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Abstract: The term „Entomophilic nematodes‟ includes all relationships of insects and nematodes ranging from phoresis to
parasitism and pathogenesis. „Entomogenous nematodes‟ are those that have a facultative or obligate parasitic association
with insects. Entomogenous nematodes have several deleterious effects on their hosts including sterility, reduced fecundity,
longevity and flight activity, delayed development, or other behavioral, physiological and morphological aberrations and in
some cases, rapid mortality. The entomopathogenic nematodes possessing balanced biological control attributes belong to
genera Steinernema and Heterorhabditis and are having mutualistic association with bacteria of the genus Xenorhabdus for
Steinernematidae and Photorhabdus for Heterorhabditidae. Entomopathogenic nematodes being highly lethal to many
important insect-pests, are safe to nontargetorganisms and working with their symbiotic bacteria kill the insects within 24-28
hours as compared to days and weeks required for insect killing in other biological control agents. Their infective juveniles
(IJs) have been reported to tolerate short-term exposure to many chemical and biological insecticides, fungicides, herbicides,
fertilizers and growth regulators, hence providing an opportunity of tank-mixing and application together. The EPNs have
the great potential to be used in integrated pest management systems and work done have been reviewed in this article to
facilitate the students and researchers to have an overview of the work done and proceed further to undertake the advanced
research in different aspects related to entomopathogenic nematodes.
Keywords: Entomopathogenic nematodes (EPN), Heterorhabditis, Photorhabdus,Steinernema, Xenorhabdus.

INTRODUCTION

N

ematodes are simple roundworms, colorless,
unsegmented, and lacking appendages, may be
free-living, predaceous, or parasitic. Many of the
parasitic species cause important diseases of humans
plants and animals. The term „Entomophilic
nematodes‟ includes all relationships of insects and
nematodes ranging from phoresis to parasitism and
pathogenesis. „Entomogenous nematodes‟ are those
that have a facultative or obligate parasitic
associations with insects. Entomogenous nematodes
have several deleterious effects on their hosts
including sterility, reduced fecundity, longevity and
flight activity, delayed development, or other
behavioral, physiological and morphological
aberrations and in some cases, rapid mortality.
Parasitic associations with insects have been
described from 23 nematode families. Seven of these
families contain species that have potential for
biological control of insects (Koppenhofer and Kaya,
2001). A very few cause insect death but these
species are difficult (e.g., tetradomatids) or expensive
(e.g. mermithids) to mass produce, have narrow host
specificity against pests of minor economic
importance, possess modest virulence (e.g.,
sphaeruliids) or are otherwise poorly suited to exploit
for pest control purposes. The only insect parasitic
nematodes possessing an optimal balance of
biological control attributes are entomopathogenic or
insecticidal nematodes in the genera Steinernema
and Heterorhabditis because of their ability to kill
hosts quickly (1-4 days depending on nematode and

host species). Mutualistic association of these
nematodes with bacteria of the genus Xenorhabdus
for Steinernematidae and Photorhabdus for
Heterorhabditidae have also been reported by
Boemare et al. (1993)
Entomopathogenic nematodes are parasites and
ubiquitous in distribution throughout the world
(Hominick, 2002) except Arctic and Antarctica. It
search the suitable insect host with the help of
leakage of root wounded plant compounds, carbon
dioxide etc. Nematodes act as a biological control
agents and the non-feeding infective juvenile stage
(IJs) kill the insects (different stages of larva, pupa,
and adult) depend upon the species of nematodes and
insects; the nematode penetrates into the insect body,
usually through natural body openings (mouth, anus
and piracles) or areas of thin cuticle within 24-72 h
with the help of their own associated bacterial
symbionts, which is present in their intestinal space .
The bacteria multiply inside the host and release a
number of virulence factors, including complexes of
toxins, hydrolytic enzymes, hemolysins, and
antimicrobial compounds (Eleftherianos et al., 2010),
thus providing nutrients for the nematodes
development and reproduction within the insect
cadaver. Entomopathogenic nematode belongs to the
genera Steinernema and Heterorhabditis and their
symbiotic bacteria in the genera Xenorhabdus Poinar
and Photorhabdus respectively. In the last two
decades, survey has been carried out and several
species of nematode species isolated (Rosa et al.,
2000). Environmental factors influence the nematode
occurrences and distribution and their survival.
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Biotic and abiotic factors cause the distribution EPN
to differ across different regions (Karthik Raja et al.,
2011). Major factors namely temperature and host
availability are thought to be important in
determining their distribution. Since, few commercial
strains of EPN species available and isolated from
North America or Europe are used worldwide
(Susurluk, 2011). Now days, application of EPNs is
strategies (Blaxter et al. 1998). Developed in large
scale liquid culture, production costs compact and
their usage in particularly horticulture, agriculture,
and forestry. Therefore, these strains may perhaps
not be well adapted to local climates and their value
might be reduced. Several surveys have searched for
new EPN species with the intent to control important
agricultural and horticultural pests under specific
conditions. Isolates of EPNs are usually found in a
variety of habitats, exhibit considerable variation in
their respective studies such as host range,
reproduction, infectivity, and survival (Laznik and
Trdan, 2012). Therefore EPNs are considered as one
of the most relevant non-chemical alternatives to
insect pest control due to their high reproductive
potential, ease of mass production and their
harmlessness to microbes, animals, humans and
plants.
Host range and Mode of action of EPN:
As the development of insect resistance to
insecticides, pest resurgence and outbreak of
secondary pests and other socio-economic problems.
Therefore, there is a need to identify suitable
alternative methods for the management of insect
pests. Among these methods, entomopathogenic
nematodes (EPN) are a potent candidate that can be
used as biopesticides against lepidopteran insect
pests. EPN are symbiotically associated with the
bacteria Xenorhabdus spp. and Photorhabdus spp.
When these bacteria are released into the insect
haemocoel through EPN, they cause septicaemia and
death of the insect within 24 – 29 h (Kaya &
Gaugler). Entomopathogenic nematodes, especially
Steinernematidae, have a great potential as biological
control agents against insect pests because of their
wide host range (Poinar 1990).
EPN can be mass produced in vivo where the insect
serves as a small biological reactor. Galleria
mellonella L. has been widely used for in vivo mass
production of EPN, while other insect like Chilo
sacchariphagus indicus have also been used to study
the infectivity and multiplication of Steinernema
feltiae, S. glaseri and Heterorhabditis bacteriophora
(Karunakar et al. ). This study was undertaken to
broaden the list of tested insect pests to which these
EPN (both newly described and earlier species) are
pathogenic and in vivo mass production techniques.
The comparative pathogenicity of five species of
EPN, namely, Steinernema masoodi, S. seemae, S.
carpocapsae ,S. glaseri and S. thermophilum against
final instar larvae of lepidopteran pests namely, pod
borer, Helicoverpa armigera (Hübner), greater wax

moth, Galleria mellonella L. and rice moth, Corcyra
cephalonica L. were studied. The in vivo mass
production potential of the entomopathogenic
nematodes on the above named lepidopteran larvae
was also undertaken.
Successful biological control with entomopathogens
(such as steinernematid and heterorhabditid
nematodes) can depend on possession of certain
beneficial traits (Fuxa, 1987; Gaugler, 1987). We
chose an economic pest of interest because superior
virulence to G. mellonella or any other host would
not necessarily indicate superior virulence to the
target pest. All nematodes were cultured in last instar
G. mellonella according to procedures described in
Kaya and Stock (1997). Nematodes were stored at 13
º C for up to 3 weeks prior to use. All nematode
strains were included in all experiments except the
Sal and Breton strains, which were omitted from the
bacterial tests (because of difficulty isolating pure
bacterial cultures in parallel with the other strains).
Soil Collection
The occurrence and distribution of EPNs was
surveyed in crop fields and forest area. EPNs
distribution in relation to environmental changeable
and soil physical chemical characteristic from each
locality soil samples were taken from vegetable crops
include cabbage, cauliflower, garlic, carrot and
sampling interval was about 5 km. Totally 500 soil
samples were collected in the polythene bag from the
depth of 10-15cm and transported to laboratory for
further processing.
Isolation and Propagation of nematodes
(Galleria Trap Method)
In the laboratory, soil samples were processed with
the insect-baiting (Galleria trap) method (Bedding &
Akhurst, 1975). 250g soil sample was placed in a
plastic box and baited with five larvae of G.
mellonella. The boxes were stored at 25ºC for five
days; the dead larvae were collected and transferred
to a white trap (White, 1927) to collect the infective
juveniles (IJs) of nematodes. All the soil samples
were baited three times with larvae to get the
maximum number of positive soil samples. The
collected IJs were checked for their pathogenicity
against Galleria larvae (Pelezar and Reid, 1972).
Nematode propagation was performed by applied IJs
to a 4.5 cm diameter Petri dish lined with Whatman
No.5 filter paper containing five G. mellonella
larvae. The Petri dishes were incubated at room
temperature until IJs emerged from the cadavers and
were collected in a White trap. The IJs were then
stored for less than three weeks at 15°C in distilled
water until further testing. The IJs were stored at a
concentration of 1000 IJs/ ml in distilled water with
0.1% formalin in tissue culture flask, were stored at
19°C in B.O.D incubator. Nematodes were routinely
cultured in G. mellonella larvae (Woodring and
Kaya, 1988).
Compatibility with different host
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The experiments were conducted in earthen pots.
One-hundred grams of sterilized soil was put in each
pot and moisture maintained according to the field
capacity of the soil. One-thousand freshly harvested
infective juveniles of each species of Steinernema
from the gram pod borer, H. armigera, were
sterilized with 0.1% hyamine solution and were
inoculated in a single larva of the test insect. Each
species of EPN was tested against final instar larva of
wax moth, G. mellonella, which were reared on an
artificial diet (David & Kurup ), while field collected
larvae of pod borer, H. armigera, were used as the
laboratory host for multiplication of all five test
species of EPN, which were reproduced in the
laboratory on larvae of the rice moth, C. cephalonica.
Test species of entomopathogenic nematodes were
tested against the three lepidopteran insect larvae
separately and singly. All experiments were
conducted at room temperature during April 2004
and replicated 15 times along with control.
Observations were made at 6-h intervals. Nematodeinfected dead larvae of test insects were removed
from the earthen pots, kept on to white trap for their
emergence from the body and were collected daily
up to a fortnight, till the emergence of IJs was
stopped, from insect cadavers by the modified white
trap method (White ). From this collection, the
populations of entomopathogenic nematodes were
counted three times under a Leica MS 5 stereoscopic
binocular microscope with the help of a Syracuse
counting dish and mean values were calculated. S.
masoodi is capable of killing the larva of G.
mellonella within 36 h and yield of IJs on H.
armigera was the second highest. EPN, S. masoodi
and S. carpocapsae were found to be on a par with
respect to mass production of IJs on the test insects.
These results indicate that all three species of
lepidopteran insect larvae are susceptible to five EPN
species tested, viz., S. carpocapsae, S. glaseri, S.
thermophilum, S. seemae and S. masoodi. In the
present study, S. glaseri took 29 h to kill
C.cephalonica, 48 h to both H. armigera and G.
mellonella. Variation in yield of IJs, mortality time
and their ability to support large populations cannot
be correlated with the body size of tested insects.
Susceptibility of S. seemae and S. masoodi to H.
armigera, G. mellonella and C. cephalonica larvae is
reported for the first time. It can be concluded that S.
seemae was more pathogenic than other species of
entomopathogenic nematodes to the larvae of three
lepidopteran pests. The most suitable host for
multiplication is G. mellonella and H. armigera, and
these insects can be selected as the alternate host for
in vivo production of IJs under laboratory conditions.
The recently described EPN S. seemae is also
promising, being the most pathogenic, giving highest
IJs yield when infected to G. mellonella. These EPN
have great potential as candidate in biological control
programme of lepidopteran pest management.
Nematode cultures

The nematode species used in this study were S.
siamkayai Tiruchirappalli strain, S. carpocapsae
Turkey strain, and. Each species was reared in the
last instar of greater wax moth (Galleria mellonella)
(Kaya and Stock 1997) by placing the larva in a well
of a 24 multi-well plate with each well containing 0.5
g sterile sand and 100 IJs/60 ll distilled water and
incubated at 25 º C. Nematode-killed larvae for a
given nematode species were collected 48 h later and
transferred to a White trap to collect the emerging IJs
from dead insects (White 1927; Kaya and Stock
1997). Freshly emerged IJs were harvested and
rinsed three times in distilled water and stored at 15º
C. The IJs were used within a week after emergence
for the experiments (Gungor et al. 2006). Influence
of temperature on infectivity and reproduction of
Steinernema siamkayai Wells of 24-well tissue
culture plates were each filled with 0.5 g of
sterilized, air-dried sandy loam soil (56.4% sand,
30.8% silt, 12.8% clay) and 50 790 R. K. Raja et al.
Wells were filled with 0.5 g of sterile sandy loam soil
(the same as used at infectivity test) plus 50 IJs in 60
ll and followed by the addition of one insect of a
given species per well. The well plates were placed
into polyethene bags to minimize desiccation.
Susceptibility of S. exigua to S. siamkayai was
conducted in a plastic container (3 cm dia. and 4 cm
depth) containing 3 g of sandy loam soil plus 100 IJs
in 300 ll distilled water. Control groups for all insect
species received distilled water instead of a nematode
suspension. All bioassays were examined daily for
seven days and mortality was recorded. The cadavers
were transferred to White traps to observe for
progeny production.
Different strain tested against different hosts
Among the five species of entomopathogenic
nematodes tested, S. masoodi, S. seemae and S.
carpocapsae were found to be most pathogenic to C.
cephalonica, causing mortality within 24 h. Other
species of EPN, viz., S. glaseri and S.thermophilum
were less pathogenic as these killed the larvae of C.
cephalonica in 29 and 36 h, respectively. The
mortality within 24 h other species of EPN, viz., S.
glaseri and S. thermophilum were less pathogenic as
these killed the larvae of C. cephalonica in 29 and 36
h, respectively. The mortality of the pod borer, H.
armigera, by S. seemae, S. carpocapsae and S.
glaseri was observed within 36, 38 and 48 h,
respectively. Steinernema thermophilum and S.
masoodi were the least pathogenic to H. armigera
larva as these caused about mortality in 48 and 56 h,
respectively. On the other hand, S. seemae and S.
masoodi killed the larva of G. mellonella within 30
and 36 h, respectively, followed by S. carpocapsae,
S. glaseri and S. thermophilum within 48 h. It was
observed that EPN-infected larvae of tested insects
turned brownish, greyish and light yellow. Mortality
of the three lepidopteran pests by the five
entomopathogenic nematodes. Sg, S. glaseri; Sc, S.
carpocapsae; St, S. thermophilum; Sm, S. masoodi;
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Ss, S. seemae. (B) In vivo mass production of
infective juveniles of the five entomopathogenic
nematodes on the three lepidopteran species. With
respect to yield of IJs, it was observed that G.
mellonella was the most suitable host for the highest
mass production of infective juveniles (IJs) of S.
seemae, which yielded 2.1 × 10 IJs/larva, followed
by S. carpocapsae, 1.9 × 10 IJs/larva . Lowest
number of S. thermophilum (0.4 × 10 IJs/larva) was
recovered from the G. mellonella. Helicoverpa
armigera was the next best suitable alternate host,
which yielded S. seemae (1.5 × 10 IJs/larva), S.
masoodi (1.2 × 10 IJs/larva), S. carpocapsae (1.1 ×
10 IJs/larva), S. glaseri (0.9 × 10 IJs/larva) and S.
thermophilum (0.4 × 10 IJs/larva). Rice moth, C.
cephalonica, was the least suitable host, which
yielded, 0.9 × 10 IJs of S. seemae and 0.8 × 10 IJs of
S.carpocapsae per larva. The lowest number of S.
glaseri (0.3 × 10 IJs/larva) followed by S.
thermophilum (0.1 × 10 IJs/larva) emerged from the
body of C. cephalonica S. glaseri took a minimum
time of 37 h to kill C. cephalonica, followed by 42 h
for G. mellonella and 52 h for H. armigera .The least
multiplication of S. glaseri was observed in C.
cephalonica, which agrees with the studies of
Karunakar et al.
S. masoodi is capable of killing the larva of G.
mellonella within 36 h and yield of IJs on H.
armigera was the second highest. EPN, S. masoodi
and S. carpocapsae were found to be on a par with
respect to mass production of IJs on the test
insects.These results indicate that all three species of
lepidopteran insect larvae are susceptible to five EPN
species tested, viz., S.carpocapsae, S. glaseri, S.
thermophilum, S. seemae and S. masoodi. In the
present study, S. glaseri took 29 h to kill
C.cephalonica, 48 h to both H. armigera and G.
mellonella. Variation in yield of IJs, mortality time
and their ability to support large populations cannot
be correlated with the body size of tested insects.
Susceptibility of S. seemae and S. masoodi to H.
armigera, G. mellonella and C. cephalonica larvae is
reported for the first time.
It can be concluded that S. seemae was more
pathogenic than other species of entomopathogenic
nematodes to the larvae of three lepidopteran pests.
The most suitable host for multiplication are G.
mellonella and H. armigera, and these insects can be
selected as the alternate host for in vivo production of
IJs under laboratory conditions. The recently
described EPN S. seemae is also promising, being the
most pathogenic, giving highest IJs yield when
infected to G.mellonella. These EPN have great
potential as candidate in biological control
programme of lepidopteran pest management.
Effect of Temperature on survival of EPN
As soil temperatures tend to be lower when ambient
temperatures are high and higher when ambient
temperatures are low, our laboratory temperature
study shows that S. siamkayai is a warm adapted

species which should do well in tropical climates.
This nematode species has similar temperature
profiles with other warm-adapted species such as S.
riobrave (infectivity range 10–39º C) and S. glaseri
(10–32º C) (Grewal et al. 1994) with a range of
infectivity to Galleria larvae between 15º C and 37.5º
C. However, no infection occurred at 10º C, whereas
the former two species could infect at that
temperature. S. siamkayai ability to reproduce at high
temperature is very similar to that of S. riobrave (20–
35º C). Chongchitmate et al. (2005) tested the effect
of temperature on the infection of S. siamkayai
Thailand strain on Helicoverpa armigera larvae with
the optimal temperature to infect H. armigera larvae
at 50 IJs larva-1 ranging from 25º C to 30º C. The
highest mortality was 77.8% obtained at 25º C after
72 h post infection. However, at 35º C, mortality was
24.3% after 24 h, whereas S. siamkayai
Tiruchirappalli strain showed 100% mortality of
Galleria larvae at 35º C within 24 h post-infection.
The differences are probably caused by the different
insect hosts as Galleria larvae are highly susceptible
to nematode infection. It may also be related to the
virulence of our isolate. It is generally known that
steinernematid species are more active at lower
temperatures than heterorhabditid species (Grewal et
al. 1994). However, some Steinernema species are
well-adapted to warm temperatures related to the
climatic locality of the species where they live. As
many reports suggest, our thermal data also show
that the original climatic locality of the nematodes
correlated with their temperature range (Molyneux
1985; Kung et al. 1991). Different isolates of S.
feltiae showed different response to temperature
regimes H. bacteriophora isolates were the most
tolerant species to high temperatures and were
infectious between 10 º C and 35º C but reproduction
occurred between 15º C and 30º C. In our study, the
optimal temperature for infection and reproduction of
S. siamkayai Tiruchirappalli strain was from 25º Cto
30º C. Although Chongchitmate et al. (2005) did not
conduct studies on penetration efficiency, time of
emergence and total number of new generation IJs,
they reported that the optimal temperature for
infectivity for S. siamkayai Thailand strain was from
25º C to 30º C. The longest time for the first
emergence of S. siamkayai IJs from the cadaver was
observed at 20º C (16.8 days), whereas S. riobrave
can take up to 20 days at this temperature (Grewal et
al. 1994). The shortest emergence time for S.
siamkayai was observed at 30º C (six days), whereas
for S. riobrave it takes 11 days at 30º C. Another
important factor that determines the biocontrol
potential of the nematodes is the number of IJs that
emerged from the cadaver.
Grewal et al. (1994) reported that the highest
production rate of S. glaseri (NC strain and NJ42
strain) and S. scapterisci (Colon strain) did not
exceed 50,000 IJs per cadaver, whereas S. siamkayai
reproduction ranges up to 135,128 IJs from a single

