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REVIEW

Neem in IPM : Problems and prospects
R.P. Singh and 1R.P. Srivastava
Division of Entomology, Indian Agricultural Research Institute, New Delhi- 110 012, India
Ex Director CISH, A-601, Indira Nagar, Lucknow-226 011 (U.P.), India
ABSTRACT
Putting tonnes of synthetic pesticides in the environment and killing all the organism alike is certainly not a
right approach of solving pest problems. Escalating costs due to depleting natural reserves coupled with ever
increasing doses to overcome resistance problem, synthetic insecticides are becoming an unprofitable important input
in crop production. Neem, Azadirachta indica has emerged as single most important source of safe pesticide. About
500 species of insects, 44 nematodes and almost equal number of fungi and a few bacteria have already been reported
susceptible to neem. The lists include almost all the key pests of agriculture. Neem has diverse biological effects on
insects and the sensitivity of insects to each biological effect varies greatly irrespective of genera or species. How to use
simple neem seed extracts with successful examples of evaluation against a few key crop pests such as Helicoverpa
armigera, Bactrocera dorsalis, B. cucurbitae, Idioscopus nitidulus, Nilaparvatha lugens, cotton bollworms, Chilo partellus and
stored grain pests such as Trogoderma granarium, Callosobruchus chinensis and Lasioderma sericorne vis-à-vis sensitivity of
the above pests are given. Neem oil volatiles evaluated for the first time exhibited high fumigant toxicity at a
incredibly low concentration against adults of Callosobruchus maculatus, Corcyra cephalonica, Sitotroga cerealella and
Trogoderma granarium. Further research for effective utilization of volatiles as substitute to synthetic fumigants is
discussed. Neem was found highly compatible with Nuclear Polyhedrosis Virus. A marked reduction in lethal time
was recorded when used in combination with NPV against Spodoptera litura. Neem extracts were found compatible
with Bacillus thuringiensis and one of the extracts even synergised the effect when used against Plutella xylostella on
cabbage. Field evaluation of Neemark, a commercial neem formulation, plus cypermethrin offered far better control
of cotton bollworms than either used alone. Low damage of pods and higher yield were recorded when aqueous
extract of seed kernel was alternated with either fenvalerate or cypermethrin for the management of Helicoverpa
armigera in pigeon pea. Problems such as variations in sensitivity of insects, doses, timing of application, stability etc.,
in the utilization of neem products are discussed. Neem seed kernel has about 55 biologically active compounds. No
study has been done on the identification of gene responsible for production of these compounds and their consequent
transfer in other plants. Azadirachtin is the most important biologically active compound and its quantity varies
greatly in neem trees so is the case with oil and other compounds. A survey must be conducted immediately to
identify elite trees with different objectives for development of new varieties for future propagation. Neem grows
widely in Asian countries. It is cheap, effective, safe, available and renewable source of pesticide and fits-in-well in
sustainable agriculture as well as the life style of Asian farmers. Because of presence of large number of compounds
which work in harmony, the chances of development of resistance seem to be remote. Neem can be grown easily on
almost all types of soils. With little efforts farmer in this region can be easily trained how to grow (does not compete
with crop) and use neem tree for solving their pest problems.
Key words : Azadirachta indica, utilization, insect pests, constraints, IPM, prospects

All other inputs to raise the productivity go waste if
plants are not protected. Synthetic insecticides are often
considered as most potent method of protecting the crop
against insect pests. Their massive and uninterrupted use
for over 50 years however, has created serous problems which
need our immediate attention. The most important of these
is the segregation of resistant strains of insects to insecticides.
About 530 species of insects including mites have already
been reported to have developed resistance and in several
cases cross resistance to synthetic insecticides and about 17
species are resistant to practically all insecticides. These
include some key pests such as Plutella xylostella, Heliothis
armigera, Spodoptera litura, which cause enormous damage
to crops. Rice pests such as brown plant hopper, Nilaparvata
lugens and leaf hopper, Nephotettix virescens have developed
©2014

high level of resistance. The situation is steadily worsening
and we may not have effective pesticides to manage several
key pests in near future. Further, it is estimated that as many
as 25 million agricultural workers, in developing countries
have episode of poisoning with about 14000 deaths every
year. India accounts one-third of total pesticide poisoning
cases in the world. Escalating costs due to ever increasing
doses of insecticides to overcome resistance problem,
insecticides are not only accentuating environmental
problems but also making their use an unprofitable important
input in crop production. Annihilation of natural enemies
and other non-targeted organisms are other environmental
problem. Putting tones of synthetic pesticides in the
environment and killing all the organism alike is, thus, not a
right approach of solving pest problems.
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Neem has emerged as single most important alternative
source of insecticide. It has given good control of numerous
insect pests. There are various tactics (cultural, mechanical,
host plant resistance, biocontrol agents, botanical
insecticides, legal and insecticidal control etc.) which can be
integrated with neem. However, the ideal situation would
be if the methods to be integrated conserve natural enemies
as nearly 60 per cent natural control of pests is due to
entomophages occurring in nature.
NEEM’S PERFORMANCE PROFILE AS INSECTICIDE
Crop pests
Enough field trials reports are now available for
comparison of the performance of neem with synthetic
insecticide. Perusal of the literature shows that performance
profile of neem as insecticide has given fair to excellent. In
several cases, as evident from below, neem has given better
or was at par with synthetic insecticides.
The first field trial using neem seed kernel suspension
was conducted against swarm of desert locust, Schistocerca
gregaria by Pradhan et al. (1962) at the Indian Agricultural
Research Institute, New Delhi. The standing crops at the
institute were completely saved as no damage was caused
to any crop by the invading swarm. Ever since, numerous
field trials have been conducted against varieties of pests in
different crops.
Neem oil and aqueous extract of seed kernel was found
superior than lindane, cypermethrin and monocrotophos
against Zonocerus variegatus (Olaifa and Adenuga, 1989). Rice
grasshopper, Hieroglyphus banian could attack only few
plants in rice fields treated with 5 per cent aqueous neem
seed kernel extract. The treatment was at par with 0.1 per
cent monocrotophos (Mohan et al., 1991). Nasseh et al. (1992)
found neem seed kernel extract as effective as synthetic
growth regulators, triflumuron and triflubenzuron against
immature stages of S. gregaria.
Diamond back moth, Plutella xylostella has develop
resistance to practically all insecticides. Aqueous extract of
unshelled neem seeds at the rate of 25 and 50g powder per
litre of water prevented feeding damage by the larvae of P.
xylostella and the oriental cabbage moth, Hellula undalis very
well Dipel, a microbial biological product based on Bacillus
thruingiensis proved to be considerably less effective than
the neem extract (Facknath, 1996). Maize stem borer, Chilo
partellus was controlled very effectively with granules
prepared from neem oil and seed extract. The efficacy was at
par with quinalphos (Anonymous, 1983). Tobacco
caterpillar, Spodoptera litura is currently being managed with
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neem extract in South India. The extract is not only cheaper,
but also as effective as synthetic insecticides (Joshi et al., 1993).
Gypsymoth, Lymantria dispar was completely eliminated
within 15 days following application of neem seed extract
(Skatulla and Meisner, 1975)
Webb et al. (1983) found aqueous extract very effective
against Agromyzid, Liriomyza sativae as it caused 95 per cent
mortality if leaves were treated with 1 per cent seed extract
when larvae were egg or first, second or third instar. The
result indicated that neem disrupted growth of internally
feeding larvae. Another Agromyzid, Melanagromyza obtusa
was controlled very effectively with 5-8 per cent neem kernel
extract on pigeon pea (Cajanus cajan). The results were
comparable with synthetic insecticide fenvalerate and
quinalphos (Srivastava et al., 1984).
Four sprays of 3 per cent neem oil gave effective control
of the midge, Orseolia oryzae and was at par with
monocrotophos (Samalo et al., 1993). Application of urea and
crude neem oil to root zone of rice seedlings was found as
effective as three broadcast application of carbofuran against
this pest and also whorl maggot Hydrella sp. (David et al.,
1986). Neem oil at 2 per cent offered effective control of
Contarinia sp. on jasmine and was better than endosulfan
and chlorpyrifos (David et al., 1990).
Two neem-based formulations prepared and evaluated
against mango hopper Amritodus atkinsoni, reduced the
population to almost zero within 24 hours (Srivastava et al.,
1996). All leaf hoppers (Nephotettix virescens) died within
four days after spraying rice plants with 5 per cent neem oil
(Mariappan et al., 1988). Neem oil proved significantly better
than monocrotophos in controlling Bemisia tabaci on cotton
as only 14.3 and 13 per cent nymphs could reach the adult
stage following treatment with 0.5 and 1 per cent oil
respectively as against 84.3 per cent in plot sprayed with
monocrotophos (Natarajan and Sundaramurthy, 1990). In a
field trial ethanolic extract of seed kernel at 2 per cent and
neem oil at 1 per cent were as effective as pyrethrum against
Myzus persicae and A. gossypii on sweet pepper (Lowery
et al., 1993).
In Gambia weekly application of aqueous extract of
neem fruits (berries at 112.5g 1-1) effectively controlled Africa
melon lady bird, Henosepilachna elaterri (=Epilachna
chrysomelina). The number of cucumber per plant was higher
than malathion treatment (Redknap, 1981). Application of 4
per cent aqueous neem seed kernel extract was very effective
against Ootheca bennigseni on bean plant in Tanzania (Ladd,
1981). Tortoise beetle, Chirida bipunctata fed least on sweet
potato leaves sprayed with 1 per cent acetone extract of seed
kernel. The treatment was superior to synthetic anti-feedants
Journal of Eco-friendly Agriculture 9(2) 2014
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(Rajendran and Kareem, 1977). Under no choice conditions
aqueous and ethanolic extract of seed kernel at 2.5 and 1.0
per cent respectively inhibited feeding by chafer beetle
Apogonia blanchardi infesting roses (Doharey and Singh,
1989). Egg plants sprayed with 2 per cent ethanolic extract
offered very effective control of flea beetle, Epitrix fuscula and
the Colorado potato beetle, Lepitinotarsa decemlineata. There
was no significant difference between the treatment of
ethanolic extract and the synthetic insecticide cypermethrin
(Reed and Reed, 1986). Neem oil at 2 per cent was at par
with 0.07 per cent endosulfan against flea beetle, Phyllotreta
crucifera on crucifers and bean (Rajan and Nambisan, 1993).
Five neem seed kernel extracts viz., NSK aqueous
suspension ethanolic extract of NSK (ETOH) hexane extract
of NSK (neem oil), ethanolic extract of the hexane extract
and acetone extract of deoiled NSK powder at 1.25-20 per
cent concentration, and pure azadirachtin at 1.25-10 ppm,
were evaluated as oviposition deterrents to Bactocera
cucurbitae (Coq.) and B. dorsalis Hendel. NSKS @ 5 per cent
under choice test conditions, and at all concentrations
(=1.25%) in no-choice tests significantly deterred oviposition
in both species. Azadirachtin failed to deter oviposition in
either species (Singh and Singh, 1998). Further detailed
studies (unpublished) revealed that both the pests can be
managed effectively with neem extract.
Two enriched neem formulations, an oil-based and a
cake-based were evaluated against mango leaf hopper,
Idioscopus nitidulus (Walker), a serious pest of mango, under
field condition. The oil-based formulation at 1.5 per cent and
cake-based at 0.5 per cent significantly reduced the
population of the hoppers (Srivastava et al., 1996; Singh and
Srivastava, 1997). The extract remained effective up to 14
days.
Stored grain pests
Neem has shown promise against almost all the pests
of stored grain. The important findings are as follows :
Reddy and Singh (1998) isolated neem volatiles for the
first time; the volatiles caused 100 per cent mortality of adult
Callosobruchus maculatus within an hour. The volatiles were
equally effective against angoumous moth, Sitotroga.cerealella
and rice moth Corcyra cephalonica serious pests of stored
cereals.
A dust formulation developed by Singh et al. (1999),
when mixed with wheat grain @ 0.06 parts 100 parts-1 of
wheat (w/w) completely checked the growth and
development of first instar larvae of Trogoderm granarium
The authors, when admixed the same formulation with
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wheat flour @ 0.1 part 100 parts-1 of flour arrested the
development of Lasioderma sericorne. Pulse beetle,
Callosobruchus maculatus is the most serious pest of pulses.
Neem seed kernel powder passed through 200 mesh sieve at
only 0.25 parts 100 parts-1, when admixed with green gram
completely checked the infestation during storage.
REASONS FOR POOR PERFORMANCE OF NEEM
There are several reports where neem has given poor
results which have simply discouraged the users. Also there
are lots of inconsistencies in the results obtained with neem.
Among various factors responsible for inconsistency,
following factors are perhaps the most important. The first
and the foremost is the quality of seeds. There may be
complete loss of activity if seeds are not properly collected,
processed and stored. There is also an inherent differences
in the seed quality. Seeds obtained from a place/tree may be
10 times more active than the other place or tree. The second
important factor is the variations in the sensitivity of insects
to different biological effects of neem. For example desert
locust, Schistocerca gregaria is 50 times more sensitive than
migaratory locust, Locusta migratoria to antifeedant effect of
seed kernel extract. Gram pod borer, Heliothis armegera, 4000
times less sensitive than desert locust. Similar variations
occur in the sensitivity of insects to other biological effects
(Singh and Raheja, 1996).
Need for laboratory evaluation
Since, there exist vast variations in the physiological
susceptibility of insects to neem extract a laboratory
evaluation of the target pests become necessary to know how
much and when to use neem. Also the sensitivity of insects
depends on the type of extract used. A laboratory evaluation
is, therefore, necessary before contemplating field evaluation
against any pest.
Kind of pest and likely strategy
Following strategies may be employed for successful
management of insects belonging to Orthoptera, Lepidoptera,
Diptera, Hemiptera and Coleoptera.
Orthoptera
1.

Barring a few North American grasshoppers which
are unaffected by azadrirachtin, all other locust and
grasshoppers evaluated so far could be managed with
simple aqueous extract of seed kernel.

2.

While, it is easy to manage nymphs with aqueous
extract, it may be difficult to control adults as they fly
away on finding the food unattractive. To prevent
107
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migration of both nymphs and adult a medium dose
may be more effective than using high concentration.
3.

4.

Drenching of breeding grounds with aqueous extract
may nip in the bud the building up of population. This
may take care of other soil-borne pests and even may
be translocated and protect the crop against other pests.

2.

For medium sized insects with low fecundity aqueous
extract may be useful. However, higher doses than
generally used for managing externally feeding
lepidopterous larvae or nymphs of Orthoptera will be
needed for effective control.

3.

Since, large number Hemipterans especially rice pests
are reportedly sensitive of oviposition deterrent effect
of neem, spraying of crop at early stage of infestation
may provide better control.

More studies should be conducted on feeding and
contact effect of neem on adult Orthopterans.

Lepidoptera

Coleoptera

1.

1.

Most adults and larvae which feed externally or mine
the leaves could be controlled with aqueous seed kernel
extract.

2.

Though little work has been done, it appears quite likely
that soil drenching with aqueous extract may nip in
the bud soil inhibiting larvae (Scarabaeidae, Meloidae
and others). Highly acidic or alkaline soil, however,
may adversely affect azadirachtin content.

3.

Curculionids, however, may be difficult to manage as
vast majority are internal or subterranean feeder. Since,
these adults also feed on exposed parts, aqueous
extracts can affect them through feeding as there is
increasing evidence of sterilizing effect of neem of
Coleoptera. The strategies suggested for management
of Lepidopterous borers may be used to kill the grubs
before boring.

External feeders and leaf miners succumb easily to
feeding and contact effects of aqueous extract of seed
kernel. For fast moving larvae medium doses to retain
them in the treated field for slow poisoning may be
more effective than high concentration.

2.

For the management of borers, the timing of application
as well as strength of the neem products is important.
Aqueous extract may not be suitable for use against
borers. Oil enriched with azadirachtin is the best option.

3.

Since, oviposition deterrent effect is an important
biological effect, the spraying of crops should be taken
up immediately after spotting moths in the field. A few
applications at quick intervals may provide effective
control. A single spray of ethanolic extract at 50 per
cent flowering of pigeon pea (Cajanus cajan) gives
substantial control of H. armigera (Singh et al., 1985).

Diptera

Neem in IPM

1.

There is not much problem in the management of
Dipterous leaf miners with simple aqueous extract.

2.

Gall midge seems to be sensitive to oviposition deterrent
as well as toxic effect of oil. Thus, time of application,
as well as placement of spray, are important.

3.

Irrigation of field with low concentration of aqueous
extract may be beneficial against those Depterans
which pupate in soil. Water and food source are very
important for the survival and egg laying of Tephritids.
Contamination of the crop with aqueous extract thus,
may provide effective control.

Singh and Kataria (1990) published a list of 103 species
of insects susceptible to neem in India. The latest compilation
(Schmutterer and Singh, 1995) contained 417 species of
insect sensitive to neem. However, all these insects cannot
be very successfully managed with neem and hence,
integration become necessary. There are various tactics
(cultural, mechanical, host plant resistance, biocontrol
agents, botanical insecticides, legal and insecticidal control
etc.), which can be integrated with neem. However, the ideal
situation would be if the methods to be integrated conserve
natural enemies as nearly 60 per cent natural control of pests
is due to entomophages occurring in nature. Neem has also
been found safe to foraging bees.

Hemiptera
1.
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Repeated application of aqueous extract may be
necessary for the management of small Hemipterans
with high fecundity. Neem oil enriched with
azadirachtin will provide much faster and effective
control than the former.

How to integrate neem?
Neem has diverse biological effects on insects: Antifeedant, repellent, oviposition deterrent effect on vigour and
fitness, IGR, flight, longevity, mating disruptor, sterilant,
direct toxicity etc. No synthetic chemical or plant origin
Journal of Eco-friendly Agriculture 9(2) 2014
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material is known to occur which has such a diverse
biological effects on insects as neem. Sensitivity of insects to
the above biological effects varies greatly irrespective of
genera or species of insects. Among the various biological
effects, insect-growth-regulatory (IGR) property of neem is
the most important as rarely have insects not succumbed to
this effect. However, its effect is limited to the developmental
stages of insects and adults generally remain unaffected. It
is thus evident that effective integration will depend on the
insects’ susceptibility to the above biological effects. For
example, neem is very effective against desert and migratory
as anti-feedant but low or no activity against adults. Thus, a
crop can be well protected by first inhibiting feeding by locust
and at the same time chemical insecticides can be used to
kill them. If the Insecticide is used alone it will take time to
act and during this period locust can cause considerable
damage to the crops. Neem extracts especially neem oil has
been found to deter oviposition of several insects eg. Batrocera
spp., Helicoverpa, Nilaparvata lugens, etc. Thus, spraying of
crop with neem extract may protect egg laying/settling which
can be followed by other method of control to reduce
population build up of pests. Since, IGR effect is the most
important effect and almost all insects ultimately succumb
to its effect, it generally offers better possibility of integration
than other biological effects.

Insect egg parasitoid, Trichogramma chilonis

INTEGRATION WITH BIO-CONTROL AGENTS

PREFORMANCE PROFILE OF NEEM IN IPM

Nuclear Polyhedrosis Virus (NPV)
NPV provides good control of some lepidopterous
insects but the larvae continue to cause damage by the time
death occurs. Neem, on the other hand stops feeding
immediately. A combination of the two would thus be ideal.
Kernel-based neem formulation, when sprayed at 0.1 per
cent on castor leaves and offered to larvae of tobacco
caterpillar caused 40 per cent mortality. NPV treated leaves
killed 60 per cent larvae. When the leaves were treated with
NPV + neem, the mortality increased to 96 per cent. The larvae
could cause only little damage and succumbed much quicker
than when used alone (Chaudhary and Singh, 1997).
Bacillus thruingiensis (Bt)
A recent study (Raja Mohan and R.P. Singh, Division
of Entomology, Indian Agricultural research Instituite, New
Delhi, India) showed that Bt is compatible with aqueous,
ethanolic and hexane extracts of neem seed kernel. The
hexane extracts even syngised the effect of Bt, when tested
on Plutella xylostella. A combination of the two may
considerably delay the development of resistance P. xylostella
to Bt.
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It is generally believed that neem extracts conserve
natural enemies, especially insect parasitoids and hence,
neem is recommended even when the parasitoids are active.
Detailed investigations were carried on the effect of different
extracts (aqueous, hexane and ethanolic) of neem on
Trichogramma chilonis, a widely used egg-parasitoid for
management of lepidopterous pests. All extracts deterred
oviposition by the T. chilonis. Aqueous extract was safest
among the three extracts tested. However, neem extracts had
no effect on already parasitised eggs. It is therefore, suggested
that in IPM neem should be used after inundative releases
when the host eggs have already been parasitized for effective
control of lepidopterous pests (Raguraman and Singh, 1999).
Larval parasitoid, Bracon hebetor
This is yet another widely used external larval
parasitoid for management of insect pests. Larval stages were
found highly sensitive to different kernel extracts as none of
the larvae could reach adult stage when sprayed with neem
extracts. Pupal and egg stages, were, however, found
resistant. It is suggested that in IPM programme spraying
should be done only when the parasitoids are in these two
stages (Raguraman and Singh, 1998.)

The first field trial using neem seed kernel suspension
was conducted against a swarm of desert locust, Schistocerca
gregaria by Pradhan et al. (1962) at the Indian Agricultural
Research Institute, New Delhi. The standing crops at the
institute were completely saved as no damage was caused
to any crop by the invading swarm due to strong anti-feedant
effect of neem and this was followed by spraying synthetic
insecticides to kill them. Synthetic insecticides alone could
not have saved the crop as effectively because locusts would
have eaten valuable crop by the time insecticide acted.
Rice
Mixture of custard apple oil and neem oil in 1:1, 1:2
and 1:4 proportion (vol/vol) at 5, 10 or 20 per cent were
significantly more effective in reducing Nephotettix virescens
survival and rice tungro virus (RTV) transmission than the
spray application of the individual oils in rice seedling
(Marriappan and Saxena, 1983, 1984). Mixture of neem
kernel powder and carbofuran (1:1) at 1 kg a.i. ha-1 was equal
to carbofuran alone at 2 kg a.i. ha-1 for control of green
leafhopper and rice tungro virus (Kareem et al., 1988)
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Cotton
An experiment was conducted to demonstrate the
efficacy of neem products and the bio-control agent NPV in
controlling cotton insect pests (Anon., 1992). The neem
products, either alone or in combination with NPV, were
highly effective in reducing population of aphids (Aphis
gossypii), thrips (Scirtothrips dorsalis), jassid (Amrasca biguttula
biguttula) and bollworm (Earias vitella). Neem, Bt. formulation
and 84 per cent reduced rate of synthetic pyrethroids proved
effective against bollworms under field condition and also
safe for the environment with no resurgence of whitefly
(Gupta et al., 1999). Dhawan and Simwat (1996) found better
control of bollworms, when combined with Neemark - a
commercial neem product.
Mungbean
Neem oil and aqueous NSKE were tested either alone
or as mixture with synthetic insecticide monocrotophos for
their efficacy in the control of insect pests and diseases of
mungbean. The results are as follows: The yellow mosaic
disease was controlled significantly by all treatments owing
to reduction of whitefly. Neem oil and NSKE were more
effective when used as mixture with the synthetic insecticide
than when applied alone. The stem fly, Ophiomyia phaseoli
was controlled by all treatments significantly when
compared with control, and all the treatments were on par.
NSKE 5 per cent gave the highest yield (961 kg ha-1) and was
on par with neem oil (942kg ha-1), NSKE + Monocrotophos
(900 kg ha-1) and monocrotophos (895kg ha-1) ( Jacob, 1989).
Maize
Application of 20g NSK powder litre-1 of water and the
early mass release (before 40 DAS) of 140,000 endemic
Trichogramma plasseyensis per hectare very effectively
controlled Asian corn borer, Ostrinia furnacalis and increased
the yield highly significantly (Breithaupt and Schmutterer,
1999)
Cabbage
Diamond back moth, Plutella xylostella has develop
resistance to practically all insecticides. Aqueous extract of
unshelled neem seeds at the rate of 25 and 50 g powder
litre-1 of water prevented feeding damage by the larvae and
the oriental cabbage moth, Hellula undalis very well
(Facknath, 1996).
There are about 20 million trees in India alone with
yield potential of about 570,000 tonnes of seed per year. Neem
is an ideal source of insecticide, either used alone or in
combination, with other methods, for managing insect pests
of crop. Neem grows widely in Asian countries. It is cheap,
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effective, safe, available and renewable source of pesticide
and fits-in-well in sustainable agriculture as well as the life
style of Asian farmers. Because of presence of large number
of compounds, which work in harmony, the chances of
development of resistance seem to be remote. Neem can be
grown easily on almost all type of soils. With little efforts
and farmers in this region can be easily trained how to grow
(does not compete with crop) and use neem tree for solving
their pest problems.
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Integration of organic nutrient sources to sustain the system
productivity and soil fertility in organic basmati rice based
cropping systems
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ABSTRACT
An experiment for management of different sources of nutrients in basmati rice based cropping systems was
initiated in kharif 2004 and was further continued for five years up to 2008-2009 to maintain the soil fertility and
productivity under organic mode of cultivation. Among the various organic sources of nutrient management practices
followed, significantly higher total productivity in term of RGEY (43.02q ha-1 and 46.44q ha-1, respectively) was
obtained with vermicompost and farm yard manure in 2006-07 (39.17q ha-1) and with application of vermicompost
with non edible oil cake (NEOC) in 2007-08 & 2008-09. The physico-chemical properties of soil after harvest of rabi
crops showed that integration of different sources of nutrients was found useful in improving the bulk density, water
holding capacity and available NPK status of soil. Maximum change over initial after five years in organic carbon
(39.8%), available N (40.7%) & available K (61.5%) were recorded with the application of FYM + VC as compared to
the control. However, comparatively maximum change in available P was observed with the application of all four
sources of nutrition (¼EC + ¼VC + ¼NEOC + ¼FYM).
Key words: Vermicompost, enriched compost, RGEY, non edible oil cakes, Sesbania aculeata

In the wake of the high-tech farming based on costly
and ecologically disruptive chemical fertilizers and
pesticides, the concept of organic or sustainable farming is
picking up in the country. India in general and Uttarakhand
in particular has big scope for organic farming, as it is already
a common practice with indigenous rice cultivars.
Conservation and sustenance of organic matter remains the
mainstay of soil and crop quality in the present scenario of
Indian agriculture. It is therefore, necessary to arrest decline
of soil organic matter to fight against unabated soil
degradation and imperialized sustainability. Improving
organic carbon and carbon sequestration is therefore, crucial
in sustenance of soil quality & future agricultural
productivity (Zahir et al., 2007). The organic sources of high
C: N ratio has slow release of nutrients as compared to low
C:N ratio sources i.e. vermicompost releases faster nutrients
than FYM. For this, there is a need to organize the supply of
nutrients to crop by different combinations of organic
sources, which can give easy release of nutrients in soil as
well as maintain soil health. There are different organic
sources that can be exploited for crop production like farm
yard manure, vermicompost, enriched compost (rock
phosphate or pyrite enriched), oil cakes (edible & non-edible
oil cakes) and green manure, etc. Earthworms are able to
convert these wastes into fine mucus coated faecal pellets,
known as vermicompost, which is quality organic manure.
©2014

Thus, earthworms are the natural fertilizer factories which
serve as bio-catalytic agents to enhance the soil fertility
through physical, chemical & biological processes.
Green manure has been found most suitable due to its
production in situ, rapid decomposition in the soil,
mobilization of nutrients and improvement in soil physical
conditions. Green manuring increases soil total nitrogen and
available potassium levels and also reduce base saturation
(Chettri et al., 2003). The traditional technology of
composting, if improved in terms of nutrient content
(enriched composting) by addition of rock phosphate or
pyrite, may help in arresting trends of nutrient depletion to a
greater extent in long run. A study indicated that enriched
compost treatment receiving rock phosphate and microbial
inoculants showed superiority in respect of manurial value
as compared to other treatments with low C: N ratio and
increased total phosphorus (Srikanth, 2006).This
underscores the importance of using adequate quantities of
organic sources of nutrients in an integrated manner
following a management technology that is efficient,
economically viable, socially acceptable and ecologically
sound. Keeping in view the facts, the current study has been
made to analyze the total productivity in terms of rice grain
equivalent yield, soil fertility management & nutrient uptake
using various organic nutrient sources in basmati rice based
cropping systems.
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MATERIALS AND METHODS
A field experiment was conducted at Breeders Seed
Production Centre of Govind Ballabh Pant University of
Agriculture and Technology, Pantnagar during 2004-05 to
2008-09 with the objective of soil fertility management and
crop productivity using various organic nutrient sources in
basmati rice based cropping systems. The treatments were
arranged in split plot design with 3 cropping systems viz.
CS1= Basmati rice – wheat, CS2= Basmati rice – chickpea
and CS3= Basmati rice-vegetable pea allocated to main plots
and 5 combinations of nutrient sources to supply N viz. ½
Enriched compost (EC) + ½ Vermicompost (VC) (NS1), ½ Non
edible oil cake (NEOC) + ½ VC (NS2), ½ FYM + ½ VC (NS3) ,¼
EC+ ¼ VC+ ¼ NEOC+ ¼ FYM (NS4) and control (NS5)
allocated to sub plots with tree replications. Cultivars used
were Pusa Basmati-1, PBW-343, ICRISAT line received from
PAU Ludhiana (ICCV 96029) and Arkel for rice, wheat,
chickpea and vegetable pea, respectively.
Vermicompost is rich in NKP (nitrogen 2-3%,
potassium 1.85-2.25% and phosphorus 1.55-2.25%),
micronutrients, and beneficial soil microbes and also contain
plant growth hormones & enzymes. It is scientifically
proving as miracle growth promoter & also plant protector
from pests and diseases. Farm compost is poor in P content
(0.4-0.8 per cent). So addition of P makes the compost more
balanced, and supplies nutrient to micro-organisms for their
multiplication and faster decomposition. The addition of P
also reduces N losses. Compost can be enriched by
application of superphosphate, bonemeal or phosphate rock.
One kg of superphosphate was applied over each layer of
animal dung. Low-grade phosphate rock can also be used
for this purpose. After oil extracted from oilseeds, the
remaining solid portion is dried as cake, which can be used
as manure. Nutrients present in oil-cakes, after
mineralization, are made available to crops 7 to 10 days after
application.
Green Sesbania aculeta (Ses Pant-1) was used as an
organic source of nutrient to kharif crop (Basmati rice). It
contains 4.3 per cent nitrogen (oven dry basis). Enriched
compost, vermicompost, non edible oil cakes and FYM were
used as organic source of nutrient to rabi crops. Among rabi
season crops, FYM was applied @ 20 t ha-1 to wheat and 10
t ha-1 to chickpea and vegetable pea to meet the requirement
of recommended nitrogen. EC, VC and NEOC were applied
@ 10, 5 and 5 t ha-1, respectively to wheat and @ 05, 2.5 and
2.5 t ha-1, respectively to chickpea and vegetable pea.
The soil of the experimental site was initially having
bulk density 1.37 Mg/m3; water holding capacity 17.30 per
cent; pH 7.4; EC 0.34 dS/m; CEC 28.8 me 100g-1; organic
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carbon 0.65 per cent; available N 238 kg ha-1 available P 16.7
kg ha-1; available K 106 kg ha-1 and available S 29.3 kg ha-1.
After harvesting of Rabi crops, grain yield was recorded and
rice grain equivalent yield was evaluated on the basis of
market prices of the produce. Soil samples were collected
from each plot after harvesting of rabi crops and were
analyzed for organic carbon content, available N, P and K
by adopting standard procedures outlined by Jackson (1973).
The data were analyzed by using standard procedures of
statistical analysis for split-plot design (Gomez and Gomez,
1984).
RESULTS AND DISCUSSION
Total productivity
Crop equivalent yield is an important index in assessing
the performance of different crops under a given
circumstance. Cropping sequences differed significantly
with respect to yielding ability in terms of rice grain equivalent
yield (RGEY). Total productivity in terms of rice-grain
equivalent yield of rice-chickpea (CS2) system (30.6q ha-1)
was significantly higher than other cropping systems in all
the three years owing to high price of chickpea (Table 1, 2 &
3). Among the organic nutrient sources applied to rabi crops,
½ NEOC + ½ VC (NS2) was found better i.e. 43.02q ha-1 and
46.4 q ha-1 as compared to the control (NS5) during the year
2007-08 and 2008-09, respectively. However, during 2006–
07 total productivity was highest with the treatment (NS3 ½
FYM + ½ VC) i.e. 19.1q ha-1 which was at par with NS1 and
NS2.
The improvement in rice grain equivalent yield owing
to different levels of FYM, VC, NEOC and EC was mainly
brought about the beneficial effect of these on physiological
parameter and yield attributing components. Variation in
yield response to various organics might be due to the nature
and quality of organic residues, rate of decomposition,
nutrient release and subsequent utilization by the crop.
Mankotia (2007) also reported significant residual effect of
organics applied to rice on the succeeding crop.
Change in soil fertility
Per cent change over initial of organic carbon, available
N, P and K after four consecutive crop cycles due to different
organic sources used was of the tune of 31.5 to 39.8, 19.6 to
40.7, 18.9 to 41.9 and 56.2 to 61.5 per cent respectively
(Table 1). Maximum change in organic carbon over initial
was observed in basmati rice-chick pea (CS2) system which
is of the tune of 34.9 per cent. Among the organic nutrient
sources applied, maximum change in organic carbon was
observed with the application of FYM+VC (39.8%). This
change may be due to high C:N ratio of bulky organic
Journal of Eco-friendly Agriculture 9(2) 2014
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Table 1. Total productivity and per cent change over initial nutrient level in different cropping sequences

Treatment

Rice-wheat
Rice-c.pea
Rice-v.pea
NS1
NS2
NS3
NS4
NS5
CD (P=0.05 )
MP
SP
MP x SP

Total productivity
(q ha-1) in terms of RGEY
2006-07
2007-08
2008-09
36.68
40.21
41.39
41.52
48.50
55.80
31.21
37.84
31.73
36.54
41.67
42.49
38.19
43.02
46.44
39.17
42.87
42.40
34.47
43.00
43.16
33.97
40.34
40.38
3.41
1.59
2.75

NS
NS
NS

(%) change over initial* after five years
Organic C
33.0
34.9
34.3
37.3
31.5
39.8
32.8
28.9

Available N
29.9
18.9
23.5
24.8
28.5
40.7
19.6
7.98

Available P
22.4
10.0
44.0
18.9
40.1
36.5
41.9
-10.18

Available K
57.7
57.9
60.1
57.8
58.4
61.5
56.2
41.2

6.85
NS
NS

* Initial Organic carbon = 0.65%; Available N= 238kg ha-1; Available P = 16.7 kgha-1; Available K = 106 kgha-1

Table 2. Grain yield of different crops

Treatment
NS1
NS2
NS3
NS4
NS5
SEm+
CD (P=0.05)
Treatment
NS1
NS2
NS3
NS4
NS5
SEm+
CD (P=0.05)

Rice grain yield (q ha-1)
2006-07
2007-08
2008-09
27.9
31.6
29.7
29.1
32.7
30.9
30.1
32.3
31.2
25.1
32.3
28.7
25.4
30.8
28.1
0.5
1.7
0.9
1.6
5.1
2.6
Chickpea seed yield (q ha-1)
2006-07
2007-08
2008-09
13.2
15.6
14.4
13.7
15.6
16.1
13.9
15.9
14.8
13.9
16.5
17.3
13.3
14.4
12.8
0.31
0.48
0.75
NS
1.9
2.9

Table 3. Market rate of different crops
Output price (` q-1)
Organic rice
Organic wheat
Organic chickpea
Organic vegetable pea

2006-07
2212.50
1063.00
1806.25
490.00

2007-08
2462.50
1125.00
2000.00
550.00

2008-09
2500.00
1350.00
2162.50
600.00

manures, improved root growth, leading to accumulation of
more organic residues and more biomass to soil system &
direct incorporation of the organic matter in the soil.
Hemlatha et al., 2000 also reported that all sources of organic
manures improved the yield and soil fertility. Maximum
change over initial in available N was observed in basmati
Journal of Eco-friendly Agriculture 9(2) 2014

Wheat grain yield (q ha-1)
2006-07
2007-08
2008-09
23.1
27.5
25.9
24.7
29.7
26.6
24.8
29.8
25.1
26.3
29.6
26.6
22.6
27.8
19.5
0.31
0.48
0.75
1.2
1.87
2.9
Veg. pea green pod yield (q ha-1)
2006-07
2007-08
2008-09
18.3
22.8
33.8
18.3
21.5
34.3
18.4
23.4
32.1
18.6
23.2
33.8
18.3
19.3
25.2
0.31
0.48
0.75
NS
1.9
2.9

rice-wheat system. Data pertaining to available P and K
shows that maximum change over initial in these values
were observed in basmati rice-vegetable pea system. Among
the organic nutrient management practices, treatment NS3
(½ FYM + ½ VC) recorded maximum change in soil available
N (40.7%) and application of ¼ EC+ ¼ VC+ ¼ NEOC+ ¼
FYM (NS4) recorded maximum change in soil available P
(41.9%).
The buildup in available N & P status of the soil on
application of organic N sources may be attributed to the
residual effect of applied fertilizers and to the mineralization
of organic sources or through solubilization of nutrients from
the native source during the process of decomposition of
115
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organic source (Yashpal and Chand, 1993). Variation in
available K due to combination of various organic manures
was found maximum in NS3 (½ FYM + ½ VC) i.e. 61.5 per
cent which may be due to high amount of organic residue
available to soil through these nutrient sources. The variation
in released nutrient may be ascribed to the composition of
the manure, C:N ratio, rate of decomposition as influenced
by soil and climatic factors (Dahama, 2003). Application of
organic manure increases the organic matter, which is a
storehouse of nutrients, and contributes to soil fertility.
Sriramachandrasekharanan et al., 1996 also reported an
increase in soil available N, P and K due to different organic
nutrient sources. The use of rock phosphate and pyrites
during composting (enriched compost) is found helpful in
arresting trends of nutrient depletion to a greater extent. The
organic carbon content & available nutrients in soil increased
substantially in soil where either legume was included in
crop sequence or a good source of organic manure was
applied for raising the crop.
Total uptake by the system
Total uptake of nitrogen by the system varied
significantly in different rabi crops with application of
organic manures. Among different organic manure
treatments, total nitrogen uptake was found with application
of NS3 (½ FYM + ½ VC) in 2006-07 and 2008-09 which was
significantly higher than control and application of NS2 (½
NEOC + ½ VC) in 2007-08. Maximum total P uptake was
observed with the application of NS1 (½ EC + ½ VC) as
compared to no-manure treatment in first and third year and
in NS2 (½ NEOC + ½ VC) in second year. Total K uptake by
the system was found significantly higher with NS1 (½ EC +
½ VC) during 2006-07, NS2 (½ NEOC + ½ VC) in 2007-08
and NS4 (¼ EC + ¼ VC + ¼ NEOC + ¼ FYM) in 2008-09. Ram
et al., 2011 also reported the same trends on nutrient uptake
with the use of organic sources. (Fig. 1)
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Table 3. Effect of zinc and crop residue (CR) levels on Fe and Mn uptake (g ha-1) by rice (35th crop) and wheat (36th crop)

Zn level
(kg ha-1)

0

0
2.5
5.0
10.0
Mean
CD (p = 0.05)

719
749
790
806
766
CR
Zn
Zn X CR

0
2.5
5.0
10.0
Mean
CD (p = 0.05)

512
526
551
596
546
CR
Zn
CR x Zn

Crop residue level (% of straw produced)
50
100
Mean
0
25
50
100
Fe uptake by rice
Fe uptake by wheat
747
799
810
769
576
608
720
804
786
866
929
832
612
653
739
833
823
840
983
859
612
713
767
859
879
919
1030
909
640
739
788
917
809
856
938
610
678
753
853
28.7
CR
37.3
21.2
Zn
21.1
NS
CR x Zn
NS
Mn uptake by rice
Mn uptake by wheat
538
532
554
534
395
504
556
654
582
594
626
582
448
560
613
685
603
624
676
614
485
596
653
742
628
651
718
648
531
624
693
813
588
600
643
465
571
629
724
41
CR
31
34
Zn
29
NS
CR x Zn
NS

25
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of organic carbon, nutrient and energy, and degrade the crop
residues in soil. The extent of nutrient availability depends
not only on type of organic additives but also on the buildup of autochthonous microorganisms. The grain and straw
yields increased from 33.9 to 36.6 and 52.9 to 57.0q ha-1,
respectively, with increasing levels of crop residues. Yield of
wheat at 50 per cent crop residue with residual Zn at 10kg
ha-1 was at par with that obtained under 100 per cent crop
residue alone.
Micronutrient uptake
The increase in Zn uptake by rice and wheat from 210
to 289 and 177 to 245g ha-1, respectively, with residual effect
of zinc was mainly due to increase in yields of rice and wheat
with Zn application. Crop residue application increased the
Zn uptake by rice and wheat from 191 to 306 and 167.3 to
264.3g ha-1, respectively (Table 2). Crop residues on decay
produce a varieties of biochemical substances (organic acids,
polyphenols, amino acids and polysachharides) which
stimulate the solubility, transport and availability of Zn.
Similar results were also reported by Prasad et al. (1989) in
calcareous soil under rice-wheat system. The different levels
of crop residues augmented Cu uptake by rice and wheat by
43.4 to 64.8 and 44.5 to 60.3g ha-1, respectively. The effects of
crop residue and Zn on Cu uptake by rice and wheat were
statistically significant.

by rice and wheat were significant but effect of Zn on Fe
uptake by rice and wheat was non-significant (Prasad et al.,
1989; Sakal et al., 1996). Effectiveness of crop residues may
be ascribed to their ability after degradation to form water
soluble complexes with Fe and other ions. Perhaps, humic
substances and organic acids formed after decomposition of
crop residue by microflora may help in the translocation of
Fe within the plant (Prasad and Singh, 1981). The most
significant influence of crop residues in increasing the
solubility and availability of Fe in the soil is through by
solubilisation of native soil insoluble Fe and enhanced
diffusion and mass flow in the immediate vicinity of plant
(O’Connor et al., 1971). Crop residues enhanced Mn uptake
by rice and wheat from 546 to 643 and 465 to 724g ha-1,
respectively. Similarly, the effect of residual Zn on Mn uptake
by rice and wheat varied from 534 to 648 and 527 to 665g
ha-1, respectively.

Among the soil factors, application of 2.5kg Zn ha-1
once with first crop and 50 per cent crop residue of every
crop was more effective than 10kg Zn ha-1 application alone
as starter dose which shows that substantial amount of Zn
can be saved by the incorporation of even 50 per cent of total
crop residue of each crop and 2.5kg Zn ha-1 applied as starter
dose. Incorporation of crop residue alone @ 100 per cent was
as good as 25 % crop residue with starter dose of 10kg ha-1
Zn and 50 per cent crop residue along with 2.5 kg ha-1 Zn as
starter dose. However, 10kg Zn ha-1 as starter dose and 50
Incorporation of crop residues increased Fe uptake by
per cent crop residue incorporation is always a better option.
rice and wheat from 786 to 938 and 610 to 853g ha -1,
The combined use of crop residues and zinc enhances the
respectively (Table 3). The effects of crop residue on Fe uptake
nutrient uptake by crops.
Table 2. Effect of zinc and crop residue on Zn and Cu uptake (g ha-1) by rice and wheat

Zn level
(kg ha-1)

0

0
2.5
5.0
10.0
Mean
CD (p = 0.05)

153.4
182.1
205.5
224.2
191
CR
Zn
CR x Zn

0
2.5
5.0
10.0
Mean
CD (p = 0.05)

36.7
40.9
46.1
50.1
43.4
CR
Zn
CR x Zn
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Crop residue level (% of straw produced )
25
50
100
Mean
0
25
50
100
Zn uptake by rice
Zn uptake by wheat
204.5
226.6
255.9
210
150.4
159.9
185.8
215
216.7
247
288.2
234
164.1
186
211.6
249
249.7
253.6
314.6
256
173.4
207.3
235.3
272
267.9
296.2
367.1
289
181.4
223.9
254.7
321
235
256
306
167.3
194.3
221.9
264.3
26.7
CR
17.8
17.3
Zn
9.23
NS
CR x Zn
NS
Cu uptake by rice
Cu uptake by wheat
44.4
49
63.5
48.4
576
608
720
804
48.3
49.5
64
50.7
612
653
739
833
47.6
54.9
68.2
54.2
612
713
767
859
52.8
54.3
63.6
55.2
640
739
788
917
48.3
51.9
64.8
610
678
753
853
4.67
CR
37.3
2.89
Zn
21.1
CR x Zn
NS

Mean
177.8
202.7
222
245.3

677
709
738
771
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stage. Rice and wheat crops were grown continuously under
rice-wheat cropping system. Rice cv. Rajshree was grown as
35th test crop and wheat cv., HD 2824 as 36th test crop during
the reported period of 2011-12. The grain and straw samples
were taken at the harvest of rice and wheat crops. The grain
and straw samples were washed sequentially in detergent
solution (0.2% liquid), 0.01 N HCl solution and demonized
water and dried in oven at 700C. Finely ground samples
were digested in a di-acid mixture (HNO3 : HClO4 :: 3:1 v/v)
and diluted (Jackson, 1973). Digested samples were analyzed
for micronutrients using atomic absorption
spectrophotometer. Total uptake of micronutrients by grain
and straw was computed.
RESULTS AND DISCUSSION
Crop yields
Rice: The grain and straw yields of 35th crop of rice as
influenced by zinc and continuous application of crop
residue at four levels varied from 36.3 to 47.3 and 57.0 to 60.0
t ha-1, respectively (Table 1). Application of zinc significantly
enhanced the mean grain and straw yields of rice from 39.0
to 43.7 and 54.8 to 61.3q ha-1, respectively, even after 18 years
of application. This may probably be due to two reasons:
firstly, because of decrease in available zinc levels in soil
under no-Zn treatment and secondly, due to solubilization
of native as well as applied zinc at higher levels by different
crop residues which produces complexing agents and

nutrients after microbial decay of crop residue (Singh et al.,
2003; Prasad et al., 2010). The mean grain and straw yield of
rice increased continuously from 38.9 to 44.6 and 54.5 to
62.5q ha -1, respectively, with increasing levels of crop
residues. The highest yield of 47.3q ha-1 was recorded under
100 per cent crop residue level and 10kg Zn ha-1. The effects
of crop residue and Zn on rice yield were statistically
significant. There was marked increase in yield due to
increasing levels of crop residues at all the levels of zinc. The
grain and straw yields of rice at 50 per cent crop residue
level along with starter dose of 10kg Zn ha-1 were at par with
yields obtained with 100 per cent crop residue incorporation
alone. Improvement in organic carbon and microbial
population might be the reason for augmenting the rice
productivity (Prasad and Sinha, 1995; Pandey, 2012).
Wheat: The grain and straw yields of 36th crop of wheat
ranged from 31.2 to 41.3 and 48.7 to 64.4q ha-1, respectively
(Table 1). The residual effects of zinc and crop residue levels
were similar to those observed in 35th crop of rice. The yield
of wheat during initial few years was adversely affected at
higher level of crop residue incorporation due to probably
immobilization of nitrogen and micronutrients by
decomposing micro flora. The yield of wheat increased with
increasing levels of crop residues. It resulted in build-up of
organic carbon, nitrogen levels and micronutrients which
accelerated faster rate of decomposition of crop residues.
Heterotrophic microorganisms use crop residue as a source

Table 1. Effect of zinc and crop residue (CR) levels on grain and straw yields of rice and wheat (18th cycle)

Zn level (kg ha-1)

0
2.5
5.0
10.0
Mean
CD (p = 0.05)

0
2.5
5.0
10.0
Mean
CD (p = 0.05)
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Grain yield (q ha-1)
Crop residue level (% of straw produced)
0
25
50
100
Mean
Rice (35th crop)
36.3
38.3
40.5
41.0
39
39
39.7
42.3
44.3
41.3
39.3
40.7
43.5
45.6
42.3
40.8
42.3
44.3
47.3
43.7
38.9
40.3
42.7
44.6
CR
2.89
Zn
1.78
CR x Zn
NS
Wheat (36th crop)
31.2
32.2
34.6
37.6
33.9
32.6
34.0
35.0
38.5
35.0
32.4
35.4
35.9
39.2
35.7
32.6
35.7
36.7
41.3
36.6
32.2
34.3
35.6
39.2
CR
2.89
Zn
1.06
CR x Zn
NS

Straw yield (q ha-1)
Crop residue level (% of straw produced)
0
25
50
100
Mean
50.7
54.5
55.7
57.2
54.5
3.12
1.96
NS

53.8
55.7
57.7
59.7
56.7

56.7
59.3
61.2
62.2
59.8

57.8
62.3
64.0
66.0
62.5

54.8
58.0
59.6
61.3

48.7
50.8
50.6
50.8
50.2
4.02
2.46
NS

50.3
53.1
55.2
55.6
53.6

54.0
54.7
56.0
57.3
55.5

58.7
60.0
61.2
64.4
61.1

52.9
54.7
55.8
57.0
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Effect of zinc application and crop residue incorporation on
yield and micronutrient uptake of crops under rice-wheat
cropping system in calciorthents of Bihar
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ABSTRACT
A field experiment was started during kharif, 1994 in a zinc deficient calcareous soil in split plot design with
crop residue levels in main plots and zinc levels in subplots. After completion of 18th cycle, rice and wheat as 35th and
36th crops in rotation were grown for present investigation. Long term application of crop residues along with Zn
increased grain yield (36.3 to 47.3q ha-1) and straw yield (50.7 to 66.0q ha-1) in rice and 31.2 to 41.3q ha-1 and 48.7 to
64.4q ha-1 of wheat grain and straw, respectively, and nutrient uptake by rice (153.4 to 367.1g Zn, 36.7 to 64.8g Cu,
719.0 to 1030.0g Fe and 512.0 to 676.0g Mn ha-1) and wheat (150.4 to 321.0g Zn, 41.4 to 64.5g Cu, 576.0 to 917.0g Fe
and 395.0 to 813.0g Mn ha-1). The highest yield in both the crops was recorded in treatment receiving 10.0kg Zn ha-1
as starter dose along with incorporation of 100 per cent of the straw produced by each crop. The residual value of
5.0kg Zn ha-1 + 100 per cent of crop residue was the next promising treatment in enhancing the yield of the crops.
Key words: Crop residues, micronutrient, calcareous soil, yield, uptake, rice-wheat cropping system.

