempunctata, C. transversalis and M. sexmaculatus
were more (5.33 & 4.67, 5.00 & 4.00, 5.00 & 4.33); (3.33 & 4.00,
2.67 & 3.00, 2.33 & 3.33; and (4.00 & 2.67, 3.67 & 2.00, (3.33 &
2.33 at Tundla, Firozabad and Shikohabad in the months of
April, 2009-10 and March, 2010-11 (Table 3).

In the present investigations, the variation in the
population index of different coccinellids varied with the
change in the locations and observational years. This shows
complete coroboration with the findings of the Honek (1985),
Kieckhefer and Elliott (1990), Elliott et al. (1996) and Hodek
and Michaud (2008). However, other workers of ladybeetles
also reported variation in the population of coccinellids,
which could be attributed to the change in population of
aphids (Chattopadhyaya et al. 2005; Rai and Mishra, 2007).
In another experiments some also believe that the variation
in population of coccinellids also depend on the change of
environmental factors (Srivastava et al. 1995; Prasad, 2003;
Chattopadhyaya et al. 2005; Ansari et al. 2007). However,
few report also available on the variation with the change in
the plant characteristics (Honek and Martinková, 2005;
Yano, 2006; Hodek and Michaud, 2008). At every
experimental site, C. septempunctata was found to be

Table 2. Population of different indigenous species of coccinellids in mustard crop at different locations of district Agra

Coccinnelids population index 

Sikandra Khandauli Chhalesar 

Year/Month 

Coccinella 
septumpunctata 

Coccinella 
transversalis 

Menochilus 
sexmaculatus 

Coccinella 
septumpunctata 

Coccinella 
transversalis 

Menochilus 
sexmaculatus 

Coccinella 
septumpunctata 

Coccinella 
transversalis 

Menochilus 
sexmaculatus 

2009-10          

February 4.00 1.00 2.67 4.00 1.00 2.33 4.00 1.33 2.33 

March 5.00 1.67 3.33 4.67 1.33 3.00 5.00 1.67 2.67 

April 5.67 2.00 3.67 5.33 1.67 3.33 4.67 2.00 3.00 

May * * * * * * * * * 

June * * * * * * * * * 

July * * * * * * * * * 

August * * * * * * * * * 

September * * * * * * * * * 

October 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

November 1.00 0.00 0.67 1.67 0.33 1.00 1.33 0.33 1.00 

December 2.00 0.67 1.67 2.33 0.33 1.67 2.33 0.67 1.33 

January 3.00 1.00 2.33 3.33 0.67 2.00 3.30 0.67 1.67 

2010-11          

February 3.67 2.67 2.00 3.00 2.00 1.33 3.33 2.67 1.67 

March 4.33 3.33 2.33 3.67 2.67 1.67 4.00 3.00 2.00 

April 2.00 2.00 1.00 1.67 1.00 0.67 1.67 1.33 0.67 

May * * * * * * * * * 

June * * * * * * * * * 

July * * * * * * * * * 

August * * * * * * * * * 

September * * * * * * * * * 

October 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

November 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

December 1.67 1.33 1.00 1.00 1.00 1.00 1.33 1.33 1.00 

January 2.67 2.33 2.00 1.67 1.67 1.67 2.00 2.00 1.67 
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dominating species than C. transversalis and M. sexmaculatus.
It is quite obvious due to the suitability of habitat and this
species can survive in every habitat including gardens,
orchards, nurseries, forest and agricultural fields (Turnock
et al. 2003; Honek and Martinková, 2005; Hodek and
Michaud, 2008; Ali and Rizvi, 2010).

It can be concluded from the survey of 3 districts viz.,
Mathura, Agra and Firozabad of Uttar Pradesh that the C.
septempunctata, C. transversalis and M. sexmaculatus were
indigenous species of ladybeetle at selected locations.
However, the population dynamics of these species showed
the higher population in the months of March and April in
every observational year. Among these species, C.
septumpunctata was found dominating at every location due
to its habitat preference.
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ABSTRACT

Field studies were made to control root rot of green gram, Vigna radiata (variety SML-264) caused by Macrophomina
phaseolina through three isolates of suppressive bacteria, Bacillus subtillis (BS-12, BS-17 & BK-1) two isolates of
Rhizobium (AKR-1 & M-10); Pseudomonas fluorescens. Results revealed that Rhizobium M-10 and P. fluorescens showed
76.65 per cent inhibition of the growth of M. phaseolina in dual culture technique in vitro, while. In vivo Bacillus subtilis
(isolate BK-1) treated crops showed 37.02 per cent mortality compared to 67.28 per cent in inoculated control crops
when applied as seed soaking along with soil drenching. However, when P. fluorescens was applied as seed soaking in
field condition, disease control was 74.96 per cent. Nitrogen fixation of green gram was maximum in case of
Rhizobium treated plants. Inoculated control plants showed minimum grain yield which was  lower by (-) 41.60 per
cent as compared to uninoculated control and (-) 45.87 per cent lower than Rhizobium (isolate AKR-1) treated plants.
Antagonists treated plants showed good average root length, shoot length, dry weight, nitrogen fixation and yield.
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Green gram or mungbean (Vigna radiata (L.) Wilczek)
is one of the most important pulse crop belonging to
leguminoseae family. Macrophomina plaseolina (Tassi)  Goid
which has a wide host range and causes  seed blight, collar
rot, stain rot and root rot disease in various crops. In
mungbean it causes dry root rot. Since the fungus is soil
borne, it is difficult to control. In the present investigation,
management of this disease by isolates of Bacillus sp.,
Pseudomonas fluorescens and Trichoderma harzianum under in
vitro and in vivo conditions was attempted and results
reported.

MATERIALS AND METHODS

The antagonists were collected from Nodule Research
Laboratory, BCKV, Mohanpur, West Bengal. M. phaseolina
isolated from naturally infected jute seedlings and green gram
(variety SML-264) was taken as test plant. The bacterial and
fungal cultures were maintained on NA (Bacillus sp.); Kings
B (P. fluorescens); PDA (M. phaseolina & Trichoderma) and YMA
(Rhizobium sp.) media. Antagonism of the selected bacterial
isolates against M. phaseolina was tested in vitro by dual
culture techniques (Dhingra and Sinclair 1985).

Field trial (in vivo studies) with different treatments
was conducted in Randomized Block Design with plot size
of 1m2. M. phaseolina grown on sand maize meal medium
were thoroughly mixed with the soil @ 200 g m-2. Mung bean
seeds were soaked initially by the suspension of bacterial

and fungal antagonists. After 5 days of sowing (DAS), the
suspension of antagonists (200 ml) were applied in each
sick pot.   Per cent mortality of seedlings of mungbean in the
pot and in field conditions were estimated as number of
infected plants/total number of plants x 100 after 10 DAS
and continued upto 30 DAS. Statistical analysis were carried
out following the methods as described by Chandel (1978).
Total nitrogen (N) content of the dried plant samples was
estimated following the methods of Jackson (1967).

RESULTS AND DISCUSSION

The results revealed that all the antagonists have the
ability to inhibit pathogen growth significantly (Table 1).
All the antagonists were found effective in reducing the
mortality of plants from 67.28 per cent (inoculated control)
to the range of 32.40 - 37.02 per cent with minimum in
Rhizobium M-10 (Fig. 1) under pot culture.

Uninoculated control plants recorded highest root
length compared to treated plants at 45 DAS followed by
Rhizobium (Rh) treated plants. Root length and shoot length
of M. plaseolina inoculated control plants were lower as
compared to uninoculated control plants of 45 DAS (Table
3). Similar trends were also observed in plant dry weight.
Per cent N

2
 fixation was maximum in Rhizobium treated

plants (Table 2).

The plants treated with Rh- AK-1 isolate (Fig. 2)
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Table 1. Inhibition of mycelial growth of M. phaseolina by antagonists (Dual culture technique) in vitro

Colony diameter (mm) Antagonist 

Pathogen Antagonist 

Inhibition zone 
(mm) 

Inhibition of pathogen 
(%) 

Rh-M-10 21 (1.322)* 65 (1.812) 4 (0.602) 76.65 

Rh-AKR-1 24 (1.380) 64 (1.806) 2 (0.301) 73.33 

P. fluorescens 21 (1.322) 60 (1.778) 9 (0.954) 76.65 

T. harzianum 22 (1.342) 62 (1.792) 6 (0.778) 75.56 

BS-12 23 (1.361) 64 (1.806) 3 (0.477) 74.44 

BS-17 24 (1.380) 62 (1.792) 4 (0.602) 73.33 

BK-1 29 (1.462) 58 (1.763) 3 (0.477) 67.76 

Control 90 (1.954) - - - 

CD at 5% 0.109 0.030 0.037 - 

CD at 1% 0.151 0.042 0.051 - 

 
* The figures in parenthesis are log transformed values

Table 2. Influence of antagonists on plant growth characters of 45 days old seedlings of green gram in Macrophomina treated
soil under field conditions

Treatment Root length (cm) Shoot length (cm) Dry weight (g) N2 fixation (%) 

Uninoculated control 11.09 16.25 182.05 8.07 

Inoculated control 5.70 9.12 111.12 4.38 

Rh-M-10 10.71 15.88 182.62 9.44 

Rh-AKR-1 11.11 15.78 181.38 9.55 

P. fluorescens 9.94 14.61 174.86 6.39 

T. harzianum 10.16 15.06 176.38 5.27 

BS-12 10.68 15.61 177.07 7.00 

BS-17 9.68 14.65 177.92 7.09 

BK-1 9.24 14.86 181.56 6.53 

CD at 5% 1.816 1.619 8.272 1.170 

CD at 1% 2.503 2.231 11.397 1.612 
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Fig. 1. Effect of seed soaking and soil drenching of
antagonists on plant mortality green gram due to root rot

pathogen under pot culture

Fig. 2. Effect of antagonists on yield of green gram in
Macrophomina phasealina infested soil.
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recorded the highest yield (16 qha-1) followed by Rh-M-10
treated plants (15.50 q ha-1). Grain yield of M. phaseolina
treated plants were lower by 41.60 per cent as compared to
uninoculated control plants and by 45.87 per cent over Rh-
AKR-1 treated plants (Fig. 2).