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 10 (7)

cadaver at 30º C. In terms of S. scapterisci, this
nematode species is adapted to mole crickets and not
to Galleria or other lepidopterous species (Hazir et
al. 2003). Under laboratory conditions, S. siamkayai
had awide host range but the percentage of host
mortality was moderate compared to other
Steinernema species at the same concentration level.
For example, S. siamkayai showed 45.8% mortality
against T. molitor, whereas S. anatoliense showed
88% mortality (Gungor et al. 2006). Mortality
percentage of S. siamkayai against C. capitata
(60%), C. elephas (25%) and C. splendana (55%)
also showed lower infectivity than S. weiseri (100,
55 and 87%, respectively) (Bazman et al. 2008).
However, our study includes only three insect orders
which are used as a common insect host and
susceptibility to nematodes among insects in
different orders can vary greatly (Shapiro-Ilan et al.
2009). It is possible that S. siamkayai is better
adapted to insect pests which occurred in India.
Different researchers have reported that vertical
movement of the nematodes was affected by soil
type, presence and absence of a host and nematode
species (Kaya 1990; Griffin et al. 2005). Dispersal
distances of the nematodes were 0–15 cm for S.
carpocapsae, 25 cm for S. feltiae and 35 cm for H.
bacteriophora (Kaya 1990; Ferguson et al. 1995;
Morton and Garcia-del-Pino 2009). In our study, S.
siamkayai showed larval mortality at 0 and 5 cm
depth but no larval mortality was seen at 10 cm
depth. We found that S. siamkayai tended to remain
near the soil surface to attack highly mobile insects
(Lewis 2002; Griffin et al. 2005). Thus, our data
indicate that S. siamkayai is better adapted to finding
and infecting mobile hosts near the soil surface rather
than sedentary hosts deeper in the soil profile (Lewis,
2002). Moreover, IJs of S. siamkayai can stand
straight body-wave and jump similar to S.
carpocapsae. This jumping behavior helps these IJs
to attach to a mobile host (Campbell and Kaya 2002;
Campbell et al. 2003). A better understanding of
ecological properties of native nematodes for its
efficiency in biological control in the local agroclimatic conditions is needed. Koppenhofer and Kaya
(1999) suggest that description of new species and
described species still need to be studied in detail for
their potential use as biological control agent. The
symbiotic bacterium of S. siamkayai Tiruchirappalli
strain was identified as Xenorhabdus stockiae based
on genotypic and phenotypic characterization.
Chongchitmate et al. (2005) isolated the symbiotic
bacterium of S. siamkayai Thailand strain and
identified as Xenorhabdus sp. according to cell and
colony morphology. Tailliez et al. (2006) suggested
that some Xenorhabdus species may have become
adapted to tropical or temperate regions and/or
influenced by the optimal growth and development
temperatures of their nematode host. The growth
temperature of X. stockiae ranged from 15º C to 41º
C, whereas the highest growth temperature of the

type strain isolated from Thailand was 39º C (Tailliez
et al. 2006). Wright (1992) reported that
reproduction rate of many entomopathogenic
nematodes at low temperature was related to the
growth rate of the bacterial symbiont. Although the
symbiotic bacteria of S. siamkayai can grow over a
wide range of temperatures, the reproduction of the
nematodes occurs only between
20º C and 35º C.
Even though X. stockiae can develop at 15º C, 37.5º
C and 41º C, S. siamkayai can not develop and
reproduce at these temperatures. Thus, these
temperature extremes had a negative effect on S.
siamkayai and demonstrated that X. stockiae had a
greater adaptation to temperature extremes than the
nematode. In summary, our study on ecological
characterization of S. siamkayai may have significant
practical implications. The ability of S. siamkayai to
parasitize and reproduce at high temperatures is an
important attribute for using this nematode as a
successful biological control agent for mobile insect
pests at the soil surface in tropical countries like
India. The identification and growth parameters of X.
stockiae should be useful information for the in vitro
production of S. siamkayai.
CONCLUSION
Entomopathogenic nematology has a relatively short
history dating back to the pioneering research of
R.W. Glaser and his coworkers in the 1930s and
1940s (Gaugler R and Kaya HK, 1990). The primary
emphasis of their research and of others following
them focused on developing and using these
nematodes as biological insecticides. The reasons for
success or lack of success in controlling insect pests,
particularly in the soil environment, often remains
unknown, underscoring the need to obtain basic
information on the biology, behavior, ecology and
genetics of these nematodes. Recently advances
made in nematode behavior and ecology clearly
demonstrates that they are not generalist pathogens;
their behavior, for example, restricts much of their
activity to certain soil stratum, eliminating many
insects from infection. Understanding these
behavioral patterns and their genetics will enhance
the use and production of the most adapted species
for insect control in the field. Entomopathogenic
nematodes (Rhabditida: Steinernematidae and
Heterorhabditidae) in particular have emerged as
excellent biocontrol agents of soil-dwelling insect
pests and hence attracted widespread commercial
interest. These biological control agents are endowed
with many advantages including host seeking
capability, high virulence, and ease of production,
ease of application, mammalian safety and exception
from registration in many countries. They also
possess a broad host range, are compatible with
many other control agents, are widespread in
distribution and can be formulated and stored for
reasonable length of time. However, the efficacy of
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these nematodes against insect pests varied,
particularly in soil environment, are often unknown,
emphasizing the need to obtain basic information on
the biology, behavioral ecology and genetics of these
nematodes. Indeed, there has been a surge in research
to obtain more basic information and in exploration
to discover new nematode isolates. These nematodes
are ubiquitous in nature, but their populations usually
are not sufficiently high to cause epizootic and
reduce pest population. Research is needed to better
understand the factors that regulate their population
and on how their population can be manipulated to
initiate epizootic in insect-pest populations. Finally,
these fascinating animals may contribute more to
science than their use solely as biological control
agents. To begin with, they may be useful tools in
understanding the evolution of parasitism and
symbiosis and mechanisms by insect resistance to
infection.
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Abstract: The present research work was carried out to examine the in vitro cytotoxic effect of four minor fruits of kandi
belt of Jammu region viz., Emblica officinalis (amla), Morinda citrifolia (shehtoot), Olea europaea (jaitun), Ziziphus
mauritiana (ber) against nine human cancer cell lines from eight different origins such as A-549 (lung), A-498 (renal), HCT116 (colon), MCF-7 (breast), MDA-MB-435 (melanoma), OVCAR-5 (ovarian), PC-3 (prostate), SF-295 (CNS), T-47D
(breast). Methanolic extracts of fruits were used as test material and in vitro cytotoxicity was determined at 100 μg/ml via
SRB assay. Results revealed that all the minor fruits (except shehtoot) showed in vitro cytotoxic efficacy against one or the
other human cancer cell line with growth inhibition range of 70-99%. Maximum growth inhibition against more number of
human cancer cell lines was produced by amla followed by ber and jaitun. When evaluated at lower concentrations, ber fruit
exhibits significant in vitro cytotoxic potential (79% & 70%) at 50 and 30 μg/ml respectively against lung cancer cell line
(A-549). Ber also suppressed 70% proliferation of melanoma cancer cell line (MDA-MB-435) at 50 μg/ml. To conclude, ber
possesses certain constituents with cytotoxic properties that will be effective against melanoma and lung cancer cells.
Keywords: Amla, Ber, Cancer Cells, In vitro cytotoxicity, SRB assay

INTRODUCTION
ow a days, many options for the treatment of
cancer exist (surgery, chemotherapy, radiation
therapy, hormonal therapy, targeted therapy),
but the sure-shot, perfect cure is yet to be brought
into the world of medicine. Fruits consumed in our
daily diet could be a solution to this deadly disease
by providing chemo protective and chemotherapeutic
remedy. Fruit of E. officinalis is of immense use in
various folk / traditional systems of medicine (Zhang
et al., 2003; Khan, 2009), is reported to possess
hepatoprotective, cardioprotective, stomachic, antiinflammatory properties and is used for a variety of
ailments such as anemia, hyperacidity, diarrhea,
jaundice, nerve debility, liver complaints, cough
(Pandey, 2002). Aqueous extract of amla inhibited
the growth of A-549 (lung), HepG2 (liver), HeLa
(cervical), MDA-MB-231 (breast), SK-OV-3
(ovarian), SW-620 (colorectal) cells in vitro and also
induced apoptosis in HeLa, A-549, MDA-MB-231,
SK-OV-3 cells (Ngamkitidechakul et al., 2010).
Moreover,
the
amla
extract
possesses
antiproliferative activity in MCF-7 and MDA-MB231 - breast cancer cell lines (Lambertini et al.,
2004). The extract was devoid of cytotoxic effect on
normal ovarian cell line, suggesting it to be
selectively cytotoxic to only neoplastic cells

N

(Sumantran et al., 2007). M. citrifolia fruits, rich in
phenolic
compounds
including
flavonoids,
anthocyanins, carotenoids (Lin and Tang, 2007;
Sass-Kiss, 2005) has been reported to have not only
antioxidative, antitumor, antidiabetic effects, but also
cardiovascular,
hepato
and
neuro-protective
properties (Andallu et al., 2001; Huang et al., 2008;
Kimura et al., 2007; Isabelle et al., 2008). Mulberry
fruit extracts result in human glioma cell death in
vitro through the reactive oxygen species (ROS)dependent mitochondrial pathway and glioma tumor
growth in vivo via reduction of tumor cell
proliferation and the induction of apoptosis (Jeong et
al.,2010). O. europaea fruit extracts inhibit
proliferation and induce apoptosis in HT-29 human
colon cancer cells (Juan et al., 2006). Antioxidants
are present in olive/olive oil and consumption of
antioxidants is believed to reduce the risk of
mutagenesis / carcinogenesis (Waterman and
Lockwood 2007; Visioli et al., 2004). Olive oil
intake has been shown to induce significant levels of
apoptosis in various cancer cells including breast,
prostate, colon and these anti-cancer properties are
thought to be mediated by phenolic compounds
present in olive (Han et al., 2009). A polyphenolic
fraction extracted from olive oil was investigated on
proliferation, the cell cycle distribution profile,
apoptosis and differentiation of the promyelocytic
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leukemia
cells
(HL-60)
and
it
showed
antiproliferative effect in a time and concentrationdependent manner (Fabiani et al., 2006; Fabiani et
al., 2008). The high content of squalene in olive oil
could supply a chemo-protective effect to skin and
may also provide defense against many other forms
of cancer (Newmark, 1997; Smith, 2000). Different
parts of Z. mauritiana have been used for the
treatment of asthma, allergies, depression, ulcers,
diabetes and inflammation (Marwat et al., 2009;
Bhatia & Mishra, 2010; Cisse et al., 2000; Gupta et
al., 2012; Memon et al., 2012; Siddharth et al.,
2010). A study was conducted to investigate the
chemical composition as well as biological
(antioxidant, antimicrobial, antitumor, anticancer)
attributes of different solvent extracts from the leaves
of Z. mauritiana and it was established that methanol
extract exhibited higher DPPH free radical
scavenging potential (IC50 = 0.11 mg/mL) and
antimicrobial (antibacterial / antifungal) activity
among others. Chloroform extract showed strongest
antitumor (IC50 = 70.74 μg/mL) and anticancer (IC50
values of 27.78 and 18.32 μg/mL against human
cancer cell lines U937 and HCT-116 respectively)
activity and significantly inhibited the viability of
these cell lines (Ashraf et al., 2015).
There is
strong, consistent evidence that high intake of fruits
protect against various cancers and these protective
effects of high fruit consumption are attributed to the
active micronutrients (vitamins and minerals) and
non-nutritive components (phytochemicals) that
exhibit a potential for modulating human metabolism
in a manner favorable for the prevention of cancer. In
the present study, in vitro anticancer potential of E.
officinalis, M. citrifolia, O. europaea, Z. Mauritiana
has been investigated against nine human cancer cell
lines (A-498, A-549, HCT-116, MCF-7, MDA-MB435, OVCAR-5, PC-3, SF-295, T-47D) from eight
different tissues (renal, lung, colon, breast,
melanoma, ovarian, prostate, CNS).
MATERIALS AND METHODS
Chemicals
RPMI-1640 medium, dimethyl sulfoxide (DMSO),
EDTA, fetal bovine serum (FBS), sulphorhodamine
blue (SRB) dye, phosphate buffer saline (PBS),
trypsin, gentamycin, penicillin and 5-flurouracil were
purchased from Sigma Chemical Co., USA. All other
chemicals were of high purity and obtained locally
with the brand Sigma-Aldrich Chemicals Pvt. Ltd.
and S.D. Fine Chemicals Pvt. Ltd. from Ramesh
Traders, Panjthirthi-Jammu, J&K.
Fruit material and preparation of extracts
E. officinalis, M. citrifolia, O. europaea and Z.
Mauritiana were authenticated at site by Dr. Vijay
Bahadhur Singh, I/c Regional Research Station for

Subtropical Fruits, Raya (District Samba), SKUASTJammu and enough quantity of fresh fruits were
collected.The freshly collected fruits were chopped,
shade-dried and ground into powdered form. The
methanolic extracts of all the fruits were prepared by
percolating the dried ground plant material (100 g)
with 99% methanol and then concentrating it to
dryness under reduced pressure. Stock solutions of
20 mg/ml were prepared by dissolving methanolic
extract in DMSO (Kandil et al., 1994). Stock
solutions were prepared at least one day in advance
and were not filtered. The microbial contamination
was controlled by addition of 1% gentamycin in
complete growth medium i.e. used for dilution of
stock solutions to make working test solutions of
200 μg/ml.
Cell lines /cultures and positive controls
The human cancer cells were obtained from National
Centre for Cell Science, Pune, India and National
Cancer Institute, Frederick, USA. These human
cancer cells were further grown and maintained in
RPMI-1640 medium. Doxorubicin, 5-Fluorouracil,
Mitomycin-C, Paclitaxel and Tamoxifen were used
as positive controls.
In vitro assay for cytotoxic activity
Extracts were subjected to in vitro anticancer activity
against various human cancer cell lines (Monks et
al., 1991). In brief, the cells were grown in tissue
culture flasks in growth medium at 37oC in an
atmosphere of 5% CO2 and 90% relative humidity in
a CO2 incubator (Hera Cell, Heraeus; Asheville,
NCI, USA). The cells at sub-confluent stage were
harvested from the flask by treatment with trypsin
(0.05% trypsin in PBS containing 0.02% EDTA) and
suspended in growth medium. Cells with more than
97% viability (trypan blue exclusion) were used for
determination of cytotoxicity. An aliquot of 100 μl of
cells (105 cells/ml) was transferred to a well of 96well tissue culture plate. The cells were allowed to
grow for 24 h. Extracts (100 μl/well) were then
added to the wells and cells were further allowed to
grow for another 48 h.
The anti-proliferative SRB assay which estimates
cell number indirectly by staining total cellular
protein with the dye SRB was performed to assess
growth inhibition. The SRB staining method is
simpler, faster and provides better linearity with cell
number. It is less sensitive to environmental
fluctuations and does not require a time sensitive
measurement of initial reaction velocity (Skehan et
al., 1990). The cell growth was stopped by gently
layering 50 μl of 50% (ice cold) trichloroacetic acid
on the top of growth medium in all the wells. The
plates were incubated at 4oC for 1 h to fix the cells
attached to the bottom of the wells. Liquid of all the
wells was then gently pipetted out and discarded. The
plates were washed five-times with distilled water
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and air-dried. SRB 100 μl (0.4% in 1% acetic acid)
was added to each well and the plates were incubated
at room temperature for 30 min.
The unbound SRB was quickly removed by washing
the cells five-times with 1% acetic acid. Plates were
air-dried, tris buffer (100 μl, 0.01 M, pH 10.5) was
added to all the wells to solubilize the dye and then
plates were gently stirred for 5 min on a mechanical
stirrer. The optical density (OD) was recorded on
ELSIA reader at 540 nm. Suitable blanks (growth
medium and DMSO) and positive controls (prepared
in DMSO and distilled water) were also included.
Each test was done in triplicate and the values
reported were mean values of three experiments.
Data analysis
The cell growth was determined by subtracting
average absorbance value of respective blank from
the average absorbance value of experimental set.
Percent growth in presence of test material was
calculated as under:
 OD Change in presence of control = Mean OD
of control – Mean OD of blank
 OD Change in presence of test sample = Mean
OD of test sample – Mean OD of blank
 % Growth in presence of control = 100/OD
change in presence of control
 % Growth in presence of test sample = %
Growth in presence of control × OD change in
presence of test sample
 % Inhibition by test sample = 100 – % Growth
in presence of test sample
The growth inhibition of 70% or above was
considered active while testing extracts, but in testing
of active ingredients at different molar
concentrations, the growth inhibition of 50% or
above was the criteria of activity.
RESULTS AND DISCUSSION
In the present investigation, it was observed that
amla fruit suppressed the proliferation of six human
cancer cell lines from six different tissues in the
range of 72-99% via its methanolic extract at 100
μg/ml. Maximum growth inhibition of 99% was
observed against ovarian cancer cell line (OVCAR5) followed by colon (HCT-116) with 96% of growth
inhibition. The fruit also showed 84% growth
inhibition of lung cancer cell line (A-549), 82% of
renal (A-498), 78% of CNS (SF-295) and 72% of
melanoma (MDA-MB-435) cancer cell line lines
(Fig.1a). However, at lower concentrations the fruit
did not exhibit any significant in vitro cytotoxic
effect against any of the tested human cancer cell
lines (Fig.1b).
The fruit part of ber was observed to be cytotoxic to
four human cancer cell lines from four different

tissues as it showed 81% growth inhibition of HCT116 & A-549, 76% growth inhibition of MDA-MB435 and 75% growth inhibition of A-498 cancer cells
(Fig.2a). When evaluated at lower concentrations,
ber fruit extract exhibited 79% (at 50 μg/ml) and
70% (at 30 μg/ml) growth inhibition against lung (A549) cancer cells. The fruit extract also exhibited
70% in vitro cytotoxic effect against melanoma
(MDA-MB-435) cancer cells at 50 μg/ml (Fig.2b).
Surprisingly, olive displayed in vitro anticancer
efficacy against only one human cancer cell line i.e.,
A-549 at 100 μg/ml as 79% growth inhibition was
observed in this case (Fig. 3). The growth inhibition
by mulberry fruit was observed in the range of 0049% which is not considered active (Fig. 4).
Therefore, the extracts of olive and mulberry were
not further evaluated at lower concentrations against
any of the human cancer cell lines.
According to World Health Organization’s recent
estimate, the cumulative death toll due to cancer will
be 12 million by 2030. Most of the drugs used in
cancer chemotherapy exhibit cell toxicity and can
induce genotoxic, carcinogenic and teratogenic
effects in non tumor cells. Despite the recent
advances in surgery, endocrine therapy, radiotherapy,
chemotherapy, it is considered that the management
of cancer is still not up to the mark and we are in
emergent need of drugs for the treatment of cancer
having no side effects. Therefore, the research for
alternative drugs of natural origin, which are less
toxic, endowed with fewer side effects and more
potent in their mechanism of action, is an important
research line. A number of exciting researches
suggest that vegetables and fruits, nuts and seeds
contain an abundance of polyphenolic compounds,
terpenoids, sulphur compounds, pigments and other
natural antioxidants, that have been associated with
protection from or treatment of conditions such as
cancer. Therefore, we can say that natural products
have been a prime source of highly effective
conventional drugs for the treatment of many forms
of cancer. High intake of fruits protect against
various cancers as synergistic effects of
phytochemicals in fruits are responsible for their
potent anticancer activities. Jammu region has
diversity of subtropical fruits, however, only a
relatively small number of fruits have been subjected
to accepted scientific evaluation for their potential
anticancer effects. In view of the above, the present
investigation was carried out in which significant
results were produced by ber and amla.
The methanolic extract derived from amla fruit
showed strong antiproliferative potential against six
human cancer cell lines and the striking observation
was produced by this extract against ovarian cancer
cell line. The methanolic extract from ber fruit also
suppressed the proliferation of four human cancer
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cell lines and at lower concentrations, the fruit
produced significant in vitro cytotoxic effect against
lung (A-549) and melanoma (MDA-MB-435) cancer
cells. What is quite remarkable in these observations
is that the cytotoxic effect shown by these extracts
was much stronger than that shown by standard
drugs for cancer (serving as positive controls).
The data was compared with literature values and it
was found that the data was in good agreement with
the published data. The triterponic acid and betulinic
acid extracted from Z. jujuba and Z. mauritiana
showed selective toxicity against cultured human
melanoma cells (Kim et al., 1998). Recently,
considerable in vitro evidence has demonstrated that
betulinic acid is effective against small and non small
cell lung, ovarian, cervical and head / neck
carcinomas (Pisha et al., 1995). Published data
suggest that betulinic acid induces apoptosis (Liu et
al., 2004) in sensitive cells in a p53-and CD95independent fashion (Eiznhamer and Xu, 2004).
Chemopreventive potential of amla against skin
carcinogenesis and liver cancer has been established
(Sancheti et al., 2005; Sultana et al., 2008).