Rice wheat cropping system is a widely adopted
cropping system in India contributing substantially to
national food basket. The wide scale adoption of this
cropping system has increased agricultural production, but
this system over a long period of time and nature of crops
has resulted in declining yield trends as well as deterioration
in soil productivity even with optimum use of fertilizers.
Hence, for restoration of soil productivity, there is an urgent
need to look forward to other options like crop residues
incorporation for supplying plant nutrients. The adverse
effect of incorporation of rice and wheat straw can be
counteracted by integrating organic amendments with crop
residues (Beri et al., 1995). The continuous recycling of crop
residues restores the organic matter content and also
increases microbial population in the soil (Prasad, 2005,
2010). Tandon (1977) estimated that in 2010, India is likely
to have a potential availability nearly 343 million tones of
crop residue, which is expected to increase to the tune of 496
million tones in 2025. Association of organic matter and
nutrient availability has been confirmed by the high
coefficients of correlation between these soil attributes (Sakal
et al., 1996). Thus, fall in organic matter will accentuate
nutrient deficiencies. Application of organic manure is
desirable for sustained supply of micronutrients to ricewheat cropping system soils (Mishra et al., 2006). The present
investigation, was, therefore, undertaken to assess the longterm effect of zinc and crop residues on yield and nutrition
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of crops under rice-wheat cropping system in calcareous
soil of north Bihar.
MATERIALS AND METHODS
A field experiment was initiated during 1993-94 on
light textured highly calcareous soil deficient in available
zinc (0.56mg kg-1) at the Research Farm, RAU, Pusa (Bihar).
The experimental soil (0-15 cm) had pH (1:2) 8.5, EC 0.36 dS
m-1, organic carbon 6.2g kg -1, available N 236kg ha -1,
available P 19.7kg ha-1, available K 100kg ha-1, available Fe
15.8mg kg-1, available Mn 3.30mg kg-1 and available Cu
2.28mg kg-1. Four levels of crop residues, viz. no-crop residue
25 per cent of straw produced 50 per cent of straw produced
and 100per cent of straw produced were applied as
treatments in main plots. The treatments were given to each
crop in every year. The main plot was divided into 4 subplots
in which treatments viz. no-Zn 2.5kg, Zn, 5.0kg Zn and 10kg
Zn ha-1 were superimposed over crop residue levels. These
four levels of Zn were applied only to first crop as a starter
dose. The experiment was laid out in a split plot design with
three replications and plot size was 5.0 x 2.0m. The
recommended doses of NPK (120:60:40) were applied to each
crop of rice and wheat as urea, single superphosphate and
muriate of potash, respectively. Half of nitrogen and entire
dose of P and K were applied at the time of transplanting of
rice and sowing of wheat and remaining N fertilizer was
applied in the equal splits at tillering and flower initiation
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growth, yield of rice (Oryza sativa L.), soil nutrient status and
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ABSTRACT
The experiment was laid out in Randomized Block Design (RBD) with ten treatments replicated thrice. The
treatments consisted of 100, 75, 50 & 25 per cent Recommended Doses of Nutrients (RDN) through chemical
fertilizers and 25, 37.5 & 50 per cent RDN through organic sources like farm yard manure, poultry manure and neem
cake. Application of Recommended Dose of Nutrients (120:60:40kg N:P:K ha- 1) along with 10 t of FYM ha-1 recorded
significantly higher plant height (88.2cm), more No. of Tillers hill-1 (38.7), number of filled grains per panicle (154.3),
panicle length (21.07cm), and grain yield (52.6q ha-1).
Key words: Organic, inorganic, INM, SRI.

Rice (Oryza sativa L.) is the principal food crop to billions
of people around the world. India occupies a pride place in
rice production among the food crops cultivated in the world.
About 90 per cent of rice grown in the world is produced
and consumed in Asian countries, China and India
accounting more than half of the total acreage. India has the
largest area (43.77 million hectare) among rice growing
countries and stands second in production (96.43 million
tonnes) with a productivity of 2203kg ha-1 (Anonymous,
2008). Rice is one of the most important cereal crops in India.
The country has to produce about 130mt of rice by 2025 to
feed the ever growing population. Meeting the targeted
demands of rice is a challenging task. Decreasing in the soil
fertility and increasing in water scarcity is becoming threat
for rice cultivation. Rice production is the most water
consuming system and utilizes about 60 per cent of total
available irrigation water. To meet the water crisis head on,
valuable gains can be achieved by growing rice with less
water. Therefore, there is a need to develop an alternate system
that requires less water. SRI is a new concept of growing
rice. It is a production system, which concentrates on as
controlled supply of water, planting younger seedlings and
providing wider spacing. The concept of organic farming
has been gaining momentum with the use of different
manures and crop residues in order to increase the
productivity of crop as well as the soil fertility status. So, the
present investigation on response of rice to INM on yield
attributes, yield and economics of SRI for achieving maximum
production has been carried out.
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MATERIALS AND METHODS
Field experiment was conducted during kharif of 2010
at Central Research Farm, SHIATS, Allahabad. The soil of
the experimental site was sandy loam with pH (7.7) and
medium in organic carbon (0.4%). The experiment was laid
out in a Randomized Block Design with ten treatments
replicated thrice. The treatments were recommended dose of
nutrient (120:60:40 NPK kg ha-1)+ 10 t of FYM ha-1 (T1), 75
per cent of RDN through inorganic + 25 per cent through
FYM (T2), 75 per cent of RDN through inorganic + 25 per
cent through Neem cake (T3), 75 per cent of RDN through
inorganic + 25 per cent through Poultry manure (T4), 50 per
cent of RDN through inorganic + 50 per cent through FYM
(T5), 50 per cent of RDN through inorganic + 50 per cent
through Neem cake (T6), 50 per cent of RDN through
inorganic + 50 per cent through Poultry manure (T7), 25 per
cent of RDN through inorganic + 37.5 per cent through FYM
& 37.5 per cent through Neem cake (T8), 25 per cent of RDN
through inorganic +37.5 per cent through FYM & 37.5 per
cent through Poultry manure (T9), 25 per cent of RDN
through inorganic + 37.5 per cent through Neem cake & 37.5
per cent through Poultry manure (T10). Observations were
recorded for various growth attributes, yield attributes, yield.
RESULTS AND DISCUSSION
Growth attributes: The different growth indices like plant
height and number of tillers of rice significantly influenced
by various treatments (Table 1). Significantly higher plant
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height (88.2 cm), more number of tillers per hill (38.7) was
recorded with recommended dose of nutrient (120:60:40 kg
N:P:K ha-1) along with 10 t of FYM ha-1. However, it was at
par with 50 per cent of RDN through inorganic + 50 per cent
through poultry manure (87.6 cm & 38.1 hill-1 of plant height
and number of tillers, respectively), 50 per cent of RDN
through inorganic + 50 per cent through neem cake (85.4 cm
& 37.4 hill -1 of plant height and number of tillers,
respectively), 75 per cent of RDN through inorganic + 25 per
cent through poultry manure (82.7 cm & 35.9 hill-1 of plant
height and number of tillers, respectively) and 75 per cent of
RDN through inorganic + 25 per cent through neem cake
(82.2 cm & 35.2 hill-1 of plant height and number of tillers,
respectively). Significant increase in plant height might be
due to greater availability and steady release of nutrients
from organic sources (FYM, poultry manure and neem cake),
which perhaps enabled the recovery of plant height towards
reproductive stage. Devaraju et al. (1998) opined that
adequate supply of plant nutrients influenced the plant
height. Nitrogen increases the chlorophyll content at all
growth stages as it is a constituent and might have increased
the photosynthesis and resulted in increased plant height
(Gill and Harsharan Singh, 1985). The development of leaf
area is an important factor that could affect crop response to
added nitrogen. Larger, leaf area development aided in more
interception of light leading to higher dry matter production
(Vijayalakshmi and Nagarajan, 1994).
Yield attributes: The yield attributes filled grains panicle-1,
panicle length (cm) differed significantly due INM in SRI
(Table 1). Application of recommended dose of nutrient

(120:60:40 kg N:P:K ha-1) along with 10 t of FYM ha-1 recorded
higher number of filled grains per panicle (154.3) and panicle
length (21.07 cm). However, it was at par with 50 per cent of
RDN through inorganic + 50 per cent through poultry
manure (150.3, 20.87 of filled grains panicle-1 and panicle
length respectively), 50 per cent of RDN through inorganic +
50 per cent through Neem cake (150.1, 20.1 of filled grains
panicle-1 & panicle length respectively), 75 per cent of RDN
through inorganic + 25 per cent through poultry manure
(148.3, 19.75, of filled grains panicle-1 & panicle length,
respectively) and 75 per cent of RDN through inorganic + 25
per cent through Neem cake (146.8, 20.17 of filled grains
panicle-1 & panicle length respectively). These results are in
conformity with the findings of Alagesan (1997) who proved
the positive correlation between N application and formation
of productive tillers. Use of higher dose of nitrogen,
phosphorus and potassium through organic sources might
have helped in inducing good vegetative growth
(Dhurandher and Tripathi, 1999) and this produced higher
number of panicles leading to higher yield. Increase in filled
grain and thousand-grain weight under increased nitrogen
levels might be due to N induced enhancement in
photosynthetic activity and these resulted in the
translocation of photosynthates and amino acids from the
leaves and culms to the grain. This work is in accordance
with findings of Dhyani and Mishra (1994).
Grain yield: Grain yield was significantly influenced by
FYM, poultry manure, neem cake and fertilizer in SRI (Table
1). Significantly higher grain yield (52.6q ha-1) were recorded
with recommended dose of nutrient (120:60:40kg N:P:K

Table 1. Plant height, number of tillers filled grains panicle-1, panicle length (cm) and grain yield (q ha-1) as influenced FYM,
poultry manure, neem cake and fertilizer under SRI
Treatment
T1- Recommended dose of nutrient (RDN) + 10t of FYM ha-1
T2-75% of RDN + 25% through FYM
T3-75% of RDN + 25% through neem cake
T4-75% of RDN + 25% through poultry manure
T5-50% of RDN + 50% through FYM
T6-50% of RDN + 50% through neem cake
T7-50% of RDN + 50% through poultry manure
T8-25% of RDN + 37.5% FYM & 37.5% neem cake
T9-25% of RDN + 37.5% FYM & 37.5% poultry manure
T10-25% of RDN + 37.5% Neem cake & 37.5% poultry
manure
S. Em ±
C.D. at 5%
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38.7
34.7
35.2
35.9
33.9
37.4
38.1
27.4
30.9

Filled
grains
panicle-1
154.3
144.6
146.8
148.3
139.2
150.1
150.3
130.4
136.3

Panicle
length
(cm)
21.07
19.28
19.66
19.75
18.81
20.17
20.87
17.94
18.61

79.7

34.7

142.3

19.04

43.23

2.21
6.64

1.2
3.7

2.64
7.93

0.54
1.61

2.73
8.19

Plant height
(cm)

Number of
tillers hill-1

88.2
80.3
82.2
82.7
77.6
85.4
87.6
73.5
76.6

Grain yield
(q ha-1)
52.63
44.26
44.95
46.46
40.59
48.86
50.97
37.01
39.93
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ha-1) along with 10 tonnes of FYM ha-1. However, it was at
par with 50 per cent of RDN through inorganic + 50 per cent
through poultry manure (50.97q ha-1), 50 per cent of RDN
through inorganic + 50 per cent through neem cake (48.86q
ha-1), 75 per cent of RDN through inorganic + 25 per cent
through poultry manure (46.46q ha-1) and 75 per cent of RDN
through inorganic + 25 per cent through neem cake (44.95q
ha-1). Similar findings was also reported by Mandal et al.
(1994) that dry matter production, yield components and
yield of rice improved significantly when the crop was
applied with 75 per cent recommended NPK along with 10
tonnes of FYM ha -1 as compared to 100 per cent
recommended NPK alone. Nitrogen resulted in increased
amount of interception of phosynthetically active radiation
and greater photosynthesis by crop. As a corollary to these,
there will be increase in growth and yield components and
both grain yield and straw yield (Gill and Harsharan Singh,
1985 and Dhurandher and Tripathi, 1999) or because of
higher leaf area and leaf area duration, which are responsible
for higher photosynthetic activity that promoted dry matter
production resulting in higher grain and straw yield (Dhyani
and Mishra, 1994). Because of more leaf area and more light
interception, dry matter production was increased
significantly resulting into significant increase in straw
yield. These results confirm the findings of Sharu and
Meerabai (2001) who reported that application of equal ratio
of chemical fertilizer and organic manure increased the
nutrient levels. As the nitrogen supply increased, the extra
protein content might have induced the plant leaves to grow
larger and made more surface area for photosynthesis.
Nutrient status: Nitrogen present in the soil after harvest of
crop (Table 2) was higher in amount (272.7kg ha-1) with 25
per cent of nitrogen through inorganic + 37.5 per cent
through FYM & 37.5 per cent poultry manure. Phosphorus

present in the soil after harvest of crop was found to be higher
(32.4kg ha-1) with 25 per cent of RDN + 37.5 per cent through
neem cake & 37.5 per cent poultry manure. Potassium present
in the soil after harvest of crop was found to be higher
(280.4kg ha-1) in 25 per cent of Nitrogen through inorganic
+37.5 per cent through FYM & 37.5 per cent neem cake.
Poultry manure appeared to contain higher concentration
of macro and micronutrients that contributed for higher
solubility and nutrient uptake. Similar views were expressed
by Keelara (2001) and Devegowda (1997) and Suresh and
Ramasubba Reddy, (2002).
Microbial population: Application of 25 per cent of RDN
through inorganic + 37.5 per cent through FYM & 37.5 per
cent poultry manure recorded higher microbial population
(201.9X106 CFU g-1, 25.6 X 104 CFU g-1, 51 X104 CFU g-1,
66.7X 105 CFU g-1 and 49.2X105 CFU g-1, of total bacteria,
fungi, actinomycetes, nitrogen fixers and P-solubilizers
respectively (Table 3). Continuous use of Organic manures
preferably with poultry manure, neem cake, FYM,
vermicompost can improve microbial activity in soil and
these improving the fertility in short run and have not
indicated yield advantage (Sudha and Chandani, 2003).
The increased microbial biomass was mainly attributed to
high microbial activity (Zaman et al., 1998).
On the basis of above findings, it may be concluded
that application of 100 per cent Recommended Doses of
Nutrients (RDN) through inorganic in combination with 10
tonnes of FYM ha-1 recorded maximum plant height, more
number of tillers hill-1, yield attributes and grain yield, more
number of microbial population was found higher in
treatment receiving 25 per cent of RDN through inorganic
+37.5 per cent through FYM & 37.5 per cent through poultry
manure.

Table 2. Nutrient status of soil after harvesting of rice crop as influenced by FYM, poultry manure, neem cake and fertilizer
under SRI
Treatment
T1- Recommended dose of nutrient (RDN) + 10t of FYM ha-1
T2-75% of RDN + 25% through FYM
T3-75% of RDN + 25% through neem cake
T4-75% of RDN + 25% through poultry manure
T5-50% of RDN + 50% through FYM
T6-50% of RDN + 50% through neem cake
T7-50% of RDN + 50% through poultry manure
T8-25% of RDN + 37.5% FYM & 37.5% neem cake
T9-25% of RDN + 37.5% FYM & 37.5% poultry manure
T10-25% of RDN + 37.5% Neem cake & 37.5% poultry manure
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OC
(%)
0.42
0.42
0.44
0.44
0.45
0.42
0.46
0.46
0.46
0.47

Nitrogen
(kg ha-1)
255.2
260.7
255.3
267.2
269.2
259.5
268.8
271.4
272.4
261.3

P2O5
(kg ha-1)
18.8
22.2
20.5
19.5
22.8
19.8
22.6
30.9
31.1
32.4

K2O
(kg ha-1)
224.3
225.5
236.7
248.3
256.3
255.4
260.1
280.4
280.1
276.3
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Table 3. Microbial population after harvest of crop as influenced by FYM, Poultry manure, neem cake and fertilizer under SRI.
Treatment

Total
Fungi
Actinomycetes Nitrogen P-solubili-zers
bacteria No. X 104
No. X104
fixers No.
No. X105
6
5
No. X10
CFU/g
CFU/g
X 10
CFU/g
CFU/g
CFU/g
T1- Recommended dose of nutrient (RDN) + 10t of FYM ha-1
140.8
20.8
31.8
37.8
41.7
T2-75% of RDN + 25% through FYM
146.1
19.3
31.9
23.9
16.9
T3-75% of RDN + 25% through neem cake
145.6
18.3
27.5
42.8
33.3
T4-75% of RDN + 25% through poultry manure
147.7
19.9
29.8
29.4
30.0
T5-50% of RDN + 50% through FYM
156.7
22.9
38.5
54.4
29.2
T6-50% of RDN + 50% through neem cake
150.0
16.0
41.1
47.3
13.6
T7-50% of RDN + 50% through poultry manure
161.1
24.3
38.1
49.8
22.5
T8-25% of RDN + 37.5% FYM & 37.5% neem cake
163.3
24.7
37.5
57.5
32.5
T9-25% of RDN + 37.5% FYM & 37.5% poultry manure
201.9
25.6
51.0
66.7
49.2
T10-25% of RDN + 37.5% neem cake & 37.5% poultry manure
179.2
16.9
45.3
62.8
47.8
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ABSTRACT
The seeds of a Macrosperma cv., ‘Precoz Selection’ of lentil were treated with three doses viz., 0.005, 0.01 and
002 per cent of N-nitroso-N-ethyl urea (NEU). The M1 material in each treatment was classified into four groups of
mutagenic damage. On the basis of macromutations induced and intra- and interfamily selection exercised in each
treatment in M2 generation, different progenies were classified into three broad groups and raised as macromutational,
selected and unselected populations in M3. Wider range and substantial amount of variability (CV) for different
polygenic traits than control in both positive and negative directions along with positive shift in character means in
both the groups of mutagenic damage (HH and LL) in M2 and M3 generations were observed. Higher estimates of h2
and GA, particularly in the HH group of mutagenic damage in M2 and in the selected and macromutational populations
in M3 indicated tremendous scope for the improvement of seed yield and its components following selection.
Key words: Heritability, induced mutations, Lens culinaris, chemical mutagen, polygenic variability

For a crop like lentil, where the exploitation of existing
variability through recombination breeding is tedious owing
to its tiny flower, mutation breeding may be used as an
alternative approach for its genetic improvement. Polygenic
variability for different traits using various mutagens has
been created in lentil (Sharma, 1977; Dixit and Dubey, 1985;
Sarker and Sharma, 1987; Solanki and Sharma, 1999, 2005).
N-nitroso-N-ethyl urea (NEU) has been observed as a very
potent mutagen for creating useful genetic variation.
in lentil (Sarker and Sharma, 1987; Solanki and
Sharma, 2001a, 2001b; Bohmova, 1980), peas (Sobchuk, 1973;
Singh, 1988) and barley (Bohmova, 1980). The main
limitation in mutation breeding is the lack of suitable
screening technique that helps in the identification and
isolation of useful genetic variability. Therefore, in the present
investigation on lentil using NEU, an attempt has been made
to create and assess the polygenic variability for different
traits and to identify the group of mutagenic damage that
possesses the highest amount of genetic variability for its
further exploitation.
MATERIALS AND METHODS
Dry and healthy seeds of a Macrosperma lentil cv.,
‘Precoz Selection’ were treated with three doses (0.005, 0.01
and 0.02%) of N-nitroso-N-ethyl urea (NEU). The treated
seeds along with control were sown immediately in the field
to raise the M1. The M1 material in each treatment, on the
©2014

basis of total biological damage to the plants at seedling
stage expressed as leaf aberrations (a-sectors) as well as
fertility reduction (sterility) at maturity as a consequence of
mutagenic treatment, was classified into four groups of
mutagenic damage, viz., low seedling damage and low
sterility (LL), high seedling damage and low sterility (HL),
low seedling damage and high sterility (LH) and high
seedling damage and high sterility (HH). For economy of
space, only two extreme groups, i.e. LL and HH have been
discussed in the present study. From each group of
mutagenic damage and control, all the plants with sufficient
seed were taken to raise individual M2 progenies. The M2
progenies which showed segregation for macromutations
(chlorophyll and morphological) in each group of a treatment
were treated as a separate class, i.e., macromutational and
the remaining progenies constituted the nonmacromutational class. Five normal looking competitive
plants from each control and M2 progenies (belonging to
both macromutational and non-macromutational classes)
were taken randomly to record observations on eight
quantitative characters, viz., days to maturity, plant height
(cm), number of fruiting branches, effective clusters and pods
plant-1, number of seeds pod-1, 100-seed weight (g) and seed
yield plant-1 (g).
The M2 progenies which showed higher coefficient of
variation (CV %) than the corresponding highest CV in
control for any of the characters were considered to be the
progenies carrying induced mutations. The character means
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of the mutated progenies were compared with the mean of
control progenies in each group of mutagenic damage of a
treatment. From such interfamily selection, it was possible
to detect some promising M2 progenies having higher CV as
well as higher mean for various characters, except higher
CV and lower mean for days to maturity (considering early
maturity as a desirable character). Interfamily selection was
practiced simultaneously with interfamily selection in the
non-macro mutational class. Three best plants were selected
from each promising M2 progeny, and finally, all selected as
well as unselected M2 were used to raise the M3 ‘selected’
and ‘unselected’ populations. The progenies again
segregating for macro mutations in the M3 were rejected and
observations for polygenic characters were recorded only in
the non-segregating progenies. Thus, the M3 comprised three
types of populations, viz., selected, unselected and macro
mutational.
All the M2 progenies, except those showing very poor
performance for grain yield, were advanced to the M3 to study
the micro mutations in detail. Observations were restricted
to the same eight quantitative characters as in M2 generation,
taking five normal looking competitive plants at random from
each progeny in LL and HH groups. The mean, genotypic
and phenotypic coefficients of variation (GCV and PCV),
heritability in broad sense (h2) and genetic advance as per
cent of mean (GA) were calculated following standard
statistical procedures.
RESULTS AND DISCUSSION
Significant interfamily variance was revealed by the
ANOVA for different trails in both groups of mutagenic
damage (hereafter referred to ‘group’) of all the three NEU
treatments/populations in M2 and M3 generations, whereas
it was non-significant for the control populations. Wider
range in both negative and positive directions and higher
mean than control was obtained for all the traits in both
groups in M2 generation (Tables 1 and 2). The medium dose
(0.01%) was found most effective for positive shift in mean
for majority of the traits. The positive shift in mean of different
traits over control values may be attributed to the induction
of a higher proportion of positive mutations than the negative
ones. The increase in range and mean of different traits has
been reported earlier in lentil (Dixit and Dubey, 1985; Sarker
and Sharma, 1987; Solanki and Sharma, 2001a, 2002, 2005).
For both the groups in M2, seed yield plant-1 showed
maximum variability (CV), followed by pods and clusters
plant-1, whereas, minimum variability was induced for days
to maturity (Tables 1 and 2). The maximum variability for
majority of the traits in LL and HH groups in M2 was induced
by the highest and the medium doses, respectively. The
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induction of polygenic variation through NEU has been
reported earlier in lentil (Sarker and Sharma, 1987; Solanki
and Sharma, 1999, 2001a, 2002) and peas (Singh, 1988). The
influence of environment in the expression of different traits
was indicated by higher values of PCV than GCV.
Higher estimates of heritability and GA for majority of
the traits in both the groups were obtained with medium
dose (0.01%) of NEU. The highest heritability and GA values
were observed for days to maturity and fruiting pods plant1
, whereas, they were the lowest for seeds pod-1 and days to
maturity, respectively, in LL and HH groups (HH>LL).
Singh (1988) in peas and Solanki and Sharma (2001a) in
lentil have also reported similar results on h2 and GA.
Therefore, the results in M2 suggest that the medium dose of
NEU was the most effective for increasing the character
means and variation, resulting in higher estimates of h2 and
GA.
For all the traits in both groups (HH>LL) in M3, wider
range of variation and higher mean (lower for days to
maturity) than control were observed in all the populations
in the order, macro mutational > unselected > selected and
selected > macro mutational > unselected, respectively
(Tables 3 and 4). In the present investigation, the inclusion
of macro mutational population for the study of micro
mutations can be justified by the fact that the chances of
minor genes also being hit in such cases can be expected to
be higher than in the material where there is no apparent
evidence of genetic damage due to treatment(s).
The comparison of different populations in LL and HH
groups in M3 revealed some interesting facts. For all the
polygenic traits, without exception, the variability (PCV and
GCV) decreased in the selected material as compared to the
unselected, but selection in M2 shifted the mean in the desired
direction, consequently reducing its variability. The entire
induced variability in both negative and positive directions
was carried by the unselected material which further
magnified in the M3. The most interesting was the macro
mutational population which showed higher CV for all the
traits than the unselected material from the
macromutationally non-segregating M2 progenies. The
increase in variability of different traits in LL and HH groups
(HH>LL) in M3 over those of M2 generation was due to the
release of potential variability in M2. Similar results on
variability supporting the findings of the present study have
been reported in peas (Singh, 1988) and lentil (Solanki and
Sharma, 2001a, 2002, 2005).
Corresponding to the variability induced in different
populations, the estimates of heritability (with few
exceptions) and GA for various traits in both groups (HH>
Journal of Eco-friendly Agriculture 9(2) 2014
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Table 1. Range, mean and estimates of genetic parameters of variability for different traits in LL group of mutagenic damage
in M2 generation

Trait/Treatment
Days to maturity
Control (35/175)*
0.005% (46/230)
0.01% (56/280)
0.02 % (79/395)
Plant height (cm)
Control
0.005%
0.01%
0.02%
Fruiting branches plant-1
Control
0.005%
0.01%
0.02%
Fruiting clusters plant-1
Control
0.005%
0.01%
0.02%
Fruiting pods plant-1
Control
0.005%
0.01%
0.02%
Seeds pod-1
Control
0.005%
0.01%
0.02%
100-seed weight (g)
Control
0.005%
0.01%
0.02%
Seed yield plant-1 (g)
Control
0.005%
0.01%
0.02%

Range

Mean

GCV (%)

PCV (%)

Heritability
(%)

Genetic advance
(% of mean)

116.4-121.0
118.0-128.0
119.7-125.0
114.0-126.0

118.5±0.66
119.5±0.77
122.8+0.75
121.4±1.07

0.6
0.8
0.9
1.0

1.3
1.4
1.4
2.0

19.6
32.5
40.0
32.2

0.50
0.94
1.15
1.33

24.4-36.2
29.2-39.8
26.0-37.7
25.4-43.0

30.3±1.52
32.8+1.83
33.6±1.99
31.4±2.08

4.5
6.4
7.1
7.6

11.2
12.5
13.4
14.8

16.4
26.4
27.7
26.6

3.80
6.80
7.65
8.11

9.8-21.8
8.3-34.6
8.3-40.0
7.8-36.0

13. 4±2.53
15.7±3.55
17.6±3.89
20.0±4.65

15.1
20.9
21.8
24.7

42.2
50.6
49.3
52.0

12.8
17.0
19.5
22.6

11.10
17.72
19.80
24.21

14.4-54.6
11.8-66.7
9.3-72.7
9.8-71.0

25.0 ±5.05
27.9±7.44
32.2±9.35
29.2±8.76

14.2
26.4
33.2
32.3

45.2
60.0
64.9
67.1

9.9
19.4
26.1
23.2

9.20
24.00
34.89
32.07

22.4-74.8
14.7-96.7
20.0-102.5
19.8-99.5

45.0±10.87
50.8±14.7
55.0±16.67
51.6±15.83

18.8
28.4
36.0
34.3

54.0
61.9
67.8
68.6

12.1
21.0
28.2
25.0

13.50
26.78
39.39
35.33

1.1-1.6
1.1-1.5
1.2-1.9
1.1- 1.8

1.3±0.10
1.4±0.11
1.4±0.12
1.3±0.10

4.2
7.0
5.4
5.0

17.2
18.6
17.8
17.5

6.0
14.0
9.3
8.1

2.10
5.36
3.41
2.87

2.7-3.6
2.1-4.0
2.0-4.2
l.9-4.2

3.1±0.24
3.4±0.28
3.5±0.32
3.3+0.32

4.6
6.9
9.1
8.7

17.7
18.4
19.6
21.2

6.7
14.0
21.6
16.7

2.40
5.30
8.72
7.30

1.0-4.1
0.8-4.9
0.6-5.3
0.5-6.0

2.0±0.62
2.1 ±0.71
2.1±0.75
2.3±0.81

9.6
30.3
38.7
34.1

66.8
75.3
79.7
78.6

2.1
16.2
23.6
18.8

2.80
25.13
38.74
30.45

*Figures in parentheses indicate the number of progenies/plants used for recording data.
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Table 2. Range, mean and estimates of genetic parameters of variability for different traits in HH group of mutagenic damage
in M2 generation

Trait/Treatment
Days to maturity
Control (35/175)*
0.005% (40/200)
0.01% (57/285)
0.02% (79/395)
Plant height (cm)
Control
0.005%
0.01%
0.02%
Fruiting branches plant-1
Control
0.005%
0.01%
0.02%
Fruiting clusters plant-1
Control
0.005%
0.01%
0.02%
Fruiting pods plant-1
Control
0.005%
0.01%
0.02%
Seeds pod-1
Control
0.005%
0.01%
0.02%
100-seed weight (g)
Control
0.005%
0.01%
0.02%
Seed yield plant-1 (g)
Control
0.005%
0.01%
0.02%

Range

Mean

GCV (%)

PCV (%)

Heritability
(%)

Genetic advance
(% of mean)

116.4-121.0
114.5-125.3
114.6-130.0
118.0-129.0

118.5±0.66
118.7±1.57
122.6±1.89
120.3±1.63

0.6
1.8
2.3
1.9

1.3
3.0
3.4
3.0

19.6
37.5
47.4
38.0

0.50
2.32
3.32
2.35

24.4-36.2
20.8-40.3
18.3-41.8
17.0-42.7

30.3+1.52
29.3±2.43
25.8±3.32
24.9±2.97

4.5
10.5
17.2
15.3

11.2
18.4
28.7
26.7

16.4
32.3
36.0
32.8

3.80
12.24
21.28
18.04

9.8-21.8
7.3-42.0
10.0-55.0
4.7-61.0

13.4±2.53
20.5±5.33
21.9±5.72
22.3±5.90

15.1
28.3
30.5
32.5

42.2
58.2
58.4
59.2

12.8
23.6
27.3
30.2

11.10
28.29
32.84
36.83

14.4-54.6
10.8-103.0
10.0-152.3
7.4-126.0

25.0±5.05
34.1±12.21
38.6+14.10
34.5±12.73

14.2
40.4
45.7
44.7

45.2
80.1
81.7
82.5

9.9
25.5
31.3
29.4

9.20
42.08
52.68
49.97

22.4-74.8
15.4-166.0
14.5-208.6
12.8-192.0

45.0±10.87
62.5±22.08
69.7±24.96
65.9±23.05

18.8
41.3
47.0
43.2

54.0
79.0
80.1
78.2

12.1
27.3
34.4
30.5

13.50
44.43
56.76
49.13

1.1-1.6
1.2-2.1
1.1-2.2
1.0-2.1

1.3±0.10
1.5±0.13
1.6±0.15
1.5±0.15

4.2
9.1
7.8
7.9

17.2
20.7
21.7
22.1

6.0
19.2
13.1
12.9

2.10
8.19
5.84
5.88

2.7-3.6
1.8-4.4
1.8-4.6
1.5-4.5

3.1±0.24
3.1±0.35
3.0±0.37
3.1±0.37

4.6
11.6
15.2
12.8

17.7
25.8
27.9
27.0

6.7
20.2
29.5
22.4

2.40
10.74
16.95
12.45

1.0-4.1
0.4-8.7
1.0-10.2
1.2-9.2

2.0±0.62
3.2±1.21
3.5±1.31
3.7±1.43

9.6
36.7
47.1
44.4

66.9
77.4
84.0
86.3

2.1
22.5
31.4
26.5

2.80
35.86
54.32
47.12

*Figures in parentheses indicate the number of progenies/plants used for recording data
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Table 3. Range, mean and estimates of genetic parameters of variability for different traits in LL group of mutagenic damage
in M3 generation in lentil (pooled over all treatments)

Trait/Treatment
Days to maturity
Control (80/400)*
Macro mutational (51 1/255)
Selected (93/465)
Unselected (385/1925)
Plant height (cm)
Control
Macro mutational
Selected
Unselected
Fruiting branches plant-1
Control
Macro mutational
Selected
Unselected
Fruiting clusters plant-1
Control
Macro mutational
Selected
Unselected
Fruiting pods plant-1
Control
Macro mutational
Selected
Unselected
Seeds pod-1
Control
Macro mutational
Selected
Unselected
100-seed weight (g)
Control
Macro mutational
Selected
Unselected
Seed yield plant-1 (g)
Control
Macro mutational
Selected
Unselected

Range

Mean

GCV (%)

PCV (%)

Heritability
(%)

Genetic advance
(% of mean)

110.0-118.0
107.0-132.0
107.0-123.0
109.0-129.0

113.9±1.26
113.8±2.99
111.6±2.44
115.3±2.94

0.9
4.4
3.1
4.2

2.5
5.9
4.9
5.7

13.8
56.7
40.5
53.3

0.7
6.9
4.1
6.3

19.8-27.0
13.2-31.0
19.8-32.2
14.6-29.2

21.2±0.95
23.0±2.14
26.9±1.62
21.8±1.71

4.7
13.2
7.7
10.7

10.0
20.8
13.5
17.6

22.2
40.4
32.4
36.8

4.6
17.3
9.0
13.3

6.2-13.0
3.0-16.0
7.4-21.0
4.2-14.8

7.5±0.88
8.3±2.37
10.1±1.69
7.5±2.17

10.2
33.1
22.5
32.8

26.3
64.0
37.3
64.8

14.9
26.8
36.3
25.5

8.2
35.4
28.0
34.1

12.2-23.2
5.4-35.2
15.0-40.8
7.8-35.0

13.7±1.50
13.5±5.00
23.4±4.09
14.6±4.79

11.8
47.5
26.0
40.3

24.4
82.9
39.1
73.4

23.2
32.7
44.3
30.2

11.7
55.9
35.6
45.7

16.8-31.8
8.9-59.6
16.9-74.4
11.4-55.6

19.4±2.63
21.9±7.20
32.6±6.52
21.0±7.00

12.0
39.1
23.5
38.3

30.3
73.5
44.7
74.6

15.6
28.3
32.2
26.4

9.7
42.9
27.5
40.6

1.1-1.6
1.1-1.8
1.2-1.9
1.1-1.7

1.20±0.06
1.35±0.12
1.37±0.10
1.25±0.11

5.2
9.4
6.5
8.8

12.5
20.2
16.3
20.2

16.7
19.7
16.0
18.6

4.4
8.2
5.4
7.8

1.7-3.8
1.2-4.6
1.6-4.5
1.2-4.0

2.0±0.24
2.3±0.30
2.6±0.25
2.2±0.26

10.2
14.0
9.6
12.2

27.0
28.5
21.8
26.9

14.3
24.3
19.3
20.7

8.0
14.3
8.7
11.5

0.4-1.6
0.3-2.6
0.4-2.7
0.4-2.3

0.6±0.13
0.9±0.33
1.3±0.24
0.8±0.30

22.8
42.6
19.6
42.9

48.4
83.1
42.1
82.9

22.2
26.2
21.5
26.1

22.1
44.9
18.7
45.1

*Figures in parentheses indicate the number of progenies/plants used for recording data.
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Table 4. Range, mean and estimates of genetic parameters of variability for different traits in HH group of mutagenic damage
in M3 generation in lentil (pooled over all treatments)

Trait/Treatment
Days to maturity
Control (80/400)*
Macro mutational (51/255)
Selected (93/465)
Unselected (385/1925)
Plant height (cm)
Control
Macro mutational
Selected
Unselected
Fruiting branches plant-1
Control
Macro mutational
Selected
Unselected
Fruiting clusters plant-1
Control
Macro mutational
Selected
Unselected
Fruiting pods plant-1
Control
Macro mutational
Selected
Unselected
Seeds pod-1
Control
Macro mutational
Selected
Unselected
100-seed weight (g)
Control
Macro mutational
Selected
Unselected
Seed yield plant-1 (g)
Control
Macro mutational
Selected
Unselected

Range

Mean

GCV (%)

PCV (%)

Heritability
(%)

Genetic advance
(% of mean)

110.0-118.0
106.0-135.0
106.0-124.0
108.0-131.0

113.9±1.26
113.6±3.44
110.2±2.63
114.7±3.02

0.9
5.7
3.4
4.6

2.5
6.8
5.3
5.9

13.8
71.0
40.9
60.3

0.7
9.9
4.5
7.3

19.8-27.0
14.0-32.8
21.4-35.0
13.5-30.2

21.2±0.95
21.5±2.50
24.7±2.00
20.9±2.19

4.7
18.1
11.6
15.8

10.0
26.0
18.1
23.4

22.2
48.5
41.3
45.6

4.6
26.0
15.4
22.0

6.2-13.0
2.6-19.4
9.0-22.6
3.0-15.8

7.5±0.88
8.6±2.73
12.9±2.21
8.3±2.54

10.2
39.7
24.3
34.2

26.3
71.1
38.4
68.5

14.9
31.1
40.1
24.9

8.2
45.6
31.7
35.1

12.2-23.2
5.0-46.4
13.6-46.5
6.6-41.4

13.7±1.50
18.7±6.40
28.1±4.81
17.1±6.09

11.8
52.2
30.1
53.0

24.4
76.5
38.3
79.6

23.2
46.5
61.7
44.4

11.7
73.4
48.7
72.8

16.8-31.8
7.5-73.4
15.5-80.0
8.3-69.8

19.4±2.63
29.5±10.92
400±8.92
27.3±9.74

12.0
51.6
32.7
47.7

30.3
82.8
49.6
79.8

15.6
38.9
43.4
35.5

9.7
66.3
44.4
58.5

1.1-1.6
1.0-1.9
1.3-2.1
1.0-1.8

1.20±0.06
1.37±0.14
1.46±0.12
1.28±0.13

5.2
11.5
8.4
11.3

12.5
23.1
18.5
22.6

16.7
26.2
20.5
24.5

4.4
12.5
7.8
l1.4

1.7-3.8
1.4-4.8
1.3-4.8
1.0-4.5

2.0±0.24
2.2±0.35
2.6±0.26
2.0±0.28

10.2
19.3
11.1
15.2

27.0
35.4
22.8
30.8

14.3
29.7
23.8
24.1

8.0
21.7
11.2
15.3

0.4-1.6
0.2-3.0
0.3-3.0
0.3-3.0

0.6±0.13
1.2±0.48
1.5±0.32
1.1±0.44

22.8
53.2
24.7
51.2

48.4
89.8
47.6
89.1

22.2
35.0
26.8
32.7

22.1
64.8
26.3
60.3

*Figures in parentheses indicate the number of progenies/plants used for recording data.

130

Journal of Eco-friendly Agriculture 9(2) 2014

Judicious grouping of N-nitroso-N-ethyl urea induced polygenic variability in lentil (Lens culinaris Medik.)

LL) also followed the same pattern, i.e., macro mutational >
unselected> selected. In the selected population, the GA for
different traits decreased owing to increase in their mean.
The results for h2 and GA obtained in this study conform to
the earlier findings in peas (Singh, 1988) and lentil (Solanki
and Sharma, 2001a).
The main emphasis in the present study was laid on
the classification of M1 treated material into four different
groups of mutagenic damage, and then observe the
performance of two extreme groups, LL and HH in M2 and
M3 generations. On comparison of Table 1 with Table 2 and
Table 3 with Table 4, it was found that the HH (high seedling
damage and high sterility) group possessed higher range,
mean, GCV, PCV, h2 and GA as compared to the LL group of
mutagenic damage. This very clearly indicates that there are
greater chances of obtaining promising polygenic variants
with higher frequency in the HH groups of different
treatments as compared with the corresponding LL groups.
The higher frequency of promising polygenic variants
obtained in the HH group has been reported earlier (Solanki
and Sharma, 2002; Singh, 1988).
The overall analysis of the results obtained in the
present study suggests that for obtaining higher estimates of
genetic parameters, and consequently, higher frequency of
promising progenies, efforts should mainly be concentrated
on the treated material belonging to the HH group,
particularly of the medium dose (0.01%) in M2, and on the
HH group of selected and macro mutational population in
M3.
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Effect of different levels of nitrogen and biofertilizers on
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ABSTRACT
Nitrogen at different levels and biofertilizers effects were studied on growth and yield of Barley. An experiment
was conducted in a factorial randomized block design with three replications. Treatments included 3 levels of nitrogen
(40, 60 and 80kg ha-1) and bio-fertilizers on four levels (not inoculation, Azotobacter, Azospirillum and Azotobacter +
Azospirillum). The results revealed that fertilizer N @ 80kg ha-1 with both (Azotobacter + Azospirillum) inoculations was
found to be the most responsive, with significantly increased in the growth parameters viz. plant height, maximum
number of tillers and grain yield of barley. Azospirillum inoculation, Azotobacter inoculation and uninoculated control
significantly differed between each other.
Key words: Azotobacter, Azospirillum, inoculations, biofertilizers.

Barley (Hordeum vulgare L.) is the world’s fourth most
important cereal after wheat, rice and maize. The major use
of barley is in brewing industries for manufacturing malt.
Both barley grains and straw are highly digestible compared
to wheat because they do not contain gluten. Barley ranks
next to wheat both in acreage and production among Rabi
cereals in India. In order to find out some alternative for
fertilizer nitrogen economy, the use of diazotrophic bacteria
has been evaluated. Azotobacter is a well known free-living
heterotrophic bacterium which plays a beneficial role in crop
production. Studies on biological nitrogen fixation have
mainly emphasized the role of Rhizobium and Azotobacter.
However, with the discovery of free-living N2-fixing
bacterium Spirillum lipoferum (now Azospirillum brasilense)
form associative symbiosis with wheat. It has been suggested
that the plant growth response may be attributed to the
hormone production by these bacteria or to an increased
nutrient uptake by inoculated roots. Generally the yield
increases in different crops have been obtained in soils rich
in organic matter. However, the increased cost of organic
matter and fertilizer nitrogen prevents its use at higher levels
by small and marginal farmers in India. It was, therefore, felt
essential to find out the correct and compatible level of
fertilizer nitrogen with these inoculations in barley
production.
MATERIALS AND METHODS
Field experiment was conducted during kharif season
of 2010 at central research farm, SHIATS, Allahabad. The

soil of the experimental site was sandy loam with pH (7.7)
and medium in organic carbon (0.4%). The initial status of
available N, P2O5 and K2O of the experimental site was 220.0,
18.8 and 250.0kg ha-1, respectively. The experiment was laid
out in a factorial randomized block design with twelve
treatments replicated thrice. The treatments included 3 levels
of nitrogen (40, 60 and 80kg ha-1) and bio-fertilizers on four
levels (not inoculation, Azotobacter, Azospirillum and
Azotobacter + Azospirillum). Observations were recorded for
various growth and yield attributes.
RESULTS AND DISCUSSION
Growth attributes: The different growth indices like plant
height, number of tillers, crop growth rate and relative growth
rate of barley was significantly influenced by various
treatments (Table 1). Significantly higher plant height was
recorded with the application of 80kg N ha-1 + inoculation
with Azotobacter + Azospirillum. Minimum plant height was
recorded without seed inoculation + 40kg N. It might be due
to increased availability of nitrogen leading to better
nutritional environment in the root zone for growth and
development. As nitrogen is one of the major essential plant
nutrients required for growth and its uptake by plants might
have enhanced rapid cell division, cell enlargement and cell
multiplication leading to better vertical growth. Similar
findings were reported by Singh et al. (2000). Significantly
maximum number of tillers hill-1 was recorded with the
treatment inoculation with Azotobacter + Azospirillum + 80kg
nitrogen, Minimum number of tillers hill-1 was recorded
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without seed inoculation + 40kg N. Among the biofertilizers,
maximum crop growth rate was recorded at throughout the
crop growth stages in the treatment in which the seed was
inoculated with Azotobacter as well as Azospirillium.
Minimum crop growth rate was measured in the treatment
in which uninoculated seed was sown. Inoculation with
Azotobacter + Azospirillium was found statistically at par with
the treatment inoculation with Azotobacter. Among the
nitrogen levels application of 80kg N recorded crop growth
rate as compare to 40 and 60kg N ha-1. It was found to be
statistically significant. Whereas, crop growth rate were
found non-significant in treatment 60kg N ha-1, was found
to be statistically at par with 80kg N ha-1. Among the
biofertilizers, highest crop growth rate recorded in treatment
inoculated with Azotobacter + Azospirillium and treatment
uninoculated, as compare to rest of inoculated treatment.
Among the nitrogen levels application of 80kg N recorded
highest relative growth rate as compare to 40 and 60kg N
ha-1. It was found to be statistically significant. Similar
observations were also reported by Singh et al. (2000).
Minimum plant height was recorded with no application of
N fertilizer throughout crop growth stages. The development
of leaf area is an important factor that could affect crop
response to added nitrogen. Larger leaf area development
aided in more interception of light leading to higher dry
matter production (Vijayalakshmi and Nagarajan, 1994). The
obtained results revealed that significant effects might be
attributed to better development of inoculation plants
compared to uninoculated ones creating a more favourable
environment, in terms of natural and concentration of root
exudates, for cell growth and metabolic activities of
rihizospheric microorganisms (Prikryl and Vancura, 1980)
or due to production of growth promoting substances such
as Indole Acetic acid and Gibberellic acids which positively

affect plant growth. Many investigators reported the positive
effect of biofertilization on these characters.
Yield attributes: The different yield indices like grains
spike -1, grain yield and harvest index of barley was
significantly influenced by various treatments (Table 2).
Significantly most number of grains spike-1 was recorded
with the treatment inoculation with Azotobacter +
Azospirillium + 80kg nitrogen. It was closely followed by the
treatments Azotobacter + 80kg nitrogen. Minimum number of
grains spike-1 was recorded without seed inoculation + 40kg
N. The higher number of grains spike-1. Nitrogen and
inoculation with Azotobacter + Azospirillium might be due to
the better partitioning of carbohydrates from leaf to
reproductive parts resulting in increased number of grains
spike-1. Bhakher et al. (1997) also reported similar results.
Among the biofertilizers, maximum grain yield was
recorded in the treatment in which the seed was inoculated
with Azotobacter as well as Azospirillium. It was found to be
statistically significant as compare to these culture applied
alone as well as uninoculated treatment. Maximum grain
yield was recorded with the treatment inoculation with
Azotobacter + Azospirillium + 80kg nitrogen. It was closely
followed by the treatments Azotobacter + 80kg nitrogen.
Minimum number of grain yield was recorded without seed
inoculation + 40kg N. Increase in the grain yield due to
nitrogen and inoculation with Azotobacter + Azospirillium
application on the yield of barley may be attributed to its role
in various enzymatic reactions, growth processes hormone
production and protein synthesis. The results are in
accordance with those of Zahir et al. (1996).
Among the biofertilizers, maximum harvest index was
recorded in the treatment in which the seed was inoculated

Table 1. Effect of different biofertilizers and nitrogen levels on plant height and number of tillers of barley

Treatment
T1- Uninoculated + 40 kg N
T2- Uninoculated + 60 kg N
T3- Uninoculated + 80 kg N
T4- Azotobacter + 40 kg N
T5- Azotobacter + 60 kg N
T6- Azotobacter + 80 kg N
T7- Azosprillium + 40 kg N
T8- Azosprillium + 60 kg N
T9- Azosprillium + 80 kg N
T10- Azotobacter + Azosprillium + 40 kg N
T11- Azotobacter + Azosprillium + 60 kg N
T12- Azotobacter + Azosprillium + 80 kg N
S. Ed. (±)
C. D. at 5%
Journal of Eco-friendly Agriculture 9(2) 2014

Plant height
(cm)
71.72
75.42
78.04
76.12
84.04
89.79
75.45
78.59
89.34
76.42
86.63
91.57
0.32
0.66

No. of
tillers hill-1
3.336
3.80
4.46
4.26
4.60
5.20
3.93
4.60
4.93
4.20
4.73
5.80
0.06
0.13

CGR
(g m-2 day-1)
72.50
80.00
142.50
134.17
145.83
190.00
80.00
145.00
170.83
131.67
167.50
231.67
1.92
3.98

RGR
(g g-1 day-1)
0.0392
0.0391
0.0511
0.0516
0.0496
0.0564
0.0384
0.0507
0.0541
0.0490
0.0538
0.0627
0.0007
0.0014
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Table 2. Effect of different biofertilizers and nitrogen levels on grains spike-1, grain yield and harvest index of barley
Treatment
T1- Uninoculated + 40 kg N
T2- Uninoculated + 60 kg N
T3- Uninoculated + 80 kg N
T4- Azotobacter + 40 kg N
T5- Azotobacter + 60 kg N
T6- Azotobacter + 80 kg N
T7- Azosprillium + 40 kg N
T8- Azosprillium + 60 kg N
T9- Azosprillium + 80 kg N
T10- Azotobacter + Azosprillium + 40 kg N
T11- Azotobacter + Azosprillium + 60 kg N
T12- Azotobacter + Azosprillium + 80 kg N
S. Ed. (±)
C. D. at 5%
with Azotobacter as well as Azospirillium. It was found to be
statistically significant as compare to these culture applied
alone as well as uninoculated treatment. Maximum harvest
index was recorded with the treatment inoculation with
Azospirillium + 40kg nitrogen. It was on par with the
treatments Azotobacter + Azospirillium + 80kg nitrogen.
Minimum harvest index was recorded without seed
inoculation + 80kg N.
On the basis of above findings, it may be concluded
that combined inoculation of Azotobacter & Azospirillium with
nitrogen at 80 along with recommended doses of Phosphorus
and Potash (both were at 30kg ha-1) recorded maximum grain
yield.

Grains spike-1 (No.)
52.80
54.40
58.00
56.07
60.60
62.87
54.93
59.20
61.33
57.00
61.13
64.33
0.29
0.60

Grain yield (q ha-1)
32.13
32.71
35.46
35.00
39.21
43.54
34.96
36.88
40.21
35.17
39.46
45.04
0.14
0.29

Harvest index (%)
0.452
0.456
0.435
0.461
0.451
0.457
0.471
0.439
0.446
0.455
0.451
0.464
0.24
0.50
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ABSTRACT
Compost teas play a potential role in controlling the plant diseases. An experiment was carried out to study
the role of compost teas CT1 (Vermicompost), CT2 (CT1 + Pseudomonas fluorescens1%), CT3 (CT1 + T. viride1%), CT4
(Dung 75% + Paddy Straw 25% ), CT5 (CT4 + P. fluorescens 1%), CT6 (CT4 + T. viride 1%), CT7 (Dung 75% + Neem
Powder 20% + Fish meal 5%), CT8 (CT7 + P. fluorescens 1%), CT9 (CT7 + T. viride 1%) on phylloplane microflora of
Chrysanthemum. Spraying of fungicide (iprodione 25%+carbendazim 25%) at 0.1% (23 X 106cfu ml-1) has significantly
reduced the microflora than in control (145.02 X 106cfu ml-1). In case of CT1 (364.04 X 106cfu ml-1), CT2 (366.11 X
10 6cfu ml -1), CT3 (394.08 X 10 6cfu ml -1), CT4 (162.01 X 10 6cfu ml -1) and CT6 (181.01 X 10 6cfu ml -1) there was a
substantial increase, where as in case of compost teas there was a reduction in microflora in CT7 (28.01 X 106cfu
ml-1), CT8 (55.04 X 106cfu ml-1) and CT9 (103.01 X 106cfu ml-1). CT5 has no effect on total population.
Key words: Chrysanthemum, compost teas, microflora, phylloplane

Over the last two decades compost water extracts have
been used for control of foliar plant diseases. Extracts are
prepared by mixing compost and water and incubating the
resulting slurry with or without agitation for several days.
The slurry is filtered through cheese cloth and the filtrate,
termed as compost tea or compost water extract, is sprayed
onto the aerial surfaces of plants. This approach of biological
control, if constantly effective in practice, is a potentially
attractive alternative to fungicides that is consistent with
sustainable agriculture (Yohalem et al., 1996). They
encourage the growth of benign organisms, which suppress
the plant diseases (Dixon et al., 1998). Even Compost teas
can be sprayed on crop to coat leaf surfaces, to provide
resistance to infection from pathogens (Grobe, 1998).
Varied kinds of microflora present in the compost like
bacteria, fungi, actinomycete, protozoans etc., that can
survive on the phylloplane, when the compost tea or compost
water extract prepared from them is sprayed on to the foliage
of crop plants (Kim et al., 2004; Fan et al., 2004; Muhammad
and Amusa, 2003; Dianez et al., 2007; Lee et al., 2003; Fujii
and Shintoh, 2006; Aryantha and Guest, 2006; Mila et al.,
2008).
The microbes present in them survive on plants in
protects the plants from disease through antibiosis and
competition further they influence the composition of

microfolora of phylloplane. But the systematic work on role
of compost teas on phylloplane microflora is very scanty.
MATERIALS AND METHODS
Preparation of composts and compost teas
The composts prepared from Vermicompost (CT-1),
Vermicompost + Pseudomonas fluorescens 1% (CT-2),
Vermicompost + Trichoderma viride 1% (CT-3), Dung 75% +
Paddy Straw 25% (CT-4), Dung75% + Paddy Straw 25% +
Pseudomonas fluorescens 1% (CT-5), Dung 75% + Paddy Straw
25% + Trichoderma viride 1% (CT-6), Dung 75% + Neem
Powder 20% + Fish meal 5% (CT-7), Dung75% + Neem
Powder 20% + Fish meal 5% + Pseudomonas fluorescens 1%
(CT-8) and Dung 75% + Neem Powder 20% + Fish meal 5%
+ Trichoderma viride 1% (CT-9). The ingredients were
thoroughly mixed and filled in plastic containers and wetted
by sprinkling enough water to trigger the decomposition
process. These containers were tightly covered with black
polythene sheet and were allowed for 60 days for
decomposition. These composts were remixed manually at
30 days for proper mixing and sprinkled with water to
maintain moisture for better decomposition, and left for 30
days to get the ripe compost. Compost teas were prepared by
adopting a procedure given by Steve Diver (2002).

