Journal of Plant Development Sciences
(An International Monthly Refereed Research Journal)

Volume 7

Number 7

July 2015

Contents

Floristic diversity and structural dynamics of mangroves in the North west coast of Kerala, India
—Kiran M, Rahees N, Vishal V and Vidyasagaran K. ---------------------------------------------------------- 549-553
In vitro cloning of an endangered medicinal plant, Rauwolfia serpentina (L.)
—Anupam Kumari, Sunil Kumar, Alwina Anam, Sami Ahmad and Md. Naseem ------------------------ 55-561
Characteristics of potato chips of different varieties
—Habung Ganga, Uma N. Kulkarni and Nirmala N Yenegi -------------------------------------------------- 563-566
Development of package of practices for open field cultivation of capsicum (Capsicum annum L.)
—G.D. Sahu, P.C. Chaurasiya and S.P. Tiwari ------------------------------------------------------------------- 567-571
Some new records of Poaceae in Moradabad district of Rohilkhand region of Uttar Pradesh, India
—Beena Kumari ---------------------------------------------------------------------------------------------------------- 573-577
Contact toxicity of commonly used insecticides and new molecules as per recommended dose for crop pests
against Indian honey bee, Apis cerana indica fabr. in laboratory condition
—G.P. Painkra and S.S. Shaw----------------------------------------------------------------------------------------- 579-582
Structure activity analysis of antibacterial and antifungal activities of some substituted chromones
—Vinay Prabha Sharma ------------------------------------------------------------------------------------------------ 583-585
Effect of different doses of IBA and rooting media on rooting of stem cutting of Lemon (Citrus limon burm) cv.
pant lemon-1
—Vivek Kumar, M.K. Singh, Mukesh Kumar, Satya Prakash, Arvind Kumar, Sanjeev Rao and Sunil
Malik -------------------------------------------------------------------------------------------------------------------- 587-591
Cultivation trend and prediction of Kodo (Paspalum scrobiculatum) millets for Chhattisgarh plain zone of
Chhattisgarh, India
—K.K. Pandey, C.K. Chandrakar and S.K. Singh --------------------------------------------------------------- 593-596
An economic analysis of production and marketing of Palas tree (Lac) in Korba district of Chhattisgarh
—Sajjad Mohammad, Prashant Verma, Mukesh Kumar Seth and Ravi Rathiya ----------------------- 597-600
SHORT COMMUNICATION
Seasonal incidence of rice stink bug, Euschistus tristigmus and Oebalus spp. under upland transplanted rice
ecosystem and their correlation with weather parameters
—Yaspal Singh Nirala, Sanjay Kumar Ghirtlahre, Chandramani Sahu and Gajendra
Chandrakar ---------------------------------------------------------------------------------------------------------------- 601-603
Study on structure activity relationship of some 3- or 6-(2-amino or n-substituted aminothiazol-4-yl)-2methylchromones
—Vinay Prabha Sharma ------------------------------------------------------------------------------------------------ 605-606
Constraints of production and marketing of Lac in Korba district of Chhattisgarh
—Sajjad Mohammad, Prashant Verma, Mukesh Kumar Seth and Ravi Rathiya ----------------------- 607-610
Biogas production through anaerobic digestion of pressmud and cowdung
—Y. Kavya, A. Vijaya Gopal, R. Subhash Reddy and M. Sreedhar ----------------------------------------- 611-612

FLORISTIC DIVERSITY AND STRUCTURAL DYNAMICS OF MANGROVES IN
THE NORTH WEST COAST OF KERALA, INDIA
Kiran M, Rahees N, Vishal V* and Vidyasagaran K.
Department Of Forest Management and Utilization, College of Forestry, Kerala Agricultural
University, Vellanikkara, Kerala – 680656, India
*Email: vishal00v@gmail.com
Received-28.06.2015, Revised-12.07.2015
Abstract: Mangrove vegetation is recognized worldwide as an epitome of most productive ecosystem and tuned with
evergreen forest. The present investigation on floristic diversity of Mangroves of Malappuram district revealed that the
presence of 11 species of true mangroves under 7 genera belonging to 5 families. Rhizophoraceae was the leading group
with 5 species. Avicenna officinalis registered highest density (3045 stems/ha) and lowest for Rhizophora apiculata (53
stems/ha). Relative basal area was recorded highest for Sonneratia caseolaris (32.37%) followed by Avicennia officinalis
(27.26%). Structural analysis of the mangroves of Malappuram unveiled that Avicennia officinalis having highest
Importance value index (IVI) and Relative importance value index (RIVI) among the 11 species distributed all over.
Diversity indices for six mangrove sites and for whole Malappuram district indicated that mangroves at ThalakkadPariyapuram constituted highest Shannon – Weiner index and Simpson‟s index (2.764 and 0.831) whereas Mangattiri –
Etrikkadavu having lowest value (1.836 and 0.658) respectively. Species richness and species evenness reported for
Malappuram was 1.07 and 0.845 respectively. Similarity indices for different mangrove locations in Malappuram were
ranged from 0.20 to 0.70.
Keywords: Mangroves, Floristic diversity, Structural analysis, Diversity index

INTRODUCTION

M

angroves are the trees and shrubs that grow in
saline coastal habitats in the tropical and
subtropical region. The term „mangrove‟ is used
generally to describe both the plant communities they
form and the habitat itself. The mangrove is one of
the most productive ecosystems and a natural
renewable resource (Kathiresan, 2003). Mangrove
forests are ecosystems of great complexity,
composed of phylogenetically isolated species,
which are adapted in distinctive ways to the littoral
ecosystems where climax salinity, circadian patterns
of submergence, wave regime, and recurring
disturbance create high stress surroundings (Twilley,
1995). Coastal mangrove habitat includes the intertidal Seaboards, backwater areas, inconsequential
river mouths and shelter bays of the west coast of the
World (Naskar & Mandal, 2008). The three most
important physiological and morphological traits in
mangrove plants are salt exclusion, vivipary and
aerial roots, which facilitate adaptation of mangrove
to bleak marshy ecosystem, no particular structural
character can describe mangroves (Tomlinson,
1986). Only 0.12 percent of the Earth‟s land area or
0.037 percent of the World‟s surface covers by
mangrove ecosystem (Ong, 2004). The mangrove
ecosystem was found in more than 120 countries and
territories across the world. Among 268 plant species
that are found in intertidal mangrove areas in
Southeast Asia, of which only 52 are regarded as
„true mangroves‟ (Giesen et al., 2007). In India,
mangroves are present both on the western and
eastern coastlines, covering an area of about 4639
km2, occupying 0.14% of the land area (SFR, 2009).

Kerala despite having a humid tropical climate and
located on the western coast of the Indian peninsula
has only vestiges of mangroves. Various studies
showed that the extent of mangrove vegetation cover
in Kerala is only 1,095 ha (Kurien, et al., 1994). In
Kerala, only Kannur has good natural patches of
mangrove than that in the other districts and accounts
755 ha. However, it has declined to 17 km2 (Basha,
1991). Mangrove vegetation in Malappuram is
mainly concentrated along the Tirur-Kadalundi river
basin. Kadalundi-Vallikkunnu, Kerala‟s first
community reserve is endowed with relatively good
patches of mangroves. Pullooni, Murukummadu,
Kuttayikadavu are few places where good patches
are found. Anthropogenic activities like heavy sand
mining, land filling for constructions in mangrove
area, pose problems for the natural regeneration of
mangroves (Sunil Kumar, 2002). However Pullooni
of Tirur, Malappuram district is facing destruction of
good patches of mangroves along with the species
Bruguiera sexangula having decreasing population
(Vidyasagaran & Madhusoodanan, 2014). Since, no
literature exists specifically on mangroves of
Malappuram in any aspects; the present paper is
concentrates on the floristic composition, structural
dynamics and diversity of mangroves of Malappuram
district of Kerala.
MATERIAL AND METHOD
Study Area
Malappuram is situated at 11.070 North latitude,
76.070 East longitudes having 44 meters elevation
from sea level. Throughout the year, humidity is
higher during morning hours and during monsoon
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periods; Malappuram receives an annual average
rainfall of 2952 mm and average temperature of
27.30C. The study was constituted in Pullooni,
Thalakkad-Pariyapuram,
Mangattiri-Etrikkadavu,
Murukkummadu,
Kuttayikkadavu,
KadalundiVallikkunnu region of Malappuram district.

cluster diagram or dendrogram is been done using
the software “Biodiversity Professional Ver.2”.
Jaccard‟s Index, Jab = 1(Eq. 15)
Where, a= number of species present in one location,
b = number of species present in another location, c =
number of species that are common to both locations.

Ecological data analysis
The study of distribution patterns of mangroves was
carried out in six sites and the mangroves found to be
varied in girth at breast height (GBH >10cm) were
enumerated. The sites were divided into fifteen
quadrates of each 5×5m size and analysis was carried
out using quadrate method. In order to determine the
quantitative relationship the structural parameters
like density, frequency, basal area and their relative
values, abundance and importance value index (IVI)
were calculated on the basis of data obtained from
quadrates by using standard Phytosociological
methods (Curtis & McIntosh, 1950).
Density = Number of individuals/ha
(Eq. 1)
× 100
(Eq. 2)
Basal area = G 2 /4π
(Eq. 3)
G = girth at breast height (1.37m)
(Eq. 4)
×100
(Eq. 5)
× 100
(Eq. 6)
× 100
(Eq. 7)
× 100
(Eq. 8)
× 100
(Eq. 9)
× 100
(Eq.10)
Plant diversity analysis
Measure of diversity is considered as indicators of
the well-being of an ecosystem. To assess and
compare the range and distribution of plant species in
different locations, the following indices were
calculated.
Shannon-Wiener Index (Shannon & Weiner 1963)
was used for the calculation of species diversity:
H' =
(Eq11)
Where, Ni was the total number of species i and N
was the total number of all the species. The factor
3.3219 was used to convert the index value to log2.
Concentration of dominance was calculated by
Simpson‟s Index (Simpson 1949):
Simpson‟s Index, D =
(Eq. 12)
Where Ni and N were the same as explained above.
Equitability (e) was estimated following Pielou
(1966):
Equitability, e = H‟/Hmax
(Eq. 13)
Where, Hmax = 3.3219log10S, H‟= Shannon index.
Species richness was estimated following Margalef
(1958):
Species richness, d = S-1/lnN
(Eq. 14)
Where S = total number of species, N = basal area of
all species (m2.ha-1).
Beta diversity is often been used to indicate the
habitat variation with regarded to species
composition or the similarity index. It is estimated
using Jaccard‟s index (Jaccard P, 1908). Jaccard ‟s

RESULT AND DISCUSSION
Species Composition
Species composition in different sites in Malappuram
revealed the presence of 11 species of true
mangroves belonging to 5 families (Table 1). Among
families, Rhizophoraceae has the highest number of
species (5), followed by Avicenniaceae and
Sonneratiaceae each having two species and the
families Myrsinaceae as well as Euphorbiaceae
having one species each. Among the locations,
Pullooni recorded the highest number of species (10)
followed by Thalakkad-Pariyapuram (8 species) and
the least was recorded in Kuttayikkadavu (5 species).
Distribution of mangroves at different sites indicates
that Avicennia officinalis and Rhizophora mucronata
were found in all the six study sites, Excoecaria
agallocha, Kandelia candel and Bruguiera cylindrica
were noticed in five sites. Bruguiera sexangula were
present in the four sites whereas three sites were
occupied by Aegiceras corniculatum, Sonneratia
caseolaris and Avicennia marina. However,
Rhizophora apiculata and Sonneratia alba were
found to be rare and confined in single site. Apart
from the noted sites, Malappuram has many other
small patches of mangroves which are also under
threats of degradation. The species composition and
the agents causing maximum destruction, depends
upon the localities (Rao, 1986). Studies of
Pichavarum mangroves of Tamil Nadu revealed that
the presence of 110 species belonging to 60 genera
and 35 families (Krishnamurthy et al. 1981).
Mangrove Vegetation Structure
Structural analysis includes not only the study of
vegetation and its internal “social” relationship, but
also provides information on classification of plant
communities and their structure, composition, and
successional relations. Phytosociological analysis of
mangroves of Malappuram (Table 2) revealed that
the highest density for Avicennia officinalis (3045
stems/ha) followed by Sonneratia caseolaris (2230
stems/ha) and lowest density was observed for
Rhizophora apiculata (53 stems/ha). Relative density
for Avicennia officinalis was found to be maximum
(26.51%) and minimum was represented by
Rhizophora apiculata (0.46%). Relative frequency
was highest for Avicennia officinalis (26.62%)
whereas, minimum value of 0.34% was found in two
species each, Rhizophora apiculata and Sonneratia
alba respectively. Relative basal area was recorded
highest for Sonneratia caseolaris (32.37%) followed
by Avicennia officinalis (27.26%) and minimum was
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recorded in two species, Rhizophora apiculata and
Sonneratia alba each with 0.44% respectively.
Analysis of abundance of species shows that
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Aegiceras corniculatum has the highest value (8.78)
and minimum value was represented by Rhizophora
apiculata (1.00).

Figures

Figure: 1. Map of Kollam district showing different study locations
Figure 2: The density of mangrove species at Malappuram district of Kerala
Figure 3: Important Value Index of different mangrove species at Malappuram district
Figure 3: Diversity indices of Mangroves at Malappuram district

Figure 4: Dendrogram showing grouping of locations sampled during the study period
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Species dominance was calculated based on the
Important Value Index and was estimated as the sum
of its relative basal area, relative frequency and
relative density. In Malappuram district, highest IVI
and RIVI value was recorded for Avicennia
officinalis (80.39 and 26.80) was found to be the
dominant species owing to high values of Relative
density and Relative frequency, followed by
Sonneratia caseolaris (61.68 and 20.56), whereas the
uncommon species Bruguiera sexangula is belong to
fifth
position
(28.77
and
9.59).
The
Phytosociological analysis of Puduvyppu, Kerala
revealed that importance value index was highest for
Avicennia officinalis followed by Bruguiera
sexangula (Sureshkumar, 1993). The results indicate
that Avicennia marina, Rhizophora apiculata and
Sonneratia alba are the least mangrove species of
Malappuram region (Table 2). The lowest IVI and
RIVI were recorded for Rhizophora apiculata (1.24
and 0.41) revealing the rarity of the species. The
structural analysis of the mangrove communities at
different estuarine formations revealed that there is
site specific domination of species which in turn
supported by the adaptability of the species to
specific site conditions (Vidyasagaran et al., 2011).
Diversity indices and Species Richness
Diversity indices can be used to characterize the
species abundance across a community. Shannon‟s
diversity index is a measure to describe species
diversity and Simpson‟s index represent the
probability of occurring two randomly chosen
individuals belonging to same species. Plant diversity
indices of six mangrove sites and indices for whole
Malappuram showed that Thalakkad-Pariyapuram
constituted highest Shannon–Weiner index and
Simpson‟s index (2.764 and 0.831) whereas
Mangattiri–Etrikkadavu having lowest value of these
indices respectively (1.836 and 0.658). In the present
study, mangroves of Malappuram district had
Shannon index as 2.923 (Table 3). An ecosystem
with H‟ value greater than 2 has been considered as
medium to high diverse in terms of species (Cottom
& Curtis, 1956). Thus Malappuram has logically
high species diversity. The present study indicates,
Simpson index of diversity of mangroves for whole
Malappuram as 0.843. Simpson index of Kannur was
reported as 0.854 (Jose, 2003). The species evenness
or equitability value for mangroves of Malappuram
district recorded (0.845) is tuned with that of
evergreen forest reported by various authors as,
Agastyamalai
region,
0.89
(Varghese
&
Balasubramanyan, 1999) and Western Ghats, 0.9
(Arunachalum, 2002). The species richness of
mangroves at Malappuram district revealed as 1.07.
Among the study sites, relatively higher value was
reported in Pullooni (0.984) and lower value in
Kuttayikkadavu (0.450).

Similarity Indices
Beta-diversity index depends upon the number of
species shared by two assemblages and the number
of species varies specifically to each of them. This
index in the present study revealed that the highest
value of β-diversity was registered between
Mangattiri–Etrikkadavu and Kadalundi–Vallikkunnu
(0.70) abided by Kuttayikkadavu and Kadalundi–
vallikkunnu (0.67). The reduced level of similarity
(0.20) was recorded between Pullooni and
Thalakkad–Pariyapuram. The higher similarities for
mangroves in internal and central cities are resulted
from the better organic carbon content of soil than
that of fringes, where low plant growth diversity is
seen (Brahmaji, 1998). Figure 4 describe the results
of hierarchical clustering or dendrogram which
display the level of similarity among different sites
of Malappuram.
CONCLUSION
Floristic diversity indicated that the study area
constituted 11 species of true mangroves under 7
genera belonging to 5 families. Rhizophoraceae is
the largest family in Malappuram district having 3
genera in which Rhizophora and Bruguiera are major
genera‟s with 2 species each. The pattern of
distribution of mangrove species in all the locations
were discontinuous and in patches of varying extent.
Avicennia officinalis and Rhizophora mucronata was
found in all the sites abided by Excoecaria
agallocha, Kandelia candel and Bruguiera
cylindrica, were found in the five sites. Least diverse
species in Malappuram are Rhizophora apiculata as
well as Sonneratia alba and confined only in single
site however the species Bruguiera sexangula which
is rare in kerala found in four sites. Structural
analysis of mangroves of Malappuram unveiled the
domination of Avicennia officinalis having highest
IVI and RIVI values owing to high values of Relative
density and Relative frequency. Diversity indices for
six mangrove sites indicated that Mangrove at
Thalakkad-Pariyapuram
constituted
highest
Shannon–Weiner index as well as Simpson‟s index
and Mangattiri– Etrikkadavu having lowest value of
these indices. In the present study Shannon – Weiner
index of diversity (H max) ranged from 3.322 –
2.321 were observed. Variation in species richness in
mangroves of different study sites was observed.
Species evenness value for mangroves of
Malappuram recorded as 0.845. The cluster analysis
revealed that the presence of local characteristics
even though the study areas are submitted to similar
regional conditions. The area supports a rich
diversity of mangroves with an uncommon species
Bruguiera sexangula having decreasing population
trend. In order to protect and conserve the mangrove
patches in Malappuram district which facing acute
threat from development activities, the respective
authority should take necessary actions.
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IN VITRO CLONING OF AN ENDANGERED MEDICINAL PLANT,
RAUWOLFIA SERPENTINA (L.)
Anupam Kumari*, Sunil Kumar, Alwina Anam, Sami Ahmad and Md. Naseem
Tissue Culture Lab., Univ. Department of Botany, B.R.A. Bihar University, Muzaffarpur-842001
Email: anupamkumarimahto@gmail.com
Received-29.04.2015, Revised-13.05.2015
Abstract: An efficient protocol for in vitro cloning of Rauwolfia serpentina L. was developed using leaf segment (LS),
nodal segment (NS) and internodal segments (INS) as explants. The technique involves in vitro shoot regeneration, rooting
of microshoots and transplantation of regenerated plantlets under in vivo condition. Sterilized explants were cultured on MS
media supplemented with different auxin (IAA, IBA, NAA, & 2,4-D) and cytokinins (Kn & BAP) within a concentration
range of 0.5-3.0mg/L used singly or in combination. The best shoot multiplication was obtained from nodal explants on MS
medium supplemented with BAP+NAA (1.5+0.5) mg/L along with CW (5% v/v). Excellent rooting of microshoots (4-6cm)
was noticed on the medium (1/2 MS salt) fortified with combination of auxins [NAA+IBA, (1+0.5)mg/L]. Compact callus
which was hydrated, green and crystalline in appearance was obtained from LS and INS on medium having 1.5mg/L 2,4-D.
Nodal explants were superior to internodal as well as leaf explants in response to shoot proliferation. Regenerated plantlets
were transferred to pots having mixture of sand:soil:vermicuilite(1:1:1) and little fungicides (Eco fungicide). The survival
rate of plantlets was much promising (around 85%) and regenerated plantlets were healthy, green and morphologically
identical to mother plants.
Keywords: Rauwolfia serpentina, Callus, Phytohormones, Multiple shoot, Conservation

INTRODUCTION

R

auwolfia serpentina L. considered as an
endangered species by IUCN (Jain et al. 2003)
belonging to family- Apocynaceae, is a small, erect
and glabrous shrub about 1 to 3 feet in height bearing
white or pinkish flowers. It includes about 50 species
having wide area of distribution including the
tropical parts of the Himalayas, the Indian peninsula,
Srilanka, Myanmar and Indonesia, this plant is
indigenous to India, Bangladesh and other regions of
Asia. The plant is commonly known as
‘Sarpagandha’ and grows in wild & inaccessible
places around the country (Ghani, 1998), it has
restricted distribution in our locality (Muzaffarpur)
and only two species of this taxon viz; R. serpentina
and R. tetraphylla have been reported from
Muzaffarpur (Authors). The root of this plant is of
high officinal value and contains various alkaloids
like; Ajmaline, Ajmalinine, Ajmalicine, Reserpine,
Scrpentine, and Serpentinina (Chopra et al.,1956 and
Srivastava et al., 2006).This is an established and
authentic drug plant possessing antihistaminase
(Sachdev et al., 1961), antihypertensive (Von Poser
et al., 1990), sedative (Weerakoon et al., 1998),
antiarrhythmic (Kirillova et al., 2001), antibacterial
(Ahmed et al., 2002), antidiabetic (Campbell et al.,
2006), anticancer (Bemis et al., 2006), hepatoprotective (Gupta et al., 2006), hypoglycaemic and
hypolipidemic (Qureshi et al., 2009), anti
inflammatory (Rao et al., 2012) and antidiarrhoeal
(Ezeigbo et al., 2012) activities in addition to marked
hypnotic & sedative properties, that’s why it is used
in the treatment of epilepsy, sleeplessness,
hypertension and other ailments (Joshi & Kumar,
2000 and Manuchair, 2002).