Kaempferol (an amla phytochemical) inhibited the
expression of stromelysin 1(MMP-3) in the MDAMB-231 breast cancer cell line (Phromnoi et al.,
2009). The polyphenol gallic acid is also reported to
possess inhibitory effects on gastric adenocarcinoma
cell migration, decreased expression of MMP-2/9 in
vitro (Ho et al., 2010) and metastasis of P815
mastocytoma cells to the liver of DBA/2 mice (Ohno
et al., 2001). Olive fruits and olive oil are helpful in
cancer prevention (Owen et al., 2004). Potential
anticancer effects of olive oil on colorectal
carcinogenesis models in vitro (Gill et al., 2005) and
on human adenocarcinoma caco-2 cells (Mateos et
al., 2013) has also reported.
The results from the investigation forms a good basis
for the selection of these minor fruits from kandi belt
of Jammu region for further phytochemical and
pharmacological analysis. To conclude, ber has
shown remarkable activity against lung cancer cells
(A-549) at lower concentrations and could offer new
drugs from natural sources which would be less toxic
and more potent for the efficient management of
cancer.

Fig. 1a In vitro cytotoxic effect of amla (100 μg/ml) along with
positive controls against human cancer cells
120
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Fig. 1b In vitro cytotoxic effect of amla (lower concentrations) along
with positive controls against human cancer cells
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Fig. 2a In vitro cytotoxic effect of ber (100 μg/ml) along positive
controls against human cancer cells
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Fig. 2b In vitro cytotoxic effect of ber (lower concentrations) along
with positive controls against human cancer cells
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Fig. 3 In vitro cytotoxic effect of olive (100 μg/ml) along with positive
controls against human cancer cells
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Fig. 4 In vitro cytotoxic effect of mulberry (100 μg/ml) along with
positive controls against human cancer cells
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Abstract: The present study was undertaken in Anand and Kheda district of Gujarat state. This study was conducted in 12
purposively selected villages of four purposively selected talukas i.e. Anand and Umreth of Anand district and Nadiad and
Kapadwanj taluka of Kheda district. A total of 120 potato growers having experience more than 5 years were selected
randomly. Aim of the study was to ascertain knowledge and adoption level of value added techniques among potato growers.
The data were collected through personal interview using interview schedule. Half (50.00 per cent) of the respondents had
low level of knowledge, followed by 38.33 per cent had medium level , 6.66 per cent had high level and 5 per cent had very
high knowledge level of value added techniques of potato. According to knowledge of potato growers, value added
techniques were ranked in following manner; a variety of potato suitable for processing (Rank I), an international variety of
potato introduced to Gujarat for processing high quality of french-fries (Rank I), APMC as agency for marketing agricultural
produce (Rank I), correct temperature for storing potato (Rank II), chemical useful for sprout inhibition (Rank III). Great
majority (91.66 per cent) of respondents had very low adoption level, followed by 8.33 per cent had low level of adoption
level. According to adoption level of potato growers, value added techniques were ranked as, packing of potatoes (Rank I),
sorting of potatoes using cold storage (Rank II), grading of potatoes (Rank III), Value added technique fully adopted by
majority of the respondents were selling potatoes to other districts (78.33 per cent); partially adopted by majority of the
respondents was curing after harvesting (21.67 per cent); not adopted by majority of the respondents was, use of colour card
for identifying colour of potato chips (100.00 per cent), Packaging of value added products before selling (100.00 per cent),
buying and selling potato or potato products online (100.00 per cent) selling potatoes to other states (100.00 per cent).
Keywords : Knowledge, Adoption, Value-added techniques

INTRODUCTION

W

ith globalization, economic liberalization
concomitant with growing urbanization
consumer preferences is changing. To address this
situation, the emphasis is on enabling farmers to
increase their level of competitiveness, to produce
for an identified market and seeking new market
opportunities that offer higher levels of income. This
poses new opportunities but also challenges to smallscale producers, traders and processors. Therefore,
producing a quality product is of great importance.
Value addition, that is, enhancement added to a
product or service at every step of its production, till
the product is offered to customers is the need of an
hour. This will in turn be profitable both for
producers as well as consumers. The value chain runs
from production to procurement, storage, wholesale,
retail sale, packaging, distribution and processing.
Accounting for about 32 per cent of the country's
total food market, the food processing industry is
ranked fifth in terms of production, consumption,
export and expected growth, according to data
released by the Agricultural and Processed Food
Products Export Development Authority. (India
Brand Equity Foundation, 2017). A new Scheme
„„Operation Greens‟‟ was announced to address the

challenge of price volatility of perishable
commodities like tomato, onion and potato with the
satisfaction of both the farmers and consumers. (PIB,
February 2018)
Potatoes are increasingly being figured as an
important cash crop. Being the king of vegetables,
important factors responsible for having a wide scope
in a growth of potato related enterprise are
availability of indigenous potato varieties useful for
processing and wide agro-ecological conditions for
growing these varieties for an adequate and roundthe-year supply of raw material to the processing
industry. Not only that potatoes are suitable for
diversified processed products like chips, french
fries, cubes, granules and canned products as
compared to other major food crops/cereals, but also
that these products offer great market opportunities
in India and abroad. India today stands in a
comfortable position not only to sustain potato
production and diversify its utilization, but also to
augment the expanding potato based processing
industries.
Potato is one of the major vegetables grown in
Gujarat. It is the fifth largest potato producing State
and accounts for 5.0 per cent of total production of
potato in the country. The state produces about 22.7
lakh MT of potato with a productivity of 30.8 t/ha
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which is the highest in the country (Anonymous,
2015). In 2017, Gujarat's Banaskantha district has
mashed Agra (UP) in potato production, taking the
No. 1 rank in India. (Kaushik, 2017)
Gujarat Agro vision 2010 envisaged that the new
trend for improving the quality of life of the rural
population will be towards value addition and
demand based agriculture through agro processing
and agro marketing in the context of liberalization
and globalization. Exports of agricultural products
will be encouraged in the form of value added
products.
Keeping in view the significant consequence of
knowledge and adoption level of value added
techniques, to reap benefits to potato growers in
prevailing competitive environment, the study was
undertaken with following objective “To ascertain
knowledge and adoption level of value added
techniques among potato growers of Anand and
Kheda district of Gujarat state”.
METHODOLOGY
Four talukas i.e, Anand and Umreth talukas of Anand
district and Nadiad and Kapadwanj talukas of Kheda
district had been selected purposively. A random
sample of 120 potato growers were selected from 12
villages (i.e, 3 villages from each taluka) because
these talukas had more area under potato cultivation
in middle Gujarat and there was viable scope to serve
the potato growers by informing them about new
technology developed by the scientists and also
communicating problems and suggestions notified by
the farmers to the extension functionaries during
study.
An index was developed to measure the knowledge
and adoption of value added techniques of potato
growers. Knowledge was measured with the help of
teacher made test developed for the purpose. The
questions included in the test were of multiple choice
type in nature. Each question was given the score of
one for correct answer and zero for incorrect answer.
Response of the final score was worked out by
summing scores obtained by respondent for all
statements. Using this score, knowledge index was
calculated.
Knowledge index = (Obtained score/ Total score) *
100
Adoption of the potato growers regarding value
added techniques of potato was measured with the
help of teacher made test developed for the purpose.

The responses were obtained against each statement
in terms of their degree of adoption on a three point
continuum namely full adoption, partial adoption and
no adoption and score of 2, 1 and 0 were given,
respectively. Response of the final score was worked
out by summing scores obtained by respondent for
all statements.
The data were collected through personal interview
and then after it was compiled, tabulated and
analyzed to get proper answer for the specific
objectives with the help of appropriate statistical
tools such as percentage, mean, frequency and
correlation coefficient to test the hypothesis under
study. The Ex-post-facto research design has been
used in present investigation. The interview schedule
in gujarati language was used as a tool for collection
of requisite information.
RESULTS
Knowledge about value added technique
According to knowledge of potato growers, value
added techniques were ranked in following manner; a
variety of potato suitable for processing (Rank I), an
international variety of potato introduced to Gujarat
for processing high quality of french fries (Rank I),
APMC as agency for marketing agricultural produce
(Rank I), correct temperature for storing potato
(Rank II), chemical useful for sprout inhibition
(Rank III), French fries is one of the way for value
addition in potatoes (Rank IV), poison found in green
coloured potato (Rank V), packaging material used
for potato chips (Rank VI), an organization involved
in export of agricultural and processed products
(Rank VII), method for increasing the productivity of
potato (Rank VIII), useful technique for preventing
the degradation of potato tuber (Rank IX), latest
method for identifying colour of chips (Rank X),
method for increasing the productivity of potato (XI),
useful technique for preventing the degradation of
potato tuber(Rank XII), latest method for identifying
colour of chips (XIII), respectively as shown in table
1.
Half (50.00 per cent) of the respondents had low
level of knowledge, followed by 38.33 per cent had
medium level , 6.66 per cent had high level and 5 per
cent had very high knowledge level of value added
techniques. None of the potato growers fell under the
category of very low knowledge level as shown in
table 2.

Table 1. Distribution of the potato growers according to their frequency of knowledge about each value added
techniques
n= 120
Sr.
Knowledge of value added techniques
Frequency
Per cent
Rank
No.
A variety of potato suitable for processing.
120
100.00
I
1
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2

An international variety of potato introduced to Gujarat for
processing high quality of french fries.

3
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120

100.00

I

Method for increasing the productivity of potato.

4

03.34

XI

4

Best practice for raising the healthy seed crop.

22

118.34

IX

5

Chemical useful for sprout inhibition.

61

50.84

V

6

Useful technique for preventing the degradation of potato tuber.

00

0.00

XII

7

Poison found in green coloured potato.

48

40.00

VII

8

Method used for separating diseased and cut tubers.

120

100.00

I

9

Technique used for separating different sized potatoes.

118

98.34

II

10

Technology used for increasing the shelf life of potato.

120

100.00

I

11

Production of chips as value added product of potato.

120

100.00

I

12

Correct temperature for storing potato.

71

59.17

IV

13

APMC as agency for marketing agricultural produce.

105

87.50

III

14

French fries is one of the way for value addition in potatoes.

51

42.50

VI

15

Packaging material used for potato chips.

42

35.00

VIII

16

Latest method for identifying colour of chips.

00

0.00

XIII

17

An organization involved in export of agricultural and
processed products.

12

110.00

X

Table 2. Distribution of the respondents according to their knowledge level of value added techniques
n=120
Sr. No.
Category
Frequency
Per cent
Very low (Up to 20 % of total score)
0
0
1
Low (Above 20% to 40 % of total score)
61
50.00
2
Medium (Above 40% to 60 % of total score)
45
38.33
3
High (Above 60% to 80 % of total score)
08
06.67
4
Very high (Above 80% to 100% of total score)
06
05.00
5
Total
120
100.00
Adoption of value added techniques
Value added techniques fully adopted by majority of
the respondents were Growing variety suitable for
processing (30.83 per cent), seed treatment before
sowing (69.17 per cent), use sprout inhibition
technique (54.17 per cent) and sell potatoes to other
districts (78.33 per cent), respectively.
Value added techniques partially adopted by majority
of the respondents were Growing variety suitable for
processing (20.83 per cent), seed treatment before

sowing (17.50 per cent), use sprout inhibition
technique (20.83 per cent), curing after harvesting
(21.67 per cdent) and sorting of potatoes (18.33 per
cent), respectively.
Value added techniques not adopted by majority of
the respondents were Growing international varieties
introduced to Gujarat for processing (95.83 per cent),
use seed plot technique (98.33 per cent), using cold
storage (98.33 per cent), store seeds of potatoes
(97.50 per cent), manufacture value added products
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(93.33 per cent), use colour card for identifying
colour of potato chips (100.00 per cent), Packaging
of value added products before selling (100.00 per
cent), Buy and sell potato or potato products online
(100.00 per cent) sell potatoes to other states (100.00
per cent), respectively (as shown in table 3).
According to adoption level of potato growers, value
added techniques were ranked as, packing of
potatoes (Rank I),sorting of potatoes using cold
storage (Rank II), grading of potatoes (Rank III),
grow international varieties introduced to gujarat for
processing (Rank IV), store seed of potatoes(Rank
V), seed treatment before sowing (Rank VI) grow
variety suitable for processing (Rank VII), sell
potatoes to other districts (Rank VIII), use sprout
inhibition technique(Rank IX),
curing after
harvesting packaging of value added products before

selling (Rank X), packaging of value added products
before selling buy and sell, potato or potato products
online(Rank XI) export potatoes (Rank XII), use
seed plot technique use seed plot technique(Rank
XIII), manufacture value added products (Rank
XIV) use colour card for identifying colour of potato
chips sell potatoes to other states (Rank XV),
Manufacture value added products (Rank XVI), Use
colour card for identifying colour of potato chips
(Rank XVII), Sell potatoes to other states (Rank
XVIII) (as shown in table 4 and fig. 1)
Great majority (91.66 per cent) of the respondents
had very low adoption level, followed by 8.33 per
cent had low level of adoption level. None of the
potato growers fell under the category of medium,
high and very high adoption level of value added
techniques (as shown in table 5).

Table 3. Distribution of potato growers according to adoption of each value added technique of potato
n=120
Sr.
Technology
Fully adopted
Partially adopted
No adoption
no.

1.
2

3
4
5.
6
7
8
9
10
11
12
13.

14
15
16
17
18

Grow variety suitable for
processing
Grow international varieties
introduced to Gujarat for
processing
Use seed plot technique
Seed treatment before
sowing
Use sprout inhibition
technique
Curing after harvesting
Sorting of potatoes
Grading of potatoes
Packing of potatoes
Using cold storage
Store seed of potatoes
Manufacture value added
products
Use colour card for
identifying colour of potato
chips
Packaging of value added
products before selling
Buy and sell potato or
potato products online
Sell potatoes to other
districts
Sell potatoes to other states
Export potatoes

Frequency

%

Frequency

%

Frequency

%

37

30.83

25

20.83

58

48.33

0

0.00

5

4.17

115

95.83

2

1.67

0

0.00

118

98.33

83

69.17

21

17.50

16

13.33

65

54.17

25

20.83

30

25.00

4
14
4
2
0
1

3.33
11.67
3.33
1.67
0.00
0.83

26
22
14
13
2
2

21.67
18.33
11.67
10.83
1.67
1.67

90
84
102
105
118
117

75.00
70.00
85.00
87.50
98.33
97.50

2

1.67

6

5.00

112

93.33

0

0.00

0

0.00

120

100.00

0

0.00

0

0.00

120

100.00

0

0.00

0

0.00

120

100.00

94

78.33

17

14.17

9

7.50

2
2

1.67
1.67

0
0

0.00
0.00

118
118

98.33
98.33

Table 4. Adoption of value added techniques of potato according to mean score.
Sr. No. Adoption of value added techniques
Total
score
Packing of potatoes
205
1
Sorting of potatoes
187
2

n=120
Mean
Rank
score
1.708
I
1.558
II
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Using cold storage
Grading of potatoes
Grow international varieties introduced to Gujarat for
processing
Store seed of potatoes
Seed treatment before sowing
Grow variety suitable for processing
Sell potatoes to other districts
Use sprout inhibition technique
Curing after harvesting
Packaging of value added products before selling
Buy and sell potato or potato products online
Export potatoes
Use seed plot technique
Manufacture value added products
Use colour card for identifying colour of potato chips
Sell potatoes to other states

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
1.8
1.6
1.4

155
99
50

1.291
0.825
0.416

III
IV
V

32
22
17
10
5
4
4
4
4
2
0
0
0

0.266
0.184
0.141
0.083
0.041
0.041
0.033
0.033
0.033
0.016
00.00
00.00
00.00

VI
VII
VIII
IX
X
XI
XII
XIII
XIV
XV
XVI
XVII
XVIII

1.708
1.558
1.291

1.2
1

0.825

0.8
0.6
0.416

0.4

0.266
0.184

0.2

0.141

0.083

0.041 0.041 0.033 0.033 0.033 0.016

0

0

0

0

Mean score
Note-VAP-Value added product
Figure 1. Adoption of value added techniques of potato by potato growers
Table 5. Distribution of the respondents according to their adoption level of value added techniques of potato
n=120
Sr. No.
Category
Frequency
Per cent
1

Very low (Up to 20 % of total score)

110

91.66

2

Low (21 to 40 % of total score)

10

08.33

3

Medium (41 to 60 % of total score)

0

0

4

High (61 to 80 % of total score)

0

00

5

Very high (Above 80 % of total score)