Umechuruba (2004), while studying the antagonistic
effect of Bacillus subtilis strain in vitro against M. phaseolina,
causal agent of root rot of mung bean, indicated that gram
(+) bacteria inhibited the growth of the soil borne pathogen
in vitro which has similarity with the present work.
Management of M. phaseolina, causal agent of root rot disease
of ground nut with P. fluorescens, was reported by Vimala et
al. (2001). Soil application and seed treatment of Trichoderma
spp. showed control of M. phaseolina on mung bean
(Rajeswari et al. 1999). Suppressive effect of Rhizobium sp. on
M. phaseolina was reported by Shahnaz et al. (2005) on Okra.
All these results are in the line of present findings. A
challenge to the pathogen by antagonists has been expressed.
This has opened up an area of possible use of bacterial
antagonists not only as plant growth promoting
rhizobacteria but also as suppressor in the soil against the

plant pathogen to lower the disease pressure.
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ABSTRACT

The effect of seed treatment and foliar spray of antagonists (solo and combined) on angular leaf spot disease of French
bean was studied under field condition during 2007-2008. Seed treatment with Trichoderma harzianum (8 g kg-1) and
its single foliar spray (10 g l-1) showed minimum disease incidence with infected seedling and leaves of  10.00 and 7.56
per cent, reseptively. The green pod yield was also maximum (98.4 q ha-1) in the same treatment. The seed treatment
along with their foliar sprays with other antagonists also reduced the disease incidence and increased the yield of green
pods in comparision to foliar sprays alone.

Key words: Biological control, angular leaf spot, French bean, Tricoderma, Pseudomonas.
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French bean (Phaseolous vulgaris L.), a member of family
Papilionaceae, is an important vegetable and pulse crop of
India, grown over an area of 4,26 hectares with an annual
production of 24,778 tons (Sidhu, 1998). It has a very high
nutritive value as compared to other vegetables having 24.00
per cent protein and 56.61 per cent carbohydrates and is a
rich source of Ca, Fe and vitamins. Since the crop is grown in
monsoon, it suffer heavy losses due to fungal, bacterial and
viral diseases. Among these the angular leaf spot caused by
Phaeoisariopsis riseola is very serious. In the state of
Uttarakhand, the crop is cultivated as a vegetable and
angular leaf spot is a major constraint in its production
particularly in district Almora. The infected plant produces
poor quality pods which results in its reduced market value
and causes great economic loss to the growers. Keeping in
view the importance of crop and disease, the effective
management of disease is essential. At present the emphasis
is on bio-control methods because of harmful effects of
chemicals. Therefore, in present investigation attempts have
been made to manage this important disease of French bean
with bioagents such as Trichoderma and Pseudomonas and
results are reported in this communication.

MATERIALS AND METHODS

Field experiments were conducted under Randomized
Block Design at experimental block of Plant Pathology
Section of State Training and Research Centre for Organic
Farming, Majkhali, Ranikhet during kharif season of 2007

and 2008. There were fourteen treatments as seed treatment
and foliar sprays. The plots without any treatment served as
control. All the treatments were replicated thrice.

The seeds of French bean (cv. Contender) were treated
with known antagonists Trichoderma harzianum and
Pseudomonas fluorescens (Th-19 & Pf-173) obtained from
GBPUA & Technology, Pantnager and sown in plots (3 x 2
m) in mid June. The antagonists used were talk based with
concentration of 1 x109 cfu g-1. The doses used as seed
treatment were 8 and 10 g kg-1 seed of T. harziamum and P.
fluorescans, respectively. The spray of antagonists given at
40 days after sowing (DAS) and repeated after 55 and 70
DAS. Data on disease incidence on infected seedling was
recorded 45, 60 and 75 DAS of sowing, while severity index
was recorded after 3 days of last foliar spray using 0-5 scale.
The grade used were no disease (0), 1 to 10 per cent leaf area
infected (1), 11 to 20 per cent leaf area infected (2), 21 to 40
per cent leaf area infected (3), 41 to 80 per cent leaf area
infected (4) and 81 to 100 per cent leaf area infected (5). Per
cent disease control was calculated as per method of Vincent,
(1927).

RESULTS AND DISCUSSION

Results revealed that the seed treatment + single spray
of T.harzianum was the most effective against the disease
with disease incidence of 10.00 per cent and reduction in
disease over control 76.31 per cent. The next effective
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treatment was seed treatment + single spray of T.harzianum
+ P. fluorescens with disease incidence and reduction in
disease over control of 15.58 and 63.09 per cent (Table 1).
Leaf infection was also least in seed treatment + single spray
of T.harzianum with average leaf infection and reduction in
disease over control of 7.56 and 73.00 per cent, respectively
(Table 1). The next effective treatment was seed treatment
with P. fluorscens + single spray of same bioagent (9.33 &
66.67%).

The green pod yield was highest (Fig. 1) in same
treatments, i.e., ST + single foliar spray of T.harzianum
(98.4 q h-1) and closely followed by seed treatment + single
spray of fungal and bacterial antagonists (93.25 q ha-1)

Though the seed treatments with fungicide
(Carbendazim-50 WP) is reported effective in controlling the
disease but the bio-agents are evaluated for the first time and
found effective. The probable reasons for its effectiveness
may be the production of  metabolites, antibiotics,
siderophores, cyanide etc. (Loper and Buyer 1991).  It has
also been reported that the P. fluroescens could inhibit
pathogen by competing with them for nutrients or by
producing many antibiotics (Weller, 1998).
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Table 1. Effect of different bio-control agents and mode of application on angular leaf spot of Freanch bean

Infected  seedling (%) Infected leaf (%) S. No. Treatment 

45 DAS 60 DAS 75 DAS 

Mean 
 

Disease 
reduction over 

control (%) 
45 

DAS 
60 

DAS 
75 

DAS 

Mean  Disease 
reduction 

over 
control (%) 

1 ST with Th + one FS of 
same bio-agent 

3.33 3.33 23.33 10.00 76.31 
 

2.67 8.00 12.0 7.56 73.0 

2 ST with Pf + one FS of 

same bio-agent 

6.67 10.0 36.67 17.78 57.90 4.00 9.33 14.6 9.33 66.67 

3 ST with Th + Pf + one 
FS of same bio-agent 

0.00 6.67 40.00 15.58 63.09 0.00 14.67 18.6 11.11 60.32 

4 Two FS of  Th 3.33 10.0 50.00 21.11 50.0 8.00 16.00 24.0 16.00 42.85 

5 Two FS of  Pf 6.67 6.67 56.67 23.33 44.74 16.0 22.67 25.3 21.33 23.82 

6 Two FS of Th +Pf 13.3 23.3 66.67 34.44 18.42 10.6 21.33 24.0 18.67 32.54 

7 Three  FS of  Th 10.0 10.0 56.67 25.58 39.41 12.0 13.33 18.6 14.67 47.67 

8 Three FS of  Pf 10.0 13.3 76.66 33.33 21.05 28.0 13.33 17.3 19.56 30.14 

9 Three FS  of  Th + Pf 6.66 10.00 60.00 25.58 39.41 21.3 13.33 21.3 18.67 33.32 

10 Control 13.3 26.6 86.67 42.22 - 32.0 25.33 26.6 28.00 - 

 
ST= Seed treatment, FS= Foliar spray, Th= Tricoderma harzianum and PF= Psedomonas fluoroscens

Fig 1. Effect of different biocontrol agents and mode of
application on yield of french bean
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ABSTRACT

Neem possesses marked anti-microbial and insecticidal properties. Copper complexes were prepared with hot water
extract and methanol extract of neem leaves. Forty eight hours reflux yielded 22 and 34.24 per cent complexation of
Cu (II) in copper hot water neem leaves extract complex and copper methanol neem leaves extract complex, respectively.
In petri plate bioassay, 50 ppm of complex caused up to 98 per cent growth retardation of brown and white rots fungi.
Hardwood and softwood blocks exposed to white and brown rots at 1.5 per cent concentration of copper-methanol
neem leaves extract complex exhibited only 8 to11 per cent weight loss as compared to control (46%), whereas copper-
hot water neem leaves extract complex revealed 8 to 16 per cent weight loss.

