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Plant diseases play a direct role in the destruction of
natural resourses in agriculture. Especially soil-borne
pathogens particullatory the fungi, are one of the most
aggressive pathogens causing substantial losses. Chemical
compounds have been used to control these diseases for a
long time but their excessive use has led to the development
of pathogens resistance to fungicides. It has been observed
that broad spectrum fungicides produce undesirable
consequences on non-target organisms (Tjamos et al., 1992).
Trichoderma is a widely distributed ubiquitous hypomycetus
fungi occurring nearly in all soil types and root ecosystem
especially in those that are rich in organic matter. The
potential of Trichoderma as bio-control agent in plant disease
management was first recognized in early 1930s and in
subsequent years, control of many diseases has been reported
(Elad and Kapat, 1999). This has resulted in commercial
production of Trichoderma species for the protection of several
plant diseases and growth enhancement of a number of crops
in India, Israel, New Zealand and Sweden.
Different species of Trichoderma under conducive
microclimates are capable of producing enzymes that
degrade the target pathogenic fungi or produces a number
of toxic compounds, which restrict the pathogens. The
antagonistic properties of these are based on multiple
mechanisms. Trichoderma strains exert biocontrol action
against fungal phytopathogens either indirectly or by
competing for nutrients and space, modify environmental
conditions and promote plant growth. It also modifies plant
defensive mechanism and improves plant resistance by
antibiosis or directly by mycoparasitism. Biocontrol
mechanism implies the production of specific compounds
and metabolites such as hydrolyte enzymes, antibiotics and
carbon and nitrogen permeases. These metabolites can either
be overproduced or combined with appropriate biocontrol
strain in order to obtain new formulation for its effective
biocontrol activity (Weindling, 1934).
The success of Trichoderma as bio-control agent is due
to their high reproductive capacity, ability to survive even
under unfavourable conditions, efficiency in utilization of
nutritional capacity to modify the rhizopshere, strong
aggressiveness against phytopathogenic fungi and its
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efficiency in promoting plant growth and defense
mechanism. These properties have made Trichoderma a
ubiquitous genus present in any habitat and high population
density. It is more efficient in acidic soil than alkaline soils.
The most common species of Trichoderma as bio-control
agents, are Trichoderma virens, Trichoderma viride and
Trichoderma harzianum (Misra and Prasad, 2003).
Excellent results have been attained with T. virens and
metalaxyl against Pythium ultimum infecting cotton (Chet et
al., 1997). These fungi produce a number of enzymes such as
cellulases, hemicellulases, chitinases and glucanases. The
enzymes chitinases and glucanases in their multiple forms
are responsible for fungitoxic activity. It is reported that
these fungi, when applied in the field, enhance plant growth
as well. These days, commercial preparations of these fungi
are available in the market in different commercial forms,
which are easy to use.
The importance of Trichoderma as bio-control agents,
producers of valuable metabolites and enzymes has made
their distinct status among different genera of fungi. The use
of morphological and cultural characters alone, to
differentiate individuals within the genus Trichoderma has
proved difficult due to lack of reliable characters. In this
communication, the use of alternative biochemical and
molecular techniques were assessed for their ability to
differentiate between isolates of the genus Trichoderma.
Informations were also collected on ITS sequence data, RAPD
PCR to differentiate between morphologically
indistinguishable isolates. New taxonomic system is now
established in which individuals of the genus Trichoderma
are distinguished by a combination of morphological,
cultural, biochemical and molecular characters. Sequence
data and RAPD PCR data are also tested for their reliability
in estimating the phylogeny of Trichoderma. Sequence data
from the ITSI region proved to be the most reliable for
predicting the phylogeny of morphologically defined species,
whereas RAPD data are most useful for predicting the
uprooted phylogeny of strains of morphologically identicals.
In addition to the review of characterization and
phylogenetic studies, the importance of Trichoderma species
as biocontrol agents and industrial use are also attempted
in this review.
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Biology of genus Trichoderma
Species of the fungal genus Trichoderma are typically
soil dwellers, existing as anamorphs belonging to the subdivision Deuteromycotina (fungi imperfecti) (Hawksworth
et al., 1983). As a rule, Trichoderma species are fast growing
fungi, which are commonly found in a variety of soil types,
such as, agricultural, prairie, forest, salt marsh and desert
soils in all climatic zones (Domsch et al., 1980). Many are of
great economic importance, producing hydmlytic enzymes
e.g. chitinases, cellulases and xylanases (Schirmbock et al.,
1994), biochemicals and antibiotics (Ghisalberti and
Sivasithampamm, l99l), products which have been applied
to fields such as food processing and pulp bleaching (Nigam,
1994). In addition, some species produce heterologous
proteins (Nevalainen et al., l99l) while others have
successfully been used against a range of phytopathogens
(Chet and Inbar, 1994). However, some species of Trichoderma
are bad to the horticultural industry. For example, reduction
in mushroom yields have been attributed to Trichoderma
infection (Fletcher, 1990). Furthermore, phytopathogenic
strains of species have also been found, although these seem
to be relatively rare (Menzies, 1993).
Morphological characters
Rifai (1969) and Bissett (1991a) have discussed
morphological characters, they employed to characterize and
differentiate species of Trichoderma. They emphasized the
difficulties inherent in defining morphological species of
Trichoderma. Samuels (1996) also reported detailed
observations and comments on the utility of morphological
characters to define species in Trichoderma. Characters useful
for characterization and identification in other Hyphomycete
genera frequently are not as useful in differentiating
Trichoderma species, usually because of the narrow range of
variation of the simplified morphology in Trichoderma, or
because descriptive terms to describe variation in colour or
pattern which are not sufficiently precise to define differences
between species. Nonetheless, careful morphological
observations often are sufficient for identification of species
and strains of Trichoderma, at least to the extent that taxa
have been adequately differentiated morphologically and
described in the existing literature. Identifications based on
morphological characters remain the primary method for
identification and verification of species in Trichoderma.
Trichoderma strains often can readily be identified by a
distinctive morphology that includes rapid growth, bright
green or white conidial pigments and a repetitively
branched, but otherwise poorly defined conidiophore
structure. Bissett (1991a) proposed to include all the
anamorphs of Hypocrea in the genus Trichoderma. If, this
concept is accepted, then a clear morphological definition
100

for the genus Trichoderma would be problematic (Samuels,
1996), since the conidiophore branching structure is highly
variable and in many cases superficially resembles to
unrelated genera such as Verticillium and Gliocladium. In most
of these cases, the Trichoderma anamorphs of Hypocrea can
be differentiated in having a less regular pattern of branching
at an indefinite number of levels as opposed to the more
regular verticillate or biverticillate branching in Verticillium
and the production of a terminal penicillate arrangement of
branches and more regularly aculeate phialides on a
relatively well-defined stipe in Gliocladium. Morphologically
Trichoderma somewhat resembles with Verticillium and
Gliocladium. In Trichoderma the branching pattern is less
regular as compared to Verticillium where branching is most
regular verticillate or bicilliate, whereas in Gliocladium
branching arrangement is terminal. The colonies can easily
be identified by their rapid growth, white, yellow green or
bright green, dull reddish colour, matted wooly with strong
or faint odour (Bisett, 1991a).
Colony characters
Colony characters can be distinctive and characteristic
of a species. However, colony appearance is difficult to
describe with sufficient precision to be very useful for
identification. Colony characters, growth rate in culture,
pigmentation, arrangement of conidiophores and shape of
conidia are the important morphological characters used to
distinguish different species of Trichoderma. Conidia shape
may vary from globose to ellipsoidal, obovoidal or shortcylindrical with the basal end truncate and tapering type.
Size of conidia may also differ. There is also variation in the
culture colour. Some species show dull yellow pigmentation,
some show reddish colour while few produce no pigment at
all. Strains of T. viride produces aromatic odours.
T. aureoviride produces a type of crystals in the culture media.
Some strains of Trichoderma emit musty odours. Conidia are
either roughened or verrucose in T. viride and wing like
projections of the outer wall in T. saturnispoerum and
T. ghanense. Branching of conidiophore is either regular
verticillate or irregular. Conidiophores are erect or straggling,
branched at regular intervals, branches divergent, solitary
or aggregated into floccose tufts. Each successive branches
apically and distally are progressively shorter and narrower
giving pyramidal appearance. Conidiogenous cells are
phialides, borne singly or in clusters terminally, lageniform,
ampulliform, sub-globose or cylindrical and conidium
bearing neck. Conidia are single celled, may be colourless,
green, grey or brownish; smooth walled to roughened, wing
like projections, obovoid, oblong or short cylindrical, sub
globose bound in gloeoid heads or may be enclosed in a sac.
Chlamydospores may be intercalary or terminal, globose to
ellipsoid, greenish, yellowish or colourless. Growth rates in
Journal of Eco-friendly Agriculture 4(2) 2009
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culture can be useful to distinguish otherwise similar species.
The production of conidia from effused conidiophores, or
from conidiophores aggregated into fascicles or pustules is
usually characterisitic of a species. Diffusable pigments also
can be characteristic, although the colour of such pigments
does not vary a great deal in Trichoderma. Strains referable to
section T. viride typically have conspicuous bright greenish
yellow pigments, at least when first isolated. Dull yellowish
pigments are common in many species, but not very
distinctive. Some species are best characterized by complete
lack of pigment in reverse, whereas reddish pigments occur
in reverse in a few isolates. Characteristic crystals produced
in the medium have been reported only in T. aureoviride.
Characteristic aromatic odours resembling coconut are
produced commonly by strains of T. viride, T. harzianum and
sometimes also by T. koningii. The pattern of conidiophore
branching and aggregation of conidiophores into fascicles
and pustules are useful for identification of strains of
Trichoderma to sections and species aggregates. Phialides
can be disposed in regular verticils, or be paired, alternate or
more irregularly disposed. Phialide shape is characteristic
of the section. Phialides are characteristically short and
plump in T. harzianum, whereas in T. viride they are elongate
and lageniform to nearly cylindrical. Terminal phialides in
most species tend to be more elongate and narrower and
frequently more or less subulate. Subterminal cells of the
conidiophore may produce conidia through a short lateral
neck thus, intercalary phialides or what Gams and Bisset
(1998) called aphanophialides; these are rather commonly
seen in Trichoderma. Conidial shape varies from globose to
ellipsoidal, obovoidal or short-cylindrical with the basal end
more or less tapering and truncate. The overall range of
variation in conidial dimensions in Trichoderma is not great,
however related species can often be differentiated by slight
but consistent differences in size. The conidial surface
appears smooth in most species in light microscope
observations, although many species with apparently
smooth-appearing conidia are delicately ornamented when
examined by SEM. Conidia can also be variously roughened
or verrucose in the T. viride aggregate. Conidial pigments
also are characteristic, varying from colourless (white in mass)
to various green shades or less often grey or brown. In some
species, mature conidia appear dark green in the microscopic
mount, in others only pale. Chlamydospores are common in
many species, although they tend to be uniformly globose or
ellipsoidal, terminal and intercalary, smooth-walled,
colourless, yellowish or greenish and 6-15 m diameter in
most species. Vegetative hyphae show few characters useful
for identification. Cultural characterization of some common
Trichoderma species viz. T. viride Pers. and T. harzianum Rifai
are presented below (Fig.1) -
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Trichoderma harzianum Rifai
Colonies grow rapidly, conidiation predominantly
effuse, appearing granular or powdery due to dense
conidiation, rapidly turning yellowish-green to dark green
or producing tufts or pustules fringed by sterile white
mycelium. Reverse colourless to dull yellowish, buff or drab.
Odour indistinct or faintly earthy. Conidiophores as in the
section, tending to be regularly verticillate forming a
pyramidal structure. Phialides ampulliform to lageniform
usually 3-4 verticillate, occassionally paired, mostly 3.5-7.5
x 2.5-3.8 µm, terminal phialides up to 10 µm long. Conidia
subglobose to obovoid, mostly 2.7-3.5 x 2.1-2.6 µm, smoothwalled, subhyaline to pale green. This species, even in the
strict sense (Gams and Meyer, 1995) comprises the strains
often used in biological control of plant-pathogenic fungi.
Temperature optimum for growth is 300C with a daily
increment of 3.3 cm on malt agar with maximum growth
temperature 360C.
Trichoderma viride Pers.
Colonies fast growing, conidiation forming compact
tufts or more effuse, glaucous to dark bluish green. Reverse
typically uncoloured, less often pale yellowish. Odour
usually distinctly aromatic, as of coconut. Conidiophores
usually not extensively branched and having a relatively
loose arrangement, branches most often paired or single or
3-verticillate, often appearing flexuous. Phialides are
frequently paired or arising singly or 3-verticillate, narrowly
lageniform, 8-14 x 2.4-3.0 µm. Conidia are globose to
ellipsoidal, usually conspicuously warted, bluish-green to
dark green and 4.0-4.8 x 3.5-4.0 µm in size.
Trichoderma virens
Colonies fast growing, conidiation forming compact
tufts or more effuse, dark bluish green. Reverse colourless,
slowly developing dull yellowish to amber shades. Odour
usually indistinct. Conidiophores usually not extensively
branched and having relatively loose arrangement, branches
most often paired or single or 3-verticillate, often appearing
flexuous. Phialides are frequently paired or arising singly or
3-6 closely appressed phialides, narrowly lageniform and
4.5-10 x 2.8-5.5 µm. Conidia are broadly ellipsoidal to
obovoid, smooth walled (minutely warted at high
magnifications), dark green and 3.5-6.0 x 2.8-4.1 µm in size.
Biocontrol mechanism
The mechanisms are complex and what has been
defined as biocontrol is the final result of different
mechanisms acting synergistically to achieve disease control
(Howell, 2003). Biocontrol results either from competition
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for nutrients and space or as a result of the ability of
Trichoderma BCAs to produce and/or resist metabolites that
either impedes spore germination (fungistasis), kill the cells
(antibiosis) or modify the rhizosphere, e.g. by acidifying the
soil, so that pathogens cannot grow. Biocontrol may also
result from a direct interaction between the pathogen itself
and the BCA, as in mycoparasitism, which involves physical
contact and synthesis of hydrolytic enzymes, toxic
compounds and/or antibiotics that act synergistically with
the enzymes. So the three most important antagonistic
reaction processes of biocontrol agents are antibiosis,
mycoparasitism, competition for nutrients along with
beneficial effects on plants like plant root colonization, plant
growth stimulation, biofertilization and induction of plant
defense mechanism. Biocontrol mechanism is dependent
upon type of strain and the organism intended to control
and environmental condition (Cook and Baker, 1983).
Role of secretions produced (secondary metabolites) by
Trichoderma sp. in relation to plant biocontrol mechanism
Trichoderma species are free-living fungi which are
highly interactive in root, soil and foliar environments.
Considered to be eager colonizers and particularly invasive
fungi, they work against fungal phytopathogens either
indirectly by competing for nutrients and space, modifying
environmental conditions or promoting plant growth and
plant defensive mechanisms and antibiosis, or directly
through mechanisms such as mycoparasitism. This
dominance is achieved biosynthesizing a wide array of
secondary metabolites, transforming great variety of natural
and xenobiotic compounds and producing varied
degradative enzymes such as chitinase (Gloer, 1997). It
appears clear that Trichoderma’s growth inhibiting properties
are probably due to the combined action of cell-wall
degrading enzymes together with the capacity of Trichoderma
to produce different secondary metabolites. Furthermore,
because of their biological diversity, they are a readily
exploitable source of a broad range of metabolites. In present
review some most important secondary metabolite types
isolated from Trichoderma spp. emphasizing their biological
activities, especially the role that these metabolites play in
biological control mechanisms are described.
Anthraquinones : Anthraquinones are well-known
metabolites of Trichoderma species. In 1967 (Slater et al., 1967)
a wild strain of T. viride isolated from soil produced (Fig. 2)
pachybasin (1), chrysophanol (2) and emodin (3).
Subsequently, T. polysporum grown in contact with the
basidiomycete fungus, Fomes annosus, afforded the same three
compounds (Donnelly and Sheridan, 1986). In 1999
compounds 1 and 2 were extracted from dry mycelium and
culture filtrates of a T. aureoviride isolate. Additionally, Betina
102

et al.(1986) showed that a brown conidiating mutant
generated from exposure of a parental T. viride strain to UV
radiation
produced
(Fig.
2)
1,3,6,8tetrahydroxyanthraquinone (4) and 1-acetyl-2,4,5,7tetrahydroxyanthraquinone (5). Probably the mutation
rendered inoperative some enzyme involved in the
production of normal anthraquinones allowing alternative
pathways to be expressed (Ghisalberti, 2002). While the
biological activity of anthraquinonesis typically related to
pigmentation, other functions have been reported as well.
Biological testing of a mixture of compounds 1, 2 and 3, pure
compounds and their O-acetyl and O-methyl derivatives
were carried out against two growing strains of F. annosus. A
decrease in the linear growth rate of the fungal strains was
observed when treated with the O-acetyl derivatives
(Donnelly and Sheridan 1986). Emodin (3) possesses both
monoamine oxidase (Fujimoto et al., 1998) and tyrosine
kinase (Jayasuriya et al., 1992; Kumar et al., 1998) inhibiting
activity. This compound acts also as an antimicrobial,
antineoplasic and cathartic agent (Ali et al., 2004; Wu et al.,
2006; Huang et al., 2006) and exhibits a remarkable
bacteriostatic effect on Gram-positive bacteria, especially
towards S. aureus (Chukwujekwu et al., 2006).
Daucanes : Daucane sesquiterpenes, also known as
carotanes, are usually confined to the plant families
Umbelliferae and Compositae, but are rare as fungal
metabolites. During the course of a screening program for
antifungal compounds, a strain of T. virens was found to
produce a novel bioactive carotane-type metabolite 6 (Fig. 3)
exhibiting antifungal activity against various yeast and
dermatophytes and having a remarkable effect on Candida
albicans (Watanabe et al., 1990). Lee et al. (1995) isolated an
oleic ester derivative of 6 named L-735,334, 7 (Fig. 3), from T.
virens grown in several culture broths. Both metabolites,
6 and 7 are modulators of the high conductance calciumactivated potassium channel (Ondeyka et al., 1995; Lee et al.,
1995). Four new metabolites with carotane skeletons,
trichocaranes A–D, 8–11 (Fig. 3), were isolated from T. virens.
These compounds significantly inhibited the growth of
etiolated wheat coleoptiles (Macias et al., 2000).
Simple pyrones : The pyrone 6-pentyl-2H-pyran-2-one
(Fig. 4, 12) is the representative metabolite common to the
Trichoderma genus. This compound is a flavoring agent
responsible for the coconut aroma associated with this
fungus. Compound 14 was first identified by Collins and
Halim (1972) in the culture broth of T. viride. Since then, it
has been obtained from T. harzianum (Claydon et al., 1987)
and T. koningii (Simon et al., 1988). This metabolite was used
in plate tests against Rhizoctonia solani and Fusarium
Journal of Eco-friendly Agriculture 4(2) 2009
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oxysporum f. sp. lycopersici. The addition of 0.3 mg ml–1 of 14
to agar medium caused a 69.6 per cent growth reduction in
R. solani and a 31.7 per cent reduction in F. oxysporum after 2
days. When used in spore germination tests, 0.45 mg ml–1
was found to completely inhibit the germination of Fusarium
spores. A strong relationship was found between the
production of this pyrone by T. harzianum and the
antagonistic ability of this fungus in vitro (Scarselletti and
Faull, 1994; Worasatit et al., 1994). The control of Botrytis
cinerea rots in stored kiwi fruits has also been investigated
by Poole et al. (1998). Thus, application of 14 at rates from 0.4
to 4 mg, neat or diluted in oil, water or acetone, consistently
reduced the incidence of B. cinerea storage rots to low levels
in both inoculated and naturally infected fruits. Four
analogues of pyrone 12(13–16) (Fig. 4) have been isolated
from Trichoderma species.
Viridins : The steroidal antibiotics of the viridin series
(17–24) (Fig. 5) show selective antifungal activity and specific
inhibitory action at specific steps in the cell signaling process.
These compounds possess an unusual furan ring fused
between C-4 and C-6 of the steroid framework, some with an
aromatic ring C (Hanson, 1995). Viridin (17) was first
described in 1945 as an antifungal metabolite of the fungus
Glioclaudium virens (Trichoderma virens) (Brian and Mc
Gowan, 1945). This compound has been detected in other
Trichoderma species such as T. koningii (Beresteskii et al.,1976),
T. viride (Golder and Watson 1980) and T. virens (Singh et al.,
2005). An efficient total synthesis from a simple acyclic triyne
has recently been published (Anderson et al., 2004).
Compound (17) prevents the germination of spores of Botrytis
allii, Colletotrichum lini and Fusarium caeruleum (MIC of 0.003–
0.006 lg ml–1), Penicillium expansum, Aspergillus niger and
Stachybotrysatra (6 lg ml–1) (Brian and McGowan 1945;
Ghisalberti, 2002). The related C-3 alcohol viridiol (18) was
obtained from T. viride and other Gliocladium species. It has
been shown to be an antifungal and phytotoxic metabolite
(Moffat et al., 1969; Howell and Stipanovic, 1994). A recent
search for inhibitors of enzymes involved in aflatoxin
biosynthesis led to the isolation of a metabolite produced by
a T. hamatum strain (Sakuno et al., 2000). The compound,
assigned structure (18a), showed a striking resemblance to
18. Further NMR studies led to the conclusion that the two
compounds were identical sharing the viridiol (18) structure
(Wipf and Kerekes, 2003). Demethoxyviridin (19) and
demethoxyviridiol (20) were isolated as fungicidal
metabolites from an unknown fungal strain (Aldridge et al.,
1975). Compound 20 was also obtained as a phytotoxic
metabolite from the fungus Nodulisporium hinnuleum. The
fungicidal metabolites (21) wortmannin (Brian et al., 1957)
and (22) 11-desacetoxywortmannin (Haefliger and Hauser,
1973) were first obtained from Penicillium species. Chemical
Journal of Eco-friendly Agriculture 4(2) 2009

and biological properties have recently been reviewed for 21
(Wipf and Halter 2005). Wortmannolone (23) and virone (24)
w ere obtai ned from a culture of Gliocladium virens
(Trichoderma virens), which had been grown at 32oC (Blight
and Grove, 1986). Compounds 17-27, 23 and 24 have been
shown to be inhibitors of the phosphatidylinositol 3-kinase
(Dodge et al., 1995). Such compounds can be used to treat PI
3-kinase-dependent conditions, particularly neoplasms, in
humans. The metabolism of inositol phospholipids is
believed to be an essential part of the receptor mediated signal
transduction pathways in response to various hormones and
growth factors (Ghisalberti, 2002).
Miscelanea : Trichoharzin (25) (Fig. 6) was isolated
from the culture broth of a strain of T. harzianum, which was
separated from the marine sponge Mycale cecilia. This
polyketide is characterized by an alkylated decalin skeleton
esterified with 3-methylglutaconic acid (Kobayashi et al.,
1993). The tetracyclic compound harziandione (26) (Fig. 5)
is claimed to be the first diterpene isolated from Trichoderma
species. It was obtained by Ghisalberti et al. (1992) from T.
harzianum. A coumarin-type metabolite was isolated by liquid
culture of a strain of T. aggresivum and was identified as 3,4dihydro-8-hydroxy-3-methylisocoumarin, also named
mellein (27) (Fig. 6). This compound, previously isolated from
Aspergillus sp. (Burton, 1950; Sasaki et al., 1970), is effective
against Agaricus bisporus and other fungal species (Krupke
et al., 2003). The novel acetophenone derivative 2',4'dihydroxy- 3'-methoxymethyl-5'-methylacetophenone (28)
(Fig. 5) and the known 2',4'- dihydroxy-3',5'dimethylacetophenone (clavatol, 29), were isolated from the
culture filtrate of a Chilean strain of T. pseudokoningii
(Astudillo et al., 2000).
Type of biocontrol mechanism
Antibiosis : Antibiosis occurs during interaction
involving low molecular weight compounds or antibiotics
produced by Trichoderma strain that inhibit the growth of
other microorganism. Howell and Stipanovic (1983) isolated
and described a new antibiotic gliovirin from Trichoderma
viriens. Chemical compounds (metabolites) of a
microorganism that inhibit or kill other microorganism are
known as antibiotics. Most Trichoderma strains produce
volatile and nonvolatile toxic metabolites that impede
colonization by antagonistic microorganism. The 6-n pentyl2-H pyron is characteristic of some species of Trichoderma.
The combination of hydrolytic enzymes and antibiotics
results in a higher level of antagonism then that obtain the
same mechanism. Sequential role of antibiosis and hydrolytic
enzymes during fungal interaction have also been described
(Howell, 2003).
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Mycoparasitism : Trichoderma genus is a well known
for its one of the most important characteristic that its ability
to parasitize other fungi (Fig 7a). Mycoparasitism, the direct
attack of one fungus on another, is a very complex process
that involved sequential events including recognition, attack
and subsequent penetration and killing of host, parasitizing
a range of fungi, detecting other fungi and growing towards
them (Fig. 7b).
Hypha of the antagonists parasitize hyphae of other
fungi in vitro and involves several morphological changes
such as coiling of hyphae around the pathogen formation of
aspersorium like structure, which serve to penetrate the host.
In case of mycoparasitism, Trichoderma attaches to the
pathogen cell wall and with contact behavior parasitize host
surface and lead to differentiation process, which result in
formation of infection structure hyphal curls and hook like
bodies. At this stage extracellular hydrolytic enzymes are
secreted and penetration of host takes place (Chet, 1990).
Dennis and Webster (1971) demonstrated parasitization of
sclerotia as well as mycelium of S. sclerotiorum by host
mycelium penetration and production of lytic enzyme p-13-glucanase.
Many of the T. harzianum mutants produce effective
antagonism against plant pathogenic fungi such as Fusarium
culmurium and Rhizoctonia solani. Mycoparasitism
mechanism is complex. Trichoderma strains detect other fungi
and grow tropically towards them. Remote sensing is at least
partially useful due to the sequential expression of cell-walldegrading enzymes. Different stains can follow different
patterns of induction, but the fungi apparently always
produce low levels of an extracellular exochitinase. Once
the fungi come into contact, Trichoderma spp. attach to the
host and coil around it and form appressoria on the host
surface. Attachment is mediated by the binding of
carbohydrate on the Trichoderma cell wall to lectin and the
target fungus. Once in contact, the Trichoderma produce
several fungitoxic cell-wall-degrading enzymes, and
probably also peptaibol antibiotics (Schirmbock et al, 1994).
The combined of these compound result in the parasitism of
the target fungus and the desolution of the cell walls. At the
sites of the appressoria, holes can be produced in target
fungus, and direct entry of Trichoderma hyphae into the lumen
of the target fungus occurs. There are atleast 20-30 known
genes, proteins and other metabolites that are directly
involved in this interaction, which is typical of the complex
systems that are used by these fungi in their interactions
with other organisms. Hence, there are four stages in direct
interaction between Trichoderma spp. and other fungi. These
are:

104

a.

Chemotropic growth - A chemical stimulus produced
by the target fungus attracts the antagonist.

b.

Specific recognition - Lectins present on cell surfaces
of both pathogen and antagonist are responsible for
this process.

c.

Attachment and coiling of Trichoderma around its host.

d.

Secretition of lytic enzymes.

Competition
The antagonistic microbes when applied to the field, it
competes with the pathogen and other fungi for food. This
type of competition leads to control of disease. Trichoderma
species are aggressive and fast growing in nature and can
survive as chlamydospore in absence of sufficient nutrients.
Ecological concept of exploitation, competition and
interference, competition to interaction between fungal
population was given by Lockwood (1981,1982) and
Wiicklow (1992).
a) Competition for necrotic tissue: Trichoderma sp.
when applied to the aerial parts of plants viz., leaves known
to control pathogens that invade the dead tissues as base
and from this base they enter into the healthy tissues. Botrytis
spp. and Sclerotinia spp. are best controlled by this method.
Trichoderma is reported to control Botrytis and Sclerotinia on
Strawberry and Apple (Tronsmo and Dennis, 1977; Tronsmo
and Raa, 1977). According to Dubos (1987) selected
Trichoderma spp. when sprayed on grape flowers at the time
of blossoming are able to colonize tissues as it senesces,
thereby delaying colonisation by Botrytis, and later disease
level in the fruit. He laid emphasis on the importance of
timing of applications and importance of repeated
applications of the antagonist during flowering. The most
important spray according to him is during late flowering
(Dubos, 1987).
b) Competition for plant exudates: Sometimes, the
pathogen respond to the plant exudates is very rapid, thereby
causing disease. According to Nelson, (1987) damping off of
cereals and vegetable seedling is initiated by the rapid
response of the pathogen to the seed exudates. The response
is so rapid, that within a short period/hours sporangia in
Pythium infested soil germinate and cause infection.
According to Ahmad and Baker (1988 b) seeds treated with
Trichoderma sp. inhibits germination of sporangia. Harman
and Nelson (1994) stated that in the above case Trichoderma
sp. compete for germination stimulants. T. harzianum (T-35)
is reported to control Fusarium oxysporum in the rhizosphere
of cotton and melon by the method of nutrient competition
(Sivan and Chet, 1989). For this type of competition process,
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bio-control agents should be able to colonise or establish in
the root zone first and utilize root exudates and other
substrate/ nutrients efficiently.
c) Competition on wound sites: The most vulnerable
site for pathogen attack is wound site in a plant. Bio-control
agents when introduced to such sites can be very helpful in
controlling a list of pathogens causing disease. Grosclaude
et al. (1973) and Corke (1974) successfully controlled silver
leaf pathogen (Chondrostereum purpurum) by using T. viride
in spray or via pruning shears. Armillaria luteobubalina
(a root pathogen) entry in the freshly cut stumps can be
prevented by Trichoderma application (Nelson et al., 1995).
T. harzianum strain T3 is reported to colonize wound site in
cucumber roots and the phenomena of control of Pythium is
competition for nutrients discharged from the wound.
d) Fungistasis: Trichoderma strains grow rapidly when
inoculated in the soil, because they are naturally resistant to
many toxic compounds, including herbicides, fungicides and
pesticides such as DDT and phenolic compounds (Chet et
al., 1997), and because the strains recovery very rapidly after
the addition of sublethal doses of some of these compounds.
Resistance to toxic compounds may be associated with the
presence in Trichoderma strains of ABC transport systems
(Harman et al, 2004).
e) Competition for nutrients: Competition for limiting
nutrients results in biological control of fungal
phytopathogens (Chet et al., 1997). For instance, in most
filamentous fungi, iron uptake is essential for viability
(Eisendle et al, 2004) and under iron starvation, most fungi
excrete low-molecular-weight ferric-iron-specific chelators,
termed siderophores, to mobilize environmental iron
(Eisendle et al., 2004). Trichoderma has a superior capacity to
mobilize and take up soil nutrients compared to other
organism. The efficient use of available nutrients is based on
the ability of Trichoderma to obtain ATP from the metabolism
of different sugars, such as those derived from polymers
wide-spread in fungal environments: cellulose, glucan and
chitin among others, all of them rendering glucose (Chet et
al., 1997).
Effect on plants
Bio-control agents are known to produce a wide range
of effect on plants. Trichoderma is known to control the disease
through mycroparasites or production of antimicrobial
compounds. In addition to this, these organisms are also
known to promote or inhibit plant growth (Lindsey and
Baker, 1967; Wright, 1956).
a) Plant root colonization : Colonization implies the
ability to adhere and recognize plant roots, penetrate the
Journal of Eco-friendly Agriculture 4(2) 2009