* Present address: Directorate of Oil Palm Research, Pedavegi, West Godavari, Andhra Pradesh, India-534 450.
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Effect of compost teas on phylloplane microflora
The above compost teas in their crude and sterilized
forms were sprayed at 25% concentration on the
Chrysanthemum cv. Raichur plants and left for 5 days. At
the end of 5th day quantitative and qualitative estimation of
phylloplane microflora from treated and untreated plants
was done. Quintal (Iprodione 25% + Carbendazim 25%)
fungicide was sprayed as check.
Washings of the randomly collected leaves from the
top, middle and bottom of the plant were taken for the
isolation of phylloplane microorganisms. One gram of one
cm discs from the leaves were cut and transferred into conical
flask with 10ml of sterile distilled water. The leaf bits were
thoroughly shaken for 20 min on vortex to dislodge the
microflora adhering to the leaf surface. The microflora was
isolated and estimated using the serial dilution technique
(Aneja, 2003). Growth of anaerobic bacteria was also
encouraged by incubating the dilution plate in anaerobic
conditions, that is keeping in a dessicator, which was
attached to a vaccume pump.
Quantitative analysis
Microbial population present on one gram of leaf discs
was estimated as cfu ml-1 using the formula.
Number of colonies plate -1 X dilution factor X 100
Volume of the sample

Qualitative analysis
Isolated strains were compared with microorganisms,
whether they were native to compost tea or Chrysanthemum
phylloplane. Qualitative analysis of different microbes was
done in terms of occurrence of a particular microbe using the
formula.
Per cent occurrence =

Total number of particular microbes in plate X 100
Total number of colonies of all microbes in a plate

RESULTS AND DISCUSSION
Microflora of chrysanthemum was isolated and purified
and maintained. Each microbe was given a code number
and their presence or absence before and after spraying was
compared based on colony and morphological characters
(Table 1).
Quantitative analysis
It is evident from the data (Table 2) that spraying with
Quintal (iprodione 25% + carbendazim 25%) fungicide at
136

0.1 % (23 X 106 cfu ml-1) has significantly reduced the
phylloplane microflora than in control (145.02 X 106 cfu
ml-1), where as in case of compost teas there was a reduction
in microflora in CT7 (28.01 X 106 cfu ml-1), CT8 (55.04 X 106
cfu ml-1) and CT9 (103.01 X 106 cfu ml-1). In case of CT1
(364.04 X 106 cfu ml-1), CT2 (366.11 X 106 cfu ml-1), CT3
(394.08 X 106 cfu ml-1), CT4 (162.01 X 106 cfu ml-1) and CT6
(181.01 X 106 cfu ml-1) there was a substantial increase in the
phylloplane microflora. The differences observed between
control and CT5 (147.02 X 106 cfu ml-1) were non significant.
The differences among other treatments were significant. The
increased population of phylloplane organisms is inclusive
of native microflora and microflora survived from compost
teas.
Qualitative analysis
The ability of aerobic bacteria in compost teas to survive
on the phylloplane of chrysanthemum was studied five days
after spraying compost teas and the data is presented in
table 3 and 4. The survival of native phylloplane bacteria
was affected by spraying of compost teas and fungicide.
Native Phylloplane Aerobic Bacteria strain PAB1 was
completely eliminated in CT3, CT6, CT9, while in others the
population declined in comparison with control. Similarly
Phylloplane bacteria PABS2 could not survive in phylloplane
treatments CT2, CT3, CT5, CT6, CT7 and CT8. However, there
was a significant increase in their population in CT4 and
CT9. With regard to PABS3, there was an increase in
treatments CT4, CT5, CT6, CT7, CT8 and CT9 and complete
absence in CT1, CT2, CT3 and fungicide.
Actinomycetes (AAS1) could not survive on the
phylloplane. Aerobic bacterial strain ABS1 present in
compost tea CT1 and CT3 survived on phylloplane of
chrysanthemum sprayed with these compost teas. Strains
ABS2 and ABS3 were present in CT1, CT2, and CT3, ABS2
survived on phylloplane but ABS3 could not survive on
phylloplane, when sprayed with CT3. ABS4 (Pseudomonas
fluorescens), which was present in CT2, CT5 and CT8
survived on the leaves of chrysanthemum, when sprayed
with CT2, CT5 only and ABS4 present in CT8 could not
survive on the phylloplane. ABS5 was present in CT2 and
CT3 and survive on phylloplane when sprayed with CT1
but not in CT3. Aerobic bacterial strain ABS6 was observed
in CT6 only but did not survived on chrysanthemum
phylloplane. ABS7, ABS8 and ABS9 present in CT4, CT5
and CT6. ABS7 survived on chrysanthemum leaves when
sprayed with CT5 only but not with other compost teas CT4
and CT6. Similarly, ABS8 survived with CT6 spraying and
ABS9 survived with only CT4 spraying and eliminated in
spraying with other compost teas. CT4 and CT6 contained
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Table 1. Characters of aerobic, anaerobic bacteria and actinomycete isolated from different compost teas

Isolate

a

Shape

Colony characters

ABS1a
ABS2

Gram
reaction
(-)
(+)

Bacilli
Bacilli

ABS3
ABS4
ABS5
ABS6
ABS7
ABS8
ABS9
ABS10
ABS11
ABS12
ABS13
ABS14
ABS15
ABS16
ABS17
AAS1b
AnBS1c
AnBS2
AnBS3
AnBS4
AnBS5
AnBS6
AnBS7
AnBS8
AnBS9
AnBS10
AnBS11
AnBS12
AnBS13
AnBS14
AnBS15
AnBS16
AnBS17

(-)
(-)
(-)
(+)
(-)
(+)
(-)
(-)
(-)
(+)
(+)
(-)
(+)
(+)
(-)
(+)
(+)
(+)
(-)
(-)
(-)
(+)
(+)
(+)
(+)
(-)
(+)
(-)
(-)
(-)
(-)
(+)
(-)

Bacilli
Bacilli
Bacilli
Cocci
Cocci
Short bacilli
Bacilli
Bacilli
Cocci
Staphylococci/Diplococci
Bacilli
Staphylobacilli
Cocci
Bacilli
Cocci
Cocci
Bacilli
Cocci
Bacilli
Cocci
Cocci
Bacilli
Bacilli
Cocci
Bacilli
Bacilli
Cocci
Bacilli
Cocci
Streptococcus
Bacilli
Bacilli,
Bacilli

2.5-4 mm, circular, white/opaque, shiny against light, convex
3-6 mm, spreading type colony, white, circular to irregular, opaque, no shining
against light
1-1.5 mm, yellow, circular, opaque, shiny to light, convex
3-4 mm, cream colour, circular to irregular, shiny, convex to flat
1-2 mm circular, rose, opaque, shiny against light, convex
3-5 mm, white, centre raised, circular to irregular shape
2-6 mm, white, circular, shining against light, convex
5-10 mm, dull white, opaque, entire edge, no shine to light, flat
1-3 mm, finger like, white, flat, shiny to light
2-3 mm, Rose, circular, raised shiny to light, opaque
10 mm, white, finger like edge, white colony
5-7 mm, cream coloured, circular to irregular shape, smooth surface
2-3 mm size, rose coloured, circular, convex
1-2 mm, yellow, circular, convex
3-4 mm white, circular, entire edge, raised, ring like appearance
2-3 mm, smooth, white, circular, shiny, convex
1-1.5mm minute rough, dough coloured
1-2 mm, white, irregular edge, rough surface, opaque
2-3mm, brick red, circular, entire edge, dark red
5-8 mm slimy, smooth shiny, opaque, convex
1-6 mm, dull white, crater like rough, lobed edge
2-7 mm, irregular , raised flat opaque, not shiny
1 mm, pure white, opaque raised, not shiny, convex
5-10 mm, finger like, circular
2 mm, white, shiny, circular, convex
4-10mm, rough surface, irregular edge
1-2 mm, small rough, irregular, white
10 mm, irregular, dull white, spreading, not shiny
1-5 mm, dough colour
2-3 mm, yellow, circular, convex
2-3 mm dough colour, convex
5-8 mm, flat, not shiny, not raised
3-8 mm, white crater, lobed edge, opaque, not shiny
Big colonies, spreading , finger like edges
2-3 mm, small white. Not circular, not shiny, rough surface

: Aerobic bacterial strain; b: Aerobic actinomycete strain; c: Anaerobic bacterial strain

ABS 10 and it is adapted to chrysanthemum phylloplane,
when sprayed with CT6 but it was absent with CT4 spraying.
ABS11 and ABS12 were present both in CT7 and CT9 but
none of the compost tea sprayings let the strains to survive
on chrysanthemum phylloplane. Similarly, ABS13 and
ABS14 were present to CT7, CT8 and CT9 but all the compost
tea sprayings eliminated these bacteria on chrysanthemum
leaves. ABS15 present in CT8 and CT9, ABS16 and ABS17
were present in CT9 could not survive on phylloplane.
Survival of anaerobic bacterial strains present in
Journal of Eco-friendly Agriculture 9(2) 2014

compost teas varied (Table 5 and 6). AnBS1 is present in CT1
and failed to survive on phylloplane. AnBS2 was present in
CT1 and CT2 but survived on chrysanthemum phylloplane
only, with CT1 spraying but not with CT2. Similarly AnBS3
was also present in CT1 and CT2 and survived on
phylloplane with spraying of both compost teas. AnBS4 was
present in CT2 but failed to survive on chrysanthemum
phylloplane. Where, as CT3 contained AnBS5 and AnBS6,
among which only AnBS5 was adapted to phylloplane. Both
of the anaerobic bacteria strains AnBS7 and AnBS8 that were
isolated from CT4 were survived on chrysanthemum leaves.
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Table 2. Effect of spraying of compost teas on phylloplane
microflora of Chrysanthemum

Treatment
Control
Fungicide Check
(Quintal 0.1%) #
CT-1
CT-2
CT-3
CT-4
CT-5
CT-6
CT-7
CT-8
CT-9
CD (0.05)
Sem+

Microbial population
(-- X 106 cfu* ml)
145.02
23.00
364.04
366.11
394.08
162.01
147.02
181.01
28.01
55.04
103.01
6.58
2.23

*CFU: Colony Forming Units; #: Iprodione 25% + Carbendazim 25% CT1:
Vermicompost; CT2: Vermicompost + Pseudomonas fluorescens 1 %; CT3:
Vermicompost + Trichoderma viride1 %; CT4: Dung 75% + Paddy Straw 25%;
CT5: Dung 75% + Paddy Straw 25% + Pseudomonas fluorescens 1%; CT6: Dung
75% + Paddy Straw 25% + Trichoderma viride 1%; CT7: Dung 75% + Neem
Powder 20% + Fish meal 5%; CT8: Dung 75% + Neem Powder 20% + Fish
meal 5% + Pseudomonas fluorescens 1%; CT9: Dung 75% + Neem Powder 20%
+ Fish meal 5% + Trichoderma viride 1%

AnBS9 and AnBS10 were the anaerobic bacterial strains
present in CT5. AnBS9 survived on phylloplane with
spraying of CT5 and the other strain AnBS10 is failed to
survive. AnBS10 (CT6), AnBS11 (CT6), AnBS12 (CT7),
AnBS13 (CT7) AnBS14 (CT7, CT8), AnBS15 (CT8), AnBS16
(CT9) were completely failed to survive on phylloplane when
the plants were sprayed with respective compost teas.
AnBS17 strain that was present in CT9 was survived on
chrysanthemum phylloplane.
The composition of fungi present on the phylloplane is
affected by spraying with compost teas and the details are
presented in table 7 and 8. PFS1 and PFS2 were isolated
from the chrysanthemum phylloplane and they were
eliminated with spraying of fungicide Quintal at 0.1%, CT1,
CT4, CT6, CT7 and CT9. However, both of them survived on
phylloplane sprayed with CT5. Similarly, PFS2 survived with
spraying of CT2, CT3, CT5 and CT8. Fungal strain FS1 was
present in all the compost teas and it could survive on
phylloplane when sprayed with CT1, CT3, CT4, CT6, CT7
and CT8 and it did not survive in other compost teas. FS2
was present in CT1, CT2, CT3, CT4, CT7, CT8 and CT9 could
not survive on phylloplane except with CT2 spray. Among
the remaining compost fungi none of the strains have

Table 3. Effect of spraying of compost teas on the population and occurrence of aerobic bacteria on chrysanthemum phylloplane
Isolate
PABS1
PABS2
PABS3
ABS1
ABS2
ABS3
ABS4
ABS5
ABS6
ABS7
ABS8
ABS9
ABS10
ABS11
ABS12
ABS13
ABS14
ABS15
ABS16
ABS17
AAS1

Control
1
2
36 24.82
5 3.45
8 5.52
-

Check#
CT1
CT2
CT3
CT4
CT5
CT6
CT7
CT8
CT9
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1 4.35 19 5.49 2
0.55
33 20.37 1 0.68
10 35.7 13 23.64 1 4.35 20 12.35 65 63.1
73 45.06 13 8.84 21 11.6 18 64.26 27 49.06 15 14.56
23 6.65
173 43.9
24 6.94 87 23.76 109 27.66 4 1.16 10 2.73
139 37.97 2 1.36
41 11.2
15 10.2
153 84.53 36 22.23 2
1.1
-

PABS1 to PABS3: Aerobic bacterial strains native to chrysanthemum phylloplane; ABS1 to ABS17: Aerobic bacterial strains of compost teas
survived on chrysanthemum phylloplane; AAS1: Actinomycete strain of compost teas survived on chrysanthemum phylloplane; 1: Microbial
population (—X 106cfu/ml); 2: Percent occurrence; #: Fungicide Check Quintal 0.1% (Iprodione 25%+Carbendazim 25% ); CT1: Vermicompost; CT2:
Vermicompost + Pseudomonas fluorescens 1 %; CT3: Vermicompost + Trichoderma viride1 % ; CT4: Dung 75% + Paddy Straw 25%; CT5: Dung 75% +
Paddy Straw 25% + Pseudomonas fluorescens 1%; CT6: Dung 75% + Paddy Straw 25% +Trichoderma viride1% ; CT7: Dung 75% + Neem Powder 20%
+ Fish meal 5%; CT8: Dung 75% + Neem Powder 20% + Fish meal 5% + Pseudomonas fluorescens1%; CT9: Dung 75% + Neem Powder 20% + Fish meal
5% + Trichoderma viride1%
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Table 4. Effect of spraying of compost teas on the population and occurrence of aerobic bacteria on chrysanthemum phylloplane
Isolate
PABS1
PABS2
PABS3
ABS1
ABS2
ABS3
ABS4
ABS5
ABS6
ABS7
ABS8
ABS9
ABS10
ABS11
ABS12
ABS13
ABS14
ABS15
ABS16
ABS17
AAS1

Control
1 2
36 +
5 +
8 +
-

Check #
1 2
1 +
1 +
+
-

CT1
1
2
19 +
+
+
23 ++
24 ++
4
++
++

CT2
1
2
87
10
139
41
-

2
+
+
+
++
++
++
++
++

CT3
1
173
109
-

2
+
+
+
++
++
++
++
++
++

CT4
1
2
33 +
20 +
73 +
++
++
36 ++
++
-

CT5
1
2
1
+
+
13 +
2
++
15 ++
++
++
-

-

CT6
1
21
-

2
+
+
+
++
153 ++
++
2
++
-

CT7
1
2
10 +
+
18 +
++
++
++
++
-

CT8
1
2
13 +
+
27 +
++
++
++
++
-

CT9
1
2
+
65 +
15 +
++
++
++
++
++
++
++
-

PABS1 to PABS3: Aerobic bacterial strains native to chrysanthemum phylloplane; ABS1 to ABS17 : Aerobic bacterial strains of compost teas
survived on chrysanthemum phylloplane; AAS1: Actinomycete strain of compost teas survived on chrysanthemum phylloplane; 1: bacteria isolated
from phylloplane 5 days after spraying. 2: presence or absence of microbes in the compost tea; +: Aerobic bacteria native to phylloplane; ++: Aerobic
bacteria present in compost tea; #: Fungicide check Quintal 0.1% (Iprodione 25% + Carbendazim 25%); CT1: Vermicompost; CT2: Vermicompost
+ Pseudomonas fluorescens 1 %; CT3: Vermicompost + Trichoderma viride 1 %; CT4: Dung 75% + Paddy Straw 25%; CT5: Dung 75% + Paddy Straw 25%
+ Pseudomonas fluorescens 1%; CT6: Dung 75% + Paddy Straw 25% + Trichoderma viride1%; CT7: Dung 75% + Neem Powder 20% + Fish meal 5%; CT8:
Dung 75% + Neem Powder 20% + Fish meal 5% + Pseudomonas fluorescens1%; CT9: Dung 75% + Neem Powder 20% + Fish meal 5% + Trichoderma
viride1%.

Table 5. Effect of spraying of compost teas on the population and occurrence of anaerobic bacteria on chrysanthemum phylloplane
Isolate
AnBS1
AnBS2
AnBS3
AnBS4
AnBS5
AnBS6
AnBS7
AnBS8
AnBS9
AnBS10
AnBS11
AnBS12
AnBS13
AnBS14
AnBS15
AnBS16
AnBS17

Control
1 2
- - - - - - - - - - - - - - - - - -

Check#
1 2
-

CT1
1
85
185
-

2
24.56
53.46
-

CT2
1
87
-

2
23.76
-

CT3
1
92
-

2
23.35
-

CT4
1
1
-

CT5
2
1
55 37.42
-

CT6
2
-

1
-

CT7
2
1
-

CT8
2
1
-

CT9
2
1
22 21.36

AnBS1 to AnBS17 :Anaerobic bacterial strains of compost teas survived on chrysanthemum phylloplane; 1: Microbial population (—X
106cfu/
ml); 2: Perc ent occurrence; #: Fungicide Check Quintal 0.1% (Iprodione 25% + Carbendazim 25%); CT1: Vermicompost; CT2: Vermicompost +
Pseudomonas fluorescens 1 %; CT3: Vermicompost + Trichoderma viride1 % ; CT4: Dung 75% + Paddy Straw 25%; CT5: Dung 75% + Paddy Straw
25% + Pseudomonas fluorescens 1%; CT6: Dung 75% + Paddy Straw 25% + Trichoderma viride1% ; CT7: Dung 75% + Neem Powder 20% + Fish
meal 5%; CT8: Dung 75% + Neem Powder 20% + Fish meal 5% + Pseudomonas fluorescens 1%; CT9: Dung 75% + Neem Powder 20% + Fish meal
5% + Trichoderma viride1%
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survived on chrysanthemum leaves except in FS5 that was
present in CT7.

not changed.
When the plants were sprayed with CT4, ABS9 and
FS1, which were present in CT4 survived on phylloplane
(Table 3-8). Population of survived native isolates PABS2
and PABS3 are increased, while PABS1 is decreased.

Spraying of compost teas CT1, CT2, CT3, CT4, CT6
and CT9 have improved the microbial population on
chrysanthemum phylloplane. Some of the microbes present
in the compost teas have survived on the chrysanthemum
phylloplane and some were eliminated on the phylloplane.
CT5 has no effect on total population. CT8 and CT7 recorded
significantly decreased phylloplane population compared
to control.

When the plants were sprayed with CT5, ABS4, ABS7,
AnBS9, those belongs to CT5 were survived on phylloplane
(Table 3-8). Population of native isolates PABS3 is increased,
but the population of PABS1 is decreased. Population of
native fungal strain PFS1 did not change.

When the plants were sprayed with CT1, ABS1, ABS2,
ABS3, AAS1, AnBS2, AnBS3, FS1 that were present in CT1
adopted to phylloplane (Table 3-8). Population of survived
native isolate PABS3 was also decreased, but the remaining
other native microflora was eliminated.

When the plants were sprayed with CT6, ABS8, ABS10,
FS1 that were present in CT6 adopted to phylloplane (Table
3-8). Population of survived native isolates PABS3 is
increased.
When the plants were sprayed with CT7, FS1 belong to
the CT7 was adapted to phylloplane (Table 3-8). Population
of survived native isolates PABS1 is increased, but the
population of PABS2 is decreased.

On the chrysanthemum plants sprayed with CT2,
ABS4, ABS2, ABS5, ABS3, AnBS3 and FS1 that were present
in CT2 were adopted to phylloplane (Table 3-8). Population
of survived native isolates PABS3 was decreased, while PFS2
is not changed.

On the plants that were sprayed with CT8, FS1 and
FS7 were adopted to phylloplane (Table 3-8). Population of
survived native isolates PABS2 is increased, while the
population of PABS1 was decreased and no change was
observed in population of PFS2.

Spraying of CT3 on chrysanthemum resulted in
survival of ABS1, ABS2, AnBS5, FS1 stains on phylloplane
(Table 3-8). Population of survived native isolate PFS2 did

Table 6. Effect of spraying of compost teas on the population and occurrence of anaerobic bacteria on chrysanthemum phylloplane

Isolate
AnBS1
AnBS2
AnBS3
AnBS4
AnBS5
AnBS6
AnBS7
AnBS8
AnBS9
AnBS10
AnBS11
AnBS12
AnBS13
AnBS14
AnBS15
AnBS16
AnBS17

Control
1
2
-

Check #
CT1
1 2
1
2
+
85
+
- 185 +
-

CT2
1
2
+
87
+
+
-

CT3
1
2
92
+
+
-

1
-

CT4
1
+
+
-

CT5
2
1
55 +
+
-

2
-

CT6
1
+
+
-

2
-

CT7
1
+
+
+
-

2
-

CT8
1
+
+
-

CT9
2
1
+
22 +

AnBS1 to AnBS17 : Anaerobic bacterial strains of compost teas survived on chrysanthemum phylloplane; 1: Bacteria isolated from phylloplane 5
days after spraying 2: Presence or absence of microbes in the compost tea; +: Anaerobic bacteria present in compost tea; #: Fungicide check Quintal
0.1% (Iprodione 25%+Carbendazim 25%); CT1: Vermicompost; CT2: Vermicompost + Pseudomonas fluorescens 1%; CT3: Vermicompost + Trichoderma
viride1% ; CT4: Dung 75% + Paddy Straw 25%; CT5: Dung 75% + Paddy Straw 25% + Pseudomonas fluorescens 1%; CT6: Dung 75% + Paddy Straw
25% +Trichoderma viride1% ; CT7: Dung 75% + Neem Powder 20% + Fish meal 5%; CT8: Dung 75% + Neem Powder 20% + Fish meal 5% +
Pseudomonas fluorescens 1%; CT9: Dung 75% + Neem Powder 20% + Fish meal 5% + Trichoderma viride 1%.
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Table 7. Effect of spraying of compost teas on the population and occurrence of fungi on chrysanthemum phylloplane
Isolate
PFS1
PFS2
PFS3
FS1
FS2
FS3
FS4
FS5
FS6
FS7
FS8
FS9
FS10
FS11

Control
1*
2**
0.01 0.06
0.01 0.06
-

Check#
1 2
-

CT1
1
2
0.04 0.01
-

CT2
1
2
0.01 0.03
0.1 0.03
-

CT3
1
2
0.01 0.002
0.01 0.002
0.06 0.01
-

CT4
1
1*
0.01 0.006
-

CT5
2**
0.01
0.01
-

1
0.006
0.006
-

CT6
2
1
0.01 0.005
-

CT7
2
1
0.01 0.03
-

CT8
2
1
0.01 0.02
0.02 0.04
0.01 0.02
-

CT9
2 1
-

PFS1 to PFS3: Fungal strains native to chrysanthemum phylloplane; FS1 to FS11 : Fungal strains of compost teas survived on chrysanthemum
phylloplane; *: Microbial population (—X 106cfu/ml); **: Percent occurrence; #: Fungicide Check Quintal 0.1% (Iprodione 25% + Carbendazim
25%); CT1: Vermicompost; CT2: Vermicompost + Pseudomonas fluorescens 1 %; CT3: Vermicompost + Trichoderma viride1 % ; CT4: Dung 75% + Paddy
Straw 25%; CT5: Dung 75% + Paddy Straw 25% + Pseudomonas fluorescens 1%; CT6: Dung 75% + Paddy Straw 25% +Trichoderma viride 1% ; CT7:
Dung 75% + Neem Powder 20% + Fish meal 5%; CT8: Dung 75% + Neem Powder 20% + Fish meal 5% + Pseudomonas fluorescens 1%; CT9: Dung 75%
+ Neem Powder 20% + Fish meal 5% + Trichoderma viride 1%

Table 8. Effect of spraying of compost teas on population and occurrence of fungi on chrysanthemum phylloplane
Isolate
PFS1
PFS2
PFS3
FS1
FS2
FS3
FS4
FS5
FS6
FS7
FS8
FS9
FS10
FS11

Control
1
2
0.01 +
0.01 +
+
-

Check#
1 2
+
+
+
-

CT1
1
2
0.04 ++
++
-

CT2
1
2
0.01 0.03
++
0.1 ++
-

CT3
1
2
0.01 0.002
0.01 0.002
0.06 ++
++
++
-

CT4
1
1
0.01 ++
++
++
-

CT5
2
0.01
0.01
-

1
0.006
0.006
++
++
-

CT6
2
1
0.01 ++
++
++
++
-

CT7
2
1
0.01 ++
++
++
++
-

CT8
2
1
0.01 0.02
0.02 ++
++
0.01 ++
++
++
++
-

CT9
2
-

1
++
++
++
++
++
-

PFS1 to PFS3: Fungal strains native to chrysanthemum phylloplane; FS1 to FS11: Fungal strains of compost teas survived on chrysanthemum
phylloplane 1: fungi isolated from phylloplane 5 days after spraying. 2: presence or absence of microbes in the compost tea; +: Fungi native to
phylloplane; ++: fungi present in compost tea; #: Fungicide Check Quintal 0.1% (Iprodione 25% + Carbendazim 25%); CT1: Vermicompost; CT2:
Vermicompost + Pseudomonas fluorescens 1%; CT3: Vermicompost + Trichoderma viride1 % ; CT4: Dung 75% + Paddy Straw 25%; CT5: Dung 75% +
Paddy Straw 25% + Pseudomonas fluorescens 1%; CT6: Dung 75% + Paddy Straw 25% +Trichoderma viride1% ; CT7: Dung 75% + Neem Powder 20%
+ Fish meal 5%; CT8: Dung 75% + Neem Powder 20% + Fish meal 5% + Pseudomonas fluorescens 1%; CT9: Dung 75% + Neem Powder 20% + Fish meal
5% + Trichoderma viride 1%.

When the plants were sprayed with CT9, ABS14,
AnBS17, FS1 that were present in CT9 adopted to
phylloplane (Table 3-8). Population of survived native
isolates PABS1 and PABS2 are increased.
On the whole the results indicating that, the spraying
of compost teas affecting the microflora of chrysanthemum
phylloplane. These sprayings in some cases like CT7, CT8
and CT9 has reduced the population also. Qualitative
population of each microbe also varied differently with
Journal of Eco-friendly Agriculture 9(2) 2014

different compost teas. These occurrences of population are
not in hormony indicating the highly heterogeneous nature
of compost teas in respect to microflora present in them.
Compost teas and plant powdered kelp were able to
improve the phyllo-bacteria communities (Sturz et al., 2006).
When the compost teas were sprayed on the chrysanthemum
phylloplane some of the native microflora are suppressed
and some are encouraged. Microorganisms from compost
teas were adopted to phylloplane and multiplied and played
141
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a role in plant protection in many ways. Chance of survival
of anaerobic bacteria on phylloplane are less, but might have
survived by forming the endospores. The complex
interactions between different native and microbial
population from compost teas result in enhanced disease
control. Metabolites, antibiotics, toxins, secondary
metabolites of survived micro organisms may increase or
decrease the population of other micro organisms.
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ABSTRACT
Photo-oxidative damage developed in chickpea (Cicer arietinum) and maize (Zea mays) the C3 and C4 plants by
using continuous light intensity 52 µmol m- 2 sec- 1 (PAR) to assess study effect of photo-inhibition, revealed that
excessive illumination inhibited per cent germination and the amylase activities. Application of ascorbic acid (50mM)
after a week of illumination showed excess in carotenoids, chlorophyll contents and growth in both the chickpea and
maize plants.
Key words: Photo protection, photosynthetic system, ascorbate, chickpea (C3 plant), maize (C4 plant).

Extreme light beyond plant’s requirement for
photosynthesis, affecting a major physiological plant stress,
damage nucleic acid, proteins as well as lipids the
photosynthesis, growth and the development of plants due
to over emergisation of PS II reaction centre (Alscher et al.,
1997 and Asada, 1987). This enhances active oxygen species
at various sites of photosynthetic and respiratory electron
transport chains. To overcome this problem, plants although
do have evolved a complex antioxidant defense mechanisms
Logan et al. (2006), comprising of antioxidative enzymes,
super oxide dismu- tase (SOD), catalase (CAT), peroxidase
(POD) and non-enzymatic antioxidants (ascorbic acid,
carotinoids, flavonoids and a variety of phenolics).
Photoinhibition do take place when damage exceed beyond
protection and repair process. Horton et al. (1996) reported
that leaves of plants grown under excessive light condition
may develop with leaf angles to minimize light absorption.
Similarly, Moony et al. (1977) also reported that leaves in a
dessert shrub under excessive light may develop greater
surface reflectance due to pubescence, a waxy cuticle, or the
accumulation of salt on epidermis. Gamon and Pearey (1989)
opined that absorption of excessive light within the leaf by
pigments other than chlorophyll may also reduce the amount
of light absorbed by chlorophyll but, whether the
accumulation of such compounds is photo-protective is not
known. The present investigation therefore aims to
understand the mechanism of photo-protective damage to
the photosynthetic system and the role of ascorbic acid in
damage repairing in chickpea (Cicer arietinum) and maize
(Zea mays), the C3 and C4 plants, respectively.

©2014

MATERIALS AND METHODS
The experiment, carried out at Department of Botany,
University of Lucknow with 25 germinating seeds of chickpea
(C. arietinum) cv. Uday and maize (Z. mays) cv. 4212 grown
in petridishes of 100×17 mm dia. The treatments used were
(T1) continuous light for 14 days, (T2) continuous light for 7
days, (T3) continuous light for 7 days + application of
ascorbic acid (50 mM), (T4) continuous darkness for 14 days
and (T5) the control under 12hr light followed by 12hr dark
for 14 days and each treatment was replicated thrice. The
light source used was 32W incandescent tube light (52 µmol
m- 2 sec- 1 photo-synthetically active radiation PAR). Distilled
water 3 ml in the first week and 10 ml in the second week
was added to each petridishes through atomizers everyday
to maintain moisture. Besides, 10ml of nutrients solution
was also supplied twice, first at initiation of the experiment
and the other after a week.
Data on growth parameters viz. germination
percentage, plumule length, length of radicle and the number
of lateral root were recorded. The estimation of chlorophyll,
carotenoids and pheophytin contents, to assess the
photosynthetic activity, was carried out by the method of
Arnon (1949) and Lichtenthaler (1987). The photo-oxidative
damage protectant enzyme was evaluated to assess their
role in damage repairing with the method of Katsuni and
Frekuhara (1969). Activity of amylase (mg starch hydrolysed
g-1 fresh weight of tissue), catalase (ml H2O2 degraded g-1
fresh weight of tissue) and peroxidase (D O.D. g-1 fresh
weight of tissue) were determined as per methods described
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by Euller and Josephson, 1927; Luck, 1963; Katsuni and
Frekuhara, 1969). All the data were statistically analysed
using student‘t’ test.

seedling growth reduced the germination percentage, which
may be attributed to the inhibition of amylase activity (an
important enzyme required in seed germination) and release
of reactive oxygen intermediates as observed by Schopfer et
al. (2001). The seedling growth irrespective of plumule length
under the influence of continuous light was also reduced by
17.0 and 9.0 per cent chickpea and maize over the control.
The reduced growth in seedlings, observed at 14th day is in
resemblance to the finding of (Anderson and Aro, 2001;
Singh, 2004), who also observed reduction in photosynthesis
and damage in photosynthetic machinery under excessive
light. This damage was also evidenced because of failure of
the photosynthetic system in utilizing the whole amount of
light absorbed (Horton et al., 1996). Previously, Powles (1984)
observed similar phenomenon in presence of high light.
Application of ascorbate showed clear cut improvement in
plumule length, registering 30.0 and 8.5 per cent growth in
chickpea and maize. Similarly recovery in radicle length was
also observed in both the cases (Table 1). Although plants
possess natural system to protect themselves against
excessive light (Krause, 1988), the damage is however
unavoidable. Specially, oxygenic photosynthesis takes place
because of generation of oxidizing molecules (Schopfer et al.,
2001). Likewise, calculations of SVI (seedling vigour index)
also represent the recovery in seedling growth. Under the
self repair/protective mechanism the plants do have certain
enzymes to play the key role (Euller et al., 1927) under the
enzyme activities.

RESULTS AND DISCUSSION
Photo-damage and its repair by ascorbate in chickpea
and maize are presented in table 1, 2, 3 and fig. 1. The results
show that the continuous light during seed germination and

Fig. 1 Per cent increase / decrease in plumule and radicle
length over control

Table 1. Effect of light stress on seed germination and seedling growth and its repair in chickpea and maize

Germination (%)

Lateral roots (Nos.)

Radicle length (cm)

Germination rate index
(GRI)
390

83

212.0

390

83

121.80

390

83

176. 70

420

90

138.7

431

90

Germination rate index
(GRI)

95

104.4

Seedling vigour index
(SVI)

93

19
± 1.2
19
± 1.2
19.1*
± 0.80
11*
± 0.58
16
± 1.6

Lateral roots (Nos.)

87

13.2
± 1.72
13.8
± 0.56
14.2
± 0.58
8.9*
± 0.62
16.2
± 2.05

Radicle length (cm)

87

12.0*
± 0.74
13.4
± 0.62
14.0
± 0.90
19.1*
± 2.10
14.6
± 1.18

Maize (Zea mays)
Plumule length (cm)

87

Plumule length (cm)

Germination (%)
(T1) Continuous light
14 Days
(T2) Continuous light
7 Days
(T3) Continuous light
7 Days + Ascorbate
(T4) Continuous dark
14 Days
(T5) Control
14 Days

Seedling vigour index
(SVI)

Chickpea (Cicer arietinum)
Treatment

7.56*
± 0.52
7.84
± 0.66
8.36
± 0.84
11.92*
± 0.77
8.40
± 0.78

10.00
± 0.85
11.12
± 0.72
12.00
± 0.84
16.24
± 0.75
12.75
± 0.92

12.0
± 0.90
12.0*
± 0.84
12.1
± 0.94
8.0*
± 0.56
10.0
± 1.01

88.04

375

92.2

375

112.32

375

14616

405

114.75

405

* Value significant at P < 0.001
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Table 2. Effect of light stress on different pigments and its repair in seedlings of chickpea and maize

3.79
4.14
4.16
3.79

0.276
± 0.021
0.292
± 0.036
0.312*
± 0.046
0.175
± 0.024
0.227
± 0.018

0.348
0.332
0.329
0.252
0.209

2.38
2.51
2.33
3.26
2.58

0.326
± 0.038
0.338
± 0.042
0.342*
± 0.028
0.202*
± 0.071
0.295
± 0.076

0.327
0.308
0.296
0.265
0.221

pheophytin

0.294
± 0.032
0.312
± 0.074
0.364
± 0.092
0.178
± 0.062
0.372
± 0.028

Carotenoides: total
chlorophyll ratio

0.702*
± 0.073
0.785
± 0.094
0.808*
± 0.102
0.582*
± 0.062
0.962
± 0.064

Carotenoides

0.679
± 0.027
0.650
± 0.038
0.652
± 0.033
0.184
± 0.022
0.624
± 0.031

a :b ratio

Chlorophyll b

Carotenoides

a :b ratio
3.85

Chlorophyll a

0.163*
±0.032
0.183
± 0.032
0.184*
± 0.024
0.131
± 0.009
0.212
± 0.019

Maize (Zea mays)
pheophytin

0.628*
± 0.071
0.694
± 0.068
0.762*
± 0.044
0.546
± 0.036
0.804
± 0.062

Chlorophyll b

Chlorophyll a
(T1) Continuous light
14 Days
(T2) Continuous light
7 Days
(T3) Continuous light
7 Days + Ascorbate
(T4) Continuous dark
14 Days
(T5) Control
14 Days

Carotenoides: total
chlorophyll ratio

Chickpea (Cicer arietinum)
Treatment

0.863
± 0.094
0.868
± 0.054
0.890*
± 0.074
0.234*
± 0.062
0.826
± 0.091

* Value significant at P < 0.001

Table 3. Effect of light stress on different enzymes and its repair chickpea and maize
Chickpea (Cicer arietinum)
Peroxidase

 Amylase

 Amylase

Total amylase

Catalase

Peroxidase

(T1) Continuous light
14 Days

0.671*
±0.028

0.164
±0.034

0.835*
±0.112

29.0*
±2.12

3.4
±0.22

0.784*
±0.064

0.175
±0.019

0.959
±0.076

63.0*
±2.46

4.9
±0.71

(T2) Continuous light
7 Days
(T3) Continuous light
7 Days + Ascorbate
(T4) Continuous dark
14 Days
(T5) Control
14 Days

0.684
0.168
± 0.072 ± 0.038
0.792* 0.202
±0.064 ±0.046
0.714
0.185
±0.054 ±0.026
0.824
0.214
±0.041 ±0.076

0.852
±0.102
0.994*
±0.094
0.899
±0.072
1.038
±0.086

29.8
±2.05
31.0*
±3.36
22.0*
±2.17
24.0
±2.68

3.5
±0.28
3.9
±0.28
3.3
±0.38
2.7
±0.33

0.810
±0.102
0.896*
±0.038
0.882
±0.084
0.928
±0.092

0.184
±0.064
0.239
±0.037
0.112
±0.022
0.397
±0.042

0.994
±0.062
1.135*
±0.058
0.998
±0.086
1.325
±0.092

51.0
±2.72
68.0*
±4.32
39.0*
±3.36
48.0
±3.78

3.4
±0.38
5.1*
±0.82
4.3
±0.64
3.2
±0.24

 Amylase

 Amylase

Catalase

Maize (Zea mays)

Total amylase

Treatment

* Value significant at P < 0.001

Improvement in the synthesis of chlorophyll a,
chlorophyll b, carotenoids and pheophytin levels was
evident under ascorbate (ascorbic acid) added treatments
(Table 2). These results are in conformity to work of Eskling
and Akerlund (1998), Munne and Alegre (2000), Leipner et
al. (2000), Havaux and Niyogi (1999) and Hutin et al. (2003),
who have highlighted the protective role of accessory
pigments against photo-oxidative damage. Catalase and
Journal of Eco-friendly Agriculture 9(2) 2014

peroxidase levels significantly increased, when ascorbate
was added after developing photo-damage using
continuous light in both seedlings (Table 3). This protective
role of enzymes, as an important defense mechanism against
photo-oxidative damage, has also been reported by earlier
workers (Polle, 1997; Polidoros and Scandalios, 1999; Osamu
et al., 2005). The another protective pathway against photooxidative damage seems to be through synthesis of
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additional essential and accessory pigments.
The inhibitory effect of continuous light causing
photoinhibition could be overcome upto some extent through
application of ascorbate and withdrawing continuous light.
As a matter of fact usually the whole amount of light absorbed
may not be processed in to chemical energy and excess light
energy leads to production of toxic species and damage of
the system (Kok, 1956; Horton et al., 1996). Some more aspects
of photo protection (scavenging active oxygen species) have
also been reviewed by Asada and Takahashi (1987), Noguchi
(2002) and Sankhalkar and Sharma (2002). According to
Foyer et al. (1991), synthesis of certain enzymes and there
inducement also helps plants to protect against photooxidative damage. The enhanced carotenoid and pheophytin
levels also provide protection against photo damage
(Lichtenthaler, 1987; Frank and Cogdell, 1996). In the present
investigation enhanced activity of catalase and induced
levels of carotenoid and pheophytin providing protection
against photoinhibition and the seedling growth recovered
after application of ascorbate and withdrawing of continuous
light, as observed in the present investigation, are in
agreement to the results of Euller et al. (1927).
It can thus be concluded that the application of ascorbic
acid (50 mM) a week after continuous exposér of heat energy
(52 µmol m- 2 sec- 1) to chickpea and maize seedlings resulted
in to increase in plumule length (8.5% in chickpea and 30.0%
in maize), radicle length (8.5% in chickpea and 30.0% in
maize), antioxidative enzyme (catalase & peroxidase) and
significant improvement in synthesis of essential accessory
pigments such as chlorophyll a and b, carotinoids and
pheophytin (the major photo-protective components) in
combating physiological stress causing photo-oxidative
damage in chickpea and maize.
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ABSTRACT
The quality profile of organic and conventional mango grown in new alluvial zones of West Bengal were
compared. In total 450 fruits (both growing system) were analyzed for a range of quality parameters. Data were
evaluated by ANOVA followed by Tukey’s test. Compared with conventional system organic fruits are rich in mineral
elements like K, Fe, Mn and Ca, while conventional fruit resulted more content of N and P. Different growing system
did not significantly affect the fruit weight. Maximum (43.12kg tree-1) fruit yield was recorded under conventional
system. Biochemical parameters were also higher in organic fruits as compared to conventional one. Finally, it is
suggested that organic system can be recommended for the purpose of maximum quality parameters.
Key words: Organic farming, fertilizers, mango qualities

Mango (Mangifera indica L.) is the most important
tropical fruit and considered as the king of all the fruits in
India. The fruits are rich source of iron and different phenolic
compounds, which are rich in anti-oxidants. Besides, mango
is a also rich source of vitamin A, E and Selenium, which
help to protect against heart disease and other such related
ailments. Now-a-days, continuous use of chemical fertilizer
without organic manure causes problem to soil health and
fruit quality. Fruit qualities are being deteriorated by the use
of chemical fertilizers (Huyskens-Keil and Schreiner, 2003).
The organic foods are safer and preferred by the consumers
due to its quality and taste. The quality of fruit is often higher
in organic system as compared to conventional one. The
objective of this study was to compare the quality parameters
of organically and conventionally grown mango fruits.
MATERIALS AND METHODS
The study was conducted at the university research
station, Gayeshpur, Bidhan Chandra Krishi
Viswavidyalaya, West Bengal on 11 years old trees of mango
cv. Himsagar spaced at 10m × 10m. The two growing systems
were followed. First, with recommended dose of chemical
fertilizers (N-1000g, P2O5-500g and K2O-1000g plant-1 year1
) i.e. conventional system and organic system. Second was
the organic system. In organic system of growing trees were
grown with Azotobacter (200g plant-1 year-1) + Azospirillum
(200g plant-1 year-1) + VAM (100g plant-1 year-1) + Potassium
mobilizer (100g plant-1 year-1) with vermicompost @ 5 kg
plant-1 year-1. The mature fruits (250 nos. for each system)
were harvested at proper ripe stage and brought to the
©2014

laboratory for bio-chemical analysis. Observation like
mineral content (N, P, K, Zn, Fe, Mn and Ca) of fruits were
recorded following all standard methods. Quality parameters
were also assessed following standard methods as described
by Ranganna (2000). Shelf life of fruits of all the growing
system was recorded at ambient room temperature. Data were
evaluated by ANOVA followed by Tukey’s test.
RESULTS AND DISCUSSION
Mineral contents of fruits varied significantly in two
different growing systems (Table1). N and P content of fruits
were higher in conventional system as compared to organic
systems, while K, Zn, Fe, Mn and Ca contents were higher in
organic system of growing. Similar results were obtained by
Neuhoff et al. (2011) in oranges and Shankar et al. (2012) in
Table 1. Mineral content of organically and conventionally
grown mango fruit
Parameter
Nitrogen (% dry weight)
Phosphorus (% dry weight)
potassium (% dry weight)
Zn (ppm)
Fe (ppm)
Mn (ppm)
Ca (% dry weight)

Growing System
Organic Conven Mean
tional
0.48b
0.54a
0.51
0.10
0.12
0.11
0.72a
0.65b
0.67
41.00a 24.00b
34.0
53.00a
49.5b
51.30
17.75a 11.75b 14.25
0.071a 0.024b
0.47

Different letters indicate significant differences, Tukey- Test (=0.05)
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tomato. The absorption of micro nutrients such as iron and
zinc from the soil have significantly influenced by the
application of organic manures and bio-fertilizers. Soil that
has been managed organically has more micro-organism
which produce many compounds that influence the plant to
absorb more micronutrients from soil. It is also reported that
substances such as citrate and lactate combine with the soil
minerals and make them more available to plant roots. For
iron in particular, this is especially important because many
soils contain adequate iron but in an unavailable form. The
presence of these micro-organisms explain the trend showing
a higher mineral content of organic food crops (McClintock,
2004).
Quality parameters were also influenced by two
growing systems (Table 2). Organically grown fruits recorded
maximum fruit weight (231.90g), total soluble solids
(18.80°Brix), total sugar (14.80%) and â-carotene content
(5985 µg 100g-1), while maximum yield (43.12kg tree-1) and
fruit acidity (0.48%) were measured in conventional growing
system. Organically grown fruits exhibited maximum shelf
life (10 days) at ambient room temperature. The increased
fruit quality may be explained from the fact that organic
growing system enhanced the nutrient availability by
enhancing the capability of plants for better uptake of
nutrients from rhizosphere. These results are in close
conformity with the findings as reported by Korwar et al.
(2006) and Pathak et al. (2005) in aonla.
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Table 2. Effect of growing system on quality parameters of
mango fruit
Parameter

Fruit weight (g)
Fruit yield (kg/tree)
Fruit length (cm)
Total soluble solids
(0°Brix)
Total sugar (%)
Acidity (%)
β-carotene (µg/100g)
Shelf life (days)

Growing System
Organic Conventi
Mean
onal
231.90
230.92
230.94
38.25b
43.12a
41.45
8.64
8.72
8.70
18.80a

17.40b

18.10

14.80a
0.38b
5985a
10.0a

12.45b
0.48a
5140b
6.0b

13.80
0.43
5654
8.0

Different letters indicate significant differences, Tukey- Test (=0.05)
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ABSTRACT
Some bioinoculants were evaluated in combination with insecticides against major insect pests (white fly
jassid and thrips) of mungbean (Var. HUM -12) at Agricultural Research Farm, Banaras Hindu University,Varanasi
during Kharif of 2008. Among the microbial and chemical insecticides, Beauveria bassiana + Profenophos gave better
response and was found most effective against white fly, jassid and thrips, whereas, Imidacloprid + Profenophos
against white fly, Beauveria bassiana + Pseudomonas fluorescens against jassid and Pseudomonas fluorescens + Beauveria
bassiana against thrips also minimized the pest population but were found least effective.
Key words: Bioinoculants, insecticides, mungbean, white fly, jassid, thrips.

Pulses being a rich source of protein constitute an
integral part of the vegetarian diet of the Indian people to
overcome to malnutrition problems. India is the world’s
largest producer of pulse which are grown over an area of
23.86 million ha with a production and productivity of about
15.12 million tones and 638 kg ha-1, respectively (Directorate
of Economics and Statistics, Department of Agriculture and
Cooperation 2007-08). Pulses are also important for
sustainable agriculture as they improve physical, chemical
and biological properties of soil and function as mini
nitrogen factory. They also fulfill the feeding for live stock in
form of hay, green fodder and number of other by products.
Besides all these, pulses also provides fuel wood and
construction materials.
Among pulses, mungbean (Vigna radiata), which is also
known as green gram is the third important pulse crop grown
in India after chickpea and pigeonpea and contributes about
45% in the world’s production (Jeswani and Baldev, 1990).
In India, the area under mungbean is 3.34m ha with the
production of 1.06 million tonnes having an average yield of
317 kg ha-1 (Anonymous, 2008). Mungbean is largely
cultivated in Maharashtra, Rajasthan, Uttar Pradesh,
Madhya Pradesh (Singh 1993, Gururaj et al., 1998).
Mungbean is grown in all the three seasons i.e., kharif, rabi
and zaid. It is grown under rainfed condition in kharif and
with residual moisture in rabi. It is cultivated as catch crop
in summer/spring in between rabi and kharif crops.
The productivity of mungbean has not increased
during the last decade in India due to one or the other
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constrains. Among the various factors responsible for low
productivity, the damage caused by the insect pest is of
paramount importance. In India nearly 60 species of insect
pest have been recorded on mungbean, but only a few of
them cause economic damage and are more common over
large areas (Lal, 1985l; AVRDC, 1988). The whitefly, jassid
and thrips have been recorded as key insect pests of
mungbean mainly during kharif season (Lal, 1985). These
species have been reported to infest the mungbean at different
places in India (Chhabra and Kooner, 1981).
Insecticide application is one of the effective, quick and
acceptable methods of reducing insect pest population in
the field. Moreover, it forms the only solution to curtail the
outbreaks of insects. However, the performance of new group
of insecticides in changing the insect plant environment
interaction needs to be emphasized to develop an economic
strategy against these key insect pests of mungbean.
MATERIALS AND METHODS
The experiment was conducted at the Agricultural
Research Farm, Banaras Hindu University during 2008 in
Factorial Randomized Block Design with mungbean variety
HUM -12 having ten treatments replicated thrice. The row to
row and plant to plant spacing was 30 cm x 30 cm. The crop
was grown on 25th July and harvested on 03rd October.
Among the treatments, B. bassiana, P. fluorescens and
Imidacloprid were used as seed treatments, whereas, B.
bassiana, P. fluorescens and Imidacloprid along with
Profenophos were used as foliar spray.
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The seed treatment was done manually by mixing the
required quantity of the insecticides formulation in desired
quantity of seed along with small quantity of gum. The treated
seeds were dried in shade. The spray mixture was freshly
prepared for each treatment by mixing the required quantity
of the insecticide formulation in water to make it equivalent
to 600 liters ha-1. The spraying was done with ASPEE foot
sprayer fitted with cone type nozzle.
The first insecticidal application was given at flowering
stage of the crop and repeated at interval of 15 days during
the experiment. Insecticides were applied during early hours
of the day when wind velocity was suitable for spraying.
Observations on insect population were recorded from
each plot at 3rd and 6th days after spraying using rectangular
split cage. For assessing pod damage and grain damage the
sampling was done after harvesting by picking 100 pods
randomly from each treatment plot. For recording grain
damage the pods were opened and the total numbers of
damage grains were counted. Total yield per plot was
recorded and then converted to yield hectare-1. The data

recorded were subjected to statistical analysis following the
Factorial Randomized Block Design.
RESULTS AND DISCUSSION
When bioinoculants and insecticides were evaluated
against key pests of mungbean there was considerable
reduction in white fly population in the treatments where
compared to control (Table 1). While comparing the microbial
and chemical insecticides among themselves after 3 days of
spraying, the seed treatment with B. bassiana + spray with
profenophos and seed treatment with P. fluorescens + spray
with profenophos were found most effective in reducing the
white fly population and were statistically at par with each
other. The combination of seed treatment with P. fluorescens
and spray with B. bassiana was found least effective in
reducing the white fly population. However, after 6 days of
spraying with P. fluorescens alone was found most effective.
B. bassiana and P. fluorescens + spray with B. bassiana were
found to be least effective in reducing the white fly
population.

