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Summary

Mushrooms are the fruiting bodies of macro fungi devoid of
leaves, and of chlorophyll-containing tissues. Yet, they grow
and produce new biomass year after year. Mushrooms are
very nutritious and serve as food, tonic as well as medicine.
They are rich in crude fiber, proteins and good vitamins but
low in fat and calories. They possess multi-functional medicinal
properties. Mushroom cultivation has great scope in India
because of the cheap and easily available raw materials
needed for this activity. Mushroom farming is a business which
requires precision. It is friendly to the environment and is a
labour intensive activity. It serves as means of generating
employment, particularly for rural women and youths in order
to raise their social status. It also provides additional work for
the farmers during winter months when the farming schedule
is light. It is hoped that the advocation of mushroom farming
will become a very important cottage industry activity in the
integrated rural development programme, which will lead to
the economic betterment of not only small farmers but also of
landless labourers and other weak sections of communities.

 The production of tropical mushrooms like oyster (Pleurotus
spp.), paddy straw mushroom (Volvariella volvacea) and milky
mushroom (Calocybe indica) by utilizing locally available
substrates viz., paddy straw, wheat, soybean, cotton wastes
and lignocellulosic wastes have great potential to exploit and
convert it in to a highly nutritious food within less period of
time per unit area. Tropical mushroom production in India is
also becoming very popular in almost all the states of the
country having temperate, sub tropical and tropical climate.
The production of oyster mushroom in India is estimated to
be around 15-20,000 metric tonnes. However, the production
of paddy straw and milky mushroom is about 10,000 tonnes
each. Paddy straw (Volvariella volvacea) is the sixth
mushroom of the world in terms of production. Its production
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is very much popular in state of Orissa. Low cost house for
growing paddy straw mushroom in Orissa has been
developed. Milky mushroom (Calocybe indica) is a relatively
new introduction from India to the world mushroom growers.
Its robust size, sustainable yield, attractive color, delicacy,
long shelf-life and lucrative market value have attracted the
attention of both mushroom consumers and prospective
growers. Its cultivation is now spreading very fast in many
states of the country. In the present paper, an attempt has
been made to review the production scenario and advances
in cultivation technology of tropical mushrooms with possible
constraints in further expansion of mushroom industry in the
country.

Keywords: Tropical mushrooms, oyster mushroom,
paddy straw mushroom, milky mushroom, production
technology.

Mushrooms, also called 'white vegetables' or 'boneless
vegetarian meat' contain ample amounts of proteins,
vitamins and fiber apart from having certain medicinal
properties (Thakur and Singh 2013). Mushrooms
contain about 85-95% water, 3% protein, 4%
carbohydrates, 0.1% fats, 1% minerals and vitamins
(Tewari 1986 and Thakur 1998). It contains 19-35%
protein on dry weight basis as compared to 7.3% in
rice. 13.2% in wheat and 25.2% in milk (Chang and
Miles 1988). It is rich in essential minerals and trace
elements (Chadha and Sharma 1995). Mushroom
contains 20-35% protein (dry weight) which is higher
than those of vegetables and fruits and is of superior
quality. Mushrooms are now getting significant
importance due to their nutritional and medicinal value
and today their commercial cultivation is being done in
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more than 100 countries of the world. At present, world
production is estimated to be around 27 million tonnes
including 21.54 million tonnes by China alone (Li, 2012)
and is ever increasing. Among various methods of
cultivation, mushroom cultivation is the most economical
and relatively short biological process for the
biotransformation of organic materials into protein rich
food (Chiu and Moore 2001; Martinez-carrera et al.,
2000). The production of tropical mushrooms viz., oyster
mushroom (Pleurotus spp.), paddy straw mushroom
(Volvariella volvacea) and milky mushroom (Calocybe
indica) utilizing locally available substrates viz., paddy
straw, wheat, soybean, cotton wastes, coffee waste,
water hyacinth, tree saw dust, sugar cane bagasse, wild
grasses and various categories of refuse and
lignocellulosic wastes have great potential to exploit and
convert it in to a highly nutritious food within less period
of time per unit area (Singh et al. 2011). Cotton wastes
and sunflower stalks are examples of agro-industrial
wastes which are of limited/no economic use. Cotton
waste is a by-product of the textile industry. In recent
years, cotton wastes have become popular as
substrates for straw mushroom (Chang 1982) and oyster
mushroom (Hamlyn 1989) cultivation.

Oyster mushroom (Pleurotus ostreatus) occupies
third position in terms of production led by China (Li
2012). In India, it is largely adopted by the women of
the Self Help Groups in a small to medium scale. It
constitutes an important source of their income. It is
followed by several NGO's with buy back purchase
guarantee. Its production in India is also becoming very
popular in almost all the states of the country having
temperate, sub tropical and tropical climate (Thakur et
al. 2011). Paddy straw mushroom (Volvariella volvacea)
is another mushroom dominating whole of Odisha and
available in every nook and corner of the state. It is the
sixth mushroom of the world in terms of production
(Ahlawat 2007). Paddy straw mushroom is a quick
growing fungus, which can be harvested on 12th or 13th
day. Low cost house for growing paddy straw mushroom
in Orissa has been developed. Outdoors cultivation of
paddy straw mushroom under trees like coconut,
casurina, cashewnut, etc. is very much successful
during summer (Mohapatra 2013-Personal
communication). Odisha is the only state where paddy
straw mushroom is grown commercially for nine months
in a year involving common people. The paddy straw
mushroom is successfully cultivated in the plains of
Kerala throughout the year where the temperature
ranges between 28-32ºC (Prakasam 2012). In India, at
present, four mushroom varieties viz., Agaricus
bisporus, Pleurotus spp., Volvariella spp. and Calocybe
indica have been recommended for the year round

cultivation. The Indian subcontinent is known worldwide
for its varied agro climatic zones with a variety of habitats
that favour rich mushroom biodiversity (Verma et al.
2003; Thakur 2005; Thakur et al. 2005; Thakur et al.
2006 and Thakur et al. 2011). Among, tropical
mushrooms, oyster mushroom, paddy straw and milky
mushrooms are very much common in cultivation in
India whose details about the production scenario,
production structures, type of cultivation, method of
cultivation followed in different parts of the country would
be discussed in the present article. An attempt has also
been made to review the possible constraints in further
expansion of mushroom industry in production of tropical
mushrooms in India.

Indian Scenario of Mushroom Production

In India, the total production of mushroom is about
1,13,315 tonnes (Wakchaure 2011), of which major
share (80%) goes to button mushroom and that too by
a single unit i.e. Agro Dutch, Lalru (Patiyala), Punjab
producing around 50,000 tonnes/annum (Verma 2013).
Rest of the share (20%) goes to tropical mushrooms
such as oyster, paddy straw and milky mushrooms.

Oyster Mushroom Production

The seasonal production of tropical and subtropical
species of oyster mushroom in States, such as Tamil
Nadu, Karnataka, Kerala, Maharashtra, Andhra
Pradesh, Rajasthan, Chhattisgarh, Bihar, Assam,
Jharkhand and NEH, as well as the industrial unit, M/s
Zuari Agro-Chemicals Ltd. in Goa, has risen to about
15-20,000 TPA (Verma 2013, Thakur and Mohapatra
2013). Obviously, the extremely large number of these
seasonal units, although each small in size, has had
an enormous impact on mushroom output and diversity
in India. Oyster mushroom is now produced in several
states of the country in a small to large scale (Table 1).

Table 1. Tropical mushroom production in India in 2013
(tonnes)

Mushroom species Yield (t)

Oyster mushroom 15,000-20,000

Paddy straw mushroom 10,000

Milky mushroom 10,000

Source. Verma (2013), Thakur and Mohapatra (2013)
and Krishnamoorthy and Amutha (2007).
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In Madhya Pradesh, it is grown by SAMUHA called
Satpuda Mushroom Utpadak Sahkarita Maryadit,
Sukhtawa, Hoshangabad for the last 25 years involving
250 rural women whose production is nowhere
documented. It has been attempted to collect the
primary data on sale of mushroom spawn directly from
SAMUHA office based on their audit sheet and
presented in a Table 2.

Similarly, the data collected on dry oyster
mushroom is presented in Table 3. It is mandatory for
each women to dry the fresh mushroom produced using
prevailing sunlight and bring it to the main centre of
PRADAN at Sukhtawa (Hoshangabad) where they get

the price of dry mushroom immediately after deducting
all the cost price maintained in a yellow card like BPL
card. The basic inputs like oyster mushroom spawn,
polypropylene bags, bavistin, formalin, nuan, plastic
rope etc. are given to 250 women of the SAMUHA
through their well developed distribution system at the
doorstep of each village women. These women then
grow oyster mushroom in the close supervision of
SAMUHA officials. Upon harvesting and drying, it is
essential for each one of them to bring dried mushroom
to the SAMUHA office and get the price of the dried
product. This system of SAMUHA is wonderfully
operating and 250 women are very well organized and
getting handsome amount in a crop of three months.

Table 2. Spawn production of oyster mushroom by
Satpuda Mushroom Utpadak Sahkarita Maryadit,
Sukhtawa, Hoshangabad in Madhya Pradesh during
different years (Kg)

Years Spawn Production Amount (Rs.)

2004-2005 613 16,577.00

2005-2006 - -

2006-2007 - -

2007-2008 3793 1,28,963.00

2008-2009 5443 1,85,095.00

2009-2010 4109 1,39,716.00

Source: Satpuda Mushroom Utpadak Sahkarita
Maryadit, Sukhtawa, Hoshangabad (2013)

Table 3. Oyster mushroom production by Satpuda
Mushroom Utpadak Sahkarita Maryadit, Sukhtawa,
Hoshangabad in Madhya Pradesh during different years
(kg)

Years Dry oyster mushroom

2004-2005 4700
2005-2006 5139
2006-2007 3758
2007-2008 2677
2008-2009 3015
2009-2010 1591
2010-2011 5834
2011-2012 6355
2012-2013 3543
Source: Satpuda Mushroom Utpadak Sahkarita
Maryadit, Sukhtawa, Hoshangabad (2013)

Oyster mushroom is also grown in almost all the districts of Chhattisgarh namely Raipur
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There is a strong need to follow this method by other
NGO's/SHG's operating throughout the country. Many
of the SHG's are idle and non functional which can be
effectively utilized in oyster mushroom growing activity
adopting SAMUHA model in the country. After drying
preferably on the wire mess net or woven rope in cots
on the top of the floor, oyster mushroom is categorized
into "A", "B" grade (Rs. 325/-per kg) in which mushrooms
of normally large size and small size is considered.
However, stem portion is removed and separately
purchased at lower rates (Rs. 250/- per kg). Stem portion
of mushroom is mostly used in powder making. Thus,
the figure indicated in Table 3 includes all categories of
mushrooms.

Oyster mushroom is also grown in almost all the

districts of Chhattisgarh namely Raipur, Dhamtari,
Korea, Jangjgir-Chanpa, Rajnandgaon, Kanker,
Jagdalapur, Beejapur, Dantewada, Bilaspur Korba,
Raigarh, Kabirdham, Durg and the total oyster
mushroom production is estimated to be around 400
tonnes/annum based on the sale of mushroom spawn
by different units (Table 4). There are different units in
Raigarh and Janjgir-Chanpa which is adjoining to
Odisha and directly getting the supply of spawn from
Odisha by bus services and spawn is available in most
of the seed selling centres. The medium scale oyster
mushroom production units in Chhattisgarh state are
presented in Table 5.

The production of oyster mushroom in Odisha is
also increasing and is about 4003.60 tonnes/annum

Table 4. Mushroom spawn production in Chhattisgarh
Name of the firm Districts Quantity

(qtls/annum)
Mushroom spawn lab, IGAU Raipur 15-20
Mushroom spawn lab, IGAU Jagdalpur 10-15
Mushroom spawn lab, IGAU Kawardha 5-7
Chhattisgarh mushroom, Tendua, Abhanpur owned Raipur 45-50
by Mrs. Namrata Yadu)
Osheen Mushroom Spawn Lab Rajnandgaon 5-6
Osheen Mushroom Spawn Lab Bhairamgarh (Beejapur) 4-5
Osheen Mushroom Spawn Lab Beejapur 4-5
Satguru Kabir Biotek ATMA Samuh Kapadah (Kabirdham) 4-5
Dewangan Spawn Lab, Dhamtari Road Dhamtari 8-10
Chhattisgarh Mushroom Swayatt Sahkarita Maryadit, Gudihari Raipur 25-30
Sraddha Suman Mahila Samuh (Tarra) Raipur 8-10
Bose Mushroom Lab Raipur 8-10
Roverent Mushroom Durg 8-10
Chhattisgarh Resource Organization Durg 20-25
Querishi Mushroom Farm Durg 8-10
Deshmukh Spawn Lab Durg 8-10
Om Mushroom Farm Rajnandgaon 12-15
Biotech Lab, Govt. of Chhattisgarh Ambikapur 10-12
Pradeep Shah Mushroom Lab Ambikapur 10-12
Basant Gupta Mushroom Lab Bilaspur 12-15
Raghav Mushroom Lab Bilaspur 15-20
Precious Mushroom Spawn Lab Bilaspur 22-25
Rupak Mushroom Lab Korba 40-50
Annapurna Mushroom Farm Korba 8-10
Chakrabarty Mushroom Lab (Mrs. Chakraborty) Durg 8-10
Tamrakar Mushroom Lab Durg 5-7
Saheed Gundadhoor College of Agriculture and research Station Jagdalpur 5-6
Krishi Vigyan Kendra, Kanker 5-6
Kanha Korea Mushroom Korea 12-15

Total 349-406
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(Table 6) which is about 33 percent of the total mushroom
production.

Paddy straw Mushroom

The per annum production of paddy straw mushroom
is estimated to be approximately 10,000 tons (Verma
2013). However, Odisha alone contributed about
8007.20 tons of paddy straw mushroom per annum. It
is also popular in Tamil Nadu, Kerala, West Bengal and
Punjab. Orissa is now known for production of paddy
straw mushroom in the entire state especially in the
coastal areas from April to December months when
moderate temperature with high humidity prevails.
Bhubaneswar city alone has more than 120 mushroom
spawn laboratory supplying quality spawn of not only
paddy straw but also of oyster and milky to the growers
of not only Orissa but to the adjoining states like
Chhattisgarh.

Milky mushroom

Annual production of the milky mushroom in seasonal
farms are concentrated in the Southern states of Tamil
Nadu, Kerala and Karnataka has now been estimated
to be nearly 10,000 tons. Milky mushroom (Calocybe
indica) is purely of Indian origin and highly suitable for
the tropical climatic conditions of Central India, Northern
India and Southern India. Its cultivation is now spreading
very fast in many states of the country like Tamilnadu,
Kerala, Orissa, Haryana, West Bengal due to its longer
shelf life and adaptability to warm and humid conditions.

Oyster Mushroom

Oyster mushroom (Pleurotus ostreatus) is an edible

Table 6. Mushroom production scenario in state of
Odisha

Mushroom Production Per cent
in tons/year of total

production

Paddy straw mushroom 8007.2 66
Oyster mushroom 4003.6 33
Button mushroom 109.5 1
Total 12120.3 100
Source: Mohapatra (2013-Personal communication)Ta

bl
e 

5.
 C

om
m

er
ci

al
 u

ni
ts

 o
f o

ys
te

r m
us

hr
oo

m
 p

ro
du

ct
io

n 
an

d 
m

ar
ke

tin
g 

in
 C

hh
at

tis
ga

rh

N
am

e 
of

 F
irm

P
la

ce
P

ro
pr

ie
to

rs
Ta

rg
et

s

C
hh

at
tis

ga
rh

 M
us

hr
oo

m
Te

nd
ua

 (A
bh

an
pu

r) 
R

ai
pu

r
M

rs
. N

am
ra

ta
 Y

ad
u

95
 K

g/
da

y 
pr

od
uc

tio
n

C
hh

at
tis

ga
rh

 M
us

hr
oo

m
 p

ro
ce

ss
in

g 
un

it
Te

nd
ua

 (A
bh

an
pu

r) 
R

ai
pu

r
M

rs
. N

am
ra

ta
 Y

ad
u

-

M
us

hr
oo

m
 P

ro
du

ct
io

n 
an

d 
Tr

ai
ni

ng
 C

en
tre

Ja
gd

al
pu

r
S

m
t. 

D
ad

se
na

P
ro

du
ct

io
n 

an
d 

tr
ai

ni
ng

 o
n 

M
us

hr
oo

m
Te

ch
no

lo
gy

M
us

hr
oo

m
 C

or
ne

r (
S

al
e 

co
un

te
r)

S
as

tri
 M

ar
ke

t, 
R

ai
pu

r
M

s.
 N

am
ra

ta
 Y

ad
u

S
al

e 
of

 fr
es

h,
 d

ry
 m

us
hr

oo
m

 a
nd

 p
ro

ce
ss

ed
pr

od
uc

t

O
m

 m
us

hr
oo

m
D

on
ga

rg
ar

h,
 R

aj
na

nd
ga

on
S

hr
i D

. K
. S

hu
kl

a
90

 K
g/

da
y 

pr
od

uc
tio

n

A
nn

ap
ur

na
 m

us
hr

oo
m

K
or

ba
S

hr
i A

ja
y 

V
is

hw
ak

ar
m

a
70

 K
g/

da
y 

pr
od

uc
tio

n

R
ov

er
en

t m
us

hr
oo

m
 (S

al
e 

co
un

te
r)

D
ur

g
S

hr
i R

ah
ul

 G
up

ta
S

al
e 

of
 fr

es
h,

 d
ry

 m
us

hr
oo

m
 a

nd
 p

ro
ce

ss
ed

pr
od

uc
t

S
ra

dd
ha

 S
um

an
 M

ah
lia

 S
am

uh
R

ai
pu

r (
Ta

rra
)

S
el

f H
el

p 
G

ro
up

S
al

e 
of

 fr
es

h,
 d

ry
 m

us
hr

oo
m

 a
nd

 p
ro

ce
ss

ed
pr

od
uc

t



125

mushroom having excellent fragrant and taste. Wide
spread malnutrition with ever increasing protein gap in
our country has necessitated the search for alternative
source of protein because the production of pulses has
not kept pace with our requirement due to high
population growth. Animal protein is beyond the reach
of the most people in this country because most of the
people (over 86%) live beyond poverty level (World
Bank, 1992). Edible mushrooms are recommended by
the FAO as food, contributing to the protein nutrition of
developing countries dependent largely on cereals.
Cultivation of Mushroom is eco-friendly and profitable
agribusiness but labour-intensive (Chadha and Sharma
1995). Currently mushroom cultivation represents the
only economically viable biotechnology process for the
conversion of waste plant residues from forests and
agriculture (Wood and Smith 1992). The species of
these genera show much diversity in their adaptability
to the varying agro-climatic condition and there are more
cultivated species of this mushroom than any other
mushrooms (Zadrazil and Dube 1992). The different
species of Pleurotus grow within a temperature range
from 15-25oC and it can be grown on various agricultural
waste materials as substrate (Block et al. 1958, Thakur
et al. 2006, Thakur 2011). Compost of wheat and paddy
straw, banana leaves, sugarcane bagasses and leaves,
wheat barn, rich husk, sawdust etc. can be used as
substrate for growing mushroom (Gupta 1986, Thakur
2005). Pleurotus oystreatus is produced in large
quantities in a short time and provides more protein
per unit area than any other crop (Gupta 1986). The
materials of these treatments used for mushroom
production are easily available in our country.

Oyster mushrooms are the delicious mushrooms
grown in several parts of the world. The scientific name
of the cultivated oyster mushroom is Pleurotus sajor
caju. The word Pleurotus originates from the Greek word
'Pleura' which means formed laterally referring to the
lateral position of the stipe (stem like structure between

mycelium and pileus which is a fan like structure) relative
to the position of pileus. Species of Pleurotus generally
live in nature on dead wood as saprophytes and primary
decomposers. They are also known as wood fungus
and in Northern India they are sold in the market under
the local name 'Dhingri'. Oyster mushroom is very
popular in the countries of South East Asia where it
can be grown all round the year. Pleurotus species are
characterized by the rapidity of the mycelial growth and
high saprophytic colonization activity on cellulosic
substrates. They have the ability to directly break-down
cellulose and lignin bearing materials without
fermentation (Gupta et al. 2002). Cultivation of any type
of mushroom implies principles of microbiology,
environmental engineering and solid state fermentation
in the conversion of domestic agricultural, industrial,
forestry wastes into food for humans. In Chhattisgarh,
we have estimated that about 60 lakh tonnes of paddy
straw is generated every year as a result of cereal crop
production which can be suitably utilized for cultivation
of varieties of oyster mushroom liked by the peoples of
Chhattisgarh (Thakur 2005).

The advantages of growing oyster mushroom are
it grows on most cellulosic farm wastes, elaborate
composting is not required, softening of composting
material is sufficient for growing this mushroom, it can
be grown using a variety of containers such as polythene
bags, nylon nets, baskets, shelves, trays, etc., spawn
run is very rapid and the first crop of mushrooms can
be harvested in about two weeks, casing is not required,
can be cultivated under a wide range of temperatures
(22-28°C), and gives high yield

Cultivated Species

Under AICRP on mushroom at IGKV, Raipur, several
species have been evaluated for cultivation all round
the year which includes (1) Pleurotus florida (2)
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Pleurotus sajor-caju. (3) Pleurotus flabellatus (4)
Pleurotus eous, (5) Pleurotus platypus, (6) Pleurotus
memebranaceus, (7) Pleurotus ostreatus (8) Pleurotus
eryngil (9) Pleurotus sapidus (10) Pleurotus cystidiosus,
(11) Pleurotus cornucopiae,

Methods of cultivation

Species of Pleurotus are grown in indoors, in thatched
house, in thatched house with bamboo woven mat,
kuchha house with wall and khaprel roofing, hollow brick
wall with tiles roofing, brick wall with asbestos roofing,
any available room, basement, garage or even an
abandoned shed, provided there is adequate light and
ventilation. Mushroom beds are placed using hanging
method of cultivation or beds are placed in bamboo
racks. It is a pre-requisite also that the roof is insulated
by thatching to protect it from getting heated by direct
sun.

White oyster mushroom

Pleurotus florida (Bano and Srivastava 1974; Zadrazil
1978; Sohi and. Upadhyay 1989, Dhar et al. 2011,
Thakur et al. 2001; Thakur et al. 2012), the white oyster
mushroom, is white in color from primordia/pin head
formation to maturity, and this mushroom also grows in
bunches. The pileus of this mushroom is with thin
margins, smooth and pileus thickness is lesser as
compared to P. ostreatus and P. sajor-caju. The
mushroom looks like a white disc, growing on a thick
stipe with decurrent gills extending to the base of the
stipe, unlike P. ostreatus/P. sajor-caju. This mushroom
grew excellently well at 22-28ºC temperature range but

can grow up to 30ºC.
White oyster looks
graciously white, with
delicate flesh which is
turgid in texture and can
be very well
distinguished using DNA
finger printing (Singh et
al. 2010). The

marketability of this mushroom is quite high with
increased demand in the niche market in India. These
mushrooms are real gourmet mushroom, with high
culinary value, and with intense mushroom aroma when
used fresh. This mushroom was locally collected from
Narayanpur area and its yield was compared with
existing varieties. Based on the lab and farmers growing
conditions, it was released as a variety i.e. Indira Sweta
in 2006 for commercial cultivation throughout the state
of Chhattisgarh (Thakur et al. 2006).

Pink oyster mushroom

Pleurotus djamor (Sohi
and Upadhyay 1989),
the Pink oyster
mushroom looks
gracious on the bed and
yields profusely. The
cultivation process for
this mushroom is similar
as described for P.
sajor-caju, excepting
that this mushroom
requires limited water
spraying during its
cropping. The mushroom pileus is thinner as compared

Table 7. Names of specialty mushrooms grown and their temperature range

Common name Scientific name Optimum Temperature Range

Grey Oyster Pleurotus sajor-caju 20-28ºC
Black Oyster Pleurotus ostreatus 18-22ºC
White Oyster Pleurotus florida 20-28ºC
Pink Oyster Pleurotus djamor 20-26ºC
King Oyster Pleurotus eryngii 18-22ºC
Black Ear Mushrooms Auricularia polytricha 22-26ºC
Shimeji Mushroom Hypsizygus tessulatus 18-22ºC
Shiitake Mushroom Lentinula edodes 18-22ºC
Milky Mushroom Calocybe indica 28-32ºC
Paddy Straw Mushroom Volvariella volvacea 30-35ºC
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to above species, leathery in texture and looks like a
pink queen on the beds. The pileus is up to 3-4 inches
in diameter, with little or no stipe and pileus thickness
is 3-4 mm at the outer edges. Outer boarder on pileus
top is pink, gills on the lower side are pinkish too. This
mushroom is not fleshy as compared to above described
3 species. The marketability of this mushroom is
excellent and is sold at attractive prices in the niche
market in India. It fruits profusely at lower and higher
air temperature of 18-20 to 28-32 ºC in the cropping
room under Chhattisgarh conditions (Annual Report of
AICRP, 2006). It is very much liked by the people who
are non vegetarian.

Gray oyster mushroom

Pleurotus sajor-caju (Bano and Srivastava 1974; Block
et al. 1958; Chang and Miles 1982; Jandaik 1976 and
Zadrazil 1978, Annual Report 2004-2005), the Grey
Oyster mushroom, has
its pileus color at pin
head formation grey to
dark grey in color. The
color of the pileus
changes to light grey
on maturity, with fan
shaped fruit body and
thick texture. The fruit
bodies are weighty
when fully grown, and
the pileus diameter
may extend up to 4 inches. This Oyster mushroom is
very commonly grown in India under seasonal growing
conditions at temperature ranging between 20-28ºC, but
growth stops at air temperature above 28ºC (Thakur et
al. 2001). This mushroom performs excellently when
grown under controlled environment conditions. In
winter of Chhattisgarh, it performs excellently well and
did not change much upon dehydration.

Black oyster mushroom

Pleurotus ostreatus, (Block et al. 1958; Chang and Miles
1982, Zadrazil 1978; Dhar 1978) is the Black Oyster
mushroom, as the pileus is black in color at the time of
primordia/pin head formation. The entire process of its
cultivation is similar to P. sajor-caju, except that this
mushroom grows in vertically long bunches, with bunch
growing in acropetal order (lower mushrooms younger/
smaller, upper mushrooms larger). This mushroom is
also called Hiratake mushroom in Japan, and this
mushroom prefers the lower temperature range of 18-

22 0C. This mushroom is a prolific yielder, and yields
20-25% mushrooms of wet weight of substrate over a
cropping period of 3-4 weeks. The mushroom shows
distinct black color when young, which turns lighter on
maturity. This mushroom is harvested in bunches, and
packed/marketed like P. sajor-caju. This mushroom is
in greater demand because of its velvety look/texture
and excellent aroma. The diameter of the pileus of this
mushroom is 2-3 inches, but mushroom length
comprising of pileus and stipe is about 3-4 inches. The
entire length of this mushroom is fleshy in texture, with
decurrent gills on lower side. The fruit body looks like a
horse shoe. This mushroom has preferred marketability
value, and is readily accepted in the market by the
consumers and the executive chefs of star hotels for its
excellent taste.

Pleurotus ostreatus if produced in a standard size
green house (667m2) without air handling takes a
schedule of 3-4 months with an output of 15-20 tons
which is an equivalents of grain produced in 0.30 ha of
land, 4.5 times its efficiency (Li 2012).

Paddy Straw Mushroom

The edible straw mushroom, Volvariella volvacea is a
fungus of the tropics and subtropics and has been
traditionally cultivated in rice straw for many years in
China and in South East Asian countries. In 1971, cotton
wastes were first introduced as heating material for
growing the straw mushroom (Yau and Chang 1972)
and in 1973, cotton wastes had completely replaced
the traditional paddy straw to grow the mushroom
(Chang 1974). This was a turning point in the history of
straw mushroom cultivation, because the cotton-waste
compost through pasteurization process brought the
cultivation of the mushroom into an industrial scale first
in Hong Kong and then in Taiwan, Thailand, and China.
Several techniques are adopted for the cultivation of
the mushroom, which thrives in the temperature range
of 28-36 oC and a relative humidity of 75- 85%. Detailed
descriptions of the various methods are given by Chang
and Quimio (1982), Chang and Miles (2004), Kaul and
Dhar (2007) and Quimio et al. (1990). Choice of
technology usually depends on personal preference,
and on the availability of substrates and the amount of
resources available. While the more sophisticated
indoor technology is recommended for an industrial-
scale production of the mushroom, most of the other
technologies are low-cost and appropriate for rural area
development, especially when production is established
at the community level.
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Paddy straw mushroom (Volvariella volvacea) is
a world famous edible mushroom variety that has high
demand due to its deliciousness and nutritive value. It
is a popular variety among people because of its distinct
flavor, pleasant tastes, higher protein content and
shorter cropping duration compared to other cultivated
mushrooms. Paddy straw mushroom (Volvariella
volvacea) is the 6th most important cultivated mushroom
in the world (Ahlawat 2007). No other vegetable or
cultivated mushroom can be served as a table dish
within a short time from its planting, but V. volvacea
can do this as it comes to harvest on 10th day. The
paddy straw mushroom, Volvariella sp. prefers to grow
on paddy straw hence it is known as paddy straw
mushroom. It's cultivation was started in China during
18th century. It originally grows in rice straw stack in
tropical and sub tropical zones that have high
temperature and a rainy climate. Chinese growers
developed its cultivation more than 300 years ago.
Therefore, it was named "Chinese Mushroom" (Zhanxi
and Zhanhua 2000). Volvariella requires a high
temperature (35 ± 2 ºC) for better and early hyphal
growth. Also 32±2 ºC and 80-90 % RH (relative humidity)
are needed for the formation of fruiting bodies (Chang
and Hayes 1978). In India, it was cultivated for the first
time in Coimbatore. There are three species of
Volvariella, grown in India viz., V. esculenta, V. displasia
and V. volvacea. The climatic conditions prevailing in
India are best suited for the cultivation of this mushroom.
Many researchers have exploited the biological and
practical knowledge of Volvariella sp. (Su and Seth
1940; Thomas et al. 1943; Sangeetha 2002). Cultivation
techniques for commercialization still remain to be in
infant stage in India owing to its poor and unstable
yields. Thomas et al. (1943) for the first time, gave the
method of cultivation of V. esculenta on three twisted

bundles of 10 kg paddy straw soaked with water and
placed on wooden platform (75x75x30 cm) in a
haphazard manner. The paddy bed (prepared
separately) was spawned and covered with the third
twist. The whole bed was covered with the polyethylene
sheet to maintain moisture.

Production of straw mushroom

The yield of straw mushroom depends on the cultivation
methods and compost (growing) medium. Prior to 1970,
rice straw was practically the only material used for
preparing the growing medium for Volvariella volvacea.
Straw alone is not sufficient as a composting material
as it contains a little quantity nutrients and has a slow
rate of decomposition (Anonymous 1983). Therefore,
straw mushrooms presently are grown in some other
materials such as cotton waste, sugarcane bagasse,
dried banana leaves, oil farm bunch waste etc (Jandaik
1976). However, paddy straw is the material freely
available in Sri Lanka and therefore, this cultivation is
ideal in rural area where paddy straw is abundant after
each paddy harvest and it can provide additional
income. Low cost house for growing paddy straw
Mushroom has been developed. Outdoors cultivation
that is growing paddy straw mushroom under trees like
coconut, casurina, cashewnut, etc is very much
successful during summer. Paddy straw Mushroom is
quick growing fungus, which can be harvested on 12th
or 13th day. Orissa is the only state where paddy straw
Mushroom is grown commercially for nine months in a
year involving common people. There are several and
big units of spawn production in Odisha as a result not
only paddy straw mushroom but oyster mushroom
spawn is also produced in bulk quantity and is the only

Table 8. Cultivation of paddy straw by various methods at AICRP (Mushroom) Raipur

Treatments Spawn run Pin head No. of fruit Av. Fruit Yield BE (%)
(days) (days) bodies in 10 body wt (kg/100kg

kg dry straw/ (g) dry straw)
bed

Hollow bed 96" hollow dia. 7 9.66 105.66 15.70 16.77 16.77
Compact bed (Square) 7 10.00 106.33 17.15 16.40 17.40
Compact bed (round) 7 9.00 93.33 17.94 16.64 16.64
Bundle method (hollow) (4 bundles x 7 8.50 111.00 13.89 15.28 15.28
5 layers + 2 bundles opened
Bundle method (5 bundles x 4 layers + 7 9.33 78.33 15.71 12.16 12.16
2 bundles opened at top)
SEM (±) 14.97 1.50 2.09
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reason for popularity of this mushroom in whole of
Odisha State.

There are different methods for cultivation of
paddy straw mushroom viz., outdoor cultivation by bed
method, frame method, spiral method and indoor
method with and without composting the substrates. In
one of the study conducted under AICRP on mushroom
at Raipur (Annual Report 2006-2007) indicated the yield
difference from 12.16 to 17.40 % Biological Efficiency
depending upon the orientation of beds, its
compactness, shape and number of the beds (Table 8).
Of these, outdoor method is very common in India which
is followed by the majority of the growers in various
parts of the country. However, other methods are used
by the growers in a small scale depending upon the
climatic conditions prevailing in their areas. There are
very few units where paddy straw mushroom is
cultivated in a multilayered bed after composting. This
method is industrially utilized in China and many other
Asian countries of the world.

Outdoor cultivation of paddy straw mushrooms

 An outdoor cultivation method was introduced for paddy
straw mushroom by the Department of Agriculture in
the middle of the 1980's. However, farmers are reluctant
to produce mushrooms using this method because of
the uncertainty of production with irregular and low yield,
due to difficulties to control environment factors such
as temperature, RH and pest problems. Unlike the
oyster mushroom, the straw mushroom is highly
sensitive to the climatic conditions and their fluctuation.
The traditional outdoor method uses the bed-type
approach and utilizes a number of agricultural wastes
like dried paddy straw, rice stubbles, water lily, banana
leaves, and stalks (Reyes and Abella 1997). The use
of these wastes as mushroom substrates depends on
their local availability. The following is a description of
the step by step procedure for the preparation of
mushroom cultivation beds. 11. Mushroom for the
Tropics 250

Site selection and preparation

Growers should choose
an area that is free from
potential insect pests
such as ants, termites
and rodents. The
selected site should
preferably be under trees
with a wide canopy. In

order to ensure that the selected site is pest free,
growers can spread rice hulls onto the area and burn
them until they turn into ashes. This physical method of
eliminating pests also reduces the occurrence of soil-
borne pathogens.

Collection and preparation of bedding materials

The bedding materials collected from the field should
be sun dried. The
platform of the bed
should be raised either
using sand or bamboo
poles or wooden planks
or bricks. Growers
should trim and bundle
the substrates into
bundles 45 cm long, 10
cm width with a diameter
of two inches. The
bundled substrates
should be soaked for
twelve hours in running water or in 2% CaCO3 solution
and washed with clean water.

Layering of bundled substrates into bed and spawning

The bundled substrate should be drained of excess
water to attain a 65%
moisture content.
Growers should pile the
bundled substrates one
after the other in a layer
of bundles (5 bundles x
four layers) into the bed
forms followed by spot
spawning and covering
spawn with gram dal
powder. Lay 4 layers of
bundles during summer
months and 7 layers
during rainy season. Topping of bed with 20 cm deep
layer of rice straw followed by covering with polythene
sheet. On top of every layer, spawn should be sprinkled
thinly over the bundled substrates. An ideal bed size
consists of six layers and has a length of three meters.

Incubation and fruiting

A plastic sheet should be used to cover the entire
mushroom bed. This sheet maintains the appropriate
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temperature for the mycelial ramification (30-35 oC) and
fruiting body formation (28-30 oC). Remove polythene
sheet after 4 days and sprinkle water carefully on 6th
day. Water spray can be avoided during rainy season.
It usually takes 10-14 days before the first flush of
marketable fruiting bodies (button stage) come out from
the edge of the mushroom bed. Biological efficiency
varying from 2-5% was obtained at Raipur in AICRP
trials (Thakur et al. 2003) and trials conducted by
Godara (2002).

Harvesting

With bare hands, growers should harvest the button
stages of V. volvacea by simply pulling the cluster out
from the bed.

Spiral Method of cultivation

This method was developed
by Thakur et al. (2003) at
Raipur in Chhattisgarh in
which, period of cultivation
was prolonged for one and half
months from September to
15th October, yield was
several times more (18.71%
BE) than bed (3.23%) and
frame method (8.17%). More
yield and quality parameters
attributed to spiral method may
be due to more exposed
surface area, more penetration of light and more
aeration of the bed compared to that of cage and bed
of cultivation (Thakur et al. 2003).

Indoor cultivation

Construction of growing room, raw materials,
composting, filling, pasteurization and spawning
(Rajapakse 2011).

Composting

Pre-wetting of the substrates, keeping composting
aerobic, reaching homogeneity and time of turning
depending on outside temp. and the temperature of the
pile.

Filling

Checking the pH, moisture and keeping same amount
of compost in anywhere.

Spawning

The amount depending on composting method and
experience, in the surface, covering plastic sheet and
move plastic sheet up and down two times a day.

Management

1 day: keeping compost temp. 38
2 day: cooling to compost temp. 36
3 day: cooling to compost temp. 34
4 day: pinning depending on mycelium growing
Cooling to compost temp. 32
Moving in light
Fresh air
Increasing humidity
Watering if necessary

Management of fruiting

Protect the crop from cold shock, anti-drying out of
surface, light sprinkling after the head of primordia
changing to black and sprinkling the space frequently.

Key Points

The temp. of compost, humidity of air, Fresh air
(ventilation), moisture of compost, light

Milky mushroom (Calocybe indica)

About two decades ago, Calocybe indica P. & C. was
identified as a wild edible mushroom in India. Only
limited attempts were made for its cultivation until 1998
(Purkayastha and Nayak 1981; Chakravarty et al.
1981a; Chakravarty et al. 1981b; Doshi et al. 1989).
However, complete commercial production techniques
were evolved for the first time in Tamil Nadu
(Krishnamoorthy 1995). The milky mushroom (Calocybe
indica) is a potentially new species to the world
mushroom growers. It is a robust, fleshy, milky white,
umbrella like mushroom, which resembles button
mushroom (Pani 2012). Its robust size, sustainable
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yield, attractive colour, delicacy, long shelf-life and
lucrative market value have attracted the attention of
both mushroom consumers and prospective growers
(Chakraborty and Sikdar 2010). The mushroom is rich
in protein, lipids, fibres, minerals, carbohydrate and
contains an abundant amount of essential amino acids
(Alam et al. 2008),
Mallavadhani et
al. 2006). It is an
excellent source
of thiamine,
r i b o f l a v i n ,
nicotinic acid,
pyridoxine and
ascorbic acid
(Breene 1990).
The species is
suitable for hot humid climate and can be cultivated
indoor in high temperature and high humidity areas like
Chhattisgarh (Shukla 2004), Tamilnadu, Odisha etc. It
grows well at a temperature range of 25-35°C and

relative humidity more
than 80%. Milky
mushrooms can be
cultivated throughout
the year in the entire
plains of India. The
cultivation technology
is very simple,
involves less cost and
no special compost is
needed for the
cultivation. It was very
well cultivated in
paddy straw, wheat

straw and combination of both paddy + wheat in the
ratio of 1:1 in AICRP on mushroom at Raipur (Annual
Progress Report, 2006-2007). The cultivation process
resembles that of oyster mushroom but for the additional
process of casing. Casing is an important cultural
practice of milky mushroom cultivation which was done
for the first time by Purkayastha et al. (1976). The
mushroom can be
harvested from
24-28 days after
spawning and the
total crop cycle is
only 45-50 days.
Most importantly,
the milky
mushroom has an
extended shelf life
of 3-5 days
compared to other

cultivated species, making it more amenable to
handling, transportation and storage. So, there is a
growing interest among the farmers towards milky
mushroom. Calocybe indica is rich in protein, lipids,
fiber, carbohydrates and vitamins and contains an
abundant amount of essential amino acids and low fat
product (Ruhul et al. 2010). These qualities make it
suitable for food supplement in diet.