plant, and withstand toxic metabolites produced by the
plants in response to invasion by a foreign organism,
whether pathogen or not. Trichoderma strains must colonize
plant roots prior to stimulation of plant growth and
protection against infections. Trichoderma strains establishes
long-lasting colonization of plant roots and penetrate into
the epidermis. There, they produce or release compounds
that induce localized or systemic plant resistance responses
(Harman et al., 2004). Plants react against fungal invasion
by synthesizing and accumulating phytoalexins, flavonoids
and terpenoids, phenolic derivatives, aglycones and other
antimicrobial compounds. Trichoderma strains are generally
more resistant to these compounds than most fungi;
nonetheless, their ability to colonize plant roots strongly
depends on the capacity of each strain to tolerate them. This
resistance, considered an essential requirement for plant
colonization, has been associated with the presence of ABC
transport systems in Trichoderma strains (Fig. 8a).
b) Biofertilization : Root colonization by Trichoderma
strains frequently enhances root growth and development,
crop productivity, resistance to abiotic stress and the uptake
and use of nutrients. Crop productivity in fields can increase
up to 300 per cent after the addition of T. hamatum or T.
koningii. The same increase was observed when seeds were
separated from Trichoderma strains by a cellophane
membrane, which indicates that Trichoderma strains produce
growth factors that increase the rate of seed germination
(Benitez et al, 1998). Trichoderma strains that produce
cytokinin-like molecules, e.g. zeatyn and gibberelin GA3 or
GA3-realted compound have recently been detected.
Production of these compounds could improve
biofertilzation (Osiewacz, 2002) (Fig. 8b).
c) Rhizosphere competence : One mechanism that has
gained adherents in recent years is that of competition
through rhizosphere competence. Harman (1992) gave a term
rhizosphere competence that defines the ability of an
organism to colonise in the rhizosphere of the plant despite
the competition with other organisms and environmental
influence. Some wild type strains are known to exhibit
rhizosphere competence (Sivan and Chet, 1989).
Rhizosphere competence is important because a biocontrol
agent cannot compete for space and nutrients if it is unable
to grow in the rhizosphere. Trichoderma species, either added
to the soil or applied as seed treatments, grow readily along
with the developing root system of the treated plant (Harman,
2000).
d) Plant growth promotion : According to Chang et al. (1986),
enhanced germination, rapid rate of flowering, increase in
height and weight of certain plants viz., pepper and
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chrysanthemums were observed where soil was treated with
conidial suspensions of T. harzianum. Shivanna et al. (1994,
1996) have recorded increased growth of wheat and soybean
under greenhouse conditions when treated with Penicillium
and Trichoderma isolates. He further stated that the response
differed when the same was tried in the field conditions but
increase in yield was noticed in some cases. T. harzianum
isolate T-203 penetrate in the roots and behave like a
mycorrhizal fungi, promoting growth (Kleifield and Chet,
1992). Trichoderma spp. is known to control minor pathogens
viz Pythium sp., thereby indirectly promoting growth (Ahmad
and Baker 1988a; Harman et al., 1989).
e) Induction of plant defense mechanism and plant
resistance: The ability of Trichoderma strains to protect plants
against root pathogens has long been attributed to an
antagonistic effect against the invasive pathogen (Chet et al.,
1997). However, these root-fungus associations also
stimulate plant defensive mechanism. Strains of Trichoderma
added to the rhizosphere protect plants against numerous
classes of pathogens, e.g. those that produce aerial infections,
including viral, bacterial and fungal pathogens, which
points to the induction of resistance mechanisms similar to
the hypersensitive response (HR), systemic acquired
resistance (SAR), and induced systemic resistance (ISR) in
plants (Harman et al., 2004).
Plants genes respond to pathogens and elicitors, but
plant defense mechanism does not necessarily require
stimulation by the living organism. The addition of
Trichoderma metabolites that may act as elicitors of plant
resistance, or the expression in transgenic plants of genes
whose products act as elicitors, also results in the synthesis
of phytoalexins. PR proteins and other compounds increases
resistance against several plant pathogens, including fungi
and bacteria (Dana et al., 2001; Elad et al., 2000), as well as
resistance to hostile abiotic conditions. Yedida et al. (2000)
showed that inoculation of cucumber roots with T. harzianum
(T-203) induced an array of pathogenesis-related proteins,
including a number of hydrolytic enzymes.
Biotechnological Approach
Trichoderma in enhancement of lytic enzyme production
for degradation of waste cellulose
Members of the fungal genus Trichoderma have been
extensively studied, particularly due to their ability to secrete
cellulose degrading enzymes or to act as biocontrol agents.
Most of the work has been carried out on strains of T. viride,
T. reesei, T. harzianum. These strains have been extensively
studied in their ability to produce extracellular cellulolytic
enzymes, namely endoglucanases, exoglucanases and
cellobiase, which act synergistically in the conversion of
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cellulose to glucose (Eveleigh, 1986). The strains have been
mutagenized and genetically modified to obtain an organism
capable of producing high levels of cellulases (Szengyel et
al., 2000). Furthermore, members of the genus Trichoderma,
particularly T. harzianum, have also been reported as
biocontrol agents (Hermosa et al., 2000) due to its ability to
successfully antagonize other fungi including plant
pathogenic species. Because the skeleton of filamentous fungi
cell walls contains chitin, glucan and proteins, enzymes that
hydrolyze these components have to be present in a
successful antagonist in order to play a significant role in
cell wall lysis of the pathogen (Carsolio et al., 1999). Several
distinct chitinolytic enzymes have been reported in T.
harzianum (Haran et al., 1996). These include endochitinases,
exochitinases and 1,4-ß-N-acetylglucosaminidases, which
are induced during growth of T. harzianum in liquid medium
containing chitin as carbon source. Another enzymatic
system that is involved in cell wall degradation by an
antagonistic organism is ß-glucan degrading enzymes. Two
mechanisms of glucan degradation have been reported: exoand endoglucanases, both of which act synergistically in
glucan degradation. ß-glucan degrading enzymes are
classified according to the type of ß-glucosidic linkages: 1,4ß-glucanases (including cellulases), 1,3-ß-glucanases, and
1,6-ß-glucanases (Pitson et al., 1993). Because 1,3-ß-glucan
is a structural component of fungal cell walls, the production
of extracellular 1,3-ß-glucanases has been reported as an
important enzymatic activity in biocontrol microorganisms.
In addition to chitin and glucans, filamentous fungi cell walls
contain proteins. Thus, the production of proteases may play
a role in antagonism (Sivan and Chet, 1989; Flores et al.,
1997).
Trichoderma in textile and other industries
The genus Trichoderma comprises a group of
filamentous ascomycetes that are widely used in industrial
applications because of their ability to produce extracellular
lignocellulose-degrading hydrolases in large amounts.
Enzymes secreted by Trichoderma have received widespread
industrial interest, leading to commercial applications in
the textile industry (Cavaco- Paulo and Gübitz, 2003), the
food and feed industries and the pulp and paper industry
(Galante et al., 1998). T. reesei is a biotechnically important
filamentous fungus commercially used in enzyme
production. T. reesei is also one of the best known cellulolytic
organisms, producing readily and in large quantities a
complete set of extracellular cellulases for the degradation
of crystalline cellulose. Cellulases originating from various
organisms and having different characteristics are used
industrially in many applications, such as in the textile
industry and in biofinishing of cotton. T. reesei can be used
as an industrial host for homologous and heterologous
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enzyme production (Penttilä et al., 2004). T. reesei being one
of the best-known cellulolytic organisms. Cellulases are
industrially important enzymes with a current market value
of about 190 million US$ (Schülein, 2000). In the textile
industry cellulase enzymes are tools for the fabric and
garment finisher to produce higher value products, as
cellulases clean fuzz and prevent formation of pills on the
surface of cotton garments. Cellulases can also be used in
denim finishing creating a fashionable stonewashed
appearance in denim cloths in a process called biostoning.
About 10 per cent of textile finishing of cellulose materials is
estimated to be performed by cellulases and approximately
80 per cent of the 1.8 mrd pairs of denim jeans produced
annually are finished with cellulases as an alternative to
pumice stones (Buchert and Heikinheimo, 1998). Cellulases
from the fungi T. reesei are widely used in the textile industry
and depending on the desired effect different types of
cellulases are utilized. In the detergent industry cellulases
are used to clean cotton garments or to brighten faded
coloured garments by removing fuzz.
In animal feed cellulases are utilized together with
other hydrolases in the degradation of non-starch
polysaccharides to improve feed conversion rates (Galante
et al., 1998). The food industry uses cellulases together with
other plant cell wall-degrading enzymes in fruit and
vegetable processing (Urlaub, 2002). Enzymatic hydrolysis
of biomass to sugars for subsequent ethanol production has
also been a major research area during recent years.
Cellulases have potential in the pulp and paper industry,
e.g. in deinking to release ink from fibre surfaces and in
improving pulp drainage (Suurnäkki et al., 2004). Within
the forest industry cellulases have been shown to be effective
in decreasing the energy consumption of mechanical pulping
(Pere et al., 2002). Cellulases have been found to increase the
alkali solubility of treated pulp and directly alkali soluble
cellulose has been obtained with specific cellulase
compositions (Rahkamo et al., 1996). This property can be
utilized in developing new environmentally beginning
processes for manufacturing cellulotic articles such as films
and fibres.
Trichoderma source of genes
Biocontrol microbes, almost by definition, must contain
a large number of genes that encode products that permit
biocontrol to occur. Several genes have been cloned from
Trichoderma spp. that offer great promise as transgenes to
produce crops that are resistant to plant diseases. These
genes, which are contained in Trichoderma spp. and many
other beneficial microbes, are the basis for much of “natural”
organic crop protection and production. Several new general
methods for biocontrol and for enhancement of plant growth
Journal of Eco-friendly Agriculture 4(2) 2009

have recently been demonstrated. In this processes of
mycoparasitism, antibiosis, competition for the nutrients or
space, tolerance to stress through enhanced root or plant
development, solubilization and sequestration of inorganic
nutrients, induced resistance and inactivation of the
pathogen’s enzymes. Transgenic expression of high levels
of chitinolytic and glucanolytic Trichoderma enzymes does
not affect plant morphology, development or yield, or
infection by arbuscular mycorrhizal fungi. Most of these
genes have been patented and are commercially available,
but a number are in development to be used in agricultural
biotechnology (Lorito, 1998).
Biodiversity of genus Trichoderma
In last 15 years, a new era of fungal systematics has
initiated by the application of molecular techniques to
answer questions of evolutionary patterns and processes.
The importance of Trichoderma in bio-control and biotechnological applications has opened a new field for the
identification of effective and superior strains. At present
individual species of this genus are poorly defined and
classification of strains is difficult. Although the genus
Trichoderma is easily recognized and has been extensively
studied (Bissett, 1984, 1991a,b,c; Rifai, 1969), it has been
difficult to reliably define species because of the apparent
paucity of morphological characters. Despite the growing
commercial importance of individuals within the genus
Trichoderma, the taxonomy of this genus has not kept up
with the progress in applied fields. The consequence of this
is that the number of species of Trichoderma recognized do
not adequately account for the diversity of activities
attributed to the genus (Ghisalberti and Sivasithamparam,
l99l). Although extensive morphological and cultural studies
have been carried out on the taxonomy of Trichoderma, there
are still not enough variable characters available to
differentiate the genus to the species level. It is, therefore
essential that fast and easily repeatable biochemical and
molecular methods be used in addition to morphological
criteria to workout the taxonomy of Trichoderma. These
techniques have already been investigated by a number of
researchers for their usefulness in the classification of strains
within the genus Trichoderma. These techniques can be split
up into two types i.e. biochemical and molecular techniques.
Biochemical techniques
Some of the earlier attempts to classify Trichoderma
species employing techniques other than morphological
characters involved the use of biochemical characters. Such
techniques have included two important techniques, i.e., the
use of specific antisera recognition assays and isozyme
analysis
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a. Specific antisera recognition assays : This technique
involves the production of polyclonal antibodies which
specifically bind to the fungus of interest. Antibodies are
labeled and tested for their specificity to the fungus of interest.
Barak et al. (1985) subsequently raised antibodies to the
conidial cell walls of eight isolates, representing three species,
of Trichoderma. Of the eight isolates tested, six serotypes were
detected, thus, indicating that this technique may be useful
in the identification of specific Trichoderma isolates. However,
the serological differences among the isolates were not
always consistent with isolate morphology. ln 1991 , Carter
and Lynch ( l99l ) tried a different approach where they
raised antibodies to the proteins produced by a T. harzianum
isolate. However, when tested, these antibodies were not
specific to the genus Trichoderma.
b. Characterization by isozyme analysis: Isoenzyme
analysis differentiates between isolates by comparing the
different isoenzymes (i.e. enzymes with the same activity)
produced under specified conditions. The enzymes produced
by individual isolates are extracted from culture
supernatants and analysed electrophoretically. Gels are then
stained for specific enzymic activity and the enzymes are
visualised as bands on the stained gel. Enzymes which are
coded for different alleles, or separate genetic loci, tend to
have different electrophoretic related mobilities. These
differences are the result of variations in the amino acid
content of the enzyme, which in term are dependent on the
sequence of the nucleotides in the DNA. Hence, in theory,
isoenzyme analysis allows the characterization of isolates
by species-specific alleles at a single locus or by speciesspecific allele profiles at several loci. Isoenzyme analysis
was first applied to the differentiation of Trichoderma species
by Zamir and Chet (1985). When seven enzymes were
assayed from 23 geographically diverse isolates of the
morphological species of T. harzianun, five distinct groups
could be distinguished. Stasz et al. (1989) selected 16 enzyme
loci to differentiate between 7l strains of Trichoderma, of the
five morphological species T. hamatum, T. harzianum, T.
koningii, T. pseudokoningii and T. viride. Each species was
found to possess several alleles at almost all loci, and
frequently occurring alleles were common to most of the
species. Samuels et al. (1994) employed isoenzyme analysis
to determine whether the anamorph of H. schweinitzii could
be assigned to one of the species T. longibrachiatum, T. reesei
or T. pseudokoningii. Samuels et al. (1994) also found that the
synonomy of T. reesei and T. longibrachiatum proposed by
Bissett (1984) was not supported by isoenzyme data.
Molecular techniques
In more recent years a number of molecular studies
have also been employed to characterize Trichoderma species.
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Molecular techniques differentiate between isolates by
differences in their DNA and RNA. Techniques focusing on
DNA have an advantage over biochemical techniques, that
is an isolate’s DNA content is not affected by external factors,
such as age and growth medium. Furthermore, extraction of
DNA and the identification of differences in the DNA content
of different isolates tends to be faster and provides more
information than the alternative biochemical techniques.
Earlier two molecular techniques investigated for their
usefulness in differentiating the genus Trichoderma include,
electrophoretic karyoryping of chromosomes and the
assignment of specific genes to chromosomes’ restriction
fragment analysis. Restriction fragment length
polymorphism (RFLP) analysis shows their usefulness for
characterization of Trichoderma spp. However, currently
polymerase chain reaction based rapid amplification of
polymorphic DNA (PCR RAPD) analysis (Williams et al.,
1990). Microsatellite marker and rDNA nucleotide sequence
comparison analysis is the technique of choice towards
characterization, identification and molecular variability
study for Trichoderma spp. (Gherbawy et al., 2004).
a. Electrophoretic karyotyping: Electrophoretic
karyotype profiles, combined with Southern analysis, may
provide a powerful tool for differentiating between closely
related strains of Trichoderma, as well as, differentiating
between isolates with different biological activities. This
technique is known as pulse field gel electrophoresis
(Schwartz and Cantor, 1984; Smith et al., 1987). Development
of the pulse field gel electrophoresis technique has permitted
the resolution of chromosome sized DNA fragments and
consequently allowed the karyotyping of organisms such as
filamentous fungi (Skinner et al., 1991). Typically, individuals
are differentiated by the differences in the number and sizes
of their chromosomes on these gels. Further, resolution can
be achieved by performing southern (Southem, 1975) analysis
on the separated chromosomes using gene specific probes.
The first karyorype reporred for a member of the genus
Trichoderma was in 1991 when Gilly and Sands (1991)
produced a karyotype for a single strain of T. reesei. Soon
after, Carter et al. (1992) successfully used electrophoretic
karyotyping, combined with southem analysis, to
differentiate between individual strains of T. reesei (QM6a)
and several of its mutated derivatives. This result indicated
that this technique is capable of distinguishing between very
closely related individuals. Henera-Estrella et al. (1993) found
that electrophoretic karotyping allowed the differentiarion
of a phyoparhogenic strain of T. reesei from two individuals
(T. harzianum and T. viride strain) with good biological control
activity. Furthermore, the karyotypes of the two biocontrol
species were found to be very similar to one another.
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Fig. 1. Trichoderma sp. growing on potato dextrose agar medium.

Fig. 5. Viridin family of steroidal antibiotics

Fig. 2. Anthraquinones and Xanthone derivatives

Fig. 6. Miscelanea

Fig. 3. Daucanes

a
b
Fig. 7. Mycoparasitism by a Trichoderma strain on the plant
pathogen Pythium. The Trichoderma strain is stained with an orange
fluorescent dye while Pythium is stained green (a).
(Ref: Weeden et al. 2008), scanning electron micrograph of the
surface of hyphae of the plant pathogen Rhizoctonia solani after
mycoparasitic Trichoderma hyphae were removed (b). (Ref: Elad
et al., 1983).

Fig. 4. Pyrone metabolites
a
b
Fig. 8. Colonization of root hairs of corn by the highly
rhizosphere competent strain of T. harzianum T22 (a), enhanced
root development from field-grown corn and soybean plants as
a consequence of root colonization by the rhizosphere competent
strain T. harzianum T22 (b). (Ref: Harman, G.E. 2000).
Journal of Eco-friendly Agriculture 4(2) 2009
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b. Restriction fragment length polymorphism analysis
: Differences in DNA fragment patterns following
electrophoresis are used to differentiate between individuals.
A difference between two organisms in the size of restriction
fragments at a definable genetic locus is termed a restriction
fragment length polymorphism. Restriction analysis of
mitochondrial DNA (mtDNA) has been widely used for
evolutionary studies in fungi and individual isolates have
been differentiated to the subspecies level (Smith et al., 1994).
RFLP analysis to Trichoderma and successfully differentiated
the genus from isolates of the two genera Penicillium and
Aspergillus. Following this, Meyer et al. (l99l, 1992) employed
RFLP analysis to investigate genomic differences between
nine species of Trichoderma and three strains of T. reesei
(i.e. wildtype and two mutants). Each of the species could be
distinguished from one another, while one of the mutant
T. reesei strains was found to be distinct from the wild type
and the other mutant. They proposed the reclassification of
the Trichoderma genus into the five groups: (I) T. reesei,
T. todica (II) T. polysporum, T. longibrachiatum, T. koningii, T.
psuedokoningii (III) T. virgatum (IV) T. saturnispornm and (V)
T. harzianum. This new classification system was consistent
with results from a study where these same isolates were
characterized by the relative position of two cellulase genes
(chl and cbhl) on restriction fragments (Morawetz et al., 1992).
It, therefore, appears that RFLP analysis also provides a
powerful tool for the differentiation of Trichoderma species.

with relation to the RAPD profile and their ability for
controlling Cryphonectria parasitica through pairing in vitro.
The results allowed the construction of a dendrogram where
the strains characterized with potential for antagonize
C. parasitica were gathered in very different groups. Gomez
et al. (1997) analyzed the RAPD profiles of strains of
T. harzianum and classified them in different groups
according to their capacity for control of plant pathogenic
fungi. Muthumeenakshi et al. (1998) characterized genetically
15 strains of T. harzianum aggressive for edible mushrooms
in the United States and England using RAPD, which were
designated “T. harzianum group 4”, that presented a high
homogeneity degree. Comparison of molecular data of group
4 with group 2 (the causal agent of the epidemic green mould
in industrial mushrooms in England) indicated that the
isolates of T. harzianum group 4 were different from that of
group 2. Most recently, Gopal et al. (2008) investigated
random amplified polymorphic DNA (RAPD) marker to
estimate the genetic variation among 17 isolates of
Trichoderma and found that genetically similar showing 91.8
per cent polymorphism. The RAPD technique does have
several advantages over other molecular techniques since
only very small amounts of DNA are required, radioactive
probes are not required and it is faster and easier to carry
out. Furthermore, there are a large variety of commercially
available primers, which increases the possibility of detecting
DNA polymorphisms for very closely related strains.

c. Characterization by RAPD and PCR-based finger
printing : The polymerase chain reaction (PCR) technique
has created new ways of revealing DNA polymorphisms
among closely related genotypes with high sensitivity via a
fast and easy-to-perform protocol. Zimand et al. (1994) used
RAPD markers obtained from 9 arbitrary primers to
distinguish strains of Trichoderma. Ten of the strains
identified as T. harzianum exhibited similarities, and it was
possible to distinguish the isolate T-39, used commercially
as biocontrol agent for Botrytis cinerea. For efficient selection
of strains of Trichoderma with taxonomic finalities, Fujimori
& Okuda (1993) examined 74 strains of Trichoderma by RAPD
profiles and the results were consistent with the
morphological, physiological and ecological data of these
strains, which suggests that the technique can aid to
eliminate strains duplicated in a program for microbial
selection. Using RAPD Schlick et al. (1994) analyzed strains
of T. harzianum and mutants induced by gamma radiation
originated from one wild isolate, verifying that with RAPD
it was possible to differentiate all the mutants strains for at
least one primer and concluding that the method was
valuable for identification and fast differentiation of strains.
Arisan-Atac et al. (1995) studied 11 strains of T. viride,
2 strains of Hypocrea rufa and 9 other species of Trichoderma

d. Microsatellite marker analysis : Molecular markers
provide an immense source of data that can assist plant
pathologists in the study of identity, relatedness, diversity,
and selection of proper candidates for biological control.
Furthermore, molecular markers offer a means of constructing
quality control tests that are essential throughout the
developmental processes of these biocontrol agents. In the
case of Trichoderma spp., the quality control test is being
evaluated through the production of polymerase chain
reaction (PCR) fingerprints by use of semi-random primers
designed to primarily target intergenic, more variable areas
in the genome (Bulat et al., 1998). Microsatellite loci, short
tandemly repeated motifs of 1–6 bases, also known as simple
sequence repeats (SSR), are widely used as genetic markers
because of their ubiquity, ease to score, co-dominance,
reproducibility, assumed neutrality and high level of
polymorphism (Jarne and Lagoda, 1996). They have proved
to be invaluable in many fields of biology, from genome
mapping to forensics, paternity testing and population
genetics (Li et al., 2002). Microsatellites have been isolated
across a wide range of taxonomic groups including fungi.
Their interest to biologists goes beyond their high
polymorphism: when one can assume a model for their
evolution, taking into account the number of repeats allows
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inference of kin relationships among alleles, and they can
thus be developed as powerful tools for inferring
evolutionary and demographic parameters (Zane et al., 2002).
DNA marker technique, especially microsatellite marker
based is currently used as a molecular tool for proving the
identity of Trichoderma strains (Asran-Amal et al., 2005). The
study made by Asran-Amal et al. (2005) demonstrates that
microsatellite-primed PCR is a useful tool for characterization
and grouping of Trichoderma isolates into species and
concluded that there is no congruity occurr between the
cluster analyses obtained by PCR and cluster analysis
obtained by efficiency parameters for biocontrol agents.
e. rDNA nucleotide sequence comparison : The region
of sequence most commonly used to differentiate between
organisms is that of the ribosomal RNA gene complex
(rDNA). This is because rDNA exists in numerous copies
within the genome and contains areas of sequence that differ
in their level of variation between organisms. This variability
allows the differentiation of individuals at the genus, species
or sub-species level, depending on which area of rDNA
sequence is compared (White et a1., 1990). Nucleotide
sequence comparison has been used to differentiate between
morphologically identical strains of Trichoderma
(Muthumeenakshi et al., 1994). Kindermann et al. (1998)
attempted a first phylogenetic analysis of the genus
Trichoderma, using the sequence analysis of the ITS 1 region
of the rDNA. Nevertheless, the use of phylogenies based on
single gene sequences is now normally discredited, especially
as regards the use of ITS1 and/ or ITS2, as some fungi and
plants have been shown to contain paralogous copies . rDNA
sequencing (Siddiquee et al., 2007) have been used to
distinguish species within specific groups of strains. The
main advantage of using sequence data over other molecular
techniques is that a large number of characters are compared
between individuals which can substantially increase
isolate resolving power. Furthermore, results from different
laboratories can be directly compared, and the publication
of sequences and their deposition in electronic databases
(e.g. GENBANK, EMBL) facilitates the confirmation of results
and their application to other taxa without the need to obtain
strains or clones, or to repeat experiments.
Conclusion
Species of Trichoderma have been isolated from plant
roots and there have been numerous attempts to use them
for the biocontrol of certain soil, root and foliar diseases
resulting in astounding success in specific pathogen and
crops. The enzymes and antibiotics produced by Trichoderma
species that appear to be involved in biocontrol are strongly
influenced by the substrate on which the fungus is grown
and conditions in the laboratory. Temperature also has a
Journal of Eco-friendly Agriculture 4(2) 2009

profound effect on the production and activities of enzymes
and antibiotics associated with biocontrol by Trichoderma
species. The mechanism employed by biocontrol agents to
effect biological control of plant disease are many and
complex, and their use varies with the kind of biocontrol
agent pathogen, and host plant involved in the interaction.
Trichoderma sp. produces antifungal compounds to assist in
killing its fungal targets. Industrially useful T. reesei strains
producing significant amounts of homologous and
heterologous cellulases and having defined cellulase profiles
were constructed. Some recent results of the molecular
mechanisms of cellulose gene regulation and protein
secretion in T. reesei could possibly be utilized to increase
the production levels of cellulases. The suitability of the
cellulases in efficient conversion of biomass to sugars that
can be fermented to ethanol should also be investigated.
Cellobiohydrolases are the key components of the redesigned,
highly synergistic cellulase mixtures required for such
processes. T. reesei cellulases are useful in denim finishing
to impart a certain type of stonewashed appearance, but they
have disadvantages such as a tendency to promote
backstaining and weakening of fabrics. The application of
techniques for protoplast isolation and fusion and gene
cloning will result in further development of new
technologies for genetic manipulation of two fungi. With the
help of latest tools of biotechnology, attempts should be made
to develop Genetically Modified (GM) Trichoderma spp. Its
mass multiplication methods must be simplified and have
an acceptable shelf life and meet acceptable environmental
and toxicological safety standards. It should be highly
competitive with resident microbes and should be able to
establish in soil for an acceptable period of time. It should be
effective under broad range of environmental conditions. The
growing importance of many Trichoderma strains has made
their identification and distinction from other Trichoderma
isolates crucial. This is particularly true in relation to the
commercialization of strains where the distinction of these
strains from all other Trichoderma strains is essential for the
purpose of patenting. However, as with the molecular
techniques, the information gained are reliable and the
technique is easily repeated. Sequence analysis, RAPD
marker and microsatellite marker analysis provide characters
that could easily be obtained and recognised by an
inexperienced taxonomist, as well as, resolve isolates to a
level greater than that achievable with morphological and
cultural characters alone. It is, therefore, proposed that these
techniques may be useful in the distinction of strains for the
purposes of patenting, as well as, increase the level of
consistency in the identification of isolates of the genus
Trichoderma between research laboratory. Future studies
should focus on the coordination of these types of studies so
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that the information gained from them can be combined, so
that a profile of the diversity present within the genus
Trichoderma can be constructed. Production of such a profile
could lead to the construction of a taxonomic key in which
morphological and cultural characters are complemented
with additional characters based on reliable and easily
repeatable biochemical and molecular characters. Only then
could individual strains be accurately identified and
distinguished from all other strains. Initially, this could be
achieved by using a select number of techniques to
characterize a number of reference isolates.
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Effect of organic manures and inorganic fertilizers on seed
yield and seed quality of okra (Abelmoschus esulentus (L.)
Moench)
M. A. Chattoo, N. Altmed, S.H. Khan, S.Narayan, N. Jabeen and K. P. Wani
Division of Olericultrue, Shere Kashmir University of Agricultural Sciences and Technology of Kashmir, Shalimar, Srinagar- 191121, J&K, India
ABSTRACT
An experiment was conducted during kharif 2004 and 2005 to assess the influence of organic manures and inorganic
fertilizers on seed yield and seed quality of okra at the experimental field of Division of Olericulture, SKUAST - K.
Shalimar. Among 25 treatments under investigation, treatment T24 (FYM 3 t + SM 2 t + PM 0.5 T + VC 0.6 T + BF 7
kg + 7 kg + 60:30:30 N:P2O5: K2 O kg ha-1) recorded significantly higher values for number of seed pods plant-1 (11.76),
number of seed pod-1 (43.75), seed yield ha -1 (26.62q), 100 seed weight (6.93 g) and protein content (22.65%).
Treatment T21 (PM 3 t + 60:30:30 N:P2O5: K2O kg ha-1) was next best followed by T22 (VC 3 t + 60:30:30 N:P2O5: K2O
kg ha-1). Organic integration proved superior over sole application of organics but recorded lower values than T1 (120:
60:60 + N : P2O5 : K2O kg ha-1). Treatment T7 (FYM 6 t +SM 4 t + PM 1t VC 1 t + BF 7 kg ha-1) proved better followed
by T15 (PM + VC 3 t + 3 t ha-1). Among sole application of organic, T4 (PM 6 t ha-1) proved better than FYM, SM, VC,
and BF.
Key words: Growth, inorganic fertilizers, okra, organic manures, quality and seed yield

INTRODUCTION
Okra (Abelmoschus esculentus (L.) Moench) is an
important vegetable crop grown in India on an area of 33.45
lakh tones (Anonymous, 2003). In plains of India it is grown
as spring and rainy season crop, while in Jammu and
Kashmir it is mostly grown as a Kharif crop on an area of
2050 hectares with an annual production of 28700 metric
tones (Anonymous, 2005). Seed yield and seed quality is an
important factor, which influences the yield of fresh fruits.
Dry mature seeds of okra contain 13-22 per cent edible oil
and 20-24 per cent protein. The refined oil obtained from
okra seeds can also be used as a substitute for edible oil and
seed cake as animal feed (Thamburaj, 2001). Martin (1982)
reported that roasted okra seeds are also used as substitute
for coffee.
Okra is a long growing crop and needs a balanced
supply of nutrients for higher seed yield with a better quality,
which can be supplied by organic sources. Inadequate or
imbalanced nutrient supply is one of the major constraints
in harvesting higher seed yields. Large scale use of chemical
fertilizers has resulted in detioration of soil health in terms
of (physical, chemical and biological) and is associated with
other problems like nutrient loss through leaching,
volatilization and denitrification of nitrogen and fixation of
phosphorus. Thus, there is an emergent need to utilize other
sources of plant nutrients like organic manures, composts
and bio-fertilizers, as they constitute dependable sources of
©2009

plant nutrients. Individal application of organic sources
could not produce significant effect, however, their
integration among themselves as well as with inorganic
fertilizers has been found promising. Sole application of
organic sources, registered lower seed yield and quality in
okra (Abusaleha and Shanmugavelu, 1988; Issac and
Pushpha Kumari, 1998). Combined applicatio of farm yard
manure, poultry manure and biofertilizers enhanced the
protein content of okra seeds (Raj and Kumari, 2001).
Combined application of biofertilizers increased the seed
yield in okra (Prabu et al. 2003). Since a very meagre work
has been done under Kashmir conditions in this regard, an
investigation has been carried out to ascertain the effect of
organic manures/fertilizers both as sole as well as in
conjugation on the seed yield and seed quality of okra.
MATERIALS AND METHODS
A field experiment was conducted during kharif 2004
and 2005 at experimental field of Division of Olericulture,
Sher-e-Kashmir University of Agricultural Sciences and
Technology, Srinagar. The soil of the experimental plot was
clay loam in texture, neutral in reaction, medium in organic
carbon, low in available nitrogen, high in available
phosphorus, medium in available potassium and low in
available sulphur. The experiment was laid out in simple
square lattice design with two replications, each comprising
of 25 treatments namely T1 -Recmmended fertilizer dose
(RFD) 120:60:60 N : P2O5: K2 O kg ha-1, T2 - Farm yard manure
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(FYM) 30 t ha-1, T3 - Sheep manure (SM) 20 t ha-1, T4 - poultry
manure (PM) 6 t ha-1, T5 - Vermicompost (VC) 6 t ha-1, T6 Biofertilizers (BF) Azosprillum + phosphobacteria 7 kg ha-1,
T7 - FYM 6 t + SM 4t + PM 1t + VC 1t + BF 7kg ha-1, T8 - FYM
15 t +SM 10 t ha-1, T6 - FYM 15 t + PM 3 t ha-1, T10 - FYM 15
t + VC 3 t ha-1, T11 - FYM 15 t + BF 7 kg ha-1, T12 - SM 10 t + PM
3 t ha-1, T13 - SM 10 t + VC 3 t ha-1, T14 - SM 10 t + BF 7kg
ha-1, T15 - PM 3t + VC 3 t ha-1, T16 - PM 3t +BF 7kg ha-1, T17 VC 3 t + BF 7Kg ha-1, T18 - RFD 50% 60:30:30 N:P2O5: K2O kg
ha-1 T19 - FYM 15 t + 60:30:30 N:P2O5: K2O kg ha-1, T20 - SM
10 t + 60:30:30 N:P2O5: K2O kg ha-1, T21 - PM 3 t + 60:30:30
N:P2O5: K2O kg ha-1, T22 - VC 3 t + 60:30:30 N:P2O5: K2O kg
ha-1, T23 - BF 7 kg + 60:30:30 N:P2O5: K2O kg ha-1, T24 - FYM
3 t + PM 5 t + VC 6 t + BF 7 kg + 60:30:30 N:P2O5: K2O kg ha1
, T25 - No OM/VC/BF/RFD. The seeds of Okra cv. SKBS-11
were sown on 20th May in plots of 3.0 x 3.0 meters at spacing
of 50 x 30cm during both the years. Full dose of phosphorus,
potash and ½ dose of nitrogen was applied as basal dose,
while remaining nitrogen was applied in split application
one moth after sowing. The source of nitrogen, phosphorus
and potash were urea, super phosphate (single) and muriate
of potash, respectively. Well decomposed organic manures/
vermicompost were incorporated in the field thoroughly as
basal dose. Bio-fertilizers were applied both as seed inoculant
(1.0 kg ha-1) and soil inoculant (2.5 kg ha-1). All cultural
operations were performed as perpackage of practice.
Observations on seed yield and quality of okra were recorded
from 10 random plants of each replication using standard
procedures. Protein content of okra seeds was worked out
by estimating per cent N using Kjeldhals method (Tandon,
1993). Pooled data was subjected to analysis, using nested
classification procedure as suggested by Gupta and Prasad
(2006).
RESULTS AND DISCUSSION
Effect on seed yield and related attributes
Significant variations were observed for seed yield and
related attributes by various treatments under investigation.
Treatment T24 recorded maximum values for number of seeds
pods-1 (11.76), number of seeds plant-1 (43.75), seed yield
plant-1 (39.94 g) and seed yield ha-1 (26.62 q) and significantly
superior to all treatments but at par with T21 and T22 for
number of seed pods-1 (Table 1). Among sole application of
organic sources, treatment T4 registered maximum values
for number of seed pods-1 (10.20), number of seeds plant-1
(40.38), seed yield plant-1 (31.09 g) and seed yield ha-1 (20.71q)
and found significantly superior to T2, T3, T5, T6, T18, and
T25, but registered lower values than T1. However, number
of seeds pods-1 recorded with T4 were statistically at par
with T3, T5, and T1 (Table-1). Integration among organic
sources in equal proportion exhibited an improvement,
Journal of Eco-friendly Agriculture 4(2) 2009

treatment T7 registered higher values of 10.98 and 41.50 for
number of seeds pods-1 and number of seeds plant-1, and
was significantly superior to rest of the organic integration
treatments, T18 and T25 but was statistically at par with T12
and T15. However, the values were significantly lower than
T1. T7 recorded maximum values (34.09g) for seed yield
plant-1 (Table 1).
Integration of individual organic sources and inorganic
fertilizer in equal proportion (50:50) depicted higher values
for characters under study. Treatment T 21, recorded
maximum values for number of seed pods-1 (11.52), number
of seeds plant-1 (42.81), seed yield plant-1 (36.39g) and seed
yield ha-1 (24.26q)which was significantly superior to T7,
T18, T19, T20, T23, but was statistically at par with T2. However,
T2, exhibited at par results but was statistically at par with
T22. However, T21 exhibited at par results with T1 for number
of seed pods-1 and number of seeds plant-1 (Table 1).
Effect on seed quality
Quality attributes of okra seed, like 100 seed weight
and protein content of dry mature seeds exhibited significant
variations due to various treatments. Treatment T24 recorded
significantly higher 100 seed weight of 6.93 g over rest of the
treatments. Among sole application treatment T4 registered
a 100 seed weight of 6.11 g which was significantly superior
to T2, T3, T5, T6, T18 and T25 (Table 1). Among organic
integration treatment T7 registered a 100 seed weight of 6.36
g and was statistically at par with T12, T13 and T15 but was
significantly superior to rest of the organic combinations,
T18 and T25. However, T4 and T7 recorded significantly lower
values than T1. Integration of individual organic sources
and chemical fertilizer in equal proportion (50:50) enhanced
the 100 seed weight. Significant superiority was recorded
with treatment T21 over T19, T20, T23, T7, T1, T18 and T25
recording a value of 6.76 g (Table 1). Maximum protein
content of 22.65 per cent was recorded with treatment T24
and found significantly superior over T4 (19.93%) which was
statistically at par with T1, T3 and T5 but significantly
superior to T2, T6, T18, and T25 (Table 1). Among organic
integrations maximum protein content of 20.11 per cent was
recorded with T15, which was significantly superior to T8,
T10, T11, T14, T18 and T25 but was at par with rest of organic
integrations and T1. Among integration of individual
organics and chemical fertilizer in equal proportion (50:50),
treatment T21, recorded a protein content of 21.98 per cent
which was significantly superior to T1, T15, T18, T19, T20, T22,
T23 and T25 (Table 1). Treatment T1 (RFD) recorded higher
values for number of seed pods-1 (11.36), number of seeds
plant-1 (42.44), seed yield plant-1 (34.83 g), seed yield ha-1
(23.26 q) and 100 seed weight (6.57 g) as compared to the rest
of the treatments except T21, T22 and T24. However, T1 recorded
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Table 1. Effect of organic manure and inorganic fertilizers on seed yield and seed quality of okra

Treatment
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20
T21
T22
T23
T24
T25
CD at 5%

Number of
seeds pods-1
11.36
9.12
9.30
10.20
9.76
6.97
10.98
9.71
10.61
10.07
9.33
10.69
10.32
9.87
10.83
10.17
10.18
7.96
10.81
11.02
11.52
11.48
10.74
11.76
5.37
0.34

Number of
seeds plant-1
42.44
38.82
38.41
40.38
39.38
28.89
41.50
37.96
38.58
38.68
40.73
40.73
39.57
38.79
41.44
40.13
39.76
32.10
40.57
41.77
42.81
41.94
40.03
43.75
26.40
0.90

Seed yield
plant-1(g)
34.83
25.83
27.45
31.09
25.65
18.01
34.09
28.63
31.31
30.25
27.09
32.59
31.09
29.19
3.27
30.88
31.06
21.60
33.03
34.07
36.39
35.87
30.78
39.94
13.45
0.84

a protein content of 20.17 per cent, which was higher than
protein content recorded with other treatments except T19,
T20, T21, T22, T23 and T24 (Table 1).
Improvement in seed yield and related attributes due
to integration of organic and inorganic sources as well as
integration among organic sources could be attributed to
balanced C/N ratio, more organic matter build up, better
root proliferation, sustainable nutrient availability,
accelerated transport and higher concentration of plant
nutrients. These might have lead to better photo synthesis
and efficient translocation of photosynthates from sink to
source, resulting in an improvement in seed yield and related
attributes. Superiority of poultry manure over rest of the
organics sources in improving seed yield and related
attributes could be due to its nutritional richness, stimulatory
role, synergistic effect with other organics. Increase in seed
yield due to in organic fertilizers can be attributed to quick
nutrient availability. Similar observations have also been
120

Seed yield ha-1
(q)
23.26
17.21
18.27
20.71
19.08
12.01
22.72
19.06
20.87
20.16
18.07
21.72
20.70
19.45
22.18
20.61
20.73
14.30
22.04
22.73
24.26
23.91
20.49
26.62
8.96
0.58

