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Abstract: Medicinal and aromatic plants form an integral and essential part of the lives of hill communities, and the
inhabitants depend on these plants for their use. These plants are well known source of active principles in Ayurvedic, Unani
and other traditional systems of medicines. Being source of many high value drugs, and ever increasing global demand for
the “naturals”, these species are being subjected to reckless, often illegal harvesting, well beyond their natural regeneration
capacity. This has led to many species being listed in the Red Data Book or/in various threat categories of International
Union for the Conservation of Nature and Natural Resources (IUCN). In order to face such challenges, biotechnological
tools (in vitro propagation) can be used for rapid multiplication of elite clones to provide the much needed planting material
for cultivation, and thus help in achieving the overall goal of conservation. The present paper deals in with the in vitro
method being applied for some selected medicinal plants of Indian Himalayan Region (IHR).
Keywords: Conservation, Medicinal Plants, Propagation

INTRODUCTION

T

he medicinal and aromatic plants (MAPs) have
attracted global interest as a source of natural
products, and are increasingly being used as
alternative to modern medicine for treatment of
various diseases (Kumar and Mishra, 2011). People
of all religions and culture, since ancient times to the
present day; have used plants as a source of
medicines. 70-80% of world population completely
depend traditional, mostly herbal medicine either
directly or indirectly for their primary medical
assistant and needs (Farnsworth and Soejarto 1991;
Pei, 2001; Patel et. al., 2011a & b). The greater part
of traditional therapy involves the use of plant
extracts or their active principles. Conservation of
plants has emerged as one of the priority agenda of
research and development as many species are facing
the threat of extinction (Kumar & Sharma, 2011).
The Indian Himalayan Region (IHR), is over 5.3 lakh
km2 that comprises of vast mountain range extending
over 2500km in length between Indus and
Brahmaputra river system and rising from low lying
plains to over 8000m. Wide variation in geological
and geographic attributes, which causes diversity in
life in the region, i.e., with about 8000 species of
flowering plants (nearly 50% of total flowering
plants of India) of which nearly 30% are endemic to
the region, comprising over 816 tree species, 675
wild edible species and nearly 1750 medicinal plants
(Samant et al., 1998). Many of these species are

being used extensively as food and source of
nutritive additives, fuel wood, fodder, fiber and as
raw or processed high value drugs, aromatics, etc.
Inhabitants of the region are traditionally well
familiar with the healing properties of the available
plants and therefore, their dependency on medicinal
plants for primary healthcare forms integral part of
their life. These plants are well known source of
active principles different systems of medicines
(Ayurvedic, Unani and other traditional systems of
medicines).
Being the major source of high value drugs, and ever
increasing global demand for the “naturals”, these
species are being subjected to reckless, often illegal
harvesting, well beyond their natural regeneration
capacity. The exploitation of important plants from
the IHR has resulted in present reduction in the forest
cover and simultaneously decreased the availability
of many high value medicinal and economically
important species. This has led to many species being
listed in the Red Data Book or/in various threat
categories of International Union for the
Conservation of Nature and Natural resources
(Samant et al., 1998; Ved et al., 2003).
Over the years, a total of 8321 medicinal plant
species have been mentioned in the global IUCN Red
List of Threatened Species. With the ever increasing
human population and the requirement of plant and
its products, there has been a tremendous pressure on
plants, the primary producers. Therefore, in order to
cope with such problems, in vitro propagation
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techniques offer great potential not only for rapid
multiplication of existing stock of plant species but
also for conservation of important, elite and
endangered ones (Wochock, 1981; Nadeem et al.,
2000; Chandra et al., 2006; Mukhopadhyay et al.,
2016; Nandi et al., 2016).
There are a number of species which are of high
commercial importance and can generate income for
the locals and also bring about economic benefits.
Moreover, there is a lot of variation in active
ingredient content in plants among different
populations and also within the same population.
Keeping in mind the relevance, in vitro propagation
methods have been applied successfully for selected
high value Indian Himalayan MAPs, namely,
Aconitum balfourii, Podophyllum hexandrum,
Amomum subulatum and Zanthoxylum armatum.
Using elite planting material, attempts have been
made to establish cultures, induce multiple shoots,
improve rooting, and subsequently develop suitable
methods for hardening before field transfer. In
selected cases genetic fidelity analysis, survival and
growth of in vitro raised have been monitored for
their performance in the field.
A brief description of in vitro propagation of selected
medicinal plants (Fig. 6) is provided below:
Aconitum balfourii
Ayurvedic name : Vatsanabh
Unani name
: Bachnak
Hindi name
: Meetha vish
English name
: Aconite
Local name
: „Meetha‟ and „Bish‟
Trade name
:Meetha vish, Indian aconite
Distribution
Aconitum balfourii Stapf. (=A. atrox (Brhul) Muk.;
family: Ranunculaceae; a high value medicinal and
perennial herb. The genus Aconitum comprises of
300 species in the world with major centers of
diversity in the mountains of East and South-East

Asia and Central Europe (Kadota, 1987). A small
group is also found in Western North America and
Eastern United States of America. In Himalayan
regions, it is distributed in Pakistan, India, Nepal,
Bhutan, and South Tibet, where Aconitum were used
in local and traditional system as medicine (Shah,
2005). In India, the genus is represented by about 24
species that is mainly distributed in sub alpine and
alpine zones of Himalayas from Kashmir to
Uttarakhand and extending it to the hills of Assam.
Aconitum is usually found in wet alpine zone,
however, in Kashmir Himalayas, these species were
reported in temperate zone. Out of 300 species, a
total of 33 species are found in great Himalaya
(Chaudhary and Rao, 1998). A. balfourii Stapf is
prevalent to Garhwal and Kumaon regions; it is also
found in Nepal. It is generally found in the valley of
flowers, Kedarnath, Tungnath, Madhyamaheshwar,
and Panwalikantha on shady slopes between 3000 to
4200 m altitudes (Chopra et al., 1984).
Chemical Constituents
Tubers of A. balfourii Stapf mainly contain a
crystalline toxic alkaloid called pseudoaconitine (0.4
to 0.5%) and aconitine in small amount (Figure 2).
Three
new
norditerpenoid
alkaloids
8Omethylveratroylpseudaconine,
veratroylbikhaconine, and balfourine have been
isolated from A. balfourii Stapf together with eight
known alkaloids
such as: pseudaconitine,
veratroylpseudaconine, indaconitine, ludaconitine, 8deacetylyunaconitine, bikhaconitine, neoline, and
chasmanine. From the aerial parts of A. balfourii
Stapf are nine norditerpenoid alkaloids: condelphine,
bullatine, neoline, isotalatizine, 1-Omethyldelphisine,
pseudaconitine, yunaconitine, bikhaconitine, and
indaconitine were isolated (Khetwal, 2007).
Pseudaconitine Figure 2 is a diterpene alkaloid, with
the structural formula C36H51NO12.

Figure 2: Chemical structure of Psudoaconitine.
The increasing demand of such naturally occurring
high value compounds has resulted for indiscriminate

collection from the wild habitat (Rikhari et al., 1998;
Nadeem et al., 2000, Nandi et al., 2002).The present
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status of this species is “Vulnerable” (Ved et al.,
2003). These alkaloids exhibited anti-inflammatory,
vermifuge, anti-rheumatic, analgesic and cardio-tonic
activities and are used in different types of pains,
inflammations and neuronal disorders.
Ethno-botanical uses
Alkaloids isolated from this genus exhibited antiinflammatory,
antinociceptive,
hypotensive,
bradycardic, analgetic, and cardiotonic activities
(Ameri, 1998). The roots of Bachnak are diaphoretic,
diuretic, febrifuge, anti-inflammatory, antirheumetic,
antipyretic, and vermifuge. It is used in all types of
pains and inflammations. In large doses, it acts as
powerful sedative, narcotic and poison. The crude
methanolic extracts of Aconitum species possess
pharmacological activities such as antifungal,
antibacterial, and insecticidal properties (Anwar et
al., 2003).
Tuberous roots of A. balfourii Stapf are rich resource
of the important aconite and pseudoaconitine
alkaloids. The extract is used in different system of
medicines, so the commercial demand is very high.
To fulfill the demand of excessive illegal collection
and sale of Aconitum by farmers was continuously
carried out. Other reasons are the low germination
percentage and the cultivation of Aconitum species
are done in a very small scale because of low
availability of land for cultivation of medicinal plants
(Srivastava et al., 2010). In addition, under natural
conditions, seed germination and seedling
establishment in A. balfourii is very rare. Growing
harvestable raw material from seeds requires a
lengthy cultivation cycle of 5 to 7 years (Rawat et al.,
1987). Moreover, destruction of natural habitat and
the earlier mentioned reasons are collectively
responsible for its endangered status.
Conservation efforts
Overexploitation and habitat destructions are two
major causes of threat categories of this species.
Population density and degree of consistency
(occurrence) was used to allocate the status of any
species. The population study of three aconites, A.
balfourii, A. heterophyllum and A. violaceum, was
carried out in Garhwal region. In this study, the
authors considered many regions in Garhwal and
revealed that A. balfourii has the highest frequency
(70%) and density at 3200 m (near timberline) in
Dayara and the minimum (30%) in the valley of the
flower. The degree of consistency of A. balfourii was
frequently found at most sites and seldom in one or
two pockets. They recommended that it might be due
to its specific habitat requirement or due to
continuous removal of plants for the medicinal uses.
On the basis of their study, they have assigned A.
balfourii and other two aconites as endangered.
Factors like long juvenile phase, poor seed
germination, erratic flowering and fruiting and harsh
climatic condition has resulted in diminishing status
on the growth of A. balfourii (Pandey et al., 2000).
Therefore, in vitro technique offers an alternative

method of multiplication and thus source of plant
propagules for species that requires periods of
several years for growth and development (Bajaj,
1989; Constabel, 1990). Tubers of A. balfourii used
as explants which were transferred on to Murashige
and Skoog‟smedium (MS; Murashige and Skoog,
1962) supplemented with varying concentrations
(4.5, 13.5 or 22.5µM) of BAP. The axillary buds
sprouted to form shoots and young leaves of these
shoots were further used for initiating callus. Callus
was initiated following 5 weeks on MS medium
supplemented along with various combinations of
BAP (0.5-4.5µM) and NAA (5.4-26.9 µM); best
response (75%) for callusing was found with 4.5µM
BAP and 26.9 µM NAA. Further, for shoot
induction, healthy and proliferating calli were
transferred on to fresh MS medium supplemented
with BAP (4.5-22.2µM) and NAA (0.5-5.4 µM). It
was observed that lower level of NAA (0.5-5.4µM)
and BAP (4.5µM) showed excellent shoot
regeneration. MS medium containing 4.5 µM BAP
and 1.4 µM NAA resulted in maximum (100%)
adventitious shoot formation and was routinely used
for shoot multiplication. Subsequently, single shoot
were separated out and sub-cultured on same MS
medium containing varying concentration (0.544.4µM) of BAP for shoot multiplication and
elongation. Out of the above mentioned combination
tried, 1.1 µM BAP resulted in maximum shoot
number (24.7 per flask) along with better shoot
elongation (about 3.5 cm); further these shoot
developed in MS medium containing 1.1 µM BAP
were inoculated onto the same medium composition
containing various concentration of IBA (4.9, 12.3 or
24.5 µM) for rooting, which resulted in maximum
(89%) rooting on medium containing 12.3µM IBA.
These plants were then transferred for hardening (in
plastic pots) in green house conditions (25°C, RH
65%) for two months; following 2 months of
hardening they were transferred to a mixture of soil
and FYM (1:1) and allowed to grow for another 2
months before reintroduction to their natural
conditions. This substantially improved the ex vitro
survival (50%) and root proliferation during the
period of hardening. Further, chromosome counts in
in vitro plants and mother plants showed similar
chromosome number indicating true to type
regenerants (Pandey et al., 2004)
Podophyllum hexandrum
Ayurvedic Name
: Giriparpat
Hindi Name
: Bankakri
English Name
: Mayapple
Local Name
: Banwaigan‟ and „Papri‟
Commen Name
: Himalayan May apple or
Indian May apple
Distribution
Podophyllum
hexandrum
Royle
(family:
Berberidaceae) was known as (a divine drug) in
ancient times. Its The perennial herb Podophyllum
hexandrum is native to the lower elevations of
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Himalayan countries like Afghanistan, Pakistan,
India, Nepal, Bhutan, and in S. W. China. In India
Podophyllum hexandrum is mostly found in Alpine
Himalayas (3000-4000 msl) of Jammu and Kashmir,
Himachal Pradesh, Sikkim, Uttaranchal and
Arunachal Pradesh.
Chemical Constituents
Indian Podophyllum has a long history of usage
amongst natives of the Himalayas, an aqueous
extract of the roots being a common cathartic. It has
also been used as a remedy in ophthalmia. Resin
from the Indian plant was analyzed by Thomson in
1890, who reported 56% podophyllotoxin content.
Podophyllotoxin was first shown to be the active
principle of podophyllin by Podwyssotzki and was
obtained in a pure state in 1880. The rhizomes of
Podophyllum hexandrum are known to contain

several lignans which are dimerisation products of
phenylpropanoid pathway intermediates linked by
central carbons of their side chain. It is low to the
ground with glossy green, lobed leaves on its few
stiff branches, and it bears a light pink flower and
bright red-orange bulbous fruit. It can be propagated
by seed or by dividing the rhizome. It is tolerant to
cold temperatures, as would be expected of a
Himalayan plant, but is not tolerant to dry conditions.
P.
hexandrumis
a prominent
source
of
podophyllotoxin which is used for the preparation of
high value anti-tumour agents like etoposide,
etopophos and teniposide (Figure 3) (Van Uden et
al., 1989; Schacter, 1996; Canel et al., 2000) which
are highly effective in lung cancer, leukaemias and
other solid tumours treatment (Van Uden et al.,
1989; Canel et al., 2000; Lee and Xiao, 2005).

Figure 3: Chemical Compounds of Podophyllum hexandum
Ethno-botanical uses
In Kashmir it has been used in traditional system of
medicine from time immemorial and is locally
known as Banwangun, since its red colour fruit
(berry) is of the size of a small brinjal. Indian
Podophyllum has a long history of usage amongst
natives of the Himalayas, an aqueous extract of the
roots being a common cathartic. It has also been used
as a remedy in ophthalmia. Resin from the Indian
plant was analyzed by Thomson in 1890, who
reported 56% podophyllotoxin content. Podophyllotoxin was first shown to be the active principle of
podophyllin by Podwyssotzki and was obtained in a
pure state in 1880. The rhizomes of Podophyllum
hexandrum are known to contain several lignans
which are dimerisation products of phenylpropanoid

pathway intermediates linked by central carbons of
their side chain. It is low to the ground with glossy
green, lobed leaves on its few stiff branches, and it
bears a light pink flower and bright red-orange
bulbous fruit. It can be propagated by seed or by
dividing the rhizome. It is tolerant to cold
temperatures, as would be expected of a Himalayan
plant, but is not tolerant to dry conditions. It has
been extensively exploited in traditional Ayurvedic
system of medicine for treatment of a number of
ailments like Condyloma acuminata, Taenia capitis,
monocytoid leukemia, Hodgkin‟s disease, nonHodgkin‟s Lymphoma, cancer of brain, lung, bladder
and venereal warts.

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 10 (4)

Conservation efforts
Seeds of P. hexandrum remain dormant for about 10
months under natural conditions. Strategies towards
conventional and in vitro propagation of
Podophyllum sp. have been tried. In vitro
propagation is a best possible way to safeguard
overexploited species and to encourage cultivation.
Nadeem et al. (2000), successfully established a
protocol for propagation of P. hexandrum through
conventional and in vitro techniques). Seeds of P.
hexandrum were collected from high altitude zone of
District Bageshwar and processed for disinfection,
viability testing and kept for imbibitions (overnight)
as per protocol mentioned by Nadeem et al. (2000).
Embryos were carefully excised from the imbibed
seeds and used as explants, following inoculation on
MS medium, supplemented with different
concentrations of PGRs [BAP (0.5-5.0 µM); IAA
(1.0-4.0 µM) or NAA (0.5-5.0µM)].Excised embryos
were found to germinate within one week of
inoculation with prominent cotyledonary tube
possessing multiple leaves and distinct radicular
portion observed following 2-3 weeks. Multiple
shoot were formed when excised embryos placed on
the medium containing 1.0- 4.0 µM IAA and 1.0 µM
BAP. The highest shoot multiplication rate
(5.0shoots/embryo) was observed on medium
supplemented with 1.0 µM each of IAA and BAP.
Multiple shoots were formed in the base of
cotyledonary leaf of the embryos in about 4-5 weeks.
Subsequently, shoots were separated and cultured
separately for rooting on ½ strength medium
containing 0.5 µM IAA and it resulted in rooting of
16.6% shoots (Nadeem et al., 2000).
Well rooted microshoots were transferred in flasks
containing sterilized vermiculite and allowed to
harden for 1-2 weeks under aseptic conditions. After
that plantlets transferred to polybags containing
vermiculite and kept in a polyhouse (25-30°C, 50%
shade) for 30-35 days. All plants showed new shoot
emergence and were found to behave like normal
field grown plants (Nadeem et al. 2000).It was
observed that the survival of the regenerated tissue
culture raised (TCR) plants was only 30% for initial
3 months only and further there were no survival.
Arumugam and Bhojwani, (1990) also reported
multiplication of P. hexandrum using tissue culture.
They multiple shoot formation from zygotic embryos
only, The rooting studies of these shoots was is
highly demanded but scarily available. Nadeem et al
(2000) seems to be the first report on in vitro
propagation of P. hexandrum via multiple shoot
formation and also their subsequent rooting. Somatic
embryogenesis followed by germination is yet
another beneficial method as it mitigates the required
steps of induction of root for propagation through
multiple shoot formation; this has also been applied
in this species (Nadeem et al., 2000).
P. hexandrum has a relatively long juvenile phase
(Bhadula et al. 1996, Airi et al. 1997, Nadeem et al.

2000). Propagation is achieved through vegetative as
well as through seed, natural regeneration is
restricted by poor and erratic seed setting and
trampling by grazing animals. Seeds are known to
remain dormant (1-2 years), an adaptation against the
harsh climate of higher altitudes. Hence, in vitro
techniques can be an effective and other potential
techniques for propagation and thus has been applied
for enhancement of population of many rare and
endangered plant species (Nandi et al., 2002, 2016;
Chandra et al., 2006; Purohit et al., 2015).Thus, the
in vitro protocol developed above has been found to
be very effective as entire procedure beginning from
culture initiation followed by plant regeneration and
field hardening required 5-6 months period.
Amomum subulatum
English Name
:
Large cardamom
Hindi Name
:
Bari Elaichi
Distribution
Amomum subulatum Roxb.(family: Zingiberaceae;;)
is a tall perennial rhizomatous herb and an important
cash crop cultivated commercially between 6002000 m. India being the largest producer dominates
with a production of 4465 metric tons and exported
1110 metric tonin 2013-14 (Anonymous, 2015). In
India, cultivation is mainly in Arunachal Pradesh,
Mizoram, Manipur, Nagaland, Sikkim, West Bengal
and Uttarakhand (Bisht et al., 2010).
Ethno-botanical uses
It is mainly used as spice. The seed has a pleasant
aromatic odour due to which it is extensively used
for flavoring food preparations, and has also been
used in Ayurvedic medicines (Sharma et al., 2000).
Seeds are also considered as an antidote to snake and
scorpion venom; Traditionally, large cardamom has
been used as preventive as well as a curative for
throat trouble, congestion of lungs, inflammation of
eyelids, digestive disorders and in the treatment of
pulmonary tuberculosis. It is also useful in treatment
of flatulence, loss of appetite, gastric troubles,
congestion and liver complaints. The seeds are
reported an
official
drug in
Ayurvedic
Pharmacopoeia which are marketed under the name
of Greater Cardamom. Seeds and fruits of A.
subulatum are added to cooked food items as spices
by the general population on a daily basis and can
play a preventive role in the occurrence of
gastrointestinal disorders, respiratory problems, and
through increasing palatability and flavor of foods
make them more digestible and serve to maintain
good health. A preparation called “Alui” is prepared
for the treatment of malaria by administering the
mixture of cumin (cuminium cyminum) and large
cardamon (Verma et al., 2010; Bisht et al., 2011).
Chemical constituents
Plant parts of Ammomum subulatum mainly contain
the glycosides, petunidin 3,5 – diglucoside,
leucocyanidin-3-O-β-D-glucopyranoside, chalcone,
cardamonin, flavanone, alpinetin and subulin. Acid
hydrolysis of subulin gave the aglycone,
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subulaurone. The seeds on steam distillation yield a
dark brown, essential oil (2.5%) having a
characteristic odour of cineol. Volatile oils present in
seed containing cineol (74%), limonene (10.3%),
myrcene (0.3%), α-terpinene (0.2%), 4-terpinene

(0.2%). The seeds of A. subulatum contains the
glycosides,
Petunidin-3,
5-diglucoside,
Leucocyanidin-3-O-β-D glucopyranoside, Subulin
and 1- 8, Cineole, α-terpinyl acetate (Figure 4).

Figure 4: Chemical Compounds of Ammomum subulatum
Conservation efforts
In natural conditions plant propagates by seeds and
rhizomes; however, very low seed germination
(62%) and slower rate of plant multiplication fail to
meet out the ever increasing demand of plant for
expanding cultivation. Moreover, in order to cope
with such problems, in vitro method of propagation
provides an alternative and effective means of
multiplication of such elite and high valued
genotypes.
Purohit et al., 2016 using small pieces of rhizome
used as explants. The scale (leaves) were cutted into
2.0-3.0 cm pieces having bud intact to it and
inoculated on PGRs free MS medium. The buds
(sprouted) were removed and were again inoculated
in Erlenmeyer flask (250 ml) containing MS medium
supplemented with various combinations of PGRs
(NAA, 0.5-1.0µM; BAP, 2.0-5.0µM). Out of the
various combination tried, most of the combination
showed good response for shooting and rooting;
however, maximum shoot (32.6) and root (61.4) per
explant resulted in MS medium supplemented with
4.0 µM BAP and 1.0µM NAA. The same procedure
was found to be reproducible when individually
separated shoots were transferred again on the same
medium.
Following this protocol on an average, about 30
plantlets could be obtained per culture cycle of three
weeks. Survival percent was 90% at the end of the 5
weeks of acclimatization, and cent percent survival
was recorded after 150 days of transfer into earthen
pots. Random amplified polymorphic DNA (RAPD)
marker analysis was performed on the regenerated
plants to confirm their genetic fidelity with the
mother plant and found to be true-to-type (Purohit et
al., 2016). Thus, in vitro propagation protocol can be
effective method for multiplication of elite and/or
high yielding A. subulatum to meet out the ever

increasing demand of planting material for
expanding cultivation (Purohit et al., 2016).
Zanthoxylum armatum
Ayurvedic name
: Tejovati, Tumbru (fruit)
Unani name
: Kabab-e-Khanda
Hindi name
: Tejbal,
English Namr
: Prickly ash
Nepali Name
: Dhaniya or Toothache tree
Trade name
:Timru, Timur
Distribution
Zanthoxylum armatum DC; (family: Rutaceae), an
important medicinal plant of IHR distributed from
1000–2100m in IHR and Eastern Ghats of India. A
dioecious shrub to large tree, and characterized by
sharp thorns on either the stem or foliage, is
distributed worldwide from tropics to temperate
regions at an altitudinal range of 1000-2100m. The
medicinal properties of Z. armatum are well known
for the treatment of stomach and tooth ache,
intestinal worms, snake bites, rheumatism, scabies,
fever and cholera. It is being used as deodorant,
disinfectant and also possesses antiseptic properties.
Most widely used part of this species is the pericarp
of the fruit. Due to multiple utility of Z. armatum and
its high cultural value for the locals, unsustainable
harvest of above ground parts and low regeneration
(Kala, 2010); the plant is considered under
endangered category.
Ethno-botanical uses
The bark, fruits and seeds of Z. armatum are
extensively used in indigenous system of medicine as
a carminative, stomachic and anthelmintic. The fruit
and seeds are employed as an aromatic tonic in fever
and dyspepsia. An extract of the fruits is reported to
be effective in expelling round worms. Because of
their deodorant, disinfectant and antiseptic
properties, the fruits are used in dental troubles, and
their lotion for scabies. They are also used to wardoff houseflies
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Chemical constituents
Various phytochemical constituents like alkaloids,
sterols, phenolics, lignins, coumarins, terpenoids,
flavonoids and their glycosides and benzenoids, fatty
acids, alkenic acids, amino acids have been isolated
from this plant. The phytochemical compounds are
extracted armamide (amide), asarin and fargesin
(lignan) from the bark of Z. armatum. Other
constituents of bark are mainly of zanthonitrile and
berberine (alkaloid), L-asarin, L-sesamin and Lplaninin which are lignans. Volatile constituents

linalool, limonene and methyl cinnamate are also
found from seed. An essential oil from this plant,
collected from Kashmir and Jammu, contain linalool,
(64.1%), linalyl acetate, citral, geraniol methyl
cinnamate, limonene and sabines1 . Leaves from
Garhwal, further east in the Himalaya, yield 0.04%
essential oil, containing methyl-n-nonyl ketone, 44.0;
linalool, 19.5; linalyl acetate, 10.7; and
sesquiterpenes, 13.0%. The structure of some of the
main constituents are given in Figure 5.