Commercial milky white mushroom growers are
mostly confined to Tamil Nadu in India, particularly in
Erode, Salem, Coimbatore, Trichy, Madurai and other
districts (Lakshmipathy et al. 2012). Among vital growth
requirements, environmental factors play a major role
in the growth and reproduction of edible fungi.
Cultivation of C. indica is influenced by temperature and
relative humidity for its yield. However, optimum
conditions favorable for the growth of C. indica have
not been clearly defined under controlled conditions.

In Tamil Nadu, this mushroom is commonly grown
in sunken beds where humidity and temperatures are
ideal for the
vegetative growth
and fruit body
d e v e l o p m e n t .
Similarly, it is
gaining popularity in
Punjab, Haryana,
Karnataka and even
Odisha. In Southern
states of the
country, it is very
much used in
preparation of
pickles and in value added products.

Tricholoma giganteum Heim, a new edible
mushroom pure white in colour resembling the
morphology of Calocybe indica, was reported growing
widely in summer in Indo-gangetic plains of Howrah
district, Hooghly in India (Chakravarty and Sarkar 1982).
The possibility of commercial cultivation of Tricholoma
lobayense was already explored in Tamil Nadu during
2002 (Anandh and Prakasam 2002). The simple
production techniques, substantial and sustainable
yield, increased shelf life, attractive color, flavor and
shape are the attractive features of this new edible
mushroom. As a new introduction to the edible
mushroom world, no doubt that our country has greater
prospects and potentiality to exploit this mushroom.
Development of mushroom strains well adapted to the
hot climatic plains of India with suitable simpler
cultivation technology, higher yield potential and
prolonged shelf life are the present day needs of
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commercial cultivation.

Its yield can very well compared with the existing
strains of C. indica used for commercial cultivation that
would suit the hot climatic zones of our country. A better
strain well adapted to the hot climatic plains of India
with suitable simpler cultivation technology, higher yield
potential and prolonged shelf life can be studied.

However, there are few constraints in production
of tropical mushrooms and further expansion of
mushroom industry in India.

• Non awareness about nutritional and medicinal
values of mushrooms through mass media. Lack
of awareness to incorporate in mid day meals, in
regular diet of school children, in daliya, in Dal
Bhat Centres, in Aaganbadi programme, to
pregnant ladies, old age people, in Govt.
Canteens and Hospital Wards to alleviate
undernourishment and malnourishment.

• Lack of good quality mushroom spawn laboratory,
cold storage facility, and small scale processing
units in a district place to facilitate mushroom
production, processing and marketing.

• Non awareness to blend mushroom powder in
Atta, dalia, or dal, papad, badi, murku to improve
the nutritional qualities of the food/food product.

• Lack of mushroom processing units to enhance
the shelf life, prolong the availability of mushroom
products and promote indirect marketing of
mushrooms.

• Unavailability of cheap and easy mushroom
production technology to people who are mainly
dependent on forest produce including
mushrooms.

• Absence of proper mushroom marketing
channels to dispose off of the fresh, dehydrated
and processed mushrooms involving Self Help
Groups, NGO's and private organisations.

• Lack of dissemination of generated mushroom
technology/knowledge through recent means of
communication like internet etc. to the
entrepreneurs, tribal women, school dropouts,
consumers and preferably middle class families.

• Lack of efforts to trap solar energy for drying and
processing of mushrooms.

• Improper development of cultivation methodology
of mushroom in a identified areas looking to the
availability of local resources.

• Lack of proper designing and construction of
mushroom huts/farms for small, medium and

commercial scale cultivation of different
mushrooms under different climates. Appropriate
agencies are not involved in taking care of local
ethos and culture and also considering maximum
community involvement and community
participation.
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Abstract

Field experiment was conducted to investigate the
morphological development in different chickpea (Cicer
arietinum L.) genotypes for late sown high temperature
conditions of Kymore plateau zone of Madhya Pradesh. The
crop is well adapted within temperature range of 30/150C (day
maximum and night minimum) for optimum growth and pod
filling stage. The investigations with sowing dates viz., 22nd
November, 9th Junevary and 31 genotypes of chickpea were
made in Randomized Block Design having three replications.
Highest pod weight (g) plant-1 (38.51) in Dohad yellow, seed
weight (g) plant-1 (31.46) in PG 5, 100 seed weight (g) (30.96)
in JGK 2 under normal sown planting was recorded. In late
sown planting the highest pod weight (g) plant-1 (30.34) in
JGK 2, seed weight (g) plant-1 (20.48) in JGG 1. 100 seed
weight (g) (29.37) in JGK 2. were found in the Dohad yellow,
PG 5 and JGK 2 under normal planting for aforesaid
parameters and late planting JGK 2 and JGG 1 exhibited the
best performance. The result obtained from present
investigation suggested that selection for morphological traits
such as pod development could not only improve the heat
tolerance of chickpea but could boost up the crop production
under climate change, in addition to flowering period is an
important factor limiting yield in chickpea.

Keywords: Pod weight, Seed weight, Genotype

Chickpea (Cicer arietinum L.) is one of the most drought-
tolerant cool-season food legumes; heat stress still limits
chickpea production. With terminal drought, seed yields
can be reduced by 58-95% compared to irrigated plants
and reductions in pod production and abortion are key
factors impacting final seed yield (Leport et al. 2006). It
is widely cultivated under a range of climatic conditions.
The sowing time may vary in different locations
depending on the temperature experienced. Global
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warming is predicted to increase temperature by up to
5°C by the end of this century, with associated changes
in mean maximum temperature (Berger et al. 2004) A
water shortage and high temperature as the plant enters
its reproductive phase induces the end of reproductive
development (Siddique et al. 2000, Turner 2003, 2004,
2006) that is termed 'terminal heat stresses. Yields of
Kabuli chickpeas are less than desi chickpea under
terminal stress and pod abortion by Kabuli chickpea is
more sensitive to water stress than that of desi chickpea
(Shukla 2013). In the present study, promising
genotypes were used to determine the effect of high
temperature on total pods, pod weight and seed weight.
High temperature was imposed when both cultivars had
flower buds, flowers, and developing pods.

Material and methods

The present investigation was carried during Rabi 2012-
13 and 2013-14 under All India Coordinated Research
Project on Chickpea (lead center) at Seed Breeding
Farm, College of Agriculture, JNKVV, Jabalpur (MP).
The main features are hot and dry summer and cold
winter with occasional showers. The average rainfall is
about 1200 mm which is received mostly during July to
September. The temperatures varied from 4.0°C
minimum in January to 42°C maximum in May. The
experimental material comprised of 31 genotypes of
chickpea. Grown in a Randomized Block Design with
three replications on two different dates under normal
planting (Environment I ) on 22nd November 2012-13,
and late planting on 9th January 2013-14 as
Environment II. Each Plot size was 3.0   1.2 m. Fertilizer
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was applied in the ratio of 20N:60P2O5:40K2O kg/ha.
The experiment was conducted with recommended
agronomic practices.

Results and discussion

Environment- I (Normal planting)

The maximum pod weight was observed in Dohad yellow
(38.51) followed by PG 5 (38.04) and K 850 (37.36)
while it minimum in Pusa Green 112 (12.48). Out of
thirty one genotypes, the maximum seed weight was
recorded in PG 5 (31.46) followed by Dohad yellow
(28.59),  and minimum in RGS 991 (11.12) the maximum
100 seed weight noted in genotype JGK 5 (30.96)

followed BGD 103 (30.79) while it was recorded
minimum in  Vijay (12.94) in normal planting (Table 2-4).

Environment - II (Late planting)

The pod developments for late planting genotypes were
slightly less as compared to the normal planting. The
maximum pod weight was noted in genotype JGK 2
(30.34) followed by Pusa 240 (28.06) and JGG 1
(24.15). The minimum pod weight was accounted in the
RGS 991 (8.81). The maximum seed weight was
observed in the JGG 1 (20.48) followed by ICVV 92944
(19.86) and Dohad yellow (19.51) whereas it was noted
minimum in the RGS 991 (6.04). The maximum 100 seed
weight noted in BGD 103 (30.37) followed by Dohad
yellow (23.21) while it was recorded minimum in Vijay
(12.61) in late planting (Table 2-4). Yadava et al. (1999)
identified the traits determining tolerance against
drought and temperature in chickpea through correlation
analysis by evaluating all the studied yield component
traits accept genotype  of seed index, pod weight per
plant, seed weight, during seed filling period, pods per
plant and day matter accumulation responded to soil
moisture availability while flowering period, reproductive
period, and harvest index were least influenced. ICC
4958, Pusa 362 and KPG 59 appeared as drought
tolerant genotypes. Among them, ICC 4958 KPG 59
required comparatively high being temperature
susceptible.

In present state of climate change and shifting of
date of showing the genotype having maximum pod
weight with maximum seed weight should be given due
consideration either they preferred any date of showing.
In normal date of sowing Dohad yellow (38.51) and PG
5 (38.04) Pusa exhibited maximum seed weight with.
Similarly in second date of sowing late planting JGK 2
(30.34) followed by Pusa 240 (28.06) and  JGG 1
(24.15). Performed better to other genotypes under
study.

The overall study indicated that the chickpea
genotypes Dohad yelow, PG 5 and JGK 5 found
promising for normal date of sowing while genotype
JGK 2, JGG 1 and BGD 103  were noted for late
planting. The present results are in the conformity of
the findings reported by ( Xiangwen Fang et al. 2009).

,sls tkfr;k¡ tks fd lkekU; vkSj nsj rd ds fy, mi;qDr gSa mudk
egRo ge vkf[kjh rkieku dh fLFkfr esa Kkr dj ldrs gSA ftls
tyok;q esa ifjorZu djds vkSj cksvkbZ dh frfFk cnydj ge ns[k
ldrs gSA orZeku v/;;u ds vuqlkj ;g ik;k x;k gS fd] ftl le;

Table 1. Weekly meteorological parameters during pod
filling stage in the year 2012-13 and 2013-14

Months Meteo. Temperature (0C) RH (%)
week Max. Min. Morn. Even.

Nov. 47 27.9 10.6 88 29
48 28.4 11.5 83 33

Dec. 49 28.7 10.6 85 26
50 29.0 14.0 92 41
51 25.3 7.1 88 29
52 23.8 5.0 90 30

Jan. 1 23.3 7.2 87 42
2 23.0 5.2 87 32
3 26.7 10.1 84 36
4 21.4 5.0 86 36
5 24.6 7.4 91 36

Feb. 6 25.9 11.3 88 49
7 25.2 13.0 91 60
8 25.0 11.0 93 49

Months Meteo. Temperature (0C) RH (%)
week Max. Min. Morn. Even.

Feb. 6 28.0 10.0 91 39
7 23.9 9.5 88 41
8 25.5 11.9 93 55
9 24.8 14.3 91 60

March 10 26.6 11.9 87 42
11 30.5 12.6 84 45
12 34.0 13.4 79 27
13 36.4 17.6 77 20
14 37.4 18.5 55 16
17 39.7 19.9 50 13
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Table 2. Effect on pod weight (g) plant-1 in normal and late sown planting

Genotypes Pod dry weight (g) plant-1

           2012 - 2013 2013 - 14 Pooled
Normal Late Normal Late Normal Late

ICCV 92944 28.54 21.57 27.11 20.34 27.82 20.95
JG 11 22.33 24.71 21.56 23.58 21.94 24.14
RSG 945 19.54 16.26 19.16 15.59 19.35 15.92
Annegiri 21.73 18.17 20.4 17.86 21.06 18.01
PBG 5 21.9 19.42 20.4 18.75 21.15 19.08
JGK 2 22.55 31.4 21.14 29.28 21.84 30.34
GG 2 24.76 15.1 23.17 14.8 23.96 14.95
GCP 101 25.13 13.98 23.75 13.49 24.44 13.73
Pusa 240 20.09 28.59 19.41 27.53 19.75 28.06
PG 96006 22.81 22.04 22.81 20.32 22.81 21.18
JGG 1 30.21 24.98 28.83 23.32 29.52 24.15
ICC 4958 23.84 20.99 22.11 20.26 22.97 20.62
Pusa Green 112 12.52 8.62 12.44 9.63 12.48 9.12
Pusa 244 24.97 24.38 24.17 22.82 24.57 23.60
CSJD 884 20.55 19.21 19.75 18.97 20.15 19.09
Vaibhav 32.48 20.02 31.79 19.39 32.13 19.70
RSG 888 23.5 19.08 22.77 18.77 23.13 18.92
L 550 16.01 13.69 15.24 13.46 15.62 13.57
GNG 469 27.13 17.25 26.27 16.92 26.70 17.08
K 850 37.94 20.68 36.78 20.25 37.36 20.46
RGS 991 18.22 8.89 17.78 8.74 18.00 8.81
BGD 103 26.79 15.58 25.38 15.26 26.08 15.42
JG 218 27.83 17.07 26.71 16.31 27.27 16.69
Avrodhi 26.22 16.99 25.58 16.6 25.90 16.79
PG 5 38.89 20.6 37.19 20.36 38.04 20.48
JG 74 25.89 23.47 24.4 22.65 25.14 23.06
RSG 143-1 21.18 17.63 20.21 17.24 20.69 17.43
GNG 663 26.92 17.36 26.16 17.08 26.54 17.22
Dohad yellow 39.65 22.17 37.37 21.73 38.51 21.95
Vijay 23.45 16.73 22.8 16.4 23.12 16.56
ICVV 92944 23.03 22.41 22.7 21.09 22.86 21.75
Mean 25.05 19.32 24.04 18.67 24.54 18.99
SEm± 3.21 1.83        2.46 1.31 2.83 1.57
CD (5%) 10.11 5.75        7.74 4.13 8.92 4.94
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Table 3. Effect on seed weight (g) plant-1 in normal and late sown planting

Genotypes Seed weight (g) plant-1

           2012 - 2013 2013 - 14 Pooled
Normal Late Normal Late Normal Late

ICCV 92944 24.79 15.49 24.45 14.98 24.62 15.23
JG 11 17.28 15.03 16.95 14.51 17.11 14.77
RSG 945 13.71 12.99 13.28 12.89 13.49 12.94
Annegiri 12.44 11.34 11.97 10.90 12.20 11.12
PBG 5 20.37 10.62 19.97 10.20 20.17 10.41
JGK 2 20.44 16.87 20.11 16.47 20.27 16.67
GG 2 18.63 11.21 18.10 10.86 18.36 11.03
GCP 101 22.42 8.09 22.04 7.88 22.23 7.98
Pusa 240 19.03 14.25 19.03 13.85 19.03 14.05
PG 96006 21.82 18.03 21.39 17.65 21.60 17.84
JGG 1 28.62 20.67 27.97 20.30 28.29 20.48
ICC 4958 17.66 13.16 17.28 12.79 17.47 12.97
Pusa Green 112 12.31 9.93 11.86 8.00 12.08 8.96
Pusa 244 19.76 17.03 19.58 16.71 19.67 16.87
CSJD 884 18.48 16.01 18.12 15.71 18.30 15.86
Vaibhav 26.98 18.50 26.53 18.01 26.75 18.25
RSG 888 19.47 16.72 18.88 16.31 19.17 16.51
L 550 12.40 7.99 12.25 7.95 12.32 7.97
GNG 469 23.18 16.23 22.84 15.87 23.01 16.05
K 850 29.74 10.32 28.23 9.96 28.98 10.14
RGS 991 11.36 6.22 10.88 5.86 11.12 6.04
BGD 103 18.27 11.60 17.78 11.09 18.02 11.34
JG 218 19.86 15.19 19.56 14.72 19.71 14.95
Avrodhi 22.88 6.46 22.53 6.12 22.70 6.29
PG 5 32.16 19.61 30.77 19.14 31.46 19.37
JG 74 21.56 17.95 21.19 17.63 21.37 17.79
RSG 143-1 19.95 15.64 19.48 15.34 19.71 15.49
GNG 663 20.23 17.05 19.92 16.68 20.07 16.86
Dohad yellow 28.70 19.81 28.48 19.22 28.59 19.51
Vijay 18.38 10.38 17.96 10.09 18.17 10.23
ICVV 92944 22.08 20.05 21.20 19.68 21.64 19.86
Mean 20.48 14.20 20.01 13.78 20.24 13.99
SEm± 2.08 1.47 2.50 1.26 2.29 1.36
CD (5%) 6.56 4.63 7.86 3.98 7.21 4.30
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Table 4. Effect on 100 seed weight (g) in normal and late sown planting

Genotypes 1000 seed weight (g)
           2012 - 2013 2013 - 14 Pooled

Normal Late Normal Late Normal Late

ICCV 92944 23.32 22.93 22.81 22.58 23.06 22.75
JG 11 21.45 20.80 21.10 19.91 21.27 20.35
RSG 945 15.33 13.80 14.93 13.47 15.13 13.63
Annegiri 20.45 22.73 20.05 22.31 20.25 22.52
PBG 5 24.47 21.70 24.09 21.21 24.28 21.44
JGK 2 31.23 29.47 30.70 29.28 30.96 29.37
GG 2 23.20 21.17 22.79 20.84 22.99 21.00
GCP 101 16.80 14.53 16.55 14.20 16.67 14.36
Pusa 240 21.07 22.13 20.75 21.80 20.91 21.96
PG 96006 23.57 21.73 23.25 21.40 23.41 21.56
JGG 1 17.14 15.13 16.58 14.47 16.86 14.80
ICC 4958 23.33 22.53 23.17 22.11 23.25 22.32
Pusa Green 112 19.27 16.50 18.72 16.12 18.99 16.31
Pusa 244 25.43 23.07 24.96 22.95 25.19 23.01
CSJD 884 17.83 13.40 17.58 16.31 17.70 14.85
Vaibhav 14.63 12.87 14.29 12.38 14.46 12.62
RSG 888 17.23 14.27 17.00 14.00 17.11 14.13
L 550 16.53 15.20 16.31 15.00 16.42 15.10
GNG 469 20.50 20.27 20.02 19.97 20.26 20.12
K 850 26.41 23.00 25.89 22.50 26.15 22.75
RGS 991 15.50 18.37 15.73 18.08 15.61 18.22
BGD 103 31.00 30.67 30.58 30.08 30.79 30.37
JG 218 23.87 22.40 23.61 21.58 23.74 21.99
Avrodhi 17.63 17.27 17.28 17.07 17.45 17.17
PG 5 23.40 23.20 22.97 22.94 23.18 23.07
JG 74 22.60 22.13 22.11 21.80 22.35 21.96
RSG 143-1 17.63 17.07 17.13 16.54 17.38 16.80
GNG 663 19.53 14.40 19.32 14.25 19.42 14.32
Dohad yellow 24.47 23.27 23.98 23.15 24.22 23.21
Vijay 13.17 12.80 12.71 12.43 12.94 12.61
ICVV 92944 22.80 22.33 22.30 22.00 22.55 22.16
Mean 20.99 19.71 20.62 19.44 20.80 19.57
SEm± 0.48 0.88 0.45 0.94 0.46 0.91
CD (5%) 1.52 2.78 1.41 2.95 1.46 2.86
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vf/kd nsj rd vuko`f"V ugha gksrh ml le; iq"i vkSj Qfy;ksa dk
mRiknu de gks tkrk gS rFkk iq"i vkSj vumRiknd Qfy;ksa dh la[;k
c<+ tkrh gSA vr% nksuksa gh fLFkfr;ksa esa puk Qly ds chtksa dh mit
?kV tkrh gSA ftlls ;g irk pyrk gS fd iq"i vkSj Qyh Hkwz.kgR;k
nksuks gh egRoiw.kZ Hkwfedk fuHkkrs gSA cht mRiknu Kku djus esa nwljh
vksj ;g ns[kk x;k gS fd] 'kq:vkr ds fnu iq"i vkSj Qyh fodkl dks
izHkkfor djrs gSa ,sals iq"i vkSj Qfy;kWa tks tYnh vk tkrs gSA muesa
u"V gksus dh {kerk de gksrh gSA tcfd tks iq"i nsjh ls vkrs gSa oks
T;knk ek=k esa u"V gksrs gSA
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Abstract

A field experiment conducted at RAK, College of Agriculture,
Sehore to evaluate the response of organic and inorganic
nutrient management system on productivity of soybean based
cropping system in Madhya Pradesh during 2007-08 and 2008
- 09. The soybean - chickpea cropping recorded the highest
pooled yield 2157 kg/ha of soybean as compare to soybean -
wheat system (1980 kg/ha). Application of organic 50 % plus
inorganic 50 % fertilizers gave the highest soybean yield 2183,
respectively followed by organic (2064 kg/ha) and inorganic
(1980 kg/ha) on the basis of pooled analysis. Cropping system
and production management practices gave significant
differences for soybean equivalent yield in both the year of
experimentation. Soybean - chickpea crop sequence fetched
significantly maximum net monetary returns Rs 27017 /ha over
soybean - wheat (Rs 24779 /ha) in 2007 - 08. The cost benefit
ratio gave significant differences were recorded with cropping
system and production management practices. In terms of
soil health soybean - chickpea cropping system was improved
NPK 25.0, 1.0 and 15 kg/ha as compare with soybean - wheat
cropping system 8.0, 0.0 and 5.0 kg/ha, respectively. The
maximum gain in the availability of NPK was 36.0, 2.0 and
20.0 kg/ha was received with management practice of  organic
alone followed by organic 50 % plus inorganic 50 % and
inorganic alone practice.

Keywords : Cropping system, Production management
practice, Soybean equivalent yield, Net returns

Imbalance nutrition is one of the important constrains
of soybean productivity (Chandel 1989, Tiwari 2001).
Continuous use of high level of chemical fertilizers has
led to problems of soil degradation which is proving
detrimental to soybean production. Soybean - wheat /
chickpea system are more preferable since three
decades in Madhya Pradesh under both irrigation and
rainfed condition. Soybean is preferred by farmers to

Effect of cropping systems and production management practices
on soybean under rainfed condition

M.D. Vyas and Rupendra Khandwe
Rafi Ahmad Kidwai College of Agriculture
Rajmata Vijaya Sindhia Krishi Vishwa Vidyalaya
Sehore 466 001 (MP)
Email: vyasmd@rediffmail.com

grow as a cash crop followed by wheat as high yielding
food grain crop or chickpea as pulse. The productivity
of soybean, wheat and chickpea ranges from 0.7 to 0.9,
1.5 to 2.2 and 4.6 to 7.8 tonnes/ha, respectively in the
state as against their genetic potential of 2.5, 5.0, and
2.2 tonnes/ha. Now the productivity of these crops in
the state is showing slight decreasing trend. Therefore,
adequate and balanced fertilization is necessary and
complementary uses of organic manures improve
physical, chemical and biological properties of soil and
fertilizer use efficiency. Depletion of soil fertility status
and poor crop stands due to deviation in sowing time
as a result of climatic fluctuations lead to low and
unstable productivity of entire cropping system (Hegde
1993). Further the organic sources unlike inorganic
ones have substantial residual effect on the succeeding
crops (Duraisami and Mani 2001). Hence the present
investigation made to find out cropping system, manure
and fertilizer requirement for maximization of the
productivity of soybean.

Materials and methods

The field experiment was laid out in strip plot design
during the kharif and rabi seasons of 2007 - 08 and
2008 - 09 at the RAK, College of Agriculture, Sehore.
The treatments comprised cropping system, viz.
soybean - wheat and soybean - chickpea in main plots.
The production management practices, viz. organic
fertilizer 100 %, inorganic fertilizer 100 % and organic
50 % plus inorganic 50 % were allotted to sub- plots
with replicated four times. The soil of the experimental
field was clay loam in texture, neutral (pH 7.5) in reaction
with low in organic carbon (0.60 %) content, available
N (220 kg/ha) and P (14.5 kg/ha) and medium in
available K (310 kg/ha). Sowing of soybean cv. JS -

JNKVV Res J 48(2): 143-149 (2014)
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335, wheat cv. Sujata and chickpea cv. JG - 315 were
done by drilling the seeds in rows 45, 30, 30 cm apart,
respectively by using the recommended seed rates. The
soybean crop was sown during first week of July while
wheat and chickpea crop were sown during last week
of October after the harvest of soybean crop followed
by pre - sowing irrigation. The recommended inorganic
fertilizer dose were 20:60:20 kg NPK/ha for soybean
and chickpea and 120:60:40 NPK kg/h for wheat and in
organic manure 10 tonnes/ha for sole organic treatment
and 5 tonnes/ha where 50 % organic manure was
applied. Net monetary returns and cost benefit ratio were
calculated based on prevailing market price of inputs
and produce.

Results and discussion

Grain yield of soybean and rabi crops

The soybean - chickpea cropping system significantly
influenced the soybean grain yield, which culminated
into the higher final yield in both the years. Application
of 50 % organic  plus 50 % inorganic  recorded
significantly higher soybean grain yield compared to
alone organic and inorganic fertilizers in the year 2008
- 09 and pooled data of both the year. This performance
may be attributed to improved soil fertility and microflora
activity in rhizosphere with the application of organic
sources of nutrients with RDF. Similar findings confirmed
by Chaturvedi and Chandel (2005). Likewise Kumar et
al. (2006) also reported higher yield of soybean due to
combined application of nutrient sources by their
complimentary effect on soil bio-fertility.  On an average
in cropping system the yield of rabi crops wheat and
chickpea recorded 1640 and 1826 kg/ha, respectively.
During the second year (2008 - 09) soybean - chickpea
cropping system recorded significantly higher rabi crop
yield which was 19.19 % higher than soybean - wheat
system. Combined application of organic 50 % and
inorganic 50 % recorded 2.17 and 6.82 % increased
the rabi crop yield over the organic alone and inorganic
alone treatment, respectively on the basis of pooled
analysis.

Soybean equivalent yield (SEY)

Cropping system and production management practices
gave significant differences for soybean equivalent yield
in both the year as well as in pooled analysis. Between
the two cropping systems, soybean - chickpea cropping
system recorded the highest soybean equivalent yield
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as compare to soybean - wheat system. In general, the
organic 50 % and inorganic 50 % fertilizers recorded
the highest soybean equivalent yield than the inorganic
and organic alone practices. The reduction in SEY under
organic and inorganic alone practices were 2.89, 9.90,
6.01 and 2.17, 5.16 and 3.94 % during 2007 - 08, 2008
- 09 and pooled data, respectively. Deshmukh et al.
(2005) reported that 100 % RDF along with 2.5 t FYM/
ha in soybean and soil mulch in chickpea recorded the
highest yield in soybean - chickpea cropping system,
indicating that addition of organic along with 100 % RDF
is necessary for higher productivity of soybean.

Net monetary returns and B:C ratio

The effects of cropping system and production
management practices were observed significant in
respect of net monetary returns and cost benefit ratio
during both the years and also in pooled analysis.
Soybean - chickpea crop sequence fetched significantly
maximum net monetary returns Rs 27017 /ha over
soybean - wheat (Rs 24779 /ha) in 2007- 08. Application
of organic 50 % plus inorganic 50 % fertilizers enhanced
7.00, 2.82, 24.25 and 4.09 % net monetary returns over
organic and inorganic alone treatment in 2007 - 08 and
2008 - 09, respectively. The cost benefit ratio
significantly influenced with cropping system as well as
production management practices. The benefit cost ratio
of the cropping system was observed maximum in
soybean - chickpea cropping system i.e. 2.57 against
2.24 of soybean - wheat system in 2007 - 08. In respect
to production management practice 50 % organic  plus
50 % inorganic  practices gave maximum B: C ratio 2.45
over to inorganic alone (2.41) and organic alone (2.36)
in 2007 - 08. While the lowest B:C ratio 1.92 was

recorded for organic alone management practice in
2008 - 09. Deshmukh et al., (2005) too reported higher
monetary returns in soybean - chickpea cropping system
due to combined application of organic and 100 % RDF.

Nutrient balance

The availability of nitrogen, phosphorus and
potash in the soil after harvest of third crop of soybean
was increased. The soybean - chickpea cropping
system was improved NPK 25.0, 1.0 and 15 kg/ha as
compare with soybean - wheat cropping system 8.0,
0.0 and 5.0 kg/ha. The maximum gain in the availability
of NPK was 36.0, 2.0 and 20.0 kg/ha was recorded with
management practice of organic alone followed by
organic 50 % plus inorganic 50 % and inorganic alone
treatment. This increase was owing to better soil health
due to application of organic fertilizer. Abraham and
Lal (2003) too reported that the percentage of organic
carbon and available status of P and K in the soil
increased due to the integration of organic and inorganic
sources of nutrients in soybean based cropping system
in north eastern plains zone of India. Walia and Kler
(2007) also observed positive balance of available P
with combination of organic sources of nutrients in
soybean - wheat cropping system. (Jain et al. 2005,
Nambiar 1994 and Hegde 1998) also reported the
beneficial impact of organic fertilizers incorporation
along with inorganic fertilizers in soybean - wheat /
chickpea cropping system as a whole with improving
soil properties.

It was concluded that combined application of
organic 50 % plus inorganic 50 % management practice
to soybean - chickpea cropping system will be helpful

Table2. Effect of cropping system and production management practices on NPK (kg/ha) status of the soil after the
harvest of third crop of soybean

Treatment Available N Available P Available K
Actual Difference Actual Difference Actual Difference

Cropping System
Soybean - Wheat 228 8.0 14.5 0.0 315 05
Soybean - Chickpea 245 25.0 15.5 1.0 325 15
Production Management Practices
Organic (100 %) 256 36.0 16.5 2.0 330 20
Inorganic (100 %) 230 10.0 14.8 0.3 315 05
Organic (50 %) + Inorganic (50 %) 243 23.0 15.0 0.5 324 14
Initial Status 220 14.5 310
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in realizing higher productivity and net returns from both
crops individually as well as from soybean - wheat
cropping system. These treatments also helped in
maintaining higher status of NPK of soil.

jktekrk fot;kjkts flaf/k;k —f"k fo'ofo|ky; ds —f"k egkfo|ky;]
lhgksj esa o"kZ 2007&08 ,oa 2008&09 esa fd;s x;s iz;ksxksa ds
vk/kkj ij lks;kchu & puk Qly i)fr esa vf/kdre vkSlr
lks;kchu mit 2157 fdyksxzke izfr gsDVs;j vkWdh xbZ tksfd lks;kchu
& xsgwW Qly i)fr ¼1980 fdyksxzke izfr gsDVs;j½ dh vis{kk ls
mŸke ik;h xbZ gSA dkcZfud 50 izfr'kr ,oa vdkcZfud 50 izfr'kr
mipkj ls vf/kdre mit 2183 fdyksxzke izfr gsDVs;j vkWdh xbZ

ftlds ckn  dkcZfud rRo ek= ¼2064 fdyksxzke izfr gsDVs;j½ ,oa

vdkcZfud rRo ek= ¼1980 fdyksxzke@ gsDVs;j½ nks o"kkksZ ds vkSlr

x.kuk ij ik;k x;kA Qly i)fr ,oa mRiknu izca/ku iz;kl }kjk

lks;kchu rqY; mit lkaf[;dh n`f"Vdks.k ls nksuks o"kksZ esa lkFkZd ik;h

xbZA lks;kchu &puk i)fr ls vf/kdre 'kq) ykHk :- 27017@&

gS tks fd lks;kchu &xsgWw ¼:- 24779@gsDVs;j½ ls vf/kd ik;k x;k

gSA feÍh dh xq.koŸkk ds lq/kkj esa lks;kchu&puk i)fr ,oa ek=

dkcZfud rRo ls u=tu] LQqj] iksVkl dh ek=k 25-0] 1-0] 15-0

fdyksxzke izfr gsDVs;j ,oa 36-0] 2-0] 20-0 fdyksxzke izfr gsDVs;j

Øe'k% c<+h gqbZ vkWdh xbZA
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Abstract

Standardization of technique and best suitable time of
propagation in aonla under Jabalpur condition was carried
out. On the basis of data received during the investigation
showed that the chip budding from August to September is
most suitable for propagation of aonla. The maximum
percentage of bud sprouting and bud take success percentage
and survival percentage was obtained in chip method of
budding during first week of August.

Keywords: Vegetative propagation, patch budding, T-
budding, nutritive value

Aonla (Emblica officinalis Gaertn.) occupies an important
place among indigenous fruits of India. Aonla fruits are
highly valued for medicinal properties and essential
nutrients of diet. It is an excellent source of ascorbic
acid (Vit. C) 500-600 mg /100g of pulp (Morton et
al.1972).

In Madhya Pradesh aonla is potentially cultivated
in Dewas, Seoni, Tikamgarh, Betul, Shivpuri, Panna,
Rewa and Satna districts. Because of area under aonla
plantation is not increasing due to non availability of
genuine plant material in large number for the
commercial plantation. Hence, there is urgent need to
provide vegetatively propagated plants to orchardists
for the commercial plantation.

Limited work has been conducted on the aonla
propagation by vegetative techniques. Known cultivars
of aonla are propagated by inarching which is
cumbersome, expensive and time-consuming process.
Few attempts have also been made to propagate aonla
by different methods of budding, hence present
investigation was undertaken.

Influence of time and methods of propagation in aonla on different
growth parameters under conditions of Jabalpur, Madhya Pradesh

Akshata Tomar and S. K. Pandey
Department of Horticulture
Jawaharlal Nehru Krishi Vishwa Vidyalaya
Jabalpur 482004 (MP)
Email: akshatatomar20@gmail.com

Material and methods

The experiment on the effect of various methods and
time interval of budding in aonla was conducted during
2010-2011, with a view to standardize the suitable
method and time of budding under Jabalpur condition
(MP). Plant materials consist of 9-12 months old uniform
seedlings of aonla were selected from the nursery of
experimental orchard. Vigorous, pencil thickness scion
shoots were selected from trees of aonla cv. Francis
available at a Fruit Research Farm, Imaliya, Department
of Horticulture, Jabalpur. The experiment was laid out
in Asymmetrical Factorial CRD with three methods of
budding i.e. patch, chip and T-budding and 5 time
intervals (commencing from last week of July to last
week of September at 15 day interval) of budding
replicated thrice with 10 plants as a unit under controlled
condition.

Results and discussion

Days taken for 50% bud sprouting

The method of T budding (M3) took maximum days (15.8
days) for 50 percent bud sprouting whereas minimum
days (11.6 days) taken by chip budding (M2) (Table 1).
As regards the dates of budding, treatment D5 took
maximum time (14.66 days) for 50% of bud sprouting
whereas, treatment D2 required minimum time (12.33
days) for 50% bud sprouting. In interaction effect of
methods and dates, D4M2 took minimum days (10 days)
for 50% bud sprouting.

The chip method of budding took minimum days
(11.6 days) for bud sprouting. It might be due to good
sap flow in the bark of rootstock, which might be the
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factors those favoured early callusing and proliferation
at the bud union. As regards time, minimum days for
bud sprouting (12.33 days) was taken in the month of
August, which may be due to the favourable temperature
and humidity during the month of August, which
facilitated favourable factor for better callus formation
and better union of graft interface resulting high
percentage of success (Giri and Lenka 2007).

D4) and was at par with D2 and D5. The Interaction effect
was not significant. However, maximum shoot length
was recorded with D1M2 (17.69cm) (Table 2).

Shoot diameter

The different dates of budding as well as methods of
budding were significantly increased the shoot diameter
at 240 days after budding. The maximum shoot diameter
(1.60 mm) was recorded in chip budding method (M2).
It was also found significantly superior over T budding
(M3) (1.41 mm) and was at par with patch budding (M3)
(1.52 mm). The maximum shoot diameter (1.69 mm)
was recorded in D1.It was also found significantly
superior over the other dates (D2, D5) and was at par
with D3 and D4.

Interaction effect of methods and dates were also
found significant and maximum shoot diameter (1.84
mm) was recorded with D1M2. The interaction D1M2 was
significantly superior over D2M1, D2M3, D3M1, D4M3, D5M2
and D5M3.

Table 1. Influence of time and propagation methods on
days taken for 50% bud sprouting

Days/Methods M1 M2 M3 Mean (Di)

D1 14 12 17 14.33
D2 12 11 14 12.33
D3 11 13 15 13.00
D4 15 10 17 14.00
D5 16 12 16 14.66
Mean (Mi) 13.6 11.6 15.8

Shoot length

The different dates of budding as well as methods of
budding significantly increased the shoot length at 120
days after budding (Table 2). As regards the method of
budding, significantly maximum shoot length (16.10 cm)
was recorded in the chip method of budding (M2). It was
also found superior over T budding (M3) (14.26 cm) and
was at par with patch budding (M1) (15.35cm). As
regards the different dates of budding, the maximum
shoot length (16.69 cm) was recorded in D1. It was also
found significantly superior over the other dates (D3,

Table 2. Influence of time and propagation methods on
shoot length (cm) (at 120 after budding)

Days/Methods M1 M2 M3 Mean (Di)

D1 17.17 17.69 15.21 16.69
D2 14.36 16.59 14.51 15.15
D3 14.25 14.64 13.20 14.03
D4 15.48 15.71 13.65 14.94
D5 15.47 15.86 14.73 15.35
Mean (Mi) 15.35 16.10 14.26

Date Method Interaction
S. Em± 0.55 0.42 0.96
CD at 5% 1.60 1.24 -

Table 3. Influence of time and propagation methods on
shoot diameter (mm) (at 240 days after budding)

Days/Methods M1 M2 M3 Mean (Di)

D1 1.53 1.84 1.72 1.69
D2 1.46 1.72 1.01 1.40
D3 1.19 1.56 1.75 1.50
D4 1.82 1.50 1.27 1.53
D5 1.62 1.40 1.29 1.44
Mean (Mi) 1.52 1.60 1.41

Date Method Interaction
S. Em± 0.06 0.05 0.11
CD at 5% 0.19 0.15 0.33

Number of leaves

The different dates of budding as well as methods of
budding were significantly increased the number of
leaves at 120 days after budding (Table 4). Significantly
maximum number of leaves (5.38) was recorded in the
chip method of budding (M2). It was also found
significantly superior over T budding (M3) (3.64) and
was at par with patch budding (5.02). In case of different
dates of budding, the maximum number of leaves (6.02)
was recorded in D1.It was found significantly superior
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over D2 and D4 dates.