0

00

120

100.00

Total
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CONCLUSION
The data from the Table 2 indicate that half (50.00
per cent) of the respondents had low level of
knowledge, followed by 38.33 per cent had medium
level , 6.66 per cent had high level and 5 per cent had
very high knowledge level of value added
techniques. None of the potato growers fell under the
category of very low knowledge level
The table also shows that half (50.00 per cent) of the
respondents had medium to very high level of
knowledge about value added techniques.
The probable reason might be that farmers might be
unenthusiastic towards innovative technologies
related to value addition of raw produce. They had
vast experience of potato cultivation only, they are
more comfortable in performing potato cultivation
practices. Instead of the fact that potato is an
important commercial vegetable grown in the study
area, no training or awareness programme,
specifically related to value addition of the potato
have been conducted. All these factors have higher
accountability towards low knowledge level of value
added techniques of potato.
The data from the Table 5 indicate that great majority
(91.66 per cent) of the respondents had very low
adoption level, followed by 8.33 per cent had low
level of adoption level. None of the potato growers
fell under the category of medium, high and very
high adoption level of value added techniques.Table
also shows that cent per cent of the potato growers
were in very low to low adoption level of value
added techniques
The probable reason might be that, due to
participants‟ socio-economic condition, local people
were busy to fulfill their household income and food
self-sufficiency. They might have reluctance towards
innovation and a little interest and knowledge on
issues related to value added techniques.
Furthermore, it was realized that the impact of
agricultural commercialization and mechanization
might not have affected the people of the study areas
in a balanced way.
Present level of knowledge and adoption level can be
utilized to employ appropriate technique to harness

the emerging opportunities for enhancing knowledge
for greater adoption of innovative techniques and
developing the capacity of farmers so that they can
be adapted to prevailing competitive environment in
order to gain more profit from their potato enterprise.
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Abstract: Among the genotypes, irrespective of the fungicidal spray significantly higher grain yield was recorded in the
genotype Mograon (80.32q) compare other genotypes. Next followed by Pinnacle (80.28 q) and were on par with each other.
Next genotype which was recorded higher grain yield was Prabal (66.62 q) and significantly least grain yield was recorded in
the genotype Arjun (34.07 q) and followed by GH 0727 (49.54 q). genotypes Super 900 M recorded numerically higher
starch content (71.50%) followed by CP 818 (71.20%), NK 6240 and Shimsha 517 (71.00%). Lowest starch content of 69.30
per cent was recorded in Arjun. Prabal recorded highest oil content of 4.90 % followed by CP 818 and Super 900M (4.75 %)
,CP 818 and Kaveri 244(4.73%), Shimsha 517 (4.70 % ), GH 0727 and Arjun (4.68 %), All rounder (4.60 %), Pinnacle (4.58
%), MAH 957 (4.55 %) and NK 6240 (4.48 %) and were on par with each other. Least oil content of 4.28 per cent recorded
in DKC 9133
Keywords: Genotypes, Yield, Fungicidal spray, Maize

INTRODUCTION

A

mong cereals, maize (Zea mays L.) is an
important food and feed crop which ranks third
after wheat and rice in the world. Because of its
expanded use in the agro-industries it is recognized
as a leading commercial crop of great agro-economic
value. In recent years, several new types of corn have
been developed with improved nutritional traits.
Feeding nutritionally enhanced grain may be a viable
method to improve feed efficiency and reduce
expensive fat and protein inputs for people (U.S.
Grains Council 2002). This approach might allow
producers to manage the cost/benefit ratio of feed
ingredients more economically. Balanced nutrition is
an essential component of nutrient management and
plays a significant role in increasing crop production
and its quality. The yield loss determination of maize
CLS showed significant correlation between yield
loss and corn varieties or Curvularia strains. There
were different effects on corn yield loss that same
strain to different corn varieties or different strains to
same corn variety. The range of corn yield loss was
10.10 to 48.62 per cent. This disease influenced the
factors of corn yield constitution, the ear became
shorter and thinner, the hundred-grain weight
reduced, significant effects on the number of seeds
per ear and of 100 grain weight (Yan et al., 2003).
In India leaf spot disease of maize incited by
Curvularia clavata Jain has been reported from
Varanasi region (Mandokhot and Basu Chaudhary
1972). It was reported to cause a yield loss up to 60
per cent under inoculated conditions (Grewal and
Payak, 1976). The disease incidence was recorded
from four places in Uttatakhand. It was recorded in
severe condition from Haridwar and Dehradun
whereas from Kashipur and Haldwani it was
recorded in moderate to traces. Extensive survey

conducted in Rajasthan during kharif 2010 reveald
that the incidence of C. lunata was in severe to
moderate in villages like Lohira, Kavita, Iswal,
Ghiyara and Baswara. Disease incidence was high in
Rajasthan area due to high rain fall and high
humidity (Anon., 2011).
MATERIALS AND METHODS
The experiment was laid out by adopting Split plot
Design with two replications main plot consists of
treanments viz.,M1- Fungicidal sprayed (Protected),
M2- Fungicidal unsprayed (Unprotected) and sub plot
consists of 15 Genotypes (CP 818, CP 808, NK
6240, 900M Gold, Prabal, Super 900M, Pinnacle,
DKC 9133, All rounder, Shimsha 517, Kaveri 244,
Mograon, Arjun, GH 0727 and MAH 957). With two
replication and spacing adopted as 60 × 20 cm, with
plot size of 18m x 4m. rest of all the cultured
practices are carried out as per package of practice of
University of Agriculture Sciences, Dharwad. The
observation viz., Grain yield, Grain weight, Stover
yield, Oil content and Starch content
RESULTS AND DISCUSSION
Grain yield (q ha-1)
The differences in the grain yield as influenced by
different genotypes were found significant. The
differences in the grain yield in protected block were
found significantly higher (74.14 q) compared to
unprotected block (52.96 q). (Table.1)
Among the genotypes, irrespective of the fungicidal
spray significantly higher grain yield was recorded in
the genotype Mograon (80.32q) compare other
genotypes. Next followed by Pinnacle (80.28 q) and
were on par with each other. Next genotype which
was recorded higher grain yield was Prabal (66.62 q)
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and significantly least grain yield was recorded in the
genotype Arjun (34.07 q) and followed by GH 0727
(49.54 q).
The differences in the grain yield within the
genotype in protected block, significantly higher
grain yield was recorded 90.46 q in the genotypes of
Mograon and Pinnacle and on par with NK 6240
(88.33 q).Significantly least grain yield was recorded
in the genotype Arjun (42.59 q) followed by Shimsha
517 was recorded 57.78 q .
Similarly within the genotype in unprotected block,
significantly higher grain yield was recorded in the
genotypes of Mograon (70.19 q) and Pinnacle (70.09
q) on par with DKC9133 was recorded 68.15 q.
Significantly lowest grain yield of 25.56 q/ha was
recorded in the genotype Arjun followed by MAH
957 was recorded 37.96 q (Fig. 3).
Among all genotypes, Mograon was recorded
significantly higher grain yield both in protected
block as well as in unprotected block 90.46q and
70.19q respectively.
Among the genotypes, irrespective of the spray
highest per cent loss in grain yield was recorded in
the genotype MAH 957 (41.00 %) followed by Arjun
(39.99%). Lowest per cent loss in grain yield was
recorded in DKC 9133 (19.03 %).
100 grain weight (g)
The differences in the 100 grain weight as influenced
by different genotypes were found significant. The
differences in (Table.2) the 100 grain weight in
protected block was found significantly higher (38.17
g) compared to unprotected block (35.73 g).
Irrespective of the fungicidal spray the genotypes NK
6240 recorded significantly highest 100 grain weight
of 40.75 g. Shimsha 517and DKC 9133 were the next
genotypes recorded higher 100 grain weight of 39.50
g followed by CP 818 (38.50 g), Prabal(39.25 g) and
CP 808 (38.75 g) and were on par with each other.
Genotype Arjun recorded least 100 grain weight of
33.00 g and it was on par with GH 0727 (33.50 g)
and MAH 957 (34.00 g).
In protected block the genotype NK 6240 and
Shimsha517 recorded significantly highest 100 grain
weight 41.50 g compare to other genotypes. The
least 100 grain weight 34.50 g was recorded in the
genotype Arjun and it was on par with GH 0727 and
MAH 957 (35.00 g)
Similarly within the genotype in unprotected block,
significantly higher 100 grain weight was recorded in
the genotype NK 6240 (40.00 g) compared to other
genotypes. Prabal and DKC9133 (38.50 g) were the
next genotypes which have recorded higher 100 grain
weight compare to other genotypes. Least 100 grain
weight was recorded in the Arjun (31.50 g) and it
was on par with GH 0727 (32.00 g) and MAH 957
(33.00g).
Among all genotypes, NK 6240 has recorded
significantly higher 100 grain weight (41.50g) in
protected block as well as in unprotected block
(40.00g).

Among the genotypes, irrespective of the spray
highest per cent loss in 100 grain weight was
recorded in the genotype Shimsha 517 (9.64%)
followed by Arjun (8.70 %). Lowest per cent loss in
100 grain weight was recorded in NK 6240 (3.61%).
The results agreed with the findings of Yadav and
Ratnoo (2014)
Stover yield (t ha-1)
The differences in the stover yield as influenced by
different genotypes and fungicidal spray were found
significant. The stover yield in protected block was
found significantly higher (7.56 t) compared to
unprotected block (6.85 t) (Table 3).
Irrespective of the fungicidal spray higher stover
yield was recorded in the genotype DKC9133 (8.00
t) followed by MAH 957 (7.92 t) and GH
0727(7.67t) and were on par with each other. Super
900M was the next genotype which was recorded
7.62 t and it was on par with NK 6240 (7.57 t) and
900M Gold (7.41 t). Significantly least stover yield
of 6.27 t was recorded in the genotype Mograon and
it was on par with CP 818 (6.32 t).
In protected block, higher stover yield of 8.33 t was
recorded in DKC 9133 (8.33 t) followed by NK 6240
(8.13 t), and MAH 957 (8.06 t) and were on par with
each other. Next genotype has recorded stover yield
was Super 900M (7.86 t) and it was on par with CP
808 and GH 0727 genotypes with stover yield 7.84 t
and CP 818 (7.60 t).
Similarly within the genotype in unprotected block,
the higher stover yield was recorded in the genotype
MAH 957 (7.78 t) followed by DKC 9133 (7.67 t)
and were on par with each other. Next genotype
which has recorded higher stover yield was GH 0727
(7.49 t) and it was on par with Super 900M (7.39 t),
and 900M Gold (7.29 t). Significantly least stover
yield was recorded in the genotype CP 818 (5.04 t)
compared to other genotypes (Fig.5).
Among all genotypes, DKC 9133 has recorded
significantly higher stover yield in protected block
(8.33 t) as well as in unprotected block (7.67 t).
Among the genotypes, irrespective of the spray
highest per cent loss in stover yield was recorded in
the genotype CP 818 (33.68%) followed by CP 808
(15.31 %). Lowest percent loss in stover yield was
recorded in 900M Gold (3.06 %).
Starch content (%)
The difference in the starch content as influenced by
different genotypes and fungicidal spray were found
no significant (Table.4).
However within the
protected block genotypes Super 900 M recorded
numerically higher starch content (71.50%) followed
by CP 818 (71.20%), NK 6240 and Shimsha 517
(71.00%). Lowest starch content of 69.30 per cent
was recorded in Arjun.
Similarly in unprotected block maximum starch
content was recorded in NK 6240 (71.00%) and
minimum was in Arjun (69.10%). There is little
difference in starch content between protected
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(70.67%) and unprotected block (70.28%) Serah
(2000) reported same result.
Oil content (%)
The differences in the oil content, irrespectively. The
genotypes in protected (4.73%) and unprotected
(4.47%) block were found significantly (Table.5).
Irrespective of the fungicidal spray the genotype
Prabal recorded highest oil content of 4.90 %
followed by CP 818 and Super 900M (4.75 %) ,CP
818 and Kaveri 244(4.73%), Shimsha 517 (4.70 % ),
GH 0727 and Arjun (4.68 %), All rounder (4.60 %),
Pinnacle (4.58 %), MAH 957 (4.55 %) and NK 6240
(4.48 %) and were on par with each other. Least oil
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content of 4.28 per cent recorded in DKC 9133 and it
was on par with 900M Gold and Mograon (4.33 %).
The interaction effect was also found significant.
Among the genotypes, Prabal recorded higher oil
content both in protected (4.95 %) and unprotected
(4.65 %) blocks.
Among the genotypes, irrespective of the spray
highest percent loss in oil content was recorded in the
genotype 900M Gold (11.95%) followed by NK6240
(9.59 %). Lowest percent loss in oil content was
recorded in Kaveri 244(1.05 %) followed by
Pinnacle (1.08%). There is conflict opinion in
literature that Gyenes-Hegyi et al. (2001), Zhang et
al., 1993, Kereliuk and Sosulski, 1995.

Table 1. Grain yield (qha-1) in maize genotypes as influenced by fungicidal spray
Genotype

Percent loss in

Protected

Unprotected

Mean

CP 818

81.57

51.11

66.34

37.34

CP 808

82.96

56.48

69.72

31.92

NK 6240

88.33

65.83

77.08

25.47

900M Gold

78.98

57.50

68.24

27.20

Prabal

75.00

58.24

66.62

22.35

Super 900M

76.39

53.52

64.95

29.94

Pinnacle

90.46

70.09

80.28

22.52

DKC 9133

84.17

68.15

76.16

19.03

All-rounder

63.80

46.76

55.28

26.71

Shimsha 517

57.78

37.78

47.78

34.61

Kaveri 244

77.31

54.07

65.69

30.06

Mograon

90.46

70.19

80.32

22.41

Arjun

42.59

25.56

34.07

39.99

GH 0727

57.87

41.20

49.54

28.81

MAH 957

64.35

37.96

51.16

41.00

Mean

74.14

52.96

For comparing mean

S.Em±

C.D. at 5%

Fungicidal spray(F)

2.1

6.5

Genotype(G)

2.9

8.5

Interaction (F×G)

4.1

12.1

4.5

13.2

Interaction at the same or
different level

grain yield
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Table 2. 100 grain weight (g) in maize genotypes as influenced by fungicidal spray
Genotype

Protected

Unprotected

Mean

40.00
39.50
41.50
37.50
40.00
38.50
37.50
40.50
37.50
41.50
37.50
36.50
34.50
35.00
35.00
38.17
S.Em±
0.96
0.54
0.76

37.00
38.00
40.00
35.00
38.50
36.00
35.00
38.50
34.50
37.50
35.00
34.50
31.50
32.00
33.00
35.73
C.D. at 5%
2.96
1.56
2.21

38.50
38.75
40.75
36.25
39.25
37.25
36.25
39.50
36.00
39.50
36.25
35.50
33.00
33.50
34.00

0.75

2.19

CP 818
CP 808
NK 6240
900M Gold
Prabal
Super 900M
Pinnacle
DKC 9133
All-rounder
Shimsha 517
Kaveri 244
Mograon
Arjun
GH 0727
MAH 957
Mean
For comparing mean
Fungicidal spray(F)
Genotype(G)
Interaction (F×G)
Interaction at the same or
different level

Percent loss in
100 grain
weight
7.50
3.80
3.61
6.67
3.75
6.49
6.67
4.94
8.00
9.64
6.67
5.48
8.70
8.57
5.71

Table 3. Stover yield (t ha-1) in maize genotypes as influenced by fungicidal spray
Genotype
CP 818
CP 808
NK 6240
900M Gold
Prabal
Super 900M
Pinnacle
DKC 9133
All-rounder
Shimsha 517
Kaveri 244
Mograon
Arjun
GH 0727
MAH 957
Mean
For comparing mean
Fungicidal spray(F)
Genotype(G)
Interaction (F×G)
Interaction at the same or
different level

Protected

Unprotected

Mean

7.60
7.84
8.13
7.52
7.39
7.86
6.94
8.33
7.41
7.54
6.94
6.55
7.48
7.84
8.06

5.04
6.64
7.01
7.29
6.97
7.39
6.54
7.67
6.91
7.06
5.95
6.00
6.94
7.49
7.78

6.32
7.24
7.57
7.41
7.18
7.62
6.74
8.00
7.16
7.30
6.45
6.27
7.21
7.67
7.92

7.56
S.Em±
0.027
0.074
0.104

6.85
C.D. at 5%
0.083
0.214
0.303

0.104

0.302

Percent loss in
Stover yield
33.68
15.31
13.78
3.06
5.68
5.98
5.76
7.92
6.75
6.37
14.27
8.40
7.22
4.46
3.47
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Table 4. Per cent starch content in maize genotypes as influenced by fungicidal spray
Genotype

Protected

Unprotected

Mean

CP 818
CP 808
NK 6240
900M Gold
Prabal
Super 900M
Pinnacle
DKC 9133
All-rounder
Shimsha 517
Kaveri 244
Mograon
Arjun
GH 0727
MAH 957

71.20(57.54)*
70.80(57.29)
71.00(57.42)
70.80(57.23)
70.70(57.23)
71.50(57.73)
71.00(57.42)
70.80(57.29)
70.80(57.29)
71.00(57.42)
70.80(57.29)
70.90(57.35)
69.30(56.35)
69.70(56.60)
69.80(56.66)

70.90(57.35)
70.40(57.04)
71.00(57.42)
70.70(57.29)
70.70(57.23)
70.80(57.29)
70.70(57.23)
70.40(57.04)
70.50(57.10)
70.00(56.79)
70.10(56.85)
70.00(56.79)
69.10(56.23)
69.20(56.29)
69.60(56.54)

71.05(57.45)
70.60(57.17)
71.00(57.42)
70.75(57.26)
70.70(57.23)
71.15(57.51)
70.85(57.32)
70.60(57.17)
70.65(57.20)
70.50(57.10)
70.45(57.07)
70.45(57.07)
69.20(56.29)
69.45(56.45)
69.70(56.60)

Mean

70.67(57.21)

70.28(56.97)

S.Em±

C.D. at 1%

0.61
1.92
2.71

NS
NS
NS

2.69

NS

For comparing mean
Fungicidal spray(F)
Genotype(G)
Interaction (F×G)
Interaction at the same
or different level
* Arc sine transformed values

Percent loss in
starch content
0.42
0.56
0.00
0.14
0.00
0.98
0.42
0.56
0.42
1.41
0.99
1.27
0.29
0.72
0.29

Table 5. Per cent oil content in maize genotypes as influenced by fungicidal spray
Genotype

Protected

Unprotected

Mean

CP 818
CP 808
NK 6240
900M Gold
Prabal
Super 900M
Pinnacle
DKC 9133
All-rounder
Shimsha 517
Kaveri 244
Mograon
Arjun
GH 0727
MAH 957

4.85(12.72)*
4.85 (12.72)
4.70 (12.52)
4.60 (12.38)
4.95 (12.86)
4.90 (12.79)
4.60 (12.38)
4.45 (12.18)
4.70 (12.52)
4.80 (12.66)
4.75 (12.59)
4.45 (12.18)
4.80 (12.66)
4.85 (12.72)
4.75(12.59)

4.65(12.45)
4.60(12.38)
4.25(11.90)
4.05(11.61)
4.85(12.75)
4.60(12.38)
4.55(12.32)
4.10(11.68)
4.50(12.25)
4.60(12.38)
4.70(12.52)
4.20(11.83)
4.55(12.32)
4.50(12.25)
4.35(12.04)

4.75(12.59)
4.73(12.55)
4.48(12.21)
4.33(12.00)
4.90(12.79)
4.75(12.59)
4.58(12.35)
4.28(11.93)
4.60(12.38)
4.70(12.52)
4.73(12.55)
4.33(12.00)
4.68(12.49)
4.68(12.49)
4.55(12.32)

Mean

4.73(12.57)

4.47(12.21)

For comparing mean

S.Em±

C.D. at 1%

Fungicidal spray(F)
Genotype(G)
Interaction (F×G)

0.98
0.14
0.20

2.96
0.56
0.79

Interaction at the same
or different level

0.20

0.78

* Arc sine transformed values

Percent loss in
oil content
4.12
5.15
9.59
11.95
2.02
6.12
1.08
7.84
4.24
4.16
1.05
5.61
5.20
7.21
8.42
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Abstract: The experiment was conducted on “Physio-chemical properties of soil in kinnow orchard in irrigated area of
sriganganagar district in rajasthan” during April, 2016 to April, 2017. The ninety soil samples with three depths i.e., 0-30,
30-60 and 60-90 cm were collected from thirty kinnow orchards from different five tehsil (suratgarh, Raisinghnagar, sri
vijaynagar, sri karanpur and sriganaganagar) of sriganganagar district. The soil samples were analyzed for physio-chemical
property of kinnow orchards being grown at farmer’s field. The kinnow orchard soils in this investigation were found the
results showed that the pH and electrical conductivity of soil samples decreased with increasing soil depth, whereas, reverse
trend was observed in calcium carbonate content. The kinnow orchard soils were found low in organic carbon.
Keyword: Orchard, Depth, Soil, L (location), Sample.