100 seed weight
(g)
6.57
5.46
5.70
6.11
5.89
5.34
6.36
5.99
6.12
6.01
5.28
6.28
6.26
6.04
6.32
6.14
6.06
5.55
6.33
6.33
3.76
6.49
6.35
6.93
4.98
0.15

Protein content
(%)
20.17
19.08
19.57
19.93
19.50
17.84
20.08
19.38
19.79
19.79
19.41
20.03
19.65
19.58
20.11
19.88
19.77
18.12
20.51
21.03
21.98
21.12
20.73
22.65
15.13
0.50

reported by other research workers (Pandey et al., 1980;
Abusaleha and Shanmugavelu, 1988; Issac and
Pusphakumari, 1998; Raj and Kumari, 2001; Thakur and
Singh, 2001 and Prabu et al., 2003) in okra and other
vegetables.
CONCLUSION
It is concluded that treatment T24, (FYM 3t + PM 0.st +
vco . 6t + BF 7 kg + 60 : 30 : 30 : N : P2O5 K2O kg ha-1) proved
superior in enhancing the seed yield and seed quality of
okra. Among sole applications, T4 (Poultry manure 6 t
ha-1) proved superior over rest of the organic sources. Among
organic integrations, T7 exhibited superiority in improving
seed yield and seed quality of okra. Among integration of
individual organic sources and inorganic fertilizers, T21
proved superior over rest of the treatments except T24 in
improvement of characters under study.
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Impact of nutrient management practices in rice based
cropping system on productivity and soil health
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ABSTRACT
A field experiment with organic vs chemical and integrated management practices (INM) in rice based cropping
system was initiated in kharif 2004. Investigations were carried out in the same field during 2006-07 and 2007-08 to
compare the impact of organic (sole), inorganic and integrated nutrient management practices on grain yield and soil
health in rice based cropping system. The treatment comprises in strip plot design with three management practices
as horizontal strips and 4 cropping system as vertical strips. Significantly higher (7.17 & 7.03 t ha–1) rice grain
equivalent yields were recorded in inorganic treated plots during 2006-07 and 2007-08, while it was higher with
Basmati rice-vegetable pea system (8.05 & 7.62 t ha–1) followed by Basmati rice-wheat system (6.61 & 6.19 t ha–1).
Highest organic carbon was observed when the plot was managed organically (0.83 & 0.86%). The available nitrogen
in soil differed significantly among the management practices and cropping systems. Highest available nitrogen in soil
was with Basmati rice-wheat (264.4 & 267.7 kg ha–1) followed by Basmati rice-lentil (258.5 & 261.1 kg ha–1) system.
However, available phosphorus and potassium were higher in inorganic plots as compared to organic and integrated
plots.
Key words : Organic, inorganic, INM, rice, cropping system

INTRODUCTION
The role of organic fertilizers in plant nutrition is now
attracting the attention of agriculturists and soil scientists
throughout the world. Chemical fertilizers, no doubt have
the positive impact on crop growth and yield, but had
negative on soil organic matter, soil structure, earthworm
activity, vitamin and protein contents. Nutrient supply is a
key factor in crop production but the global crisis of energy
and due to escalation in the price of chemical fertilizers, a
greater emphasis has to be laid on supplementing the
chemical fertilizers with other sources of nutrients such as
organic and bio-fertilizers. Application of organic materials
along with inorganic fertilizers into soil results an increase
in productivity of the system and also sustain the soil health
for longer period. In this context, a keen awareness has to be
created on the adoption of organic farming as a remedy to
maneuver the yield effect from chemical farming. Organic
sources of nutrients applied to preceding crops benefit the
succeeding crop to a greater extent (Hedge and Dwivedi,
1992). Sustaining the productivity at high level without
impairing soil environment is beyond the capacity of a single
type of nutrient source. Integration of chemical and organic
sources and their efficient management has shown promise
in sustaining the productivity and soil health and also in
meeting a part of chemical fertilizer requirement of crops.
Integrated nutrient supply is important as a soil ameliorant
in alleviating the adverse soil ecological conditions and in
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improving soil fertility and productivity. Inclusion of green
manuring helps in mining elements by way of recycling of
nutrients. Use of organic manures in previous crop,
considerably influence the nutrient supply to the succeeding
crop. Incorporation of green manure in situ before
transplanting rice supplies about 45 to 60 kg N ha–1, beside
providing a significant residual effect to the succeedign crop
(Kanwar et al., 2005). Keeping above factors in view, present
investigation was conducted to study the impact of organic,
inorganic and integrated nutrient management practices on
rice grain yield and soil fertility.
MATERIALS AND METHODS
The experiment on organic farming was initiated in
kharif, 2004 and in continuation of this a field experiment
was carried out during 2006-07 and 2007-08 at Seed
Production Centre, Pantnagar. The soil of experimental site
was silty loam. The experiment was carried out in strip-plot
design having 3 management practices, organic, inorganic
and integrated in horizontal strips and 4 cropping systems,
Basmati rice-wheat (CS1), Basmati rice-lentil (CS2), Basmati
rice-vegetable pea (CS3) and Basmati rice-Brassica napus (CS4)
in vertical strips. Under organic management practice, green
manuring with Sesbania was done in the plots prior to kharif
crop and well rotten FYM (20 t ha–1) applied to wheat and
mustard crops and 10 t ha–1 to lentil and vegetable pea. In
inoranic plots, recommended dose of NPK (120, 60 & 40 kg
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ha–1) was applied through chemical fertilizers to rice/wheat/
mustard crops and 25, 60 and 40 kg (ha–1) to vegetable pea/
lentil crops. Integrated management practices consisted of
50 per cent recommended N through FYM and rest through
chemical fertilizers. Hand weedings (2) were done at 20 and
40 DAT/DAS for kharif/rabi crops to control the weeds.
Trichocards (1 card acre–1; 5 releases) and pheromone traps
(20 Traps ha–1 @ 5 mg trap–1) were used within a week of
transplanting of rice crop in organic and integrated plots to
control the insect pests. Pseudomonas fluorescence (PSF) was
sprayed @ 2.5 g l–1 before soil preparation to control soil
borne pathogens in rabi crop under organic and integrated
plots. Data on grain yield was recorded after each season of
crop harvest and rice grain equivalent yield was calculated
using formulae, i.e., RGEY (th–1) = rice yield + (yield of rabi
crop + price of rabi crop)/price of rice). Soil samples were
collected from each plot and analysed for organic C, alkaline
KMnO4 hydrolysable nitrogen, Olsen’s phosphorus and
ammonium acetate extractable potassium by adopting
standard procedures and data analysed statistically.

results were obtained by Jamwal (2006). Organic C was
affected significantly due to sole organic fertilization as
compared to inorganic and integrated management which
were at par with each other. Better response of organic
fertilization alone in increasing organic C as compared to
recommended dose of fertilizer in rice-wheat system has also
been reported earlier (Tripathi et al., 2007). There was no
significant difference in organic carbon among the cropping
systems. Available nitrogen was found maximum (260.85 &
263.25 kg ha–1) in case of integrated plots which was at par
with inorganic plots (259.22 & 262 kg ha–1), while organically
treated plots recorded significantly lower available nitrogen
as compared to integrated and inorganic plots. These results
are in conformity with the findings of Sharma et al. (2007).
Highest available nitrogen in soil (Table 1) was recorded
with Basmati rice-wheat (264.4 & 267.7 kg ha–1) followed by
Basmati rice-lentil (258.5 & 261.1 kg ha–1) cropping system.
Maximum available phosphorus (17.7 & 18.2 kg ha-1) and
potassium (159.5 & 162.7 kg ha –1) in plots managed
inorganically as compared to organic and integrated plots
(Table 1). Among cropping systems Basmati rice-lentil
recorded significantly higher available phosphorus and
potassium during both the years of testing.

RESULTS AND DISCUSSION
Results revealed that the significantly higher rice grain
equivalent yield (8.05 & 7.62 t ha–1) was recorded in Basmati
rice-vegetable pea system (Table 1) followed by Basmati ricewheat (6.61 & 6.69 t ha–1) and Basmati rice-B. napus (5.25 &

CONCLUSION
Nutrient management practices and cropping system

Table 1. Effect of nutrient management practices and cropping systems on rice grain equivalent yield and available nutrients
Treatment

A. Horizontal strip
Organic
Inorganic
Integrated
SEm±
CD (P = 0.05)
B. Vertical strip
CS1
CS2
CS3
CS4
SEm±
CD (P = 0.05)

Rice grain equivalent
yield
(t ha –1 )
2006-07
2007-08

Organic carbon
(%)
2006-07 2007-08

2006-07 2007-08 2006-07 2007-08 2006-07 2007-08

5.57
7.17
6.33
0.117
0.46

5.35
7.03
6.13
0.031
0.122

0.83
0.80
0.80
0.009
0.036

0.86
0.83
0.83
0.009
0.035

252.3
259.2
260.9
1.84
7.22

255.6
262.0
263.3
0.68
2.65

17.18
17.67
17.30
0.34
1.32

17.2
18.2
17.8
0.20
0.82

150.4
159.5
153.8
1.74
6.84

153.9
162.7
156.1
0.72
2.84

6.61
5.51
8.05
5.25
0.76
0.27

6.19
5.54
7.62
5.33
0.029
0.10

0.80
0.82
0.82
0.80
0.0010
0.034

0.83
0.87
0.85
0.81
0.009
0.032

264.4
258.5
250.0
256.9
3.06
10.62

267.7
261.1
252.7
259.7
1.44
4.97

16.62
17.63
17.41
17.86
0.28
0.97

17.3
18.4
17.7
18.3
0.13
0.44

148.6
157.4
155.0
157.3
0.93
3.24

152.1
161.4
157.7
159.0
0.34
1.19

5.33 t ha–1) during 2006-07 and 2007-08. Significant variation
was also observed between the yield of organically and
inorganically fertilized plots, where inorganic plots had
higher rice grain equivalent yield (7.17 & 7.03 t ha–1). Similar
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Available
N (kg ha –1 )

Available
P (kg ha –1 )

Available
K (kg ha –1 )

affects the productivity of rice nutrient status of soil (soil
health. Hence, these may be kept in mind while growing the
rice particularly Basmati.
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S.P. Singh, R. Choudhary and A.K. Mishra
AICRP on Spices, Department of Horticulture, Tirhut College of Agriculture, Dholi, Muzaffarpur- 843 121, Bihar, India
Email: ashim_sigatoka@yahoo.com
ABSTRACT
Experiments were conducted to study the effect of different combinations of Zinc sulphate, Borax and Ferrous
sulphate as soil application as well as foliar sprays (60 & 90 DAS) on growth and yield of ginger (cv. Nadia). Soil
application along with foliar sprays of these micro-nutrients influenced the growth and yield of ginger (Zingiber
officinale). Soil application of Zinc sulphate (25 kg ha–1), Borax (10 kg ha–1) and 2 foliar sprays of Ferrous sulphate
(1.0%) significantly increased the yield attributes, i.e., number of tillers plant–1 (25.99) and fresh rhizome yield (29.35
t ha–1) and consequently gave higher cost benefit ratio (1:5.21).
Key words: Ginger, Zinc sulphate, Borax, Ferrous sulphate, cost benefit ratio

INTRODUCTION
Ginger (Zingiber offcinale Rosc.) is an important cash
crop among principal spices in India and abroad. India is
the largest producer, consumer and exporter of ginger in the
world. It is widely used as a protective food as well as
preventive stimulant against various diseases and used for
seasoning food to give an acceptable flavour and aroma.
Ginger is usually one of the important constituent of
Ayurbedic medicines, pickles, chatani and different vegetable
dishes. Farmers grow ginger either as a pure crop or inter
crop with pigeonpea, chilli etc. Green manuring before
planting of rhizomes and use of organic manure along with
inorganic fertilizers are advocated by several workers (Pillai,
1973; Maiti et al., 1985; Chaudhary et al., 1985) for its
cultivation. The calcareous soil of North Bihar is deficient in
micro-nutrients especially in zinc (Zn), boron (B) and iron
(Fe) and these elements usually act as limiting factor for
economical and healthy production of ginger. Hence, the
experiments were carried out to asses the combination effect
of micro-nutrients for healthy and economical ginger
production in the state of Bihar.
MATERIALS AND METHODS
The experiments were conducted at the Department
of Horticulture, T.C.A., Dholi, Rajendra Agricultural
University, Pusa, Samastipur during 2004-05 to 2006-07. The
soil of experimental plot was sandy loam in texture and
normal (6.8 pH) in nature, having 112, 10.77, 85 kg ha–1
available NPK and 0.69, 0.69 and 0.32 g g-1 available Zn, Fe
and B, respectively. Disease free healthy rhizomes of ginger
©2009

cv. Nadia weighing approximately 25 to 30 g having one or
two good buds were planted in 3rd week of May of each
experimental year under All India Co-ordinated Research
Project on Spices. The plot size was 3.0 x 2.0 m with planting
distance of 30 x 20 cm. Before planting, rhizomes were
dipped in Ridomil MZ (0.25%) solution for 30 minutes. Well
rotten FYM (25 t ha–1) and phosphorus and potash (60 &
100 kg ha–1) were applied in the soil at the time of land
preparation. Nitrogenous fertilizer was applied in three
splits, i.e., top dressing at 2-4 leaf stage, second at 30th day
after first split and third at 30th day after second split. The
treatments included Zinc sulphate (0 & 0.25 kg ha–1) and its
two foliar sprays (0.5%) after 60 and 90 days of sowing (DAS)
Borax (0 & 10 kg ha–1) soil and foliar (0.2%) applications
and Ferrous sulphate (0 & 10 kg ha–1) soil and foliar (1.0%)
applications. The experiments were laid in factorial
randomized block design with sixty three treatments
(including combinations) and each treatment replicated
thrice. The crop was harvested in second week of February
(approx. 250 DAS) in every experimental year and yield data
recorded. Data on plant height (cm), number of tillers
(plant–1) and number of leaves (tiller–1) were recorded before
harvesting.
RESULTS AND DISCUSSION
Soil and foliar applications of Zinc sulphate (25 kg
ha–1 & 0.5%), Borax (10 kg ha–1 & 0.2%) and Ferrous sulphate
(10 kg ha –1 and 1.0%) at 60 and 90 DAS significantly
increased the height of the plant, number of tillers plant–1,
number of leaves tiller–1 and fresh rhizome yield as compared
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20.55 plant–1), number of leaves (18.64, 17.43 & 18.29 tiller–1)
and rhizome yield (20.05, 19.07 & 21.15 t ha–1) as compared
to foliar sprays of Zinc sulphate (0.5%) and Borax (0.2%)
and soil application of Ferrous sulpahte (10 kg ha–1). Singh
and Dwivedi (2007) also reported similar results earlier.

to zero level combination of these nutrients (Table 1).
However, interaction between soil application and foliar
sprays viz., soil application of Zinc sulphate (25 kg ha–1),
Borax (10 kg ha–1) and foliar spray of Ferrous sulphate (1.0%)
at 60 and 90 DAS resulted significantly higher plant height
(65.33, 64.09 & 65.43 cm), number of tillers (20.59, 19.34 &

Table 1. Effect of micro – nutrients on yield and economics of ginger
Treatment Plant height
(cm)

No. of tiller
(plant –1 )

No. of leaf
(tiller–1 )

Yield
(t ha –1 )

Gross
income
(Rs)

Cost of
cultivation
(Rs.)

Net
profit
(Rs.)

Cost-benefit
ratio

1
Zn o

2
57.23

3
15.40

4
14.23

5
15.06

6
3,01,200

7
1,00,000

8
2,01,200

9
1:3.01

Zn 1

65.53

20.59

18.64

20.05

4,01,000

1,06,250

2,94,750

1:3.77

Zn 2

64.93

19.36

16.82

19.05

3,81,000

1,02,000

2,79,000

1:3.74

B0

59.85

17.05

15.37

16.69

3,33,800

1,00,000

2,33,800

1:3.34

B1

64.09

19.34

17.43

19.07

3,81,400

1,03,500

2,77,900

1:3.69

B2

63.76

18.96

16.89

18.39

3,67,800

1,00,700

2,67,100

1:3.65

Fe0

59.19

15.53

14.61

14.44

2,88,800

1,00,000

1,88,800

1:2.89

Fe1

63.08

19.26

16.80

18.57

3,71,400

1,03,000

2,68,400

1:3.61

Fe2

65.43

20.55

18.29

21.15

4,23,000

1,03,000

3,20,000

1:4.11

Zn 0 B0

54.96

14.33

13.69

13.92

2,78,400

1,00,000

1,78,400

1:2.78

Zn 0 B1

57.99

15.77

14.38

15.67

3,13,400

1,03,500

2,09,900

1:3.03

Zn 0 B2

58.74

16.09

14.65

15.60

3,12,000

1,00,700

2,11,300

1:3.10

Zn 1 B0

62.06

18.97

16.42

18.00

3,60,000

1,06,250

2,53,750

1:3.39

Zn 1 B1

68.64

22.36

20.97

22.17

4,43,400

1,09,750

3,33,650

1:4.04

Zn 1 B2

65.89

20.44

18.51

19.97

3,99,400

1,06,950

2,92,450

1:3.73

Zn 2 B0

62.52

17.85

16.01

18.15

3,63,000

1,02,000

2,61,000

1:3.56

Zn 2 B1

65.63

19.87

16.93

19.38

3,87,600

1,05,500

2,82,100

1:3.67

Zn 2 B2

66.65

20.36

17.53

19.61

3,92,200

1,02,700

2,89,500

1:3.82

Zn 0 Fe0

54.85

13.32

13.17

11.97

2,39,400

1,00,000

1,39,400

1:2.39

Zn 0 Fe1

57.06

16.09

14.55

15.77

3,15,400

1,03,000

2,12,400

1:3.06

Zn 0 Fe2

59.77

16.78

14.99

17.45

3,49,000

1,03,000

2,46,000

1:3.39

Zn 1 Fe0

61.31

17.81

15.55

15.39

3,07,800

1,06,250

2,01,550

1:2.90

Zn 1 Fe1

66.25

21.05

18.47

20.47

4,09,400

1,09,250

3,00,150

1:3.75

Zn 1 Fe2

69.03

22.92

21.89

24.28

4,85,600

1,09,250

3,76,350

1:4.45

Zn 2 Fe0

61.39

15.47

15.12

15.97

3,19,400

1,02,000

2,17,400

1:3.13
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1

2

3

4

5

6

7

8

9

Zn2Fe1

65.93

20.65

17.37

19.46

3,89,200

1,05,000

2,84,200

1:3.71

Zn2Fe2

67.47

21.96

17.98

21.72

4,34,400

1,05,000

3,29,400

1:4.14

B0Fe0

56.87

14.61

13.88

13.65

2,73,000

1,00,000

1,73,000

1:2.73

B0Fe1

60.18

17.70

15.76

17.19

3,43,800

1,03,000

2,40,800

1:3.34

B0Fe2

62.49

18.84

16.49

19.23

3,84,600

1,03,000

2,81,600

1:3.73

B1Fe0

60.42

16.52

15.12

14.83

2,96,600

1,03,500

1,93,100

1:2.87

B1Fe1

64.14

19.97

17.63

19.59

3,91,800

1,06,500

2,85,300

1:3.68

B1Fe2

67.71

21.52

19.53

22.81

4,56,200

1,06,500

3,49,700

1:4.28

B2Fe0

60.27

15.47

14.83

14.85

2,97,000

1,00,700

1,96,300

1:2.95

B2Fe1

64.92

20.11

17.00

18.93

3,78,600

1,03,700

2,74,900

1:3.65

B2Fe2

66.08

21.30

18.85

21.40

4,28,000

1,03,700

3,24,300

1:4.13

Zn0B0Fe0

52.03

12.66

12.33

11.03

2,20,600

1,00,000

1,20,600

1:2.21

Zn0B0Fe1

55.08

14.90

14.15

13.96

2,79,200

1,03,000

1,76,200

1:2.71

Zn0B0Fe2

57.76

15.42

14.58

16.78

3,35,600

1,03,000

2,32,600

1:3.26

Zn0B1Fe0

56.05

13.57

13.56

12.02

2,40,400

1,03,000

1,37,400

1:2.33

Zn0B1Fe1

57.39

16.67

14.68

17.47

3,49,400

1,06,500

2,42,900

1:3.28

Zn0B1Fe2

60.53

17.09

14.90

17.52

3,50,400

1,06,500

2,43,900

1:3.29

Zn0B2Fe0

56.48

13.75

13.61

12.87

2,57,400

1,00,700

1,56,700

1:2.56

Zn0B2Fe1

58.71

16.69

14.83

15.88

3,17,600

1,03,700

2,13,900

1:3.06

Zn0B2Fe2

61.03

17.83

15.49

18.05

3,61,000

1,03,700

2,57,300

1:3.48

Zn1B0Fe0

58.58

17.03

14.74

14.81

2,96,200

1,06,250

1,89,950

1:2.79

Zn1B0Fe1

63.30

18.88

16.65

19.05

3,81,000

1,09,250

2,71,750

1:3.49

Zn1B0Fe2

64.30

21.01

17.88

20.14

4,02,800

1,09,250

2,93,550

1:3.69

Zn1B1Fe0

62.73

18.66

15.84

16.01

3,20,200

1,09,750

2,10,450

1:2.92

Zn1B1Fe1

68.47

22.44

20.96

21.15

4,23,000

1,12,750

3,10,250

1:3.75

Zn1B1Fe2

74.73

25.99

26.11

29.35

5,87,000

1,12,750

4,74,250

1:5.21

Zn1B2Fe0

62.63

17.73

16.05

15.34

3,06,800

1,06,950

1,99,850

1:2.87

Zn1B2Fe1

66.98

21.83

17.81

21.23

4,24,600

1,09,950

3,14,650

1:3.86

Zn1B2Fe2

68.04

21.76

21.67

23.33

4,66,600

1,09,950

3,56,650

1:4.24

Zn2B0Fe0

60.00

14.15

14.56

15.12

3,02,400

1,02,000

2,00,400

1:2.97

Zn2B0Fe1

62.16

19.33

16.48

18.57

3,71,400

1,05,000

2,66,400

1:3.54
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1

2

3

4

5

6

7

8

9

Zn 2 B0 Fe2

65.40

20.08

17.00

20.77

4,15,400

1,05,000

3,10,400

1:3.96

Zn 2 B1 Fe0

60.47

17.34

15.96

16.44

3,28,800

1,05,500

2,23,300

1:3.12

Zn 2 B1 Fe1

66.55

20.79

17.27

20.14

4,02,800

1,08,500

2,94,300

1:3.71

Zn 2 B1 Fe2

67.87

21.49

17.58

21.56

4,31,200

1,08,500

3,22,700

1:3.97

Zn 2 B2 Fe0

61.71

14.92

14.83

16.34

3,26,800

1,02,700

2,24,100

1:3.18

Zn 2 B2 Fe1

69.08

21.82

18.37

19.67

3,93,400

1,05,700

2,87,700

1:3.72

Zn 2 B2 Fe2

69.16

24.32

19.38

22.83

4,56,600

1,05,700

3,50,900

1:4.32

CD at 5 %

NS

1.91

NS

2.53

-

-

-

-

CV(% )

3.45

6.46

10.25

8.76

-

-

-

-

Zn0 = 0 kg ha–1, Zn1 = 25 kg ha–1, Zn2 = 0.5% foliar spray twice, B0 = 0 kg ha–1, B1 = 10 kg ha–1, B2 = 0.2% foliar sprays twice, Fe0 = 0 kg ha–1, Fe1
= 10 kg ha–1 and Fe2 = 1% foliar spray twice

Soil application of Zinc sulphate (25 kg ha–1) with
Borax (10 kg ha–1) and Zinc sulphate (25 kg ha–1) with foliar
application of Ferrous sulphate (1.0%) at 60 and 90 DAS
had significantly higher plant height (68.64 & 69.03 cm),
number of tillers (22.36 & 22.92), number of leaves (20.57 &
21.89 tiller–1) and fresh rhizome yield (22.17 & 24.28 t ha–1)
as compared to other combination treatments. Combination
effect of Borax and Ferrous sulphate were non-significant
for yield and yield attributing parameters. Higher yield of
ginger by 2 sprays of Zn + B + Fe at 45 and 75 DAS has been
reported by Roy et al. (1992) which confirms the trend of
present findings. Combination of Zinc sulphate (25 kg ha–1)
with Borax (10 kg ha–1) as soil application and foliar sprays
of Ferrous sulphate (1.0%) at 60 and 90 DAS resulted in
significantly maximum plant height (74.73 cm), number of
tillers (25.99 plant–1), number of leaves (26.11) and fresh
rhizome yield (29.35 t ha–1) as compared to other combination
of Zinc sulphate, Borax and Ferrous sulphate. As far costbenefit ratio is concerned, the soil application of Zinc
sulphate with Borax and foliar sprays of Ferrous sulphate
gave the maximum return of Rs.5.21 per unit cost (1:5.21).
Since, the soil of experimental plot was deficient in these
micro-nutrients hence, response of crop to micro-nutrient
application on yield and yield attributing parameters is
obvious. Iron and Zinc is very effective in regulating plant
growth because it forms a part of enzyme system (carbonic
anhydrase) which regulate plant growth, whereas Zn
stimulates photosynthetic activity (Samoladas, 1965) and
its presence found important for protein synthesis
(Possingham, 1956). Roy et. al. (1992) reported spraying of
128

Zn (0.3%) alone proved very effective in improving the growth
and increasing the yield. Spraying of Zinc sulphate (0.3%)
was also found to increase the yield of garlic (Yanazawa et
al., 1971).
CONCLUSION
Combined applications (soil & foliar) of different micronutrients, i.e., Zn, B and Fe in the form of Zinc sulphate,
Borax and Ferous sulphate showed higher cost benefit ration
in ginger and could be recommended to end users.
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Effect of tannery industry waste on soil microbial population
and some chemical properties of soils
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ABSTRACT
Investigations on effect of microbial population (bacteria, fungi, actenomycetes), accumulation of heavy metals (Cr,
Cd, Pb) and status of some soil properties (pH, EC, CEC) in soils receiving tannery waste at Kanpur, Unnao and Agra
districts of UP was carried out. The microbial population decreased in tannery waste disposed sites compared to
undisposed sites. Fungus population was more sensitive than bacteria and actenomycetes. Increase in the soluble
salts concentration (EC) and decreasing pH and cation exchange capacity of soils (CEC) was noticed in soils receiveing
tannery waste. The concentration of heavy metals (Cr, Cd, Pb) increased in waste disposed sites compared to
undisposed sites. The Cr concentration in the soils exceeded the safe levels. The Cr concentration increased up to 5.6
fold in tannery waste disposed sites compared to undisposed sites.
Key words: Tannery waste, heavy metals, microorganisms, disposed sites, undisposed sites

INTRODUCTION
Metals have a long history of their useful association
with development and progress in the agriculture and
industry. The industrial revolution in nineteenth century,
however, accelerated their use in every sphere of modern
life. Today, per capita metal use is increasing steadily in
both developed and developing countries of the world. Long
back ,Nriagu (1979) estimated annual consumption of Cd
(cadmium),Cr (chromium),Cu (copper), Pb (lead), Ni (nickel),
and Zn (zinc) by 0.5, 7.0, 307, 241,17 and 250x106 tonnes,
respectively. These are being introduced into the
environment in large amount through agrochemicals like
fertilizers, pesticides, geogenic, mining and smelting,
disposal of municipal and tannery industrial wastes and
ash from boiler of thermal power stations etc.
Industries engaged in processing or manufacturing of
intermediate chemicals and end product generate waste
materials and useless by-products as well. The production
and processing steps in industrial units often result in the
wastage of 1.0 to 10.0 per cent of the quantity of parent
chemicals. Each industry is associated with emission of one
type or the other of pollutants directly or indirectly. Industrial
wastes are responsible not only for the pollution of air but
also for the contamination of soil and water. Tannery
industry pollutant is also primarily responsible for water
and soil pollution problems. Because tannery waste water is
treated incompletely in most of the tanneries, about 2-3 g kg1
of chromium remains in the sludge (Ding et al., 1998).
Consequently tannery effluent has become a serious
©2009

environmental problem and it is imperative either to find
suitable ways for the safe disposal of the waste or to suggest
novel uses as by-product. Chromium, an important tanning
industry pollutant that contains high content of organic
substances nitrogen and other metals is a potential resource
of fertilizer in agricultural production. At present most of
the tannery effluents and sludge are being used by local
farmers as soil conditioner and fertilizer in spite of possible
enrichment of chromium in soils and contamination of
ground water (Skujins et al.;Yu et al., 2000; Verma,
2003).Therefore, it is necessary to assess the transportation
and bioavailability of Cr accumulated in soils and modify
the regulations related to the use of tannery in agriculture.
The objectives of the present study were to assess the status
of microbial population and some soil properties from
tannery wastes areas and those receiving no tannery wastes.
MATERIALS AND METHODS
Sampling and analysis
The research was carried out in the urban areas of
Kanpur, Unnao and Agra districts of Uttar Pradesh. Ten
representative surface soil (0-15cm) samples were taken from
tannery waste disposal sites and another ten samples from
nearby areas, which had never received wastes as the control.
All samples were represented by composite sub samples
pooled from at least ten randomized cores based on the field
area. The soils were air dried and screened through a 2mm
nylon fiber sieve and kept in polythene bags, labeled properly
and carried to laboratory for analysis. For the microbial
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analysis the soil samples were stored at 250C (±20C) in the
dark.

for five days and then total colony forming units on a plate
were counted and multiplied by the dilution factor in order
to get total number of actenomycetes gram–1 soil.

Microbial analysis
Chemical analysis

Enumeration of total bacteria
Petri-plate of Tryptone Yeast Extract Mannitol Agar
Medium (TYM) was used for enumeration of total bacteria.
The TYM medium as per composition (Page et al., 1982) was
prepared and the dilution used for culturing bacteria was
10-4 and 10-5. These plates were incubated at 300C (± 20C) for
48 hours. After 48 hours, the total colony forming units on a
plate were counted and multiplied by the dilution factor in
order to get total number of bacteria per gram soil.

The processed soil samples were subjected to the
chemical analysis. pH and electrical conductivity of the soil
was determined in soil water ratio (1:2.5), while cation
exchange capacity (CEC) of soil was determined by
ammonium acetate method (Jackson, 1953). Soil samples
were digested in triadic 3: 2:1 (H2SO4: HNO3: HCLO4) mixture
and cadmium, chromium and lead were determined by
atomic absorption spectrophotometer (Page et al., 1982)
Statistical analysis

Enumeration of total Fungi
Petri-plates of Rose Bengal Agar Medium were used
for enumeration of total fungi. The Rose Bengal Agar Medium
as per composition mentioned in Page et al., (1982) was used
and the dilution used for culturing bacteria was 10-1 and
10-2. These plates were incubated at 300C (±20C) for 72 hours.
After 72 hours, the total colony forming units on a plate were
counted and multiplied by the dilution factor in order to get
total number of fungi gram–1 soil.
Enumeration of actenomycetes
Starch- Casein Agar (CSPY) medium was used for
enumeration of total actenomycetes (Page et al., 1982).The
dilutions used for the culture of actenomycetes were 10-1
and 10-2. Under aseptic conditions 0.1 ml of inoculums was
transferred to the CSPY plates and incubated at 300C (±20C)

The data, expressed on an oven –dry soil weight basis,
were analysed statistically to test the significance of different
soils as per procedure outlined by Panse and Sukhatme
(1962).
RESULTS AND DISCUSSION
Microbial population
All the sites affected with tannery waste showed
significantly less fungal population as compared to
undisposed sites (Table 1). The microbial population
revealed that tannery waste decreased population of bacteria,
fungi and actinnomyctes by 45.77, 59.55 and 42.89 per cent
in disposed soils, respectively. This indicates that fungi are
more sensitive to tannery waste than bacteria and
actinomyctese. The concentrations of heavy metals in the

Table 1. Effect of tannery wastes on the microbial population (bacteria, fungi and actinomycetes) in soils at disposed and
udisposed sites
Sites
1
2
3
4
5
6
7
8
9
10
Mean
t values

Bacterial population(x105g-1soil)
Disposed
Undisposed
10.36
25.36
13.83
25.36
16.36
24.00
13.46
29.00
15.00
24.70
12.96
28.66
13.70
21.00
11.36
21.40
10.70
20.03
15.10
25.40
13.28
24.49
11.24**

Fungal population(x102g-1soil)
Disposed
Undisposed
4.53
8.56
5.10
13.53
4.20
13.26
6.26
13.73
3.23
7.86
7.20
11.00
2.46
9.00
3.50
11.34
3.83
12.26
6.33
15.00
4.66
11.55
10.77**

Actinomycetes population(x102g-1soil)
Disposed
Undisposed
70.33
111.66
43.33
82.00
40.33
83.33
72.66
125.66
40.00
77.00
68.00
99.00
67.00
89.33
72.33
119.33
71.00
140.66
71.00
150.66
61.59
107.86
8.45**

**Significant at 1%
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soils, introduced with the tannery waste, vary substantially
across sites, Cr by 5.6 fold, Cd 1.3 fold and Pb 2.2 fold. In the
work reported here, we selected soils which contained
significantly higher Cr at disposed sites. The environmental
chemistry of Cr has been widely studied (Kimbrough et al.,
1999, Kotas and Stasicka, 2000). The toxicity, mobility and
bioavailability of Cr depend fundamentally on its chemical
forms, i.e., Cr (VI) and Cr (III). Cr (VI) exhibits toxic effects on
biological systems and is mobile in soil and water systems.
Similarly reduced population of fungi was reported at
polluted sites adjacent to zinc smelters (Stronjan, 1978).
Nordgren, et al., (1983) observed a decrease in fungal viable
counts with a heavy metal contaminated soil. Bessasse (1982)
found that population of bacteria, fungi, actenomycetes,
nematodes and earthworms are negatively correlated with
the content of Pb and Cd. A reduction in the diversity, density
and activities of soil organisms with inorganic and organic
pollutants has also been reported by several workers
(Williams et al., 1977; Goshal and Kviraj, 1996; Gong Ping et
al., 1997; Kandeler et al., 1997, Junior-Dias et al., 1998, Wang
et al., 1998; Abaye, et al., 2005).
Soil properties
The addition of tannery wastes resulted in a significant
change in the soil properties compared to the undisposed
sites (Table 2&3). Summarizing the data above, it is obvious
that the soils from tannery industry disposed sites, on an
average had pH 8.27, EC 3.32 dS m -1 , CEC 12.69
Cmol(P+)100g-1 soil,Cr 305.39 µg-1,Cd 24.33µg-1 and Pb

90.86µg-1 soil. The corresponding mean values of soils from
undisposed sites were pH 8.55,EC 0.49 dS m-1, CEC 22.09 C
mol(P+)100g-1 soil, Cr 54.41 µg-1,Cd 18.46µg-1 and Pb 40.62µg1
soil, respectively . All the sites having tannery industry
waste had significantly higher EC, Cr, Cd and Pb
concentration. On an average, the total Chromium content
in soils was 461 per cent higher at waste disposed sites
compared to undisposed sites. This results was conformed
with the research of Stuart and Milne (2001), who reported
that Cr (III) in the soil irrigated with tannery waste water
over ten years was concentrated in the top 30cm. Chromium
is an important tanning industry pollutant. The tannery
sludge contain high content of organic substances and
nitrogenand therefore, it is a potential resource of fertilizer.
Chromium from tannery waste is in the trivalent form
(Rutland, 1991). A high content of organic substances
originated from hide material processing is effective in
forming soluble organic Cr (III) complexes (Walsh and
O’Helloran, 1996). Attention should be paid to the
phytoavailability of Cr (III) during organic matter
mineralization which mediates its relocation and oxidation
to Cr (IV) in soil (James and Bartlett, 1983; James, 1996).
Sullivan (1996) has also reported that tannery, paints,
electroplating, dying, explosive, ceramics and paper are some
of the major industries which discharge chromium as metals
in their waste and pollute the soil affecting soil physicochemical properties. Dekha and Ponia (2001) reported that
increased sorption of Cd decreased soil pH and organic
matter content.