Interaction effect of methods and dates were also
found significant and maximum number of leaves (7.93)
was recorded with D1M2. The interaction D1M2 was
significantly superior over all other interaction except
D1M3, D3M2, D4M1, D5M1 and D5M2 interaction (Table 4).

chip obtained from the mother plant and also favourable
weather conditions.

Leaf area index

The different dates of budding as well as methods of
budding were significantly increased the leaf area index.
The maximum leaf area index (0.21 cm2) was recorded
in the chip method of budding (M2). However, differences
amongst them were not significant. The maximum leaf
area index (0.21 cm2) was recorded in D4. However,
differences amongst them were not significant.

Interaction effect of methods and dates were
found significant and maximum leaf area index (0.25
cm2) was recorded with D1M2. The interaction D1M2 was
significantly superior over D1M1, D1M3, D2M1, D3M2, D5M2
and D5M3 interactions.

Table 4. Influence of time and propagation methods on
number of leaves (at 120 days after budding)

Days/Methods M1 M2 M3 Mean (Di)

D1 4.36 7.93 5.79 6.02
D2 3.98 4.34 3.50 3.94
D3 4.71 5.56 3.12 4.46
D4 5.17 3.58 4.42 4.39
D5 6.90 5.50 1.38 4.59
Mean (Mi) 5.02 5.38 3.64

Date Method Interaction
S. Em± 0.55 0.42 0.96
CD at 5% 1.60 1.24 2.77

Shoot length, Shoot diameter and Number of leaves

Shoot length, shoot diameter, number of leaves were
influenced by different budding methods and dates of
budding. In chip budding maximum shoot length, shoot
diameter and number of leaves were recorded. These
morphological characters seem to be higher percentage
of bud sprouting, bud take and survival percentage
Kumar et al. (2004) observed maximum number of shoot
in aonla with patch budding done during the month of
September under Haryana eco-system.

August budding proved superior over other
operation date for influencing the morphological
characters, the month of August-September seems to
be congenial for the growth of aonla crop. Singh et al.
(2006) reported that the increase in higher diameter
and number of leaves in patch budding done during
June in Jamun. Nayak and Sen (2000) reported
increased sprout length, and leaf emergence in mango
crop by fokert budding.

Interaction effect of dates and methods also
influenced the morphological character. Zinginbal et al.
(2007) reported highest mean shoot diameter and shoot
length in the chip budding, performed on 15th August
in Kiwifruit probably due to sufficient food material and
enough amount of plant growth regulators contain the

Table 5. Influence of time and propagation methods on
leaf area index (cm2)

Days/Methods M1 M2 M3 Mean (Di)

D1 0.17 0.25 0.17 0.20
D2 0.17 0.20 0.19 0.19
D3 0.21 0.17 0.20 0.20
D4 0.19 0.21 0.24 0.21
D5 0.24 0.16 0.08 0.16
Mean (Mi) 0.20 0.21 0.18

Date Method Interaction
S. Em± 0.012 0.010 0.02
CD at 5% - - 0.06

Leaf area index influenced the production of biomass
in a crop and its relationship with biological yield was
well established in cereals, Welbank et al. (1968) and
the maximum values were obtained under direct
seedling (Gill et al. 2005). Leaf area index is an
important character depends on leaf orientation. The
vertically oriented leaves had a higher photosynthesis
rate than those with horizontal leaves (Tanaka et al.
1996). The results reveal (Table 5) that among different
methods of budding the highest leaf area index
(0.21cm2) was recorded in chip budding which may be
attributed to the early attachment of scion with the
rootstock which might have provided the nutrition to the
developing bud resulted in rapid development of leaf
area and subsequently leaf area index. On the other
hand it has been recorded that when the budding was
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exercised on 6th September (D4) it resulted in increased
magnitude of leaf area index (0.21cm2) which may be
due to fulfilment of optimum temperature and light
intensity required for a successful budding.

The study of interaction reveal that the chip
budding when exercised on 23rd July resulted in a
higher increase in leaf area index over other treatment
combination which suggests that success of type of
budding is specific for a specific time period.

vk¡oys esa ikS/k izo/kZu dh okuLifrd rduhd ds ekudhdj.k gsrq
mi;qDr le; ,oa izo/kZu rduhdksa dk tcyiqj dh ifjfLFkfr;ksa esa
ijh{k.k fd;k x;k A izkIr o`f) lwpdkadksa ds vk/kkj ij fpi dkfydk
izo/kZu rduhd dk mi;ksx vxLr ls flrEcj ekg ds e/; vk¡oys esa
izo/kZu gsrq lokZf/kd mi;qDr ik;k x;k gS A vf/kdre dkfydk
vadqj.k ¼11-6 fnol½] uo&vadqfjr dkfydk dh yEckbZ ¼16-10 ls-
eh-½] uo&dkfydk O;kl ¼1-60 fe-fe-½ rFkk vf/kdre i.kZ la[;k
¼5-38½ fpi izo/kZu }kjk vxLr ekg ds izFke lIrkg esa vafdr fd;k
x;k A
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Abstract

The correlation and path coefficient analysis were studied in
30 F1s and 13 parents including three lines (JNKVVA1,
ACBGA1, and ACBGA2) and ten testers (JM 218,
Sankeshwar, Phule Jyoti, Hissar Vijay, Phule Mukti, Pant C1,
G4, HO413, K1 4C and KA2) in chilli for 16 different
quantitative characters. The correlation study indicated that
significant and desirable correlation between dry fruit yield
plant-1 with seed yield per plant, seed per-cent, fruit length,
and fresh fruit weight. Path analysis revealed that importance
should be given to fruit length, fresh fruit weight and seed
yield.

Keywords: Chilli, correlation, path direct and indirect
effects

Chilli is an important spice cum vegetable crop grown
almost all parts of country has multiple use in human
diet. Capsicum annuum is the most commonly cultivated
species. The varieties of chillies are broadly divided
into two groups, first is long pungent, hot pepper and

Correlation and path studies for yield attributing traits in capsicum
(Capsicum annuum L.)

Meenakshi Ramgiry
Department of Horticulture
Jawaharlal Nehru Krishi Vishwa Vidayalay
Jabalpur 482004 (MP)
Email : meenakshi.ramgiri@gmail.com

second is bell-shaped, non pungent, mild types. The
breeding of chilli is directed towards higher green fruit
production. To meet out the objective, the knowledge on
genetic behaviour of parents and its segregating
population is a prerequisite for its further improvement.
Genetic improvement of traits depends upon the nature
and magnitude of heritable variation on which efficiency
of selection depends (Patil et al. 2008). Similarly
correlation and path analysis have been successfully
used for architectering the suitable plant ideotype or
variety for enhance productivity for a particular situation.

Material and methods

The present investigation was carried at the Vegetable
Research Farm Maharajpur, Deptt. of Horticulture,
JNKVV, Jabalpur during 2009-2010. One month old,
thirty F1s crosses obtained by line x tester method were
transplanted in RBD with three replications. Each
treatment was planted as 60x60cm inter and intra
spacing. The observations on 16 traits were recorded
on 5 plants from every F1 hybrid in each replication.

The list of Parents

Parents Source Parents Source

JNKVVA1   (lines) JNKVV (Jabalpur) Phule Mukti  (tester) Rahuri
ACBGA1    (lines) Dharwad Pant C1        (tester) Pant (Ag.)
ACBGA2    (lines) Dharwad G4                (tester) Guntur/Lam
JM218       (tester) JNKVV HO413          (tester) Dharwad
Sankeshwer (tester) Dharwad K1-4C           (tester) Dharwad
Phule Jyoti (tester) Rahuri KA2              (tester) IIVR, Varanasi
Hisar Vijay (tester) Hisar

JNKVV Res J 48(2): 154-158 (2014)
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The statistical analysis was carried out by using
standard procedure. The genotypic and phenotypic
correlation and path coefficient were estimated by the
method given by Miller et al. (1958) and Dewey and Lu
(1959) respectively.

Results and discussion

Correlation coefficient measures the relationship
between two or more variables. It is useful in determining
component characters for complex trait namely dry fruit
yield (Table 1). In the present investigation the result
revealed that dry fruit weight exhibited significantly
positive association with number of fruits per plant, seed
yield per plant, fresh fruit weight and plant height both
at genotypic and phenotypic levels. These finding are
supported by many authors Kohli and Chaterjee (2000),
Tembhurne et al. (2008), Gupta et al. (2009). All the
character expects number of secondary branches and
fruit diameter should significant positive correlation with
dry fruit yield at both levels.

The path coefficient analysis helps to avoid
complication by measuring the direct and indirect
influence of one variable upon the other by partitioning
the total correlation coefficients into the component of
direct and indirect effects, revealing the causes of
association between characters (Table 2). The true
picture of characters relationship and their contribution
towards the final fruit yield in chilli have been determined
by path analysis as indirect and direct effects of different
traits on yield which revealed the real contribution of
each component to end product i.e. Dry fruit yield could
be precisely assessed so that judicious selection of traits

can be practiced for effective gain in desirable character
under improvement. Seed yield per plant had the highest
positive direct effect on dry fruit yield followed by fresh
fruit weight, primary branches per plant and fruit length.
Similar finding in chilli have been reported by Rajamony
(2004), Mishra et al. (2003) and Kumar et al. (2003).

Similarly plant height, 1000 seed weight, number
of fruits per plant, dry fruit weight, number of seeds per
fruit and seed (%) exhibited negative direct effect on
dry fruit yield therefore selection on these traits should
be avoided however, its indirect effect via days to
maturity, fresh fruit weight, days to 50% flowering, fruit
length, seed yield per plant clarifies more contribution
on dry fruit yield. Overall result from correlation and
path conducted that character viz., seed yield per plant,
fresh fruit weight, fruit length, days to maturity and
primary branches per  plant  showed positive association
as well positive direct effect on dry fruit yield per plant,
should be given direct selection pressure on these traits
for economic improvement of yield. While restricted
selection number of fruits per plant, days to 50 per cent
flowering, plant height as these showed negative
contribution on dry fruit yield. It was very interesting to
note that residual effect was (0.012). This infers the
total genotypic variability in yield has been explained
by the character association in the study.

fephZ ds 30 F1s vsksj 13 izs=dksa ds fofHkUu vuqokaf'kd xq.kksa dk
lg&laca/k ,oa ikFk dk v/;;u 2009&10 esa fd;k x;k A izfr
ikS/k cht mRiknu] cht izfr'kr] ikS/ks dh ÅapkbZ] Qy dh yackbZ] izfr
ikS/k Qy dh la[;k ,oa Qy otu ¼gjh fepZ½ dk mit ¼lw[ks Qy½
ds lkFk /kukRed ,oa lkFkZd lg&laca/k ik;k x;k o bu xq.kksa esa

Graphic presentation of significant correlation coefficient Genotypic path coefficient
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lq/kkj lh/ks p;u ls fd;k tk ldrk gSA tcfd idus dh vof/k Qy
O;kl dk mit ¼lw[ks Qy½ ds lkFk =kz.kkRed laca/k fn[kk
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Abstract

The Polyscias spp. (the Aralia) is a slow growing shrub
belonging to Araliaceae family. It is most commonly used as
a houseplant and is valued for its attractive foliage and
compact form which is suitable for indoor gardening purposes.
This experiment was conducted with an objective to study
the effect of rooting inducers like NAA (Naphthelene Acetic
Acid) and IBA (Indole-3 Butyric Acid) on root and shoot
parameters of Aralia. The results showed that IBA @ 250
ppm had significant effect on the days taken for initial rooting
(4.80 days), maximum number of roots (35.27) and root length
(8.20 cm). The effect of these PGRs on shoot parameters
was also observed and significantly maximum shoot length
(15.91 cm) and least days for leaf initiation (19.01 days) was
observed with application of IBA @ 150 ppm.

Keywords: Polyscias spp. (Aralia), rooting, Indole-3
Butyric Acid, Indoor Gardening, Indoor Air Quality,

With the increase in urbanization in India, a residential
culture of 'flats and apartments type' has been
witnessed. Under these circumstances people face
paucity of space to pursue their gardening interests.
Further, in recent times, awareness about the concept
of 'indoor air quality' of urban residences is also on the
rise as urban dwellers spend ninety percent of their time
indoors (Tarran et al. 2007). Under this context, use of
foliage plants for indoor gardening and ornamentation
becomes very important as their selective use is one of
the strategies to reduce indoor pollution and improve
Indoor Air Quality (Farghaly 2003). A NASA-funded
project concluded that, foliage plants can remove nearly
87% of air pollutants and Volatile Organic Compounds
(VOCs) from sealed chambers within 24 hours. The

Effect of rooting inducers on root and shoot parameters
of Polyscias spp. under water culture

Pooja Thatte and Alka Singh
Department of Floriculture and Landscape Architecture
ASPEE College of Horticulture and Forestry
Navsari Agricultural University
Navsari 396 450
Email: thattep.2512@gmail.com

indoor plants also purify the air off CO2, reduce
particulate matter or dust accumulation and increase
humidity (Mc Connell and Kobayashi 2007). The
growing importance of the foliage plants has therefore
lead to its emergence as one of the leading sectors in
global floricultural trade. The Polyscias spp. or the
Aralia, as it is commonly called, is one of the most
popular foliage plants. It is a slow growing, perennial
shrub belonging to family Araliaceae. It grows well in
full sun to full shade. The plants have a compact form
and shape which makes them ideal for indoor uses.
They have spine-less stem and leaves which are entirely
dark green but can also be variegated in some species.

Use of rooting inducers in the field of commercial
propagation in horticulture is very popular. The most
widely used auxins for rooting purpose in ornamental
plants are IBA, NAA and IAA (Hartman et al. 1997).
The Polyscias cutting generally root in one to two
months under normal conditions and in soil media. But
application of rooting inducers such as those mentioned
above leads to quicker and better rooting. A strong root
system is ideal for the growth of the plant. Use of such
rooting inducers can lead to easy propagation of
Polyscias under water culture in indoor conditions.

Despite the growing demand and trend of use of
foliage plants, holistic research on the different aspects
related to them is not available. Keeping the above point
in view, the study was aimed at determining the optimum
concentration of the different rooting inducers in
inducing quicker and better rooting in semi hardwood
cuttings of Polyscias so as to develop a better and an
easy technique of propagations which can be practiced
easily under water culture in homes by nurserymen and
amateur gardeners.

JNKVV Res J 48(2): 159-161 (2014)
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Materials and methods

Site

The experiment was carried out in Gallery area (Indoor
Conditions) of Floriculture and Landscape Architecture
Department, ASPEE College of Horticulture and
Forestry, Navsari Agricultural University, Navsari during
2012-13. The NAU campus is located near the coast of
the Arabian Sea and at an average elevation of 9 m
above the mean sea level. It is at 750 95' East longitudes
and 200 95'North latitude. It is 13 km away from the
historical Dandi seashore.

Experimental material

Terminal, semi hardwood cuttings of Polyscias of 15 cm
length were obtained from three year old pot plants
grown in the Experimental Learning Project Greenhouse
located in the University premises. The experiment was
laid out in CRD with seven treatments viz., T1- IBA 150
mg/L, T2- IBA 250 mg/L, T3- IBA 500 mg/L, T4- NAA 150
mg/L, T5- NAA 250 mg/L, T6- NAA 500 mg/L and T7-
Control. The experiment was set up with three
replications having five plants in each replication. The
basal portion of the cuttings was dipped in the aqueous
solutions of the rooting inducers for three hours.
Aqueous solution of Indole-3 Butyric Acid and
Naphthalene Acetic Acid of 150 mg/L, 250 mg/L and
500 mg/L concentrations were prepared by dissolving
150 mg, 250 mg and 500 mg of the hormone powder
respectively in small quantity of 0.1 N NaOH and making
the final volume one litre by adding distilled water. The
treated cuttings were then transferred to conical flasks

containing RO water and further observed for rooting.
The parameters chosen for the study were classified
into root and shoot parameters. The observations of
root parameters were recorded 15 days after application
of treatment while the shoot parameters were recorded
after 45 days.

Result and discussion

Effect on Root Parameters

Significant effect of the rooting inducers was observed
on the root and shoot parameters of the Polyscias
cuttings. Among all treatments, IBA @ 250 ppm
produced rooting in significantly less number of days
(4.80 days). This could be because of the presence of
auxins that are reported to increase the enzymatic
activity, hydrolysis of starch and thus facilitate its
mobilization which can trigger energy for root initiation
(Nanda and Anand 1970). Further, Taiz and Zeiger
(1998) attributed effectiveness of IBA in promoting
rooting to the activation of Rhizocaline (a growth co-
factor present in the plant tissue), beside activation of
cell division from which roots are initiated. Hence,
application of exogeneous auxin might have led to faster
root initiation. It was also observed that IBA @ 250 ppm
produced significantly longest (8.20 cm) and maximum
number of roots (35.27). The plausible reason for this
effect could be that auxin controls root elongation
through its effects on cell division and expansion (Davies
2004; Woodward and Bartel 2005). Apart from the effect
of auxin on the cell division and elongation, it also
controls certain stages of differentiation (Davies 2004)
which could have increased the number of roots per

Table 1. Effect of IBA and NAA on root and shoot parameters of Polyscias spp.

Treatment Days taken for Number of Length of Length of Days required for
initial rooting roots roots (cm) shoot (cm) leaf initiation

(days) (days)

T1 - IBA 150 ppm 6.10 24.56 8.07 15.91 19.01
T2 - IBA 250 ppm 4.80 35.27 8.20 15.40 21.99
T3 - IBA 500 ppm 8.10 23.73 7.60 15.90 21.06
T4 - NAA 150 ppm 9.30 18.66 5.50 15.46 26.72
T5 - NAA 250 ppm 7.53 23.28 6.44 15.31 29.69
T6 - NAA 500 ppm 8.90 18.14 4.60 15.76 31.33
T7 - Control 10.30 14.60 4.50 15.12 35.33
C. D. at 5 % 0.48 1.37 0.54 0.46 2.27
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plantlet. Hence, pronounced effect of auxin was noticed
on the root number and length of the Polyscias cuttings.
These findings resonate to the conclusions of Bhuse et
al. (2003) who reported that, treatment of IBA in basal,
middle or terminal cuttings of Pelargonium graveolens
at optimum concentrations activated internal auxins and
hence induced maximum length of root per cutting.

Effect on Shoot Parameters

It was observed that IBA @ 150 ppm produced longest
shoot (15.91 cm) which was statistically at par with T3
(IBA 500 ppm; 15.90 cm) (Table 1). Also, IBA @ 150
ppm produced earliest initiation of leaves on the cuttings
(19.01 days). The positive effects of IBA on the
vegetative growth of the Polyscias cuttings is attributed
to the fact that better root growth and elongation on
account of auxin application enables better absorbtion
of water and nutrients in higher quantities from the
growing medium, which subsequently contributes to a
good vegetative growth (Devlin 1972).

Conclusions

On the basis of the abridged results of the investigation
presented, it is concluded that IBA @ 250 ppm produced
significantly best effects on the root parameters while
better shoot parameters or vegetative growth was
observed with the application of IBA @ 150 ppm.
Application of IBA at specified concentrations to the
terminal, semi- hardwood cuttings of Polyscias leads
to quicker and better rooting and vegetative growth
under water culture in indoor conditions. This technique
can be profitable used by nurserymen and amateur
gardeners to obtain good plantlets within shortest period
of time.

ikWyhf'kvkl ,d /kheh xfr ls c<+us okyk ikS/kk gS tks fd ?kjks ds vanj]
Nk;knkj txg ij mxk;k tkrk gS A usQsFksfyu ,flfVd ,flM] baMksy
3&O;wfVªd ,flM dks tM ls Åxkus esa lgk;rk djus okys jlk;u dh
rjg iz;ksx fd;k tkrk gS A izLrqr 'kks/k ls ;g fu"d"kZ fudkyk x;k
fd baMksy 3&O;wfVªd ,flM ¼250 ihih,e½ ls ikWyhf'kvkl dh csyks
dks mipkfjr djus ij lokZf/kd tM+s ¼35-27½ lcls de le;
¼4-80 fnu½ esa lcls yach tM+s ¼8-2 lseh½ izkIr gqbZ A bl jk;klu
dk çHkko ¼150 ihih,e½ lokZf/kd rus dh yackbZ ¼15-91 lseh½ rFkk
lcls de fnuksa esa iRrks ds mxus ¼19-01 fnu½ dh izfØ;k esa fn[kkbZ
fn;k A
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Abstract

Utilization of plant genetic resources for specific need based
characters is important to make rapid strategies in crop
improvement programme. Four hundred twenty eight land
races collected from 7 districts of Madhya Pradesh were
evaluated for agro-morphological traits and biotic stresses
during two consecutive years 2009 and 2010. Large variation
in plant height, number of basal tillers, inflorescence length,
grain yield plant-1 and 1000 grain weight was recorded in 428
evaluated land races. Average maturity period ranging from
90.5 to 107.5 days was recorded. Among the biotic stresses,
incidence of head smut, sheath blight and shoot fly ranging
from 2.1 to 39.1%, 13.7 to 49.5% and 2.1 to 60.7%,
respectively were recorded. High coefficient of variation (CV)
was recorded in shoot fly incidence (65.3%) followed by head
smut incidence (43.6%), number of basal tillers (30.9%) and
grain yield plant-1 (21.2%) where as lowest CV was noted in
days to maturity (2.6%) followed by days to 50% flowering
(3.9%) and 1000 grain weight (7.9%). Desirable characteristics
like earliness, dwarf type, higher grain yield, higher test weight
and non-shattering types were recorded in 15.9, 8.2, 18.7,
3.3 and 57.7% land races, respectively. Land races
possessing resistance against head smut (3.3%), sheath blight
(11.0%) and shoot fly (11.2%) were also identified. These
land races of kodo millet may be utilized for the improvement
programme of kodo millet.

Keywords: Kodo millet, land races, collection,
evaluation, agro-morphological traits and biotic stresses

Kodo millet (Paspalum scrobiculatum L.) is one of the
major coarse cereal crop cultivated in undulating, sloppy
low fertile lands as sole or mixed crop with legumes
and oilseeds by tribal and poor farmers in Kharif season.

Collection and evaluation of kodo millet land races for agro-
morphological traits and biotic stresses in Madhya Pradesh

R.P. Joshi, A.K. Jain and S.S. Chauhan
All India Coordinated Small Millets Improvement Project
Jawaharlal Nehru Krishi Vishwa Vidyalaya
College of Agriculture, Rewa 486 001 (MP)
Email : rpjoshi_rewa@rediffmail.com

The crop is highly drought resistant and nutritionally as
well as medicinally superior or at par than the other
cultivated cereals. In India, the crop is cultivated in an
area of 224 thousand hectares with annual production
of 73 thousand tones. The productivity of kodo millet is
312 kg ha-1 (Anon 2011), which is very less as compared
to other cereals. Madhya Pradesh ranks first in area of
kodo millet, which shares about 60% of its total area of
the country. A comprehensive collection of land races /
germplasm is the base of any crop improvement
programme. Its evaluation leads to identification of
genotypes with desirable characters that may be utilized
in breeding programme. Due to cleistogamous nature
of flowering in kodo millet, crop improvement through
hybridization is a difficult task. Hence, available
variability in the genotypes or variability created by
mutation breeding is the alternative for improvement in
kodo millet. The passport and evaluation data serve as
a means while selecting accessions as per the individual
needs. Ramakrishna et al. (2002) evaluated and
classified 1038 accessions of kodo millet for various
morpho-agronomical traits using 27 descriptors.
Conservation of such valuable germplasm for utilization
in future is very important. The crop also suffers due to
few biotic stresses like head smut ( Sorosporium paspli-
thunbergii) , sheath blight (Rhizoctonia solani) and shoot
fly (Atherigona species) that can cause substantial
economic loss (Patel and Rawat 1982, Nagesh Chandra
and Musthak Ali 1983, Jain and Yadava 1997, Nemade
2012)) in yield under favourable environmental
conditions. Keeping these facts in view, attempts were
made towards collection of land races from diverse
geographic region of kodo millet growing areas, their
evaluation for quantitative and qualitative traits along
with biotic stresses.

JNKVV Res J 48(2): 162-169 (2014)
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Materials and methods

During 2008-09 and 2009-10, land races of kodo millet
were collected from seven kodo millet growing districts
of Madhya Pradesh. The collections were made through
personal visit to the farmers and through contacts with
farmers and personnel of agriculture department from
remote and tribal areas. About 50 to 100 g seeds of
kodo millet were collected along with passport
information about the samples like name of the farmer,
village, block, district, cropping pattern and about biotic
stresses occurred in kodo millet. The collected samples
were kept in cloth bags and cleaned in the laboratory
prior evaluation in the field for various morphological,
phonological characters and reaction to biotic stresses.

Four hundred seventy nine land races collected
from seven districts of Madhya Pradesh, India were
sown in two rows of 3.0 m length with 25 cm row to row
and 7.5 cm plant to plant spacing in augmented design
at the experimental area of Agriculture College, Rewa
(MP) during Kharif 2009-10 and 2010-11. The seeds of
kodo millet land races were treated with viable
teliospores of Sorosporium paspli-thunbergii @ 3g kg-1

seed (Jain 2004) for uniform head smut infection.
Recommended dose of fertilizers i.e. 40 kg nitrogen and
20 kg P per ha and agronomic practices were adopted
for optimum plant growth. Ten healthy plants were tagged
in each land races to record the observations on plant
characters. Twenty five descriptors were recorded in
the material at different stages of plant growth as per
guidelines given for kodo millet (Ramakrishna et al.
2002).Growth habit was recorded 40 days after sowing
based on tillering attitude. Degree of culm branching,
pigmentation was recorded at tillering stage. Degree of
lodging, shattering of inflorescence, spikelet
arrangement on the rachis and uniformity of plant
maturity was noted at maturity. All the ear heads of each
plants were harvested and threshed separately and
grain yield per plant (g) was recorded. Test weight (1000
grain weight), grain shape and grain colour were
recorded after harvesting of the grains. Among biotic
stresses, shoot fly incidence was recorded 25 days after
sowing by counting dead hearts in the entire row and
per cent incidence was estimated. Kodo millet land
races were grouped in different categories of reaction
against shoot fly (Maithy et al, 1988) as Highly resistant
(HR) = 0.0 to 5.0%, Resistant (R ) = 5.1 to 10%,
Moderately resistant (MR) = 10.1to 15.0%, Moderately
susceptible (MS) = 15.1 to 20.0%, Susceptible (S) =
20.1 to 30.0% and Highly susceptible (HS) = > 30.0%
of shoot fly damage. Head smut incidence was recorded
by counting healthy and smutted plants in the entire
row at dough stage and percent disease incidence was

calculated. The accessions were classified for disease
reaction according to scale of Nagaraja et al (2007) as
: Highly resistant (HR) = 0.0%, Resistant (R ) = up to
1.0%, Moderately resistant (MR) = 1.1 to 5.0%,
Moderately susceptible (MS) = 5.1 to 10.0%,
Susceptible (S) = 10.1 to 20.0% and Highly susceptible
(HS) = > 20.0% head smut incidence. Quantitative
grouping of all the land races of kodo millet were carried
out on the basis of morphological and phonological
characters.

Results and discussion

Collection of kodo millet land races

A total of 479 land races of kodo millet were collected
from 9 blocks of Rewa, 6 blocks of Satna, 6 blocks of
Sidhi, 3 blocks of Singrauli, 5 blocks of Shahdol, 3 blocks
of Umaria and one block of Anuppur district of Madhya
Pradesh during 2009 and 2010. Among different
districts, maximum 151 land races were collected from
Rewa district followed by Shahdol (102) and Satna (63)
district. The maximum collections were made from
Majhagavan (45) block of Satna district followed by
Beohari (35) block of Shahdol, Hanumana block (34)
of Rewa and Jai Singh Nagar (34) block of Shahdol
district. Collected samples were numbered, cleaned and
stored at room temperature for evaluation (Table 1).

Evaluation for quantitative traits

Out of 479 land races collected from different places,
only 428 land races were germinated. Results of pooled
variability analysis of kodo millet presented in table 2
for quantitative traits and biotic stresses revealed large
variation in plant height, number of basal tillers,
inflorescence length, grain yield and 1000 grain weight.
Average plant height, number of basal tillers plant-1,
inflorescence length, number of raceme above thumb,
longest raceme length, grain yield plant-1 and 1000
grain weight ranging from 34.2 to 82.4 cm, 1.6 to 8.9,
7.6 to 32.4 cm, 2.5 to 12.2, 3.8 to 8.4 cm, 7.5 to 26.8 g
and 3.35 to 6.65 g, respectively were recorded. Average
days to 50% flowering and maturity period varied from
55.5 to 71.0 days and 90.5 to 107.5 days, respectively.
Among important biotic stresses, head smut, sheath
blight and shoot fly incidence ranging from 2.1 to 39.1%,
13.7 to 49.5% and 2.1 to 60.7%, respectively was
recorded. High coefficient of variation (CV) was
recorded in shoot fly incidence (65.3%) followed by head
smut incidence 943.6%), number of basal tillers (30.9%)
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and grain yield plant-1(21.2%), where as lowest CV was
recorded in days to maturity (2.6%) followed by days to
50% flowering (3.9%) and 1000 grain weight (7.9%).
Wide range of variability for morphological characters
and grain yield in land races of kodo millet was recorded
by Tiwari and Janoria (1967), Verma and Singh (1983)
and Kandaswamy et al. (1990). Ahluwalia et al. (1970)
reported high heritable variability for days to flowering,
ears per plant, and tillers per plant in kodo millet. High
magnitude of phenotypic coefficient of variation was for
dry matter production, grain yield per plant, panicle
numbers per plant and basal tillers per plant, where it
was low for developmental traits like days to flowering
and days to maturity. Yadava et al. (2003) evaluated
260 genotypes of kodo millet comprising 136 early and
128 late maturing for yield and yield traits and reported
higher magnitude of variation in late maturing lines as
compared to early maturing genotypes of kodo millet.

Grouping of kodo millet land races on the basis
of quantitative traits (Table 3) showed that 87.6% land
races were semi-dwarf, 59.8% land races has medium
tillering capacity. Medium maturity period (96 to 101
days) was recorded in 71.35 land races and 67.55 land
races have medium grain yield potential (10.1 to 15.0 g
per plant), where as 78.0% land races have medium
test weight (4.6 to 5.5 g).

Evaluation for qualitative traits

All the evaluated kodo millet land races were grouped
on the basis of 15 qualitative traits and results are
presented in table 4. The majority of the land races have
erect (69.2%) growth habit, where as 18.7% were
prostrate and 12.1% genotypes were decumbent. All
the evaluated land races showed sheath, sheath base,
juncture and inter-node pigmentation; where as lamina
pigmentation was observed in 97.7% land races. Based
on spikelet arrangement on rachis, land races were
categorized into regular rows, regular rows in upper half
and irregular in lower half, two to three irregular rows
and two to four irregular rows. Maximum land races i.e.
75.3% have regular rows on spikelets. Ear exertion was
complete in 418 (97.7%) land races, while partial ear
exertion was recorded in 10 (3.3%) land races. Ear
appearance was open in 124 (28.9%), semi compact in
237 (55.2%) and intermediate in 68 (15.9%) land races.
Shattering nature of inflorescence was observed in 181
land races, where as 247 were non-shattering type.
Land races were grouped into orbicular, ellipsoidal and
oval type grain shape. Maximum 99.8% land races have
ellipsoidal grain shape and only one was orbicular type.
Dark brown grain colour was observed in 199 land

Table 1. Locality wise collection of Kodo millet land races
from 7 districts of Madhya Pradesh

District No. of Block No. of land races
blocks collected

Rewa 09 Rewa 07
Raipur kurchulian 14
Java 01
Gangeb 23
Mauganj 19
Hanumana 34
Sirmor 31
Teonthar 07
Naigarhi 15
Total 151

Satna 06 Rampur Baghelan 02
Ramnagar 05
Sohawal 05
Majhagavan 45
Amarpatan 04
Maihar 02
Total 63

Sidhi 06 Sidhi 11
Majholi 13
Rampur naikin 06
Sihawal 14
Kusumi 09
Churhat 05
Total 54

Singrauli 03 Waidhan 13
Chitrangi 22
Deosar 08
Total 43

Shahdol 05 Beohari 35
Jai Singh Nagar 34
Sohagpur 14
Gohparu 03
Budhar 16
Total 102

Umaria 03 Karkeli 21
Manpur 15
Pali 16
Total 52

Anuppur 01 Rajendragram 14
Total 14
Grand total 479
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Table 2. Extent of variability in landraces of kodo millet for quantitative traits and biotic stresses

Character Range Mean Standard Deviation CV(%)
Minimum Maximum

Plant height (cm) 34.2 82.4 58.10 6.45 10.1
No. of basal tillers 1.6 8.9 4.26 1.32 30.9
Days to 50% flowering 55.5 71.0 63.23 2.50 3.9
Inflorescence length (cm) 7.6 32.4 20.22 3.72 18.4
Number of raceme above thumb 2.5 12.2 6.45 1.34 20.8
Longest raceme length (cm) 3.8 8.4 6.59 0.57 8.6
Days to maturity 90.5 107.5 97.52 2.55 2.6
Grain yield per plant (g) 7.5 26.5 12.97 2.75 21.2
1000 grain weight (g) 3.35 6.65 4.83 0.38 7.9
Head smut (%) 2.1 39.1 17.27 7.54 43.6
Sheath blight (%) 13.7 49.5 25.71 5.39 20.9
Shoot fly (%) 2.1 60.7 25.18 12.53 65.3

Table 3. Quantitative grouping of 428 Landraces of Kodo Millet on the basis of pooled data

Character Group No. of land races Percent (%)
Plant height Dwarf (50 cm) 35 8.2

Semi dwarf (50.1 to 70 cm) 375 87.6
Tall (> 70 cm) 18 4.2

Number of basal tillers Low (up to 3) 63 14.7
Medium (up to 5) 256 59.8
High (Above 5) 109 25.5

Degree of culm branching Low (up to 3) 88 20.6
Medium (up to 5) 182 42.5
High (Above 5) 158 36.9

Inflorescence length Low (up to 15.0) 31 7.2
Medium (15.1 to 25.0 cm to) 363 84.8
High (> 25 cm) 34 8.0

Number of racemes above thumb Low (up to 4) 24 5.6
Medium (5 to 8) 369 86.2
High (> 8) 35 8.2

Length of longest raceme Low (up to 6.0 cm) 63 14.7
Medium (6.1 to 7.0 cm) 281 65.7
High (> 7.0 cm) 84 19.6

50% flowering Early ( up to 60 days) 39 9.1
Medium (61 to 65 days) 310 72.4
Late (> 65 days) 79 18.5

Maturity Early (up to 95 days) 68 15.9
Medium (96-101 days) 305 71.3
Late (>101 days) 55 12.8

Grain yield per plant Low (up to 10 g) 59 13.8
Medium (10.1 to 15 g) 289 67.5
High (Above 15 g) 80 18.7

1000 grain weight Low (up to 4.5 g) 80 18.7
Medium (4.6 to 5.5 g) 334 78.0
High (Above 5.5 g) 14 3.3
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Table 4. Qualitative grouping of 428 Landraces of Kodo Millet

Character Group No. of land races Percent (%)

Growth habit Erect 296 69.2
Decumbent 52 12.1
Prostrate 81 18.7

Sheath pigmentation Absent 0 0.0
Present 428. 100.0

Sheath base pigmentation Absent 0 0.0
Present 428 100.0

Juncture pigmentation Absent 0 0.0
Present 428 100.0

Internode pigmentation Absent 0 0.0
Present 428 100.0

Lamina (margin) pigmentation Absent 21 4.9
Present 407 95.1

Flag leaf at the second primary axis Absent 10 2.3
Rudimentary 143 33.4
Well developed 275 64.3

Degree of lodging at maturity Low 67 15.6
Intermediate 227 52.9
High 135 31.5

Ear exertion Complete 419 97.7
Partial 10 3.3

Ear appearance Open 124 28.9
Semi compact 237 55.2
Intermediate 68 15.9

Spikelet arrangement on the rachis Regular rows 323 75.3
Regular rows in upper half & 51 11.9
regular in lower
2-3 irregular 30 6.9
2-4 irregular 25 5.8

Shattering of inflorescence Absent 247 57.7
Present 181 42.3

Uniformity of plant maturity Absent 03 0.69
Present 426 99.3

Grain shape Orbicular 01 0.2
Ellipsoidal 427 99.8
Oval 0 0.0

Grain colour Grey brown 50 11.7
Brown 180 41.9
Dark brown 199 46.4
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Table 5. Grouping of 428 kodo millet land races on the basis of resistance/susceptibility against important diseases
and insect pests

Biotic stresses Causal organism Group No. of land races Percent (%)

Head smut Sorosporium paspali-thunbergii Resistant 0 0.0
Moderately Resistant 14 3.3
Susceptible 414 96.7

Sheath blight Rhizoctonia solani Resistant 47 11.0
Moderately Resistant 377 88.1
Susceptible 4 0.9

Shoot fly Atherigona spp Resistant 48 11.2
Moderately Resistant 111 25.9
Susceptible 269 62.9

Table 6. Resistant sources of kodo millet identified against important biotic stresses

Biotic factor Reaction Land races

Head smut MR RPS 539, 575, 581, 583, 590, 804, 818, 820, 830, 859, 886, 898, 910 & 977

Sheath blight R RPS502, 503, 508, 510, 516, 529, 531, 535, 543, 548, 550, 556, 566,  575, 577,
579, 585, 593, 607, 609, 621, 629, 634, 646, 649, 661, 662, 689,  691, 694, 695,
708, 739, 753, 755, 787, 789, 814, 830, 867, 881, 883, 918, 919, 923, 929, 956,
961

Shoot fly R RPS515, 583, 612, 628, 642, 685, 763, 806, 810, 811, 822, 823, 834,  842, 846,
871, 872, 901, 902, 904, 905, 909, 910, 914, 915, 917, 918, 921,  925, 927, 929,
930, 933, 934, 938, 939, 941, 943, 944, 945, 946, 948, 951, 953, 967, 968, 970
& 974

R = Resistant MR = Moderately resistant

Table 7. Economic genetic resources of kodo millet

Economic traits Genetic sources

Dwarf RPS 521, 529, 541, 546, 683, 733, 801and 926 (8)
Extra early RPS 540, 541, 546, 632, 681, 687, 696 and 700 (8)
Higher grain yield RPS 503, 556, 639, 649, 710, 712, 769, 775, 780, 798, 859, 910, 967 and

977 (14)
Higher 1000 grain weight RPS 507, 540, 556, 612, 614, 620, 638, 639, 642, 648, 650, 700,  705, 708,

709, 910 and 912 (17)
Multiple Resistance to head smut, RPS 575, 583, 590, 830, 886, 898 and RPS 910 (7)
sheath blight and shoot fly
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races, where as 180 were brown and 50 were grey
brown.