Figure 5: Chemical Compounds of Zanthoxylum armatum
forest cover and simultaneously decreased the
Conservation efforts
Propagation by seed is very low (Frances, 2004).
availability of many high value medicinal and
Moreover, in vitro propagation method offers an
economically important species. With the ever
alternative option of propagation of such RET
increasing human population and the requirement of
species. In vitro cultures were formed using nodal
plant and its products, there has been a tremendous
segments as explant obtained from a 2-year-old
pressure on plants, the primary producers. Therefore,
potted plant from the institute nursery at Kosiin order to cope with such problems, in vitro
Katarmal, Almora. MS medium supplemented with
propagation techniques offer great potential not only
12.0 µM BAP, 0.5 µM IAA and 0.5µM GA3 were
for rapid multiplication of existing stock of plant
found to be the best possible combination for shoot
species but also for conservation of important, elite
proliferation (4.78 shoots/explant) and shoot length
and endangered ones. The conventional (vegetative
(3.46 cm). Hundred percent rooting was observed
propagation, seed germination) as well as in vitro
using pulse treatment of shoots on full strength MS
techniques for propagation offers chances for
medium supplemented with 50.0 µM IBA for 12 h,
„recovery of endangered species‟ and also provide
followed by subsequent transfer to ½ strength MS
the scientific input to reduce the pressure from the
medium without any PGRs. Genetic fidelity
ecosystem as well as stakeholder which are directly
assessment of the in vitro raised plants confirmed
related to the particular or group of species, thus
their true-to-type nature with the mother plants. The
ultimately reducing the risk of extinction/
survival was found to be 75% following
endangered/vulnerable of the respective species
acclimatization. The results of this study would help
(Wochock, 1981; Nadeem et al., 2000; Nandi et al.,
in better conservation and sustainable utilization of
2002, 2016; Chandra et al., 2006; Purohit et al.,
this important species (Nandi et al., 2016).
2016). In view of the importance of these high value
medicinal and aromatic plants, a holistic approach
for the propagation of all above discussed species,
CONCLUSION
using conventional as well as in vitro methods needs
The exploitation of important and valuable plants
to be adopted not only conservation but also for
species from the IHR has resulted in decline in the
sustainable utilization and commercial cultivation.
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Figure 1: Selected medicinal plants growing under their natural habitat. (a) Aconitum balfourii, (b)
Podophyllum hexandrum, (c)Amomum subulatum, and (d) Zanthoxylum armatum
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Abstract: Agriculture is the main source of food, fibre, fuel and other useful products. It provides livelihood and subsistence
to the large number of people. Agriculture largely relies upon the biodiversity of the ecosystem for pollination, the creation
of genetically diverse plants and crop varieties, development of robust, insect resistant strains, crop protection and water
shed control. Land overuse, climate change and chemical pesticide usage are the three important factors responsible for
biodiversity loss. It is known that intensified agriculture, particularly the use of chemical pesticides, can suppress and
displace local natural enemy populations, often resulting in pest resurgence, experience suggests that natural enemies can
survive in such events, probably by exploiting natural habitats and other crops in the local area, and recover when conditions
improve. Sustainable agriculture is possible through holistic approach towards crop protection through biological control of
crop pests and alternative safe agricultural practices. Biological control is achieved by the introduction of biological material
and natural pest control agents into the field by inundation and inoculation or through conservation of already existing
beneficial organisms in the ecosystem. Such organisms and their products are manipulated by scientists to achieve a check
on harmful agricultural and household pests. Many of them have been commercialized and are effectively used worldwide to
achieve the target. Isolation, culture, formulation, conservation and application of better biological control agents for
potential use in crop protection, is the need of the hour so that the biological diversity of the planet can be conserved.
Keywords: Biodiversity, Ecosystem, Biological control, Conservation, Sustainable agriculture

INTRODUCTION

M

eaning of biodiversity
Bio diversity generally refers to the variety
and variability of life on Earth. According to
the United Nations Environment Programme
(UNEP), biodiversity typically measures variation at
the genetic, the species, and the ecosystem level.
Biodiversity is not distributed evenly on Earth, and is
richest in the tropics, which seems to be the result of
the warm climate and high primary productivity.1
These tropical forest ecosystems cover less than 10
percent of earth's surface, and contain about 90
percent of the world's species.
Benefits of Biodiversity in the ecosystem
Many recent studies have hinted at the fact that
diverse communities perform much better in the
ecosystem than one. It is noteworthy to first mention
the work of Charles Darwin and Alfred Wallace, who
were among the first scientists to recognize the
importance of biodiversity for ecosystems and
suggested that a diverse mixture of crop plants ought
to be more productive than a monoculture (Darwin &
Wallace 1858)2. Groups of interconnected species in
the ecosystem interact in a very positive way and
boost its productivity complimenting each other. So
in general communities with more diversity will be
more stable
"Ecosystem services are the suite of benefits that
ecosystems provide to humanity." 3 The natural
species, or biota, are the caretakers of all ecosystems.
It is as if the natural world is an enormous bank
account of capital assets capable of paying life
sustaining dividends indefinitely, but only if the

capital is maintained. It plays very important role in
sustainability of the ecosystem in many waysBiodiversity boosts ecosystem productivity where
each species, no matter how small, all have an
important role to play.
A larger number of plant species means a greater
variety of crops.
Greater
species
diversity
ensures
natural
sustainability for all life forms.
Thus biodiversity is the key to food security and
nutrition of the ever increasing human population for
which we humans have to utilize natural resources
wisely.
Causes of Biodiversity depletion
Earth's biodiversity -- the number of microorganisms,
plants, and animals, their genes, and their ecosystems
(such as rainforests and grasslands) -- is declining at
an alarming rate, even faster than the last mass
extinction 65 million years ago. In fact, two thirds of
the terrestrial species that exist today are estimated to
be extinct by the end of this century. Humans are an
integral part of this extensive network of life. We
depend on biodiversity for goods and services; we
impact biodiversity via rapidly expanding human
population growth, consumption of resources, and
spread of disease. We need to study biodiversity in
order to understand the concept and devise
methodologies to conserve, and protect it.
The number of reasons like climate change, habitat
destruction, over exploitation of natural resources,
introduction of invasive species, genetic pollution
and human overpopulation are often considered a
threat to biodiversity.4,5 Three major causes of
biodiversity loss are discussed below
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Land overuse: Intensive Agriculture & construction
of bridges, buildings roadways etc. has caused the
terrestrial habitat loss and resulted in the extinction
or reduction in the number of many species of
animals and plants.
Climate change: This is a threat because the species
have evolved to live within certain temperature
ranges and when these limits are crossed they cannot
survive as they cannot adapt to these variations.
Climate change alone is expected to threaten with
extinction of one fourth of the total species
populations by 2050, which will be even more than
the loss due to habitat loss. The IPCC has predicted
that by 2100, assuming if the current trend in burning
fossil fuel continues, the surface of the earth will
warm on an average by 6 degrees Celsius or more.
So we cannot imagine how most of species will
respond to this change but the effects will definitely
be catastrophic for species biodiversity.
Chemical pesticide usage:
Excessive use of
pesticides may lead to the destruction of biodiversity.
Many birds, aquatic organisms and animals are under
the threat from harmful pesticides for their
survival.6,7
Highlighting the havoc caused by chemical
pesticides
Pesticides can be natural compounds or they can be
synthetically produced. They may belong to any one
of the several pesticide classes. Major classes include
organochlorines, carbamates, organophosphates,
pyrethroids and neonicitinoids to which most of the
current and widely used pesticides belong to. The use
of pesticides has increased many folds over the past
few decades. According to an estimate, about 5.2
billion pounds of pesticides are used worldwide per
year. The use of pesticides for pest mitigation has
become a common practice all around the world.
Their use is not only restricted to agricultural fields,
but they are also employed in homes in the form of
sprays, poisons and powders for controlling
cockroaches, mosquitoes, rats, fleas, ticks and other
harmful bugs. Due to this reason, pesticides are
frequently found in the food commodities in addition
to their presence in the air. Agricultural pesticides are
powerful chemical tools that are developed, produced
and used to mitigate crop damage or loss by pest
organisms Unfortunately, with the benefits
of chemistry have also come harmful effects, some
so serious that they now threaten the long-term
survival of major ecosystems by disruption of
predator-prey relationships and loss of biodiversity.8
Most of them persist in the environment and
accumulate in the tissues of organisms accumulating
more and more with each trophic level in the
ecosystem. The phenomenon is called Biomagnification, eg. DDT. Another problem was the
development of genetic resistance to these chemicals
by pests. So over a period of time heavier doses of
chemical pesticides were required polluting the
environment so much so that it was totally unsafe for

the non-target organisms. 9,10,11 . Frequently used
pesticides are the chemicals used to kill insects and
other pests of the crops in the fields or storage places
while herbicides are the chemicals used to get rid of
weeds in the field. These harmful chemicals are a
concern for sustainability of environment and global
stability Each pesticide or pesticide class comes with
a specific set of environmental concerns.12, 13,14 &15
i. Some pesticides like DDT can cause egg shell
thinning in birds , can work as endocrine
disruptors, can be carcinogenic can cause
juvenile decline and thus be fatal for many living
non target fauna
ii. Chemicals
like organophosphates and
carbamates can cause immune-toxicity and
impair signal transduction pathways and
metabolic functions thus leading to acute
mortality.
iii. Many other classes of chemical pesticides also
cause thyroid disruption, can decrease
reproductive capacity or can cause mortality of
the species
iv. Sprayed pesticides can contribute to air
pollution.
v. Pesticides can cause soil pollution, even
affecting the important functions like nitrogen
fixation by the microorganisms present there.
vi. Their bioaccumulation causes further problems
in the environment.
Over 98% of sprayed insecticides and 95%
of herbicides reach a destination other than their
target species, because they are sprayed or spread
across entire agricultural fields. Field runoffs can
carry pesticides into aquatic environments while
irrigation channels and wind can carry them to other
fields, grazing areas, human settlements and
undeveloped areas, potentially affecting other
species. Other problems emerge from poor
production, transport and storage practices. Over a
period of time, repeated application increases pest
resistance, while its effects on other species can
facilitate the pest's resurgence and pest rebound also
secondary pest outbreaks.16
Since synthetic chemical pesticides pose the grave
the threat of poisoning the environment and create
health issues, so the switch was made to biological
control agents which are the only promise to make
agriculture
sustainable.
Isolation,
culture,
formulation, conservation and application of
biological control agents for potential use in crop
protection, is the need of the hour.
Sustainable agriculture and biodiversity
Sustainable agriculture refers to all farming practices
capable of maintaining crop productivity and
usefulness to society over the long run. It has to be
environmentally sound, resource conserving,
economically viable and socially supported.
In the field of agriculture sustainability has become
the paradigm of our times and in biological research
sustainability means plant protection without soil
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loss. Crops must have nutrients, and pests must be
controlled without compromising the safety of flora
and fauna on the planet. Thus sustainable agriculture
aims at balancing the need to improve the food and
nutrition security and livelihoods of the poor, who
mostly reside in rural areas, with that of preventing
the degradation, contamination and loss of natural
resources and reducing the uncertainties associated
with climate change.17,18 To adapt to these challenges
and uncertainties, a large reservoir of biological
diversity will be needed and the switch has to be
made to safer alternatives to chemical pesticides to
maintain this biodiversity reservoir. One third of the
land area on the earth comes under farming and if
this can be managed sustainably, it can contribute to
conservation of biodiversity, saving the ecosystem
and reaping the benefits of biodiversity. For this it is
very important to maintain water quality, check the
erosion of soils, incorporate biological pest control
and reduce pollution of all kinds.
Biological pest control applications
Biological control is a method of controlling
pests such
as insects, mites, weeds and plant
diseases using
other
organisms.
It
relies
on predation, parasitism, herbivory, or other natural
mechanisms, but typically also involves an active
human management role. It can be an important
component of integrated pest management (IPM)
programs. There are three basic strategies for
biological pest control: classical (importation), where
a natural enemy of a pest is introduced in the hope of
achieving control; inductive (augmentation), in
which a large population of natural enemies are
administered for quick pest control; and inoculative
(conservation), in which measures are taken to
maintain natural enemies through regular re
establishment. Natural enemies of insect pests, also
known as biological control agents, include
predators, parasitoids, pathogens,
and competitors.19,20,35 Biological control agents
of plant diseases are most often referred to as
antagonists. Biological control agents of weeds
include
seed
predators, herbivores and
plant
pathogens.
The first reported case of a classical biological
control attempt in Canada involves the parasitoidal
wasp Trichogramma minutum. Individuals were
caught in New York State and released in Ontario
gardens in 1882 by William Saunders, trained
chemist and first Director of the Dominion

Experimental Farms, for controlling the invasive
currant worm Nematus ribesii.19,21 Since then a
number of organisms have been identified, isolated,
lab reared, formulated and used in lab and field trials
as safer control agents of effective biological control
of pests. They include protozoans, bacteria, fungi,
nematodes, insects and some vertebrates.
Some biocontrol agents that hold great promise for
large scale use are
Bacteria : Bacillus thuringiensis & B. sphaericus
Fungi
(Coelomomyces
spp.,
Culinomuces
clavisporus, Lagenidium giganteum, etc.
Nematodes (Steinernema spp.& Heterorhabditis spp.
Baculoviruses (Nucleopolyhedrosis virus.
&
Granulosis virus)
Insects (beetles & wasps)
Larvivorous fishes (Gambusia affinis, Lebistis
reticulatus, Rasbora daniconius, Aplocheilus blockii,
Oryzias melastigma, Puntius spp.etc.).
Bacillus thuringiensis and B. sphericus strains have
been commercialized and used worlwide for
effective mosquito and other insect pest control
programmes.20 They act as stomach poisons rather
than as infectious pathogens (WHO, 1983) Similiarly
entomopathogenis fungus strains have been
commercialized as biological pest control agents.
Beetles and wasps have been used to control harmful
agricultural pests in the fields all over the world.
Some biological products can also be used instead of
chemical pesticides in reducing domestic as well as
field pests like pheromones, Insect Growth
Regulators also safe plant products like azadirachtin
and pyrethrum.
Agriculturists can resort to other alternative means
for pest control. Since olden times a method of crop
rotation was practiced for improving soil fertility.
This is also important for safe control of insects as it
cuts down the life cycle of plant specific pests,
reducing the incidences of infection and
multiplication. Hand picking of weeds like
Parthenium also reduces the pressure of chemical
usage for herbicidal control. Construction of
polyhouses in the recent times and laying down of
traps also checks the pest infestation of crops.
Exclusion of insect pests has been used since ages.
Practices of biofumigation, polyculture and
permaculture are the other recent farm practices that
further aid in crop protection and improving soil
fertility without adding chemicals to it.23,24,25
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Fig. 1: Need to boost Biological Control
How biological control boosts sustainable
agriculture?
Sustainable agriculture must be capable of
maintaining the land productivity and its value to
human society. Meeting the ever increasing demand
for food and other agricultural products all over the
world is a great challenge ahead. Synthetic chemical
pesticides posed the threat of poisoning the
environment and create health issues, so the switch
was made to biological control agents.
Closely examining the advantages and disadvantages
of different methods of pest control to boost
agricultural production we realize that biological
control fits our parameters to make agriculture
sustainable. Biological control depends on the
knowledge of biological interactions at the
ecosystem, organism, cellular, and molecular levels
and often is more complicated to manage compared
with physical and chemical methods. Biological
control is also likely to be less spectacular than most
physical or chemical controls but is usually more
stable and longer lasting. In spite of the fact that
biological control methods have been used in
agriculture for centuries, as an industry biological
control is still in its infancy. Biological control is
now being considered for an increasing number of
crops and managed ecosystems as the primary
method of pest control. One reason why biological
control is gaining popularity is that it is much safer
than other means and its safety has been tested
worldwide safety during the past 100 years. No
microorganism or beneficial insect deliberately
introduced or manipulated for biological control
purposes has, itself, become a pest so far as can be
determined, and there is no evidence so far of
measurable or even negligible negative effects of
bio-control agents on the environment or to the non

target fauna and flora It can be used in Integrated
Pest Management programmes.26,27 So biological
control can be used as an alternate for the chemical
pesticides for sustainable agriculture.
Role of biological control in conservation of
biological diversity
Biodiversity is the very essence of life on this planet.
It was rather heartbreaking to get the Living Planet
Report 2014 (released on September 30) by World
Wildlife Fund (WWF) about the biodiversity loss
statistics. The report which is the result of a sciencebased study using 10,380 populations from 3,038
species of amphibians, birds, fish, mammals and
reptiles from around the globe—is garnering
worldwide attention for its sit-up-and-take-notice
findings: between 1970 and 2010, the planet has lost
52 percent of its biodiversity. In the same 40-year
period, the human population has nearly doubled.
Those figures take a while to sink in, especially since
the previous WWF report published in 2012, that
analyzed animal populations, showed a decline of
only 28 percent over a similar time frame. It is also
indicated in the report, that we have lost 76 percent
of freshwater wildlife, 39 percent of terrestrial
wildlife and 39 percent of marine wildlife of our
planet since 1970. While some animal species
numbers are increasing and some are stable, the
declining populations are decreasing so rapidly that
the overall downward trend is indeed shocking. Latin
American biodiversity took the biggest plunge,
diminishing by 83 percent. It is known that in
intensified agriculture, particularly the use of
chemical pesticides, can suppress and displace local
natural enemy populations, often resulting in pest
resurgence, experience suggests that natural enemies
can survive in such events, probably by exploiting
natural habitats and other crops in the local area, and
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recover when conditions improve. Decline in the
population of honeybees, sparrows or vultures all
over the world is often talked about in the scientific
congregations. Often the indicative cause is
suggested as the use of harmful chemicals.
Sustainable agriculture is possible through holistic
approach towards crop protection through biological
control of crop pests and alternative safe agricultural
practices. Biological control is achieved by
introduction of biological material and natural pest
control agents into the field by inundation and
inoculation or through conservation of already
existing biocontrol agents in the ecosystem. Microorganisms (e.g. pathogens of pests) are often used
inundatively and macro-organisms (e.g. insect
predators and parasitoids) inoculatively. Animal
manure, green manure and compost used in organic
farming favour decomposition processes and can
replenish nutrients required by crops and supply soil
with essential organic matter. Cutting totally the use

of harmful pesticides let live the natural
microorganisms aiding in the environment carrying
on these processes of decomposition and soil
restructuring. Such soils due to higher moisture
retention capacity need less irrigation also.
Biological control helps in conserving biodiversity as
it can be used as an alternative to harmful chemical
pesticides and fertilizers. These methods are
considerably safe to non target fauna and flora,
preserving natural biodiversity of the ecosystem.
There are comparatively very few reports of pests
developing resistance to biological control agents
and no reports of their bioaccumulation. Some of the
biological control agents can persist in the
environment and recycle themselves in the nature20,
so the cumbersome task repeated task of pesticide
application can be avoided.
Long term ecological benefits of biological control
have been reported worldwide.28,29,30

Fig. 2: Five main reasons to opt for biological control rather than chemical methods
Summary
If we play with nature it is going to bounce back and
we humans will be the ultimate sufferers. It is only if
we recognize the problem and then contribute to its
solution we can reverse the loss of biodiversity loss.
Conservation of biodiversity is of utmost importance
to sustain life on this planet over a period of time. At
the same time alarming increase in the world
population suggests the need to boost agriculture for
feeding the millions. So the only choice left for
humans is a switch to safer alternative means and
methods for pest control so that the pressure of
chemical pesticides on the environment is decreased.
The biological control methods can effectively check

the crop pests and are at the same time a boon for
conserving the earth’s treasure house of biodiversity.
Scientists all over the world are on an outlook for
new methods of biological control. They are trying to
enhance their utility by better formulations of the
existing biological control agents, finding newer
ways of their enrichment and are now combining
them with new tools of recombinant DNA
technology, mathematical modelling, and computer
technology combined with a continuation of the more
classical approaches such as importation and release
of natural enemies and thus improving their germplasm, breeding, and field testing.31,32, Governments
and stae agencies are supporting these new ventures
and are framing laws for the same. Agriculturists are
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now gaining awareness and are getting ready to
switch over to these methods of pest control. The
consumers too have now started to realize the need to
use more organic farm products, thus boosting
organic farming.33,34 India is already exporting range
of organic products like tea, cotton, rice etc. All these
joint efforts could quickly move bio-control research
and technology into a new era and fulfil the
desirability of biodiversity conservation.
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Abstract: A field experiment was conducted to evaluate effect of various organic nitrogen fertilization on growth, yield and
quality of kharif grain maize (Zea mays L.) at agricultural research farm of Banaras Hindu University during kharif season of
2015. At the experimentation site soil analysis was done before the sowing of the crop and after the harvesting of the crop.
The net plot size was 3.0 m x 2.1 m for row to row and plant to plant spacing was 60 cm and 20 cm, respectively. The
experiment was comprised of four organic source methods viz. B1- 100% of RDN as GM, B2 - 100% of RDN as VC, B3 50% of RDN as GM +F50% VC, B4- 100% of RDN Through inorganic sources and biofertilizer T1- Control , T2Azotobacter , T3 - PSB, T4 -PSB + Azotobacter, Maize hybrid TRIPURESHWARI- 4477 was used as an experimental
material. The experiment was laid out in split plot design and replicated thrice. Standard procedures were adopted for
recording growth, yield and quality parameters. Organic materials (100 % RDN as GM, 100% RDN as vermicompost, 50 %
RDN as GM + 50 % vermicompost and 100 % RDN through inorganic source was applied in the field. The significance of
the treatment effect was judged with the help of ‘F’ test (Variance ratio). The difference of the treatments mean was tested
using critical difference (C. D.) at 5% level of probability (Gomez and Gomez, 1984). Standard procedures were adopted for
recording the data of agronomic and yield related parameters.
Keywords: Organic nitrogen, Biofertilizer, Green manure, Vermicompost, Tripureswari 4411, Pseudomonas, Azotobacter