Table 2. Effect of tannery wastes on pH, EC and CEC content of soils at tannery waste disposed and undisposed sites
Sites
1
2
3
4
5
6
7
8
9
10
Mean
t values

Disposed
8.46
8.33
8.43
8.06
8.10
8.03
8.66
8.13
8.20
8.30
8.27
5.96**

pH (1:2.5)
Undisosed
8.76
8.66
8.80
8.43
8.63
8.43
8.83
8.40
8.20
8.43
8.55

EC (dSm -1)
Disposed
Undispod
2.49
0.54
3.12
0.60
3.01
0.64
4.27
0.43
2.88
0.26
3.13
0.42
3.54
0.53
3.27
0.55
3.23
0.36
4.33
0.53
3.32
0.49
15.23**

CEC (Cmol(P+) 100g-1soil)
Disposed
Undisposed
13.50
23.16
12.50
20.63
12.50
21.70
12.20
17.16
16.30
24.43
17.23
22.60
11.66
22.26
11.43
19.60
11.16
21.30
8.50
28.13
12.69
22.09
7.34**

**Significant at 1%
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Table 3. Effect of tannery wastes on Chromium, Cadmium and Lead (Cr,Cd,Pb) content in soils at waste disposed and
undisposed site
Sites
1
2
3
4
5
6
7
8
9
10
Mean
t values

Chromium
Disposed
Undisposed
316.66
56.66
263.33
58.66
360.00
60.50
238.33
60.00
235.33
49.00
236.66
58.66
371.00
51.00
396.66
40.00
321.00
60.00
315.00
49.66
305.39
54.41
12.61**

Disposed
20.33
16.00
30.33
25.33
18.66
38.66
19.00
22.33
33.66
19.33
24.33
4.86*

Cadmium
Undisposed
17.00
14.33
25.00
18.66
13.66
29.00
15.00
17.66
18.66
15.66
18.66

Lead
Disposed
51.66
66.66
125.66
103.00
112.66
133.33
56.33
97.66
76.00
85.66
90.86
7.15**ss

Undisposed
36.66
34.00
48.66
43.66
44.00
54.00
31.33
36.66
36.66
40.66
40.62

**Significant at 1%

CONCLUSION
It is concluded that the mircobial population in tannery
waste disposal sites decreased compared to undisposed sites.
Fingal populaltion was more sensitive than bacteria and
actinomycetes. The data also revealed increased
concentration of heavy metals viz., Cr, Cd and Pb, the former
being 5.6 fold higher, in tannery disposed sites compared to
undisposed sites.
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ABSTRACT
An effective and ecologically sound weed control strategy, i.e., chemical and biological were combined using a fungal
pathogen Alternaria alternata along with herbicide pyrithiobac sodium to control horse purslane (Trianthema portulacastrum
L.) in cotton, applied at below labeled rate to protect the environment from excessive residues of the chemical. The
tank mixture of the A. alternata conidia and one-half of the recommended dose of pyrithiobac sodium was highly
effective in controlling the population of T. portulacastrum and found similar to the recommended dose of pyrithiobac
sodium.
Key words: Alternaria alternata, Pyrithiobac sodium, cotton, myco-chemical herbicide, sub optimal dose

INTRODUCTION
The Trianthema portulacastrum L. commonly known as
horse purslane is an alien, obnoxious and fast growing weed
in most of the rainy season crops in India (Balyan and Bhan,
1986). It is a serious problem in cotton especially in the states
of Punjab, Haryana, Rajasthan and Delhi (Personal
communication). Various weed control methods such as
chemical, mechanical and manual are generally employed
under field conditions (Balyan et al., 1983). Since T.
portulacastrum is propagated by seeds and by fragments of
cut stems, it may be difficult to control by tillage (Gallinato et
al., 1999). The conventional herbicides are not effective
enough and may cause damage even to the cotton plants.
Pyrithiobac sodium{2-chloro-6-[(4,6-dimethoxypyrimidin-2pyrimidinyl) thio] benzoic acid, sodium salt}, an acetolactate
synthase (ALS) inhibiting herbicide is the only post
emergence over-the-top herbicide currently available for
broad leaf weed control in cotton that does not cause
potential maturity delay and reduction in yield (Snipes and
Mueller, 1992; York and Culpepper, 2000). Although
herbicide use is not without problems, its continued and
indiscriminate use results in detrimental effect on the
environment. Biological control as an alternate or
supplemental weed management method has the potential
to play a major role in agricultural production systems.
Several plant pathogens have been evaluated as weed control
agents (Charudattan, 2001, 2005; Hoagland, 2001; Boyetchko
et al., 2002; Hallett, 2005). The bioherbicide potential of an
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air borne mold, Alternaria alternata (Fr.) Keissler, has been
reported against a number of weed species (Elwakil et al.,
1989; Ghorbani et al., 1999; Masangkay et al., 1999). Gupta
and Mukerji (2001) observed the occurrence of A. alternata on
T. portulacastrum is depend on rainfall and temperature. Our
earlier studies have shown the mycoherbicidal potential of
A. alternata against T. portulacastrum. Various reports
indicated that the application of mixture of some
bioherbicides and synthetic herbicides can be synergistic
(Caulder and Stowell, 1988; Christy et al., 1993), resulting
from lowered defense responses caused by the herbicides,
thus making the weeds more susceptible to pathogen attack
(Hoagland, 1996, 2000). The objectives of the present study
were to determine the effect of combined and sequential
applications of A. alternata and sub-optimal dose of
Pyrithiobac sodium on the biological control of T.
portulacastrum under greenhouse conditions and to classify
the possible combined effects of Pyrithiobac and this
mycoherbicide as additive, antagonistic or synergistic
interactions.
MATERIALS AND METHODS
Intensive surveys were carried out in the cotton fields,
at fifty locations in the 7 different states of the India, namely,
Delhi, Gujarat, Haryana, Maharashtra, Punjab, Rajasthan
and Uttar Pradesh to determine the incidence of fungal
diseases of T. portulacastrum, during rainy season (kharif) of
2004. Plants exhibiting leaf blight, spots, necrosis and wilt
Journal of Eco-friendly Agriculture 4(2) 2009
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symptoms were collected in paper bags and brought to the
laboratory for further studies.
Isolation of the pathogen
The diseased specimens were washed thoroughly in
running tap water to remove surface debris. Small bits (0.51.0 cm) of infected portion of plants were cut and surface
sterilized in sodium hypochlorite solution (1%) for 4 to 5
minutes followed by 2 washings in sterilized water. These
sterilized bits were placed aseptically on petri plates having
potato dextrose agar (PDA) amended with Streptomycin (50
ppm). These plates were incubated at 25 ± 2º C for 5 to 7
days. The developing hyphal tips and spores were picked
up aseptically, transferred on PDA and subsequently
subcultured on same medium. Approximately 32 isolates of
A. alternata were purified.
Pathogenicity test
Test plant production : Naturally grown mature
T. portulacastrum plants were harvested dried in sun, crushed
and sieved for collection of seeds. Seeds were planted in 23cm (diam.) pots containing silt loam soil after 3 months of
storage at 4oC. These pots were kept in greenhouse with 30/
25 º C (± 2 º C) day/ night temperature under natural light
conditions. Eight sets of pots were prepared by maintaining
4 pots per set with 10 plants per pot and replicated 4 times.
Out of these 8 sets one served as control.
Inoculum production and application : The
inoculum (conidia) of 7 isolates of A. alternata was produced
separately in petri dishes containing PDA by inoculating 15
days old culture bits (5 mm). These plates were inverted on
open-mesh wire shelves and incubated at 25± 1º C for 15
days with 12-hr photoperiod provided by fluorescent light.
The resulting conidia were harvested from the plates with
sterile distilled water and spore suspension of 108 cfu ml–1
prepared. Plants of T. portulacastrum (2-weeks-old) were spray
inoculated with prepared spore suspension of each 7 different
isolates of A. alternata containing Tween-20 (0.02%) @ 500 l
ha-1 using glass atomizer until run-off. Control plants were
sprayed with water + Tween-20 (0.02%) only. Inoculated
plants were air dried and placed in humid chamber (RH >
90%) at 25 ± 2 º C in the dark for 18 hours. After wards these
plants were kept in greenhouse at 30/25 ºC (± 2 ºC) day/
night temperature with RH of 60 to 65 per cent under natural
light conditions. Light spray of water during morning and
evening hours was applied to maintain leaf wetness on
inoculated plants.
Disease assessment : Observations on the disease
incidence was recorded 20-days after spraying by using the
0-5 score chart, where 0 = no symptom, 1 = 1 to 25% blight,
Journal of Eco-friendly Agriculture 4(2) 2009

2 = 26 to 50% blight, 3 = 51 to 75% blight, 4 = 76 to 99% blight
and 5 = 100% blight, necrosis of total leaf area and death of
plant. The per cent disease index (PDI) was computed by
using Mckinney’s (1923) formula:
PDI =

Sum of numerical ratings
Total number of leave observed × Maximum grade in the score chart

× 100

Plants were cut at the soil surface level, oven dried at
70 º C for 48-hrs for recording data on dry biomass and
per cent loss in dry biomass. All the data were analysed
statistically.
Evaluation of myco-chemical herbicide
The experiment was conducted in greenhouse with 30/
25 º C (± 2 º C) day/night temperature under natural light
conditions during kharif, 2005. Seeds of T. portulacastrum were
planted in plastic trays (38 x 27 cm) containing mixture of
soil as described previously. After emergence, 15 plants tray–
1
were maintained and 2 - weeks-old plants (4 - 6 leaf stage)
used for treatments. The treatments were 108 cfu ml–1 A.
alternata (AAR) + 0.02% Tween 20 (TW), AAR + TW + 31.25
g ha–1 Pyrithiobac sodium (PYNA), PYNA followed by (fb)
AAR+ TW after 4 days of treatment (DAT), 31.25 g
ha–1 PYNA, 62.5 g ha–1 PYNA and control (water + 0.02%
Tween 20). All the treatments were applied @ 500 l ha-1 till
run off stage using a hand sprayer. Experiment was
conducted under CRD and treatments replicated 4 times.
After spray the treatments having AAR + TW were placed in
humid chamber (RH > 90%) at 25 ± 2 º C for 18-hours and
then transferred to greenhouse having RH 60 to 65 per cent
and day/ night temperature 30/25 º C (±2 º C). Light water
sprays during morning and evening hours was given to
maintain leaf wetness. Observations on per cent plant
mortality were recorded 20-days after spraying in all
treatments. Disease severity and per cent disease index (PDI)
were also recorded in first 3 treatments. Data on dry biomass
and per cent reduction in dry biomass over control was
recorded. A completely randomized design (CRD) was
utilized with four replications. Homogeneity of the mean
square error from the analysis of variance was tested through
application of ‘F’ test (Gomez and Gomez, 1984) in case of 3
replication of green house experiment. The method described
by Colby (1967) was used to calculate the expected response
for myco-chemical herbicide combinations.
RESULTS AND DISCUSSION
Isolation and pathogenicity
Fifty sites in 7 states of India were surveyed for the
presence of A. alternata on T. portulacastrum. In addition,
Curvularia, Drechslera, Colletotrichum, Fusarium and Sclerotinia
species were isolated from diseased specimens. Only A.
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alternata was found significantly virulent to be considered
as a potential biological control agent for T. portulacastrum.
Thirty two isolates of A. alternata were purified and based on
morphological characters, the number of isolates reduced to
seven. These 7 isolates were used in further investigations.
Result presented in Table 1 indicate that all 7 isolates were
able to infect T. portulacastrum plants and produce disease
symptoms with variable degree of infection. Disease initiated
as small necrotic spots and developed into a leaf blight which
cover the complete leaf surface after 10 to 20-days of
inoculation. The per cent disease index (PDI) ranged from
33.4 to 90.3 per cent. The most virulent isolate was from
Rajasthan (Alt-R-04) with highest leaf blight incidence
(90.3%) and dry biomass loss (93.9%) of T. portulacastrum
after 20-days of inoculation. The virulent isolate from
Rajasthan, Alt-R-04 chosen for further study and its identity
was confirmed by Indian Type Culture Collection (ITCC),
New Delhi, India (Accession No. ATCC 5734).
Evaluation of myco-chemical herbicide
The mortality of T. portulacastrum plants was 89.0 per
cent at 20 DAT when fungal spores were tank-mixed with
31.25 g ai ha-1 PYNA (Table 2, Fig. 1). There was no significant
difference between tank-mixed treatment of AAR+ PYNA
(31.25 g ai ha-1) and PYNA (62.5 g ai ha-1). Thus, the efficacy
of this tank mixed myco-chemical herbicide was statistically
at par to the recommended dose of PYNA, i.e., 62.5 g ai ha-1.
Neither AAR alone nor PYNA @ 31.25 g ai ha-1, effectively
controlled this weed species. The mortality with AAR alone
was only 63.3 per cent, while with PYNA (31.25 g ai ha-1) it
was 20.70 per cent. Plant mortality (58.3%) in sequential
treatment of AAR at 4 DAT of PYNA (31.25 g ai ha-1) was
comparatively less. This may be due to sub-lethal effect of
half-dose of PYNA alone initially, but subsequently plant
mortality was gradually increased due to the conidial spray
of AAR. There was no significant difference in the dry
biomass reduction of T. portulacastrum, when AAR applied
alone (87.7%). It was 89.0 per cent with PYNA @ 31.25 g ai

ha- 1, 87.5 in sequential treatment of AAR at 4 DAT of PYNA
(31.25 g ai ha) and 89.1 in PYNA alone (62.5 g ai ha- 1). This
effect is probably due to the fact that the data on reduction in
dry biomass comprises the dry weight of the plants (survived
as well as dead) at the time of termination of the experiment.
There was no plant mortality and dry biomass reduction of
T. portulacastrum in water + TW sprayed plants (control).
The result showed that the interaction was synergistic in
case of tank-mixed treatment of AAR + PYNA (31.25 g ai ha1
) whereas in sequential treatment of AAR at 4 DAT of PYNA
(31.25 g ai ha-1), it was antagonistic.
Since many fungal pathogens are not sufficiently
virulent to control a weed when used alone as
mycoherbicides, hence attempts have been made to exploit
synergistic interaction with chemical herbicides to overcome
this problem (Hoagland, 1996). The interactions, between
chemical pesticides and plant pathogens with microbial
herbicide potential range from enhancement to suppression
of disease incidence have been reported (Smith, 1991).
Synergism between plant pathogenic fungi and crop
protection chemicals exploited for the control of crop diseases.
Plants uses various physical and biochemical mechanisms
to defend against pathogen infection including cellulose
deposition, hydroxyproline-rich glycoprotein accumulation,
pathogenesis-related proteins (PR- protiens), phytoalexin
production, lignin and phenolic formation and free redical
generation. Some herbicides, plant growth regulators,
specific enzyme inhibitors and other chemicals can alter
these defence mechanisms (Hoagland, 1996). Research has
shown some synergistic interactions of fungal pathogens
and herbicides with relevance to weed control. Sharon et al.,
(1992) studied biochemical interactions of Alternaria cassiae
and glyphosate in sicklepod (Cassia obtasifolia L.). The
pathogen caused an elevated level of flavonoid phytoalexin
in sicklepod which has been found fungitoxic. The 20 fold
less glyphosate than the normal dose suppressed this defense
response of the weed by lowering the phytoalexin production
and increased the intensity of infection. Thus, glyphosate

Table 1. Pathogenicity of different isolates of A. alternata on T. portulacastrum
Fungal isolate
Delhi
Gujarat
Haryana
Maharashtra
Punjab
Rajasthan
Uttar Pradesh
LSD (p= 0.05)
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Strain
designation
Alt-D-08
Alt-G-02
Alt-H-13
Alt-M-06
Alt-P-09
Alt-R-04
Alt-U-01

PDI

Loss in dry biomass (%)

53.8
33.4
45.3
36.2
70.7
90.3
49.6
11.7

76.1
49.8
58.3
52.9
85.4
93.9
66.5
8.5
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Table 2. Evaluation of myco-chemical herbicide for control of T. portulacastrum

Treatment
AAR + TW
AAR + TW + PYNA (31.25 g ai ha-1)
PYNA (31.25 g ai ha-1) fb AAR+ TW 4 DAT
PYNA (31.25 g ai ha-1)
PYNA (62.5 g ai ha-1)
Control (water + TW)
LSD (p= 0.05)

Plant mortality (%)
63.3
89.5 (70.9)
58.3 (70.9)
20.7
92.0
00.0
9.4

Dry biomass reduction (%)
87.7
89.0
87.5
77.2
89.1
00.0
6.0

Fig. 1. Effect of myco-chemical herbicide on Trianthema portulacastrum plants at 20 DAT (right) and untreated (left).

acted synergistically with this pathogen, by suppressing
weed defenses. Synergistic effect on the control of redvine
(Brunnichia ovata) and trumpet creeper (Campsis radicans) has
been observed when Myrothecium verrucaria and glyphosate
were applied as tank-mixed or sequentially (Boyette et al.,
2008). Enhanced effect of the lower doses of chemical
herbicides and fungal pathogens as biological control agent,
has also been reported for control of Chenopodium album
(Vurro et al., 2001), Epilobium angustifolium L. (Leger et al.,
2001) and Amaranthus rudis (Smith and Hallett, 2006).
CONCLUSION
The present approach involving combination of
mycoherbicide A. alternata (Alt-R-04) with much reduced rate
of chemical herbicide (Pyrithiobac sodium) suggests that it
is possible to enhance bioherbicidal potential of AAR for the
control of T. portulacastrum through synergistic interactions
with PYNA. This strategy offers a truly viable option for the
control of T. portulacastrum more effectively and at the same
time significantly reducing the environmental load of the
chemical herbicide in agro-ecosystems.
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ABSTRACT
Four cultivars of Japanese mint (Mentha arvensis L. var. Piperascens Mal), Himalaya, Kosi, Kalka and Shivalik were
compared under water stress and chloromequat chloride (Cycocel) treatment conditions. Cultivars showed variation
in terms of growth parameters, oil content, Menthol and peroxidase activity. The cultivars Kosi and Kalka responded
better in terms of herbage yield and oil content. Ameliorative effect of Cycocel was observed in stressed plants of
different varieties. Observation suggests that Cycocel can partially alleviate the detrimental effect of water stress in
Japanese mint.
Key words: Chloromequat chloride, Mentha arvensis, peroxidase, water stress, oil content, Menthol

Introduction
Japanese mint, also called menthol mint (Mentha
arvensis), of family lamiaceae, is one of the most popular
essential oil crop and widely cultivated in subtropical region
of the world for volatile oil production. The oil and its
constituents (menthol, menthone & menthy acetate) are used
in pharmaceutical, flavour and perfumery industries.
Presently in India, menthol mint is cultivated in different
agro climatic zones, which covers an area of 1, 50,000 ha
with estimated production of 15,000 tonnes of essential oil
and accounts for about 80 per cent of total menthol mint
production of the world. The crop is drought sensitive and
loss of herbage yield reported high under water stress,
particularly in the north Indian plains during summer (MayJune), where harvesting time coincides with hot- humid
climate since last two decades in Uttar Pradesh and other
parts of India has experienced freak weather conditions.
Drought like situations prevailed in many parts of the
country, even during monsoon months.It has been reported
that plant growth regulators improve development and yield
under stress (Shukla et al., 1989; Chatterjee., 1995; Zhao and
Oosterhuis., 1977). Application of Choromequat chloride has
shown to increase significantly the essential oil content of
Japanese mint with slight inhibition in herbage (Farooqi and
Sharma, 1988). In present investigation, the effect of water
stress on growth, essential oil, metabolic response in the
leaves of four different genotypes of M. arvensis along with
Cycocel treatment conditions has been studied and results
reported.
MATERIALS AND METHODS
Field experiment was carried out at the research farm
of Central Institute of Medicinal and Aromatic Plants
©2009

(CIMAP), Lucknow in north Indian plains on four different
varieties of Mentha arvensis, i.e, Himalaya, Kosi, Kalka and
Shivalik for their response towards water stress and Cycocel
treatment. The field was prepared in the first week of January
and organic and inorganic fertilizer (120 - 150 kg N & 50 60 kg P ha-1) ) added and mixed thoroughly. The experiment
was conducted in a randomised block design with inter row
distance of 60 cm and suckers planted in furrow at 2 cm
depth in rows and 2 rows of each variety were maintained
in each plot. These suckers were treated with chloromequat
chloride (1000 ppm) for 24 hours with Tween 80 wetting
agent before planting. Plants were allowed to grow for two
months before imposition of stress treatment. Control plots
were irrigated every week, while it was restricted in stress
plots. Data on water potential, relative water contents,
growth, oil content and composition and peroxidase activity
were recorded from stressed, unstressed and treated stressed
plants when stress plots showed wilting symptoms as per
following procedures.
Estimation of oil content
Oil contents were determined by hydrodistillation with
Clevenger’s apparatus and are expressed on fresh weight
basis (Guenther, 1955). Fresh sukers taken in duplicate from
each treatment and chopped in small pieces. Sample (100g)
was hydrodistilled at 70°C for 2 hour and oil yield was
measured and is expressed in terms of g100-1 g fresh weight.
Estimation of oil composition
Composition of oil was analysed by GLC using a Perkin
Elmer model 3920 B Gas chromatograph equipped with a
Flame Ionisation detector (FID) and a 2 m x 3mm column
packed with carbowax 20 M (10%) on chromosorb W-AW
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(80/ 100 mesh) using hydrogen at 30 cm3min-1 as carrier gas
under isothermal condition of 130° detector and injector
temperature of 200°C. Retention time and conjection
procedure were used for identification of oil components.
Data were processed for relative proportions of components
using 3390A integrator.
Water potential determination
The water potential was measured at ambient
temperature in discs from top most fully expanded leaves
from unstressed as well as from water stressed plants. The
discs (5mm) were separated from the middle of the leaves
and placed in psychrometer chambers for equilibration for 1
hr. After equilibration, water potential was assessed with a
thermocouple psychrometer using a microvoltmeter (Wescor
Inc. model HR-33) operating in a peltier cooling mode. Water
potential values were obtained by dividing microvolt reading
by the proportionality constant (-0.47 µ volt bar-1). Necessary
temperature correction was made using the equation, i.e.,
reading / 0.325 + 0.027T, where T is temperature in degree
Celsius.
Relative water content
Relative water content (RWC) was measured in leaf
disc using the equation, RWC = (fresh mass - dry mass) /
(turgid mass - dry mass) x 100, a fixed number of discs was
weighed and floated on distilled water for 24 hour at room
temperature. Afterwards it was blotted and weighed to give
turgid mass and dry mass determined after drying at 80°C
for 24 hours.
Estimation of peroxidase activity
Peroxidase (EC1.11.1.7) activity determined using 5g
leaf tissue which was homogenized in 5 ml of 50mM
Potassium phosphate buffer (pH 7.0) at 4°C. The homogenate
was centrifuged at 18,000 g for 30 minutes, supernatant
collected and used as the crude enzyme. The peroxidase
enzyme was assayed in aliquots of crude enzyme as
described by Pulter (1974) with slight modifications. The
assay mixture consisted of guaciol (1mM) and H2O2 (1.3mM)
in sodium acetate buffer (100mM, pH 5.5) at 30°C and
reaction recorded at 470 nm. Enzyme activity was expressed
as change in absorbance (min-1 mg-1) of protein. One enzyme
unit was defined as the change of one OD min-1 mg-1 protein
under experimental conditions.
All the data recorded were subjected to statistical
analysis. The significance of treatment was tested with the
help of “F” test and the difference between treatment means
by critical difference (CD) test of Duncan’s multiple range
tests (Duncan, 1955; Das and Giri, 1974). Correlation analysis
and inter relationship between the characters studied (Gupta
and Kapoor 1983).
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RESULTS AND DISCUSSION
Herbal yield was decreased significantly in evaluated
varieties under stressed conditions (Table 1). The decrease
was maximum in Shivalik (45.60%), while it was minimum
in Kalka (11 .00 %). Chloromequat chloride treated plots
exhibited much less inhibition in herbal yield as compared
to untreated stressed plants, except in Shivalik. The decrease
was only 0.70 per cent in Kalka stressed plants treated with
chloromequat chloride. In control plants chloromequat
chloride treatment increased the biomass significantly in
Kalka. Leaf - stem ratio increased in all the varieties when
treated with chloromequat chloride only. It was significantly
increased in Kosi and Kalka varieties and the increase was
23.93 and 38.00 per cent respectively. Leaf and stem ratio
decreased in untreated stressed plants and in stressed plants
treated with chloromequat chloride. Number of branches
plant-1 increased when unstressed plants were treated with
chloromequat chloride but the increase was statistically
significant only in Kalka (22.00%). Number of branches
reduced in the stressed plants. Stressed plants treated with
chloromequat chloride exhibited less inhibition as compared
to untreated stressed plants in Kalka and Kosi (Table 1)
Relative water content (RWC) decreased under water
stress in the range of 29.00 to 36.00 per cent in all the cultivars.
The value of water potential (Ø) decreased over control in all
the cultivars. Mentha arvensis is a water loving plant, the
relationship between RWC and Ø has often been used to
quantify the dehydration tolerance of tissue. The tissue which
maintain a high RWC as Ø decreases, are more tolerant to
dehydration (Iannucci et al., 2002). Oil content increased
significantly by the application of chloromequat chloride in
stressed plants of cultivars Kalka and Kosi and untreated
stressed plants of Kalka . Oil content was significantly higher
in stressed treated plants over unstressed control plants in
all the varieties except Shivalik. Chloromequat chloride was
found effective in increasing menthol content significantly
in cv. Kalka and Shivalik. The increase in oil content and
menthol content in M.arvensis has been reported to be due to
osmotic stress (Mathur et al., 2001).Monoterpenoid and oil
content increased under water stress in several aromatic
plants has also been reported (Sangwan et al., 2001). It appears
that increase in secondary metabolites occurs to make the
plants withstand the stress.
Significant increase in peroxidase activity in untreated
stressed plants was observed which has been maximum in
cv. Kalka (63.16%) followed by Kosi (55.00%). Peroxidase
activity in stressed plants of the cvs. Kosi and Himalaya
with prior treatment of chloromequat chloride was
significantly less than stressed plants. These results
substantiate the earlier findings with M. arvensis (Farooqi et.
al., 2003). Peroxidase activity increase under abiotic stress
in plants and scavenges free radicals generated under stress
has also been reported (Grassmann et al., 2002).
Journal of Eco-friendly Agriculture 4(2) 2009

Response of different cultivars of Japanese mint (Mentha arvensis) under water stress and chloromequat chloride treatment

Correlation studies showed that oil content and
menthol was positively and significantly related with
peroxidase activity (Table 2), whereas oil yield was positively
correlated with herb yield. Number of branches was
negatively correlated with menthol. Changes in water
relations indicate the high water requirement of Japanese

mint, while changes in growth, metabolism and essential oil
content and yield reflect that chloromequt chloride can
partially alleviate the detrimental effect of water stress on
water relations, oil content, and herbage yield in Japanese
mint.

Table 1. Response of different cultivars of Japanese mint ( Mentha arvensis) under water stress and chloromequat chloride
treatment conditions

Varieties

Treatment

Herbal yield
(kg plot-1)

Leaf stem
ratio

Branch
(No)

89.5

1.4

36.33

89.3
(0.22)

1.6
(-14.29)

38.66
(-6.41)

Chloromequant
Chloride +
stress

45.4
(49.27)

0.94
(32.86)

Stress

52.8
(41.01)

Wt plot (g)

1

Water Relative water
Oil
potential
content
content
(%)
(-Mpa)

Menthol

Oil Yield
(g plot -1)

Peroxidase
activity
(IU mg-1
protein)

Himalaya
Control
Chloromequant
Chloride

203.33

0.016

84.33

1.05

82.77

93.66

1.33

220
(-8.20)

0.016
(0.00)

85.33
(-1.19)

1.2
(-14.29)

80.33
(2.95)

96.66
(-3.2)

1.26
(5.26)

16.66
(54.14)

98.66
(51.48)

0.073
(-56.25)

59.33
(29.65)

1.2
(-14.29)

.33.66
(59.33)

52.66
(43.78)

1.86
(-39.85)

0.89
(36.43)

16.33
(55.05)

99.66
(50.99)

0.042
(-162.5)

54
(35.97)

1.06
(-0.95)

80.66
(2.55)

56.0
(40.21)

2.8
(-110.53)

Kosi
Control

66

1.17

29.66

110.66

0.02

86

1.2

76.33

71.33

2

Chloromequant
Chloride

68.4
(-3.64)

1.45
(-23.93)

32.0
(-7.89)

107.66
(2.71)

0.021
(-5.0)

87.33
(-1.55)

1.33
(-10.83)

80
(-4.81)

86.33
(-21.03)

2.5
(-25.0)

Chloromequant
Chloride +
stress

49.8
(24.55)

0.89
(23.93)

24.0
(19.08)

102.66
(7.23)

0.032
(-60.0)

61
(29.07)

1.53
(-27.5)

80.66
(-5.67)

54.00
(24.3)

3.2
(-60.0)

Stress

45.7
(30.76)

0.92
(21.37)

20.66
(30.34)

80
(27.71)

0.025
(-25.0)

58
(32.56)

1.0
(16.67)

81.33
(-6.55)

46.5
(34.81)

3.1
(-55.0)

37.06

1.13

30.66

152

0.021

88.66

1.13

71

41.66

1.9

Chloromequant
Chloride

42.1
(-13.60)

1.83
(-38.05)

37.33
(-21.75)

152.6
(-0.39)

0.022
(-4.76)

86.66
(0.00)

1.16
(-2.65)

76.66
(-7.97)

48.66
(-16.8)

1.6
(15.79)

Chloromequant
Chloride +
stress

36.8
(0.70)

0.93
(17.70)

26.00
(15.20)

96.66
(36.41)

0.035
(-66.67)

75.33
(15.03)

1.3
(-15.04)

85.6
(-20.56)

31.0
(25.59)

2.5
(-31.58)

Stress

32.7
(11.76)

1.05
(7.08)

21.33
(30.43)

98
(35.53)

0.034
(-61.9)

63.66
(28.20)

1.5
(-32.74)

91
(-28.17)

48.5
(-16.42)

3.1
(-63.16)

KALKA
Control

Shivalik
Control

46.6

1.05

31.33

144.66

0.026

77.66

0.9

76

41.33

0.66

Chloromequant
Chloride

48.2
(53.22)

1.08
(-2.86)

38.66
(-23.40)

124.33
(14.05)

0.025
(3.85)

85.66
(-10.3)

1.06
(-17.78)

80.33
(-5.7)

32.5
(21.36)

0.63
(4.55)

Chloromequant
Chloride +
stress

21.8
(45.71)

0.94
(10.48)

12.66
(59.59)

95.33
(34.10)

0.048
(-84.62)

50
(35.62)

0.9
(0.00)

80
(-5.26)

31
(24.99)

0.7
(-6.06)

Stress

25.3
(45.6)

0.96
(8.57)

10.66
(65.98)

29.66
(79.50)

0.048
(-84.62)

50.66
(34.77)

0.86
(4.44)

86
(-13.16)

36
(12.9)

1.6
(-59.42)

CD at 5%

19.24

0.302

4.2

36.05

0.002

11.14

0.37

4.16

20.67

0.631

CD at 1%

26.19

0.441

5.8

49.07

0.003

15.16

0.51

5.6

39.04

0.86

Figure in parthenses showing % increase and % decrease (-) comparison to control
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Table 2. Correlation coefficient (r) among the various characters of M. arvensis under water stress and chloromequat treatment
conditions

Characte r
Wate r potential(Ψ)
Relative wate r
conte nt(RWC)
Herb yield
Oil content
Menthol
Peoxidase activity

Relative wate r Herbal yield
conte nt
0.94**

Oil conte nt

Menthol
content

Peroxidase
activity

Oil yield

0.66*

-0.08

0.65*

-0.21

-0.59

0.65*

-0.14
-0.1

0.60*
0.41
0.38

-0.29
-0.16
0.75**
0.52

0.45
0.93**
0.22
0.27
0.01

*=significant at 5%, **= significant at 1%

CONCLUSION
Result of present study suggested that out of four mint
cultivars (Japanese), Kosi and Kalka responded better in
comparison to other varieties under water stress conditions.
These varieties should be further screened for growing in
drought prone areas.
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Co-rrelation and path analysis studies in fenugreek (Trigonella
foenumgraecum L.)
S.P. Singh, R. Choudhary and A.K. Mishra
AICRP on Spices, Department of Horticulture, Tirhut College of Agriculture, Dholi, Muzaffarpur, Bihar, India
ABSTRACT
Co-rrelation and path analysis in sixtry promising genotypes indicated that yield per plant was closely associated
with number of pods per plant, length of pod and number of grains per pod. Path analysis revealed the positive direct
effect on yield per plant through length of pod, number of pods per plant, number of days to maturity and height of
the plant. Hence, these characters may be given consideration while making selection for the improvement in fenugreek.
Key words : Fenugreek, correlation, path analysis

INTRODUCTION
Fenugreek commonly used for seed and also as leafy
vegetable. Fenugreek is an important condiment occupying
third place in area and fourth in production among all the
minor spices grown in India. Yield is complex character and
jointly or individually contributed by many other traits.
Selection for yield is more effective when it based on
component characters, highly heritable and positively
correlated. If, more number of variables are considered in
correlation the association becomes more complex and less
obvious and path analysis found useful under such
circumstances. It gives clear picture of the direct and indirect
effect of various traits on yield. In present paper relationship
with yield of eight characters in fenugreek studied and results
are reported.
MATERIALS AND METHODS
Sixty promising entries were received from NBPGR,
New Delhi for multilocation testing trial. The experiment
was laid out at experimental plot of Department of
Horticulture, Tirhut College of Agriculture, Dholi,
Muzaffarpur, Bihar during rabi 2006-07 under All India Coordinated Research Project on Spices. The experiment was
conducted in 3.0 × 1.5m plots and at spacing of 30 × 10cm in
randomized block design with two replications. All the
recommended agronomic package of practices were followed
for raising the crop. Data on various characters were recorded
on five plants selected randomly in each genotype. Correlation co-efficient was computed by using the formula of
Johnson et al. (1955) and path co-efficient by Dewey and Lu
(1959).
RESULTS AND DISCUSSION
The phenotypic and genotypic co-rrelation co-efficient
©2009

between different pair of characters revealed the higher
estimates of genotypic co-rrelation co-efficients than
phenotypic (Table 1), indicating a strong inherent association
among various characters. Yield per plant showed
significant positive co-rrelation with number of pods
(plant –1 ), length of pod and number grains (pod –1 )
suggesting that these characters are most important yield
component and effective improvement in yield can be
achieved through selection based on these characters. Similar
results are reported by earlier workers (Mehta et al., 1992;
Bora and Shadeque , 1993; Rajput et al., 1996; Ahmed et al.,
1999; Sharma and Swaroop, 2000; Mohanty, 2001). Yield
per plant showed negative and significant co-rrelation with
number of days to 50 per cent flowering, number of days to
maturity and 1000-grain weight. However, yield per plant
exhibited negative and significant co-rrelation with height
of the plant and number of branches (plant–1) at genotypic
level. The yield attributing characters exhibited varying trend
among themselves. The plant height showed positive and
significant correlation with number of days to maturity at
both levels and negative and significant correlation with
length of pod and number of grains per pod, while genetic
negative significant co-rrelation with number of branches
and number of pods (plant–1). Number of branches (plant–1)
showed positive and significant co-rrelation with number
of days at 50 per cent flowering and number of days to
maturity at only genetic level, whereas negative and
significant co-rrelation with number of pods (plant–1) length
of pod, and number of grains (pod–1) and positive and
significant co-rrelation with number of days to maturity at
both levels, while negative and significant co-rrelation with
number of pods (plant–1) and length of pod. Number of pods
(plant–1) exhibited positive and significant co-rrelation with
length of pod, number of grains (pod–1) and 1000-grain
weight at both levels and negative and significant co-
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rrelation with number of days to maturity. Length of pod
was recorded positive and significant co-rrelation with
number of grain (pod–1) and 1000-grain weight at both levels,
while negative and significant co-rrelation with number of
days to maturity. Number of grains showed positive and
significant co-rrelation with number of days to maturity.
Number of days to maturity showed negative and significatn

co-rrelation with 1000-grain weight.
The path co-efficient analysis provides an effective
means of finding out direct and indirect effect of association
and permits a critical examination of specific forces acting
to produce given co-rrelation and measure the relative
importance of each factor. The path analaysis have indicated

Table 1. Phenotypic and genotypic co-rrelation co-efficient for different pair of characters in fenugreek
Sl. Trait
No.
1
2

3

4
5
6
7
8
9

Height of the
plant
No. of
branches
(plant–1)
No. of days
to 50%
flowering
No. of pods
(pland–1)
Length of
pod (cm)
No. of grains
(pod–1)
No. of days
to maturity
1000-grain
weight
Yield per
plant

P
G
P
G

Plant height No. of
(cm)
branches
(plant–1)
1.0000
-0.1321
1.0000
-0.5064**
1.0000
1.0000

P
G

No. of days
to 50%
flowering
0.0692
0.1467
0.0836
0.4868**

No. of
pods
(plant–1)
-0.0483
-0.5737**
0.1230
-0.8716**

1.0000
1.0000

-0.3662** -0.2848*
-0.5691** -0.3130*

-0.3234* 0.2897*
-0.3901** 0.3186*

-0.3536** -0.5769**
-0.3885** -0.5920**

1.0000
1.0000

0.5812**
0.8276**
0.8803**
0.9757**
1.0000
1.0000

0.5174**
0.8668**
0.4028**
0.4295**
0.4391**
0.5356**
-0.5108**
-0.5781**
1.0000
1.0000

P
G
P
G
P
G
P
G
P
G
P
G

Length
of pod
(cm)
-0.4242**
-0.7901**
-0.1949
-0.8874**

0.4689**
0.7899**
1.0000
1.0000

No. of
grains
(pod–1)
-0.3175*
-0.8180**
-0.1703
-0.8720**

No. of
days to
maturity
0.3624**
0-6066**
0.0278
0.3633**

-0.3256**
-0.5237**
-0.4785**
-0.5488**
-0.4281**
-0.5440**
1.0000
1.0000

1000grain
weight
-0.1206
-0.2361
-0.1160
-0.3787**

Yield
(plant–1)
-0.1668
-0.2820*
-0.1989
-0.7751**

0.3582**
0.5599**
0.5576**
0.5924**
0.5025**
0.5831**
-0.2703*
-0.2955*
-0.5108**
-0.5781**
1.0000
1.0000

P = phenotypic, G = genotypic, significant at P = 0.05 and **significant P = 0.01.