Key words: Brown rot, copper complex, hardwood, neem, softwood, white rot.
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Over the past few decades emphasis has been given
towards development of eco-friendly formulations from
natural products possessing toxicity against wood
destroying agencies. Certain plant species are abundantly
available in India, possess anti-microbial and insecticidal
activity which can be utilized for the development of wood
preservatives. Neem, one of the most extensively studied
species of Indian sub-continent is known to possess marked
medicinal, insecticidal and anti-microbial activity. Quercetin
isolated from water soluble fraction of the crude leaf extract
possesses anti-fungal property (Tewari, 1992).  Tiyagi and
Alam (1995) evaluated the efficacy of oilseed cakes of neem
(Azadirachta indica), castor and mustard against plant
parasitic nematodes and fungi infesting chickpea. The
triterepnoid mixtures derived methanol extract of neem oil
revealed marked anti-fungal activity (Govindchari et al.
1998). Extracts of neem leaf, neem oil and seed kernels were
found effective against certain human fungi including
Trichophyton, Epidermophyton, Microsporum, Trichosporon,
Geotricum and Candida (Khan and Wassilew, 1987). Neem
oil showed anti-fungal activity against Tricophyton
mentagrophytes (Tewari, 1992). Rao (1990) conducted natural
durability tests on neem wood against wood destroying white
(Polyporus versicolor & P. hirsutus) and brown rot fungi
(P.  palustris & P. meliae). Results revealed that the heartwood
was highly resistant, while the sapwood moderately resistant
against the test fungi.

Venmalar and Nagaveni (2005) treated rubber wood
samples with copper incorporated into cashew nut shell
liquid (CNSL) and neem seed oil by employing dipping
techniques. The combinations of copper and CNSL and
copper and neem under pressure treatment have resulted in
discernibly high protection against wood rotters and
termites. Tewari and Singh (2006) studied the antifungal
activity of natural antifungals, i.e., Cassia alata (Canicro bush),
Azadirachta indica (Neem), Ocimum sanctum (Tulsi), Cassia
obtusifolia (Money bush), metal ferrocyanides and natural
antifungal-metal ferrocyanide complexes by Aspergillus
niger. The natural antifungals with metal ferrocyanides
complexes were found to have more antifungal property in
comparison to metal ferrocyanides and natural antifungals
alone. The mercury ferrocyanide with neem and copper
ferrocyanide with Canicro bush complexes were found to
have highest and lowest antifungal properties. Neem extract
(NE) combined with copper sulfate and boric acid (NECB)
were examined for their protective effect against fungal
deterioration of mango (Mangifera indica) and rain tree
(Albizia saman) wood. Results revealed that growth of the
white-rot fungus, Schizophyllum commune was completely
inhibited by 1.8 per cent (w/w) of NE and also by 5 per cent
(w/w) NECB (Islam et al. 2009). Dhyani (2008) reported that
methanolic extract of neem leaves are highly effective at 4.5
per cent concentration against wood decaying fungi (white
& brown rot) in laboratory. The present study was
undertaken to test the activity of different extract of neem
with the incorporation of copper as toxic ion by the formation
of copper-hot water neem leaves extract complex (CHNC)
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and copper-methanol neem leaves extract complex (CMNC)
against wood decaying brown (Oligoporus placentus) and
white (Trametes versicolor) rots.

MATERIALS AND METHODS

Moisture content: Shade dried neem leaves (2 g) were
weighed in a weighing bottle fitted with a glass stopper. The
stopper was removed and the bottle was placed in an oven
at 105oC for 24 h. After 24 h the bottle was removed from the
oven, plugged again and was allowed to cool at room
temperature in desiccators and weighed. The process was
repeated till a constant weight was obtained. Data on yield
was recorded. Moisture content (%) was calculated on oven
dry weight basis (Panshin and Zeeuw, 1970) using following
formula:

 
Loss in weight of the sample

Moisture content %  = × 100
Oven dry weight of the sample

Chemical extraction: Shade-dried, pulverized (40-60
mesh) neem leaves (300 g) were sequentially extracted in
soxhlet apparatus with petroleum ether, benzene, acetone,
ethanol (C

2
H

5
OH), methanol (CH

3
OH, AR grade) and hot

water in the order of their increasing polarity. After each
extraction with a particular solvent, the leaves were removed
from the extractor and dried in open to evaporate the residual
solvent. The solvent left in extractor was recovered from the
extractive by distillation at reduced temperature and
pressure. After air-drying, the leaves were packed again and
extracted with another solvent. The same procedure was used
for extraction with other solvents (Browning, 1975; Puri,
1967) and the yields were calculated.

Complexation of crude extracts of neem leaves with
copper salt: A known amount of crude extracts prepared in
hot water and methanol was complexed with aqueous
solution of copper sulphate (5%) for different time intervals,
i.e., 12, 24, 48 and 72 h. The copper hot water extract complex
(CHNC) and copper methanol extract complex (CMNC) thus
formed were thoroughly washed with distilled water to
remove unreacted copper. Repeated washings were done
and tested for the presence of free copper with chrome azurol.
Further the complexes were analysed chemically in order to
determine the copper (II) content as per IS: 2753 part I (1991)
and the yield was calculated (Table 2).

Malt agar bioassay: A stock solution of 1g ml-1 was
prepared in water by mixing 2, 4 and 10 ml of copper–metal
extract complex separately in conical flasks. Few drops of
liquid ammonia were added to completely dissolve the
CHNC in water and methanol was added to dissolve CMC.
In each flask 200 ml of malt agar medium (2%) was added.

Control with solvent (C+S) was prepared by adding few
drops of liquid ammonia and methanol to 200 ml of malt-
agar medium. Malt agar medium without solvent as well as
complex, served as control (C). The malt agar media with
and without the extractive and solvents were sterilized in
an autoclave at 120oC temperature and 15 pound pressure
(Datar, 1995). The sterilized malt agar medium (30 ml) was
poured into each sterilized petri plate. The petri plates were
inoculated with the test fungi, i.e., O. placentus and T. versicolor.
For C, C+S and for each concentration of the metal-extract
complex, three replicates were used. The plates were
incubated at 25+2oC and 70+4 per cent RH in incubator. The
results were recorded after 15 days in terms of surface covered
(%) by the test fungus over the malt agar medium and
described in the form of per cent mycilial inhibition (Hunt
and Garratt, 1967).

Mycilial inhibition  (% ) =  [(d
c
-d

1
)/d

c
] x 100

d
c
 = colony diameter in control

d
1
 = colony diameter in treatment

Soil block bioassay: Three different concentrations (0.5,
1.0 & 1.5%) of CHNC and CMNC were tested against both
the test fungi, i.e., white rot (T. versicolor) and brown rot
(Oligoporus placentus) as per IS:4873 (1968).

Fungal strains: The test fungi selected for the present
study were received from Forest Pathology Division, Forest
Research Institute, Dehradun, India. Trametes versicolor Linn.
for non-conifers Populus deltoides Bartr ex. Marsh collected
from oak stem, Senji forest area of Mussorie, Forest Research
Institute Herbarium No. 7437 and Oligoporus placentus Murr.
for conifers - Pinus roxburghii Sargent received from F.P.R.L.
Princess Risbourgh, England, No. 304-A as per IS:4873
(1968). Fungi were maintained at 25±2oC on 2 per cent (w/v)
malt agar until inoculation.

Preparation of test blocks: Sapwood of chir pine (P.
roxburghii Sargent) and poplar (P. deltoides Bartr. Ex. Marsh)
from seasoned planks, free from knots, mold, stain, and any
other defects were taken. It was converted into a sample size
of 19x19x19 mm with a 0.32 mm central hole on the tangential
face along the length of grain and weighed (W

1
). These blocks

were then subjected to a temperature of 105oC in an oven
and the weight was recorded until a constant weight (W

2
)

was achieved.

Treatment and sanitization of test blocks: The blocks
were kept in a beaker under weight so as to prevent floating.
The beaker was then placed in a dessicator connected to a
manometer and a suction pump. A partial vacuum (60mm
of Hg) was created in the dessicator for 30 minutes. The
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treating solution prepared was poured into the globe of the
separating funnel with its stem extending into the beaker
containing the blocks. The preservative solution was then
run into the beaker completely covering the blocks. The
vacuum was then released. The blocks were allowed to
remain immersed in the extracts for 30 min and then taken
out and weighed immediately as per IS:4873 (1968). For
sanitization, the test blocks were steamed at 100oC for about
20 min at atmospheric pressure in an autoclave in tightly
fitted bottles (IS:4873, 1968). Each set of experiment, was
replicated 6 times along with control.