INTRODUCTION

M

aize (Zea mays L.) is one of the most
important cereal crop grown all over the
world. It is grown in various agroclimatic conditions,
ranging from temperate to tropical regions from sea
level to an altitude of 2500 metres throughout the
world. In India, the present area under maize
cultivation is about 9.43 million hectares with the
annual production of 24.35 mt. The average
productivity of crop is 2.58 tonnes ha-1 in the country
(Anonymous, 2015). The integrated use of organic
and inorganic fertilizers increase mutual efficiency
but also help in the substitution of costly chemical
fertilizers (Hussain and Ahmed, 2000; Ghosh and
Sharma, 1999). Integrated nutrient management
(INM) is a minimize the use of chemical sources of
nutrients along with maximization of their efficiency
and farmer's profit. Integrated use of organic and
inorganic fertilizers not only recorded significantly
greater root-shoot dry matter but also accelerated
their growth compared to inorganic fertilizer
application (Gour et al. 1992).
MATERIALS AND METHOD
This experiment was conducted during the kharif
season of 2015-2016 at the Agriculture Research
Farm, Department of Agronomy, Institute of
Agriculture Science, BHU, situated at about 10 km.
away from Varanasi station in south east direction of

BHU campus. The geographical location of the
research farm lies at 25o18’ E longitude, 83o30’
longitude and at altitude of 128.93 m above the mean
sea level. Varanasi is situated the north-east plain
zone in the eastern part of Uttar Pradesh, Varanasi
(India) at 25o18’ N latitude, 83o30’ longitude and at
altitude of 128.93m above the mean sea level. It has
a subtropical climate with extreme of hot in summer
and cold in winter. May and June are the hottest
months with mean temperature ranging from 39o C to
43oC. The coldest month is January with mean
minimum temperature varying between 9o C to 10oC.
The average annual rainfall of the region is 1100 mm
and average annual evapotranspiration is 1500 mm
with annual moisture deficit is about 400 mm and
moisture deficit index of 20 to 40 percent. To
evaluate the initial fertility status of the field, soil
sample were drawn before the start of experiment
and after the harvesting of the experiment crop. This
was done by drawing random sample up to a depth of
15 cm from each replication. These samples were
composited and brought to laboratory, air dried and
crushed to pass in a 2 mm sieve. Further, the samples
were analyzed for physical and chemical properties.
Experiment was laid out in split plot design having
three replication. Soil analysis was done before the
sowing of the crop and after the harvesting of the
crop. The net plot size were 3.0 m x 2.1 m for 60 cm
row spacing, plant to plant 20 cm, respectively. The
experiment was comprised of four organic source
methods viz. B1- 100% of RDN as GM, B2 - 100% of
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RDN as VC, B3 - 50% of RDN as GM +50% VC,
B4- 100% of RDN through inorganic sources and
biofertilizer. T1- Control , T2- Azotobacter , T3 - PSB,
T4
-PSB
+
Azotobacter,
Maize
hybrid
TRIPURESHWARI- 4477 was used as an
experimental material. Standard procedures were
adopted for recording growth, yield and quality
parameters. Organic materials (100 % RDN as
GM,100% RDN as vermicompost,50 % RDN as GM
+ 50 % vermicompost and 100 % RDN through
inorganic source was applied in the field after the
sowing of the maize. The significance of the
treatment effect was judged with the help of ‘F’ test
(Variance ratio). The difference of the treatments
mean was tested using critical difference (C. D.) at
5% level of probability (Gomez and Gomez, 1984).
Standard procedures were adopted for recording the
data of agronomic and yield related parameters.
RESULTS AND DISCUSSION
Plant height: The plant height was influenced by
organic treatments, B₃ - 50% of RDN as GM +50%
VC was recorded highest plant height which was
significantly different rest of the all treatments, and
followed by B1 - 100% of RDN as GM and B2 100% of RDN as VC. However, minimum plant
height was recorded under B₄ - 100% of RDN and
Through inorganic source also Bio fertilizer
Maximum plant height was recorded under T₄ Azotobacter
+
Psuedomonas
which
were
significantly higher over all the treatments, and
followed by T₃ - Psuedomonas and T₂ - Azotobacter .
However, minimum plant height was recorded under
T₁ - Control. The similar result is also reported by
Beigzade, et al. (2013).
Number of green leaves plant-1 : Organic sources
brought significant differences in number of green
leaves plant-1 at 30, 60, 90, and 120 DAS. The
significantly highest number of leaves was recorded
(11.84) under B3- 50% RDN as GM + 50% as VC
over rest of the organic sources and followed by B1100% RDN as GM (11.67), B2- 100% RDN as VC
(11.50) at all growth stages of observation. However,
minimum number of leaves was recorded (11.31)
under B4- 100% RDN as inorganic source. Haque et
al march (2012) and Wagh (2002) also recorded that
effect of different organic manure increased leaf
number and LAI.
Various biofertilizer influenced the number of leaves
significantly at all the stages of crop growth.
Maximum number of leaves at harvesting was
observed with T4- Azotobacter + Pseudomonas
(12.93), which proved significantly superior over T3Pseudomonas (12.10), T2- Azotobacter (10.97) and
T1- Control (10.33), respectively at all growth stages
of observation. The results are in close conformity
with those of Wagh (2002).

Dry matter production
The data on dry matter accumulation pattern per
plant as influenced by various organic sources and
biofertilizer application at different stages of the crop
have been presented in Table 1. The dry matter
accumulation gradually increased up to harvest stage.
Highest dry matter accumulation plant -1 was
observed the application of different organic sources
the significantly highest dry matter accumulation (g
plant-1) was recorded (152.63) under B3- 50% RDN
as GM + 50% as VC over rest of the organic sources
followed by B1- 100% RDN as GM (150.35) and B2100% RDN as VC (148.18) at all growth stages of
observation. However, minimum dry matter
accumulation was recorded (145.79) under B4- 100%
RDN as inorganic source. This similar result was
reported that the Pinjari (2007).
The bio fertilizers influenced the dry matter
accumulation significantly at all the stages of crop
growth. Maximum dry matter accumulation at
harvesting was observed with T4- Azotobacter +
Pseudomonas (166.58), which proved significantly
superior over T3- Pseudomonas (155.94), T2Azotobacter (141.35) and T1- Control (133.08),
respectively at all growth stages of observation.
While the minimum chlorophyll content and dry
matter accumulation recorded also that Rasool et al
(2015).
Chlorophyll content
Organic sources brought significantly difference on
chlorophyll content of maize leaves were recorded at
various growth stages and have been presented in
Table-.2. The measurement of chlorophyll content of
maize leaves in terms of SPAD values differed
significantly due to various organic sources and
biofertilizer application at various crop growth
stages.
The maximum chlorophyll content were recorded
with the application of different organic sources The
significantly highest chlorophyll content was
recorded (49.28) under B3- 50% RDN as GM + 50%
as VC over rest of the organic sources and followed
by B1- 100% RDN as GM (48.54) and B2- 100%
RDN as VC (47.84) at all growth stages of
observation. However, minimum chlorophyll content
was recorded (47.07) under B4- 100% RDN as
inorganic source. Combination of different organic
manure have been reported to increase the
chlorophyll content in maize ( kmetova and kovacik
2014)
Various biofertilizers influenced the chlorophyll
content significantly at all the stages of crop growth.
Maximum chlorophyll content at harvesting was
observed with T4- Azotobacter + Pseudomonas
(53.78), which proved significantly superior over T3Pseudomonas (50.35), T2- Azotobacter (45.64) and
T1- Control (42.97), respectively at all growth stages
of observation. While the minimum chlorophyll
content and dry matter accumulation recorded also
that. Rasool et al (2015).
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Leaf area index
Organic sources brought significantly difference on
Leaf area index of maize were recorded at various
growth stages and have been presented in Table No.
2. The measurement of leaf area index of maize
leaves values differed significantly due to various
organic sources and biofertilizer application at
various crop growth stages.
The maximum LAI were recorded with the
application of different organic manure. The
significantly highest LAI was recorded (2.23) under
B3- 50% RDN as GM + 50% as VC over rest of the
organic sources and followed by B1- 100% RDN as
GM (2.20) and B2- 100% RDN as VC (2.17).
However, minimum LAI was recorded (2.13) under
B4- 100% RDN as inorganic source. Haque et al
march (2012) and Wagh (2002) also recorded that
effect of different organic manure increased leaf
number and LAI. The same result also found of A.H.
kalhapure et al (2015).
Various
biofertilizers influenced
the
LAI
significantly at all the stages of crop growth. The
maximum LAI was observed with T4- Azotobacter +
Pseudomonas (2.44), which proved significantly
superior over T3- Pseudomonas (2.28), T2Azotobacter (2.07) and T1- Control (1.95),
respectively. The same result also found of A.H.
kalhapure et al (2015).
Days to 50% tasseling
The data presented in Table no. 2 .revealed the effect
various organic sources and bio fertilizer application
on days to 50 % tasseling. Among the organic source
for 50% tasseling significantly higher (73.47 days)
was observed under B3- 50% RDN as GM + 50% as
VC over rest of the treatment followed by B1- 100%
RDN as GM (72.79 days) and B2- 100% RDN as VC
(71.80 days). However, minimum (70.99 days) were
recorded under B4- 100% RDN as inorganic source.
Among the different biofertilizers was brought
singnificantly effect on 50 % tasseling of maize.
However, Maximum days was observed under T4Azotobacter + Pseudomonas (81.11 days) followed
by T3- Pseudomonas (75.32 days), T2- Azotobacter
(69.32 days) and T1- Control (63.29 days).
Days to 50% silking
The effect various organic sources and biofertilizer
application on days to 50 % silking. Among the
organic source for 50% silking significantly higher
(79.36 days) was observed under B3- 50% RDN as
GM + 50% as VC over rest of the treatment followed
by B1- 100% RDN as GM (78.18 days) and B2100% RDN as VC (77.05 days). However, minimum
(75.81 days) were recorded under B4- 100% RDN as
inorganic source. And the different biofertilizers was
brought significantly effect on 50 % silking of maize.
However, Maximum days was observed under T4Azotobacter + Pseudomonas (86.62 days) followed
by T3- Pseudomonas (73.50 days), T2- Azotobacter
(73.5 days) and T1- Control (69.20 days).
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Average cob length (cm)
The cob length increased with the different
application of organic manure the significantly
longest cob (15.03) was recorded under B3- 50%
RDN as GM + 50% as VC over rest of the organic
sources of manure followed by B1- 100% RDN as
GM (14.81), B2- 100% RDN as VC (14.60).
However, minimum shortest cob (14.36) recorded
under B4- 100% RDN as inorganic source.
The cob length was not affected by different
biofertilizer were longest cob was observed in T4Azotobacter + Pseudomonas (16.41) followed by T3Pseudomonas (15.36), T2- Azotobacter (13.92) and
T1- Control (13.11). Similar positive effect of organic
sources on maize was reported in by ashok kumar
and shiva dhar (2010).
Girth of cob (cm)
Significantly highest girth of cob was recorded
(10.87 cm) under B3- 50% RDN as GM + 50% as VC
over rest of the treatment followed by B1- 100%
RDN as GM (10.71 cm), B2- 100% RDN as VC
(10.56 cm). However, lowest cob recorded (10.39
cm) under B4- 100% RDN as inorganic source.
Different biofertilizer did not affect on cob girth.
However, maximum girth of cob was observed with
T4- Azotobacter + Pseudomonas (11.87) followed by
T3- Pseudomonas (11.11), T2- Azotobacter (10.07)
and T1- Control (9.48),same result found ashok
kumar and shiva dhar (2010).
Number of grains cob-1
The significantly highest number grain cob-1 (372.84)
was recorded under B3- 50% RDN as GM + 50% as
VC over rest of the organic sources followed by B1100% RDN as GM (367.26), B2- 100% RDN as VC
(361.96). However, minimum number of grains cob-1
was recorded (356.14) under B4- 100% RDN as
inorganic source.
Appraisal of the data reveals that average number of
grains cob-1 was found maximum with T4Azotobacter + Pseudomonas (406.90), which proved
significantly superior over T3- Pseudomonas
(380.93), T2- Azotobacter (345.28) and T1- Control
(325.08). Similar positive effect of organic sources
on maize was reported in by ashok kumar and shiva
dhar (2010).
Test weight (g)
The data pertaining to 1000 seed weight have been
furnished in Table 4.8 which indicated increase in
test weight occurred due to effect of different organic
sources of manure. The significantly highest test
weight (221.46 g) was recorded under B3- 50% RDN
as GM + 50% as VC followed by B1- 100% RDN as
GM (218.15g), B2- 100% RDN as VC(215.00).
However, lowest test weight (211.54gm) was
observed under B4- 100% RDN as inorganic source.
Regarding the influence of various effect of
biofertilizer on test weight in maize showed highest
values with T4- Azotobacter + Pseudomonas
(241.69), which proved significantly superior over
T3- Pseudomonas (226.27), T2- Azotobacter (205.09)
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and T1- Control (193.09). Similar positive effect was
reported in by ashok kumar and shiva dhar (2010).
Shelling percentage
The shelling percentage maize was significantly
affected by the effect of organic manure. The
significantly highest shelling percentage (67.85) was
recorded under B3- 50% RDN as GM + 50% as VC
over rest of the organic sources followed by B1100% RDN as GM (66.84), B2- 100% RDN as VC
(65.87). However, minimum shelling percentage
(64.81) was recorded under B4- 100% RDN as
inorganic source.
Among the biofertilizer, shelling per cent was found
maximum with T4- Azotobacter + Pseudomonas
(74.05), which proved significantly superior over T3Pseudomonas (69.32), T2- Azotobacter (62.84) and
T1- Control (59.16). Similar results were also
reported by lakhwinder singh et al (2017).
Number of grains cob-1
The average number of grains per cob. It is clear
from the data the significantly highest number grain
cob-1 (372.84) was recorded under B3- 50% RDN as
GM + 50% as VC over rest of the organic sources
followed by B1- 100% RDN as GM (367.26), B2100% RDN as VC (361.96). However, minimum
number of grains cob-1 was recorded (356.14) under
B4- 100% RDN as inorganic source.
Appraisal of the data reveals that average number of
grains cob-1 was found maximum with T4Azotobacter + Pseudomonas (406.90), which proved
significantly superior over T3- Pseudomonas
(380.93), T2- Azotobacter (345.28) and T1- Control
(325.08). Similar results were also reported by
lakhwinder singh et al (2017).
Grain weight cob-1
The average grains weight per cob. It is clear from
the data the significantly highest grain weight cob-1
(82.85) was recorded under B3- 50% RDN as GM +
50% as VC over rest of the organic sources followed
by B1- 100% RDN as GM (81.61), B2- 100% RDN as
VC (80.43). However, minimum grains weight cob-1
was recorded (79.14) under B4- 100% RDN as
inorganic source.
And different organic source average grains weight
cob-1 was found maximum with T4- Azotobacter +
Pseudomonas (90.42), which proved significantly
superior over T3- Pseudomonas (84.65), T2Azotobacter (76.72) and T1- Control (72.23). Similar
positive effect was reported in by ashok kumar and
shiva dhar (2010).
Grain yield (q ha-1)
The data on grain yield of maize as influenced by
organic sources of nitrogen management have been
presented in Table 4.9. The significantly highest
grain yield (42.92) was recorded under B3- 50%
RDN as GM + 50% as VC over rest of the followed
by the B1- 100% RDN as GM (35.81) and B2-100%
RDN as VC(35.32).However, minimum grain yield
(28.91) recorded under B4- 100% RDN as inorganic
source.

It is clear from the data that grain yield of all the
effect of various biofertilizer varied significantly
from each other. Significantly maximum grain yield
(36.83) was recorded under T4- Azotobacter +
Pseudomonas which was found superior over T3Pseudomonas (35.72), T2- Azotobacter (35.59) and
T1- Control (34.83). Similar positive effect was
reported in by ashok kumar and shiva dhar (2010).
Stover yield (q ha-1)
The stover production of crop varied with effect of
integrated nutrient management. Application of B350% RDN as GM + 50% as VC produced
significantly maximum (45.12) over rest of the
organic sources and followed by B1- 100% RDN as
GM (41.36), B2- 100% RDN as VC (41.23).
However, minimum stover yield (29.74) recorded
under B4- 100% RDN as inorganic sources.
Different biofertilizer influenced production of stover
yield. The maximum value was recorded in treatment
T4- Azotobacter + Pseudomonas (40.23), which
proved significantly superior over T3- Pseudomonas
(39.36), T2- Azotobacter (39.24), and T1- Control
(38.63). Similar results were also reported by
lakhwinder singh et al (2017).
Harvest index (%)
The harvest index was not significantly influenced
however, highest harvest index (49.28) found under
treatment B4- 100% RDN as inorganic source
followed by (48.76) under B3- 50% RDN as GM+
50% as VC of the organic sources, B1- 100% RDN as
GM (46.35) and B2- 100% RDN as VC (46.06).
Different biofertilizer also not influenced the harvest
index but value was maximum under T4- Azotobacter
+ Pseudomonas (47.87), followed by T3Pseudomonas (47.60), T2- Azotobacter (47.60) and
T1- Control (47.37). Similar results were also
reported by lakhwinder singh et al (2017).
Available protein content in grain (%)
The data presented in Table 4.15 clearly indicates
that the content of protein in grain significantly
affected by various organic source of nitrogen of
nutrient management on growth, yield and quality of
maize.
The data pertaining to the effect of various organic
sources content of protein in grain . maximum with
(9.52%) under B3- 50% RDN as GM + 50% as VC
over rest of the organic sources and followed by B1100% RDN as GM (9.38%), B2- 100% RDN as
recorded (9.25%) under VC at all the different
treatment of organic sources. However minimum
protein in grain B4- 100% RDN as urea (9.10%).
Screening of the data reveals that the content of
protein in grain significantly influenced due to effect
of different biofertilizer maximum recorded that the
T4- Azotobacter + Psuedomonas (10.40%), which
proved significantly superior over T3- Psuedomonas
(9.73%), T2- Azotobacter (8.82%), and T1- Control
(8.30%), respectively all the treatments. The similar
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result showed by A.V. Nagavani and P. Subbian
(2014).
Protein yield (kg ha-1)
The data related to protein yield (kg ha-1) are
presented in Table 4.15. The protein yield was
significantly influenced due to different source of
organic nitrogen nutrient management on growth,
yield and quality of maize production.
Perusal of the data indicated that the protein yield
maximum with (307.34) under B3- 50% RDN as GM
+ 50% as VC over rest of the organic sources and
followed by B1- 100% RDN as GM (298.15), B2100% RDN as VC recorded (289.55) under VC. at all
the different treatment of organic sources. However
minimum protein yield recorded that B4- 100% RDN
as urea (280.45).
And effect of various biofertilizer resulted in a
significant increase in protein yield during the year
of investigation. The maximum protein yield
recorded that the T4- Azotobacter + Psuedomonas
(363.23), which proved significantly superior over
T3- Psuedomonas (318.49), T2- Azotobacter
(261.69), and T1- Control (232.08), respectively all
the treatments. The similar result found by A.V.
Nagavani and P. Subbian (2014).
Oil content in grain (%)
The data presented in Table 4 clearly indicates that
the oil content in grain significantly affected by
various organic source of nitrogen. Nutrient
management on growth, yield and quality of maize.
The data pertaining to the oil content in grain effect
of various organic sources . maximum with (5.42)
under B3- 50% RDN as GM + 50% as VC over rest
of the organic sources and followed by B1- 100%
RDN as GM (5.34), B2- 100% RDN as recorded
(5.27) under at all the different treatment of organic
sources. However minimum oil content recorded at
B4- 100% RDN through urea (5.18) as inorganic
source.
Screening of the data reveals that the oil content in
grain significantly influenced due to effect of
different biofertilizer maximum recorded that the T4Azotobacter + Psuedomonas (5.92), which proved
significantly superior over T3- Psuedomonas (5.54),
T2- Azotobacter (5.02), and T1- Control (4.73),
respectively all the treatments. Also reported that
Balai et al (2011).
Economics
The effect of organic nitrogen fertilization on
growth, yield and quality of kharif maize treatments
combination of cost of cultivation, gross return, net
return and B: C ratio is presented in table 4.16. These
attributes significantly affected by different
treatments combination.
Cost of cultivation (` ha-1)
The data on economics of different treatments was
calculated taking different The data pertaining to the
effect of various organic sources on cost of
cultivation showed that maximum with under B2100% RDN as VC (42526.05), recorder under over
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rest of the organic sources and followed by B3- 50%
RDN as GM + 50% as VC (31505.13). B4- 100%
RDN as urea (`24522.6) at all the different treatment
of organic sources. However minimum cost of
cultivation recorded that B1- 100% RDN as GM (`
22059)
Each successive effect of various biofertilizer
resulted in highest cost of cultivation recorded that
the T3- Psuedomonas (30364.44) followed by T4Azotobacter + Psuedomonas (30127.68 ). Than the
T1- Control (30086.94). And last one is T2Azotobacter
(30033.63), respectively all the
treatments. Also result found that A.H.
kalhapure(2013).
Gross return (` ha-1)
The data in respect to gross return in (` ha-1) under
different organic mannure and different biofertilizer
have been presented in Table 4.16. Gross return
increased with increasing grain and stover yield of
winter maize obtained under different treatments. It
is evident from the finding that B3- 50% RDN as GM
+ 50% as VC (` 86295) recorded highest gross return
which was significantly superior over all the
treatment and second is B1- 100% RDN as GM (`
72747) than B2- 100% RDN under the VC (` 71829).
The minimum gross return recorded that B4- 100%
RDN through urea ( 57995).
And also the under of biofertilizer maximum gross
return was recorded that the T4- Azotobacter +
Psuedomonas (` 74352) which proved significantly
superior over T3- Psuedomonas (` 72168.83), T2Azotobacter (` 71921) , and the minimum gross
return recorded that T1- Control (` 70425),
respectively all the treatments. Also result found that
A.H. kalhapure(2013).
Net returns (` ha-1)
The data pertaining to net return (` ha-1) under
different organic manure and different biofertilizer
have been presented in Table 4. The net return
markedly influenced due to different cost incurred
and yield obtained under various treatments. Highest
net return was recorded with B3- 50% RDN as GM +
50% as VC (` 60289.83), followed by B1- 100%
RDN as GM (50688). Than the B4- 100% RDN as
urea (33472.83). and minimum net return recorded
B2- 100% RDN through VC(29303.78)
The effect of various biofertilizer indicated that
highest net return (` ha-1) was obtained from T4Azotobacter + Pseudomonas (44224.49) which was
higher over the net return followed by T2Azotobacter(41887.88).than the T3- Pseudomonas
(41804.4). Than after While T1- Control (40338.06),
was recorded lowest net return over other treatments.
Also result found that A.H. kalhapure(2013).
Benefit: cost ratio
Data related on benefit cost ratio of kharif maize
influenced by different treatments are summarised in
Table 4 Among the different organic sources, the
significant highest benefit: cost (B: C) ratio was
recorded under the B1- 100% RDN as GM (2.29)
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which was superior over all the treatment followed
by B3- 50% RDN as GM + 50% RDN as vc (1.73)
and B4- 100% RDN as urea(1.36) Minimum benefit:
cost ratio was recorded under treatment B2- 100%
RDN as VC(0.68). The different biofertilizer also
proved variation in respect of B: C ratio the
maximum benefit : cost ratio was recorded under T4-

Azotobacter + Psuedomonas (1.59)which proved
significantly superior over rest of the treatments T3Psuedomonas (1.52),T2- Azotobacter (1.51) and T1Control (1.47), respectively all the treatments highest
B: C ratio. Also result found that A.H.
kalhapure(2013).