The seed germination percentage is very low upto
20% due to presence of cinnamic acid derivatives
(Mitra, 1976; Paul et al. 2008; Sushila et al. 2013).
Poor seed viability, low seed germination rate and
enormous genetic variability are the major
constraints for the commercial cultivation of R.
serpentina through conventional methods. The
increasing demand for Rauwolfia roots in national
and international markets and decreasing availability
have encouraged many farmers to cultivate this
pharmaceutically important plants on large scale,
Government of Bihar has been encouraging farmers
for cultivation of some rare medicinal plants
including Rauwolfia serpentina by way of providing
subsidies (AAP, 2009-10). Uniform and mass
propagation through in vitro method would be
beneficial for the germplasm conservation,
systematic cultivation and commercial exploitation
of this endangered species for the production of
reserpine and other active constituents at desirable
level. Keeping these into consideration, the present
investigation was undertaken to develop a simple and
efficient protocol for in vitro cloning on large scale
using leaf, node & internode segments as explants.
MATERIALS AND METHOD
Explants
[Nodal
segment(NS),
internodal
segment(INS) & leaf segment(LS)] collected from 912 month old in vivo grown Rauwolfia plant (from
Campus of B R A Bihar University, Muzaffarpur,
Fig.1) were washed thoroughly under running tap
water for 15-20 minutes and then treated with 1%
Savlon along with 4-5 drops of Tween80 for about
20-25 minutes with constant shaking followed by 3-4
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times washing with double distilled water (DDW) to
make the material free from detergents.

(i)

Explants were immersed in 0.1% HgCl2 for 3-5
minutes and finally rinsed with sterilized DDW.

(ii)

(iii)

(iv)

Fig.1: (i)12 Months old in vivo R.serpentina plant (ii) Nodal explants/NS (iii) Internodal explants/INS (iv)Leaf
explants/LS
Sterilized explants (NS, 8-12mm, INS, 8-12mm, LS6x8mm) were aseptically cut and inoculated singly in
culture tubes (25x150mm) containing MS
(Murashige & Skoog, 1962) medium with 3%
sucrose 0.8% agar and different combination and
concentration of auxin and cytokinin (Table- 1, 2 &
3). The pH of the medium was adjusted to 5.8 before
autoclaving at 121°C for 20 minutes. Cultures were
maintained at 25 ± 2°C with light intensity of 2000
lux (Cool, white) under 16/8 hour photo cycle.
Ten replicates were maintained for each experiment
and were repeated twice. Shoot proliferation and
elongation lasted for 6-7 weeks, callus induction
lasted 5-6 weeks and rooting for 4-5 weeks, the time
of each stage was fixed. Percentages of explants

showing
shoot
proliferation,
number
of
shoots/explants and lengths of shoots were taken as
parameters for evaluating the morphogenic
potentialities of explants in the present experimental
system. Calli were maintained for a long term (about
2 years) by sub-culturing every 4-5 weeks on suitable
medium.
RESULTS AND DISCUSSION
Callus induction
Callus started to form on LS and INS explants from
cut ends after 10 and 14 days of inoculation
respectively on MS media having different
combination and concentration of hormones

Table 1. Callus induction from leaf and internodal segments of Rauwolfia serpentina under effective
concentration and combination of phytohormones (30 Days old culture)*
Hormonal concentration(mg/L)

IBA NAA
0.5
1.5
2.5
---------

---0.5
0.5
0.5
------

2,4-D BAP
------0.5
1.5
2.5
1.5
2.5

---0.5
1.5
2.5
---0.5
0.5

Biomass of Callus
(in mg)
LS
206±12.60
465±30.14
071±06.00
535±13.40
426±20.60
290±22.90
490±20.30
687±25.10
06±18.20
472±15.60
236±09.60

% of responding explants Nature of Callus

INS
201±13.7
407±22.2
065±04.2
507±16.4
415±19.3
250±27.2
478±18.6
603±26.5
501±38.1
460±17.1
157±10.3

LS

INS

35±4.0
60±4.4
27±4.4
52±4.1
45±3.0
38±3.5
65±5.6
82±4.2
55±3.2
51±5.6
37±2.7

LS

28±2.0
55±2.2
22±4.8
50±3.7
42±3.2
32±2.4
60±4.3
80±4.5
53±6.2
46±3.6
30±3.6

Other
response

INS
WF
GC
BC
WC
GC
HG
HG
HG
HG
WC
WC

*Data scored (Mean ± SE) from 10 replicates of LS and INS explants which were
repeated twice.
** Shoot buds emergence

WF
WF
BF
WC
WC
WF
WC
WC
WC
BC
WF

----**
-------
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Table 2. Direct shoot regeneration from nodal explants of Rauwolfia serpentina on effective
concentration and combination of growth regulators (28 Days old culture)*
Hormonal concentration (mg/L]
Kn
BAP
NAA
IBA
CW(v/v)
Total no. of shoots
Mean length of shoot(cm)

0.5
0.0
0.0
0.0
0%
1.19±0.23
0.11±0.19
1.5
0.0
0.0
0.0
0%
2.10±0.27
0.58±0.26
2.5
0.0
0.0
0.0
0%
1.65±0.16
1.15±0.15
0.0
0.5
0.0
0.0
0%
2.20±0.34
1.70±0.10
0.0
1.5
0.0
0.0
0%
3.89±0.12
4.20±0.20
0.0
2.5
0.0
0.0
0%
3.35±0.28
2.90±0.34
0.0
3.0
0.0
0.0
0%
1.91±0.15
2.12±0.14
0.0
1.5
0.5
0.0
0%
3.92±0.54
4.60±0.49
0.0
1.5
0.5
0.0
05%
5.20±0.42
6.50±0.15
0.0
1.5
0.5
0.0
10%
4.30±0.42
4.95±0.40
0.0
1.5
1.0
0.0
0%
2.95±0.19
3.01±0.23
0.0
2.5
2.0
0.0
0%
1.54±0.34
1.90±030
0.0
1.5
0.0
0.5
0%
3.40±0.12
3.80±0.45
0.0
2.5
0.0
1.5
0%
1.50±0.12
1.30±0.11
*Data scored (Mean ± SE) from 10 replicates of LS and INS explants which were repeated twice.
Table 3. Rooting of micro-shoots of Rauwolfia serpentina on media having effective concentration and
combination of phytohprmones (25 days old cultures)*
[Hormonal concentration (mg/)L]
Medium
NAA
IBA
IAA

MS

½ MS

Total no. of roots/culture

% of response/culture

0.5-2.0
0.5-3.0

0.5-2.0
0.5-3.0

0.0
0.0

---

---

0.5
1.0
1.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5
1.0
1.5

0.0
0.0
0.0
0.5
1.0
1.5
0.5
1.0
1.5
0.0
0.0
0.5
0.5
0.5

0.0
0.0
0.0
0.0
0.0
0.0
0.5
0.5
0.5
0.0
0.0
0.0
0.0
0.0

2.9±0.11
3.5±0.15
2.4±0.12
5.3±0.14
3.8±0.13
2.6±0.15
1.8±0.28
2.5±0.21
1.3±0.17
2.0±0.24
1.6±0.32
3.8±0.20
6.2±0.25
3.3±0.12

52±2.81
60±4.30
47±3.52
70±2.40
66±2.10
56±2.23
46±2.27
49±3.20
30±2.11
42±2.80
35±3.32
65±2.23
81±3.92
60±4.49

*Data scored (Mean ± SE) from 10 replicates of microshoots which were repeated twice.
[LS- leaf segment, INS- Inter nodal segment, NS- Nodal segment, IAA- Indol-3- acetic acid, NAAnaphthalene acetic acid, Kn- Kinetine, IBA- Indole butyric acid, 2,4-D- 2,4-dichlorophenoxyacetic acid,
BAP- 6-benzlamonopurine, WC- white crystalline, HG- hydrated green, BC- brown compact, WF- white
friable, BF- brown friable, GC- Green compact.]
(Table 1), the best callus biomass both in LS
(687±25.10)mg and INS (603±26.5)mg was obtained
on 2,4-D (1.5mg/L, Fig. A & B) and the % response
of explants was also optimum on the above
combination of hormone (Table 1). Callogenesis in
explants (LS, INS) was encountered in all the
combination of hormones tested (Table 1), promising
results were also noted on BAP+NAA (0.5+0.5,
1.5+0.5)mg/L in addition to 2,4-D (Table 1). Callus

induction in NS was not encouraging on any
combination of hormones and hormones above 3
mg/L had adverse effect on callus initiation and
explants finally turned brown. These findings are
congruent with the observations of Patil &Jayanti
(1997) and Singh et al. (2009). The callus in general
was crystalline, hydrated, green and compact in
texture, however, calli were white & friable in some
combination of hormones (Table 1).
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(A)

(B)

(D)

(G)

(C)

(E)

(H)

(F)

(I)

A -In vitro callus initiation from INS-explants on the medium MS+1.5mg/L 2,4-D (16 days old)
B -Callus induction from LS explants on the medium having MS+(1.5)mg/L 2,4-D (20 days old)
C-Callus mediated multiple shoots on medium MS+(1.5+0.5)mg/L BAP+NAA on subculture(20 days old)
D -Growth of isolated callus mediated shoots on medium having 0.5mg/L Kn (15 days old)
E-Shoot regeneration from NS on medium supplemented with BAP+NAA (1.5+0.5)mg/L added with CW
5%v/v (28 days old)
F-35 Days old in vitro shoots bearing pink flower bud on the above medium mentioned in fig. E
G & H- Successful rooting of microshoots on medium fortified with ½ MS+(1+0.5)mg/L NAA+IBA (25 days
old)
I- Hardening of plantlets in the plastic pots having sand+soil+vermiculites(1:1:1), 30 days old acclimatized in
vitro raised Rauwolfia plants.
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2,4-D is usually the choice of auxin for callus
induction in the present experiment system but 2,4-D
alone or in combination with BAP was not suitable
for long term culture and callus mediated
regeneration, as also reported by Bhaskaran & Smith
(1990), Naseem & Jha (1994) and Chaudhury & Qu
(2000). The callus was conserved for a period of
about 2 years by regular sub-culturing at interval of
30-35 days on MS medium supplemented with
BAP+NAA (0.5+0.5)mg/L. Callus induction was
limited by several factors, when these requirements
were adequate (temperature 25+2°C, pH- 5.8 and
2000 lux light), the culture response was maximum.
Callus mediated shoot regeneration
Green calli were only potent for shoot regeneration
on subculture medium (MS) containing NAA and
BAP within a concentration range of 0.5-3.0mg/L,
the best shoot regeneration from callus in bunch was
obtained on BAP+NAA (1.5+0.5)mg/L (Fig. C) after
15 days of subculture and percentage response on
this combination was also much promising (about
81%). Non-green calli could not respond to the
medium and showed complete loss of differentiation
and regeneration even on different media and
hormonal combinations, this was also evidenced by
Narayanswamy (1977) and Naseem & Jha (1994).
Tiny shoots (about 2cm) were isolated and subcultured on MS medium containing only 0.5mg/L Kn
for shoot elongation (Fig. D). From the present
findings, it is evident that cytokinin alone as well as
high cytokinin & low auxin ratio promotes shoot
regeneration and elongation (Singh et al. 2009,
Kumar et al.2010, Mallick et al. 2012 and Sushila et
al. 2013).
Shoot regeneration
Direct regeneration of shoots was obtained from
nodal explants supported with different auxin (NAA
& IBA) and cytokinin (BAP& Kn) in various
combination and concentration within a range of 0.53.0mg/L (Table 2), multiple shoot induction as well
as optimum shoot length was recorded on medium
supplemented with BAP+NAA (1.5+0.5)mg/L
addendum with 5% v/v CW(Fig. E). Bulging and
hypertrophy in nodal explants was prominent before
initiation of shoot buds. Regeneration of shoots on
suitable medium was noticed after 10 days of
inoculation. Table 2 shows that promising number of
shoots was also obtained on MS medium containing
BAP+NAA (1.5+0.5)mg/L along with
10% v/v CW and BAP+NAA (1.5+0.5)mg/L without
CW. Growth regulators [BAP+NAA (1.5+0.5)mg/L]
and CW (5%v/v) together exhibited synergistic effect
and induced better shoot regeneration (Table 2).
Such an effect of CW and growth hormone was also
recorded by Mukhopadhayay & Sharma (1986) and
Naseem & Jha (1994). Direct shoot bud regeneration
in the present system depends on quantitative
interaction of auxin and cytokinin, this was also
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reported in Delbergia lenceoleria (Dwari & Chand,
1996) and Aloe vera (Khanam et al, 2014). Tissue
culture studies on a number of medicinal plants
including R. serpentina (Naseem & Jha, 1997, Singh
et al. 2009, Kumar et al. 2010, Mallick et al. 2012
and Khanam et al. 2014) suggest that a fine balance
of exogenous auxin and cytokinin is necessary before
successful regeneration can occur, hormones above 3
mg/L and CW above 10% v/v had adverse effect on
shoot multiplication. In vitro florigenesis and
optimum shoot elongation (6.5±0.15) cm were
recorded after 28 days of culture on suitable
combination of hormones (Table 2, Fig. F).
Florigenesis in culture, an event of biological interest
was also reported by Tran Tanh van (1973), Naseem
&Jha (1994) and Patil & Jayanti (1997).
In vitro propagation in Rauwolfia from auxillary
buds has proved to be the most acceptable and
reliable method (Mallick et al. 2012; Sushila et al.
2013) as the regeneration of plants from seed source
is difficult. Percentage seed germination in this plant
is not encouraging as reported by Dutta et al (1962)
and Paul et al. (2008), nodal explants as a means of
micropropagation have been reported in a number of
texa including R.serpentina as an ideal explant for
direct shoot multiplication (Salma et al. 2008; Kumar
et al. 2010 and Mallick et al. 2012). Direct
regeneration of multiple shoots/ shoots from nodal
culture is highly desirable since the regenerants are
genetically identical to the mother plant (Naseem and
Jha, 1997 and Mallick et al. 2012).
Rooting and plantlet formation
Regenerated microshoots (4-6cm) obtained in 3.2
and 3.3 were excised and individually implanted on
MS as well as rooting media i.e ½ MS+PGR (Plant
growth regulator) for rhizogenesis, rooting was
obtained on ½ MS medium in presence of different
auxin (IAA, NAA and IBA) either used singly or in
combination within a concentration range of 0.52.0mg/L and optimum rooting of microshoots (Fig. G
& H) was achieved on ½ MS supplemented with
NAA+IBA(1+0.5)mg/L within 20 days. Low salt
medium with combination of auxin (NAA+IBA)
have been found to have stimulatory effect on root
induction in many plant species (Laxmi-Sita et al.
1986 and Naseem & Jha, 1994). No rhizogenesis
was recorded on MS medium with/without PGR
(Table 3). Physical growth conditions described
under callus induction were also optimal for
rhizogenesis. Regenerated plantlets were transferred
to plastic pots (Fig. I) having sterilised soil mixture
(vermiculites+sand+soil, 1:1:1) and little fungicide
(Eco fungicide), plantlets were acclimatized for a
week in culture room and finally transferred to shade
house. In vitro raised plantlets were healthy, green
and morphologically identical to mother plants and
the survival rate of plantlets was also encouraging
(around 85%).
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CONCLUSION
In the present experiment, multiple shoots/shoots
developed directly [NS] and indirectly via Callus
formation [INS, LS] can be used as ideal explants for
in vitro cloninig of R. Serpentina and mass
propagation achieved by this method is highly
efficient & productive.
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CHARACTERISTICS OF POTATO CHIPS OF DIFFERENT VARIETIES
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Abstract: Moisture content of varieties differed significantly (p≤0.01) ranging from 78.87 per cent to 84.53 per cent with
lowest in Atlanta and thus ranked first. Variety Kufri Khayti (20.93 mg/100g) showed highest dry matter content. Starch of
potato tubers and it ranged between 58.32 per cent to 85.67 per cent with highest content in Kufri Khayti and lowest in Kufri
Surya. Among the varieties Kufri Pukhraj had lowest reducing sugars (55.13 mg/100g), whereas lowest non reducing and
total sugar in J/99-242 with 104.43 mg/100g and 216.10 mg/100g respectively. Compared to control variety, chips prepared
from Kufri Khayti found to be more crunchy, possessed firm texture as well as appealing flavour, appearance and overall
acceptability. The acceptability scores was highest for potato chips from Kufri Khayti (88.89 %) followed by Kufri Surya
(80.44 %). There was a negative relationship between reducing sugar and colour score as well as moisture content and
texture score, whereas positive relation between dry matter and sensory parameter.
Keywords: Chemical, Chips, Potato

INTRODUCTION

P

otato is an important crop not only of the
developed countries but also of the developing
countries. Large portion of potatoes produced are
consumed in processed form in developing countries.
In the United States of America about 57% of the
total produce is processed (Ezekiel et al., 1999).
Whereas in India less than 0.3% of the total produce
is processed (Ezekiel et al., 2002). Potatoes currently
have the highest rate of production growth in most of
the developing countries and the mail stay in the diet
of people in many parts of the world. Indian snack
industries use potatoes for producing products like
potato chips, potato sticks, alu bhujia, puffed
potatoes, potato powder, potato flakes and French
fries potatoes. Production of potato chips has been
increasing steadily each year and hence potato
industry is growing steadily. The potato chips
business is increasing at a rate of 10-12 per cent each
year, consuming over 34 per cent of the total
processed volume of potato. People now feel the
need of ready-to-eat foods which are not only
attractive and appetizing but rich in calories (Sethi
and Malhan 1987).
MATERIAL AND METHOD
The study was carried at UAS dharwad a total of ten
potato cultivars viz., Kufri Chipsona - 2, Atlanta,
Kufri Surya, Kufri Pukhraj, Kufri Khayti, Kufri
Jyoti, Kufri Pushkar, Kufri Bahar, Kufri Ashoka and
J/99-242 grown in AICRP, Kumbapur were used for
preparation of chips and were analysed for different
chemical attributes. Tubers were cut, mixed
thoroughly and used for different chemical analysis;
total sugar, reducing sugar and non reducing sugar
was estimated by Nelson Somogyi method
(Sadasivam and Manickham 1992). Moisture and dry
matter content (Anon., 1970) and starch (Sadasivam
and Manickham 1992). Chips from fresh tubers were

prepared as per standard procedure given by CPRI,
Shimla (Marwaha et al., 2008). Organoleptic
evaluation of processed potato products potato chips
was carried out by 10 trained panellists of Dept. of
Food Science and Nutrition using nine point hedonic
scales. Total score (M) with maximum score of 45,
was calculated as mentioned below
Total score (M) = m1+ m2+ m3+ m4+ m5
Acceptability Index (%) of potato chips was
calculated using total scores as given below
Total score
Acceptability Index = ————————— X 100
Maximum score (45)
CRD (complete randomized design) single factor
was used to study the variance. The relation between
chemical parameters and sensory profile was verified
by correlation using SPSS (Statistical package for
social science) software. Ranking of variables was
done with Duncan Multiple Range test (DMRT)
using M stat software.
RESULT AND DISCUSSION
Moisture content of varieties differed significantly
(p≤0.01) ranging from 78.87 per cent to 84.53 per
cent with lowest in Atlanta and thus ranked first
(Table 1). Compared to control, most of the varieties
showed high level of moisture content these
differences could be attributed to the development
and anatomy of the tuber (Reeve et al., 1970).
Because of low moisture content, the varieties like
Atlanta, Kufri Chipsona-2, Kufri Surya, Kufri Khayti
and Kufri Pukhraj are suitable for processing as they
absorb less oil during frying. Variety Kufri Khayti
(20.93 mg/100g) with highest dry matter ranked first
followed by Atlanta, Kufri Surya and Kufri
Chipsona-2 as they had significantly (p≤0.01) high
dry matter compared to others and were ideal for
chips preparation. Dry matter content of 20.5 per
cent in Kufri Chipsona-2 is on par with the findings
reported by Singh et al. (2008) and Das et al. (2001),

*Corresponding Author
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The difference in dry matter content among the
cultivars could be due to variation in hereditary
factors, agro-climatic conditions as well as
agronomic practices followed for raising the crop
(Singh et al., 2008; Sood et al., 2008; Talburt and
Smith, 1975; Lisinska and Leszczynski, 1989; Abong
et al., 2010; Kumar et al., 2003).
Starch is the major constituent of potato tubers and it
ranged between 58.32 per cent to 85.67 per cent with
highest content in Kufri Khayti and lowest in Kufri
Surya. The values fall within the range reported by
Sood et al. (2008). The difference in starch content
and its component among the cultivars may be due to
difference in morphology of tubers and internal
distribution of nutrients (Kroner and Volksen, 1950;
Talburt and Smith, 1975). Except for Kufri Pushkar,
all other varieties had less than 0.1per cent of
reducing sugars thus were suitable for preparation of
fried products. Among the varieties Kufri Pukhraj
had lowest reducing sugars (55.13 mg/100g) and thus
ranked first. The reducing sugars for Kufri Chipsona2 (83.28 mg/100g) and Kufri Pukhraj (158.6
mg/100g) reported by Sood et al. (2008) is in
contrast to the present investigation, which may be
attributed to environmental factors, different growing
seasons and fertilizers used (Talburt and Smith,
1975; Lisinska and Leszczenski, 1989).
Sood et al. (2008) reported total and non reducing
sugars of 110.89 mg/100g and 27.64 mg/100g
respectively for Kufri Chipsona-2, while Kufri
Pukhraj recorded 556 mg/100g and 158.61mg/100g
of total and non reducing sugars respectively which
are comparatively less than the present study. The
variation in sugar content in the present study could
be due to size difference, change in weather
conditions during growth or difference in rate of
plant maturity and fluctuation of nutrients in plant
system (Sood et al., 2008; Singh et al., 2008; Abong
et al., 2010; Talburt and Smith; 1975; Lisinska and
Leszczenski, 1989).
The sensory attributes of potato crisps that were
evaluated differed significantly (P≤0.01) among the
cultivars (Table 2). Colour/appearance were most
appealing in Kufri Khayti and very less in Kufri
Pushkar. The variation among the cultivars could be
due to difference in sugar content, organic acids, pH,
and trace metals such as iron or manganese (Bohart
and Carson, 1955; Lisinska and Leszczynski, 1989;
Goel et al., 2007). The desirable flavour of chips is
limited by the high dry matter, starch in raw potato
tubers as well as the low sugar content. The flavour
perception significantly (P≤0.01) varied among the
cultivars which may be due to pyrazines as it is
positively correlated to the organoleptic parameters
in potato chips (Maga and Sizer, 1973). The low

score for flavour exhibited by Kufri Pushkar may be
due to dark brown colour resulted from burnt chips.
Chip texture is connected with the dry matter content
of raw potato tubers. Chips from potatoes with high
dry matter (>25%) can exhibit hard texture (Lisinska
and Leszcznski, 1989). Textural scores differed
significantly (P≤0.01) among the cultivars in the
present investigation, which could be due to
difference in amount of dry matter content.
Depending upon the tuber characteristics especially
dry matter and processing conditions, the texture can
be too hard or too soft (soggy). Apart from starch
content, non starch polysaccharides, pectin play most
important role in shaping crisp texture (Kita, 2002)
and it can be one of the reason for undesirable
texture reported by Kufri Ashoka though it had high
starch content (65.7%).The appearance, texture,
flavour and over all acceptability of the chips of
Kufri Khayti were the best and thus ranked first
which is directly linked to high dry matter (texture)
and low reducing sugars (colour). Compared to
control variety, chips prepared from Kufri Khayti
found to be more crunchy, possessed firm texture as
well as appealing flavour, appearance and overall
acceptability. Difference in sensory characteristics
among the varieties could be attributed to variation in
level of distribution of chemical composition or
individual differences in perception of sensory
parameters. The acceptability scores was highest for
potato chips from Kufri Khayti followed by Kufri
Surya (Table 3) which could be due to varietal
differences and which is the major factor. Least
acceptability scores for Kufri Ashoka could be due to
high moisture content that affected the texture. A
correlation study revealed that increase in reducing
sugars darkened the chip colour (Table 4) and is on
par with the results reported by (Habib and Brown,
1957; Abong et al., 2010; Ezekiel et al., 2003).
Increase in dry matter content of potatoes increased
all sensory scores and thus Kufri Khayti with high
content of dry matter ranked first for all sensory
parameters. Starch content showed positive relation
with texture and is on par with the results reported by
Kita (2002), whereas higher content of moisture in
raw potatoes showed lower textural scores and vice
versa which could be the reason for low textural
scores for chips from Kufri Ashoka. Thus chips
prepared from Kufri Khayti was most acceptable
with high acceptability index (88.89 %) followed by
Kufri Surya (80.44 %). There was a negative
relationship between reducing sugar and colour score
as well as moisture content and texture score,
whereas positive relation between dry matter and
sensory parameter.