Evaluation for biotic stresses

On the basis of two years pooled data, incidence of
head smut and sheath blight ranging from 2.1 to 39.1%
and 13.7 to 49.5%, respectively were recorded in
evaluated land races of kodo millet and classified as
resistant, moderately resistant and susceptible to the
diseases. None of the land races were completely free
from head smut under artificial inoculations. However,
14 land races (3.3%) namely RPS 539, 575, 581, 583,
590, 804, 818, 820, 830, 859, 886, 898, 910 and 977
were shown moderately resistant reaction showing less
than 5% smut incidence. Rests of the land races (414)
were susceptible to the disease. Forty seven (11.0%)
land races were resistant, 377 (88.1%) were moderately
resistant and 4 (0.9%) were susceptible to sheath blight.
Shoot fly incidence ranging from 2.1 to 60.7% was
recorded. Fort eight land races (11.2%) were found
resistant to shoot fly by producing < 10% dead heart,
111 were moderately resistant and 269 (62.9%) were
susceptible to shoot fly. Seven land races namely RPS
575,583, 590, 830, 886, 898 and RPS 910 were shown
moderately resistant reaction to head smut, sheath blight
and shoot fly (Table 5 and 6).

Identification of economic genetic resources

The donors for biotic resistance and economic land
races of kodo millet for various desirable traits has been
identified and presented in Table 7. Eight land races
namely RPS 521, 529, 541,546, 683, 733, 801and 926
were dwarf (< 45 cm) and eight namely RPS540, 541,
546, 632, 681, 687, 696 and 700 were extra early (< 92
days). Higher grain yield per plant (> 18 g) was recorded
in 14 land races namely RPS 503, 556, 639, 649, 710,
712, 769, 775, 780, 798, 859, 910, 967 and 977. More
than 5.5 g test weight (1000 grain weight) was recorded
in RPS 507, 540, 556, 612, 614, 620, 638, 639, 642,
648, 650, 700, 705, 708, 709, 910 and 912. Seven land
races namely RPS 575, 583, 590, 830, 886, 898 and
RPS 910 were found moderately resistant to head smut,
sheath blight and shoot fly incidence. Yadava and Jain
(2006) reviewed the economic genetic resources of
kodo millet reported by various workers in kodo millet
for different traits.

It may be concluded from the present study that
a wide range of variation for agro-morphological traits

and reaction to important biotic stresses exists in the
present land races collected from different geographic
areas of the Madhya Pradesh. However, there is ample
possibility to enrich the variability for economic traits
through vigorous collection from untouched kodo millet
growing areas. These economic traits may be utilized
as donor for improvement in kodo millet for earliness,
higher grain yield coupled with in-built resistance
against important biotic stresses.
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Qly lq/kkj dk;Zdze ds 'kkh?kz ,oa lQy fdz;kUo;u gsrq vko';d #i
ls pkgs x;s y{k.kksa ds vkuqokaf"kd lzksrksa dk mi;ksx egOoiw.kZ gS A
e/; izns'k ds lkr ftyksa ls ,df=r fd;s x;s pkj lkS vV~BkbZl
LFkkuh; izHksnksa dk ijh{k.k lL; vkdkj dh ,oa tSfod mn~nhiuksa ds
fo#) yxkrkj nks o"kksZa 2009 ,oa 2010 esa fd;k x;k A ijhf{kr
izHksnksa esa ikS/k ÅpkbZ] dYyksa dh la[;k] iq"iØe dh yackbZ] izfr ikS/kk
nkuksa dh mit o 1000 nkuksa ds otu esa T;knk fofHkUurk vkadfyr
dh x;h A vkSlr idus dh vof/k 90-5 ls 107-5 fnu vkadfyr
dh x;h A fofHkUu tSfod mn~nhiuksa esa eq.Md] d.Mok] i.kZNkn]
>qylu ,oa ruk eD[kh dk laØe.k Øe"k% 2-1 ls 39-1 izfr"kr]
13-7 ls 49-5 izfr'kr rFkk 2-1 ls 60-7 izfr'kr ik;k A mPp
fHkUurk xq.kkad ruk eD[kh ladze.k ¼65-3 %½ds i"pkr eqaMd
d.Mok ladze.k ¼43-61½ vk/kkj dals dh la[;k ¼30-9%½ ,oa izfr
ikS/kk nkuksa dh mit ¼21-2%½ ess Fkk tcfd fuEu fHkUUrk xq.kkad
idus dh vof/k ¼2-6%½ ds mijkar 50% iq"iu vof/k ¼3-9%½ ,oa
1000 nkuksa ds otu ¼7-9%½ esa vafdr fd;k x;k A bfPNr xq.kksa
tSls 'kh?kz ifjiDork] ckSuh ,oa mPp mit] mPPk ijh{k.k Hkkj ,oa
izdh.kZu jfgr okys izHksn Øe"k% 15-9] 8-2] 18-7] 3-3 o 57-7
% Fks A eqaMd d.Mok ¼3-3%½] i.kZNkn >qylu ¼11-8 %½ ,oa ruk
eD[kh ¼11-2%½ ds fy, izfrjks/kh izHksn Hkh fpfUgr fd;s x;s A dksnksa
ds bu LFkkuh; izHksnksa dk mi;ksx dksnksa fodkl dk;ZØeksa esa fd;k tk
ldrk gS A
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Abstract

Seventy two land races of foxtail millet collected from diverse
geographical regions of Madhya Pradesh were evaluated
along with two national checks SIA 326 and PS 4 against
banded leaf and sheath blight (BLSB) disease under artificial
inoculations. The disease severity ranging from 10.8 to 68.9%
was recorded. Twelve land races namely RFM 82, 83, 84,
85, 87, 88, 90, 93, 94, 95, 96 and 97 were shown resistance,
where as 21 land races were moderately resistance, 29
moderately susceptible, 11 were susceptible and 1 was highly
susceptible to BLSB. Average plant height was recorded 106.5
cm in resistant, 96.7 cm in MR, 86.3 cm in MS and 79.9 cm in
susceptible and 76.4 cm in highly susceptible land races.
Average 50% flowering period was 34 days in highly
susceptible land races, where as it was 41 days in resistant
land races. Dwarf and early maturing land races were shown
susceptibility to BLSB as compared to tall and late maturing
land races. These land races may be utilized in breeding
programme for variety development.

Keywords : Foxtail millet, banded leaf and sheath
blight, host resistance, morphological characters.

Foxtail millet (Setaria italica) is an important rainfed
cereal crop grown for food and feed by the tribal people.
In India, the crop is grown around 98 thousand hectares
with annual production of 56 thousand tones and 656
kg ha-1 productivity (Anon 2011). The crop is
predominantly grown in the state of Andhra Pradesh,
Karnataka, Tamil Nadu and erratic pockets of Madhya
Pradesh and Uttarakhand. In India, banded leaf and
sheath blight of foxtail millet caused by Rhizoctonia
solani has been reported from Uttar Pradesh (Dubey et
al. 1989), Madhya Pradesh (Jain and Gupta 2010) and
Andhra Pradesh (Anon 2013). The pathogen is a
necrotrophic soil borne with high competitive

Identification of host resistance against banded leaf and sheath
blight of foxtail millet
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saprophytic activity. The disease inflicts economical loss
in yield and yield attributes if infection occur at tillering
stage. Earlier the crop was reported susceptible to rice
isolate (Kannaiyan and Prasad, 1978, Ahuja and Payak,
1985, Meena and Muthuswamy 1998) and moderately
susceptible to maize isolate (Rathore et al. 1998).
Morphological traits like plant height and heading date
have been reported to affect the resistance of rice
cultivars to sheath blight (Manian 1984, Lakpale et al.
1997 and Park et al. 2008) Very little efforts have been
made to identify the resistant sources of foxtail millet
against banded leaf and sheath blight disease. Host
resistance is reported the most efficient, feasible and
cheapest way to control banded leaf and sheath blight
(BLSB) disease. In the present study, attempts were
made to identify resistant sources of foxtail millet and
morphological traits associated with resistance against
banded leaf and sheath blight disease.

Materials and methods

Seventy two land races of foxtail millet collected from
diverse geographic region of Madhya Pradesh were
evaluated along with two national checks namely PS 4
and SIA 326 in randomized block design with three
replications during Kharif 2010 and land races shown
resistance were re-screened during kharif 2011 under
artificial inoculation conditions. The seeds of foxtail
millet genotypes were sown in 2 rows of 3.0 m length
with 22.5 cm row to row and 7.5 cm plant to plant
spacing. Recommended doses of fertilizers i.e. 40 kg
N and 20 kg P2O5 per hectare and package of practices
were adopted for optimum plant growth. Ten plants in
each replication were artificially inoculated with infected
leaf bit method 25 days after sowing. Leaf bits of about
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Table 1. Performance of foxtail millet land races against banded leaf & sheath blight Rhizoctonia solani

S.No. Land race 50% Plant BLSB Reaction S. No. Land race 50% Plant BLSB Reaction
flowering height severity flowering height severity

(days) (%) (days) (%)

1 RFM 21 37.0 93.8 31.9 MS 38 RFM 65 37.0 87.0 42.0 MS
2 RFM 22 42.0 88.5 25.7 MR 39 RFM 66 38.0 100.7 21.3 MR
3 RFM 23 40.0 89.5 24.9 NR 40 RFM 67 35.0 88.3 35.8 MS
4 RFM 24 35.0 88.3 29.0 MR 41 RFM 68 35.0 80.0 33.0 MS
5 RFM 25 38.0 92.0 37.9 MS 42 RFM 69 37.0 87.0 42.0 MS
6 RFM 27 38.0 78.8 40.1 MS 43 RFM 70 38.0 89.0 29.5 MR
7 RFM 29 34.0 76.4 68.9 HS 44 RFM 71 34.0 87.3 36.2 MS
8 RFM 30 38.0 83.6 31.5 MS 45 RFM 72 38.0 94.0 27.6 MR
9 RFM 31 36.0 83.3 53.8 S 46 RFM 73 34.0 93.3 32.8 MS
10 RFM 32 36.0 83.7 52.2 S 47 RFM 74 38.0 79.4 38.6 MS
11 RFM 33 35.0 80.7 57.7 S 48 RFM 75 37.0 96.6 26.2 MR
12 RFM 35 35.0 80.8 40.7 MS 49 RFM 76 35.0 90.8 33.3 MS
13 RFM 36 35.0 79.9 60.9 S 50 RFM 77 36.0 88.8 31.8 MS
14 RFM 37 34.0 82.5 37.8 MS 51 RFM 78 36.0 90.4 27.5 MR
15 RFM 38 34.0 82.2 53.7 S 52 RFM 79 35.0 98.4 20.8 MR
16 RFM 39 35.0 82.0 38.6 MS 53 RFM 80 35.0 92.6 33.6 MS
17 RFM 40 35.0 88.7 26.9 MR 54 RFM 81 35.0 99.6 22.6 MR
18 RFM 42 37.0 79.2 47.5 S 55 RFM 82 39.0 94.1 18.1 R
19 RFM 43 38.0 91.0 44.3 MS 56 RFM 83 40.0 99.4 17.6 R
20 RFM 44 35.0 88.7 26.9 MR 57 RFM 84 40.0 90.4 15.6 R
21 RFM 45 38.0 83.6 32.7 MS 58 RFM 85 39.0 85.3 18.2 R
22 RFM 47 33.0 72.0 55.9 S 59 RFM 86 40.0 83.5 21.7 MR
23 RFM 48 33.0 94.8 44.3 MS 60 RFM 87 39.0 90.4 18.6 R
24 RFM 50 34.0 86.8 41.6 MS 61 RFM 88 40.0 87.2 17.2 R
25 RFM 51 38.0 91.0 44.3 MS 62 RFM 89 40.0 86.8 22.3 MR
26 RFM 52 39.0 77.6 34.7 MS 63 RFM 90 42.0 98.7 17.3 R
27 RFM 53 34.0 86.8 37.2 MS 64 RFM 91 38.0 103.5 22.6 MR
28 RFM 54 34.0 87.3 37.5 MS 65 RFM 92 37.0 113.1 22.4 MR
29 RFM 55 38.0 91.0 44.3 MS 66 RFM 93 44.0 129.2 14.8 R
30 RFM 56 33.0 74.8 50.9 S 67 RFM 94 42.0 121.6 16.2 R
31 RFM 57 39.0 77.6 34.7 MS 68 RFM 95 45.0 131.2 18.3 R
32 RFM 58 34.0 86.3 46.3 S 69 RFM 96 41.0 124.7 10.8 R
33 RFM 59 41.0 83.5 22.2 MR 70 RFM 97 43.0 125.4 18.8 R
34 RFM 60 34.0 87.3 37.5 MS 71 RFM 98 38.0 127.3 21.6 MR
35 RFM 62 38.0 92.6 21.2 MR 72 RFM 99 35.0 124.3 22.4 MR
36 RFM 63 34.0 78.2 50.9 S 73 PS 4* 38.0 78.6 47.7 S
37 RFM 64 35.0 88.1 33.4 MS 74 SIA 326* 44.0 103.7 28.9 MS
* National checks
R = Resistant MR = Moderately resistant MS = Moderately susceptible
S = Susceptible HS = Highly susceptible
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Table 2. Grouping of foxtail millet genotypes against banded leaf and sheath blight disease for their reaction

Reaction BLSB No. of land Land races
severity (%) races

Highly resistant 0 0 -

Resistant Up to 20 12 RFM 82, 83, 84, 85, 87, 88, 90, 93, 94, 95, 96 and
97

Moderately resistant 20 - 30 21 RFM 22, 23, 24, 40, 44, 57, 59, 62, 66, 70, 72, 75,
78, 79, 81, 86, 89, 91, 92, 98, 99 and SIA 326

Moderately susceptible 31 - 45 29 RFM 21, 25, 27, 30, 35, 37, 39, 43, 45,48, 50, 51,
52,53,54, 55, 57, 60, 64,65, 67, 68, 69, 71, 73, 74,
76, 77 and 80 .

Susceptible 46 - 65 11 RFM 31, 32, 33, 36, 38, 42, 47, 56 58 ,63 and PS 4

Highly susceptible Above 65 1 RFM 29

Table 3. Mean and range of disease severity, 50% flowering and plant height of foxtail millet genotypes in different
categories of disease reaction

Reaction BLSB severity (%) 50% flowering (days) Plant height(cm)
Range Mean Range Mean Range Mean

Resistant 10.8 - 18.8 16.8 39 - 45 41 85.3 - 131.2 106.5
Moderately resistant 20.8 - 29.5 24.5 35 - 44 38 83.5 - 127.3 96.7
Moderately susceptible 31.5 - 44.5 37.3 33 - 39 36 77.6 - 94.8 86.3
Susceptible 46.3 - 60.9 52.5 33 - 38 35 72.0 - 86.3 79.9
Highly susceptible - 68.9 - 34 - 76.4
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1 to 2 cm long were inserted between the stem of the
middle tillers of each plant and leaf sheath of basal node.
High humidity was maintained during disease
development by frequent watering. The inoculated
plants were observed daily for development of
symptoms. Days to 50% flowering were recorded in each
land races and plant height was recorded at dough
stage. Lesion length (cm) was recorded at dough stage
along with total length of plant. The severity of banded
leaf and sheath blight was calculated based on relative
lesion height of whole plant (IRRI 1996).

     Total lesion length
Percent disease severity = ------------------------------ x 100

    Total length of plant

Foxtail millet land races were grouped into various
categories of reaction against banded leaf and sheath
blight adopting 0 - 9 grade scale where, 0 = no infection,
1 = lesions limited to lower 20% of plant height, 3 =
lesions limited to lower 20 - 30% of plant height, 5 =
lesions limited to lower 31 - 45% of plant height, 7 =
lesions limited to lower 46 - 65% of plant height and 9 =
lesions limited to > 65% of plant height.

Results and discussion

Banded leaf and sheath blight (BLSB) severity in 74
land races including two national checks of foxtail millet
presented in Table 1 showed that all the genotypes were
affected by the disease. The disease severity varied
from 10.8 to 68.9% was recorded in the screened land
races. None of the land races were completely free from
BLSB, However, 12 land races namely RFM 82, RFM
83, RFM 84, RFM 85, RFM 87, RFM 88, RFM 90, RFM
93, RFM 94, RFM 95, RFM 96 and RFM 97 were shown
resistant reaction under artificial inoculations. Twenty
one land races namely RFM 22, RFM 23, RFM 24, RFM
40, RFM 44, RFM 57, RFM 59, RFM 62, RFM 66, RFM
70, RFM 72, RFM 75, RFM 78, RFM 79, RFM 81, RFM
86, RFM 89, RFM 91, RFM 92, RFM 98, RFM 99 and
SIA 326 were moderately resistant. National check SIA
326 was earlier reported resistant to BLSB under natural
conditions by Jain and Gupta (2010).Twenty nine land
races were moderately susceptible and 11 were
susceptible to BLSB. One land race RFM 29 was highly
susceptible to BLSB showing > 65% disease severity
(Table 2).

Average and range of BLSB severity, 50%
flowering duration and plant height of foxtail millet land
races in different categories of reaction are presented

in Table 3. Average disease severity of 16.8% in resistant
land races, 24.5% in moderately resistant, 37.3% in
moderately susceptible, 52.5% in susceptible and
68.9% in highly susceptible land races was recorded.
Average flowering period was 41 days in resistant land
races, where as it was 34 to 35 days in susceptible and
highly susceptible land races. Average plant height was
106.5 cm in resistant group of land races and 76.4 to
79.9 cm in susceptible and highly susceptible land races
(Fig 1). A significant negative correlations were recorded
between plant height and disease severity (r = -0.638)
and 50% flowering duration and disease severity (r = -
0.612). Manian (1984), Lakpale et al. (1997) and Park
et al. (2008) also reported higher incidence of sheath
blight in early maturing cultivars of rice as compared to
medium and late maturing groups. Higher incidence of
BLSB in early duration group of cultivars might be due
to congenial interaction of pathogen with environmental
conditions at early stages of crop growth. Severe
incidence of sheath blight was also reported in dwarf
cultivars of rice as compared to tall cultivars (Roy 1993)
and corroborating with the present findings.

It may be concluded from the present study that
none of the screened land races were highly resistant
to banded leaf and sheath blight disease, however, 12
land races namely RFM 82, RFM 83, RFM 84, RFM 85,
RFM 87, RFM 88, RFM 90, RFM 93, RFM 94, RFM 95,
RFM 96 and RFM 97 were resistant under artificial
inoculations. Dwarf and early maturing land races were
more susceptible to banded leaf and sheath blight as
compared to tall and late maturing land races.

e/;izns'k ds vilkjh HkkSxksfyd LFkkuksa ls ,df=r dkdqu ds 72
LFkkuh; izHksnksa dk ijh{k.k d`f=e fuos'ku }kjk lfiZy i.kZ o i.kZNkn
>qylu ds fo:) nks jk"Vªh; fu;a=d fdLeksa ,l-vkbZ-,- 326 ,oa
ih-,l- 4 ds lkFk fd;k x;kA jksx rhozrk 10-8 ls 68-9 izfr'kr
vakdfyr dh x;hA ckjg LFkkuh; izHksn vkj-,Q-,e- 82] 83] 84]
85] 87] 88] 90] 93] 94] 95] 96 ,oa 97 us jksx izfrjks/kdrk
iznf'kZr dh] tcfd 21 izHksn e/;e izfrjks/kh] 29 e/;e jksxxzkgh] 11
jksxxzkgh ,oa 1 izHksn lfiZy i.kZ o i.kZNkn >qylu ds fy;s lqxzkgh
ik;k x;kA jksxjks/kh izHksnksa esa vkSlr ikS/kksa dh ÅapkbZ 106-5 ls-
eh-] e/;e izfrjks/kh esa 96-7 ls-eh-] e/;e jksxxzkgh esa 86-3 ls-
eh-] jksxxzkgh esa 79-9 ls-eh- rFkk jksx lqxzkgh esa 76-4 ls-eh-
vakdfyr dh x;hA vkSlr 50 izfr'kr iq"ih; vof/k jksx lqxzkgh izHksn
esa 34 fnu ,oa izfrjks/kh izHksnksa esa 41 fnu FkhA ckSus ,oa tYnh idus
okys izHksnksa us yEcs o nsj ls idus okys izHksnksa dh vis{kk lfiZy i.kZ
o i.kZNkn >qylu ds izfr jksx lqxzkfgrk iznf'kZr dhA ikS/kksa dh ÅapkbZ
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o jksx rhozrk ¼&0-638½ rFkk 50 izfr'kr iq"ih; vof/k o jksx
rhozrk ¼&0-612½ ds chp lkFkZd _.kkRed lg laca/k ik;k x;kA bu
LFkkuh; izHksnksa dk mi;ksx fdLeksa ds fodkl gsrq iztuu dk;ZØeksa esa
fd;k tk ldrk gSA
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Abstract

Efficacy of the recommended pesticides viz. fungicides,
insecticides, herbicides and botanicals on the growth and
sporulation of Rhizoctonia bataticola causing charcoal rot of
soybean under in vitro conditions was evaluated. Using
poisoned food technique, radial growth and visual
observations were taken. Captan + hexaconazole and
carbendazim were found totally inhibitory at all three
concentrations (250, 500 and 1000 ppm), while thiram,
mancozeb and copper oxy-chloride were less inhibitory to
Rhizoctonia bataticola. Kresoxil methyl was found inhibitory
at 1000 ppm concentration (100 %). All the eight fungicides
tested were found to reduce number and size of sclerotia. No
formation of sclerotia was found in carbendazim, captan +
hexaconazole and pyraclostrobin. Among eight insecticides,
combination of chlorpyrifos + cypermethrin was found
moderately effective at 250, 500 and 1000 ppm concentrations
(43.56 to 59.89 %) to R. bataticola. Emamectin benzoate and
quinalphos was found less effective. The number of sclerotia
was found decreased in all the insecticides as compared to
control, but increased in size of sclerotia were recorded in
pyridalyl at 250 ppm. Out of seven herbicides tested
pendimethalin, oxyfluorfen and imazethapyr were found to be
moderately effective to Rhizoctonia bataticola, whereas
glyphosate and butachlor were not inhibitory. Maximum
number (29.5 to 44.4) and size (20.2 x 16.16 μm) of sclerotia
was recorded in imazethapyr. All the eight botanicals were
found less inhibitory to Rhizoctonia bataticola in reducing
mycelial growth except neem (65.22 %) followed by nilgiri
(51.88 %) at 30 per cent concentration. In lantana camera
the number of sclerotia was increased as compared to control
at 10 per cent concentration. All botanicals tested were found
to decrease size of the sclerotia of R. bataticola.

Keywords: Soybean, pesticides, Rhizoctonia bataticola
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Soybean is the wonder crop of 21st century which is
highly important owing to its high protein and oil content.
Over the past decade productivity trend of soybean
indicates that the impressive yields achieved are not
attained due to severally abiotic and biotic factors.
Soybean suffers from many diseases such as charcoal
rot (Rhizoctonia bataticola), collar rot (Sclerotium rolfsii)
and Yellow mosaic disease (Mungbean yellow mosaic
virus).

Charcoal rot of soybean has been reported to
cause epiphytotic in U.S.A, China, Argentina Brazil
(Wrather et al. 1997).In India charcoal rot of soybean is
the most common disease which is also found in Brazil
(Wrather et al. 1997). Losses in yield to 50% have been
experienced in northern part of the state Parana
(Ferreira et al. 1979) and also in USA up to 20% (Sinclair
and Gray 1972). Estimated annual losses in soybean
of 25.2 million bushels are attributed to charcoal rot
from 1989 to 1991 in North Central region.

In India 70% loss caused by charcoal rot has
been reported. The disease is common in MP,
Maharashtra, Rajasthan, Uttaranchal, Karnataka Punjab
and Delhi. The pathogen has a very broad host range
of 500 crops and weeds species (Wyllie 1993). The
important hosts are soybean, sunflower, safflower,
sesame, sorghum, rice, green-gram, black-gram,
cowpea, pigeon-pea and potato.

Material and methods

Recommended fungicides, insecticides, herbicides were
obtained from standard companies. Rhizoctonia
bataticola causing charcoal rot was isolated from
infected soybean plants collected from trials of AICRP
on soybean, Jabalpur.
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In vitro efficacy of fungicides

Poisoned food technique was used for evaluating the
effect of fungicides on the growth of Rhizoctonia

bataticola was evaluated at three concentrations. Eight
recommended and new molecules viz. Carbendazim
(Bavistin, BASF, India Ltd, Mumbai), Captan 70% +
Hexaconazole 5% WP (Taquat, Rallis India Ltd, Gujarat),
Mancozeb (Indofil M-45 75% WP, Bayer (India) Ltd),
Carboxin (Vitavax 75% WP, Northern Minerals Ltd, New
Delhi), Thiram (Thiride 5% DS. The Alkali Corp. of India
Ltd, Calcutta), Pyraclostrobin (Insignia, BASF, India Ltd,
Mumbai), Copper oxy chloride (Blitox-50, Ralis India
Ltd.), Kresoxil methyl (Ergon, Rallis India Ltd., Gujarat)
were used for this study.

In vitro efficacy of insecticides

The experiment was conducted to evaluate the effect
of eight insecticides viz. Quinalphos (Dhanulux 25%
EC, Dhanuka Pesticide Ltd, New Delhi), Meothrin
(Fenpropathrin 30% EC, Sumitomo Chemical India Pvt,
Ltd.), Spinosad 45% SC (Tracer, Dau Agro Science,
India Pvt. Ltd.), Coragen 20 % EC, Pyridalyl 10% EC
(Sumipleo 10% EC, Sumitomo Chemical India Pvt. Ltd.),
Emamectin Benzoate 5% SG(Proclaim 5% SG,
Syngenta India Limited), Chlorpyrifos 50% +
Cypermethrin 5% EC (Action 505, Tropical Acasystem
4, Chenenaai), Trizophos (Hospaphion, Bayer Crop
Science, Ltd., Gujarat) on the growth and sporulation
of Rhizoctonia bataticola. The test was conducted using
poisoned food technique as said above. Concentrations
were worked out on the basis of formulated product.

In vitro efficacy of herbicides

Seven recommended herbicides viz. Imazethapyr
(Pursuit 10 SL, BASF (I) Ltd.), Pendimethalin (Eraser
30% EC, Jai Shree Rashayen Udyog Ltd.), Glyphosate
(Shriram Dart 41% SL, Shriram fertilizer and Chemical,
New Delhi), 2, 4-D Ethyl ester 38% EC (Uniweed-38,
Uniqe formaid Pvt. Ltd.), Butachlor 50% EC (Upchlor,
United Pesticides, Raipur), Quizalofop (Targa super 5%
EC, Dhanuka Pesticide Ltd, New Delhi), Oxyfluorfen
23.5% EC (Alto, Filamduztries Ltd.) were used in the
study. Poisoned food technique was used for conducting
the test. The concentrations were worked out on the
basis of dosage applied.

In vitro efficacy of botanicals (Leaf extracts)

Poisoned food techniques were used for evaluating the
effect of leaf extracts viz. Neem (Azadirachta indica),
Ashoka (Polyalthia longifolia), Karanj (Pongama
pinnata), Jatropha (Jatropha curcas Linn.), Nilgiri
(Eucalyptus globules), Ipomea(Ipomeasp.), Dhatura
(Datura stramonium), Lantana (Lantana camera) on the
growth and sporulation of Rhizoctonia bataticola.

Result and discussion

In vitro efficacy of fungicides

Six fungicides and two new molecules were evaluated
at three concentrations for their efficacy against
Rhizoctonia bataticola using poisoned food technique
(Table 1). Captan + hexaconazole and carbendazim were
found totally inhibitory at all three concentrations (250,
500 and 1000 ppm). Similar finding have been reported
by Reddy et al. (1991), Peshney et al. (1992), Giri and
Peshney (1993), Vyas (1994), Haque and Ghaffar
(1995), Cardoso et al. (1997),  Amadioha, (1998),
Hussain et al. (2000), Prashanthi et al. (2000), Prajapati
et al. (2002), Sindhan et al. (2002), Jha and Sharma,
(2006) and  Anju and Varma (2007). In the present study
mancozeb at 250 ppm was less effective at low
concentration which was also reported by Jha and
Sharma (2006). The fungicide copper oxy-chloride was
less inhibitory to Rhizoctonia bataticola, whereas
Amadioha (1998) has reported copper oxy-chloride as
most effective in reducing the mycelial growth of R.
bataticola. The contradiction may be due to the
difference in isolate and concentrations used for the
study. Kresoxil methyl and pyraclostrobin was found
inhibitory to R. bataticola. These are new molecules
and have not been evaluated before, therefore this
finding is first report. Number and size of sclerotia in all
the eight fungicides tested were found reduce. This
observation is also a new finding.

In vitro efficacy of insecticides

Eight insecticides and new molecules were evaluated
at three concentrations for their efficacy against
Sclerotium rolfsii using poisoned food technique (Table
2). Combination of chlorpyrifos + cypermethrin was
found moderately effective at 250, 500 and 1000 ppm
concentrations (43.56 to 59.89 %), whereas at the same
concentrations, emamectin benzoate was found less
effective to R. bataticola. Evidence of earlier work on
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Table 1. Mean radial growth, number and size of sclerotia of Rhizoctonia bataticola on PDA medium amended with
fungicides at three concentrations

Fungicides / concentration Radial growth % inhibition No. of Size of sclerotia
(in mm) after* after 144 hrs sclerotia/mf* (Length x Width) in μm

at 144 hrs Maximum Minimum

Pyraclostrobin
250 ppm 15.0 (3.9) 83.83 - - -
500 ppm 13.6 (3.7) 84.89 - - -
1000 ppm 10.0 (3.2) 88.89 - - -
Kresoxil methyl
250 ppm 22.0 (4.7) 75.55 12.0 9.09 x 6.06 4.04 x 2.02
500 ppm 16.0 (4.0) 82.22 10.0 9.09 x 5.05 4.04 x 1.01
1000 ppm 0.0 (0.7) 100 - - -
Captan + hexaconazole
250 ppm 0.0 (0.7) 100 - - -
500 ppm 0.0 (0.7) 100 - - -
1000 ppm 0.0 (0.7) 100 - - -
Carboxin
250 ppm 50.0 (7.1) 44.44 30.2 10.1 x 6.06 5.05 x 3.03
500 ppm 26.6 (5.2) 70.44 27.1 9.09 x 7.07 4.04 x 1.01
1000 ppm 14.6 (3.8) 83.78 18.7 9.09 x 5.05 3.03 x 1.01
Thiram
250 ppm 87.5 (9.3) 02.78 14.0 9.09 x 7.07 4.04 x 2.02
500 ppm 13.6(3.7) 84.89 13.0 9.09 x 7.07 4.04 x 1.01
1000 ppm 10.0 (3.2) 88.89 - - -
Carbendazim
250 ppm 0.0 (0.7) 100 - - -
500 ppm 0.0 (0.7) 100 - - -
1000 ppm 0.0 (0.7) 100 - - -
Mancozeb
250 ppm 86.6 (9.3) 03.77 25.3 9.09 x 7.07 5.05 x 2.02
500 ppm 85.8 (9.2) 04.67 14.0 9.09 x 6.06 4.04 x 2.02
1000 ppm 70.1 (8.4) 22.11 10.0 8.08 x 5.05 4.04 x 1.01
Copper Oxy Chloride
250 ppm 89.0 (9.4) 01.11 32.0 10.1 x 6.06 4.04 x 1.01
500 ppm 85.5 (9.2) 05.00 - - -
1000 ppm 81.0 (9.0) 10.00 - - -
Control 90.0 (9.5) 00 46.0 20.2 x 16.16 9.09 x 5.05

*Mean of three replications
Value in parenthesis are transformed values
SEm + 0.77
C.D. at 5% 1.64
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Table 2. Mean radial growth, number and size of sclerotia of Rhizoctonia bataticola on PDA medium amended with
insecticides at three concentrations

Insecticides / concentration Radial growth % inhibition No. of Size of sclerotia
(in mm) after* after 144 hrs sclerotia/mf* (Length x Width) in μm

at 144 hrs Maximum Minimum

Meothrin
250 ppm 72.0 (8.5) 20.00 16 20.2 x 17.17 10.1 x 6.06
500 ppm 63.8 (8.0) 29.11 14 12.12 x 7.07 5.05 x 2.02
1000 ppm 60.0 (7.7) 33.33 10 9.09 x 5.05 4.04 x 1.01
Spinosad
250 ppm 63.3 (7.9) 29.67 24 11.11 x 7.07 4.04 x 1.01
500 ppm 62.0 (7.9) 31.11 19 9.09 x 5.05 4.04 x 1.01
1000 ppm 60.5 (7.8) 32.78 16 9.09 x 5.05 4.04 x 1.01
Chlorpyrifos+ Cypermethrin
250 ppm 50.8 (7.1) 43.56 10 9.09 x 5.05 5.05 x 2.02
500 ppm 42.6 (6.5) 52.67 09 9.09 x 5.05 5.05 x 1.01
1000 ppm 36.1 (6.0) 59.89 07 9.09 x 4.04 5.05 x 1.01
Coragen
250 ppm 80.0 (8.9) 11.11 20 9.09 x 6.06 5.05 x 2.02
500 ppm 75.1 (8.6) 16.56 14 9.09 x 5.05 5.05 x 2.02
1000 ppm 70.0 (8.3) 22.22 12 9.09 x 5.05 4.04 x 1.01
Pyridalyl
250 ppm 77.0 (8.8) 14.44 33 21.21 x 15.15 10.1 x 6.06
500 ppm 70.8 (8.4) 21.33 13 20.2 x 16.16 9.09 x 5.05
1000 ppm 69.3 (8.3) 23.00 09 9.09 x 6.06 4.04 x 1.01
Emamectin benzoate
250 ppm 90.0 (9.5) 00.00 11 10.1 x 7.07 5.05 x 2.02
500 ppm 90.0 (9.5) 00.00 10 10.1 x 6.06 5.05 x 2.02
1000 ppm 89.1 (9.4) 01.00 10 9.09 x 5.05 5.05 x 2.02
Quinalphos
250 ppm 85.1 (9.2) 05.44 38 10.1 x 6.06 5.05 x 2.02
500 ppm 83.4 (9.1) 07.33 32 10.1 x 6.06 5.05 x 2.02
1000 ppm 81.0 (9.0) 10.00 26 9.09 x 4.04 5.05 x 2.02
Trizophos
250 ppm 71.1 (8.4) 21.00 33 12.12 x 7.07 5.05 x 2.02
500 ppm 68.5 (7.6) 23.88 31 11.11 x 5.05 5.05 x 2.02
1000 ppm 63.6 (6.6) 29.33 25 10.1 x 6.06 4.04 x 1.01
Control 90.0 (9.5) 00 46.0 20.2 x 16.16 9.09 x 5.05

*Mean of three replications
Value in parenthesis are transformed values
SEm + 0.21
C.D. at 5% 0.44
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Table 3. Mean radial growth, number and size of sclerotia of Rhizoctonia bataticola on PDA medium amended with
herbicides at three concentrations

Herbicides/concentration Radial growth % inhibition No. of Size of sclerotia
(in mm) after* after 144 hrs sclerotia/mf* (LengthxWidth) in μm

at 144 hrs Maximum Minimum

Imazethapyr
10 ppm 90.0 (9.5) 00 44.4 20.2x16.16 10.1x6.06
25 ppm 85.6 (9.2) 4.89 34.4 17.17x12.12 10.1x6.06
50 ppm 70.0 (8.3) 22.22 29.5 15.15x9.09 8.08x3.03
Glyphosate
10 ppm 90.0 (9.5) 00 37.1 20.2x15.15 10.1x6.06
25 ppm 90.0 (9.5) 00 29.1 20.2x15.15 10.1x6.06
50 ppm 85.5 (9.2) 5.00 26.6 15.15x11.11 8.08x3.03
Pendimethalin
10 ppm 68.5 (8.3) 23.89 33.6 20.2x15.15 12.12x7.07
25 ppm 53.0 (7.3) 41.11 28.9 20.2x15.15 11.11x7.07
50 ppm 42.6 (6.5) 52.67 28.8 20.2x14.14 8.08x5.05
Quizalfop
10 ppm 87.0 (9.3) 3.33 42.1 20.2x16.16 10.1x6.06
25 ppm 86.6 (9.3) 3.78 34.0 15.15x11.11 8.08x3.03
50 ppm 83.5 (9.1) 7.22 28.0 12.12x7.07 5.05x2.02
Butachlor
10 ppm 90.0 (9.5) 00 43.0 19.19x14.14 10.1x6.06
25 ppm 90.0 (9.5) 00 32.2 18.18x13.13 10.1x5.05
50 ppm 87.5 (9.3) 2.78 28.5 15.15x11.11 7.07x3.03
2,4-D
10 ppm 85.1 (9.2) 5.44 45.2 20.2x16.16 9.09x5.05
25 ppm 70.0 (8.3) 22.22 34.1 18.18x13.13 9.09x5.05
50 ppm 56.3 (7.5) 37.44 27.4 18.18x13.13 5.05x2.02
Oxyfluorfen
10 ppm 69.3 (8.3) 23.00 30.0 20.2x13.13 10.1x6.06
25 ppm 65.1 (8.0) 27.67 26.0 15.15x11.11 10.1x5.05
50 ppm 60.0 (7.7) 33.33 05.0 11.11x7.07 5.05x2.02
Control 90.0 (9.5) 00 46.0 20.2x16.16 9.09x5.05

*Mean of three replications
Value in parenthesis are transformed values
SEm + 0.29
C.D. at 5% 0.62
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Table 4. Mean radial growth, number and size of sclerotia of Rhizoctonia bataticola on PDA medium amended with
botanicals at three concentrations

Botanicals/concentration Radial growth % inhibition No. of Size of sclerotia
(in mm) after* after 144 hrs sclerotia/mf* (LengthxWidth) in μm

at 144 hrs Maximum Minimum

Eucalyptus globules

10 90.0 (9.5)  00.00 43.9 9.09 x 5.05 4.04 x 1.01
20 87.0 (9.3) 03.33 42.0 9.09 x 4.04 4.04 x 1.01
30 43.3 (6.6) 51.88 38.0 9.09 x 4.04 4.04 x 1.01
Azadirachta indica

10 90.0 (9.5) 00.00 44.7 11.11 x 9.09 5.05 x 1.01
20 84.6 (9.2) 06.00 43.1 10.1 x 7.07 4.04 x 1.01
30 31.3 (5.6) 65.22 42.8 9.09 x 5.05 4.04 x 1.01
Polyalthia longifolia

10 85.0 (9.2) 05.55 8.6 10.1 x 6.06 4.04 x 1.01
20 80.0 (8.9) 11.11 - - -
30 47.6 (6.9) 47.11 - - -
Jatropha curcas Linn.
10 90.0 (9.5) 00.00 25.7 14.14 x9.09 8.08 x 6.06
20 88.3 (9.4) 01.88 24.7 14.14 x 9.09 7.07 x 4.04
30 81.5 (9.0) 09.44 16.5 12.12 x 7.07 7.07 x 4.04
Lantana camera

10 90.0 (9.5) 00.00 46.2 14.14 x 9.09 6.06 x 2.02
20 86.0 (9.3) 04.44 45.1 14.14 x 8.08 6.06 x 2.02
30 84.4 (9.2) 06.22 43.1 12.12 x 9.09 5.05 x 2.02
Datura stramonium

10 88.3 (9.4) 01.88 40.0 14.14 x10.1 6.06 x 2.02
20 85.6 (9.2) 04.88 33.5 11.11 x 8.08 6.06 x 2.02
30 53.3 (7.3) 40.77 26.2 11.11 x 7.07 4.04 x 1.01
Ipomia sp
10 90.0 (9.5) 00.00 41.0 14.14 x 10.1 8.08 x 4.04
20 80.0 (8.9) 11.11 30.5 14.14 x 9.09 7.07 x 4.04
30 77.3 (8.8) 14.11 25.4 12.12 x 7.07 5.05 x 1.01
Pongama pinnata

10 83.3 (9.1) 07.44 43.4 14.14 x 9.09 6.06 x 2.02
20 81.3 (9.0) 09.66 42.4 11.11 x 8.08 5.05 x 2.02
30 77.6 (8.8) 13.77 36.8 10.1 x 7.07 4.04 x 1.01
Control 90.0 (9.5) 00 46.0 20.2 x 16.16 9.09 x 5.05

*Mean of three replications
Value in parenthesis are transformed values
SEm + 0.93
C.D. at 5% 1.98
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this study using the two above said insecticides is
lacking. Therefore, this finding is the new finding.
Quinalphos was found less effective against R.
bataticola which is in agreement with the finding of Anju
and Varma (2007). The number of sclerotia was found
decreased in all insecticides as compared to control,
but increased size of sclerotia were recorded in pyridalyl
at 250 ppm. Literature related to this study is lacking,
therefore this is the first report.