Table 1. Effect of various organic nitrogen fertilisation on growth attribute of kharif grain maize
Treatments

Organic source
B1 - 100% RDN
as GM
B2 - 100% RDN
as VC
B3 - 50% RDN as
GM+ 50% as VC
B4 - 100% RDN
as inorganic
source
SEm±
CD (P=0.05)
Biofertilizer
T1- Control
T2- Azotobacter
T3- Pseudomonas
T4- Azotobacter +
Pseudomonas
SEm±
CD(P=0.05)

120
DAS

Number of leaves plant-1
30
60
90
DAS
DAS
DAS

120
DAS

Dry matter production (g plant-1)
30
60
90
120
DAS
DAS
DAS
DAS

141.48

149.74

6.97

9.46

11.36

11.67

22.38

79.11

141.92

150.35

120.78

139.44

147.58

6.87

9.33

11.19

11.50

22.06

77.97

139.87

148.18

71.09

124.41

143.63

152.02

7.07

9.61

11.53

11.84

22.72

80.32

144.07

152.63

67.91

118.84

137.20

145.21

6.76

9.18

11.01

11.31

21.71

76.72

137.62

145.79

0.44
1.55

0.78
2.32

0.90
3.14

0.93
3.32

0.04
0.15

0.06
0.20

0.07
0.25

0.07
0.25

0.14
0.49

0.50
1.75

0.90
3.14

0.96
3.33

61.10
65.84
72.64
77.59

108.47
115.22
127.12
135.79

125.23
133.01
146.75
156.76

132.54
140.78
155.32
165.90

6.17
6.55
7.22
7.71

8.38
8.90
9.81
10.48

10.05
10.68
11.78
12.58

10.33
10.97
12.10
12.93

19.81
21.04
23.22
24.80

70.03
74.38
82.06
87.65

125.63
133.43
147.20
157.23

133.08
141.35
155.94
166.58

0.64
1.86

1.11
3.18

1.28
3.76

1.36
3.98

0.06
0.18

0.08
0.25

0.10
0.30

0.10
0.31

0.20
0.59

0.72
2.10

1.29
3.77

1.37
3.99

Plant height (cm)
30
60
90
DAS
DAS
DAS
70.04

122.55

69.02

Table 2. Effect of various organic nitrogen fertilisation on growth attribute of kharif grain maize
Treatments

Organic source
B1 - 100% RDN as GM
B2 - 100% RDN as VC
B3 - 50% RDN as GM+
50% as VC
B4 - 100% RDN as
SEm±
CD (P=0.05)
Biofertizer
T1- Control
T2- Azotobacter
T3- Pseudomonas
T4- Azotobacter +
Pseudomonas
SEm±
CD(P=0.05)

Chlorophyll content
30
60
90
DAS
DAS
DAS

120
DAS

30
DAS

Leaf area index
60
90
DAS
DAS

Days to 50%
tasseling

Days to
50%
silking

29.63

36.25

40.03

48.54

1.25

2.20

2.52

29.20
30.08

35.75
36.80

39.45
40.64

47.84
49.28

1.24
1.27

2.17
2.23

2.48
2.55

2.20

72.79

78.18

2.17
2.23

71.80
73.47

77.05
79.36

28.73
0.19
0.65

35.15
0.23
0.80

38.82
0.25
0.88

47.07
0.31
1.07

1.22
0.08
0.02

2.13
0.01
0.04

2.44
0.01
0.05

2.13
001
0.04

70.99
0.48
1.67

75.81
0.50
1.73

26.22
27.85
30.73
32.83

32.08
34.08
37.59
40.16

35.43
37.64
41.52
44.35

42.97
45.64
50.35
53.78

1.11
1.18
1.30
1.39

1.95
2.07
2.28
2.44

2.23
2.36
2.61
2.79

1.95
2.07
2.28
2.44

63.29
69.32
75.32
81.11

69.20
73.50
81.09
86.62

0.26
0.78

0.33
0.96

0.36
1.06

0.44
1.29

0.01
0.03

0.02
0.05

0.02
0.06

0.02
0.05

0.50
1.48

0.71
2.07

120
DAS

Table 3. Effect of various organic nitrogen fertilisation on yield atrributes of kharif grain maize.
Treatments

Av. length
of cob (cm)

Av. girth of
cob (cm)

No. of cobs
plot-1

Test weight

Shelling %

Av. No. of
grain cob-1

Grain
weight cob1

Organic source
B1 - 100% RDN as GM
B2 - 100% RDN as VC
B3 - 50% RDN as GM+
50% as VC
B4 - 100% RDN as
SEm±
CD (P=0.05)
Biofertilizer

14.81

10.71

70.29

218.15

66.84

367.26

81.61

14.60
15.03

10.56
10.87

69.28
71.36

215.00
221.46

65.87
67.85

361.96
372.84

80.43
82.85

14.36
0.09
0.32

10.39
0.06
0.23

68.16
0.45
1.56

211.54
1.39
4.84

64.81
0.42
1.48

356.14
2.35
8.15

79.14
0.52
1.81
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T1- Control
T2- Azotobacter
T3- Pseudomonas
T4- Azotobacter +
Pseudomonas
SEm±
CD(P=0.05)

221

13.11
13.92
15.36
16.41

9.48
10.07
11.11
11.87

62.22
66.08
72.91
77.88

193.09
205.09
226.27
241.69

59.16
62.84
69.32
74.05

325.08
345.28
380.93
406.90

72.23
76.72
84.65
90.42

0.13
0.39

0.09
0.28

0.64

1.98
5.80

0.60
1.77

3.34
9.76

0.74
2.17

1.86

Table 4. Effect of various organic nitrogen fertilisation on yield attributes, Cost of cultivation and economics of
kharif grain maize.
Oil
content
(%)

Harves
t index

Cost of
cultivation
(` ha-1)

Gross
return
(` ha-1)

Net
return
(` ha-1)

41.36

5.34

46.35

22059

72747

50688

2.29

289.55

41.23

5.27

46.06

42526.05

29303.78

0.68

9.52

307.34

45.12

5..42

48.76

31505.13

54790.21

1.73

28.91

9.10

280.45

29.74

5.18

49.28

24522.5

33472.83

1.36

SEm±

0.98

0.06

3.55

0.10

0.03

0.76

1757.719

0.06

CD (P=0.05)

3.41

0.21

12.29

0.35

0.12

2.63

71829.
83
86295.
33
57995.
33
1757.7
19
6082.7
29

6082.729

0.21

Biofertilizer
T1- Control
T2- Azotobacter

34.83
35.59

8.30
8.82

232.08
261.69

38.63
39.24

4.73
5.02

47.37
47.60

30086.94
30033.63

40338.06
41887.88

1.47
1.51

T3- Pseudomonas

35.72

9.73

318.49

39.36

5.54

47.60

30364.44

41804.40

1.52

T4- Azotobacter +
Pseudomonas
SEm±

36.83

10.40

363.23

40.23

5.92

47.87

30127.68

44224.49

1.59

0.45

0.09

5.16

0.26

0.05

0.40

790.9217

0.029

CD(P=0.05)

1.31

0.25

15.07

0.77

0.14

1.18

70425
71921.
5
72168.
83
74352.
17
790.92
17
2308.6
51

2308.651

0.08

Treatments
Organic source
B1 - 100% RDN as
GM
B2 - 100% RDN as
VC
B3 - 50% RDN as
GM+ 50% as VC
B4 - 100% RDN as

Grain
yield
(q ha-1)

Protein
content
(%)

Protein
yield
(kg ha-1)

35.81

9.38

298.15

35.32

9.25

42.92

Stover
yield
(q ha-1)

B:C
ratio
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Abstract: Experimental approach was taken up by dose administration of chemical (CDCF-chemical dose commonly used
by farmers; CDRA-chemical dose recommended by Agriculture Dept., Govt. of WB) and organic fertilizers (ODAC-organic
dose using Azolla and cow-dung and ODAO-organic dose by using Azolla only) in Kharif rice field at Chandipur, North
24 Parganas district of West Bengal in two consecutive years (2015 and 2016) for continuous monitoring of the soil
fertility by analyzing different physicochemical properties (texture, water holding capacity, moisture content, pH, EC,
organic carbon, organic matter, total Nitrogen, available Nitrogen, Phosphorous, and Potassium) of soil applicable for
measurement of soil health. The comparative assessment of the studied soil parameters depict that among all the
administered doses, presently proposed organic fertilizer dose of Azolla (900kg/hectare land) and cow dung (3150 kg/hectare
land) is proved best for enhancing soil fertility over the years and this should be promoted for sustainable rice farming.
Keywords: Azolla, Cow dung, Green revolution, Organic matter, Total Nitrogen, Water holding capacity

INTRODUCTION

T

he grain productivity was tripled by increasing
only 30 % cultivated land area due to ‘Green
Revolution’ in India (Pingali, 2012; Sangha, 2014).
Application of high doses of chemical fertilizers and
pesticides, uses of high yielding hybrid crop
varieties, and improved agricultural methods and
practices were actually the basis of ‘Green
Revolution’. But, the continuous and long-term
application of such chemical fertilizers, pesticides
and high yielding varieties impart adverse effects on
soil fertility (Wagner, 1997; Ladha et al., 2000;
Mazid and Khan, 2014; Yadav et al., 2014),
productivity and environmental safety (Wagner,
1997; Madhusoodanan and Sevichan, 1992; Mazid
and Khan, 2014). As such, Green Revolution has
failed to prove its sustaining ability in agricultural
practices in the country for long term benefit (Shiva,
1991). Despite the adverse consequences, knowingly
or unknowingly, the farmers across the country
including West Bengal are enduring same practices
with increased doses to achieve the expected
productivity and this practice is somehow reducing
the soil health over the years (Wagner, 1997; Ladha
et al., 2000). Application of organic matter or biofertilizer is one of the sustainable ways for improving
soil health and fertility (Wagner, 1997; Awodun,
2008; Dong et al., 2012; Rivaie et al., 2013). With
view to it, an experimental approach has been
conducted in Kharif rice (commercial high yielding
Pratiksha rice variety) field at Chandipur, North 24
Parganas district of West Bengal, India during the
years 2015 and 2016 for comparative assessment of

soil fertility by administering chemical and organic
fertilizers doses.
MATERIALS AND METHODS
Experimental field plot
The field experiment was performed at Chandipur
belonging to North 24 Parganas district of West
Bengal, India during Kharif Season (July to
November) in 2015 and 2016 in a routinely practiced
rice field located at 22º49'8.764" North and
88º47'8.682" East in the tropical sub-humid zone of
eastern India. The soil of growing rice field was
alluvial with efficient drainage facilities.
Experimental field set-up
The experimental field set-up encompassed five
treatments having three replications each using
randomized block designing (RBD) method. The
treatments were control, without any fertilizer
(CTRL), chemical fertilizer dose- commonly used by
farmers (CDCF),
chemical fertilizer doserecommended by Department of Agriculture,
Government of West Bengal (CDRA), organic dosepresently used by Azolla and cow dung (ODAC), and
organic dose- presently used by Azolla only
(ODAO). Urea, single super phosphate, and muriate
of potash were applied as the sources of nitrogen (N),
phosphorous (P), and potassium (K) respectively for
CDCF and CDRA treatments. The doses for CDCF
and CDRA were in combination of N, P, and K in the
ratio of 138:72:180 and 120:60:60 respectively per
hectare of land plot. Initially, 60% of both P, and K
and 1/3rdof N were used as basal fertilizer dose
during land preparation; after 20-25 days of
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transplantation of rice, the remaining 40% of P, K
and 1/3rd of N was applied and finally the rest 1/3rd of
N was added in the field as final dose again after 2025 days. In both types of organic doses (ODAC and
ODAO), about 450 kg wet mass of Azolla/hectare
was administered in twice (after 7 days and after 45
days of plantation) whereas additionally 3150 kg of
cow dung was applied once for ODAC set-up only
during land preparation.
Applied species of Azolla as bio-fertilizer
The Azolla species used as bio-fertilizer was Azolla
microphylla as it contains higher amount of macro
and micro nutrient than Azolla pinnata (Wagner,
1997) and it can easily grow in the area having
suitable heat tolerant capacity; even it can resist the
direct sunlight in summer (Choudhury and Kennedy,
2007). The applied Azolla microphylla plant was
allowed to grow along with rice plant for three weeks
and then turned down in the field.
Rice variety taken for experiment
The rice variety taken for experimental farming was
Pratiksha (IET-15191) [http:// www.matirkatha.net]
which is a locally popular, high yielding commercial
variety released in the year 2005 by Indian Council
of Agricultural Research (ICAR), Government of
India. The cultivation time of the chosen rice variety
is kharif season (July/August - November). Healthy
seedlings of 28 days old were transplanted by
maintaining 24x20 cm spacing. Usual agronomic
management practices adopted by the farmers in that
area were followed until the harvesting of the crop.
Sampling
Before preparation of experimental field plots, soil
samples in three replications were collected
randomly from entire field for comparative

assessment with each tested plot after farming in two
consecutive kharif seasons in the years 2015 and
2016. Top soils (0-15cm) were collected from all
three replicas of each treated plot separately after
harvesting of the crop in each individual season.
Studied parameters
Collected soil samples were analyzed for different
physicochemical attributes of soil namely, total
nitrogen (TN), available nitrogen (AN), available
phosphorus (AP), available potassium (AK), organic
carbon (OC), organic matter (OM), electrical
conductivity (EC), potential of hydrogen (pH),
moisture content (MC), water holding capacity (WH)
and soil texture (ST).
Methods
The TN and AN of the soils were estimated with the
help of Kjeldahl digestion (make: KELPLUS, Model
KEL VAC) and distillation apparatus (Model
DISTYL- EMS) following method of Subbarao and
Ravisankar (1962). The pH and EC were determined
in dilution with distilled water in the ratio of 1:5 and
measured through digital pH and conductivity meter
respectively. AK was determined through Flame
photometric method (Toth and Prince, 1949) and
Olsen method (Olsen et al., 1954) was applied for
estimation of AP. The OC of the soil was quantified
by volumetric method as suggested by Walkley and
Black (1934). The soil texture was determined
following the methodology suggested by the
American Society for Testing and Materials (ASTM,
1998). All data were statistically assessed one-way
analysis of variance (ANOVA) to determine
significant variations between and among the
experimental designs.

Table 1. Values of studied chemical parameters of soils in different treatments through consecutive years and
the calculated CD value

2016
(Nov.)

2015
(Nov.)

Total
Nitrogen (TN)
(kg/ha)

2016
(Nov.)
Initial
value

Available
Potassium (AK)
(kg/ha)

2015
(Nov.)

Available
Phosphorous
(AP) (kg/ha)

Initial
value
2015
(Nov.)
2016
(Nov.)
Initial
value

Available
Nitrogen (AN)
(kg/ha)

2016
(Nov.)

Organic matter
Organic
(OM)
Carbon (OC)
( %)
(%)

2015
(Nov.)

Electrical
Conductivity
(EC) ( dsm-1)

Initial
value
2015
(Nov.)
2016
(Nov.)
Initial
value
2015
(Nov.)
2016
(Nov.)
Initial
value
2015
(Nov.)
2016
(Nov.)
Initial
value

2016
(Nov.)

2015 (Nov.)

Treatme
nt

Initial
value

Potential of
hydrogen ion
(pH)

CTRL

6.93 6.43 6.22 0.07 0.14 0.32 1.56 1.52 1.59 0.90 0.88 0.92
±
±
±
±
±
±
±
±
±
±
±
±
0.01 0.05 0.12 0.00 0.01 0.00 0.28 0.09 0.08 0.16 0.05 0.04

250.9 240.6
242.8 221.1
212.15 20.19 19.50 16.71 254.3
3172. 3141. 2997.
6
1
5
3
±
±
±
±
2±
40 ± 60 ± 87 ±
±
±
±
±
5.64 2.35 0.83 0.68 9.92
35.56 26.67 22.38
5.64 8.96
17.11 6.90

CDCF

6.93 6.29 6.24 0.07 0.17 0.32 1.56 1.90 1.98 0.90 1.10 1.15
±
±
±
±
±
±
±
±
±
±
±
±
0.01 0.07 0.04 0.00 0.01 0.01 0.28 0.15 0.12 0.16 0.09 0.07

250.9 248.5
328.8 355.9
307.88 20.19 28.20 32.34 254.3
3172. 3747. 3773.
6
9
0
3
±
±
±
±
2±
40 ± 33 ± 00 ±
±
±
±
±
9.33 2.35 1.40 0.90 9.92
35.56 13.58 53.35
5.64 3.42
12.24 5.42

CDRA

6.93 6.23 6.25 0.07 0.16 0.30 1.56 1.79 1.93 0.90 1.04 1.12
±
±
±
±
±
±
±
±
±
±
±
±
0.01 0.08 0.02 0.00 0.01 0.01 0.28 0.15 0.12 0.16 0.09 0.07

250.9 272.9
301.8 345.6
306.58 20.19 26.82 30.30 254.3
3172. 3506. 3557.
6
5
4
3
±
±
±
±
2±
40 ± 07 ± 40 ±
±
±
±
±
14.69 2.35 0.77 0.95 9.92
35.56 31.22 17.78
5.64 5.64
11.38 4.93
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ODAC

6.93 6.21 5.99 0.07 0.16 0.46 1.56 2.28 2.60 0.90 1.32 1.51
±
±
±
±
±
±
±
±
±
±
±
±
0.01 0.03 0.03 0.00 0.02 0.07 0.28 0.14 0.06 0.16 0.08 0.04

250.9 282.0
334.1 352.1
301.41 20.19 25.87 28.86 254.3
3172. 4250. 4327.
6
1
7
6
±
±
±
±
2±
40 ± 40 ± 40 ±
±
±
±
±
5.64 2.35 0.73 0.36 9.92
35.56 26.67 26.67
5.64 4.66
14.00 4.21

ODAO

6.93 6.17 6.23 0.07 0.15 0.34 1.56 2.03 2.21 0.90 1.18 1.28
±
±
±
±
±
±
±
±
±
±
±
±
0.01 0.09 0.05 0.00 0.00 0.02 0.28 0.10 0.10 0.16 0.06 0.06

250.9 265.1
313.2 328.3
278.13 20.19 23.84 25.49 254.3
3172. 3593. 3619.
6
9
3
8
±
±
±
±
2±
40 ± 33 ± 00 ±
±
±
±
±
3.42 2.35 0.56 0.94 9.92
35.56 40.09 17.78
5.64 6.85
10.97 5.78

CD
Value at
5% level

-

0.15 0.18

-

0.04 0.10

-

0.42 0.35

-

0.24 0.21

-

18.67 27.95

-

2.82 1.99

-

45.26 19.16

-

82.70 109.0

Table 2. Values of studied physical parameters of soils in different treatments through consecutive years and the
calculated CD value
Soil moisture content
(%)
Treatment

Soil water holding
capacity (%)

Soil texture
Gravel

Initial
value

2015
(Nov.)

2016
(Nov.)

Initial
value

2015
(Nov.)

2016
(Nov.)

CTRL

6.43
±
0.13

2.71
±
0.23

11.86
±
0.37

83.60
±
0.69

81.47
±
0.35

CDCF

6.43
±
0.13

3.54
±
0.24

11.88
±
0.39

83.60
±
0.69

CDRA

6.43
±
0.13

3.04
±
0.11

12.20
±
0.15

ODAC

6.43
±
0.13

3.38
±
0.10

ODAO

6.43
±
0.13

CD Value
at 5% level

-

Sand

Fine

Initial
value

2015
(Nov.)

2016
(Nov.)

Initial
value

2015
(Nov.)

2016
(Nov.)

Initial
value

2015
(Nov.)

2016
(Nov.)

83.20
±
0.46

0.00

0.00

0.00

77.76
±
0.56

69.38
±
0.53

77.16
±
0.34

23.24
±
0.35

30.62
±
0.97

22.84
±
0.81

84.40
±
0.40

84.80
±
0.23

0.00

0.00

0.00

77.76
±
0.56

93.66
±
1.15

74.76
±
0.63

23.24
±
0.35

6.34
±
0.31

25.24
±
0.58

83.60
±
0.69

86.00
±
0.83

85.87
±
0.35

0.00

0.00

0.00

77.76
±
0.56

89.51
±
1.01

71.40
±
0.64

23.24
±
0.35

10.49
±
0.81

28.60
±
0.40

11.38
±
0.16

83.60
±
0.69

86.80
±
1.22

87.33
±
0.58

0.00

0.00

0.00

77.76
±
0.56

83.22
±
0.90

68.20
±
0.25

23.24
±
0.35

16.78
±
0.50

31.80
±
0.56

3.34
±
0.13

12.13
±
0.37

83.60
±
0.69

85.73
±
0.35

86.80
±
0.83

0.00

0.00

0.00

77.76
±
0.56

83.62
±
0.46

68.50
±
0.42

23.24
±
0.35

16.38
±
0.51

31.50
±
0.52

0.56

1.07

-

2.06

1.72

-

-

-

-

2.37

1.36

-

2.35

0.90

RESULTS AND DISCUSSION
Values of the studied soil attributes are presented in
the Tables 1, 2 and in Figure 1. Results highlight that
in most of the cases, the physico-chemical
parameters varied significantly (p<0.05) between and
among the soil treatments with different chemical
and organic fertilizer doses as well as with that of
control soil.
AN value in soil is 250.96 ± 5.64 kg/ha at the
initiation of experiment but after two years of
experiments it is found to change differentially
through various treatments. In untreated soil (CTRL),
quantification of AN is found to decrease steadily to
212.15 ± 5.64 kg/ha whereas the maximum increase
of AN is observed in CDCF treated soil (307.88 ±
9.33 kg/ha). In CDRA, the AN value (306.58 ± 14.69
kg/ha) is rather similar to CDCF. Interestingly, the
AN value in ODAC treated soil (301.41 ± 5.64
kg/ha) is also not found to differ significantly from
CDCF and CDRA. The organic treatment ODAO
yield 278.13 ± 3.42 kg/ha AN which varied
significantly (p<0.05) than control as well as CDCF,
CDRA but not in ODAC. Therefore, the proposed
organic dose ODAC possesses potentiality for
increasing soil available nitrogen in an organic
manner.