Table 1. Efficacy of microbial and chemical insecticides against white fly infesting mungbean during kharif, 2008

Treatment

Beauveria bassiana (ST)
Pseudomonas fluorescens (ST)
B. bassiana (ST) + P. fluorescens (ST)
Imidacloprid (ST)
B. bassiana (ST) & B. bassiana (Sp)
P. fluorescens (ST) & B. bassiana (Sp)
B. bassiana (ST) & Profenophos (Sp)
P. fluorescens (ST) & Profenophos (Sp)
Imidacloprid (ST) & Profenophos (Sp)
Control
Difference between treatments
Difference between periods
Difference between treatments X periods
Note- ST : Seed treatment; SP : Spraying
Journal of Eco-friendly Agriculture 9(2) 2014

After 1st
3DAS
6DAS
6.6
2.7
(2.8)
(1.9)
8.5
2.5
(3.1)
(1.9)
6.3
2.9
(2.7)
(1.9)
6.8
3.4
(2.8)
(2.1)
7.5
3.6
(2.5)
(2.1)
5.6
4.3
(2.6)
(2.3)
5.1
3.3
(2.5)
(2.1)
5.1
3.1
(2.5)
(2.0)
5.9
2.9
(2.6)
(1.9)
8.5
5.6
(3.1)
(2.6)
CD=(P=0.05)=0.12
CD=(P=0.05)=0.09
CD=(P=0.05)=0.29

Population cage-1
Year-2008
After 2nd
Average
3DAS
6DAS
4.6
3.8
3.4
(2.3)
(2.2)
(2.1)
5.5
3.4
3.1
(2.5)
(2.1)
(2.0)
4.6
3.5
2.6
(2.4)
(2.1)
(1.9)
5.1
3.5
3.2
(2.5)
(2.1)
(2.1)
5.6
3.6
3.3
(2.3)
(2.1)
(2.1)
4.9
3.9
3.4
(2.4)
(2.2)
(2.1)
4.2
3.1
2.9
(2.3)
(2.0)
(1.9)
4.1
3.2
3.1
(2.3)
(2.1)
(2.0)
4.4
3.2
3.0
(2.3)
(2.1)
(1.9)
7.1
3.9
5.6
(2.8)
(2.2)
(2.6)
ST = Seed treatment
SP = Spraying

Averege
Average
3.6
(2.2)
3.3
(2.1)
3.0
(2.0)
3.3
(2.1)
3.5
(2.1)
3.6
(2.2)
3.0
(1.9)
3.1
(2.0)
3.1
(2.0)
4.8
(2.4)

4.1
(2.2)
4.4
(2.3)
3.8
(2.2)
4.2
(2.3)
4.5
(2.2)
4.3
(2.3)
3.6
(2.1)
3.6
(2.1)
3.7
(2.2)
5.9
(2.6)
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The overall average population of white fly was
recorded to be highest in treatment with combination of B.
bassiana (seed treatment and spray) and lowest in B. bassiana
(seed treatment) and profenophos (spraying), while control
plot had significantly high population as compared to all
treatments. The result of present study are in concordance
with the findings of Khuroo et al. (2003), who reported that
the spraying of imidacloprid reduced the white fly
population and gave the highest yield. Afzal et al. (2002)
also observed the spray of imidacloprid as the most effective
treatment for the control of white fly population.
Results presented in table 2 indicated the effectiveness
of different treatments in controlling jassid population on
mungbean. While judging the overall performance of
different treatments, it was concluded that B. bassiana (ST) +
P. fluorescens (ST) was most effective followed by B. bassiana
(ST), Profenophos (Sp) and Imidacloprid (ST).The results are
in line with the findings of Satpute et al. (2001), who reported
the efficacy of seed dresser insecticide imidacloprid reducing
the population of jassid. Lal et al. (1985) have also used the
several chemical insecticides for controlling the jassid
population (Table 2).

The population of thrips was almost homogenously
distributed throughout the experimental field just before the
application of the insecticides. When the microbial and
chemical insecticides were compared among themselves,
seed treatment with B. bassiana + spray with profenophos
were found most effective in reducing the thrips population
after three days of spraying while seed treatment with B.
bassiana, P. fluorescens and combination of seed treatment +
spray with B. bassiana were found most effective in reducing
the thrips population after second spraying (Table 3). The
effect of microbial and chemical insecticides after 6 days of
spraying showed that seed treatment with P. fluorescens +
spray with profenophos was very effective against thrips
after first spraying and combination of seed treatment with
B. bassiana + P. fluorescens and imidacloprid was found very
effective after second spraying. All the treatments were found
superior than control plot during both the years.
In terms of average population of thrips after microbial
and chemical insecticides, combination of seed treatments
with B. bassiana and spray with profenophos and combination
of seed treatment and spray with B. bassiana were most
effective in reducing the thrips population. When, the

Table 2. Efficacy of microbial and chemical insecticides against jassid infesting mungbean during kharif, 2008.

Treatment

Beauveria bassiana (ST)
Pseudomonas fluorescens (ST)
B. bassiana (ST)+ P. fluorescens (ST)
Imidacloprid (ST)
B. bassiana (ST)& B. bassiana (Sp)
P. fluorescens (ST)& B. bassiana (Sp)
B. bassiana (ST) & Profenophos (Sp)
P. fluorescens (ST) & Profenophos (Sp)
Imidacloprid (ST)& Profenophos (Sp)
Control
Difference between treatments
Difference between periods
Difference between treatments X periods
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After 1st
3DAS
6DAS
4.8
3.0
(2.4)
(2.0)
5.3
2.7
(2.5)
(1.9)
3.5
2.9
(2.1)
(1.9)
3.9
2.7
(2.2)
(1.9)
5.0
3.4
(2.5)
(2.1)
6.1
3.0
(2.7)
(2.1)
5.0
2.3
(2.5)
(1.8)
5.7
4.0
(2.6)
(2.2)
7.4
3.7
(2.9)
(2.2)
7.5
5.9
(2.9)
(2.6)
CD=(P=0.05)=0.12
CD=(P=0.05)=0.09
CD=(P=0.05)=0.29

Population cage-1
Year-2008
After 2nd
Average
3DAS
6DAS
3.9
2.7
3.4
(2.2)
(1.9)
(2.1)
4.0
1.9
2.9
(2.9)
(1.7)
(1.9)
3.2
1.7
2.3
(2.1)
(1.6)
(1.8)
3.3
1.8
2.8
(2.1)
(1.7)
(1.9)
4.2
2.6
3.0
(2.3)
(1.9)
(1.9)
4.5
1.6
3.2
(2.4)
(1.6)
(2.1)
3.6
1.5
1.9
(2.1)
(1.6)
(1.7)
4.9
2.3
2.7
(2.4)
(1.8)
(1.9)
5.5
1.7
2.3
(2.5)
(1.6)
(1.8)
6.7
3.0
6.1
(2.8)
(2.0)
(2.7)

Averege
Average
3.0
(2.0)
2.4
(1.8)
1.9
(1.7)
2.3
(1.8)
2.8
(1.9)
2.4
(1.8)
1.7
(1.6)
2.5
(1.9)
2.0
(1.7)
4.6
(2.3)

3.4
(2.1)
3.2
(2.4)
2.5
(1.9)
2.8
(1.9)
3.5
(2.1)
3.4
(2.1)
2.6
(1.8)
3.7
(2.1)
3.7
(2.1)
5.6
(2.7)
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Table 3. Efficacy of microbial and chemical insecticides against thrips infesting mungbean during kharif, 2008.

Treatment

Beauveria bassiana (ST)
Pseudomonas fluorescens (ST)
B. bassiana (ST)+ P. fluorescens (ST)
Imidacloprid (ST)
B. bassiana (ST)& B. bassiana (Sp)
P. fluorescens (ST)& B. bassiana (Sp)
B. bassiana (ST) & Profenophos (Sp)
P. fluorescens (ST) & Profenophos (Sp)
Imidacloprid (ST)& Profenophos (Sp)
Control
Difference between treatments
Difference between periods
Difference between treatments X periods

After 1st
3DAS
6DAS
4.8
3.1
(2.4)
(2.0)
3.8
2.1
(2.2)
(1.8)
5.8
2.3
(2.6)
(1.8)
5.5
1.7
(2.6)
(1.6)
3.6
3.0
(2.1)
(1.9)
3.3
1.3
(2.1)
(1.5)
2.8
1.7
(2.3)
(1.6)
3.9
1.3
(2.2)
(1.5)
3.5
1.7
(2.1)
(1.6)
6.7
3.6
(2.8)
(2.1)
CD=(P=0.05)=0.12
CD=(P=0.05)=0.09
CD=(P=0.05)=0.29

microbial and chemical insecticides were compared, the
average population of thrips with it was found to be less in
combination of seed treatment with imidacloprid and spray
with profenophos which was most effective than all the
treatments tested.
The results were similar to the findings of Lal and
Rohilla (2007), Afzal et al. (2002) and Sreekanth et al. (2003),
who also observed that the spray of imidacloprid was most
effective in reducing the population of thrips. Nayak et al.
(2004) also evaluated the efficacy of different combinations
of insecticides among which imidacloprid as seed treatment
against thrips was most effective.
Hence, it can be concluded that the bioinoculants can
be very well used in combination with biopesticides as well
as insecticides for effective suppression of sucking pests in
mungbean.
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Population cage-1
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Impact of border cropping coupled with green insecticides in
insect pest management of okra
R.K. Sharma and S.R. Sinha
Division of Entomology, Indian Agricultural Research Institute, New Delhi – 110 012
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ABSTRACT
Field trials on okra var. Varsha Uphaar was laid out in eight treatments with or without border crops along
with a control. All the treatments were effective except the one without border crop at 40th, 47th and 54th day after
sowing (DAS) in lowering leaf hopper population. Okra border cropped with baby corn was effective against whiteflies
on 40 DAS. On 47th and 54th day, both the treatments of baby corn and one treatment each of sorghum and cluster
bean exhibited effectiveness against whiteflies. Per cent infestation due to shoot and fruit borer on number basis varied
from 6.68-10.98 per cent, while it was 16.27 per cent in control. Similarly, on weight basis, per cent infestation ranged
from 6.05 to 10.54 per cent as compared to 16.42 per cent in untreated check. Treatment of Okra + Cluster bean Novaluron @ 75 g a.i. ha-1 Novaluron @ 75 g a.i. ha-1 and Okra + Baby corn – flubendiamide @ 25 g a.i. ha-1 –
Novaluron @ 75 g a.i. ha-1 were most effective in lowering fruit borer infestation.
Key words : Border cropping, green insecticides, okra.

Okra, Abelmoschus esculentus (L.) (Moench), is one of the
most important vegetable grown throughout the year in our
country. India stands first in okra production globally with
an annual production 4.80 million tonnes from an area of
0.452 million hectares and shares 67 per cent in global okra
production (Indian Horticultural Database, 2010). The crop
is prone to be attacked by major insect pests viz., leafhopper,
Amrasca biguttula biguttula (Ishida), whitefly, Bemisia tabaci
(Gennadius) and shoot and fruit borer, Earias vittella
(Fabricius). These insects are major constraints to the
production of this export oriented crop.
Okra growers undertake 5-6 sprays of chemical
pesticides to counter the problem of insect pests. But
indiscriminate and regular use of insecticides cause severe
ecological consequences like destruction of natural enemy
fauna, effect on non target organisms and directly affects us
in the form of residues. Use of intercropping provides an
excellent opportunity of pest management in an ecological
approach by bringing about changes in crop geometry and
cropping system which may have environmentally
acceptable and economically relevant to sustainable
production practices. Physical factors like protection from
wind, shading, sheltering, prevention of dispersal, alteration
of colour etc., or biological factors like presence of natural
enemies, production of adverse chemical stimuli etc.,
intercropping system may influence the pest population
build-up (Andow, 1991 and Theunissen, 1994). However,
use of border cropping/intercropping alone may also not
solve the pest problems as okra is attacked both by sucking
©2014

and borer insects. Keeping in mind the export potential of
green fruits of okra and environmental safety, an
intercropping trial was undertaken using baby corn, cluster
bean and sorghum as border crops along with spray of safe
insecticides viz., chlorantriniliprole, flubendiamide and
novaluron to minimize the insect pest incidence in okra.
MATERIALS AND METHODS
The experiment was laid out in the vegetable farm of
the Division of Entomology, IARI, New Delhi. Okra variety
‘Varsha Uphaar’ was raised in 25m 2 plots as per
recommended practices in randomized block design
comprising eight treatments. Main crop was planted with
row to row and plant to plant spacing of 60 cm and 45 cm
respectively and replicated thrice. Each of three border crops
viz., baby corn, sorghum and cluster beans were used in two
treatments while one treatment was without border crop
having only sequential spraying of green and safe
insecticides viz., chlorantriniliprole, flubendiamide and
novaluron at fortnightly interval. There were two sprays in
each treatment except in T7, where three sprays were given.
Details of treatments are presented below:
T1 - Okra + Baby corn – Chlorantriniliprole @ 10 g a.i. ha-1 Chlorantriniliprole @ 10 g a.i ha-1
T2 - Okra + Baby corn – Flubendiamide @ 25 g a.i. ha-1 –
Novaluron @ 75 g a.i. ha-1
T3 - Okra + Sorghum- Flubendiamide @ 25 g a.i. ha –
Flubendiamide @ 25 g a.i. ha-1
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T4 - Okra + Sorghum–Chlorantriniliprole @ 10 g a.i. ha-1 Novaluron @ 75 g a.i. ha-1
T5 - Okra + Cluster bean - Novaluron @ 75 g a.i. ha-1 Novaluron @ 75 g a.i. ha-1
T6 - Okra + Cluster bean–Chlorantriniliprole @ 10 g a.i. ha-1Flubendiamide @ 25 g a.i. ha-1
T7 - Okra - Chlorantriniliprole @ 10 g a.i. ha-1- Flubendiamide
@ 25 g a.i. ha-1- Novaluron @ 75 g a.i. ha-1
The population of leafhoppers and whiteflies were
recorded from five plants per plot, one leaf each from top,
middle and bottom at 33, 40, 47 and 54 DAS. Picking of fruits
was done at three day interval and number and weight of
healthy and damaged fruits was recorded. Data was
statistically analyzed using AGRES software after
converting per cent figures into their corresponding angular
values.
RESULTS AND DISCUSSION
The impact of various treatments on the population of
leafhopper is summarised in table 1. Perusal of data revealed
that all the treatments were at par on 33days of sowing (DAS).
However, all the treatments except T7 were significantly
superior over control on 40, 47 and 54 DAS. The leafhopper
infestation was reduced by the presence of various intercrops
like cluster bean, green gram and black gram in cotton

(Balasubramanian et al., 1998). T7 without any border crop,
which recorded 42.00, 40.0, 44.00 nymphs 15 leaves-1 was at
par with control i.e. 43.00, 41.33, 47.67, respectively at 40, 47
and 54 DAS. Treatments T1 and T2 both border cropped with
baby corn were highly significant as compared to control in
suppressing the leaf hopper population at 40, 47 and 54
DAS, indicating that baby corn border cropping effectively
suppressed the leafhopper population. Effectiveness of okra
border cropped with baby corn was also proved effective by
Sinha et al., 2007 and Kaleri et al., 2011. Similarly, sorghum
as intercrop reduced leafhopper infestation in pigeonpea.
(Sekhar et al., 1997),
The performance of baby corn as border crop in both
the treatments against whitefly was most effective on 40th,
47th and 54th day, while treatment with other border crops
were significant in some data and insignificant in other
(Table 1). This variation in data could be due to biological
variations. Our investigation finds support from
Mohanasundaram et al. (2012) whom also reported less
number of whiteflies plant-1 in okra bordered with baby corn
than okra alone.
Shoot and fruit borer damage among marketable fruits
in various treatments varied from 6.05-10.54 per cent
compared to 16.42 per cent in untreated control. Number
wise, fruit borer infestation in different treatments ranged
from 6.68-10.98 per cent, while it is 16.27per cent in control.

Table 1. Performance of insect pest population in intercropping along with eco-friendly insecticide trial of okra
Trea Treatment schedule
Dose
No. of nymphs of leafhoppers 15
No. of nymphs of whiteflies 15
tme
(g a.i. ha-1)
leaves-1
leaves-1
nts
33DAS 40DAS 47DAS 54DAS 33DAS 40DAS 47DAS 54DAS
T1 Baby corn (as border crop)
10, 10
30.33
20.67
20.00
29.00
15.00
7.67
10.67 10.67
Chlorantriniliprole Chlorantriniliprole
T2 Baby corn (as border crop)
25, 75
32.33
26.33
20.67
25.00
14.33
9.00
12.67 14.67
Flubendiamide - Novaluron
T3 Sorghum (as border crop)
25, 25
51.67
31.00
26.33
34.67
20.00
13.67
13.67 16.33
Flubendiamide - Flubendiamide
T4 Sorghum (as border crop)
10, 75
50.67
29.67
26.33
32.00
17.67
12.00
11.67 13.67
Chlorantriniliprole - Novaluron
T5 Cluster bean (as border crop)
75, 75
49.33
31.33
26.67
32.33
17.33
14.00
11.67 14.33
Novaluron - Novaluron
T6 Cluster bean (as border crop)
10, 25
46.00
29.33
25.67
32.33
17.00
11.33
14.67 16.67
Chlorantriniliprole Flubendiamide
T7 Chlorantriniliprole –
10, 25, 75 46.00
42.00
40.00
44.00
17.00
15.33
15.00 17.00
Flubendiamide Novaluron
T8 Control
43.67
43.00
41.33
47.67
14.00
15.67
19.00 21.67
S.E.
C.D. (0.05)
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11.01
23.75

4.41
9.35

4.92
10.44

4.06
10.28

4.46
9.47

2.46
5.22

3.21
6.81

3.07
6.51

Damage due to
fruit borer (%)
No/No
W/W
8.67
7.90
( 16.28) (15.78)
6.93
(15.26)
10.84
(18.65)
7.86
(16.13)
6.68
(14.88)
10.98
(19.09)

6.21
(14.35)
9.18
(17.35)
6.94
(15.24)
6.05
(14.05)
10.54
(18.48)

8.15
(16.53)

7.37
(15.70)

16.27
(23.74)
3.02
6.40

16.42
(23.90)
2.50
5.34

Journal of Eco-friendly Agriculture 9(2) 2014

Impact of border cropping coupled with green insecticides in insect pest management of okra

All treatments were effective over control but T5 - Okra +
Cluster bean - Novaluron @ 75g a.i. ha-1 - Novaluron @ 75g
a.i. ha-1 and T2 - Okra + Baby corn – Flubendiamide @ 25g a.i.
ha-1 – Novaluron @ 75g a.i. ha-1 were most effective wherein
Novaluron is common in both of them. Flubendiamide @
45g a.i. ha-1 and novaluron@ 25ga.i ha-1 were also reported
effective against shoot and fruit borer by Chowdhary et al.
(2011), Singh et al. (2009), respectively. Kavitha et al. (2003)
reported that maize plants harboured large number of the
natural enemies like coccinellids, spiders and chrysopids,
which might have helped in bringing down overall insect
population. The present findings are in conformity with that
of Elanchezhyan et al. (2008) who reported that intercropping
of brinjal + cluster bean recorded high cost benefit ratio of
1:2.70. In the present investigation border crop with sorghum
and two sprays of chlorantriniliprole and novaluron also
reduced fruit borer infestation significantly then control. It
can be summarised that use of border crops either, maize,
cluster bean or sorghum coupled with green pesticides or
alternately spraying of different green pesticides alone
reduces the damage incidence of okra fruit borer.
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Effect of organic manures and biopsticides on the incidence
of sucking pest of moth bean
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ABSTRACT
The influence of organic manures and biopesticides on the incidence of sucking pets of moth bean was studied.
Application of neem cake has significantly reduced the population of all by changing the insecticidal composition of
the host plant. Fusarium semitectum also reduced the incidence of aphids, leaf hoppers and bugs.
Key words : Moth bean, organic manures, biopesticides

Moth bean Vigna aconitifolia (Jacq.) widely grown in
arid and semi arid parts of the country for pulse, fodder and
green manures crop and mainly suffer from the attack of pod
borer. Sucking pests like aphids, leaf hoppers and bugs,
resulting the considerable reduction in yield and quality.
Large scale dependence on use of insecticides and fertilizers
helps to toxic residues in food and disruption of natural
enemy etc.
MATERIALS AND METHODS
The experiment was laid out in on a simple RCBD with
eleven treatments including control, each replicated thrice
during the Kharif, at College of Agriculture, Shimoga, with a
plot size 3 x 2m. The experimental field was ploughed and
organic manures (on nitrogen equivalent basis) was applied
to respective plots as a basal dose, 15 days prior to sowing
and the fertilizer dose of 20:10:0 kg NPK ha-1 was applied at
the time of sowing. Spray of Fusarium semitectum @ 3.6 x1014
at the time of flowering, Nomuraea rileyi @ 3.2x109 and 4 per
cent NSKE at time of pod formation, was made. The
population of nymphs and adults of aphids and leaf hoppers
were recorded from five randomly selected tagged plants on
the three trifoliates plant-1 at fortnightly interval in each plot.
Whereas, population of nymphs and adults of bugs were
recorded from five randomly selected tagged plants at
fortnightly interval in each plot.

Table 1. Effect of organic manures and biopesticides on
incidence of aphids (Aphis craccivora) on moth bean
Treatment

Number of aphids (Nymphs &Adults) 3
trifoliates-1 plant-1
30DAS
45DAS 60DAS Mean
T1 RDF
6.04
5.45
4.70
5.40
(2.46)a
(2.33)a (2.17)a (2.32)a
T2 FYM
2.60
3.57
2.60
2.92
(1.61)cd
(1.89)c (1.61)cd (1.71)c
T3 PM
2.93
3.15
1.79
2.63
(1.71)c
(1.78)d (1.31)e (1.61)c
T4 VC
2.30
4.27
2.93
3.17
(1.52)de
(2.07)ab (1.71)c (1.77)c
T5 NC
1.32
2.00
1.98
1.77
(1.15)g
(1.41)e (1.39)de (1.30)d
T6 T1 + NSKE
2.37
3.75
2.08
2.73
(1.54)d
(1.93)d (1.42)de (1.64)c
T7 T1 + F. semitectum
1.97
1.46
1.97
1.80
(1.40)ef
(1.20)e (1.40)e (1.34)d
T8 T1 + N. rileyi
4.31
5.29
4.31
4.63
(2.05)b
(2.29)b (2.07)b (2.15)b
T9 T1 + F. semitectum +
1.17
2.34
2.25
1.98
N. rileyi
(1.08)f
(1.53)e (1.44)cde (1.36)d
T10 T1 + F. semitectum
1.32
3.25
1.69
2.09
+ N. rileyi + NSKE
(1.15)g
(1.80)d (1.29)e (1.42)d
T11 Untreated check
4.37
4.57
4.37
3.77
(2.09)b
(2.13)ab (2.09)b (2.11)b
S.Em.±
0.04
0.07
0.12
0.10
CD @ 5%
0.12
0.22
0.38
0.32
CV(%)
4.12
6.50
12.70
10.11

RESULTS AND DISCUSSION
Aphids : The incidence of this pests was noticed from
30 DAS. Population presented in the table 1 releaved that
the population of aphids was significantly lowest in T9 (T1 +
F. semitectum + N. rileyi) (1.17) followed by Neem cake, T1 + F.
semitectum + N. releyi + NSKE (1.32). Other treatment at par
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DAS-Days after sowing; RDF-Recommended dose of fertilizer; FYMFarm yard manure; PM- Poultry manure; VC-Vermicompost; NCNeem cake; NSKE-Neem Seed Kernal Extract; F. Semitectum-Fusarium
semitectum; N. rileyi-Nomuraea rileyi, Means in the column followed by
same alphabet do not differ significantly by DMRT (0.05).
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with T7 1.97 aphids (T1 + F. semitectum) except T1 (RDF) which
recorded a high of a 6.04 aphids.
The population recorded at 45, 60 DAS showed lowest
aphid population in NC and PM (2.00 and 1.79 respectively),
while highest population was observed in RDF and T8 (T1+N.
rileyi) and untreated check 5.45 and 4.70 respectively.
The overall influence of all the treatments on the
incidence of aphid, Aphis craccivora showed, lowest
population of 1.77 in NC followed by T7 (T1+ F. semitectum)
(1.80), T9 (T1+F. semitectum+N. rileyi) (1.98) and T10 (T1+ F.
semitectum + N. rileyi + NSKE) (2.09). Aishwariya (2005) who
reported the effective control of spirling white fly, sugarcane
wooly aphid and A. gossypii by spraying fungus, F. semitectum
under green house conditions.

Table 2. Effect of organic manures and biopesticides on
incidence of leaf hopper (Exitianus indicus) on moth
bean
Treatment

T1 RDF
T2 FYM
T3

PM

T4 VC
T5 NC
T6 T1+ NSKE
T7 T1 +F. semitectum
T8

T1 + N. rileyi

T9 T1 + F.
semitectum + N. rileyi
T10 T1 + F.
semitectum + N. rileyi
+ NSKE
T11 Untreated check
S.Em.±
CD @ 5%
CV(%)

Number of leaf hoppers (Nymphs
&Adults) 3 trifoliates-1 plant-1
30DAS
45DAS 60DAS
Mean
0.71
1.63
0.76
1.03
(0.84)a
(1.49)a
(0.92)a
(1.00)a
0.40
0.24
0.13
0.26
(0.63)abc (0.47)cd
(0.44)b
(0.49)bc
0.32
0.19
0.12
0.21
(0.57)abc (0.43)cd
(0.39)b
(0.45)bc
0.22
0.41
0.29
0.31
(0.43)bc (0.63)cd
(0.57)b
(0.55)bc
0.15
0.10
0.09
0.12
(0.39)c
(0.32)d
(0.36)b
(0.34)c
0.41
0.45
0.33
0.40
(0.64)abc (0.67)cd (0.73)ab (0.63)abc
0.18
0.20
0.13
0.17
(0.42)c
(0.44)cd
(0.40)b
(0.41)c
0.32
0.50
0.39
0.40
(0.57)abc (0.70)c
(0.72)ab (0.63)abc
0.31
0.14
0.35
0.27
(0.55)abc (0.38)cd
(0.57)b (0.51)abc
0.19
(0.44)c

0.35
(0.59)cd

0.18
(0.43)b

0.24
(0.48)bc

0.65
(0.80)ab
0.05
0.15
14.10

0.99
(1.00)b
0.04
0.11
9.61

0.50
(0.70)ab
0.05
0.17
15.95

0.66
(0.84)ab
0.06
0.20
18.73

DAS-Days after sowing; RDF-Recommended dose of fertilizer; FYMFarm yard manure; PM-Poultry manure; VC-Vermicompost; NC-Neem
cake; NSKE-Neem Seed Kernal Extract; F. Semitectum-Fusarium
semitectum; N. rileyi-Nomuraea rileyi, Means in the column followed by
same alphabet do not differ significantly by DMRT (0.05).

Journal of Eco-friendly Agriculture 9(2) 2014

Leaf hopper: The incidence of of this pest was noticed from
30 DAS and counts presented in the table 2 revealed, lowest
leaf hopper population with NC (0.15) followed by T7 (T1 +
F. semitectum) (0.18), while the highest population was
noticed with RDF (0.70) and at par with untreated check
(0.65).
The data recorded at 45 and 60 DAS showed lowest
leaf hopper population of 0.10 and 0.09 with NC, while,
highest leaf hopper population 0.71, 1.63 and 0.76 were
observed in RDF.
The overall influence of various treatment on the leaf
hopper incidence showed that NC was superior to the rest,
recording only 0.12 three trifoliates plant-1 as against 1.03 of
RDF and 0.66 of untreated check. Ravi et al. (2006) reported

Table 3. Effect of organic manures and biopesticides on
incidence of bugs (Riptortus pedestis) and (Riptortus
linearis) on moth bean
Treatment

T1 RDF
T2 FYM
T3

PM

T4 VC
T5 NC
T6 T1+ NSKE
T7 T1 +F. semitectum
T8

T1 + N. rileyi

T9 T1 + F. semitectum +
N. rileyi
T10 T1 + F. semitectum +
N. rileyi + NSKE
T11 Untreated check
S.Em.±
CD @ 5%
CV(%)

Number of bugs ( Nymphs and Adults)
plant-1
30DAS 45DAS 60DAS Mean
0.56
0.43
0.34
0.44
(0.79)a (0.63)a (0.58)a (0.94)a
0.24
0.19
0.10
0.18
(0.49)b (0.51)c (0.47)c (0.43)bc
0.31
0.12
0.09
0.17
(0.56)ab (0.34)c (0.30)d (0.44)bc
0.13
0.10
0.09
0.11
(0.36)b (0.69)bc (0.30)d (0.47)c
0.09
0.08
0.12
0.10
(0.30)b (0.29)c (0.35)c (0.29)c
0.11
0.13
0.10
0.11
(0.34)b (0.35)c (0.47)c (0.37)c
0.13
0.26
0.10
0.16
(0.34)b (0.51)bc (0.47)c (0.39)bc
0.29
0.20
0.12
0.20
(0.54)ab (0.60)bc (0.35)bc (0.58)bc
0.21
0.20
0.12
0.18
(0.46)b (0.67)bc (0.34)bc (0.59)bc
0.19
0.12
0.08
0.13
(0.43)b (0.55)c (0.29)d (0.43)bc
0.36
0.74
0.25
0.45
(0.62)ab (0.86)b (0.75)b (0.71)b
0.03
0.02
0.02
0.03
0.09
0.07
0.06
0.10
10.90
8.59
8.15
13.35

DAS-Days after sowing; RDF-Recommended dose of fertilizer; FYMFarm yard manure; PM-Poultry manure; VC-Vermicompost; NC-Neem
cake; NSKE-Neem Seed Kernal Extract; F. Semitectum-Fusarium
semitectum; N. rileyi-Nomuraea rileyi, Means in the column followed by
same alphabet do not differ significantly by DMRT (0.05).
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that among organic manures neem cake recorded lowest
mean population of leaf hopper. Bommesha (2010) who
reported no incidence of leaf hopper in T4 (NC), T6 (PM +
NC) and T8 (FYM + NC).
Bugs: The incidence of this pest was noticed from 30 DAS
and effect of various treatment presented in table 3. Result
revealed that, the population of bugs was lowest in NC (0.09)
followed by T10 (T1 + F. semitectum + N. rileyi + NSKE) (0.12).
Highest population of 0.47 bugs were observed in RDF.
Subsequent data recorded at recorded at 45, DAS
showed a lowest population in T6 (T1+NSKE), VC (0.09)
followed by NC, PM (0.10) while RDF plots recorded
increasing population, and 60 DAS minimum population
was noticed in PM (0.06) and NC, T10 (T1+F. semitectum+N.
rileyi+ NSKE) (0.07). Highest population recorded in RDF
(0.33) followed by untreated check (0.26).
The result obtained against the incidence of bugs
indicated that, NC in lower incidence of bugs and was on
par with T10 (T1+F. semitectum+N. rileyi+ NSKE). Raja ram
and Siddeswaran (2006), who reported that poultry manure
controlled the pests of cotton as it has insecticidal properties
and potential to check the pests on cotton. Prasanna (2009)
who reported that the incidence of dusky cotton bug,
Oxycarenus hyalinipennis was lower in combination of
FYM+PM followed by PM and NC.
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Management of insect pests in cabbage (Brassica oleracea var.
capitata L.) with border cropping and biopesticides
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ABSTRACT
A field experiment was conducted during rabi seasons of 2009-10 and 2010-11 on cabbage, Brassica oleracea
var. capitata L. with twelve treatment combinations consists of field pea, coriander, marigold, fenugreek and onion as
border crops in which one set each was foliar sprayed with namely insecticides viz., Neem baan @ 3ml l-1 and Spinosad
@ 75 g a.i ha-1 and one set unsprayed. In both crop seasons, cabbage border cropped with marigold and sprayed with
Neem baan- Spinosad combination recorded the lowest mean population of mustard aphid (27.86 and 28.69
plant-1), diamond back moth larvae (1.50 and 1.85 plant-1) and cabbage butterfly larvae (4.83 and 4.84 plant-1) as
compared to sole cabbage (72.39 and 74.04), (3.44 and 5.34) and (14.86 and 15.88) respectively during 2009-10 and
2010-11. However, border cropping with marigold, coriander, fenugreek and onion by themselves also reduced the
overall pest population. The population of coccinellids was high on border crop fenugreek (5.03 and 5.27 nos plant1
) which were at par with coriander (5.03 and 5.15 nos plant-1). Consequently higher number of coccinellids in
maincrop, cabbage were observed i.e. 2.47 and 2.80 nos plant-1, 2.77 and 2.45 nos plant-1 and 2.23 and 2.07 nos plant1
when border crop with fenugreek, coriander and marigold respectively during 2009-10 and 2010-11. All the border
crop treatments except field pea significantly reduced the mustard aphid, diamond back moth and cabbage butterfly
and had harboured more number of coccinellids population.
Key words: Mustard aphid, diamond back moth, butterfly larvae, border crops and biopesticides

Intercropping system often support fewer insect pests
at lower densities than monocultures. Border cropping is a
part of intercropping in which biotic, structural, and
microclimatic complexity of multispecies plant associations
work synergistically to produce associational resistance to
pest attack. Successful deployment of border crops/
intercrops within a landscape depends on the inherent
characteristics of the inter crop and the higher value crop,
the spatial and temporal characteristics of each, modification
the behavior and movement patterns of insect pests, and
meet the agronomic and economic requirements of the
production system. Thus, intercropping is more knowledgeintensive than many other forms of pest management (Helda
Morales, 2002). Use of intercropping provides an excellent
opportunity of pest management in an ecological approach
by bringing about changes in crop geometry and cropping
system which may have environmentally acceptable and
economically relevant to sustainable production practices
(Theunissen,1994). Intercropping of cabbage with marigold
registered minimum aphid and butterfly larvae population
followed by coriander, mustard. Diamond back moth (DBM)
Plutella xylostella larval population was reduced when
cabbage intercropped with marigold followed by
intercropping of tomato and mustard (Singh et al., 2006).
Neem (Azadirachta indica) has shown diverse insecticidal
©2014

activity, less persistence in the environment and low
mammalian toxicity (Schmutterer, 1990). Spinosad provided
high level of control of DBM, Pieris brassicae and leaf miner
larvae (Harris and Maclean, 1999). Use of border cropping/
intercropping alone may not solve the pest problems.
Moreover, management of pests by insecticides alone creates
the problems of residues, pest out breaks and resistance.
Keeping all these in view, present investigations were
planned for management of major insect pests of cabbage
with border cropping of field pea (Pisum sativum var. hortense),
coriander (Coriandrum sativum), marigold (Tagetes erecta),
fenugreek (Trigonella foenumgraceum) and onion (Allium cepa)
and supported by sprays with Neembaan and spinosad with
the aim to lower the load of synthetic insecticides and overall
betterment of environment.
MATERIALS AND METHODS
The field experiments were conducted with cabbage
cv. “Golden Acre” in Randomized Block Design at
experimental farm of Division of Entomology, Indian
Agricultural Research Institute, New Delhi during rabi
seasons of 2009-10 and 2010-11. There were altogether 12
treatment combinations replicated thrice comprising border
cropping viz., field pea (Pisum sativum var. hortense), coriander
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(Coriandrum sativum), marigold (Tagetes erecta), fenugreek
(Trigonella foenumgraceum) and onion (Allium cepa) planted
surrounding the main crop with and without foliar spraying
of insecticides viz., Neem baan @ 3 ml l-1 and spinosad @ 75
g a.i ha-1 applied two times at fortnight interval on 55 days
after transplanting (DAT) and 70 DAT respectively, using
hand operated knapsack sprayer, as following:
T1 - Cabbage + Field pea - Neem baan @ 3ml lit-1 + spinosad
45% SC @75 g a.i ha-1
T2 - Cabbage + Field pea
T3 - Cabbage + Coriander - Neem baan @ 3ml lit-1 +
Spinosad 45% SC @75 g a.i ha-1
T4 - Cabbage + Coriander
T5 - Cabbage + Marigold - Neem baan @ 3ml lit-1 + Spinosad
45% SC @75 g a.i ha-1
T6 - Cabbage + Marigold
T7 - Cabbage + Fenugreek - Neem baan @ 3ml lit-1 +
Spinosad 45% SC @75 g a.i ha-1
T8 - Cabbage + Fenugreek
T9 - Cabbage + Onion - Neem baan @ 3ml lit-1 + Spinosad
45% SC @75 g a.i ha-1
T10 - Cabbage + Onion
T11 - Sole Cabbage - Neem baan @ 3ml l-1 + Spinosad 45%
SC @75 g a.i ha-1
T12 - Sole Cabbage
Observations on population of major insect pests and
their natural enemies in each intercropping system and sole
cabbage were recorded from 40 DAT till harvest of crop at
weekly interval. Population of aphid, diamond back moth
and cabbage butterfly was visually recorded in five randomly
selected plants. Observations were also recorded on
naturally occurring predator and parasitoid population viz.,
Coccinellids from all plants in all the treatments. All the
data was subjected to OPSTAT software and using MS office
excel sheet for statistical analysis after required
transformation. Yield of cabbage and intercrops was
recorded separately.
RESULTS AND DISCUSSION
Different border crops brought about variable response
on the incidence of Lipaphis erysimi (kalt.), P. xylostella L., P.
brassicae L. and the coccinellids at various stages of crop
growth in response to various treatments.
Mustard aphid (L. erysimi) : The appearance of aphids was
first noticed in the 6th week after transplanting in both the
years. The aphid population per plant was significantly
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reduced in cabbage crop when planted with different border
crop as compared to sole crop during both the rabi seasons
except field pea. Mean aphid population was minimum in
sprayed treatments of cabbage + marigold (27.86 and 28.69),
followed by cabbage + coriander (28.66 and 29.84), cabbage
+ fenugreek (29.92 and 31.09) as compared to sprayed sole
cabbage (56.59 and 57.66) attributing to the fact that border
crops also helped in reducing overall pest population. This
is also evident by the observation that minimum population
was recorded in cabbage border crop with marigold (44.32
and 46.93) followed by coriander (45.93 and 46.05), fenugreek
(47.52 and 51.01), onion (52.08 and 52.94) as compared to
the unsprayed sole cabbage (72.39 and 74.04). The values in
parenthesis indicate rabi 2009-10 and 2010-11 respectively
(Table 1).
During 2009-10, marigold border cropping system
recorded lowest number of aphids, but it was at par with
coriander and fenugreek. During 2010-11, marigold again
was found to be most effective for reduction of aphids which
was at par with coriander (Table 1).
Our findings are in agreement with Jones and Gillet
(2005) who observed that intercrop with non crucifer host
plants recorded lower aphid population than crucifer host
plants. Kumar et al. (2010) also reported that intercrops were
superior in minimizing aphid population on cabbage than
the sole crop. Cabbage when grown with garlic (1:2) had the
lowest aphid infestation. Our investigation exhibited that
marigold, coriander and fenugreek by themselves were
effective in reducing the aphid population as compared to
sole crop. We exhibited that joint effect of border cropping
with natural pesticides further reduced the aphid
population.
Diamond back moth (P. xylostella L.): The population per
plant was minimum in sprayed treatments with Neembaan
and spinosad, where cabbage was border cropped with
marigold (1.50 & 1.85), which was at par with coriander
(1.80 & 2.00) during 2009-10 and 2010-11, respectively. The
corresponding values in other treatments were onion (1.60
& 2.38), fenugreek (2.80 & 2.37), field pea (2.97 and 3.02) as
compared sole cabbage (2.96 & 3.92). Bhavani and Punnaiah
(2004) found that cauliflower when intercropped with noncrucifer host plants and sprayed with neem products, was a
good eco-friendly management of crucifer insect pests (Table
1).
Border crops by themselves reduced the diamond back
moth population. It was lowest with marigold (1.70 & 2.68),
followed by coriander (2.09 & 2.86), fenugreek (3.29 & 2.00),
onion (3.26 & 2.38), field pea (3.36 and 4.75) as compared to
sole cabbage (3.44 & 5.34) during 2009-10 and 2010-11,
Journal of Eco-friendly Agriculture 9(2) 2014
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respectively.
Facknath, 1999 exhibited that coriander, garlic and
tomato plants, which by themselves had a somewhat
deleterious influence on P. xylostella L. populations when
intercropped with cabbage. In the case of tomato, the
combination was observed to be as effective as the
recommended insecticide- cartap hydrochloride in terms of
the number of P. xylostella L. larvae/pupae, number of
infested cabbage plants plot-1, as well as in terms of the
quality of harvested heads. We observed that border cropping
with marigold, coriander and onion was effective in
suppressing the diamond back moth population. Our
findings are in agreement with Uma Shankar et al. (2005)
who observed that cauliflower when intercropped with 2
rows of coriander after every 10 rows harboured significantly
less diamond back moth larvae compared with those
intercropped with tomato and mustard in both years.
Findings of Asare-Bediako et al. (2010) supported our
results that intercropping of cabbage with onion, tomato
produced lower leaf and head damage from diamond back
moth and produced higher yield than those intercropped
with pepper.
Cabbage butterfly (P. brassicae L.) : Cabbage with marigold
border cropping along with spray recorded lowest larval
population in (4.83 & 4.85) followed by coriander (5.33 &
5.43), fenugreek (5.73 & 5.79), onion (5.83 & 6.87), field pea
(7.53 and 7.79) and sole cabbage (9.53 & 10.36) during 200910 and 2010-11, respectively.
In non sprayed treatments cabbage border cropped with
marigold (7.37 & 7.78) was most effective followed by
coriander (7.88 & 8.26), fenugreek (8.62 & 8.82) and onion
(8.82 & 8.77) as compared to sole cabbage (14.86 & 15.88)
during rabi 2009-10 and 2010-11, respectively (Table 1).
Ferguson and Baratt (1993) found that African
marigold, T. erecta as companian crop in cabbage gave high
yield than endosulfan, methyl demeton, lambda cyhalothrin
treatment under high incidence of P. brassicae L. Singh and
Singh (1999) reported that intercropping of cabbage with
marigold registered minimum aphid and butterfly larvae
population. Our findings get support from Metspalu et al.
(2003) who reported that intercropping of french marigold
and chrysanthemum was oviposition repellent to P. brassicae
L. compared with sole cabbage and butterflies laid fewer
eggs on cabbage of these variants. It appears that other
varieties of marigold also act as oviposition repellent as we
also observed less number by P. brassicae L. larvae in cabbage
with marigold border cropping.
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Coccinellids: Population of coccinellids was maximum on
main crop, cabbage (2.47 and 2.80) when bordered with
fenugreek, followed by cabbage with coriander (2.45 and 2.77)
were at par each other. Cabbage with marigold (2.07 and
2.23) and cabbage with onion (1.81 and 1.92 coccinellids
plant-1) were recorded during rabi 2009-10 and 2010-11,
respectively. On different border crops, the abundance of
coccinellids (adult and grub) population was highest when
cabbage was border cropped with coriander without spray
(5.03 and 5.15), and at par with fenugreek (5.03 and 5.27)
followed by marigold (2.03 and 2.33), onion (2.05 and 2.26),
field pea (1.37 and 1.51). Values in parenthesis indicates
rabi 2009-10 and 2010-11 respectively (Table 1).
Helda Morales (2002) reported that, sunflower, radish,
tomato and marigold produced more amounts of pollens
and some unknown volatile odours to attract the
coccinellids. All intercropping systems with non-crucifer
plants significantly reduced aphid, larvae of diamond back
moth and cabbage butterfly incidence, and had more number
of aphidivorous coccinellids, larval parasitoid, and higher
yield than the sole crop of cauliflower (Muthukumar and
Sharma, 2009).
Yield: The yield was comparatively higher in all sprayed
treatments than unsprayed ones (Table 2). Among sprayed,
cabbage + marigold intercropping system recorded highest
yield of cabbage heads per hectare (27.69 & 28.07
t ha-1) followed by cabbage + coriander (26.21 & 27.05 t ha-1),
cabbage + onion (25.23 and 25.96 t ha-1), cabbage + fenugreek
(24.45 & 25.20 t ha-1), cabbage + field pea (23.37 and 24.05 t
ha-1), as compared to sprayed sole cabbage (22.48 & 22.95 t
ha-1) during 2009-10 and 2010-11, respectively
All border cropping system by themselves increased
the yield than sole cabbage crop (without border crop). In
non spraying treatments, cabbage + marigold intercropping
system recorded highest yield (23.12 & 24.23 t ha-1) followed
by cabbage + coriander (22.14 & 23.00 t ha-1), cabbage + onion
(21.52 and 21.96 t ha-1), cabbage + fenugreek (20.03 & 20.83
t ha -1), cabbage + field pea (19.76 and 19.69 t ha -1), as
compared to sole cabbage (17.86 & 18.30 t ha-1) during 200910 and 2010-11, respectively (Table 2).
Indian mustard and coriander bordered plots recorded
highest marketable yield. These two border crops were more
effective in reducing diamond back moth infestation
(Hasheela et al., 2010). Our findings also exhibited that
coriander; marigold and onion were superior in terms of
higher marketable yield of cabbage.
The number of L. erysimi (Kalt.), P. xylostella L., and P.
brassicae L. were significantly lower on plots, where cabbage
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Table 1. Effect of different border cropping systems on incidence of major insect pests and coccinellids in cabbage during rabi
2009-2010 and 2010-11
Tr.

Cabbage with border
crops

L. erysimi

P.
xylostella

Average number of insect pests and coccinellids population plant-1
2009-10
2010-11
P.
P.
P.
*Coccinellids #Coccinellids/ L. erysimi
*Coccinellids #Coccinellids/
brassicae
border crop
xylostella brassicae
border crop
0.60
0.79
47.81
3.02
1.33
7.53
1.24
7.79
f
g
(6.95)f
(1.88)fe
(1.35)e
(2.83)ed
(1.32)d
(2.88)e
(1.04)
(1.13)

T1

Cabbage + Field pea Neem Baan-Spinosad#

46.96
(6.89)e

2.97
(1.86)d

T2

Cabbage + Field pea

61.62
(7.88)h

3.36
(1.96)e

11.99
(3.53)h

T3

Cabbage + Coriander Neem Baan-Spinosad#

28.66
(5.40)ba

1.80
(1.52)b

5.33
(2.41)b

T4

Cabbage + Coriander

45.93
(6.81)ed

2.09
(1.61)c

7.88
(2.89)e

Cabbage + MarigoldNeem Baan- Spinosad#

27.86
(5.33)a

1.50
(1.41)a

4.83
(2.31)a

T6

Cabbage + Marigold

44.32
(6.69)d

1.70
(1.48)ab

7.37
(2.80)d

T7

Cabbage + Fenugreek
Neem Baan-Spinosad#

29.92
(5.52)b

2.80
(1.82)d

5.73
(2.50)c

T8

Cabbage + Fenugreek

47.52
(6.93)e

2.99
(1.87)d

8.62
(3.02)f

T9

Cabbage + Onion -Neem
Baan-Spinosad#

41.43
(6.47)c

1.60
(1.45)ab

5.83
(2.52)c

T10

Cabbage + Onion

52.08
(7.25)f

2.01
(1.58)bc

8.82
(3.05)f

T11

Sole Cabbage
Neem Baan-Spinosad#

56.59
(7.56)g

2.96
(1.86)d

9.53
(3.17)g

T12

Sole Cabbage

72.39
(8.54)i

3.44
(1.98)e

S.Em. (±)
CD (P = 0.05)

0.041
0.122

0.025
0.076

14.86
(3.92)i
0.026
0.077

T5

*Coccinellids population on main crop cabbage per plant
transformed values

#

1.13
de

(1.27)
1.69
bc

(1.48)
2.45
a

(1.72)
1.37
cd

(1.37)
2.07
ab

(1.60)
1.71
bc

(1.48)
2.47
a

(1.72)
1.51
cd

(1.42)
1.81
bc

(1.52)
0.93
e

(1.20)
1.67
bc

(1.47)
0.053
0.156

1.37
(1.37)cd

63.79
(8.02)j

4.75
(2.29)h

12.48
(3.60)i

4.75
(2.29)a

29.84
(5.51)b

2.00
(1.58)a

5.43
(2.43)b

5.03
(2.35)a

46.05
(6.82)e

2.86
(1.83)ed

8.26
(2.96)f

1.31
(1.35)cd

28.69
(5.40)a

1.85
(1.53)a

4.84
(2.31)a

2.03
(1.59)b

46.93
(6.89)fe

2.68
(1.78)dc

7.71
(2.87)e

4.68
(2.28)a

31.09
(5.62)c

2.37
(1.69)b

5.79
(2.51)c

5.03
(2.35)a

51.01
(7.18)g

3.29
(1.95)f

8.82
(3.05)g

1.48
(1.41)c

40.92
(6.44)d

2.38
(1.70)cb

6.17
(2.58)d

2.05
(1.60)b

52.94
(7.31)h

3.26
(1.94)f

8.77
(3.04)g

0.97
(1.21)e

57.66
(7.63)i

3.92
(2.10)g

10.36
(3.30)h

1.34
(1.36)cd

74.04
(8.63)k

5.34
(2.42)i

0.025
0.075

0.033
0.099

0.028
0.083

15.88
(4.05)j
0.022
0.066

1.27
ef

1.51
(1.42)de

bcd

4.84
(2.31)b

(1.33)
1.84
(1.53)
2.77
a

5.15
(2.38)a

cd

1.49
(1.41)de

b

2.33
(1.68)c

bc

4.96
(2.34)ab

a

5.27
(2.40)a

de

1.62
(1.45)d

bcd

2.26
(1.66)c

(1.81)
1.70
(1.48)
2.23
(1.65)
1.98
(1.57)
2.80
(1.82)
1.58
(1.44)
1.92
(1.56)
1.15
f

1.05
(1.24)f

cd

1.46
(1.40)de

(1.28)
1.62
(1.46)
0.041
0.122

0.022
0.066

Coccinellids population on border crop per plant, Figure in parentheses are

Table 2. Effect of different border cropping systems on the yield of cabbage during rabi 2009-10 and 2010-2011
Treatment
T1Cabbage +Field pea –Neem Baan -Spinosad#
T2Cabbage +Field pea
T3Cabbage + Coriander - Neem Baan- Spinosad#
T4Cabbage +Coriander
T5Cabbage +Marigold-Neem Baan- Spinosad#
T6Cabbage +Marigold
T7Cabbage +Fenugreek- Neem Baan- Spinosad#
T8Cabbage +Fenugreek
T9Cabbage +Onion – Neem Baan- Spinosad#
T10Cabbage +Onion
T11Sole Cabbage-Neem Baan- Spinosad
T12Sole Cabbage
S.Em±
CD (P = 0.05)
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2009-10
Marketable yield of cabbage
(t ha-1)
23.37de
19.76h
26.21b
22.14fg
27.69a
23.12ef
24.45cd
20.03h
25.23bc
21.52g
22.48efg
17.86 i
0.400
1.174

2010-2011
Marketable yield of cabbage
(t ha-1)
24.05ef
19.69i
27.05b
23.00fg
28.07a
24.23de
25.20cd
20.84h
25.96c
21.00h
22.95g
18.30j
0.364
1.070
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was boarder cropped either with marigold or coriander in
comparison with homogenous crop. Border crops marigold,
coriander, fenugreek and onion were performed better and
should be promoted for the management of aphids, diamond
back moth and cabbage butterfly infestation in cabbage fields.
Their adaptation is expected to lower usage of pesticides in
farmer fields, increase productivity and income of cabbage
farmers.
The use of border crops/ intercrops may delay the use
of 1st spray thereby increasing the chances of conservation
of natural enemies besides reducing the load of insecticides
in the environment. We also observed that border cropping
supported with two sprays each by Neembaan and Spinosad
significantly reduced the overall pest population in the field,
while farmers usually under take up to eight sprays to
manage the pest population in cole crops. Facknath (1999)
reported that the joint effect of neem extract and intercropping
was found to be more efficient in protecting cabbages in the
field.
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ABSTRACT
The trends in pheromone trap catches of rice yellow stem borer, Scirpophaga incertulas Walker during summer,
2012 showed varied peaks with test locations viz., Chiplima (three), Ranital (two) and Balipatna (one) owing to
varieties adopted and climatic conditions. The temporal relationship between the trap catches and accumulated
degree days (ADD) was worked out during summer and kharif 2012. At Ranital, the thermal ranges of 19.5 to 32.40C
and 25.9 -32.80C prevailed during summer and kharif crop seasons appeared to favour YSB development. The ADD
of 32.8–36.7 (early tillering stage) and 69.4–114.2 (late tillering stage) or pheromone trap catch thresholds of 2-4
(summer rice) / 10 (kharif rice) might serve as predictive criteria for timing the insecticides.
Key words: Rice, yellow stem borer, Scirpophaga incertulas, pheromone trap, degree days.