INTRODUCTION

I

ndia has large arid zones covering an area of
317090 sq km mainly located in the North-West
parts of the country Rajasthan alone covers 62 per
cent area under arid zone. Fruit cultivation in India is
spread over an area of 6.8 million hectares with
92.84 MT fruit production (NHB 2016-17). In
Rajasthan, fruit crops cover an area of 46.5 thousand
hectares, out of which area under kinnow cultivation
is 8821 hectare and production is 189483 tonnes
(Rajasthan Agricultural Statistics at a glance)
indicated that still there is a scope to increase the
area and productivity level of kinnow fruits
cultivation in the state. Kinnow mandarin is one of
the introduced citrus varieties, occupies a
predominant place in the citrus industry of India.
Most of the kinnow growing areas are confined to
north western arid zones of India. Introduction of
kinnow to this area changed the landscape of arid
Thar Desert. North western India is characterized by
low rainfall with temperature ranging from 5 0C in
winter to 480C in summer having soil type of old
alluvium to sandy. Soils are mainly alkaline with pH
ranging from 7.5 to 9.0. The production of high
quality fruits of kinnow requires semi-arid and
subtropical climate with less than 300 mm rainfall. It
can grow successfully in almost all types of soils, but
deep sandy loam soils are best suitable for kinnow
orchard.
MATERIALS AND METHODS

of sriganganagar district in rajasthan” was under
taken during April 2016 to April 2017. The materials
used and the methods followed the course of
investigation are described in this chapter
Location
Kinnow orchards under study are located in different
villages/chaks of Sriganganagar district comprising a
part of Agro climate zone I b (Irrigated north-western
plain) of Rajasthan. It is situated between 28°41 to
30°61 north latitude and 72°311 'to 75° east longitude.
It is surrounded by Firozepur district of Punjab in
north. Hanumangarh district in east; Bikaner district
in south and the international border of the Pakistan
in north and north-west.
Characteristics of soil
The soils have developed from alluvial deposit of
river Gaggar in the of flood plains of Sriganganagar
district and are yellowish brown to light grey, well
drained medium soil texture which varies from sandy
loam to loam. In the upper layer in some pockets is
calcareous but the lower horizons are calcareous in
nature with accumulation of concentrations.
SOIL SAMPLING AND ANALYSIS
Collection of soil samples
Soil sample were collected from 30 Kinnow orchards
located at different locations of Sriganganagar
district. In all one hundred twenty representative of
composite soil samples from different depths viz; 030, 30-60, 60-90 cm were collected. Samples were
air dried ground and passed through 2 mm sieve and
stored properly labeled polythene bags for analysis.
The methods of soil analysis are given in table 2

The
investigation
entitled
“Physio-chemical
properties of soil in kinnow orchard in irrigated area
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Methods of soil analysis
SNo.
Properties
I.

Procedure

Reference

Physico-chemical characteristics of soil

1

Soil reaction (pH2)

1:2 soil water suspension with the help of pH
meter

USDA Handbook No. 60
Richards (1954)

2

Electrical
conductivity (EC2)

1:2 soil water suspension with the help of
standard precision conductivity bridge

USDA Handbook No. 60
Richards (1954)

3

Organic carbon
(g kg-1)

Walkley and Black’s rapid titration method

Piper (1950)

4

CaCO3
(g kg-1)

Hutchinson rapid titration method

Piper (1950)

RESULTS AND DISCUSSION
Soil reaction (pH2)
A perusal of data mentioned in table 1 indicates that
the pH2 of study area soil varied from 8.03 (L19) to
8.65(L3), 7.71(L23) to 8.50 (L2, L10, L14 and L15) and
7.69 (L23) to 8.50 (L10) at 0-30, 30- 60 and 60-90 cm
depths of soil with mean value of pH2 8.44, 8.27 and
8.17, respectively. Mostly the pH of soils at different
orchards showed an increasing trend with depth. The
same result was found Balpande et al. (2007), Kumar
(2007) and Bhatnager and Singh (2014) were also
reported increasing trend of pH with increasing soil
depth.
Electrical conductivity (EC2)
The electrical conductivity of soils is the measure of
the total concentration of soluble salts. Data
pertaining to electrical conductivity of soils at
various depths are presented in Table 2. The data
showed that minimum electrical conductivity 0.19
dSm-1 0 - 30 cm depth was recorded in orchards L7
and L9 and maximum 0.0.66 dSm-1 was recorded in
L15 orchard with mean value of 0.42 d Sm-1. Data
further revealed that at depth 30 to 60 cm the
minimum EC 0.12 dSm-1 was recorded in orchard
L30, whereas, maximum EC 0.58 dSm-1 was observed
in soil of orchard L5 with mean value of EC 0.36
dSm-1. A perusal of data indicated that EC of soils at
depth 60 to 90 cm varied from 0.11 (L27) to 0.57
(L11) dSm-1 with mean value of 0.30 dSm-1. In
general, soils of the area are saline in nature. Data
pertaining to the electrical conductivity of soils
revealed that the electrical conductivity showed
irregular trend with increase of soil depth. The result
similarly, reported by Kumar (2007) also observed
EC in the range of 0.11 to 0.40 dSm-1 in aonla
orchards of Bikaner district. Jat (2008) also observed
decreasing pattern of EC with the increase in soil
depth
Calcium carbonate
Calcium carbonate content of soil is a useful
parameter to assess the extent of nutrient availability
and their release behavior. The perusal of data (Table
3) indicates that the CaCO3 content at depth 0-30 cm
varied from 23.50 to 102.50 g kg-1. The minimum

calcium carbonate content (23.50 g kg-1) recorded in
soils of orchards L19, whereas, maximum (102.50 g
kg-1) in orchards L6 with mean value of 60.35 g kg-1.
Similarly, the CaCO3 content at depth 30-60 cm
ranged from 30.0 to 106.0 g kg-1 with mean value of
67.45 g kg-1. Data further indicates that the minimum
CaCO3 content at this depth was noticed in soils of
orchards L19, while, maximum in soils of orchard L6,
the CaCO3 content at depth 60-90 cm varied from
43.6 to 125.0 g kg-1 with mean value of 72.43 g kg-1.
The perusal of data revealed that minimum amount
of CaCO3 at this depth was noticed in soils of
orchard L23, while maximum CaCO3 in soils of
orchard L2. Data presented in Table 3 indicates that
CaCO3 content showed increasing trend with depth.
Similarly results recorded by Sharma (2002) also
observed irregular trend of calcium carbonate with
soil depth in kinnow orchards located at
Sriganganagar district, these findings corroborates
with present findings and conformation of this result
Kumar (2004), Jat (2008), Dhale and Prasad (2009),
Bhatnager and Singh (2014).
Organic carbon
The organic carbon content of soils not only plays an
important role in increasing cation exchange capacity
of soils but also influences directly or indirectly on
many important properties of soils. Thus it
contributes in maintaining the fertility status of soils.
Data related to soil organic carbon content are
presented in Table 4 indicates that the minimum
organic carbon content 0.70 g kg-1 at depth, 0 to 30
cm was recorded in soils of orchard L1, L2, L3, L4 and
L5, while maximum 1.80 g kg-1 in soils of orchard L17
and L26 with mean value of 1.17 g kg-1. On the other
hand, the organic carbon at depth 30 to 60 cm varied
from 0.30 to 0.70 g kg-1. Minimum and maximum
organic carbon content at this depth were recorded in
soils of orchards L14 and L18, L26, L29 and L30 with the
mean value of organic carbon was recorded 0.52 g
kg-1, respectively.
The organic carbon content in soils of lower most
depth (60 to 90 cm) varied from 0.10 to 0.50 g kg-1.
Minimum and maximum organic carbon content at
this depth were recorded in soils of orchards L3 to L6,
L10, L19, L20, L23, L25 to L29 and L24 with the mean
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value of organic carbon was recorded 0.19 g kg-1
respectively. Organic carbon content showed a
regular decreasing trend with soil depth.The same
results reported by Bhatnager (2000), Prakash (2001)
and Kumar (2007). Balpande et al. (2007) and Dhale
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and Prasad (2009) reported higher organic carbon
content in the orchards of Maharashtra. Marathe and
Bharambe (2007) observed higher organic carbon
content in the soil of regional fruit research station
Nagpur.

Table 1. pH2 in kinnow orchards of Sriganganagar district at different soil depths
Depths (cm)
Sample No.
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L 16
L17
L18
L19
L20
L21
L22
L23
L24
L25
L26
L27
L28
L29
L30

0-30
8.50
8.60
8.65
8.65
8.55
8.50
8.56
8.48
8.52
8.39
8.41
8.35
8.54
8.53
8.56
8.54
8.45
8.39
8.03
8.55
8.25
8.19
8.23
8.26
8.52
8.55
8.49
8.19
8.38
8.48

30-60
8.40
8.50
8.40
8.40
8.35
8.35
8.45
8.13
8.10
8.50
8.35
8.28
8.45
8.50
8.50
8.15
8.37
8.35
7.90
8.13
8.05
7.95
7.71
8.00
8.23
8.27
8.33
8.40
8.30
8.31

60-90
8.25
8.45
8.35
8.35
8.30
8.30
8.35
8.00
7.90
8.50
8.05
7.76
8.35
8.38
8.40
7.70
8.32
8.27
7.68
8.10
7.95
7.78
7.69
8.00
8.15
8.30
8.41
8.45
8.23
8.25

Mean
8.38
8.52
8.47
8.47
8.40
8.38
8.45
8.20
8.17
8.46
8.27
8.13
8.45
8.47
8.49
8.13
8.38
8.34
7.87
8.26
8.08
7.97
7.88
8.09
8.30
8.37
8.41
8.35
8.30
8.35

Minimum

8.03

7.71

7.69

-

Maximum

8.65

8.50

8.50

-

Average

8.44

8.27

8.17

-

C.V.

1.78

2.40

3.10

-

Table 2. Electrical conductivity (dSm-1) in kinnow orchards of Sriganganagar district at different soil depths
Depths (cm)
Sample No.
L1

0-30

30-60

60-90

Mean

0.56

0.56

0.48

0.53

L2

0.55

0.55

0.46

0.52

L3

0.53

0.52

0.45

0.50

L4

0.58

0.51

0.41

0.50

L5

0.55

0.58

0.47

0.53

L6

0.57

0.55

0.46

0.53
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L7

0.19

0.17

0.18

0.18

L8

0.20

0.20

0.21

0.20

L9

0.19

0.23

0.28

0.23

L10

0.21

0.19

0.16

0.19

L11

0.32
0.24
0.58
0.49

0.30
0.21
0.34
0.33

0.57
0.20
0.15
0.14

0.40
0.22
0.36
0.32

0.66
0.52

0.44
0.32

0.20
0.13

0.43
0.32

0.43
0.39

0.21
0.18

0.15
0.15

0.26
0.24

0.51
0.59

0.45
0.56

0.42
0.39

0.46
0.51

0.53

0.51

0.49

0.51

0.50
0.46

0.46
0.45

0.45
0.44

0.47
0.45

L12
L13
L14
L15
L 16
L17
L18
L19
L20
L21
L22
L23
L24

0.49

0.46

0.45

0.47

L25

0.23

0.18

0.15

0.19

L26

0.25

0.20

0.15

0.20

L27

0.44

0.37

0.11

0.31

L28

0.28

0.24

0.20

0.24

L29
L30

0.30
0.25

0.30
0.12

0.23
0.14

0.28
0.17

Minimum
Maximum

0.19
0.66

0.12
0.58

0.11
0.57

-

Average

0.42

0.36

0.30

-

C.V.

35.50

41.64

50.36

-

Table 3. Calcium carbonate (g kg-1) in kinnow orchards of Sriganganagar district at different soil depths
Depths (cm)
Sample No.
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L 16
L17
L18
L19

0-30
81.00
80.01
98.00
98.01
93.51
102.50
66.82
67.23
65.81
67.00
69.54
65.81
38.01
37.52
34.11
37.21
36.33
38.52
23.50

30-60
103.01
101.52
103.01
102.03
99.53
106.00
68.55
67.32
69.97
67.51
69.65
68.82
63.03
62.40
64.05
64.40
64.81
63.51
30.00

60-90
117.00
125.00
109.91
105.52
110.41
107.53
76.53
77.55
75.36
74.00
80.02
77.35
63.51
62.70
66.60
62.51
64.52
67.31
45.21

Mean
100.34
102.18
103.64
101.85
101.15
105.34
70.63
70.70
70.38
69.50
73.07
70.66
54.85
54.21
54.92
54.71
55.22
56.45
32.90
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L20
L21

37.01
44.00

44.52
43.52

46.43
45.00

42.65
44.17

L22

40.05

45.51

44.12

43.23

L23

40.51

42.51

43.60

42.21

L24

31.53

43.55

45.71

40.26

L25

70.04

61.41

67.00

66.15

L26

69.52

61.10

62.00

64.21

L27

69.51

61.60

59.81

63.64

L28

70.90

61.11

63.42

65.14

L29
L30

68.51
68.55

60.11
59.42

62.71
64.50

63.78
64.16

Minimum

23.50

30.0

43.60

-

Maximum

102.50

106.0

125.0

-

Average

60.35

67.45

72.43

-

C.V.

36.94

30.09

31.93

-

Table 4. Organic carbon (g kg-1) in kinnow orchards of Sriganganagar district at different soil depths
Depths (cm)
Sample No.
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L 16
L17
L18
L19
L20
L21
L22

0-30
0.70
0.70
0.70
0.70
0.70
0.81
0.92
1.00
1.12
1.21
1.00
0.92
1.21
1.13
1.54
1.21
1.80
1.21
1.00
1.55
1.42
1.51

30-60
0.51
0.42
0.41
0.43
0.40
0.47
0.45
0.51
0.50
0.66
0.57
0.41
0.62
0.30
0.43
0.41
0.61
0.70
0.52
0.62
0.41

L23
L24
L25
L26
L27
L28
L29

1.72
1.12
1.61
1.80
1.13
1.00
1.00

0.70

0.12
0.50
0.10
0.10
0.10
0.10
0.10

L30

1.61

0.70

0.21

0.83

Minimum

0.70

0.30

0.10

-

Maximum

1.80

0.70

0.50

-

0.60
0.55
0.41
0.61
0.70
0.41
0.62

60-90
0.21
0.10
0.10
0.10
0.10
0.10
0.22
0.21
0.21
0.11
0.22
0.23
0.30
0.25
0.31
0.21
0.32
0.43
0.11
0.10
0.22
0.21

Mean
0.47
0.40
0.40
0.40
0.40
0.43
0.50
0.57
0.60
0.63
0.57
0.50
0.70
0.53
0.73
0.60
0.90
0.77
0.53
0.73
0.67
0.77
0.77
0.67
0.77
0.87
0.53
0.57
0.60
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Average

1.17

0.52

0.19

-

C.V.

29.57

21.78

54.78

-

CONCLUSION
The pH of soils study area were found neutral to
saline nature, normal in electrical conductivity, high
in CaCo3, low in organic carbon in kinnow orchard at
sriganganagar distict of Rajasthan.
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Abstract: A field experiment entitled “Reaction of Sorghum Genotypes against Shoot and Panicle Pests in Timely and Late
sown Crop was carried out in a Randomized Block Design during Kharif season, 2015-16 at College of Agriculture, Indore
(M.P.). Based on the objectives the observations were recorded to study the combating ability, including impact of two dates
of sowing on the insect pests viz, shoot fly (Atherigona soccata Rondani), stem borer (Chilo partellus Swinhoe), ear head
worm (Cryptoblabes gnidiella Mab.), ear head bug (Calocoris angustatus Leth.) of sorghum.Among 43 varietal genotypes
less incidence of shoot fly (dead hearts per cent) was recorded in timely sown crop as compared to late sown crop. The stem
borer infestation as well as ear head pests recorded numerically higher in timely sown crop. The lowest shoot fly attack was
recorded in both the resistant checks IS 18551 and IS 2205 in timely and late sown condition. Eleven entries were found
resistant in timely sown crop while, nine entries were susceptible in late sowncrop.The lowest stem borer leaf injury (%) was
observed in SPV 2294 (2.33%) and maximum in DJ 6514 (14.00%). However at 45 DAE, the lowest damage was recorded
in resistant checks. The lowest dead heart per cent was recorded in susceptible check Swarna (45.33%). Whereas under late
sown condition minimum dead heart per cent was recorded in SPV 2367 (3.78%) on with eight another entries. The stem
tunneling due to stem borer per cent under timely sowing ranged between 3.62% and 19.83%, finally all the entries exhibited
resistance against the insect. Whereas, under late sown condition range of stem tunneling ranged between1.19% and 9.49%.
Under timely sown crop condition bug and worm count ranged between 3.33 and 12.60, 3.03 and 15.33 respectively.
However, under late sown condition the population of bug and worm ranged from 1.67 to 6.67 and 2.33 to 7.67.Under both
timely & late sown crop, the maximum grain yield (Kg/ha) was 1675.73 & 600.72 in genotype SPV 2368 respectively
Keywords: Sorghum genotypes, Reaction of sorghum pest, Timely, Late sown crop

INTRODUCTION
MATERIAL AND METHODS
orghum [Sorghum bicolor (L.) Moench] is an
th
important staple food crop of the world and 5
most important cereal crop after wheat, rice, maize
and barley. It is grown in an area of 43.11 million
hectares with 64.87 million metric tonnes production
and productivity of 1.50 million metric tons in the
world (USDA 2014-15). Major producers are the
USA, Mexico, Nigeria, India, and Argentina with
10.99, 6.27, 6.70, 5.45 and 3.50 million tones
production. In India sorghum is the third important
cereal after rice and wheat, grown on average 5.50
-1
million ha (first rank in world) with production of
5.45 million tons (forth rank in the world) and
-1 th
productivity 990 kg ha (35 rank in the world)
(USDA 2014-15).In Madhya Pradesh, sorghum crop
is grown mainly in kharif season and covers an area
of 454 hectares and production 5.89 lakh tones with
-1
productivity of 1297 kg ha respectively (NFSM
2014-15) and cultivated mainly in Malwa, Jhabua,
Nimar, Gird and Satpuraplateau.Borad and Mittal
(1983) have reported that nearly 32.2% of the grain
yield was lost due to insect damage. On all India
basis shoot fly has been reported to cause an average
loss of 5 % (Jotwani, 1983). Yield loss of 55 to 83 %
has been recorded due to stem borer infestation in
northern lndia (Jotwani et al. 1971).