Table 1. Chemical composition of different potato varieties.
Sl.
No.
1
2

Variety#
K.Chipsona-2
Atlanta

Total sugars¥
686.67±0.58 g
500.00±0.58 d

Reducing
sugars ¥
111.67±11.55 g
90.33±10.00 e

Non reducing
sugars¥
575.00±11.27 g
409.67±10.50 d

Moisture
79.47±0.12 a
78.87±0.58 a

Dry matter
20.57±0.06 a
20.70±0.17 ab

Starch¥
72.30±0.52 c
73.32±1.87 d
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3
4
5
6
7
8
9
10

520.00±0.64 e
506.67±0.64 de
216.67±1.15 a
816.67±0.64 h
398.07±1.33 c
305.53±1.27 b
569.40±2.54 f
216.10±0.58 a
30*
5.89
17.37

K. Surya
K. Pukhraj
K.Khayti
K.Jyoti
K.Pushkar
K.Bahar
K.Ashoka
J/99-242
F
S.Em.±
CD(0.01)

60.73±8.66 b
55.13±2.89 a
75.90±5.77 c
104.77±15.28 f
210.33±16.05 h
104.03±5.55 f
87.33±12.73 d
111.67±2.42 g
55*
0.67
1.97
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459.27±8.99 e
451.53±2.63 e
140.77±6.90 b
711.90±15.17 h
187.73±15.43 c
201.50±4.49 c
482.07±12.50 f
104.43±2.76 a
65*
5.85
17.24

79.33±0.12 a
80.67±1.15 b
79.00±0.20 a
82.00±0.00 c
84.53±0.92 d
83.93±0.12 d
84.33±0.23 d
84.07±0.81 d
40*
0.33
0.98

20.67±0.12 ab
19.77±0.32 c
20.93±0.12 a
18.00± 0.00 d
15.63±0.25 f
16.07±0.12 e
15.67±0.12 f
15.30± 0.10 g
69*
0.09
0.89

62.70±1.04 d
64.96±1.62 d
85.67±1.57 a
65.98±2.68 d
68.37±2.82 c
71.43±3.44 c
65.70±1.56 c
52.55±2.06 e
53*
1.19
3.51

#

Mean of 3 replications, * Significant at 0.01 level, ¥dry weight basis. Mean ± S.D., Different superscripts
within a column indicate significant difference at 0.05 level by DMRT.
Table 2. Organoleptic profile of potato chips from different varieties
Sl.
No.

Variety#

1
2
3
4
5
6
7
8
9
10

KCchipsona-2
Atlanta
K. Surya
K. Pukhraj
K.Khayti
K.Jyoti
K.Pushkar
K.Bahar
K.Ashoka
J/99-242
F-value
S.Em.±
CD(0.01)

Appearance

Texture

Flavour

Taste

Overall
acceptability

5.4±1.51cde
6.4±1.71bc
7.0±1.05ab
7.8±0.79a
8.0±0.82a
7.1±0.88ab
4.1±2.13e
5.9±1.52bcd
5.7±1.49bcd
4.7±1.89de
7.8*
0.46
1.29

6.9±1.29abcd
5.4±1.96e
7.5±0.97ab
5.8±1.68de
7.8±0.92a
7.2±0.79abc
6.7±1.64abcde
6.1±1.10cde
2.7±1.25f
6.2±1.23bcde
12.1*
0.49
1.18

6.9±1.20ab
6.4±0.97ab
7.3±1.16a
5.6±1.58bc
7.4±1.07a
7.3±0.95a
4.9±1.80c
6.1±1.37abc
4.8±1.40c
5.6±1.71bc
5.3*
0.43
1.2

6.8±1.14ab
6.1±0.86abc
7.2±1.03a
5.5±1.58c
7.3±0.95a
7.3±0.95a
5.3±1.64c
6.1±1.66abc
3.9±1.52d
5.9±1.37bc
6.7*
0.41
1.16

6.1±1.37bcd
5.9±0.88cde
7.2±1.03ab
6.4±1.17bcd
7.7±0.82a
7.1±0.55abc
4.8±1.69ef
6.0±1.42bcd
4.0±1.42f
5.4±1.43de
8.3*
0.39
1.1

#

9 point Hedonic scale * Significant at 0.01 level, Mean ± S.D., Different superscripts within a column indicate
significant difference at 0.05 level by DMRT.
Table 3. Acceptability indices of potato chips
Sl. No.
1
2
3
4
5
6
7
8
9
10

Varieties
K.Chipsona-2
Atlanta
K. Surya
K. Pukhraj
K.Khayti
K.Jyoti
K.Pushkar
K.Bahar
K.Ashoka
J/99-242

Total scores (Max 45)

Acceptability index
(%)

Rank

32.10
30.20
36.20
31.10
38.20
36.00
25.80
30.20
21.10
27.80

71.00
67.16
80.44
69.11
84.89
80.00
57.33
67.11
46.89
61.78

IV
V1
II
V
I
III
IX
VII
X
VIII

Table 4. Correlation (r) between chemical composition (%) of raw potatoes with organoleptic parameters of
potato chips
Total
Non
Dry
Sl.
Reducing
Starch
Moisture
Parameters
sugars
reducing
matter
No.
sugars (mg)
(g)
(g)
(mg)
sugars (mg)
(g)
1
0.399
-0.793**
0.342
0.687*
0.677**
-0.657*
Appearance
2
0.528
0.084
0.412
0.650*
0.670*
-0.700**
Texture
3
0.636
-0.435
0.525
0.728*
-0.100
-0.740*
Flavour
4
0.602
-0.225
0.473
0.618
-0.192
-0.712*
Taste
Overall
5
0.639
-0.485
0.508
0.717*
-0.113
0.350
acceptability
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DEVELOPMENT OF PACKAGE OF PRACTICES FOR OPEN FIELD
CULTIVATION OF CAPSICUM (CAPSICUM ANNUM L.)
G.D. Sahu, P.C. Chaurasiya* and S.P. Tiwari
Precision Farming Development Centre, Department of Horticulture
Indira Gandhi Krishi Vishwavidyalaya, Raipur-492012(C.G.)
Received-01.11.2014, Revised-05.04.2015
Abstract: The genus Capsicum (Capsicum annuum L.) belongs to the family Solanaceae it is grown in several parts of the
world and is believed to be the native of Tropical South America. The domesticated peppers could be broadly classified into
sweet and hot types based on their level of pungency. The bell pepper (Capsicum annuum (L.), 2n = 24) is commonly known
as sweet pepper, capsicum or green pepper. The present investigation was carried out at the Horticultural Research Farm,
Precision Faming Development Centre, Department of Horticulture, Indira Gandhi Krishi Vishwavidyalaya, Raipur
Chhattisgarh with effect of different types of plastic mulches with four levels of fertigation and three levels of mulching. The
results under this study the 80% RDF through fertigation gave maximum fruit yield followed by 100% RDF through
fertigation with maximum plant height and number of leaves. The Capsicum cv. Indra hybrid is most important vegetable
and can be grown profitably under plastic mulch. Silver polyethylene mulch was significantly superior over Black
Polyethylene mulch paddy straw mulch and without mulch. The study also revealed that the net income and benefit cost ratio
was observed higher in 80% water through drip irrigation as compared to traditional method of irrigation.
Keywords: Capsicum, Fertigation, Plastic mulches, RDF

INTRODUCTION

T

he bell pepper (Capsicum annuum (L.) 2n = 24)
is commonly known as sweet pepper, capsicum
or green pepper. They differ from common hot
peppers in size and shape of the fruits, capsaicin
content and usage. Bell pepper is one of the highly
remunerative vegetables cultivated in several parts of
the world especially in temperate regions of Central
and South America and European countries, tropical
and subtropical regions of Asian continent. In the
world, area and production of bell pepper is merged
with that of hot pepper (chilli). Hence, the statistics
related to pepper/chilli as whole is given. Annual
world production of bell pepper in the year 2012
amounted to 79.35 million metric tonnes from an
area of 3.74 million hectares. China is the major
producer of capsicum and contributes 36 per cent of
the worlds cultivated area with a production of 19.54
million tonnes. India contributes average annual
production of 0.9 million tonnes from an area of
0.885 million hectare with a productivity of 1.017
tonnes per ha (Anon., 2012). They are mainly
cultivated during rabi and kharif seasons in
Karnataka, Maharashtra, Tamil Nadu, Himachal
Pradesh and hilly areas of Uttar Pradesh. One of the
most important factors responsible for poor
productivity of Capsicum is the improper water
management. In view of water being a scarce
commodity, it is necessary to adopt a suitable method
of water application for increasing irrigation
efficiency and crop productivity. The drip irrigation
effects a saving of water and is a solution to
problems of water scarcity. Because drip irrigation
system is a very efficient method of supplying water
to plant precisely very close to the root zone of
plants. In drip method of irrigation, water is carryout
*Corresponding Author

through an extensive pipe network an allow to drip
slowly through the emitters at a low pressure directly
near to the root zone by considering evaporative
demand of the crop [Bankar et al. Very meager work
has been carried out on water management aspects of
Capsicum under drip irrigation system. Hence the
present study was undertaken.
MATERIAL AND METHOD
A field experiment was conducted during the year
2012-13 at Horticultural Research Farm, Precision
Faming Development Centre, Department of
Horticulture, Indira Gandhi Krishi Vishwavidyalaya,
Raipur Chhattisgarh. The experiment soil was sandy
loam. The treatments are as follows:
Main Plot- Irrigation (4 level)
F1- 100% of RD (200:140:180 kg NPK/ha)
F2- 100% of RD (200:140:180 kg NPK/ha) through
fertigation
F3- 80% of RD (160:112:144 kg NPK/ha) through
fertigation
F4- 100% of RD (120:84:108 kg NPK/ha) through
fertigation
Sub plot- Mulching (3 level)
M1- Without mulch
M2- Black polyethylene mulch
M3- Silver polyethylene mulch
The experiment was laid out in a Split Plot design
with three replications. Capsicum plants were
transplanted at a spacing of 1.0 x 0.45 m. The drip
system was designed with measured paths and
lengths of main, sub-main and lateral lines with
water sources and experimental site. To maintain the
required operating pressure in the system the drip
main line was connected with the pumping source
along with a gate valve for regulating water daily as
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per the treatment requirement. Reference crop evapotranspiration was estimated using the Modified
Penman Method [Doorenbos and Pruitt using
weather data collected from automatic Weather
Station, 1 km away from the field site. The actual

evapo-transpiration was estimated by multiplying
reference evapo-transpiraton with crop co-efficient
for different months based on crop growth stages.
Analysis of the data was done as suggested by Panes
and Sukhatme (1978).

Fig. A field view of Capsicum cultivation under fertigation and mulch
Response on Plasticulture Applications
Silver polyethylene mulch was significantly superior
over compare with Black polyethylene mulch, and
without mulch. Silver polyethylene mulch reflects
the sun rays in whole plant and gave high yield and
Black polyethylene mulch surplus weed control and
water conserve. It gave maximum plant height,

number of branches, number of fruits and yield
(340.00 q/ha) with earlier flowering and fruiting.
Among various interactions, fertigation with 80%
RDF and Silver Polyethylene mulch was proved
most promising in terms of earlier flowering and
fruiting with highest fruit yield.
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Table. Effect of different level of fertigation and different colour mulching on growth and yield of Capsicum
Fruit
Fruit
Plant
set
No. of
Days to
No of
Fruit
dia
Height
No. of
(%)
secondary flower
fruits
length
meter
(cm)
branches
branches initiation /plant
(cm)
(cm)
Control
47.47
2.23
40
4.33
25.30
11.84
11.07
6.84
100% RDF
59.45
2.50
42
4.87
23.80
14.87
12.65
7.78
80% RDF
61.72
2.77
50
5.13
22.94
17.33
13.28
8.20
60% RDF
58.89
2.37
41
4.67
24.70
13.20
11.80
7.28
CD
1.64
0.22
1.35
1.25
1.01
1.09
0.81
0.53
With out
mulch
Black Plastic
mulch
Silver
polyethylene
mulch
CD
F1M1
F1M2
F1M3
F2M1
F2M2
F2M3
F3M1
F3M2
F3M3
F4M1
F4M2
F4M3
CD

40
55.07

2.20
2.43

0.85
0.79
0.87
0.78
0..24

Weight of
individual
fruit (g)
119.47
164.84
179.50
154.17
17.00

0.80
4.10

25.35

12.43

11.48

7.07

48
57.67

Rind
thickness
(mm)

4.80

24.05

14.35

12.41

Yield
t/ha

8
8
9
6
0.39

21.63
25.63
28.65
22.31
0.32

5
139.95

0.85
7.64

52

Shelf
life
(days)

22.10
9

150.28
0.89

24.59
10

57.91
1.19

2.78
0.34

1.85

5.35
0.89

23.15
0.58

16.15
0.73

12.70
0.65

7.86
0.39

0.25

173.25
13.55

0.25

26.97
2.45

42.82
49.76
49.83
57.89
59.70
60.78
61.66
61.75
61.75
57.91
59.47
59.29
3.09

2.00
2.10
2.60
2.20
2.50
2.80
2.40
2.70
3.20
2.20
2.40
2.50
0.59

40
45
40
46
45
47
44
48
51
42
45
45
1.25

4.00
4.40
4.60
4.20
4.60
5.80
4.20
5.60
5.60
4.00
4.60
5.40
2.25

26.60
24.90
24.40
24.80
23.60
23.00
24.30
23.10
21.40
25.70
24.60
23.80
3.26

9.70
11.40
14.40
13.20
14.80
16.60
14.60
17.70
19.70
12.20
13.50
13.90
1.62

10.45
11.20
11.56
11.53
13.32
13.09
12.96
13.28
13.58
10.97
11.85
12.57
1.36

6.45
6.88
7.18
7.09
8.20
8.05
7.96
8.17
8.46
6.77
7.31
7.75
0.82

0.85
0.84
0.78
0.79
0.82
0.85
0.82
0.81
0.80
0.79
0.85
0.82
0.25

112.30
120.60
125.50
158.50
155.50
180.50
155.50
173.50
209.50
133.50
151.50
177.50
27.83

9
7
10
9
8
10
7
9
9
8
8
9
0..39

115.08
119.92
127.57
132.10
143.97
151.61
150.61
153.64
163.75
110.72
112.53
126.59
5.19

Significant at 5% level
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Cost Economics
Plasticulture Applications

Total
amount
(Rs.)

Particulars

A

B

C

Crop Name
Crop Variety
Area (ha)
Spacing (cm x cm)
No. of plants
Yield per plant (kg)
Total yield (Ton/ha)
Sale price (Rs/Kg)
Variable Costs (Rs/sqm)
Land Preparation
Fertilizer
Irrigation Costs
Seed Costs
(Planting Material)
Chemical Costs
Soil Solarization
Nursery Management
Low tunnel
Mulching
Labour
Interest @ 10%
System Maintenance cost
Other Variable Costs (Bamboo+GI
wire etc.)
Total Variable Costs (Rs.)
Fixed Costs @ Sqm
a. Shade net house
b. Green house
c. Drip Irrigation System
d. Sprinkler System
Total Fixed Costs (a+b+c+d) Rs.

1
Capsicum
Indra hybrid
1
60 x 45
37037
3
65-80
10

2

3

4000
73200
3000

5000
30000
3500

6000
35000
4000

15000
138200
10500

30000
8000

32000
9000

35000
10000

1000

1000

1000

36000
10000
16520
500

38000
12000
13050
500

15000
197220

17000
161050

Conventional method

1
Capsicum
Indra hybrid
1
60 x 45
37037
3
65-80
10

Total
amount
(Rs.)

2

3

1500
15000
8000

2000
18000
9000

2500
20000
10000

6000
53000
27000

40000
15000
14600
500

97000
27000
0
3000
0
114000
37000
44170
1500

15000
4000
0
500
0
0
15000
5900
0

18000
4500
0
500
0
0
17000
6900
0

20000
5000
0
500
0
0
20000
7800
0

53000
13500
0
1500
0
0
52000
20600
0

18000
179100

50000
537370

15000
79900

17000
92900

18000
103800

50000
276600

0
0
240000
0
240000

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

240000

0

0

240000

0

0
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B+C

Total Cost of Production
(Variable + Fixed) Rs
Gross Income (Rs.)
BC Ratio
Pay Back period (years)

437220
725000
1:1.01
1
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161050
725000
1:3.76

179100
725000
1:3.33

Findings
It is evident from the data (Table 1 and Table 2) that all the characters i.e. plant
height, number of primary branches, number of secondary branches, days to flower
initiation, number of fruits per plant, fruit length, fruit diameter, weight of
individual fruit and yield per plants were significantly influenced by different levels
of fertigation and type of mulching used. Application of 80% RDF through
fertigation with Silver colour plastic mulch showed maximum plant height, number
of primary branches & secondary branches and comes to early flowering followed
by 80% RDF with Black polyethylene mulch and without mulch. Similarly the yield
attributing characters i.e. number of fruits per plant, fruit length, fruit diameter,
weight of individual fruit and yield per plants were significantly influenced by
different levels of fertigation and type of mulching used. Among all the treatments
80% RDF with Silver colour plastic mulch recorded maximum number of fruits per
plants (22.40), fruit length (16.25 cm), fruit diameter (9.34 cm), weight of
individual fruits (210 gm) and yield (340.00 q/ha) followed by 80% RDF with
Black polyethylene mulch and without. Black polyethylene mulch was significantly
superior over paddy straw mulch and without mulch. Among various interactions,

777370
2175000
1:2.20

79900
175000
1:1.19

92900
200000
1:1.10

103800
200000
1:1

276600
575000
1:1.11

fertigation with 80% RDF and Silver colour plastic mulch was proved most
promising in terms of earlier flowering and fruiting with highest fruit yield.
CONCLUSION
In case of different mulches and fertigation conditions Silver colour plastic mulches
recorded the highest total marketable fruit yield with more number of excellent
quality grade fruits. The capsicum cv. Indra gave a tremendous response to different
mulches and fertigation conditions. For common farmers the growing of capsicum
cv. Indra under Silver colour plastic mulches and Black plastic mulches will be
more profitable.
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Abstract: The extensive survey of grasses growing throughout the Moradabad district was carried out during 2011-2013. A
total number of 62 species under 47 genera of grasses were collected and identified. In the present investigation nine genera
namely Arachne racemosa (Heyne) Ohwi. Arundo donax L., Bambusa arundinacea Willd., Cymbopogon citratus (DC)
Stapf., Hygroryza aristata (Retz.)Nees., Iseilema laxum Hack, Leersia hexandra Sw., Thysanolaena maxima (Roxb)
O.Kuntz and Urochloa panicoides P. Beauv., three species of Eragrostis namely E. diarrhea (Schult.)Steud., E. japonica
(Thumb)Trin., E. tenella L., one species of Digitaria, (D.setigera Roth ex Roem. et Schult.), one species of Saccharum (S.
bengalense Retz.) and one species of Sporobolus (S. marginatus Hochst. ex A. Rich.) have been recorded for the first time
from the study area which have not been listed by Paliwal and Singh (1982).
Keywords: Grassess, Moradabad, Poaceae family

INTRODUCTION

T

he value of grasses to mankind has been
recognized since very early times. The
cultivation of cereal grasses dates back to a period
when man was emerging from the nomadic stage.
The extent to which man’s evolution and present
position of domination in the biological world has
been affected by grasses is an interesting point of
speculation. Most civilization have developed in
grassland regions and it is probable that were it not
for the abundance and widespread distribution of
grasses, the human population of the world would
not have attained its present level. The grasses are
well known for their multipurpose value to the living
world. They belong to a very natural, highly evolved
and distinctive family Poaceae of flowering plants
(Singh, 2007). The grasses have a wide range of
distribution occurring in almost all types of habitats
and mostly prefer to grow in open places rather than
the shady places. The family Poaceae is also one of
the most important families to mankind. They are
directly consumed as food by human beings or
indirectly through the animal products. The role of
grasses as soil-binders is too well known to need any
elucidation. Grasses like Bamboo are also used as
building materials, for making baskets, brooms and
for thatching roofs. In fact, the discussion on
practical utility of grasses can be limitlessly
voluminous. Among flowering plants Poaceae, with
their 10,000 species and 620 genera is the fourth
largest family of the flowering plants (Mathew,
2014).
Moradabad district (28° -21' to 28° -16' N latitude
and 78° -4' to 79° E longitude) is a part of the
Ganga-Ramganga doab of Rohilkhand region in U.P.
It covers an area of 3493 sq. km. with the elevation
of 186 meters above the sea level. The maximum and
minimum atmospheric temperatures are 42.2°C and

4°C respectively. The average rainfall varies between
800 to 1000 mm .The relative humidity is up to 90%
in monsoon season and in drier part of the year it
decreases to less than 20%. The soil of Moradabad is
clayey loam and silty loam. Khadar and Bhur tracts
are also present in the area. There are a few sporadic
references of the collections of angiosperms from
Moradabad by T. Thomson and H. B. Naithani in the
Flora of Upper Gangetic Plain and the adjacent
Siwalik and sub Himalayan tracts (Duthie, 19031929) and Supplement to the Flora of Upper
Gangetic Plain (Raizada, 1976) respectively.
Thereafter a paper title A contribution to the
Angiospermic flora of Moradabad District was
published by Paliwal and Singh ( 1982) in which
they recorded 47 species under 38 genera of
grasses. Considering the importance of grasses and
taxonomic curiosity an attempt has been made to
enumerate grasses of Moradabad district of
Rohilkhand region of Uttar Pradesh.