 Preparation of soil culture bottle: Sieved, air-dried
garden soil amounting to 125 g with a pH between 5.0 and
7.0 was filled (compacted by tapping) in screw capped
bottles. Distilled water (44 ml) was added to the bottles so as
to obtain 130 per cent water holding capacity of soil in test
bottles. Feeder blocks measuring 4x19x35mm were prepared
from sap wood of Bombax ceiba (Semal), which is a highly
perishable wood and were used for providing nutrients to
the actively growing test fungus in culture bottles. Two feeder
blocks were placed directly on the surface of the soil. The
prepared bottles with caps loosened were sterilized and
autoclaved for 30 min.

Preparation of test culture: The fungal inoculums
(10x10 mm pieces) from freshly grown culture were taken
from the outer edge of mycelium of two week old fungal
colonies and placed on the edge of the feeder blocks in
sanitized culture bottles. The inoculated bottles with slightly
loosened lids were incubated in a B.O.D. incubator, which is
used for providing a controlled condition of temperature and
humidity. The incubator was maintained at 25±2oC and 70±4
per cent RH for approximately three weeks until the mycelial
mat had covered the feeder blocks.

Introduction and incubation of the test blocks in
culture bottles: Two blocks with cross section face down
were placed on feeder blocks in contact with mycelia in each
culture bottle. The bottles containing the test blocks were
incubated for a period of 14 weeks in an incubator maintained
at 25±2oC and a RH of about 70±4 per cent. At the end of the
incubation period the test blocks were removed from the
culture bottles (W

3
), cleaned off from the adhering mycelia,

taking care not to remove the splinters of the wood. The
blocks were dried at room temperature for three to four days
and then in the hot-air oven and weighed until the constant
weights (W

4
) were obtained. The extent of fungal attack was

determined by weight loss as per formulae.

 
 
 
 

3 4

3

W – W
Weight loss %  = × 100

W

Weight loss caused by test fungi was statistically
analysed by analysis of variance (ANOVA) with the SPSS
version 10.0 statistical package (Table 4).

RESULTS AND DISCUSSION

Extractive yield was more in hot water (1.8%) followed
by methanol (0.8%), therefore rest of the extractives was not
taken for complexation (Table 1). Results revealed that,
maximum complexation of copper with crude extract was
obtained at 48 h of reflux. The CHNC formed at 48 h revealed
22 per cent of copper (II) content, while 16, 18 and 19.82 per
cent were observed at 12, 24 and 72 h of complexation. In
CMNC, copper (II) content of 24.9, 32.5, 34.2 and 22.0 per
cent were recorded after 12, 24, 48 and 72 h of heating (Table
2). CHNC and CMNC obtained after 48 h of reflux was used
for the study as maximum complexation of copper was
achieved at this time period.

Table 1. Extractive content (%) in different solvents

Solvent Amount of extractive (%) 

Petroleum Ether (60o-80oC) 0.1 

Benzene 0.04 

Acetone 0.4 

Ethanol 0.7 

Methanol 0.8 

Hot Water 1.8 

 
Table 2. Copper (II) content (%) in metal- neem leaves

extract complex

Time (h) CHNC (%) CMNC (%) 

12 16.0 24.9 

24 18.0 32.5 

48 22.0 34.2 

72 19.8 22.0 

 
Malt agar bioassay revealed that O. placentus showed

95.9 per cent mean growth inhibition at 50 ppm concentration
of CMNC, whereas at 10 ppm and 20 ppm concentrations,
77.3 and 93.7 per cent mean growth inhibitions were
observed. In case of T. versicolor, 98.4 per cent mean growth
inhibition was recorded at 50 ppm while 74 and 96.8 per
cent inhibitions were observed at 10 and 20 ppm
concentrations of CMNC, respectively.  Similarly CHNC was
also found effective against both the test fungi. O. placentus
showed 97.8, 96.8 and 59.3 per cent mean growth inhibition
on petri plates with 50, 20 and 10 ppm CHNC. T. versicolor
showed 95.7, 94.4 and 50.3 per cent mean growth inhibitions
at these concentrations. Control plates exhibited 100 per cent
growth. Statistical analysis of data at 5% significance level
revealed that all concentrations of CHNC and CMNC were
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significantly different from each other. It was also observed
that CMNC was found more efficacious against T. versicolor,
whereas CHNC was more effective against O. placentus
(Table 3).

data revealed that all the concentrations of CHNC and CMNC
tested were found significantly different. It was also observed
that CMNC was found more effective as compared to CHNC
(Table 4).

Dhyani (2008) reported the activity of methanolic
extract of neem leaves in hard and soft wood against white
and brown rot and it was found effective at 4.5 per cent
concentration .The activity of methanolic extract of neem
leaves against the test fungi may be attributed to the active
compounds such as phenols, terpenoids and flavanoids,
which are known for their anti-fungal activity against wood
destroying agencies (Rao, 1982). Neem possess many
compounds viz., quercetin, nimbin, nimbinene, nimbandiol,
nimocinol, nimbocinone, nimocinolide, nimbocinolide,
nimbolide etc. possess marked anti-fungal activity (Basak
and Chakraborty, 1968) but none of the compound was
studied for wood protection except quercetin (Dhyani, 2008).
The activity may be due to the single compound or may be
due to the synergistic activity of many compounds. It is
difficult to ascertain unless all the compounds in an extract
are separated and evaluated individually. The present study
clearly establishes the efficacy of CMNC and CHNC and
also proved that CMNC was found more effective as
compared to CHNC against both the test fungi. Further field
studies are needed for its utilization.
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Table 3. Mean growth inhibition (%) of fungi in petri plates
treated with different concentrations of copper
metal extract complexes

C.D
(0.05) 

Complexes=0.51; Fungi=0.51; Concentrations=0.72

Complexes 

CMNC CHNC 

Conc. 
(ppm) 

O. placentus T. versicolor O. placentus T. versicolor 

Control 0.0 0 .0 0.0 0.0 

10 77.3 74 .0 59.3 50.3 

20 93.7 96.8 96.8 94.4 

50 95.9 98.4 97.8 95.7 

 

The decay resistance of treated wood samples against
specific brown and white rotter was analysed by the weight
loss. In case of treated blocks, the virulence of both fungi
reduced drastically. It was observed that, T. versicolor and O.
placentus caused only mean weight losses of 7.5 and 10.3 per
cent in P. roxburghii specimens treated with 1.5 per cent of
CHNC. Pinus roxburghii samples treated with 1.5 per cent of
CMNC showed mean weight losses of 7.2 and 7.9 per cent,
exposed to T. versicolor and O. placentus, respectively. In C+S
blocks, 35.8 per cent weight loss was in samples exposed to
T. versicolor, while it was 36.8 per cent observed in samples
exposed to O. placentus. Control showed 44.6 and 45.5 per
cent weight loss against T. versicolor and O. placentus,
respectively. Mean weight losses of 10.8 and 15.7 per cent
were recorded in P. deltoides samples treated with 1.5 per
cent of CMNC and CHNC, exposed to T. versicolor. When

Table 4: Mean weight loss (%) of wood specimens due to decay fungi treated with CMNC and CHNC

C.D.
(0.05)

Wood=0.53; Complexes=0.53; Fungus=0.53; Concentrations=0.75

Complexes 

CMNC CHNC 

Populus deltoides Pinus roxburghii Populus deltoides Pinus roxburghii 

Concentrat
ion (%) 

Oligoporus 
placentus 

Trametes 
versicolor 

Oligoporus 
placentus 

Trametes 
versicolor 

Oligoporus 
placentus 

Trametes 
versicolor 

Oligoporus 
placentus 

Trametes 
versicolor 

Control 43.0 44.8 45.5 44.6 43.0 44.8 45.5 44.6 

C+S 42.6 42.9 36.8 35.8 42.6 42.9 36.8 35.8 

0.5 23.9 20.6 19.3 20.1 26.6 34.2 16.4 20.2 

1.0 15.4 16.8 13.5 13.0 17.2 21.2 11.8 14.9 

1.5 8.5 10.8 7.9 7.2 13.1 15.7 10.3 7.5 

 

exposed to O. placentus, mean weight losses of 8.5 and 13.1
per cent were recorded in P. deltoides blocks treated with 1.5
per cent of CMNC and CHNC, respectively. The complexes
provided significantly higher protection to the P. roxburghii
samples as compared to P. deltoides. Statistical analysis of
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ABSTRACT

The investigations were under taken on inhibitory effect of fungicides (carbendazim & carbendazim + mancozeb)
and neem products (nimbicidine, neemachron & neemarin) on radial growth of Fusarium moniliformae sheld, the
fungus causing bakanae disease in rice. Results revealed that carbendazim and carbendazin + mancozeb had 100 per
cent inhibition of mycelial growth at 0.01, 0.02 and 0.03 per cent concentrations. Among the neem products used,
neemachron (3%) registered the maximum inhibition of mycelial growth (54.81%), while neemarin (1%) had the least
(24.07%).