The impacts of climate change on pest incidence as
observed in recent years necessitated to project eco-friendly
approaches to prevent the invasive pests or intensification
of the existing ones. In this context use of monitoring tools to
time the control strategies is felt imperative to avoid excessive
or untimely application of insecticides. As such in paddy,
monitoring and forewarning of rice yellow stem borer (YSB),
Scirpophaga incertulas Walk. infestation and outbreaks are
now possible using pheromone traps with lures containing
(Z) 11-hexadecenal and (Z) 9-hexadecenal in 3:1 blend.
However, the location specific economic trap capture
thresholds are reported to vary with locations depending
upon the varieties and intensity of stem borer infestation
(Krishnaiah, et al., 2012). Insects normally develop within
certain thermal thresholds and with fluctuating temperature;
it is the total heat accumulation within an optimal range
that determines the time to complete development. The net
heat accumulated ideal for development may be achieved
within a short period during warm conditions, while it may
take long period during cooler conditions. Therefore, the
degree day (0D) which is a measure of the accumulated heat
or ‘physiological time’ refers to one degree above a threshold
temperature and this is said to provide a better predictive
tool for development (Snyder, 1985). In view of the above
facts the present studies were undertaken to document the
trends of pheromone trap catches of S. incertulas and to
enunciate the activity of the above tissue borer based upon
the degree days.
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MATERIALS AND METHODS
The trends in pheromone trap catches in summer rice
have been studied at three locations namely, Chiplima (Dist.
Sambalpur), Ranital (Dist. Bhadrak) and Balipatna (Dist.
Kendrapara. The former location represented the western
Odisha, while the later two respresented the easter region of
the state. The rubber septas used in pheromone traps were
impregnated with 5mg of the lure chemicals in the
Department of Entomology, College of Agriculture, OUAT,
Bhubaneswar under the Rastriya Krishi Vikash Yojna SubProject 3. Fields planted with rice varieties Swarna, Suruchi
5629 and Khandagiri were selected during summer, 2012
for testing the lures at Chiplima, Raninal and Kendrapara,
respectively. At all locations the seedling of the respective
varieties were planted during 2nd week of February, 2012
following recommended agronomic package of practices. A
kharif crop of rice was also raised with cultivar Panidhan
planted on 1st week of August 2012 at the Regional Research
& Technology Transfer Statin (RRTTS), Ranital (Dist.
Bhadrak) so as to get continuous crop for studying the overall
impact of degree days on the incidence of S. incertulas.
Pheromone traps were installed immediately after
transplanting rice following the parameters of pheromone
trapping system for yellow stem borer, S. incertulas as
standardized by Krishnaiah, et al. (1998). Observations on
adult male moth trap catches were recorded at weekly
intervals. The dead heart (during tillering stages) and white
ear heads (during heading stage) incidence have been

Predicting rice yellow stem borer activity through Pheromone traps and degree days

estimated at the RRTTS, Ranital at weekly intervals
depending upon the crop stages. The accumulated degree
days (ADD) was calculated from the maximum and minimum
temperature as recorded in the meteorological unit of the
RRTTS, Ranital during the crop period, 2012 and the below
mentioned formula as indicated by Zalom, et al. (1983) was
followed;
Accumulated Degree Days (ADD) = {(Max. temp.0C+
Min. temp.0C) / 2} – Base temperature0C
Where,
Min. temp. = the lowest temperature for the 24-hour period.
Max. temp. = the highest temperature for the 24-hour
period.
Base temp. = the temperature below which the pest will
not develop.
Since, both larval development and adult emergence of
YSB were affected at temperatures below 160C and above
350C (Varma, et al., 2000), the minimum temperature of 160C
was considered as base temperature. The ADD so calculated
on each day was cumulated during the crop period and the
temporal relationship was worked out between ADD and
peak periods of pheromone trap catches and field infestation
(dead heart and white ear infestation).
RESULTS AND DISCUSSION
The results showed distinct variation in trap catches
of YSB in summer rice across the locations tested. There were
three, two and one peak/s at Chiplima (Sambalpur), Ranital
(Dist. Bhadrak) and Balipatna (Dist. Kendrapara),
respectively (Fig.1). The first small peak of 11.0 moths
trap-1 week-1 coincided with early tillering stage of the crop,
while the second major peak of 19.3 trap-1 week-1 was noticed
at late tillering stage and the third small peak of 16.5 trap-1
week-1 was also recorded and at panicle initiation stage of
the crop (Fig.1). Similarly, at Ranital two peaks in moth
catches were noticed during 12th std. week i.e 3rd week of
March (11.8 trap-1 week-1) and 14th std.week i.e 1st week of
April (14.6 trap-1 week-1 ), which coincided with late tillering
to panicle initiation stage of the crop. While, at Balipatna
(Kendrapara) a single large peak with 24.2 moths trap-1
week-1 has been recorded coinciding with the late tillering
stage of the crop. Though, the crop was tansplanted about
the same time i.e 2nd week of February12 wide variation in
the periods of peak cathces was noticed and this might be
due to adoption of different varieties at different locations.
However, in Andhra Pradesh, Varma et al. (2000) observed
three peaks of moth activity during kharif (July, August,
September) and two during rabi (January, March/April).
Journal of Eco-friendly Agriculture 9(2) 2014

Fig. 1.

Trends of pheromone trap catches of YSB in summer
rice at different locations

Temporal relationship between the trap catches and field
infestation
Since, the fact that peak dead heart and white ear head
infestations occurred two and three weeks after peaks in
pheromone trap catches, respectively (Varma et al., 2012)
timing of insecticide application based on the trap catches
appeared to be most appropriate. However, when the
temporal relationship between the trap catches and field
infestation as recorded at the RRTTS, Ranital (Fig.2) was
taken into account, it became apparent that the first peak in
trap catches (11.8 trap-1 week-1 during late tillering) coincided
with peak dead heart (18.6%), while the second peak of moths
(14.6 trap-1 week-1 during late tillering to pancile initiation
stage) was recorded with the initiation white ear head
infestation (5.1%). The above authors have also indicated
that trap catches of 30 and 19 male moths trap-1 week-1
resulted in 10 per cent dead heart and 5 per cent white heads,
respectively. While, at Ranital (Bhadrak) the dead heart and
white ear head infestation levels of 10.1 and 5.1 per cent
were noticed with trap catches of 8.6 and 14.6 moths trap-1
week-1, respectively. Therefore, trap catches of 2-4 moths
trap-1 week-1 during early tillering stage of summer rice
appeared to be critical for initiating the YSB control strategies.
Further, the mean maximum (32.40 C) and minimum (19.50
C) temperature with the temperature amplitude (mean of min.
& max. temp.) of 25.90 C that prevailed during 9th Std. week
i.e. last week of February, 2012 (early tillering stage of the
crop) remained quite suitable for quick larval development
of S. incertulas as maximum temperatures of 29-300C and
minimum of 20 0C were the most favourable for YSB
development (Varma et al., 2000) and the larvae were reported
to complete their development within a short period (22.47 –
167
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27.33 days) at 30.0 – 350 C (Rahman and Khalequzzaman,
2004).
During kharif, 2012 the two peaks in trap catches viz.,
9.8 and 10.2 moths trap-1 week-1 were noticed during 35th
(last wk. of August) and 39th (last week of September) and
these peaks of moth catches preceded the peak dead heart
incidence by one week (Fig.3). Moreover, the second peak
preceded peak white ear head infestation by three weeks.
The peak field infestation of 10.4 and 11.4 per cent dead
heart was recorded with trap catch density of 7.2 and 6.4
moths trap-1 week-1. Similarly, high initial white ear head
infestation of 7.6 per cent was noticed with trap catch of 4.6
moths trap-1 week-1. The temperature at peak trap catches
during 35 and 39 std.wks ranged from 26.8-25.90 C (mean
min. temp.) to 31.8-32.80 C (mean max. temp.) with the
amplitude being 28.5-29.30 C. In West Bengal, Saha, et al.
(http: // ricecongress.com/previous /pdflink/4243.pdf)
observed the peak trap catch during 37th standard week and
this was preceded the peak in dead heart incidence (during

Fig. 2. Temporal relationship between trap catches and field
infestation at RRTTS, Ranital, during summer 2012.

38th std. week) by one week in kharif rice. Therefore, trap
catch of 10 moths per trap could be considered an ideal trap
threshold for initiating the control strategies during kharif
season under Ranital conditions.
Temporal relationship between trap catches and
accumulated degree days
While ascertaining the relationship between
pheromone trap catches and degree days, it was found that
the degree days (heat units) accumulated coinciding the
periods of trap catches during summer and kharif crop
seasons ranged from 6.3–129.2 and 11.5 –168.4. At peak
catches (11.8 and 14.6 trap-1 week-1) during summer about
69.0–96.2 degree days accumulated from egg hatching to
adult emergence, while during kharif 63.1–114.2 degree days
accumulated at peak moth catches of 9.8-10.2. According to
Varma, et al. (2000) the larval development and adult
emergence of YSB were affected if the temperatures fell below
16 or above 350 C and therefore the authors suggested that
the degree days accumulated for hatching can be used for
timing of spray schedules and insecticide applications
should be made 95 to 110 degree days after the peak in trap
catches in order to synchronize application with egg
hatching. However, as the peak trap catch coincided with
peak dead heart incidence during summer season the degree
days that prevailed at the beginning of the trap catch i.e 32.8
degree days would merit as an effective indicator for
planning control schedules for YSB during tillering stage of
the crop. On the contrary, during kharif 36.7–114.2 degree
days accumulated for hatching would be ideal for initiating
the control measures against YSB. Varma, et al. (2000) studied
the thermal summations of different stages of YSB in the
field and indicated that mean degree days accumulated for
egg, larvae, pupa and total development were 93.17±4.88,
313.10±14.67, 103.46±5.00 and 509.68±23.17, respectively.
Therefore, it is imperative to conclude that under Odisha
conditions the accumulated degree days of 32.8–36.7 (early
tillering stage) and 69.4–114.2 (late tillering stage) or
pheromone trap catch thresholds of 2-4 (summer rice) / 10
(kharif rice) might serve as predictive criteria for timing the
insecticides. Earlier, Patnaik and Rath (2012) suggested
initiating insecticide application after peak trap catch or at
accumulated degree days of 96.3 under western Odisha
conditions.
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Fig. 3. Temporal relationship between trap catches and field
infestation at RRTTS, Ranital, during kharif 2012
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ABSTRACT
Natural enemies are a key component of IPM, and they are often recommended as the first line of defence in
an IPM program. Over use of pesticides has led to the outbreaks of pests and destruction of natural enemies. It has
also led to the development of resistance in insects to pesticides and also causes environmental pollution. To assess
the effect of microbial agents and biopesticides against the natural enemies experiments were carried out in out from
2011-2012 at ZARS, Shimoga, Karnataka in FCV tobacco. The result indicates that Nomuraea rileyi (1.2 x 109) and
spinosad 45 SC were safe to coccinellids, chrysopa, syrphids, and spiders. Ha NPV (1.5x109 POBs) and novaluron 10
EC were safe to chrysopa and spider population and also these chemicals were effective in managing the tobacco bud
worm, Helicoverpa armigera in FCV tobacco.
Key words: Tobacco, natural enemies, biopesticides, microbial agent and Helicoverpa,

Pesticides can be found almost in all natural habitats,
having severe negative effects on natural flora and fauna,
biodiversity, water resources and ecosystems, including the
equilibrium of agro ecosystems. Most insecticides will have
an effect on some beneficial insects: predators and parasitoids
(parasites that kill their hosts) of insect pests and pollinators.
Over use of pesticides has led to the outbreaks of pests and
destruction of natural enemies. It has also led to the
development of resistance, environmental pollution,
operational hazards followed by substantial erosion of net
income (Ranga Rao and Weightman, 1993).
Natural enemies are a key component of IPM, and they
are often recommended as the first line of defence in an IPM
program (Lugojja et al., 2001). The mortality of beneficial
insects is an important consideration when spraying
complex ecosystems such as forests or perennial agricultural
crops that are established over a period of years.
The most crucial requirement for pesticides is that they
must be compatible with biological control. Therefore, only
those pesticides should be used that are most selective and
which have no adverse effects on beneficial organisms
(Hassan, 1989; Nasreen, et al., 2007). So the use of selective
pesticides is an important strategy for pest control.
When considering how insecticides impact beneficial
insects, in addition to direct mortality, we need to assess
sublethal effects on population numbers which reduce the
efficacy of the predators and parasitoids in reducing pest
insects. The physiological sublethal effects can result in
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reduced longevity and reproduction. Understanding the
sublethal effects of insecticides on beneficial insects is
important in agroecosystems, especially in the context of
natural biological control which aims to augment endemic
natural enemies.
MATERIALS AND METHODS
A field experiment was carried out from 2011-2012
at ZARS, Shimoga, to study effect of microbial agents and
biopesticides against the natural enemies. The field
experiment was laid out in randomized block design (RBD)
using KST-19 variety of FCV tobacco with three replications
and seven treatments including control. The plot size was
5.6 X 5.6 m. Transplanting was done in the month of July
with a spacing of 90 X 60 cm between the row and plants,
respectively. Five samples (One square meter area each)
selected from each plot for recording observations. The
treatments were randomized completely and plants were
tagged with luggage labels. All agronomic practices were
followed as per the package of practices except pest
management, recommended by the UAS, Bangalore (Anon.,
2010).
To assess the safety of different insecticides against
natural enemies in tobacco ecosystem, the natural enemies
(coccinellid, Coccinella septumpunctata, Chrysoperla carnea,
syrpids and spiders) count was recorded in five randomly
selected plants in all the treatments at three and seven days
after each spray. The data were subjected to square root
(vx+0.5) transformations before statistical analysis.
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RESULTS AND DISCUSSION
The mean population of coccinellids indicated that all
the biopesticides under test were safe to the coccinellid
predators as the population of predators in different
treatments was at par with untreated check (3.00).
Coccinellids population was high in Nomuraea rileyi (1.2 x
109) treated plot (3.37) followed by Spinosad (2.17). The
results are in line with Udikeri et al. (2004) reported that
emamectin benzoate and Spinosad were safe to the
coccinellids, as they were at par with untreated check (Table
1 & Fig 1).
The LC50 of spinosad is least toxic to second instar
larvae and adults of C. carnea ( Sabry and El-Sayed, 2011).
Schoonover and Larson (1995), Subhadra et al. (2002)
reported that spinosad was safe to coccinellids, which are
in agreement with the present findings.
All the new molecules were safe to chrysopids as they
were statistically at par with untreated check. The mean
population of chrysopids indicated that the treatment
HaNPV and spinosad were safe to chrysopids (1.75 and
1.50 respectively). The safety of Btk by Tandon and Nillana
(1987), spinosad by Schoonover and Larson (1995) and
Udikeri et al. (2004), abamectin by Srinivasan and Sundara
Babu (1998), emamectin benzoate by Udikeri et al. (2004) and
diafenthiuron by Kranthi et al. (2004) agrees with the preset
findings. Rosaih (2001a) reported that synthetic insecticides

were unsafe to chrysopids in general. Elzen et al. (1998)
reported that Spinosad was less toxic to Crysoperla carnea
than profenfos (organophosphours compound) (Table 1 &
Fig 1).
The mean population of syrphids indicated that the
treatment HaNPV (1.50) and Nomuraea rileyi were safe to
syrphids (1.50) followed by spinosad (1.00) and Novaluron
(1.00), but all the treatments were at par with the control
(2.83) (Table 1 & Fig 1).
The mean population of spiders indicated that the
treatment Nomuraea rileyi and HaNPV were safe to spiders
(2.00 and 2.17) respectively. It is evident from the results that
all the new molecules were safe to spiders, as all the
treatments were at par with untreated check (2.50). Rajashri
et al. (1991) reported that synthetic insecticides were not safe
to the natural enemies. The safety of spinosad by Vishal and
Ram (2005), Btk by Tandon and Nillana (1987), emamectin
benzoate by Dunbar et al. (1998), diafenthiuron by Jones et al.
(1998) agrees with the present findings (Table 1 & Fig 1).
Spinosad (Dow Agro-Sciences) is a mixture of
tetracyclic-macrolide compounds produced by a soil
actinomycete and has been classified as a bioinsecticide.
Spinosad is highly active against Lepidoptera but it is
practically nontoxic to insect natural enemies. So, spinosad,
Ha NPV and Nomuraea rileyi can be employed in IPM
programm as these biopesticides and microbial agents are

Table 1. Effect of microbial agents and biopesticides against the natural enemies in FCV tobacco
Treatment
Spinosad 45 SC
0.25 ml/l
HaNPV 1.5x109
POBs 1ml/l
Flubendiamide
480 SC 0.25 ml/l
Novaluron 10 EC
1ml/l
Bt halt 5WP 1gm/
l
Nomuraea rileyi
1.2x109 1gm/l
Control
S.Em. +
C.D. @ 5%
C.V. (%)

2011
2.33
(1.68)
1.00
(1.22)
2.00
(1.56)
1.00
(1.17)
0.67
(1.00)
1.33
(1.34)
2.67
(1.77)
22.42
0.18
NS

Coccinellids
2012
Pooled
2.00
2.17
(1.56)* (1.62)
2.33
1.67
(1.68)
(1.47)
1.33
1.67
(1.34)
(1.46)
0.67
0.83
(1.05)
(1.14)
1.00
0.83
(1.22)
(1.14)
1.33
3.37
(1.34)
(1.34)
3.33
3.00
(1.95)
(1.87)
0.13
0.11
0.40
0.35
15.42
13.74

2011
1.67
(1.46)
2.00
(1.58)
1.00
(1.22)
0.67
(1.05)
0.67
(1.05)
1.00
(1.17)
3.67
(2.04)
18.47
0.15
0.63

No. of predators/sqm
Chrysopa
Syrphids
2012 Pooled 2011
2012
1.33
1.50
0.67
1.33
(1.34) (1.41) (1.05) (1.34)
1.33
1.75
1.00
2.00
(1.34) (1.50) (1.22) (1.58)
0.67
0.75
0.67
1.00
(1.05) (1.11) (1.05) (1.17)
1.00
1.00
0.67
1.33
(1.22) (1.22) (1.05) (1.29)
1.00
0.75
0.67
1.00
(1.17) (1.11) (1.05) (1.22)
1.67
1.33
1.67
1.33
(1.46) (1.34) (1.46) (1.34)
3.00
3.33
2.67
3.00
(1.86) (1.95) (1.77) (1.87)
0.15
0.07
21.50
0.17
0.45
0.21
0.15
NS
18.67
8.29
0.47
20.84

Pooled
1.00
(1.21)
1.50
(1.41)
0.83
(1.15)
1.00
(1.21)
0.83
(1.15)
1.50
(1.41)
2.83
(1.82)
0.09
0.28
11.88

(Pooled 2010-2012)

2011
2.00
(1.56)
2.33
(1.68)
0.67
(1.05)
2.00
(1.56)
1.33
(1.34)
2.33
(1.68)
2.33
(1.68)
16.94
0.15
NS

Spiders
2012
1.00
(1.22)
1.67
(1.46)
0.67
(1.00)
1.00
(1.22)
0.00
(0.71)
2.00
(1.58)
2.67
(1.76)
0.12
0.38
16.54

Pooled
1.50
(1.41)
2.00
(1.58)
0.67
(1.04)
1.50
(1.41)
0.67
(1.07)
2.17
(1.63)
2.50
(1.73)
0.11
0.32
12.92

* Figures in the parentheses are x+0.5 transformed values
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Fig. 1. Effect of microbial agents and biopesticides against the
natural enemies in FCV tobacco (Pooled 2010-2012)

safe to natural enemies and effective in control the bud worm.
REFERENCES
Anonymous, 2010. Annual Report, Zonal Agricultural Research
Station, Shimoga, pp-1.
Dunbar, D.M., Lawson, D.S., White, S.M., Ngo, N., Dugger, P.
and Richter, D. 1998. Emamectin benzoate: Control of the
Heliothis complex and impact on beneficial arthropods. In:
Proceedings Beltwide Cotton Conferences, Sandiego, California, UAS,
2: 1116-1118.
Elzen, G.W., Elzen, P.J. and King, E.G. 1998. Laboratory toxicity
of insecticide residues to Orius insidiosus, Geocoris punctipes,
Hippodamia convergens, and Chrysoperla carnea. Southwestern
Entomologist, 23 (4): 335-342.
Hassan, S.A. 1989. Testing methodology and the concepts of the
IOBC/WPRS working group. In: Pesticides and non target
invertebrates (ed. Japson) Intercept, Wimborn, Dorset, pp.1-18
Kranthi, K.R., Kranthi, S., BanerjeE, S.K., Raj, S. and Chaudhary,
A. 2004. IRM-revolutioning cotton pest management in India.
Resistant Pest Management Newsletter, 14: 1-35.
Lugojja F., Ogenga-Latigo M.W., Smit, N.E.M. 2001. Species
diversity and activity of parasitoids of the sweet potato
butterfly Acraea acerata in Uganda.- African Crop Science Journal,
9 (1): 157-163.

172

Mittal, V. and Ram Ujagir 2005. Toxicity of spinosad 45 SC to
natural enemies associated with insect pests of pigeonpea at
panthnagar. Journal of Biological Control, 19: 73-76.
Rajashri, M., Reddy, G.R.V., Krishnamurthy, M.M. and
Devaprasad, V. 1991. Bioefficacy of certain newer insecticides
including neem products against chilli pest complex. Indian
Cocoa Arecanut and Species Journal, 5: 342-345.
Ranga Rao, G.U. and Wightman, J.A. 1993. Groundnut insect
problems and their management in India. In : Proceedings of
the National Seminar on Changing Scenario in Pests and Pest
Management in India, The plant Protection Association of
India, January 31 to February, 1, 1992 at CPPTI, Rajendranagar,
Hyderabad, India, pp. 70-77.
Rosaiah, B. 2001a. Performance of different botanicals against
the pest complex of Bhendi (Okra). Pestol. 25 (4): 17-19.
Sabry, K.H. and El-Sayed, A.A. 2011, Biosafety of a biopesticide
and some pesticides used on cotton crop against green
lacewing, Chrysoperla carnea (Stehens) (Neuroptera:
Chrysopidae) Journal of Biopesticides, 4 (2): 214-218.
Schoonover, J.R. and Larson, L.L. 1995. Laboratory activity of
spinosad on nontarget beneficial arthropods. Arthropod
management tests, 20: 357.
Srinivasan, G. and Sundara Babu, P.C. 1998. Management of brinjal
shoot and fruit borer, Leucinodes orbonalis (Lepidoptera:
Pyralidae) using neem products and insecticides. In:
Proceedings of National Symposium on Integrated Pest
Management (IPM) in Horticultural crops: Bangalore 1998.
Tandon, J.S. and Nillana, N.C. 1987. Biological control of Asiatic
corn borer (Ostrinia furnacalis) and earworm (Helicoverpa
armigera). Journal of Agricultural Food and Nutrition, 9: 33-48.
Udikeri, S.S., Patil, S.B., Rachappa, V. and Khadi, B.M. 2004.
Emamectin benzoate 5 SG: A safe and promising bio-rational
against cotton bollworms. Pestology, 28: 48-50.

Manuscript received 19.6.2013
Manuscript accepted for publication 23.11.2013

Journal of Eco-friendly Agriculture 9(2) 2014

Journal of Eco-friendly Agriculture 9(2): 173-176 : 2014

Eco-friendly control of brinjal shoot and fruit borer
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ABSTRACT
The field experiment conducted during winter 2011-12, with brinjal cv. Blue star showed that six sprays at 10
days intervals either with chlorantraniliprole 18.5 SC or spinosad 45 SC had restricted the fruit damage by L. orbonalis
both quantitatively (7.8 to 10.0%) and qualitatively (8.3 to 10.4%). On the contrary, spraying cow urine (10%) + starch
(1%) alternatively with chlorantraniliprole 18.5 SC was found to be equally effective as the above insecticides in
restricting the fruit damage (< 9.5%). Similarly, alternate application of wood ash @ 50kg ha-1 + kerosene @ 1per cent
and spinosad 45 SC at 10 days interval also minimized the fruit damage (<12.2%) by the borer in comparison with the
untreated control (>25.2%). Such combinations of indigenous materials and safe molecules in the management of L.
orbonalis not only found to be cost-effective, but also reduced the insecticide loads in brinjal crop.
Key words: Brinjal, eco-friendly strategies, control, shoot & fruit borer

Brinjal or egg plant (Solanum melongena) is a popular
and economically important vegetable crop (Anil and
Sharma, 2010) and can be cultivated throughout the year. In
India the crop is extensively grown in West Bengal, Odisha,
Gujarat and Bihar. Among the 36 insect pests recorded
infesting brinjal, the shoot and fruit borer, Leucinodes orbonalis
(Guenee) is a major constraint in restricting brinjal cultivation
as it causes yield losses reaching as high as 85–90% (Patnaik
2000; Misra 2008; Jagginavar, et al., 2009). To protect the crop
from severe damage chemical pesticides like endosulfan,
fenvalalerate, fluvalinate were recommended in the past
(Mukherjee and Gopal, 1992; Gopal and Mukherjee 1993).
In Odisha it has been reported that, 41.7 per cent farmers
followed seven to eight sprayings to control L. orbonalis and
about 56.7 per cent farmers have found it expensive to control
the borer species through the use of insecticides (George et
al., 2002). Similarly, while assessing the socio-economic
status of brinjal farmers in Birbhum district of West Bengal,
Baral, et al. (2006) indicated that 97 per cent of farmers used
pesticides to control L. orbonalis and most (59%) pesticides
were applied during times of severe attack. The unilateral
approach of controlling insect pests by synthetic insecticides
has indicated the necessity for developing cost effective, eco
friendly and safe pest control strategies, which suits well in
the organic farming. Moreover, for combating the pest
problems, several researchers have indicated that the
traditional methods of rural India could be explored (Peries
1985; Rankin. 1986; Oparaeke, 2003; Nene, 2007). The new
generation pesticide molecules have been claimed to be
effective as well as safer for non-target organisms (Tonishi et
al., 2005; Sontakke et al., 2007; Misra, 2008). The use of safer
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insecticides along with various indigenous practices could
be a viable approach in the management of shoot and fruit
borer in vegetable crop like brinjal as this will help to reduce
the over dependence on chemical pesticides and can abate
the ecological deterioration. Thus, in the present study efforts
were made to control L. orbonalis using integration of
indigenous materials and safe insecticide molecules.
MATERIALS AND METHODS
Supervised field trial of brinjal was laid out in
randomized complete block design with ten treatments as
detailed in Table-1. The treatments were replicated thrice in
10.5 m2 plot size during winter, 2011-12 at the experimental
field of Department of Entomology, Orissa university of
Agriculture & Technology, Bhubaneswar (Odisha). Brinjal
cv. Blue star was planted on 29.10.2011 with a spacing of 50
× 50 cm. The crop was raised as per the recommended
agronomic practices except plant protection measures.
Fertilizer dose of 125:80:100 kg ha -1 of N2: P2O5: K2O,
respectively was applied. A total of six sprays as per
treatment schedule were given during the crop period with
the first spray being initiated at one month after transplanting
and the subsequent sprays were continued at ten days
interval. Thus, three sprays with indigenous materials i.e.,
cow urine 10 per cent along with starch 1per cent or ash (@
50kg ha-1) mixed with Kerosene (1%) were alternated with
three sprays of safer insecticides like chlorantraniliprole 18.5
SC or flubendiamide 480 SC or spinosad 45 SC. Sole
application of safer insecticides (i.e six sprays of
chlorantraniliprole 18.5 SC, or flubendiamide 480 SC or
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spinosad 45 SC) were also taken for comparison with other
treatments.
Freshly collected cow urine, after diluting with water
to get the desired concentration of 10 per cent was mixed
with starch @1 per cent and then it was sprayed. Similarly,
the wood ash was locally collected and sieved and after
adding Kerosene @10ml kg-1 it was dusted over the brinjal
plants @ 50kg ha-1. To prepare NSKE 5per cent impregnated
in cow urine 100g of dried, cleaned, powdered neem seeds
were soaked overnight in 200ml of cow urine. Such material
was squeezed through muslin cloth and the extract obtained
was made up to two litres so as to obtain the required
concentration of 5 per cent. Three new insecticides
Chlorantraniliprole 18.5 SC (Coragen®), Flubendiamide 480
SC (Fame®) and Spinosad 45 SC (Tracer®) were obtained
from local market and spray solutions were prepared freshly
before each spraying.
The fruit damage and marketable fruits was assessed
from the data on infested fruits and infestation free fruits
cumulative of all pickings during the crop period. The per
cent fruit damage both on number and weight basis and
fruit yield per hectare was then worked out. Such data on
fruit borer damage and yield were subjected to statistical
analysis and significance of treatment effects was assessed
by DMRT at 5 per cent significant level (Steel and Torrie,
1980).

RESULTS AND DISSCUSION
Effect of control strategies based on indigenous materials
and safe insecticides on the fruit damage caused by L.
orbonalis
The fruit damage caused by L. orbonalis ranged from
7.8 to 25.2 and from 8.3 to 26.7 per cent on number and weight
basis, respectively in response to the control strategies tested
(Table 1). All the treatments were found effective in restricting
fruit damage by L. orbonalis in brinjal cv. Blue star within 18
per cent as compared with the untreated control (25.2-26.7%).
Six sprays with either chlorantraniliprole 18.5 SC or spinosad
45SC alone was found to be most effective as they recorded
the lowest fruit damage of 7.8 to 10.0 and 8.3 to 10.4 per cent
on number and weight basis, respectively. The present
findings on the effectiveness of spinosad 45 SC and
chlorantraniliprole 18.5 SC against L. orbonalis were in
conformity with the findings of Pareet, (2006) and
Misra,(2011), respectively. The former author had observed
low fruit damage of 12.8 per cent when spinosad 45SC was
applied @ 0.1ml l-1 as compared to untreated check (32.8%)
while, the later indicated the effectiveness of
chlorantraniliprole at doses of 40 and 50 gm a.i.ha-1. Misra
(2008) reported that flubendiamide gave 87-90 per cent
reduction in fruit damage. However, in the present studies
the said insecticide though found effective in recording low
fruit damage both on number (14.2%) and weight (16.6%)

Table 1. Fruit damage by the brinjal shoot and fruit borer as influenced by the control strategies based on indigenous materials
and safe insecticides
Treatment
Cow urine (10%) + Starch (1%) alternated with chlorantraniliprole 18.5 SC @ 3ml 10
liters-1 water
Cow urine (10%) + Starch (1%) alternated with flubendiamide 480 SC @ 1ml 6 liters-1
water
Cow urine(10%) + Starch (1%) alternated with spinosad 45 SC @1ml 4 liters-1 water
Ash (50kg ha-1) + Kerosene(1%) alternated with chlorantraniliprole 18.5 SC @ 3ml 10
liters-1 water
Ash (50kg ha-1)+ Kerosene (1%) alternated with flubendiamide 480 SC @ 1ml 6 liters-1
water /Cow urine+NSKE 5%
Ash(50kg ha-1) + Kerosene (1%) alternated with spinosad 45 SC @ 1ml 4 liters-1 water
Chlorantraniliprole 18.5 SC @ 3ml 10 liters-1
Flubendiamide 480 SC @ 1ml 6 liters water-1 /Cow urine
Spinosad 45 SC @1ml 4 liters water-1
Untreated control
S.E (m) ±
C.D (P= 0.05%)

Fruit damage (%)
Number basis
Weight basis
9.5 (3.1)ab

9.2(3.0)ab

17.1(4.1)c

17.6(4.2)d

14.1(3.7)b

12.4(3.5)c

12.8(3.6)b

12.4(3.5)c

15.2(3.9)c

16.3(4.0)d

12.2(3.5)bc
7.8(2.8)a
14.2(3.8)c
10.0(3.1)ab
25.2(5.0)d
0.2
0.6

11.8(3.4)bc
8.3(2.9)a
16.6(4.1)d
10.4(3.2)abc
26.7(5.1)e
0.1
0.4

Figs in parentheses are x transformed values; Figs. Followed by similar alphabets are not significant.
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basis, but remained inferior to chlorantraniliprole and
spinosad. Spraying cow urine (10%) with starch (1%)
alternatively with chlorantraniliprole 18.5 SC was also found
comparable in effectiveness with sole application of either
chlorantraniliprole 18.5 SC or spinosad 45 SC and such
strategy recorded low fruit damage of 9.5 and 9.2 per cent on
number and weight basis, respectively. Among the other
combinations of local materials and safe molecules dusting
of ash @ 50 kg ha-1 mixed with Kerosene @ 1 per cent followed
by spraying spinosad 45SC alternatively at 10 days interval
was found as the next best strategy which showed low fruit
damage(11.8-12.2%) by the shoot and fruit borer as against
25.2-26.7 per cent damage in untreated plots. This was also
found comparable with sole application of spinosad 45 SC.
Thus, in order to reduce the insecticide loads use of
locally available materials like cow urine and wood ash in
alternation with safe insecticide molecules was considered
as imperative in abating residue and environmental hazards
in a crop like brinjal. Further, in the past researchers have
indicated that sole application of either cow urine or ash
was ineffective in vegetable crops like brinjal (Hazarika, et
al., 2005) and okra (Hegde and Nandihalli 2009). On the
contrary, the insecticidal property of cow urine both alone
and in combination with neem seed kernels have been
evidenced in the recent past (Gupta and Yadav, 2010).
However, in case of wood ash Hazarika, et al. (2005) indicated
that ash was effective when it was used with the other
treatments like Pseudomonas fluorescens, decamethrin @
0.005per cent and clipping of infested shoots it could reduce
fruit borer infestation a minimum of 8.55 per cent thereby
yielding maximum fruits of 230.65q ha-1. Therefore, use of
indigenous materials in alternation with some safe

insecticide merits attention in developing the IPM strategies
in future against brinjal shoot & fruit borer.
Marketable fruit yield and cost benefit ratio
Plots receiving sole application of safer insecticides
showed highest marketable fruit yield (120.3 to128.1q ha-1)
and this was fallowed by the strategies like application of
cow urine (10%) + starch (1%) alternated with
chloranthraniliprole18.5 SC (108.7q ha-1 ) or ash(@ 50kg ha1
) + kerosene (1%) alternated with spinosad 45 SC (104.9q
ha-1). In terms of marketable fruit yield the strategy with cow
urine/chloranthraniliprole18.5 SC combination was found
to be on a par with that of sole application of either
chloranthraniliprole18.5 SC or flubendiamide 480 SC while,
the strategy with ash/spinosad 45 SC combination was
found to be at a par with Chlorantraniliprole 18.5 SC. In the
rest of the treatments, the fruit yield was found to be
significantly higher than the untreated control (63.0q ha-1).
Shailaja, et al. (2012) revealed that cow urine fermented karanj
leaves (10%) and cow urine fermented neem leaves (10%)
were ideal in respect of marketable fruit yield (135.5-141.7q
ha-1) despite their ineffectiveness against the shoot and fruit
borer. Among the safe insecticide sole application of
spinosad 45 SC recorded highest yield (Table-2). However
the cost of application was also high in the plots treated
with safer insecticide molecules. When monetary benefits
were considered, alternate application of cow urine (10%) +
starch (1%) and chlorantraniliprole 18.5 SC appeared to be
the best treatment (4.8:1) followed by the alternate application
of ash (@50kg ha-1+ kerosene 5%) and spinosad 45 SC (3.6:1),
sole application of spinosad 45 SC (3.2:1). These treatments
proved as most cost-effective in suppression of fruit damage

Table 2. Effect of various ITK and safe insecticide based control strategies on marketable fruit yield and Benefit: Cost ratio
Treatment

yield
(q ha-1)

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
SE(m) ±
C.D

108.7bcd
91.6efg
87.0fgh
99.5def
74.4hi
104.9cde
120.3abc
121.1ab
128.1a
63.0
5.3
15.6

Yield benefit over
control
(q ha-1)
45.7
28.6
24.0
36.5
11.4
41.9
57.3
58.1
65.1
-

Cost of extra
yield (Rs.)

**Cost of
application (Rs.)

Benefit due to
sprays (Rs.)

Benefit-Cost
Ratio

45700
28600
24000
36500
11400
41900
57300
58100
65100
-

7854
7332
7797
9138
8616
9081
15708
17040
15594
-

37846
21268
16203
27362
2784
32819
41592
41000
49500
-

4.8:1
2.9:1
2.1:1
3.0:1
0.3:1
3.6:1
2.6:1
2.4:1
3.2:1
-

** Cost of application includes labour cost and cost of inputs like Coragen Rs. 156/- per 10 ml; Fame Rs.65/- per 10ml; Tracer Rs.130/- per 7ml;
Kerosene Rs.30/- per litre.
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by the shoot & fruit borer and could be recommended to
ensure the safety of non target pests as well as the
environment.
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ABSTRACT
The toxicity of Azadirachtin (commercial product Nimbicidine®) was tested on three life stages of Callosobruchus
maculatus viz.,egg hatchability, larval survival and adult emergence. The concentrations used in the present experiment
were 0.5, 1.0, 1.5, 2.0, 2.5 ml 100g1 of seeds. There was no egg hatching, larval survival and adult emergence in the
highest dose level (2.5 ml 100g-1 seeds). It was also observed that the mean per cent egg hatching inhibition, per cent
larval mortality change and per cent adult emergence suppression was highest in the higher dose of treatment 2.5 ml
100g-1 seeds (100 per cent) followed by other doses. Amongst all treatments tested for ovicidal, larvicidal and
adulticidal potencies the treatment containing higher concentration with 2.5 ml 100g-1 seeds showed the significant
effect in all the developmental stages.
Key word : Azadirachtin, pulse beetle, Callosobruchus maculatus Fab., Vigna unguiculata L.

The pulse beetle, Callosobruchus maculatus (Fabricius)
(Coleoptera: Bruchidae) is a cosmopolitan insect pest of
cowpea, Vigna unguiculata Linnaeus (Walpers). The insect is
a field to stored pest as its infestation of cowpea often begins
in the field as the mature pods dry (Haines, 1991). The insect
multiplies very rapidly in storage where it causes very high
losses (Ouedraogo et al., 1996). Caswell (1980) reported that
C. maculatus damage level to cowpea reached 50 per cent
after six months of storage. The bruchid infestation also
affects seed quality, market value and can reduce cowpea
seed viability to 2 per cent after a month of storage (Caswell,
1980). Mahendran and Mohan (2002) reported that the post
harvest seed losses may reach up to 100 per cent and the
seeds become unfit for human consumption as well as
planting due to pulse beetle infestation.
Injudicious use of chemicals as a pest management
method has led to the development of resistance in insects
and has a high degree of residual effect due to their non
degradable nature. Hence, biodegradable plant products
have gained attention as a substitute to chemicals in the
field of insect toxicology. The continuous use of chemical
pesticides for control of stored grain pests has resulted
insecticide resistance. The search of alternative, and
environmental friendly insecticides has resulted in the
rediscovery of botanicals for plant protection. Many plants
have thus been explored for their insecticidal action. Dwivedi
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and Kumari (2000) studied the effect of various botanicals
on the pest Callosobruchus sp. This notorious pest attacked
the stored pulses and has dispersed throughout the tropics
and subtropics through the medium of commerce and now
has become a real menace. The female beetle lays eggs on the
seed surface and the larva immediately after hatching bores
into the seed.
Azadirachtin (AZ), a botanical pesticide derived from
the neem tree, Azadirachta indica A. Juss., (Meliaceae) is
generally considered non harmful to the environment. AZ is
an example of natural chemical defense by plants, affecting
feeding primarily through chemoreception (deterrence) and
toxic effects (Mordue and Blackwell, 1993). The growth
regulatory effects of AZ are due to the disruption of the
hormonal control of metamorphosis and moulting (Vardhini
et al., 1997).
Evaluation of AZ against numerous species of insect
pest have demonstrated neem’s diverse biological effects: as
repellent (Zahoor et al., 2002), feeding deterrent (Isman, 1993),
growth regulator (Beckage et al., 1988), oviposition deterrent
(Lohra et al., 2001). In the present investigation attempts were
made to observe the toxicity of azadirachtin as stored grain
protectant against pulse beetle, C. maculatus, a major pest of
stored cowpea and also observations were made on the
toxicity of azadirachtin as stored grain protectant against
the different stages of C. maculatus.
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MATERIALS AND METHODS

Larval mortality change

The culture of pulse beetle C. maculatus was maintained
in laboratory of Indian Institute of Crop Processing
Technology (IICPT), Thanjavur, Tamil Nadu. About 1 kg of
grains were sterilised in an oven at 80oC for 24 hr, cooled
and divided in 200g lots into plastic jars. About 100 adult C.
maculatus from laboratory stock cultures were introduced
onto the sterilized grains in each jars and allowed four days
to lay eggs. The jars were covered with muslin cloth to
facilitate ventilation. The cultures were kept in the
environmental chamber (27± 3oC and 65±5% RH. and 12hr:
12hr light: dark regime).

The per cent change in larval mortality due to the
treatments over control was recorded and calculated using
following formula

The experimental compound, Nimbicidine®, a
commercial formulation of Azadirachtin EC (0.03% a. i.) was
tested for their effects on three life stages of C. maculatus:
oviposition (number of eggs laid), hatchability, adult
emergence. The concentrations used in the present
experiment were 0.5, 1.0, 1.5, 2.0, 2.5 ml 100g-1 of seeds and
prepared by mixing the requisite amounts of Nimbicidine®
with the seeds. After mixing all the seeds were allowed to
dry leaving a film of chemical. To determine the effect of the
treatments on the number of eggs, hatchability and F1 progeny
of C. maculatus adult, five pairs of newly emerged adult insects
were released into petri dishes containing 200 seeds coated
with chemical. Three replications were used for each of the
treatment. After four days, adult insects were discarded and
the seeds were examined for the number of eggs laid.
Hatchability of eggs were indicated when they turned white
showing that eggs had hatched and larvae had penetrated
the seeds (Salwa et al., 2001). All the calculation carried out
according to Mahulikar and Chavan, 2007.

No. of larvae emerged
X 100
Total no. of eggs

Per cent larval mortality change =

 X2 –

Y2 

X2

X 100

Where,
X2 = per cent larval survival in control
Y2 = per cent larval survival in treatments
Adult emergence suppression
The per cent adult emergence suppression due to the
treatments over control was recorded and calculated using
following formula

Per cent adult emergence =

No. of adult emerged
X 100
Total no. of eggs

Per cent adult emergence suppression =

 X3 –
X3

Y3 

X 100

Where,
X3 = per cent adult emerged in control

Egg hatching inhibition
From the total number of eggs and the number of hatched
eggs, the per cent hatching was recorded and calculated
Per cent egg hatching =

Per cent larval survival 

No. of hatched eggs
X 100
Total no. of eggs

Per cent egg hatching inhibition =

 X1 –
X1

Y1 

X 100

Y3 = per cent adult emerged in treatments
The data on the laboratory studies was analysed in
Completely Randomized Design. The whole data was
subjected to analysis of variance (ANOVA), using IRRISTAT
computer program and the means were compared using
Duncan’ Multiple Range Test (Duncan, 1951). Data recorded
on per cent basis were transformed using Arcsine
transformations.
RESULTS AND DISCUSSION

Where,
X1 = per cent egg hatching in control
X2= per cent egg hatching in treatments
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The data, presented in table 1 indicated significant
differences was noticed in ovicidal potency. Considering the
mean and the insect developmental stages, the highest mean
per cent ovicidal effect was reported in the treatment of 2.5
ml 100g-1 seeds (0.00 %) there was no egg hatching noticed.
The highest per cent egg hatching was noticed in untreated
check (91.39%) followed by treatment with lower dose i.e.
Journal of Eco-friendly Agriculture 9(2) 2014
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Table 1. Insecticidal potency of azadirachtin in various developmental stages of Callosobruchus maculatus

Dose
(ml 100g-1)
0.5
1.0
1.5
2.0
2.5
Untreated
CD(P=0.05)

Per cent egg
hatching
87.00e
71.56d
60.33c
47.94b
0.00a
91.39f
4.103**

Per cent egg
hatching
inhibition
5.15e
22.10d
34.44c
48.04b
100.00a
0.00f
5.722**

# Mean insecticidal activity in per cent
Per cent larval
Per cent larval
Per cent adult
mortality
survival
emergence
change
74.77e
11.43e
42.55e
66.08d
21.81d
34.58d
40.33c
52.56c
28.90c
b
b
24.14
71.90
14.62b
a
a
0.00
100.00
0.00a
f
f
84.07
0.00
80.00f
1.129**
5.692**
4.070**

Per cent adult
emergence
suppression
47.33e
57.34d
64.47c
82.39b
100.00a
0.00f
5.660**

** - Significant at P=0.01, # - Mean of 3 Replications, In a coloum mean followed by a common letter are not significantly different by DMRT
(P=0.05), Values in parentheses are arcsine transformed values

0.5 (87.00%), 1.0 (71.56%), 1.5 (60.33%), 2.0 (47.94%) ml
100g-1 seeds but no egg hatching was noticed in the higher
dose i.e. 2.5 (0.00%) ml 100g-1 seeds (Fig 1). It was also found
that the mean egg hatching inhibition of 100 per cent was
observed in the higher dose of treatment 2.5 ml 100g-1 seeds
followed by other doses.

Fig 2. Efficacy of Nimbicidine® on the survival of various
stages of pulse beetle on cowpea

Fig 1. Efficacy of Nimbicidine® on the suppression of various
stages of pulse beetle on cowpea

Similarly, it was found that the potential of different
concentration in different developmental stages of insect viz.,
larvae and adults. The highest per cent larval survival
(84.07%) and adult emergence (80.00%) was noticed in
untreated check followed by treatment with lower dose i.e.
0.5 (74.77 and 42.55%), 1.0 (66.08 and 34.58%), 1.5 (40.33
and 28.90%), 2.0 (24.14 and 14.62%) ml 100g -1 seeds
respectively but no larval survival and adult emergence was
noticed in the higher dose i.e. 2.5 (0.00 and 0.00%) ml 100g-1
seeds. It was also found that the mean per cent larval
mortality change and per cent adult emergence suppression
was observed in the higher dose of treatment 2.5 ml 100g-1
seeds (100 per cent) followed by other doses (Fig 2).
Amongst all treatments tested for ovicidal, larvicidal
and adulticidal potencies the treatment containing higher
Journal of Eco-friendly Agriculture 9(2) 2014

concentration with 2.5 ml 100g-1 seeds showed the significant
effect in all the developmental stages. This clearly indicated
that to control pulse beetles in cowpea higher lethal dose is
required. The present research findings are in agreement
with the earlier researchers who have reported the efficacy
of neem products on pulse beetle damage in stored pulses.
Studies conducted by Pandey and Singh (1995) showed
that neem leaf powder could effectively protect black gram
seed from damage of C. chinensis. They also found that neem
bark powder was effective in reducing the damage. Mansour
(1997) tested NeemAzal-S against C. chinensis in the
laboratory and found that 0.5 per cent NeemAzal-S gave 100
per cent mortality of different stages of the pest up to three
months. The present results receive support from El-Lakwah
and El- Kashlan (1999), who reported that Neemazal-W (a
powder formulation) gave mortality and reduction in
progeny of five major pests of stored grains including T.
Castaneum. Toxicity of neem based formulations have also
been reported by earlier workers on various neem extracts,
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which have repellent, antifeedant and toxic effects against a
number of stored grain insect pests (Nazli et al., 2003). Rajasri
and Rao (2012) indicated that the neem formulations viz.,
Neemazal, Econeem plus and Neemindia were found to be
very effective against C. chinensis in Bengal gram.
In the present study, the potential of commercial neem
formulations like Nimbicidine® in the storage of pulses and
can be used as alternatives to conventional insecticides like
deltamethrin for long term safe storage of pulses. These neem
products are safe, cheap, residue free and eco-friendly
materials that can fit into the IPM package of stored grain
pests of pulses.
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ABSTRACT
Experiments were carried out on the weather based relationship of pod borer, Helicoverpa armigera (Hubner)
during rabi 2011-13 at the Main Agricultural Research Station, Dharwad and attempts were made to determine the
relationship of larval population with weather factors. The analysis comprised correlations between the foliage
damage with prevailing weekly meteorological parameters during 1, 2, 3 and 4 weeks lead time (prior) and same week
of the observations revealed the following results. Larval population in early sown crop, exerted significant negative
association with wind speed and significant positive relationship was noticed with evaporation in both varieties.
Foliage damage correlated with aforesaid weeks revealed maximum temperature (4 weeks before) is consistently
significant and negatively correlated, but evaporation was highly significant and positively correlated in crop sown
during September last week (early sowing). Whereas, maximum temperature was highly significant and positively
correlated with per cent foliage damage in crop sown during 2nd week of October. No significance influence was
recorded in normal sown crop.
Key words: Helicoverpa armigera, weather parameters, foliage damage and forecasting.

Chickpea is an important pulse crop of India, known
as king of pulses. Insect pests are major threat to agricultural
production. Helicoverpa armigera is a polyphagous insect pest
of many agricultural and horticultural crops across world
(Fitt, 1989), because of its high fecundity, migratory behavior,
high adaptation to various climatic conditions and
development of resistance towards wide range of insecticides.
However, it is a polyphagous insect pest but chickpea is its
most preferred host (Tripathi and Sharma, 1985). Recent
climatic changes have also influenced the population of
Helicoverpa armigera in different crops (Srivastava, 2009).
Climate change impacts on agriculture are being
witnessed all over the world, but countries like India are
more vulnerable in view of higher demographic pressure on
natural resources and poor coping up mechanisms. It is also
attributed mainly to diversified cropping pattern and varied
geographical condition. Models generally predict that rising
temperatures, increased climate variability and extreme
weather events could significantly affect food production in
the coming decades. Present investigation was carried out
to incidence of Helicoverpa armigera and its relationship with
abiotic factors such as minimum, maximum temperatures
and relative humidity.