In vitro efficacy of herbicides

Effect of seven herbicides tested against R. bataticola
indicates that imazethapyr, pendimethalin and
oxyfluorfen were found to be moderately effective to
Rhizoctonia bataticola as reported by Jha and Sharma
(2006) and Anju and Varma (2007). Glyphosate and
butachlor were not inhibitory. Maximum number (29.5
to 44.4) and size (20.2 x 16.16 μm) of sclerotia was
recorded in imazethapyr. Literature related to this study
is not available; therefore this observation is the new
finding.

In vitro efficacy of botanicals

Effect of eight botanicals indicated that all the botanicals
tested were found less inhibitory to Rhizoctonia
bataticola in reducing the mycelial growth except neem
(65.22 %) followed by nilgiri (51.88 %) at 30 per cent
concentration confirming the findings of Sindhan et al.
(1999), Mandhare and Suryawanshi (2008) and
Ammajamma et al. (2009). In Lantana camera the
number of sclerotia was increased as compared to
control at 10 per cent concentration. Size of sclerotia
was decreased in all the botanicals tested. Literature
related to these aspects are not available, therefore this
is the first finding.

lks;kchu esa vuweksfnr QQwanuk'kd] 'kk[kuk'kh ,oa ouLifr dk izHkko
xyu dk dkjd jkbZtksdVksfu;k cVkVhdksyk ds c<+okj ,oa chtk.kq
cukus dh {kerk ij iz;ksx'kkyk esa v/;;u fd;k x;k A iz;ksx esa ik;k
x;k fd dSIVu $ gSDlkdksustksy ,oa dkcksZUMkthe lHkh rhuksa la/kzrk
esa vljdkjd ik;s x;s] tcfd Fkk;je] esudkstse ,oa dkijvDlhDyksjkbM
de vljdkjd Fks A Økslksdthy ¼1000 ih-ih-,e-½ ij vljdkjd
ik;k x;k A iz;ksx esa mi;ksx fd, x, lHkh vkB QQwanuk'kd chtk.kq
dh la[;k ,oa {ks=Qy vkdkj dks de djrs gS A dkjcsZUMkthe ,oa
dSIVu $ gSDlkdksustksy esa chtk.kq ugha cus A vkB dhVuk'kdksa esa
dyksjksQkbjhQkl $ lkbijeSFkzhu rhuks la/kzrk esa e/;e vljdkjd

ik;k x;k A bekesDlhu cSUtks,V ,oa DyksyQkl de vljdkjd Fks A
lHkh dhVukldksa esa chtk.kq de cus ijUrq vjhMkfyy ¼200 ih-ih-
,e-½ esa chtk.kq ds ifjek.k esa o``f) ikbZ xbZ A lkr [kjirokjksa esa
iSUMkeSFkhyhu] vkDlhIyksjQsu vkSj bestkFkfij e/;e vljdkjd ik,
x, tcfd XykbQkslsV ,oa O;wVkDyksj dk dksbZ izHkko ugha ns[kk x;k A
Lysjksf'k;k ds lcls vf/kd la[;k ,d vkdkj bestkFkkij esa ns[kk x;k
A lHkh vkB ouLifr jkbZtksdVksfu;k cVkVhdksyk ds ekblhfy;e dh
c<+okj dks de djus esa vljdkjd ugha ik, x, flQZ uhe ¼65.22%½
,oa uhyfxjh ¼51.88%½ ds 30% lkUnzrk ij vljdkjd ik;k x;k
A ysuVkuk dSejk esa chtk.kq dh la[;k T;knk ukih xbZ A lHkh ouLifr
esa chtk.kq ds ifjek.k dks de djus dh {kerk ikbZ xbZ A
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Abstract

Naturally infected sesame seeds treated with extracts of ginger
rhizome was the most effective for the management of
seedborne Macrophomina phaseolina. The treated seeds
exhibited 3.0 per cent association as compared to untreated
control seeds having 18.5 per cent. Extracts of castor seed,
garlic clove, neem leaves and their leaves recorded more
than 50 per cent reduction over untreated seeds.

Keywords: Phytoextracts, ginger extract, garlic extract,
seed treatment

Sesame (Sesamum indicum L.) is an important oil seed
crop of India that is preferred due to rich edible oil (about
50%) and nutritious protein (about 23%) and having
sufficient carbohydrate (15%) (Singh and Duhoon 2001;
Ranganatha et al. 2012).

The presence of ample amount of antioxidants
(Sesamin, sesaminol, sesamolin) in seeds of sesame
increases the many fold bio medicinal value (El-
Bramway 2010). Among the various biotic-stresses,
stem and root rot caused by Macrophomina phaseolina

(= Rhizcotonia bataticola) is an important disease of
sesame (Sesamum indicum L.). It has become a
potential threat for the profitable cultivation especially
in the changing warm climate and intensive farming
situations (Saharan et al. 2005). The seedborne nature

Efficacy of phytoextracts in the management of sesame seeds
associated Macrophomina phaseolina
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of the fungus has been reported (Verma et al. 2002;
Worastit et al. 2007; Javed et al. 1995). The fungus is
responsible for seed rot, seedling decoy, abnormalities,
stem-discoloration and root rot (El Fikki et al. 2004;
Zhang et al. 2001; Khare and Jharia 2002).

The losses due to disease range from 5-95% in
farmers field. The chemical fungicide used for seed
treatment are indiscriminately used by the end users
and accumulation in the soil and its ultimate residual
impact adversely affect the produce, it matters in the
post-GATT-era of trade and increasing consumer health
consciousness. Hence attempts were made to use some
non conventional approaches for the management of
seed associated Macrophomina phaseolina.

Material and methods

Seed sample

Seed of 65 sesame varieties obtained from 15 states
and seed samples from farmers (145 seed samples)
from 12 districts were analyzed by Standard Blotter
method (ISTA 1996). Based upon the maximum natural
seed infection of Macrophomina phaseolina, as evident
under stereoscopic binocular microscope after 5 day
incubation, two variety viz., TKG 22 and Swetha Til were
selected for further investigation.
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Efficacy of phyto-extracts

Collection of plants

In all, 15 plants having known microbial-germicidal
properties were used (Table1).

Preparation of extracts

The extract of plant parts was prepared by crushing in
a small grinder for 10 minutes and moistened with 15
ml sterile water. The pulverized mass, so obtained from
each plant part was squeezed through a quadrifold
clean muslin cloth. The crude solution was considered
as standard plant extract. It was stored under aseptic
condition for further under lower temperature (4 0C).

Treatment of seeds

Two hundred seeds of each of two varieties of sesame
were soaked for 15 minutes in the extracts under
ambient room temperature. The extracts were drained
off and seeds were dried on butter paper for 120 minutes
under shade. Extract soaked and air dried seeds were
individually placed on the top of the blotter at
equidistance in petridishes and incubated in the growth
chamber (25 ± 2 0C) for 5 days as per Standard Blotter

Method (ISTA, 1996). Untreated (unsoaked) seeds
served as control.

Detection of mycoflora

In each Petridish, 25 seeds were placed on top of the
blotter as per Standard Blotter method (ISTA 1996).
The seeded plates were incubated for 5 day and
association of Macrophomina phaseolina was recorded
under stereoscopic binocular microscope based upon
the habit characters (Neergaard, 1973; Karunanidhi et
al. 1999).

Results and discussion

Seed sample

In all, 210 sesame seed samples were analyzed by
Standard Blotter method. Based upon maximum natural
infection of Macrophomina phaseolina, two sample TKG
22 (19%) and Swetha til (18%) were selected.

Effect on association of Macrophomina phaseolina

Seed treated with extracts of ginger rhizome exhibited
only 3.0 percent association of Macrophomina
phaseolina as compared to 18.5% in untreated (control)

Table 1. Plants and its parts used for extracts

Plant part used Common name Botanical name

Bulb Onion Allium cepa L.
Cloves Garlic Allium sativum L.
Leaves Neem Azadirachta indica A. Juss

Sadabahar Cartheranthus roesus (L.) G Don
Eucalyptus Eucalyptus globosus L.
Lentana Lantana camera L.
Hina Lawsonia inermis L.
Parthenium Parthenium hysterophorus L.
Castor Ricinus communis L.
Chandani Tubernamantana coronarea R.Br.

Leaves + stem Aak Calotropis procera (Ait) R Br.
Dhatura Datura metel L.
Bhrangraj Eclipta alba (L.) Hassk
Tulsi Occimum sunctium L.
Ginger rhizome Zinger officinale Rose
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seeds. Seed treated with castor seed (4.5%) and garlic
clove (4.5%), neem leaves (6.0%), aak and onion (7.0%)
exhibited association of Macrophomina phaseolina as
compared to control (18.5%). Seed treated with tulsi
leaves exhibited 7.5% association.

Seeds treated with extracts of ginger rhizome and
garlic clove have exhibited 83.7 and 75.6% reduction
in the seed association of Macrophomina phaseolina.
The efficacy of phytoextracts against plant pathogens
has been very well documented (Mamatha and Rai
2004; Bhatnagar et al. 2004). Water extracts Datura
alba, decreased the seed mycoflora of soybean
(Malhotra and Rai 1990). Owolade et al (2000) and
Sharma et al (2003) observed the efficacy of Ocimum
sunctium, Azadirachta indica and Allium sativum extracts
in reducing the fungal growth El Fikki et al (2004)
reported the efficacy of garlic cloves, ginger roots, cumin
seeds and neem leaves against Macrophomina
phaseolina affecting sesame crop.

Effect on seed germination

Seed treatment with phytoextracts of these plants had
positive impact on seed germination. Seed germination
from 80.0 to 96.5 was observed in treated seeds as
compared to control 76.5%.

vnjd ds iatks ds jl ls chtksipkj djus ij fry cht esa esØksQksfeuk
Qsftvkshyuk QQwan dh ek=k esa Hkkjh deh ns[kh xbZ A mipkfjr chtksa
esa 3 izfr'kr QQwan ikbZ xbZ tcfd vuqmipkfjr chtksa esa QQwan dh
ek=k 18-5 izfr'kr Fkh A vjaMh ds cht] yglqu dh dyh] uhe dh
iRrh rFkk rqylh ds iÙkksa ds jl ls fry chtksa ds mipkj ls QQwan dh
ek=k esa 50 izfr'kr dh deh vkadh xbZ A
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Abstract

Macrophomina phaseolina is responsible for seed rot, seedling
decay, stem and root rot in sesame. The virulence of
Macrophomina phaseolina was tested by seed, soil infestation
and tooth pick method. The seeds from pretested seed lot
with no natural infection rolled over the actively grown fungus,
resulted in 59-80% seed infection. Seed sown in artificially
inoculated soil resulted in 36.2- 38.0% pre emergence mortality
while 22.5% seedling death due to fungus was noticed after
21 days. Typical symptoms were developed within 17 days of
inoculation by tooth pick method under natural field condition.

Keywords: Sesame, Macrophomina phaseolina, root
and stem rot, virulence, tooth pick method, seed
infestation method, soil infestation method.

Sesame (Sesamum indicum L.) is an important oil seed
crop of India that is preferred due to rich edible oil (about
50%) and nutritious protein (about 23%) and having
sufficient carbohydrate (15%) (Ranganatha et al. 2012).
The medicinal value of sesame seeds are worldwide
accepted due to the rich source of linolic acid, Vitamin
E, A, B1 and B2 (Brar and Ahuja 1979). The presence of
antioxidants (sesamin, sesaminol, sesamolin) in sesame
seeds increase the many fold medicinal value (Bedigian
1985, Moazzami 2006, El- Bramway 2010). Among the
pathogen, Macrophomina phaseolina has been known
to cause dry weather wilt. The pathogen is responsible
for seed rot, seedling decay/ stem & root rot problem in

Techniques to test virulence of Macrophomina phaseolina
responsible for stem & root rot of sesame
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sesame (Kolte 1985, Verma et al. 2005, Vyas et al.
1983). The seedborne nature of Macrophomina

phaseolina has been reported by several workers
(Verma et al. 2002, Javed et al. 1995, Sanaomung and
Sirithorn 1996). In the present investigation the virulence
of isolated Macrophomina phaseolina was tested
bydifferent methods.

Materials and methods

The fungus, Macrophomina phaseolina was isotated on
potato sucrose agar medium and the virulence was
tested by (i) seed infestation technique (Bhale 1978)
(ii) soil infestation technique  (Singh 1976), (iii) tooth
pick method (Bhale et al. 1999).

Seed infestation technique

Thirteen day old culture of Macrophomina phaseolina
grown on potato-sucrose-agar medium was used. Seed
sample free from natural infection of the target fungus
was used. The seed sample was pre-tested by Standard
Blotter method. The seeds were surface sterilized with
1% NaOCl for 60 seconds. These seeds were soaked
in water for 45 minutes. Soaked sesame seeds were
rolled over on actively grown culture of the test fungus,
Macrophomina phaseolina for 30 minutes to facilitate
adequate cohesion of mycelia bits of the fungus. Two
hundred seeds were used. Seeds without fungal

JNKVV Res J 48(2): 188-191 (2014)
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infection (unrolled) served as control. Petri dishes
containing these seeds were incubated in the chamber
with expose of 12 hour light and 12 hour dark period.
Observations were made on the fungal infection under
stereoscopic binocular microscope.

Seed infestation was tried in another way, where
the seed coat of pre-treated (surface sterilized) seeds
from the same lot were used. Seeds were injured with
the help of sterilized biological needles. Later rolled on
the same culture (test fungus). Seeds were picked up
carefully by sterile forcep and were plated on moist
blotter as in Standard Blotter method. Seeds injured
but without infestation (unrolled) were kept
simultaneously that served as control. Observation on
the fungal development were made after seven day
incubation.

Soil infestation method

Inoculum of Macrophomina phaseolina was grown in
250 ml capacity Erlenmeyer conical flask each
containing 150 ml potato-sucrose-broth. After
sterilization of the medium, 5 mm disc of 7-day old
culture was transferred in each flask and incubated at
room temperature for 18 days. After incubation mycelial
mat was removed and washed thoroughly in sterile water
to remove culture filtrate and suspected metabolites.
The washed mycelial mat was mixed in sterile soil at
the rate of one flask per 250 g of soil. The infested soil
was thoroughly mixed and was filled up in plastic pots
(20 cm diametre). The fungus was allowed to grow and
establish for 12 days at room temperature (25±3 0C).
Ten surface sterilized seeds with no natural infection of
Macrophomina phaseolina were sown in each pot.
Uninfested but sterile soil served as control.

Observations were recorded on mortality of seeds,
seedlings and fungal infection. Isolations were made
from the infected seeds and seedlings on PSA medium
for the confirmation of infection by Macrophomina

phaseolina.

Tooth-pick inoculation method

Small bits of mycelium were picked up from actively
grown culture on PSA under aseptic conditions. Prior
to pick-up the inoculation, the tooth pick was washed
by 1% NaOCl and later with sterile water. The air dried
tooth picks were used. The tooth pick with bits of
mycelium were slightly inserted to the lower portion of
the stem, under natural field conditions. Soon after
insertion, the area was covered with sterile-cotton-swab,
to provide adequate moisture. The inserted point was
rapped with wet cotton swab and covered with
transparent celoplane tape to conserve the moisture.
Observations on the infection and disease development
was recorded after 17 days by inoculation.

Results and discussion

The virulence of isolated Macrophomina phaseolina was
tested by seed infestation technique; soil infestation and
tooth-pick method.

Seed infestation technique

Pre-soaked sesame seeds (in water for 45 minutes) free
from natural infection of the target fungus were rolled-
on actively grown culture in Petri dishes. Seeds infested
with culture were plated on moist blotters in Petri dishes

Table 1. Influence of seed and soil infestation with Macrophomina phaseolina in germination, pre-and post-
emergence mortality in sesame

Fungus No. of Isolate Seed infestation Soil infestation
seed sown Percent seed Percent Percent mortality

germination infection
U I U I Pre Post*

Macrophomina phaseolina 200 Seed 97.0 95.0 80.0 69.5 38.0 22.5
200 Stem 97.5 93.5 59.0 67.5 36.2 16.0
200 Root 99.0 93.0 62.5 68.0 37.5 18.0

Control 200 - 97.5 95.0 0.0 0.0 0.5 0.0

U - Uninjured sesame seeds, I - Injured sesame seeds
* - Observations after 21 day in pots
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and incubated in the growth chamber. Two hundred
seeds were used. Seed without fungal dressing
(unrolled) served as control. The method was also tried
in an another way, where the seed coat of pre soaked
and surface sterilized seeds from the same lot were
injured with the help of sterilized biological needles.
Then the injured seed were rolled upon the actively
grown culture and plated on moist blotters. It was
observed that initially no effect on seed germination was
recorded. In uninjured seeds the germination ranged
from 97.0 to 99.0% where as in injured seed the
germination ranged from 93.0 to 95.0% (Table 1). In
uninjured seeds, maximum 80.0% infection was
recorded when the seeds were rolled over the seed
isolate. The infection was 59.0 and 62.5 when the seeds
were rolled-over on stem and root isolate, respectively.
In case of injured seeds the infection ranged from 67.5
to 69.5. In control no infection was noticed.

It was concluded that injury made on sesame
seeds did not increase the infection, however, among
the three isolates the seed isolate was the most virulent
as it resulted to 80.0 and 69.5% infection in uninjured
and injured seeds, respectively (Table 1).

Soil infestation technique

The virulence of seed, stem and root isolates of
Macrophomina phaseolina was tried by sowing the
seeds in artificially inoculated soil. Mycilial met grown
in potato-sucrose-broth was mixed in sterile soil that
was filled in plastic pots. The fungus was thoroughly
mixed in sterile soil and allowed to grow for 12 days at
room temperature.

Pre emergence mortality ranged from 36.2 to
38.0% as compared to 3.0% as observed in the control
pots (Table 1). Maximum seed rot (38.0%) was observed
in seed isolate of the Macrophomina phaseolina. The
ungerminated seed in control did not show any fungal
infection where as in other set the fungus was found
associated with rotted seeds. The association of the
fungus with rotted seeds was confirmed by observation
under microscope and by making isolations on PSA from
the ungerminated seeds.

After 21 days, 22.5% mortality of the seedlings
was recorded in pots with Macrophomina phaseolina

infested sick-soil. The seedlings turned bown in colour.
The rootlets had necrotic lesions. At the soil level,
profuse fungal growth of the Macrophomina phaseolina

was recorded. The dead seedlings were covered with
the black mass of fungal bodies. Fungal structures,
pycnidia were recorded on the rotted portion of decaying
and drying seedlings. The association of the fungus was
confirmed under microscope and subsequent isolations
on PSA medium.

Tooth pick inoculation method

Infection by the fungus was observed. Typical symptoms
were developed within 17 - days of inculation. Fungus
was reisolated and identity was confirmed.

Pathogenicity of isolated cultures of
Macrophomina phaseolina was tested by three methods
viz., seed infestation, soil infestation and tooth pick
method. In seed infestation method, the infection was
in the range of 59.0 to 80.0%. The artificial injury did
not affect the intensity of infection. The seeds from pre-
tested seed lot with no natural infection of the fungus
were soaked and rolled over the actively grown cultures.
The seeds were sown in artificially inoculated soil. Pre-
emergence mortality (36.2 to 38.0%) was recorded
whereas after 21 day, 22.5% mortality of seedling was
noticed. The cause of pre- emergence mortality (seed
rot) and post emergence (seedling death) mortality
indicated the association of fungus with dead tissues.
Pre and post- emergence mortality has been discussed
by Abdou et al. (2001), Saharan et al. (2005), Tikhonov
et al. (1976).

esØksQksfeuk Qsft;ksyhuk uked QQwan] fry Qly esa cht lM+u] ikSn
lM+u] ruk rFkk tM+ lM+u jksx QSykrk gS A vijksDr QQwan dh rhozrk
rFkk jksx iSnk djus dh 'kfDr dk vkadyu cht] e`nk rFkk VwFk fid
izfØ;k }kjk vkadh x;h A yxHkx 59-80% cht laØe.k ik;k x;k
tc LoN; chtksa dks QQwan ls fpidk dj cksuh dh x;h A —f=e :i
ls mipkfjr e`nk esa QQwan feykdj chtksa dh cksuh ls 36.2 - 38.0%
cht lM+u rFkk 22.5% ikSn lM+u ik;k x;k A VwFk fid fo/kh ls 17
fnuksa esa jksx dh rhozrk rFkk {kerk ns[kh x;h A
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Abstract

Amylase producing fungi were isolated from soil samples of
Botanical Garden of St. Aloysius' College (Auto.) Jabalpur
(M.P) during 2014. Among isolated fungal species, Aspergillus
niger was found prominent starch hydrolysing with
corresponding inhibition of (42 mm). Solid state fermentation
resulted in highest yield of amylase. Screening of crude
enzyme extract was done to determine the antimicrobial
activity against bacterial pathogens (Listeria monocytogenus,
Bacillus subtilis, Staphylococcus aureus, Staphylococcus
epidermis, Pseudomonas aeruginosa and Escherichia coli)
and no inhibition zone was observed. The influence of physical
and chemical factors such as pH, temperature, starch
concentration and nitrogen source of the medium utilizing
different substrate (wheat flour, steamed rice and tea waste)
was investigated and maximum amylase production was found
by using wheat flour as substrate. The maximum production
of amylase was observed at 80ºC with a concentration of
2.489mg/ml/sec whereas optimum pH was 3 with a
concentration of 0.8859mg/ml/sec. Among nitrogen source
peptone had maximum concentration of 2.5 mg/ml/sec and
TLC revealed of 1.77. The enzyme produced by this isolate
Aspergillus niger can be used in industrial process after
characterization since significance of amylase enzymes is well
established due to potential application.

Keywords: Solid state fermentation, Antimicrobial
activity, Aspergillus niger, Amylase production

Recent discoveries on the use of microorganisms as
sources of industrially relevant enzymes have led to an
increased in the application of microbial enzymes in
various industrial processes. Nowadays, the new
potential of using microorganism as biotechnological
source of industrially relevant enzymes has stimulated
interest in exploration of extracellular enzymatic
activities in several microorganisms [Akpan et al. 1999,

Amylase production by soilborne Aspergillus niger under solid state
fermentation at Jabalpur, Madhya Pradesh
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Bilinski and Stewart 1995, Buzzini and Martini 2002].
Microbial enzymes are preferred to those from both plant
and animal sources because they are cheaper to
produce, and their enzyme contents are more
predictable, controllable and reliable (Burhan et al.
2003).The amylase family of enzymes is of great
significance due to its wide area of potential application
such as application in pharmaceutical and a clinical
sector requires high purity amylases. Thus, it is
significant to develop economic processes for their
purification to obtain pure enzymes with maximum
specific activity (Pandey et al. 2000). Solid State
Fermentation holds tremendous potentials for the
production of enzymes. It can be of special interest in
those processes where the crude fermented product
may be used directly as the enzyme source (Canel and
Moo 1980). The free water is indispensable to the
microorganism's growth and is adsorbed on a solid
support or complexed into the interior of a solid matrix
(Soccel 1992). In the present work, different solid
substrates viz.; steamed rice, wheat bran, starch, tea
waste have been used. Different process conditions
were studied to achieve maximum yield of amylase
production, using various experimental designs. This
method has economic value for countries with
abundance of biomass and agro industrial residues, as
these can be used as cheap raw materials (Tunga and
Tunga 2003). Amylase has been derived from several
fungi, yeasts, bacteria and actinomycetes, however,
enzymes from fungi and bacteria still dominate in
industrial sectors. Fungal amylase is preferred for use
in formulation for human or animal consumption
involving application under acidic condition and around
37ºC. Studies on fungal amylase especially in the
developing countries have concentrated mainly on
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Rhizopus sp. and Aspergillus sp., probably because of
the ubiquitous nature and non-fastidious nutritional
requirements of these organisms. Amylases can be
produced by several strains of Aspergillus under both
submerged fermentation (SmF) and solid- state
fermentation (SSF) utilizing various food and agronomic
wastes (Francis et al. 2002). Over SmF system, SSF is
reported to be the most appropriate process for
developing countries in terms of less space needed for
fermentation usage of agronomic wastes as substrates,
lesser operational complexity, lesser water output, better
product recovery and lack of foam build up (Suganthi
2011). Therefore, the aim of present research work was
to study amylase production from Aspergillus niger using
different substrate in solid state fermentation and the
study of different factors such as pH, temperature,
nitrogen source, starch concentration for the production
of amylase from Aspergillus niger.

Material and methods

Sample collection

Soil sample were collected from the Botanical Garden
of St. Aloysius' College (Autonomous), Jabalpur (M.P)
and brought to the laboratory for microbial analysis.

Isolation and identification

One ml soil suspension from 10-5 dilution was spread
over PDA plate and incubated at 28° C for 48 hr for the
isolation of fungus. Sub culturing was done until pure
culture of Aspergillus niger was obtained. The isolated
fungal culture were characterized on the basis of colour
and hyphae, kind of asexual spores, sporangiophore,
conidiophores and the characteristics of spore head.
Small portion of mycelia stained in a drop of lactophenol
cotton blue and mounted with coverslip was examined
under microscope for confirmation.

Screening for amylolytic activity of Aspergillus niger

Amylolytic activity of the test isolate was determined by
starch agar plate method (Bertland et al. 2004).
Accordingly the test organism was inoculated into PDA
media supplemented with 1 g of starch. The plates were
then incubated at 50°C for 5 days. After incubation
period, Lugol's iodine solution was added to the culture
plate to identify the zone around the cultures which was

measured that represent the amylolytic activity.

Preparation of the medium to determine amylase
production

The production medium was prepared (composition in
grams/litre :KH2PO4 - 0.14g, NH4NO3 -0.1g, KCl-
0.05g,MgSO4.7H2O - 0.01g, FeSO4.7H2O -0.001g,
starch - 2g) and was autoclaved at 121°C for 45 mins.
The media was then inoculated with isolated fungal
culture and incubated at 28° C for 48 hr.

Extraction of Amylase from Aspergillus niger

Extraction of crude enzyme was done by centrifugation
of the fermented media at 3000 rpm for 5 mins,
supernatant collected and filtered by using whattman
no 1 filter paper. The filtrate was used as crude enzyme
extract (Ali et al. 1998, Oyeleke et al. 2009)

Antimicrobial potential of crude enzyme extract

Bacterial pathogens were chosen to evaluate the
antibacterial activity of crude enzyme extract by agar
well diffusion method, firstly the lawn was prepared by
swabbing the surface of nutrient agar media bacteria
pathogens procured from MTCC Chandigarh (Listeria
monocytogenus MTCC (657), Bacillus subtilis MTCC
(121), Staphylococcus aureus , MTCC (3160),
Staphylococcus epidermis, MTCC (30886),
Pseudomonas aeruginosa MTCC (424) and
Escherichia.coli MTCC (40) and incubate for 15 minutes.
Equally spaced wells were made in the solidified agar
with the help of a pre-sterilized cork borer. Crude
enzyme extract was poured in the well. The plates were
incubated at 37°C for 2-3 days for bacterial growth.

Amylase enzyme Assay

Amylase activity was assayed by pipetting 0.5 ml of
culture extract enzyme into test tube and 1ml of 1%
soluble starch in citrate phosphate buffer having a pH
of 6.4.The reducing sugar liberated were estimated by
the 3, 5 Dinitrosalicycilc acid (DNSA) method (Bertland
et al. 2004) The reaction mixture was incubated in a
water bath at 40° C for 30 mins. A blank consisting of
1ml of soluble starch in citrate -phosphate buffer pH
(6.4) was also incubated in a water bath at the same
temperature and time with the other test - tubes. The
reaction was terminated by adding 1ml of DNSA reagent
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in each test -tubes and then immersing the tubes in a
boiling water bath for 5 mins after which they were
allowed to cool and 5ml of distilled water was added.
The absorbance was measured at 540 nm.

Determination of reducing sugar

The reducing sugar liberated was estimated by using
the 3, 5 Dinitrosalicyclic acid method as advocated by
(Bertland et al.2004). The reaction mixed was incubated
in a water bath at 40°C for 15 mins and the reaction
was terminated by adding 1ml of prepared DNSA
reagent in the reaction tubes and then immersing the
tubes in a boiling water bath (100° C) for 5 mins after
which they were allowed to cool under running tap water.
The reducing sugar content was determined by referring
the standard curve of known concentration of glucose.

Effect of different parameters on amylase production

Effect of different parameters such as pH, temperature,
nitrogen sources and substrate on amylase production
was studied.

pH - The effect of pH on amylase production was
determined using pH values of 3,6,8 and 10 after which
an assay was also carried out based on Dinitrosalicyclic
acid method (DNSA) (Bertland et al. 2004).

Temperature -The effect of temperature on
amylase production was carried out using the following
temperature values of 30°C,40°C,60°C and 80°C after
which an assay was also carried out based on
Dinitrosalicyclic acid method (DNSA) (Bertland et al.
2004).

Nitrogen source-Different nitrogen sources
(peptone, beef extract, tryptone) were used for the
production of amylase after which an assay was also
carried out based on (DNSA) (Bertland et al. 2004).

Substrates -The basal media was supplemented
with 2 g of various substrates viz., tea waste, wheat
flour, steamed rice. After inoculation of the fungus, the
flasks were incubated at 30°C for 3 days. To determine
the effect of substrates on fungal amylases a mixture of
crude enzyme, with 1% soluble starch and citrate
phosphate buffer pH 6.4 was first incubated for 30 min.
Then the residual activity of the enzyme was determined
by assaying the incubated crude enzyme while after
which an assay was also carried out based on DNSA
method.

Thin layer Chromatography

The type of amylase from the fungal isolates based on
the starch hydrolysates TLC system (Kimura and
Horikosh (1989) cited in Gashaw Mamo and Amare
Gessesse 1999) was followed. First 0.9 ml 2% soluble
starch mixed with 0.3 ml crude enzyme from the
respective fungal sources was incubated for 30 minutes
at 65°C respectively in the water bath. Thereafter each
hydrolysate was spotted on TLC plate along with
standard known sugar (glucose and maltose) solutions.
A one dimensional ascend was done using a solvent
system (v/v) of butanol: ethanol: water (5: 3: 2). After a
total of 4 ascends air-dry TLC plates were sprayed with
50% (v/v) Methanol- H2S04 mixture and heated for 10
min. at about 100°C. The dark brown sugar spots
appeared was identified by comparing with the
standards.

Statistical analysis

Effect of each parameter was studied in triplicate and
the data have been statistically analysed and
represented by the procedure suggested by Panse and
Sukhatme (1967).

Result and discussion

Isolation and Identification

The fungal culture was isolated by serial dilution method
and was tentatively identified as Aspergillus niger on
the bases of habit characters microscopic and
macroscopic characteristics observation.

Screening for amylolytic activity of Aspergillus niger

Amylolytic activity of Aspergillus niger was determined
by using starch agar plate method (Bertand et al.
2004).The clearing zone with diameter 42 mm for
Aspergillus niger was observed.

Antimicrobial potential of crude enzyme extract

Crude enzyme extract of Aspergillus niger was studied
for its antimicrobial potential against bacterial pathogens
procured from MTCC Chandigarh (Listeria
monocytogenus MTCC(657),Bacillus subtilis MTCC
(121), Staphylococcus aureus , MTCC (3160),
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Staphylococcus epidermis, MTCC (30886),
Pseudomonas aeruginosa MTCC(424) and Escherichia
coli MTCC (40) and no inhibition zone was observed.

Effect of pH on amylase production

The effect of pH on the activity of enzyme produced by
Aspergillus niger. The optimum pH for Aspergillus niger
for this study was recorded at pH 3, with a concentration
of 0.859 mg/ml/sec (Fig 2).

Effect of temperature on amylase production

The optimum temperature for the activity of Aspergillus
niger was recorded at temperature 80°C with a
concentration of 2.489 mg/ml/sec (Fig 3).

Effect of nitrogen source on amylase production

The effect of nitrogen supplementation on amylase
production under SSF showed that peptone supported
the highest production of amylase by Aspergillus niger
(4.189mg/ml/sec) (Fig 4).

Effect of substrates on amylase production

The effects of different substrate on the activity of
enzyme produced by Aspergillus niger. Maximum
amylase activity was found by using wheat bran with
concentration of 2.591mg/ml/sec (Fig 5).

 

Spot1 (Rf =1.77) 

Fig 1. Thin layer chromatography of amylase production
by Aspergillus niger

Fig 2. Effect of pH on amylase production

Fig 3. Effect of temperature on amylase production

Fig 4. Effect of nitrogen on amylase production

Fig 5. Effect of substrate on amylase production
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Identification of the type of amylase by Thin layer
Chromatography

The crude amylase enzyme produced by selected fungal
isolates Aspergillus niger was spotted on pre coated
silica plates with solvent system butanol:ethanol:water
(5:3:2). TLC plates were sprayed with 50% (v/v)
Methanol H2SO4 and heated for 10 min at about
100°C.The dark brown sugar spots appeared was
identified by comparing with the standard with Rf value
1.77.

Starch degrading enzyme can be produced by
microorganism. Amylase are important in many
industrial process, A number of microbial source exist
for the efficient production of this enzyme, but only few
selected strains of fungi meet the objective for
commercial production (Schafer et al. 2000). In the
present study fungus that belongs to the genus
Aspergillus were isolated from soil sample collected from
botanical garden of St. Aloysius college (Auto).
Screening of crude enzyme extract was done to check
the antimicrobial activity against bacterial pathogens
(Listeria monocytogenus, Bacillus subtilis,
Staphylococcus aureus, Staphylococcus epidermis,
Pseudomonas aeruginosa and Esherichia. coli) and no
inhibition zone was observed. Different culture condition
(Temp, pH, nitrogen source, starch concentration) greatly
affect the production of amylase. Maximum enzyme
production by Aspergillus niger was evaluated by
growing it in SSF medium using different substrate
wheat bran, tea waste and steamed rice. In the present
study Aspergillus niger have proven to be useable in
the conservation of wastes into useful products
(enzymes). Therefore more waste should be screened
for the ability to be utilized as possible substrate for the
production of enzyme.

lu~ 2014 esa lar vyk;fll dkyst ds okuLifrd m|ku dh e`nk ls
vkebyst iSnk djus okys QQwanksa dks fudkyk x;k A LVkpZ xykus dh
fof/k }kjk ;g Kkr gqvk fd ,Lijftfyl ukbtj QQwan cgqr T;knk
ek=k esa e``nk esa mifLFkr Fkk A 'kkdk.kq jksxdkjdksa tSls fyfLVfj;k]
cSflyl] LVsfQyksdkdl] L;wMkseksukl rFkk ,Ldksfjf'k;k ds foifjr
bldks tk¡pk x;k A fofHkUu izHkkodkjksa ds foifjr iz;ksxks ls Kkr gqvk
fd ,Liftfyl ukbtj }kjk vekbyst dk mRiknu 80 fMxzh lsaVhxzsM]
ih,p 3 rFkk ukbVªksatu lkslZ isIVksu dh mifLFkfr esa gqvk A bl
vuqla/kku ls ;g ik;k x;k fd mijksDr ,Lijftfyl ukbtj dk

mi;ksx baMªlfVª;y ¼vkS|ksfxd½ :i ls vekbyst ds mRiknu esa fd;k
tk ldrk gS A
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Abstract

The present study was undertaken in Rewa block of Rewa
district in Madhya Pradesh with a sample of 100 respondents
(Anganwadi workers) to study investigated the relationship of
socio-economic personal, organization and communicational
profile of Anganwadi workers with their knowledge from ICDS
programme. Data revealed that majority (40%) of respondents
had middle age group, (32%) belong to general caste, (42%)
had educated higher secondary level, (64%) belong to rural
background, (43%) respondents belong to medium annual
income group,(45%) respondents had received three training
programme and majority (72%) of respondents were married.
As regards to their organizational and communicational
variable, the majority (67%) of the respondents had more than
5 years service, (58%) had low job satisfaction, 63% had
sufficient facility, 48% of respondents had used medium
communication media, 46% had medium information source,
47% had medium cosmopoliteness level. Correlation (r) values
indicating the socio-personal, communicational and economic
attributes viz., Education, annual income, number of training
received, marital status, total length of service, facilities
available, communication methods used by Anganwadi
workers, information source, cosmopoliteness were found
significant correlation with given in knowledge.

Keywords: Anganwadi workers, Knowledge, ICDS

Malnutrition and under nutrition is a serious problem of
slam area in both urban and rural population of India.
This can be solved only supply of supplementary
nutritional food through approaches like Institution of

Factors associated with knowledge of Anganwadi workers in
relation to Integrated Child Development services practices in Rewa,
Madhya Pradesh

Priyanka Shukla M.K. Dubey and A. S. Chouhan
Department of Extension Education
College of Agriculture
Rewa 486114 (MP)
Department of Extension Education
College of Agriculture
Jawaharlal Nehru Krishi Vishwa Vidyalaya
Jabalpur 482004 (MP)
Email: Priyanka.shukla47@gmail.com

specific feeding programme to overcome malnutrition
and to increase the food availability; to improve
environmental sanitation and impart nutrition education
to the women and increase their income.

ICDS is one of the most ambitious as well as
multi-dimensional welfare programme to reach millions
of children and their mothers who are caught in the grip
of malnutrition diseases, illiteracy and Ignorance
poverty. The main aim of this scheme is to reach all the
needy children upto 6 years as pregnant (expectant),
nursing mothers and to substantially alleviate the
conditions of socio-economic deprivation-prevailing in
society.