Table 2. Estimates of genotypic direct and indirect effects of different characters on grain yield (plan–1) in fenugreek.
Sl. Trait
No.
1
2
3
4
5
6
7
8

Height of the plant (cm)
No. of branches (plant–1)
No. of days to 50%
flowering
No. of pods (plant–1)
Length of pod (cm)
No. of grains (pod–1)
No. of days to maturity
1000-grain weight

Plant
height
(cm)
0.0081
-0.0475
0.0138

No. of
branches
(plant–1)
0.0823
-0.4678
-0.0791

No. of days
to 50%
flowering
-0.0686
-0.2276
-0.4678

No. of
pods
(plant–1)
-0.0134
-0.0204
-0.0133

Length
of pod
(cm)
-0.5691
-0.6391
-0.2254

No. of
grains
(pod–1)
0.2429
0.2589
0.1158

No. of
days to
maturity
0.0073
0.0044
0.0038

1000grain
weight
0.0367
0.0588
0.0603

Yield
(plant–1)

-0.0538
-0.0741
-0.0767
0.0569
-0.221

0.1417
0.1443
0.1418
-0.0591
0.0616

0.2662
0.1464
0.1825
-0.1490
0.1817

0.0234
0.0185
0.0194
-0.0123
0.0203

0.5689
0.7202
0.7027
-0.3953
0.3093

-0.2457
-0.2897
-0.2969
0.1615
-0.1590

-0.0063
-0.0066
-0.0065
0.0120
0.0069

-0.1346
-0.0667
-0.0832
0.0898
-0.1553

0.5599**
0.5924**
0.5831**
-0.2955*
0.2296

-0.2820*
0.7751**
0.5920**

Residual effect (G) = 0.6293 *significant at P = 0.05 and **significant at P = 0.01
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the importance of yield contributing characters like length
of pod followed by number of pods (plant–1), number of days
to maturity and height of the plant which had maximum
positive direct effect on yield observed under present
investigation (Table 2). Results, similar to present work has
been reported by other workers (Mehta et al., 1992; Singh
and Kumar, 2004; Lohakare et al., 2008). Number of branches
(plant–1) and 1000-grain weight had negative direct effect
on yield and thus have no significance in selection
programmes.
CONCLUSION
The result of present investigation indicates that the
length of pod, number of pods per plant, number of days to
maturity and height of the plant are important traits in case
of fenugreek. Therefore, these characters may be kept in mind
in improvement programme of this important spices crop.
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ABSTRACT
The investigation was conducted on migrant agricultural labourers and marginal farmers of hill regions of Uttarakhand,
India. Baseline information about the families were collected and diet survey was conducted. Dietary intake in terms
of different food groups and nutrients were calculated and compared as intake per consumption unit (CU). The
socio-demographic profile of the families showed that the majority of the families are nuclear, having medium and
large family size, poor educational status, small land holdings and poor economic status. Dietary survey revealed
that 85 per cent of the families studied were vegetarian. Comparison of different food intake with the suggested
amounts given by ICMR (1998b) showed that roots and tubers intake was 55.68 per cent of the suggested value.
Consumption of pulses and milk and milk products was also lower than the recommended quantity. Energy intake
was found to be adequate. In fat intake, invisible fat and visible fat intake was 101.7 and 93.0 per cent of the RDA,
respectively. The study leaves a further scope for research on the detailed fat consumption pattern as of saturated and
unsaturated fat and essential fatty acids.
Key words: Uttarakhand, agricultural families, invisible fat, visible fat

INTRODUCTION
Fat is a necessary ingredient in the diet and it is of
value to the body in a number of ways. It is concentrated
source of energy and its per gram supplies 9 Kcal to the
body. It is the source of fat-soluble vitamins and also helps
in the absorption of fat-soluble vitamins like vitamin A and
carotene present in the diet. Fats (especially vegetable fats)
are source of essential fatty acids (EFA) which have vitamins
like functions in the body and found important for the
structure and function of cells. Besides this, fat adds
palatability to the diet and has high satiety value. Fat, which
we consume in our diet can be of two types, visible and
invisible. Visible fats are extracted from different source and
added in our diet. These are derived from animal (butter,
ghee etc.) and vegetable fats (groundnuts, soybean, safflower,
mustard etc.). Invisible fat is present in other food items/
ingredients which used to be consumed in our diet like
cereals, pulses, nuts, milk, egg and meat etc. Recent studies
have shown that these foods contribute a significant amount
of fat in the diet and fulfill a major part of the EFA
requirements of individuals. Dietary fat consumption has
been a source of interest because of two important nutritional
aspects. The first is the excessive fat intake particularly
saturated fat causing high blood cholesterol level leading to
atherosclerosis and second the poly unsaturated fatty acid
(PUFA) content of fat especially of vegetable oils, which
lowers the blood cholesterol level and fulfills the EFA
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requirements. The amount of fat in the diet may be decided
on the basis of amount required to fulfill the EFA requirement
and promote absorption of fat soluble vitamins and avoiding
undesirable effects of excessive fat intake and providing
palatability of diet. ICMR (1998a) has given a recommended
dietary allowance (RDA) of fat (visible) as 20g per day for an
Indian adult. Further, this amount varies with different
physiological stage and age of individuals. To arrive at these
values, invisible fat present in cereal based diets commonly
consumed in India and minimum EFA requirements of
various groups were considered.
India is an agrarian economy, with 72 per cent of its
population living in villages and having agriculture as its
main occupation. Further, certain socio-economic groups
such as tribes, small and marginal farmers and landless
labourers are more susceptible to the effects of malnutrition
(NFHS, 1999). In Uttarakhand, people living in hilly areas
have a tough life to live due to hard geographical conditions
and hilly terrains making the agriculture as a very low
remunerative occupation and least opportunities of
employment. Hence, migration from hills to the lower or
‘tarai’ region of the state is very common. Further, most of
these migrant families are working as agricultural labourers
or marginal and small farmers. In view of these facts, present
study was conducted on migrant agricultural workers of
hill regions to plain region of Uttarakhand state.

Fat consumption pattern: A study on agricultural families of Uttarakhand

MATERIALS AND METHODS
Study locale
The present study was conducted in District Udham
Singh Nagar, Uttarakhand province of India. This province
came in to existence in November, 2000, after seperation from
Uttar Pradesh. Uttarakhand is situated along the hills of
Himalayas and thus one of the Himalayan states of India. It
has an area of 53,483 sq km with a population of 84,79,562.
Of the total population, 74.41 per cent is rural population,
i.e., 63,09,317. The state may be divided in to three
geographical regions, Great Himalayas, Mid Himalayas and
Shivalik Himalayas, based on their altitudes. Broadly, it has
two main parts, Kumaon and Garhwal. Further Kumaon is
subdivided as hills, ‘bhabar’ and ‘tarai’ regions, depending
on their geo-climatic conditions. Udham Singh Nagar district
is situated in Kumaon and comprised of ‘bhabhar’ and ‘tarai’
region. ‘Tarai’ is characterized by damp climate, tall grass,
thick forests and marshy soil (Indian Society of Agricultural
Economics, 1982). Migrant agricultural workers (agricultural
labourers & marginal & small farmers) were selected from
villages namely Shantipuri-1 and Shantipuri-2 for the
present study.
Study sample
Selection of households for the study was done by
stratified random sampling. Contacts were made with the
heads (Gram Pradhan) of the villages and a list of all the
agricultural workers including farmers and labourers,
residing in the villages was prepared. Out of these, total sixty
families were included in the study, on the basis of their
cooperation and interest shown.
Data collection
Suitable interview schedule was developed to elicit
information regarding the socio-economic status including
religion, caste, occupation (type of work done), income,
migration, family size, family type, family composition, age
and education of the family members etc. Dietary profile of
the members included food habits and consumption of
different foods. Interview method was used to record the
desired information. Rapport was developed with the family
members and respondents and information gathered in an
informal atmosphere to enhance the authenticity of the data
collected.
Dietary intake
Dietary surveys formed an integral part of nutritional
assessment. The objective was to record intakes and translate
them into nutrients consumed and relate to the health of an
individual (Gibson, 1990). In the present investigation,
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twenty-four hour dietary recall method was used to collect
the data on dietary intake of the subjects (Gibson, 1990).
Intake of different food groups of family members was
expressed as g day–1 per consumption unit. The mean daily
intake of different foods was compared with the
recommended amounts as given by ICMR (1998b). Further,
on the basis of raw amounts of different foods, fat content
and calorie value of each food item consumed by the family
members and was calculated using the nutritive values of
different food items given by Gopalan et al. (1993). Daily
intake of energy and fat (in terms of visible & invisible) of
family members was expressed as Kcal per consumption
unit and g per consumption unit. These intakes were
compared with the recommended dietary allowances (RDAs)
given by ICMR (1998a). Dietary survey was conducted for
all the family members and converted in terms of total
consumption units, using the adult consumption units given
for various age and sex groups as mentioned in the Table 1
(Gopalan et al., 1993). Finally the food groups and nutrients
intake of the families was calculated and reported as per
consumption unit (cu).
Table 1. Consumption units for various age groups
Age group
Consumption unit (cu)
Adult male (sedentary worker)
1.0
Adult male (modera te worker)
1.2
Adult male (heavy worker)
1.6
Adult female (s edentary worker)
0.8
Adult female (moderate worker)
0.9
Adult female (h eavy worker)
1.2
Adolescents (12-21 years)
1.0
Children (9-12 years)
0.8
Children (7-9 years)
0.7
Children (5-7 years)
0.6
Children (3-5 years)
0.5
Children (1-3 years)
0.4

Data analysis
The data collected was analyzed using suitable
statistics (Snedecor and Chochran, 1989). Categorization of
families was done according to different socio-economic
characteristics. Ranges and means of intake of different food
groups and energy and fat (visible & invisible) were
computed. Inter-relationships among the intakes of different
food groups and nutrients (energy & fats) were studied in
terms of correlation coefficients.
RESULTS AND DISCUSSION
A total of sixty families comprising of 2-8 family
members per family were surveyed. All the families had been
migrated from the hilly areas of Uttarakhand, reportedly
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from the villages of districts, Almora and Pithoragarh to tarai
region of Udham Singh Nagar.
Socioeconomic status
The socio-economic characteristics of the families under
study are presented in Table 2. All the families belonged to
Hindu religion.
Family size and structure: Majority (76.6%) of the
families were comprising >3 family members and further
more than one fourth of the families comprising >6 family
members. Thus the size of most of the families may be
considered as medium and large. About three fourth (73.3%)
of the families were nuclear in their structure, while the rest
were joint families.
Table 2. Socio-economic characteristics of the farm families
Sl.
Socio-econom ic characteristic
Percentage of
No.
family
1. Family size (No.)
1-3
23.3
4-6
48.3
7-9
28.3
2. Family structure
Nuclear
73.3
Joint
26.7
3. Education
Illiterate
70.8
Primary
4.6
Higher secondary
18.0
College
6.4
4. Land holding (acre)
1-2
45.0
<1
20.0
No land
35.0
5. Occupation
Farming and other jobs
45.0
Farming, other jobs and labour work
20.0
Landless labourers
35.0
6. Economic status
Below poverty line
55.0
Above poverty line
45.0
Education: Data on education of the family members
revealed that educational status was very low. Of the total
family members above 15 years of age, 70.8 per cent were
illiterate. Further, 4.6 per cent had education up to primary,
18.0 per cent up to higher secondary and only 6.4 per cent
had education up to the college level.
Land holding and occupation: The sample comprised
of agricultural workers and marginal and small farmers.
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Information collected showed that 45 per cent of the families
were having the land holding of 1 to 2 acres, 20 per cent were
having less than one acre of land and rest 35 per cent not
having any land. Members of the families with land were
engaged in farming as well as other jobs like running small
shops, private service and tailoring etc. Landless family
members and some of the marginal farm holders were
working as labourers in other field.
Economic status: Income calculated for the families
showed a lower economic status of the families. Fifty five
per cent of the families were living below the poverty line
and the income of those above the poverty line also not found
sufficient to lead a good living status.
Dietary survey
Food habits: Majority (85%) of the families studied were
reportedly vegetarian. This may be attributed to the religious
belief as all of them were Hindus. Further, those, who were
non-vegetarian reported to consume the non-vegetarian food
items on rare occasions. Rice and wheat were the staple
cereals in the diets of the families studied. Vegetables
commonly consumed were potato, onion, cabbage,
cauliflower, pointed gourd (parwal) etc. Consumption of milk
and milk products was common, which may be attributed to
the common practice of keeping milch animals.
Daily food intake: Daily intake of different foods per
consumption unit of the agricultural families and a
comparison with the amounts suggested by ICMR (1998b) is
presented in Fig. 1. Daily intake of cereals was calculated to
be in the range of 245-869g with mean daily intake per
consumption unit of 442g. Comparison with the
recommended amount for cereals showed an adequate intake
as the percentage adequacy was 105.30 per cent. The findings
related to cereal consumption are somewhat in accordance
with those reported for scheduled caste rural male adults of
Bihar (per cent adequacy of intake-101.32%) by Kumari and
Singh (2002).
Daily intake of pulses was in the range of 22-125 g
with mean value of 50.25g. Per cent adequacy of pulses intake
was 83.75. Mean daily consumption of roots and tubers was
calculated to be 111 g with a range of 0-333g. The intake was
observed to be inadequate as the per cent adequacy of intake
of this food group found 55.68. Intake of other vegetables
was adequate with adequacy percentage of 141.50. The daily
intake of other vegetables was in the range of 0-577 g.
Mean daily intake of milk and milk products was 256.40
g and these were consumed in the range of 0-2000 g daily.
There was only one subject consigns 2 liters with daily.
Excluding line the range was between 0 to 385 g per day. Per
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cent adequacy for this group was 85.47. Consumption of
sugar and jaggery was on the higher side, which draws the
attention. It was 59.80 g daily in terms of mean consumption,
being consumed in the range of 15.90-200.00 g. Per cent
adequacy of 239.20 shows a considerably higher intake of
sugar and jaggery.

Energy and fat intake: Mean daily per consumption
unit energy and fat intake (in terms of invisible and visible
fats) of agricultural families and the comparison with
respective recommended dietary allowances (RDAs) as given
by ICMR (1998a) is presented in Table 3. Data of dietary
survey showed an adequate mean intake of energy, invisible
fat and visible fat by families under study. Mean daily intake
of energy was 2480 Kcal and per cent adequacy for this was
calculated to be 102.26, a sufficient one. Per cent adequacy of
intake for energy was higher in the present study than that
reported for rural male adults from Bihar (102.26 vs 84.29%).
This may be attributed to the higher intake of fats and oils
and sugar and jaggery. Mean daily intake of invisible fat
was 27.45 g, making the per cent adequacy to be 101.67. In
case of visible fat intake, mean daily intake per consumption
unit and per cent adequacy of intake were calculated to be
18.60 g and 93.00, respectively.

Result analysis and interpretation showed that intake
of pulses, roots and tubers, oils and fats, milk and milk
products and sugar and jaggery in terms of per cent adequacy
was significantly higher, i.e., 83.75 vs 37.98, 55.68 vs 8.34,
115.20 vs 61.97, 85.47 vs 13.54, 239.2 vs 9.37 per cent. Intake
of other vegetables was lower (141.50 vs 401.04) than that
reported for rural scheduled caste male adults of rural area
of Samastipur District of Bihar as reported by Kumari and
Singh (2002). Thus a comparison of diets of the agricultural
families studied with the balanced diet suggested by ICMR
(1998b) depicted that the diets of the study group are not
balanced.

Invisible and visible fat intake: The per cent of daily
consumption unit energy intake of agricultural families
studied being consumed in the form of fats (Table 4). It may
be inferred from the table that 16.71 per cent of the total daily
energy intake is derived from fat intake. This figure is lower
than reported (35-40%) for the developing countries (Achaya,
1987). Of the total energy per cent of 16.71, 9.96 used to be
from invisible fat, while 6.75 was from visible fat. Achaya
(1987) reported that very low-income and deprived groups

Inter-relationship among the intake of food groups:
Interrelationship among the daily intakes of different foods
of the agricultural families was studied by computing
correlation coefficients. A significant positive correlation of
cereal intake (r=0.579) with sugar and jaggery milk and milk
products with fats and oils and sugar and jaggery and of
fats and oil (r=0.63) with sugar and jaggery (0.477) was
observed.

Sugar and jaggery

Fats and oils

Food groups

Milk and milk products

Other vegetables

Roots and tubers
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Fig. 1. Per cent adequacy of intake of different foods
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Table 3. Mean daily energy and invisible and visible fat intake of agricultural families
Nutrient
Energy (Kcal)
Invisible fat (g)
Visible fa t (g)

Mean intake (per c.u.)*
2480
27.45
18.60

Adequacy of intake (%)
102.26
101.67
93.00

*c.u. consumption unit

Table 4. Intake of invisible and visible fat as energy per cent
Type of fat
Mean intake (day–1 c.u. –1 )
Invisible fat
27.45
Visible fa t
18.60
Total
46.05
of India get all their fat invisibly which constitutes about 8
energy per cent. ICMR (1998) suggested energy per cent from
invisible fat to be 10. Although a minimal intake of 5, energy
per cent of visible fat can meet the essential fatty acid (EFA)
requirements, a higher level of intake of 9, energy per cent
found desirable to provide energy density and palatability
to the diet (ICMR, 1998a). In this view 6.75 energy per cent
intake of visible fat in the present study may not be considered
as low.
CONCLUSION
The migrant agricultural families of hill regions of
Uttarakhand, studied under the present investigation have
a low socio-economic status as they had poor educational
status, small land holdings and poor economic status.
Dietary survey revealed that 85 per cent of the families
studied were vegetarian. Dietary survey revealed that many
of the important foods like pulses, roots and tubers and milk
and milk products were being consumed in lower than the
recommended quantities. Intake of sugar and jaggery was
high. The per day per c.u. energy intake was adequate. In
invisible fat and visible fat intake was observed to be 101.70
and 93.00 in per cent of the RDA, respectively. The study
shows a further scope for research on the detailed fat
consumption pattern as of saturated and unsaturated fat
and essential fatty acids.
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Energy value (Kcal)
247.05
167.40
414.45

Intake as energy (%)
9.96
6.75
16.71
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Field Efficacy of alcoholic extract of rhizomes of Alpinia
galanga against nymphs of mango mealy bug, Drosicha
mangiferae
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ABSTRACT
Four concentrations of alcoholic extract (prepared at CISH, Lucknow) of Alpinia galanga rhizomes viz., 4, 3, 2 and 1
per cent were tested in field on cv. Mallika against nymphs of mealy bug, Drosicha mangiferae. Considering the results
of three years experiments, the lowest concentration, i.e., 1 per cent is recommended for the effective control of mealy
bug nymphs.
Key words : Mealy bug, Drosicha mangiferae, Alpinia galanga, rhizomes

INTRODUCTION

RESULTS AND DISCUSSIONS

The indiscriminate use of pesticides, leads to several
serious problems in the pest management system such as
killing of natural enemies, resistance problem among insects
to insecticides, residue hazards of pesticides, up-setting of
balance in nature and resurgence of treated population. It
is, therefore, essential to phase out the use of pesticides. The
most obvious non-chemical approach to pest control is to
test the plant products against the pest. The essential oil
contents from the rhizomes of Alpinia galanga Willd
(Zingiberaceae) were reported by Anonymous (1996-97),
namely L-pinene M+136 (3.15%), â-pinene M+136 (8.79%),
Myrcene M+136 (12.07%), Limonene M+136 (0.85%), 1, 8Cineole M+154 (40.95%), Camphor M+152 (2.36%), terpinene4-01 M+154 (6.03%), L-terpineol M+154 (11.28%), Methyl
cinnamate M+162 (1.6%) and â–Selenene M+204 (0.924%).
The extract of rhizomes of A. galanga against nymphs of
mango mealy bug. D mangiferae was tested.

The data are presented in Table 1, 2 and 3. The
statistical analysis was done using analysis of variance
method with the angular transformed values. From the data
presented in Table 1 (1997-98), it was observed that all the
three concentrations were statistically significant and at par
in 1, 3, 7 and after 14 days of treatment. Hence, the lowest
concentration, i.e., 2 per cent is acceptable to control the
mealy bug. During the year 1998-99, one additional
concentration, i.e. 1 per cent was also added and from the

MATERIALS AND METHODS
The rhizomes of A. galanga were dried and pulverized
in a grinder. The powder was then mixed in absolute alcohol
(1:1) and kept overnight. After 24 hrs, the mixture was put in
the mixy and run at 2000 rpm for about an hour. It was then
filtered by filter paper and the solution was taken as cent per
cent for the experiment. Four concentrations viz., 4, 3, 2 and 1
per cent were taken in the experiment. The experiment was
conducted for the years 1997-98, 1998-99 and 1999-2000.
Reduction in population of mealy bug was recorded on 1st,
3rd, 7th and 14th day after treatment.
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Table 1. Field evaluation of alcoholic extract of A.galanga
rhizomes against mealy bug nymphs,
D.mangiferae during (1997-98)
Treatment

Conce.
(%)

Mortality/ reduction (%) at indicated days
after treatment
1
3
7
10
14
Alcoholic
4.00
36.23
70.80
89.25
92.55
98.08
extract
(36.62)* (57.93) (71.52) (75.44) (80.30)
Alcoholic
3.00
56.18
85.68
92.48
96.83
97.50
extract
(48.65) (65.54) (74.59) (81.72) (83.01)
Alcoholic
2.00
33.38
63.90
77.60
84.45
91.55
extract
(38.22) (53.28) (65.21) (73.50) (78.32)
Control
4.60
11.80
19.90
21.58
23.38
(10.74) (20.01) (25.84) (27.08) (28.28)
CD at 5%
(17.18) (13.61) (16.17) (15.82) (15.08)
* Figures in parenthesis are angular transformed valves.

data presented in Table 2, it was observed that the
concentrations of 4, 3, 2 and 1 per cent were significantly
superior over control after 24 hrs, 3, 7 and 14 days of
treatment. All the concentrations were significantly superior
over control and found at par. Hence, 1 per cent
concentration was considered effective.

R.P. Srivastava

Table 2. Field evaluation of alcoholic extract of A.galanga
rhizomes in controlling mealy bug nymphs,
D.mangiferae (1998-99)
Treatment

Conce.
(%)

Alcoholic
extract
Alcoholic
extract
Alcoholic
extract
Alcoholic
extract
Control

4.0
3.0
2.0
1.0
-

CD at 5%

Reduction % in mealy bug nymp hs’
population/panicle at ind icated days
after spray
1
3
7
14
18.28
38.38
55.23
75.60
(25.25) (38.19)
(48.06)
(60.88)
15.65
34.33
50.88
78.23
(23.23) (35.78)
(45.50)
(63.02)
11.50
35.98
53.03
80.50
(19.69) (36.82)
(46.73)
(65.82)
11.15
29.10
46.68
61.65
(19.43) (32.43)
(43.92)
(51.81)
7.13
13.53
17.68
25.03
(15.15) (22.07)
(24.66)
(29.93)
(4.24)
(8.05)
(9.62)
(13.43)

From the data presented in Table 3 (1999-2000), here
again 4, 3, 2 and 1 per cent concentrations were taken and
statistical analysis was done. In this case, it was observed
that all the concentration in all the observation, i.e., 1, 3, 7
and 14 days after treatment were significantly superior over
control and at par to each other. Thus, considering the over
all performance of these treatments in consecutive three years
trial, it was concluded that 1 per cent concentration was
effective in reducing the population of mealy bug nymphs.
Earlier, the rhizomes of A. galanga were used as a
condiment in Indonesia. In Kerala (India), these are used for
seasoning fish and in pickling. The rhizomes are reported to
be employed as insecticide because the essential oils
contained in them are methyl cinnate, cineali and d-pinene

which have a high knock-down effect against housefly.
Musca nubelo Lin. (Khan, 1958). The alcoholic extract of A.
galanga rhizomes was tested by Srivastava (1999) against
mango hopper, Idioscopus nitidulus in the field and it was
observed that all the treatments gave significant reduction
in I. nitidulus population against untreated controls on 3rd
as well as on 7th day of treatment. The concentration of 3 per
cent was thus recommended. Srivastava (1997) tested the
efficacy of A. galanga in the laboratory against the nymphs of
D. mangiferae with 6, 5, 4 and 3 per cent concentrations. He
found that on 13th day of treatment, all the concentrations
were statistically superior over control. Hence, effective
control was possible with 3 per cent concentrations.
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Table 3. Field evaluation alcoholic extract of A.galanga
rhizomes on mealy bug nymphs, D.mangiferae
(1999-2000)
Treatment

Alcoholic
extract of
galanga
Alcoholic
extract of
galanga
Alcoholic
extract of
galanga
Alcoholic
extract of
galanga
Control

Conce.
(%)
4.0
A.
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3.0

31.80
(34.25)

62.95
(52.55)

82.63
(65.53)

87.50
(69.36)

2.0

32.25
(34.60)

64.68
(53.55)

84.35
(66.95)

90.43
(72.18)

1.0

27.80
(31.80)

58.58
(50.15)

74.20
(60.18)

85.58
(68.61)

-

7.50
(15.83)
(4.07)

21.80
(27.57)
(7.14)

28.35
(31.99)
(8.19)

36.48
(37.03)
(7.38)

A.

A.

A.

CD at 5%

Reduction % in mealy bug population at
indicated days after treatment
1
3
7
14
25.23
55.53
80.78
91.08
(30.06)
(48.18)
(64.11)
(72.93)
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ABSTRACT
Field trials were conducted to study the comparative bio-efficacy of nine cow-urine indigenous plant extracts and
Nimbicidine against diamond back moth (DBM), Plutella xylostella Linnaeus, cabbage butterfly(CB), Pieris brassicae
Linnaeus and cabbage aphid(CA), Brevicoryne brassicae Linnaeus on cabbage cv. Pride of India. The results revealed
that Nimbicidine (2000 ml ha-1) was the most effective against DBM with mean larval population of 9.32 plant–1 as
compared to 12.85 to 22.29 plant–1 in cow-urine plant extracts and 39.20 plant–1 in untreated check. Nimbicidine at
the same dose was also found effective against CB with minimum (1.24 larvae plant–1) mean larval population in
comparison to 2.32 to 6.29 larvae (plant–1) in rest of the insecticidal treatments and 16.14 (plant–1) in untreated check.
The effectiveness of Nimbicidine was closely followed by Jatropha gossypifolia and Melia azedarach with lower mean
population of 2.32 and 3.17 larvae plant–1. Mean aphid population in insecticides treated plots varied from 16.58 to
34.32 (plant–1) as against 38.68 plant–1 in untreated control but the plots treated with Nimbicidine resulted the lowest
population of the aphid (16.58 plant –1 ). The significantly highest yield (23.12 t ha -1 ) was harvested from the
Nimbicidine treated plots, while it was 14.35 t ha-1 in untreated control. The other better tretments were M. azedarach
(21.98 t ha-1), Arfemisia nilagirica (21.25 t ha-1), Andropogon nardus (20.22 t ha-1 ), Jatropha gossypifolia (19.85 t ha-1) and
Ageratum conyzoides (19.45 t ha-1), but differed significantly from the Nimbicidine. The avoidable loss due to DBM, CB
and CA infestation varied from nil in Nimbicidine to 37.93 per cent in untreated check. Among the plots treated with
insecticides maximum avoidable loss (24.78%) was computed in the plots treated with Acorus calamus extract.
Key Words: Cabbage, Plutella xylostella, Pieris brassicae, Brevicoryne brassicae, cow-urine indigenous plant extracts

INTRODUCTION
Cabbage is known to attack by a variety of insect pests
starting from germination to harvesting of the crop. In India,
a total of 37 insect pests are reported to feed on cabbage
(Sachan and Gangwar 1980; Lal et al., 2002). Amongst the
twelve species of insect pests of crucifers, diamond back moth
(Plutella xylostella Linnaeus), cabbage butterfly (Pieris
brassicae Linnaeus) and cabbage aphid(Brevicoryne brassicae
Linnaeus) are of major importance in Manipur (Ram et al.,
1981). Several broad-spectrum synthetic organic insecticides
are usually recommended for the effective control of these
pest (Sonkar and Desai, 1998). However, these compounds
are known to evoke multifarious problems including
environmental pollutions, health hazards, destruction of
beneficial fauna like parasitic, predatory and pollinating
insects, resistance to insecticides, resurgence of secondary
insect pests etc. Owing to wide spectral problems with the
use of these insecticides, phyto-products are gaining
popularity in Integrated Pest Management (IPM) because of
their safety to non-targeted organisms and nonbiomagnifications in the food chain. Though, a variety of
commercial formulations derived from neem tree, Azadirachta
indica A. Juss, which has emerged as an important source of
©2009

botanical insecticides (Singh et al., 1987; Osman, 1993), so
far, little research work has been carried out to exploit other
plant products having insecticidal properties. Thus, the
present attempt was made to evaluate the few cow-urine
indigenous plant extracts along with Nimbicidine in field
against P. xylostella , P. brassicae and B. brassicae in cabbage
crop.
MATERIALS AND METHODS
Experiments were conducted to study the comparative
efficacy of nine cow-urine indigenous plant extracts and
Nimbicidine on the population of diamond back moth (P.
xylostella Linneaus), cabbage butterfly (P. brassicae Linneaus)
and the cabbage aphid (Brevicoryne brassicae Linnaeus) on
cabbage cv. Pride of India during rabi 2005, 2006 and 2007
at College of Agriculture, Central Agricultural University,
Imphal, Manipur. Green parts of 9 indigenous plant species
viz., Melia azedarach, Murraya koenigii, Melothria perpusilla,
Lantana camara, Acorus calamus, Jatropha gossypifolia, Ageratum
conyzoides, Artemisia nilagirica and Andropogon nardus were
collected from different places of valley districts of Manipur.
Two hundred and fifty gram of fresh parts of each plants
were weighed and soaked in 1 litre of fresh cow-urine in
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earthern pots with lid and kept under shade for 3 weeks.
This mixture was considered as technical stock solution.
There were 11 treatments including control and each
treatment replicated thrice under randomized block design.
The treatments (plant extracts) were applied by a high
volume hand compression knapsack sprayer thrice at 10
days interval after appearance of pests on 30-days old
seedlings of cabage cv. Pride of India. The volume of the
spray liquid was 500 litres ha–1. The treatments were applied
in the evening hours. Water sprayed plants served as control.
The relative field efficacy of the treatments was determined
by recording the larval population of P. xylostella and P.
brassicae (plant–1) and aphid population on top, middle and
bottom (plant–1) leaves, a day prior and 1st, 3rd, 5th, 7th and
10th day after each application on 5 randomly selected plants
in each plot. The cabbage yield obtained from each plot
recorded which was converted in to tonnes (ha–1). The
avoidable yield loss due to pests was computed by using
formula suggested by Pawar et al.(1984). The data obtained
from various laboratory and field experiments were subjected

to statistical analysis after suitable transformations wherever
necessary to find out the critical differences between the
treatments for interpretation of results.
RESULTS AND DISCUSSION
Effect on population
Diamond back moth : Results presented in (Table 1, 4)
show that the reduction in population was maximum (9.32
larvae plant–1) in Nimbicidine treated plots as compared to
39.20 plant–1 in untreated control. The treatment was closely
followed by M. azedarach, J. gossypifolia, A. nilagirica,
L. camara, A. nardus and A. conyzoides (each 12,500 ml ha-1)
with corresponding population of 12.85, 16.42, 18.04, 18.71,
18.84 and 18.88 larvae (plant–1). The larval population was
highest (22.29 plant–1) in plots treated with Acorus calamus
extract (12,500 ml ha-1). Application of 3 per cent Neem
Seed Kernel extract (NSKE) and neem oil (3%) reported
superior over quinalphos, Bacillus thuringiensis products and
synthetic insect growth regulator, chlofluazuron(Atabion)

Table 1. Effect of cow-urine indigenous plant extracts and Nimbicidine on population of diamond backmoth, P. xylostella in
cabbage
Treatment

Dose
(ml ha -1 )

Melia azedarach

12,500

Murraya koenigii

12,500

Melothria perpusilla

12,500

Lantana camara

12,500

Acorus calamus

12,500

Jatropha gossypifolia

12,500

Ageratum conyzoides

12,500

Atemesia nilagirica

12,500

Andropogan nardus

12,500

Nimbicidine (0.03%)

2,000

Control (Water)
CD(P=0.05)

–

Mean larval population
(plant –1 ) during
2005
2006
2007
10.35
12.44
15.76
(3.43)
(3.21)
(4.19)
16.79
19.66
25.38
(4.33)
(4.55)
(4.83)
17.12
19.85
26.15
(3.61)
(4.89)
(5.33)
18.58
15.53
22.02
(4.32)
(3.98)
(4.66)
18.89
17.65
30.33
(4.34)
(4.45)
(5.40)
12.54
15.68
21.04
(3.24)
(3.89)
(5.08)
17.55
16.24
22.85
(4.24)
(3.89)
(4.92)
16.12
17.99
20.01
(4.04)
(4.43)
(4.31)
16.58
18.11
21.83
(3.97)
(4.22)
(4.77)
6.56
7.85
13.55
(2.55)
(2.98)
(3.74)
36.76
38.35
42.49
(5.46)
(6.12)
(6.60)
0.38
1.01
0.71