*Corresponding Author

________________________________________________
Journal of Plant Development Sciences Vol. 7 (7) : 573-577. 2015

Fig.1. Map of Moradabad
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MATERIAL AND METHOD
During the present study an extensive survey of
grasses of Moradabad district of Rohilkhand region
of Uttar Pradesh was undertaken for four years
(2011-2013). All the grasses growing over the entire
study area were collected in all the seasons during
the survey. Among grasses, the leaves branches and
inflorescence of different species of the same genera
look very much alike in appearance to the naked eye
and are liable to be passed unnoticed, thinking them
one and the same species. So during the collection of
grasses a closer examination of each and every
sample was made with the help of hand lens. An
effort was always made to dissect and identify the
grass specimens soon after they were brought to the
laboratory. Flora of Delhi by Maheshwari (1963),
The Grasses of the Upper Gangetic Plain by Raizada
et al. (1961 & 1966), The Grass Flora of India by
Jain (1986), Common grasses of Meerut by Singh
(1971), Grasses of Kumaon and Garhwal divisions
and Dehradun Dist. by Mishra and Joshi (1974),
Herbaceous Flora of Dehradun by Babu (1977),
Additions to Grass flora of India by Jain and
Srivastava (1988), The Grasses of Uttar Pradesh by
Uniyal et al. (1994), Sedges & Grasses of Eastern
Uttar Pradesh by Singh (2007) have been consulted
for identification of species. All specimens were
deposited in the Herbarium, Department of Botany,
Hindu College, Moradabad (U.P.). In all cases,
however the identification of grasses was finally
confirmed by matching them in the herbarium of the
FRI Dehradun and BSI Allahabad.
Enumeration
Arachne Wt. et. Arn.
Arachne racemosa (Heyne) Ohwi, GBCIP.487.
Eleusine verticillata Rox. FBI.7:295; FD.391.
Simple or branched, annual with tufted culms, erect,
30-60 cm. high grass. Leaves 16-25 x 1.2 – 1.5 cm.
linear,
lanceolate,
acuminate,
margins.
Subdenticulate. Spikes generally 6-20, scattered or
whorled, suberect with numerous close spikelets.
Spikes generally 6-20, scaterred or whorled,
subereact with numerous close spikelets. Spikeletes
shining, 6-12 Flowered, 4-6 2-3 mm. closely
imbricate, biseriate. Glumes broadly ovate,
acuminate, unequal. Lemmas glabrous, acuminate,
keeled. Grains grooved, oblong, rugose.
Flowering and fruiting: July-Oct.
Field notes – Abundantly found in open waste places,
along road sides, railway line & in the cultivated
fields.
Locality – Meerpur. Local Name – Makra.
(Specimen no. Bk.964)
Arundo Linn.
Arundo donax Linn. FBI.7:302; GBCIP. 413;
FD.373.

A tall 3-5 m. high perennial, large grass with
creeping rhizome. Culums stout, hollow, many
nodded, smooth and glabrous. Leaves lanceolate. 3060 x 2.5 cm. glabrous, accuninate. Inflorescence a
large, erect, 40x60 x10 cm. terminal plumose,
panicle. Spikelets palebrown or purplish. 1-1.5 cm
long, 2-5 flowered. Rachilla and glumes more or less
glabrous. Lemmas 2-toothed. 7-nereved, acuminate,
long, hairy on the back in the lower half. Paleas 2keeled, ciliate on keels. Stamens-3.
Flowering and fruiting: Sept-March.
Field notes – Common along the banks of rivers and
marshy places.
Locality – Gagaan Area. Local Name –Nurhal.
(Specimen no. Bk. 694)
Bambusa Schreb. nom. cons.
Bambusa arundinacea Willd. Sp. Pl. 81. 1753.
HFD.588; FBI.7:395; Arundo bambusa Linn.
A tall, upto 25 m high thorny with erect to drooping,
crowded bright green culums. Culums sheaths 2030x12-20 cm. rounded at apex, blade triangular when
flattened out, covered thickly with golden hairs on
the back when young, glabrous within.Leaves 17.52.0 x 2-5 cm. linear or linear- lanceolate, glabrous
above, glabrate beneath, margins scabrid, tip sharp,
stiff. Inflorescence an enormous panicle. Spikelets
lanceolate, acute, nearly 5 in a cluster with 1-3
glumes, 3-6 bisexual lemmas followed by 1-3 male
ones, 1-3 barren ones. Lodicules-3, fimbriate, small.
Stamens drooping, slender, anthers obtuse. Grain
with short beak formed by the style base. Flowers
rarely in the area.
Field notes – Planted in private gardens as
ornamental.
Locality – City Area. Local Name –.Baans
(Specimen no. Bk.742)
Cymbopogon Spreng.
Cymbopogon citratus (DC) Stapf. MGWL. 43;
Andropogon citratus DC. Cat.Hort. Monsp.78.1813.
An aromatic, perennial green, stout with leafy sterile
shoots from a short rhizome. Culums erect, more or
less 2 m. tall. Leaves long, alternate towards the
base, tapering upwards to a setaceous point, 60-90
x0.6-1.6 cm. glabrous, scabrid at apex and oblong the
margins, midrib slightly stout below, whitish on
upper side, generally 30-60 cm. long.
Flowering and fruiting: Jan -March.
Field notes -Cultivated in private gardens for its
aromatic leaves.
Locality – City Area. Local Name –Lemon grass
(Specimen no. Bk. 654)
Digitaria Heist ex Febricius
Digitaria setigera Roth ex Roem. et Schult. Syst.
Veg. 2: 474. 1817. GBCIP. 305. 1960; Veldkamp. in
Blumea 21. 37. 1973 var. setigera. Paspalum
sanguinale Lamk. var. pruriens Hook. FBI. 7: 15.
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1897. - Digitaria microbahnae (Presl.) Henr. in
Meded. Rijks. Herb. 61: 13. 1930.
An erect or decumbent-ascending, tufted annual.
Nodes glabrous. Leaves linear-lanceolate, 0.5–1 cm
broad. Sheath with spreading long white hairs.
Spikes 4–8, subdigitate, 6–10 cm long, densely
pubescent, rachis scabrid. Spikelets 2 nate, elliptic,
glabrous, acute, 0.25–0.3 cm long, shortly pubescent
on the margins and lateral interspaces. Pedicel 0.18–
2 cm long. Lower glume absent. Upper glume 3
nerved, obtuse, 0.05–0.08 cm long. Lower lemma
lanceolate, hairy, 5-nerved.
Flowering and fruiting: July-Nov.
Field notes –Common in agricultural fields, waste
places and along road sides.
Locality – Manoharpur. Local name: Kiwai
(Specimen no. BK. 541)
Eragrostis Beaux.
Eragrostis diarrhea (Schult.) Steud. GBCIP. 507.
1960. - E. interupta var. koenigii Stapf. ex Hook.f.
FBI.3:316. FD. 386.
A slender tufted perennial grass with culums from
geniculate and ascending base. Leaves flat, narrow
and glabrous. Panicles long, narrow, contracted with
many subwhorled speculate branches and Panicles
look like lobed structures. Spikelets 1-4 mm. long,
minute, purplish or pinkish in color, ovate to linear,
rachilla joined between the flowering glumes.
Lemma obtuse. Grain obovoid.
Flowering and fruiting: Aug. – Dec.
Field notes –Commonly found in damp waste places.
Locality – kanth road. Local name: Lampa
(Specimen no. BK. 541)
Eragrostis japonica (Thunb.) Trin. In Mem. Acad.
Sci. Petersb. Ser. 6, 1: 405. 1830; Poa japonica
Thunb. Fl. Jap. 51. 1785. - Diandrochloa japonica
(Thunb.) Henry - BBSI. 9: 290. 1967. HFD.612.,
GBCIP. 509. 1960. - E. enterrupta var. tenuissima
Stapf. ex Hook.f. FBI. 7: 316. 1896.
An erect or decumbent-ascending, tufted, up to 60
cm tall, annual with glabrous nodes. Leaves 15–20 x
0.3–0.4 cm. scabrid. Ligule a ciliate rim. Sheaths
glabrous. Panicles long, loose, lanceolate-oblong in
outline, green or purpulish, 15–23 x 2–4 cm;
branches in whorls or clusters, divided from the base.
Spikelets ovate, purpulish, 0.12–0.15 x 0.1 cm,
compressed, 4–6 flowered. Pedicel scabrid, 0.2cm
long. Glumes subequal, ovate-oblong, 1-nerved.
Lemma ovate, obtuse, 3-nerved. Palea equalling the
lemmas, smooth keeled. Stamens three. Caryopsis
brown, obovoid.
Flowering and fruiting: Oct – March
Field notes-Common in dry rice fields and adjacent
waste lands.
Locality – Thakurwdara. Local name: not known
(Specimen no. BK. 664)
Eragrostis tenella (Linn.) P. Beauv. ex Roem. ex.
Schult. Syst. Veg. 2: 576. 1817; GBCIP. 513; GUGP.
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3: 89. - Poa tenella Linn. Sp. Pl. 69. 1753. – E.
tenella var. plumosa Hook. f. FBI. 7: 315.FD.386.
A decumbent- ascending, 10–20 cm tall, densely
tufted annual. Leaves 8–10 x 0.3–0.5 cm, linear,
acuminate, scabrid. Ligule a scarious rim. Sheaths
glabrous. Panicles 10–12.5 x 3–4 cm, plumose,
usually open, flexuous or contracted, oblong with
spreading branches. Spikelets 0.4 cm long,
linearoblong, greenish-purple, 4–6 flowered. Pedicel
scabrid with a minute circular gland pit. Involucral
glumes, subequal, 1-nerved. Lemma ovate-oblong,
obtuse, 3-nerved. Paleas deciduous, keel scabrous.
Rachilla glabrous, persistant. Stamens 3. Grain
oblanceolate-oblong. Flowering and fruiting: July –
Dec.
Field notes -Very common in grassy fields, gardens
and moist placecs.
Locality – Kanth road. Local name: not known
(Specimen no. BK. 553)
Hygroryza Nees
Hygroyza aristata (Retz.)Nees ex Wight et Arn. in
Edinb. new phil. J. 15: 380. 1833. FBI. 7: 95;
GBCIP. 567, f. 67.
Floating, perennial glabrous grass. Culms 30 cm
spongy with whorled feathery roots at nodes. Leaves
3-8 x 0.6-1.8 cm ovate oblong, base rounded.
Sheaths inflated. Panicles3-6 cm long with few
bisexual pedicellate spikelets. Glumes absent. Floral
glumes awned. Lemma 5 nerved, 6-7 mm narrow
lanceolate with 1.3 cm long scabrid awn. Palea
awnless. Stamen 6. Grain oblong
Flowering and fruiting: Oct – April.
Field notes -Commonly found in the margins of the
ponds.
Locality – Shahpur tigri. Local name: not known
(Specimen no. BK. 201)
Iseilema Anders.
Iseilema laxum Hack. in DC. Mon.Phan.6:682.1889,
FBI.7:218. FD.369;
A perennial, erect, decumbent ascending or prostrate
grass. Leaves linear, glabrous, purplish or green,
margins scabrid, sheaths lax. Inflorescence
interspersed with spath like bracts. Spikelets
arranged in long, narrow, racimiform panicle of
distant, axillary, pedunculate fascicled. Involucral
spikelets whorled, pedicellate, mall or neutral.
Pedicelled spikelets born on very slender pedicels,
mall or neutral resembling the involucral. Sessile
spikelets 2-sexual, upper floral glune reduced to an
own.
Flowering and Fruting: Sept-Dec.
Field notes: Commonly found in wet places.
Locality: Kanth. Local name: not known (Specimen
no. Bk).
Leersia Swartz
Leersia hexandra Sw., Prod. Veg. Ind. Occ.21. 1788.
L. hexandra ssp. grandiflora (Döll) Roseng., B.R.
Arrill. & Izag.
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An aquatic perennial grass which grows from 30 cm
to 1 m high, rhizomes elongate; culms 25-150 cm
long, decumbent, rooting at the nodes, sheaths
coarsely scabrous-hispid to glabrous, ligule truncate,
1-6 mm long, auriculate; The leaves 30 cm long, flat,
coated with rough hairs, spikelets flattened, ridged,
keeled, 1-flowered; greenish or purplish, flowers
3/16, panicles narrow, terminal, 5-15 cm long,
exerted, branches 3-13 cm long, filiform, ascending
to somewhat spreading in more robust forms. Culms
25-150 cm long, decumbent, glabrous to coarsely
scabrous near the nodes; blades 5-25 cm long, 3-5
mm wide, scabrous to nearly glabrous above and
beneath. Lemma acute to acuminate, ciliate (to 0.6
mm long), stamens 6, anthers 2-3 mm long; pistil
about 2.5 mm; caryopsis usually not seen.
Flowering and fruiting: June- Sept.
Field notes: A very common grass in moist situation
in paddy fields and near ponds. Locality:
Thakurdwara. Local Name: not known (Specimen
no. Bk.115).
Sachharum Linn.
Saccharum bengalense Retz. Obs. Bot. 5: 16. 1789.
GBCIP. 211 S. munja Roxb. S. arundinaceum
Hook.f. FBI. 7: 119. 1789) - Erianthus munja
(Roxb.) Tesweit, Raizada et al. Ind. For. Rec. (Bot.)
4: 186.
A large, tufted, perennial, up to 3 m. tall. Culms
solid. Leaves linear, acuminate, scabrid on margins,
2.5 cm broad. Sheath hairy on margins. Ligule ciliate
rim. Panicle plumose, 30–60 cm. long, with whorled
branches. Joints and pedicels ciliate. Sessile
spikelets, lanceolate, acute, 0.5–0.6 cm long, 2nerved. Upper glume acuminte, glabrous, ciliate on
keel. Lower lemma empty, epaleate, acute. Upper
lemma hermaphrodite, epaleate. Pedicelled spikelets,
similar to sessile spikelets. Stamen – 3.
Flowering and fruiting: Oct. – Dec.
Field notes: Common along river banks.
Locality: Gagan area. Local name: Munja (Specimen
no. BK.601)
Sporobolus R. Br.
Sporobolus marginatus Hochst. ex A. Rich.Tent. Fl.
Abyss.2: 397.1851.Bor. Grasses. Ind. 632. FD.404.
An erect perennial grass with a woody base.
Flowering branches stout or slender, 15-60 cm tall.
Leaves narrow, flat and minutely ciliate. Panicles
pyramidal, open, branches whorled, horizontally
ascending. Spikelets minute, 2x1 mm, spindle
shaped, 1- flowered, croweded and subsessile at the
ends of branches. Lower involucral glume much
shorter than the upper, nerveless. Floral glume ovate,
1- nerved. Paleas hyaline, often splitting from the
middle.
Flowering and Fruiting: May – Oct.
Field notes: Common in roadsides and in dry
habitats.

Locality: Lodipur. Local
(Specimen no. Bk.647).

name:

not

known

Thysanolaena Nees
Thysanolaena maxima (Roxb) O.Kuntz HFD. 650;
GBCIP:650; Agrostis maxima Roxb. FI.Ind Carey &
wall.1:319, 1820. FD.372; T.agrostis Nees FBI. 7:61.
A perennial, handsome grass; Culms rounded, reed
like, erect or ascending, 2.5 – 3.5 m. tall with
glabrous nodes. Leaves large, broad, lanceolate,
narrowed into an acuminate apex, base semi
amplexicaul, 30-60x5-7cm. glabrous. Panicles
effuse, glabrous, decompounds, 35-60 cm. long with
filiform branches. Spikelets greenish or purplish, 2flowered, 1-2 nate, minute, elliptic, lanceolate,
acuminate, pedicellate. Involucral glume hyaline, sub
equal. Lower floral glume empty, lanceolate, upper
hermaphrodite, ovate, ciliate with erect, white, long
hairs, stamens 2 or rarely 1.
Flowering and fruiting: Nov – Feb.
Field notes: Planted as ornamental grass in the
gardens.
Locality: MDA Colony. Local name: not known
(Specimen no Bk. 642).
Urochloa P. Beauv.
Urochloa panicoides Beauv. Ess. Agrost. 53. t. 11.
f.1. 1812. Panicum javanicum Hook.f. U.panicoides
var. pubescens (Kunth) Rev.Gram.1:31. 1829.
GBCIP. 372. 1960. FD.396.
A tufted, 30–60 cm tall, annual. Culms geniculately
ascending, rooting at base. Leaves 4–9 cm long,
ovate, lanceolate, finely hirsute, margins crisped,
ciliate. Sheath densely ciliate upwards. Raceme
dense, 2-seriate, 2.5–4.5 cm long, rachis flat on back,
triquetrous. Spikelets ovate to elliptic-oblong, 0.4 cm
long, pubescent. Lower glume ovate-rounded,
obtuse, 5- nerved, away from the rachis. Upper
glume glabrous, 9-nerved. Lower lemma empty or
male. Upper lemma hermaphrodite, transversely
rugose. Caryopsis 0.2 cm long, rotundate, elliptic.
Flowering and fruiting: Aug. – Oct.
Field notes: Commonly seen along roadsides, in
fields and gardens.
Locality: MDA Colony. Local name: not known
(Specimen no. BK. 641)
ACKNOWLEDGEMENT
Author gratefully acknowledges
assistance
F.No.8-2(302)/2011
provided by UGC, New Delhi

the financial
(MRP/NRCB)

REFERENCES
Babu, C.R. (1977). Herbaceous Flora of Dehradun.
CSIR, New Delhi.
Duthie, J.F. (1903-1929). Flora of the Upper
Gangetic Plain and of the Adjacent Siwalik and Sub-

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 7 (7)

Himalayan Tracts. Vol.-3. (BSI, Calcutta..Reprinted
2003).
Jain, S.K. and Srivastava, S.C. (1988). Additions to
Grass flora of India. J.Econ & Taxon. Bot., 12 (2):
305-311.
Maheshwari, J.K. (1963). The Flora of Delhi. CSRI,
New Delhi.
Mishra, O.P. and Joshi, P. (1974). Enumeration of
Grasses of Kumaon and Garhwal divisions and
Dehradun Dist. In U.P-Indian Forester, 100 (12):
736-753.
Mathew S., Augustine J. and Britto S. J. (2014).
The grass diversity of Vagamon hills in kerala.
Research in Plant Biology. An International open
online journal. 4(3): 10-15.

577

Paliwal, N.K. and Singh, V.P. (1982). A
contribution to angiospermic flora of Moradabad
District. U.P. (India). J. Eco. Taxon. Bot. 33(3): 851861.
Raizada, M.B., Bhardwaja, R.C. and Jain, S.K.
(1961 & 1966). The Grasses of the Upper Gangetic
Plain. The manager of Publications. New Delhi.
Singh, A. K. (2007). Sedges & Grasses of Eastern
Uttar Pradesh. Daya Publishing House. New Delhi,
India.
Singh, V. (1971). Common grasses of Meerut. Indian
Forester. 97: 274-281.
Uniyal, B.P., Balodi, B. and Baij Nath (1994). The
Grasses of Uttar Pradesh, A check list. Bsmps,
Dehradun. India.