S

Field experiment was conducted at the during kharif
season, 2015-16 at the Research Field, College of
Agriculture, indore (M.P.). The experiment was
carried out in Randomized Block Design (RBD) with
three replications. In this experiment 43 newly
developed bred sorghum genotypes (38 genotypes
and 5 checks) were evaluated along with three
susceptible checks (DJ 6514, ICSV 745 & Swarna)
and two resistant checks (IS 2205 & IS 18551) and
one local checks (JJ 1041). Seeds were planted in
2m. two row length (each entry) and replication 1.0
m. apart.
RESULTS AND DISCUSSION
Thirty eight genotypes along with five checks IS
2205 (RC), IS 18551 (RC), DJ 6514 (SC), ICSV 745
(SC), SWARNA (SC), JJ 1041(LC) were evaluated
for resistance against shoot fly (Atherigona soccata,
Rondani), stem borer (Chilo partellus, Swinhoe), ear
head bug (Calocoris angustatus Leth.) and ear head
worm of sorghum (Cryptoblabus gnidiella Mab.).
The incidence of shoot fly on sorghum was recorded
on shoots at crop age of 21 and 28 days after
emergence for the per cent dead heart. It is revealed
from data that less dead heart per cent caused by
shoot fly recorded in timely sown crop (23 June,
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2015) as compared to late sown crop (15 July, 2015).
After 21 days under timely sown crop ,shoot fly
lowest dead heart percent recorded in both resistant
entry IS 18551(7.67%) and IS 2205(8.00%) and
maximum dead heart was observed in susceptible
check Swarna (53.33%).under late sown crop ,shoot
fly lowest dead heard percent was noticed in resistant
entry IS 2205 (16.67%), ICSV 745 (18.33%) and
SPV (26.00%), However, maximum dead heart was
recorded in susceptible check Swarna (63.33%) and
DJ 6514 (51.67%).After 28 days under timely sown
crop, shoot fly lowest dead heart per cent was
observed in both the resistant checks IS 2205
(13.33%) and IS 18551 (17.00%), Whereas,
maximum shoot fly incidence was recorded in
susceptible check Swarna (56.67%).under late sown
crop, The least infestation was recorded in resistant
check IS 18551 (29.33%). maximum shoot fly
incidence was recorded in susceptible check Swarna
(81.67%)
Shekharappa
and
Ramegowda
(2005),Badgujar et al. (2006), Shekharappa and
Ramegowda
(2007),
Balikai
and
Biradar
(2007),Subbarayudu et al.,(2011b) evaluated 35
entries Subbarayudu et al. (2011a) evaluated 27
genotypes of sorghum for resistance to shoot fly.
Seven genotypes viz., ICSV 745, IS 2312 and IS
2205 were found resistant while 14 genotypes were
moderately resistant.Parmar (2012) , Kumar et al.
(2015) concluded that shoot fly was active
throughout the Kharif season, therefore timely
sowing will reduce the incidence of shoot fly. But the
crop was less prone to attack of the shoot fly when
the crop was sown during the early June.Stem borer
leaf injury percent under timely sown crop at 30
DAE the minimum leaf injury per cent was observed
in SPV 2294 (2.33%), IS 18551 (2.67%) and SPV
2298 (2.67%), Whereas, the maximum leaf injury
was observed in DJ 6514 (14.00%) which was at par
with ICSV 745 (12.00%), and Swarna (10.33%) .
However, under late sowing conditions, leaf injury
caused by stem borer was not noticed in both
resistant checks IS 18551 and IS 2205 and other 23
entries. In rest of the entries the minimum leaf injury
was reported in SPV 2363 and SPV 2372
(2.33%).which extended maximum in DJ 6514
(6.89%). The above findings are in accordance with
Jhansi (2005), Prasad et al. (2011) evaluated 47
sweet sorghum genotypes for resistance to stem borer
and found 11 genotypes resistant to stem borer.
Parmar (2012) reported the leaf injury by stem borer
as 0.0% in 52 genotypes (timely sown crop) and 60
genotypes (late sown crop). The infestation at 45

DAE under timely sown conditions and the lowest
damage was recorded in both resistant check IS 2205
(12.67%) and IS 18551 (RC) (12.83%), However,
maximum dead heart per cent was recorded with in
susceptible check Swarna (45.33%). Whereas, under
late sown condition minimum dead heart per cent
was recorded in SPV 2301 and CSV 27 (3.33%),
However, the maximum infestation received in
susceptible check DJ 6514 (24.67%). Prasad et al.
(2011) evaluated 47 sweet sorghum genotypes for
resistance to stem borer and found 11 genotypes
resistant to stem borer. Vyas et al. (2014) reported
that, CSV 15, CSV 17, recorded minimum stem
borer dead hearts. The stem tunnelling per cent under
timely sown crop in the least dead heart per cent was
noticed in resistant check IS 2205 (3.62%) and IS
18551 (3.74%),and test entries .whereas, the
maximum stem tunnelling was recorded in SPV 2362
(19.83%) ,SPV 2363 (17.99%) and SPV 2357
(19.06%). Whereas, under late sown condition range
of stem tunnelling was recorded between1.19% to
9.49%. Among all entries SPV 2293 (1.19%) was
less affected by stem borer stem tunnelling, which
was at par with SPV 2304 (1.26%), JJ 1041 (1.26%),
SPV 2296 (1.60%). Sarailoo (1986) recorded 0.00%
to 0.58% and 1.12% to 7.11% stem tunnelling in
early and late sown crop, respectively. Gour (1995)
recorded 0.51% to 12.71% stem tunnelling. Under
timely sown crop condition,the minimum number of
ear head bug was recorded in resistance check IS
2205 (3.33) Whereas, susceptible check DJ 6514
(12.60) recorded maximum number of bug which
was at par with SPV 2293 (10.33) under late sown
condition the minimum insect count was observed in
both the resistant checks IS 18551 (1.67) and IS 2205
(2.00), maximum number of bug has been obtained
in SPV 2293 (6.67). The population of ear head
worm under timely sown crop, minimum number of
ear head bug was recorded in resistance check IS
18551 (3.00) However, highest worm count was
noticed in susceptible entry SPV 2359 (15.33) under
late sown conditions the minimum worm number
was recorded in resistant check IS 2205 (RC) (2.33),
SPV 235 (2.33), SPV 2355 (2.33), Patel (2011)
recorded the lowest number of ear head bug in
resistant checks IS 2205, IS 2312 and
IS18551.Raipuria (2014) reported minimum ear head
worm incident in both resistance entry (IS 18551 and
IS 2205), while maximum incidence was reported in
all susceptible entries (DJ 6514, Swarna and ICSV
745).
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CONCLUSION
Minimum pest incidence was reported in both
resistance entry (IS 18551 and IS 2205), while
maximum incidence reported in all susceptible
entries (DJ 6514, Swarna and ICSV 745). Minimum

shoot fly dead hearts was recorded in IS 2205 and
ICSV 745, minimum stem borer incidence (leaf
injury, dead hearts and stem tunneling) were
recorded in SPV 2294, SPV 2301 (2) and CSV 27,
while minimum ear head pests (bug and worm) was
counted in IS 2205 and SPV 2370 (2).
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Abstract: A field experiment was conducted during Rabi season 2016-17 to find out the effect of FYM and Vermi Compost
with or without PSB and Azotobactor and rates of organic manures (50% and 100% RND) on growth attributes and yield
parameters of onion (Agri found dark red) on a clay loam soil. The treatments comprised of organic, inorganic fertilizer and
biofertilizers with ten treatments 100% RDF through inorganic, 100% RDF through FYM (N Basis), 100% RDF through
vermicompost,50% RDF through Inorganic Fertilizers + 50 % through FYM, 50% RDF through Inorganic Fertilizers + 50 %
through vermicompost, 5 0% RDF through Inorganic Fertilizers + 50 % through FYM + PSB, 50% RDF through Inorganic
Fertilizers + 50 % through vermicompost + PSB, 50% RDF through Inorganic Fertilizers + 25 % vermicompost + PSB,
100% RDF through FYM (N Basis) + PSB + Azotobactor and 100% RDF through vermicompost + PSB + Azotobactor.
Results revealed that the application of organic manure significantly influenced the plant height (cm), number of leaves,
fresh weight of leaves (g plant-1) and dry weight of leaves (g plant-1), diameter of bulb (cm), bulb weight (g), bulb yield (q
ha-1), total soluble solid (0B) and allyl propyl content (ppm) significantly increased with 100% RDF through Vermicompost
+ PSB + Azotobactor).were significantly influenced with 100% RDF through Vermicompost + PSB + Azotobactor at 30 and
60 days of transplanting. Application of 100% RDF applied through vermicompost + PSB + Azotobactor (T10) recorded
maximum gross returns, net return and cost benefit ratio of onion crop.
Keywords: FYM, Growth, Onion, Vermicompost, Yield

INTRODUCTION

O

nion, Allium cepa L is one of the important
commercial bulbous vegetable crops grown
throughout the world. It is a bulbous biennial herb of
the most important vegetable cum condiments,
spice crops demanded worldwide. India is the second
largest producer of onion in the world, next to China,
with 70% of the total production comes as winter
crop and remaining 30% as kharif onion as off
season crop, accounting for 11.40 per cent of the
area and 10.40 per cent of the world production
and 16 per cent of productivity. In India, onion is
being grown in an area of 3.64 million hectares
with production of 68.45 million tonnes and the
average productivity is 18.82 tonnes per hectare.
Maharashtra is the leading onion growing state of
India (Anonymous, 2013). Organic manures not
only provide plant nutrient but also improve the soil
structure by effecting soil aggregates. They also
decrease EC and increase water holding capacity and
phosphate availability of soils, besides improving the
fertilizer use efficiency and microbial activity. Bio
fertilizers play a key role in increasing the
availability of nutrient. Inoculation of these biofertilizers in very small quantity supplemented with
sufficient amount o organic matter converts the
insoluble and unavailable from of nutrient in soluble
and available from of nutrients. The organic manures
contain nutrients in small quantities as compared to
the chemical fertilizers, also it contain growth

promoting substances like enzymes and hormones,
besides improvement of soil fertility and productivity
(Bhuma, 2001). Organic materials such as poultry
manure, green manures and farmyard manure
(FYM) can substitute for inorganic fertilizers to
maintain productivity and environmental
quality (Choudhary et al., 2002).
MATERIALS AND METHODS
The experiment was conducted at the farmers
field, village-Suwana, near Krishi Vigyan Kendra,
Bhilwara, Maharana Pratap University of
Agriculture & Technology, Udaipur, Rajasthan,
India Rabi season, 2016-17 to effect of coinjoint use
of organic and inorganic sources of nutrients on
growth, yield and quality of onion (Allum cepa L.)
var. Agrifound Dark Red. The soil of the
experimental field was clay loam in texture and
having pH 7.85, EC 0.11 dSm-1, organic carbon
content 0.42%, low in available N (178 kg/ha),
medium P (18.7 kg/ha) and high in K (348 kg/ha). The
experiment was laid out in randomized block design
with three replications. The treatments comprised of
organic, inorganic fertilizer and biofertilizers with
ten treatments T1 -100% RDF through inorganic, T2 100% RDF through FYM (N Basis), T3 -100% RDF
through vermicompost, T4 -50% RDF through
Inorganic Fertilizers + 50 % through FYM, T5 -50%
RDF through Inorganic Fertilizers + 50 % through
vermicompost, T6 -50% RDF through Inorganic
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Fertilizers + 50 % through FYM + PSB, T7 -50%
RDF through Inorganic Fertilizers + 50 % through
vermicompost + PSB, T8 -50% RDF through
Inorganic Fertilizers + 25 % vermicompost + PSB,
T9 -100% RDF through FYM (N Basis) + PSB +
Azotobactor and
T10 -100% RDF through
vermicompost + PSB + Azotobactor.
The treatments of manure, chemical fertilizers and
bio-fertilizers were applied as per treatment in
respective plot. Vermicompost and FYM were
applied prior to 15 days of transplanting of Onion.
PSB and Azotobactor bio-fertilizer was applied at the
time of transplanting. Inorganic fertilizer i.e. SSP and
Murate of Potash were applied as a basal dose during
transplanting whereas as 1/2 dose of urea was
applied at the time of transplanting and remaining
1/4 – 1/4 dose applied at 30 and 60 days of
transplanting respectively. The seeds of onion variety
“Agrifound Dark Red” were treated with bavistin +
carbandazim (SAAF) @ 3 gm kg-1 before sowing in
nursery. The seed of onion variety Agrifound Dark
Red was raised in the nursery of 3 m long and 1.2 m
wide and 10 cm above the ground level was prepared
and manured as per the recommendation treatments.
Treated seed were sown on 22 December 2016 in
line and all the intercultural operations were done as
and when required. 57 days old seedlings of uniform
size were transplanted on 17 December 2017 in the
prepared field. The spacing 15 cm row to row and 10
cm plant to plant was maintained. The seedlings
were transplanted in cool evening according to the
layout plan. A light irrigation was applied just after
the transplanting and subsequent irrigation was given
at an interval of 10-12 days depending upon the soil
condition. Harvesting of onion was done on 31st May
2017.
The data on plant height (cm), number of leaves
plant -1, fresh weight of leaves, dry weight of leaves
parameters were recorded at 30 and 60 DAT,
whereas diameter of bulb (cm), average bulb weight
(g) and bulb yield (q ha-1) were recorded and
thereafter, tabulated and analyzed statistically by
method of analysis of variance. The diameter of
bulb (cm), average bulb weight (g), bulb yield (q ha 1
), total soluble solid (0B) at harvest, Allyl Propyl
content (ppm) and economics parameters were
recorded and thereafter, tabulated and analyzed
statistically by method of analysis of variance. The
data were analyzed statistically and result was
interpreted by using methods suggested by Panse and
Sukhatme (1967).
RESULTS AND DISCUSSION
Growth parameters
The vegetative parameters like plant height (cm),
number of leaves plant -1, fresh weight of leaves, dry
weight of leaves parameters were recorded at 30 and
60 DAT, were greatly influenced by both organic and
inorganic nutrient sources. The plant height increased

significantly with the different treatments of organic
manures, inorganic fertilizers and bio-fertilizer up to
harvesting (Table1). This may be due to application
of nutrient management through vermicompost along
with bio-fertilizers, increased the photosynthetic
activity, chlorophyll formation, nitrogen metabolism
and auxin contents in the plants which ultimately
improving the plant height. These findings were in
agreement with the findings of Prabhakar et al.
(2012). The significantly maximum leaves per plant
was recorded in the treatments T 10 (100% RDF
through Vermicompost + PSB + Azotobactor) at 30
and 60 days of transplanting followed by T 9 (100 %
RDF through FYM + PSB + Azotobactor). However,
the minimum leaves per plant was recorded under
treatment T2 (100 % RDF through FYM) at 30 and
60 DAT. Probable reasons for enhanced more
number of leaves may be due to promotive effects of
integrated nutrient management on vegetative growth
which ultimately lead to more photosynthetic
activities. These findings was in agreement with the
findings of Jawadagi et al. (2012). The fresh weight
of leaves was significantly influenced by various
treatments of organic manures, inorganic fertilizers
and bio-fertilizer. Similar results reported by
Mahanthesh et al. (2005). Similarly, significantly
maximum dry weight of leaves was exhibited in the
treatment T10 (100% RDF through Vermicompost +
PSB + Azotobactor), followed by T7 (50 % RDF
through Inorganic Fertilizers + 50 % through
Vermicompost + PSB). However, the minimum dry
weight of leaves was observed in T 2 (100 % RDF
through FYM). This may be due to application of
major and micro nutrients by organic manure which
increased the photosynthetic activity, chlorophyll
formation, nitrogen metabolism and auxin contents
in the plants which ultimately improving the dry
weight of leaves.
Post-harvest parameter of crop
Diameter of bulb increased significantly with
different treatments of organic manures, inorganic
fertilizers and biofertilizer (Table2). This may be due
to application of organic manures which provide
major and micro nutrients resulted in increased the
photosynthetic activity, chlorophyll formation,
nitrogen metabolism and auxin contents in the plants
which ultimately improving the diameter of bulb.
Significantly maximum bulb weight of bulb was
exhibited in the treatment T10 (100% RDF through
Vermicompost + PSB + Azotobactor) followed by T9
(100 % RDF through FYM + PSB + Azotobactor),
Bulb yield per hectare differed significantly due to
application of 100% RDF through Vermicompost +
PSB + Azotobactor significantly increased the bulb
yield of onion. The higher yield might be due to
increase in plant height, number of leaves, and other
yield attributes viz., fresh weight of whole plant,
fresh and dry weight of bulb. Similar results have
been reported by Shinde et al. (2013) and Gurjar et.
al. (2017) .
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The maximum TSS (12.04%) was recorded with
T10 followed by 11.35% TSS in T9 (Table 2). The
superior quality of onion under vermicompost
treatments might be due to beneficial effect of
organism which are brought about mucon deposited
epidermal cell and coelomic cell of earthworm
containing plant growth factor and B group vitamin.
The effect of organic manure on quality parameters
was also reported by Singh et al. (2015). The allyl
propyl content (ppm) of onion influenced by
different organic and inorganic treatments.
Significantly maximum allyl propyl content was
observed under the treatment T 10 (100% RDF applied
through vermicompost + PSB + Azotobactor) and
found significantly superior over rest of the treatment
followed by T9 where 100% RDF applied through
FYM + PSB + Azotobactor. Whereas the minimum
allyl propyl content at harvest was recorded in T 1
(100% RDF through inorganic fertilizer).
Economics
The cost of cultivation, gross returns, net returns and
benefit cost ratio as influenced by different
treatments are presented in Table 3. Application of
100% RDF applied through vermicompost + PSB +
Azotobactor (T10) recorded maximum gross returns
of Rs. 153608 ha- 1 followed by treatment having
100% RDF applied through FYM + PSB +

411

Azotobactor (T9), whereas minimum gross return (Rs
96390 ha- 1) was recorded in treatment T 1 (100%
RDF through inorganic fertilizers). Data also
revealed that the highest net return of Rs 88459 ha- 1
was obtained in treatment T10 (100% RDF applied
through vermicompost + PSB + Azotobactor) along
with cost benefit ratio 2.36. While, lowest net return
(Rs 33646 ha- 1) along with lowest cost benefit ratio
1.50 was observed in treatment T 2 (100 % RDF
through FYM). Similar results have been reported by
Gurjar et al. (2017).
CONCLUSION
The results of present investigation revealed plant
height (cm), number of leaves, fresh weight of leaves
(g plant-1) and dry weight of leaves (g plant-1),
diameter of bulb (cm), bulb weight (g), bulb yield (q
ha-1), total soluble solid (0B) and allyl propyl content
(ppm) were significantly influenced with 100% RDF
through Vermicompost + PSB + Azotobactor at 30
and 60 days of transplanting. Application of 100%
RDF applied through vermicompost + PSB +
Azotobactor (T10) recorded maximum gross returns,
net return and cost benefit ratio.