MATERIALS AND METHODS
A field trial was conducted to know the incidence of
pests and natural enemies in both protected and unprotected
conditions during rabi season in the black soils of Main
Agricultural Research Station, Dharwad. Two important
ruling cultivars (JG-11 and A-1) of chickpea were selected
and sown on different sowing dates viz., 4 th week of
September, (early), 1st week of October (normal) and 2nd week
of October (late). The crops were allowed for natural incidence
without any plant protection measures in order to know the
interaction between varieties, Helicoverpa armigera and
weather parameters.
Observations were taken at vegetative stage on no. of
Helicoverpa armigera larvae per plant and per cent foliage
damage. Incidence of insect pests were correlated with
weather parameters viz., maximum temperature, minimum
temperature, rainfall, rainy days, morning RH, evening RH,
wind speed, evaporation and solar radiation in order to
know the influence of above mentioned parameters.
RESULTS AND DISCUSSION
Correlation and regression studies
In case of JG-11, correlation studies on incidence of
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Helicoverpa armigera per plant revealed negative and non
significant relationship with maximum temperature (r = 0.04), minimum temperature (r = -0.105), morning RH (r= 0.114) and solar radiation (r =-0.037), while the association
was negative and significant association with wind speed
(r = -0.542*) (Table 1). Similarly, a positive and non significant
relationship was noticed with evening RH (r = 0.073), rainfall
(r = 0.263) and total number of rainy days (r = 0.183). However,
positive and significant relationship was noticed with
evaporation (r = 0.477*).
The results of the multiple linear regression analysis
showed a R2 value of 0.755 indicating 75.5 per cent influence
of weather parameters on incidence of Helicoverpa armigera.
The multiple regression equation fitted with weather
parameters and the larval population is as follows:
Y= 2.57- 0.043X1- 0.028X2 (X1-MaxT, X2-MinT)
The results indicated that increase in 10C maximum
and minimum temperature would lead to decrease of 0.043
and 0.028 mean number of larvae per plant respectively. The
present findings are in conformity with Chatar et al. (2010)
who reported correlation of H. armigera with different weather
parameters indicated that maximum temperature exhibited
highly significant negative correlation (r = 0.7514) with larval
population of H. armigera, whereas, minimum temperature
(r = 0.5771) and mean temperature (r = -0.6836) exhibited
significant negative correlation.
Forecasting model for foliage damage (4 weeks lead time)
Y= 21.80 - 0.656X1 + 0.662X8 (R2= 0.853)
The maximum temperature (r = - 0.502*) at 4 weeks
lead time is consistently negatively and significant
association with per cent foliage damage in case of crop
sown during last week of September month. However,
evaporation (r = 0.714**) had highly significant and positive
relationship with damage. The equation can forecast per cent
foliage damage 4 weeks before upto 85.30 per cent accuracy
(Table 2).
Correlation and regression studies
The correlation studies in Annigeri-1, on incidence of
Helicoverpa armigera per plant revealed negative and non
significant relationship with maximum temperature
(r = - 0.058), minimum temperature (r = - 0.074), morning RH
(r = - 0.143) and solar radiation (r = - 0.025), while the
association was negative and significant association with
wind speed (r = - 0.525*). Similarly, a positive and non
significant relationship was noticed with, evening RH (r =
0.064), rainfall (r = 0.277) and total number of rainy days (r =
182

0.185). However, positive and significant relationship was
noticed with evaporation (r = 0.481*) (Table 1). The results of
the multiple linear regression analysis showed a R2 value of
0.762 indicating 76.2 per cent influence of weather
parameters on incidence of Helicoverpa armigera. The multiple
regression equation fitted with weather parameters and the
larval population is as follows:
Y=3.21 - 0.059X1 - 0.03X2 (X1-MaxT, X2-MinT)
The results indicated that increase in 10C maximum
and minimum temperature would lead to decrease of 0.059
and 0.03 mean number of larvae per plant respectively.
Forecasting model for foliage damage (4 weeks lead time)
Y= 25.55 - 0.764X1 + 0.50X8 (R2= 0.877)
The maximum temperature (r = - 0.554*) at 4 weeks
lead time is consistently negatively and significant
association with per cent foliage damage in case of crop
sown during last week of September month. However,
evaporation (r = 0.716**) had highly significant and positive
relationship with damage. The equation can forecast per cent
foliage damage 4 weeks before upto 85.30 per cent accuracy
(Table 3).
Normal sowing
Correlation and regression studies
Correlation coefficients showed negative and non
significant correlation with maximum temperature (r = 0.163), minimum temperature (r = - 0.086), evening RH (r = 0.075), wind speed (r = - 0.196), evaporation (r = - 0.196) and
solar radiation (r = -0.152). The association was positive and
non significant relationship with morning RH (r = 0.118)
and rainfall (r = 0.32) (Table 1). Regression analysis showed
a R2 value of 0.368 indicating 36.8 per cent influence of
weather parameters on incidence of number of larvae per
plant. The multiple regression equation fitted with weather
parameters and larval population is as follows:
Y = 3.03 - 0.124X2 (X2-MinT)
The results indicated that increase in 10C minimum
temperature would lead to decrease of 0.124 mean number
of larvae per plant respectively.
Forecasting model for foliage damage (2 weeks lead time)
Y=16.32 - 0.26X1 (R2= 0.458)
The maximum temperature (r = - 0.677**) at 2 weeks
lead time is consistently negatively and highly significant
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Table 1. Correlation analysis between pod borer and weather parameters under unprotected condition
S.No
JG-11
Early
Normal
Late
A-1
Early
Normal
Late

Helicoverpa
armigera

Max. T

Min. T

RH (M)

RH (E)

RF

TNRD

WS

Evapo.

Solar
radiation

R square
value

Larvae pt-1
Larvae pt-1
Larvae pt-1

-0.040
-0.163
0.009

0.105
-0.006
-0.466*

-0.114
0.118
-0.174

0.073
-0.075
-0.219

-0.263
0.320
-0.333

-0.183
-

-0.542*
-0.196
0.358

0.477*
-0.196
0.008

-0.037
-0.152
0.421

0.755
0.368
0.556

Larvae pt-1
Larvae pt-1
Larvae pt-1

-0.058
-0.157
-0.006

0.074
-0.007
-0.479*

-0.143
0.107
-0.195

0.064
-0.104
-0.228

-0.277
0.313
-0.332

-0.185
-

-0.525*
-0.178
0.347

0.481*
-0.178
0.005

-0.025
-0.171
0.428

0.762
0.382
0.559

** - Highly significant

* - Significant

Table 2. Correlation coefficients for per cent foliage damage during rabi in JG-11

Late

Normal

Early

No

Lead Time
(weeks)
4
3
2
1
0
4
3
2
1
0
4
3
2
1
0

Max. T

Min. T

RH (M)

RH (E)

RF

TNRD

WS

Evapo.

-0.502*
-0.495
0.847**
-0.210
0.365
0.629*
0.271
-0.677**
0.120
-0.019
0.763**
-0.498
0.421
0.045
-0.232

0.179
-0.168
-0.914**
-0.088
-0.824**
0.089
-0.197
0.546*
-0.066
0.327
-0.576*
0.421
-0.324
0.311
0.029

0.002
-0.367
-0.948**
-0.253
-0.876**
-0.168
-0.277
0.556*
-0.225
0.252
-0.542*
0.366
-0.441
0.433
-0.140

0.514
0.578*
-0.892**
0.252
-0.692**
-0.204
-0.278
0.512
-0.159
0.255
-0.812**
0.568*
-0.460
0.185
0.078

0.325
0.027
-0.397
-0.148
-0.327
0.172
0.121
0.055
0.159
0.002
-0.236
-0.016
-0.020
-0.003
0.014

0.331
-0.109
-0.623*
0.018
-0.159
0.243
0.120
0.028
-0.176
0.124
-0.004
-

-0.777**.
-0.621*
-0.043
0.598*
0.037
-0.385
0.313
-0.078
0.194
-0.277
0.247
0.470
0.050
-0.626*
0.046

0.714**
0.026
0.397
-0.119
0.736**
-0.154
0.508
0.561*
-0.208
-0.221
0.584*
0.282
0.175
0.099
0.102

Solar
radiation
-0.427
-0.049
0.794**
-0.002
0.521
0.278
0.525
-0.598*
-0.153
-0.097
0.919**
-0.605*
-0.049
0.067
-0.337

** - Highly significant * - Significant

Late

Normal

Early

Table 3. Correlation coefficients for per cent foliage damage during rabi in Annigeri-1
Lead
Time
S. No
Max. T
Min. T
RH (M)
RH (E)
RF
TNRD
(weeks)
4
-0.554*
0.222
0.134
0.452
0.292
0.225
3
-0.276
-0.277
-0.261
0.449
0.137
-0.015
2
0.789**
-0.927** -0.913**
-0.919** -0.393
-0.608*
1
-0.421
0.020
-0.042
0.453
-0.095
0.095
0
0.173
-0.864** -0.918**
-0.645*
-0.314
4
0.514
0.314
-0.090
0.044
0.285
0.009
3
0.141
-0.336
-0.358
-0.323
0.150
0.238
2
-0.712**
0.469
0.473
0.480
0.007
0.100
1
0.074
-0.155
-0.308
-0.136
0.053
.a
0
-0.026
0.300
0.183
0.165
-0.009
0.007
4
0.719**
-0.545*
-0.519
-0.760** -0.185
-0.163
3
-0.564*
0.538*
0.471
0.641*
0.036
0.158
2
0.372
-0.295
-0.428
-0.385
-0.044
1
0.090
0.284
0.388
0.177
-0.085
-0.084
0
-0.316
-0.031
-0.206
0.001
-0.066
-

WS

Evapo

-0.594*
-0.631*
0.025
0.504
0.085
-0.492
0.184
0.028
0.242
-0.346
0.315
0.450
0.068
-0.613*
0.099

0.716**
-0.013
0.512
0.008
0.574*
-0.077
0.502
0.567*
-0.212
0.011
0.596*
0.344
0.119
0.143
0.058

Solar
radiation
-0.536*
-0.002
0.872**
-0.119
0.494
0.104
0.557*
-0.710**
-0.053
-0.104
0.898**
-0.665**
-0.040
0.086
-0.333

** - Highly significant * - Significant
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association with per cent foliage damage and the equation
can forecast per cent foliage damage 4 weeks before upto
45.80 per cent accuracy in case of crop sown during 1st week
of October month (Table 3).
Correlation and regression studies
In case of Annigeri-1, correlation coefficients showed
negative and non significant correlation with maximum
temperature (r = - 0.157), minimum temperature (r = - 0.007),
evening RH (r = - 0.104), wind speed (r = - 0.178), evaporation
(r = - 0.178) and solar radiation (r = - 0.171). The association
was positive and non significant relationship with morning
RH (r = 0.107) and rainfall (r = 0.313) (Table 1).
Regression analysis showed a R 2 value of 0.382
indicating 38.2 per cent influence of weather parameters on
incidence of number of larvae per plant. The multiple
regression equation fitted with weather parameters and larval
population is as follows:

wind speed (r = 0.358), evaporation (r = 0.008) and solar
radiation (r = 0.421). The association was negative and
significant relationship with and minimum temperature
(r = - 0.466*) (Table 1).
Regression analysis showed a R 2 value of 0.556
indicating 56.6 per cent influence of weather parameters on
incidence of number of larvae per plant. The multiple
regression equation fitted with weather parameters and larval
population is as follows
Y = 2.931 - 0.112X2 (X2-MinT)
The results indicated that increase in 10C minimum
temperature would lead to decrease of 0.112 mean number
of larvae per plant.
Forecasting model for foliage damage (4 weeks lead time)
Y= -11.86 + 0.808X1 (R2= 0.548) (X1- MaxT)

The results indicated that increase in 10C minimum
temperature would lead to decrease of 0.133 mean number
of larvae per plant.

The maximum temperature (r = 0.763**) at 4 weeks lead
time is consistently highly significant positively associated
with per cent foliage damage and equation can forecast per
cent foliage damage 4 weeks before upto 54,80 per cent
accuracy during 2nd week of October month. (Table 2).

Forecasting model for foliage damage (2 weeks lead time)

Correlation and regression studies

Y = 3.289 - 0.133X2 (X2-MinT)

Y=14.63 - 0.195X1 (R2= 0.507) (X1-MaxT)
The Maximum temperature (r = - 0.712**) at 2 weeks
lead time is consistently negatively and highly significant
association with per cent foliage damage in case of crop
sown during 1st week of October month. The equation can
forecast per cent foliage damage 4 weeks before upto 50.70
per cent accuracy (Table 3).
The present findings can be compared with Chatar et
al. (2010) who reported maximum temperature exhibited
highly significant negative correlation (r = - 0.7514) with
larval population, whereas minimum temperature (r = 0.5771) and mean temperature (r = - 0.6836) exhibited
significant negative correlation. Both temperatures favours
the increase of foliage damage.
Late sowing (Unprotected condition)
Correlation and regression studies
Incidence of mean number of larvae per plant in case of
JG-11, negative and non significant correlation with
maximum temperature (r = - 0.006), morning RH (r = - 0.174)
and evening RH (r = - 0.219), while positive and non
significant association was noticed with rainfall (r = 0.333),
184

In case of Annigeri-1, correlation coefficients showed
negative and non significant correlation with maximum
temperature (r = - 0.006), morning RH (r = - 0.195) and evening
RH (r = - 0.228), while positive and non significant
association was noticed with rainfall (r = 0.332), wind speed
(r = 0.347), evaporation (r = 0.005) and solar radiation (r =
0.428). The association was negative and significant
relationship with and minimum temperature (r = - 0.479*)
(Table 1).
Regression analysis showed a R 2 value of 0.559
indicating 55.9 per cent influence of weather parameters on
incidence of number of larvae per plant. The multiple
regression equation fitted with weather parameters and larval
population is as follows:
Y = 3.107 - 0.117X2 (X2-MinT)
The results indicated that increase in 10C minimum
temperature would lead to decrease of 0.117 mean number
of larvae per plant.
Forecasting models for foliage damage (4 weeks lead time)
Y= -10.28 + 0.757X1 (R2= 0.517) (X1- MaxT)
At 4 weeks lead time maximum temperature (r = 0.719**)
Journal of Eco-friendly Agriculture 9(2) 2014
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is consistently positively and significant association with
per cent foliage damage in case of crop sown during 2nd
week of October month. The equation can forecast per cent
foliage damage 4 weeks before upto 51.70 per cent accuracy
(Table 3).
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ABSTRACT
A formulation of Trichoderma viride BHU-2953 2% WP was tested under field conditions at the experimental
farms of Banaras Hindu University, Varanasi and SASRD, Medziphema. The trials were conducted in two seasons
during 2007-08 & 2008-09 to test the bioefficacy of the formulation against the wilt complex of chickpea cause by one
or more of the pathogens viz., Fusarium oxysporum f. sp. ciceris, Rhizoctonia solani, Sclerotinia sclerotiorum and Scleriotium
rolfsii. The Trichoderma formulation was applied either as seed treatment or furrow application and the results were
compared with 0.2% bavistin. The results revealed that both seed and furrow application of the T. viride formulation
significantly reduced plant mortality and increased pod yield in chickpea. Moreover, the T. viride was not phytotoxic
at any of the doses of the formulation on chickpea. Further, the T. viride formulation also did not show any adverse
effect on the beneficial rhizospheric microbes like Rhizobium and Arbuscular Mycorrhizae (Glomus spp.) in chickpea
rhizosphere at all dosages. The results thus can be interpreted in a way that the T. viride 2% W.P. formulation is safe
and effective for using against the chickpea wilt complex to manage the problem.
Keywords: Trichoderma viride, wilt complex, chickpea, field evaluation.

Legumes are important components of human and
animal diets and also play an important role in maintenance
of soil fertility. Chickpea (Cicer arietinum L.) is cultivated as
an important legume in the semi-arid and arid zones of the
world (Saxena, 1990). The production of chickpea is limited
by a variety of factors including the biotic factors such as
pests and pathogens. Amongst the most serious diseases of
chickpea wilt complexes caused by Fusarium oxysporum f.sp.
ciceris and Rhizoctonia solani are important (Nene and Reddy,
1987). Other wilt causing pathogens such as Sclerotinia
sclerotiorum causes white mold leading to wilt when infects
the stems and Sclerotium rolfsii causes collar rot are reported
to cause severe damage to the crop (Singh et al., 2013). The
pod yield from such plant is zero and there lies the
importance of these pathogens. Since, all these are soil borne
pathogens and survive in the soil for a long period of time
through production of hard resting structures known as
sclerotia except in Fusarium, which produces
chlamydospores. It is, therefore, essential that the population
of these resting structures is reduced in the soil to minimize
the damage caused by the wilt complex pathogens. Biological
management of the wilt complex pathogens is regarded as
the best way to tackle the problem and among the biocontrol
agents Trichoderma species were considered most effective
in managing the problem. Trichoderma species are ubiquitous
soil inhabiting saprophytic fungi that does not only possess
©2014

biocontrol properties but also shown to enhance crop
productivity by stimulating plant growth. The biocontrol
mechanisms adopt by Trichoderma species ranges wide from
mycoparasitism to competition for space and nutrients to
induction of host resistance (Shoresh et al., 2010). One of the
major strategies for biocontrol by Trichoderma species is to
secrete cell wall degrading enzymes such as chitinase, âglucanase, proteinase, etc. resulting into killing of the fungal
pathogen propagules (Djonoviæ et al., 2007). However, to
establish the efficacy of a biocontrol strain it is necessity to
test them under field conditions and at different soil and
agroclimatic conditions. Keeping in view of the effectiveness
of Trichoderma species a Trichoderma viride 2% W.P.
formulation was developed in the Department of Mycology
& Plant Pathology, Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi, India and tested against
chickpea wilt complex for its management under field
conditions at two distinct soil and environmental conditions
in India.
MATERIALS AND METHODS
Preparation of Trichoderma viride 2% WP formulation
Trichoderma viride strain BHU-2953 (Accession No.
NAIMCC-F-02976) was cultured on sorghum seeds after
boiling for 25 min till softening of the grains. The excess
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water was drained and the boiled sorghum seeds were
spread to cool down and dried at room temperature. Calcium
carbonate (2g) was added to 100g of the boiled sorghum
seeds in order to remove the excess moisture from the semidried seeds. The seeds were then sterilized by autoclaving
by putting in polypropylene bags at 1210C for 15 min. The
autoclaved sorghum seeds were inoculated with T. viride
mycelial blocks aseptically after cutting from the actively
growing culture on potato dextrose agar plates. The grain
and blocks were thoroughly mixed by shaking and incubated
at room temperature for 5-7 days. Talc formulation was
prepared by using the sorghum seeds cultured with T. viride
and mixing with talc powder at ratio 1:2 (v/v). Such mixed
seeds and talc was air dried in shade and mixed with Tapioca
starch @ 5g kg-1. The final product thus obtained was packed
in polythene bags and used for field experiments.
Field experimentation with Trichoderma viride 2% WP
formulation
The formulation of Trichoderma viride was subjected to
two field trials during December 2007-08 (Season-1) & 200809 (Season-2) at the experimental farm of Banaras Hindu
University, Varanasi, Uttar Pradesh and agricultural farm
of SASRD, Medziphema, Nagaland to test the efficacy of the
formulation at two seasons and locations against the wilt
complex of chickpea caused by Fusarium oxysporum f.sp.
ciceris, Rhizoctonia solani, Sclerotinia sclerotiorum and Sclerotium
rolfsii. Sick plots for the pathogens were selected for
conducting the experiments. The experiments were
conducted in a randomized block design with six treatments
and three replications. A susceptible variety of chickpea
Radhey was selected for the field trials and all agronomical
practices for the crop was adopted according to the package
of practices. The row to row distance was 30cm and plant to
plant distance was 25cm. The plot sizes were 2 x 3 m2 for
both the crops. Ten chickpea plants from each treatment were
randomly selected for qualitative phytotoxicity symptoms
i.e. injury on leaf tips & leaf surface, wilting, vein clearing,
necrosis, epinasty & hyponasty were recorded as per the
Manual for testing the phytotoxicity of pesticides (1989).
Treatment schedule
Six treatments were applied and the treatments are
designated as: T1 = Seed treatment with T. viride 2% W.P. @
5g kg-1 of seed; T2 = Seed treatment with T. viride 2% W.P. @
10g kg-1 of seed; T3 = Seed treatment with T. viride 2% W.P. @
20g kg-1 of seed; T4 = Furrow (soil application) treatment of
T. viride 2% W.P. @ 2.5kg h-1; T5 = bavistin @ 0.2% (seed
treatment) and T6 = Control. Observations regarding
germination percentage, plant height, dry weight, and yield
were calculated for the crop at both the locations in both
seasons.
Journal of Eco-friendly Agriculture 9(2) 2014

Plant mortality
The disease severity with respect to plant mortality was
recorded after 25 days of sowing in the field on the basis of
wilted plant caused due to the wilt complex comprising one
or more of the pathogens Fusarium oxysporum f.sp. ciceris,
Rhizoctonia solani, Sclerotinia sclerotiorum and Sclerotium rolfsii.
The per cent mortality of the chickpea plants was calculated
by using the following formula.
Total no. of plants
Per cent mortality=

 sown in treatment- survived in treatment 
Total no. of plants sown in treatment

X 100

Arbuscular mycorrhizae population count
Population of mycorrhizal spores in the rhizosphere
soil of chickpea provided with the six treatments was
determined according to the floating-adhesion method
provided by Sutton and Barron (1972) with slight
modification. In brief, 20g rhizosphere soil was collected from
chickpea rhizosphere and suspended in 250ml of distilled
water, agitated for 10 min and left for 10 min for precipitation
of the clay. After 10 min the supernatant was collected in a
separatory funnel and released from the funnel after at a rate
of 75 drops min-1 after 5 min. The adhered mycorrhizal spores
on the funnel sides was collected by washing with distilled
water and subsequently filtering by using Whatman #1filter
paper. The spores were examined with a dissecting
microscope. Spore concentrations were recorded as number
of spores per 100g dry soil.
RESULTS AND DISCUSSION
Effect of Trichoderma viride 2% WP formulation on wilt
complex disease of chickpea
Results from the current investigation demonstrated
that the Trichoderma viride 2% W.P. formulation of strain
BHU-2953 was effective in reducing wilt complex disease in
chickpea significantly at both the locations (Varanasi and
Medziphema) and seasons (2007-08 and 2008-09) (Tables 1
and 2). The plant mortality due to the wilt complex was
significantly low in T. viride 2% W.P. formulation treated
plots compared to the T. viride untreated control plots in
both seed treatment and soil application. Plant mortality was
10.42 and 9.76 per cent in Season-1 and 9.73 and 10.76 per
cent in Season-2 at the dose levels of 10 and 20mg kg-1 as
seed treatment, respectively over the control 52.11 and 56.05
per cent at Season-1 and Season-2, respectively, at BHU. Plant
mortality was reduced by nearly 2 folds compared to the
chemical treatment with bavistin. Similarly, plant mortality
was 22.02 and 21.25 per cent in Season-1 and 23.54 and
20.92 per cent in Season-2 at the dose levels of 10 and 20g kg187
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Table 1. Efficacy of Trichoderma viride (BHU- 2953) 2% W.P. against chickpea wilt complex disease at BHU
Treatment
T1
T2
T3
T4
T5
T6
CD at 5%

Per cent mortality
2007-08
2008-09
19.15±2.04
20.41±1.96
10.42±1.89
9.73±1.65
9.76±1.38
10.76±1.81
13.48± 2.11 12.72± 2.05
19.32±2.53
19.32±2.83
52.11±3.92
56.05±4.26
2.94
2.69

% germination
2007-08
2008-09
84.52±3.72 83.52±4.12
95.31±3.92 95.69±3.52
96.77±4.02 96.59±3.84
92.49±3.22 92.18±3.77
88.58±3.07 88.72±4.14
80.48±2.84 80.28±3.84
4.32
5.03

Plant height (cm)
2007-08
2008-09
41.53±2.95
39.27±2.44
58.20 ±2.91 58.48 ±3.27
59.02±3.16
60.25±3.64
54.45±1.75
53.62±3.29
37.28±1.75
38.11±1.62
37.37±1.52
27.42±1.78
2.74
2.95

Wt. of dry seeds plant-1 (g)
2007-08
2008-09
22.82±2.18
23.47±2.18
32.72 ± 2.67 31.95 ±2.83
33.86±2.84
34.93±2.47
30.58 ± 1.67 30.84 ±1.82
24.82 ± 1.67 23.93 ± 1.53
20.72 ± 2.33 21.11 ± 2.46
2.72
2.96

Yield (kg ha-1)
2007-08
2008-09
893.38±12.9
899.72±13.2
1186.59 ±14.2 1201.48 ±13.8
1209.62±12.4 1222.18±13.7
1009.73±10.8 1005.84±14.3
862.63±12.42
878.39±13.8
684.92±9.52
681.84±10.74
5.94
5.53

Table 2. Efficacy of Trichoderma viride (BHU-2953) 2% W.P. against chickpea wilt complex disease at SASRD, Nagaland
Treatment
T1
T2
T3
T4
T5
T6
CD at 5%
1

Per cent mortality
2007-08
2008-09
35.23±2.27
37.04±2.73
22.02±1.11
23.54±1.83
21.25±1.58
20.92±1.83
29.14± 3.21
28.41±2.42
32.71±2.18
33.82±3.12
68.11 ±3.27 70.23 ±4.27
2.52
3.72

% germination
2007-08
2008-09
84.52±3.72 86.29±4.73
90.31±3.92 91.42±4.73
91.77±4.02 92.28±3.02
87.49±3.22 86.88±4.72
82.58±3.07 83.57±3.53
78.48±2.84 77.48±3.63
4.91
6.72

Plant height (cm)
2007-08
2008-09
44.63±2.95
42.28±3.35
66.54±2.91
65.63±3.95
67.18±3.16
68.18±4.51
54.22±1.75
53.42±2.83
47.55±1.75
48.43±2.81
37.37±1.52
38.48±2.81
3.94
3.17

as seed treatment, respectively over the control of 68.11 and
70.23% at Season-1 and Season-2, respectively at SASRD,
Nagaland. Plant mortality due to wilt complex at
Medziphema was relatively higher compared to Varanasi.
However, the trend of plant mortality in Medziphema is same
with Varanasi. Plant mortality due to furrow application
was 13.48 per cent in Season-1 and 12.72 per cent in Season2 at Varanasi whereas, at SASRD, Nagaland the disease
incidence was 29.14 per cent and 28.41 per cent in Season-1
and Season-2, respectively. The per cent germination of
chickpea seeds was recorded significantly higher than
control in both the methods of treatment and at the dose
levels of 10 and 20g kg-1 of seed over the control and
following furrows (soil application) at both BHU, Varanasi
and SASRD, Medziphema, Nagaland. The germination
percentage was also significantly higher (>95%) compared
to the chemical treatment with bavistin (~80%). Plant height
and wt. of dry seeds plant-1 due to seed treatment of chickpea
by T. viride 2% W.P. was also increased at similar doses and
at both the locations. Compared to approx. 20g plant-1 dry
wt. of seeds in control, the seed dry wt. per plant was approx.
33g plant-1 in plants treated with the formulation @ 20g kg1
in BHU, Varanasi whereas, in SASRD, Medziphema, it was
nearly 24g plant-1 in control plants compared to 30g plant-1
in treated plants. The yield of chickpea also showed
significant increase at both the locations and at similar doses,
respectively as seed treatment and furrow (soil application)
over the control when treated with T. viride 2% W.P. The
increase in yields was nearly 1.5 to 1.8 folds at 20mg kg-1
treatment compared to control. However, the yield was more
at BHU, Varanasi compared to SASRD, Medziphema. The T.
viride 2% W.P. formulation had no phyto-toxic effect on the
chickpea plants following its application at all the dosage
188

Wt. of dry seeds plant-1 (g)
2007-08
2008-09
20.16±2.45 21.84±1.73
29.48 ± 3.27 30.73 ±2.51
30.27±2.84 30.83±2.84
27.25 ± 4.73 26.18 ± 4.83
24.11 ± 2.73 24.03 ±1.89
18.38 ± 2.94 19.36 ±1.64
3.94
2.68

Yield (kg ha-1)
2007-08
2008-09
829.24±10.2
833.17±12.6
1122.48 ±11.4 1106.22 ±13.9
1146.18±13.7 1175.83±13.3
938.38±12.5
912.99±15.8
846.50±9.4
804.29±12.1
676.45±7.3
674.72±9.39
7.51
12.6

levels tested for bio-efficacy. The Trichoderma viride 2% W.P.
formulation had also no adverse effect on the beneficial
rhizospheric microbes like Arbuscular Mycorrhiza (Glomus
spp.) and Rhizobium in chickpea rhizosphere as their
population count was similar with the control. The pattern
of nodulation in chickpea was also similar to the control
plants.
Soil borne pathogens can be successfully managed by
biological means and the success is largely dependent on
the potentiality of the biocontrol agents (BCAs) to perform
under a variety of soils and climatic conditions. Moreover,
multiple means of biocontrol actions further strengthen the
potentiality of such BCAs. Among the various fungal and
bacterial antagonists tested so far for the management soil
borne fungal pathogens, Trichoderma species were found far
better than the rest. Trichoderma harzianum formulation used
to manage Rhizoctonia rot in carnation showed that it could
reduce the infection by nearly 70% (Elad et al., 1981). They
applied 150g of wheat bran culture of T. harzianum per square
meter to achieve this success. Similarly, Trillas et al. (2006)
demonstrated that T. asperellum when applied with composts
prepared from agricultural wastes reduced Rhizoctonia
disease in cucumber seedlings by nearly 50%. Trichoderma
species were also used successfully against Fusarium
oxysporum f.sp. ciceris. Recently, Rahman et al. (2013) reported
that T. harzianum and T. viride reduced disease incidence
due to Rhizoctonia solani in causing wilt in chickpea and
increased germination percentage of seeds, plant height and
grain yield in chickpea under field condition. Trichoderma
harzianum based commercial product known as Plant Shield
was also able to reduce disease severity by nearly 80 per cent
due to Sclerotinia sclerotiorum infection in tomatoes, squash
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and eggplant seedlings (Abdullah et al., 2008). Experiments
for biological control of Sclerotinia sclerotiorum in soybean,
both under greenhouse and field conditions with Trichoderma
harzianum demonstrated that the application of T. harzianum
as alginate capsules increased the survival of soybean plants
more than 40 and 100 per cent with respect to the disease
treatment in the greenhouse and field, respectively
(Menendez and Godeas 1998). Similarly, Elad et al. (1980)
showed that Trichoderma harzianum was able to reduce
diseases caused by Sclerotium rolfsii and Rhizoctonia solani
causing diseases in beans, cottons and tomatoes under field
conditions and significantly increased yield in beans.
Based on the findings cited above we have tested a
Trichoderma viride strain BHU-2953 against the chickpea wilt
complex under field conditions at two locations in a 2% WP
formulation, which was well characterized for its biocontrol
potentiality in vitro. For stability and wider success of a
biocontrol agent, it is very essential that the BCA strain is
tested at different locations varying in soil and
environmental conditions. Previous experiences showed that
the strains that were not tested under varying environmental
conditions are likely to be failed in agricultural fields. In the
present study, we found that the T. viride BHU-2953 wettable
powder formulation suppressed plant mortality due to the
chickpea wilt complex significantly in both BHU, Varanasi
and SASRD, Medziphema. The formulation showed
significant reduction in plant mortality in both the locations
but the performance was better in Varanasi compared to
Medziphema. Varying disease reduction can be attributed
to the local soil and climatinc factors at the two locations.
The Trichoderma viride fromulation also promoted chickpea
growth and increased pod yields. Growth promoting effect
of Trichoderma spp. is well established in several strains of
Trichoderma and the growth promoting effects are attributed
mainly due to production of phytohormones, better nutrient
acquisition and better nutrient use efficiency (Shoresh et al.,
2010; Harman, 2011). Results from the present study thus
confirm the plant protection and growth promoting effects
of T. viride BHU-2953 2% WP formulation under field
conditions.
Root colonization by Arbuscular mycorrhizal fungi
(AMF) and nodulation by Rhizobium species contribute to
plant growth and crop yield. Non-interference of the
Trichoderma strain with these two agriculturally important
microbes further shows compatibility of the strain BHU-2953
with these two microbes. Vázquez et al. (2000) demonstrated
that Trichoderma strains normally do not cause hindrance to
AMF establishment rather acts in synergism and induces
the symbiotic association of AMF with other vascular plants.
The results thus ensure conservation of beneficial soil
Journal of Eco-friendly Agriculture 9(2) 2014

microbiota after application of the T. viride formulation.
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ABSTRACT
Chrysanthemum (Chrysanthemum morifolium Ramil) is one of the most important flower crops. Among
Chrysanthemum diseases, leaf blight caused by Alternaria alternata (Fries) Keissler is a serious disease which affects
the yield. An attempt has been made to induce somaclonal variability against Alternaria alternata toxin. Among all the
treatments only four treatments were successful in producing calli resistant to Alternaria alternata toxin. The treatments
V1M2C3 (IIHR-6-UV rays-toxin125ppm), V1M1C3 (IIHR-6-Sodium azide-toxin 125ppm), V2M1C3 (Raichur-Sodium
azide-toxin 125ppm) and V2M2C3 (Raichur-UV rays–toxin 125ppm) produced 53.34 per cent, 33.34 per cent, 23.34
per cent and 16.67 per cent of calli. The number of days taken for calli induction was significantly different among the
four treatments with 10.67, 8.67, 15 and13 days respectively. Four regenerants from V1M1C3, four from V1M2C3,
two from V2M1C3 (Raichur-Sodium azide-toxin125ppm) and two from V2M2C3 (Raichur-UV rays-toxin125ppm)
have shown resistance to Alternaria alternata under in vivo conditions after hardening.
Keywords: Alternaria alternata, chrysanthemum, sodium azide, somaclonal variantion, toxin, UV radiation.

INTRODUCTION
Chrysanthemum (Chrysanthemum morifolium Ramil) is
one of the most important flower crops. It is cultivated in all
parts the world for cut flowers, especially in countries like
China, Japan, Europe, USA and India (Broertjes et al., 1980).
Chrysanthemum is subjected to many pests and diseases,
which cause damage to roots, stem, leaves and flowers.
Among diseases, leaf blight caused by Alternaria alternata
(Fries) Keissler is a serious disease in India on all
commercially grown cultivars with varying degrees of
incidence.
Among the management strategies, non chemical
methods like introduction of resistance in a variety is one of
the cheapest methods to mitigate the diseases. Selection of
disease resistance through tissue culture is possible through
evaluation of pathogen toxins, using them as selecting agents.
The cultured cells can be exposed easily and uniformly to
toxins by dispersing the cells in a toxin solution or planting
them on toxin containing media.
The first work recognizing the potential of tissue culture
induced variants as a source of variability for crop
improvement was done with sugarcane and later with
potatoes. These works were done with asexually propagated
crops and shown that somaclonal variation occurs in many

plant species, including tobacco, oats, barley, rice, corn,
wheat, sorghum, clover, carnation, carrot, pineapple,
geranium, lettuce, garlic, Brassica species, alfalfa, celery,
tomato, strawberry, and sweet potato.
Two host specific toxins produced by Alternaria solani
induced symptoms in a bioassay similar to those produced
by the pathogen. These toxins were used to select resistant
cells to A. solani by adding 10-10 g toxin per 1 cm3 of culture
medium Cho et al. (1993b).
Cho et al. (1993a) used a double layer protoplast culture
technique to select resistant callus in the presence of toxin
produced by the pathogen A. solani. Eight plant lines obtained
by the technique showed greater resistance to A. solani than
the parent cv. Russet Burbank. Multiple step screening was
used to obtain calli with increased resistance, so that callus
lines were eventually obtained which expressed resistance
to high strength AM toxin for 2 months after removal of the
toxin from the medium.
Mesophyll and hypocotyl protoplasts of Brassica napus
cv. Topas and Brassica oleracea cv. Grami were cultured by
Poulsen et al. (1991) with different concentrations of the toxin
destruxin B for 3 days and then embedded in agarose and
cultured in 5 ml of floating liquid medium and after 3 weeks
the developing colonies were scored, cultured further and
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transferred to medium for regeneration. In vitro growth of B.
napus populations was reduced at toxin levels of 100µM and
above, all protoplasts dying at between 170µM and 200µM.
The protoplasts of B. oleracea were more susceptible, with
toxic levels down to 30µM. Plants regenerated from callus
treated with 150µM were tested for resistance to A. brassicae
and proved resistant.
Keeping in view of the importance of the development
of resistance in plant disease management an attempt has
been made to induce somaclonal variability against Alternaria
alternata toxin in chrysanthemum by using tissue culture
methods.
MATERIALS AND METHODS

of benzyl amino purine amended with Alternaria alternata
toxin.
Preparation of the medium
The MS nutrients (Mascarenhas, 1997) were dissolved
in 1000ml of distilled water and pH was adjusted to 5.6 with
0.1N HCl and 0.1N NaOH and sterilized in autoclave at
15lb for 15 min. When the sterilized medium is at luke warm
stage 0.5ml lit-1, 0.25ml lit-1 and 0.125ml lit-1 of toxin that
was filtered through cellulose acetate membrane filters was
added to get 500ppm, 250ppm and 125ppm concentrations
respectively. Fifteen ml of medium containing toxin was
transferred into culture tubes, and were allowed to solidify
in slanting position. The culture tubes containing the toxin
medium were left for 3 days before inoculation with explants.

Preparation of Toxin
Toxin extraction broth
All the component of toxin extraction broth (Marieo et
al., 199) 1g of KH 2PO 4, 0.5g of MgSO 4, 6.0g of Casein
Hydrolysate, 100g of Sucrose, 1mg of FeSO4, 0.15mg of
CuSO4, 0.10mg of ZnSO 4, 0.10mg of Na 2MoO 4 were
dissolved in distilled water and made upto 1 litre. pH was
adjusted to 4.9 with 0.1M HCl and 0.1N NaOH. 100 ml of
broth is distributed into each conical flask and autoclaved
at 15 lb for 15 min.
Culturing the Alternaria isolates in toxin extraction broth
An eight mm disc of Alternaria alternata was placed in
the each of the 5 flasks containing the toxin extraction broth
of 100ml. They were incubated in dark at 26+20C on a shaker
incubator for 60 days.
Extraction and purification of toxin
At the end of 60 days mycelial mats of Alternaria alternata
were removed by filtration. Filtrates were washed three times
with equal volumes of chloroform. The aqueous fraction was
retained and was washed twice with 50 ml of 0.1M NaOH
(pH 13), three times with 50ml of 0.1 M KH2PO4 (pH 4.5).
The purified toxin through washing were sterilized by
filtering through cellulose acetate membrane filters having
pore size of 0.45µm. Sterilized pure toxin were transferred to
sterile conical flasks and stored in refrigerator for further
studies.
Production of somaclonal variation
Somaclonal variants of Chrysanthemum were
produced by tissue culture, using Murashige and Skoog’s
medium (MS) containing the 1.5mg of indole acetic acid, 3mg
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Inoculation with explant
Growing shoot buds of Chrysanthemum varieties IIHR6 and Raichur were used as explants. Youngest unopened
buds were collected and trimmed. Explants were washed
thoroughly with tap water and surface sterilized with 0.1%
HgCl2 by dipping them in it for four minutes, followed by
washing thrice with sterilized distilled water.
Two mutagens i.e., sodium azide and UV rays were
used to encourage the production of toxin resistant
somaclonal variants. The explants were treated with 40µm
concentration of sodium azide by agitation method
(Mascarenhas, 1997) Mutagen solution was prepared by
dissolving 40µl of 1 M sodium azide in 1000ml of water.
Explants were soaked in the mutagen and kept on shaking
at 70 rpm for 30 min. At the end of 30 minutes the explants
were separated from the mutagen and washed thoroughly
with sterile distilled water thrice. In the second method,
explants exposed to UV irradiation at wave length of 440v
for 10 minutes.
Mutagen treated explants were washed in sterile
distilled water transferred to the culture tubes containing
MS medium containing Alternaria alternata toxin and
incubated at 26+2 0 C in a growth room with light
illumination of 1000 –1200 lux for 4 weeks and the tubes
were observed periodically for development of resistant callus
formation. The combinations of treatments followed are
V1M1C1 (IIHR-6- Sodium azide-500ppm), V1M1C2 (IIHR6- Sodium azide-250ppm), V1M1C3 (IIHR-6- Sodium azide125ppm), V1M2C1 (IIHR-6- UV rays-500ppm), V1M2C2
(IIHR-6- UV rays-250ppm), V2M1C1 (Raichur- Sodium
azide-500ppm), V2M1C2 (Raichur- Sodium azide 250ppm),
V2M1C3 (Raichur- Sodium azide- 125ppm), V2M2C1
(Raichur- UV rays-500ppm), and V2M2C2 (Raichur- UV rays-
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250ppm), V2M2C3 (Raichur- UV rays - 125ppm).
At the end of 4 weeks the resistant calli were subcultured
on to fresh culture tubes containing MS medium without
toxin and maintained by repeated sub culturing till the
development of somatic embryos. The toxin resistant somatic
embryos were transferred to the rooting medium, i.e., half
strength MS medium added with 3mg of benzyl amino
purine to encourage the root formation and were incubated
for 7- 10 days at 26+20C in a growth room with light
illumination of 1000 -1200lux.
Testing the performance of somaclonal variants in vitro
and in vivo
The freshly growing regenerants were transferred to
the medium containing the 125ppm of Alternaria alternata
toxin to cross check the resistance and were observed for the
wilting.
Rooted regenerants were transferred to containers
having sterilized vermicompost saturated with MS nutrients
and incubated at same growth conditions. At the end of 7
days these were moved to room conditions, subsequently
outside under shade for 10-15 days. Later they were
transplanted in the containers containing sterilized soil and
maintained in glass house.
These hardened plants were inoculated with Alternaria
alternata spore suspension at 100X103 spores ml-1 to check
their resistance under in vivo conditions and observed for
the appearance of the symptoms periodically. The per cent
disease index was calculated on 15th day after inoculation
using the 0-5 scale given by Mayee and Datar, (1986).
RESULTS AND DISCUSSION
Production of resistant somaclonal variants
Among all the treatments four treatments were
successful in producing calli resistant to Alternaria alternata
toxin (Table 1). The treatments V1M2C3 (IIHR-6-UV rays toxin125ppm), V1M1C3 (IIHR- 6 - Sodium azide - toxin
125ppm), V2M1C3 (Raichur - Sodium azide - toxin 125ppm)
and V2M2C3 (Raichur - UV rays - toxin 125ppm) produced
calli in 16, 10, 7 and 5 tubes respectively out of 30 inoculated
tubes with 53.34, 33.34, 23.34 and 16.67 per cent of calli
production respectively. These are significantly different from
each other. The number of days taken for calli induction was
significantly different among the four treatments with 10.67,
8.67, 15 and13 days respectively. Treatments, V1M2C3 (IIHR6-UV rays-toxin125ppm) and V1M1C3 (IIHR-6- Sodium
azide-125ppm) produced toxin resistant somatic embryos
or somaclonal variants after 22.67 and 21 days respectively,
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which are significantly earlier than treatments V2M1C3
(Raichur - Sodium azide-toxin 125ppm) and V2M2C3
(Raichur-UV rays-toxin 125ppm) that have taken 27.67 days
for production of the same.
Evaluation of somaclonal variants in vitro and in vivo
The regenerants were further screened for resistance
against Alternaria alternata toxin at 125ppm in vitro and the
results are presented in table 1. The number of somaclonal
variants regenerated in treatment V1M2C3 (50) (IIHR-6 - UV
rays - toxin125ppm) were significantly higher compared to
other treatments. Forty regenerants were produced in
treatments V1M1C3 (IIHR-6 - Sodium azide-toxin125ppm),
23 in V2M1C3 (Raichur-Sodium azide-toxin 125ppm) and
14 in V2M2C3 (Raichur-UV rays-toxin 125ppm). On further
screening out of these 127 regenerants 19 were found to be
resistant. Among the 19 resistant regenerants, 7 were from
V1M2C3, 6 were from V1M1C3, 3 were from V2M1C3 and 3
were from V2M2C3 (Table 1). Treatment V1M2C3 produced
highest number of toxin resistant regenerants, and was at
par with V1M1C3. Both the treatments were superior over
other treatments. The resistant regenerants were
subsequently transferred into sterilized soil that is saturated
with MS nutrients for hardening. The hardened regenerants
were screened by inoculating with conidial suspension of
Alternaria alternata. Four regenerants from V1M1C3, four from
V1M2C3, two from V2M1C3 (Raichur- Sodium azidetoxin125ppm) and two from V2M2C3 (Raichur- UV rays toxin125ppm) showed resistance under in vivo conditions
(Table 1).
Incorporating the resistance in cultivars is one of the
most effective and cheapest practices in the integrated disease
management strategy. For this, production of resistant
varieties is of paramount importance to combat biotic stresses
due to diseases. But non availability of resistant varieties to
fight against the serious diseases is a major constraint.
Although in India there are a number of cultivars having
resistance against Alternaria blight, but the resistance
sources may not agronomically suitable for cultivation. The
production of resistant cultivars through conventional
methods is costly and quite time consuming. Hence,
exploitation of somaclonal variation to derive resistance
against Alternaria leaf blight disease is quite useful.
The most common approach for selecting disease
resistance is to use pathogen toxins as the selection agent.
The use of toxins overcomes one of the problems encountered
with pathogen selections, that is cultured cells can be exposed
easily and uniformly to toxins by dispersing the cells in a
toxin solution or planting them on toxin containing media
(Daub, 1986). The first work recognizing the potential of tissue
Journal of Eco-friendly Agriculture 9(2) 2014
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Table 1. In vitro production of Chrysanthemum somaclonal variants resistant to Alternaria alternata toxin

Treatment

V1M1C1*
V1M1C2
V1M1C3
V1M2C1
V1M2C2
V1M2C3
V2M1C1
V2M1C2
V2M1C3
V2M2C1
V2M2C2
V2M2C3
CD (0.05)
Sem+

Number of
callus
producing
tubes/30tubes
0.00
0.00
10.00
0.00
0.00
16.00
0.00
0.00
7.00
0.00
0.00
5.00
0.98
0.34

% Callus
production

0.00 (0.00)
0.00 (0.00)
33.34 (35.25)
0.00 (0.00)
0.00 (0.00)
53.34 (46.9)
0.00 (0.00)
0.00 (0.00)
23.34 (28.87)
0.00 (0.00)
0.00 (0.00)
16.67 (24.06)
1.3
0.44

Days taken for Days taken for
resistant callus somatic embryos
production
development
8.67
10.67
15.00
13.00
2.47
0.75

21.00
22.67
27.67
27.67
4.28
1.29

Number of
regenerants
produced
40
50
23
14
5.82
11.18

Resistant to Resistant to
toxin in vitro
disease
in vivo
6
7
3
3
1.91
0.58

4
4
2
3
NS
0.58

*: V1M1C1 (IIHR-6- Sodium azide-500ppm), V1M1C2 (IIHR-6- Sodium azide-250ppm), V1M1C3 (IIHR-6- Sodium azide- 125ppm), V1M2C1
(IIHR-6- UV rays—500ppm), V1M2C2 (IIHR-6- UV rays—250ppm), V2M1C1 (Raichur- Sodium azide-500ppm), V2M1C2 (Raichur- Sodium
azide250ppm), V2M1C3 (Raichur- Sodium azide- 125ppm), V2M2C1 (Raichur- UV rays—500ppm), and V2M2C2 (Raichur- UV rays-250ppm),
V2M2C3 (Raichur- UV rays - 125ppm).

culture induced variants as a source of variability for crop
improvement was done with sugarcane and later with
potatoes (Bidney and Shepard, 1981; Heinz et al., 1977;
Nickell, 1977).
In the present study, Alternaria alternata toxin was
extremely phytotoxic on chrysanthemum leaves producing
more than 50 per cent necrotic area on the leaves of Raichur
cultivar even at 500ppm concentration. Hence, 500 ppm and
250ppm concentration were selected to derive the resistance
through somaclonal variation in vitro.
The toxin was tested for its stability after autoclaving.
Toxin was heated at 1210 C for 15 min. and then tested for its
phytotoxicity again through detached leaf technique. The
toxin sterilized by heating lost its toxicity and recorded 0 per
cent disease index at all the concentrations tested indicating
the thermolabile nature of the toxin. The sterile toxin was
extracted by filtering through bacterial proof cellulose acetate
membrane filters of 0.45µm pore size.
When the toxin was added at 500ppm and 250ppm
concentration to murashige and skoog medium there was
no callus produced from the explants. Hence, a lower
concentration of 125ppm was used for further studies.
Explants became necrotic due to the presence of higher
concentration of toxin in the medium. Explants were
pretreated with one physical mutagen (long wave length
UV rays) and one chemical mutagen sodium azide.
Journal of Eco-friendly Agriculture 9(2) 2014

In the presence of mutagens at 125ppm some of the
culture tubes were successful in producing the toxin resistant
callus (Table 1). These growing calli started becoming
necrotic unless they were subcultured on the fresh toxin free
medium repeatedly and frequently. More number of
regenerants were produced with chemical mutagen sodium
azide in comparison to UV rays. Similar observations were
made in Brassica napus, whose in vitro populations were
survived hardly as the toxin levels increased above 100µM.
All the protoplasts died at between 170µM and 200 µM
(Poulsen et al., 1991). Initially the mutant regenerants were
healthy and produced 2-3 tiny leaves. After 15-20 days after
subculturing leaves turned necrotic. In in vivo conditions all
regenerants got wilted by 4-5 days after inoculation. But no
visible symptoms like spots, blighting were observed on
plants. These were soon dried. The results of present study
were in accordance with Poulsen et al., 1991, who indicated
the chances of expression of resistance in somaclonal
variants is meager.
In the present study none of the regenerants showed
immune reactions to toxin in in vitro even at the lowest
concentration of 125ppm (Table 1). In in vivo condition
regenerants (mutants) had high levels of resistance than their
respective parent cultivars (wild).
The variety of crops that exhibit somaclonal variation
has lead Scowcroft et al. (1983) to conclude that the
phenomenon is ubiquitous. The variability is clearly due to
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preexisting mutation in cells of the explant material (Lorz,
1984 and Orton, 1984).
Multiple step screening was used by Cho et al. (1993a)
to obtain calli with increased resistance, so that callus lines
of potato cultivar Russet Burbank were eventually obtained
which expressed resistance to high strength AM toxin for 2
months after removal of the toxin from the medium. Similarly
in case of chrysanthemum also, the level of resistance in
somaclonal variants can be increased by repeated transfers
of the established resistant calli to fresh toxin containing
medium before regeneration till we get the required levels of
resistance. On the other hand the resistant somaclonal
variants can be transferred to the high toxin concentrations
to improve the level of resistance.
The present study it is concluded that development of
somaclonal variants with Alternaria toxin can be used for
selecting the resistant against the Chrysanthemum leaf
blight caused by Alternaria alternata (Fries) Kiessler.
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ABSTRACT
An experiment was conducted in transplanted rice variety Sarjoo 52 at Norman E. Borlaugh Crop Research
Center of GBPUA&T, Pantnagar (27.3 E longitude and 29´ N latitude), during kharif 2008-2009. There were seven
weed control treatments viz. oxyfluorfen (0.35%G) at two doses i.e. 100 and 150g ha -1, pretilachlor 750g ha -1 ,
thiobencarb 1000g ha-1, butachlor 1500g ha-1, weed free and weedy check. There were five weed species infesting the
experimental area among the all Echinochloa colona and Fimbristylis miliacea was the most prominent species. Among
the herbicidal application, oxyfluorfen at 150g ha-1 was the most efficient having lowest weed population as well as
dry matter accumulation of weeds. The yield and the yield attributing characters (number of panicles and grains per
panicle) were influenced according to the effectiveness of the treatments. The application of oxyfluorfen at 150g ha-1
being the highest yielded treatment among the herbicides and comparable to weed free situation.
Keywords: TPR, herbicides, weed control, yield

Rice (Oryza sativa L.) is one of the world’s most
important food crops and is the backbone of food security in
India as well as across the world (Singh & Khush 2000).
Rice is the vital food for more than two billion people in Asia
and four hundreds millions of people in Africa and Latin
America (IRRI, 2006). Owing to favourable weather
conditions, there are some aboitic and biotic factors
contributing to the low yield. Weeds are the most serious
biotic constraint to higher yields (De Datta & Bernasor 1973;
Subhas & Jitendra 2001; Mandal et al. 2002). Transplanted
rice faces diverse types of weed flora, consisting grasses,
broad leaves weeds and annual sedges. Competition of
weeds brings reduction in yield of transplanted rice of about
76 per cent (Singh et al., 2004). The use of herbicide offer
selective and economic control from beginning, giving the
crop the advantage of a initial growth and competitive
superiority over the weeds. A number of herbicides like,
butachlor, anilofos and pretilachlor etc. are being used by
farmers as pre emergence presently. Most of the farmers apply
the herbicides with bottle shake or mixed with either urea or
sand because of spraying technique transplanted rice require
more time and use number of labour. Although these
herbicides provide effective control of annual grasses, when
applied as 3-4 days with sprayer after rice transplanting
(Budhar et al., 1991) but annual sedges and non grasses are
not controlled effectively. It has been observed that whenever
there is effective control of grasses with application of these
herbicides. However, annual sedges and broad leaves weeds
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emerge in high density and competing with the crop plant
and resulting in heavy yield reduction. In view of the above
facts, it would be desirable to develop the alternative
technique of herbicide application, which may provide wide
spectrum of weed control with single application. Therefore,
the present investigation was undertaken to find out the
efficacy of oxyfluorfen (0.35 G) at two different doses with
mixing at sand in transplanted rice.
MATERIAL AND METHODS
Experimental site
The field experiment was carried out at Norman E.
Borlaugh Crop Research Center GBPUA&T, Pantnagar (290
N latitude, 79.290 E longitude and 244 m above the mean sea
level), Uttarakhand during kharif 2008 and 2009. The study
site is located in tarai (young alluvial soils with shallow to
medium water table) belt of India and is characterized by a
sub humid and sub tropical climate. During 2008, mean
maximum temperature during crop period was 30.60C, while
the mean minimum was 22.80C. Crop season rainfall was
986 and 983mm during 2008 and 2009, respectively.
Experimental design and treatments
The experiment comprised of seven treatment viz.,
application of oxyfluorfen (0.35%G) at two doses 100 and
150g ha-1, pretilachlor 750g ha-1, thiobencarb 1000g ha-1,
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butachlor 1500g ha -1 , weed free and weedy check.
Oxyfluorfen granules were mixed with 25kg ha-1 dry sand
and broadcasted in field having 3-4cm of standing water,
thus it reduced the cost of labour for herbicide application.
Pre emergence herbicides viz., pretilachlor, thiobencarb and
butachlor were applied three days after transplanting with
the help of knapsack sprayer fitted with flat fan nozzle at a
spray volume of 500 litre ha-1of water.
Methods of cultivation
Twenty two days old seedling of rice variety Sarjoo 52
was transplanted on August 5th, and August 8 th ,
respectively during 2008 and 2009. The planting distance
was spaced at 20cm (row-row) × 10cm (plant to plant).
Intercultural operations such as gap filling, irrigation, and
plant protection were carried out as and when required.
Data collection and analysis
The performance of different treatments was studied
on species wise weed population, weed biomass and their
subsequent effect on growth and yield of rice. Weeds were
recorded at 30 and 60 days after transplanting (DAT). Dry
weight of weeds were taken by drying them in electric oven
(Perkin- Elmer Corporation, USA) at 600 C for 72 hours
followed by weighing by digital balance (Kaifeng Group Co.,
Ltd., China). At harvest, plant characters and yield data were
recorded. The data were analyzed following Analysis of
Variance (ANOVA) technique and mean separations were
adjusted by the Multiple Comparison Test (Gomez and
Gomez, 1984) using the statistical computer programme
MSTAT-C v.1.2 (Russel, 1986).

can withstand water logging and usually enough to decrease
crop yield very significantly if dose not controlled properly
in time. Among the five weed species, Echinochloa colona,
Panicum maxicum, Cyperus difformis and Fimbristylis millacea
on an average contributing 27.1, 15, 15.8 and 12.5% of the
total weed population in consecutive two years. Among the
different weed species the population of Echinochloa colona
was the most dominant in the experimental field in both the
years, which might be as a result of increasing in its seed
bank due to continuous adoption of rice wheat cropping
system in experimental field.
Weed control
All the treatments at 30 DAT recorded significant
reduction in density of both grassy and non grassy weeds
compared with weedy check (Table1, Fig. 1). This shows
that the emergence of weed seeds were influenced by the
application of herbicides. Application of oxyfluorfen at 150g
ha-1 being at par with its lower dose applied at 100g ha-1
resulted in significantly lower density of E. colona and E.
crus-galli compared to other treatments. Thiobencarb at 1000g
ha-1 was superior to all other treatments in reducing the
population of F. miliacea, which was the major annual sedge
weed during both the years of experimentation.