AP is found to differ significantly (p<0.05) in various
treatments in both the years of experiments. The
initial value of phosphorus in untreated soil is 20.19
± 2.35 kg/ha and after two years of experiments it is
reached to 32.34 ± 0.90 kg/ha (60.18 % increase) in
CDCF and 30.30 ± 0.95 kg/ha (50.07 % increase) in
CDRA. Thus, the present organic treatment
performed (ODAC) also demonstrated good
improvement of soil fertility by increasing the
percentage of phosphorus (42.94 %) in soil with
respect to initial untreated soil. However, ODAO
treatment is not sufficient to enhance the range of AP
in soil from medium to high grade.
The amount of AK in the experimental field
originally was 254.32 ± 9.92 kg/ha which is
considered to be medium in rating as per Mandal et
al. (2016). Following two years’ of experiments it
enhances in rating in all categories of soils treated
with organic fertilizer as well as with inorganic
chemical fertilizers. The maximum increase is
recorded in CDCF (39.95 %) followed by ODAC
(38.47 %). Such an increase is rather higher in
CDRA (35.90 %). ODAO treatment shows 29.12 %
of increase over the initial value. Similar observation
is also reported earlier by Hove (1989), Ram et al.
(1994), Wagner (1997) among others.
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TN is directly related with soil organic matter. In the
present investigation, two categories of organic
treatments are applied in the form of direct
application of Azolla and cow dung. The maximum
TN is found 4327.40 ± 26.67 kg/ha in the ODAC
treatment showing 36.41 % increase in relation to the
initial value followed by CDCF (18.93 % increase)
and ODAO (14.08 % increase), thereby supporting
earlier reports of Singh and Singh (1987), Ram et al.
(1994), Ladha et al. (2000) among others.
Percentage of OC and OM are initially high in the
experimental field but both these parameters varied
significantly (p<0.05) among different treatments.
The maximum increase reaches to 1.51± 0.04 % in
ODAC followed by ODAO (1.28± 0.06 %). Rise of
OC and OM are always observed higher in organic
treatments (Singh and Singh, 1987; Singh and Singh,
1990; Satapathy, 1993 and Ram et al., 1994) rather
than chemical treatments and similar tendency is also
noted in the present investigation. Percentage of
escalations are 67.78%, 42.22%, 27.78% and 24.44%
in ODAC, ODAO, CDCF and CDRA treated soils
respectively but the soil of CTRL is found to be
reduced in respect of both OM and OC (2.22 %) after
two years’ cultivation. The organic carbon also
shows the similar trend which is concomitant with
the views of Singh and Singh (1987).
EC values of soils in all sets are always < 1.0
throughout the experimental periods, which indicates
that the soils are in normal range (Mandal et al.,
2016). The values measured in soils of different
treatments are not varied significantly excepting for
ODAC set in 2016.
The soil pH differs significantly (p<0.05) only in
ODAC with respect to other treatments in 2016;
while in 2015, CTRL is differed with others. Present
experiment suggests that application of cow dung
and Azolla makes soil slightly acidic, corroborating
Ram et al. (1994), although it contradicts with
Awodun (2008).
MC of soils did not show significant changes in
different treatments during the experimental period;
however, in 2015, the CDCF and the organic doses
ODAC, and ODAO treated soils show significant
increase with respect to control.
WH of soils varied significantly (p<0.05) in both the
years (2015 and 2016). The initial value of water
holding capacity is noted to 83.60 ± 0.69 % but it is
changed in different treated soils after two years of
experiments, reaching maximum of 87.33 ± 0.58 %
in (ODAC) treatment followed by ODAO. The
maximum increase of 4.46 % over initial value is
found in ODAC whereas it is 1.44% and 2.72 % in
CDCF and CDRA respectively. In CTRL, 0.48 %
decrease over the initial value is observed.
The physical characteristics of the soils (ST) such as
percentage of gravel, sand and fine are found to show
significant variations (p<0.05) in differently treated
soils. The percentage of fine increases steadily in the
soils treated with organic fertilizers than the soils

treated with chemical fertilizers and this change may
be due to addition of humus in the soils and it
definitely affects the soils in positive direction in
long run.
Azolla incorporation in rice field improves the
release of nitrogen and other nutrient sources (Tung
and Shen, 1985; Wagner, 1997) apart from
enhancing phosphorus uptake by the rice plants
(Mian and Azmal, 1989). The present investigation
highlights the significance of organic treatments with
the application of Azolla and cow dung in rice field
over the chemical treatments for enhancing soil
fertility thereby supporting Wagner (1997). Azolla is
reported to possess great potassium accumulating
ability in low potassium environment (Hove, 1989)
and hence the organic matters of the species improve
soil available potassium pool. Soil fertility is also
influenced by humic substances formed during the
decomposition of organic matter (Bhardwaj and
Gour, 1970). Continuous applications of organic
matter along with its residual effect (Mahapatra and
Sharma, 1989; Ladha et al., 2000) improve soil
fertility by increasing organic carbon, organic matter,
total nitrogen, available NPK, water holding capacity
and finally by improving soil texture (Hove, 1989;
Singh and Singh, 1990; Satapathy, 1993; Ram et al.,
1994; Wagner, 1997; Dong et al., 2012; Yadav et al.,
2014).
CONCLUSION
The present study suggests that the application of
Azolla as organic manure has positive effects in
improving soil fertility but the combined application
of Azolla and cow dung demonstrated pronounced
effects. The soils of the investigated rice field plot
and its surroundings in Chandipur area in North 24
Paarganas district of West Bengal are with high
organic matter but with low nitrogen content and this
problem might be overcome by sustainable
application of Azolla and cow dung. As such, the
present proposed organic dose of Azolla (900
kg/hectare land) and cow dung (3150 kg/hectare
land) can be successfully applied in the cultivated
fields in the locality for improving soil health as well
as for promoting sustainable rice farming.
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Abstract: The krishi viggan Kendra will impact training through work experience and hence will be concerned with
technical literacy . The syllabus and programme of each Kendra Will be tailored according to the felt needs natural resources
and for the rural development. K V K were started for the benefits of rural women, young girls and school droupouts with
special emphasis on women. The study was conducted in 3 KVK & each KVK selected two block and three villages in each
block. Ten respondents (women) were randomly selected from each villages. Thus total samples of 180(women) respondents
Approximate women takes participated in KVKS training programme like products daliya making, bari making & papad
making programme.
Keywords: Training of KVK, Impact of decision making, Socio- economic Condition

INTRODUCTON
n Indian society, women’s place has primarily
been confined to the home and her role is limited
to procreation, rearing of children and catering the
needs of men folk by way of creating comforts.
Usually women perform multiple duties by
combining all types of household work including
child care with such other jobs husbandry etc.
depending upon the opportunities affected by the
complex socio- economic and organization structure
of the life they spend 3-4 hours in agriculture
production 2-5 hours in food processing arid
preparation and 05-3 hours in colleting fuel and
water and a further 1-5 hours in her work as a
production of craft and marketing (Leslie-1988)
Rural woman cannot be trained and educated through
formal and long term system as they have their own
culture, value system, mode of communication
commitment to work and responsibilities to family.
Thus it was felt that some professional approach to
the task of home making and family management be
made through institution Hence in 1973 Indian
council of agricultural research (ICAR) constituted a
committee under Chairmanship of Dr. Mohan Singh
Mehta of Seva Mandii Udaipur (Rajasthan) to work
out a detailed plan for improving agriculture
development. Committee submitted its report in 1974
and first Krishi Vigyan Kendra come in existence in
the same year. First Krishi Vigyan Kendra (KVK)
was established in 1974 at Panduchery under the
administrative control of Tamil Nadu State
Agricultural Aniversity.
The Kendra will impact training through work
experience and hence will be concerned with
technical literacy. KVK raises knowledge of ruler
woman and give information about technology.

I

Training of the ruler woman in agriculture as well as
home science has been a very important programme
of the KVK.
The present study was conducated with following
specific abjective.
1. To identify different areas of training programme
organized by KVK for woman development.
2. Identify the benefits provided by the KVK for
woman and know the impact of decision-making,
socio-economic status.
METHODOLOGY
The study was carried out in area of Uttar Pradesh
The selection of the problem was based on the
importance of KVK in India. The KVK empowering
the households has got bearing on the family income
and also influence the social by namics. There KVK
namely Dariyapur District. Raebareli, KVK
thariyoan district Fatehpur and Tulsi district
Chitrakoot were selected purposively. The selection
of block and village were made on random basis
blocks Satawn & Amawa in Raebareli district Haswa
& Vijaypur in Fatehpur district and Karvi & Pahadi
in Chitrakoot district this gave raise sample of 180
woman respondents were drawn from Eighteen
village timely for the study. The responedents were
interviewed personally with the help of structured
schedules. Appropriate statistical tools were used for
analysis of data.
RESULTS AND DISCUSSION
The findings of the present study are presented here
under.
Identify different areas of training programme
organized by KVK for woman development.
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Table 1. Various programme run by KVK for woman development.
S.No.
Kinds of Programme
Period
Raising of seedling and nursery Management
6 days
1
Cut size of potato tuber treatment
2 days
2
Cultivation of fruits & vegetable
2 days
3
Plant propagation technique
2 days
4
Post harvest technology
2 days
5
Dairy Management
2 days
6
Poultry management
2 days
7
Disease management in cattle
2 days
8
Feed management
2 days
9
Production technologies
2 days
10
Integrated farming system
2 days
11
IPM in gram, rice & mustard
2 days
12
Preservation of fruit & vegetable
2 days
13
cutting & stiching of ladies garments
10 days
14
Embroidery work
4 days
15
Clean milk Production
7 days
16
Rearing of Calves & kids
2 days
17
Mushroom, production
3 days
18
Bee- keeping
2 days
19
Sericulture
2 days
20
Kitchen gardening
2 days
21
Utilization into milk by changing them into milk
1 days
22
products
Daliya Making
2 days
23
Bari Making
2 days
24
Papad Making
2 days
25
It is observed from Table No-1 that ‘’raising of
seedling, cut size of potato tuber treatment,
cultivation of fruits and vegetable, plant protection
technique,
Post
harvest
technology,
dairy
management, Poultry management, IPM technique,
preservation of fruit and vegetable, cutting and

No. Of women
15
11
10
10
10
15
5
15
5
3
13
6
15
15
20
15
15
2
5
5
15
20
20
20
20

stitching of ladies garment, Embrodry work, clean
milk Production, rearing of calves & kids, kitchen
gardening, utilization int milk by changing into milk
products, daliya making, bari making and Pabad
making programme were organized by KVK for
women development.

Table 2. Impact assessment of wome in decision making process.
Joint

Male

S.No.
Indicator of decision

Before

Female

After

Before

After

Before

After

A

Agriculture related

1

Selection of crop and variety

120
(66.7)

42
(23.3)

40
(22.2)

72
(40.0)

20
(11.1)

66
(36.7)

2

Management of production activites

93
(51.7)

82
(45.6)

58
(32.2)

46
(25.6)

29
(16.1)

52
(28.8)

3

Purchasing inputs for production

88
(48.9)

71
(39.4)

62
(34.4)

59
(32.8)

30
(16.7)

50
(27.8)

4

Cattle and poultry rearing

29
(16.9)

19
(10.5)

39
(21.7)

32
(17.8)

112
(17.8)

129
(71.7)

5

Sale of crop/spices cattle and poultry

105
(58.3)

56
(31.1)

45
(25.0)

49
(27.2)

30
(16.7)

75
(41.7)

6

Home stead gardening

80
(44.5)

46
(25.5)

76
(42.2)

53
(29.4)

24
(13.3)

82
(45.6)
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7

Post harvesting operations of crop

56
(31.1)

50
(27.8)

68
(37.8)

78
(43.3)

56
(31.1)

52
(28.9)

8

Land preparation

52
(28.9)

21
(11.7)

69
(38.3)

94
(52.2)

59
(32.8)

65
(36.1)

9

Sowing

82
(45.6)

49
(27.2)

65
(36.1)

76
(42.2)

33
(18.3)

55
(30.6)

10

Transplanting

81
(45.0)

45
(25.0)

55
(3.6)

75
(41.7)

44
(24.4)

60
(33.3)

11

Application of pesticides

90
(50.0)

60
(33.3)

48
(26.7)

55
(30.6)

42
(23.3)

65
(36.1)

12

Storage

60
(33.3)

40
(22.2)

70
(38.9)

78
(43.3)

50
(27.8)

62
(34.5)

13

Packaging

78
43.3)

74
(41.1)

80
(44.5)

84
(46.7)

22
(12.2)

22
(12.2)

Transport of market

80
(44.5)

60
(33.3)

70
(38.9)

88
(48.9)

30
(16.7)

32
(17.8)

85.3
22.1

51.0
18.1

59.9
14.0

67.1
18.1

41.5
23.8

61.8
24.8

14

Mean
SD
't' test

4.438*

1.852

4.179**

** Signficant at 1.0% level
Table 2 reveals that before training of women,
decision making participation by male in agriculture
related activities like in selection of crop variety was
66.7%, management of production activities 51.7%,
purchasing inputs for production 48.9%, cattle and
pultry rearing 16.9%, in sale of crop cattle and
poultry 58.3%, home stead gradening 44.5%, post
harvesting operation of crop 31.1% land preparation
28.9%, land preparation 28.9%, sowing 45.6%,
transplanting 45%, application of pesticides 50%,
storage 33.3%, packaging 43.3%, transportation
44.4%. After training of women, decision making
participation by male n selection of crop variety was
23.3%, management of production activities 45.6%,
purchasing inputs for production 39.4%, cattle and
poultry rearing 10.5%, in sale of crop cattle and
poultry 31.1%, home stead gardening 25%, post
harvesting operation of crop 27.8%, land preparation
11.7%, sowing 27.2%, transplanting 25%,
application of pesticides 33.3%, storage 22.2%,
packaging 41.1%, transportation 33.3%. The mean of
mafe participation in decision making during all the
activities before and after training of women was
85.3 and 51.0 repectively. The t value was found to
be significant at 1% level of significance.
It was found that before training of women, decision
making participation jointly by male and female in
selection of crop variety was 22.2%, management of
production activities 32.2%, purchasing inputs for
production 34.4%, cattle and poultry rearing 21.7%,
sale of crop, cattle and poultry 25%, home stead

gardening 42.2%, post harvesting operation of crop
37.8%, land preparation 38.3%, sowing 36.1%
packaging 44.5%, transportation 38.9%. After
training of women, decision making participation
jointly by male and female in selection of crop
variety was 40%, management of production
activities 25.6%, purchasing inputs for production
32.8%, cattle and poultry rearing 17.8%, sale of crop
cattle and poultry 27.2%, home stead gardening
29.4%, post harvesting operation of crop 43.3%, land
preparation 52.2%, sowing 42.2%, transplanting
41.7%, application of pesticides 30,6%, storage
43.3%, packaging 46.7%, transportation 48.9%. The
mean of male and female participation jointly
decision making during all the activities before and
after training of women was 67.1 and 41.5
respectively. The t value was found to be non
significant at 1% level of Significance.
It was studied that before training of women,
decision making participation by female in selection
of crop variety was 11.1%, in management of
production activities 16.1%, in purchasing inputs for
production16.7%, cattle and poultry rearing 62.2%,
in sale of crop cattle and poultry 16.7%, home stead
gardening 13.3%, post harvesting operation of crop
31.1%, land preparation 32.8%, transplanting 24.2%,
application of pesticides 23.3%, storage 27.8%,
packaging 12.2%, transportation 16.7%. After
training of women, decision making participation by
female in selection of crop variety was 36.7%, in
management of production activities 28.8%,
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purchasing inputs for production 27.8%, cattle and
poultry rearing 71.7%, sale of crop cattle and poultry
41.7%, home stead gardening 45.6%, post harvesting
operation of crop 28.9%, land preparation 36.1%,
sowing 3.6%, transplanting 33.3%, application of
pesticides 36.1%, in strorage 34.5%, packaging

12.2%, transportation 17.8%. The mean of femal
participation decision making during all the
agriculture related activities before and after training
of women was 41.5 and 61.8 respectively. The t
value was found to be significant at 1 % level of
significance.

Table 3. Impact assessment of women in decision making process
S.
No.
B.

Joint

Before

After

Marriage of girls/ Boys

80
(44.5)

42
(23.3)

Education of Children

55
(30.6)

Lone arrangement

Before

Female
After

Before

After

60
(33.3)

60
(33.3)

40
(22.2)

78
(43.4)

45
(25.0)

75
(41.7)

70
(38.9)

50
(27.7)

65
(36.1)

80
(44.5)

60
(33.3)

65
(36.1)

75
(41.7)

35
(19.4)

45
(25.0)

Purchasing

50
(27.8)

40
(22.2)

70
(38.9)

75
(41.7)

60
(33.3)

65
(36.1)

Saving

74
(41.1)

45
(25.0)

55
(30.6)

75
(41.7)

51
(28.3)

60
(33.3)

Expenditure of festivals

35
(19.4)

35
(19.4)

88
(48.9)

80
(44.5)

57
(31.7)

65
(36.1)

Participation in marketing

78
(43.4)

65
(36.1)

57
(31.7)

65
(36.1)

45
(25.0)

50
(27.7)

Interaction with outsider

80
(44.5)

48
(26.7)

55
(30.6)

72
(40.0)

45
(25.0)

60
(33.3)

Asset building

95
(52.7)

73
(40.6)

55
(30.6)

67
(37.2)

30
(16.7)

40
(22.2)

Family day to day Expenditure

40
(22.2)

40
(22.2)

72
(40.0)

72
(40.0)

68
(37.8)

68
(37.8)

Going outside of home

80
(44.5)

65
(36.1)

65
(36.1)

70
(38.9)

35
(19.4)

45
(25.0)

Medical treatment

65
(36.1)

58
(32.2)

60
(33.3)

67
(37.2)

55
(30.6)

55
(30.6)

Entertaining guests

79
(43.9)

67
(37.2)

68
(37.8)

68
(37.8)

33
(18.3)

45
(25.0)

65
(36.1)

57
(31.7)

65
(36.1)

67
(37.2)

50
(27.7)

56
(31.1)

68.3
17.4

52.9
12.1.

65.0
9.3

70.2
8.7

46.7
11.2

56.9
10.9

Non-agriculture related

1
2
3
4
5
6
7
8
9
10
11
12
13

14

Male

Indicator of decision

Buying and purching household
material
Mean
SD
't' test

5.031**
*

Significant at 5.0% level

** Significant at 1.0% level

2.474*

4.139**
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Table 3 revealed that for non agriculture related
activities male participation before training of
women in marriage of boys/girls was 44.5%, in
education of children 30.6%, loan arrangement
44.5%, purchasing 27.8%, saving 41.1%, expenditure
of festivals 19.4%, participation marketing 43.3%,
interaction with outsider 44.4%, asset building
52.7%, family day to day expenditure 22.2%, going
outside of home 44.5%, medical treatment 36.1%,
entertaining guest 43.9%, buying household material
36.1%. After training of women male participation in
various activities like marriage of boys/girls was
23.3%, education of children 25%, loan arrangement
43.3%, purchasing 22.2%, saving 25%, expenditure
of festivals 19.4%, participation marketing 36.1%,
interaction with outsider 26.7%, asset building 40.6%
family day to day expenditure 22.2%, going outside
of home 36.1%, medical treatment 32.2%,
entertaining guest 37.2%, buying household material
31%. the mean value of male participation before and
after training of women was 68.3 and 52.9
respectively. The t value was found to be significant
at 1% level of significance.
It reveals that for non agriculture related activities
joint participation of male & female before training
of women in marriage of boys/ girls was 33.3%,
education of children 41.7%, loan arrangement
36.1%, purchasing 38.9%, saving 30.6%, expenditure
of festivals 48.9%, participation marketing 31.7%,
interaction with outsider 30.6%, asset building
30.6%, family day to day expenditure 40%, going
outside of home 36.1%, medical treatment 33.3%,
entertaining guest 37.8%, buying household material
36.1%, After training of women joint participation in
various activities like marriage of boys/girls was
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33.3%, education of children 38.9%, loan
arrangement 41.7%, purchasing 41.7%, saving
41.7%, expenditure of festivals 44.5%, participation
marketing 36.1%, interaction with outsider 40%,
asset building 37.2%, family day to day expenditure
40%, going outside of home 38.9%, medical
treatment 37.8%, entertaining guest 37.8%, buying
household material 37.2%. The mean value of joint
participation before and after training of women wa
65.0 and 70.2 respectively. The t value was found to
be significant at 5.0% level of significance.
The above table indicates that non agriculture related
activities female participation before training of
KVK, women taking decision marriage of boy/girls
22.2%,
education
of
children
27.7%,loan
arrangement 19.4%, purchasing 33.3%, saving
28.3%, expenditure of festivals 31.7%, participation
marketing 25%, interaction with outsider 25%, asset
building 16.7%, family day to day expenditure
37.8%, going outside of home 19.4%, medical
treatment 30.6%, entertaining guest 18.3%, buying
household material 27.8%. After training of women
taking decision various activities like marriage of
boys/girls was 43.4%, education of children 36.1%,
loan arrangement 25%, purchasing 36.1%, saving
33.3%, expenditure of festivals 36.1%, participation
in marketing 27.8%, interaction with outsider 33.3%,
asset building 22.2%, family day to day expenditure
37.8%, going outside of home 25%, medical
treatment 36.6%, entertaining guest 25%, buying
household material 31.1% The mean value of female
participation before and after training of women was
46.7 and respectively. The I value was found to be
significant at 1.0% level of significance.

Table 4. Impact assessment of women in socio-economic status
Male

S.
No.

Joint

Female

Statements
Before

After

Before

After

Before

After

Mobility

60
(33.3)

55
(30.6)

65
(36.1)

65
(36.1)

55
(30.6)

60
(33.3)

2

Recognition in family

80
(44.4)

52
(28.9)

55
(30.6)

63
(35.0)

45
(25.0)

65
(36.1)

3

Recognition in community

4

Interaction with outsider

72
(40.0)
85
(47.2)

53
(29.4)
53
(29.4)

5

Literacy/education

50
(27.8)

61
(33.9)
56
(31.1)
40
(22.3)

75
(41.6)

56
(31.1)
56
(31.1)
80
(44.4)

55
(30.6)
42
(23.4)
55
(30.6)

63
(35.0)
68
(37.8)
60
(33.3)

6

Access to health services

45
(25.0)

40
(22.2)

65
(36.2)

70
(38.9)

70
(38.9)

70
(38.9)

7

Access to sanitation services

60
(33.3)

42
(23.4)

65
(36.2)

65
(36.7)

55
(30.6)

73
(40.5)

70
(38.9)

55
(30.6)

79
(43.9)

80
(44.4)

31
(17.2)

45
(25.0)

110
(61.1)

92
(51.1)

40
(22.2)

45
(25.0)

30
(16.6)

43
(23.9)

1

8

Access to immunization

9

Access to credit sources
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10

Assist Bulding

125
(69.4)

115
(63.9)

35
(19.4)

40
(22.2)

20
(11.4)

25
(13.9)

11

Skill

86
(47.8)

65
(36.1)

52
(28.9)

65
(36.1)

42
(23.3)

50
(27.8)

105
(58.3)

85
(47.2)

35
(19.4)

40
(22.3)

40
(22.3)

55
(30.6)

110
(61.1)

63
(35.0)

55
(30.6)

64
(35.6)

15
(8.3)

53
(29.4)

60
(33.3)

40
(22.3)

73
(40.6)

56
(31.1)

70
(38.9)

40
(22.3)

17
(9.4)

55
(30.6)

85
(47.2)

98
(54.5)

56
(31.10)

35
(19.4)

56
(31.1)

70
(38.9)

12

Voicing your concern

13

Family Income

14

Nutrition's awareness

15

Family planning awareness

68
(37.8)

75
(41.6)
65
(36.1)

75
(41.6)

16

Girls, child development awareness

17

Health awareness

56
(31.1)

37
(20.6)

72
(40.0)

78
(43.3)

52
(28.9)

65
(36.1)

18

Decision making related to child
centered

83
(46.1)

58
(32.2)

55
(30.5)

63
(35.0)

42
(23.4)

59
(32.8)

19

Decision making related to money
centered.