578

BEENA KUMARI

CONTACT TOXICITY OF COMMONLY USED INSECTICIDES AND NEW
MOLECULES AS PER RECOMMENDED DOSE FOR CROP PESTS AGAINST
INDIAN HONEY BEE, APIS CERANA INDICA FABR. IN LABORATORY
CONDITION
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Abstract: The effect of insecticides on honey bee population was observed least mortality in neem oil, flubendiamide,
thiamethoxam, and imidacloprid at 6 hour after treatment. However, the lowest mortality was recorded in neem oil (2.5%)
during 12 hour after treatment whereas neem oil and fipronil was found safer at 24 hour after treatment whose mortality was
2.5 and 7.5 per cent, respectively. Thus neem oil was found safest for Indian honey bee. The bio-pesticides (neem oil) and
phenyl pyrazole (fipronil) had least negative effect on Indian honey bee whereas the phosphamidon, monocrotophos,
chlorpyriphos, profenophos and cypermethrin were highly toxic.
Keywords: Apis cerana indica, Toxicity, Insecticides, Laboratory

INTRODUCTION

I

ndian honey bee, Apis cerana indica is an
economically important insect due to the products
of the hive (honey, pollen, royal jelly and wax )
which generate considerable income for beekeepers,
as well as farmers due to crop pollination. But the
crops are subjected to depredation by various insect
pests which need to be suppressed by application of
insecticides even at the flowering stage of the crop
when the pollinating bees are active. Thus the bees
are exposed directly to the insecticides as well to the
residues of the insecticides on the crop so bees
should be protecting from insecticides.
MATERIAL AND METHOD
The experiment was undertaken at Rajmohini Devi
College of Agriculture and Research Station,
Ambikapur, Surguja (C.G.) of Indira Gandhi Krishi
Vishwavidyalaya Raipur (Chhattisgarh) India during
2012-13. The forager honey bees of equal age were
collected from the existing bee colonies from one bee
hive kept in apiary of college. Half a liter of spray

solution of different tested insecticides was prepared.
The filter papers (whatman No.42) were dipped in
insecticides solution and allowed to dry under the fan
at room temperature for one hour. The treated papers
were kept in glass jar and forager honey bees were
exposed in it for 10 minutes and then transferred to
clean Petri dishes. Honey soaked cottons were
supplied inside the petri dishes as food for test honey
bees. Parallel untreated control (Plane water)
treatment was kept for comparison. Four replications
were made in the treatment. For the assessment of
toxic effects the mortality per centage counts were
taken for 6, 12 and 24 hours after the treatment.
Statistical method
The statistical analysis was done in Completely
Randomized Design (CRD) with parentheses of
transformed value square root √x+0.5.
Toxicity of some commonly used insecticides and
new molecules as per recommended dose for crop
pests against A. cerana indica. The experiment was
conducted as per the method described by Panda et
al. (1989).

Treatments details
Treatments

Insecticides

Groups

Dosages (ga.i./ha)

T1

Monocrotophos (36 EC)

OP

400

T2

Chloropyriphos(20EC)

OP

500

T3

Phosphamidon(40SL)

OP

500

T4

Profenophos(50EC)

OP

500

T5

Cypermethrin(10EC)

CP

50

T6

Cartap hydrochloride(50SP)

NT

300
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T7

Ethofenprox(10EC)

ED

75

T8

Fipronil(5SC)

PP

50

T9

Imidaclorpid(17.8SL)

NN

25

T10

Thiamethoxam(25WG)

NN

25

T11

Indoxacarb(14.5SC)

OD

30

T12

Flubendiamide39.35SC)

DA

25

T13

Neem oil(0.15%)

BOT

2500

T14

Fenvalerate(20EC)

CP

200

T15

Control (Plane water)

-

500L

RESULT AND DISCUSSION
Total 14 insecticides were tested against Indian
honey bee, Apis cerana indica in laboratory
condition among them neem oil found safest and
honey bee per cent mortality was recorded after 6
hour, 12 hour and 24 hour of treatment. The details
are given below:
6 Hours After treatment
After 6 hour of treatment the highest per cent
mortality of worker honey bees was recorded in
phosphamidon 500 g.a.i./ha (77.5%) and it was
significantly superior over control followed by
monocrotophos 400 g.a.i./ha (75.0 %), chlorpyriphos
500 g.a.i./ha (75.0 %), profenophos 500 g.a.i./ha
(70.0 %), cypermethrin 50 g.a.i./ha (60.0%), fipronil
50 g.a.i./ha (40.0%) and ethofenprox 75 g.a.i./ha
(37.5%). However, the low mortality was recorded in
cartap hydrochloride 300 g.a.i./ha (7.5 %) followed
by indoxacarb 30 g.a.i./ha (2.5 %) and fenvalerate
200 g.a.i./ha (2.5%). Whereas no mortality was
recorded in treatments imidacloprid 25 g.a.i./ha,
thiamethoxam, flubendiamide 25 g.a.i./ha, neem oil
2500 g.a.i./ha and in control (Table 1 and Fig.1).
12 Hours after Treatments
The higher mortality was observed in ethofenprox
75 g.a.i./ha (55.0 %) and it was at par with
cypermethrin 50 g.a.i./ha (40.0%), fipronil 50
g.a.i./ha (37.5%), cartap hydrochloride 300 g.a.i./ha
(32.5%), profenophos 500 g.a.i./ha (30.0%),
monocrotophos 400 g.a.i./ha (25.0 %), chlorpyriphos
500 g.a.i./ha (25.0%), imidacloprid 25g.a.i./ha
(25.0%), fenvelerate 200 g.a.i./ha (25.0%),
phosphamidon 500 g.a.i./ha (22.5%), flubendiamide
25 g.a.i./ha (20.0%) and indoxacarb 30 g.a.i./ha
(17.5%). Whereas, less mortality was recorded in
thiamethoxam 25 g.a.i./ha (7.5%) followed by neem
oil 2500 g.a.i./ha (2.5 %) and no mortality was
observed in control (Table 1 and Fig. 1).

24 Hours after treatments
There was total mortality in phosphamidon 500
g.a.i./ha, profrnophos 500 g.a.i./ha and cypermethrin
50 g.a.i./ha. Whereas, the mortality in fenvalerate
200 g.a.i./ha was 40.0 per cent followed by
flubendiamide 25 g.a.i./ha (37.5%), cartap
hydrochloride 300 g.a.i./ha (30.0 %), imidacloprid 25
g.a.i./ha (27.5 %), indoxacarb 30 g.a.i./ha (20.0%),
ethofenprox 75 g.a.i./ha (10.0%), and thiamethoxam
25 g.a.i./ha (10.0%). Fipronil 50 g.a.i./ha (7.5%) and
neem oil 2500 g.a.i./ha (2.5%) were found less toxic
as least mortality was observed (Table 1 and Fig. 1).
These results almost support the findings of Gour
and Pareek (2005) recorded that cypermethrin was
observed to be most toxic whereas dimethoate,
imidacloprid and acephate as moderately toxic and
cartap hydrochloride, malathion, neem extract and
ethofenprox as less toxic to bees adults as against
standard check endosulfan. Sharma and Abrol (2005)
confirmed the toxicity of different insecticides after 8
hour of treatment and the order of toxicity was
malathion > cypermethrin > demeton s-methyl >
fenvalerate > deltamethrin for Apis mellifera and
malathion > demeton-s- methyl > cypermethrin >
fenvalerate > deltamethrin for Apis cerana. All the
insecticides were highly toxic to honey bees.
Pastagia and Patel (2007) recorded the mortality of
A. c. indica worker bees at 24 hours after exposure to
different treatments and reported that profenophos
and indoxacarb were highly toxic. Thiamethoxam,
imidacloprid, ethofenprox and fenabucarb were
moderately toxic and endosulfan was least toxic.
Akca et al. (2009) reported that carbosulfan was
highest toxicity whereas methiocarb and carbaryl
were comparatabily less toxic. Kumar et al. (2010)
reported that the spirotetramet 150 OD at 45, 60 and
75 ai.ha-1 caused 3.30, 10.00 and 20.00 per cent
mortality to Indian bees after 6HAT, thereafter, it
increased to 10.00, 16.67 and 30.00 per cent after
24HAT. However, chloronycotinyl compounds,
imidacloprid,
acetamiprid
and
conventional
insecticides, monocrotophos, and methyl demeton
caused increased mortality of 46.67, 43.33, 56.67 and
63.33 per cent, respectively.
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Fig. 1. Contact toxicity of insecticides against Indian honey bee, Apis cerana indica in laboratory condition
Table 1. Toxicity of some commonly used insecticides and new molecules as per recommended dose for crop
pests against Apis cerana indica during the year 2012-13
Treatments
Dosage
Mortality (%) Mortality (%)
Mortality (%)
(g.ai/ha.)
6 HAT
12 HAT
24 HAT
T1-Monocrotophos
(36
400
75 (7.69)
25 (3.03)
SL)
T2-Chlorpyriphos (20 EC)
500
75(7.69)
25 (3.03)
T3-Phosphamidon (40 SL)
500
77.5(8.33)
22.5 (4.28)
T4-Profenophos (50 EC)
500
70 (7.92)
30 (3.99)
T5-Cypermethrin (10 EC)
50
60 (7.20)
40 ( 5.40)
T6-Cartap hydrochloride
300
7.5 (2.29)
32.5 (4.93)
(50 SP)
T7-Ethofenprox (10 EC)
75
37.5 (5.17)
55 (7.26)
T8-Fipronil (5 SC)
50
40 (5.40)
37.5 (4.63)
T9-Imidacloprid (17.8 SL)
25
0 (0.70)
25 (3.88)
T10-Thiamethoxam
(25
25
0 (0.70)
7.5 (1.91)
WG)
T11-Indoxacarb (14.5 SC)
30
2.5 (1.34)
17.5 (3.26)
T12-Flubendiamide (39.35
25
0 (0.70)
20 (3.51)
SC)
T13-Neem oil (0.15%)
2500
0 (0.70)
2.5 (1.34)
T14-Fenvalerate (20 EC)
200
2.5 (1.34)
25 (3.03)
T15-Control (Plane water)
500L
0 (0.70)
0 (0.70)
SEM ±
1.3759
1.7765
CD (5%)
3.92 **
5.32**
** Significant at 1% level, * significant at 5% level
Figures in parentheses are square root transformed value, HAT-Hours after Treatment,

0 (0.70)
0 (0.70)
0 (0.70)
0 (0.70)
0 (0.70)
30 (3.99)
10 (2.54)
7.5 (2.29)
27.5 (4.63)
10 (2.61)
20 (3.51)
37.5 (5.88)
2.5 (1.34)
40 (5.40)
0 (0.70)
0.643
1.929*

CONCLUSION
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STRUCTURE ACTIVITY ANALYSIS OF ANTIBACTERIAL AND ANTIFUNGAL
ACTIVITIES OF SOME SUBSTITUTED CHROMONES
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Abstract : Bacteria and fungi are causes of numerous diseases in plants as well as animals . How anti-bacterial and antifungal activities change in chromonyl chalcones as well as heterocycally substituted chromones with structural variation in
compounds is described in present study. Both chromonyl chalcones as well as heterocycally substituted chromones derived
from 3-formylchromones have been found to be good antimicrobials. It is found that electron rich aryl groups on chalcone
backbone increase antibacterial activities; whereas, heteroaromatic substituent like 2-furyl group favour antifungal
characteristics in chromonyl chalcones. Electron releasing alkyl group like methyl group at C6-position of chromone moiety
causes decrease in antimicrobial action; but, electron withdrawing – Cl substituent at the same position results in enhanced
activity.
Keywords: Antibacterial activity, Antifungal activity, Chromonyl chalcones, Heterocycally substituted chromones , Filter
paper disc method

INTRODUCTION

C

hromones [benzopyran-4-ones] are integral
ingredients of a number of flora; for instance,
Querecetin , Khellin etc. Khellin isolated from
Khella plant (Ammi visnaga L.) was herbal treatment
for stomach disorders [Bansal, 2001] till its toxicity
was discovered. Substituted chromones have been
found to be antimicrobial too. Ethyl ester of
chromon-3-carboxylic acid is effective against
Pricularia oryze [Ellis, 1977]. Analytes of chromon3-carboxylic acid are also antimicrobial. Some of the
chromones show anti-viral properties [Ellis, 1977].
Antibacterial and antifungal activities have been
found in some heterocycally substituted chromones
[El-Shaaer et al., 1998; Bhalekar et al., 2008].
Chalcones are also associated with antimicrobial
activities [Asiri et al., 2011; Hasen et al., 2007;
Nowakowska, 2007 and Saini et al., 2007].
During present study trends in antibacterial and
antifungal activities have been studied in some
chalcones derived from 3-acetylchromones and some
heterocycally substituted chromones obtained from
3-formylchormones.

g/ml and results are reported in Table – 1 and Table
– 2 , respectively . Muller Hinton agar and
Sabouroud dextrose agar were used as culture
medium whereas dimethyl sulphoxide [DMSO] was
solvent control for antibacterial and antifungal
screening. Streptomycin and Fluconazole were
employed as standards for antibacterial and
antifungal testing, respectively.
Among heterocycally substituted chromones
obtained from 3-formylchrmones compound 6chloro-2,3-dihydrobenzopyran-4-one[3,2b]benzoxazepin was screened against Aspergillus
niger;
but
2,3-dihydrobenzopyran-4-one[3,2b]benzoxazepin was tested against Salomonella . 3[2-benzothiazolyl imino methyl]-6-methylchromone
was screened for antifungal activity versus
Aspergillus niger. 3-[Dihydro-1, 3-benzoxazin-4one-3-yl]-6-methylchromone and 3-[Dihydro-1, 3benzoxazin-4-one-3-yl]-6-chlorochromone
were
tested against Streptomyces. All the testing of
heterocycally substituted chromones derived from 3formylchromones were done at 0.25 % , 0.50 % and
0.75 % w/v concentrations using dimethylformamide
[DMF] as solvent as well as solvent control by filter
paper disc method .

MATERIAL AND METHOD
RESULT AND DISCUSSION
Compounds were synthesized by author & coworkers [Sharma et al., 2010, 2011, 2013 and 2014].
For testing antibacterial and antifungal activities
filter paper disc method was used.
For chromonyl chalcones and 3-acetylchromones
antibacterial screening was done in vitro against
Escherichia coli and Pseudomonas aeruginosa ;
whereas antifungal activity was tested against
Aspergillus niger and Aspergillus flavus by
measuring zone of inhibition in mm. using filter
paper disc plate method at the concentration 100

6-Acetyl-2-phenylchromone [i.e. 6-acetylflavones]
(1) ; 1-(2-phenylchromon-6-yl)-3-(2-furyl)-2-propen1-one
(4)
;
1-(2-phenylchromon-6-yl)-3-(pchlorophenyl)-2-propen-1-one (5) and ; 1-[2-(2furyl)chromon-6-yl]-3-phenyl-2-propen-1-one
(6)
have shown inhibition zone of 10 , 10 , 12 and 10 ,
respectively against Pseudomonas aeruginosa as
compared to 18 mm. for streptomycin . Thus they
have mild to medium antibacterial activity. 1-(2Phenylchromon-6-yl)-3-phenyl-2-propen-1-one (3)
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has exhibited antibacterial activity of 12 mm. against
Escherichia coli which may be interpreted as
medium. Compound (4) and 1-[2-(2-furyl ) chromon6-yl]-3-(p-chlorophenyl)-2-propen-1-one (8) have
inhibition zone of 12 mm. against Aspergillus niger
as compared to 14 mm. for standard Fluconazole ;
hence they are excellent antifungal agents . From the
observations of the Tables it is inferred that phenyl
and p-chlorophenyl groups at 3- position of chalcone
backbone increase antibacterial activity against
Pseudomonas aeruginosa and 2-furyl substituent at
this position increases activity against Aspergillus
niger. Antifungal activity is not remarkable in 3acetylchromones but their conversion into chalcone
enhances it. 2-Furyl substituent favors antifungal
activity as (4) is excellent antifungal and (7) with two
furyl substituents though does not show any
antibacterial activity but is good antifungal agent.
Among heterocycally substituted chromones
obtained from 3-formylchrmones compound 6chloro-2,3-dihydrobenzopyran-4-one[3,2b]benzoxazepin tested against Aspergillus niger ( a
fungi that causes food poisoning ) has shown 96 %
inhibition of growth at 0.75 % w/v concentration in
DMF . Fungi toxicity decreases with number of days.
2,3-Dihydrobenzopyran-4-one[3,2-b]benzoxazepin
tested against Salomonella bacteria exhibited 92.71

% inhibition of bacterial growth at 0.75 % w/v
concentration in DMF . 3-(2-Benzothiazolyl imino
methyl)-6-methylchromone has shown 90 %
inhibition of growth at 0.75 % w/v concentration in
DMF
Against Aspergillus niger. 3-[Dihydro-1, 3benzoxazin-4-one-3-yl]-6-methylchromone and 3[Dihydro-1,
3-benzoxazin-4-one-3-yl]-6chlorochromone were tested against Streptomyces.
They exhibited 88.95 % and 90.80% growth
inhibition at 0.75 % w/v concentration, respectively.
Thus it is inferred that heterocycally substituted
chromones obtained from 3-formylchromones are
excellent antimicrobials.
CONCLUSION
It is revealed from this study that chromonyl
chalcones with aryl substituents at C3- position of
chalcone backbone have enhanced antibacterial
activity. But, 2-furyl ring at the same position favors
antifungal activity. Heterocycally substituted
chromones obtained from 3-formylchrmones are
excellent antimicrobials. Chalcone formation is an
excellent way to introduce antimicrobial activity in
3-acetylchromones.

Table 1. Antibacterial activities of Chromonyl chalcones
S. No. Name of compound

Antibacterial
Activity (E.c.)
1.
6-Acetyl-2-phenyl chromone
08
2.
6-Acetyl-2-furyl chromone
06
3.
1-(2-Phenyl chromon-6-yl)-3-phenyl-2-propen-1-one
12
4.
1-(2-Phenyl chromon-6-yl)-3-(2-furyl)-2-propen-1-one
09
5.
1-(2-Phenyl chromon-6-yl)-3-(p-chlorophenyl)-2-propen-1-one
08
6.
1-(2-(2-furyl) chromon-6-yl)-3-phenyl-2-propen-1-one
08
7.
1-(2-(2-furyl) chromon-6-yl)-3-(2-furyl)-2-propen-1-one
----8.
1-(2-(2-furyl) chromon-6-yl)-3(p-chlorophenyl)-2-propen-1-one
----E.c = Escherichia coli and P.a =Pseudomonas aeruginosa ; Inhibition zone in mm.
Table 2. Antifungal activities of Chromonyl chalcones
S. No. Name of compound
1.
6-Acetyl-2-phenyl chromone
2.
6-Acetyl-2-furyl chromone
3.
1-(2-Phenyl chromon-6-yl)-3-phenyl-2-propen-1-one
4.
1-(2-Phenyl chromon-6-yl)-3-(2-furyl)-2-propen-1-one
5.
1-(2-Phenyl chromon-6-yl)-3-(p-chlorophenyl)-2-propen-1-one
6.
1-(2-(2-furyl) chromon-6-yl)-3-phenyl-2-propen-1-one
7.
1-(2-(2-furyl) chromon-6-yl)-3-(2-furyl)-2-propen-1-one
8.
1-(2-(2-furyl) chromon-6-yl)-3(p-chlorophenyl)-2-propen-1-one
A.n = Aspergillus niger and A.f = Aspergillus flavus ; Inhibition zone in mm.
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EFFECT OF DIFFERENT DOSES OF IBA AND ROOTING MEDIA ON ROOTING
OF STEM CUTTING OF LEMON (CITRUS LIMON BURM) CV. PANT LEMON-1
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Abstract: The present investigation was conducted during 2011-12 at Horticultural Research Centre of Sardar Vallabhbhai
Patel University of Agriculture and Technology, Meerut (UP) - 250110. The experiment was laid of Randomized Block
Design (RBD) with three replications. The experiment consisted of ten treatment viz., T1 - 400ppm IBA +garden soil + sand
(1:1),T2 - 400ppm IBA + garden soil + sand + FYM (1:1:1), T3 - 400ppm IBA + garden soil + sand + vermi-compost
(1:1:1), T4 - 800ppm IBA + garden soil + sand (1:1), T5 - 800ppm IBA + garden soil + sand + FYM (1:1:1) ,T6 - 800ppm
IBA + garden soil + sand + vermi-compost (1:1:1), T7 - 1200ppm IBA + garden soil + sand (1:1), T8 -1200ppm IBA +
garden soil + sand + FYM (1:1:1), T9 - 1200ppm IBA + garden soil + sand + vermi-compost (1:1:1), T10 - Control (Garden
soil). Out of these, the treatment 800ppm IBA + garden soil + sand + vermi-compost (1:1:1) was gave significant results on
rooting of stem cuttings and survival percentage of lemon (Citrus limon Burm) cv. Pant Lemon-1 as compared to control
ones under western UP conditions.
Keywords: Lemon stem cutting, IBA, Vermi-compost, Survivality

INTRODUCTION
ruits are nature’s gift to mankind. These are not
only delicious and refreshing also the chief
source of vitamins, minerals and proteins,
carbohydrates and roughages. Among these, the
fruits of citrus group are recognizing as leading fruits
in world trade. They are mostly grown in subtropical
regions of India. Most of citrus fruits are rich in
vitamin C. Hence, citrus fruit having great socioeconomic importance to fruit growers for better
living of standard. In developing countries like India,
deficiency of vitamin C is quite common in human
beings. Therefore, lemon is a good source of vitamin
C to compensates the deficiency symptoms of this
vitamin through the plenty availability in fruit like
lemon and add in regular diet.
Fruits have great value to fetch the maximum return
by exporting them and value added products. India
share 10 per cent of total fruit production of the
world. Citrus is an important group of fruit crops
among all the fruits in India. Citrus has second rank
in area and third rank in production among the all
fruits in Indian scenario (Anonymous, 2012).
The total area under citrus cultivation is 942.7
thousand hectare in India with an annual production
8082.95 thousand metric tones. The productivity of
citrus fruit is 9.0 MTha-1. The area under lime/lemon
cultivation in Uttar Pradesh is 0.52 thousand hectare
with an annual production 1.42 thousand metric tons
(Anonymous, 2013).
Lemon has been found to be the most suitable citrus
fruit crop of western UP due to its better adaptability
and availability of fruits throughout the year. Lemons
are primarily used as a fresh fruit. Beside, these fresh