RESULTS AND DISCUSSION
Weed infestation
During both the years of experimentation there were
five weed species infested in the experimental area (Table 1
and 2). The weeds that grown in transplant var. Sarjoo 52
rice field infested by are grassy and non grassy weeds, which

Fig 1. Effect of treatments on total weed dry weight (gm-2) at
30 DAT 2008-2009

Table 1. Effect of different treatments on density of weeds at 30 DAT
Treatment
Oxyfluorfen 0.35 Gr
Oxyfluorfen 0.35 Gr
Pretilachlor 50EC
Thiobencarb 30EC
Butachlor 50EC
Weed free
Weedy check
LSD (P=0.05)
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Dose
(g ha-1)
100
150
750
1000
1500
-

E. colona
E. crusgali
2008
2009
2008
2009
(12.0)2.5 (25.0) 3.2 (13.5) 2.7 (4.0)1.6
(8.0)2.2 (22.5) 3.1 (11.0) 2.5 (3.0)1.4
(15.0)2.8 (27.5) 3.3 (17.5) 2.9 (7.0)2.1
(24.0)3.2 (36.0) 3.6 (14.5) 2.7 (6.0)1.9
(21.0)3.1 (42.5) 3.7 (15.5) 2.8 (7.0)2.1
(0.0)0.0 (0.0) 0.0 (0.0) 0.0 (0.0)0.0
(45.0)3.8 (111.0) 4.7 (26.0) 3.3 (13.0)2.6
0.2
0.2
0.3
0.3

Weed density (spp. wise)
P. maxicum
C. difformis
2008
2009
2008
2009
(2.0) 0.8
(3.0)1.4 (9.5) 2.3 (11.0)2.5
(1.5) 0.8 (2.0)0.9 (8.0) 2.2 (10.0)2.4
(2.0) 0.9 (3.0)1.4 (12.0) 2.6 (18.0)2.9
(6.5) 0.9 (6.0)1.9 (7.5) 2.1 (10.0)2.4
(15.0) 1.9 (8.5)2.2 (10.5) 2.4 (5.0)1.8
(0.0) 0.0 (0.0)0.0 (0.0) 0.0 (0.0)0.0
(34.0) 2.8 (15.0)2.8 (92.0) 4.4 (13.0)2.6
0.7
0.5
0.4
0.3

F. miilacea
2008
2009
(18.0) 2.9 (12.0)2.6
(14.0) 2.7
(9.5)2.3
(13.5) 2.7 (10.5)2.4
(11.5) 2.5
(7.0)2.1
(19.5) 3.0
(7.5)2.1
(0.0) 0.0
(0.0)0.0
(31.5) 3.5 (28.5)3.4
0.2
0.2

Journal of Eco-friendly Agriculture 9(2) 2014

Studies on bio-efficacy of oxyfluorfen in transplanted rice under tarai region of Uttarakhand

At 60 DAT, the density of all the weeds were influence
significantly due to various herbicidal treatments (Table 2,
Fig. 2). All the treatments reduce the density of sedges over
the weedy check. Oxyfluorfen effectively reduced the
population of weeds as compared to others. Azad et al., (1990)
also observed similar results. All weed control treatments
were found significantly superior in controlling the density
of E. colona over the weedy check. Among all the herbicidal
treatments, pretilachlor 750g ha-1 was found more effective
in minimizing P. maxicum population and was at par with
higher dose of oxyfluorfen applied at 150g ha-1. Application
of butachlor at 1500g ha-1 reduced the population of C.
difformis efficiently during both the years which might be
due to butachlor inhibitory effect of this herbicide on weed
seed germination.

Dry weight
At 30 DAT, total weed dry weight were reduced
significantly under all the herbicidal treatments as compared
to weedy check. In the first year of experimentation the dry
weight of weeds was much higher than in second year.
Lowest weed dry weight during both the years were recorded
with application of oxyfluorfen at 150g ha-1, which was
followed by its lower dose applied at 100g ha-1.The lower
dry weight in these treatments were might be due to
elimination of grassy and non-grassy weeds.
The dry weight of weeds during both the years was
influenced significantly due to various herbicidal treatments
at 60 DAT. The result showed that significantly lower weed
dry matter was found in both the doses of oxyfluorfen either
applied at 100 or 150g ha-1 as well as with application of
pretilachlor at 750g ha-1. These treatments were at par
amongst themselves.
Yield contributing characters

Fig 2. Effect of treatments on total weed dry weight (gm-2) at
60 DAT 2008 & 2009

Oxyfluorfen at 100 and 150g ha-1 caused significant
reduction in weed density recorded at 30 and 60 DAT over
the other herbicidal treatments. Higher efficacy and long
lasting effect of oxyfluorfen in reducing weed dry matter,
primarily appeared to be due to its greater resistance against
degradation in soil mass and secondarily due to its retarding
effect on cell division of meristem as a result of which weeds
died rapidly.

The difference in 1000 grain weight at harvest stage
due to different treatment was found to be non-significant
indicating no adverse effect on crop due to any herbicidal
treatment. All the weed control treatments produce
significantly higher number of panicles and grains per
panicles than unweeded control. The number of panicles
and grains per panicles during both the years were
influenced significantly being highest with oxyfluorfen 150g
ha-1 followed by its lower dose applied at 100g ha-1 and
were minimum in weedy check plots elucidating the effect of
competiting weeds.
Yield
The grain yield was higher in 2009 than that of 2008
because of lower rainfall and unfavourable weather
condition during 2008. As the treatment oxyfluorfen 150g
ha-1 showed almost the total control of weed, the ultimate
reflection of this treatment was appeared as the highest grain

Table 2. Effect of different treatments on density of weeds at 60 DAT
Treatment

Dose
(g ha-1)

Oxyfluorfen 0.35Gr
Oxyfluorfen 0.35Gr
Pretilachlor 50EC
Thiobencarb 30EC
Butachlor 50EC
Weed free
Weedy check
LSD (P=0.05)

100
150
750
1000
1500
-

Weed density (spp. wise)
E. colona
E. crusgalli
P. maxicum
C. difformis
2008
2009
2008
2009
2008
2009
2008
2009
(12.5) 2.6 (6.0)1.9 (7.5) 2.1 (9.5)2.3 (7.0) 2.1 (7.5)2.1 (3.5) 1.5 (8.0) 2.2
(11.0) 2.5 (4.5)1.7 (6.0) 1.9 (9.0)2.2 (6.0) 1.9 (7.5)2.1 (2.0) 0.9 (6.5) 2.0
(17.0) 2.9 (9.5)2.3 (10.5) 2.4 (12.5)2.5 (4.5) 1.7 (3.0)1.4 (1.0) 0.5 (12.5) 2.6
(18.5) 3.0 (13.5)2.7 (8.0) 2.2 (3.5)1.4 (8.0) 2.2 (9.5)2.3 (1.5) 0.7 (7.0) 2.1
(19.5) 3.0 (12.0)2.6 (11.0) 2.5 (4.0)1.5 (12.5) 2.6 (11.0)2.5 (1.0) 0.4 (4.0) 1.6
(0.0) 0.0 (0.0)0.0 (0.0) 0.0 (0.0)0.0 (0.0) 0.0 (0.0)0.0 (0.0) 0.0 (0.0) 0.0
(55.0) 4.0 (34.0)3.6 (14.5) 2.7 (7.5)2.1 (24.5) 3.2 (24.0)3.2 (6.5) 1.9 (42.0) 2.4
0.2
0.2
0.3
0.3
0.2
0.3
0.9
1.2
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F.miilacea
2008
2009
(14.5) 2.7 (9.0) 2.3
(12.5) 2.6 (7.0) 2.1
(9.0) 2.3 (5.0) 1.8
(11.5) 1.6 (7.5) 2.1
(9.0) 2.3 (5.0) 1.8
(0.0) 0.0 (0.0) 0.0
(30.0) 3.4 (12.0) 2.5
1.1
0.2
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Table 3. Effect of different treatments on yield attributing characters of transplanted rice
Treatment
Oxyfluorfen 0.35Gr
Oxyfluorfen 0.35Gr
Pretilachlor 50EC
Thiobencarb 30EC
Butachlor 50EC
Weed free
Weedy check
LSD (P=0.05)

Dose
(g ha-1)
100
150
750
1000
1500
-

Panicles (No. m-2)
2008
2009
248
254
252
256
242
246
232
238
240
242
283
277
212
218
7.0
17

yield of transplanted (variety Sarjoo 52) rice in this
experiment. Abraham et al., 2010 also reported higher grain
yield of rice with the application of with the application of
oxyfluorfen at 150g ha-1. It was statistically similar with its
lower dose applied at 100g ha-1. It might be the resultant
effects of highest number of panicles m-2 and grains panicle1 with those treatments (Table 3).The grain yield obtained
from both these treatments were higher over weedy check.
Therefore, it was clear that maximum weed infestation in
weedy check plots suppressed the growth of rice plant.
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Effect of pretreatment and packaging on the quality of
minimally processed mango cubes
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ABSTRACT
The effect of dipping in 1 per cent calcium chloride solution and packing in polypropylene and polystyrene
trays on the quality of minimally processed mango cv. Dashehari cubes during storage was studied. Ripe mango
fruits were peeled, cut into cubes, dipped in 1 per cent CaCl2 solution and stored in polypropylene and polystyrene
packaging at 4±10C for 10 days. The samples were evaluated at 2 days interval for TSS, acidity, total carotenoids,
microbial and sensory parameters. Results indicated that mango cubes given 1 per cent CaCl2 dip treatment and
packed in polypropylene trays carried lesser microbial load than untreated cubes and minimally processed mango
cubes retained their total carotenoids content during storage.
Key words: Minimal processing, mango cubes, CaCl2, packaging.

Mango (Mangifera indica L.) is one of the choicest
tropical fruits because of its exotic aroma and luscious taste.
It is a rich source of bioactive compounds such as ascorbic
acid, carotenoids, and polyphenols. Consumption of
mangoes is associated with a decreased risk of chronic
diseases as these bioactive compounds possess good
antioxidant activity and their daily intake in the diet has
been related to the prevention of degenerative diseases, such
as cardiovascular diseases and cancer (Liu, 2003).
Carotenoids present in mango fruits possess high vitamin A
activity and antioxidant capacity which is considered as a
potential candidate for chemoprevention of degenerative
diseases (Masibo and He, 2009). Ripe mango is generally
processed for pulp, juice, nectar, jam etc., which requires
heat treatment. However, heat treatment results in loss of
vitamins and other phytochemicals leading to reduced
nutritional value. Development of fresh cut or minimally
processed fruits is an alternative to provide the consumer a
healthier product. Minimally processed fruits are one of the
major growing segments in the food retail market in recent
years. The industry of minimally processed or fresh cut fruits
is constantly growing due to consumers demand as it
provides nutrients like that of fresh fruits and also because
of its convenience in handling, storage and consumption.
Robles-Sanchez et al., (2009), suggested that fresh cut
mangoes retained their bioactive content during storage. But
the major hurdle to the commercial marketing of minimally
processed fruits is microbial spoilage and tissue softening
which contribute towards limited shelf life even at low
temperature. New techniques for maintaining quality and
inhibited microbial growth are necessary to produce
©2014

minimally processed fruits on a large scale. Therefore,
combination of pre treatment and packaging may play an
important role in maintaining the quality of minimally
processed fruits. Robles-Sanchez et al., 2009 reported dipping
of mango cubes in formulation containing ascorbic acid (1%),
citric acid (1%) and CaCl2 (1%) delayed tissue softening
which could be attributed to the formation of cation crosslink
with pectic acid and other polysaccharides limiting
accessibility of the cell wall to degrading enzymes. The
present study was conducted to observe the combined effect
of CaCl2 dipping treatment and the types of packaging
material on the quality of mango cubes during low
temperature storage.
MATERIALS AND METHODS
Physiologically matured fruits of mango cv. Dashehari
were harvested (85 days after fruit set) from the orchard of
Central Institute for Subtropical Horticulture, Lucknow.
Fruits were ripened naturally in CFB boxes for five days at
33±50C. Slightly yellowish fruits within the pressure range
of 0.52 and 1.43 kg/cm2 were selected, surface disinfected by
dipping in 25 ppm KMnO4 solution and then rinsed with
distilled water. Fruits were air dried and peeled with a sharp
knife and cut into cubes (2x2x2 cm approx.). The cubes were
dipped in 1 per cent CaCl2 solution for 5 min and drained.
Untreated and treated cubes were placed on polystyrene and
polypropylene trays sterilized under UV for 5 min and
wrapped using commercial available PVC cling film, and
then the trays were stored at 4±10C in refrigerator for 10 days.
The experiment consisted of four treatments i.e., untreated +
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polypropylene packaging (T1), untreated + polystyrene
packaging (T2), CaCl2 dipping + polypropylene packaging
(T3) and CaCl2 dipping + polystyrene packaging (T4) with
six storage intervals of two days and three replications.
Biochemical, microbiological and sensory parameters were
analyzed at two days interval. The total soluble solids (TSS)
of the sample were determined using a hand refractometer
and expressed in 0Brix. Titratable acidity as per cent citric
acid and total carotenoids content were estimated as per the
methods described by Ranganna (1986). Organoleptic
evaluation was done by a panel of 6 semi skilled judges
using 9 point hedonic scale. For microbiological quality
analysis, samples in triplicate were analyzed for the presence
of aerobic microbial counts as per the procedure of Speck
(1985). The data were analyzed statistically in complete
randomized block design.
RESULTS AND DISCUSSION
Total soluble solids of mango cubes decreased during
storage from an initial value of 19.8-20.5 to 15.4-20.50Brix
(Fig 1). Change in TSS was observed for all the treatments.
Untreated mango cubes maintained high TSS at the end of
storage period compared to treated samples of both the
packaging. Manolopoulou and Varzakas, (2011) reported
in minimally processed cabbage that control showed higher
TSS content and the cabbage treated with calcium chloride
showed lower TSS. The decrease in TSS may be attributed to
the utilization of sugars by the microbes (Shah and Nath,
2008). The lower TSS in treated cubes might also be due to
the fact that pectin degradation was prevented because of
presence of calcium ions (Robles-Sanchez et al., 2009). In
general, qualitative and quantitative changes in sugars
observed during storage in fresh-cut products did not follow
a characteristics pattern and are in concurrence with the
report of Gonzalez-Aguilar et al., 2008.
Initial titratable acidity of untreated and treated
samples was found to be 0.32 and 0.55 per cent, respectively
(Fig 1). At the end of storage period acidity decreased
irrespective of treatments. The results were similar to those
of other studies (Gil et al., 2006 and Supapvanich et al., 2011).
The decrease in acidity might be due to break up of acids
into sugars in fruits during respiration (Tovar et al., 2001).
Carotenoids in mango are known for their antioxidant
properties. It was observed that total carotenoids content
showed a rapid increase during first two days of storage
from 2.76-4.44 to 5.89-7.05 mg 100g-1 followed by a fall and
slight increased total carotenoids content at the end of
storage period (Fig 1). No significant difference was observed
between treatments. Robles-Sanchez et al. (2009) and Plaza
et al. (2011) found similar trend in fresh cut ‘Kent’ mangoes
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Fig. 1. Effect of dip treatment and packaging on TSS (0B),
titratable acidity (%) and total carotenoids (mg 100g-1) content
of minimally processed mango cubes.

and minimally processed orange segments during storage
and reported that the storage time and cutting were the
factors that affected the -carotene content rather than the
dipping treatment. A study by Gonzalez-Aguilar et al. (2008)
showed similar increase in -carotene content in fresh-cut
mango cvs. Ataulfo, Kent and Keitt, during storage at 50C
and it was suggested that fresh cut processing does not
inhibit the increase in -carotene because of ripening of fresh
cut tissues which accelerates the synthesis of carotenoids.
During storage the aerobic colony counts were minimal
during initial days in all the treatments and increased at the
end of storage period (Fig 2). After 10 days of storage, total
surface microbial counts ranged between 8.8x104 and 2.1x105
Journal of Eco-friendly Agriculture 9(2) 2014
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containing calcium chloride affected sensorial acceptance
of fruits.
Thus it can be concluded that the minimally processed
mango cubes retained their bioactive compound carotenoids
during storage. Mango cubes dipped in 1 per cent CaCl2
solution and packed in polypropylene trays could be stored
up to 6 days with lesser microbial growth and organoleptic
acceptance as compared to untreated cubes. Further study is
necessary to evaluate lower concentrations of calcium that
does not negatively affect sensory attributes without reducing
the beneficial effects of calcium treatment.
REFERENCES

Fig. 2. Microbial load and sensory score of treated and
untreated mango cubes packed in different packaging
material.
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ABSTRACT
Postharvest losses can be reduced and the storage life of fruits can be improved by several methods. Among
them low temperature storage and postharvest dip in growth regulators, wax solutions, fungicides are commonly
used to enhance the shelf life. Hence, an attempt was made to study the effect of different growth regulators along
with fungicidal wax on the shelf life of sweet orange at low temperature. Sathgudi fruits were treated with the 2,4-D
500ppm + wax (6%), GA3 500ppm + wax (6%), Benzyl adenine 50ppm + wax (6%), wax (6%) and stored at 10±10C.
Various physico-chemical parameters like physiological loss in weight (PLW), juice content, peel content, firmness,
spoilage, colour index, shelf life, total soluble solids, acidity, sugars and ascorbic acid were analysed at an interval of
15 days. Experimental findings revealed that, among the growth regulators BA 50ppm + wax 6% recorded the lowest
PLW, spoilage and colour index followed by 2,4-D 500ppm + wax (6%). The highest juice content, peel content and
firmness was found in BA 50ppm + wax (6%) and lowest in control fruits. Quality changes like TSS, acidity, sugars
and ascorbic acid indicated that the fruits treated with BA 50ppm + wax (6%) was improved by preserving the
quality compared to other growth regulators. The study concluded that Sathgudi fruits treated with BA 50 ppm +
wax (6%) and storing at 10±10C improved the shelf life by 54.52 per cent (109.00 days) over untreated control fruits
(70.54 days).
Keywords : Growth regulators, juice content, firmness, low temperature, spoilage, sweet orange.

Sweet orange cv. Sathgudi (Citrus sinensis Osbeck.) is
one of the most important citrus fruits grown in Andhra
Pradesh in an area of 1,94,395 ha with an annual production
of 26,24,333 tonnes (Annonymous, 2008). Sweet orange from
the Andhra Pradesh is exported to the marketing centres of
other states namely Bangalore, Trivandrum, Madras, Nagpur,
Bombay, New Delhi and Calcutta. However, considerable
quantity of the exported oranges gets spoiled during transit
due to bulk transportation (Biswas, 1989). In India,
postharvest losses of citrus fruits are 25-30 per cent and this
is mainly due to the unscientific practices of harvesting,
handling, packaging, transport and storage. Further climatic
conditions in India are not suitable for keeping the harvested
fruits for long time at ambient temperature. Citrus fruits
cannot be stored for longer period at room temperature
(Chundawat et al., 1978).
Plant growth regulators (PGRs) control physiological
processes at extremely low concentrations. PGRs like auxins,
gibberellins and cytokinins along with wax have been very
effective in extending storage life various citrus fruits by
maintaining the vitality of fruit tissues. Understanding the
mechanism of action and key processes regulated by the
PGRs may lead to improve the fruit quality and delays
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senescence (Ladaniya, 2008). Auxins like 2,4-D, 2,4,5-T and
NAA either alone or in combination with wax emulsion has
been successfully used in prolonging the shelf life of fruits
(Garg and Ram, 1972 and Ghosh and Sen, 1984). Thangaraj
and Irulappan (1993) noticed that acid lime treated with 2,4D 50 ppm and 100 ppm registered higher per cent of
marketable fruits (80.3 and 86.3 per cent respectively) after 1
month of storage compared to untreated fruits (34.6 %) and
also lower number of fruits with stalk-end rot (2.3 and 3.7)
compared to untreated fruits (13.7). Jarnail Singh et al. (1999)
suggested that Kinnow fruits treated with 20 or 40 ppm GA3
+ wax + HDPE can be stored for 30 days without any loss in
weight and quality. Deva Muni Reddy (2002) suggested that
mango cv. Baneshan when treated with benzyl adenine 100
ppm increased shelf life upto 18.04 days compared to control
(13.02 days). Jayachandran et al. (2007) reported that shelf
life of untreated guava cv. Lucknow-49 was 7.0 days while
benzyladenine 50 ppm and 25 ppm treated fruits recorded
significantly higher shelf life of 14.0 days and 13.33 days.
Postharvest treatments like wax coating with fungicide
have contributed to minimize postharvest losses. Any skin
coating which does not contain harmful ingredients and
does not completely seal the pores of the fruit but reduces the
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respiration rate will be ideally suited to prolong the storage
period. Ladaniya (2008) stated that effective wax coating
reduce weight loss by 30 per cent by providing the required
gloss, protecting from water loss and acts as carrier for
fungicides and PGRs. Bhagwan (1994) reported that
postharvest application of sodium benzoate and waxol 4
per cent extended the shelf life of banana cv. Robusta at 200C
and zero energy cool chamber. Cold storages are essential
for extending the shelf life, period of marketing, avoiding
glut during on-season, reducing transport bottlenecks during
the peak period of production and to maintain the quality of
produce (Cold Storage, 2003). Lotha et al. (1994) stated that
the economic shelf life of the Kinnow fruits was 22 and 56
days at ambient (240C; 65-90% RH) and refrigerated (3.30C;
70-80% RH) temperatures respectively based on 10 per cent
PLW and spoilage. Sonkar and Ladaniya (1999) found that
shelf life extended upto 60 days under refrigerated conditions
followed by 2 days at ambient condition with minimum
losses, better retention of natural appearance and taste in
Nagpur mandarin. The shelf life of sweet orange at ambient
condition was 15–20 days whereas at low temperature fruits
can be preserved upto 3-4 months. However, there was no
report regarding the effect of growth regulators in
combination with wax coating at low temperature in cv.
Sathgudi. In view of the above, the present study was taken
to study the effect of growth regulators on shelf-life of sweet
orange at low temperature.
MATERIALS AND METHODS
Mature uniform size sweet orange fruits used for the
present study were obtained from the farmers field located
at Tipparthi village, Nalgonda district and the experiment
was carried out in Postharvest technology laboratory, College
of Horticulture, Rajendranagar. The best combination of
growth regulator treatments has been used for the
experiment. The fruits were washed, air-dried, immersed in
the growth regulator for two minutes and then with
fungicidal wax emulsion for about a minute and kept in the
cold storage (10±10C, 95–98% RH). The sweet orange fruits
were treated with 2,4-D 500ppm + wax (6%), GA3 500ppm +
wax (6%), BA 50ppm + wax (6%) and wax (6%). Untreated
fruits were used as control. Each treatment was replicated
five times with thirty fruits per replication.
Physiological loss in weight (PLW) was calculated
by taking the weight of the marked fruits (5 no.) on 0th day is
taken as initial weight. The weight of the same marked fruits
(5 no.) was recorded from each replication at subsequent
intervals taken as final weight is subtracted from initial
weight for the whole period. The loss of weight in grams in
relation to the initial weight was expressed as percentage.

204

The visible symptoms of rotting and low temperature injury
on the number of fruits over total fruits were recorded at
periodical intervals and cumulative spoilage was determined
in terms of per cent spoiled fruits. The stage where more
than 40 per cent of the stored fruits became unfit for
consumption was considered as end of storage life and
expressed as mean number of days. The juice was extracted
from the sample fruits with the help of juice extractor and
strained through single mesh filter to remove rag, seeds and
left over waste. Strained juice was weighed and percentage
of juice content per fruit was worked at regular intervals.
The peel separated from the rag portion of the rind was
weighed and expressed as the per cent of peel weight. A
pocket penetrometer was used to record the firmness and
obtained direct readings in kg/cm2. The colour of the fruits
was determined by the visual observation. Changes in the
colour (surface of fruit) was measured based on the following
score. (Green-1; Yellowish green–2; Greenish yellow–3;
Yellow–4; Orange–5). Juice content, peel content and colour
index was determined as per the procedure given by
Ladaniya, (2008). Total soluble solids (TSS) were measured
by hand refractometer (0-320Brix). Titrable acidity, total
sugars and ascorbic acid were determined as per the
procedure described by Ranganna (1986).
The data were subjected to statistical analysis as per
the procedure outlined by Panse and Sukhatme (1985). The
experimental design was completely randomized design
(CRD) with factorial concept and the fruits were analysed to
observe physico-chemical changes for every 15 days.
RESULTS AND DISCUSSION
Initial physico-chemical characteristics of sweet orange
fruits
Initial fruit characteristics were represented in the
table 1 by taking the average value of ten randomly selected
fruits on first day. The average fruit weight of sweet orange
cv. Sathgudi was 210.00g, juice content and peel content
were 47.90 and 28.72 per cent respectively. The firmness of
the fruit was 7.69kg/cm2. The fruit juice had total soluble
solids of 8.600 Brix, titrable acidity of 0.98 per cent, and total
sugars of 4.00 per cent. The ascorbic acid content of Sathgudi
per 100ml of the juice was 64.10mg.
Significantly lowest PLW was observed in BA 50ppm
+ wax (6%) (3.03) which was on par with 2,4-D 500ppm +
wax (6%) (3.70) (Table 2, Graph 1). Highest PLW was
observed in the control (9.96). It was observed that there was
no significant difference in PLW between the 2,4-D 500ppm
+ wax (6%) (3.70) and GA3 500ppm + wax (6%) (3.92). There
was a significant increase in the PLW from 15th day (2.25) to
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Table 1. Initial fruit characteristics
Average fruit weight (g)
Juice content (%)
Peel content (%)
Firmness (kg/cm2)
TSS (°Brix)
Titrable acidity (%)
Total sugars (%)
Ascorbic acid (mg/100ml)

Lowest spoilage was observed in BA 50 ppm treated guava
fruits by Jayachandran et al. (2007) and BA 20 and 50 ppm
treated mango fruits by Prasanna Lakshmi, (2005). There
was an increase in the spoilage from 60th day (15.56) to 120th
day (62.67) in control fruits. Spoilage increased with increase
in duration of storage period due to Alternaria rot, Blue
mould and Black mould similar to observed by Ladaniya
(2008) in citrus fruits.

210.00
47.90
28.72
7.69
8.60
0.98
4.00
64.10

th

90 day (7.73) of storage. The lowest PLW in BA 50 ppm +
wax (6%) may be due to the fact that BA reduces the rate of
respiration which was in close conformity with Bhardwaj et
al. (2005) in Nagpur Santra treated with BA 100 ppm. Farooq
and Hulamani (2001) observed lower PLW in Arkavati grape
bunches treated with Kinetin at 30 ppm (7.1%). The fruits
treated with BA 50ppm + wax (6%) (24.81) has also recorded
lowest spoilage when compared with control fruits (56.02).

Juice and peel content in terms of per cent was
presented in the table 3 and graph 2. Higher juice (46.10)
and peel content (27.29) was observed in the BA 50ppm +
wax (6%) which was at par with 2,4-D 500ppm + wax (6%).
Least juice (35.76) and peel (22.39) content was observed in
the control fruits due high respiratory losses. Juice and peel
content was found to be highest in the BA 50ppm + wax
(6%) fruits due to the less respiration rate there by less
moisture loss compared to other growth regulators.

Table 2. Effect of growth regulators on physiological loss in weight (PLW %) and spoilage (%) of sweet orange cv. Sathgudi
stored at 10±1°C
Treatment
15
Growth regulator with fungicidal
wax
T1 - 2,4-D 500 ppm + wax (6%)
T2 - GA3 500 ppm + wax (6%)
T3 - BA 50 ppm + wax (6%)
T4 -Wax (6%)
T5 – Control
Mean
Treatments (T)
Days (D)
Interactions (T X D)

PLW (%)
Days after storage
45
60
75

30

1.64 3.13
2.00 3.29
1.48 2.73
2.29 3.60
3.86 5.69
2.25t 3.69s
F - test
*
*
*

90

3.33 4.30
4.70
3.69 4.35
4.81
2.75 3.39
3.81
3.80 4.60
4.80
8.11 10.01 14.01
4.34s 5.33r 6.43q
C.D (0.05)
0.70
0.76
1.71

Mean

5.11
5.40
4.02
6.03
18.10
7.73p
SE(d)
0.35
0.38
0.85

3.70bc
3.92b
3.03c
4.19b
9.96a

60

75

Spoilage (%)
Days after storage
90
105
120

10.00 14.44 35.56 45.56 54.44
13.33 20.00 40.00 46.67 56.67
7.79
11.11 20.00 37.78 47.78
17.78 31.11 43.33 53.33 66.67
28.89 42.22 53.33 67.88 87.78
15.56t 23.78s 38.45r 50.24q 62.67p
F - test
C.D (0.05)
*
3.30
*
3.30
*
7.38

Mean
32.00d
35.33c
24.81e
42.45b
56.02a
SE(d)
1.64
1.64
3.67

*Significant at P = 0.05 level ; Means followed by same alphabet are not statistically significant

Table 3. Effect of growth regulators on juice content (%) and peel content (%) of sweet orange cv. Sathgudi stored at 10±1°C
Treatment

Growth regulator with
fungicidal wax
T1 - 2,4-D 500 ppm + wax (6%)
T2 - GA3 500 ppm + wax (6%)
T3 - BA 50 ppm + wax (6%)
T4 -Wax (6%)
T5 – Control
Mean
Treatments (T)
Days (D)
Interactions (T X D)

15

30

46.95
46.95
47.12
46.25
44.97
46.45p
F - test
*
*
*

46.64
46.34
46.85
45.42
40.78
45.21q

Juice content (%)
Days after storage
45
60
75

46.00
45.78
46.42
44.71
37.65
44.11qr

45.63 44.98
44.74 43.43
45.91 45.46
43.92 42.17
34.91 30.31
43.02r 41.27s
C.D (0.05)
1.09
1.19
2.67

90

43.78
42.01
44.81
40.50
25.92
39.40t

Mean
45.66ab
44.88bc
46.10a
43.83c
35.76d
SE(d)
0.54
0.60
1.33

15

30

27.83 27.56
27.82 27.53
28.06 27.77
27.59 27.26
26.69 25.21
27.60p 27.07q
F - test
*
*
*

Peel content (%)
Days after storage
45
60
75

27.32 27.06 26.55
26.91 26.74 26.20
27.53 27.30 26.81
27.01 26.62 25.99
23.36 21.58 20.06
26.43r 25.86s 25.12t
C.D (0.05)
0.37
0.41
0.91

90

Mean

25.81
25.67
26.28
24.92
17.42
24.02u

27.02ab
26.81bc
27.29a
26.57c
22.39d
SE(d)
0.19
0.20
0.46

*Significant at P = 0.05 level ; Means followed by same alphabet are not statistically significant
Journal of Eco-friendly Agriculture 9(2) 2014
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Maximum retention of juice content upto 42nd day of storage
was observed by Bhardwaj et al. (2005) in Nagpur Santra
treated with BA 100ppm. With increase in the duration of
storage period, juice content and peel content decreased
significantly from 15th day to 90th day. Reduction in the juice
and peel content was directly correlated with the reduction
in moisture content of the fruit. These results are in
confirmation with those reported by Shekarappa Angadi and

Shanta Krishnamurthy (1992) in Coorg mandarin where the
juice content decreased from 49.4-36.1 per cent under low
temperature. Lotha et al. (1994) reported that the peel weight
decreased slightly from 25.04-24.40 per cent for 80 days at
refrigerated temperature in Kinnow.
Higher firmness was observed in the BA 50ppm +
wax (6%) (7.30) and lower in the control (5.78) (Table 4 &

Table 4. Effect of growth regulators on firmness (kg/cm2) and visual colour index of sweet orange cv. Sathgudi stored at
10±1°C
Treatment
15
Growth regulator with fungicidal
wax
T1 - 2,4-D 500 ppm + wax (6%)
T2 - GA3 500 ppm + wax (6%)
T3 - BA 50 ppm + wax (6%)
T4 -Wax (6%)
T5 – Control
Mean
Treatments (T)
Days (D)
Interactions (T X D)

7.50
7.50
7.60
7.40
7.17
7.43p
F - test
*
*
*

30

7.37
7.33
7.50
7.23
6.57
7.20q

Firmness (kg/cm2)
Days after storage
45
60
75

7.23 7.07
7.20 7.00
7.40 7.27
7.07 6.87
6.10 5.57
7.00r 6.75s
C.D (0.05)
0.15
0.16
0.36

6.90
6.83
7.10
6.73
5.03
6.52t

90

Mean

6.60 7.11b
6.57 7.07b
6.93 7.30a
6.43 6.96b
4.23 5.78c
5.78u
SE(d)
0.07
0.08
0.18

15

30

1.75 2.67
1.79 2.71
1.41 2.40
1.85 2.91
2.82 3.74
1.92u 2.88t
F - test
*
*
*

Colour index
Days after storage
45
60
75
90

2.89 3.34 3.72
2.83 3.62 3.92
2.91 3.35 3.87
3.54 3.72 3.93
4.07 4.49 4.66
3.25s 3.71r 4.02q
C.D (0.05)
0.08
0.09
0.20

Mean

3.72 3.01d
4.14 3.17c
3.97 2.98d
4.17 3.35b
4.60 4.06a
4.12p
SE(d)
0.04
0.05
0.10

*Significant at P = 0.05 level; Means followed by same alphabet are not statistically significant
Colour index : Green - 1, Yellowish green - 2, Greenish yellow - 3, Yellow - 4, Orange - 5

Graph 3). There was no significant difference in firmness
among the fruits treated with 2,4-D 500ppm + wax (6%)
(7.11), GA3 500ppm + wax (6%) (7.07) and wax (6%) (6.96).
The firmness of the fruits maintained for a longer period by
BA 50ppm + wax (6%) reflecting the retarded nature of

Figure 1 : Effect of growth regulators on shelf life of sweet
orange cv. Sathgudi stored at 10±1°C on 120th day of storage
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Figure 2 : Effect of growth regulators on shelf life of sweet
orange cv. Sathgudi stored at 10±1°C on 120th day of storage
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ripening. The results were in line with the findings of
Jayachandran et al. (2007) in guava fruits treated with BA 50
ppm (4.03) over the control (1.93) fruits. Padmavathi (1999)
reported that banana fruits stored at 150C showed higher
firmness might be due to slower hydrolysis of starch, hemi
cellulose and thus retarding ripening. Significant decrease
in the firmness was observed at consecutive intervals of
storage from 15th day (7.43) to 90th day (5.78) of storage. The
firmness levels were always higher at initial days which
decrease gradually, due to the degradation of cell wall
components as supported by Ladaniya and Sonkar (1997)
in Nagpur mandarin. The lower colour index value was
recorded in BA 50ppm + wax (6%) (2.98), whereas higher
colour index in control (4.06) (Table 4). Colour index was
found to be less in BA 50ppm + wax (6%) indicating that BA
reduces the senescence and ethylene production thereby
ripening of the fruits as stated by Sukumar Reddy (2009) in
guava. Ahmed (1998) observed that the change in colour
was slow in BA 100 ppm treated mango cv. Baneshan. There
was a significant increase in colour index value starting with
1.92 on 15th day to 4.12 on 90th day of storage. This was due
to the breakdown of chlorophyll followed by a subsequent
increase in orange and yellow pigments i.e. carotenoids in
the peel, as stated by Ladaniya (2008).
The maximum shelf life was recorded in BA 50ppm +
wax (6%) (109.00 days) followed by 2,4-D 500ppm + wax
(6%) (96.66), which was at par with GA3 500ppm + wax
(6%) (90.95 days) (Table 5 Graph 4, Fig 1,2). The minimum
shelf life of 70.54 days was observed in control fruits. Shelf
life of BA treated fruits was improved due to delay in ethylene
production and may be due to inhibition of alternative
respiration. Shelf life was found to be more in guava fruits
treated with BA 25 or 50 ppm by Jayachandran et al. (2007)

Table 5. Effect of growth regulators on the shelf life (days)
of sweet orange cv. Sathgudi stored at 10±10C
Treatment

Shelf
life
(Days)
T1 - 2,4-D 500 ppm + wax (6%) 96.66b
T2 - GA3 500 ppm + wax (6%)
90.95bc
T3 - BA 50 ppm + wax v
109.00a
T4 -Wax (6%)
85.00c
T5 – Control
70.54d
F – test
*
C.D (0.05)
11.11
SE(d)
4.92

Per cent increase
in shelf life over
control
37.03
28.93
54.52
20.50
0
----

*Significant at P = 0.05 level; Means followed by same alphabet are
not statistically significant

and in mango fruits treated with BA 20 and 50ppm by
Prasanna Lakshmi (2005).
Significant difference in TSS and titrable acidity was
observed among the treatments and between the days of
storage (Table 6, Graph 5). Relatively the higher TSS was
observed in untreated control fruits (9.83) due to the
hydrolysis of polysaccharides at faster rate compared to the
treated fruits and the lowest was recorded in BA 50ppm +
wax (6%) (9.14). With the increase in the duration of storage
period, TSS increased from the 15th day (8.80) to 90th day
(10.09) of storage. Minimum increase in TSS (13.20) was
reported by Bhardwaj et al. (2005) in Nagpur mandarin
treated with 100 ppm BA. Titrable acidity was found to be
high in the BA 50ppm + wax (6%) (0.92) and low in control
(0.74) (Table 6). This could be due to delay in the physiological
ageing and metabolism, which ultimately resulted in the
higher retention of acidity. Prasanna Lakshmi (2005)

Table 6. Effect of growth regulators on TSS (°B) and titrable acidity (%) of sweet orange cv. Sathgudi stored at 10±1°C
Treatment

Growth regulator with fungicidal
wax
T1 - 2,4-D 500 ppm + wax (6%)
T2 - GA3 500 ppm + wax (6%)
T3 - BA 50 ppm + wax (6%)
T4 -Wax (6%)
T5 – Control
Mean
Treatments (T)
Days (D)
Interactions (T X D)

15

30

8.77
8.83
8.73
8.73
8.93
8.80u
F - test
*
*
*

8.87
8.90
8.87
8.90
9.20
8.95t

TSS (°B)
Days after storage
45
60
75 90

9.10 9.33
9.03 9.23
8.97 9.10
9.17 9.40
9.53 9.93
9.16s 9.40r
C.D (0.05)
0.10
0.11
0.24

Mean

9.73
9.97 9.29bc
9.67
9.87 9.26c
9.53
9.67 9.14d
9.67
10.13 9.37b
10.57 10.80 9.83a
9.87q 10.09p
SE(d)
0.05
0.05
0.12

15

Titrable acidity (%)
Days after storage
30
45
60
75

0.95 0.94
0.96 0.94
0.97 0.95
0.95 0.93
0.91 0.84
0.95p 0.92q
F - test
*
*
*

0.92
0.90
0.91
0.88
0.93
0.91
0.90
0.87
0.73
0.71
0.88r
0.86r
C.D (0.05)
0.01
0.02
0.03

0.87
0.85
0.89
0.83
0.63
0.81s

90

0.84
0.82
0.86
0.81
0.61
0.79s
SE(d)
0.01
0.01
0.02

Mean
0.91a
0.89b
0.92a
0.88b
0.74c

*Significant at P = 0.05 level ; Means followed by same alphabet are not statistically significant
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Table 7. Effect of growth regulators on total sugars (%) and ascorbic acid content (mg 100ml-1) of sweet orange cv. Sathgudi
stored at 10±1°C
Treatment
15
Growth regulator with fungicidal
wax
T1 - 2,4-D 500 ppm + wax (6%)
T2 - GA3 500 ppm + wax (6%)
T3 - BA 50 ppm + wax (6%)
T4 -Wax (6%)
T5 – Control
Mean
Treatments (T)
Days (D)
Interactions (T X D)

30

3.71
4.26
3.89
4.12
3.69
3.89
4.02
4.54
4.56
5.46
3.97u 4.46t
F - test
*
*
*

Total sugars (%)
Days after storage
45
60
75

4.53 4.78 5.52
4.44 4.62 5.35
4.33 4.45 5.10
4.75 5.12 5.75
5.97 6.85 7.46
4.80s 5.16r 5.84q
C.D (0.05)
0.09
0.10
0.23

90

Mean

6.25 4.84c
6.06 4.75c
5.81 4.54d
6.54 5.12b
7.49 6.30a
6.43p
SE(d)
0.05
0.05
0.12

15

Ascorbic acid content (mg 100ml-1)
Days after storage
30
45
60
75
90

62.71 61.34
63.39 61.76
63.69 61.99
61.98 59.74
59.58 54.50
62.27p 59.87q
F - test
*
*
*

58.94 56.99
58.11 55.92
59.78 57.81
57.94 55.75
47.00 42.75
56.35r 53.84s
C.D (0.05)
0.57
0.63
1.40

55.15 52.97
53.92 50.77
56.01 53.91
53.79 49.60
39.00 35.46
51.58t 48.54u
SE(d)
0.29
0.31
0.70

Mean
58.02b
57.31c
58.86a
56.47d
46.38e

*Significant at P = 0.05 level ; Means followed by same alphabet are not statistically significant

Graph 1 : Effect of growth regulators on PLW (%) of sweet
orange cv. Sathgudi stored at 10+1oC on 120th day of storage

Graph 3 : Effect of growth regulators on juice spoilage (%) of
sweet orange cv. Sathgudi stored at 10+1oC on 120th day of
storage

Graph 2 : Effect of growth regulators on juice content (%) of
sweet orange cv. Sathgudi stored at 10+1oC on 120th day of
storage

Graph 4 : Effect of growth regulators on shelf life (days) of
sweet orange cv. Sathgudi stored at 10+1oC on 120th day of
storage
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reported by Ansari and Feridoon (2008) in Valencia orange.

Graph 5 : Effect of growth regulators on TSS (oB) of sweet
orange cv. Sathgudi stored at 10+1oC on 120th day of storage

Graph 6 : Effect of growth regulators on total sugars (%)of
sweet orange cv. Sathgudi stored at 10+1oC on 120th day of
storage

The total sugars were significantly highest in control
(6.30) and lowest in BA 50ppm + wax (6%) (4.54) (Table 7,
Graph 6). Higher sugar content in control was due to the
rapid respiration rate which indirectly caused moisture loss
thereby increasing sugar content. Lower sugar content was
observed Ahmed (1998) by post harvest application of BA
100 ppm in mango and Bhardwaj et al. (2005) in Nagpur
mandarin. Sharma and Dashora (2001) reported minimum
total sugar content (7.96) in 2 per cent mustard oil emulsion
+ 100ppm BA treated guava fruits while the maximum (8.25)
in control. In the present study, there was a significant
increase in total sugar content from 15th (3.97) to 90th (6.43)
day of storage due to the conversion of acids to sugars. A
significant declining trend in the ascorbic acid content was
noticed from 15th day (62.27) to 90th day (48.54) of storage
(Table 7, Ghraph 7). The reduction in ascorbic acid content
might be due to the activity of oxidative enzymes during
storage. Lowest ascorbic acid was found in control (46.38)
fruits. In the present study highest ascorbic acid content was
observed in the BA 50ppm + wax (6%) (58.86) compared to
other treatments. Jayachandran et al. (2007) recorded higher
ascorbic acid in BA 100 ppm treated guava fruits. Bhardwaj
et al. (2005) observed highest retention of ascorbic acid content
(23.98 mg 100ml-1 juice) on 42nd day of storage in Nagpur
Santra treated with BA 100ppm.
The lowest PLW (9.00) and spoilage (47.78) with
maximum retention of juice content (42.03) was observed in
BA 50ppm + wax (6%) even upto 120 days of storage. The
minimum increase in TSS (10.30) and total sugars (6.92) with
maximum retention of ascorbic acid (49.90) was also
observed in BA 50ppm + wax (6%). The shelf life of BA 50ppm
+ wax (6%) (109.00 days) treated fruits was improved by
54.52 per cent over control (70.54 days). Thus, the analysis
of various physico-chemical parameters (quality parameters)
indicate that BA 50ppm + wax (6%) treated fruits was good
compared to other growth regulator treated fruits.
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Technology of stuffed parwal sweet production
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ABSTRACT
A method was standardized for the production of parwal sweet, since large variations in the chemical
composition and sensory properties were observed in market samples. Parwal (pointed gourd) belonging to family
Cucurbit, was used in the preparation of traditional sweet using three kind of khoa made from cow milk (K1), buffalo
milk (K2) and mixed milk (K3). The average yield of parwal sweet was recorded to be 43.74, 45.80, and 44.67 per cent
in K1, K2 and K3 respectively. The yield of parwal sweet increased significantly with the levels of added sugar in the
khoa used for filling. There was no significant difference noticed in the flavour scores of aforesaid three types of khoa.
A positive and highly significant correlation values were obtained for body & texture, general appearance and colour
of parwal sweet (P<0.01).
Key words: Khoa, parwal, traditional khoa sweet.