Figures in parentheses are transformed values
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Mean
12.85
(3.61)
20.61
(4.57)
21.04
(4.61)
18.71
(4.32)
22.29
(4.73)
16.42
(4.07)
18.88
(4.35)
18.04
(4.26)
18.84
(4.32)
9.32
(3.09)
39.20
(6.06)
0.46

1
13.60
(3.75)
20.73
(4.66)
16.87
(4.16)
17.40
(4.22)
16.53
(4.12)
14.27
(3.83)
17.50
(4.23)
15.27
(3.97)
14.33
(3.84)
6.93
(2.72)
26.06
(5.13)
0.33

3
10.80
(3.35)
13.27
(3.70)
17.80
(4.27)
9.80
(3.20)
18.97
(4.40)
10.57
(3.32)
10.03
(3.24)
14.00
(3.80)
14.67
(3.88)
6.77
(2.66)
42.80
(6.56)
0.13

5
9.47
(3.15)
18.27
(4.32)
18.33
(4.33)
16.20
(4.08)
18.53
(4.36)
13.93
(3.79)
18.33
(4.33)
14.67
(3.88)
14.73
(3.89)
7.90
(2.88)
40.47
(6.39)
0.12

7
11.13
(3.40)
24.87
(5.02)
24.47
(4.98)
22.47
(4.78)
28.00
(5.33)
22.00
(4.73)
22.20
(4.76)
18.53
(4.36)
20.13
(4.53)
10.53
(3.32)
42.27
(5.53)
0.89

10
19.27
(4.41)
25.93
(5.13)
27.90
(5.31)
27.67
(5.30)
29.43
(5.46)
21.40
(4.67)
26.33
(5.17)
27.80
(5.31)
29.33
(5.45)
14.47
(3.86)
44.40
(6.69)
0.16

X + 0.5
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in controlling P. xyllostalla (DBM) with highest yield (Patel
et al., 1996; Sauke et al., 2000; Ram et al., 2001), which is
similar to present results. Comparatively better performance
of J. gossypifolia extract in checking the DBM population
confirms to the findings of Singh and Khuman (1995) who
reported that out of seven indigenous extracts evaluated, J.
gossypifolia (1.0%) was found most effective against the pest.
It is clear from the results that in general, the plant extracts
provided satisfactory control of DBM, but proved inferior to
Nimbicidine, M. azedarach and J. gossypifolia extract. The
least effectiveness of these products might be due to their
slow repellent/antifeedant/knock down action and lower
persistence.
Citrus butterfly : Nimbicidine (Table 2, 4) found
superior to other test insecticides (extracts) against the P.
brassicae, citrus butterfly (CB) which recorded minimum
population (1.24 larvae plant–1). The result is partially in
agreement with the report of Singh et al.(1987) where neem
products reported effective in suppression of cabbage
butterfly population. The next effective insecticides were

J. gossypifolia, M. azedarach, A. nilagirica, A. nardus, A.
conyzoides, M. koenigii and L. camara extracts with mean CB
population of 2.32, 3.17, 3.62, 3.80, 3.85, 3.86 and 3.92 larva
plant–1 and non-significant with each other. A. calamus extract
(12500 ml ha-1) was least effective against the pest (6.29 larva
plant–1). The moderately effectiveness of J. gossypifolia and
M. azedarach extracts corroborates with the result of Singh
and Khuman (1995) who reported that three applications of
J. gossypifolia and M. azedarach each at 1.0 per cent
concentration effectively controlled the pest.
Citrus aphid: The mean aphid population showed
variation (16.58–34.32 aphids plant–1) in the plots treated
with plant extract as compared to 38.68 (aphids plant–1) in
untreated control (Table 3, 4). However, Nimbicidine (2000
ml ha-1) proved the best (16.58 aphid plant–1) in arresting
the population. The other better treatments in the order of
merit were M. azedarach (28.39), J. gossypifolia (29.03) and A.
nilagirica (29.58 aphids plant–1). The findings of J. gossypifolia
and M. azedarach are in partial agreement with the results
reported earlier (Pandey et al., 1987; Singh and Khuman,

Table 2. Effect of cow-urine indigenous plant extracts and Nimbicidine on population of cabbage butterfly, P. brassicae in
cabbage
Treatment

Dose
(ml ha -1 )

Melia azedarach

12,500

Murraya koenigii

12,500

Melothria
perpusilla
Lantana camara

12,500

Acorus calamus

12,500

12,500

Jatropha
12,500
gossypifolia
Ageratum conyzoides 12,500
Artemisia
nilagirica
Andropogon
nardus
Nimbicidine 0.03%

12,500

Control (Water)

–

12,500
2000

CD(P=0.05)

Mean larval population
(plant –1 ) during
2005
2006
2007
2.45
3.35
3.71
(1.47)
(1.75)
(2.15)
2.85
3.65
5.08
(1.80)
(1.95)
(2.25)
3.95
4.45
7.77
(2.26)
(2.29)
(2.59)
2.95
3.85
4.96
(1.90)
(2.01)
(2.12)
4.85
5.95
8.07
(2.35)
(2.42)
(2.64)
1.35
1.47
4.14
(1.20)
(1.21)
(2.18)
2.79
3.75
4.95
(1.88)
(2.04)
(2.05)
2.15
3.15
5.56
(1.65)
(2.11)
(2.30)
2.78
3.66
4.96
(1.86)
(2.02)
(2.06)
0.95
1.14
1.63
(1.05)
(1.16)
(1.60)
13.65
14.85
19.92
(3.28)
(3.35)
(5.19)
0.12
0.21
0.35

Figures in parentheses are transformed values
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Mean
3.17
(1.79)
3.86
(2.00)
5.39
(2.38)
3.92
(2.01)
6.29
(2.47)
2.32
(1.53)
3.83
(1.99)
3.62
(2.02)
3.80
(1.98)
1.24
(1.27)
16.14
(3.94)
0.45

1
9.13
(3.14)
5.07
(2.34)
4.40
(2.08)
5.67
(2.57)
11.73
(3.40)
4.53
(2.38)
6.66
(2.67)
4.53
(2.38)
4.20
(2.20)
1.40
(1.32)
23.46
(4.80)
0.13

3
0.83
(1.39)
5.43
(2.43)
3.70
(2.05)
1.56
(1.30)
7.00
(2.73)
0.73
(1.07)
1.47
(1.40)
1.80
(1.49)
2.36
(1.82)
0.97
(1.15)
23.33
(4.61)
0.43

5
3.80
(2.07)
6.60
(2.02)
5.00
(2.34)
4.83
(2.30)
8.33
(2.96)
3.07
(1.88)
5.07
(2.30)
4.33
(2.14)
3.20
(1.92)
0.77
(1.12)
12.83
(3.65)
0.23

7
1.87
(1.53)
2.33
(1.68)
5.73
(2.49)
1.07
(1.24)
2.60
(1.76)
1.51
(1.31)
4.70
(2.27)
4.70
(2.27)
5.00
(2.12)
2.60
(1.76)
10.07
(3.24)
0.66

10
0.15
(0.80)
1.90
(1.54)
8.13
(2.93)
6.46
(2.63)
1.80
(1.51)
2.40
(1.70)
3.83
(1.99)
2.76
(1.81)
3.80
(1.82)
0.46
(0.98)
11.01
(3.39)
0.38

X + 0.5
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Table 3. Effect of cow-urine indigenous plant extracts and Nimbicidine on cabbage aphid, B. brassicae in cabbage
Treatment

Dose
(ml ha -1 )

Melia azedarach

12,500

Murraya koenigii

12,500

Melothria perpusilla

12,500

Lantana camara

12,500

Acorus calamus

12,500

Jatropha gossypifolia

12,500

Ageratum conyzoides

12,500

Artemisia nilagirica

12,500

Andropogon nardus

12,500

Nimbicidine 0.03%

2000

Control (Water)
CD(P=0.05)

–

Mean popula tion
(plant-1 ) after
2005
2006
2007
20.50 29.85
34.82
(4.20) (5.45)
(6.43)
22.85 32.75
39.56
(4.55) (5.85)
(6.55)
24.35 29.75
44.81
(5.05) (5.35)
(6.91)
23.55 28.85
40.36
(4.95) (5.15)
(6.67)
24.75 31.35
46.86
(5.20) (5.65)
(6.76)
21.40 31.25
34.44
(4.45) (5.37)
(6.38)
23.88 29.70
37.47
(4.99) (5.29)
(6.34)
22.45 30.59
35.70
(4.65) (4.95)
(6.84)
22.15 32.30
38.55
(4.23) (5.99)
(6.58)
12.25 15.39
22.10
(3.95) (3.99)
(4.36)
28.05 35.30
52.69
(5.34) (6.25)
(7.19)
0.14
0.16
0.30

Figures in parentheses are transformed values

Mean
28.39
(5.36)
31.72
(5.65)
32.97
(5.77)
30.92
(5.59)
34.32
(5.87)
29.03
(5.40)
30.35
(5.54)
29.58
(5.48)
31.00
(5.60)
16.58
(4.10)
38.68
(6.26)
0.20

1
26.76
(5.21)
29.33
(5.45)
31.25
(5.63)
28.26
(5.36)
28.16
(5.34)
25.93
(5.13)
30.08
(5.52)
29.50
(5.47)
30.30
(5.54)
15.28
(3.96)
25.38
(6.03)
0.25

3
24.51
(4.99)
27.38
(5.27)
28.6
(5.38)
26.63
(5.20)
29.08
(5.43)
24.76
(5.02)
26.33
(5.17)
26.05
(5.14)
27.03
(5.24)
10.50
(3.31)
37.75
(6.18)
0.77

5
26.78
(5.22)
29.95
(5.78)
30.45
(5.56)
31.43
(5.64)
35.02
(5.78)
28.81
(5.41)
28.75
(5.40)
27.76
(5.31)
29.43
(5.46)
17.36
(4.22)
39.91
(6.35)
1.07

7
28.86
(5.41)
33.08
(5.79)
35.11
(5.96)
33.73
(5.84)
39.08
(6.28)
32.06
(5.70)
31.86
(5.68)
29.98
(5.51)
32.73
(5.76)
19.95
(4.52)
40.16
(6.37)
0.12

10
35.03
(5.95)
38.86
(6.27)
39.40
(6.30)
34.58
(5.98)
40.26
(6.53)
33.63
(5.83)
34.76
(5.93)
34.62
(5.92)
35.51
(5.91)
19.85
(4.50)
42.33
(6.38)
1.23

X + 0.5

1995; Singh et al., 2004; Singh et al., 2005). The effectiveness
of these extracts might be attributed due to their high
repelling/anti-feeding action and higher persistence as
compared with the other cow-urine plant extracts.
Effect of evaluated extracts on yield
In the present investigation, all the evaluated botanicals
brought significant reduction in DBM, CB and CA population
which resulted in significantly higher cabbage yield (Table
4) in comparison to untreated control (14.35 t ha-1). The yield
was significantly highest (23.12 t ha-1) from the Nimbicidine
treated plots and followed by M. azedarach (21.98 t ha-1), A.
nilagirica (21.25 t ha-1), A. nardus (20.22 t ha-1 ), J. gossypifolia
(19.85 t ha-1) and A. conyzoides (19.45 t ha-1). Further, there
was a general trend in yield increase which was in
accordance with the level of control of the pests. The more
effective control of DBM, CB and CA by Nimbicidine, M.
axedarach, A. nilagirica, A. nardus, J. gossypifolia and M. koenigii
was manifested by higher yield of 21.18 to 61.01 per cent
over untreated control. The plant derivatives having
moderate effectiveness against the pests resulted in 18.11 to
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19.60 per cent yield increase over control being highest in M.
azadarach. Considering the achievable yield of 23.12 t ha-1
with Nimbicidine the avoidable loss was in between 4.93
(M. azedarach) to 24.78 (A. calamus) per cent in different
botanical treatments (Table 5). Thus, there was a direct
relationship between the level of pest control, cabbage yield
and avoidable loss.
CONCLUSION
Results of the present field investigation indicates that
the P. xylostella, P.brassicae and B. brassicae are the regular
pests of cabbage and caused moderate level of damage
envisage the need for their effective management. Even
though phytoproducts proved moderately effective against
the pests and inferior to the Nimbicidine (neem based
formulation). In consideration of safety to the natural enemies
prevalent in the cabbage crop-ecosystem in one hand and
the problem of environmental pollution on the other, it is
advisable to use the safer pest control agents. Moreover,
cabbage is also consumed green without cooking, hence there
should not be any pesticide residue. Therefore, intercrops
Journal of Eco-friendly Agriculture 4(2) 2009
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Table 4. Effect of plant extracts on the population of 3 pests and yield of cabbage
Treatment
Melia azedarach

Dose
(ml ha -1 )
12,500

Murraya koenigii

12,500

Melothria perpusilla

12,500

Lantana camara

12,500

Acorus calamus

12,500

Jatropha gossypifolia

12,500

Ageratum conyzoides

12,500

Artemisia nilagirica

12,500

Andropogon nardus

12,500

Nimbicidine (0.03%)
Control (Water)

2000
–

Mean popula tion of insects (plant–1 )
P.xylostella
P.brassicae
B.brassicae
12.85
3.17
28.39
(3.61)
(1.79)
(5.36)
20.61
3.86
31.72
(4.57)
(2.00)
(5.65)
21.04
5.39
32.97
(4.61)
(2.38)
(5.77)
18.71
3.92
30.92
(4.32)
(2.01)
(5.59)
22.29
6.29
34.32
(4.73)
(2.47)
(5.87)
16.42
2.32
29.03
(4.07)
(1.53
(5.40)
18.88
3.83
30.35
(4.35)
(1.99)
(5.54)
18.04
3.62
29.58
(4.26)
(2.02)
(5.48)
18.84
3.80
31.00
(4.32)
(1.98)
(5.60)
9.32
1.24
16.58
(3.09)
(1.27)
(4.10)
39.20
16.14
38.68
(6.06)
(3.94)
(6.26)
0.46

CD = (P= 0.05)
Figures in parentheses are transformed values

0.45

0.20

Yield
(t ha -1 )
21.98
17.77
18.30
17.45
17.39
19.85
19.45
21.25
20.22
23.12
14.35
0.82

X + 0.5

Table 5. Avoidable loss of cabbage due to three major insect pests and increase in yield due to different insecticidal
treatments over control
Treatment
Melia azedarach
Murraya koenigii
Melothria perpusilla
Lantana camara
Acorus calamus
Jatropha gossypifolia
Ageratum conyzoides
Artemisia nilagirica
Andropogon nardus
Nimbicidine (0.03%)
Control (Water)

Dose
(ml ha –1 )
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
2000
–

Yield
(t ha -1 )
21.98
17.77
18.30
17.45
17.39
19.85
19.45
21.25
20.22
23.12
14.35

Avoidable loss (%)
4.93
23.14
20.85
24.52
24.78
14.14
15.87
8.09
12.54
0.00
37.93

Increase in yield
over control (%)
53.17
23.83
27.53
21.60
21.18
38.33
35.54
48.08
40.91
61.11
-

Nimbicidine @ 2000 ml ha-1 recorded the highest cabbage yield, i.e., 23.12 t ha-1 on the basis of which avoidable losses in different insecticidal
treatments have been determined
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like marigold,garlic,potato and tomato, and cow-urine plant
extracts of M. azedarach / J. gossypifolia may be incorporated
in devising an effective and economically viable integrated
management strategy against P. xylostella, P. brassicae and B.
brassicae under prevailing agro-climatic conditions of
Manipur valley.
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Persistent toxicidal efficacy of neem and gorakhmundi against
pulse beetle (Callosobruchus chinensis Linn.)
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ABSTRACT
The persistent toxicidal efficacy of seed kernel of neem (Azadirachta indica A. Juss) and leaves of gorakhmundi
(Sphaeranthus indicus Linn), aqueous, alcoholic and acetonic extracts (0.25 & 0.50%) were evaluated as post-harvest
protectants of greengram (Vigna radiata L.) seed against pulse beetle, Callosobruchus chinenesis Linn during 24 weeks of
storage in vitro. Among the evaluated extracts, the alcoholic extract of neem (0.5%) was most effective as it increased
adult mortality (88.10%) throughout the storage period. The next best treatments were acetone and aqueous extracts
(83.81 & 80.95%) of neem at same doses, indicating that the insecticidal phytotoxicant (s) distributed in all the
extracts. Mortality was 78.81 per cent in alcoholic extracts (0.50%) of gorakhmundi plant, whereas seeds treated with
aqueous extract (0.25%) was the least effective (60.95%). In the order of relative efficacy, the alcoholic extract was
most effective followed by acetonic and aqueous extracts in case of both plants.
Key Words : Seed kernel, persistent toxicity, greengram, pulse beetle, neem, gorakhmundi

INTRODUCTION
There are many species of pulse beetle, Callosobruchus
chinensis, C. maculates, C. analis, C. phaseolii and C. rhodesianus
which causes considerable damage to stored pulses. Among
these, C. chinensis, C. maculates and C. analis are common in
India (Raina, 1970). The pulse beetle lives inside the seed
and feed primarily on endosperm. The beetle made the seed
unfit for consumption and sowing. The significant losses in
the weight and nutritive values, results in germination of
abnormal seedlings (Talukder et al., 2002; Maheshwari et al.,
2003). The use of fumigants for the control of bruchids in
indigenous storage structure under Indian rural conditions
is neither practicable nor advisable (Chaman and Verma,
2006). The effectiveness of fumigants does not persist and
the grain may reinfest. The fumigation is generally carried
out only as a curative measures. Certain fumigants are
reported to have an adverse effect on germination of pulse
seeds (Srivastava and Mann, 2002). Direct mixing of
persistent and toxic dust of Organochlorine and
Organophosphours insecticides with seed may prove
hazardous during handling and many storage pest develops
resistance. These insecticides also affects non-target
organisms and environment. Residues of the insecticides
may be left in stored grains and also in environment (Khaire
et al., 1987; Singh and Sharma, 2003). This stressed need to
develop safe and potent substitute against storage pest.
Natural products of plant origin are biodegradable and less
persistent in environment. These are potential alternate to
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synthetic pesticides (Khaire et al., 1987; Maheshwari et al.,
2003) and presumed safe to human beings and less toxic to
non target organisms. Botanicals are often cheaper than
commercial pesticides and are readily available in most of
the places (Talukder and Howse, 1994; Aslam et al., 2002;
Ignacimuthu, 2004; Pavela, 2008). Upadhyay et al. (2006)
and Patole and Mahajan (2008) have reported that the plant
and plant products are excellent candidates to be exploited
as postharvest seed protectants. In present investigation, the
solvent extracts of two indigenous plants, A. indica (neem)
and Sphaeranthus indicus (gorakhmundi) were tested for their
persistent toxicidal efficacy as post-harvest protectants of
greengram (Vigna radiata L.) seeds against pulse beetle, C.
chinensis L. during storage and results are reported.
MATERIALS AND METHODS
Plant material
Neem seed kernel was collected during June to July,
2007, while gorakhmundi was collected during February to
March, 2007 locally and authenticated. It was thoroughly
washed with water, air dried in shade, pulverized by
mechanical grinder and passing through sieve of mesh size
0.50 mm. The powder was stored in air tight plastic container.
Extract preparation
Aqueous, alcoholic and acetonic extracts of neem
seed kernel and gorakhmundi leaves were prepared by using
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30 g dried powder of plants, individually extracted in 300
ml water(95 oC), ethanol (74 oC) and acetone (56 oC) for 4 hr
in soxhlet set. Each extract was concentrated 5 folds on water
bath at 50-60 oC and stored in airtight dessicator.
Rearing of insect pest
The pulse beetle, C. chinensis L. was identified and
reared in plastic jars of 1 kg capacity. Each jar containing
100 g of green gram seeds and 20 pairs of C. chinenesis L.
(either sex) were added to each jar, its mouth tide with muslin
cloth and labeled properly. These rearing jars were placed
in growth chamber at 30 ± 2 oC and 70 ± 5 per cent relative
humidity.
Pulse seeds and treatment
Non-infested green gram seeds were procured
immediately after harvesting. Possible insect contamination
was eliminated by thoroughly washing the seeds and dried
in bright sunlight for 3 days to bring down the moisture
content at 6-7 per cent and stored in airtight containers. Stock
solution of each extract (100 ml) with 1 per cent (10 mg ml–1)
concentration was prepared in distilled water. Fixed
quantities were taken from stock solution and further diluted
with distilled water to make the concentrations of 0.25 and
0.50 per cent of each extract and 1.5 kg seed treated with
both the concentrations. The plant extracts and aqueous
solution were applied in the form of spray with the help of
hand sprayer in 45 × 30 cm tray. After spraying, seeds were
dried under the fan for 12 hr and stored in airtight glass jar
at ambient conditions.
Persistent toxicidal efficacy
The samples (50 g each) were drawn after 2 days of
treatment and subsequently after every 4th week up to 24th
week from 1.5 kg of treated green gram seeds for the study.
Each concentration of the extract was replicated thrice along
with untreated control. The treated samples were kept in
plastic containers (6 × 6 cm) having perforated lids and with
20 adult beetles (2-days-old), introduced after 2-days of
treatment. Observations on persistent toxicidal efficacy in
the form of mortality on adult beetles were recorded, during
24 weeks of storage. The live beetles were retained in the
sample for egg laying. Persistent toxicity of different extracts
was determined by method described by Pradhan (1967),
i.e., PT = P × T, where PT denotes index of persistent toxicity,
while P toxicity persisted period and T average residual
toxicity.
On the basis of ‘PT’ value the order of relative efficacy
(ORE) of each treatment was determined. All the data
collected were analysed stastistically.
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RESULTS AND DISCUSSION
After 2 days of treatment, aqueous and alcoholic
extracts (0.50%) of neem gave 98.33 per cent mortality and
found significantly superior to all the treatments. The
mortality in alcoholic (0.25%) and acetonic extracts (0.50%)
of neem and aqueous, alcoholic and acetonic extracts (0.50%)
of gorakhmundi was 93.33, 91.67, 98.33, 98.33 and 91.67 per
cent, respectively (Table 1). The lowest, i.e., 73.33 per cent
toxicity was observed in the treatment, aqueous extract
(0.25%) of gorakhmundi. After 4 weeks of treatment, alcoholic
(0.25% & 0.50%) and acetonic extracts (0.50%) of neem
recorded 91.67, 93.33 and 93.33 per cent mortality. The
toxicity was lower (66.67%) at 0.25 per cent concentration of
aqueous extract of gorakhmundi. Alcoholic extract (0.50%)
of neem was significantly more toxic (96.67%) after 8 weeks
over other extracts but after 12 weeks the same concentration
of alcoholic extract of neem resulted 91.67 per cent mortality.
The 0.50 per cent concentration of aqueous and acetonic
extracts of neem and alcoholic of gorakhmundi recorded
81.67 per cent mortality. The mortality trend was similar in
these treatments after 16, 20 and 24 weeks but showed
decreasing trend.
The results based on ‘PT’ value indicated that the
alcoholic extract of neem was most persistent plant extract
with ‘PT’ value of 2114.30 and may protect green gram seeds
up to 24 weeks (Table 1) its alcoholic and acetonic extracts at
the same concentration were the next with ‘PT’ values of
2011.47 and 1942.83, respectively. The least toxicity was in
aqueous extracts of neem and gorakhmundi at the
conecntration of 0.25 per cent with ‘PT’ values of 1817.14
and 1462.83.
The insecticidal activity of alcoholic extract (0.50%)
of neem was highly toxic followed by acetonic and aqueous
extracts at same concentrations. The higher mortality of these
extracts to pulse beetle may be due to its easy penetration.
Similar results were obtained by Raina (1970). Further it was
supported by Khaire et al. (1987) and Aslam et al. (2002).
However, Srivastava and Mann (2002) reported that the adult
mortaility might be due to abrasive effect on the cuticle of
insect pest. Maheshwari et al. (2003) have reported that the
flavonoids obtained from Calotropis procera showed highest
contact toxicity against Callosobruchus chinensis L. Recently,
Ghosal et al. (2005) have reported insecticidal effect of
different edible and non-edible oils against pulse beetle, C.
chinensis L. Their results showed that most of non-edible oils
were effective to cause death of adult beetles because the
plant oil contains some harmful secondary metabolities,
which may disrupt major metabolic path way and cause
death. Upadhyay et al. (2006) evaluated inhibitory activity
of stem and flower extracts of Capparis deciduas against
Journal of Eco-friendly Agriculture 4(2) 2009

Persistent toxicidal efficacy of neem and gorakhmundi against pulse beetle (Callosobruchus chinensis Linn.)

Bruchus chinensis and stated that it was dose and time
dependent. Recently, Pavela (2008) had reported insecticidal
action of several essential oils of plants against house fly,
Musca domestica L. It has been stated by Bakkali et al. (2008)
that the essential oil contains varieties of volatile substances

CONCLUSION
In present investigation, the persistent toxicity was
found positively correlated with the type of solvent extract
and its concentrations being highest at 0.50 per cent. It may
be concluded from the result of the present study that the use

Table 1 : Persistent toxicity to adult pulse beetle exposed to solvent extracts of neem and gorakhmundi
Treatment
A/a/I
A/a/II
A/b/I
A/b/II
A/c/I
A/c/II
B/a/I
B/a/II
B/b/I
B/b/II
B/c/I
B/C/II
Untreated Control
S. E.m±
C.D. (P = 0.05)

Per cent adult mortality after 48 hr of exposure
Duration of storage after treatment, before exposure (day/week)
2nd day
4
8
12
16
20
86.77
85.00
83.33 78.33 70.00
65.00
(68.61)
(67.20) (65.93) (62.20) (56.80) (53.70)
98.33
88.33
85.00 81.67 71.67
73.33
(82.72)
(70.00) (67.20) (64.68) (57.87) (58.91)
93.33
91.67
83.33 75.00 78.33
76.67
(75.20)
(73.30) (65.93) (60.00) (62.24) (61.10)
98.33
93.33
96.67 91.67 81.67
80.00
(82.72)
(75.10) (79.50) (73.30) (64.68) (63.40)
81.67
83.33
75.00 73.33 73.33
76.67
(64.68)
(65.93) (60.00) (58.91) (58.91) (61.10)
91.67
93.33
86.67 81.67 81.67
80.00
(73.30)
(75.10) (68.60) (64.68) (64.68) (63.40)
73.33
66.67
68.33 63.33 55.00
58.33
(58.86)
(54.70) (55.80) (52.70) (48.90) (49.80)
91.67
86.67
85.00 73.33 60.00
63.33
(73.30)
(68.60) (67.20) (58.91) (50.80) (52.70)
83.33
83.33
83.33 78.33 73.33
60.00
(65.93)
(65.93) (65.93) (62.20) (58.91) (50.80)
91.67
88.33
83.33 81.67 81.67
75.00
(73.30)
(70.00) (65.93) (64.68) (64.68) (60.00)
85.00
78.33
71.67 78.33 73.33
70.00
(67.20)
(62.24) (57.87) (62.20) (58.91) (56.80)
91.67
81.67
83.33 76.67 80.00
75.00
(73.30)
(64.68) (65.93) (61.10) (63.40) (60.00)
00.00
00.00
00.000 00.00 00.00
00.00
(00.00)
(00.00) (00.00) (00.00) (00.00) (00.00)
2.311
2.405
2.778 2.705 2.456
3.039
6.746
7.020
8.107 7.896 7.168
8.869

24
61.67
(51.73)
68.33
(55.80)
61.67
(51.73)
75.00
(60.00)
58.33
(49.80)
71.67
(57.87)
41.67
(40.20)
48.33
(44.27)
36.67
(37.30)
50.00
(45.00)
46.67
(43.10)
53.33
(46.90)
00.00
(00.00)
5.515
16.096

P T
PT
ORE
24 75.71 1817.14 7
24 80.95 1942.83 3
24 80.00 1920.00 4
24 88.10 2114.30 1
24 74.52 1788.55 8
24 83.81 2011.47 2
24 60.95 1462.83 12
24 72.62 1742.85 9
24 71.66 1719.98 11
24 78.81 1891.44 5
24 71.90 1725.70 10
24 77.38 1857.15 6
--

--

--

--

---

---

---

---

Values in parenthesis are the arc sin transformation of mean values
A = Neem, B = Gorakhmundi, a = aqueous extract, b = alcoholic extract, c = acetonic extract, I = 0.25%, II = 0.50%

such as terpenes and terpenoids, phenol-derived aromatic
and aliphatic compounds. Most of these compounds are
antioxidant in eukaryotic cells, can acts as prooxidants
affecting inner cell membrane like mitochondria as well as
changes in intracellular redox potential and mitochondrial
dysfunction which may be responsible for death of insect
pest.
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of natural pesticide has the potential to bring prosperity to
rural areas. Hence, indigenous plants and plant products
should be exploited for their insecticidal properties.
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ABSTRACT
Studies were carried out to evaluate the toxicity of insecticides, Alphamethrin, Novaluron and Endosulfan against
Italian honey bee, A. mellifera L. at exposure period of 10 min. The LC50 values obtained were 62.15 ppm, 2695.8 ppm
and 363.16 ppm at 24 hours after treatment. Based on toxicity tests, Endosulfan was found least toxic among
synthetic insecticides to honey bees (A. mellifera) with its LC50 value 363.16 ppm, whereas Alphamethrin was found
highly toxic. Out of 3 insecticides tested, Novaluron a growth regulator was safest to honeybees.
Key words : Apis mellifera, Alphamethrin, Novaluron, Endosulfan, toxicity

INTRODUCTION
Insect pollination has been recognized as a key input n
improving crop productivity. Among the pollinating insects,
honeybees occupy a prime position (Deodikar and
Suryanarayana, 1977). The use of insecticides continues to
be a basic tool in pest management, because in many pest
situations, known alternative management methods are not
available. However, the harmful effect of insecticides against
beneficial insects continue to be a serious problem. Poisoning
of bee pollinators is a serious adverse effect of insecticides
which leads to decreased insect pollination, reduction of
honey yield, destruction of plant communities, insecticide
residues in food and a significant loss of beekeeper’s income
(Stefanidou et al., 2003). Insecticides when applied at
flowering to control insect pests, the bees are bound to
exposed to these sprays. Most of these chemicals could be
destructive to bees owing to their systemic action and these
find ways in to the nectar. The chances of toxicity through

systemic insecticides are on increase with the increasing
number of growers maintaining A. mellifera colonies for
additional income. The insecticides can be screened with
precise experimentation in the laboratory to find out their
relative toxicities and results obtained, successfully be
utilized to manipulate hazardous effect of their field
application (Atkins et al., 1973). Hence, the studies were
carried out to find out the toxicity of Alphamethrin,
Novaluron and Endosulfan against A. mellifera under
laboratory conditions.
MATERIALS AND METHODS
Six dosages of each insecticide giving mortality between
10 and 90 per cent were tested. The commercial formulations
of the three insecticides, procured from respective firms were
diluted in water to get desired concentration, (Table 1). In
the prepared insecticidal solution of desired concentrations,
filter paper dishes were dipped and allowed to dry at room

Table 1. Details of insecticides belonging to various groups used for their relative toxicity against A. mellifera L.