F

lemons are used to making of lemonade, shikanji and
for preparing lemon tea. Lemon is a good source of
citric acid, which is used for pharmaceutical
purposes and manufacturing aerated water. Lemon is
good source of lemon oil and used as stimulant and
carminative. Lemon juice with common salt is
recommended as a remedy for dysentery and heat
strokes during summer season. Lemon squash and
pickles are also valuable preserves food items which
are extensively used in most of Indian homes.
Lemon trees put on new growth as series of discrete
growth cycles or flushes. There is a major flush of
new growth in spring season, which produces most
of the flowers and some new leaves on shoot tips at
mature branches. There is great variation in initiation
of growth, flushes and its behaviour depending upon
a number of factors such as environmental, type of
soil, species, varieties and age of tree etc.
Several cultivars of lemon are being grown in all part
of India. Out of these, Pant Lemon-1 is the most
promising cultivar for western UP conditions. It is a
single plant selection from “Kagzi Kalan Lemon”. It
bears flowers and fruits in two main flushes and
exhausts more nutrients to maintain vegetative
growth, include flowering and fruiting (Raj, 1990).
Quality planting material is always prime need to the
fruit growers. Therefore, the main aim to produce
quality planting material for distribution to grower
community. For the above purpose, a rapid method
for multiplication of planting material is needed to
obtained good quality plants. To obtained ideal
planting material through vegetative propagation like
cutting is the cheapest, rapid and simplest method of
multiplication of plants. The developed plants
through cuttings are true -to- type and have uniform
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growth and plant canopy. Such plant comes into
bearing earlier than the seedlings plants. The success
of cuttings depend upon the many factors, associated
with plants i.e., age of the mother plant, parts used
of
tree, time of planting, rainfall, humidity,
temperature, rooting media and after care (Frey et al.
2006). Besides these, mechanical treatment like
ringing and girdling play an important role to
promote rooting of cuttings (Biswas, 1995). Ringing
and girdling interrupt the downward translocation of
carbohydrates, hormonal status and other possible
root promoting substances which helps in shoot
initiation and formation. These techniques are used
on shoots prior to their removal from mother plants
to obtained cuttings. It enhance the rooting in
cuttings(Evert and Smittle.1990).
The auxin indole- butyric acid has been identified as
rooting hormones. Exogenous application of IBA
induces rooting of stem cuttings. It promotes rooting
as well as number of roots. In many fruit species,
formation of adventitious roots can be induced by
given treatment with auxin. The cell elongation in
roots is also significantly improved with the
application of exogenous auxin. Now-a-days, auxin
has been employed as commercial application of
rooting of cuttings. Auxin affects a variety of
physiological process in plants i.e., nucleic acid
directed protein synthesis, enzyme activity and
membrane permeability, either directly or through
some other metabolic activities. Similarly, rooting
media is also play an important role for better root
formation and development. An ideal rooting
medium should be loose, porous with high water
holding capacity. Rooting medium holds cutting in
place, holding moisture content for new emerged
roots, congenial conditions for respiration and
maintains optimum temperature for the root
initiation. The nature of roots arising from the
cuttings is also influenced by the type of rooting
medium e.g., cutting when planted in pure sand
produce long, unbranched, coarse and brittle roots
but those planted in a mixture of sand, soil and peat,
produces well developed branches. (Chattopadhyay,
1994). Similarly, various rooting media i.e., garden
soil, sand, FYM and vermi-compost were taken in
appropriate ratio for planting of cutting. The FYM
and vermi-compost are important key element of
rooting media because they have various major and
micro-nutrient. Keeping the above explanation an
experiment entitled “Effect of different doses of IBA
and rooting media on rooting of stem cutting of
lemon (Citrus limon Burm) cv. Pant Lemon-1” was
formulated and conducted at HRC, SVP University
of Agriculture and Technology, Meerut.
MATERIAL AND METHOD
The present investigation was conducted during
2011-12 at the Horticulture Research Centre of
Sardar Vallabhbhai Patel University of Agriculture

and Technology, Meerut, 250110 (UP), to Study the
effect of different doses of IBA and rooting media
on rooting of stem cutting of lemon (Citrus limon
Burm) cv. Pant Lemon-1. The climate of this tract is
subtropical with extreme weather conditions,
consisting of hot dry summers and cold winters. The
maximum temperature ranges from 40 to 450 C
during summer and minimum temperature ranges
from 7 to 80 C during winter. The frost was
occasionally seen in the month of December and
January. The experiment was conducted in
Randomized Block Design (RBD) with three
replications. Total ten treatments including control
i.e., T1- 400ppm IBA + garden soil + sand (1:1), T2400ppm IBA + garden soil + sand + FYM (1:1:1),
T3- 400ppm IBA +garden soil + sand + vermicompost (1:1:1), T4-800ppm IBA + garden soil +
sand (1:1), T5- 800ppm IBA + garden soil + sand +
FYM (1:1:1), T6- 800ppm IBA + garden soil + sand
+ FYM (1:1:1), T7-1200ppm IBA + garden soil +
sand (1:1), T8- 1200ppm IBA + garden soil + sand +
FYM (1:1:1), T9-1200ppm IBA + garden soil + sand
+ vermi-compost (1:1:1) and T10- Control (Garden
soil) were used. For obtaining stem cuttings, 9-10
month old shoots of Pant Lemon-1 cultivar of lemon
was selected for conducting experiment.
According to treatment combinations, the different
rooting media were prepared and filled in black
colour poly-bags. The 22.50 cm long and pencil
thickness sized cuttings were made and treated with
prepared IBA solution according to different doses of
IBA. Thereafter, cuttings were planted in poly-bags
and placed in shade net-house during third week of
July month. The various observation like days taken
for sprouting (days), Per cent of sprouting cutting
(%), Number of shoots per cutting, Number of leaves
per cutting, Length of primary root (cm), Diameter
of primary root (cm), Length of longest root (cm)
and Survival Per cent (%) were recorded with
proceeding of experiment. The recorded data were
statistically analyzed by using randomized block
design (RBD) as suggested by Gomez and Gomez
(1996).
RESULT AND DISCUSSION
The data pertaining from the Table-1 indicated that
different doses of IBA and rooting media
significantly affect the various parameters of stem
cutting of lemon cv. Pant Lemon-1 during course of
investigation. The T6- (800ppm IBA + garden soil +
sand + vermi-compost (1:1:1) was found
significantly superior as compared to control and
other applied treatment in terms of days taken for
sprouting, percentage of sprouting cutting, number
of shoot per cutting, number of leaves per cutting,
length of primary root (cm), diameter of primary root
(cm), length of longest root (cm) and survival
percentage (%) of lemon cutting. Results from the
Table-1 showed that each increment in IBA
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concentration significantly affected in terms of days
taken to sprouting as compared to control and other
treatments. The minimum days were taken to
sprouting upto T6- 800ppm IBA + garden soil + sand
+ vermi-compost (1:1:1), thereafter it was slightly
more. The minimum days (6.00) to sprouting was
observed in T6 followed by T7-1200ppm IBA +
garden soil + sand (1:1) and T 8- 1200ppm IBA +
garden soil + sand + FYM (1:1:1) whereas,
maximum days(17) were noticed under control (T10).
The Treatment (T4 and T9) were gave at par results
on days taken to sprouting. The minimum days to
sprouting may be due to down ward translocation of
carbohydrates and accumulation of auxin inside of
cuttings for completion of physiological process.
Similarly, rooting media like soil + sand +vermicompost may also be provided good congenial
condition for early sprouting in cuttings. Similar
findings were also reported by Kour, et al. 2006 and
Awasthi, et al. 2008. Similar results were also found
in terms of percentage of sprouting cutting. The per
cent sprouting cuttings were significantly affected by
increasing doses of IBA up to 800ppm and garden
soil + sand + vermi-compost; thereafter it was
markedly declined with further application of higher
doses of IBA. The maximum per cent of sprouting
cutting (81.90 %) was recorded with T6- 800ppm
IBA + garden soil + sand + vermi-compost (1:1:1)]
followed by T5-800ppm IBA + garden soil + sand +
FYM (1:1:1) and T7-1200ppm IBA + garden soil +
sand (1:1), whereas the minimum per cent of
sprouting cutting (39.40 %) was recorded with T10
(control). I might be due to high accumulation of
callus formation in cuttings with optimum dose of
auxin resulting highest percentage of sprouted
cuttings. The present findings collaborated with
earlier findings of Pio et al. 2002, Pandey et al., 2003
and Bassan et al., 2010.
In context of number of shoots per cutting and
number of leaves per cutting were significantly
influenced by different doses of IBA and rooting
media in lemon cutting during the investigation
(Table-1).The number of shoot per cutting and
number of leaves per cutting were significantly
increased with the increment of each dose of IBA
upto T6- 800ppm IBA + garden soil + sand + vermicompost (1:1:1) then a declined trend was noticed
with further higher doses of IBA. The data clearly
stated that plant receiving dose of T 6 [800ppm IBA +
garden soil + sand + vermi-compost (1:1:1)] gave the
maximum number of shoot (8.0%) per cutting
followed by T5 [ 800ppm IBA + garden soil + sand
+ FYM (1:1:1)] and T7- 1200ppm IBA + garden soil
+ sand (1:1), while minimum number of shoot (1.80)
per cutting was recorded under T 10 (control).
Likewise, the number of leaves per cutting was also
found in significant manner with application of lower
to higher doses of IBA and various combinations of
rooting media as compared to control. The maximum
number of leaves per cutting (14.0) were recorded in
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T6- 800ppm IBA + garden soil + sand + vermicompost (1:1:1)] followed by T 5 (11.0) and T7 (10.0),
while minimum number of leaves (3.0) per cutting
was recorded under T10 Control. Such types of
observation might be due to activation of auxin in
vegetative parts by using auxin like IBA. Similarly,
vermi-compost favoured the vegetative growth due
to it has major and micro nutrients in rooting media.
So that it favoured number of shoots and number of
leaves per cutting. Similar findings are close in
conformity with the earlier results given by Kumar et
al., 2004, Urban and Leachouder, 2005, Murkute et
al., 2009.
In other hand, the different concentration of IBA and
various rooting media was gave a advantageous
response in the expressions of length of primary root
(cm), diameter of primary root (cm) and Length of
longest root (cm) as compared to control and other
applied treatments in rooting of cuttings of lemon
during the course of study. The maximum length (7.9
cm)
of primary root was recorded with an
application of T6- 800ppm IBA + garden soil + sand
+ vermi-compost(1:1:1) followed by T 5 (6.3cm) and
T7 (5.9cm), while minimum length (2.1cm) of
primary root was recorded under T 10 (control).
Similarly, the maximum diameter (0.43 cm) of
primary root was noticed with T 6-800ppm IBA +
garden soil + sand + vermi-compost (1:1:1) followed
by T5 (0.37 cm) and T7 (0.35 cm) and minimum
diameter (0.14 cm) of primary root was found under
T10 (control). In addition to that similar results were
also reported in terms of length of longest root. The
maximum length (9.50 cm) of longest root was
recorded with an application T 6- 800ppm IBA +
garden soil +
sand + vermi-compost(1:1:1),
followed by T5 (8.2 cm) and T 4 (7.8cm) whereas
minimum length of longest root (3.9 cm) was
recorded under T10 (control). These parameters
showed significant results may be due to optimum
level of auxin accelerated cell elongation, cell
division and proliferation of callus at base of
cuttings. Similarly, the media like garden soil + sand
+ vermi-compost (1:1:1) might be favoured the
excellent growth of roots of cutting. It may be due to
friable nature of rooting media, resulting good
penetration of roots in rooting media. These findings
are in close conformity with earlier results of
Abdullah and Khateeb (2004), Deb, et al., 2009,
Sharma et al., 2009.
The survival per cent was significantly influenced by
different concentration of IBA and various
combinations of rooting media on rooting of cuttings
of lemon as compared to control and other treatments
during course of investigation. The maximum
survival per cent (88.7%) was recorded with T 6(800ppm IBA + garden soil + sand + vermi-compost
(1:1:1), followed by T5 (80.3%) and T7 (78.50 %),
consequently, minimum survival percentage (57.6%)
was recorded under T10 (control).The survival
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percentage directly associated with the use of root
promoting auxin like IBA and ideal rooting media
for rooting of cuttings. Similarly, optimum
temperature and high humidity per cent also play a
vital role for high accumulation of auxin content in
cuttings. These favourable conditions may lead to
good photosynthesis to accumulate photosynthates
and carbohydrates, resulting significant rate of
survival of rooted cuttings. Similar results were also
reported by Saini et al., 2010 and Chayanika, et al.,
2011.

CONCLUSION
In present investigation different IBA concentrations
and rooting media were applied for rooting of
cuttings of lemon cv. Pant Lemon-1. In this respect
total ten treatments were tried. Out of these, the
treatment 800ppm IBA + garden soil + sand + vermicompost (1:1:1) was found most significant treatment
for rooting of stem cuttings and survival percentage
of lemon (Citrus limon Burm) cv. Pant Lemon-1 as
compared to control ones under western UP
conditions.

Table 1. Effect of different doses of IBA and rooting media on rooting performance and survival percentage of
stem cutting of Lemon cv. Pant Lemon-1
Treatments

Days taken
for sprouting

T1

14

Percentage
of
sprouting
cutting
(%)
43.50

2.5

4

2.8

0.18

4.6

59.80

T2
T3

13
11

47.70
54.30

3.0
4.0

6
7

3.3
4.1

0.21
0.28

5.2
6.1

63.90
67.20

T4

10

63.20

5.7

9

5.6

0.32

7.8

73.80

T5

8

74.70

6.0

11

6.3

0.37

8.2

80.30

T6
T7

6
7

81.90
71.20

8.0
5.8

14
10

7.9
5.9

0.43
0.35

9.5
7.0

88.70
78.50

T8

9

60.50

4.4

9

4.7

0.29

6.5

70.40

T9

10

56.10

3.1

8

3.5

0.26

5.8

65.90

17
0.612
1.831

39.40
0.110
0.328

1.8
0.152
0.455

3
0.459
1.376

2.1
0.078
0.233

0.14
0.005
0.014

3.9
0.074
0.222

57.60
0.547
1.638

T10
S.Em+
CD at 5%

Number of
shoots per
cutting

No. of
leaves/
cutting

Length of
primary
root(cm)

Diameter
of primary
root(cm)

Length of
Longest
root(cm)

Survival
(%)

REFERENCES
Abdullah, G. R. and Al-Khateeb, A. A. (2004).
Rooting response of lime (Citrus aurantifolia
Christm Swingle) cultivar (cv.) Loomi to indole
butyric acid (IBA), rooting media and planting date.
Scientific Journal of King Faisal University (Basic
and Applied Sciences) 5 (2): 253-71.
Anonymous, (2012). Indian Horticulture Data Base.
National
Horticulture
Board,
Ministry
of
Agriculture,Government of India 85, Institutional
Area, Sector-18, Gurgaon.
Anonymous, (2013). Indian Horticulture Data Base.
National
Horticulture
Board,
Ministry
of
Agriculture,Government of India 85, Institutional
Area, Sector-18, Gurgaon.
Awasthi, P., Lal, S. and Singh, B. C. (2008).
Influence of stooling time and IBA concentrations on
growth attributes of stooled shoots in guava Pant
Prabhat. Progressive Research, 3 (2): 154-156
Bassan, M.M., Mourao, Filho, F. de A.A. and
Mendes, B.M.J. (2010). Rooting of Caipira sweet
orange + Volkamer lemon somatic hybrid cuttings
and their proginators. Revista Brasileira de
Fruticultura, 31 (2): 602-606

Biswas, M. (1995). Girdling, wounding, stem
maturity and IBA effects on rooting of Jack fruit
stem cuttings. J. Haw.Pac.Agric. 6: 19 – 25.
Chayanika, S., Borthakur, A., Singh S., Modi,
M.K. and Sen, P. (2011). Efficient in-vitro plant
regeneration from cotyledonary explants of Citrus
reticulata L. Blanco. Annals of Biological Research,
2 (6): 341-348
Chattopadhaya, T.K. (1994). A Text Book of
Pomology. (Vol-I) Kalyani Publishers, 1/1, Rajinder
Nagar, Ludhiana. pp.89.
Deb, P., Bhowmick, N., Ghosh, S.K. and Suresh,
C.P. (2009). Effect of different concentration of
NAA and IBA on success and growth of semi- hard
wood cutting of lemon (Citrus limon). Environment
and Ecology, 27 (3): 1130-1131
Evert, D.R. and Smittle, D.A. (1990). Limb
girdling influences rooting, survival, total sugar and
starch of dormant hardwood peach cutting. Hortic.
Sci. 25 : 1224 -1226.
Frey, B., Hagedorn, F. and Gludici, F. (2006).
Effect of girdling on soil respiration and root
composition in Sweet Chestnut Forest. For. Ecol.
Manage. 225(1-3):271-277.
Gomez, A.K. and Gomez, A.A. (1996). Statistical
Procedure for Agriculture Research. John Willey and
Sons Pnc, New York

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 7 (7)

Kour, K., Bakshi, B. and Kher P. (2006). Studies
on micro-propagation of rough lemon. Indian J. of
Hort., 64 (4): 454-455
Murkute, A.A., Sharma, S. and Singh, S.K.
(2009). Micro-propagation of trifoliate orange
(Poncirus trifoliate). Indian Journal of Plant
Physiology, 14 (2): 190-193
Pandey, A., Patel, R.M., Agrawal, S. and Sharma,
H. G. (2003). Effect of plant growth regulators on
rooting and survival percentage of different species
of citrus cuttings. Orissa Journal of Horticulture, 31
(2): 42-44
Pio, R., Ramos, J. D., Gontijo, T. C. A., Carrijo,
E. P., Coelho, J. H. C., Alvares, B. F. and
Mendonca, V. (2002). Rooting of cuttings of the
rootstocks of Citrus 'Fly Dragon' and 'Trifoliate'.
[Portuguese]. Revista Brasileira de Agrociencia; 8:
3, 195-198. 16
Raj, B. (1990). Effect of growth regulators on the
performance of lemon (Citrus limon Burm) cv. Pant
Lemon-1. M.Sc.Ag. (Horticulture) Thesis. Submitted

591

to, G.B. Pant University of Agriculture and
Technology, Pantnagar, Uttarakhand.
Kumar, S., Shukla, H. S. and Kumar, S. (2004).
Effect of IBA and PHB (p-hydroxybenzoic acid) on
the regeneration of Sweet Lime (Citrus limettiodes
Tanaka) through stem cuttings. Progressive
Agriculture, 4 (1): 54-56
Saini, H.K., Gill, M.S. and Gill, M.I.S. (2010).
Direct shoot organogenesis and plant regeneration in
rough lemon (Citrus jambhiri Lush). Indian Journal
of Biotechnology, 9 (4): 419-423
Sharma, S., Prakash, A. and Tele, A. (2009). Invitro propagation of citrus rootstocks. Notulae
Botanicae, Horti Agrobotanic, Cluj-Napoca, 37 (1):
84-88
Urban, L., and Leachaudel, M. (2005). Effect of
leaf to fruit ratio on leaf nitrogen content and net
photosynthesis in girdle branches of
Mango
(Mangefera indica L). Tree Structure Function, 19:
564-571.