Keywords : Fungicides, Fusarium moniliformae, inhibition, mycelial growth, neem products.
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The word bakanae is a Japanese word meaning foolish
seedling and refers to the abnormal elongation or
hypertrophic growth of the seedling caused by the hormone

gibberellin, which is produced by the infecting organism.
Bakanae disease caused by Fusarium moniliformae Sheld.
(teleomorph Gibberella fujikuroi) is one of the important

pathogen of rice causing 3.7 to 70 per cent losses in various
regions of the world (Ou, 1985). In India, the disease has
been reported to cause moderate to severe losses (Satyavir et

al. 1994).  This is also known as foot rot and foolish disease.
It occurs in all the rice growing regions of India causing
yield losses up to 15.4 per cent (Rathaiah et al. 1991).

The disease occurs in the nursery as well as in the main

field. In the nursery, the affected seedlings are chlorotic and
pale, thinner than the healthy ones and abnormally
elongated. Such type of seedlings may wilt from tip to down

wards and finally die. Infected seedlings in nursery may die
soon after transplanting. The most conspicuous symptoms
in the field are the appearance of stray, tall, lanky tillers

which are abnormally elongated and develop into flowers
earlier than the healthy ones. Badly affected plants show the
symptoms at the collar region and die within 2-6 weeks. The

leaves of the plant dry up from below. Profuse branching of
roots occur in main field. Adventitious roots are also
produced from the first two or three nodes above the ground

level. A pinkish bloom resulting from the growth and
sporulation of the pathogen may be present on the base of
the plant. When an infected culms is split open and

examined, a whitish cottony mycelium can be seen in the
nodal regions. Generally the infected plants die before
flowering.

The fungus is systemic and produces growth

stimulating substances viz., gibberellic acid in the plant and
culture media. These gibberellins are extensively used as
growth regulators on horticultural crops. Besides

gibberellins, the fungus also produces the phytotoxin fusaric
acid, which is non-specific substance, toxic to rice and other
plants. The various symptoms of foot rot are due to gibberellic

acid. It is parsitic on many cereals and grasses including
sorghum, sugarcane, maize, barley and Panicum miliaceum
and is externally seed as well as soil borne, surviving in the

husk and stubbles of rice left in the soil (Sunder and Satyavir,
1998a). Although, several studies on morphological,
epidemiological and management of the disease have been

conducted earlier but systematic attempts have rarely been
made to test the suitability of neem products. The present
investigation was therefore undertaken wherein some of the

neem products and fungicides were evaluated against
mycelial growth of F. moniliformae.
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MATERIALS AND METHODS

Isolation and Purification of Pathogen

The bakanae diseased rice plants  were collected from

the Agriculture Farm, Institute of Agricultural Sciences,
Banaras Hindu University, Varanasi. These were washed
under tap water thoroughly and the diseased portion cut in

small pieces (3-4 mm), dipped into 0.1% H
g
Cl

2
 (mercuric

chloride) solution for about 30 seconds for surface
sterilization and then rinsed thoroughly in the sterilized

water 3 to 4 times. The sterilized pieces were made free from
extra moisture by placing them on the blotting paper. These
pieces were transferred into sterilized petriplates containing

PDA (potato dextrose agar) medium under aseptic condition.
These inoculated plates were incubated at 25 ± 10C in B.O.D.
incubator for fungal growth. The tip of the hyphae grown

around the affected pieces in the medium after 30 hrs of
incubation were cut with the help of sterilized needle from
the growing edge, transferred in the center of the sterilized

petriplates containing PDA (hyphal tip method) and
incubated at 25±10C. Further, the mycelial bits of F.
moniliformae were transferred on the leaf sheath of the rice

plants grown in pots. After 3 to 4 days, symptoms appeared
which were same to that of the previous one. These were
reisolated and grown on the PDA medium.

Maintenance of Pure Culture

The isolated F. moniliformae culture was transferred on
slants of PDA medium incubated at 25±10C and periodically
transferred on new slants containing PDA medium and

maintained for further investigations.

Preparation of Stock Solution and Different Concentrations

Bavistin (2g) was added to 10 ml sterilized water to
prepare the stock solution of 100000 ppm. While 1.33 g of

companion (carbendazim + mancozeb) was added to 10 ml
of sterilized water to prepare the concentration of 100000
ppm. After perparation of stock solution, 0.1, 0.2 and 0.3 ml

of stock solution were added separately into 100 ml sterilized
molten  PDA medium to prepare the concentrations of 0.01,
0.02 and 0.03 per cent and shacken well to make it

homogenous. In case of neem products, 1, 2 and 3 ml of each
neem products were added into 100 ml of molten sterilized
PDA medium to prepare 1, 2 and 3 per cent concentrations.

Evaluation of Fungicides and Neem Products

The poisoned food technique (Mishra and Tiwari, 1992)

was adopted for evaluation of neem products and fungicides

against pathogens. The fungicides and neem products used
were Bavistin (carbendazim (50%) WP), Companion
(carbendazim (12%) + mancozeb (63%) WP), nimbecidine

(azadirachtin- 0.03%), neemachron-300 (azadirachtin- 300
ppm) and neemarin – 1500 (azadirachtin- 0.15%). Bavistin
and companion were tested at 0.01, 0.02 and 0.03 per cent

concentrations while the neem products were tested at 1, 2
and 3 per cent concentrations. Medium + fungicide/ neem
products (20 ml) poured into sterilized petriplates (9 cm)

and allowed to solidify. After solidification of media mycelial
discs (5 mm diameter) of F. moniliformae cultures, cut with
the help of cork borer from the growing edge were transferred

centrally into these petriplates. The plates were inculated at
25 ±1oC in BOD. Three replications were maintained for each
fungus and the treatments. Control petriplates were without

any fungicide/neem product. Data on radial growth of F.
moniliformae were recorded over control after 130 hrs. The
percentage growth inhibition over control was calculated

with the help of formula mentioned below:

Radial growth in control (cm) - 

Radial growth in treatment (cm)
Per cent inhibition of growth = x 100

Radial growth in 

     control (cm)

RESULTS AND DISCUSSION

Data revealed that carbendazim and carbendazim +
mancozeb inhibited cent per cent mycelial growth at all the
concentration (Table 1). Among the neem products, maximum

inhibition (54.81%) of radial growth was observed at 3 per
cent concentration of neemachron, while it was minimum
(24.07%) at 1 per cent concentration of neemarin. Contarily,

carbendazim and carbendazin + mancozeb recorded 100
per cent inhibition of mycelial growth at all the 3
concentrations (0.01, 0.02 & 0.03%). The present findings

are in conformity with the findings of Sunder et al. (1998)
and Sunder and Satyavir (1998b).

Evaluation of fungicides and neem products against
pathogen F. moniliformae in vitro revealed that both the
fungicides proved to be the best for inhibition of mycelial
growth, whereas, among the neem products neemachron
was the best. These results may serve as a basis for further
evaluation of these neem products for the efficient
management of bakanae disease of rice under field
conditions.
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Table 1. Effect of neem products and fungicides on mycelial growth of F. moniliformae the causal pathogen of bakanae disease
of rice

S. No. Treatment Concentration (%) Average radial growth (after 
130 hrs.) 

Per cent inhibition of radial 
growth over control  

1.  Nimbicidine  1.0 
2.0 
3.0 

5.0 
4.9 
4.4 

44.81 
44.81 
50.74 

2.  Neemachron 1.0 
2.0 

3.0 

5.4 
4.4 

4.1 

39.62 
50.36 

54.81 

3.  Neemarin 1.0 
2.0 
3.0 

6.8 
6.2 
5.7 

24.07 
30.36 
36.66 

4.  Bavistin  0.01 
0.02 

0.03 

0.0 
0.0 

0.0 

100.00 
100.00 

100.00 

5.  Companion 0.01 

0.02 
0.03 

0.0 

0.0 
0.0 

100.00 

100.00 
100.00 

6.  Control - 9.0 00.00 
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ABSTRACT

As we enter 21st century, technical advances are dramatically influencing the world of fibers, fabrics and textiles.
Today, technology can provide us with fabrics that imitate and actually improve upon nature’s best fibers.  As with
increasing concerns regarding the effect of textile industry on the environment, more and more textile researchers,
producers and manufacturers are looking to biodegradable and sustainable fibers as an effective way of reducing the
impact of textiles industries on the environment. Soybean protein fiber has filled up a blank in textile material
development of our country.

Key words: Protein fibres, soybean raw material, fibre features, fibre production.
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After nearly a hundred years of development, chemical
fibres gradually became mature in the 20th century. Despite
the fact that chemical fibres of various features have become
one of the major raw materials of the current international
textile industry. However, it has certain serious weaknesses.
It relies on gradually depleted oil resources, some products
produce pollution during production and the comfort of
chemical fiber products is less than that of natural fibres. In
order to overcome the fatal weaknesses of chemical fibres,
efforts to be made in three aspects, i.e., adopting natural
resources from agriculture, animal husbandry and forestry,
(abundant and cheap), using production processes which
must be clean and friendly to the environment and being
more comfortable to the skin of the human body. These fibers
are known as biodegradable and sustainable fibers.