Sl. Common name
Trade name
No.
Synthetic Pyrethroids :
1.
Alphamethrin Farsa 10%

Cyclodienes :
2.
Endosulfan

Dhansulfan 35%

Growth Regulator :
3.
Novaluron
Rimon 10%
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Recommended
dose (%)

Source of supply

EC

0.025

BASF India Ltd,
RBC, Mahindra Towers, A wing, 1st floor
Dr. G.M. Bhosale Marg, Worli, Mumbai-400018

EC

0.07

Merrut Agro Chemical Industries Ltd.,
Industrial Estate, Partapur, Merrut-250103

EC

0.01

Indofil Chemicals Company
Nirlun House,
Dr. Annie Beasant Road, Worli, Mumbai400030

Shiwani Bhatnagar and A.K. Karnatak

temperature for one hour. The treated papers were kept in
petri-dishes and 10 forager bees which were immobilized by
keeping them in deep freezer for about 5 minutes were
released in each petridish. Parallel untreated control was
kept for comparison. These petridishes were covered with 8
mesh wire gauge / muslin cloth. During the course of
experimentation the bees were observed to have a tendency
of clustering for which regular gentle shaking and airing
resorted for obtaining better contact with the insecticidal film.
After exposing the foragers for 10 minutes, the bees were
transferred to sterilized glass jars covered with muslin cloth
and having fifty per cent sugar solution for feeding. Each
treatment was replicated thrice under completely
randomized design. The data on mortality of bees was
recorded at 1, 18, 24, 48 and 72 hours after treatment.
Moribund bees were taken as dead and LC 50 values
calculated using computer programme.
RESULTS AND DISCUSSION
Based on LC50 values Alphamethrin was found highly
toxic with LC50 values of 62.15 ppm (Table 2) after 24 hours

Singh et al., 1997), who reported Endosulfan as least toxic to
A. cerana bees at recommended doses. Thus earlier reports
that Endosulfan is least potent contact poison (Singh et al.,
1997) are also evident from the present study. Pyrethroid
insecticide
sumicidin
(fenvalerate),
fastox
(alphacypermethrin) and danitol (fenopropathrin) when
tested as contact or oral poisons against bees in the
laboratory, all were found to be highly toxic with LC50 values
(oral toxicity) of 0.423, 0.056 and 0.0465 g bee–1 for fenvalerate,
alphamethrin and fenpropathrin, respectively (Wael and
Laere, 1989). Rimon (novaluron) 10 EC when tested in the
loboratory on worker bees was found to be safe against
A. cerana indica Fab. giving mean per cent mortality between
5.38 to 49.66 after 48 hour of exposure (Nadaf et al., 2006).
The results obtained in the present investigation were
in complete accordance with Kowalewski (2002) who
reported organophosphates, carbamates and synthetic
pyrethroids to be main risk to honeybees. The difference, if
any between present investigation and the earlier findings
by several investigators may be due to several factors such
as sources and age of bees, season of testing, effect of pre-

Table 2. Toxicity of Endosulfan, Novaluron and Alphamethrin to A. mellifera L. foragers
Insecticide
Endosulfan

Novaluron

Alphamethrin

Treatment
(hour)
1
18
24
48
72
1
18
24
48
72
1
18
24
48
72

X2
3.833
1.590
0.363
0.488
0.568
0.792
1.047
2.318
1.230
0.105
0.509
1.510
0.561
1.106
1.687

Regression equation
y = a+bx
Y = 3.04+0.59X
Y = 3.47+0.52X
Y = 3.60+0.55X
Y = 3.52+0.61X
Y = 3.79+0.52X
Y = 0.51+1.168X
Y = 1.19+0.99X
Y = 2.16+0.83X
Y = 3.09+0.79X
Y = 3.72+0.56X
Y = 2.17+0.874X
Y = 3.25+0.76X
Y = 4.08+0.512X
Y = 4.009+0.606X
Y = 4.00+0.654X

of treatment. Endosulfan and Novaluron were least toxic
with LC50 values 363.16 ppm and 2695.8 ppm, respectively.
The decrasing order of toxicity of the tested chemicals
therefore, appeared to be, Alphamethrin>Endosulfan>
Novaluron. Out of 3 insecticides tested, only Endosulfan
and Novaluron may be considered as relatively safe.
Novaluron a growth regulator was found safest to
honeybees. These observations are in conformity with the
finding of earliers workers (Singh, 1968; Deshmukh, 1991;
160

LC30 (ppm)
277.707
84.343
40.46
38.27
20.464
2504.76
2065.74
636.21
54.97
22.689
437.47
38.957
6.014
5.985
5.35

LC50 (ppm)
2126.901
826.403
363.165
276.82
202.106
6978.86
6896.31
2695.878
248.18
189.84
1721.15
184.76
62.156
43.162
33.351

LC90 (ppm)
319262.9
227470.0
80541.41
36092.81
56725.02
86939.02
134070.8
94259.09
10145.25
35427.79
50130.37
8523.529
19511.64
5586.48
3015.77

treatment temperature, the climatic condition etc. which
entail considerable difference in the toxic values of
insecticides.
CONCLUSION
It emanates from the present investigation that the
Novalnron, a growth regulator is safest to honey bee, Apis
mellifera and could be recommended for the region where
bee pollinators used to be maintained.
Journal of Eco-friendly Agriculture 4(2) 2009
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ABSTRACT
Structure of the protein has a major role in determining its function, as the active site and regulatory site, all are related
to the structure of protein. Protein structure prediction is of high importance in medicine (drug design) and biotechnology
(design of novel enzymes). Curry or Kadipatta or sweet neem (Murraya koenigii; syn. Bergera koenigii, Chalcas koenigii)
is a tropical and sub-tropical tree belongs to the family rutaceae and native to India. This plant is exposed by a
number of pathological symptoms among which mosaic symptoms caused by potyviruses found most important
and common. These viruses can be responsible for severe economic damage to the crops. It is a single stranded RNA
virus and has no DNA stage. The potyvirus group is the largest of the 34 plant virus groups. The genome of potyvirus
is monopartite and the complete sequence about 9000-10080-12000 nucleotides long. The virions of a Potyvirus
consist of a non-enveloped capsid. The capsid is elongated with helical symmetry. Coat protein plays important role
in causing pathological symptoms in Murraya koenigii. The 3D structure of potyvirus coat protein is not available
hence an attempt has been made to design this structure through Homology Modeling by using Swiss model. It may
be concluded from the present findings that the predicted structure of potyvirus coat protein could be used in
targeting for any novel molecule designing to act as pesticide.
Key Words: Homology Modeling, Swiss model, Bioinformatics

INTRODUCTION
Protein structure prediction is one of the most important
goals pursued by bioinformatics and theoretical chemistry.
Its aim is the prediction of the three-dimensional structure
of proteins from their amino acid sequences, sometimes
including additional relevant information such as the
structures of related proteins. In other words, it deals with
the prediction of a protein’s tertiary structure from its primary
structure. Protein structure prediction is of high importance
in medicine (drug design) and biotechnology (design of novel
enzymes). Every two years, the performance of current
methods is assessed in the CASP experiment. (Zhang and
Skolnick 2005). Curry tree or Kadipatta or sweet neem
(Murraya koenigii; syn. Bergera koenigii, Chalcas koenigii) is a
tropical and sub-tropical tree in the family rutaceae, which
is native to India. The plant is exposed to number of
pathological symptoms among which mosaic caused by
potyviruses found most important and common. Potyviruses
(Nayeem et al., 2006) are the major group in the Potyviridae
family and infect a broad range of host plants, both monocots
and dicots. These viruses can be responsible for severe
economic damage to crops. The genome of potyvirus is
monopartite and the complete sequence may be about 900010080-12000 nucleotides long. The virions of a potyvirus
consist of a non-enveloped capsid. The capsid is elongated
with helical symmetry. Potyviruses are transmitted
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predominantly by aphids in a non-persistent manner (Silvio
Urcuqui-Inchima et al., 2001). Analysis of the 136 possible
pairings of the coat protein amino acid sequences from 17
strains of eight distinct potyviruses revealed a bimodal
distribution of sequence homology. Distinct members of the
group exhibited sequence homologies ranging from 38 to 71
per cent (average 54 per cent) with major differences in the
length and sequence of their N termini and high sequence
homology in the C-terminal half of the coat proteins. In
contrast strains of individual viruses exhibited sequence
homologies of 90 to 99 per cent (average 95 per cent) and had
very similar N-terminal sequences. These findings cast doubt
on the currently held ‘continuum’ hypothesis proposed to
explain the unsatisfactory taxonomy of the potyvirus group.
The coat protein sequence data, in combination with
information on the nature of the potyvirus particle assembly,
can be used to develop rationally designed, simple
serological techniques that appear to be more useful and more
easily applied than those properties previously used for
potyvirus identification and classification (Voigt et al., 2000;
Debe et al., 2006).
In current studies, It is an attempt to design 3D structure
of potyvirus coat protein from its raw protein sequence by
using Swiss model tool. As protein 3D structure is more
conserve than sequence. This predicted 3D structure can be
used in targeting for any novel molecule designing to act as
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pesticide with fewer side effects on other parts of plants.
MATERIALS AND METHODS
Homology modeling is routinely used in many
applications, such as virtual screening, or rationalizing the
effects of sequence variations etc. In theses cases, homology
modeling has proven to be the method of choice to generate
a reliable 3D model of protein forms its amino acid sequence.
Building a homology model comprises four main steps, i.e,
identification structural template(s), alignment of target
sequence and template structure(s), model building and
model quality evaluation. These steps can be repeated until
a satisfying modeling result is achieved. Selection of the most
suitable template structure and the alignment between target
and templates are still the predominant sources of errors in
comparative models. Some offline tools as such as Swiss
PDB Viewer, Cn-3D, pymol and DTMM were also used to
construct the model manually and check the accuracy
percentage by comparing the results. This model has been
generated by Swiss model tool (Nayeem et al., 2006)

Fig.1 (b) Anolea

RESULTS AND DISCUSSION
Through the approach of homology modeling the
predicted unrefined theoretical 3D structure (Fig.1a) of coat
protein for potyvirus extracted from leaf of Murraya koenigii
is visualized by Swiss pdbviewer tool.
Model evaluation
The statistical verification has been performed for
predicted 3D structure of coat protein for potyvirus.Before
refinement we evaluated the 3D structure by using different
protein structural analysis tool viz., ANOLEA, VERIFY 3D
and GROMAS (Fig. 1b, c, d, e).

Fig.1 (a) Unrefined 3D structure of coat protein
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Fig.1(c) Gromas

Fig.1 (d) Verify 3D
Journal of Eco-friendly Agriculture 4(2) 2009

In silico 3D structure prediction of potyvirus coat protein causing mosaic symptoms on leaves of murraya koenigii

refined model is about -7456.69. It shows the minimum
energy by this we evaluate that structure is more stable and
folding has been done properly. The Final structure was
further evaluated through RAMACHANDRAN PLOT and
statistical analysis for validity and stability was performed
through different softwares viz., ANOLEA, VERIFY 3D,
GROMAS (Fig.2b) and PROCHEK (Fig.2c).

Fig.1 (e)

Anolea
The atomic empirical mean force potential ANOLEA is
used to assess packing quality of the models (Fig. 1b). The
program performs energy calculations on a protein chain,
evaluating the “Non- Local Environment” (NLE) of each
heavy atom in the molecule. The y-axis of the plot represents
the energy or each amino acid of the protein chain. Negative
energy values (in green) represent favorable energy
environment, whereas positive values (in red) unfavorable
energy environment for a given amino acid. The model was
further evaluated using GROMOS and the result was studied.

Fig.2 (a) Refined structure of Potyvirus coat protein

Gromos
Gromos is a general-purpose molecular dynamics
computer simulation package for the study of bimolecular
systems and can be applied to the analysis of conformations
obtained by experiment or by computer simulation (Fig. 1c).
The y-axis of the plot represents the energy for each amino
acid of the protein chain. Negative energy values (in green)
represent favourable energy environment, whereas positive
values (in red) unfavourable energy environment for a given
amino acid.

Fig.2 (b) Anolea, Verify 3d, Gromas results

Verify3D
The Verify3D method assess protein structures using
three-dimensional profiles (Fig. 1e). This program analyses
the compatibility of an atomic model (3D) with its own amino
acid sequence (1D). Each residue is assigned a structural
class based on its location and environment (alpha, beta,
loop, polar, apolar etc). Afterwards database generated from
good structures which is used to obtain a score for each of
the 20 amino acids in this structural class. The final total
energy of unrefined protein model is about -6801.04. The
crude structure obtained from Swiss model had some draw
backs, hence it was verified through different software’s to
get refined structure (Fig.2a). The final total energy of the
Journal of Eco-friendly Agriculture 4(2) 2009

Fig.2(c) Ramchandran plot for refined model
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CONCLUSION
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ABSTRACT
The Trichoderma ,Paecilomyces and Aspergillus spp. have a wide variety of applications in the agricultural field.
Trichoderma spp. are capable of producing either antibiotic or intracellular lytic enzymes such as cellulases and
responsible for antagonism. Cellulolytic enzymes are essential for the maintenance of the global carbon cycle. Production
of cellulases in large quantities by fungus requires the understanding the dynamics between growth and enzyme
production. In present investigation, the effect of sugar and their combination in cell biomass growth in terms of cell
dry weight by Trichoderma reesei, Aspergillus niger and Paecilomyces sp. revealed that the growth rate of T.reesei and
Paecilomyces were much faster than A.niger. The cultures showed fastest growth in glucose medium and a distinct lag
exponential and stationary phase have been observed. However, in glucose and cellulose containing medium different
types of growth pattern were observed. In the intial phase, generalized trend of growth was observed but later lag and
stationary phase found longer. In this stage, all the energy and resources utilized by the available non growing cells for
enzyme production not for cell growth. It can be infered from the study that different types of sugars play major role
in growth, attained by the same microorganisms.
Key words: Biomass,Trichoderma,Paecilomyces,Aspergillus, cellulase

INTRODUCTION
Trichoderma spp. have been widely used as antagonistic
fungal agents against several pathogens and also as plant
growth enhancers. Faster metabolic rates, anti-microbial
metabolites and physiological conformation are key factors,
chiefly contribute to antagonism of these fungi.
Mycoparasitism, spatial and nutrient competition, antibiosis
by enzymes and secondary metabolites and induction of
plant defence system are typical biocontrol actions of these
fungi. Trichoderma spp. have also been used in a wide range
of commercial enzyme productions viz., cellulases,
hemicellulases, proteases and -1,3-glucanase. Information
on the classification of the genus, Trichoderma, mechanisms
of antagonism and role in plant growth promotion has been
well documented(Verma et al., 2006).The fungal genus
Paecilomyces contributes the carbon turnover from lignin and
carbohydrate plant residues, particularly in compost and
soil environment. These fungi preferentially degrade
carbohydrates instead of lignin and their cellulolytic system
and secrete a diverse array of lignocellulose-degrading
extracellular enzymes (Turpeinen et al., 2007).Dunlap et al.
(2007) developed a foam formulation of Paecilomyces
fumosoroseus ,an entomopathic biocontrol agent.The genus
Aspergillus is one of the most important filamentous fungal
genera. Its species are used in the fermentation industry, but
it is also responsible for various plant and food rots with the
consequence of possible accumulation of mycotoxins. The
aflatoxin producing A. flavus and A. parasiticus and
©2009

ochratoxinogenic A. niger, A. ochraceus and A. carbonarius are
frequently encountered in agricultural products(Perrone et
al., 2007). Cellulose is the world’s most abundant natural
biopolymer and potentially important source for the
production of industrially useful materials (Li et al., 2005).
Degradation of the cellulosic materials is achieved either
chemically or enzymatically. Chemical degradation of
cellulosic materials due to environmental problems are
unfavorable and uneconomical. Successful utilization of
cellulotic materials as renewable carbon source is dependent
on the development of economically feasible processing
technologies (Rakshit and Sahai, 1991). Cellulases are
important industrial enzymes and find applications in
several industrial process. A cellulotic enzyme system consist
of 3 major components, endoglucanase, exoglucanase and 
glucosidase which act synergistically to convert complex
carbohydrates present in lignocellulotic biomass into
glucose. It can be subsequently fermented to ethanol, butanol
and acetone on large scale and may be used as biofuels(Lo et
al., 2005). The cost of cellulose production currently account
for a large fractions cost of bioethanol, hence a significantly
less expansive process for cellulase production is needed.
These are also used in food, feed, textiles, detergent, pulp
and paper industry and agriculture. In pulp and paper
industry these are used as biodeinking enzymes. Cost of
production and low yields of these enzyme are the major
obstacles for industrial applications(Rakshit and Sahai 1991;
Lo et al., 2005).Complete cellulase enzyme systems can be
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MATERIALS AND METHODS
The strains of T. reesei (NCIM 1052), Paecilomyces
(NCIM1111) and A. niger were procured from NCL,Pune.
Fungal spores from stock culture were kept at 40 C in 20 (v/
v) per cent glycerol. These cultures were grown on potato
dextrose agar (PDA) slants at 280 C for 5-6 days, maintained
at 40C and subcultured at monthly intervals. Cultures for
experimentation were multiplied on Potato Dextrose broth
medium in shaker incubator at 290 C maintained at 180 rpm
for 72 hours. The batch growth study was carried out on
medium containing, KH2PO4 (15 g l–1), (NH4)2SO4 (5 g l–1),
MgSO 4.7H 2 O (1.23 g l –1 ), FeSO 4 .7H 2 O, (0.0027 g l –1 ),
MnSO 4 .H 2 O (0.0016 g l –1 ), ZnSO 4 .H 2O (0.0014 g l –1 ),
CoCl2.6H2O (0.0036 g l–1), CaCl2.2H2O (0.08 g l–1); glucose
(10 g l–1), Tween 80 (0.5 g l–1), yeast extract (0.3 g l–1) and
peptone (0.75 g l–1). In another batch experiment glucose
was replaced by mixture of glucose and cellulose (50% w/
w). Data on growth as dry weight of mycelium was recorded
for which 5 ml samples filtered on a dried and preweighed
Whatman filter paper (No. 1) and washed thoroughly with
cold distilled water and NaCl (0.9%) and filter paper with
mycelium dried for 24 hrs at 1050 C and weighed.
RESULTS AND DISCUSSION

Cell dry weight (g l–1)

It has been observed that the lag phase was upto 6hr in
T. reesei and Paecilomyces sp., while it was upto 12 hr in A.
niger (Fig. 1). Afterwards all the organisms follow an
increasing trend and the exponential phase started. The
maximum cell biomass obtained by T. reesei, A. niger and
25
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Paecilomyces sp.
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Aspergillus niger
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Paecilomyces sp., were 23.33,18.38 and 19.66g l–1 at 54,66 and
48 hrs, respectively.
There was no significant increase in cell biomass upto
certain time interval, which may be due to depletion of carbon
(glucose) in the medium. In general, it was observed that the
T. reesei had more growth than Paecilomyces sp. The cell
biomass was less in medium containing glucose and
cellulose than glucose alone. This is probably due to the fact
that cellulose has large polymer that does not penetrate the
plasma membrane easily. It can be inferred from Fig.1 that
initial higher biomass in T. reesei (11.10g l–1) and Paecillomyces
sp. (7.39g l–1) at 30th hour and in Aspergillus niger (8.56g l–1)
at 48th hr but after this time period a large stationary phase
occurred due to depletion of easily metabolizable substrate,
glucose in the medium. On the other hand insoluble nature
of cellulose restrict the consumption of cellulose by
microorganisms due to free diffusion limitation of cellulose.
Cellulose also act as inducer for the cellulase enzyme
production system which induce the enzyme production for
the easy utilization of cellulose and all the available
additional resources and energy spent on producing cellulase
enzyme for cellulose hydrolysis and no biomass accmulation.
T. reesei produce more biomass (13.50g l–1) which may be
due to formation of secondary mycelium. Secondary
mycelium having much growing hyphal tips and has more
tendency for protein synthesis and enzyme production.
Afterwards cell growth move towards stationary phase and
the available cells utilize energy and resources only for
enzyme production, hence no significant biomass increment
observed.
The growth was much more faster in T. reesei. in glucose
medium, while in glucose and cellulose containing medium,
organisms showed exponential phase due to utilization of
glucose. Thereafter, no increment in biomass was observed,
this may probably due to available cells which utilizes energy
and resources only for enzyme production.

Cell dry weight (g l–1)

produced by a diverse group of microorganisms. Among
these the best studied are Trichodermma reesei and Aspergillus
niger (Velkovska et al., 1997).Cellulase produced by
filamentous fungus have a high industrial interest. Therefore,
it is necessary to study the growth conditions of these
cellulase producing fungi, Trichoderma, Aspergillus and
Paecilomyces spp. on sugar media and resulbs are reported.
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Fig.1. Batch growth curve of Trichoderma, Paecilomyces and Aspergillus niger in glucose (left) and glucose and cellulose (right) media
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CONCLUSION
It can be inferred from the present investigation that
the different sugar plays active role in the growth of
microorganisms .Organisms showed faster growth in
glucose based medium in comparison to medium containing
glucose and cellulose. In later medium, microbes used energy
into the another direction for making cellulase enzyme for
the effective utilization of insoluble cellulose instead of its
utilization in microbial growth.
REFERENCES
Dunlap, C.A., Mark, J.A. and Wright Maureen, S. 2007. A foam
formulation of Paecilomyces fumosoroseus, an entomopathogenic
biocontrol agent. Biocontrol Science and Technology, 17: 513-523.
Li, X.L , Dien, B.S., Cotta, M.A., Wu, Y.V. and Saha, B.C. 2005.
Profiles of enzyme production by Trichodermma reesei grown
on corn fiber fractions. Applied Biochemistry and Biotechnology,
121-124:321-333.
Lo, C.M., Zhang, Q, Lee, P. and Ju, L.K. 2005. Cellulase production
by Trichodermma reesei using saw dust hydrolysate. Applied
Biochemistry and Biotechnology, 121-124:561-572.

Journal of Eco-friendly Agriculture 4(2) 2009

Perrone, G., Susca, A., Cozzi, G., Ehrlich, K., Varga, J., Frisvad,
J.C., Meijer, M., Noonim, P., Mahakarnchanakul, W. and
Samson, R.A. 2007. Biodiversity of Aspergillus species in some
important agricultural products. Stud Mycol, 59:53-66.
Rakshit, S.K. and Sahai, V.1991. Optimal control strategy for the
enhanced production of cellulase enzyme using the new
mutant Trichodermma reesei E-12. Bioprocess Engineering, 6:101107.
Turpeinen, B. K.,Maijala, P.,Hofrichter, M. and Hatakka, A. 2007.
Degradation and enzymatic activities of three Paecilomyces
inflatus strains grown on diverse lignocellulotic substrates.
International Biodeterioration and Biodegradation Journal, 59:283291.
Velkovska, S., Marten, M.R and Ollis, D.F. 1997. Kinetic model
for batch cellulase production by Trichodermma reesei RUT C30. Journal of Biotechnology, 54:83-94.
Verma, M., Brar, S.K., Tyagi, R.D., Surampalli, R.Y. and Valéro,
J.R. 2006. Antagonistic fungi, Trichoderma spp.: Panoply of
biological control. Biochemical Engineering Journal, 37:1-20.

173

Journal of Eco-friendly Agriculture 4(2): 174-177 : 2009

Distribution of arbuscular mycorrhizal (AM) fungi in
association with some important medicinal plants of Kashmir
Valley
Z.A. Baba1, M.Y. Zargar2, T.A. Sheikh3 and N .A .Ganaie1
1

Krishi Vigyan Kendra,Kupwara, Sher-e- Kashmir University of Agricultural Sciences & Technology of- Kashmir, Shalimar Srinagar, J & K, India
Chief Scientist cum Associate Dean Faculty of Agriculture and Regional Research Station,Wadura ,Sopore, J & K, India
3
Ph.D Scholar, Division of Agronomy, Sher-e- Kashmir University of Agricultural Sciences & Technology of- Kashmir, Shalimar Srinagar, J & K,
India
2

ABSTRACT
The status of arbuscular mycorrhizal (AM) fungi associated with the roots of fifteen different medicinal plants viz.,
Lavendula angistifolia, Taraxicum officinale, Cannabis sativus, Datura stramonium, Arnebia benthami, Plantago ovata, Prumella
vulgaris, Trigonella foenumgraceum, Rubus species, Mentha arvensis, Chrysanthemum cinrarifolium, Artemesia brevifolia,
Quercus baloot, Foeniculum vulgare and Ficus carica belonging to twelve different families growing in different parts of
Kashmir valley viz., Srinagar, Pulwama, Anantnag and Baramulla was investigated. The study revealed that all the
plant species had AM colonization in the roots and spore population in the rhizosphere soils. But there is a variation
in per cent colonization in the roots and soil spore population in different plant species. Among different plants
studied, maximum per cent root colonization and soil spore population of AM fungi were observed in the plant
samples of D. stramonium and L. angistifolia. Low per cent colonization and soil spore population was observed in the
plant samples of F. vulgare. Among different AM fungi isolated and identified, the most dominant was Glomus spp.
Key words: Distribution, AM fungi, rhizosphere and soil, medicinal plants

INTRODUCTION
There is an increasing worldwide interest in vascular
arbuscular mycorrhizae (VAM). VAM fungi are universally
present in all soils and in association with great variety of
plants of different taxonomic groups. The host plants derive
several benefits from this symbiotic fungal association and
particularly enhances plant growth by augmenting the
nutrient uptake especially the phosphorus (Harley and
Smith, 1983) and uptake of other elements such as N, P, Zn,
Mg, Ca and S (Abbot and Robson, 1984). Besides these, the
fungi suppress the detrimental effects of root pathogens
(Bagyaraj, 1984; Caron et al., 1986) offering resistance against
drought and salinity (Nelson and Safir, 1983; Powell and
Bagyaraj, 1984; Stahl and Smith, 1986) and heavy metal
toxicity (Gildon and Tinker, 1983).
Over 2,000 species of plants are being used in India
from time immemorial under various healthcare systems.
Traditional knowledge on the therapeutic value of these
plants is taken as basis for manufacturing many modern
drugs. The pharmaceutical industries have embarrassed on
large-scale cultivation of medicinal plants to meet their
increasing demands. Biological farming and the use of
symbiotic organisms as bio-fertilizers are of much relevance
©2009

in this context to produce quality-planting stock. Hence, an
attempt was made to investigate the status of symbiotic fungi
(AM) associated with important medicinal plants of Kashmir
valley, so as to utilize their potential in commercial farming
of medicinal plants.
MATERIALS AND METHODS
Roots and rhizosphere soil samples of fifteen different
medicinal plants belonging to twelve families were collected
from different locations of Kashmir valley (Table 1) and
brought to the laboratory for analysis. The root samples were
washed gently under tap water and fixed in FAA (13 ml
formathion + 5 ml glacial acetic acid + 200 ml 75% alcohol)
for estimation of root colonization. Root segments (each
approximately one cm long) were cleared and stained in
trypan blue (Phillips and Hayman, 1970; Koske and Gemma,
1989). For AM root colonization, the strained roots were
examined under a compound microscope and the per cent
root colonization was estimated according to the magnified
interaction method (McGonigle et al., 1990).
For AM fungal spore enumeration, 100 g rhizosphere
soil was thoroughly mixed and dispersed in 1 litre water
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and the suspension was left undisturbed for 15 minutes to
allow heavier particles to settle. Then the suspension was
decanted through 710 µm sieves and the remains on the
sieves were washed into beakers (Gerdemann and Nicolson
1963). After settlement of heavier particles, the supernatant
was filtered through graded filter papers. Each filter was
spread on the petridish and observed under a disectiing
microscope. The intact AM spores were counted and picked
up with a wet needle and mounted in polyvinyl-glycerol
lactophenol with or without Melzers reagent on a microslide
for identification. The intact and crushed spores were
examined under compound microscope and identified
according to Schenck and Perez (1987).
RESULTS AND DISCUSSION
Colonization of AM fungi in the root segments of medicinal
plants
Data on per cent root colonization of AM fungi recorded
in different medicinal plants is presented in Table-1. All the
plants had AM colonization in their roots with a variation
in per cent colonization. Maximum per cent colonization
was recorded in the root segments of D. stramonium (88.0%)
followed by L. angistifolia (85.0%). Low per cent colonization
was observed in the root segments of F. vulgare (42.0%) and
M. arvensis (46.0%). Both vesicles and arbuscles were found
in the root segments of different plant species. Typical

globose to sub-globose and elongated vesicles were seen in
the roots of D. stramonium. Arbuscles were seen in the root
segments of all the plants but abundant in C. sativus, A.
benthame and A. brevifolia. The results of the study are in line
with the findings made by various researchers on agricultural
crops, plantation crops, herbaceous crops and some of the
medicinal plants (Kalia et al., 2004; Kumar et al., 2000;
Mehrotra and Mehrotra, 2000; Mohan et al., 2005).
AM fungal spore population in the rhizosphere of
medicinal plants
AM fungal spores were isolated and quantified from
the rhizosphere soil samples collected from different
medicinal plants with a view to know the population status
and the species richness. Data on AM spore population in
the rhizosphere of different plants is depicted in the Table-1.
It was observed that AM spores were found maximum in the
rhizosphere of D. Stramonium (997 100 g soil–1) followed by
L. angistifolia (959 100 g soil–1). Moderate number of AM
spore was recorded in the rhizoshrere of F. vulgare (740 100
g soil–1) followed by M. arvensis (747 100 g soil–1). A positively
significant correlation (r=0.9354) existed between per cent
root colonization and soil spore population of AM fungi.
These results are supported by the findings of Mohan and
Neelam Verma (1995), Mohan and Singh (1996) and Mohan
et al., (2005).

Table 1. Per cent colonization and soil spore of AM fungi in root segments of fifteen different medicinal plants

Plant
Lavendula angistifolia
Taraxicum officinale
Cannabis sativus
Datura stramonium
Arnebia benthami
Plantago ovata
Prunella vulgaris
Trigonella foenumgraceum
Rubus species
Mentha arvensis
Chrysanthemum
cinrarifolium
Artemesia brevifolia
Quercus baloot
Foeniculum vulgare
Ficus carica

Local name

Family

Site of collection

Levender
Hand
Bhag
Datur
Kohzaban
Ismogool
Kale vioth
Methe
Pambtsallan
Poodina
Pyrithum

Labiatae
Asteraceae
Cannabinaceae
Solanaceae
Boraginaceae
Plantaginaceae
Lamiaceae
Paplionaceae
Rosaceae
Lamiaceae
Asteraceae

SKUAST-K, Shalimar Srinagar
SKUAST-K, Shalimar Srinagar
RRS(RRL) Bonira, Pulwama
Kujar, Kulgam Anantnag
Tral (hills)
SKUAST-K, Shalimar Srinagar
Dara, Harwan Srinagar
SKUAST-K, Shalimar Srinagar
Stura, Tral (Hills) Pulwama
SKUAST-K, Shalimar Srinagar
SKUAST-K, Shalimar Srinagar

Tethven
Jamal gota
Badiana
Anjoore

Asteraceae
Euphorbiaceae
Apiaceae
Loranthaeae

Shankeracharaya (Hill) Srinagar
Kunzoor, Tangmarg, Baramulla
Shakaragah, Tral Pulwama
Pattan, Baramulla

Root
colonization
(%)
85
70
73
88
67
51
66
50
68
46
55

Spore
population
100 g soil–1
959
918
930
997
817
761
812
761
817
747
774

60
58
42
62

793
782
740
792

*Mean of 4 replications
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Table 2. Distribution of AM fungi in rhizosphere of various medicinal plants
AM fungi
Acaulospora sp.

Glomus fasciculatum

Gigaspora sp.

Scutellospora sp.

Medicinal Plants
Taraxicum officinale
Datura stramonium
Plantago ovata
Lavendula angestifolia
Lavendula angestifolia
Taraxicum officinale
Arnebia benthami
Prumella vulgaris
Trigonella foenumgraceum
Rubus species
Mentha arvensis
Chrysanthemum. Cinrarifolium
Artemesia brevifolia
lavendula angesti folia
Cannabis sativus
Datura stramonium
Quercus baloot
Foeniculum vulgare
Ficus carica
Taraxicum officinale
Trigonella foenumgraceum
Mentha arvensis
Foeniculum vulgare

Distribution of AM fungi in the rhizosphere of medicinal
plants
A total of six different AM fungi belonging to four genera
viz., Acaulospora (1 species), Glomus (3 species), Gigaspora (1
species) and Scutellospora (1 species) were recorded from the
rhizosphere of fifteen different plants (Table 2) of which
Glomus was dominant. Among the different species of
Glomus, G. fasciculatum was recorded from the rhizosphere of
9 different plant species. Gigaspora sp. was recorded from
the rhizosphere of 6 different plants. Similarly Scutellospora
sp. was found in the rhizosphere of 4 different plants.
Among the different plants screened, L. angistifolia has
3 species of Glomus and one speices each of Acaulospora and
Gigaspora whereas, T. foenumgraecum had 2 species of Glomus
and one species of Scutellospora. This finding is in accordance
with the observations by Mohan et al. (2005).
CONCLUSION
It has been observed in the present investigation that
D. stramonium and L. angisti-folia were highly mycotrophic
because they support high per cent root colonization and
soil spore population. The profile of genera and species
distribution in these plant rhizospheres seems to be more
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AM fungi
Glomus intraradices

Medicinal plants
Levendula angistifolia
Trigonella faenimgraceum
Rubus species

Glomus aggregatum

Taraxicum officinale
Plantago ovata
Levendula angistifolia

invariable, the genus, Glomus is the dominant one. Although
all the medicinal plants studied were found to be mycorrhizal
but per cent colonization in roots and spore population in
the rhizosphere soil showed variation. Hence, detailed
studies are further needed to explore the potential efficacy
of these fungi for better productivity of different medicinal
plants in the Kashmir valley.
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ABSTRACT
Lactobacillus sp., commercial strains synthesize steriospecific 2-hydroxy propanoic (lactic) acid from synthetic media
materials or the agro-industrial byproducts through anaerobic fermentation. The inhibitory effect of calcium carbonate
towards growth and production and the specific role of calcium ions in phage infection of Lactobacillus sp. have been
reported , hence in the present studies, NaOH treatment of Lactobacillus sp. in synthetic media, has been compared
with that of CaCO3. The comparative effect of NaOH and CaCO3 treatments on cell dry weight (biomass growth) and
pH drop (acid formation) have been investigated. In present investigation an anaerobic batch fermentation with 2
Lactobacillus strains (NCIM 2734 & NCIM 2084) have been carried out using glucose based synthetic media at 36°C,
initial pH 6.5 which has been maintained at 6.0 using either NaOH or CaCO3 as neutralizer every 12 hour under static
conditions. The treatment with NaOH (2%) on both microbes as neutralizer gave highest values of cell biomass (28.14
g l–1 & 28.38 g l–1) in 60 and 48 hours, while lowest pH values attained were 4.94 and 4.98 in 108 hours. However, with
CaCO3 (2%) the highest cell biomass were 28.22 and 29.04 g l–1 in 60 hours. The lowest pH values were 5.20 and 5.34
in 96 hour.
Key words : Biomass growth, biodegradable plastic, neutralizers, product inhibition

INTRODUCTION

MATERIALS AND METHODS

The bacterium Lactobacillus sp. produces lactic acid in
anaerobic submerged fermentation process that has a high
demand in food, pharmaceutical, chemical and cosmetic
industries. It has been reported that 90 per cent of the world
lactic acid production is through microbial fermentation
(Adsul et al., 2007). It has been reported by Presser et al., 1997
that the organic acids as lactic acid are potential inhibitors
of the bacterial growth. In the fermentative lactic acid
production process decrease in yield is reported 30 to 50 per
cent, if the process proceeds without any pH control
(Mirdamadi et al. 2002). Hence, neutralizing agents such as
calcium carbonate, sodium hydroxide and ammonium
hydroxide are applied. Effect of neutralizers and their lactate
salts have been worked out by Hongo et al., 1986 particularly
sodium and calcium ions which play biologically significant
role in eukaryotic and prokaryotic cells. Mirdamadi et al.
(2002) have also observed an inhibitory effect of CaCO3
neutralizer, used in fermentation process on the Lactobacillus
strains and pellet formation in Rhizopus oryzae. However,
Zhang et al. (2007) has found some demerits of using CaCO3
as neutralizer. In present study the effect of neutralizing
agents, CaCO3 and NaOH on biomass growth (cell dry
weight) and pH drop (acid formation) in case of Lactobacillus
strains in glucose based synthetic media under static
conditions at 37°C and initial pH of 6.5 have been worked
out and results are reported.

Pure cultures of latic acid bacteria, Lactobacillus sp.
strains, NCIM 2734 and NCIM 2084 obtained from National
Chemical Laboratory, Pune, India and stored in MRS agar
stab cultures and for further experiments on glucose based
media. These strains were precultured in MRS medium,
proteose peptone (10g), sodium acetate (5g), MgSO4.7H2O
(0.1g), MnSO4 (0.05 g), K2HPO4 (2g). and water (1000 ml) at
28°C and 150 rpm for 12 hours. Glucose based synthetic
media contains, glucose (100g), yeast extract (16g),
MnSO4.H2O (0.03g), MgSO4.7H2O (0.10g), KH2PO4 (0.20 g),
K2HPO4 (0.20g), succinic acid (2g) and water (1000 ml). Two
set of fermentation experiments were carried out with both
the Lactobacillus strains at 36°C using 1.55 g l–1 (cell dry
weight) inoculum and pH of the medium maintained at 6.00
at every 12 hours with 2 per cent either NaOH or CaCO3 as
neutralizing agent under static conditions. Initial pH, for
these 2 sets of experiment were 6.50. The cell dry weight of
the cultures during fermentation of synthetic media was
determined at every 12 hour intervals. The fermentation broth
was centrifuged at 8000 rpm for 10 minutes to separate the
cells from broth. The precipitated cells were washed with
NaCl (0.85%) to remove remaining substrate and dried in
preweighed microporous papers at 70°C till attainment of
constant weight. The pH values of fermentation broth due to
acid production were recorded at every 12 hours interval
with the help of a digital pH meter.
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RESULTS AND DISCUSSION
Results revealed that NaOH (2%) neutralizer treatment
had the highest cell biomass (28.38 g l–1) of Lactobacillus strain
NCIM 2084 in 48 hours, while it was highest (28.14 g l–1) in
strain NCIM 2734 in 60 hours (Table 1). Thus the log phase
of strains 2734 and 2084 was 60 and 48 hours, respectively.
The stationary phase for biomass growth for strains 1 (2734)
and 2 (2084) occurs during 60 to 72 and 48 to 60 hours. The
lowest pH values, i.e., maximum acid formation for strains
and 1 and 2 were 4.94 and 4.98 in 108 hours with NaOH.
The pH drop values show that the strain 1 gives lower pH
values (hence better acid producer) than the strain–2 during
the complete fermentation duration.

neutralizer NaOH as compared to with CaCO3. pH drop,
i.e., acid formations values for strains 1 and 2 show that the
CaCO3 (2%) treatment as neutralizer gives higher pH values,
hence lesser acid formation in comparison to NaOH (2%).
The pH values were lower (5.20 & 5.34) in strains 1 and 2
with CaCO3 (2%), while these values were 4.94 and 4.98
with NaOH (2%) neutralizer (Fig. 1).
The attainment of higher biomass by strains 1 and 2
with CaCO3 (2%) and still having low acid formation (higher
pH values) indicates that the cell biomass present in a
physiological state that favours more growth and lesser acid
synthesis, while with NaOH (2%) as neutralizer these strains
show both biomass growth and better pH drop (acid
formation). The lesser acid synthesis by both the strains with
CaCO3 neutralizer can also be due to the fact that calcium
ions enhance the phage attached on Lactobacillus sp. cells as
observed by Wantanabe and Taksue, 1972).

The maximum biomass attained by strains 1 and 2 was
28.62 and 29.04 g l–1 in 60 and 72 hours, respectively (Table
2) with neutralizer CaCO3 (2%). It has been found that the
strain 2 produced highest biomass 28.41 g l–1 in 60hr with
Table 1. pH drop and biomass growth of Lactobacillus sp. strains NCIM 2734 and NCIM 2084 in glucose based synthetic
medium with neutralizer, NaOH,
Sl. No.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Time (hr)

1.25
12
24
36
48
60
72
84
96
108

Lactobacillus strains
NCIM 2734 (Strain 1)
Biomass concentration (g l–1 )
1.59
8.65
14.86
21.36
26.04
28.14
28.06
24.79
20.80
17.22

pH
6.40
5.76
5.26
5.20
5.14
5.33
5.25
5.10
5.05
4.94

NCIM 2084 (Strain 2)
Biomass concentration (g l–1 )
1.62
8.85
15.59
21.04
28.38
28.41
21.49
18.91
17.66
13.84

pH
6.42
5.85
5.76
5.68
5.64
5.66
5.56
5.50
5.41
4.98

Table 2. pH drop and biomass growth of Lactobacillus sp. strains, NCIM 2734 and NCIM 2084 in glucose based synthetic
medium with CaCO3 (2%) neutralizer
Sl. No.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Time (hr)

1.25
12
24
36
48
60
72
84
96
108

Lactoba cillus strains
pH
6.44
5.70
5.66
5.59
5.30
5.50
5.61
5.38
5.20
5.70
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NCIM 2734 (Strain 1)
Biomass concentration (g l–1 )
1.70
11.01
16.07
23.35
28.08
28.62
21.96
17.16
12.97
11.01

pH
6.48
6.40
6.30
6.15
6.06
5.80
5.74
5.50
5.34
5.40

NCIM 2084 (Strain 2)
Biomass concentration (g l–1 )
1.68
8.94
14.68
19.05
26.04
28.78
29.04
25.54
19.23
16.13
179
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5.4
5.3
5.2
5.1
5
4.9
4.8
4.7
NaOH
Strain-1

Fig. 1.