592

VIVEK KUMAR, M.K. SINGH, MUKESH KUMAR, SATYA PRAKASH, ARVIND KUMAR, SANJEEV RAO
AND SUNIL MALIK

CULTIVATION TREND AND PREDICTION OF KODO (PASPALUM
SCROBICULATUM) MILLETS FOR CHHATTISGARH PLAIN ZONE OF
CHHATTISGARH, INDIA
K.K. Pandey*, C.K. Chandrakar and S.K. Singh
S.K. College of Agriculture and Research Station, Kawardha, District- Kabirdham,
Indira Gandhi Krishi Vishwavidyalya Raipur (C.G.)
Email- kkpandeystat@gmail.com
Received-01.07.2015, Revised-10.07.2015
Abstract: Kodo millet has large potential to provide nourishing food to subsistence farmers in Africa and elsewhere. Kodo
(Paspalum Scrobiculatum var. Scrobiculatum). Under the present investigation the Kodo millets has been taken for the
study. District Kabirdham of Chhattisgarh State has been used under the investigation for the Kodo millets along with total
cereal for the last 15 year (1998-99 to 2012-13). The correlation coefficient has been calculated between area and
production on district level and state level as well. The percent contribution has been calculated for the same. Simple linear
regression model has been used for the calculation of prediction of production on different particulars. The correlation
Coefficient between crop production on district level (Kabirdham) and State level (Chhattisgarh) is high and positive i.e.
0.938 and district level and total cereal is 0.697. The contribution in percent in respect of area is ranging from 9.15 to 11.35;
maximum contribution in area has been found 14.32 in 2002-03 followed by 14.08 in the year 2003-04 production is ranging
from 9.52 to 9.32; maximum contribution in production has been found 14.46 in 2002-03. The best model for the prediction
is model 5 the parameters for the evaluation is R2 and significance level.
Keywords: Kodo Millets, Correlation, Regression, R2, Percent Contribution

INTRODUCTION

N

utrition security implies awareness and access at
affordable cost to balanced diet, safe
environment and drinking water and health care
outreach. Millets contribute towards balanced diet as
well as safe environment. They are nature’s gift to
humankind. Millets are a treasure-trove of
micronutrients like B-complex vitamins and minerals
whose deficiencies in India are rampant. They also
contain fibre and health promoting phytochemicals
which function as antioxidants, immune stimulants
etc., and thus have potential to mitigate degenerative
diseases such as diabetes, CVD, cancer etc.
Kodo (Paspalum Scrobiculatum) var. Scrobiculatum,
order Poales, Family Poaceae, is grown in India, as
an important crop, while P. Scrobiculatum var.
Commersonii is wild variety indigenous to Africa
Heuzé (2012). The domestication process is still
ongoing. In southern India, it is called kodo or kodra,
and it is grown as an annual (ICRISAT, 2013). It is a
very hardy crop that is drought tolerant and can
survive on marginal soils where other crops may not
survive, and can supply 450–900 kg of grain per
hectare, Heuzé (2012). Kodo millet is a monocot and
an annual grass that grows to heights of
approximately four feet (Kodomillet 2013). It has an
inflorescence that produces 4-6 racemes that are 4–
9 cm long. Its slender, light green leaves grow to be
20 to 40 centimetres in length. The seeds it produces
are very small and ellipsoidal, being approximately
1.5 mm in width and 2 mm in length; they vary in
colour from being light brown to a dark grey. Kodo

millet has a shallow root system which may be ideal
for intercropping. Heuzé (2012).
Kodo is rich source of Protein (8.3g), Low Fat (1.4g),
Calcium (mg) (27.0), Iron (mg) (0.5), Zinc (mg)(0.7),
Thiamine (vitB1) (mg) (0.33), Riboflavin (vitB2)
(mg) (0.09), Folic Acid (mg) (23.1), Fiber (g)(9.0)
per 100 g (Gopalan et.al.1989). Finger millet (ragi) is
an extra ordinary source of calcium. Though low fat
content, it is high in PUFA (Poly saturated fatty
acid), Antony (et.al.1996).
The area (in million ha), production (in million
tonnes) and yield (q/ha) during last 50 years in India
under the small millets was 5.34, 2.07 and 3.88; 4.56,
1.56 and 3.41; 4.67, 1.92 and 4.12; 3.16, 1.22 and
3.86; 1.66, 0.78 and 4.69; 1.06, 0.47 and 4.43; 0.91,
0.45 and 4.91; 0.80, 0.46 and 5.65 for the year 195556, 1965-66, 1975-76, 1985-86, 1995-96, 200506,2008-09 and 2011-2012 respectively.
Vegetables in homestead gardens for home
consumption to ensure household food and
Consumption, include: “Initiative for Nutritional
Security through Intensive Millets Promotion”
(INSIMP), under the Rashtriya Krishi Vikas Yojna
of Government of India, “Revalorising Small Millets
in the Rain-fed regions of South Asia (RESMISA)
funded by International Development Research
Centre (IDRC) and CIDA (Canadian funds), and
DSR-led value chain development approach for
commercialisation of millets. Millets are an
important component of the National Agriculture
Innovation Projects of ICAR, and All India
Coordinated Project in Home Science, Other policy
initiatives include: price and procurement support for
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millets, inclusion of millets in the Mid day meal
programme and, promotion of Nutrifarms.
MATERIAL AND METHOD
Millets are drought, temperature and pest tolerant
and hence are grains for the future in an environment
of climate change and global warming. The study has
been carried out for the Kabirdham district, which is
under the Chhattisgarh Plain Zone of Chhattisgarh.
The data has been procured for last 15 years (which
is available on the web site of Agriculture
department of Chhattisgarh. The data on the Area,
Production and Productivity has been procured from
the department of Agriculture, Govt of Chhattisgarh,
on Kabirdham district and whole Chhattisgarh for the
Kodo millets and total cereal as well on the
respective years.
The correlation between Area and Production
calculated by Karl Pearson’s Correlation Coefficient
(Pearson, 1895)

r

COV ( X , Y )

 XY

Where, COV is Covariance between X and Y.
σX σy is the Standard Deviation of X and Y.
The role of Kodo millets in Area, Production and
Productivity has been calculated by the given
formula and it is converted into percentage.
%Contribution 

%Contribution 

TotalArea / productionofDistrict
x100
TotalArea / productionofState

TotalArea / productionofCrop
x100
TotalArea / productionofTotalCereal

The prediction equation has been used for the
calculation of the production (Pre harvest) of Kodo
millets if the area is already given:

A  8.83  2.67P

Where, A= Area (in million hectare)
Y= Yield (in million tonnes)

RESULT AND DISCUSSION
The correlation Coefficient between crop production
on district level (Kawardha) and State level
(Chhattisgarh) is high and positive i.e. 0.938, which
indicates that proportionally increasing or decreasing
of yield on district level when the yield will increase
or decrease on state level. The correlation between
kodo yield at district level and total cereal production
in respective year is 0.697. The relation between
kodo yield in Chhattisgarh and total cereal
production in Chhattisgarh is indicating in term of
correlation coefficient which is (0.734) positive
(Table 1).
Kabirdham district of is playing important role for
the production of Kodo millets in Chhattisgarh. The
contribution in percent in respect of area is ranging
from 9.15 to 11.35; maximum contribution in area
has been found 14.32 in 2002-03 followed by 14.08
and 13.91 in the year 2001-02 and 2003-04
respectively. Moreover, the percent contribution in of
production is ranging from 9.52 to 9.32; maximum
contribution in production has been found 14.46 in
2002-03 followed by 16.75 and 15.73 in the year
2001-02 and 2004-05 respectively Table (2). Kodo
millet has important Contribution in total cereal
production of Chhattisgarh but the trend is steadily
decline in last 15 years with respect of area and
production as well Table (2).
Simple linear regression model has been used to
develop the pre harvest forecast model for all the five
cases. Model 1 indicates that 80% efficient and
highly significant for the calculation of production of
Kodo millets for the given Area of Kabirdham
district. Same as we can calculate the production for
the Chhattisgarh state with model 2, which has 76%
R2 and highly significance. Least R2 (41% only) and
least significance found in model 3 for the total
cereal production in Chhattisgarh. We can easily
calculate the percent contribution in production of
Kodo millets by model 4. The R2 of model 4 is 85%
and significant at 0.01% level of significant. Most
significant and accurate model is model 5. The R2 of
the model is 93% and significant level 0.01 i.e.
indicates that the most efficient model is model 5
(Table 3).

Table 1. Correlation coefficient between Area, Production and Productivity
Production of Kabirdham and Production of Chhattisgarh for Kodo millet
Production of Kodo millet in Chhattisgarh and total cereal production
Production of Kodo millet in Kabirdham and total cereal production

0.938
0.697
0.743

Table 2. Area and Production Contribution (percent) of Kabirdham District for Chhattisgarh State.
Year
Area
Production
Area Contribution
Production
Contribution in
Contribution in
in Chhattisgarh
Contribution in
Chhattisgarh
Chhattisgarh
Chhattisgarh
1998-99

11.03

9.52

5.856

1.736

1999-00

10.94

12.61

5.721

1.260

2000-01

13.27

13.31

5.807

1.269
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2001-02

14.08

16.75

5.525

1.047

2002-03

14.32

18.46

5.182

1.048

2003-04

13.91

15.18

4.970

0.898

2004-05

12.89

15.73

4.710

0.824

2005-06

12.62

14.91

4.323

0.548

2006-07

11.79

15.14

3.955

0.593

2007-08

11.06

11.34

3.737

0.701

2008-09

11.71

14.72

3.565

0.532

2009-10

11.38

12.60

3.394

0.518

2010-11

11.01

9.06

3.153

0.415

2011-12

11.13

10.22

2.992

0.360

2012-13

9.15

9.38

3.329

0.383

Table 3. Development of the model for Different particulars.
S.No.
Particulars
Model
Model 1
Model 2
Model 3
Model 4
Model 5

Kabirdham
Chhattisgarh
Total Cereal
Percent contribution
in Chhattisgarh
Percent contribution
in Total Cereal

R2

Area =8.828+2.669 Production
Area =93.140+2.350 Production
Area =4174.60 -0.016Production
Area (%) =6.410 +0.423Production (%)

0.80
0.76
0.41
0.85

Significance of
Model
0.0001
0.0001
0.1199
0.0001

Area (%) =2.451+2.427Production (%)

0.93

0.0001

Graphs of different particulars
40
30
20
10
0

Fig1. A, P and Pr of Kabirdham of Kodo
300
250
200
150
100
50
0

Fig2. A, P and Pr of Chhattisgarh of Kodo
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8000
6000
4000
2000
0

Fig3. A, P and Pr of Chhattisgarh of Total Cereal
20.00
18.00
16.00
14.00
12.00
10.00
8.00

Fig 4. Percent Contribution of A and P of Kabirdham
8.000
6.000
4.000
2.000
0.000

Fig 5. Percent Contribution of A and P of Kabirdham District with respect to Chhattisgah State

AREA

PRODUCTION

PRODUCTIVITY

A= Area, P= Production, Pr= Productivity
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AN ECONOMIC ANALYSIS OF PRODUCTION AND MARKETING OF PALAS
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Abstract: Lac culture is a cash crop of importance and provides valuable income to resource constrained growers inhabiting
tribal-dominated forest and sub-forest regions of Chhattisgarh. The State of Chhattisgarh contributes almost 25 per cent of
the total Stick Lac produced in India. Almost one hundred thousand household in the state is involved with the cultivation
and procurement of this forest produce. However, the production per tree is almost on the lower end in Chhattisgarh.
Jharkhand state ranks 1st followed by Chhattisgarh, Madhya Pradesh, West Bengal and Maharashtra. Lac growers give more
important to regular income from cultivation of lac over the years to one-time income from timber or fuel. The study aims to
examine the cost, return, Marketing pattern and constraints in Lac production and marketing in the study area. The study is
relied on the response collected personally from 75 Lac growers, selected purposely from two villages of Korba district of
Chhattisgarh state. It was found that, most of the respondent belonged to schedule tribes; literacy of family members was
observed 89.29 per cent in all categories of farmers. Agriculture is observed as the main occupation. The economics of Lac
cultivation in average cost for Palas was worked out as Rs.2419.08 per tree. Major expenditure was incurred in Brood Lac
(91.46 per cent) followed by Inoculation of Brood Lac (1.90 per cent). The average production per tree of Lac for Palas was
observed as 22.13 Kilogram, Average input-output ratio of Lac was observed as 1:2.29 for Palas Lac tree. There were three
marketing channels for the marketing of Lac i.e. channel I producer, wholesaler, retailer and primary processor, channel II
producer, wholesaler, and primary processor and channel III producer, and primary processor. It was observed that 54.50
per cent of produced has been marketing in I, II, and III respectively.
Keywords: Economic analysis, Production, Tree, Chhattisgarh

INTRODUCTION

T

he State of Chhattisgarh contributes almost 25
per cent of the total Stick Lac produced in India.
The major part of the production happens in the
South and then in the eastern and North Eastern part
of the state. Almost one hundred thousand household
in the state is involved with the cultivation and
procurement of this forest produce. However, the
production per tree is almost on the lower end in
Chhattisgarh. This aspect will be dealt in details
towards the end of the study report. The state also
has a dedicated programmed towards promotion of
Lac with support from the European Union. The
Chhattisgarh Minor Forest Products (CGMFPs)
federation has dedicated human resources and a
programmed to promote Lac cultivation in the state.
On the basis of survey in the markets of different lac
producing districts and states, the estimated national
production of sticklac during 2009-10 was
approximately 16,495 tons. Jharkhand state ranks 1st
followed by Chhattisgarh, Madhya Pradesh, West
Bengal and Maharashtra. These five states
contributed around 95 per cent of the national lac
production. Contribution of Jharkhand in national lac
production was 41.98 per cent followed by
Chhattisgarh (30.28 per cent), Madhya Pradesh
(14.49 per cent), West Bengal (5.18 per cent) and
Maharashtra (3.15 per cent).
The Lac industry
occupies an important place and plays a very special
role in the State economy in particular and in the

national economy in general. Lac growers give more
important to regular income from cultivation of lac
over the years to one-time income from timber or
fuel. Lac culture is a cash crop of importance and
provides valuable income to resource constrained
growers inhabiting tribal-dominated forest and subforest regions of Chhattisgarh. The lac crop is a low
input/high value crop and returns from lac cultivation
are much higher than other agricultural crops,
especially in drought conditions when other major
agricultural crops fail.
The present study was undertaken in the Lac growing
area of Chhattisgarh, the present study was
undertaken in the Lac growing area in two villages of
Podi block with following objectives:
Objectives:
1. To estimate the Cost and Returns of Lac
production in the study area.
2. To examine the marketing pattern of Lac in the
study area.
MATERIAL AND METHOD
The present study was conducted in Korba district of
Chhattisgarh. Seventy-five farmers were selected
randomly from two villages namely Rawa and
Tuman. The primary data were collected for the year
2011-12. Primary data were related to cost and return
of Lac crop, and marketing channels etc. were
collected from the respondents using well designed
questionnaires and schedules. The secondary data
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regarding the area and production of Lac in Korba
district and Chhattisgarh state were collected from
Agriculture Statistics, Directorate of Agriculture,
Directorate of Land Records and Directorate of
Forest Government of Chhattisgarh (2010-11). To
calculate cost of cultivation, disposable patter and
constraints etc. standard method was used.
RESULT AND DISCUSSION
General characteristics of sample households:
The demographic characteristics of the sampled
farmers in the study area are described in table 1.The

numbers of house hold is taken on category wise was
33 small, 24 medium and 18 large farmers. The
schedule caste, schedule tribes, other backward caste
and general category consists 26.67 per cent, 40.00
per cent, 20.00 per cent and 13.33 per cent,
respectively of the total households. The literacy of
family members was observed (89.29 per cent) in all
categories of farmers. The agriculture is observed as
the main occupation as about 84.84 per cent, 70.84
per cent and 72.22 per cent in case of small, medium
and large farmers were engaged in the activities
respectively.

Table 1. Socio-economic characteristics of sampled Households
S.No.
Particulars
Small
1
33
Total number of households
(100.00)
2
Social group
4
a. General
(12.12)
6
b. Other backward caste
(18.18)
9
c. Schedule caste
(27.28)
14
d. Schedule tribes
(42.42)
3
Family Member
48
a. Male
(30.57)
43
b. Female
(27.38)
66
c. Children
(42.05)
157
d. Total family member
(100.00)
4
Occupation
28
a. Agriculture
(84.84)
0
b. Business
(0.00)
5
c. Service
(15.16)
5
Education
19
a. Illiterate
(12.10)
68
b. Primary school
(43.32)
47
c. Middle school
(29.94)
18
d. Higher
Secondary school
(11.46)
5
e. Above higher
secondary school
(3.18)
Literacy (%)
(87.90)

Medium
24
(100.00)

Large
18
(100.00)

Aggregate
75
(100.00)

3
(12.51)
5
(20.83)
5
(20.83)
11
(45.83)

3
(16.66)
4
(22.24)
6
(33.33)
5
(27.77)

10
(13.33)
15
(20.00)
20
(26.67)
30
(40.00)

34
(30.08)
31
(27.45)
48
(42.47)
113
(100.00)

22
(26.19)
27
(32.15)
35
(41.66)
84
(100.00)

104
(29.38)
101
(28.53)
149
(42.09)
354
(100.00)

17
(70.84)
3
(12.50)
4
(16.66)

13
(72.22)
3
(16.66)
2
(11.12)

58
(77.33)
7
(9.34)
10
(13.33)

14
(12.39)
54
(47.77)
34
(30.08)
9
(7.98)
2
(1.78)
(87.61)

9
(10.71)
37
(44.04)
20
(23.80)
13
(15.47)
5
(5.95)
(89.29)

42
(11.86)
159
(44.91)
101
(28.53)
40
(11.29)
12
(3.38)
(88.14)

Note: Figures in the parentheses indicate the percentages to total number of family Members.
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Table 2. Cost of cultivation of lac for Palas tree
S.No.

1.

2.

3.

ITEMS

Lac Growing SHGs Groups
SHGs-1 SHGs-2 SHGs-3 SHGs-4 SHGs-5 SHGs-6 SHGs-7
150
175
155
135
35
170
75

No. of Trees
Labour Used :a. Inoculation
7200
8550
of Brood Lac
(17.47) (20.75)
b. Pruning
5600
6300
/training
(17.04) (19.17)
c. Plant
1200
1600
protection
(8.20) (10.94)
d. Harvesting
5600
6500
(17.11) (19.86)
e. Other
1000
1000
(30.30) (30.30)
Material
Used:Pesticides &
2500
3000
fungicides
(12.98) (15.58)
Brood Lac
325500 367500
(16.43) (18.55)
Total
348600 394450
(16.41) (18.56)
Miscellaneous
5200
3950
(15.57) (11.82)
Sub-Total
353800 398400
(16.39) (18.46)
Transportation
1000
1200
Cost
(13.42) (16.10)
Total cost
354800 399600
(16.38) (18.45)

Total

Average per tree (Rs.)

895

5250
(12.74)
4200
(12.78)
1400
(9.57)
4200
(12.83)
800
(24.24)

4800
(11.65)
4000
(12.17)
3200
(21.88)
4000
(12.22)
500
(15.15)

2650
(6.43)
2250
(6.84)
1125
(7.69)
2625
(8.02)
0
(0.00)

6800
(16.50)
5600
(17.04)
4000
(27.35)
5600
(17.11)
0
(0.00)

5950
(14.44)
4900
(14.91)
2100
(14.35)
4200
(12.83)
0
(0.00)

41200
(100.00)
32850
(100.00)
14625
(100.00)
32725
(100.00)
3300
(100.00)

46.03
(1.90)
36.70
(1.51)
16.34
(0.67)
36.56
(1.51)
3.68
(0.15)

2700
(14.02)
315000
(15.90)
333550
(15.70)
4950
(14.82)
338500
(15.68)
1500
(20.13)
340000
(15.70)

2700
(14.02)
283500
(14.31)
302700
(14.24)
5575
(16.69)
308275
(14.28)
1000
(13.42)
309275
(14.28)

1650
(8.57)
174300
(8.80)
184600
(8.69)
3230
(9.67)
187830
(8.70)
800
(10.73)
188630
(8.71)

4200
(21.81)
357000
(18.02)
383200
(18.03)
5290
(15.84)
388490
(18.00)
950
(12.75)
389440
(17.98)

2500
(12.98)
157500
(7.95)
177150
(8.33)
5200
(15.57)
182350
(8.45)
1000
(13.42)
183350
(8.46)

19250
(100.00)
1980300
(100.00)
2120950
(100.00)
33395
(100.00)
2154345
(100.00)
7450
(100.00)
2161795
(100.00)

21.5
(0.88)
2212.62
(91.46)
2373.45
(98.11)
37.31
(1.54)
2410.76
(99.65)
8.32
(0.34)
2419.08
(100.00)

Note: Figures in parentheses indicate percent to total cost
Table 3. Cost and returns of Lac for Palas tree
B.

RETURNS

S.No. ITEMS
No. of Trees
Production (Kg)
Rs. per Kg
Gross returns
(Rs./tree)
Net returns (Rs./tree)
Cost per Kg
Input-output ratio

Lac Growing SHGs Groups
SHGs-1 SHGs-2 SHGs-3 SHGs-4 SHGs-5 SHGs-6 SHGs-7
150
175
155
135
35
170
75
3410
3850
3300
2970
770
3825
1688
250
250
250
250
250
250
250

Total

Average per
tree (Rs.)

895
19813
250

22.13
250

852500 962500 825000 742500 192500 956250 422000 4953250
497700 562900 485000 433225 3870 566810 238650 2788155
104.04 103.79 103.03 104.13 244.97 101.81 108.61 109.10
1:2.4
1:2.4
1:2.4
1:2.4
1:1.0
1:2.5
1:2.3
1:2.29

5534.35
3115.25
109.34
1:2.29

Note: Figures in parentheses indicate percent of total input cost
Cost of cultivation of Lac for Palas tree
The average cost cultivation per tree of was found
Rs. 2419.08. The main expenditure incurred in Brood
Lac 91.46 per cent followed by Inoculation of Brood
Lac 1.90 per cent Miscellaneous, Harvesting and
Pruning /training. The cost incurred on Brood Lac
was found to be Rs. 2212.62 Lac grower farmers at
overall respectively. The cost incurred on Inoculation
of Brood Lac was Rs. 46.03 per cent grower farmers
at overall. The cost incurred on Miscellaneous was
Rs. 37.31.
Cost and net returns production value of output
and cost of production per Kilogram for Palas
tree

The production, value of output per tree and cost of
production per Kilogram for Palas tree on the sample
farms have been worked out in table 3. Table 3
indicates that the average production per tree of Lac
come to 22.13 Kilogram on the sample farms.
The cost of production per kilogram on an average
was worked out to Rs. 109.10 for Lac. The average
value of output per tree came to Rs. 5534.35.
Measures of farm net margin for Palas tree
The values of net income per tree and Input-output
ratio on the Lac grower farmer have been worked out
in the table 3. Table 3 clearly indicates that on an
average the value of income per tree came to Rs.
3115.25 on the Lac grower farmer. The average
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Input-output ratio came to 1:2.29 on the Lac grower
farmer.
Marketing channels
There were three marketing channels for the Lac
marketing in Katghora market given below:
Channel – I: Producer -Wholesaler - Retailer –
Primary Processor.
Channel –
II: Producer –Wholesaler – Primary
Processor.
Channel – III: Producer – Primary Processor.
Disposable pattern of Lac
The information regarding disposal pattern of the
selected Lac growers is depicted in the Table 4.10

the table depicted that at the overall level, total
quantity of Lac produced per farm was 357.34
quintals. The total quantity sold in market in channelI, channel-II and channel-III was 357.46 quintal per
self-help groups out of 357.46 quintals overall. The
share of channel-I is 54.45 per cent with 194.65
quintal produce per self-help groups overall and
channel-II contribute the 28.63 per cent with 102.36
quintals overall quantity and channel-III contribute
the 16.87 per cent with 60.33 quintals overall
quantity. It is clearly show that the producers are sold
their produce in channel-I comparison to channel-II
and channel-III.