Parwal (Trichosanthes dioica Roxb.) is known as pointed
Gourd, which belongs to the family Cucurbitaceae with
chromosome number 2n = 22. Parwal is cultivated in Bihar,
Bengal, Madhya Pradesh, Orissa, and eastern region of Uttar
Pradesh. Immature fruits of this plant were used in the
preparation of vegetable curry. The chemical composition of
parwal is 2 per cent protein, 0.3 per cent fat, 2.2 per cent
carbohydrates, 153 I.U. vitamin A and 29 mg of vitamin C
100g-1 (Misra, et. al., 1994).
About 50 per cent of the milk produced in the country
is converted into various indigenous dairy products in which
the share of khoa is prepared about 7 per cent of milk
(Rajorhia, 2002). Though the investment of capital in the
profit margin of Indian dairy products is side, as compared
with the western type dairy products viz. milk powder,
butter, butter oil, cream and cheese, etc., the technology for
region specific, traditional Indian milk sweets like that of
Parwal sweet is not yet standardized, because, the production
and marketing had largely been in the hands of small
Halwais and their skilled labours who are generally not
trained, usually small scale primitive type of traditional
technology is applied for manufacturing of these dairy
sweets.
The research and development efforts in this area are,
therefore, directed towards scaling up and modernization
of technology for selected traditional products. “Parwal
sweet” is one of the value additions into the evaporated and
concentrated dairy products category like Khoa, gaining
popularity amongst the consumers, in and around Varanasi.
No published information is available on the technology
and quality of “Parwal sweet” sold in the market. The present
©2014

investigation was, therefore, undertaken with a view to
standardize the technology for this upcoming product mix.
MATERIALS AND METHODS
The samples of milk were taken from the Dairy Farm
of Banaras Hindu University, Varanasi and analyzed for
fat, specific gravity, acidity, total solids (TS) and solid-notfat (SNF) as per I.S.: 1479 (Part II) – 1961, I.S.: 2785 (Part-I0)
1964 and IS: 1224, 1977 specifications. Thereafter, the khoa
was prepared from these milk samples and used for
preparation of Parawal sweet along with the sugar.
Peeled parwal carefully and made lengthwise slit/cut
from top to bottom and then put into lime water for 2 to 3
hours for hardening and removal of off (vegetable) flavour of
parawal. After completing hardening process parwals taken
out from lime water and thoroughly washed with clean tap
water. Thereafter, put the processed parawals in boiling
water and simmer up to 20-25 minutes. While boiling
completed, drain the water and remove carefully the parawals
and squeezed out the extra water from it and keep aside
safely.Now the sugar syrup was prepared by taking one
fourth a kilogram of sugar into half a litre of water and heated
it till the proper syrup, one thread texture obtained.
Thereafter poured all the parwal pieces into the boiling
sugar syrup and simmer till the sugar syrup is just 1 thread
consistency. Taken out all the parwal pieces from the sugar
syrup and allowed to cool it for 15 minutes.
To fill up inside the aforesaid ready parwals, the gravy
was prepared. The gravy mix was prepared by roasting khoa
and continuously stirring till light pink colour and crumbly
appearance comes. At this stage fine sugar at desired amount
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was added and continued the stirring of mix till properly
gravy was prepared. Takeout the mix from the hot plate and
cool it for 10 minutes. While the gravy was allowed to cool
stirring process continued to avoid the clump formation. At
the last the flavouring agent as green cardamom powder or
saffron strands as per preference be added. To prepare the
flavouring agent, the green cardamom powder or saffron
strands in the desired amount was taken and mix with a
little sugar and then grinded together very fine, so that it
should be mixed homogenously into the gravy. Finally, fill
gravy/ snuff (khoa mixture) as already prepared above into
each parwal and cool and cover with silver foils for ready to
consume.
Flow diagram of preparation of Stuffed Parwal Sweet

Receiving of ingredients

Peeling of parwal

Putting of parwal in lime water
(for 2-3 hours)

Boiling of parwal
(for 20-25 minutes)

Boiling of parwal in sugar syrup
(upto 1 thread sugar syrup)

Filling the khoa mixture

Cover with silver foil

Parwal sweet

Cool and storage
Yield of parwal sweet
The yield of final products - parwal sweet prepared
from khoa, obtained from cow, buffalo and combined (cow
and buffalo) milk and from different sugar levels in khoa
(gravy) was recorded just after preparation of the product.
The average yield of parwal sweet obtained from cow
milk khoa gravy (K1) with 5 (S1), 10(S2) and 15(S3) per cent
sugar levels were estimated as 43.63, 43.75 and 43.85 per
cent respectively, of the total raw materials. Similarly, for
buffalo milk khoa gravy (K2) in 5 (S1), 10(S2) and 15(S3) levels
of treatments were estimated as 45.71, 45.82 and 45.88 per
cent respectively. The mean yield for combined (cow and
buffalo) milk khoa gravy (K3) at 5 (S1), 10 (S2) and 15 (S3) per
cent level of sugar were estimated as 44.75, 44.70 and 44.75
per cent respectively (Table-1).
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Table 1. The average yield of parwal sweet prepared from
different levels of khoa and sugar mix gravy
Khoa level

K1
K2
K3
Overall average

Sugar level
S1
43.63
45.71
44.57
44.63

S2
43.75
45.82
44.70
44.75

S13
43.85
45.88
44.75
44.82

Overall average
(%)
43.74
45.80
44.67
44.73

The analysis of variance regarding the yield obtained
from different levels of sugar and different types of khoa
gravy obtained from different types of milk clearly exhibited
that there is highly significant difference in the yield of Parwal
sweet obtained from different types of milk khoa cow (K1),
buffalo (K2) and combined milk (K3) were used to prepar the
parwal sweet(P<0.01).
It means that, both the factors Kl & Sl (factor K1, K2 K1
and S1 S2 and S3) contribute significantly in the final yield of
the product.
The overall acceptability was judged through the mean
flavour scores of parwal sweet prepared from three levels of
khoa and sugar gravy and the values were 34.79, 34.80 and
35.33 at, 10 and 15 per cent of sugar, respectively. It is
interesting to note that flavour score increased significantly
as the level of khoa gravy increases in the sample. The
differences in the flavour score recorded in different types of
khoa group 36.70 in K1, 33.95 in K2 and 34.27 in K3 did not
show any significant statistical difference. The highest score
was noted with interaction group S3K1 (33.70) and the lowest
with S3K2 (33.63), that means people liked very much the
treatment combinations with 15 percent sugar and cow’s
milk khoa with saffron flavour.
Sensory quality of parwal sweet
Sensory evaluation of parwal sweet samples prepared
from different levels of sugar and different types of khoa
were carried out in respect to its flavour, body and texture,
general appearance and colour. The numerical values with
the help of nine point hedonic scale were summarizes and
presented table 1, 2 and 3.
Flavour
Average flavour score of Parwal sweet prepared from
different levels of sugar types of khoa gravy was estimated
and the overall average of flavour score of Parwal sweet
irrespective of levels of sugar and different types of khoa
was found to be 34.97 with range a value of 34.86 to 35.08
out of maximum score 40. The average flavour score due to
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different types of khoa gravy was estimated and it was
minimum (33.95) in case of parwal sweet sample prepared
from buffalo milk khoa gravy and the maximum (36.70) being
in case of cow milk khoa gravy. For combined milk khoa
gravy the mean value was 34.27 (Table 2), all these values
showed a highly significant differences (P<0.01). The finding
indicates that the different type of milk khoa gravy has
positive relationship on flavour score of parwal sweet. It
indicates that, khoa prepared from cow milk has highest
positive effect (highest score) towards the flavour followed
by combined milk khoa and minimum flavour score for
buffalo milk khoa.
On other hand irrespective of different types of khoa
gravy, the average score was estimated as 34.79, 34.80 and
35.33 when parwal sweet prepared from 5 (S1), 10 (S2) and
15 (S3) per cent sugar in khoa with an overall average score
of 34.97. A very highly significant variations were worked
out (P<0.01).These results indicate that when sugar level is
increased the acceptability is also increased.
The average value in respect of interaction effects of
different levels of sugar and types of khoa gravy on flavour
score of parwal sweet were estimated as 36.23 (S1K1), 33.65
(S1K2), 34.49 (S1K3), 36.10 (S2K1), 34.56 (S2K2), 33.73 (S2K3),
37.76 (S3K1), 33.63 (S3K2) and 34.60 (S3K3). These values
clearly indicate that the flavour score apparently increased
as sugar levels increased and similarly flavour increases in
cow milk khoa gravy than buffalo and combined milk khoa
gravy.
Table 2. Average flavour score of parwal sweet prepared
from different levels of sugar and different types of
khoa
Sugar levels

Khoa levels
K1

K2

Overall average
K13

S1

36.23 33.65

34.49

34.79

S2

36.10 34.56

33.73

34.80

S3

37.76 33.63

34.60

35.33

Overall average 36.70 33.95

34.27

34.97±0.11

Body and texture
The overall average of body and texture score of parwal
sweet irrespective of sugar levels and types of khoa gravy
was found to be 35.47 with range value of 35.37 to 35.57 out
of maximum score 40, which was minimum34.70 in case of
sample of buffalo milk khoa gravy and the maximum36.85
being in case of cow milk khoa gravy and for combined milk
khoa it was 34.85, which showed a highly statistically
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difference (P<0.01). It indicates that, khoa prepared from cow
milk has highest positive effect towards the body and texture
also followed by combined milk khoa and buffalo milk khoa.
On other hand irrespective of different types of khoa,
the average body and texture score was estimated as 34.91,
35.46 and 36.04 with an overall score of 35.47 using 5 (S1), 10
(S2) and 15 (S3) per cent sugar in khoa gravy (Table 3).
The interaction effects of different levels of sugar and
different types of khoa on body and texture score of parwal
sweet were estimated as 35.90 (S1K1), 34.22 (S1K2), 34.61
(S1K3), 37.00 (S2K1), 35.23 (S2K2), 34.16 (S2K3), 37.66 (S3K1),
34.66 (S3K2) and 35.80 (S3K3) respectively. These values
clearly show that the body and texture score apparently
increase as sugar levels increases and it also increase in
cow’s milk khoa than combined and buffalo milk.
Table 3. Average body and texture score of parwal sweet
prepared from different levels of sugar and
different types of khoa
Sugar level
S1
S2
S3
Total

K1
35.90
37.00
37.66
36.85

Khoa level
K2
34.22
35.23
34.66
34.70

Overall average
K13
34.61
34.16
35.80
34.85

34.91
35.46
36.04
35.47

General appearance and colour
The overall average of general appearance and colour
score of parwal sweet irrespective of sugar levels and different
types of khoa was found to be 17.31 with range of 17.17 to
17.45 out of 20, it was minimum 16.57 in buffalo’s milk khoa
and maximum 18.45 in cow’s milk khoa and 16.91 for
combined milk shoeing a highly significant
differences(P<0.01).
. General appearance score was calculated as 17.32,
16.43 and 17.68 for parwal sweet prepared from 5 (S1), 10
(S2) and 15 per cent (S3) with an overall mean of 17.31, sugar
levels in khoa (Table 4).
The interaction effects of different levels of sugar and
types of khoa on general appearance and colour score of
parwal sweet were found to be 18.37 (S1K1), 16.69 (S1K2),
17.01 (S1K3), 17.96 (S2K1), 16.26 (S2K2), 16.56 (S2K3), 19.13
(S3K1), 16.76 (S3K2) and 17.16 (S3K3). A similar trend has
been recorded in this case also.
Correlation study
Correlation coefficient (r): The covariance indicates that
the two related character (x being the ‘cause’ or independent
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Table 4. Average general appearance and colour score of
Parwal sweet prepared from different levels of
sugar and different types of khoa
Sugar level
S1
S2
S3
Total

K1
18.27
17.96
19.13
18.45

Khoa level
K2
16.69
16.26
16.76
16.57

Overall average
K13
17.61
16.56
17.16
16.91

17.32
16.93
17.68
17.31

variable) tend to vary together, i.e. they are correlated with
each other. The intensity of this correlation between the cause
and effect can be measured by correlation coefficient
symbolized as r. Thus, r is a conventional statistics to
determine the degree to which the two related variants can
vary together.
In present experiment a positive and highly significant
correlation values were obtained for body & texture, general
appearance and colour of parwal sweet (P<0.01), while
flavour showed positive but non – significant value.
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ABSTRACT
Mango fruits are subjected to various post-harvest treatments to enhance shelf life by controlling post harvest
pathogens or to slowdown the process of ethylene evolution. Uses of salicylic acid in systemic resistance to pathogen,
inhibiting ethylene biosynthesis and delaying senescence have been reported. The objective of this study was to assess
the safe chemicals to control post harvest pathogen especially anthracnose (Colletotrichium gloeosporoides) and thereby
enhance the shelf life of mangoes under ambient conditions. Green mature fruits of mango cv. Dashehari were
harvested and divided into two lots, the first lot was inoculated with C. gleosporides and after 24 hours treated with
safe chemicals such as oxalic acid (60ppm) and salicylic acid (50ppm) and the second lot of fruits served as control
and stored under ambient conditions (34±2 0C and 50±2% R.H.). The fruits were assessed for physico-chemical
parameters at regular intervals of 0, 5, 7 and 9 days of storage. The firmness of the fruits, titratable acidity decreased,
while the TSS and total carotenoids content of the fruit increased on the 9th day of storage. The CPLW percentage of
the control fruits was maximum, while that of salicylic acid was minimum on the 9th day of storage. There was no
disease development in fruits treated with oxalic acid 60ppm and salicylic acid 50ppm while, control fruits had 25
per cent disease on the 9th day of storage. From the above studies it can be concluded that oxalic acid 60ppm and
salicylic acid 50ppm can effectively control anthracnose (Colletotrichium gloeosporoides) and increase the marketability
of the fruits.
Key words : Anthracnose, salicylic acid, oxalic acid, mango, Dashehari, shelf life.

The mango (Mangifera indica L.) fruit is highly
perishable. The shelf life of mango is limited to 2-3 day under
ambient condition as it is a climacteric fruit. Mango
harvesting coincides with high temperature and high relative
humidity, which is conducive for disease infestation like
anthracnose (Colletotrichium gloeosporoides) and stem end rot
(Botrydiplodia theobrome). Rapid processes of ripening and
infection by post harvest pathogens are causes of postharvest
losses. To check the ripening of mango fruit and/or control
their storage pathogens, dip treatments are done by
pesticides/fungicides (Johnson et al.,1994), infiltration of
calcium (Mootoo,1991), 2-4-dicholorophenoxy acetic acid
(Kobiler et al., 2001), gibberillic acid (Khader et al., 1988),
salicylic acid (Zainuri et al., 2001 and Zang et al., 2006) and
oxalic acid (Zheng et al., 2007). Till date, cost-effective and
easily adoptable alternative chemical and or molecules are
still required to mitigate the challenges of extension of shelflife of mangoes.
Studies revealed that oxalic acid might play important
roles in systemic resistance, programmed cell death and
redox homeostasis in plant (Wang et al., 2009). Oxalic acid is
an anti-browning agent for litchi fruit (Zheng and Tian,
2006). Extension of shelf life of mango and peach fruits by
use of oxalic acid are reported by (Zheng et al., 2007 and
©2014

Zheng et al., 2007).
Salicylic acid is a safe and natural phenolic compound
exhibiting a high potential in controlling postharvest losses.
The intrinsic biosynthetic pathways, effect of exogenous
salicylic acid on post-harvest decay and disease resistance,
fruit ripening, ethylene biosynthesis and action, fruit firmness
and respiration are influenced by salicylic acid (Asghari and
Aghdam 2010).
Effect of salicylic acid treatment on fruits like apple
and kiwi are reported (Kazemi et al., 2011 and Bal and Celik,
2010). Recently, use of acetyl salicylic acid during
postharvest storage of pomegranate (Sayyari et al., 2011) and
oxalic acid on ripening attributes of banana fruits during
storage (Huang et al., 2013) are gaining importance. Keeping
in view the role of salicylic acid and oxalic acid, the objective
of this study was to optimize minimum dose of salicylic acid
and oxalic acid to enhance the shelf-life of mango cv.
Dashehari under ambient conditions (34±2oC and 85-90%
R.H.)
MATERIALS AND METHODS
Colletotrichium gleosporides pathogen was tested under
in-vitro conditions in PDA plates for control, oxalic acid @
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20, 40 and 60 ppm and salicylic acid @ 20, 30 and 50ppm.
Green mature fruits of mango cv. Dashehari were harvested
and divided into two lots, the first lot was inoculated with C.
gleosporides and after 24 hours treated with safe chemicals
such as oxalic acid (60ppm) and salicylic acid (50ppm) and
the second lot of fruits served as control and stored under
ambient conditions (34±2oC and 50±2% R.H.). The fruits were
assessed for physico-chemical parameters and disease
development at regular intervals of 0, 5, 7 and 9 days of
storage. The per cent cumulative weight loss was calculated
on the basis of initial weight at different stages of storage
and expressed in percentage. The firmness of the fruits were
measured by use of penetrometre (Mc Cormick fruit tester 012.5 scale) with 0.8mm diaprobe and expressed as kg/cm2.
For chemical attributes such as total soluble solids (TSS),
fruits were randomly selected from each replication,
homogenized and a drop of juice was placed on the screen
of hand refractometer (Erma, Japan 0-30%) and the reading
was noted and adjusted with the correction factor at 200C
temperature and expressed as per cent TSS. Acicidity and
total carotenoides in the fruit pulp was estimated as per
method described by Ranganna (1986).

Firmness of the fruits as indicated in the (Fig. 2).
decreased rapidly with the increase in storage period.
Firmness was maximum in fruits treated with salicylic acid
(0.47 kg/cm2) while minimum was found in fruits of control
inoculated (0.31kg/cm2) on the 9th day of storage. The
firmness decreased due to tissue softening and onset of
ripening during storage. Fruit softening is associated with
cell wall modification. Pectin degradation play an important
role in fruit softening which leads to disassembly of cellulose
network and decrease in fruit firmness (Liu et. al., 2009 and
Wu et al., 2011). The formation of oxalate-soluble pectin was
related to fruit firmness of tomato and banana during storage
(Guillon et al., 2008, Emaga et al., 2008 and Huang et al.,
2013). Our results are in agreement with the reports of
decrease of softening in Kiwi fruits (Solaimani et al., 2009
and Bal and Celik 2010). Inhibitory effects of SA on ACC
conversion to ethylene (Li et al., 1992).

RESULTS AND DISCUSSIONS
The cumulative physiological loss in weight per cent
(CPLW %) was maximum in control inoculated fruits
(25.87%), followed by control (24.52%), oxalic acid treated
(21.23%) and minimum in salicylic acid treated fruits
(18.89%) on the 9th day of storage under ambient condition
(Fig 1). The loss in weight was due to evapo-transpiration
from the surface of fruits during storage. Our findings are
similar to the findings of (Srivastava and Dwivedi, 2000) in
banana as SA decreases respiration through inhibition of
ethylene biosynthesis or action. SA also caused decreased
respiration and fruit weight loss by closing stoma in
mandarin (Zheng and Zhang 2004) and (Kazemi et al., 2011)
in apple.

Fig. 1. CPLW per cent of mango cv. Dashehari fruits treated
with SA and OA during storage under ambient conditions.
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Fig. 2. Changes in firmness (Kg/cm2 ) of mango cv. Dashehari
fruits treated with SA and OA during storage under ambient
conditions.

Total soluble solids in fruits increased and titratable
acidity per cent decreased with increase in storage period.
Maximum TSS was noted in fruits of control inoculated while
fruits treated with oxalic acid and salicylic acid had the same
TSS on the 7th day of storage. With further increase in storage
period on the 9th day, the TSS had decreased indicating
senescence of fruits. The per cent acidity was lowest in case
of fruits treated with salicylic acid followed by control
inoculated, control fruits and highest was in fruits treated
with oxalic acid on the 9th day of storage (Fig. 3, 4). The
increase in TSS was due to conversion of starch to sugars.
SA treatments reduced ethylene production may result
decreased SPS enzyme activity leading to decrease in sucrose
synthesis. SA effectively protects cell walls by decreasing
the expression of degrading enzymes and as a consequence
prevents from dramatic increase in TSS content of the cells
Our findings are similar to the findings of Ashghari and
Aghdam, 2010.
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ripening of mango fruit during storage at room temperature
compared to SA. Since, mango is a climacteric fruit, ethylene
is involved is coordinating the ripening process (Mitra and
Baldwin, 1997). This observation concurred with the
suggestion that exogenous salicylic acid application delayed
ripening in mango fruit through its inhibitory effect on
ethylene biosynthesis (Zainuri et al., 2001 and Zhang et al.,
2007).

Fig. 3. TSS of mango fruits cv. Dashehari treated with SA and
OA during storage under room temperature.

Till the 5th day of storage no disease symptoms were
observed in all the fruits. On the 7th day of storage incidence
of Colletotrichium gloeospridies was noted in control (14.17%)
and control inoculated (10%) (Fig. 6). In in vitro test also the
growth of C. gloeosporiodes was inhibited by SA (Fig. 7). On
the 9th day of storage there was an increase in the severity of
the disease and maximum was observed in control
inoculated 25.58 per cent, followed by control 24.70 per cent

Fig. 4. Effect of SA and OA on mango fruits cv. Dashehari with
during storage.

Total carotenoids of fruit pulp increases with increase
in storage period. Highest amount of total carotenoid content
was noted in fruits treated with salicylic acid (5.49 mg
100g-1), followed by control (5.09 mg 100g-1) and control
inoculated (5.04mg 100g-1), while minimum was noted in
fruits treated with oxalic acid (4.57mg 100g-1) on the 9th day
of storage (Fig. 5). Data indicated that OA delayed the

Fig. 5. Total carotenoid of mango fruits cv. Dashehari treated
with SA and OA during storage.
Journal of Eco-friendly Agriculture 9(2) 2014

Fig. 6. Total carotenoid of mango fruits cv. Dashehari treated
with SA and OA during storage under ambient condition.

Fig. 7. Inhibition of growth (in vitro) of C. gloeosporioides in SA
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and oxalic acid 10.33 per cent. There was no incidence of
Colletotrichium gloeospridies in fruits treated with SA on the
9th day of storage (Fig. 8). Oxalic acid contributes to induced
systemic resistance in plants (Toal and Jones, 1999), but it
was contradictory in cv. Dashehari. SA also exhibit direct
antifungal effects against pathogens (Ashghari and Aghdam,
2010). In general disease resistance in fruit decreases during
ripening as physiological and biochemical changes
increases fruit susceptibility to pathogen infection, including
quiescent disease (Prusky, 1998), and the linkage between
fruit ripening and increasing disease susceptibility is very
strong (Labavitch, 1998 and Zheng et al., 2007).

Fig. 8. Inhibition of growth of C. gloeosporioides in SA treated
fruits
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ABSTRACT
The air, water, food, shelter etc. are essential elements for the existence of human beings, animals and plants.
Among these, importance of water is rated as the highest. As a result of civilization, industrialization, urbanization,
population explosion and other developmental activities, most of our water resources have become polluted. Physiochemical properties like temperature, pH, DO, BOD and COD were observed for industrial and Ganga water. The
impact of this water was recorded for growth and development of selected cultivated crops viz. Citrullus lanatus,
Lycopersicon esculentum and Tagetes erecta. Temperature was highest (28.20C) in industrial water followed Ganga water
(26.00C). pH increases with increasing pollution level. The highest concentration of sulphate, chloride, iron, copper,
chromium, nickel, manganese, zinc and lead was reported in industrial water. The total hardness, BOD and COD was
highest in industrial water followed by Ganga water. The growth and development of these selected crops in industrial
effluent at all the concentrations i.e. 25, 50, 75 and 100 per cent showed poor results than the control. In Ganga water
better results have been obtained at 75, 50 and 25 per cent than control while at 100 per cent showed poor results.
Key words: Ganga water, industrial water, C. lanatus, L. esculentum, T. erecta

Water is one of the most important natural resource
and basis of life. Water is crucial for sustainable development,
including the preservation of our natural environment and
the alleviation of poverty and hunger. Most of the Indian
rivers receiving urban and industrial effluents are heavily
polluted due to point pollution at downstream of large cities
and industrial centers. Among all of these rivers Ganga is
one of them. The industrial effluent generally contains
various contaminants in the form of organic and inorganic
chemicals. Presence of these chemicals in large quantities in
the effluent imparts detrimental effect on the plant
development including seed germination and seedling
growth. Study on the effect of different industrial pollutants
and waste water on seed germination and seedling growth
was carried out by Singh et al. 1985; Shukla and Pandey,
(1991); Swaminathan and Vaidhuswaran, (1991)
investigated the effect of sugar mill and distillery effluent on
germination of Lycopersicon esculentum. They measured the
germination percentage, speed of germination index,
seedling height and seedling biomass and observed that best
germination growth occurred in 10 per cent effluent
concentration and thereafter a progressive decline in
germination percentage, speed of germination index,
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seedling height and seedling biomass.
The disposal of untreated industrial effluents into
environment has caused a lot of damage to water, soil and
vegetation. When the waste water of an industry is dumped
into the streams, it gets into natural sources and may cause
changes in physico-chemical composition of ground water
and ultimately it could become unsuitable for use. Tyagi et
al. (2000) reported in their review of available work a physicchemical quality of ground water in industrials area of in
India, and Degradation of ground water quality in industrial
areas of India. A review that the concentration of some physicchemical parameters, like colour, hardness, COD, BOD,
chloride, calcium, nitrate, phenols, cyanide and heavy metals
in the industrial area increases with time. The treated
effluents may be utilized for the irrigation purposes instead
of discharging it into the water bodies which supply drinking
water to the human population. Considerable literature is
available on the effect of effluent on seed germination and
seeding growth in crop plants, Gautam and Bishanoi, 1990;
Shukla and Pandey, (1991); Swaminathan and
Vaidheswaran, (1991).
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Irrigation is the means of biggest water use in all the
countries. It is one of the basic needs of the crop production.
Owing to tightening supply and rapid expansion in demand,
fresh water is expected to emerge as a key constraint for future
agricultural growth as globally, the demand for water has
grown by 2.4 per cent per year (Selvarajan and Joshi, 2000).
To compensate the profoundly increasing demand, the
domestic waste water currently produced, is being used for
production of agricultural crops, forage grasses and trees
(Raja Rajan and Ramalu, 1988; Dhankhar and Dahiya, 2000;
Pradhan et al., 2001).
The present study was planned to analyze the physicochemical properties of industrial water and Ganga river
water with their impact on growth and yield of selected crops
viz. water melon, tomato and marigold.
MATERIALS AND METHODS
Physico-chemical properties
Pure water is colourless while highly colored water
generally has an oxygen demand after a long storage and it
can be observed simply by necked eyes. Temperature was
determine by thermometer and expressed in degree Celsius
(0C). The effect of pH on the chemical and biological
properties of liquids determined by an electronic pH meter
to the accuracy of 0.05 and for electrical conductance (EC)
conductivity meter was used to measure the electrical
conductance of the sample and expressed in µmhos/cm at
250C.
Dissolved Oxygen (DO) and Biochemical Oxygen Demand
(BOD)
An automatic oxygen analyzer (Alpha Omega
Instruments) was used to analyze the DO content. The result
was expressed in mg l-1. BOD is related to the concentration
of the bacterial facilitated decomposable organic material in
water. More BOD means more micro organism which turn
means he presence of more organic wastes or sewage
pollution. An automatic oxygen analyzer was used to analyze
the initial DO and DO after 5 days of incubation of their
samples at 200C in BOD incubator. The BOD value was
calculated by the following formula.
BOD (mg l-1) = [Initial DO- final DO (after 5 day)]

BOD (mg l -1 ) =

[Initial DO- final DO (after 5 day)]
Decimal fractin of samples used

Chemical Oxygen Demand (COD)
A dichromate reflux method was K2Cr2O7 and Fl2SO4
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in presence of mercuric sulphate to neutralize the effect of
chloride and silver sulphate. The access of potassium
dichromate was titrated against ferrous ammonium sulphate
using Ferro in indicator. The COD was calculated using
following formula:

COD mg l -1 =

(a-b) N x 1000 x 8
ml samples

Where, a = volume of FeSO4 in sample, b = volume of
FeSO4 in blank, N = Normality of FeSO4
Alkalinity
The 100 ml of water sample was takes 2 drops of 0.1
per cent phenolphthalein (p) solution, as indicator was
added and disappeared. Thereafter, another 2 drops of 0.1
per cent methyl orange solution as indicator was added to
the sample of water. Titration against N/50 H2SO4 was
contributed until the yellow colour changed to pink. The tit
rent consumed in ml gave the value for total alkalinity.
Chloride
Estimation of chloride in water sample was done by
titrimetic methods procedures adopted was a follows 50 ml
sample was taken and 2-3 drops of K2Cr2O7 indicator was
added to the sample. The solution was titrated against
standard AgNo3.

Cl 

B.R.  1000  Factor
Sample volume

Nitrate
Nitrate is the most highly oxidation from of the nitrogen
compounds commonly present in natural waters, because it
is the product of the aerobic decomposition of organic
nitrogen matter. Nitrate in water source originates as nitrate
was analyzed by phenol di-sulphonoc acid methods. The
results were expressed in mg l-1.
Total dissolved solid
Determination of total solids was mode by evaporation
methods and of suspended solid by using gooch crucible.
The dissolved solids were computed by subtracting the
suspended solid from the total solids. The methods were
those described by the APHA (1989) and the result was
expressed in mg l-1.
Total hardness (TH)
Total hardness is defined as the sum of calcium and
magnesium concentration both expressed as CaCO3 in
Journal of Eco-friendly Agriculture 9(2) 2014
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mg l-1. 50 ml of water + 5 of Buffer ‘B’ +2-3 drop of Eriochrome
Black – T indicator were mixed and titrated against 0.2
NEDTA. Total hardness was determined by determined by
using following formula.
é B .R .  N  F  1000  50 ù
TH  ê
ú
Sample volume
ë
û

B. R. = Burette reading
N = Normality of EDTA used
Sulphate
Sulphates were estimated by spectrophotometrically
using 2 ml of sample + 1 g of BaCl2 solid +5 ml conditioning
solution stirred well till BaCl2 was dissolved, the solution
was made 100 ml and the mg in standard graph of turbidity
mater were seen. Same procedure was adopted separately
for blank.
é
mg  1000
ù
SO4— = ê
ú
Sample
Volume
ë
û

Heavy metals
Have metals ware determined by Anomic Absorption
Spectrophotometer. Atomic Absorption spectroscopy is an
absorption methods where radiation absorbed by none,
excited atoms in the vapors state. In atomic absorption
spectroscopy, the sample is first converted at a selected
wavelength, which is characteristic of each individual
element. The measured absorbance with that given upper
the same experimental condition by reference samples of
known composition.
The sampling of water for determination of heavy
metal in water samples was done in glass or plastic
containers were thoroughly washed and rinsed with 8N
HNO3 following by dematerialized water (DMW). Then 5
ml conc. HNO3 was evaporation of metals on analysis of
heavy metals, our liter sample along with 4ml conc. HNO3
Was evaporated in a beaker on water bath to approximately
50ml and then cooled. The concentrate was transferred to
100ml measuring cylinder and added 2ml 1 per cent conc.
The solution was made to 100ml with dematerialized water.
The acidified samples were then analyzed for heavy metal
content with half of Atomic Absorption spectrophotometer
(AAS).
Iron (Fe), Lead (Pb), Copper (Cu), Zinc (Zn) Nickel (Ni)
and Chromium (Cr) were determined by directly aspirated
into air- C 2 H 2 flame of an atomic adsorption
Journal of Eco-friendly Agriculture 9(2) 2014

spectrophotometer and the absorbance was measured at
248.3,358, 325, 279.5, 232 and 283.3 nm, respectively.
Collection of plants samples
Diseased specimens and infected plant samples of
water melon, tomato and marigold were collected from
cultivated fields which were irrigated by different polluted
water in and around Allahabad districts. Samples were
collected in polythene bags and incubated at room
temperature for taxonomical, identification, physiological
and control studies and they were critically examined. Fungi
were isolated and purified by sub-culturing and maintained
on Potato Dextrose Agar (PDA) medium. Careful
examinations were done by testing the diseased material on
the slides, adding one drop of cotton blue stain. The better
diseased specimens were selected and preserved for further
studies.
Test materials were incubated at 17±10C in BOD
incubator or at room temperature. Waring blender was used
for churning of the fungal mats into suspensions. For making
spore suspensions, camel hair brush was used to dislodge
the spore from culture growth on Potato Dextrose agar (PDA)
medium. Perforated aluminum trays were used for raising
the seedlings in soils or for setting the vials.
RESULTS AND DISCUSSION
Physico-chemical properties of industrial water
The colour of the industrial water was light blackish in
monsoon season of both year. The colour was blackish during
winter season and monsoon season of both the year i.e. 20092010 and 2010-2011. The odour of industrial water was
pungent and irrigating during all the three season of both
the year i.e. 2009-2010 and 2010-2011 (Table 1).
The temperature of year 2009-2010 was maximum
(350C) during summer season followed by monsoon season
(32.50C) and winter season (15.70C). The temperature of the
year 2010-2011 was maximum (35.70C) during summer
season followed by monsoon season (330C) and winter
season (15.80C). The maximum pH (8.8) in year 2009-2010
was recorded during summer season followed by winter
season (8.7) and monsoon season (7.9). The maximum pH
(8.9) in the year in the year 2010-2011 was recorded during
summer season followed by winter season (8.6) and monsoon
season (7.8).
The maximum electrical conductance in year 20092010 was reported during summer season (1698 µmhos
cm-1) followed by winter season (1610 µmhos cm-1) and
monsoon season (1596 µmhos cm-1).The maximum electrical
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Table 1. Physico-chemical properties of industrial water collected from near mawaiya nala, Allahabad
Parameter
Colour
Odour
Temp (0C)
pH
EC(µmhos cm-1)
TDS (mg l-1)
Alk (mg l-1)
TH (mg l-1)
SO4 (mg l-1)
Cl (mg l-1)
Nitrate (mg l-1)
DO (mg l-1)
BOD (mg l-1)
COD (mg l-1)
Fe (mg l-1)
Cu (mg l-1)
Cr (mg l-1)
Ni (mg l-1)
Mn (mg l-1)
Zn (mg l-1)
Pb (mg l-1)

Year 2009-2010
Winter
Blackish

Monsoon
Light
blackish
Pungent
irrigating
32.5
7.9
1596
856
264
320
184
264
24.5
0.86
372
710
10.8
1.94
1.84
1.86
1.82
1.84
0.870

Pungent
irrigating
15.7
8.7
1610
962
294
408
172
290
16.4
0.70
354
762
11.8
2.50
2.78
2.80
1.84
1.90
0.968

Year 2010-2011
Winter
Blackish

Summer
Blackish

Monsoon
Light blackish

Summer
Blackish

Pungent irrigating

Pungent irrigating

Pungent irrigating

35
8.8
1698
1022
312
410
213
332
20.4
Nil
382
792
11.8
2.62
2.80
2.90
2.00
2.40
0.986

33
7.8
1510
862
256
324
190
270
25.5
0.84
382
716
11.4
1.90
1.82
1.82
1.83
1.85
0.875

15.8
8.6
1580
966
298
400
178
294
18.8
0.56
358
762
12
2.22
2.78
2.88
1.88
1.92
0.972

Pungent
irrigating
35.7
8.9
1604
1044
312
416
220
336
20.6
Nil
394
804
12.8
2.74
2.84
2.96
2.12
2.60
0.992

Table 1a. Effect of industrial water on growth and development of Citrullus lanatus
Concentration
(%)
25
50
75
100
Control

DAS
20
FW
(g)
75.75
65.12
45.36
25.25
80.81

10
RL
(cm)
4.01
3.85
2.91
1.51
4.08

SL
(cm)
6.12
5.12
4.64
2.56
6.25

FW
(g)
2.06
1.91
1.52
0.85
2.74

DW
(g)
0.361
0.283
0.204
0.155
0.406

RL
(cm)
7.28
6.12
4.52
2.35
9.25

SL
(cm)
32.12
28.36
21.32
12.46
40.44

30
DW
(g)
14.261
10.252
8.103
4.154
14.215

RL
(cm)
11.36
9.54
7.36
4.77
13.36

FW
(g)
144.12
130.36
110.75
88.06
150.56

SL (cm)
58.13
46.87
36.71
20.12
64.24

DW (g)
24.041
23.542
18.755
14.156
25.123

Table 1b. Effect of industrial water on growth and development of Lycopersicon esculentum
DAS
Concentration
(%)
25
50
75
100
Control

10
RL
(cm)
1.68
1.54
1.25
1.01
1.97

SL
(cm)
3.81
3.42
3.06
2.75
3.95

20

FW (g) DW (g)
3.00
2.82
2.15
1.75
3.06

0.48
0.36
0.33
0.26
0.50

RL
(cm)
3.62
3.25
2.64
2.08
3.75

SL (cm)
9.85
7.15
5.43
4.14
10.43

30
FW
(g)
4.87
3.87
3.11
2.26
5.19

DW (g)
0.81
0.66
0.52
0.38
0.85

RL
(cm)
5.76
4.82
4.16
3.43
6.17

SL (cm)
16.36
15.15
13.23
9.15
17.26

FW
(g)
101.16
92.15
85.25
65.23
105.15

DW
(g)
16.02
15.10
14.11
10.12
17.17

Table 1b. Effect of industrial water on growth and development of Lycopersicon esculentum
Concentration
(%)
25
50
75
100
Control

DAS
20

10
RL
(cm)
2.84
2.50
1.85
0.94
2.98

SL (cm) FW (g)
4.08
3.84
2.08
1.64
4.14

3.10
2.89
2.04
1.08
3.16

DW (g)
0.51
0.48
0.33
0.16
0.52

RL
(cm)
4.54
4.34
3.56
2.34
4.78

30

SL (cm)

FW (g)

DW (g)

18.86
16.36
12.43
7.12
19.12

52.64
40.12
28.10
15.74
56.34

10.11
9.12
7.02
3.36
10.34

Where: RL (root length), SL (Shoot length), FW (fresh weight), DW (dry weight)
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RL
(cm)
8.11
7.78
6.10
4.12
8.85

SL (cm)

FW (g)

DW (g)

30.13
28.11
22.11
14.33
31.25

88.74
71.63
50.34
25.47
90.25

15.72
12.71
9.12
4.13
16.19
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conductance in year 2010-2011 was reported during summer
season (1604 µmhos cm-1 ) followed by winter season (1580
µmhos cm-1) and monsoon season (1510 µmhos cm-1). The
maximum value of total dissolved solid in years 2009-2010
and 2010-2011 was 1022mg l-1 and 1044mg l-1 respectively
during summer season followed by winter season (962mg
l-1 and 966mg l-1) and monsoon season (856mg l-1 and 862mg
l-1).
The maximum value of alkalinity in years 2009-2010
and 2010-2011 was 312mg l-1 and 312mg l-1 respectively
during summer season followed by winter season (294mg
l-1 and 298mg l-1) and monsoon season (264mg l-1 and 256mg
l-1). The maximum value of total hardness in year 2009-2010
and 2010-2011 was 410mg l-1 and 416mg l-1 respectively
during summer season followed by winter season (408mg
l-1 and 400mg l-1) and monsoon season (320mg l-1 and 324mg
l-1).
The maximum value of sulphate in years 2009-2010
and 2010-2011 was 213mg l-1 and 220mg l-1 respectively
during summer season followed by monsoon season (188mg
l-1 and 190 mg-1) and winter season (172mg l-1 and 178mg
l-1). The maximum value of chloride in year 2009-10 and
2010-11 was 332mg l-1 and 336mg-1 respectively during
summer season followed by winter season (290mg l-1 and
294mg l-1) and monsoon season (264mg l-1 and 270mg l-1).
The maximum value of nitrate in year 2009-10 and 2010-11
was 24.5mg l-1and 25.5mg l-1 respectively during monsoon
season follow by summer season (20.4mg l-1 and 20.6mg l-1)
and winter season (16.4mg l-1 and 18.8mg l-1).
The maximum value of dissolve oxygen in years 200910 and 2010-11 was 0.86mg l-1 and 0.84mg l-1 respectively
during monsoons season followed by winter season (0.70mg
l-1 and 0.56mg-1) and summer season (0.0mg l-1 and 0.0mg
l-1). The maximum value of biochemical oxygen demand in
year 2009-10 and 2010-11 (382mg l -1 and 394mg l -1 )
respectively during summer season followed by monsoon
season (372mg l-1 and 382mg l-1) and winter season (354mg
l-1 and 358mg l-1). The maximum value of chemical oxygen
demand in 2009-10 and 2010-11 was (792mg l-1 and 804mg
l-1) respectively during summer season followed winter
season (762mg l-1 and 762mg l-1) and monsoon season
(710mg l-1 and 716mg l-1).
The concentration of iron was maximum in year 200910 and 2010-11 ie. 11.8mg-1 and 12.8mg-1 respectively during
summer season followed by winter season (11.8mg l-1,
12.0mg l-1) and monsoon season (10.8mg l-1 and 11.4mg l-1).
The maximum concentration of copper in year 2009-10 and
2010-11 was (2.62mg l-1 and 2.74mg l-1) respectively during
summer season followed by winter season (2.50mg l-1 and
Journal of Eco-friendly Agriculture 9(2) 2014

2.22mg l-1) and monsoon season (1.94mg l-1 and 1.90mg l-1).
The maximum concentration of chromium in year 2009-10
and 2010-11 was (2.80mg l-1 and 2.84mg l-1) respectively
during summer season followed by winter season (2.78mg
l-1 and 2.78mg l-1) and monsoon season (1.84mg l-1 and
1.82mg l-1). The maximum concentration of nickel in year
2009-10 and 2010-11 was (2.90mg l -1 and 2.96mg l -1 )
respectively during summer season followed by winter
season (2.80mg l-1 and 2.88mg l-1) and monsoon season
(1.86mg l-1 and 1.88mg l-1). The maximum concentration of
manganese in year 2009-10 and 2010-11 was (2.00mg l-1 and
1.12mg l-1) respectively during summer season followed by
winter season (1.84mg l-1 and 1.88mg l-1) and monsoon
season (1.82mg l -1 and 1.83mg l -1 ). The maximum
concentration of zinc in year 2009-10 and 2010-11 was
(2.40mg l-1 and 2.60mg l-1) respectively during summer
season followed by winter season (1.90mg l-1 and 1.92mg l-1)
and monsoon season (1.84mg l-1 and 1.85mg l -1). The
maximum concentration of lead in year 2009-10 and 201011 was (0.986mg l-1 and 0.992mg l-1) respectively during
summer season followed by winter season (0.968mg l-1 and
0.972mg l-1) and monsoon season (0.870mg l-1 and 0.875mg
l-1).
Physicochemical parameters like pH, hardness, TDS,
chloride, sulphate, nitrate, fluoride, DO, COD and
conductivity of some important heavy metals such as iron,
cobalt, cadmium, lead, mercury, chromium, selenium and
arsenic were first analyzed in effluent water of Okhla
industrial area phase-II and then groundwater of nearby
areas by Siddiqui and Sharma, 2009. Obtained values of
effluent water were compared with ISI standard for effluent
water discharge and groundwater values were compared
with ISI and WHO drinking water standards. It was shown
that discharge of untreated effluents by the industries is
leading to contamination of groundwater of the surrounding
areas. Subsequent analysis of groundwater of nearby areas
was rated as unacceptable for drinking because of presence
of fluoride in all the samples above the desirable limit.
Growth and yield of selected crops irrigated with industrial
water
According to the table-1a, 1b and 1c the growth and
development of Citrullus lanatus in industrial water was better
at control, while 25, 50, 75 and 100 per cent concentration
gave poor results than control. In such way same results
have been obtained in Lycopersicon esculentum and Tagetes
erecta.
A laboratory work was undertaken to assess the waste
water quality parameters of treated distillery effluent and
their effect of various concentrations, and it was shown that
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the high value of T.S., BOD and COD indicates the high
inorganic and organic load. Germination percentage
decreases with increasing concentration of effluent in all the
tested seeds (Pandey et al. 2007). Also, wastewater mixed
with industrial effluent used for irrigation in the vegetable
growing area of Korangi of Karachi (Pakistan) was tested for
its heavy metal contents by Saleemsaif et al. 2005, the
analyzed samples of water, soil and plant showed that waste
water mixed with industrial effluent contains many heavy
metals quite in excess.
Srikantha et al. (1998) studies the effect of undiluted
and deleted dairy effluent on yield and nutrient composition
of French been and Amaranthus they observed that the
germination percentage decreased with increase in the
quantity of effluent use during irrigation in case of both
French been and Amaranthus. Rampal and Dorjey (2000)
observed that effluent treatment to seeds was observed to be
more toxic than to the soil. The percentage of seed germination
was 68 and 23 per cent, when seeds were absorbed in effluent
for 24 hr and 48 hr before sowing.
Physico-chemical properties of Ganga water
Ganga water from Phaphamau Ghat has been
analyzed for physico-chemical properties in table-2. The
colour of the Ganga water was brown in monsoon season,
light yellow in winter season and Light brown during
summer season in both the year i.e. 2009-2010 and 20102011. The water was odorless during all the season of both
years.
The temperature of year 2009-2010 was maximum
(32.60C) during summer season followed by monsoon
season (26.50C) and winter season (16.40C). The temperature
of the year 2010-2011 was maximum (34.80C) during summer
season followed by monsoon season (27.80C) and winter
season (15.30C). The maximum pH (8.2) in year 2009-2010
was recorded during summer season followed by winter
season (8.0) and monsoon season (7.5). The maximum pH
(8.4) in the year in the year 2010-2011 was recorded during
summer season followed by winter season (8.0) and monsoon
season (7.8).
The maximum electrical conductance in year 20092010 was reported during summer season (740 µmhos cm-1)
followed by winter season (705 µmhos cm-1) and monsoon
season (665 µmhos cm -1 ). The maximum electrical
conductance in year 2010-2011 was reported during summer
season (745 µmhos cm-1) followed by winter season (710
µmhos cm-1) and monsoon season (660 µmhos cm-1). The
maximum value of total dissolved solid in years 2009-2010
and 2010-2011 was 435 mg l-1 and 442 mg l-1 respectively,
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during summer season followed by winter season (398 mg
l-1 and 415 mg l-1 ) and monsoon season (352 mg l-1 and
375mg l-1).
The maximum value of alkalinity in years 2009-2010
and 2010-2011 was 202mg l-1 and 204mg l-1 respectively
during summer season followed by winter season (185mg
l-1 and 195mg l-1) and monsoon season (182mg l-1 and 180mg
l-1). The maximum value of total hardness in year 2009-2010
and 2010-2011 was 174mg l-1 and 185mg l-1 respectively
during summer season followed by winter season (161mg l1
and 175mg l-1) and monsoon season (155mg l-1 and 165mg
-1
l ).
The maximum value of sulphate in years 2009-2010
and 2010-2011 was 18mg l-1 and 20mg l-1 respectively during
summer season followed by monsoon season (16mg l-1 and
19mg l-1) and winter season (14mg l-1 and 15mg l-1). The
maximum value of chloride in year 2009-10 and 2010-11
was 70mg l-1 and 75mg l-1 respectively during summer
season followed by winter season (52mg l-1 and 58mg l-1)
and monsoon season (44mg l-1 and 47mg l-1).
The maximum value of nitrate in year 2009-10 and
2010-11 was 4.4mg l-1 and 4.6mg l-1 respectively during
monsoon season follow by summer season (2.8mg l-1 and
3.0mg l-1) and winter season (2.2mg l-1 and 2.6mg l-1). The
maximum value of dissolve oxygen in years 2009-10 and
2010-11 was 6.4mg l-1 and 6.6mg l-1 respectively during winter
season followed by monsoons season (5.6mg l-1 and 5.7mg
l-1) and summer season (4.6mg l-1 and 4.3mg l-1). The analysis
on physiochemical properties of drinking water was done
by Gupta and Gupta (1999) in the same way.
The maximum value of BOD in year 2009-10 and 201011 (19.4mg l-1 and 19.8mg l-1) respectively during summer
season followed by monsoon season (18.5mg l-1 and 18.3mg
l-1) and winter season (17.6mg l-1 and 17.2mg l-1). The
maximum value of COD in 2009-10 and 2010-11 was
(42.4mg l-1 and 43.8mg l-1) respectively during summer
season followed winter season (39.2mg l-1 and 40.6mg l-1)
and monsoon season (37.4mg l-1 38.2mg l-1). Ganga was
studied at its different stretches by a number of workers
(Lakshminarayan 1965; Shukla and Anjum, 1991, Khanna
1993, Shrivastava et al., 1993). Lakshminarayana (1965)
reported the results of his studies physiochemical properties
of Ganga water carried out at Varanasi during the period
between March, 1957 and March, 1958, it was observed by
him that, the values of the most of the parameters decreased
during rainy season, while no marked variation was
observed during winters and summers. A year later Saxena
et al., (1966) made a systematic survey of the chemical quantity
of Ganga at Kanpur. According to the study, the biological
Journal of Eco-friendly Agriculture 9(2) 2014
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Table 2. Physico-chemical properties of Ganga water collected from near Phaphamau Ghat, Allahabad
Parameter

Year 2009-2010
Winter
Light yellow
Odour less
16.4
8.0
705
398
185
161
14
52
2.2
6.4
17.6
39.2
7.2
0.020
0.024
0.014
0.056
0.034
0.010

Monsoon
Brown
Odour less
26.5
7.5
665
352
182
155
16
44
4.4
5.6
18.5
37.4
6.5
0.014
0.016
0.001
0.042
0.026
0.006

Colour
Odour
Temp (C0)
pH
EC (µmhos cm-1)
TDS(mg l-1)
Alk (mg l-1)
TH (mg l-1)
SO4 (mg l-1)
Cl (mg l-1)
Nitrate (mg l-1)
Do (mg l-1)
BOD (mg l-1)
COD(mg l-1)
Fe (mg l-1)
Cu (mg l-1)
Cr (mg l-1)
Ni (mg l-1)
Mn (mg l-1)
Zn (mg l-1)
Pb (mg l-1)

Summer
Light brown
Odour less
32.6
8.2
740
435
202
174
18
70
2.8
4.6
19.4
42.4
7.8
0.022
0.030
0.020
0.060
0.050
0.082

Monsoon
Brown
Odour less
27.8
7.8
660
375
180
165
19
47
4.6
5.7
18.3
38.2
6.6
0.016
0.018
0.001
0.046
0.035
0.010

Year 2010-2011
Winter
Light Yellow
Odour less
15.3
8.0
710
415
195
175
15
58
2.6
6.6
17.2
40.6
7.4
0.018
0.026
0.012
0.054
0.044
0.015

Summer
Light brown
Odour less
34.8
8.4
745
442
204
185
20
75
3.0
4.3
19.8
43.8
8.0
0.024
0.028
0.026
0.066
0.056
0.092

Table 2a. Effect of Ganga water on growth and development Citrullus lanatus
Concentration
(%)
25
50
75
100
Control

DAS
20

10
RL
(cm)
4.02
4.08
6.84
3.15
3.78

SL
(cm)
6.11
6.25
9.35
5.12
5.42

FW (g)
2.35
2.74
3.36
1.72
1..87

DW (g) RL (cm) SL (cm)
0.401
0.406
0.602
0.334
0.351

8.28
9.25
12.35
6.35
7.25

35.78
40.44
48.12
28.11
30.11

30

FW (g)

DW (g)

70.89
80.81
91.74
60.11
62.20

12.12
14.21
21.21
10.32
11.32

FW
(g)
148.12
150.56
152.14
135.81
140.8

RL (cm) SL (cm)
12.56
13.36
12.32
9.14
10.13

60.25
64.24
66.21
50.17
55.31

DW (g)
23.10
25.12
26.08
19.35
21.87

Table 2b. Effect of Ganga water on growth and development of Lycopersicon esculentum
Concentration
(%)
25
50
75
100
Control

DAS
20

10
RL
(cm)
1.87
1.97
2.25
1.28
1.64

SL
(cm)
3.85
3.95
4.19
3.46
3.65

FW (g) DW (g)
2.95
3.06
3.20
2.58
2.75

0.47
0.50
0.54
0.40
0.42

RL
(cm)
3.65
3.75
4.26
3.40
3.50

30

SL (cm)

FW (g)

DW (g)

9.25
10.43
12.84
7.46
8.26

4.85
5.19
6.12
4.50
4.60

0.76
0.85
1.04
0.70
0.72

RL
(cm)
5.87
6.17
8.12
5.08
5.25

SL (cm)
16.43
17.26
19.15
13.34
14.85

FW
(g)
100.04
105.15
110.25
92.11
96.10

DW
(g)
16.12
17.17
18.10
14.14
15.15

Table 2c. Effect of Ganga water on growth and development of Tagetes erecta
Concentration
(%)
25%
50%
75%
100%
Control

DAS
20

10
RL
(cm)
2.65
2.98
3.04
2.10
2.82

SL
(cm)
3.88
4.14
4.24
3.20
4.08

FW (g)

DW (g)

2.87
3.16
3.21
2.25
3.06

0.48
0.52
0.54
0.35
0.50

RL
(cm)
4.25
4.78
4.89
4.15
4.58

30

SL (cm)

FW (g)

DW (g)

17.17
19.12
20.14
15.21
18.85

50.34
56.34
56.85
44.12
54.12

9.06
10.34
10.88
8.19
10.12

RL
(cm)
7.12
8.85
8.95
6.14
8.45

SL (cm)

FW (g)

DW (g)

28.14
31.25
33.32
24.16
30.12

76.22
90.25
91.25
58.12
88.21

14.12
16.19
16.42
10.24
15.12

Where: RL (root length), SL (Shoot length), FW (fresh weight), DW (dry weight)
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oxygen demand, i.e. BOD varied from 5.3ppm (minimum) in
winter to 16.0ppm (maximum) in summer.
The maximum concentration iron in year 2009-10 and
2010-11 was (7.8mg l-1 and 8.0mg l-1) respectively during
summer season followed by winter season (7.2mg l-1 and
7.4mg l-1) and monsoon season (6.5mg l-1 and 6.6mg l-1). The
maximum concentration of copper in year 2009-10 and 201011 was (0.022mg l-1 and 0.024mg l-1) respectively during
summer season followed by winter season (0.020mg l-1 and
0.018mg l-1) and monsoon season (0.014mg l-1 and 0.016mg
l-1). The maximum concentration of chromium in year 200910 and 2010-11 was (0.030mg l-1 and 0.028mg l-1) respectively
during summer season followed by winter season (0.024mg
l-1and 0.026mg l-1) and monsoon season (0.016mg l-1and
0.018mg l-1). The maximum concentration of nickel in year
2009-10 and 2010-11 was (0.020mg l-1 and 0.026mg l-1)
respectively during summer season followed by winter
season (0.014mg l-1 and 0.012mg l-1) and monsoon season
(1.86 mg l-1 and 1.88mg l-1). The maximum concentration of
manganese in year 2009-10 and 2010-11 was (0.060mg l-1
and 0.066mg l -1) respectively during summer season
followed by winter season (0.056mg l-1and 0.054mg l-1) and
monsoon season (0.042mg l-1 and 0.046mg l-1). The maximum
concentration of zinc in year 2009-10 and 2010-11 was
(0.050mg l-1 and 0.056mg l-1) respectively during summer
season followed by winter season (0.034mg l-1and 0.044mg
l-1) and monsoon season (0.026mg l-1 and 0.035mg l-1). The
maximum concentration of lead in year 2009-10 and 201011 was (0.082mg l-1 and 0.092mg l-1) respectively during
summer season followed by winter season (0.010mg l-1 and
0.015mg l-1) and monsoon season (0.006mg l-1 and 0.010mg
l-1).
Growth and yield of selected crops irrigated with Ganga
water
Data presented in table-2a, 2b and 2c shows that the
growth and development of Citrullus lanatus in Ganga water
was better at 75, 50 and 25 per cent concentration than the
control while 100 per cent concentration gave poor results
than control. In such way same results have been obtained
in Lycopersicon esculentum and Tagetes erecta.
In our country, irrigated area constitute 33 and 67 per
cent is dry land and rain fed area out of 143.8 million hectares
of cultivated land. Total crop area is 180.36 million hectares;
the maximum irrigated area will be achieved 50 per cent
after the full utilization of all sources of irrigation. In this
way 50 per cent cultivated area will remain unirrigated. For
the meeting the present demand, use of municipal sewage
water containing mainly the domestic liquid waste and
industrial effluents are becoming common practices.
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Irrigation with industrial water may also cause various
change in biological and microbiological characters
including microbial populations which are causing diseases
to plants.
In this way, it may be concluded that, the irrigation of
agricultural fields with polluted water not only affects the
growth of crop plants but it also increases the chances of
various fungal contamination and disease development. The
industrial water may be used for irrigation purposes after
proper treatment only. It will be highly useful, if industrial
water will be diluted with tubewell water.
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