118
(65.5)

63
(35.0)

52
(28.2)

64
(35.5)

10
(5.6)

53
(29.5)

Participation in development programme
Mean
SD

121
(67.2)
79.6
17.4

95
(52.8)
52.9
12.1

41
(22.8)
65.0
9.3

50
(27.8)
70.2
8.7

18
(10.0)
43.2
18.8

35
(19.4)
58.7
15.4

20

't' test

5.031**

6.969**

6.567**

** Significant at 1.0% level

Table4. revealed that impact on women in socioeconomic status before training of women, it was
found that male participation in mobility was 33.3%,
recognition family 44.4%, recognition community
40%,
interaction
with
outsider
47.2%,
literacy/education 27.8%, access to health services
25%, credit sources 61.6%, assist building 69.4%,
skill 47.8%, voicing concern 58.3%, family income
61.1%, nutrition awareness 33.3%, family planning
awareness 22.2%, girls/child development awareness
31.1%, health awareness 31.1%, decision making
related to child centered 46.5%,%, decision making
related to money centered 65.5%, participation
development programme 67.2%. After training of
women male participation mobility was 30.6%,
recognition family 28.9%, in recognition community
33.9%,
interaction
with
outsider
31.1%,
literacy/education 22.3%, access to health services
22.2%, access to sanitation service 23.4%, access to
immunization 30.6%, access to credit sources 51.1%,
assist building 63.9%, skill 36.1%, voicing your
concern 47.2%, family income 35%, nutrition
awareness 22.3%, family planning awareness 9.4%,
girls/child development awareness 19.5%, in health
awareness 20.6%, in decision making related to child
centered 32.2%, decision making related to money
centered 35%, participation development programme
52.8%. the mean value of male participation before
and after training of women was 79.6 and 52.9

respectively and found to significant at 1% level of
significant.
Table clearly indicates before training of women,
joint participation of both male and female in
mobility was 36.1%, recognition family 30.6%,
recognition community 29.4%, interaction with
outsider 29.4%, literacy/education 41.6%, access to
health services 36.2%, access to sanitation service
36.1%, in access immunization 43.9, in access to
credit sources 22.3%, in assist building 19.4%,in skill
28.9%, in voicing your concern planning awareness
30.6%, in girl/child development awareness 37.8%,
in health awareness 40%, in decision making related
to child centered 30.5%,%, in decision making
related to money centered 28.8%, in development
programme 22.8%. After training of women joint
participation by both male and female in mobility
was 36.1%, in recognition in family 35%, in
recognition in community 31.1%, in interaction with
outsider 31.1%, in literacy/education 44.4%, in
access to health service 38.9%, in access to sanitation
service 36.7%, in access to immunization 44.4%, in
access to credit sources 25%, in assist building
22.2%, in skill 36.1%, voicing your concern 22.3%,
in family income 35.6%, in nutrition awareness
41.6%, in family planning awareness 36.1%, in
girls/child development awareness 41.6%, in health
awareness 43.3%, in decision making related to child
centered 35%,in decision making related to money
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centered 35.5%, participation in development
programme 27.8%. The mean of joint participation of
male and female before and after training was 65.0
and 70.2 respectively. The t value was found to be
significant at 1% level of significance.
While assessing impact on women in socio-economic
status before training of women, it was found that
female participation in mobility was 30.6%, in
recognition in family 25%, in recognition in
community 30.6%, in interaction with outsider
23.4%,in literacy/education 30.6%, in access to
health services 38.9%, in access to sanitation service
30.6%, in access to immunization 17.2, in access to
credit sources 16.6%, in assist building 11.1%, in
skill 23.3%, in voicing concern 22.3%, in family
income 8.3%, in nutrition awareness 26.1%, in
family planning awareness 47.2%, in girls/child
development awareness 31.1%, in health awareness
28.9%, in decision making realated to child centered
23.4%,%, in decision making related to money
centered 5.6%,in participation in development
programme 10%. After training of women female
participation in mobility was 33.3%, in recognition in
family 36.1%, in recognition in community 35%, in
interaction with outsider 37.8%,in literacy/education
33.3%, in access to health services 38.9%,in access
to sanitation service
40.5%, in access to
immunization 25%, in access to credit sources
23.9%, in assist building 13.9%,in skill 27.8%, in
voicing concern 36.6%, in family income 29.4%, in
nutrition awareness 36.1%,in family planning
awareness 55.5%, in girls/child development
awareness 38.9%,in health awareness 36.1%, in
decision making related to child centered 32.8%,in
decision making related to money centered 29.5%,in
participation in development grogramme 19.4%. The
mean value of female participation before and after

training of women was 43.2 and 58.7 respectively
and ‘t’ value was found to be significant at 1% level
of significant.
CONCLUSION
On the basis of study it may be concluded that
undoubtly KVK training programme has created
condions raising the decision Making and socioeconomic status of rural women. Impact of overall
traing programme on rural women in decision
making power, socio-economic status. after training
the women take decision in agriculture and nonagriculture related activities and her confidence level
is improve.
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Abstract: Regeneration patterns of species population can address climate change by adaptive evolution or by migrating
association to survive in their favorable climate and finally decided to particular forest future. The main aim is to study to
know the regeneration status of R. arboreum, R. barbatum, (2800 masl.) R. campanulatum, (3200 masl.) and R. anthopogon
(3800 masl.) along the altitudinal gradient. In this paper we examined the status of regeneration potential of tree and bushy
species in temperate forest, sub-alpine forest, and alpine forest at Kedarnath Wildlife Sanctuary, Tungnath-Chopta in
Western Himalaya. To seedling population and distribution, we examine regeneration status in 80 random plots in study
area. Total four species of rhododendron genera belonging to Ericaceae family out of which 28 seedlings of R. arboreum,
12 seedlings of R. barbatum, 23 seedlings of R. campanulatum and 33 seedlings of R.anthopogon were found in the forest.
On the basis of importance value index R. arboreum followed by R.anthopogon have been found in good regeneration
phage in comparison to other two species in the study area. Whereas, R. barbatum was found in poor regeneration phage in
the study area. R. campanulatum and R. anthopogon were found above the treeline indicating that the climatic conditions
were favourable for their growth. The height, diameter and density of the species differed along the elevational gradient and
showed a species specific trend. Regeneration Potential of R. anthopogon (33 seedlings) was high in comparison to other
three species followed by the second high regeneration potential i.e. R. arboreum (28 seedlings). Whereas, regeneration
potential of R. campanulatum (23 seedlings) was higher in compare to R. barbatum (12 seedlings).
Keywords: Kedarnath Wildlife Sanctuary, Regeneration status Treeline, Elevation gradient, Density

INTRODUCTION

N

atural regeneration is the process by which
juvenile plants and coppice that have
established naturally replace plants which have died
or have been killed. Over time following a
disturbance, the growth of naturally regeneration will
reestablished canopy trees. Natural regeneration
system exploit existing seed and seedling banks and
circumvent the problem of obtaining healthy planting
stocks. R. arboreum, R. barbatum, R. campanulatum,
R. antrhopogon and R. lapidotum naturally occur in
Western Himalaya, at Tungnath- Chopta region of
Kedarnath Wildlife sanctuary. Western Himalaya,
although dry and less dense as compaired to the
Eastern Himalaya, is still one of the rich floristic
regions of India (Meher-Homji, 1978). These all
Rhododendron species is an ornamental shrub or
trees with delicate different colour flower (R.
arboreum colour- pinkish red, R.barbatum- deep red,
R. campanulatum- violet whitish, R. anthopogon yellow). R. arboretum and R. barbatum found in
study area at 2800 to 3000mt., R. campanulatum
found at sub alpine region 3100m. to 3400m. and at
alpine region R. anthopogon found 3500 to 4000m.
these all four species grows in temperate, sub
temperate and alpine region. The mother plant of R.
arboreum and R. barbatum was found in tree habitat,
R. campanulatum was in creeper bushes habitat,
found near tree line and R. anthopogon was in small

bushes habitat. The limitation of its popularity may
be its regeneration difficulty. Natural regeneration is
also decreased by forest fire. The most likely to
survive in moist, sheltered sites where the root have
access to mineral soil (Cross, 1981; Shaw, 1984;
Tabbush & Williamson, 1987). The regeneration of
Rhododendron species is an endangered because of
human’s disturbance, local communities cut majority
of mother plants of Rhododendron for fuel which is
playing important role in the decreased of
Rhododendron species. Whereas, these plants are
generally avoided by grazing animals, thus giving
Rhododendron a significant advantage over native
vegetation(Cross, 1981; Shaw, 1984; Tabbush &
Williamson, 1987). The regeneration of R. arboreum
and R. barbatum is also affected by big trees of Q.
semicarpifolia and Taxus baccata because shadow of
big trees and frost play important role to decrease the
regeneration of Rhododendron species because frost
cause cold injury in new seedlings. Dense canopy of
trees decreased the regeneration of R.arboreum and
R. barbatum. Proper management, such as thinning
of canopy areas should improve growth and
establishment of the new generation.
Rhododendrons are the prominent marker flowering
species of Himalayan region and best indicator for
climate change studies. To study the impact of
climate change on the vegetation structure and
phenology of Rhododendron species, our research
work started in Chopta-Tungnath area of
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Rudraprayag district of Uttarakhand. An effort has
been made to study the vegetation composition of
various Rhododendrons species. The aim of this part
of study is to know the regeneration pattern of
various Rhododendron species and its habitat, in
Western Himalayas. The selected area is very rich in
vegetation diversity and all altitudinal gradients from
2800 to 3800 m asl. altitude was available in one
transect with availability of all four Rhododendron
species undertaken for study.
STUDY SITE AND CLIMATE
The present study was carried out along an altitude
gradient from temperate (2800 masl.) to alpine
region (3800 masl.) of Chopta - Tungnath region of
Rudraprayag district of Uttarakhand. It lies in
Western Himalaya between the latitude 30.74 N and
longitude 79.49 E. A total three sites were selected
different altitude ranges from 2800-3800 masl.
altitude to examine the regeneration status of four
Rhododendron species. The climatic pattern of study
site is typical temperate to the sub arctic climate. The
climate as well as vegetation varies here drastically
along with altitude.

Chandersila (III site 3400-4000 m)
R. anthopogon& R. lapidotum

METHODOLOGY
The chopta- tungnath area was selected for the
regeneration study because all the four species of
Rhododendron are naturally distributed at different
altitude in the sites. The four species undertaken for
study were R. arboreum, R. barbatum, R.
campanulatum, R. antrhopogon. The regeneration
study was carried out by Quadrate method by
calculating diameter, height and number of seedlings
in per Quadrates. At each site of three altitude (2800
masl., 3400 masl., 3800 masl.) we laid four
Quadrates in each sites (East, West, North, South ).
Three study site were selected for the study of
regeneration. At site first Chopta (2800 masl.), two
species were found in natural condition and
regenerate naturally, which were R. arboreum, R.
barbatum, one species at sub alpine region at site
second (3400 masl.) R.campanulatum and at site
third 3600 masl. alpine species R.anthopogon found
in natural condition. A Quadrate 1X1 mt. was laid
out at each altitude (2800 masl., 3400 masl., 3800
masl.), four direction(East, West, North, South)for
regeneration studies and each site five quadrate 2800
masl., 3400 masl., 3800 masl. was laid. Population
structure of all the species occurring in each site was
studied using quadrate method. Density, frequency
and Abundance of the species were determined from
the sampled area.

Site II (3000-34000 m)

Tungnath temple
R. campanulautum

Bujgali

Site I (2800 m)

CHOP
TA

R.arboreum R. barbatum

Fig. 1. Diagrammatic representation of study area
areaarea.occuspecies

1. Quantitative analysis such as density, frequency and abundance of tree species, shrubs and herbs species were
determined as per Curtis and McIntosh (1950).
(a) Density
=
Total number of individual of a species in all quadrates
Total number of quadrates studied
(b) Frequency (%) =

(c) Abundance

=

Number of quadrates in which the species occurred
Total number of quadrate studied
Total number of individuals of a species in all quadrates
Total number of quadrates in which the species occurred

× 100
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(d) Relative density =

(e)

Relative frequency =

(f) Relative dominance =

Number of individual of the species × 100
Number of individual of all the species
Frequency of a species
× 100
Total frequency of all species
Total basal area of the species × 100
Total basal area of all the species

(g) Importance value index (IVI) = Relative density + Relative frequency + Relative dominance
RESULTS AND DISCUSSION
At 2800 m asl which is below the timberline R.
arboreum was the dominant species with an IVI of
(83.4397) and density 14,000/haseedlings per hectare
other associated tree species at this site were R.
barbatum, Quercus semicarpifolia, Taxus baccata.
Myrica esculenta and Abies pindrow.However, R.
barbatum was least dominant species with an IVI
(63.442) in our study site. Whereas, the sub-alpline
species R. campanulatum was at the timber line
recorded third dominant species with the an IVI
(75.7471) and associated with Betula utilis, Abies
pindrow and Taxus baccata. While alpine species R.
anthopogon was second most dominant species with
the an IVI (77.3708) associated with another
rhododendron species R. lapidotum. However
TheCo-dominant species of the site was Quercus
semicarpifolia and Abies pindrow which showed
their IVI values of (82.93 and 16.92) respectivelyand
density (4 and 1 plants /quadrate respectively)
(Nautiyal et al.,2010). The number (density) of
seedling of any species can be considered as the
regeneration potential of the species. From the
density value (Table 2, 3, 4, 5) it is concluded that
the regeneration Potential of R. anthopogon (33
seedlings) was high in comparison to other three
species followed by the second high regeneration
potential i.e. R. arboreum (28 seedlings). While
regeneration potential of R. campanulatum (23
seedlings) was higher in compare to R. barbatum (12

seedlings). however alarming as has been pointed out
elsewhere (Saxena et al.,1978; Ralhan et al., 1982;
Tiwari and Singh, 1982; Saxena and Singh, 1984;
Bankoti et al.,1986).
It is a well known fact that the altitude represents a
complex gradient along which many environmental
variables change concomitantly. Rahbek (1997)
explain the patterns in species richness decrease with
altitude. Highly diverse compositional pattern of
forests characteristic of western Himalaya has been
explored by Singh & Singh 1987. Besides the
ecosystem functions, the distribution and occurrence
of species had been affected by human interventions
reported by Singh et al, 1987. Among human
influence, commercial exploitation, agricultural
requirements, forest fire, and grazing pressure are the
important source of disturbance (Singh et al,
1992).The result of present sturdy showed that the
maximum seedling density was observed at alpine
zone which gradually decrease with decreasing
altitude towards sub-alpine zone. Only small bushes
of Rhododendron anthopogon and R. lapidotum are
found at the elevation higher to 3600 m, might be
geographical situations such that only bushy
structure can survive under these extreme low
temperature conditions and sustain heavy load of
snow during winters. The human interferences
particularly eco-tourism and grazing pressure is
found the major cause of disturbance and concern in
this area.

Table 1. Table showing the number of seedling /hectare, mean seedling height (cm.), Mean collar diameter
(mm).
Name of Species
Site
No. of seedling /hectare
Mean seedling
Mean collar
height (cm.)
Diameter
(mm)
R. arboreum
East
14,000
10.16
4.86
West
16,000
8.62
4.28
North
14,000
7.75
3.55
South
12,000
6.86
3.15
Mean
14,000
8.34
3.91
R. barbatum
East
6,000
8.56
3.88
West
6,000
7.52
3.75
North
4,000
8.20
3.92
South
8,000
9.34
4.95
Mean
6,000
8.40
4.28
R.campanulatum
East
10,000
7.65
3.94
West
12,000
9.44
4.45
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North
South
Mean
R. anthopogon

12,000
12,000
11,500
16,000
16,000
16,000
18,000
16,500

East
West
North
South

Mean

8.73
6.95
8.19
3.84
4.50
2.98
5.38
4.17

4.88
3.35
3.98
2.45
2.72
1.91
2.55
2.80

Table 2. Table showing the Frequency (%) Density, Abundance of East aspect.
S.No.

Name of the
plant species

Number of
seedlings in each
quadrate
1 2 3 4 5

Total no.
of
seedlings

1
2
3
4

R. arboreum
R. barbatum
R.campanulatum
R. anthopogon

3
1
2
2

07
03
05
08

1
1
2

1
3

1
1
1

2
2
-

No. of
quadrate
in which
species
occurred
04
03
03
04

Total no.
of
quadrate
studied

Frequency
(%)

Density

Abundance

05
05
05
05

80
60
60
80

1.4
0.6
01
1.6

1.75
01
1.66
02

Table 3. Table showing the Frequency (%), Density, Abundance of West aspect.
S.No. Name of the
Number of
Total no. No. of
Total
plant species
seedlings in
of
quadrate no. of
each quadrate
seedlings in which quadrate
species
studied
1 2 3 4 5
occurred
1
R. arboreum
2 4 1 - 1 08
04
05
2
R. barbatum
1 - 1 - 1 03
03
05
3
R.campanulatum 2 1 2 - 1 06
04
05
4
R. anthopogon
3 2 1 1 1 08
05
05
Table 4. Table showing the Frequency (%), Density, Abundance of North aspect.
S.No. Name of the
Number of
Total no. No. of
Total
plant species
seedlings in
of
quadrate no. of
each quadrate
seedlings in which quadrate
species
studied
1 2 3 4 5
occurred
1
R. arboreum
1 1 2 2 1 07
05
05
2
R. barbatum
1 - 1 - - 02
02
05
3
R.campanulatum 3 - 1 2 - 06
03
05
4
R. anthopogon
3 1 - 2 2 08
04
05
Table 5. Table showing the Frequency (%), Density, Abundance in South aspect.
S.No. Name of the
Number of
Total no. No. of
Total
plant species
seedlings in
of
quadrate no. of
each quadrate
seedlings in which quadrate
species
studied
1 2 3 4 5
occurred
1
R. arboreum
- - 2 3 1 06
03
05
2
R. barbatum
1 2 - 1 - 04
03
05
3
R.campanulatum 2 - 2 1 1 06
04
05
4
R. anthopogon
3 2 - 2 2 09
04
05

Frequency
(%)

Density

Abundance

80
60
80
100

1.6
0.6
1.2
1.6

02
01
1.5
1.6

Frequency
(%)

Density

Abundance

100
40
60
80

1.4
0.4
1.2
1.6

1.4
01
02
02

Frequency
(%)

Density

Abundance

60
60
80
80

1.2
0.8
1.2
1.8

02
1.33
1.5
2.25

Table 6. Table showing the basal area, frequency, density, abundance, relative frequency, relative density,
relative abundance and importance value index (IVI) of all the species observed.
S.No. Name of the
TBA
Freq. Density
Abund. R. freq.
R.den.
R. dom. IVI
plant species
(mm)
(%)
(Kg/m3)
1

R. arboreum

48.0046

80

1.4

1.75

27.5862

29.1666

26.6869

83.4397
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2

R. barbatum

57.5197

55

0.6

1.0909

18.9655

12.5

31.9765

63.442

3

R.campanulatum

49.7388

70

1.15

1.6428

24.1379

23.9583

27.6509

75.7471

4

R. anthopogon

24.6176

85

1`.65

1.9411

29.3103

34.375

13.6855

77.3708

TBA=Total basal area, Freq. =Frequency, Abund.=Abundance, R. Freq.=Relative frequency, R. den.= Relative
density, R. Dom.= Relative dominance, IVI= Important value index
CONCLUSION
The study provides regeneration status or
phytosociology of Rhododendron arboreum, R.
barbatum, R.campanulatum and R. anthopogon at
three sites and four aspects in Western Himalaya. In
all-natural forest stands the associated or companion
of dominant species can also have played important
role for the establishment and sustainability of
particular species. The broad-leaved character of
Quercus
leucotrichophora
major
associates
Rhododendron arboreum have been reported to
capable conserve the water moisture at large amount
in hill area and also beneficial in erosion control. The
study concludes as these species may also be a part
of research for their regeneration, establishment and
sustenance at same preference of Quercus
leucotrichophora. Rhododendron arboreum are
extracted from edible product and small but
considerable scale therefore may be investigated for
their conservation point of view. The regeneration of
R. arboreum and R. barbatum is also affected by big
trees of Q. semicarpifolia and Taxus baccata because
shadow of big trees and frost play important role to
decrease the regeneration of Rhododendron species
because frost cause cold injury in new seedlings .
Dense canopy of trees decreased the regeneration of

R.arboreum and R. barbatum. Proper management,
such as thinning of canopy areas should improve
growth and establishment of the new generation.
The flower of Rhododendron arboreum is
medicinally important at local and regional level
peoples are extracted for making of Juice and Squesh
from its flower to serve the upliftment of local
economy and livelihood. While R. anthopogon
leaves used as a coffier by mountain ladies. The
other rhododendron species, R. campanulatum was
key and dominant species of timber line. However it
was noticed that R. campanulatum shifting upward
indicating global warming. It’s reached up to alpine
zone from sub-alpine zone. Therefore in future
regeneration status of alpine species and sub-alpine
species of rhododendron will be in risk. Because R.
campanulatum face extreme low temperature of
alpine zone. Lower density, IVI value and
regeneration areas indicate for their attention toward
future research overcome the upcoming problems.
Negligence of the species may be affect the future
composition, diversity and regeneration of the
existing oak forest mixed stand therefore
conservation approach for Rhododendron arboreum,
R. barbatum, R. campanulatum and R. anthopogon
must be needed as research front in the Gahwal
Himalayan region.

Natural Regeneration of four Rhododendron species at altitude gradient:

Plate: 1. Regeneration of R. arboreum at 2800 mt.

Plate:2. Regeneration of R. barbatum at 2800 mt.
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Plate: 3. Regeneration of R. campanulatum at 3400 mt. Plate: 4. Regeneration of R. anthopogon at 3800 mt.
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Abstract: Groundnut is an important oilseed crop provides significant sources of cash through the sales of seed, cakes, oil
and haulms. Groundnut plays an important role in the diets of rural populations. An attempt has been made in the study to
estimate growth in area, production and yield of groundnut in Raigarh district and Chhattisgarh state (1993 to 2013). The
growth rate was worked out by using exponential analysis. The area of groundnut in Raigarh district increased by 15.62
hectares from 15.20 hectares in 1993-94 to 30.82 hectares in 2012-13 similarly in case of the state area of groundnut
cultivation is decrease by 10.9 hectares from 1993-94 to 2012-13. Actually the good growth by area of this crop may be
observed only after 2002 in the district. In the Raigarh district production of groundnut is increased from 20.40 metric tons
to 38.28 metric tons during this period of 20 years. Similarly in the state production of groundnut is decreased by 7.2 metric
tons during the period of 20 years. The yield of groundnut in Raigarh district and Chhattisgarh state was estimated as 1019
kg and 910 kg during 1993-1994 periods. The yield of this crop is increased about 400 and 550 kg/ha up to year 2012-2013.
The compound growth rate of area over the period of 20 years is estimated as 4.837 per cent in the Raigarh district which is
significantly increased.
Keywords: Area, Groundnut, Production, Oilseed, Growth rate

INTRODUCTION

I

ndia is the third largest edible oil producing
country in the world after the united nation and
china. It occupies a distinct position not only in terms
of area under oilseeds with agro-ecological
conditions favorable for growing nine major oilseeds
indicating seven edible oilseed i.e. groundnut,
rapeseed, mustard, soybean, sunflower, safflower,
sesame, niger and two non-edible sources namely
castor and linseed apart from wide range of other
minor oilseeds and oil bearing tree species. The
country’s demand of the vegetable oils is expected to
increase from the current level of the 13 million
tones to14.8, 18.3 and 21.8 million tons by 2010,
2015, and 2020, respectively. (Oilseed situation of
India).The total oilseeds area, production and
productivity was 22.7 million hectares, 18.4 million
tons and 810 kilogram per hectare respectively
during 2000-01, which increased to 27.6 million
hectares, 27.7 million tons and 1006 kilogram per
hectare during 2008-09. It is heartening to note that
the significant growth in production is coming from
the yield effect. It is welcoming sign as the area for
cultivation is limited. The advance estimates reveals
that the kharif oilseed production will meet the set
targets of the year 2010-11. (Narayan P. et al
2011).The significant improvement in annual growth
in area and yield under total nine oilseed crops
during 2000-01 to 2008-09 as compared to period of
90s has resulted in increase in the annual growth rate
of production of oilseed, but at the same time the
import of oilseeds oil hovering between 40-50 per
cent of total agricultural imports by India.