Madhya Pradesh (MP) has the highest
prevalence of malnourishment among children.
According to the Census 2011, MP's population and
the IMR is 72 out of 1,000 children born. Madhya
Pradesh (MP) has a child population of 10,548,295
(Census 2011). The share of children in the age group
of 0-6 is 14.53 per cent, a decline of 3.34 per cent from
2001 Census. Nutritional knowledge have great
important in proper management of food, application of
balance diet and specific requirements of different
nutrients for people of different age groups. Nutrition
education should be practical and adopted to suit the
socio-economic conditions, food habits and local food
resources. It should include effective demonstration in
which mothers take active part. It should form a part of
the community development programme.

JNKVV Res J 48(2): 198-202  (2014)
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For keeping the view the present study was
carried out with the help of following specific objective
such as, to know the profile of selected AWWs, to find
out knowledge level of AWWs in relation to ICDS
practice and to assess the relationship if any between
profile of AWWs with their knowledge.

Material and methods

The present study was carried in Rewa district Madhya
Pradesh during 2012. In the Rewa district has pioneer
work under 15 ICDS projects, in 9 blocks. Out of which
only Rewa project block was selected purposively as it
has highest numbers of Anganwadi centers are working
amongst all the blocks under ICDS. Rewa block covers
380 Anganwadi centers out of which 201 centers are
working in rural areas and remain working in urban area.
The present study was confined to Anganwadi centers
as these centers are working in the rural areas. Out of
201 rural Anganwadi centers, fifty per cent centers (100
centers) was selected on the basis of larger operational
area.

One hundred Anganwadi centers were selected.
In each AWWs centers one AWWs are performing their
role in ICDS, thus the total 100 Anganwadi workers was
the sample of the research study. The data were
collected through personal interview method with the
help of pre-structured interview schedule. The
secondary data was collected from Child and Women
Welfare Department of Rewa block and rural Anganwadi
center of Rewa district. The correlation coefficient was
applied to know the correlation between the profit of
AWWs with the knowledge of ICDS practices to draw
the valid conclusion.

Results and discussion

Socio-economic personal profile of the respondents

The maximum of 40 per cent of the respondents were
belonged to the middle age group. The lowest 28 per
cent of respondents were in old age group. The
maximum of 32 per cent of respondents were belonged
to general category, followed by OBC category (28%),
schedule tribe category (21%) and schedule caste
category (19%). Their maximum education qualification
was upto higher secondary level (42 %) of respondents
were educated upto higher secondary level, 31 per cent
respondents were educated upto graduate level
followed by 27 per cent were educated upto post
graduate level. Similar finding is in accordance with the

Table 1. Distribution of the respondents and according
to their profile

Frequency %
Socio-economic variables
Age group of respondents
Young 32 32.00
Middle 40 40.00
Old 28 28.00
Caste
Schedule Caste 19 19.00
Schedule Tribe 21 21.00
OBC 28 28.00
General 32 32.00
Education of respondents
Higher secondary 42 42.00
Graduate 31 31.00
Post graduate 27 27.00
Family backgrounds
Rural 64 64.00
Urban 36 36.00
Annual income
Low (Rs. < 1 Lakh) 27 27.00
Medium (Rs. 1 to 1.5 Lakh) 43 43.00
High (Rs. >1.5 Lakh) 30 30.00
No. of training received
Less 29 39.00
Medium 45 45.00
More 26 26.00
Marital status
Married 72 72.00
Unmarried 28 28.00
Organizational variables
Total length of service
Up to 5 years service 33 33.00
More than 5 years service 67 67.00
Job satisfaction
Low (18-25) 58 58.00
Medium (26-33) 23 23.00
High (Above 33) 19 19.00
Facilities available
Insufficient facility (8-11) 37 37.00
Sufficient facility (12-15) 63 63.00
Communicational variables
Communication media used by
Anganwadi workers
Low (6-9) 23 23.00
Medium (10-13) 48 48.00
High (14-17) 29 29.00
Information source
Low (3-5) 24 24.00
Medium (6-8) 46 46.00
High (9-11) 30 30.00
Cosmopoliteness
Low (1-2) 32 32.00
Medium (3-4) 47 47.00
High (5-6) 21 21.00
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results obtained by Patel (2007) and Patil (2007). Family
background f the maximum family was (64 %) belonged
to rural family background, while rest of them belonged
to urban family. Hence, it is clear that majority of
respondents were from rural family background. The
finding is in accordance with Agarwal (2000) and Patil
(2007). Their annual income was 1. to 1.5 lakh and most
of them (43 %) were placed to medium annual income
category, whereas 30 per cent respondents were high
annual income and only 27 per cent respondents were
low annual income. Therefore, it may be concluded from
the data that higher percentage of respondents
belonged to medium annual income group. The
maximum number of training received was (45%) and
most of them belonged to medium number of training
received whereas, 26. per cent respondents received
less number of training and only 29 per cent
respondents received more number of training. Similar
findings were reported by Patil (2007) and Manhas and
Dogra (2012). Maximum number (72 %) of respondents
had married and rest of the respondents were
unmarried. Hence, the results are in conformity with the
findings reported by Patel. (2007) and Patil (2007).

Organizational and Communicational variable

Findings indicated that more than half (67%) of
respondents were more than 5 years service, while only
33 per cent respondents were having length of service
upto 5 years. Therefore, it can be inferred that the
majority of respondents having more than 5 years
service. Similar findings were observed by Patil (2007).
These facts indicate that lengths of service are
improving knowledge of Anganwadi workers in relation
to health and nutritional aspect (Table 2). More than half
(58% ) of respondents had low satisfied with their job
compared to 23 per cent of them having medium
satisfied and only 19 per cent respondents having high
satisfied with their job. Hence, it is clear that maximum

numbers of respondents (58%) were low satisfied with
their job. This result is in conformity with the findings as
reported by Patil (2007).

About half (48%) of the respondents had used
medium communication media by Anganwadi workers
compared to 29 per cent of Anganwadi workers used
had high communication media and rest of the
Anganwadi workers had used low communication
media. Thus, it may be concluded that maximum
Anganwadi workers were used medium communication
methods such as home visits, demonstration methods,
group discussion, special day or week and assembly
for providing useful information at the center for better
implementation of ICDS programme. Similar results
were reported by Patel (2006) and Pal et al. (2008).
About half (46%) of the respondents were used medium
information source, while 30 per cent respondents were
used high information source and only 24 per cent
respondents were used low information source for
performing their work. Therefore, it is concluded that
source of medium information used by the Anganwadi
workers for their work.

Cosmopoliteness is considered as an important
factor which is largely affects the knowledge of
Anganwadi workers in relation to health and nutritional
aspect under ICDS programme. It can be observed that

Table 2. The knowledge level of Anganwadi workers in
relation to health and nutritional practices

Level of knowledge Number of Percentage
respondents

Low (55-56) 23 23.00

Medium (66-76) 31 31.00

High (above 76) 46 46.00

Total 100 100

Table 3. Correlation between independent variables and
dependent variable i.e., level of knowledge of
Anganwadi workers

Independent variables Value of
correlation

co-efficent 'r' value

Age -0.030NS

Caste -0.132NS

Education 0.281 *
Family background -0.134NS

Annual income 0.264 *
No. of training received 0.267 *
Marital status 0.270 *
Total length of service 0.261 *
Job satisfaction -0.183NS

Facilities available 0.223 *
Communication methods used by
Anganwadi workers 0.231 *
Information source 0.212 *
Cosmopoliteness 0.250 *
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47 per cent respondents had cosmopoliteness, while
32 per cent respondents had low and 21 per cent
respondents had high level of cosmopoliteness.

That the maximum number (46.%) of the
respondents possessed high level of knowledge and
31. per cent respondents possessed medium level of
knowledge whereas, 23. per cent respondents was low
level of knowledge (Table 2.).

Thus, it is concluded that maximum number (46
%) of respondents possessed high level of knowledge
in relation to health and nutritional practices. The work
of Kaur and Sehgal (1995), Sharmah and Sithalakshm
(2001), Devi and Padmavati (2006) and Kumari et al.
(2010) confirmed this finding.

Correlation between independent variables and
dependent variable i.e., level of knowledge of
Anganwadi workers:

Education, number of training received, marital status,
total length of service, job satisfaction, facilities
available, communication media used by Anganwadi
workers, information source and cosmopoliteness had
positive significant correlation but rest of the variables
had non-significant relationship (Table 3). This finding
was found similar to the findings of Singh et al. (2003)
and Kumari et al. (2010). Education of the respondents
is key of success. Educated respondents are more likely
to have more interest in acquiring the knowledge of
Anganwadi workers in relation to health and nutritional
aspects. Moverover, it was concluded that the annual
income of Anganwadi workers had positive significant
relationship with their knowledge. This means that
Anganwadi workers with higher annual income had high
level of knowledge. Furthermore, the Anganwadi
workers with high annual income were more educated
and cosmopolite as well as they had use more
communication methods and getting more information
for various sources. Since the success rate of this nation
wide integrated programme solely depends upon the
fact as to how we are preparing our ground workers to
combat with the problem of malnutrition, it becomes
really important to upgrade our ground worker i.e.
Anganwadi worker with quality training and enhanced
and advanced nutrition knowledge as nutrition
knowledge was the most powerful determinant of
performance (Gujral et al. 1992).

Conclusion

On the basis of findings it can be concluded that majority
(40.%) of respondents had middle age group, (32%)
belong to general caste, (42%) had educated higher
secondary level, (64%) belong to rural background,
(43%) respondents belong to medium annual income
group,(45%) respondents had received three training
programme and majority (72%) of respondents were
married. As regards to their organizational and
communicational variable, the majority (67%) of the
respondents had more than 5 years service, (58%) had
low job satisfaction, 63% had sufficient facility, 48% of
respondents had used medium communication media,
46% had medium information source, 47% had medium
cosmopoliteness level. Majority of the Anganwadi
workers belonged to high level of knowledge group
followed by medium and low knowledge group. A
strategy for knowledge development in health and
nutritional aspect for the Anganwadi workers under
ICDS programme. The characteristics viz., education,
number of training received, marital status, total length
of service, job satisfaction, facilities available,
communication media used by Anganwadi workers,
information source and cosmopoliteness were
significant with knowledge level of angawadi workers
while age, caste, family background and job satisfaction
were found non-significant relation with knowledge level
of Anganwadi worker in relation to health and nutritional
aspect.

orZeku v/;;u e-iz- es jhok ftys ds jhok fodkl [k.M es fd;k
x;k gS ftles 100 vkWxu ckM+h dk;ZdkRrkvks ls lacaf/kr muds
lkekftd vkfFkZd O;fDrxr] laxBukRed ,oa lapkj laca/kh dkjdks dks
muds leU;for cky fodkl ifj;kstuk lacaf/kr Kku dks izHkkfor
djus okys fofHkUu dkjdks dk v/;;u "kkfey gS vuqla/kku ls izkIr
vkdM+ks ls ;g fu"d'kZ izkIr gqvk gS fd T;knkrj dk;ZdRrkZ e/;e
vk;q oxZ ¼32 izfr'kr½ ds] lkekU; tkfr oxZ ds mPprj ek/;fed
f"k{kk Lrj okys ,oa xkzeh.k i`"B Hkwfe okys ik;s x;s gSA lkFk&lkFk
e/;e okf'kZd vk; oxZ ds vf/kdre 3 ckj foHkkxh; izf'k{k.k izkIr
fd;k gS] vf/kdre dk;ZdRrkZ 'kknh&'kqnk ik;s x;s gSa vf/kdrj dk;ZdRrkZvks
dh lsok,W ikWp o"kZ ls vf/kd dk dk;Z vuqHko ik;k x;k vkSj mues
dk;Z ds izfr de larqf"V ik;h x;h ,oa de ls de de lapkj
ek/;e dk mi;ksx fd;k A lkFk&lkFk de ls de lwpukvks dk mi;ksx
fd;k bl v/;;u ls ;g ik;k x;k fd vkWxuckM+h dk;ZdRrkZvks dh
f'k{kk] okf"kZd vk;] izf'k{k.kks dh la[;k] dk;Z vuqHko] lqfo/kkvks dh
miyC/krk] lapkj fof/k;kW] lwpuk L=ksr] ckg~; laidZ muds Kku ls
lacaf/kr j[krs gSA
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Abstract

A study was made to evaluate the quality of ber jam during
storage period. The result showed that better quality of ber
jam could be made at 700Brix with 0.3% acidity. The overall
quality of the product was good and could be well stored at
ambient temperature for the period of 4 months.

Keywords: Shelf-life of ber jam, quality of stored ber
jam.

Ber (Zizyphus mauritiana lamk) is a tropical fruit
belonging to family Rhamnaceae. It grows even as wild
in the plains of Punjab, Haryana, Uttar Pradesh, Madhya
Pradesh and Rajasthan. It thrives under adverse
conditions of salinity, drought and water logging, where
other fruits fail to grow successfully. At present ber
cultivation is being taken up in arid and unirrigated
regions of India. It is highly nutritious, rich in ascorbic
acid and contains good amount of protein and amino
acids (Bal and Maan 1978). It contains good amount of
vitamins A, B complex and C in comparison to other
fruits (Anon 1976). Ber fruits are also higher in calorific
value and ascorbic acid as compared to apple and
orange (Jawanda and Bal 1978). Ber fruits are eaten
as raw or used in making beverages which are quite
nutritious. In the present investigations, ber jam was
made and evaluated its quality during different storage
periods.

Material and methods

Fresh ber fruits (Umran cv) were procured from market
and washed in running tap water to remove the dirt and
dust. They were peeled, cut into small pieces and

Quality attributes of ber jam during storage
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pulped. The weighed quantity of pulp were taken and
cooked in open pan with continuous stirring with sugar
and different quantities of citric acid (0.2 and 0.3%) till
the products left out the pan and TSS of the product
became 68-70 0Brix. The products were removed and
mixed with pectin (1%) and filled in sterilized wide mouth
glass bottles and stored for 120 days at ambient
conditions. The samples were withdrawn at different
intervals (30, 60, 90, 120 days) and used for quality
analysis. The moisture content, ascorbic acid and acidity
were estimated by the methods as described in AOAC
(1980). The intensity of colour was measured by Hunter
colour lab instrument (Anon 1992). Total sugar was
determined by Lane and Eynon method (Lane and
Eynon 1970), calcium by Black's method (Black 1965),
phosphorus by Koening and Johnson's method
(Koening and Johnson 1942). The overall acceptability
of product was evaluated on 9 points hedonic scale as
described by Amerine et al Amrine & Rossler (1965).
The microbial load was measured by the method as
described by Sharf (1966).

Results and discussion

The physicochemical attributes of ber jam results
showed that there were slight differences in the various
constituents of ber jam made on 0.2 and 0.3% citric
acid. The ber jams contained moisture 29.16 % and
29.80%, pH 3.69 and 3.90, TSS 700Brix, acidity 0.5%
and 0.57%, ascorbic acid 27.03 and 27.98 mg/100g,
reducing sugars 19.23 and 19.10%, non reducing
sugars 39.78 and 40.62%, calcium 9.01 to 9.95 mg/
100g and phosphorus 4.02 and 4.33 mg/100g product,
respectively (Table 1). The results indicate that there
were slight differences in the above constituents except
pH and acidity.
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Table 1. Physicochemical attributes of ber jam

Constituents Ber jam
Acidity (0.2%) Acidity(0.3%)

Moisture (%) 29.16 29.80

TSS (0Brix) 70.00 70.00

pH 3.69 3.90

Acidity (%) 0.51 0.57

Ascorbic acid (mg/100g) 27.03 27.98

Reducing sugars (%) 19.23 19.10

Non-reducing sugars (%) 39.78 40.62

Total sugars (%) 59.01 59.72

Calcium (mg/100g) 9.01 9.95

Phosphorus (mg/100g) 4.02 4.33

Results are average values of three replications

Table 3. Effect of storability on overall acceptability, colour and microbial load of ber jam

Parameters Storage period (days)
30 60 90 120

Overall acceptability 8.80 8.11 7.90 7.15 7.0

Colour L* 26.60 25.95 25.67 24.89 24.09

a* 15.03 14.17 13.67 13.04 12.74

b* 12.41 12.34 11.81 10.98 10.12

Microbial load ( cfu/ml) - - 3 x 10-3 6 x 10-3 8 x 10-3 11 x 10-3

Table 2. Effect of storability on physico-chemical attributes of ber jam stored under ambient conditions

Storage period (days)
0 30 60 90 120 SEm CD at 5%

Moisture (%) 29.80 28.14 27.08 26.04 24.86 0.05 0.17

TSS 0Brix 70.00 70.40 71.23 71.70 72.20 0.09 0.29

pH 3.90 3.32 2.71 2.14 1.83 0.05 0.16

Acidity (%) 0.57 0.59 0.61 0.63 0.65 0.06 0.02

Reducing sugars (%) 19.10 20.44 21.78 23.12 24.49 0.18 0.57

Ascorbic acid (mg/100g) 27.98 26.98 26.25 24.90 23.52 0.26 0.80

Calcium (mg/100g) 9.95 9.56 9.50 9.26 9.09 0.14 0.40

Phosphorus (mg/100g) 4.33 4.30 4.23 4.16 4.06 0.02 0.06
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Effect of storage on physicochemical attributes of ber
jam

During storage, there was a gradual decrease in
moisture content the maximum (29.80%) was recorded
at initial stage and minimum (24.86%) after 120 days of
storage period. Similar results were also made on aonla
honey spreadby Sehgal et al (2000). The reduction of
moisture content might be attributed due the evaporation
of moisture during sampling process. The TSS was
found to increase during storage. It was increased from
70.00 0Brix to 72.20 0Brix on storage for 120 days. This
might be attributed due to the conversion of existing
polysaccharides into monosaccharides sugars. Similar
observations were also made by Rajput et al (2007).

There was a gradual decreasing trend in pH
during storage. It was maximum 3.9 and minimum 1.83
after 120 days of storage. However, acidity showed a
increasing trend. Initially, it was 0.57% which increased
to 0.65% after 120 days of storage. Similar results were
also made by Lal et al (1998).

There were significant variations in reducing
sugar. It was minimum 19.10% at initial stage and
increased to 24.49% after 120 days of storage. Attri et
al (1998) suggested that increase in reducing sugar
might be due to the partial hydrolysis of polysaccharides
into sugars. However, the values of total carbohydrates
remained constant. These results were confirmed by
Kumar (1992).

The content of ascorbic acid was found to
decrease gradually during storage. The maximum value
was recorded at initial stage (27.98 mg/100g) and
minimum (23.52 mg/100g) after 120 days of storage
period. This gradual reduction might be due the
oxidation of acid as reported by Sathi & Mani (1991).

Calcium was found to decrease during storage
of ber jam. The maximum was 9.95 mg/100g at the initial
stage and minimum 9.04 mg/100g after 120 days of
storage period. This reduction might be due to the
binding of calcium with other certain organic substances
as reported by Yadav (1991). Similarly, the maximum
phosphorus content was present at initial stage (4.33
mg/100g) and minimum (4.06 mg/100g) after 120 days
of storage. This reduction might be attributed due to
prolong heating, addition of additives and formation of
complex molecules during storage. Similar results were
made by Swaminathan (1985). The colour of the stored
jam was found to decrease during storage period as
observed in ber jam. This might be attributed due to the
browning reaction as reported by Baramanray et al
(1996).

The presence of microorganisms in ber jams lead
to off flavor by producing undesirable compounds. The
maximum microbial load was found in stored jam for
120 days. The major organisms were Aspergillus and
Alternaria spores. It appears that, higher acidity and
high sugar content may help in the prevention of mould
growth during storage. Similar findings supported by
Kanekar (1992).

The highest score of overall acceptability was
recorded in fresh jam (8.80) and lowest (7.10) after
storage for 120 days. The overall acceptability of product
decreased with the increase of storage period. This
might be attributed due to deterioration in colour, flavour,
taste and texture of the product. Similar observations
were also made by Mishra & Chopra (2006). Thus, on
the basis of above observations, it was concluded that
the ber jam having 0.3% citric acid could be well stored
upto 60 days without deterioration of the product quality.

HkaMkj.k ds le;] csj tse dh xq.koÙkk vkadyu ij ,d m/;;u fd;k
x;k] fu"d"kZ esa ik;k x;k dh vPNh xq.koÙkk okyk csj tse 700 fczDl
rFkk 0.3% vEyhrk cuk;k tk ldrk gS A bl tse dh xq.koÙkk] Lokn
rFkk jax ds dkj.k ;g T;knk ilan fd;k x;k rFkk bls 4 ekg rd
fcuk fdlh iksf"Vd gvkl ds lkekU; rkieku ij lqjf{kr j[k ldrs
gS A
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Abstract

Krishi Vigyan Kendra (KVK) under ICAR has been assigned
responsibilities of catering the needs of farming community
by adopting area-specific strategies and technologies. The
mandated activities of KVK's is assessment, refinement and
demonstrating the technologies for location specific farming
situations, organizing On and off campus trainings, front line
demonstrations, farm advisory services, production of seeds,
and providing planting material. The present study was
undertaken to assess the productivity level of beneficiaries
and non-beneficiaries of KVKs working in the tribal district of
Madhya Pradesh. The study was conducted with 300 tribal
farmers randomly selected in 12 villages of Mandla, Dindori
and Shahdol district, which were results showed that, tribal
farmers were of comparatively high attitude towards
technological demonstration, high knowledge about KVK's
activities, high perception towards scientific agriculture,
medium market orientation, high scientific orientation, high
aspiration level, medium use of information sources and high
training exposure. The productivity level of tribal farmers was
high.

Keywords: Tribal farmers, Beneficiaries, Non-
Beneficiaries, Productivity

Krishi Vigyan Kendra is an innovative science based
institution which conducts On Farm Testing for
technology assessment and refinement; undertakes
vocational training of farmers, farm women and rural
youths; and Frontline demonstrations to promptly
demonstrate the latest agricultural technologies to the
farmers as well as the extension workers. KVK function
by the collaborative participation of scientists, subject
matter experts, extension workers and farmers. There

Measuring psychological and communicational attributes with
productivity level of tribal farmers in Madhya Pradesh
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are 637 Krishi Vigyan Kendra in India which has been
established to meet the mandates of KVK. In Madhya
Pradesh state 47 KVK's are functioning, out of which 6
KVK's are working in tribal districts. These KVK's are
primarily focused on dissemination of location specific
technologies access to information for upliftment and
empowerment of tribals.

Krishnan (1985) defines "tribe is a social group
of simple and kind, the members of which speak a
common dialect, have a single government act together
for common purposes and have a common name, a
contiguous territory, a relatively uniform culture or way
of life and a traditions of common descent. The seclusion
has been responsible for the slower growth dissimilar
pattern of their socio economic and cultural development
and inability to negotiate and cope with the
consequences of their involuntary integration into
mainstream.

The concept of tribes emerged in India with the
coming up of British. The meaning of tribes, as the name
implies, tribals are 'Adivasi' or original dwellers, living
in the subcontinent from unrecorded time and possibly
driven into forests by more aggressive settlers. Aryan's
being the earliest one to socially subjugate them. In
order to resist complete domination, tribals involved their
distinct identity through endogamy, their cropping
pattern, hunting and food gathering. Above all, in their
intensely personal relationship with the forest around
them they formed perfectly balanced rhythms which can
best be described as symbiotic (Mehta 2000). The status
of the tribals is still not satisfying. Crores of considerable
budget have been spent on the development of tribals
including tribal women. But the results are not been
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visible and satisfying. This is substantiated by the
evaluation report of steering committee of the Planning
Commission (Anonymous).

Integrated Watershed Management Programme
(IWMP), National Horticulture Mission (NHM),
Agriculture Technology Management Agency (ATMA)
and KVK is also one of the agency which is working in
Mandla, Dindori and Shahdol district of Madhya Pradesh
for upliftment of tribal people. The women specific
programmes includes training, formation of SHGs, Front
Line Demonstrations (FLD) on different crops,
awareness programme on health, hygiene, sanitation
and nutrition, seed treatment, production of
vermicompost, blue green algae, mushroom and
vegetables. It creates awareness among local tribal
people by organizing plant protection day, hariyali
diwas, kisan mela, field day, kisan ghoshthies, nutrition
week, radio talk on AIR.

KVK's is supporting other extension agencies in
public and private sector by acting as a knowledge
resource centre for agricultural technologies. It is using
mass media and information communication
technologies for reaching tribal communities by
disseminating need based technologies related to
agriculture and allied sector, to empower tribal
populations by increasing their land productivity for the
sustainable livelihood of the tribal population.

Methodology

The study was carried out in three district of Madhya
Pradesh in 2013-14 i.e. Mandla Dindori and Shahdol.
As these districts come under tribal districts of M.P. The
Mandla district comprises of seven blocks out of which
two blocks were selected and from each selected block
two adopted villages of KVK's were selected i.e.,
Prempur, Bhavarda, Silwara, Madanpur. The Dindori
district also comprises of seven blocks out of which two
blocks were selected and from each selected block two
adopted villages of KVK's were selected i.e., Rusamal,
Nariya, Bilasar, Chaura. The Shahdol district comprises
of five blocks out of which two blocks were selected
and from each selected block two adopted villages of
KVK's were selected i.e., Sindu chunia, Kalyanpur,
Shahpur, Kudeli. A comprehensive list of tribal farmers
of each selected village was prepared with the help of
KVK's of each district. 75 equal numbers of beneficiaries
and 25 equal numbers of non-beneficiaries from each
district was selected randomly, thus the total 300 tribal
farmers was the sample size of the study.

Results and discussion

The study revealed that the majority of beneficiaries
54.66% belonged to middle age group. The data
indicates that their level of education was high school
about 23.33% of the beneficiaries had education up to
high school. In case of occupation most of the
beneficiaries 49.33% was doing agriculture + other as
an occupation for livelihood of the family. In case of
annual income most of the beneficiaries 42.33% had
medium annual income (Rs. 1, 00,001 - 1, 76,000). The
average land holding of beneficiaries was 2.01 - 4 ha.
About 35.12% of beneficiaries had medium land
holdings. In case of farming experience majority of
beneficiaries 38.67% had medium experience. The data
regarding attitude towards technological demonstration
indicates that majority of beneficiaries 69.33% had high
attitude towards technological demonstration, 77.78%
had high knowledge about KVK activities. Perception
of beneficiaries towards scientific agriculture highest
53.33% of beneficiaries had high perception. In case
of market orientation highest 36.88% of beneficiaries
had high market orientation and 77.77% of beneficiaries
had high scientific orientation. It is evident from the data
that about 67.56% of beneficiaries had high aspiration
level. In case of participation 47.11% had medium
participation in KVK activities, 80.00% had medium use
of information sources and in case of training exposure
highest percentage of beneficiaries 64.45% had high
training exposure.

While in case of non-beneficiaries, the study
revealed that the highest percentage of non-
beneficiaries 50.66% belonged to middle age group,
their level of education was high school about 26.67%
of the non-beneficiaries had education up to high school.
In case of occupation most of the non-beneficiaries
40.00% was doing agriculture + labour as an occupation
for livelihood of the family. In case of annual income
most of the non-beneficiaries 38.66% had come under
below poverty line. The average land holding of non-
beneficiaries was 2.01 - 4 ha. About 40.00% of non-
beneficiaries had medium land holdings. In case of
farming experience majority of non-beneficiaries 40.00%
had low experience. The data regarding attitude towards
technological demonstration indicates that highest
percentage of non-beneficiaries 58.60% had medium
attitude towards technological demonstration, 48.00%
had medium knowledge about KVK activities.
Perception of non-beneficiaries towards scientific
agriculture highest 56.00% of non-beneficiaries had
medium perception. In case of market orientation
highest 45.00% of non-beneficiaries had low market
orientation and 49.33% of non-beneficiaries had
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Table 1. Psychological and Communicational characteristics of beneficiaries & non-beneficiaries

Independent Variable Categories Beneficiaries Non-Beneficiaries
N-225 N=75

Freq % Freq %

Attitude towards Technological Demonstration Low (10 - 23) 40 17.77 10 13.33
Medium (24 - 36) 29 12.88 44 58.60
High (37 - 50) 156 69.33 21 28.00

Knowledge about KVK activities Low (Up to 8) 30 13.33 25 38.33
Medium (19 - 17) 20 08.89 36 48.00
High (18 - 25) 175 77.78 14 18.67

Perception towards Scientific Agriculture Low (7 - 21) 40 17.78 14 18.66
Medium (22 - 35) 65 28.88 42 56.00
High (36 - 49) 120 53.34 19 25.34

Market Orientation Low (Up to 3) 63 28.00 34 45.33
Medium (4 - 6) 79 35.12 25 33.33
High (7 - 10) 83 36.88 16 21.34

Scientific Orientation Low (6 - 18) 30 13.33 22 29.33
Medium (19 - 30) 20 08.89 37 49.33
High (31 - 42) 175 77.78 16 21.34

Aspiration level Low (3 - 8) 12 05.33 41 54.66
Medium (9 - 14) 61 27.11 16 21.34
High (15 - 20) 152 67.56 18 24.00

Participation in KVK activities Low (Up to 4) 17 07.55 43 57.33
Medium (5 - 9) 106 47.11 20 26.67
High (10 - 14) 102 45.34 12 16.00

Use of information sources Low (0 - 6) 20 08.88 40 53.34
Medium (7 - 13) 180 80.00 14 18.66
High (14 - 20) 25 11.12 21 28.00

Training exposure Low (Up to 2) 28 12.44 39 52.00
Medium (3 - 4) 52 23.11 20 26.67
High (5 - 6) 145 64.45 16 21.33

Table 2. Percentage distribution and statistical parameters of tribal farmers according to their productivity level

Categories Beneficiary Non-Beneficiary Total

Low (14 - 18) 32 (14.22) 33 (44.00) 65 (21.66)
Medium (19 - 23) 76 (33.78) 23 (30.66) 99 (33.00)
High (24 - 28) 117 (52.00) 19 (25.34) 136 (45.34)
Total 225 75 300
Mean 24.11 19.10
S.D. 3.89 3.60

t =9.26**
**Significant at 0.01 probability level
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medium scientific orientation. It is evident from the data
that about 54.66% of non-beneficiaries had low
aspiration level. In case of participation 57.33% had
low participation in KVK activities, 53.34% had low use
of information sources. In case of training exposure the
highest percentage of non-beneficiaries 52.00% had
low training exposure.

Out of the total beneficiaries, highest percentage
i.e. 52.00 per cent was found in high productivity
category, followed by 33.78 per cent in medium and
14.22 per cent in low productivity categories. While in
case of non-beneficiaries 44.00 per cent had low
productivity, whereas 30.66 per cent medium and 25.34

per cent had low productivity. Thus, it can be concluded
that the higher 52.00% of the beneficiaries had high
level of productivity while, 44.00% of non-beneficiaries
had low productivity (Table 2).

Statistical parameters reveal that mean score for
beneficiaries and non-beneficiaries 24.11 and 19.10
respectively with standard deviation of 3.89 and 3.60
respectively. The t-test calculated was found to be
significant, this indicates that there was considerable
difference between the productivity level of beneficiaries
and non-beneficiaries.

The correlation coefficient of age, education level,
occupation, annual income, land holding, farming

Table 3. Relationship of psychological and communicational factors with their productivity

Factors Correlation Coefficient
Beneficiaries Non-Beneficiaries

Attitude towards Technological Demonstration 0.496** 0.436*
Knowledge about KVK activities 0.553* 0.335**
Perception towards Scientific Agriculture 0.515* 0.277*
Market Orientation 0.114* 0.247*
Scientific Orientation 0.408* 0.374*
Aspiration level 0.270* 0.600**
Participation in KVK activities 0.342* 0.250*
Use of information sources 0.174** 0.270*
Training exposure 0.220** 0.872*

Table 4. Association between independent variables with their productivity

Variables Productivity
Beneficiaries Non-Beneficiaries

 χ2 Degree of χ2 Degree of
freedom freedom

Attitude towards Technological Demonstration 25.451** 4 9.073* 2
Knowledge about KVK activities 25.340** 2 10.580** 2
Perception towards Scientific Agriculture 28.068** 4 6.405* 2
Market Orientation 23.398** 4 7.600* 4
Scientific Orientation 26.269** 4 6.681* 2
Participation in KVK activities 29.411** 4 9.532** 2
Aspiration level 11.706** 2 10.802** 2
Use of information 7.744* 4 15.484** 2
Training exposure 20.899** 4 11.543* 4
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experience, attitude towards technological
demonstration, knowledge about KVK activities,
perception towards scientific agriculture, market
orientation, scientific orientation, aspiration level,
participation in KVK activities, use of information
sources, training exposure were found to have positive
and significant correlation of both the categories
beneficiaries and non-beneficiaries with their
productivity but market orientation was found to be non-
significant of beneficiaries.

All the attributes of beneficiaries and non-
beneficiaries have significant positive association with
the productivity level. It suggest that in general, the tribal
farmers productivity increases with the increase in their
attitude towards technological demonstration,
knowledge about KVK activities, perception towards
scientific agriculture, market orientation, scientific
orientation, aspiration level, participation in KVK
activities, use of information sources, training exposure
(Table 4).

Conclusion

Regarding the productivity of tribal farmer's highest
percentage of beneficiaries had high level of
productivity, while non-beneficiaries had low productivity
level. The t-test calculated was found to be significant,
this indicates that there was considerable difference
between the productivity level of beneficiaries and non-
beneficiaries (Singh 2009, Dhaka 2013).

In case of correlation coefficient, all the
psychological and communicational factors except of
market orientation were found to have positive and
significant correlation of both the categories
beneficiaries and non-beneficiaries with their
productivity. It means if these characteristics of tribal
farmers are increased by any means that will lead to
their higher productivity (Shrivastava 2004).

Association between independent variables with
their productivity, revealed that attitude towards
technological demonstration, participation in KVK
activities, knowledge about KVK activities, perception
towards scientific agriculture, scientific orientation,
aspiration level, use of information sources, training
exposure were positively related with the productivity
of their crops (Badhala 2012).

d`f"k foKku dsUnz Hkkjrh; d`f"k vuqla/kku ifj"kn }kjk iksf"kr d`"kdksa
dks mPp rduhdh gLrkaarj.k] KkutZu] ubZ ubZ tkudkjh] izf'k{k.k
vfxze iafDr izn'kZu] iz{ks= izn'kZu dj d`"kdksa esa rduhdh izpkj izlkj
dj e-iz- ds vkfnoklh ckgqY; ftyksa e.Myk] fMaMkSjh] 'kgMksy ds 12
xkWo o 300 d`"kdksa dk rqYukRed v/;;u dj ik;k x;k fd d`f"k
foKku dsUnz ls tqM+s vkfnoklh d`"kdksa dh rduhdh gLrkrj.k {kerk
vkSj xSj d`f"k foKku dsUnz d`"kdksa ds chp cM+k varj ik;k x;k d`f"k
foKku dsUnz ls tqM+s d`"kdksa dh fLFkfr vPNh ikbZ xbZ d`f"k foKku dsUnz
us vkfnoklh d`"kdksa ds fy;s izdk'k iqat dk dk;Z fd;k gSA
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Abstract

Krishi Vigyan Kendra (KVK) is basically a mechanism to
demonstrate the application of science and technology input
for creating awareness and motivating farmers to learn and
adopt latest production and management technological
options of various agricultural enterprises through vocational
training to different segments of farming community, in-service
training to field functionaries, FLDs and OFTs on major crops
and other land based activities. The present study was
undertaken to assess the adoption level of beneficiaries and
non-beneficiaries of KVK's working in the tribal district of
Madhya Pradesh. The study was conducted with 300 tribal
farmers randomly selected in 12 villages of Mandla, Dindori
and Shahdol district, which were results showed that, tribal
farmers were of comparatively middle age group, education
up to high school, agriculture + other as their occupation,
medium annual income, medium landholdings, medium
experience. The adoption level of tribal farmers was high.

Keywords: Tribal farmers, Beneficiaries, Non-
Beneficiaries, Adoption

Krishi Vigyan Kendra is an Institutional innovation of
the Indian Council of Agricultural Research to
demonstrate the recent technology and results of
agricultural research on the farmer's field in the rural
area with the help of multi-disciplinary team of scientists.
It was also called as a "First-line transfer of technology
of extension System" in the country. KVK is an
innovative science based institution which conducts On
Farm Testing for technology assessment and refinement
undertakes vocational training of farmers, farm women

Correlates of socio personal profile with adoption level among
tribals of Madhya Pradesh
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and rural youths and Front Line Demonstrations to
promptly demonstrate the latest agricultural
technologies to the farmers well as the extension
workers. KVK function by the collaborative participation
of scientists, subject matter experts, extension workers
and farmers.

India has different types of tribal population
reflecting its great ethnic diversity. They are an integral
part of Indian social fabric and accounts for 8.2 per cent
of total population, which comprises of 4.26 crores tribal
men and 4.17 crores tribal women. This accounts for
8.40 per cent men and 8.01 per cent women (Census
Report 2011).

Tribals have traditionally lived in about fifteen per
cent of the country's geographical areas, mainly forests,
hills and undulating in accessible terrain in plateau
areas, rich in natural resources. They have lived as
isolated entities for centuries, largely untouched by the
society around them (Mehta 2000). Though they are
scattered all over the hilly and forest regions of the
country, majority of them inhabitants in Central India,
high concentration of tribal's live in Madhya Pradesh,
Chhattisgarh, Orrisa, Andhra Pradesh, Jharkhand. The
tribal economy is predominantly agricultural based the
technology used is primitive, a large number of them
still practicing shifting cultivation, dependent on Non
Timber Forest Produce (NTFP) and seasonal labour.
The impact of the specific economic upliftment
programmes can be judged by the fact that though eighty
(80 per cent) of the families are covered under tribal
sub-plan but 79 per cent still fall below poverty line
(Census Report of India 2011).

JNKVV Res J 48(2): 212-216 (2014)
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KVK's working in tribal districts of Madhya Pradesh is
actively engaged in dissemination of location-specific
technologies related to agriculture by organizing front
line demonstration, trainings, on farm testing. Under the
convergence programme with government and non
government agencies covered these programmes
namely Watershed Development Programme,
MGNREGA, Backward Rural Area Grant fund (BRGF).
Agriculture has been and will continue to be the lifeline
of our national economy at least in the foreseeable
future. Besides, sustaining livelihood and providing
directly employment, it forms the backbone of the agro-
based industries. The development of the nation is
therefore directly or indirectly related to its agricultural
advancement, realizing the scope and importance of
agriculture. Although the research studies have been
conducted to evaluate the impact of development
programme on health, education, nutrition, status of
tribal populations, involvement of tribal women in
agricultural operations, but very few studies have been
conducted to explore the contribution of KVK for
empowering tribal populations.