China is the first country to achieve the industrial
production of the soybean protein fiber in the world. This
technical achievement fills the vacancy of original and
innovative Chinese technology in the field of chemical
synthetic fiber and also influences the research on
development of new fibres in the 21st century. Soybean is
non-GMO (genetically modified organism) bean which can
not be treated or exposed to chemical pesticides during
storage. In 1999, Li was successful in creating a soft, smooth,
drapy, comfortable fabric similar to cashmere in feel. Soybean
protein fiber is a sustainable and botanical textile fiber made
from renewable and biodegradable natural resources, the
leftover soybean pulp from tofu and soymilk production. Its
16 amino acids are healthy and nutritive to our skin. Soybean

protein fiber is also called as “healthy and comfortable fiber
in new century (21st)” and “artificial cashmere” by expert in
textile industry.

Production Process

Taking natural soybean as raw material, the soybean
protein fiber a high grade fiber for textile with different length
and specifications after using new technology of
bioengineering to abstract globules from soybean meal. Make
this purified globules to change space structure, convert it
into protein spinning liquid with certain concentration and
spin it into 1.27-3.3dtex of single fiber by the instrumentality
of wet spinning technology after maturation and stabilizing
performance of fiber with chemical connection, crimpation,
thermoform and cutting (flow chart).

Properties of Soybean Protein Fiber (SPF)

Physical property: Breaking strength of the single
soybean protein fiber is over 3.0cNdtex, which is higher than
that of wool, cotton and silk and only lower than that of
polyester fiber of high intension. By now, 1.27dtex fiber can
be spun into 6dtex yarn with high quality, which can be
used for high-quality and high-density fabrics. Since the
initial modulus of soybean protein fiber is on the higher side
and boiling water shrinkage in lower, fabric size is stable
and one should not worry about the shrinkage of fabric under
natural washing conditions. The different physical
properties of soybean protein fiber (SPF) is compared in
Table 1.
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Flow chart of Soybean fiber production process

Dyeing Property

The dyeing property of soybean knitted fabric with
different kinds of dyes were tested and compared (Table 2).

mass specific resistance of soybean fiber is similar with silk
and lower than other man-made fibers. It can be said that the
soybean fiber has good antistatic effect, which is beneficial
to the textile fabrication and wearing property.

Resistance to Alkali, Acid, Moth and Fungus

The resistance properties of soybean fiber, wool, silk
and cotton were tested and compared (Table 4).

The resistance to fungi of soybean fiber is also the same
as that of wool and silk and the resistance to moth of soybean
fiber is better than that of silk, wool and cotton. The soybean
protein fibre has many of the good qualities of natural fibres,
and also has some of the mechanical performances of
synthetic fibres.

Types of dye  Penetration property 

Weak-acid   Good 

Neutral  Relatively bad 

Weak-acid dyes + Neutral   Relatively bad 

Reactive   Good 

Substantive   Good 
 

Fiber  Mass specific resistance 

Cotton  6.8 

Wool  8.4 

Silk  9.8 

Viscose  7.0 

Soybean fiber (SPF) 10.33 
 

Table 2. Dyeing property of soybean knitted fabric with
different dyes

Table 3. Comparative antistatic property of SPF with other
fibers

Property SPF Cotton Viscose Silk Wool 

Dry 3.8-4.0 1.9-3.1 1.5-2.0 2.6-3.5 0.9-1.6 Breaking strength 
(CN/dtex) Wet 2.5-3.0 2.2-3.1 0.7-1.1 1.9-2.5 0.7-1.3 

Dry breaking extension (%) 18-21 7-10 18-24 14-25 25-35 

Initial modulus (kg mm-2) 700-1300 850-1200 850-1150 650-1250 - 

Loop strength (%) 75-85 70 30-65 60-80 - 

Knot strength (%) 85 92-100 45-60 80-85 - 

Moisture regain (%) 8.6 9.0 13.0 11.0 14-16 

Density (g cm-3) 1.29 1.50-1.54 1.46-1.52 1.34-1.38 1.33 

Heat endurance Bad Excellent Good Good Good 
 

Table 1. Comparison of Soybean protein fiber (SPE) properties with other fibers

acid dyes, reactive dyes and substantive dyes are suitable
for soybean fiber, while due to the low colour fastness to
washing, the substantive dyes are usually not used to
soybean fiber except very few colours. The dying fastness on
soybean fiber is similar to wool with different dyes.

Antistatic Property:

The comparison of antistatic property of soybean fiber
and other fibers is shown in Table 3. It is obvious that the

The results indicate that the dyeing property of soybean
fiber with neutral dyes is relatively bad (the level low and
penetration property also bad). Therefore, the application of
neutral dyes to soybean fiber must be cautious. The weak-
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The Features of SPF

Luxurious appearance : The appearance of a garment’s
shell fabric shows luster, drapability and a fine degree of
weave. The shell fabric made of soybean protein fibre (SPF)
shows the lustre of real silk, its drapability also found good,
giving people the sense of elegance. The textile woven with
high-count yarn has fine and clear grain, suitable for high-
grade shell fabric for shirts.

Good comfort : The knitting shell fabric which uses
SPF has a soft and smooth handle and the texture is light
and thin, with the sense of blending real silk and cashmere.
Its moisture absorption performance is equivalent to cotton,
and its permeability is better than cotton, ensuring comfort
and health while worn.

Good chromaticity : The natural colour of SPF is light
yellow, very like the colour of oak silk. It can be dyed with
acidic or active dyestuffs. The STF when dyed with active
dyestuff, the colour of product will be fresh and lustrous.
Good fastness to light and perspiration, it also has good
dyeing brilliance and dyeing fastness in comparison with
real silk products.

Good mechanical and physical performance: The
breaking strength of single filament of this fibre is over 3.0
cN/dtex, higher than the strength of wool, cotton and silk
and only slightly less than terylene and other commonly
used high strength fibres, while the fineness can reach even
0.9 dtex. At present, 6dtex high quality yarn can be woven in
cotton spinning equipment with 1.27 dtex cotton type fibre,
to develop high-grade, high-count and high-density shell
fabric. Because the initial modulus of soybean protein fibre

is quite high, the boiling water shrinkage is low, and the size
stability of shell fabric is also good. In common cleaning,
there is no worry about the shrinkage of textile. The anti-
crease performance is also outstanding, and it can be easily
and quickly cleaned and dried.

Health-care function : The SPF, with its good affinity
to human skin, contains several amino-acids and has good
health effects. In the fibre-spinning process of the SPF, the
addition of Chinese herbal medicine with the effects of
sterilization and anti-inflammation will combine with the
side chain of the protein in the manner of a chemical bond.
The medical effect is outstanding and permanent, avoiding
the disadvantage that the medical effect is less long-lasting
when functional products of cotton goods are developed with
the after-finishing method.

Applications of SPF

In China, in first half of 2006, all participant enterprises
put their eye on soybean fiber, viewing it as one of the very
important raw materials to develop new products when they
gave prominence to “functions” and “comfort ability” for
home textiles and apparel products. It means that soybean
fiber is quietly stepping into a new stage in application to
textiles.

Characters of Fabrics from SPF and its Blends

The SPF fabric and its blend characters are mentioned
in Table 5.

Blend Property Sutability 

Pure SPF Natural colour, excellent 
drape, soft.  

- 

SPF+ Cashmere  Natural softness, smooth, 
easy care, bestcost/ 

performance  balance  

Sweater, Shawl, 
Blanket.  

SPF + Wool  Less shrinkage, 
easy to wash and care  

Sweater, Blanket.  

SPF  + Silk  Lusturous, good drape Sleep wear, Shirt  

SPF + Cotton  Good moisture 
absorption, better 
bacterial resistance 

Underwear, Shirt, 
Infant wear, 
Towel, Bedding  

SPF + Polyester  Increase properties of 
comfort, beauty and 
wrinkle resistance 

Sportswear, Shirt, 
Spring and 
summer apparel  

SPF + Elastic 

fiber  

Active and charming 

fabric  

Sportswear  

 

Fiber 
property 

Wool Soybean 
fiber (SPF) 

Silk Cotton 

Resistance 
to acid 

Thin acid  -
good 

Thin acid  -
good 

Thin acid - 
good 

Resistant to 
thin acid but 
not to hot 

thin acid  -
relatively 
good 

Resistance 

to alkali 

Resistant to 

thin alkali 
(soda) but 
not to 
caustic 
soda 

Resistant to 

thin alkali 
(soda) but, 
not to 
caustic soda 

Resistant to 

thin alkali 
(soda) but 
not to 
caustic 
soda 

Resistant to 

caustic soda 

Resistance 
to moth / 
fungus 

Resistant to 
fungus but 
not to moth 

Resistant to 
moth and 
fungus 

Resistant to 
fungus but 
not to moth 

Resistant to 
moth but 
not to 
fungus 

 

Table 4. Resistance properties of SPF and other fibers with
chemicals, moth and fungus