This gap is likely to increase unless more vigorous
efforts to increase production and productivity of
oilseeds are made. In order to reduce the import and
to ensure reasonable level of self-sufficiency, the
current growth rate needs to be maintained.
Groundnut (Arachis hypogaea L.) is the 6th most
important oilseed crop in the world. It contains 4850% oil, 26-28% protein and 11-27 % carbohydrate,
minerals and vitamin. Groundnut is grown on 26.4
million hectare worldwide, with a total production of
37.1 million metric tons and an average productivity
of 1.4 metric tons /ha. Developing countries
constitute 97% of the global area and 94% of the
global production of this crop (FOA, 2011). The
production of groundnut is concentrated in Asia and
Africa, where the crop is grown mostly by
smallholder farmers under rain-fed conditions with
limited inputs). Nigeria was the third highest
producer of groundnut in the world after china and
India with a production of 16,114,231, 6,933,000 and
2,962,760 tons respectively in 2011. There has been
a dramatic change in the oilseeds scenario of the
country during the last 25 years.(NAERL 2011)
India changed from net importer status in the 1980s
to a net exporter status during 1989–90, which was
again reversed later during 1997–98 when the
country had to spend huge foreign exchange to meet
the domestic needs of vegetable oils. The gap
between export earnings and import costs started
narrowing down during the last 10 years, and during
2007–08, the oilseeds sector became a net earner of
foreign exchange, which however, could not be
sustained for long. During 2010–11, the country
imported about 9.2 Mt of vegetable oils costing

*Corresponding Author
________________________________________________
Journal of Plant Development Sciences Vol. 10 (4) : 245-249. 2018

246

DEVENDRA KURREY, BHAGCHANDRA JAIN, YOURAJ SINGH RAJPUT AND PRATIMA DHRUW

around Rs 38,000 crores, whereas export earnings
were a little less than just Rs 21,000 crores.
(D.M.Hedge 2012).
Consumption of oilseeds assuming normal conditions
in marketing year 2013/14, total feed waste is
expected to grow 6 percent to 11.9 million tons. This
includes 3.8 million tons of cottonseed meal (mostly
used for livestock feed), 3.2 million tons of soybean
meal, 2.7 million tons of rapeseed meal, 1.5 million
tons of peanut meal, and 700,000 tons of other oil
meals.(grain report GAIN,2013/14) The consumption
of edible oils is rising continuously, outstripping the
domestic production resulting in huge imports.
During 2011-12, the country imported about 9.2
million tons of edible oils which was about half of its
domestic requirement. Edible oil demand is projected
to reach 16.64 million tons by the terminal year
(2016-17) of the XII plan.

Raigarh district contributes major share in total
oilseeds and groundnut production in the state.
Cultivation of groundnut is concentrated mainly in
Baramkela block of Raigarh district. This district was
purposively selected for the study due to area under
this crop was the highest in the state.
To fulfill the data part the secondary data on
groundnut crop have been collected from the
department of Agriculture, Raigarh, Department of
land record ,Directorate of Agriculture and Annual
Agricultural Statistics, Chhattisgarh, A Statistical
Compendium 2012, India, Directorate of Oilseeds
Research, India, Directorate of economics and
statistics ,Raipur, Commissioner Land Record and
Settlement, Raipur, Chhattisgarh to work out the
compound growth rate of area, production and yield
of the crop.
Analytical Procedure
To estimate the compound growth rates of area,
production and yield of groundnut crop is worked out
in the Chhattisgarh state and Raigarh district by
fitting an exponential function. The following
formula is used for this purpose.

MATERIALS AND METHOD
Sampling and Data Collection

Y

=

A Bt

Taking log on both sides
Assuming

log Y = log A + t log B
log Y = y
log A = a
log B = b
y = a + bt

We get
Where t = 1, 2, 3 ………n
After regression between y and t
We have value of a and b
Where
a
=
Constant
b
=
Regression coefficient
As
b
=
1+r
Hence
r=b–1
Where,
r
= Compound growth rate (Anti-log of B-1)*100
t
= Time variable (t = 1,2 ……n)
y
= Area/production/yield of groundnut.
RESULTS AND DISCUSSION
Area, production and yield of groundnut in Raigarh district and Chhattisgarh state
Table 1. Area, production and yield of groundnut in Raigarh district and Chhattisgarh state
(Area in ‘000 ha, Production in ‘000 metric ton and yield in kg/ha.
RAIGARH
CHHATTISGARH
S.N. YEARS
AREA
PRODUCTION YIELD AREA PRODUCTION
YIELD
1
1993-94
15.20
20.40
1019
37.70
46.00
910
2
1994-95
14.00
13.80
1342
37.10
38.30
912
3
1995-96
11.30
10.10
986
30.00
25.60
940
4
1996-97
11.20
11.80
894
31.10
31.40
1014
5
1997-98
11.30
10.80
1054
31.40
29.40
921
6
1998-99
11.00
10.20
956
32.50
29.80
872
7
1999-00
8.70
9.10
927
34.10
34.00
946
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8
2000-01
10.50
11.30
1046
36.20
32.90
954
9
2001-02
16.90
15.10
1077
34.20
32.00
936
10 2002-03
27.58
8.01
894
43.55
33.80
985
11 2003-04
29.22
8.38
780
49.21
34.35
870
12 2004-05
23.45
11.86
1075
56.01
40.24
1207
13 2005-06
37.2
9.12
1240
54.75
34.09
1233
14 2006-07
33.97
8.29
1260
49.02
32.82
1171
15 2007-08
25.00
23.08
1280
34.20
32.10
1156
16 2008-09
19.00
11.28
1310
29.10
32.30
1219
17 2009-10
17.20
17.85
1400
28.90
35.80
1142
18 2010-11
20.30
21.56
1410
26.10
38.00
1256
19 2011-12
27.75
33.94
1400
26.90
39.10
1352
20 2012-13
30.82
38.24
1420
26.80
38.80
1462
Source: The data were obtained from Department of Agriculture, Raigarh, Commissioner of Land Records
And Directorate of Economics and Statistics, Chhattisgarh.
The area and production and yield of groundnut in
Raigarh district and Chhattisgarh state are presented
in table1. The area of groundnut in Raigarh district
increased by 15.62 hectares from 15.20 hectares in
1993-94 to 30.82 hectares in 2012-13, similarly in
case of the state area of groundnut cultivation is
decrease by 10.9 hectares from 1993-94 to 2012-13.
Actually the good growth by area of this crop may be
observed only after 2002 in the district. In the
Raigarh district production of groundnut is increased
from 20.40 metric tons to 38.28 metric tons during
this period of 20 years. Similarly in the state
production of groundnut is decreased by 7.2 metric
tons during the period of 20 years. The yield of
groundnut in Raigarh district and Chhattisgarh state
was estimated as 1019 kg and 910 kg during 1993-

1994 periods. The yield of this crop is increased
about 400 and 550 kg/ha up to year 2012-2013.
Compound growth rate of area, production and
productivity of groundnut:
The compound growth rate of groundnut during
period-I and period-II is presented in Table 2 and
figure 1. It is clear from figures of growth rate that
though, the growth rate of yield (-4.093 per cent) in
period-I is significantly decreased, the significant and
positive growth rate of area (6.102 per cent) is
observed but production is no significant during
period-II in the state of Chhattisgarh. In period II the
growth rate of area (-10.541 per cent) is registered
significantly decrease but in case of yield (3.026 per
cent) significant and positive growth of this crop.

Table 2. Compound growth rate of area, production and yield of groundnut crop in Raigarh district and
Chhattisgarh state
Note: Figures in the parentheses indicate the standard errors of regression coefficient.
Overall period
Period I
Period II
S. No.
Parameter
1993-2013
1993-2003
2003-2013
I
Raigarh
4.837***
(0.0009)

13.533***
(0.008)

- 1.987
(0.415)

3.058*
(0.062)
2.026***
(0.0009)

-1.707
(0.383)
-13.453***
(0.005)

16.562***
(0.0003)
5.366***
(0.0005)

- 0.673
(0.430)

6.102***
(0.006)

- 10.541***
(0.0004)

0.453
(0.336)
2.307
c. Yield
(2.48)
Significant at 1% level of probability.
Significant at 5% level of probability.
Significant at 10% level of probability.

1.754
(0.151)
- 4.093***
(0.006)

1.022
(0.211)
3.026***
(0.007)

a. Area
b. Production
c. Yield
II

Chhattisgarh
a. Area
b. Production

***
**
*
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Figure 1. Compound Growth rate of area, production and yield of groundnut crop in Raigarh district and
Chhattisgarh state.

In percentage

growth rate of groundnut
20.00
15.00
10.00
5.00
0.00
-5.00
-10.00
-15.00
Area

Production

yield

Area

Raigarh

Production

yield

Chhattisgarh

1993-2013

4.84

3.06

2.03

-0.67

0.45

2.31

1993-2003

13.53

-1.71

-13.45

6.10

1.75

-4.09

2003-2013

-1.99

16.56

5.37

-10.54

1.02

3.03

The compound growth rate of area over the period of
20 years is estimated as 4.837 per cent in the Raigarh
district which is significantly increased. It is
observed that the production (3.058 per cent) and
yield (2.026 per cent) of this crop was also increasing
during the overall period. During the period I the
compound growth rate is of area( 13.533 ) is
significantly increased but in case of production and
yield shows negative growth during the period I in
the district. Figure of the period II clearly show the
area of groundnut is decreasing but production and
yield of the crop significantly increasing. These
figures clearly show that farmers switched on
groundnut cultivation from paddy crop as a result of
diversification in the state.
CONCLUSION AND RECOMMENDATION
Chhattisgarh state consists 27 districts, Out of these
Raigarh district contributes 13 percent in area and 16
percent production of oilseeds. The total area of
groundnut crop in Raigarh district is 6979 hectare
and Production is 8820 metric ton in the district.
Farmers of groundnut and other oilseeds of the
district need to the regulated market to they can sale
at the rate of minimum support price this action will
control the diversification of the oilseed growers
from other less beneficial crop. On the other hand
Oilseeds are the important agricultural commodity
next only to cereals in the country. There is huge
demand for edible oil in the country due to increase
in the per capita oil consumption. To meet this
demand and to reduce the huge foreign exchequer in

importing edible oil, there is an urgent need to
increase the domestic oilseed production of the
country. An assessment of exploitable yield reservoir
available in oilseeds implies that there is a scope for
doubling the oilseed production of the country.
However, this can be possible by complete adoption
of improved oilseed production technologies by the
oilseed growers. A thorough review on adoption
behavior of groundnut growers reveals that there is
scope for improving the adoption behavior of
groundnut growers. This foot needs intensive transfer
of technology efforts. However, there are certain
lacunae exist in public sector in transfer of
technology efforts. The strategies to improve transfer
of technology efforts targeting groundnut are also
suggested.
 The farmers should be motivated to participate
more in the extension activates like training,
demonstrations, exhibition, agriculture quiz
programs and farmers fair etc., so that they may
have opportunity to learn new technology related
to oilseed production technology.
 The farmers should be motivated to adopt HYVs
that are stable, hardy to adverse climate
conditions and resistant to insect-pest and
disease.
 The credit facility should be made available to
the farmers on lower interest rate so that they
can easily adopt the new technologies.
 The initiating of co-operative marketing is the
answer to improve the bargaining power of
groundnut producers in order to realize a good
price of their produce.
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Abstracts: A field experiments was conducted at Students’ Instructional Farm of Chandra Shekhar Azad University of
Agriculture and Technology, Kanpur-208002 (UP) during Rabi season of 2016-17. The experiment comprising of twelve
treatments was laid out in a Factorial Randomized Block Design with three replications. Treatment comprised three varieties
of Bakla (Vicia faba) viz., Pant Nagar local, Pusa Palam (Samridhi) and Kanpur local and four bio & chemical seed
treatments viz., Malathion @ 3.0 g/kg seed Carbendazim @ 3.0 g/kg seed, Neem Powder @ 250 g/kg seed and Control
(water) each treated seed soaked in four hours. The soil of the experimental field was sandy laom in texture with pH of 7.5
and EC of 0.20 mmhos/cm at 25C. Seed rate of Faba bean @80 kg/ha was row to row spacing 30cm and plant to plant
20cm was sown by country plough on dated: 30.11.2016. Remaining practices were applied as per recommendation. Crop
was harvested on March 03, 2017. The results indicated that all observed growth parameters in respect of seed germination,
plant height and maximum flowering at all stages were significantly higher under the variety of Pant Nagar local along with
bio & chemical seed treatments of Carbendism in present experiment. The yield attributing characters viz., pods/ plant, pod
weight/ plant and seed/ biomass weight/ plant were significantly higher in variety of Pant Nagar local with bio & chemical
seed treatments of Carbendism in present trail. The Pant Nagar local variety gave higher yield (10.64 q/ha) and straw yield
(19.41 q/ha) in comparison to all other varieties. Among the bio & chemicals seed treated the significantly higher seed
(11.14 q/ha) and straw yield (16.87 q/ha) was recorded under seed treatments with Carbendism than malathion, neem powder
and control seed treatment, respectively.
Keywords: Neem Powder, Carbondazim, Malathian, Varieties of Faba bean

INTRODUCTION

B

akala is commonly known as Faba bean or
Broad bean. Faba bean (Vicia faba L.) is a
legume crop grown primarily for its edible seeds
(beans). Faba bean is a major legume seed consumed
by humans worldwide. The seeds of some varieties
are an important livestock feed. Faba bean is also
grown for fodder. Vicia faba is an upright annual
forage legume. Faba bean is a multipurpose crop
used for both food and fodder. Faba bean is a much
delicias food legume in the Mediterranean region,
China and Ethiopia. Faba beans has used by human
being after premature harvesting. The dried seeds are
cooked, cannedor frozen. Mature seeds are roasted
snacks eaten in India or ground to prepare falafel,
sauces and various food ingredients such as meet
extenders or skim- milks replacers. When faba beans
are intended for livestock feeding, small-seed
varieties with low-tannin, low vicine-convicine and
low trypsin inhibitor contents are preferred. Faba
bean seeds are rich in protein (25-33% DM) and
starch (40-48% DM) and are, therefore, a valuable
source of protein and energy for live stock. They
have a moderate content of fibre (Crude fibre 7-11%
DM). To determine the efficacy of different bio &
chemicals seed treatments as malathion, carbendisim
and neem powder for protection of the insect pest
attacked and their effect on yield of Bakala. The
productivity of Bakala may certainly be increased by

the varieties if used in practice. Such varieties being
short structured and erect with branching growing
habit require seed treatment to exploit their yield
potential. Therefore present study to maximize
growth and yield of Farabean in Central Plain Zone
of Uttar Pradesh.
METHODOLOGY
A field experiments was conducted at Students’
Instructional Farm of Chandra Shekhar Azad
University of Agriculture and Technology, Kanpur208002 (UP) during Rabi season of 2016-17. The
experiment comprising of twelve treatments was laid
out in a Factorial Randomized Block Design with
three replications. Treatment comprised three
varieties of Bakla (Vicia faba) viz., Pant Nagar local,
Pusa Palam (Smridhi) and Kanpur local and four bio
and chemical seed treatments viz., Malathion @ 3.0
g/kg seed, Carbendazim @ 3.0 g/kg seed, Neem
Powder @ 250 g/kg seed and control. Each treated
seed soaked in said hour in said chemicals and in
case of control treated seed soaked in four hour only
water. The soil of the experimental field was sandy
loam in texture with pH of 7.5 and EC of 0.20
mmhos / cm at 25C. Seed rate of Faba bean @ 80
kg/ha was row to row spacing 30cm and plant to
plant 20cm was sown by country plough on dated:
30.11.2016. The fertilizers doses was applied as
recommended NPK (60:60:40 kg/ha). Applied in
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different sources viz., Urea, SSP & MOP. Nitrogen
should be applied in split doses. Full dose of
phosphorus and Potassium and half dose Nitrogen
should be applied in furrows below the seed at
sowing time. Remaining half dose of nitrogen should
be applied as top dressing at flowering stage. Crops
were irrigated thrice. Remaining practices were
applied as per recommendation. Crop was harvested
on March 03, 2017.
RESULTS AND DISCUSSION
GROWTH ATTRIBUTES
(i) Effect of genotypes of broad bean
Among the varieties the data revealed that the seed
germination were counted higher under the variety of
Pant Nagar local (15.42/m) at 10 days after sowing
of the crop followed by Pusa Palam (14.92/m). The
minimum germination was recorded under the
variety of Kanpur local (13.58/m). After twenty days
sowing of crop it was observed that the significantly
maximum germination were recorded under the
variety of Pantnagar local (30.75/m) followed by
Pusa Palam (24.17/m). The significantly minimum
germination was recorded under the variety of
Kanpur local (21.25/m). The significantly maximum
plant height were recorded under the variety of
Pantnagar local (6.50 cm) followed by Pusa Palam
(5.06cm) at 30 DAS. The significantly minimum in
Kanpur local (4.67cm) at 30 days after sowing of
crop. Broad bean variety of Pant Nagar local had
significantly higher taller plant than rest of the tested
varieties at 30 and 60 days after sowing, respectively.
The taller plant (14.22 and 46.05 cm) was measured
in Pantnagar local and the lowest plant (11.70 and
39.17 cm) in Kanpur local variety of broad bean at
60 and 90 DAS increase the variety of Pantnagr local
was produced significantly higher plant height at
harvesting stage than remaining varieties of field
experimentation. The higher flowering were recorded
under the variety of Pant Nagar local (1.89) followed
by Pusa Palam (1.33) and the minimum flowering
was recorded under the variety of Kanpur local
(0.53) at 48 days after sowing of crop. The similar
trend was also observed at 60 days after sowing of
broad bean varieties in respect to maximum
flowering. The number of days to 50% flowering of
genotypes differed significantly where the local
genotypes flowered late (47 days), in comparison
with improved genotypes Hachalu (42 days) and
Walki (43 days) by Kubure et al. (2016) and same
results are in agreement with Gemechu et al. (2006).
(ii) Effect of bio & chemical chemical seed
treatment
Among the seed treatments the higher germination
was recorded when the seed treated with Carbandism
(11.11/m) followed by Seed treatments with
Malathion (10.91/m). The minimum germination was
recorded under the control plot (9.11/m). It was
observed that the significantly maximum germination

was recorded when seed treated with Carbandism
(30.75/m) and followed by Malathian (26.78/m). The
significantly minimum germination were recorded
under the without seed treatment (20.44/m). It was
also observed that the significantly maximum plant
height (6.10cm) were recorded when seed treated
with Carbandism followed by Malathion (5.59cm).
The significantly minimum plant height (4.58cm)
was recorded without seed treated plot. The similar
trends were also observed at 60, 90 days after sowing
of crop and at harvest stage. In seed treatment the
higher flowering were recorded under the application
of Carbandism (1.52) followed by Malathion (1.44).
The minimum flowering recorded under the
untreated plot (0.59) at 48 days after sowing of crop.
The similar trend was also observed at 60 days after
sowing of crop. An increase in plant growth and
branches were found by inoculation of broad bean
seeds before sowing by the mixture of microbein and
phosphorein at rate of 1:1 reported by Rakha and ElSaid (2013). The relatively findings were observed
that the exogenous salicylic acid (SA) applied at 0.0,
0.5, 1.0 and 3.0 mm SA concentrations to Faba bean
seeds showed significant increase in seed by Soliman
et al. (2016).
YIELD ATTRIBUTES
(i) Effect of genotypes of broad bean
Among the varieties it was observed that the
significantly higher pod weight per plant was
recorded under the variety of Pant Nagar Local
(31.56g) and significantly minimum in Kanpur local
(21.17g). The significantly higher number of
pods/plant were recorded under the variety of Pant
Nagar local (25.30 Pods) and followed by Pusa
Palam (24.03 Pods). The significantly minimum
numbers of pods per plant were recorded under the
variety of Kanpur local (21.58 Pods). The
significantly higher seed yield per plant was recorded
under the variety of Pant Nagar Local (35.75g)
followed by Pusa Palam (22.86g). The significantly
minimum seed yields per plant (20.66g) were
recorded under the variety of Kanpur local. The
significantly higher seed yield per plant were
recorded under the variety of Pant Nagar local
(35.75g) followed by Pusa palam (22.86g). The
significantly minimum seed yield per plant was
recorded under the variety of Kanpur local (20.66g).
The significantly higher biomass per plant were
recorded under the variety of Pant Nagar Local
(11.64g) followed by Pusa Palam (8.5g). The
significantly minimum biomass/ plant were recorded
under the variety of Kanpur local (8.01g). Kubure et
al. (2016) reported that the cultivation of improved
varieties of faba bean Welki and Hachalu with a
plant density of 44 plants/ m2 (30 cm × 7.5 cm
spacing) was found to be better than the local cultivar
in term of yield and yield attributes. Similar type of
results was also found by Kandil et al. (2011) and
Khafaga (2009).
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(ii) Effect of bio & chemical chemical seed
treatment
Among the seed treatments it was also observed that
the when seed treated with Carbandism gave
significantly higher pod weight (26.73g/plant) but it
significantly at par with Malthion (26.28g/plant).
Significantly minimum pod weight was recorded
untreated plot (22.89g/plant). The significantly
higher numbers of pod per plant were recorded when
seed treated with Carbandism (25.55 Pods) followed
by with the application of Malathian (23.73 Pods).
Significantly minimum numbers of pods per plant
were recorded under the untreated plot (21.92 Pods).
When seed treated with Carbandism it gave
significant higher seed yield per plant (34.82g)
followed by seed treated with Malathian (24.09g).
The significantly minimum seed yield per plant was
recorded under the untreated plot (23.20g). The
significantly higher straw yield for plants were
recorded under the seed treated with Carbandism
(10.12g) followed by Malathian (10.04g). The
significantly minimum straw yield per plant was
recorded under the untreated plot (8.48g). These
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findings are in conformity with reported by Shafeell
et al. 2016 and Dimissie et al. 2013.
YIELDS (q/ha)
(i) Effect of genotypes of broad bean
The data revealed that the significantly higher yield
was recorded under the variety of Pantnagar local
(10.64q/ha) followed by the variety of Pusa Palam
(9.86q/ha). The significantly minimum yield was
recorded under the variety of Kanpur local
(7.05q/ha). The significantly maximum straw yield
was recorded under the variety of Pant Nagar Local
(19.41q/ha) followed by Pusa Palam (14.25q/ha).
The significantly minimum yield was recorded under
the variety of Kanpur local (13.29 q/ha). Kubure et.
al. (2016) reported with the improved genotypes,
Walki (3,407 kg/ha) being comparable with Hachalu
(3, 037 kg/ha) gave substantially greater seed yield
than the local cultivar (2, 833 kg/ha) and the results
are supported by the findings of Rakha and El-Said
(2013), Mohamed and El-Abbas (2005) and Salama
and Awaad (2005). These findings are in close
conformity with the results reported by Abido and
Seadh (2014), Husein et al. (2002) and Mohemed
(2003).

Table 1. Effect of different varieties with bio & chemical seed treatments on growth attributes of Faba bean
crop.
Treatments

Seed Germination/m
length
10DAS
20 DAS

Plant height (cm) at

Maximum Flowering at

30DAS

60DAS

90DAS

Harvestin
g

48 DAS

60 DAS

Varieties
Pant nager local

15.42

30.75

6.50

14.22

46.05

57.23

1.89

5.67

Pusa Palam (Samriddhi)

14.92

24.17

5.06

12.76

44.01

48.08

1.33

4.75

Kanpur local

13.58

21.25

4.67

11.70

39.17

46.63

0.53

3.33

SE(d)±

0.924

1.121

0.229

0.528

1.215

1.360

0.131

3.17

NS

2.326

0.621

1.095

2.520

2.822

0.271

0.658

CD at 5 %

Bio & Chemical Seed treatment
Malathian

10.91

26.78

5.59

13.03

42.61

52.12

1.44

4.33

Carbondazim

11.11

30.78

6.10

13.44

46.47

54.19

1.52

5.34

Neem Powder

10.45

23.56

5.36

12.74

42.61

51.47

1.44

4.33

Control

9.11

20.44

4.58

12.36

40.31

44.81

0.59

3.44

SE(d)±

1.151

1.295

0.346

0.610

1.215

1.571

0.151

0.366

NS

2.686

0.717

N.S.

2.520

3.258

0.313

0.760

CD at 5 %

Table 2. Effect of different varieties with bio & chemical seed treatments on yield attributes and yields (q/ha) of
Faba bean crop.
Treatments

Branches/Pla
nt at 90 DAS

Pod weight/
Plant (g)

Pods/ Plant

Grain
Weight/
Plant (g)

Biomass/
plant (g)

Seed Yield
(q/ha.)

Straw yield
(q/ha.)