Keeping the view, the present study was
undertaken with the following specific objectives:

1. To study the profile of the KVK beneficiaries and
non-beneficiaries.

2. To assess impact of KVK on tribal farmers in terms
of adoption.

3. To establish the relationship in between
independent and dependent variables.

Methodology

The study was carried out in three district of Madhya
Pradesh in 2013-14 i.e. Mandla, Dindori and Shahdol.
These districts come under tribal districts of MP. The
Mandla district comprises of seven blocks out of which
two blocks were selected and from each selected block
two adopted villages of KVK's were selected i.e.,
Prempur, Bhavarda, Silwara, Madanpur. The Dindori
district also comprises of seven blocks out of which two
blocks were selected and from each selected block two
adopted villages of KVK's were selected i.e., Rusamal,
Nariya, Bilasar, Chaura. The Shahdol district comprises
of five blocks out of which two blocks were selected
and from each selected block two adopted villages of
KVK's were selected i.e., Sindu chunia, Kalyanpur,
Shahpur, Kudeli. A comprehensive list of tribal farmers
of each selected village was prepared with the help of
KVK's of each district. 75 equal numbers of beneficiaries
and 25 equal numbers of Non-Beneficiaries from each

district was selected randomly, thus the total 300 tribal
farmers was the sample size of the study.

Results and discussion

The study revealed that the majority of beneficiaries
52.00% belonged to middle age group. The data
indicates that their level of education was high school
about 23.55% of the beneficiaries had education up to
high school (Table 1).

In case of occupation most of the beneficiaries
49.33% was doing agriculture + other as an occupation
for lively hood of the family. In case of annual income
most of the beneficiaries 42.33% had medium annual
income (Rs. 1, 00,001 - 1, 76,000). The average land
holding of beneficiaries was 2.01 - 4 ha. About 35.12%
of beneficiaries had medium land holdings. In case of
farming experience majority of beneficiaries 38.67% had
medium experience.

While in case of non-beneficiaries, the study
revealed that the majority of non-beneficiaries 50.66%
belonged to middle age group, their level of education
was high school about 26.67 % of the non-beneficiaries
had education up to high school. In case of occupation
most of the non-beneficiaries 40.00% was doing
agriculture + labour as an occupation for lively hood of
the family. In case of annual income most of the non-
beneficiaries 38.66 % had come under below poverty
line. The average land holding of non-beneficiaries was
2.01 - 4 ha. About 40.00 % of non-beneficiaries had
medium land holdings. In case of farming experience
majority of non-beneficiaries 40.00 % had low
experience.

Out of the total beneficiaries, highest percentage
i.e. 52.88 per cent was found in high adoption category,
followed by 29.33 per cent in medium and 17.78 per
cent in low adoption categories. While in case of non-
beneficiaries 53.33 per cent had low adoption, whereas
26.67 per cent medium and 20.00 per cent had low
adoption. Thus, it can be concluded that the higher
52.08% of the beneficiaries had high level of adoption
while, 53.33% of non-beneficiaries had low adoption
(Table 2).

Statistical parameters reveal that mean score for
beneficiaries and Non-Beneficiaries 32.31 and 22.98
respectively with standard deviation of 6.61 and 6.23
respectively. The t-test calculated was found to be
significant, this indicates that there was considerable
difference between the adoption level of beneficiaries
and non-beneficiaries.
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Table 1. Socio-personal profile of beneficiaries & non-beneficiaries

Independent Variable           Categories Beneficiaries Non-Beneficiaries
N-225 N=75

Freq % Freq %

Age Young age group ( Up to 35 years) 66 29.34 27 36.00
Middle age group (36-50yrs) 117 52.00 38 50.66
Old age group (Above 50) 42 18.66 10 13.34

Education Illiterate 39 17.34 15 20.00
Up to primary school 31 13.78 10 13.33
Up to middle school 34 15.11 07 09.33
Up to High school 53 23.55 20 26.67
Up to Higher Secondary 53 23.55 17 22.67
Up to College 15 06.67 06 08.00

Occupation Agriculture 35 15.55 10 13.34
Agriculture + Labour 23 10.22 30 40.00
Agriculture + Other 111 49.33 18 24.00
Agriculture + Cast Occupation 11 04.88 09 12.00
Agriculture + Independent Business 45 20.00 08 10.66

Annual income BPL (Below Rs 24,000/-) 30 13.33 29 38.66
Low income (Rs 24,000 - 1,00,000 /-) 59 26.22 16 21.34
Medium income (Rs 1,00,001 - 1,76,000/-) 95 42.23 20 26.66
High income (Rs 1,76,001 - 2,50,000/- 41 18.22 10 13.34

Land Holding Marginal (Below 1 ha) 40 17.77 19 25.33
Small (1.01 - 2 ha) 65 28.88 16 21.33
Medium (2.01 - 4 ha) 79 35.12 30 40.00
Large (Above 4 ha) 41 18.23 10 13.34

Farming Experience Low experience (5 - 16 yrs) 78 34.66 30 40.00
Medium experience (17 - 27 yrs) 87 38.67 29 38.66
High experience (28 - 38 yrs) 60 26.67 16 21.34

Table 2. Percentage distribution and statistical parameters of tribal farmers according to their adoption level

Categories Beneficiaries Non-Beneficiaries Total

Low (14 - 23) 40 (17.78) 40 (53.33) 80 (26.66)
Medium (24 32) 66 (29.34) 20 (26.67) 86 (28.67)
High (33 - 42) 119 (52.88) 15 (20.00) 134 (44.67)
Total 225 75 300
Mean 32.31 22.98
S.D. 6.61 6.23

                                           t =10.73**
** Significant at 0.01 probability level
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The correlation coefficient of education level,
occupation, annual income, land holding, farming
experience, were found to have positive and significant
correlation of both the categories beneficiaries and non-
beneficiaries with their adoption but age were found to
have significant and negatively correlated with their
adoption.

All the attributes of beneficiaries and non-
beneficiaries except age, have significant positive
association with the adoption level. It suggest that in
general, the tribal farmers adoption increases with the
increase in their education level, occupation, annual
income, land holding and farming experience (Table 4).

Conclusion

Regarding the adoption of tribal farmers majority of
beneficiaries had high level of adoption while, non-
beneficiaries had low adoption. The t-test calculated
was found to be significant, this indicates that there was
considerable difference between the adoption level of
beneficiaries and non-beneficiaries (Dubey 2008)
(Sharma 2011) (Chauhan 2013).

In case of correlation coefficient socio-personal
attributes, were found to have positive and significant
association of both the categories beneficiaries and non-
beneficiaries with their adoption. It means if these
characteristics of tribal farmers are increased by any
means that will lead to their higher adoption. But age
was negatively correlated with their adoption level of
beneficiaries and non-beneficiaries (Singh 1997)
(Sharma 2013).

Association between independent variables with
their adoption, revealed that education level,
occupation, annual income, land holding and farming
experience, were found to be significant and positively
related with their adoption but age were found to be
non-significant with adoption level of both the categories
(Dubey 2010).

d`f"k foKku dsUnz d`"kdksa ds chp eq[;r% mPp rduhd vkSj foKku dks
igqpkus ea lsrq dks dk;Z djrk gS lkFk gh mudk mRiknu vkSj vkfFkZd
:i ls etcwr dj d`f"k dks ykHk dk O;olk; cukus esa vgae Hkwfedk
vnk djrk gS A eq[; :i ls izFke iafDr izn'kZu vfxze iafDr izn'kZu]
izf'k{k.kksa izn'kZuksa vkfn ds ek/;e ls d`"kdksa ds [ksrh djus ds <a+x esas
ifjorZu djuk bldk v/;;u e-iz- ds vkfnoklh cgqy ftyksa

Table 3. Relationship of socio-personal characteristics of tribal farmers with their adoption

Factors Correlation Coefficient
Beneficiaries Non-Beneficiaries

Age -0.214* -0.278*
Education 0.213** 0.388**
Occupation 0.240* 0.797*
Annual income 0.284** 0.350**
Land Holding 0.379** 0.704**
Farming Experience 0.312* 0.371*

Table 4. Association between independent variables with their adoption

Variables Productivity
Beneficiaries Non-Beneficiaries

 χ2 Degree of χ2 Degree of
freedom freedom

Age 1.628*NS 5 0.456**NS 2
Education 29.152** 6 8.229* 3
Occupation 23.077* 6 8.996* 3
Annual income 30.799** 6 27.129** 3
Land Holding 28.916** 6 25.695** 2
Farming Experience 12.364* 4 11.363** 2
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e.Myk] fMaMkSjh] 'kgMksy ds 12 xkWo rFkk 300 d`"kdksa dk dk
rduhdh gLrkraj.k d`f"k foKku dsUnz }kjk vaxhd`r o xSj vaxhd`r
d`"kdksas ds chp rduhdh vaxhdj.k dk rqyUkkRed v/;;u fd;k x;k
ftlesa vfnoklh d`"kdksa dk Lrj vPNk ik;k x;k A
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Abstract

The study was carried in one block i.e. Seonimalwa block of
Hoshangabad district of Madhya Pradesh, which was selected
purposively for the study on the basis of large area and low
productivity. The total sample size was 120 soybean growing
farmers selected from 12 villages. Result showed that
important constraints reported by the soybean growers in
adoption of improved soybean production technology were
electricity problem(100%), irregular visits of RAEOs(100%)
and lack of availability of technical information from extension
personnel(100%), lack of training regarding production
technology(82.5%), high cost of seed, fertilizers, insecticides
and lack of soil testing facilities(100%).

Keywords: Soybean, Constraints, Adoption

Soybean has emerged as one of the most important oil
seed crop of India, particularly in central part of India.
Madhya Pradesh has its major share in area and
production in India, hence designated as "Soya State"
of India.

In Madhya Pradesh the soybean area is
increasing continuously, but the productivity of crop has
registered stagnation or a decreasing trend. The basic
problem continues to be low productivity and is practiced
as a way of life. The traditional method of crop-raising
still dominates the agriculture. The time has come when
agriculture is to be viewed and practiced as business.
In doing so, many new inputs are to be employed. One
of the most supporting input is the technical knowledge
arising out of the research. The yield per hectare is far
from satisfactory, thereby leading to a wide gap. Hence,
the production of soybean can be increased by the
farmers become progressive. Obviously, the reason
which could be the attributes to low yield as against
expected yield may be due to technological knowledge

Constraints in adoption of improved production technology by
soybean growers
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regarding cultivation of soybean crop and non-adoption
of improved production practices recommended for
soybean crop. Under such circumstances, the prime
need is to enhance the productivity in farmers' field.
Thus, there seems to be no other alternative than to
adopt the recommended technology for increasing
production.

Soybean production in Madhya Pradesh is 3.5 -
4.5 million tones (http://mpkrishi.org) in which the major
soybean producing agro-climatic regions of Madhya
Pradesh are Central Narmada Valley, Satpura Plateau,
Malwa Plateau and Vindhyan Plateau.

The average yield of soybean in India is1046 kg/
ha against the world average of 2270 kg/ha. The area
and production of soybean in our country is increasing,
but the yield had not achieved a desired increase. To
find out the answer of low production present study was
undertaken.

Material and methods

The study was carried out in Seonimalwa block of
Hoshangabad district of Madhya Pradesh in 2010-2011.
The district is situated on the"Narmada valley region".
It lies in latitude 21° 53" to 22° 59" North and longitude
76° 47" ti 78° 44" East, and elevation of 302 Meters
above mean sea level (MSL). This was selected
purposively for the study on the basis of large area and
low productivity. The total sample size was 120 soybean
growing farmers selected from 12 villages. Ten
respondents from each village were selected to
comprise a sample of 120 respondents. The
respondents were personally interviewed. The
responses of soybean growers on these possible
constraints were obtained on a two point continuum

JNKVV Res J 48(2): 217-219  (2014)
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namely "yes" or "no". The frequencies and percentage
were calculated to find out the degree of constraints as
expressed by the soybean growers for participation in
adoption behavior.

Results and discussion

The constraints reported by the soybean growers in
adoption of improved production technology are
presented in Table. It is evident from the data that the
major constraints as expressed by the soybean growers
were inadequate supply of electricity, irregular visits of
RAEOs and lack of availability of technical information
from extension personnel, followed by minimum support
price by the government, lack of training of improved
soybean production technology (95.83%), RAEOs
contact only big farmers (87.50%), lack of knowledge
about insects and diseases (85%), lack of training
programme on soybean production technology
(85.50%), whereas 79.19 per cent soybean growers

reported high cost of seed, fertilizer, insecticides,
followed by lack of knowledge about seed treatment
and its importance and their doses (76.66%), lack of
demonstration at farmers' field by RAEOs (72.50%), lack
of technical information in local language (70%), lack
of information about varieties of soybean (69.16%), lack
of technical guidance from RAEOs at grass root
level.This finding finds support from Dalvi et al 2004,
Dwivedi 2007.

Other constraints reported by the soybean
growers in adoption of improved production technology
were lack of soil testing facilities (100%), high labour
charges (55.83%), lack of money to purchase useful
agricultural inputs (54.16%), co-operative societies
should not provide fertilizers and seed timely (16.66%).
Thus, overall soybean growers were reported the
constraints which they faced in adoption of improved
production technology viz., lack of training and irregular
visit of RAEOs and lack of knowledge about diseases
and insects which minimized the adoption of improved

Table 1. Constraints reported by soybean growers in adoption of improved production technology

Constraints Respondents N = 120
Frequency % Rank

(A) Economic constraints :
Lack of money to purchase useful agricultural inputs 65 54.16 XI
High cost of seed, fertilizers, insecticides and implements 95 79.16 VI
High labour charges 67 55.83 X

(B) Technical constraints :
Lack of information about improved varieties of soybean 20 16.66 XII(a)
Lack of knowledge about seed treatment with fungicides and bio-fertilizers 98 81.66 IV
Lack of knowledge about insects and diseases of soybean 97 80.08 V
Lack of knowledge of doses of fertilizers in soybean crop 110 91.66 II
Lack of knowledge about soil testing 120 100.00 I(a)

(C) Extension constraints :
Lack of technical guidance from RAEOs 77 64.16 IX
Lack of information available in local language 84 70.00 VIII
Irregular visit of RAEOs 120 100.00 I(b)
Lack of demonstration of farmers' field by RAEOs 87 72.50 VII
Lack of trainings provided on soybean production technology 99 82.50 III

(D) Institutional constraints :
Co-operative societies are not providing fertilizers and seeds timely 20 16.66 XII(a)
Lack of agriculture related technical information from Gram Panchayat 120 100.00 I(c)

(E) Situational constraints :
Electricity problem 120 100.00 I(d)
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soybean production technology. This finding finds
support from Ahirwar et al 2005.

Conclusion

The major constraints reported by the soybean growers
in adoption of improved soybean production technology
were electricity problem, irregular visits of RAEOs and
lack of availability of technical information from
extension personnel, minimum support price by the
government, high cost of seed, fertilizers, insecticides
and lack of soil testing facilities, lack of training of
improved soybean production technology, RAEOs
contact only big farmers, lack of knowledge about seed
treatment, insects and diseases, higher cost of inputs
(fertilizer, seed, insecticides) and lack of demonstration
at farmers' field were the major constraints and these
constraints may be overcome with the help of education,
training, dissemination of information through different
communication methods and extension personnel.

;g v/;;u e/;izns'k ds gks'kaxkckn ftys ds flouh ekyok fodkl[k.M
esa lks;kchu ds mRiknu] HkaMkj.k] ifjogu ,oa foi.ku esa vkus okyh
ck/kkvksa dh tkudkjh izkIr djus gsrq fd;k x;kA ;g v/;;u n'kkZrk
gS fd lks;kchu mRiknu esa izeq[k #i ls rduhdh Kku dh miyC/krk
dh deh] xzkeh.k Ñf"k foLrkj vf/kdkfj;ksa ls de laidZ] fctyh dh
leL;k] ljdkj }kjk U;wure leFkZu ewY; fu/kkZj.k esa deh] cht]

[kkn] moZjd vkSj dhVuk'kdksa dh vf/kd dher] e`nk ijh{k.k dh
lqfo/kk dh deh vkSj lks;kchu mRiknu dh mUur rduhdksa ds de
izf'k{k.k dh leL;k dks izeq[k #i ls lks;kchu mRikndksa }kjk vuqHko
fd;k x;kA fdlkuksa dh bu izeq[k leL;kvksa ds fuokj.k dks f'k{kk]
izf'k{k.k vkSj rduhdh Kku dh miyC/krk ds }kjk de fd;k tk
ldrk gSA
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Abstract

Credit is essential for adoption of agricultural technology from
purchase of modern inputs, implements, to development and
purchase of live stock, raw materiel etc. For this study Umaria
district was selected purposively since the district is having
tribal farmers dominated farming community with maximum
number of Kisan Credit Card holders. The present study
reveals that majority (50.83 per cent) of the tribal farmers
utilized the credit to the low extent. Hence to equip them with
proper understanding and utility of the Kisan Credit Card
through mass campaigning is required So that the Kisan Credit
Card utilization may be enhanced and benefits can be availed
among tribal community. Constraints perceived by tribal
farmers suggest that knowledge regarding credit utilization
and repayment should be imparted and a proper linkage
between the agricultural experts and beneficiaries should be
established.

Keywords: Credit utilization, Kisan Credit Card, Tribal
community

The emergence of Green revolution in India in the last
sixties has radically changed the farmers to replace the
traditional farm practices with scientific and modern
practices, which is reflected by the inputs use like high
yielding varieties seed, fertilizers, pesticides, irrigation,
machineries and equipments etc. It requires heavy
financial investments, which the majority of the farmers
can not afford from their own savings only. The farmers
in the under developed countries can not expect their
capital needs to be fulfilled from savings only. Credit is
essential for adoption of agricultural technology, and
also for non-productive requirements including

Utilization pattern of Kisan Credit Card among tribal farmers for
agricultural development in Umaria District Madhya Pradesh
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*Jawaharlal Nehru Krishi Vishwa Vidyalaya
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expenses on marriage, death, serious illness and other
social happenings in the family.

In view of necessity of linkage of farmers with
simplified credit delivery mechanism with more flexibility
the Kisan Credit Card (KCC) was introduced during
1998-99 by Government of India. It is believed that tribal
community is a slow adopter in comparison to the other
farming communities. To assess the utilization pattern
of Kisan Credit among the tribal farmers the present
study was undertaken with the objectives: To determine
the extent of utilization of Kisan credit card among the
beneficiaries of tribal community; To find out the
association between utilization pattern of Kisan Credit
Card and socio economic & psychological profile of
beneficiaries; To study the constraints perceived by the
tribal beneficiaries in availing the benefits of Kisan credit
Card.

Material and methods

The Umaria district of Madhya Pradesh was selected
purposively since the district is having tribal farmers
dominated farming community. Out of three blocks in
the district namely Karkeli, Pali, and Manpur; Manpur
block was selected purposively because the number of
Kisan Credit Cards holder of tribal community is highest
in Manpur block. Further, eight villages namely Semra,
Kolar, Pipritola, Navgava, Balhod, Mala, Sarvania,
Parasi, were selected purposively on the basis of
maximum number of tribal farmers having Kisan Credit
Card of State Bank of India. From each village the tribal
farmers having Kisan Credit Card were selected to make

JNKVV Res J 48(2): 220-223 (2014)
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a sample size of 120 by using proportionate method of
random sampling.

Result and discussion

Kisan Credit card helped in Increasing Saving (Rank I,
Score 235) followed by timely conduct of various
agricultural activities (Rank II and score 229) and
increase in income through Kisan Credit Card (Rank III
and score 209) (Table 1).

Out of other effect of Kisan Credit Cards, it was
observed that use of KCC helped in increase of crop
production. This may be due to the timely conduct of
agricultural operations. Actually these effects are so
closely interrelated that they seems to be consequence
rather than effect.

Fig 1. District Map of Umaria

Table 1. Effect of Kisan Credit Card utilization by tribal
farmers (N= 120)

Component  Score Rank

Credit helped in quality input purchase 185 VI
Credit helped in input purchase on time 198 V
Helped in timely conduct of agril
operations 229 II
Helped in increase of production 203 IV
Increase in income 209 III
Increase in saving 235 I
Helped to change the cropping
pattern through credit utilization 198 V

Fig 2. Frequency distribution of the respondents in
relation to extent of utilization of Kisan credit card N=120

Extent of Credit Utilization

Majority of the respondents i.e. 50.83 per cent (61) of
the beneficiaries of Kisan Credit Card scheme belonged
to low extent of credit utilization group followed by 31.67
per cent (38) who belonged to medium extent of credit
utilization group. It was found that only 17.50 per cent
(21) beneficiaries utilizing the Kisan Credit Card to high
extent. This may be due to small sized land holdings of
the beneficiaries which require less credit facility.

Age, caste, size of family, social participation and
contact with development agency were found to be non
significant with the extent of utilization pattern of Kisan
Credit Card (Table 2). This finding is in line with the
results obtained by the Singh (2001) in case of social
participation.

Table 2. Association between socio-economic attributes
& extent of utilization pattern of Kisan credit card

Characteristics  χ2 Value

Age 5.59
Education 11.15*
Caste 0.24
Size of land holding 13.37*
Size of family 1.48
Social participation 3.31
Occupation 10.86*
Personal experience of utilization pattern 9.37*
Risk Orientation 13.19*
Contact witch development agency 8.90
Mass media exposure 16.21*
Economic motivation 15.97*
*Significant at 5% level of significance with 4 d.f/6d.f.
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It was observed that education, size of land
holding, occupation, personal experience of utilization
pattern, risk orientation, mass media exposure and
economic motivation had significant association with
extent of utilization pattern of Kisan Credit Card. This
finding is in line with the results obtained by Puthussery
(1999), Srinu and Reddy (1999) in case of education.

Constraints as perceived by the tribal beneficiaries in
availing the benefits of Kisan Credit Card

Lack of proper information about operation & utility of
K.C.C. (55.0per cent) and exploitation of mediators and
brokers (43.33%) were the major personal constraints
as perceived by the beneficiaries of Kisan Credit Card.
As regards the natural/ social constraints expenses on
social events and other contingent work from credit
(54.17%) and poor soil fertility status (50.0 per cent)
were recorded as the major constraints.

As far as technical constraints were concerned
lack of technological skill and knowledge (59.17%) and
lack of proper linkage with agriculture experts /officers
as needed (39.17%) were the serious constraints faced
by the beneficiaries of Kisan Credit Card. In case of
administrative constraints, difficulties in obtaining land
records (58.33%) and complicated loaning procedure
(46.67%) were observed the major constraints.

Lastly lack of Govt. agencies for information and
advice near by village (60.83%) and unavailability of
irrigation & electricity at critical time (57.50%) were
found as infrastructures constraints perceived by the
beneficiaries of Kisan Credit Card. This finding
supported to Virk et al. (2003), Chaudhary & Mohamad
(2003), Singh & Sekhon (2005) and Singh & Shakya
(2007).

Table 3. Constraints as perceived by the tribal beneficiaries in availing the benefits of Kisan Credit Card

Constraints No. of Percentage Rank
beneficiaries

Personal
Illiteracy 33 27.50 XVII
Lack of sufficient knowledge about the scheme 48 40.00 XIII
Lack of proper information about operation & utility of Kisan Credit Card 66 55.00 IV
Exploitation of mediators and brokers 52 43.33 XI
Natural / social
Crop failure due to natural calamities 57 47.50 VII
Poor soil fertility status 60 50.00 VI
Fragmented land holdings 43 35.83 XV
Expenses on social events and other contingent work from credit 65 54.17 V
Technological
Non adoption of improved agricultural technology 39 32.50 XVI
Lack of technological skill and knowledge 71 59.17 II
Administrative problem
Lack of co operation & guidance from concerning bank officers 53 44.17 X
Complicated loaning procedure 56 46.67 VIII
Recovery procedure is Stringent 49 40.83 XII
Difficulties in obtaining land records 70 58.33 III
High interest rate in delay Repayment of credit 32 26.67 XVII
Infrastructural constraints
Lack of marketing & storage facilities 53 44.17 IX
Un availability of irrigation and electricity at critical time 69 57.50 IV
Lack of Government agencies for information and advice near by village 73 60.83 I
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Implications

On the basis of constraints perceived by the tribal
farmers the study suggests that Knowledge regarding
credit utilization and repayment should be imparted,
there should be proper linkage between the agricultural
experts and beneficiaries, Bank & other institutions
should provide crop insurance facilities, Awareness
camp should be organized for dissemination of improved
agricultural technologies, Irrigation and electric facilities
should be improved, Land record should be given in a
particular needed time, Premium of repayment should
be minimum, Repayment and recovery procedure
should be flexible, Interest rates should be low as
possible, and Loaning procedure should be easier.

vk/kqfud ;a= ,oe~ vknkuksa dh [kjhn] i'kq/ku ds foLrkj vkSj ns[kjs[k
,oe~ [ksrh dh vU; NksVh&cM+h vko';drkvksa gsrq ykxr dh t:jr
gksrh gS A vkfnoklh fdlkuksa ds e/; lokZf/kd fdlku ØsfMV dkMZ
/kjdksa dh la[;k dks /;ku esa j[krs gq;s bl v/;;u gsrq mefj;k ftys
dk p;u fd;k x;k A bl v/;;u ls Kkr gksrk gS fd yxHkx 50
izfr'kr ¼50.83%½ vkfnoklh] fdlku _.k dk mi;ksx U;wure lhek
esa djrs gS A vr% fdlku ØsfMV dkMZ dh mi;ksfxrk ,oe~ le> c<+kus
gsrq :i ls izpkj&izlkj dh vko';drk gS rkfd fdlku ØsfMV dkMZ
dk bLrseky c<+ lds rFkk vkfnoklh fdlku leqnk; ykHkkafor gks lds
A vkfnoklh —"kdksa }kjk izR;{kh—r ck/kk;sa n'kkZrh gS fd mUgsa _.k ds
mi;ksx ,oe~ _.k&okilh lEca/kh Kku iznk; fd;k tkuk pkfg;s A lkFk
gh —f"k fo'ks"kKksa ,oe~ ykHkfFkZ;ksa ds e/; rkjrE; LFkfir fd;k tkuk
pkfg;s A
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Abstract

Beetroot is a biennial root crop, rich in antioxidants and
nutrients including magnesium, sodium, potassium and
vitamin C. Beetroot powder also finds application as a natural
colorant in many food items. The drying characteristics of
sliced beetroots were studied under natural convection in solar
cabinet with and without direct exposure to the sun (OSC
and UCSC), direct open sun (SUN) and shade (SHD) drying
methods at an average temperature of 62oC, 33oC and 36oC
and RH of 15.5%, 33.5% and 28% respectively. In forced
convection drying was carried out under hot air tray dryer (HAT)
at three levels of air temperature 40, 50 and 60oC and average
RH of 16%, 14% and 12% respectively with an air velocity of
1.8±0.1m/s. The highest overall drying rate of 213.56 (%db/
h) and lowest final moisture level of 5.16 (%db) was recorded
in HAT60. The HAT, OSC, UCSC, SUN and SHD drying of
beetroot showed decreasing trend of overall drying rate (%db
loss/h) i.e. 213.56, 157.36, 135.90, 99.66, 93.43, 78.68 and
55.36 and increasing trend of final moisture levels, i.e. 5.61,
7.75, 10.53, 5.57, 5.06,12.02 and 20.64 (%db) respectively.
The increase in drying air temperature adversely affected the
major quality parameters viz. colour, rehydration ratio and
mass shrinkage ratio. The microbial load was found maximum
in SHD and SUN dried roots and minimum in HAT dried root.

Keywords: Beetroot, Different drying methods, Drying
characteristics, Quality parameters and Slices

Vegetables are highly perishable, seasonal and
available in plenty at a particular area bringing
complexity in its post harvest processing. In peak
season, prices fall steeply and producers have to sell
at throw away prices. Glut leads to sharp fall in market
prices, enormous deterioration in quality as well as
quantity of vegetables. It is estimated that only 1.8% of

Characteristics of beetroot (Beta vulgaris L.) drying under different
drying methods
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production of vegetables goes for food processing
industry (Parthasarathi 1997). Beetroot is a biennial root
crop and cultivated in loam, sandy loam, and clay loam
soils. The yield of beetroots varies from 5000 to 7000
kg per acre. Beetroot is consumed as salad and cooked
with other vegetables. It has high medicinal value (Das
2005). Beetroots are a rich source of potent antioxidants
and nutrients, including magnesium, sodium, potassium
and vitamin C, and Betaine, which is important for
cardiovascular health. Beetroot powder has a natural
red colour and can be used as food colouring agent
and substitute for artificial red colour. Its powder can
be used as colour in fruit salads, jams, jellies, deserts,
ice creams, beverages and many nutraceutical products
(en.wikipedia.org).

Drying process plays an important role in the
preservation of agricultural products (Waewsak et al.
2006). It enhances the shelf life and reduces water
activity (Doymaz and Pala 2003). The post harvest
losses of fruits and vegetables are estimated to be 30-
40% of the production (Azharul Karim and Hawlader
2006). Therefore, in many countries, large quantities
of food products are dried to improve shelf life, reduce
packaging costs, lower weights, enhance appearance,
retain original flavour and maintain nutritional value
(Baysal et al. 2003). Drying is generally evaluated
experimentally by measuring the weight of a drying
sample as a function of time. Drying curves may be
represented in different ways; averaged moisture
content versus time, drying rate versus time, or drying
rate versus averaged moisture content (Coumans
2000). The survey of literature on processing of beetroot
revealed that very limited work has been done on
beetroot drying and there is strong need to enhance
the shelf life and availability throughout the year, the

JNKVV Res J 48(2): 224-231 (2014)
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objective of this study was (1) to study the drying
characteristics of beet root slices under four popular
methods viz. sun (SUN) drying; shade (SHD) drying;
solar cabinet (OSC and UCSC) and hot air tray (HAT)
drying, (2) to study the effect of different drying methods
on quality of dried beetroot.

Material and methods

The research work carried out in Post Harvest Process
and Food Engineering laboratory of Department of Post
Harvest Process and Food Engineering, College of
Agricultural Engineering, JNKVV, Jabalpur (MP) during
2011.

Sample preparations

Fresh beetroots procured from local market of Jabalpur
were used in the study. Samples were stored in
refrigerator at 4±0.5oC prior to the drying experiment.
At the start of each experiment, beetroot of uniform size
were selected cleaned, washed and moisture on the
wet root surface was removed with tissue paper. The
roots were then peeled and sliced into transverse
section of approximate 2 mm thickness using a kitchen
slicer. The sample size was kept constant at 200g for
all runs. The initial moisture content of beetroot samples
was determined by standard AOAC 930.15 method
(AOAC 1990).

Drying methods

Sun and shade drying

In SUN and SHD drying perforated aluminium trays of
75×60 cm size were used to facilitate drying of beetroot
slices in a single layer and placed 10 cm above the
concrete floor on the roof of the laboratory building in
direct sun light during the month of April and May. In
SHD drying, slices of beetroot were spread over same
trays and placed in the shade 10 cm above the concrete
floor inside the laboratory hall.

Solar cabinet drying

Natural convection multi-rack solar cabinet dryer
developed by PAU, Ludhiana was used. The drying of
beetroot slices in solar cabinet dryer was performed in
two methods. First method slices were placed in direct

exposure of sun (OSC) and in second method slices
were covered with black plate (UCSC) and placed in
direct sun light.

Table 1. Specification of solar cabinet dryer

Particulars Dimensions
Aperture area 0.36 m2

Number of trays Three
External dimensions 620×620×350mm
Weight of dryers Approximately 17 kg
Inclination of the dryer
Variable 30o /45o & 15o /30o

Fixed 45o for north & 30o for South
India

Hot air tray drying

Hot air tray dryer consisted of heating unit, drying
chamber and centrifugal fan for providing air flow. Fresh
air enters the cabinet by the fan through screens filter
and heater coils, and is then blown across the trays to
exhaust. The trays used were perforated from bottom
in order to permit vertical movement of hot air. All four
trays were assembled in a column inside the hot air
tray dryer. The HAT drying was performed in three
temperature levels i.e. 40±2 oC, 50±2 oC and 60±2oC
which denoted by HAT40, HAT50 and HAT60 with air
velocity of 1.8±0.1m/s.

Test parameters

Test parameters for SUN and SHD drying were average
temperature of the day, average RH of the day, weight
of drying material at 30 min time interval; for OSC and
UCSC drying average temperature of the day, average
RH of the dryer, weight of the drying material at 30 min
time interval, outlet air temperature of dryer and for HAT
drying average temperature of dryer, average RH of
hot air, weight of the drying material at 15 min time
interval. All drying experiment was performed in three
replication R1, R2 and R3.

Drying characteristics

Moisture content

The dry basis (%) moisture content (Haque and Langrish
2005, Saeed et al. 2006, Ceylon et al. 2007, Upadhyay
et al. 2008) and on wet basis (%) moisture content (Hall
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1980, Simpson 1991, Rodrigues and Fernandes 2007)
were calculated as follows

     Ww
MCdb(%) = -------------- × 100 ...(1)

    Wd

        Ww
MCwb(%) = ------------------- ×100 ...(2)

   (Ww+Wd)

Moisture Ratio (MR)

MR is the ratio of the moisture content at any given
time to the initial moisture content (both relative to the
equilibrium moisture content). It can be calculated as
(Ozbek and Dadali 2007, Shivhare et al. 2000, Thakor
et al. 1999)

(M-Me)
MR = -------------------------- ...(3)

(Mo-Me)

Drying rate

Drying rate (g of water per minute per 100 g of bone dry
material) was calculated (Chakraverty 2005) as
following

Amount of moisture
removed (g)

Drying rate= ---------------------------------------------   ...(4)
Time taken (min) x Total Bone dry

weight of sample in g/100g

Quality parameters of beetroot

Rehydration ratio (RR)

Weigh 10 g of the dry material. Placed it in 500 ml
beakers, 80 to 150 ml of distilled water was added, cover
each with a watch glass, bring to a boil within 3 minutes
on an electric heater and boiled for 5 minutes. The
precise amount of water varied with the material, time
and rate of boiling; excessive amounts of water was
not be used. Remove it from the heater and place it
into a 7.5cm Buchner funnel which is covered with a Ta
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coarsely porous Whatman No. 4 filter paper. Apply
gentle suction and drain out water with careful stirring
for half to 1 minute until the drip from the funnel and
weigh. Set the drained sample aside for quality tests.
This test was repeated and then rehydrate six other 10
g samples, boiling two samples for 10 min, two for 20
min, and two for 30 min. It will be necessary to use 20
to 30 ml more of water for the last two tests. Only small
pieces will rehydrate in 5 min (Ranganna 1986).

Calculation - calculate the result in terms of "rehydrate
ratio" as :

If the weight of the dehydrated sample used for the test
is a and drained weight of the rehydrated sample is b,
then

Rehydration ratio (RR) = b/a ...(5)

Mass Shrinkage Ratio (MSR)

The most important structural variation appeared on
vegetables, due to the weight loss, is the mass
shrinkage ratio (MSR), which can be given as (Midilli
2001, Shanmugama and Natarajan 2006)

MSR = Wt/Wo ...(6)

Colour Measurement

Colour is an important quality parameter for the dried
beetroot. It was analyzed by measuring the reflectance.
A Hunter Colour Colorimeter at 65% 10o was used as
the light source. The colorimeter was calibrated against
standard white plate (L= 91.78, a = -0.28, b= 0.07)
before the colour measurement of sample. A glass
cylinder containing fresh/dried beetroot was placed
above the light source and covered with a lid. Three
Hunter parameters, namely L (lightness), a (redness/
greenness), and b (yellowness/blueness) were
measured.

Microbial Load Study

To determine the microbial count a stock solution
(1:1000) of beetroot powder (dried under different drying
methods) with Potato Dextrose Auger (media) were
prepared. 1 ml of stock solution was mixed with media
and 2 h autoclaving were carried out to sterilize it. Then

it was poured in sterilized petri dish inside the isolation
chamber. After 2-3 days petri dish were kept out from
isolation chamber and it was kept in colony counter to
count the bacterial colonies (Frazier and Westhoff
1983).

Results and discussion

Effect of different drying methods on moisture depletion
of beetroot

The initial moisture content of beetroot was found as
88.20% (wb), or 747.46% (db). The experimental data
were summarized (Table 2). The final moisture content
attained by beetroot slices under all drying methods
was determined under the prevailing drying conditions
of respective methods. It was observed that lowest
moisture content was observed in HAT60 experiment as
compared to other methods (Table 2). This may be due
to the high temperature of air which reduces the RH of
drying chamber and promotes the moisture removal
rate. Highest level of moisture content was observed in
SHD drying method. This was due to the less amount
of moisture removal. It may be due to the lower
temperature of atmosphere during drying experiment.
The Fig.1 showed the moisture depletion pattern of
beetroot under different drying methods and it was
observed that HAT drying is superior (in terms of
moisture removal rate) followed by SUN, SHD, OSC
and UCSC which shows the decreasing trend in MR
with increase in drying temperature.

Effect of different drying methods on moisture ratio of
beetroot

The variations of MR with drying time at different drying
methods. The drying curves typically demonstrated
smooth diffusion-controlled drying behaviour under all
drying conditions (Fig. 2). The samples dried more
slowly at average 33oC under SHD drying condition. In
general, the time required to reduce the MR to any given
level was dependent on the drying condition, being the
longest at average 33oC under SHD drying and shortest
at 60oC under HAT60 drying condition.

Effect of different drying methods on drying rates of
beetroot

HAT drying experiments showed higher overall drying
rates and drying levels than other drying methods (Table
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2). The effect of drying air temperature on drying rate is
clear (Fig. 4). The increase in drying air temperature
increased the drying rate and also the drying level in
all methods. The effect of drying methods on overall
drying rate was significant and clearly depleted in bar
chart (Fig. 3). The increase in drying rate with increase
in air temperature could be due the fact that drying at
high temperature led to high moisture diffusitivity and
also provided a larger pressure deficit which is one of
the driving forces for drying.

The drying rate curves of beetroot drying under
different drying methods (Fig. 4), falling rate regime were
observed in SUN and SHD drying. It is noted that the
beetroot slices dried at a very high rate and later
decreased at a lower drying rate. It also indicated that
at first falling rate period water evaporated due to
surface diffusion and when the drying process entered
the second falling rate period the water slowly and

gradually diffuse from the interior of the beetroot to the
surface. In this region the drying rate controlled by
diffusion from the inside to the surface. As drying
proceeded the rate of internal movement of moisture
decreased. The rate of drying falls even more rapidly
at early stage and continues to drop until the moisture
content reached its equilibrium value for the prevailing
air humidity and drying stops. According to Fig. 4(b)
and (c), observed constant rate drying period initially in
HAT, OSC and UCSC drying. The period of constant
rate was very short and remaining drying process
followed by falling rate period.