Lactobacillus sp. Strains
Lactobacillus sp. Strains

Minimum pH attained by Lactobacillus sp, strains NCIM 2734 and NCIM 2084 in glucose based synthetic medium with NaOH
and CaCO3 neutralizers

CONCLUSION
It can be concluded from the present investigation that
the use of NaOH as neutralizer proves to be better for acid
formation than CaCO3. Lactobacillus sp. strain NCIM 2734
shows better acid formation with both the neutralizers but
performs better with NaOH. Thus, for industrial processes
where traditionally CaCO 3 is used as neutralizer the
Lactobacillus sp. NCIM 2734 may perform better.
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Rice being one of the most important staple food crops
of Jammu and Kashmir State and occupies 2.49 lakh hectares
in the Valley. However, in Kashmir Valley the area under
rice cultivation is 1.40 lakh hectares accounting for more
than 60 per cent area under cereals but the productivity in
the State is not encouraging (19.71 q ha–1) as against national
average of 31.46 q ha–1 (Anonymous, 2005). One of the main
reasons for this low productivity is continued depletion in
the soil fertility. The exploitive agriculture for centuries has
brought the fertility status of our soils to a level from where
for any further increase in the yield can not be relied upon
the native soil fertility. On the other hand, the increased
pressure on land resources with ever increasing population
provides no scope for further expansion in area under rice
cultivation. As such, in future, gains in production will
mainly accrue through enhancement of productivity which
will necessarily mean increased demand on soil fertility.
Kashmir Valley is endowed with organic resources,
particularly Dalweed, cattle dung, poultry manure etc. Since
the organics alone can not supply the complete nutrient
demands of the crop in view of very low nutrient availability
as well their restricted availability on large scale. Hence, the
use of chemical fertilizers would continue to play vital role
in the enhancement of soil productivity to the encouraging
level till organic reserve of the soil is raised to a very high
level.
The field experiment was conducted at Shalimar, the
main Campus of Sher-e-Kashmir University of Agricultural
Sciences and Technology, Kashmir during kharif, 2005. The
site is situated at an altutude of 1587 m above mean sea
level. The soil was silty clay loam in texture, low in organic
carbon and available nitrogen and medium in available
phosphorus and potassium with neutral pH and normal
electrical conductivity. The treatments were recommended
dose of NPK, 120:60:45 kg ha–1 (T1), FYM, 20t ha–1 (T2),
Dalweed, 20t ha–1 (T3), Spent mushroom compost, 20t ha–1
(T4), Poultry manure, 20 t ha–1 (T5), BGA, 0.5 kg ha–1 (T6), T2
+ 75% of recommended NPK (T7), T3 + 75% of recommended
NPK (T8), T4 + 75% of recommended NPK (T9), T5 + 75% of
©2009

recommended NPK (T10) T6 + 75% of recommended NPK
(T11), T1 + T2 (T12), T1 + T3 (T13), T1 + T4 (T14), T1 + T5 (T15) and
T1 + T6 (T16). The rice variety used was Jhelum, a medium tall
with compact panicles with less awn and easy threshibility.
The variety is recommended for cultivation in lower belts of
the Valley up to an altitude of 1660 m above mean sea level.
Number of tillers was significantly more (Table 1) in
the treatment RFD + poultry manure (20 t ha–1) after 20 DAT
and at par with poultry manure (20 t ha–1) + recommended
fertilizer dose (75%), RFD + FYM (20 t ha–1) and FYM (20 t
ha–1) + recommended fertilizer dose (75%). However, at 40,
60, 80 and 100 DAT and at harvest, RFD + poultry manure
(20 t ha–1) was at par with RFD + FYM (20 t ha–1) and poultry
manure (20 t ha–1) + recommended fertilizer dose (75%). In
general, there was increasing trend in tiller number up to 60
DAT. Decrease in the number of tillers after 60 DAT could be
due to the senescence of lower tillers because of shading
effect. Singh (2001) has also given similar reason for decrease
in tiller number. Application of RFD + poultry manure (20 t
ha–1) had significant increase in dry matter up to harvest
which may be due to the production of tallest plants and
higher number of tillers. Vanaja and Raju (2003) has reported
the higher dry matter production at flowering with
application of RFD + 75% poultry manure (20 t ha–1) which
is in conformity of the present result. The lowest dry matter
accumulation at all crop growth stages was recorded with
the treatment BGA (0.5 kg ha–1), which could be due to the
insufficient availability of nitrogen to the crop.
Application of RFD + poultry manure (20 t ha–1) was at
par with poultry manure (20 t ha–1) + RFD (75%), RFD +
FYM (20 t ha –1) and FYM (20 t ha –1) + RFD (75%) in
increasing the panicle length over other treatments (Table
1). This could be due to better nutrition especially nitrogen
available to the crop. Earlier Das and Sinha (2004) also
observed significant increase in the panicle length with the
treatments where organic fertilizer, FYM was applied in
combination with inorganic nitrogen. The number of
panicles are generally associated with tiller production
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RFD + poultry manure (20 t ha–1) and poultry manure (20 t
ha–1) + RFD (75%) were non-significant. Lowest grain yield
(63.2 q ha–1) was found in BGA (0.5 kg ha–1) treated plots.
The highest grain yield obtained with FYM (20 t ha–1 + 75%
RFD) and was in fact the reflection of favourable effect on the
number of panicles m–2 and grains panicle–1. The results are
in conformity with the findings of Singh (2001) and Ashutosh
et al. (2005). The lowest yield recorded with BGA (0.5 kg
ha –1) which may be due to insufficient availability of
nutrients to the crop. It was also found that the straw yield
was significantly higher (Table 2) with RFD + poultry manure
(20 t ha–1). This could be attributed to the significantly higher
plant height and dry matter production realized with the
same treatment.

capacity of the crop. However, balanced nutrient supply and
capacity for translocation of assimilates from source to sink
determines the production of effective tillers. In the present
investigation, application of FYM (20 t ha–1) + RFD (75%)
was found at par with FYM (20 t ha–1) + RFD and recorded
significantly higher number of panicles over other treatments,
which is in agreement with the findings of Dhillon amd Brar
(1998). It was observed that application of RFD + poultry
manure (20 t ha–1) produced significantly highest number of
spikelets per panicles (Table 1), whereas significantly
highest number of grains per panicle were recorded with
the treatment FYM (20 t ha–1) + RFD (75%). There was no
significant difference amongst different treatments with
regard to 1000-grain weight. In fact, the adequate nutrient
supplied plants must have been able to tiller profusely and
quickly to produce more number of effective tillers per unit

Results of the study lead to the conclusion that

Table 1. Effect of different treatments on number of panicles, panicle length, spikelets and 1000-grain weight of rice
Treatment

Panicle (m –2 )

Recommended fertilizer dose (RFD)
FYM (20 t ha –1 )
Dalweed (20 t ha –1 )
Spent mushroom compost (20 t ha –1 )
Poultry manure (20 t ha–1 )
BGA (0.5 kg ha–1 )
FYM (20 t ha –1 + 75% RFD)
Dalweed (20 t ha –1 + 75% RFD)
Spent mushroom compost (20 t ha –1 + 75% RFD)
Poultry manure (20 t ha–1 + 75% RFD)
BGA (0.5 kg ha–1 + 75% RFD)
RFD + FYM (20 t ha –1 )
RFD + Dalweed (20 t ha–1 )
RFD + Spent mushroom compost (20 t ha–1 )
RFD + Poultry manure (20 t ha –1 )
RFD + BGA (0.5 kg ha –1 )
SE m±
CD (p = 0.05)

area that helped in more rice production. Yield is the product
of number of panicles per unit area and yield per panicle.
Further, nitrogen helps to produce better vegetative growth
as a result of which photosynthetic area increased as
displayed by leaf area index values. Thus, more food material
synthesized contributed to the improvement in yield
attributes.
A perusal of data (Table 2) revealed that grain yield of
rice was highest (79.6 q ha–1) in FYM (20 t ha–1) + RFD (75%)
followed by RFD + FYM (20 t ha–1) treated plots. Difference
in grain yield amongst treatments RFD + FYM (20 t ha–1),
182

297.4
292.2
281.2
280.3
290.3
278.9
310.8
294.0
292.0
307.3
284.9
306.5
293.2
292.8
304.6
291.5
4.63
13.3

Panicle
Spikelet
length (cm) (panicle –1 )
21.4
129.4
21.1
122.2
20.9
118.4
21.0
118.6
21.2
126.5
20.7
117.4
21.7
136.1
21.1
126.4
21.2
125.3
21.8
132.1
21.2
126.7
21.7
139.5
21.5
131.7
21.4
130.9
22.0
141.5
21.6
132.0
0.15
1.60
0.44
4.61

Grain
(panicle –1 )
110.2
104.3
103.7
103.9
106.5
102.6
116.9
108.3
107.5
114.2
108.9
116.7
109.2
108.2
115.1
109.9
1.90
5.47

1000-grain
weight (g)
22.4
22.3
22.4
22.1
22.0
22.1
22.3
22.4
22.2
22.3
22.1
22.5
22.1
22.3
22.2
22.1
0.15
NS

application of poultry manure (20 t ha–1) + RFD or RFD (75%)
had significantly higher improvement in the growth
characters of rice as well as in nutrient content in grain and
straw at harvest but due to excessive vegetative growth the
treatments did not realized higher yield and yield attributing
traits. However, application of FYM (20 t ha–1) + RFD (75%)
produced significantly higher grain yield. In view of very
less cost incurred on BGA, the treatment BGA (0.5 kg ha–1) +
RFD (75%) showed highest benefit cost ratio (Rs 1.93) as
well as highest net returns (Rs. 39,736).
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Table 2. Effect of different nutrient treatments on grain and straw yield and harvest index of rice
Treatment
Recommended fertilizer dose (RFD)
FYM (20 t ha–1)
Dalweed (20 t ha–1)
Spent mushroom compost (20 t ha–1)
Poultry manure (20 t ha–1)
BGA (0.5 kg ha–1)
FYM (20 t ha–1 + 75% RFD)
Dalweed (20 t ha–1 + 75% RFD)
Spent mushroom compost (20 t ha–1 + 75% RFD)
Poultry manure (20 t ha–1 + 75% RFD)
BGA (0.5 kg ha–1 + 75% RFD)
RFD + FYM (20 t ha–1)
RFD + Dalweed (20 t ha–1)
RFD + Spent mushroom compost (20 t ha–1)
RFD + Poultry manure (20 t ha–1)
RFD + BGA (0.5 kg ha–1)
SE m±
CD (p = 0.05)

Grain yield (q ha–1)
73.5
69.4
63.9
63.7
68.0
63.2
79.6
71.8
71.8
77.8
73.2
78.7
72.1
71.8
77.9
73.8
1.35
3.88
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Straw yield (q ha–1)
89.3
85.5
78.6
78.3
88.8
77.7
95.4
87.1
86.3
95.7
89.9
96.8
86.3
87.9
97.5
90.5
1.98
5.68

Harvest index (%)
45.1
44.8
44.8
44.8
44.9
44.8
45.5
45.2
45.2
44.8
44.8
44.8
44.8
44.9
44.4
44.9
0.12
0.34
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Fenugreek (Trigonella foenum graecum L.) is an important
crop of seed spices and gaining popularity among the farmers
because of its uses. It is used as spices and condiments,
medicine, fodder and organic manure for soil fertility
restoration. Nature and magnitude of variability and
heritability along with genetic advance helps in selecting
elite genotypes from the population. Yield improvement in
this crop may be achieved by developing new superior
varieties, which is feasible by altering the genetic variation
for most of the traits under study. Genotypic and phenotypic
co-efficient of variations are useful in detecting the amount
of variability present in the available genotype. Heritability
and genetic advance further helps in determining the
influence of environment in expression of the character and
extent to which improvement is possible after selection
(Robinson et al., 1949). The present study was under taken to
investigate the extent of genetic variability, heritability and
genetic advance for the improvement of yield and yield
contributing characters in fenugreek.
Sixty promising genotypes of fenugreek were received
from NBPGR, New Delhi for multilocation testing. The
experiment was conducted at Research Farm of Department
of Horticulture, Tirhut College of Agriculture, Dholi, Bihar,
during Rabi 2006-07 under All India Co-ordinated Research
Project on Spices. The experiment was conducted in the plots
of 3 × 1.5 m at the spacing of 30 × 10cm under randomized

block design and each treatment replicated twice. All the
recommended agronomic packages of practices were
followed to raise healthy crop. Data on different quantitative
characters were recoded on five plant, selected randomly in
each genotype. Analysis of variance was calculated as per
method suggested by Panse and Sukhatame (1985). The
phenotypic and genotypic coefficient of variations (PCV &
GCV) were estimated as per Burton (1952). Heritability in a
broad sense and genetic advance were computed as per
method of Johnson et al. (1985).
All the qualitative characters except number of branches
(plant –1) showed significant difference among sixty
genotypes evaluated (Table 1). This indicates that the
genotypes which were used for study have sufficient
variation for all characters, hence selection will be very
effective. Maximum range of mean value was observed for
number of days to maturity followed by number of days to
50 per cent flowering and height of the plant. The minimum
range of mean value was for yield (plant –1). In general, the
phenotypic co-efficient of variation was higher than the
genotypic for all the characters (Table 2). Wide range in coefficient of variations were observed for yield (plant –1) and
1000 grain weight followed by length of pod, number of pod
(plant–1), number of grains (pod–1), number of days to 50 per
cent flowering, height of the plant, number of branches
(plant–1) and number of days to maturity at phenotypic and

Table 1. Analysis of variance for nine quantative traits of fenugreek genotypes
Sl. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Trait
Height of the plant (cm)
No. of branches (plant–1 )
No. of days to 50% flowering
No. of pods (plant–1 )
Length of pod (cm)
No. of grains (pod–1 )
No. of days to maturity
1000-grain weight (g)
Yield per plant (g)

* significant at P = 0.05
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Replication
135.56
0.30
20.00
326.00
0.20
4.87
32.00
30.40
0.54

Genotype
80.22*
0.69
210.55*
65.88*
3.90*
9.60*
40.48*
14.55*
3.07*

Error
42.25
0.61
6.26
28.01
0.20
1.40
3.09
0.07
0.18

Genetic variability, heritability and gentic advance in fenugreek (Trigonella foenumgraecum L.)

Table 2. Estimate of phenotypic and genotypic variance, phenotypic and genotypic co-efficient of variance, heritability and
genetic advance for nine characters of fenugreek.
Trait

Range

Height of the
plant (cm)
No. of
branches
(plant–1 )
No. of days
to 50%
flowering
No. of pods
(plant–1 )
Length of
pod (cm)
No. of grains
(pod–1 )
No. of days
to maturity
1000-grain
weight (g)
Yield per
plant (g)

48.10-86.00
5.20-8.10

Mean

Phenotypic Genotypic Phenotypic Genotypic Heritability Genetic Mean
variance
variance
co-efficient co-efficient (%)
advance genetic
of variance of variance
(GA)
advance
(p2)
(g2)
(%)
(%)
(%)
61.25± 80.22
37.96
14.62
10.06
47.32
8.67
14.16
4.59
6.08± 0.69
0.08
13.66
4.65
11.59
0.21
3.45
0.55

62.00-95.00

78.28± 210.55
1.77

204.29

18.54

18.26

97.03

29.00

37.05

22.60-54.80

41.25±
3.74
9.28±
0.31
16.00±
0.83
143.18
± 1.24
10.92±
0.18
3.93±
0.29

65.88

37.87

19.68

14.92

57.48

9.70

23.52

3.90

3.70

21.28

20.73

94.87

3.87

41.70

9.60

8.20

19.37

17.90

85.42

5.43

33.94

40.48

37.39

4.44

4.27

92.37

12.06

8.42

14.55

14.48

34.93

34.85

99.52

7.86

71.98

3.07

2.89

44.58

43.26

94.14

3.39

86.26

2.05-10.30
5.70-19.20
133.50-156.50
3.35-15.75
1.00-7.00

genotypic levels. High level of variability in these characters
showed ample scope for effective improvement. High estimate
of phenotypic variability alone will not be enough to
determine exact nature of variability. Genotypic co-efficient
of variation would be more useful for assessing the variability
(Allard, 1970). Similar findings have been reported in this
crop by Shukla and Sharma (1978) and Mehta et al. (1992).
Burtan (1952) has suggested that genotypic co-efficient of
variation together with heritability estimate would give the
best picture expected for selection. Highest heritability value
were observed for 1000 grain weight (99.52) followed by
number of days to 50 per cent flowering (97.03), length of
pod (94.87), yield per plant (94.14), number of days to maturity
(92.37), number of grains per pod (85.42), number of pods
per plant (57.48), height of the plant (47.32) and number of
branches per plant (11.59). High heritability for the charactere
were controlled by additive genes which might be useful to
plant breeder for making effective selection. Similar findings
are reported earlier (Mehta et al., 1992; Damarany, 1994;
Hazra et al., 1999). Moderate to less heritability level for any
character suggest that environmental effect constituted a
major portion of total phenotypic variation, hence direct
selection for these characters would be less effective. High
estimate of genetic advance observed for number of days to
Journal of Eco-friendly Agriculture 4(2) 2009

50 per cent flowering and number of days to maturity, which
indicates that these could contribute towards improvement
to a large extent. Johnson et al. (1955) reported that the
heritability estimate along with genetic advance are more
useful than the heritability along in predicting the resultant
effect for selection. The best individual genotype has the
additive gene effect (Panse, 1957). High estimate of
heritability coupled with low genotypic co-efficient of
variation and genetic advance were displayed by number of
days to maturity, number of branches per plant but height of
the plant displayed less improvement through selection.
The high heritability due to favorable influence of
environment may not contribute much through selction. As
such, progeny or family testing is to be practiced for
amelioration of these traits. However, the progeny can be
improved by developing of hybrid varieties or utilization of
transgresive segregates in heterosis breeding programme.
High heritability along with genetic advance were recorded
in yield (plant–1), 1000-grain weight, length of pod and
number of grains (pod–1). These characters also recorded
high value of genotypic and phenotypic co-efficient of
variation which indicates that these characters can be
considered for improvement through individual plant
185
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selection. The above results are in agreement with the findings
reported earlier (Shukla and Sharma, 1978; Mehta et al., 1992,
Hazra et al., 1999; Tamgadge et al., 2008) who reported high
values of phenotypic and genotypic co-efficient of variation,
heritability and genetic advance for the traits.
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Passion fruits is grown in most of the tropical and
subtropical parts of the world. The major passion fruit
growing countries are Brazil, Ecuador, Columbia, Australia,
South Africa, Kenya and Sri Lanka. The total world
production of passion fruit is estimated to be 6.40 lakh tonnes.
India is recognized as minor passion fruit producer of the
world and its cultivation is confined to Nilgiri hill region,
Karnataka and north eastern states. Among north eastern
states, Nagaland (1000.00 ha), Manipur (842.00 ha),
Mizoram (742.00 ha) and Sikkim (500.00 ha) are the passion
fruit producing states. The cultivation of passion fruit has
started in these regions by realizing its potential in
processing. It is the third important fruit of Mizoram after
mandarin and banana. It covers an area of 20 per cent
(22645.5 ha) but contributes only 8.8 per cent of total fruit
production (46968.3 MT). Passion fruit is mainly cultivated
in Khawzawl, Serchip and Kolasib Division (Anonymous,
2002-03; 2003-04). The most important area for passion fruit
cultivation is Chaungtalai near Khawzawl. Purple passion
fruit is the only variety grown at commercial scale in the
state because of its use in preparation of squash. Processing
is carried out at Chhingchip of Serchhip Division and the
processed product marketed in the state as well as outside
the state (Kundan Kishore et al., 2007). The pest situation,
important for any crop is not worked out in the Mizoram.
Therefore, experiments were conducted to find out the major
insect pests and their natural enemies of passion fruit in
region and results reported.
Experiments on pest complex and their succession in
passion fruit were conducted during 2007-08 at ICAR
Research Complex for NEH Region, Mizoram Centre,
Kolasib, Mizoram. Recommended agromical practices were
followed in raising the crop. The plant protection measures
were not applied on the crop in the experimental plot
throughout the year. Observations on incidence of pests were
recorded from its initial appearance to final stage. Data on
©2009

the fruit fly incidence were recorded on 10 randomly selected
plants by counting number of affected fruits (plant–1).
Similarly, in case of stink bug and vine bug absolute
population per plant was recorded on 10 selected plants.
The population of leafhopper and grasshopper were also
recorded by counting the number on 10 randomly selected
plants. For the succession of insect pests and natural enemies
during the year, periodic incidence of important pests and
their natural enemy(ies) were worked out taking into
consideration their population.
Infestation of 8 insect pests were recorded on passion
fruit during the period of investigation (Table 1). Among
these, 3 belonged to the order Hemiptera, 1 Coleoptera, 1
Isoptera, 1 Diptera, 1 Orthoptera and 1 non-insect pest, i.e.,
mite belonging to Acarina. Fruit fly (Plate I, Fig. 1) was found
most dominant and categorized as a major pest of passion
fruit in this region. The fruit flies lays eggs in the very young,
tender fruits. In these fruits, the larvae develops and
immature fruits shrivel and fall. If fruits are punctured at
nearly mature stage, the affected fruits show only external
scar (Plate I, Fig. 2-4). The vine bug feeds on flowers and
young, green fruits. The stinkbug (Plate I, Fig. 5) is similar
but lesser menace to the plant and young fruits. Both the
immature and the adult stages suck the sap of the growing
tips, leaves, vine (Plate I, Fig. 6), flowers (Plate I, Fig. 7), etc.
Leaf beetles (Plate I, Fig. 8) chew the foliage, while leafhopper
(Plate I, Fig. 9) sucks the sap from the leaves, vine, etc. Mite
was found to occur regularly in a sizeable population
causing a noticeable damage, hence categorized as major
pest of passion fruit in Mizoram. Insect pests are not reported
on passion fruit from the region, but reported on the crop
abroad (Oscar et al., 1992).
Only one natural enemy was recorded during the period
of investigation. Both the nymphs and adult were found
abundantly during early stage of crop growth.
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Table 1. Insect pest complex of passion fruit
Sl. No. Systematic position
Crops stage of attack
A. Insect Pests
1.
Fruit flies, Ba ctrocera spp.
Fruiting stage
(Tephritidae: Diptera)
(Reproductive stage)

Nature of the damage

Occurrence Status

Immature fruits shrivel and fall,
scar on fruits when punctured
nearly mature stage
Suck the sap from vine and
flowers

Regular

Major

Regular

Major

Regular

Major

2.

Stink bug, Nezara virudula
(Pentatomidae: Hemiptera)

Vegetative stage

3.

Vine bug (Pentatomidae:
Hemiptera)
Leaf beetle (Col eoptera)
(Unidentified)

Vegetative and
reproductive stage
New fl esh

Suck the sap from vine, flowers
and young and green frui ts
Feeds on leaf and occasional on
young fruits

Regular

Major

Vegetative stage

Suck the sap from leaves, vine and Regular
flowers
Feed leaves
Regular

Minor

Feeds outer skin of th e stem

Regular

Minor

Suck the sap from l eaves, new
flesh

Regular

Major

4.
5.

Leafhopper (Cicadeliidae:
Hemiptera)
6.
Grasshopper (Acrididae:
Orthoptera)
7.
Termite, Odontotermes sp.
(Termatidae: Isop tera)
B. Non - insect Pests
8.
Mite (Acarina) (Unidentified)

1

New fl esh and
Vegetative stage
Vegetative stage

New fl esh (Vegetative
stage)

2

5

3

4

6

8

Minor

7

9

Plate I. Insect pests of passion fruit, fruit fly (1), fruit fly damage (2-4), stink bug (5), stink bug sucking vine (6) and flower (7), leaf
beetle (8) and grasshopper (9)
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Blister beetle is the most serious pest of pulse crop and
groundnut and it can cause yield loss up to 25.00 to 30.00
per cent in green gram (Pathak, 2003; Pathak et al., 2001;
Shylesha et al., 2006). Various tools of management are
advocated to manage the economic losses caused by this
pest and insecticides used as the first line of defence. New
chemicals along with the conventional insecticides, if, used
judiciously and in rotation can be of much help in control of
blister beetles. Biopesticides are environmentally safe and
could be used in integrated pest management. Considering
the blister beetles as a major pest, the several control measures
were evaluated to find out the effective and safe method for
its inclusion in the integrated pest management (IPM)
programme.
Field trials were conducted during kharif 2007-08 at
ICAR Research Complex for NEH Region, Mizoram Centre,
Kolasib, Mizoram to evaluate the efficacy of botanicals based
biopesticides and common insecticides against blister beetles,
Mylabris pustulata and Epicauta sp. (Meloidae: Coleoptera).
The trial was laid out in randomized block design (RBD)
with plot size of 20m2. The variety used was local and planted
at the spacing of 60 × 30 cm. A total of two sprays were
given, based on ETL (economic threshold level) at 45 and 60
days after sowing. Ten plants were selected randomly and
tagged in each experimental plot for collection of data.
Observations on pest population (adult) were recorded on
these plants prior to the spray and 1st, 7th and 15th day after
each spray. The 7th or 15th day count assumed as the pretreatment count in respect of succeeding sprays when it
crossed ETL. The percentage of mortality was worked out by
using Henderson and Tilton (1955) formula. Mean values of
treatments were analysed by adopting Duncan’s Multiple
Range Test (Gomez and Gomez, 1984).
Results revealed that all the treatments were
significantly superior over control in reducing the blister
beetles population (Table 1). Spraying of neem oil (0.3% EC),
malathion (50% EC), endosulphan (35% EC),
monocrotophos (36% SL) and deltamethrin (2.8% EC) were
more effective with cent per cent reduction in the adult
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population upto 7th day of spraying. However, spraying with
neem oil (1% EC), neem oil (0.3% EC), malathion (50% EC),
endosulphan (35% EC) and dimethoate (30% EC) had cent
per cent reduction in the adult population upto 15th day of
spray.
Table 1. Effectiveness of botanicals and common
insecticides against blister beetles (M. pustulata) in
green gram
Adult population of M. pustulata (plant–1)
Sl.
Botanical/insecticide
Days after treatment Over the
No.
Pre count
1
7
15 season
1

Neem oil (1% EC)

5.6

2.6

0.4

0.0

1.0

2

Neem oil (0.3% EC)

4.8

0.8

0.0

0.0

0.3

3

Neem oil (0.03% EC)

4.6

1.2

0.2

1.2

0.9

4

Malathion (50% EC)

2.4

1.8

0.0

0.0

0.6

Endosulphan (35%
EC)
6 Monocrotophos (36%
SL)
7 Cypermethrin (5%
EC)
8 Imidacloprid (17.8%
SL)
9 Chlorpyriphos (20%
EC)
10 Deltamethrin (2.8%
EC)
11 Dimethoate (30% EC)

1.4

0.8

0.0

0.0

0.3

1.4

0.2

0.0

0.4

0.2

2.8

0.2

0.4

0.4

0.3

1.4

1.8

0.4

0.2

0.8

2.0

2.2

0.2

0.6

1.0

1.4

0.8

0.0

0.2

0.3

1.2

1.2

0.8

0.0

0.7

12 Control

4.7

3.7

5.8

3.0

4.2

5

Spraying of (36% SL) and dimethoate (30% EC) was
more effective against Epicauta sp. with minimum of 0.6 adult
per plant after 7 th day of spray (Table 2) followed by
deltamethrin (0.8 adult plant–1). Spraying with endosulphan
(35% EC), imidacloprid (17.8% SL) and dimethoate (30% EC)
was found more effective against M. pustulata with cent per
cent reduction in the adult population upto 15th day of spray.

Field bio-efficacy of botanicals and common insecticides against blister beetles, Mylabris pustulata and Epicauta sp. in green gram

Table 2. Effect of botanicals and comman insecticides on
blister beetle, Epicauta sp. in green gram
Adult population of Epicauta sp. (plant –1 )
Sl.
Botanical/insecticides
No.

Day after treatment Over the
season
1
7
15

Pre count

1

Neem oil (1% EC)

4.4

4.6

2.0

1.4

2.7

2

Neem oil (0.3% EC)

4.8

3.4

3.2

1.6

2.7

3

Neem oil (0.03% EC)

3.0

4.2

1.8

0.6

2.2

4

Malathion (50% EC)

3.8

3.0

1.4

0.2

1.5

4.2

3.2

2.4

0.0

1.9

3.8

2.6

0.6

0.2

1.1

4.6

5.4

2.2

0.2

2.6

8.4

7.0

1.0

0.0

2.7

4.6

5.0

1.4

0.2

2.2

5.8

3.8

0.8

1.0

1.9

Endosulphan
(35%
EC)
Monocrotophos (36%
SL)
Cypermethrin
(5%
EC)
Imidacloprid (17.8%
SL)
Chlorpyriphos (20%
EC)
Deltamethrin
(2.8%
EC)

5
6
7
8
9
10
11

Dimethoate (30% EC)

1.8

2.2

0.6

0.0

0.9

12

Control

1.8

5.2

4.0

4.8

4.7

Mean M. pustulata adult population over the season
(Fig. 1) indicated that the spraying of monocrotophos (36%
SL) was most effective with minimum adult population (0.2
plant–1) followed by neem oil (0.3% EC), endosulphan (35%
EC), cypermethrin (10% EC) and deltamethrin (2.8% EC) with
0.3 adult. Monoerotophos (36% SL) reported effective against
the pest earlier (Ward and Nagati, 1986; Ward, 2001).
No. of adults per plant over the season

5.0
4.5
4.0

Mylabris pustulata

Epicauta sp.

3.5

Mean Epicauta sp. adult population over the season
(Fig. 1) indicated that the spraying of dimethoate (30% EC)
was most effective with minimum of 0.9 adult plant–1
followed by monocrotophos (1.1 adult plant –1 ) and
malathion (1.5 adult plant–1). Similar findings were also
reported by earlier workers (Pathak, 2003, Pathak et al., 2001,
Shylesha et al., 2006) where spraying with monocrotophos
(36% SL) found effective in reducing of blister beetles (Ward
and Nagati, 1986; Ward, 2001).
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SHORT COMMUNICATION

Biodiversity of insect pollinators on litchi at Pantnagar
Usha, Poonam Srivastava and M.S.Khan
Department of Entomology, G. B. Pant University of Agriculture & Technology, Pantnagar -263145, Uttarakhand, India
Key Words: Insect pollinators, litchi, Apis and non–Apis bees, syrphids, coccinellids

Pollinating insects are indispensable to the
reproduction of the 80 per cent of terrestrial vegetation
represented by flowering plants which produce seeds.
Several horticultural crops cultivated in India derive benefit
and are dependent on pollinating insects for effective
qualitative and quantitative improvement in crop yield.
Litchi (Litchi chinensis Sonn.) belonging to the family
Sapindaceae are native to Asia and have been a prized fruit
in China for more than 2,000 years. It is grown in tropical
climates. Prime season for fresh litchi is June and July, but
also available in canned and dried form. The dried form is
called as litchi nuts. Syrphid flies or Hoverflies (Diptera:
Syrphidae & sub family- Syrphinae & Eristalinae) are one of
the most diverse flies of the world, comprising about 200
genera and over 5000 species. Syrphids are one of the most
important group of pollinators, help in producing crops of
significant value. The most abundant syrphids are
Episyrphus balteatus DeGeer, Melanostoma orientale We.,
Syrphus corollae Fab. and Eristalis tenax L. The adult syrphidflies spend a great deal of time in visiting the flowers and are
effective pollinators. The honey bees (Apis spp.) have major
role and considered widely as pollinating agents. However,
there are many other insects especially non–Apis bees also
called as native bees or pollen bees, play significant role in
pollination. The litchi inflorescence is visited by a number
of insects during the flowering period. Various insect
pollinators belonging to the order Diptera, Hymenoptera and

Coleoptera are recorded on litchi flowers. Present
investigation was carried out to explore the diversity of
different insect pollinators on litchi crop.
Regular surveys were carried out to record and identify
the various insect pollinators during flowering stage in litchi
crop at Horticulture Research Centre, Pattharchatta,
Pantnagar during March and April 2007 and 2008. A total
of 12 insect species were observed visiting litchi flowers
belonging to 5 species of Diptera, 5 of Hymenoptera and 1 of
Coleoptera (Table 1). The Hymenopterans constituted major
group of insects (61.26%), visiting on litchi flowers. Of these,
the bees of the family Apidae were the major visitors. The
Apinae was represented by 3 main species of the genus Apis,
i.e., Apis dorsata Fab., Apis mellifera L. and Apis cerana indica
Fab. Abrol and Kitroo (1998) also reported A. dorsata Fab., A.
mellifera L. and A. cerana indica Fab. as the most important
and efficient pollinators of litchi. Non–Apis bees of subfamily
Melliponinae (Trigona spp.) and Xylocopinae (Xylocopa
aestuans L.) were also observed to constitute 12.55 and 4.56
per cent, respectively. The role of non–Apis bees (Trigona spp.)
in crop pollination of litchi is also observed by Heard (1999)
who found Trigona sp. very efficient insects pollinators.
Among the dipterans, syrphids were the most frequent
visitors. These constituted the 21.60 per cent of the total insect
visitors. The species included Episyrphus balteatus DeGeer,
Melanostoma orientale Weid, Syrphus corollae Fab. and Eristalis

Table 1. Insect pollinators observed on litch at Horticulture Research Centre, Pantnagar
Sl. No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
©2009

Insect pollinator
Apis dorsata Fab.
A. mellifera L.
A. cerana indica Fab.
Trigona spp.
Xylocopa aestuans L.
Melanostoma orientale Weid
Syrphus corollae Fab.
Episyrphus balteatus DeGeer
Eristalis tenax L.
Musca spp.
Coccinella septempunctata L.

Order (Family :Subfamily)
Hymenoptera (Apidae, Apinae)
Hymenoptera (Apidae, Apinae)
Hymenoptera (Apidae, Apinae)
Hymenoptera (Apidae, Melliponinae)
Hymenoptera (Xylocopidae, Xylocopinae)
Diptera (Syrphidae, Syrphinae)
Diptera (Syrphidae, Syrphinae)
Diptera (Syrphidae, Eristalinae)
Diptera (Syrphidae, Eristalinae)
Diptera (Muscidae, Muscinae)
Coleoptera( Coccinellidae, Coccinellinae)

Status (%)
27.53
26.19
7.54
12.55
4.56
21.60 (all syrphids)
0.032
0.001

Biodiversity of insect pollinators on litchi at Pantnagar

tenax L. The adult syrphid-flies may be effective pollinators
as they spent more time in visiting flowers. Since the hoverflies are attracted to flowers and ranked as effective
pollinators (Maier and Waldbauer, 1979). The hover-fly,
E. balteatus exhibited its higher incidence on the litchi and as
compared to other syrphid species. Besides syrphids, other
dipterans, the Musca spp. (0.03%) were also observed as the
occasional visitors on the litchi flowers. Lady bird beetle,
Coccinella septempuctata L. (Coleoptera) constituted 0.001 per
cent of the total pollinators on litchi flowers.
It emanates from the findings that the Hymenopterans
constituted major group of insects pollinators followed by
Dipterans and Coleopterans, visiting on litchi flowers. Thus,
efforts for conservation and management of the diversified
group of insect pollinators should seriously be made for
enhancing the crop production.
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