Pant nager local

5.47

31.56

25.30

35.75

11.645

10.64

19.41

Pusa Palam (Samriddhi)
Kanpur local

4.61
4.47

21.17
23.08

24.03
21.58

22.86
20.66

8.550
8.015

9.86
7.05

14.25
13.29

SE(d)±

0.323

0.832

0.768

1.449

0.614

0.417

0.832

CD at 5 %

0.670

1.726

1.593

3.005

1.275

0.866

1.726

26.28

23.73

24.00

10.04

9.77

15.64

Varieties

Bio & Chemical Seed treatment
Malathian

4.51
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Carbondazine

5.51

26.73

25.55

34.82

10.12

11.14

16.87

Neem Powder

4.51

25.18

23.33

23.60

8.97

8.97

14.95

Control

4.26

22.23

21.92

23.28

8.48

6.86

14.14

SE(d)±

0.373

0.961

0.886

1.673

0.709

0.482

0.960

CD at 5 %

0.774

1.992

1.839

3.470

N.S.

1.000

1.992

(ii) Effect of bio & chemical seed treatment
Among the seed treated the significantly higher yield
were recorded under seed treatment with Carbandism
(11.14q/ha) followed by seed treated with Malathian
(9.77q/ha). The significantly minimum yield was
recorded in without treated plot (6.86 q/ha). It was
observed that the significantly higher straw yield
(16.87 q/ha) was recorded with the application of
Carbandism which was at par with the application of
Malathian (16.64q/ha). The significantly minimum
straw yield was recorded under the without treated
plot (14.14q/ha). Similar results are conformed to
Demissie et al. (2013) and Shafeek et al. (2016) and
Soliman et al. (2016).
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EVALUATION OF SPRAY SCHEDULE INVOLVING FUNGICIDE,
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Abstract: Highest per cent increase in grain yield over unsprayed control was recorded in the spray schedule hexaconzole @
0.1 per cent - hexaconazole @ 0.1 per cent (52.80) followed by carbendazim + mancozeb @ 0.2 per cent - wanis @ 0.5 per
cent (28.80), hexaconazole @ 0.1 per cent - wanis @ 0.5 per cent (26.74), and carbendazim + mancozeb @ 0.2 per centcarbendazim + mancozeb @ 0.2 per cent (24.61). Least per cent increase in grain yield over unsprayed control was observed
in spray schedule wanis @0.5per cent- wanis @0.5 per cent (10.34). The highest B: C was obtained with spray schedule
hexaconazole @ 0.1 per cent - hexaconzole @ 0.1 per cent (1:3.81) followed by hexaconazole @ 0.1 per cent - wanis @ 0.5
per cent and carbendazim + mancozeb @ 0.2 per cent - wanis @ 0.5per cent both were recorded B:C (1:2.81). Most of the
remaining spray schedules treatments, T4, T7, and T2 recorded next highest B: C of 1: 2.71, 1:2.69, 1: 2.43 and 1: 2.42,
respectively. Least B: C of 1:2.18 was recorded in unsprayed control.
Keywords: ITK, Botanical, Maize, Spray schedule

INTRODUCTION

M

aize (Zea mays L.) is one of the most
important cereal crops in the world and ranks
third next to wheat and rice. It is grown throughout
the world under a wide range of climatic conditions.
Since pre-Hispanic time, it has been the basic food
for majority of the people in Mexico, Central
America and Latin America. Maize was introduced
to India from America at the beginning of 17th
century. In addition to staple food for human being
and quality feed for animals, it serves as a basic raw
material as an ingredient to thousands of industrial
products that includes starch, oil, protein, alcoholic
beverages, food sweeteners, pharmaceutical,
cosmetic, film, textile, gum, package and paper
industries etc. In the last one decade, it has registered
the highest growth rate among all food grains
including wheat and rice because of newly emerging
food habits as well as enhanced industrial
requirements.
In India, it is cultivated both as food and fodder crop.
It has got immense potential and hence called as
‘Miracle crop’ and also called as ‘Queen of cereals’.
In the future, maize demand is expected to increase,
mainly because it is used by larger population as
human food and due to its increased consumption as
feed in poultry for animal protein. Besides multiple
uses contribute to diet diversification and improved
nutrition in human beings through exploitation of
quality protein maize (Singhal, 2003). Every part of
the maize plant has economical value: the grain,
leaves, stalks, tassel and cob can all be used to
produce a large variety of food and non food
products (Akobundu and Agyakwa, 1987).
Globally maize occupies an area of 174.2 m ha with
the production of 852 m t and productivity accounts
for 4890 kg ha-1. In India, the maize is cultivated in

occupies an area of 9.42 m ha with the production of
22.26 m t and average productivity of 2583 kg ha -1.
In Karnataka maize occupies an area of 1.38 m ha,
with the production of 4.00 m t and average
productivity is 2883 kg ha-1 (Anon., 2014).
In India new 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 Uttarakhand. 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). Keeping this in view
experiment was desigened to Evaluation of spray
schedule involving fungicide, commercially available
botanical and ITK on Curvularia leaf spot of maize
for yield and quality parameters
MATERIALS AND METHOD
Field experiment was laid out in a randomized block
design with three replications at Agricultural
Research Station (ARS), Arabhavi, University of
Agricultural Sciences, Dharwad, during kharif 2014.
The economically viable and effective fungicide,
botanical and ITK under in vitro evaluation were
tested under field condition using the Curvularia leaf
spot susceptible maize genotype, CP 818. The
integration of fungicide, botanical and ITK were
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evaluated with the spraying schedule given below

Table No. 1.

Table 1. Details of treatments
Spray schedule

Treatments

1st Spray
PBP
ITK
F1
F2
F1
F2
F1
F2

T1
T2
T3
T4
T5
T6
T7
T8
T9

2nd Spray
PBP
ITK
F1
F2
PBP
PBP
ITK
ITK
Unsprayed control

PBP: Plant based product, ITK: Indigenous
Technology Knowledge and F: Fungicide
Recommended package of practices was followed to
raise the crop. The inoculum of C. lunata was
sprayed uniformly on all the treatments 30 days after
sowing to create high disease pressure. Two sprays
were given in each treatment at 15 days interval
starting from the onset of disease. Observations on
disease severity were taken at physiological maturity

by following 0 to 9 scale of Mayee and Datar (1986).
Grain yield per plot and 100 grain weight were noted
down after the harvest of the crop. Harvested grains
from individual treatments were subjected for starch
and oil estimation.
The severity of Curvularia leaf spot disease was
recorded by using 0 - 9 scale of Mayee and Datar
(1986).

Scale:
Rating value
0
1
3
5
7
9

Description

No symptoms on the leaf.
Up to 1% of leaf area covered with leaf spots
1-10% of leaf area covered with leaf spots.
11-25% of leaf area covered with leaf spots.
26-50% of leaf area covered with leaf spots
More than 50% of leaf area covered with leaf spots

Further, these scales were converted to per cent disease index (PDI) using the formula given by Wheeler (1969).
Per cent disease index =
(PDI)

Sum of the individual disease ratings
Number of leaves assessed

RESULTS AND DISCUSSION
Effect of spray schedule on grain yield, 100 grain
weight and stover yield
The spray schedule hexaconzole @ 0.1 per cent hexaconazole @ 0.1 per cent (T 3) recorded
significantly the highest grain yield of 79.58 q ha-1
over other spray schedule. Next best spray schedule
was carbendazim + mancozeb @ 0.2 per cent - wanis
@0. 5 per cent (T6) which has recorded 67.08 q ha-1
and it was on par with spray schedule hexaconazole
@ 0.1 per cent - wanis @ 0.5 per cent (T 5, 66.01 q ha1
) and
carbendazim + mancozeb @ 0.2 per centcarbendazim + mancozeb @ 0.2 per cent
(T 4,
64.90 q ha-1). Grain yields in the spray schedule
hexaconzole @ 0.1 per cent - panchagavya @ 10 per
cent( T7, 61.67 q ha-1), carbendazim + mancozeb @

x

Maximum grade

x 100

0.2 per cent - panchagavya @ 10 per cent (T8, 59.97
q ha-1) and wanis @ 0.5 per cent- wanis @ 0.5per
cent (T1, 57.47 q ha-1) were on par with each other.
Significantly the lowest grain yield of 52.08 q ha-1
was recorded in unsprayed control (T 9).
Highest per cent increase in grain yield over
unsprayed control was recorded in the spray schedule
hexaconzole @ 0.1 per cent - hexaconazole @ 0.1
per cent (52.80) followed by carbendazim +
mancozeb @ 0.2 per cent - wanis @ 0.5 per cent
(28.80), hexaconazole @ 0.1 per cent - wanis @ 0.5
per cent (26.74), and carbendazim + mancozeb @ 0.2
per cent- carbendazim + mancozeb @ 0.2 per cent
(24.61). Least per cent increase in grain yield over
unsprayed control was observed in spray schedule
wanis @0.5per cent- wanis @0.5 per cent (10.34).
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Almost similar trend was observed with respect to
100 grain weight. Hexaconazole@ 0.1per cent hexaconazole @ 0.1 per cent (T 3) recorded highest
grain weight of 41.33 g and followed by hexaconzole
@ 0.1 per cent - wanis @ 0.5 per cent (T 5, 40.00 g) ,
carbendazim + mancozeb @ 0.2 per cent - wanis @
0.5per cent (T6, 39.66 g), carbendazim + mancozeb
@ 0.2 per cent- carbendazim + mancozeb @ 0.2 per
cent (T4, 38.66 g) followed by hexaconzole @ 0.1
per cent - panchagavya @ 10 per cent
( T 7,
38.00 g) and were on par with each other. Least 100
grain weight of 35.00 g was recorded in unsprayed
control.
Highest per cent increase in 100 grain weight over
unsprayed control was recorded in the spray schedule
hexaconazole @ 0.1 per cent - hexaconazole @ 0.1
per cent (18.08) and least was in panchagavya @ 10
per cent- panchagavya @ 10per cent (4.00).
The spray schedule hexaconazole @ 0.1 per cent hexaconazole @ 0.1 per cent (T 3) recorded highest
stover yield of 8.02 t ha-1 over other spray schedule.
Next best spray schedule was hexaconazole @ 0.1
per cent- wanis @ 0.5per cent (T5, 7.92 t ha-1) which
is on par with the spray schedule carbendazim +
mancozeb @ 0.2 per cent - wanis @ 0.5per cent (T6,
7.38 t ha-1). Significantly the lowest stover yield of
6.30 t ha-1 was recorded in unsprayed control (T 9).
Highest per cent increase in stover yield over
unsprayed control was recorded in the spray schedule
hexaconazole @ 0.1 per cent - hexaconazole @ 0.1
per cent (27.30) and least was in Panchagavya @ 10
per cent- Panchagavya @ 10 per cent (3.96). The
fungicidal spectrum of neem (A. indica) has already
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been investigated by Singh and Pande (1966) and
reviewed in detail by Parveen and Alam (1993).
Antifungal properties of A. indica were also
established by Singh et al. (1984) and Usman et al.
(1991). The chemical basis of this antifungal activity
has been attributed to the presence of oil in the plant
parts of A. indica (Singh and Dwivedi, 1990).
Benefit: Cost ratio
The benefit cost ratio has been worked out for
different spray schedule and presented in Table 3.
The highest B: C was obtained with spray schedule
hexaconazole @ 0.1 per cent - hexaconzole @ 0.1
per cent (1:3.81) followed by hexaconazole @ 0.1
per cent - wanis @ 0.5 per cent and carbendazim +
mancozeb @ 0.2 per cent - wanis @ 0.5per cent both
were recorded B:C (1:2.81). Most of the remaining
spray schedules treatments, T4, T7, and T2 recorded
next highest B: C of 1: 2.71, 1:2.69, 1: 2.43 and 1:
2.42, respectively. Least B: C of 1:2.18 was recorded
in unsprayed control.
Effect of spray schedule on starch and oil content
The difference in both oil and starch content in the
grains in different spray schedule was non significant
(Table.3). However , numerically the spray schedule
hexaconazole @ 0.1 per cent - hexaconzole @ 0.1
per cent (T3) recorded highest oil content of 4.83per
cent and it was 14.18 per cent more over the
unsprayed control. Similar trend was also observed
with respect to starch content where in the spray
schedule hexaconazole@ 0.1 per cent - hexaconzole
@ 0.1 per cent (T3) recorded highest starch content
of 70.97per cent which is 1.19 per cent more over
the unsprayed control.

Table 2. Evaluation of spray schedule involving fungicide, commercially available botanical and ITK on
Curvularia leaf spot of maize

Spray schedule

T1: Wanis @ 0.5%- Wanis @ 0.5%
T2: Panchagavya @ 10%- Panchagavya
@ 10%
T3: Hexaconazole @0.1%- Hexaconazole
@ 0.1%
T4: Carbendazim + mancozeb @ 0.2%Carbendazim + mancozeb @ 0.2%
T5: Hexaconazole@0.1%- Wanis @ 0.5%
T6: Carbendazim + mancozeb @ 0.2%Wanis @ 0.5%
T7: Hexaconazole @ 0.1%- Panchagavya
@ 10%
T8: Carbendazim + mancozeb @ 0.2%Panchagavya @10%
T9: Unsprayed control
S.Em±
C.D. at 5 %

Percent
Disease
Index
(PDI)
62.54
(52.26)*
68.66
(55.96)
42.35
(40.60)
56.02
(48.46)
53.15
(46.80)
55.33
(48.06)
61.40
(51.59)
65.72
(54.16)
75.91
(60.61)
3.03
9.11

Grain
yield
(q/ha)

Per cent
increase
in grain
yield over
unsprayed
control

Stover
yield
(t/ha)

Per cent
increase
in Stover
yield over
unsprayed
control

B:C
ratio

57.47

10.34

37.33

6.65

7.00

11.11

2.40

60.42

16.01

36.40

4.00

6.55

3.96

2.43

79.58

52.80

41.33

18.08

8.02

27.30

3.81

64.90

24.61

38.66

10.45

7.08

12.38

2.71

66.01

26.74

40.00

14.28

7.92

25.71

2.81

67.08

28.80

39.66

13.31

7.38

17.14

2.81

61.67

18.41

38.00

8.57

7.05

11.90

2.69

59.97

15.14

37.17

6.60

6.67

5.87

2.42

52.08

-

35.00

6.30

-

2.18

1.18
3.54

0.215
0.644

1.22
3.65

* Arc sine transformed values.
Cost of grain Rs.1240/q, cost of Stover Rs.660/t ,
cost of fungicide/plant based products in Rs.Kg or l-

Per cent
100
increase
grain
in 100 grain
weight
weight over
(g)
unsprayed
control

hexaconazole(580), carbendazim + mancozeb(600),
wanis(450) and panchagavya (Rs.1500/ha). Quantity
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of spray solution used for two sprays per hectare Rs

– 1250l. Cost of cultivation Rs.-20000/ha

Table 3. Effect of spray schedule on starch and oil content in grains as influenced by Curvularia leaf spot of
maize
Spray schedule
T1: Wanis @ 0.5%- Wanis @ 0.5%
T2: Panchagavya @ 10%- Panchagavya @ 10%
T3: Hexaconazole @0.1%- Hexaconazole @ 0.1%
T4: Carbendazim + mancozeb @ 0.2%- Carbendazim +
mancozeb @ 0.2%
T5: Hexaconazole @ 0.1%- Wanis @ 0.5%
T6: Carbendazim + mancozeb @ 0.2%- Wanis @ 0.5%
T7: Hexaconazole @ 0.1%- Panchagavya @ 10%
T8: Carbendazim + mancozeb
@10%
T9: Unsprayed control

@ 0.2%- Panchagavya

S.Em±
C.D. at 1 %

Percent
Disease
Index
(PDI)
62.54
(52.26)*
68.66
(55.96)
42.35
(40.60)
56.02
(48.46)
53.15
(46.80)
55.33
(48.06)
61.40
(51.59)
65.72
(54.16)
75.91
(60.61)
3.03
9.11

Per cent increase
Percent
Percent oil
in oil content over
starch
content in
unsprayed
content in
grains
control
grains
4.53
70.70
7.09
(12.29)
(57.23)
4.47
70.63
5.67
(12.20)
(57.19)
4.83
70.97
14.18
(12.70)
(57.40)
4.47
70.80
5.67
(12.20)
(57.29)
4.60
70.90
8.74
(12.38)
(57.35)
4.50
70.80
6.38
(12.25)
(57.29)
4.30
70.67
1.65
(11.97)
(57.21)
4.37
70.67
3.30
(12.06)
(57.21)
4.23
70.13
(11.87)
(56.87)
0.28
0.33
NS
NS

Per cent increase
in starch content
over unsprayed
control
0.81
0.71
1.19
0.95
0.23
0.95
0.76
0.76
-

* Arc sine transformed values
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Abstract: Self-help Groups (SHGs) are pioneer for success of community development. It’s not exaggeration if we say that
they are the milestone for covering up the status and position of women which was lacking since independence. It is one of
the important platforms for addressing the gender issues of economic development in its best possible way. The SHGs are
not only providing access to financial services but also develop the sense of understanding about the market workings and
informing the women members about the numerous welfare programmes. Therefore, Self-help Groups are the important key
for women empowerment. Keeping these things in view the study was conducted to determine the extent of empowerment of
rural women members through SHGs in Vidisha block of Vidisha District of Madhya Pradesh in 2016 by interviewing 60
rural women from 10 Self Help Groups. Maximum number of respondents belongs to medium category of overall
empowerment. The main purpose of joining Self help group is to get loans and to promote their savings. Lack of
encouragement, Lack of social mobility and income derived was too low were the major personal problem, social problem
and economic problem observed by the respondents.
Keywords: Self help groups, Women empowerment

INTRODUCTION

S

wami Vivekananda, one of the greatest sons of
India quoted that, “There is no chance for the
welfare of the world unless the condition of women
is improved, It is not possible for a bird to fly on only
one wing”. In India, the condition of women and
men is unfortunately not the same and therefore
some where it is affecting the pace of growth of the
country.
The current population of India is 1.34 billion with
69.6 crore of male and 65.2 crore of female (India
Guide Population of India).This data gives an idea
that more than half of the nation is constituted by
female population. Therefore, Female labour force
participation is an actual driver of growth. The
contribution of women in the workforce of the
country remains highly imbalanced. As per NITI
Aayog (2017), Only 27% Indian women are in the
labour force–the lowest among BRICS countries;
among G-20 countries and it also stressed on the
importance of promoting equal participation
of women in the Indian economy. The potential of a
country to grow more rapidly will increase only if
participation rates will increase.
To meet the above objective an approach is required
“to help woman to help themselves”, which is
fulfilled by the formation of Self-Help Group. A
Self-Help Group (SHG) is a village-based financial
intermediary usually composed of 10-20 local
women. It typically comprises a group of microentrepreneurs having homogenous social and
economic backgrounds, all voluntarily coming
together to save regular small sums of money,
mutually agreeing to contribute to a common fund
and to meet their emergency needs on the basis of
mutual help. They pool their resources to become

financially stable, taking loans from the money
collected by that group and by making everybody in
that group self- employed. Keeping these things in
view the study was conducted to determine the extent
of empowerment of rural women members through
SHGs in Vidisha District of Madhya Pradesh in 2016
by interviewing 60 rural women from 10 Self Help
Groups.
Objective
To analyze the women empowerment through
SHG’s.
To analyze the social, personal and economic
problems problems perceived by them.
METHODOLOGY
The present study was carried in Vidisha block of
Vidisha district of Madhya Pradesh on the basis of
ease and convenience from researcher point of view.
Ten villages were selected on the basis of maximum
number of SHG’s. From each village, six SHGs
were selected by random sampling technique. Hence
in all total 60 sample selected. Women's
empowerment is defined as the ability to exercise
agency and acquire resources within a context of
gender inequality. To measure the empowerment
status scale developed by S.R Schuler, (1997) was
used with slight modification. Women’s mobility,
women’s freedom from family domination and
women’s economic security and contribution to
family support are the major items included. Total
18 items with 3 subscales are used. To measure
women’s mobility each respondent was given 1 point
for each place she had visited for the places given on
item and an additional point if she had ever gone
there alone. The scale ranged from 0 to 8 and was
employed as a continuous variable. For women’s
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freedom from family domination, A woman was
classified as “empowered” and coded as 1 if she said
that none of things had happened to her given on
item. The category “not empowered,” was coded as

0. Economic security was based on a scale from 0 to
4. One point was assigned for each of the item, A
woman with a score of 2 or better was classified as
empowered.

RESULTS AND DISCUSSION
Table1. Distribution of respondents according to their overall empowerment
Sr.No.
Overall empowerment
Frequency
1
2
3

Low
Medium
High
Total

To get loans and to promote their
savings
To learn technical skills
Occupational awareness
To become independent
To learn financial management

Percentage

15
32
13
60

A critical look at the data in Table 1 revealed that a
medium level of empowerment of rural women
through SHGs was noticed as 53.33 percent of them
belong to medium category of empowerment. This
Table 2. Purpose of joining SHG’s
Purpose

(N=60)

25
53.33
21.66
100
was followed by 25 percent of them appearing in low
category of empowerment. The percentage of
respondents appearing in high category of women
empowerment was found to be meager (21.66%).

Percentage

Ranking

95

I

60.66
78.33
53.33
33.33

III
II
IV
V

The data in table 2 indicates the purpose behind
joining SHG’s. To get loans and to promote savings
(95 percent) is the main purpose followed by
occupational awareness (78.33 percent). About 60.66
percent of respondents say to learn technical skill

and 53.33 percent of respondents join SHG’s to
become independent. Only 33.33 percent of
respondents become the part of SHG’s to learn the
financial management.

Table 3. Personal Problems faced by the members of SHGs
Personal Problems
Percentage

Ranking

Lack of formal education

86.66

II

Lack of encouragement

91.66

I

Non

cordial

relations

among

80

III

awareness

about

65

IV

Lack of freedom to take decisions

55

V

Vague Objectives

26.66

VI

members
Lack

of

government programs

The findings related to the personal problems (Table
3) faced by the respondents in SHGs revealed that
lack of encouragement (91.66 percent) as their major
personal problem followed by lack of formal
education (86.66 percent). It is observed that about(
80 percent) of respondents perceived non cordial

relations among members is another major problem
followed by (65 percent) lack of awareness about
government programs. Lack of freedom to take
decisions (55%) is the next problem felt by them and
only (26.66%) felt that vague objectives are another
issue faced by them.
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Table 4. Social problems faced by the members of SHGs
Social Problems
Percentage
Lack of social mobility
Group conflict
Lack of leadership
Family restrictions
castism

Ranking

41.66
68.33
96.66
85
20

Study on social problems faced by members of SHGs
revealed (Table 4), that majority (96.66 percent) of
the members of SHGs had Lack of leadership,
followed by (85 percent) family restrictions. About
68.33 per cent of the respondents had group conflict

IV
III
I
II
V
as their social problem. Lack of social mobility
(41.66 percent) was next social problem in order.
Only (20 percent) of the respondents perceive
castism as the social problem.

Table 5. Economic Problem faced by the members of SHGs
Economic Problems
Percentage
Income derived was too low
Lack of marketing of products
Multi Burrowing
Different attitude of bank
Lack of credit facility

85
36.66
65
20
15

Study on economic problems faced by members of
SHGs revealed (Table 5), that majority (85 percent)
of the members of SHGs felt that income derived
was too low, followed by (65 percent) multi
burrowing. About 36.66 percent facing lack of
marketing of products and 20 percent of the
respondents had different attitude of bank as their
economic problem and Lack of credit facility (15
percent) was next economic problem in order.
CONCLUSION
On the basis of above findings, it can be concluded
that there was a clear-cut empowerment of rural
women members of SHGs. However the
empowerment was to a medium level among women
members (53.33 percent) meaning that they were
average as far as the empowerment through self help
groups on them was concerned. The empowerment
of rural women as results of participation in SHGs by
them was positive and there was an incremental
increase in empowerment. They are facing many
huddles in terms of personal, social and economic
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Ranking
I
III
II
IV
V

problems. In order to reduce these problems suitable
economic and educational institutions are required
for this special purpose so that it helps the SHG
members for better livelihood security directly and
thereby strong economic development of nation.
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