Table 1. Effect of different organic and inorganic sources and their combinations on growth parameters of
onion.
Treatment

T1 - 100 % RDF through Inorganic
Fertilizers
T2 - 100 % RDF through FYM (N
basis)
T3 - 100 % RDF through
Vermicompost (N basis)
T4 - 50 % RDF through Inorganic
Fertilizers + 50 % through FYM
T5 - 50 % RDF through Inorganic
Fertilizers + 50 % through
Vermicompost
T6 - 50 % RDF through Inorganic
Fertilizers + 50 % through FYM +
PSB
T7 - 50 % RDF through Inorganic
Fertilizers + 50 % through
Vermicompost + PSB
T8 - 50 % RDF through Inorganic
Fertilizers + 25 % Vermicompost +
25 % FYM + PSB
T9 - 100 % RDF through FYM +
PSB + Azotobactor
T10 - 100 % RDF through
Vermicompost + PSB + Azotobactor
SEm±
C.D. (5%)

Plant height

Number of leaves

Fresh weight of
leaves (g/plant)
30 DAT
60 DAT

Dry weight of leaves
(g/plant)
30 DAT
60 DAT

30 DAT

60 DAT

30 DAT

60 DAT

21.33

38.67

5.00

8.20

22.67

40.80

3.27

5.37

17.40

36.67

4.80

7.84

21.67

39.00

3.20

5.00

19.77

37.77

5.09

8.29

26.00

46.80

3.83

5.97

20.07

38.07

5.60

8.80

25.67

47.80

3.75

6.00

19.27

37.27

5.53

8.73

29.67

53.40

4.40

6.67

22.83

43.00

5.97

9.20

28.00

47.60

4.10

5.97

25.47

45.13

5.87

9.13

29.67

53.40

4.45

6.62

24.07

42.07

5.27

10.32

29.17

52.50

4.20

6.69

25.00

46.33

6.20

11.34

29.50

52.30

4.32

6.83

28.67
0.93
2.77

52.00
1.17
3.47

6.93
0.13
0.38

12.63
0.23
0.67

34.33
1.57
4.66

60.53
2.42
7.20

5.05
0.24
0.72

7.69
0.39
1.15

Table 2. Effect of different organic and inorganic sources and their combinations on yield and quality
parameters of onion.
Treatment

T1 - 100 % RDF through Inorganic

Diameter of
bulb (cm)
5.78

Average
weight of bulb
(g)
81.00

Bulb yield
(Q/ha)

Total soluble
solids (oB)

Allyl propyl
content (ppm)

137.70

9.27

17.00

412

BHAVANA DHAKER, B.G. CHHIPA AND R.S. RATHORE

Fertilizers
T2 - 100 % RDF through FYM (N
basis)
T3
- 100 % RDF through
Vermicompost (N basis)
T4 - 50 % RDF through Inorganic
Fertilizers + 50 % through FYM
T5 - 50 % RDF through Inorganic
Fertilizers
+
50
%
through
Vermicompost
T6 - 50 % RDF through Inorganic
Fertilizers + 50 % through FYM +
PSB
T7 - 50 % RDF through Inorganic
Fertilizers
+
50
%
through
Vermicompost + PSB
T8 - 50 % RDF through Inorganic
Fertilizers + 25 % Vermicompost + 25
% FYM + PSB
T9 - 100 % RDF through FYM + PSB
+ Azotobactor
T10
- 100 % RDF through
Vermicompost + PSB + Azotobactor
SEm±
C.D. (5%)

5.98

85.17

144.78

8.67

17.17

6.37

93.69

159.28

9.71

18.13

6.64

94.53

160.71

10.05

18.69

7.03

104.00

176.80

10.37

19.23

7.33

109.00

185.30

10.76

19.50

7.36

113.00

192.10

10.95

20.23

7.20

117.17

199.18

11.11

20.80

7.75

120.00

204.00

11.35

21.80

8.77
0.32
0.96

129.08
1.27
3.77

219.44
2.16
6.40

12.04
0.09
0.26

22.73
0.31
0.92

Table 3. Effect of different organic and inorganic sources and their combinations on economics of onion.
Treatment

Bulb yield
(q ha-1 )

T1 - 100 % RDF through Inorganic Fertilizers

137.70

Cost of
cultivation (Rs.
ha-1 )
57674

T2 - 100 % RDF through FYM (N basis)

144.78

67700

101346

33646

1.50

T3 - 100 % RDF through Vermicompost (N
basis)

159.28

62699

111496

48797

1.78

T4 - 50 % RDF through Inorganic Fertilizers +
50 % through FYM

160.71

62687

112497

49810

1.79

T5 - 50 % RDF through Inorganic Fertilizers +
50 % through Vermicompost

176.80

65200

123760

58560

1.90

T6 - 50 % RDF through Inorganic Fertilizers +
50 % through FYM + PSB

185.30

62887

129710

66823

2.06

T7 - 50 % RDF through Inorganic Fertilizers +
50 % through Vermicompost + PSB

192.10

65400

134470

69070

2.06

T8 - 50 % RDF through Inorganic Fertilizers +
25 % Vermicompost + 25 % FYM + PSB

199.18

61637

139426

77789

2.26

T9 - 100 % RDF through FYM + PSB +
Azotobactor

204.00

68150

142800

74650

2.10

T10 - 100 % RDF through Vermicompost +
PSB + Azotobactor

219.44

65149

153608

88459

2.36
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Abstract: The field investigation was carried out during Kharif season of 2014-15 in the research farm of College of
Agriculture, Indore (M.P.) in randomized block design with eight treatments and three replications with plant spacing of
45x60 cm on Pusa Jwala variety of chilli against thrips. Six repeated application of Metarrhizium annisoplae in the name of
Met 52 with different doses at 10 days interval were made and it was also alternated with thiacloprid and different doses of
fipronil 5 S C The treatments were named as T1- Untreated control, T2- Fipronil 5 SC @ 1000 ml/ha and alternated with
Thiacloprid 21.7 SC @ 300 ml/ha, T3- Met52@ 250ml/ha foliar spray, T4- Met52@ 500ml/ha foliar spray T5- Met52@
1000ml/ha foliar spray, T6- Met52@250ml/ha foliar spray alternated with Fipronil 5 SC @ 850 ml/ha, T7- Met52@ 500ml/ha
foliar spray alternated with Fipronil 5 SC @ 900 ml/ha and T8- Met52@ 1000ml/ha foliar spray alternated with Fipronil 5 SC
@ 950 ml/ha The population of thrips was counted at ten days interval on five tagged plants from each plot and five leaves
from each plant with the help of 10X magnifying lens. Overall population reduction was calculated based on pre treatment
observation and last observation of final spray. The overall highest population reduction was also calculated in T5 (99.63%),
and followed with T4 (99.27%). T3 (98.65%), T8 (97.36%), T7 (96.45%), T6 (95.13%) and T2 (85.52%). The highest dried
chilli yield with highest cost benefit ratio was noted in T5 (2256kg/ha. and 2.34) and differed significantly with all the
treatments.
Keywords: Alternation, Bio-insecticide efficacy, Chilli, insecticides, Metarrhizium annisoplae, Scirtothrips dorsalis

INTRODUCTION

T

he main constraints for low productivity of
inferior fruit quality in chilli are due to ravages
caused by insect pest irrespective of seasons and
geographic locations. The leaf curl symptoms of
chilli are caused by thrips (Scirtothrips dorsalis
Hood) and mites (Polyphagotarsonemus latus Bank)
beside virus attack (Naitam et. al. 1990). The
symptoms produced by mites, thrips and virus are in
general similar but, they distinctly differ from each
other under critical observation (Karmakar, 1995).
Thrips, Scirtothrips dorsalis Hood (Thripidae:
Thysanoptera) is considered as the most serious and
important pest (Krishna Kumar et al., 1996). The
yield losses 60.5 to 74.3 per cent of green chilli due
to thrips were estimated by Patel and Gupta (1998) at
Udaipur (Rajasthan). Patel and Gupta (1992) also
reported that thrips S. dorsalis was responsible for
causing leaf curling in chilli. The infested leaves
curled upward (adaxially) presenting a boat shaped
appearance. Similarly Reddy and Puttaswamy, 1983
also reported that in infested field of chilli the
affected leaves and fruits are deformed, twisted,
brittle and crumpled.
Presently the management of chilli thrips is
becoming serious menace after many sprays of
chemical insecticides. Increased number of sprays
also increased the cost of cultivation making
cultivation of chilli highly risky. Additionally

pesticidal sprays became a threat to chilli ecosystem
causing problems of resistance, resurgence of pests,
pesticides residue and menace to natural enemy
fauna (David, 1986). Recently emphasis has been
given on bio control management system but
application of bio control agents did not show
significant effect against the pest. Viewing the above
situations the experiment was planned to test the
Metarrhizium annisoplae in alternation with other
effective insecticides against chilli thrips.
MATERIALS AND METHODS
The experiment was conducted in Kharif season of
2014-15 in the research farm of College of
Agriculture, Indore (M.P.) in randomized block
design with eight treatments and three replications
with plant spacing of 45x60 cm on Pusa Jwala
variety of chilli, transplanted on 17th July, 2014 with
net plot size of 3.15 m. X 3 m. The treatments were
applied as T1- Untreated control, T2- Fipronil 5 SC @
1000 ml/ha and alternated with Thiacloprid 21.7 SC
@ 300 ml/ha.(3+3 applications), T 3- Met52@
250ml/ha foliar spray x 6 applications, T 4- Met52@
500ml/ha foliar spray x 6 applications, T5- Met52@
1000ml/ha foliar spray x 6 applications, T 6Met52@250ml/ha foliar spray alternated with
Fipronil 5 SC @ 850 ml/ha (3+3 applications), T 7Met52@ 500ml/ha foliar spray alternated with
Fipronil 5 SC @ 900 ml/ha (3+3 applications) and
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T8- Met52@ 1000ml/ha foliar spray alternated with
Fipronil 5 SC @ 950 ml/ha (3+3 applications). Six
foliar applications were made at 10 days interval
with knapsack
sprayer fitted
with a duromist
nozzle with 500 liter water per hectare. All the
agronomical practices were applied as per the
recommendations. The population of thrips was
counted before and after ten days interval on five
tagged plants from each plot and five leaves from
each plant i.e. two leaves from top, two from middle
and one from lower portion of the plant with the help
of 10X magnifying lens. After last observation,
overall population reduction was calculated based on
pre treatment observation. The dried fruit yield
(Kg/ha) was recorded and cost benefit ratio was
worked out.
RESULTS AND DISCUSSION
Thrips population
From overall findings, it was revealed that all the
treatments (table1) differed significantly with
untreated check. After first spray T5- Met52
(Metarhizium anisopliae) @ 1000ml/ha foliar spray
alternated with fipronil 5 SC @ 950 ml/ha. reduced
maximum thrips population (2.20/leaf) and differed
non significantly with all the treatments except T2fipronil 5 SC @ 1000 ml/ha alternated with
thiacloprid 21.7 SC @ 300 ml/ha (3.20/leaf), The
trend of effectiveness was recorded as T4Met52@500 ml/ha alternated with fipronil 5 SC @
900 ml/ha (2.30) and T3- Met52@500 ml/ha
alternated with fipronil 5 SC @ 850 ml/ha (2.30) >
T7- Met52@ 500 ml/ha (2.60) > T8- Met52@ 1000
ml/ha (2.66) > T6- Met52@ 250 ml/ha (2.70) > T2(3.20). After second, third and fourth sprays the least
population was noted in T5 and found at par with T4
and T3. After fifth spray the least population was
observed in T5 (0.05) and found at par with T4
(0.09), T3 (0.13) and T8 (0.22). After sixth and last
spray again except T2, all the treatments showed no
significant difference but least thrips population was
noted in T5 (0.02) followed by T4 (0.04). T3 (0.07),
T8 (0.17), T7 (0.22) and T6 (0.29). The overall
highest population reduction (table 2) was also
calculated in T5 (99.63%) followed by T4 (99.27%).
T3 (98.65%), T8 (97.36%), T7 (96.45%), T6
(95.13%) and T2 (85.52%). Finally the highest dose
of Met52@ 1000ml/ ha alternated with highest dose
of fipronil 5 SC @ 950 ml/ha proved highly effective
in reducing the thrips population. The efficacy of
fipronil was exhibited by Reddy et al., (2007)
reported that fipronil 5% SC @ 2ml and 0.01%, was
the best treatment against chilli thrips in reducing the
population. Similar findings were also reported by
Mahalingappa et al., (2008). Reddy and Sreehari
(2009) noticed that fipronil 80 WG @ 50 g.a.i./ha
and lower dose @ 40 g.a.i./ha found effective to
reduce thrips population. Ghosh et al. (2009) also
recorded the lowest population of chilli thrips

(Scirtothrips dorsalis Hood) with the application of.
fipronil @ 100 g.a.i../ha. Nayak et al., (2014)
reported that fipronil found to be effective insecticide
in minimizing the incidence of chilli thrips. These
researchers exhibited the highest efficacy of fipronil
with different doses and supported the present study.
The effectiveness of Metarhizium anisopliae was
reported by Ansari et al., (2007) and found more
effective than chemical insecticides in killing pupae
of the western flower thrips. Further, Arthurs et al.,
(2013) found in laboratory assays that four
applications of M. brunneum F52 against chilli
thrips, Scirtothrips dorsalis Hood, reduced thrips
populations over 10 weeks. Visalakshy et al., (2012)
suggested that entomopathogens including M.
ansiopliae can substitute chemical pesticides in the
management of Thrips tabaci in onion. Similarly
Thungrabeab et al., (2006) showed that mortalities of
onion thrips Thrips tabaci . caused by Metarhizium
spp. ranged from 23.5% to 97.3%. Karkar et al.,
(2014) also reported the efficacy of M. anisopliae
and L. lecanii applied at 40 g/10 litres of water
against sucking pests of brinjal. These findings
exhibited that Metarhizium anisopliaeis was effective
in reducing the thrips and other sucking insect
population which is in support of present
investigation.
Yield and economics
The present study revealed (table 1) that highest
dried chilli yield with highest cost benefit ratio was
noted in T5 (2256kg/ha. and 2.34) and differed
significantly with all the treatments followed by T4
(2114kg/ha and 2.16), T8 (1905kg/ha and 1.93), T2
(1895kg/ha and 1.88), T7 (1784kg/ha and 1.79), T3
(1745 kg/ha and 1.69), and T6 (1589kg/ha and 1.54).
The findings of Nayak et al., (2014) are in the line of
agreement as they reported that fipronil was effective
insecticides in minimizing the incidence of thrips and
maximizing the yield and net return in chilli
production. The partial support to the present study
was noticed by Pandey et al. (2013) as they reported
that lowest mean thrips population and the highest
marketable yield by applying fipronil @ 1.5 ml/lt.
resulting in the highest cost benefit ratio (1:11.55)
leading to an arbitration of spraying fipronil @ 1.5
ml/lt. at fifteen days interval in Rabi onion.
Hosamani et al., (2012), recorded the effectiveness
of fipronil 80 WG in onion with minimum thrips
population at three and ten days after spray with the
highest yield of 29.16 t/ha. As far as the response of
Metarhizium anisopliae is concerned Arthurs et
al.,(2013) reported that the proportion of marketable
fruit was significantly increased due to application of
M. brunneum F52, B. bassiana GHA, and 2%
SuffOil-X treatments against chilli thrips,
Scirtothrips dorsalis. Naik and Shekharappa (2009)
observed that the yield of okra was significantly
higher in oil based formulation of M. anisopliae
(38.80 q/ha) and V. lecanii (38.50 q/ha) with
monitory returns of Rs. 14720 and Rs. 14480/ha,
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respectively followed by B. bassiana. These findings
are in close association with the present
investigation. Further, thiacloprid was also tested in
the alternation with fipronil which exhibited the least
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effectiveness. This might be due to change in
climatic conditions and resistance against
insecticides and indiscriminate use of insecticides by
growers.

Table 1. Relative efficacy of treatments against thrips
Treatments
T1
T2
T3
T4
T5
T6
T7
T8

Pre treatment
Population
5.48
(2.44)
4.49
(2.23)
5.22
(2.39)
5.53
(2.45
5.46
(2.44)
5.96
(2.54)
6.21
(2.59)
6.45
(2.63)

S Em±
CD at 5 %
(p=0.05)
CV

Thrips population 10 days after
1st
spray
5.80
(2.51)
3.20
(1.92)
2.30
(1.67)
2.30
(1.67)
2.20
(1.64)
2.70
(1.78)
2.60
(1.76)
2.66
(1.77)
0.09

Chilli yield
(Kg/ha)

C: B
Ratio

6.18
(2.58)
0.80
(1.14)
0.13
(0.79)
0.09
(0.76)
0.05
(0.74)
0.35
(0.92)
0.27
(0.87)
0.22
(0.84)
0.04

6th
spray
6.31
(2.60)
0.65
(1.07)
0.07
(0.75)
0.04
(0.73)
0.02
(0.72
0.29
(0.88)
0.22
(0.84)
0.17
(0.81)
0.05

1178

-

1895

1:1.88

1745

1:1.69

0.18

0.12

0.16

89.47

8.72

6.24

8.86

8.477

2nd spray

3rd spray

4th spray

5th spray

5.91
(2.53)
2.00
(1.58)
1.10
(1.26)
0.90
(1.18)
0.70
(1.09)
1.90
(1.55)
1.80
(1.51)
1.80
(1.51)
0.06

5.95
(2.54)
1.50
(1.41)
0.53
(1.01)
0.40
(0.95)
0.28
(0.88)
0.90
(1.18)
0.77
(1.13)
0.75
(1.12)
0.06

6.07
(2.56)
1.10
(1.26)
0.27
(0.87)
0.20
(0.83)
0.13
(0.79)
0.70
(1.09)
0.59
(1.04)
0.55
(1.02)
0.06

0.26

0.20

0.18

8.24

7.34

7.88

2114

1:2.16
1:2.34

2256
1589

1:1.54

1784

1:1.79

1905

1:1:93

29.494

The values in parentheses are square root transformed values
Treatments detail
T1- Untreated control
T2- Fipronil 5 SC @ 1000 ml/ha alternated with thiacloprid 21.7 SC @ 300 ml/ha
T3- Met52@250 ml/ha alternated with fipronil 5 SC @ 850 ml/ha
T4- Met52@500 ml/ha alternated with fipronil 5 SC @ 900 ml/ha
T5- Met52@1000 ml/ha alternated with fipronil 5 SC @ 950 ml/ha
T6- Met52@ 250 ml/ha
T7- Met52@ 500 ml/ha
T8- Met52@ 1000 ml/ha
Table 2. Relative reduction of thrips population in different treatments after 10 days of sprays
Treatments
T1
T2
T3
T4
T5
T6
T7
T8

1st
Spray

2nd
spray

71.26
55.93
58.40
59.70
54.69
58.13
58.75

37.50
52.17
60.86
68.18
16.29
30.76
32.33

3rd
spray

4th
spray

25.00
51.81
55.55
80.40
52.63
57.22
58.33

26.66
49.05
50.00
53.57
22.22
23.37
26.66

5th
spray

6th spray

Overall population
reduction (%)