Table 5. Characteristics of SPF fabrics and its blends

Soybean fiber is a soft, light and smooth protein fiber. It
is smoother than cashmere and has the same moisture
absorption as cotton but with a better moisture transmission,
making it more comfortable on the skin. It is hydroscopic, air
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pervious, soft, smooth and dry and has superior warmth
retention that is comparable to wool. It is better than natural
fibers and also  help to reduce impact of pollution on
environment and help to increase GDP of the country.
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Soybean [Glycine max (L.) Merrill], member of family
Leguminacae can play a very important role in boosting up
the oil production of India. Soybean contains more protein
(about 40 %), higher content of edible oil (about 20 %) and
rich in lysine (an essential amino acid), which is deficient in
most of the cereal based diet. In total, 270 insect species and
other organisms associated to soybean, of which about 20
are of economic importance (Moscardi and Singh, 2001). The
economic impact of these insects varies with region and
season. In tarai region of Uttarakhand, Spilarctia obliqua (Bihar
hairy caterpillar), Spodoptera litura (tobacco caterpillar),
Thysanoplusia orichalcea (green semilooper), Melanagromyza
sojae (stem fly), Bemisia tabaci (white fly), Obereopsis brevis
(girdle beetle) etc. are serious pests (Shri Ram, 1997). An
average loss in soybean yield caused by insects in different
states varies from 18 to 70 per cent. Considerable yield losses
are caused by these insect pests, if, proper and timely control
measures are not followed (Gangrade et al. 1975; Thakur,
1985).  Bacillus thuringiensis (Rajkumar and Shri Ram, 2002),
Dipel (Salama et al. 1990), Triazophos 40EC (Rajkumar and
Shri Ram, 2002) etc. are reported to increase the yield of
soybean by controlling different harmful insects. However,
more than 500 arthropod pest species have become resistant
to one or more insecticides (Georghioue and Lagunes-Tejada,
1991). Therefore, considering the problems arising due to
pesticides, field trials were conducted with neem based
insecticides for enhancing the yield of soybean by checking
the impact of harmful insects and results reported in this
communication.

Field trial was conducted in Kharif season at Crop
Research Centre of Govind Ballabh Pant University of
Agriculture and Technology, Pantnagar, Uttarakhand on
soybean cultivar PK – 416. Soybean crop was raised as per
recommended agronomic practices. The treatment used were
NSKE (5%) + Sandovit,  NSKE (5%) + Dhanuvit, NSKE (5%)
+ Tween 80,  NSKE (5%) + Aspa 80,  NSKE (5%) + Teepol,
NSKE(5%) + Velvet,  NSKE (5%) + Detergent powder (Surf),

NSKE (5%) + Procombo, NSKE (5%) + Triazophos, NSKE
(5%),  Nimbecidine (700 ml ha-1), Triazophos 40 EC (800 ml
ha-1),  Dipel  (1.0 l ha-1),  NSKE (5%) + Dipel  and control. The
doses of additives were few drops per liter. Each treatment
was replicated thrice under RBD. The treatments were
sprayed twice during cropping season (46 & 64 days after
sowing). Data on soybean yield recorded and cost benefit
ratio calculated. The cost benefit ration was calculated by
following formula:

Net profit over control due to treatment
BCR =

Cost of treatment

The perusal of data on grain yield clearly indicates
that there was significant difference among treatments.
However, maximum grain yield (21.18 q ha-1) was obtained
from the plots treated with NSK E (5%) + Sandovit followed
by NSKE (5%) + Dipel (20.76 q ha-1). On the basis of yield
obtained (Table 1), the treatments can be descended as NSKE
(5%) + Sandovit  (21.18 q ha-1) > NSKE (5%) +Dipel (20.76 q
ha-1) >  NSKE (5%) + Triazophos (20.25 q ha-1) > NSKE (5%)
+ Teepol (19.90 q ha-1) > NSKE (5%) + detergent powder
(19.79 q ha-1) > NSKE (5%) + Dhanuvit (19.11 q ha-1) >
Nimbecidine (18.78 q ha-1) > 5% NSKE  (18.68 q ha-1) > Dipel
(17.53 q ha-1) > NSKE (5%) + Procombo (17.40 q ha-1) >
Triazophos 800 ml (17.01 q ha-1) > NSKE (5%) + Velvet (16.99
q ha-1) > NSKE (5%) + Aspa80 (16.69 q ha-1) > NSKE (5%)
+Tween 80(16.55 q ha-1)  > control (10.19 q ha-1). Considering
the yield increase due to addition of additives in NSKE (5%)
over NSKE (5%)  alone, the additives can be categorized in
descending order as Sandovit > Teepol> Detergent >
Dhanuvit. Other adjuvants had not showed positive role in
the efficacy of NSKE, rather some had negative role.

The data on cost benefit ratio (Table 1) indicates that
highest benefit cost ratio (16.90: 1) was obtained with the
treatment NSKE + Sandovit, while it was lowest (8.62:1) in
case of NSKE + Tween 80. On the basis of benefit cost ratio
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treatments can be arranged in descending order as NSKE +
Sandovit (16.90 : 1) > NSKE + detergent powder (14.50 : 1) >
Nimbecidine  (13.74 : 1) > NSKE + Dhanuvit (13.53 : 1) >
NSKE (13.10 : 1) >  NSKE   + Dipel (11.65 : 1) > Triazophos
800 ml (10.70 : 1) > NSKE + Teepol (10.62 : 1) > NSKE +
Procombo (10.11 : 1) > NSKE + Triazophos (9.56 : 1) > Dipel
(9.49 : 1) > NSKE + Velvet (9.29 : 1) > NSKE + Aspa 80(8.69 :
1)  > NSKE + Tween 80 (8.62 : 1).
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Table 1. Effect of different treatments (NSKE based) on yield of soybean and its cost benefit ratio

S.No. Treatment Grain 
yield 

(q ha-1) 

Additional 
grain yield 

over control 
(q ha-1) 

Cost of 
additional 
yield  ha-1 

(@ Rs. 1030  
q-1) 

Cost of 
insecticide 
(Rs. l-1 x l  

ha-1) 

Mainte- 
nance + 
labour 

charge (@ 
Rs. 80  man 

day-1) 

Total 
cost of 

insecticide 
(Rs.) 

Net 
profit 

Benefit 
cost ratio 

1. NSKE (5%) + Sandovit 21.182 10.986 11315.58 0.52 × 600 (2 × 80)2 632 10683.58 16.90:1 

2. NSKE (5%)  + Dhanuvit 19.117 8.921 9188.63 0.52 × 600 (2 × 80)2 632 8556.63 13.53:1 

3. NSKE (5%)  + Tween 80 16.550 6.354 6544.62 0.60× 600 (2 × 80)2 680 5864.62 8.62:1 

4. NSKE (5%)  + Aspa 80 16.693 6.497 6691.91 0.63 × 600 (2 × 80)2 690 6001.91 8.69:1 

5. NSKE (5%)  + Teepol 19.904 9.708 9999.24 0.90 × 600 (2 × 80)2 860 9139.24 10.62:1 

6. NSKE (5%)  + Velvet 16.994 6.798 7001.94 0.60 × 600 (2 × 80)2 680 6321.94 9.29:1 

7. NSKE (5%)  + Detergent -
powder (Surf) 

19.798 9.602 9890.06 0.53 × 600 (2 × 80)2 638 9252.06 14.50:1 

8. NSKE (5%)  + Procombo 17.407 7.211 7427.33 0.58 × 600 (2 × 80)2 668 6759.33 10.11:1 

9. NSKE (5%)  + Triazophos 20.250 10.054 10355.62 1.10 × 600 (2 × 80)2 980 9375.62 9.56:1 

10. NSKE (5%) 18.686 8.490 8744.7 0.50 × 600 (2 × 80)2 620 8124.7 13.10:1 

11. Nimbecidine (700 ml ha-1) 18.788 8.592 8849.76 0.70 × 400 (2 × 80)2 600 8249.76 13.74:1 

12. Triazophos (800 ml ha-1) 17.015 6.819 7023.57 350 × 0.80 (2 × 80)2 600 6423.57 10.70:1 

13. Dipel (1 l ha-1) 17.532 7.336 7556.08 400 × 1.00 (2 × 80)2 720 6836.08 9.49:1 

14. NSKE (5%)  + Dipel 20.764 10.568 10885.04 0.90× 600 (2 × 80)2 860 10025.04 11.65:1 

15. Control 10.196 - - - - - - - 
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The mustard aphid, Lipaphis erysimi Kalt. is a  serious
insect pest of cruciferous oilseeds in India (Bakhetia 1991).
The yield losses due to this insect is reported to vary widely
in different varieties of rapeseed / mustard, depending on
various biotic and abiotic factors, location and the crop
season. Breeding for pest and disease resistance being an
important tool in pest control basket and only a limited
numbers of genotypes with low to moderate level of resistance
have been identified (Bakhetia et al. 2002), Genotypes
belonging to Indian mustard  (Brassica  juncea), toria (B. rapa-
var . toria), brown sarson (B. rapa- var brown sarson ),  yellow
sarson (B. rapa –var. yellow sarson), gobhi sarson  (B. napus),
karan rai (B. carinata) and taramira (Eruca sativa) were
obtained from National Research Center on Rapeseed
Mustard,  Bharatpur (Rajasthan) were screened against
mustard aphid, Lipaphis erysimi Kalt. to indentify resistant
germplasms, if any at the Oilseeds Research Farm of Tirhut
College of Agriculture, Dholi (Muzaffarpur) under zone  -1
of north Bihar. Every test entry was sown in two rows of 5-
meter length and each replicated thrice. Ten randomly
selected  plants from each genotypes in every replication
were observed for aphid injuries symptom and appropriately
graded. The observations were recorded at 50 per cent
flowering and full podding stage. The data thus obtained
were used to compute the value of aphid infestation index
(A.I.I.) following the method of Bakhetia and Sandhu (1973).
The observations on aphid count were recorded during peak
of aphid activities late January to middle of February.
Genotypic reaction to the pest was finally ascertained  by
calculating the Susceptibility Index (SI) Value for each of the
test genotypes in every crop season, by  assigning the value
as one to the standard check, i.e., ys -66-197-3 (B. rapa .var.
yellow sarson) which was maintained as a common check
in all the crop season.