In SUN drying the first falling rate period
terminated after 2.5h and second falling rate period was
observed at 2.5 to 9.5h {Fig. 4(a)}. In SHD drying method
the first falling rate period terminated after 3.5h and
second falling rate period was observed at 3.5 to 13.5h.
Fig. 4(b) depicted the drying behaviour of beetroot slices

Fig 1. Moisture depletion pattern of beetroot drying under different drying methods

(a) (b) (c)

(a) (b) (c)

Fig 2. Drying curves of beetroot drying under different drying methods
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in OSC and UCSC drying. It was observed the two drying
periods i.e. constant rate and falling rate drying period.
The constant rate drying period was observed at 0 - 3h
and falling rate period was observed at 3 - 7.5h in OSC
drying method. Similarly in UCSC drying method the
constant rate drying period was observed at 0 - 1h and
first falling rate period was observed at 1 - 3.5h and
second falling rate period was observed at 3.5 - 8h.
Fig. 4(c) showed the drying behaviour of beetroot under
HAT drying method. In HAT40 treatment the constant
rate period was observed very short at 0.5 - 1h and
remaining portion of drying was followed by falling rate
period. Drying curve of HAT50 the constant rate drying
period was very short 0 - 0.5h and falling rate period
was observed between 0.5 - 3.5h. In HAT60 drying curve
the constant rate drying period was very short at 0 -
0.5h and there was two falling rate periods first at 0.5 -
1.5h and second at 1.5 - 2.25h were observed.

Effect of different drying methods on quality parameter

RR for dried beetroot under SUN, SHD, OSC, UCSC,
HAT40, HAT50 and HAT60 drying were found as 4.792,
4.574, 5.252, 5.021, 5.231, 5.391 and 5.650 respectively
which shows the increasing trend as the drying air
temperature increases. It may be due to the differences
in moisture absorbing capacity of dried beetroot under
different drying methods. MSR for beetroot under SUN,
SHD, OSC, UCSC, HAT40, HAT50 and HAT60 drying were
found as 0.132, 0.142, 0.123, 0.124, 0.130, 0.127 and
0.124 respectively. This shows the increasing trend with
decrease in drying temperature. It may be due to the
differences in weight loss due to differences in drying
temperature. Initial colour value of fresh beetroot was
found as 18.57, 17.49 and 4.27 for L, a and b
respectively. The colour values for dried beetroot under
SUN, SHD, OSC, UCSC, HAT40, HAT50 and HAT60 were
found as 16.49, 15.72, 17.98, 17.49, 16.77, 16.89 and
17.52 for L; 4.16, 4.59, 4.26, 4.88, 6.99, 5.86 and 5.37
for a and 1.97, 1.24, 2.63, 2.48, 1.22, 1.34 and 1.38 for
b respectively. According to results the colour values
of dried beetroot was affected by sun light and
temperature. In HAT drying the value a of dried beetroot
is inversely proportional to temperature while the values
L and b are directly proportional to temperature. In other
drying methods was found good colour retention in SHD
and UCSC methods than SUN and OSC respectively.
The number of bacterial colonies per 100 g dried
beetroot powder under SUN, SHD, OSC, UCSC, HAT40,
HAT50 and HAT60 were observed as 6×105, 7×105,
5×105, 4×105, 3×105, 2×105 and 2×105 respectively.
Maximum number of bacterial colonies was observed
in SUN and SHD dried beetroot powder. It may be due
to lower temperature of drying and long time exposureFig 3. Effect of different drying methods on overall drying

rate of beetroot

(a) (b) (c)

Fig 4. Drying rate curves of beetroot drying under different drying method
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of sample in atmosphere, while the minimum number
of colonies was observed in HAT dried beetroot powder
due to higher temperature and short period of drying
as compared to other drying conditions.

Conclusions

One important aim of drying of agricultural produce is
reduction in crop losses and improvement in the quality
of dried products. HAT drying is superior (in terms of
moisture removal rate) followed by SUN, SHD, OSC,
and UCSC which shows the decreasing trend in MR
with increase in drying temperature. HAT drying
experiment showed higher overall drying rates and
drying levels than other drying methods. The drying
curves typically demonstrated smooth diffusion-
controlled drying behaviour under all drying conditions.
The increase in drying air temperature increased the
drying rate and also the drying level in all methods.
The effect of temperature on overall drying rate was
significant and increased linearly. The increase in drying
rate with increase in air temperature could be due the
fact that drying at high temperature led to high moisture
diffusitivity and also provided a larger pressure deficit
which is one of the driving forces for drying. In SUN
and SHD drying methods the whole drying process was
followed under falling rate period, while in HAT, OSC
and UCSC drying initially the constant drying rate period
was observed. The period of constant rate was very
short and remaining drying process followed by falling
rate period. The RR shows the increasing trend as the
drying air temperature increases due to the differences
in moisture absorbing capacity of dried beetroot under
different drying methods. The MSR shows the
increasing trend with decrease in drying temperature
due to the differences in weight loss due to differences
in drying temperature. The colour values of dried
beetroot were affected by sun light, temperature and
duration of drying. The microbes were detected more
in open atmosphere drying methods such as SUN and
SHD drying in comparison solar cabinet and HAT drying
methods and the growth of microbes was depended on
the presence of moisture level.

pqdanj ,d f)okf"kZd tM+ ewy Qly gS] ftlesa ,aVh vkWDlhMsUV rFkk
eSXuhf'k;e] iksVsf'k;e] lksfM;e vkSj fcVkfeu lh tSls iks"kd rRo
izPkqj ek=k esa ik;s tkrs gSaA pqdanj pw.kZ dÃ [kk| inkFkksZ esa ,d izk-
frd jax ds #i esa mi;ksx fd;k tkrk gSA Qkad ds #i esa dVs gq;s
pqdanj ds VqdM+ks dk fofHkUu lq[kkus dh fof/k;ksa tSls lksyj dsfcusV
Mªk;j esa izk-frd laogu }kjk lh/kh lw;Z dh jks'kuh esa vkSj fcuk lw;Z

dh jks'kuh ¼OSC vkSj UCSC½ }kjk] izR;{k [kqys lw;Z dh jks'kuh esa
¼SUN½ vkSj Nk;k ¼SHD½ }kjk vkSlr rkieku Øe'k% 62] 33
vkSj 36 fM-ls- rFkk vkSlr lkis{k vk)Zrk Øe'k% 15-5] 33-5 vkSj
28 izfr'kr esa lq[kkus dh vfHky{kf.kdrkvksa dk v/;;u fd;k x;kA
gksV ,;j Vªs Mªk;j esa cyiw.kZ lq[kkus dh fof/k }kjk fofHkUu rhu Lrjksa
ij gok ds rkieku 40] 50 vkSj 60 fM-ls- rFkk lkis{k v)Zrk
Øe'k% 16] 14 rFkk 12 izfr'kr vkSj 1-80, 0-1 ehVj izfr lsdUM
ds osx ds lkFk v/;;u fd;k x;kA loksZPp dqy lq[kkus dh nj 213-
56 ¼% db/h½ rFkk U;wure vafre ueh Lrj 5-16 ¼% db½
HAT60 fof/k esa ntZ dh xÃ FkhA pqdanj lq[kkus dh HAT60, HAT50,
HAT40, OSC, UCSC, SUN rFkk SHD fof/k;ksa }kjk lexz lq[kkus
dh nj ¼% db loss /h½ dks ?kVrh izo`fRr esa Øe'k% 213-56] 157-
36] 135-90] 99-66] 96-43] 78-68 rFkk 55-36 ik;k x;kA
vafre ueh dk Lrj ¼%db½ dks c<+rh izo`fRr esa Øe'k% 5-61] 7-
75] 10-53] 5-57] 5-06] 12-02 rFkk 20-64 ik;k x;kA lq[kkus
ds fy;s iz;qDr gok dk rkieku c<+kus ij izeq[k xq.koRrk ds ekud
jax] iqutZyhdj.k vuqikr vkSj tu ladkspu vuqikr ij izfrdqy
izHkko ns[kk x;kA vf/kdre ekbØksfc;y yksM SHD vkSj SUN rFkk
U;wure HAT fof/k esa ik;k x;kA

References

Azharul Karim M, Hawlader MNA (2006) Performance
evaluation of a v-groove solar air collector for drying
applications. Appl Therm Eng 26: 121-130

AOAC (1990) Official method of analysis. Association of
Official Analytical Chemists (No. 934.06), Arlington,
VA

Baysal T, Ic-ier F, Ersus S, Yildiz H (2003) Effects of
microwave and infrared drying on the quality of carrot
and garlic. Eur Food Res Technol 218:68-73

Ceylan I, Aktas M, Dog an H (2007) Mathematical modeling
of drying characteristics of tropical fruits. Appl Therm
Eng 27: 1931-1936

Chakraverty A (2005) Post Harvest Technology of cereals,
Pulses and oilseeds, 3rd Edition, oxford and IBH
Publishing Co Pvt Ltd, New Delhi 54-55

Coumans WJ (2000) Models for drying kinetics based on
drying curves of slabs. Chem Eng Process  39: 53-
68

Das PC (2005) Root crops. Vegetable crops of India. Kalyani
Piblisher. Ludhiana123-127

Doymaz I, Pala M (2003) The thin-layer drying characteristics
of corn. J Food Eng 60 (2): 125-130

Frazier WC, Westhoff DC (1983) Food Microbiology. Tata
McGraw Hill Publishing Company Limited New Delhi

Hall CW (1980) Drying and storage of agricultural crops. The
AVI Publishing Company Connecticut USA: 1-15



231

Haque MN, Langrish TAG (2005) Assessment of the actual
performance of an industrial solar kiln for drying
timber. Dry Technol 23: 1541-1553

Ozbek B, Dadali G (2007) Thin-layer drying characteristics
and modelling of mint leaves undergoing microwave
treatment. J Food Eng 83: 541-549

Parthasarathi A (1997) Raw materials for food processing
industries. Indian Fd Packer 51(6): 20-23

Ranganna S (1986) Handbook of Analysis and Quality Control
for Fruits and Vegetables Products. 2nd Edition. Tata
McGraw Hill Publishing Company Limited, New Delhi

Rodrigues S, Fernandes FAN (2007) Dehydration of melons
in a ternary system followed by air-drying. J Food
Eng 80: 678-687

Saeed IE, Sopian K, Zainol Abidin Z (2006) Drying kinetics of
Roselle (Hibiscus sabdariffa L.): dried in constant
temperature and humidity chamber.Proc. SPS 2006.
Edited by Muchtar. 29th-30th August. Permata, Bangi
S D E, Malaysia 143-148

Shanmugama V, Natarajan E (2006) Experimental
investigation of forced convection and desiccant
integrated solar dryer. Renew Energ 31: 1239-1251

Shivhare US, Gupta A, Bawa AS, Gupta P (2000) Drying
Characteristics and Product Quality of Okra. Dry
Technol 18(1-2): 409-419

Simpson WT (1991) Dry Kiln Operator's Manual. Agriculture
Handbook 188. Edited by Simpson, W.T. United
State Department of Agriculture Wisconsin USA: 07-
09

Thakor NJ, Sokhansanj S, Sosulski FW, Yannacopoulos S
(1999) Mass and dimensional changes of single
canola kernels during drying. J Food Eng 40: 153-
160

Upadhyay A, Sharma HK, Sarkar BC, (2008) Characterization
and Dehydration Kinetics of Carrot Pomace,
Agricultural Engineering International: The CIGR E
journal. Manuscript FP 07 35. (10):31-35

Waewsak J, Chindaruksa S, Punlek C. (2006) A mathematical
modeling study of hot air drying for some agricultural
products. Thammasat Int J Sci Tech 11(1): 14-20

Wikipedia Foundation, Wikipedia, en.wikipedia.org. 27-04-
2011

(Manuscript Receivd : 30.10.2013; Accepted : 07.03.2014)



232

Abstract

Some physical characteristics of beetroot such as shape,
length, width, thickness, GMD, AMD, EMD, sphericity, surface
area, aspect ratio, bulk density, true density, peel thickness,
angle of repose and packing coefficient were determined.
Exponential and Page model were tested for their goodness
of fit through regression analysis. The experiment shows that
exponential model fit best for HAT50, SUN, UCSC and HAT60
methods of drying with R2 value of 0.9911, 0.9839, 0.9786
and 0.9703 respectively. Page model fit best for HAT40, HAT50,
HAT60, OSC and UCSC methods of drying with R2 value of
0.9975, 0.9973, 0.9963, 0.9922 and 0.9929 respectively. The
average apparent moisture diffusivity was measured as
8.51962x10-09 m2s-1 with standard deviation 5.51259x10-09

m2s-1.

Keywords: Beetroot, Physical properties, Mathematical
modeling, Moisture diffusivity, Slices

One of the vegetables with proved pro-health properties
is beetroot (Beta vulgaris L.). Beetroot commonly known
as chukander, is mainly cultivated in India for its juice
and vegetable value. It is a member of the flowering
plant family Chenopodiaceae. The green leafy part of
the beetroots is also of nutritional value, containing beta-
carotene and other carotenoids. The nutritional benefits
of beetroot are very well known. They are loaded with
vitamins A, B1, B2, B6 and C. The greens have a higher
content of iron compared to spinach. They are also an
excellent source of calcium, magnesium, copper,
phosphorus, sodium and iron. Beetroot coupled with
carrot juice, the excellent cleansing virtues are
exceptional for curing ailments (Grubben and Denton
2004). It contains high amounts of boron, which is

Physical characteristics and mathematical modeling of drying of
beetroot (Beta vulgaris L.)
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directly related to the production of human sex
hormones (Socaciu 2008).  These findings suggest that
beetroot ingestion can be a useful means to prevent
development and progression of cancer. Extracts of
beetroot also showed some antimicrobial activity on
Staphylococcus aureus and on Escherichia coli and also
antiviral effect was observed (Rauha et al. 2000). This
nutrient is valuable for the health of the cardiovascular
system (Anonymous 2002). The interest of the food
industry in betalains has grown since they were
identified as natural antioxidants (Escribano et al. 1998)
which may have positive health effects on humans
(Tesoriere et al. 2004).

Physical characteristics of agricultural products
are the most important parameters to determine the
proper standards of design of grading, conveying,
processing and packaging systems (Tabatabaeefar and
Rajabipour 2005). Among these physical characteristics,
mass, volume, sphericity are the most important ones
in determining sizing systems (Khodabandehloo 1999).
Information regarding dimensional attributes is used in
describing fruit shape which is often necessary in
horticultural research for a range of differing purposes
including cultivar descriptions in applications for plant
variety rights or cultivar registers (Schmidt et al. 1995;
Beyer et al. 2002).

Modeling of drying processes and kinetics is a
tool for process control and necessary to choose
suitable method of drying for a specific product. The
developed models are used for designing new drying
systems as well as selection of optimum drying
conditions and for accurate prediction of simultaneous
heat and mass transfer phenomena during drying

JNKVV Res J 48(2): 232-244 (2014)
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process. It also leads to produce the high quality product
and increases the energy efficiency of drying system.
Thin-layer drying models have been used to describe
the drying process of several agricultural products, such
as apple (Sacilik and Elicin 2006; Okyay and Ertekin
2006), raw mango slices (Goyal et al. 2006), grape
(Yaldiz et al. 2001), pistachio (Midilli and Kucuk 2003),
eggplant (Ertekin and Yaldiz 2004). These models are
categorized as theoretical, semi-theoretical and
empirical models (Khazaei and Daneshmandi 2007).
The solution of Fick's second law was used widely as a
theoretical model in thin layer drying of food products
such as wheat (Gaston et al. 2004) and pistachio nuts
(Kashaninejad et al. 2007). Therefore, the objectives
of the current studies were: (i) to study the physical
characteristics of beetroot, (ii) to develop the models
for beetroot drying under selected drying methods.

Material and methods

The research work carried out in Post-Harvest Process
and Food Engineering laboratory of Department of Post-
Harvest Process and Food Engineering, College of
Agricultural Engineering, JNKVV, Jabalpur (MP).

Preparation of sample

Fresh beetroots were procured from the local market
Jabalpur. Fresh and healthy roots were selected and
washed with tap water to remove the dust and dirt over
the surface. 100 beetroots were selected for
determination of physical properties.

Physical parameters of fresh beetroot

Measurement of axial dimension

To determine the average size of the fruits, three linear
dimensions, namely length (L); equivalent distance of
the stem (top) to the calyx (bottom), width (W); the
longest dimension perpendicular to L, and thickness
(T); the longest dimension perpendicular to L and W,
were measured by using a Aerospace digital vernier
caliper. The mass of beetroots were determined with
an electronic balance (Make-Citizen, Model No: CY-
3600) of 0.001 g accuracy.

Diameter

The diameter was calculated by considering Eqs (1),
(2), and (3), respectively (Mohesnin 1986)

Dg = (LWT)1/3 ...(1)

Dp= L
(W T)

4

2 1/3
+L

N
MMM

O

Q
PPP

...(2)

Da = (L W T)
3

+ + ...(3)

Where: Dg - geometric  diameter, Dp - equivalent
diameter, Da - arithmetic diameter (all in cm).

Sphericity

The sphericity, Sp (%) defined as the ratio of surface
area of a sphere having the same volume as that of
fruit to the surface area of the fruit, was determined
using the following formula (Mohsenin 1986)

Sp = (LWT)
L

3 ...(4)

Surface area

The surface area of the fruit was calculated by using
the following formula (Mohsenin 1986)

S = Π(Dg)2 ...(5)

Aspect ratio

The aspect ratio, Ra was calculated by using the
following formula (Omobuwajo et al. 1999)

Ra = W/L ...(6)

Packing coefficient

Packing coefficient was defined by the ratio of the
volume of fruit packed to the total and calculated by the
following formula (Topuz et al. 2004)

λ = V/Vo ...(7)

where: λ = packing coefficient
          V = true volume of fruit
          Vo = volume of the box containing fruits
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Bulk density

The bulk density is the mass of group of individual
particle divided by the space occupied by the entire
mass, (Mohsenin 1980) including the air space and was
determined using following relationship. It was
measured by a 500ml flask.  Beet roots were poured
inside the flask and shaked 10 times manually to fill the
pore spaces.

          Mass of sample (g)
Bulk Density = -------------------------------------------- ...(8)

    Volume of flask occupied by the sample (cm3)

True density

The True density is defined as the ratio between the
mass of material and the true volume of it, was
determined using the toluene (C7H8) displacement
method. 500ml Toluene was used in place of water,
because it is not absorbed by crop material. The volume
of toluene displaced was found by immersing beetroot
root of known mass in the toluene. (Mohsenin 1986)

Weight of sample
True density (g/cm3) =  ----------------------------       ...(9)

Volume displaced

Angle of repose

Angle of repose of beetroot is the maximum angle by
which root heap can be made, it was measured by
making the heap of 2 kg beetroot with hollow cylinder
and it is measured by drawing tangent to slope and the
horizontal line. Beyond this angle root have tendency
to slide (Mohsenin 1986).

  Angle of repose θ =   tan-1 (2h/D)     ...(10)

Where, h = the height of pile and

            D = the base (dia)

Drying Methods

Sample preparations

Fresh beetroots procured from local market of Jabalpur
were used in the study. Samples were stored in

refrigerator at 4±0.5oC prior to the drying experiment.
At the start of each experiment, beetroot of uniform size
were selected cleaned, washed and moisture on the
wet root surface was removed with tissue paper. The
roots were then peeled and sliced into transverse
section of approximate 2 mm thickness using a kitchen
slicer. The sample size was kept constant at 200g for
all runs. The initial moisture content of beetroot samples
was determined by standard AOAC 930.15 method
(AOAC 1990).

Sun and Shade drying

In sun and shade drying, perforated aluminium
trays of 75X60 cm size were used to facilitate drying of
beetroot slices in a single layer and placed 10 cm above
the concrete floor on the roof of the laboratory building
in direct sun light. In shade drying, slices of beetroot
were spread over perforated trays and placed in the
shade10 cm above the concrete floor inside the
laboratory hall.

Solar Cabinet Drying

Multi-rack solar dryer developed by PAU Ludhiana
centre of All India Cordinated Research Project. It does
not require electrical energy or any other fuel and works
on all sunny or partly cloudy days during summer as
well winter. The drying of beetroot slices in solar cabinet
dryer was performed by two methods. In first method
slices were placed in direct exposure of sun (OSC) and
in second method slices were covered with black plate
(UCSC) and placed in direct sun light.

Hot air tray drying

 Hot air tray dryer consisted of heating unit, drying
chamber and centrifugal fan for providing air flow. Fresh
air enters the cabinet by the fan through screen filters
and heater coils, and is then blown across the trays to
exhaust. The trays used were perforated from bottom
in order to permit vertical movement of hot air. All four
trays were assembled in a column inside the Hot air
tray dryer

Moisture content

The dry basis (%) moisture content (Haque and Langrish
2005, Saeed et al. 2006, Ceylon et al. 2007, Upadhyay
et al. 2008) and on wet basis (%) moisture content (Hall
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1980, Simpson 1991, Rodrigues and Fernandes 2007)
were calculated as follows

MCdb(%) = Ww/Wd × 100 ...(11)

MCwb(%) = Ww/(Ww+Wd) ×100 ...(12)

Moisture Ratio (MR)

MR is the ratio of the moisture content at any given
time to the initial moisture content (both relative to the
equilibrium moisture content). It can be calculated as
(Ozbek and Dadali 2007, Shivhare et al. 2000, Thakor
et al. 1999)

MR = (M-Me)/(Mo-Me) ...(13)

Drying Models

Modeling the drying process is important for
characterizing the processes with different drying
methods and conditions. Two models, the exponential
and Page models were chosen to describe the drying
process since they have been widely used in expressing
drying behaviour of biological materials. Model curves
were fitted to the experimental data and the performance
of the model was determined by the correlation
coefficient (R2).

Exponential model

One of the most basic models used to describe moisture
loss during the drying process is a simple exponential
model (Sun and Woods 1994):

MR =(M-Me)/(Mo-Me) = A exp(-kt) ...(14)

where MR is the moisture ratio; M is the moisture content
(% db) at any given time during drying; M0 is the initial
moisture content; Me is the equilibrium moisture content;
k is the drying constant (min-1); and t is time in min. The
exponential model was linearized to form of straight line
equation (Y = mx + c) which is following:

ln(MR) = ln(A) + (-Kt) ...(15)

This model assumes negligible internal resistance and
considers only the resistance concentrated at the

surface of the material (Afzal and Abe 1997). The
exponential model, equation (15), is a simple lumped
model often used to describe mass transfer in thin layer
drying (Wang 2002). This model was used because of
its simplicity, high correlation to most drying data, and
common use in literature. Drying constant, k (min-1), can
be calculated by using the model.

Page model

Page (1949) modified the exponential model to include
and additional exponent:

MR = exp(-KtN) ...(16)

where K is an empirical drying constant (min-1); and N
is an empirical drying exponent. It has been used
extensively in thin layer drying of paddy rice and other
grains and can be used in many thin-layer drying
applications (Afzal and Abe 1997). The model was used
in the study because of its simplicity and frequent use
in literature.

The Page equation can be adapted from equation
(16) as follows:

    (M-Me)
MR = --------------- = exp (-KtN) = y(t) ...(17)

   (Mo-Me)

This may then be rearranged to read:

ln[-lnMR] = ln(K)+ N ln(t) ...(18)

The slope of linear curve of a plot of ln[-lnMR)]
versus ln(t) was the value N and the exponential of the
y intercept as the value of K (Singh and Erdogdu 2004).
Correlation coefficients, means, and standard deviations
were also calculated for all drying conditions.

Determination of apparent moisture diffusitivity

A single-term solution of the diffusion equation for an
infinite slab is a common method to calculate the drying
rate of fruits and vegetables in the falling rate period
(Saravacos and Charm 1962). This simplified solution
is mathematically represented as:
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(M-Me)
MR= ------------- = (8/Π2) exp (-Π2Dt/4L2)  ...(19)

(Mo-Me)

Where,

((M-Me))/((Mo-Me)) = Moisture ratio

M = moisture content at any time (dry basis)

Me = equilibrium moisture content (dry basis)

Mo = initial moisture content (dry basis)

D = diffusion coefficient (m2/s)

L = the half thickness of the slices (m).

An exponential model, which is analogous to
Newton's law of cooling, can also be used to predict
the general characteristics of thin layer drying of many
products. It assumes that the rate of moisture removal
is proportional to difference between products being
dried and its equilibrium moisture content and all the
resistance to moisture transfer is at the outer surface
of products. It is mathematically expressed as:

dM/dt = -Ko(M-Me) ...(20)

where Ko is the drying constant(s-1). The solution of
this equation is:

MR = ((M-Me)/(Mo-Me)) = exp(-Kot) ...(21)

An empirically modified form of this equation is:

MR = ((M-Me)/(Mo-Me)) = Aexp(-Kt) ...(22)

where K is drying constant (s-1), and A is a constant.

From equation (3.22), the drying constant (K) in equation
(3.25) is related to diffusion coefficient by:

K = (Π2D/4L2) ...(23)

where D is the diffusivity (m2/s), and L is the half-
thickness of the sample (m). In this experiment the
thickness of slice is 1mm.

Goodness of fit statistics

Coefficient of determination (R2)

In statistics, the coefficient of determination R2 is used
in the context of statistical models whose main purpose
is the prediction of future outcomes on the basis of other
related information. It is the proportion of variability in a
data set that is accounted for by the statistical model. It
provides a measure of how well future outcomes are
likely to be predicted by the model. This is equivalent
to the ratio of the regression sum of squares (SSR) to
the total sum of squares (SST), which explains the
proportion of variance accounted for in the dependent
variable by the model. It evaluates how well the model
fits the data. A data set has values yi, each of which
has an associated modeled value fi (also sometimes
referred to as y i). Here, the values yi are called the
observed values and the modeled values fi are
sometimes called the predicted values. It can be
calculated from the following formulae:

Regression sum of squares:

SS (f y)er i 2

i

= −∑ ...(24)

The total sum of squares:

SS (y y)tot i 2

i

= −∑

...(25)

Sum of squares of residuals

SS (y )err i 2

i

= −∑ fi

...(26)

Now, coefficient of determination,
  SSreg

R2 = ------------- ...(27)
  SStot

or

       SSerr
R2 = 1 - ------------ ...(28)

       SStot

Root Mean Square Error

 Root-mean-square error (RMSE) is a frequently
used measure of the differences between values
predicted by a model or an estimator and the values
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actually observed from the thing being modeled or
estimated. RMSE is a good measure of precision. These
individual differences are also called residuals, and the
RMSE serves to aggregate them into a single measure
of predictive power. It's signifying the noise in the data
(Demir et al. 2004; Doymaz 2005; Wang et al. 2007).

R M SE
(M R M R )

N
i 1

N
exp ,i ca l,i 2

=
−

−
Σ      ...(29)

Where,

MRcal,i= simulated value of MRexp,i

MRexp,i =experimental value

Results and discussion

Physical characteristics of beetroot

The initial moisture content of beetroot was found as
88.20% (wb), or 747.46% (db). Shape of beetroot was
found like spherical and ellipsoidal. The physical
properties of beetroot such as length, width, thickness,
geometric mean diameter, arithmetic mean diameter,
equivalent mean diameter, sphericity, surface area,
mass, volume, aspect ratio, angle of repose, peel
thickness; true density, bulk density and packing

coefficient were measured. The 100 beetroot were taken
for length, width, thickness, geometric mean diameter,
arithmetic mean diameter, equivalent mean diameter,
sphericity, surface area, mass, volume and true density.
The 10 beetroots were taken to measure peel ratio and
bulk density was measured by six replication of
beetroots sample.

The statistical analysis of various physical
properties was summarized in Table 1. According to the
results of the dimensional properties of beetroot the
mean length, width, and thickness were respectively
6.03, 5.60 and 5.14 cm with SD of 0.65, 0.57 and 055
cm. The geometric, Dg, equivalent, Dp, and arithmetic
mean diameter, Da, of beetroots were different at 5.57,
5.57 and 5.59 cm with SD of 0.56, 0.55 and 0.56 cm
respectively. The mean value of true density and bulk
density of beetroots were 1.00 and 0.52 g/cm3 with SD
of 0.04 and 0.02 g/cm3 respectively. The packaging
coefficient, mass and volume were 0.55, 85.33 g and
84.75 cm3 with SD of 0.03, 11.85 g and 11.92 cm3.
The mean values of sphericity and surface area were
found 0.92 and 98.22 cm2 with SD of 0.04 and 19.84
cm2 respectively. The average values of aspect ratio,
peel thickness and angle of repose were found 0.93,
1.06 mm and 40.67o with SD of 0.05, 0.13 mm and 2.51o
respectively.

Selection of drying models and statistical analysis
Moisture ratio data obtained for single layer drying of
beetroot under SUN, SHD, OSC, UCSC, HAT40, HAT50

Table 1. Physical characteristics of beetroot at 88.20 % (wb) moisture content
Properties No. of observation Specification

Mean Max Min SD
Length (cm) 100 6.03 7.65 4.92 0.65
Width (cm) 100 5.59 6.93 4.58 0.57
Thickness (cm) 100 5.14 6.51 4.21 0.56
GMD, Dg (cm) 100 5.57 6.99 4.62 0.56
AMD, Da (cm) 100 5.59 7.02 4.64 0.56
EMD, Dp (cm) 100 5.57 6.99 4.63 0.55
Sphericity, Sp 100 0.92 0.98 0.79 0.04
Surface Area (cm2) 100 98.22 153.59 67.12 19.84
Aspect Ratio 100 0.93 0.99 0.74 0.05
Mass(g) 100 85.33 111.25 60.62 11.85
Volume (cm3) 100 84.75 109.0 56.0 11.92
True Density (g/cm3) 100 1.01 1.08 0.94 0.04
Bulk Density (g/cm3) 6 0.52 0.54 0.51 0.02
Peel Thickness (mm) 10 1.06 1.23 0.89 0.13
Packing Coefficient, λ 6 0.55 0.57 0.52 0.03
Angle of repose (degree0) 6 40.67 43 38 2.51
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and HAT60 methods are presented in Table 4.2. These
data were fitted into both the page model (Fig 1-7) and
exponential model (Fig 8-14).

Page model

The page model was linearized to form the following
equation:

ln (-lnMR) =lnK+Nlnt

The regression coefficient and constant value of
page model under different drying methods of beetroot
drying. The R2 value for beetroot drying of page model
(Fig.4.11-4.17) under SUN, SHD, OSC, UCSC, HAT40,
HAT50 and HAT60 drying method was observed 0.881,
0.9087, 0.9815, 0.9798, 0.9942, 0.9918 and 0.9901.
Result shows that this model is best fit for HAT40, HAT50

and HAT60, moderately fit for OSC and UCSC drying
methods and poor fit for SUN and SHD drying methods
(Table 2).

The value of constant 'N' for page model was
observed 0.8214, 0.8413, 1.5324, 1.2106, 1.2783,
1.1439 and 1.2408 for SUN, SHD, OSC, UCSC, HAT40,
HAT50 and HAT60 drying respectively. Maximum value
of N was observed in OSC drying and minimum value
was observed in SUN drying methods. The values of
constant 'K' for SUN, SHD, OSC, UCSC, HAT40, HAT50

and HAT60 methods were calculated as 0.0331, 0.0190,
0.0006, 0.0025, 0.0050, 0.0149 and 0.0137
respectively. The highest value of K was observed for
SUN drying and minimum for OSC drying methods.

Root mean square error (RMSE) for page model
were computed as 0.0436, 0.0459, 0.03007, 0.0297,
0.0163, 0.01607 and 0.0196 under SUN, SHD, OSC,
UCSC, HAT40, HAT50 and HAT60 methods for beetroot
drying. Fig. (4.25-4.31) shows the validity of page model.
R2 value of SUN, SHD, OSC, UCSC, HAT40, HAT50 and
HAT60 methods of beetroot were observed 0.9839,
0.9777, 0.9933, 0.9929, 0.9975, 0.9973 and 0.9963
respectively. The page model best fit for HAT40, HAT50,
HAT60, OSC and UCSC drying methods and moderately
fit for SUN and SHD drying methods.

The regression of coefficient value between
observed and predicted moisture ratio shows the good
agreement between observed and predicted moisture
ratio for page model.
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Fig 1. Comparison of experimental and predicted
moisture ratio by the page model under SUN drying

Fig 2. Comparison of experimental and predicted
moisture ratio by the page model under SHD drying

Fig 3. Comparison of experimental and predicted
moisture ratio by the page model under OSC drying

Fig 4. Comparison of experimental and predicted
moisture ratio by the page model under UCSC drying

Fig 5. Comparison of experimental and predicted
moisture ratio by the page model under HAT40 drying

Fig 6. Comparison of experimental and predicted
moisture ratio by the page model under HAT50 drying
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Fig 7. Comparison of experimental and predicted
moisture ratio by the page model under HAT60 drying

Fig 8. Comparison of observed and predicted moisture
ratio by the exponential model under SUN drying method

Fig 9. Comparison of observed and predicted moisture
ratio by the exponential model under SHD drying
method

Fig 10. Comparison of observed and predicted moisture
ratio by the exponential model under OSC drying
method

Fig 11. Comparison of observed and predicted moisture
ratio by the exponential model under UCSC drying
method

Fig 12. Comparison of observed and predicted moisture
ratio by the exponential model under HAT40 drying
method
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The value of constant K shows the general
decreasing trend with decrease in drying temperature.
While value of A shows the variable trend which was
observed maximum (1.7125) in OSC drying of beetroot
and minimum (0.7739) in SHD drying of beetroot (Table
2). These value shows that the K value is dependent
on temperature. RMSE (root mean square error) for
exponential model SUN, SHD, OSC, UCSC, HAT40,
HAT50 and HAT60 experiment were calculated as
0.206723, 0.18571, 0.226003, 0.029796, 0.141151,
0.028443 and 0.138498  respectively. R2 values of
exponential model validation were observed 0.9005,
0.8887, 0.8646, 0.9786, 0.9458, 0.9911 and 0.9703
respectively (Fig. 8-14).

The Table 2 shows that exponential model fit best
for HAT50, moderately fit for UCSC, HAT60 and HAT40
methods of drying while it is poorly fit for SUN, SHD
and OSC drying methods.

Determination of apparent moisture diffusivity

Mathematical models have proved to be very useful in
the design and analysis of drying operations. Simulation
or designing the air drying operation requires the
mathematical description of food moisture evolution
during the process, known as drying kinetics (Bruce and
Giner, 1993). Significant amounts of moisture removal
from a food product will occur due to diffusion of liquid
and/or water vapour through the product structure
(Singh and Heldman, 1993). The exact mechanism of

Exponential model

From the result of this study, the exponential model (MR
=A exp (-Kt) was linearized in the form of following
straight line (Y=mx +C) equation.

lnMR=(-Kt)+ln(A)

The constants and regression coefficients for
single layer drying of intact and Beetroot under different
methods are presented in Table 2. Table presents the
model validation and root mean square error of
exponential model.

In the study the constant "A" was used as a shape
factor. The Value of coefficient of determination R2 (Table
2) for exponential model under SUN, SHD, OSC, UCSC,
HAT40, HAT50 and HAT60 drying methods  were observed
as 0.9271, 0.9087, 0.9485, 0.9632, 0.9856, 0.9901 and
0.9919 respectively. According to the coefficient of
determination R2 the exponential model was best fit for
HAT50 and HAT60. While in others it provides poorly fit.

The value of constants "A" for exponential model
was observed 0.8246, 0.7739, 1.7125, 0.9948, 1.5335,
1.0566 and 1.3346 for SUN, SHD, OSC, UCSC, HAT40,
HAT50 and HAT60 drying methods respectively. The
value of constant "K" under SUN, SHD, OSC, UCSC,
HAT40, HAT50 and HAT60 methods for beetroot drying
were calculated as 0.0141, 0.008, 0.0162, 0.0085,
0.0243, 0.03 and 0.0459 respectively.

Fig 13. Comparison of observed and predicted moisture
ratio by the exponential model under HAT50 drying
method

Fig 14. Comparison of observed and predicted moisture
ratio by the exponential model under HAT60 drying
method
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moisture movement is still unclear. However the existing
theory which is most accepted is diffusion due to
concentration gradients. This has been successfully
used in modeling the drying of many foods (Simal et
al., 2005). Literature, regarding the diffusivity of various
food stuffs is very limited and they vary considerably
because of the complex structure of foods and the lack
of a standard method for determination of diffusivity (Rao
et al., 2005).

A quantitative measurement of the rate at which
a diffusion process occurs is usually expressed in terms
of a diffusion coefficient (diffusivity) and is often treated
as an adjustable parameter. Therefore most models
depend largely on experimental measurements of
diffusivity. The moisture diffusivity of a food material
characterizes its intrinsic moisture mass transport
property which includes molecular diffusion, vapour
diffusion, liquid diffusion etc. Generally apparent
moisture diffusivity is used due to limited information
on the mechanism of moisture movement during drying
and complexity of the process.

The average apparent moisture diffusivity was
calculated as 8.52X10-9 m2s-1 with standard deviation
5.51X10-9 m2s-1. The highest value of moisture diffusivity
recorded as 1.86X10-9 of HAT60 drying method and
lowest value of 3.25X10-9 of SHD drying method.

mean value of geometric mean diameter, arithmetic
mean diameter and equivalent mean diameter were
measured as 5.57, 5.59 and 5.57cm with standard
deviation of 0.56, 0.56 and 0.55cm. The mean values
of sphericity and surface area were found as 0.92 and
98.22 cm2 with S.D. of 0.04 and 19.84cm2 respectively.
The mean value of aspect ratio was found as 0.93 with
SD of 0.05. Mean values of true density and bulk density
were measured as 1.01 and 0.52 g/cm3 with standard
deviation of 0.038 and 0.0185 g/cm3 respectively. The
mean values of peel thickness and packing coefficient
were measured as 1.06mm and 0.55 with S.D. of
0.13mm and 0.03. Average angle of repose was
measured as 40.67o with SD of 2.51o.

The experiments show that exponential model fit
best for HAT50, SUN, UCSC and HAT60 methods of
drying with R2 value of 0.9911, 0.9839, 9786 and 0.9703
respectively. Page model fit best for HAT40, HAT50,
HAT60, OSC and UCSC methods of drying with R2 value
of 0.9975, 0.9973, 0.9963, 0.9922 and 0.9929
respectively. The average apparent moisture diffusivity
was measured as 8.52X10-9 m2s-1 with standard
deviation of 5.51X10-9 m2s-1. The highest value of
moisture diffusivity was recorded as 1.86X10-9 of HAT60
drying method and lowest value of 3.25X10-9 of SHD
drying method.

pqdanj ds dqN HkkSfrd vfHkyk{kf.kd xq.kksa tSls fd yackbZ] pkSM+kbZ]
eksVkbZ] GMD, AMD, EMD, xksykbZ] lrg {ks=] ,sLisDV vuqikt]
cYd ?kuRo] Vª ?kuRo] Nhy eksVkbZ] fjikst+ dks.k vkSj iSfdax xq.kkad dk
v/;;u fd;k x;k A nks ekWMy ,DLiksusU'ky vkSj ist ekWMy dk
mi;ksx lw[kus ds O;ogkj dks O;Dr djus esa mi;ksx fd;k x;k A iz;ksx
fl) djrk gS fd ,DLiksusU'ky ekWMy HAT50, SUN, UCSC vkSj
HAT60 fof/k;ksa ds fy, R2 ds eku Øe'k% 0.9975, 0.9973,
0.9963, 0.9922 vkSj 0.9929 ds lkFk mR—"V gS A vkSlr visjUV
ekWbLpj fM¶;qflfoVh dk eku 5.51259 x 10-09 m2s-1 ekud fopyu
ds lkFk 8.51962 x 10-09m2s-1 ekik x;k A
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