27.27
51.85
55.00
61.53
50.00
54.23
60.00

18.75
46.15
55.55
60.00
17.14
18.51
22.72

85.52
98.65
99.27
99.63
95.13
96.45
97.36

Treatments detail
T1- Untreated control
T2- Fipronil 5 SC @ 1000 ml/ha alternated with thiacloprid 21.7 SC @ 300 ml/ha
T3- Met52@250 ml/ha alternated with fipronil 5 SC @ 850 ml/ha
T4- Met52@500 ml/ha alternated with fipronil 5 SC @ 900 ml/ha
T5- Met52@1000 ml/ha alternated with fipronil 5 SC @ 950 ml/ha
T6- Met52@ 250 ml/ha
T7- Met52@ 500 ml/ha
T8- Met52@ 1000 ml/ha
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Abstract: Seed is a very vital input and dynamic instrument for increasing agricultural production. It has been one of the
miraculous inputs responsible for green revolution in India and elsewhere. A multistage random sampling was adopted as
appropriate sampling procedure for the study. As the research study focuses on the aspect such as estimating demand of
hybrid cotton seeds in North Karnataka the secondary data required for the study was collected from the publications sources
of the Department of Agriculture, Districts Statistical Office (DSO), Directorate of Economics and Statistics (DES), Ministry
of Agriculture, Ministry of Communication & IT, Government of India and other related departments. To estimate the
demand for hybrid cotton seeds ARIMA technique was used for the study. Projected demand for hybrid cotton seeds in
Dharwad and Haveri district were expected to be decrease from 66664.23 kgs in 2014-15 to 53129.65kgs in 2019-20 in
Dharwad district, and in Haveri district is expected to be decrease from 71876.5 kgs in 2014-15 to 64905.20 kgs in 2019-20.
This is due to decrease in the cotton area and lack of assured and remunerable price and it’s a result that area switching over
to other commercial crops.
Keywords: ARIMA, Demand, Hybrid cotton, Seed

INTRODUCTION

S

eed is a very vital input and dynamic instrument
for increasing agricultural production. It has been
one of the miraculous inputs responsible for green
revolution in India and elsewhere. The green
revolution has brought prosperity, stability and
confidence not only in agriculture, but also in the
economic well being of the country.
The process of modernizing Indian agriculture
primarily involves the intensive use of nonconventional inputs such as quality seeds, chemical
fertilizers, pesticides, weedicides, irrigation, farm
machinery and a network of research and extension
infrastructure. The quality seed is a trigger point
which sets in motion the process of technological
change. The returns to investment depend
significantly on the quality of crops. Impact of
quality seeds in enhancing the yield potential is
highly felt now-adays. Superior planting material and
high quality seed is the single most important factor
enabling a country to make its agriculture more
productive and cost competitive especially in the
scenario of world agricultural trade under the WTO
regime. In the development of agriculture, seed has
been important since crops were first domesticated.
In the traditional agriculture, the cultivators use to
retain part of the produce for seed purposes.
However, with the introduction of new technology in
Indian agriculture which was based on the use of
high yielding varieties and hybrids of crop plants

responsive to high levels of chemicals of fertilizers
and irrigation. With the development of plant
breeding in the early twentieth century, improved
crop varieties were evolved and their seed production
was taken up in the organized sector. Seed firms,
whether in the private or public sector, outsource the
production of seeds through contract growers. These
growers are supplied with the foundation seed that is
used to produce commercial seed. The seed industry
is one of the earliest examples of contract farming in
India.
Cotton seed Industry in Karnataka
The cotton seed industry has emerged as an
important component in the seed market basically
due to its ability for development of hybrids and
diversity of production. To satisfy the continuous
demand for cotton seeds by the farmers, several seed
companies in the corporate sector are supplying
seeds in the cotton growing region. Some of the
important companies, which supply seeds Kaveri
seeds Pvt. Ltd., Krishidhan Seeds Pvt. Ltd, Machyo
Seeds Pvt. Ltd., Shri Ram Bioseed Genetics India
Ltd., G. K. Seeds, Monsanto seeds Pvt. Ltd, Ajeet
seeds Pvt. Ltd, Nuziveedu seeds Pvt. Ltd, Rasi seeds
Pvt. Ltd, Prabhat seeds Pvt. Ltd, Ankur seeds Pvt.
Ltd, Vikram seeds Pvt. Ltd, Vibha seeds Pvt. Ltd,
etc. These seed companies supply seeds first to the
distributors, who in turn employ the dealers through
whom seeds reach the ultimate users i.e., the farmers.
These dealers operate at the taluka level and they
come in direct contact with the farmers. The
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marketing of seeds involves demand assessment,
structure, shares, farmers brand acceptance, logistics,
etc.
Cotton is of considerable importance in the light of
changing agricultural scenario. With increased role
of cotton in the Karnataka is state economy and with
the liberalization policy of the Government of India,
it has opened up for most of the multinational and
Indian companies to enter into this mega demand
based cotton crop to make huge profit through hybrid
seed production. Since then the seed industry, the
pesticide and other supporting sectors have received
a boost in terms of their trade with the rural market.
The marketing of seed has undergone a tremendous
transformation in terms of seed logistics and farmer
acceptance of varieties especially in the last decade.
As is well known, the technological breakthrough in
development of Double Bt cotton also has created a
revolution in development of pest resistance hybrids
etc. have all contributed for the overall improvement
in the yields of cotton.
In the present context of globalization, liberalization
and privatization, it has becomes more important that
one should focus more on the marketing and its
services so that it will ultimately bring the results of
the technological changes in the present day. Since in
the recent years advanced technologically developed
hybrid cotton seeds in the area and production is
increasing trend in the major districts of the state.
The farmers are getting highest return from the
increased productivity as compared to the old hybrid
cotton seeds. A number of hybrid cotton seed
varieties are introduced by the Mahyco Ltd, Kaveri
Ltd, and Ankoor Ltd etc., which are giving maximum
yield to the farmers by producing good quality
cotton.
METHODOLOGY
A multistage random sampling technique was
adopted as appropriate sampling procedure for the
study. The data on area under cotton in Karnataka
was collected, which comprising of two northern
districts of Karnataka namely Dharwad and Haveri
these two districts were occupied highest area under
cotton that contributed about 29 per cent of total area
under cotton during the study period. Hence it was
proposed to select these two districts for the study so
as to investigate into research problem.
Secondary data: As the research study focuses on the
aspect such as estimating demand of hybrid cotton
seeds in North Karnataka the secondary data required
for the study was collected from the publications
sources of the Department of Agriculture, Districts

Statistical Office (DSO), Directorate of Economics
and Statistics (DES), Ministry of Agriculture,
Ministry of Communication & IT, Government of
India and other related departments. The districts
were ranked in the order of the highest area to the
total area under cotton in the state.
ANALYTICAL TECHNIQUE EMPLOYED
Auto Regressive Integrated Moving Average
(ARIMA) model
For demand forecasting we used different models
like Compound growth rate, Moving averages,
Smoothing, Trend models by using above models we
didn’t get better results. So, ARIMA model was used
for demand forecasting by Fitting ARIMA model the
better results were obtained so we used ARIMA
model.
RESULTS AND DISCUSSION
Projected demand for hybrid cotton seeds in
North Karnataka
It is observed from the Table 1 that over the years
from 1998-99 the actual demand of cotton seeds was
97734.37 kgs, and also it could be seen from the
Table that from 1999 to 2014 the demand of cotton
seeds was 69609.90kgs, the demand of cotton seeds
was decreasing in case of Dharwad district, and from
2014-15 the projected demand for hybrid cotton
seeds was 66664.23 kgs and it was forecasted till
2019-20. In 2019-20 the projected was seen to be
53129.65kgs, and Mean Absolute Percentage Error
was observed to be 11.31 which tell us that the
forecasted demand for hybrid cotton seeds is
decreasing in Dharwad district.
It is observed from the Table 2 that in year 1998-99
the actual demand for cotton seeds was 89304.75 kgs
and from 1998 to 2014 the demand of hybrid cotton
seeds was 71876.50 kgs which shows decreasing in
the actual demand for hybrid cotton seeds. From
2014-15 the forecasted demand was seen to be
70714.62 kgs and in 2019-20 the forecasted demand
was seen to be 64905.20 kgs, and Mean Absolute
Percentage Error was observed to be 16.57 which
tells us that the forecasted demand for hybrid cotton
seeds is decreasing in Haveri district.
This is due to in the area under hybrid cotton seeds in
upcoming years will be decreased in both Dharwad
and Haveri district. The reason behind this was lack
of assured and remunerable price (price of cotton
decreasing over the years) and its a result that area
switching over to other crops. The similar findings
were observed in case of Thimmanna (2007).

Table 1. Projected demand for hybrid cotton seeds in Dharwad district
Sl.No
Year
Actual
1
1999
97734.38
2
2000
107257.50
3
2001
104510.25

(in kg’s)
Forecasted
----------95027.46
98435.56
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4
2002
5
2003
6
2004
7
2005
8
2006
9
2007
10
2008
11
2009
12
2010
13
2011
14
2012
15
2013
16
2014
17
2015
18
2016
19
2017
20
2018
21
2019
22
2020
Mean Absolute Percentage Error – 11.31

118607.63
102776.63
88386.38
97291.13
86618.25
83273.63
81688.50
80123.63
93893.63
99382.50
77590.13
46023.75
69609.90

Table 2. Projected demand for hybrid cotton seeds in Haveri district
Sl.No
Year
Actual
1
1999
89304.75
2
2000
80942.63
3
2001
75384.00
4
2002
90928.13
5
2003
67033.13
6
2004
53233.88
7
2005
71325.00
8
2006
67242.38
9
2007
86016.38
10
2008
88762.50
11
2009
103425.75
12
2010
122884.88
13
2011
117821.25
14
2012
119408.63
15
2013
73866.38
16
2014
71876.50
17
2015
18
2016
19
2017
20
2018
21
2019
22
2020
Mean Absolute Percentage Error- 16.57
CONCLUSION
Seed is a very vital input and dynamic instrument for
increasing agricultural production. It has been one of
the miraculous inputs responsible for green
revolution in India and elsewhere. The green
revolution has brought prosperity, stability and
confidence not only in agriculture, but also in the
economic well being of the country. Projected
demand for hybrid cotton seeds in Dharwad and
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97753.54
100260.15
98056.53
93737.99
91538.67
88216.70
84960.55
81926.43
79055.62
77585.21
76555.01
73922.03
69355.23
66664.23
63957.31
61250.40
58543.48
55836.56
53129.65
(in kg’s)
Forecasted
----------88142.87
79780.74
74222.12
89766.24
65871.24
52071.99
70163.12
66080.49
84854.49
87600.62
102263.87
121722.99
116659.37
118246.74
72704.49
70714.62
69552.73
68390.85
67228.97
66067.08
64905.20

Haveri district were expected to be decrease from
66664.23 kgs in 2014-15 to 53129.65kgs in 2019-20
in Dharwad district, and in Haveri district is expected
to be decrease from 71876.5 kgs in 2014-15 to
64905.20 kgs in 2019-20. This is due to decrease in
the cotton area and lack of assured and remunerable
price (price of cotton decreasing over the years) and
it’s a result that area switching over to other
commercial crops.
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Abstracts: The present study conducted during 2015-16 to 2016-17 in Chhattisgarh plains. 320 respondents were selected
randomly for the data collection. 71.88 per cent respondents said that the lack of demonstration of IGKV released rice
variety in farmer’s field was barriers of speedy adoption because of farmers believe in varieties, after varietal production
result. 15.63 per cent respondents said that extension worker also not aware about the new IGKV rice varieties. 71.88 per
cent of the respondents suggested conducting a demonstration of IGKV released rice varieties in villages because most of the
respondents believed in rice variety after their output.
Keywords: Constraints, Demonstration, Suggestions, IGKV rice varieties

INTRODUCTION

R

ice (Oryza sativa L.) is the most important
staple food in Asia. More than 90 per cent of the
world’s rice is grown and consumed in Asia, where
60 per cent of the world’s population lives (Guyer et
al., 2013). It accounts for 73 per cent of the calorie
intake in Bangladesh, 40 per cent in Nepal, and 30
per cent in India. South Asia has about 37 per cent of
the world’s total rice area and approximately 50 per
cent of the rice-growing area in South Asia is rain
fed. Rice is the only crop that grows well in large
areas of wetlands in monsoon Asia. Most of these
rain fed rice areas regularly suffer from various
abiotic stresses such as droughts, floods and salinity.
The productivity of rice in these stress-prone rains
fed environments is less than 3.0 t ha-1. Historical
rice productivity trends in three countries of South
Asia (India, Bangladesh and Nepal) show that
growth in yield has been sluggish and unstable in
rain fed areas due to the regular occurrence of abiotic
and biotic stresses. Therefore, improving the
productivity of rice through stress-tolerant
technologies is a key entry point to enhance the
income and livelihood of resource-poor farmers in
these stress-prone environments (Behura et al.,
2012).
India has released a lot of rice varieties but only a
few varieties are popular amongst farmers due to its
characteristic. All released rice varieties are not
completely
disseminated
amongst
farmers
(Anonymous, 2017).
Indira Gandhi Krishi Vishwavidyalaya is an
autonomous non-profit, research and educational
organization working for the uplifting of farmers
livelihood of Chhattisgarh and it’s headquarter is
situated in Raipur.
Many rice varieties evolved from IGKV, Raipur.
Mahamaya was evolved in 1996 from Asha x Kranti
parentage, long bold grain with 45-55q ha-1 average

yield. Further, year by year researches in rice
increased and till 2015 about fifteen rice varieties
were evolved i.e. Mahamaya, Poornima, Shyamla,
Danteshwari,
Indira
Sugandhit
Dhan-1,
Bamleshwari, Samleshwari, Jaldubi, Chandrahasini,
Indira sona, Indira barani dhan-1, Karma mahsuri,
Maheshwari, Durgeshwari, Rajeshwari and Indira
aerobic-1 (Sarawagi et al., 2016)
There is a lot of rice varieties released for India as
well as for Chhattisgarh also but only a few varieties
have reached amongst the farmers. From IGKV also
many rice varieties have been released but only a few
varieties are well disseminated amongst the farmers
and only a few varieties are popular amongst
farmers.
MATERIALS AND METHODS
The study was conducted during the year 2015-16 to
2016-17 in the Chhattisgarh plains zone, there are
total fifteen districts where four districts i.e. Raipur,
Rajnandgaon,
Dhamtari,
Mahasamund
were
purposively selected because of here maximum
newly released rice varieties distributed. Two blocks
where maximum rice seed of newly released varieties
was distributed were selected purposively from each
selected district to make a total of eight blocks in the
sample. Four villages where the maximum seed of
newly released varieties was distributed were
selected purposively from each selected block, thus
total villages were thirty-two. Ten respondents were
selected randomly from each selected village, thus
total respondents were three hundred twenty. The
data were collected through well structured and pretested interview schedule; an interview schedule
consisting of various types of questions related to the
objectives of the study was, therefore developed.
Initially, the schedule was developed in English and
was then translated to the local language i.e. Hindi.
The schedule was pre-tested and as per the
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experience gained during pre-testing the language of
some of the questions was suitably worded and was
made more understandable and clear and the
schedule was then finalized. The data were collected
by personal interview method by contacting the
respondents (farmers) at their home. The respondents
did hesitate to give the required information in the
beginning. To get the authentic information the help
of local leaders, sarpanch, member of gram
panchayat, Kisan Mitra, and Rural Agricultural
Extension Officers (RAEOs) were sought and the
rapport was developed with the respondents.

RESULTS AND DISCUSSION
Constraints of the respondents in speedy adoption
of IGKV released rice varieties
The finding given in Table 1 revealed that 71.88 per
cent respondents said that lack of demonstration of
IGKV released rice variety in farmer’s field was
barriers of speedy adoption because of farmers
believe on varieties, after varietal production result.

Table 1. Distribution of respondents according to their constraints in speedy adoption of released rice varieties
by IGKV
Sl. No.
Constraints
Frequency
Percentage
1
2
3
4
5
6
7
8
9

Lack of knowledge of IGKV released rice variety
Seed unavailability of IGKV released rice variety
Lack of demonstration of IGKV released rice variety on
farmers field
Non-availability of IGKV rice varieties in required quantity
inappropriate time.
Low land-holding
Demanded seed also not available in the market i.e.
Rajeshwari
There is no difference in yield to adopt IGKV rice variety

195
121
230

60.93
37.81
71.88

150

46.88

172
120

53.75
37.50

180

56.25

Extension workers also not aware about the new IGKV rice
varieties
IGKV rice varieties not cultivated in surrounded field

50

56.25

110

34.38

The majority (60.93%) of the respondents had lack of
knowledge of IGKV released rice variety followed
by 56.25 per cent of the respondents said that no
difference in yield between IGKV varieties and nonIGKV rice varieties, so they adopted only those
varieties, which was cultivated in the previous year.
53.75 per cent of the respondents had low land
holding so they were unable to try a new variety of
IGKV, due to fear of fail of variety. 46.88 per cent of
the respondents had constraints of nonavailability of
IGKV rice varieties in required quantity in
inappropriate time. 37.50 per cent of the respondents
had constraints of demanded IGKV rice varieties also
not available in the market. 34.38 per cent
respondents had the problem of IGKV rice varieties
not cultivated surrounding the field of other farmers.
Whereas, 15.63 per cent respondents said that
extension worker also not aware about the new
IGKV rice varieties. Whereas Kumar et al. (2010)
revealed that the main constraints faced by pulse
grower were non availability of improved variety
seeds, manure and fertilizers in time, lack of
knowledge regarding weed control and back of
regulated market for sale.
Suggestions for a speedy adoption of IGKV
released rice varieties
The finding presented in Table 2, elaborated that
71.88 per cent of the respondents suggested
conducting a demonstration of IGKV released rice

varieties in villages because of most of the
respondents believed in rice variety after their output.
60.93 per cent of the respondents suggested that
required giving information of IGKV released rice
varieties, followed by 56.25 per cent of the
respondents suggested giving information related to
yield of IGKV released rice varieties, 53.75 per cent
of the respondents suggested that free crop insurance
will be provided to the farmers for cultivation of
IGKV released rice varieties especially for limited
land holders, due to crop insurance some respondents
may try to adopt of newly released rice variety of
IGKV. 37.81 per cent of the respondents make sure
of seed availability of IGKV rice variety. 37.50 per
cent of the respondents suggested that make seed
availability of demanded seed of IGKV rice, 34.38
per cent respondents gave suggestion to motivate
farmers group to cultivate IGKV rice variety in their
field, whereas only 15.63 per cent of the respondents
gave the suggestion that gives information to
extension workers also of IGKV released rice
varieties.
All suggestion are valuable to make speedy adoption
of IGKV rice varieties, IGKV rice varieties adoption
area was only 25.69 per cent which have discussed in
previous, this adoption area of IGKV rice varieties is
very poor its mean not poor characteristic of rice
variety, many IGKV rice varieties have efficiency of
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better performance but due to above-discussed
factors break the adoption rate.
Table 2. Distribution of respondents according to their suggestion to overcome the given constraints in the
speedy adoption of released rice varieties by IGKV
Sl. No.
Suggestions
Frequency
Percentage
1

Providing information on released rice variety

192

60.93

2

Make seed availability of released rice variety by IGKV

121

37.81

3

Conduct demonstration in every village because villagers
adopt new variety after seen production result.

230

71.88

4

150

46.88

172

53.75

6

Make availability of IGKV rice varieties in required quantity
inappropriate time.
provide free crop insurance for new variety especially for low
land-holders
Make seed availability of demanded seed of rice variety

120

37.50

7

Give information regarding the yield of IGKV rice varieties

180

56.25

8

Give information regarding new released IGKV rice varieties
to extension workers
Motivate to cultivate IGKV rice varieties surrounding the
field

50

15.63

110

34.38

5

9

CONCLUSION
Lack of demonstration of IGKV released rice
varieties was major constraints in adoption, majority
respondents not aware about IGKV rice varieties so
that low adoption noted of IGKV rice varieties.
Respondents suggested that conduct demonstration
on farmers’ field so that farmer aware about IGKV
rice varieties.
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