The reaction of Brassica germplasm was assessed on
the basis of susceptible index (SI) value of aphid infestation
to determine their relative susceptible status (Malviya and
Lal, 2000; Thakur et al. 2000; Vekaria and Patel , 2000; Prasad
and Lal, 2001; Rangrez et al. 2002; Thakur et al. 2003).

The results (Table 1) indicated that the crop during
2001-02 and 2003-04 in general were almost free from aphid
infestation. In the crop season 1999-2000, fifteen out of thirty
genotypes namely BIO-902, HUM-9504, RK-8602, SAL-3, PR-
9625, JMM-951,T-27, DHR-9, PCR-9, BIO-396-93, 53-93, RC-
199, RSM-218 and RN-393 with S.I. values of 0.6-0.7 were
moderately susceptible, while other fifteen (CSR-1086, SAL-
1, 2, DLM-19, PCR-7 BIO-322-93, RH-7846, RC -781, PM,
GSH-1,HC-2, RW-2-2, JMM-915, DLM-29 & RN-154) with
S.I. values of 0.8 and above were  highly susucetible. During
2000-01 crop season, all the 35 genotypes were found highly
susceptible. During crop season 2002-03, the genotypes RK-
8602, BIO -53-93,NPJ-52 and ISN-129 with S.I. values of <0.5
were found least susceptible, whereas JMM -915, PCR-10,
JM-WR-941-1-2, RC- 199, HUM-9504, BIO-332-93, TERI (00),
R-9903, RNT-1 and JPM -1 highly susceptible and rest  were
found moderately susceptible to L. erysimi. During 2004-05,
the genotypes, PT-2002-25, PTC-99-11, JMT-08, JMT-16 , TK-
04-1, NPJ-102, BAUST-20, TL-96-7, VLT-3, TH-0101, NDT-
03-2, NDT-03-3, RSPT-2, TWB-17-3, QRT (M)-5-2, NDT-03-
1, PYS-2002-2, YSB-2005, 2006, YSK-04-1, 04-2, NDYS-128,
NDYS-113-1, BENOY-(B-9), and Rajendra sarson-1 were
found moderately  susceptible while rest of ten genotypes
with S.I. values of <5 were least susceptible. The Least and
moderately susceptible entries seem to have potential to be
used in breeding programmes for developing aphid
resistant/tolerant varieties.
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Pulse beetle belongs to family Bruchidae and order
Coleoptera. It causes serious damage to pulse grain during
storage not only in the form of quantity but also in quality
(Singh and Pandey, 2001). The losses caused by pulse beetle,
C. chinensis have been reported to the extent of 55.20 per cent
in chickpea Gupta et al. (1981). C.  chinensis and C. maculatus
are the most serious one in India. Raina (1970) reported that
the three species of bruchids, C. chinensis, C. maculatus and C.
analis are commonly found in India. C. chinensis and C.
maculatus causes serious damage to pulse grains  during
storage. Pulse beetles do not attack all kinds of pulses to the
same extent (Bhaduria and Jakhmola, 2006). Important pests
infesting stored pulses are C. chinensis, Pachymerus
quadrimaculatus, Bruchus analis, B. albocallosus, B. phaseoli,
Laria affinis, L. emarginatus and L. pisorum (Pruthi and singh,
1950). Among these pests C. chinensis is an injurious and
common of pulses (Singh and Verma, 2003).Hence, the
investigations were made on biology of C. chinensis on the
different pulses in the laboratory.

The biology of pulse beetle, C. chinensis was carried out
under laboratory conditions on pea, soybean, black gram
and gram during 2010-11. Twenty five pairs of C. chinensis
adult (1-2-days-old) were released for egg laying in round
plastic boxes (21 x 15 cm) containing grains of different pulses
under study. The grains containing the eggs were collected
on next day morning. In order to facilitate the observation,
one egg was kept on each grain, while others were removed
with the help of needle. One hundred such grains were kept
individually in plastic vials (6.5 x 2.5 cm) under laboratory
condition at fluctuating room temperature (28.9 - 29.40C) and
relative humidity (71.0 - 75.0 %). The observations on per
cent hatching of eggs, incubation period, larval + pupal
period, longevity of male and female, growth index and sex
ratio were recorded.The growth index was calculated as per
the formula of Singh and Pant (1955).

The results revealed that the differences in the
incubation period were non-significant when the C. chinensis

were reared on different pulses. The mean incubation period
varied from 4.16 to 4.27 days with minimum and maximum
on pea and black gram grains, respectively. Pandey and
Singh (1997) also found 4 to 5 days incubation period of C.
chinensis on black gram (Vigna mungo) and chickpea (Cicer
arietinum) seeds.  The data on the percentage egg hatching
was significant with hatching per cent of 98.00, 95.00, 96.00
and 93.00 on gram, pea, soybean and black gram. Raina
(1970) observed C. chinensis egg hatching in the range of 94.00
- 99.00 per cent on mung bean. Gill and Ramzan (1998) also
noted egg hatching of C. maculatus to the tune of 93.10 per
cent on green gram.

The larval-pupal duration showed significant
differences and was highest (29.33 days) when C. chinensis
reared on soybean grains. It was lowest on gram (19.37 days).
However, the larval-pupal duration was at par to each other
on pea (26.51 days) and black gram (26.26 days). Pandey
and Singh (1997) found combined larval-pupal period of C.
chinensis to the tune of 20 to 28 days on black gram and
chickpea. The statistically significant differences were
observed in respect of growth index of C. chinensis on different
pulses with the highest (3.79) on gram and lowest (2.39) on
black gram grains. Singh et al. (1980) noted the growth index
of C. chinensis in the range of 2.67 to 5.15 on different pulses
including cowpea, which is similar to present results.

The differences in mean life cycle duration of C.
chinensis male, female and in general were significant on
different pulses. The significantly lowest life-cycle duration
was 24.52, 24.58 and 24.55 days for male, female and general
on gram grains, while life-cycle duration was significantly
longer (33.50 & 33.57 days) for female and in general on
soybean. In males also life-cycle duration was longer
(33.63days) on soybean but it was at par with the life cycle
duration on pea (30.78 days) and black gram (30.62 days).
Bhargava et al. (2008) reported the developmental period of
C. chinensis from 24.60 to 44.80 days on different pulses
including cowpea, mung, moth, gram, pigeon pea, pea and
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soybean but in present study it was between the lowest and
highest life cycle duration which may be due to
environmental factors.

The adult emergence in case of male was 37.00 and
42.00 per cent on pea and gram. The female emergence was
42.00 per cent on black gram and soybean and 50.00 per cent
on gram. The adult emergence in general was higher (80.00
%) in black gram and soybean, while it was maximum (92.00
%) in gram. The adult emergence was 81.00 per cent on pea.
Bhargava et al. (2008) reported almost similar results in case
of adult emergence on soybean and cowpea.

The data on the adult longevity was non-significant in
male and general but it was significant in female. The adult
longevity in males varied from 8.24 to 8.42 days and in
females from 7.57 to 7.80 days. Longevity in general taking
into consideration males and females together ranged from
7.97 to 8.07 days. Singal and Borah (2001) reported that an
average longevity of male and female was 6.2 ± 0.36 and 6.8
± 0.25 days. The maximum sex ratio of male: female was on
black gram (1:1.30) followed by gram (1:1.24), pea (1:1.20)
and soybean (1:1.11). Begum et al. (1979) found the sex ratio
of  C. chinensis (1:1) when reared on mung gram and pea
which is very close to present finding.

The results revealed that the pre-oviposition period
(hours) and oviposition period (days) were statistically non-
significant but fecundity per female was statistically
significant. Numerically highest pre-oviposition period was
7.60 hrs on gram and black gram, whereas oviposition period
was 8.00 days on pea and black gram. However, the
fecundity per female was 78.8 eggs on gram. The pre-
oviposition period was lower (7.20 hrs) on pea and soybean,
oviposition (7.40 days) on gram, while fecundity was 71.00
eggs per female on soybean. Singal and Borah (2001) reported
that the average pre-oviposition period of C. chinensis lasted
for 7.8 ± 0.46 hrs on pods of Cajanus cajan, which is very near
to present investigation. Rajak and Pandey (1965) reported
that a female of C. chinensis laid 50 to 103 eggs in her life time.
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