Table 4. Disposal pattern of Lac

(Quintal/tree)
Total quantity
S.No. Name of SHGs
Production Quintal per SHGs Sold
71.23
1
SHGs-1
71.23 (100.00)
(100.00)
56.52
56.52
2
SHGs-2
(100.00)
(100.00)
45.34
3
SHGs-3
45.34 (100.00)
(100.00)
48.75
4
SHGs-4
(100.00)
48.75 (100.00)
21.42
5
SHGs-5
(100.00)
21.42 (100.00)
75.80
6
SHGs-6
(100.00)
75.80 (100.00)
38.40
7
SHGs-7
(100.00)
38.40 (100.00)
357.34
357.34
Total
(100)
(100)
Note: (i) Figures in parentheses indicate percentage to total production.
(ii) Figures in parentheses indicate percentage to total quantity sold.
REFERENCES
Ferdousee N., Julker Nayen, M., Rafiqul Hoque,
A.T.M. and Mohiuddin, Mohammed (2010). Lac
Production and its Economic Return to Rural
Economy in Rajshahi Division, Bangladesh.
Proceeding
of International Conference on
Environment Aspect of Bangladesh,
Pal, G., Jaiswal, A.K. and Bhattacharya, A.
(2010). Estimation of Lac Production and Processing
in India. Environment and Ecology. 28(1B): 572-576.
Pal, G. (2009). Impact of Scientific Lac Cultivation
Training on Lac Economy A Study in Jharkhand.
Agricultural Economics Research Review, Vol. 22 pp
139-143.

Channel
I
39.02
(54.78)
27.37
(48.42)
25.11
(55.38)
31.18
(63.95)
12.37
(57.74)
42.15
(55.60)
17.45
(45.44)
194.65
(54.50)

Channel II Channel III
21.15
(29.69)
18.23
(32.25)
12.25
(27.01)
9.35
(19.17)
7.00
(32.67)
19.50
(25.72)
15.00
(39.06)
102.36
(28.63)

11.06
(15.52)
10.92
(19.32)
7.98
(17.60)
8.22
(16.86)
2.05
(9.57)
14.15
(18.66)
5.95
(15.49)
60.33
(16.87)

Pal G. (2010). Lac Statistics at a Glance 2010. The
Indian Institute of Natural Resins and Gums Ranchi,
Jharkhand.
Singh, B.P. and Chatterjee, R. (1994). Potential for
Increasing
Lac Production in West Bengal.
Directorate of Lac Development, Ranchi, Bihar,
India. Van-Vigyan. 32(1/2): 44-47.
Rao, A.R. and Singh, Parmatam (1990). Lac
cultivation and Marketing. Directorate of Lac
Development, Ranchi, Bihar, India. Indian-Forester.
116(6): 459-463
Raheja, S.K. and Rao, D.V.S. (1981). Sample
Surveys for Estimation of Lac Production. Indian
Agricultural Statistics Research Institute, New Delhi,
India. Agricultural-Situation-in-India. 1981; 36(4):
263-266.

SHORT COMMUNICATION

SEASONAL INCIDENCE OF RICE STINK BUG, EUSCHISTUS TRISTIGMUS AND
OEBALUS SPP. UNDER UPLAND TRANSPLANTED RICE ECOSYSTEM AND
THEIR CORRELATION WITH WEATHER PARAMETERS
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Abstract: The present study was conducted at research farm of Indira Gandhi Krishi Vishwavidyalaya, Raipur during kharif
season 2013-14 under upland transplanted rice ecosystems (UDS). The results of field experiments revealed that the
maximum population of rice stink bug observed on 42 SMW in month of October with 18.75 nymph/adult/25 sweeps. The
seasonal mean population of bug was 3.09 nymph/adult/25 sweeps. The rice stink bug showed non-significant positive
correlation with sun shine hours and non-significant negative correlation with maximum, minimum and average temperature,
morning, evening and Average relative humidity at 5 and 1 per cent level of significance.
Key words: Ecosystem, Rice stink bug, Upland, Wealth

INTRODUCTION

R

ice is the most important staple food grain in the
global food grain production. India has the
largest acreage under rice, about 44.6 m ha of land
with a production of about 90 MT (Roy et al., 2013).
In modern agriculture, high yielding rice varieties are
extensively grown with the use of fertilizers and
manures. Such cultivation pattern of rice accidentally
or inadvertently offers infestation of a large number
of insect pests, which results in to severe loss in crop
yields (Neeta, et al., 2013). Insect damage affects the
plant physiology leading to reduction in measurable
yield, utility or economic return (Munira and Rasel,
2012). Rice dusky stink bug, Euschistus tristigmus
and Oebalus spp. mostly present in different rice
ecosystem of Raipur, Chhattisgarh. These bugs are
also important rice pests in Asia, Africa, Latin
America, and southern USA. The damage to the rice
crop is caused by the feeding of nymphs and adult
bugs on the endosperm of the developing grains.
Growing rice bug nymphs are more active feeders
than adults, but adults cause more damage because
they feed for a longer period. Grains damaged during
milk stage remain empty. In severe cases of
infestation, most grains in a field are sucked empty
and the straw has an off-flavor, which is unattractive
to cattle. Damage during the dough stage causes
discoloration of mature grain and causes weakness in
the kernel. Such rice has lower milling quality or is
pecky rice of inferior grade. Partially damaged grains
also have an off-flavor even after cooking. Injury
during the milk stage causes yield loss; damage
during the dough stage impairs grain quality (Pathak
and Khan, 1994). The aims of this study was to
determine the seasonal incidence of rice stink bug
under upland transplanted rice ecosystems between
the developments stages of rice and their correlation

with weather parameter. It is hoped that the findings
from the study can contribute to the more ecological
precise ways in dealing with outbreaks and control of
insect pests of rice.
MATERIAL AND METHOD
The populations of rice dusky stink bug, Euschistus
tristigmus and rice stink bug Oebalus spp. were
recorded through sweeping net in upland
transplanted rice ecosystems (UTP). Sampling was
done randomly four places by 25 sweep of rice field
in morning at weekly interval. The observations on
occurrence of rice stink bug were recorded by taking
total 4 samples from 4 locations in UTP. All samples
were collected near the center of the ecosystem at
least 5 meter from the edge in order to reduce edge
effects, the method modified as according to Singh
and Singh (2010) Garg, (2012), Zhang et al, (2013).
Correlation analysis was carried out between field
incidence of rice stink bug and weather parameters
during kharif season 2013-14. Regression analysis
was worked out as per method given by Gomez and
Gomez, (1985).
RESULT AND DISCUSSION
Seasonal incidence of rice stink bug Euschistus
tristigmus and Oebalus spp.
Rice dusky stink bug, Euschistus tristigmus and rice
stink bug Oebalus spp. is important species which
present in upland rice ecosystem of Raipur. Perusal
of data presented (Table 1) on the incidence of rice
stink bug revealed that the pests population started
with 0.25 nymph/adult/25 sweeps from 36 SMW of
September and remain up to crop harvesting in the
upland transplanted rice ecosystem (UTP). There was
an increase in population in subsequent weeks and
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the highest rice bug population was recorded in third
week (42 SMW) of October with a population of
18.75 nymph/adult/25 sweeps. The average
population varied from 0.00 to 18.75 nymph/adult/25
sweeps during the rice cropping season. The present
studies are corroborated with Zhimomi and Ao
(2011) who reported that the seasonal abundance of
major insect pests was high in lowland followed by
foothill and upland. Zahirul et al., (2012) reported
that the aerobic rice system, invertebrate diversity
will probably be lower as compared to irrigated rice.

temperature (r = - 0.045), minimum temperature (r =
- 0.463), average temperature (r = - 0.394), morning
relative humidity (r = - 0.015), evening relative
humidity (r = - 0.468) and average relative humidity
(r = - 0.435) and average rainfall (r = - 0.434)
respectively at 5 and 1 per cent level of significance.
The coefficient of variation (%) showed that
minimum temperature 21.395 per cent and evening
relative humidity 21.873 per cent affect on pests’
population. It may be concluded from the study that
the seasonal incidence of rice stink bug under upland
transplanted rice ecosystems and their correlation
with weather parameter would be helpful in
developing efficient pest management strategies
against stink bug in rice crops for increasing
production and profit, besides safety to the
environment.

Correlation co-efficient between rice stink bug
and weather parameter
It was evident from the data (Table 2 ) that the rice
stink bug showed significant positive correlation
with sun shine hours (r= + 0.423) while non
significant negative correlation with maximum

Table 1. Mean population of rice stink bug in upland transplanted rice ecosystem
Weather parameters
Month

July
August

September

October

SMW

Mean population
of rice stink bug
in UTP

31
32
33
34
35
36
37
38
39
40
41
42
43
44
**S.M.

0
0
0
0
0
0.5
0.75
1
1.25
2.5
2.25
18.75
12.5
3.75
3.09

Temperature ( 0C)
Maxi.
Temp.
28.30
31.10
31.30
27.80
29.30
31.10
31.90
29.90
32.00
30.10
30.20
30.70
28.80
30.50

Mini.
Temp.
23.90
24.70
24.40
23.80
24.50
24.80
25.20
24.10
24.90
24.20
23.30
21.40
22.60
17.30

Avg.
Temp.
26.10
27.90
27.85
25.80
26.90
27.95
28.55
27.00
28.45
27.15
26.75
26.05
25.70
23.90

Relative humidity (%)

Rainfall
(mm)
255.80
87.40
177.00
60.50
120.80
54.80
11.60
92.60
28.60
45.20
8.60
0.00
32.60
0.00

Morn.

Even.

Avg.

95.10
93.10
94.70
92.00
94.90
92.60
91.70
93.40
93.00
95.00
83.70
91.40
95.90
92.30

83.90
76.00
79.60
83.60
78.10
75.70
73.30
76.90
68.00
75.30
71.10
56.30
73.10
38.40

89.50
84.55
87.15
87.80
86.50
84.15
82.50
85.15
80.50
85.15
77.40
73.85
84.50
65.35

Sun
shine
(hours)

1.30
3.30
3.30
1.50
3.10
4.20
6.20
2.50
6.30
4.20
3.50
8.60
2.10
8.90

*SMW = Standard meteorological week, **S.M. = Seasonal mean, UTP= upland transplanted rice ecosystem
Table 2. Correlation co-efficient (r) between mean populations of rice stink bug, Leptocorisa acuta Thunberg
and weather parameters
Correlation
coefficient
(r)

Coefficient of
determination
(r2)

Coefficient of
variation (%)

-0.045

0.002

0.203

-0.463

0.214

21.399

-0.394

0.155

15.499

-0.434

0.188

18.801

Morning

-0.015

0.000

0.022

Evening

-0.468

0.219

21.873

Average

-0.435

0.189

18.884

0.423

0.179

17.891

Correlation with
Rice insect

Weather parameter
Temperature
(0C)

Mean
population
of rice stink
bug in
upland
transplante
d rice
ecosystem

Maximu
m
Minimum
Average

Rainfall (mm)

Relative
humidity (%)

Sun shine
(hours)

*Significant at 5 % level (2.179), **Significant at 1 % level (3.055)

Regression equation value
y = -0.010x + 30.24 R² =
0.002
y = -0.170x + 24.0 R² = 0.214
y = -0.090x + 27.14 R² =
0.155
y = -5.731x + 87.38 R² =
0.188
y = -0.007x + 92.79 R² =
0.000
y = -0.996x + 75.17 R² =
0.218
y = -0.502x + 83.98 R² =
0.188
y = 0.183x + 3.646 R² = 0.178
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Abstract: Medicinal plants are important source of diuretics. But, significance of synthetic drugs in emergency cannot be
denied as they have quick and remedial action in hypertension, heart failure, renal failure, nephrosis etc. Thus synthetic
diuretics are important. Therefore, present study is carried out on structure activity relationship of 3- or 6-(2-Amino or Nsubstituted aminothiazol-4-yl)-2-methylchromones to find new and useful diuretic drugs. Compounds VPS-1 to VPS-6 were
tested and found to posses diuretic activity.
Keywords: Diuretic activity; 3- or 6 -(2-Amino or N- substituted aminothiazol-4-yl)-2-methylchromones; 3-[2-(3,5disubstituted -1H-pyrazol-1-yl)-4-thiazolyl]-2-methylchromones

INTRODUCTION

RESULT AND DISCUSSION

O

3-(2-Aminothiazol-4-yl)-2-methylchromone [VPS-1]
has shown diuretic activity equal to 89. Introduction
of methyl group at C6- position of chromone ring of
VPS-1 resulting in the formation of VPS-2 caused
decrease in activity by 15 units. This indicates
methyl group at C6- position of chromone ring
decreases diuretic activity, but it increases ALD50
value from 316 to > 1000 indicating that this change
makes compound safer to biological systems as
toxicity decreases which is in conformity with the
trend reported in literature [Gupta, 2013 and
Silverman, 2004]. Thus, electron releasing methyl
group at C6- position of chromone ring results in
decrease in diuretic activity, Compound 6-(2Aminothiazol-4-yl)-2,3-dimethylchromone [VPS-3]
shows highly decreased diuretic activity [ equal to
13] ; however , this compound is safer [ ALD50 >
1000]. Number of methyl groups is same in VPS-2
and VPS-3 , therefore , it is inferred that heterocyclic
2-aminothiazol-4-yl system is effective at pyran-4one ring only and electron release by this system at
position-6 of chromone ring decreases the activity.
Compounds VPS-4, VPS-5 and VPS-6 also have 2substituted aminothiazol-4-yl system at position-3 of
chromone nucleus and in them at 2-position of
thiazole is a tertiary amino substituent i.e. 1pyrazolyl system is present.
6-Chloro-3-[2-(3methyl-5-(2-furyl)-1H-pyrazol-1-yl)-4-thiazolyl]-2methylchromone (VPS-4) showed diuretic activity
equal to 51 and ALD50 value of 681 indicating that
this compound is not only mildly diuretic but is also
toxic. Introduction of one methyl group at position-7
of chromone ring in VPS-4 resulted in the formation
of 6-Chloro-3-[2-(3-methyl-5-(2-furyl)-1H-pyrazol1-yl)-4-thiazolyl]-2,7-dimethylchromone
(VPS-5)
which showed an activity increase of 27 units [from

ne of the important use of plant products is as
diuretic agent [Dutta et al, ; 2014]. Diuretics are
effective to cure oedema, heart failure, renal failure ,
nephrosis and hypertension etc. They increase urine
volume & increase excretion of sodium and either
chloride or bicarbonate [Barrar; 2003]. There are
more than 650 mono & poly herbal preparations used
in the form of decoctions , tablets , tinctures and
capsules etc .from more than 75 plants [Chopra et al.
; 1986]. Aqueous extract of bark of Mangifera indica
is good diuretic [Shree Devi; 2011]. Diuretic activity
is also reported in Achyranthes aspera Linn.
[Srivastav et al., 2011]. Ethanolic extract of
Euphorbia thymifolia potentiate the diuretic activity
as compared to standard drug [Kane et al., 2009].
Allium sativum (garlic) due to dose dependent effect
on sodium, potassium and ATPase causes dieresis
[Pantoja et al., 2000]. Though, herbal treatment is
safer way to dieresis; even than synthetic diuretic
drugs are better options in emergency due to their
fast actions. Therefore, present study is carried out
on structure activity relationship of 3- or 6-(2-Amino
or
substituted
aminothiazol-4-yl)-2methylchromones to find new and useful diuretic
drugs. Compounds VPS-1 to VPS-6 were tested and
found to posses diuretic activity.
MATERIAL AND METHOD
Compounds VPS-1 to VPS-6 were synthesized by
author in Department of Chemistry, Kurukshetra
University , Kurukshetra [Garg et al., 1985; Kapoor
et al., 1988 and Sharma et al.,2004] and were
screened for ALD50 [ Approximate lethal dose
around 50 % mortality ] and diuretic activity at
Pharmacology Division of CDRI , Lucknow.
Activities were compared with chlorothiazide
standard, value for which was taken as 100. Results
are reported in Table-1.
*Corresponding Author
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51 to 78] ; it also made compound safer [ ALD50
value increased from 681 to > 1000 ]. Compound
VPS-6 is 3-[2-(3, 5-dimethyl-1H-pyrazol-1-yl)-4thiazolyl]-2, 6-dimethylchromone that contains four
methyl groups. Here high electron release by methyl
groups decreased activity substantially to the value
28 [a decrease of 50 units from VPS-5]. However,
this compound is safe due to the presence of four
methyl groups. As diuretic activity of VPS-4 and
VPS-5 are greater than VPS-6, hence, 2-furyl
substituent at position-5 of pyrazole ring is
responsible for greater activity.

CONCLUSION
Electron releasing methyl groups though decrease the
activity but makes compounds safer for use. On the
other hand electron withdrawing – Cl substituent at
the same position favours higher activity and at the
same time increases toxicity also. As all the tested
compounds exhibited diuretic activity, hence, 2amino or N-substituted aminothiazol-4-yl system at
C3 – position of chromone moiety is a lead for
diuretic activity [same system at position-6 of
chromone ring showed highly decreased activity].
Moreover, 2-furyl substituent favours high activity as
compared to methyl substituent.

Table 1: ALD50 and diuretic activities of 3- or 6- [2-amino or N- substituted aminothiazol-4-yl]-2methylchromones.
S. No.
Compound code
Name of the compound
ALD50
1.
2.
3.
4.

VPS-1
VPS-2
VPS-3
VPS-4

5.

VPS-5

6.

VPS-6

7.

Standard

3-[2-Aminothiazol-4-yl]-2-methylchromone
3-[2-Aminothiazol-4-yl]-2,6-dimethylchromone
6-[2-Aminothiazol-4-yl]-2,3-dimethylchromone
6-Chloro-3-[2-(3-methyl-5-(2-furyl)-1H-pyrazol-1-yl)4-thiazolyl]-2-methylchromone
6-Chloro-3-[2-(3-methyl-5-(2-furyl)-1H-pyrazol-1-yl)4-thiazolyl]-2,7-dimethylchromone
3-[2-(3,5-dimethyl-1H-pyrazol-1-yl)-4-thiazolyl]-2,6dimethylchromone
Chlorothiazide
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Abstract: Lac culture is a cash crop of importance and provides valuable income to resource constrained growers inhabiting
tribal-dominated forest and sub-forest regions of Chhattisgarh. The State of Chhattisgarh contributes almost 25 per cent of
the total Stick Lac produced in India. Almost one hundred thousand household in the state is involved with the cultivation
and procurement of this forest produce. However, the production per tree is almost on the lower end in Chhattisgarh.
Jharkhand state ranks 1st followed by Chhattisgarh, Madhya Pradesh, West Bengal and Maharashtra. Lac growers give more
important to regular income from cultivation of lac over the years to one-time income from timber or fuel. The study aims to
examine the cost, return, Marketing pattern and constraints in Lac production and marketing in the study area. The study is
relied on the response collected personally from 75 Lac growers, selected purposely from two villages of Korba district of
Chhattisgarh state. It was found that, most of the respondent belonged to schedule tribes; literacy of family members was
observed 89.29 per cent in all categories of farmers. Agriculture is observed as the main occupation. The major constraints
pertaining to cultivation of Lac were problem of Shortage of Broodlac 92 per cent is generally faced by Lac grower farmers
Similarly, high temperature during summer season, intensity with continuous rainfall, and insect pest etc., Lack of
demonstration, Lack of labour and regulated marketing system was reported as most important constraint faced by the
farmers during marketing of Lac. Study suggested that looking to the importance of Lac in the study area Government
should provides Brood lac to the growers at subsidized rate and also ensured the marketing of Lac has to be done through cooperative societies/ other Government agencies at remunerative price to minimize the role of middleman in study area.
Keywords: Production, Marketing, Crop, Korba district

INTRODUCTION

T

he State of Chhattisgarh contributes almost 25
per cent of the total Stick Lac produced in India.
The major part of the production happens in the
South and then in the eastern and North Eastern part
of the state. Almost one hundred thousand household
in the state is involved with the cultivation and
procurement of this forest produce. However, the
production per tree is almost on the lower end in
Chhattisgarh. This aspect will be dealt in details
towards the end of the study report. The state also
has a dedicated programmed towards promotion of
Lac with support from the European Union. The
Chhattisgarh Minor Forest Products (CGMFPs)
federation has dedicated human resources and a
programmed to promote Lac cultivation in the state.
On the basis of survey in the markets of different lac
producing districts and states, the estimated national
production of sticklac during 2009-10 was
approximately 16,495 tons. Jharkhand state ranks 1st
followed by Chhattisgarh, Madhya Pradesh, West
Bengal and Maharashtra. These five states
contributed around 95 per cent of the national lac
production. Contribution of Jharkhand in national lac
production was 41.98 per cent followed by
Chhattisgarh (30.28 per cent), Madhya Pradesh
(14.49 per cent), West Bengal (5.18 per cent) and
Maharashtra (3.15 per cent).
The Lac industry
occupies an important place and plays a very special
role in the State economy in particular and in the

national economy in general. Lac growers give more
important to regular income from cultivation of lac
over the years to one-time income from timber or
fuel. Lac culture is a cash crop of importance and
provides valuable income to resource constrained
growers inhabiting tribal-dominated forest and subforest regions of Chhattisgarh. The lac crop is a low
input/high value crop and returns from lac cultivation
are much higher than other agricultural crops,
especially in drought conditions when other major
agricultural crops fail.
The present study was undertaken in the Lac growing
area of Chhattisgarh, the present study was
undertaken in the Lac growing area in two villages of
Podi block with following objectives:
Objectives
To find out the constraints in production and
marketing of Lac in the study area.
MATERIAL AND METHOD
The present study was conducted in Korba district of
Chhattisgarh. Seventy-five farmers were selected
randomly from two villages namely Rawa and
Tuman. The primary data were collected for the year
2011-12. Primary data were related to cost and return
of Lac crop, and marketing channels etc. were
collected from the respondents using well designed
questionnaires and schedules. The secondary data
regarding the area and production of Lac in Korba
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district and Chhattisgarh state were collected from
Agriculture Statistics, Directorate of Agriculture,
Directorate of Land Records and Directorate of
Forest Government of Chhattisgarh (2010-11). To
calculate cost of cultivation, disposable patter and
constraints etc. standard method was used.
RESULT AND DISCUSSION
General characteristics of sample households
The demographic characteristics of the sampled
farmers in the study area are described in table 1.The

numbers of house hold is taken on category wise was
33 small, 24 medium and 18 large farmers. The
schedule caste, schedule tribes, other backward caste
and general category consists 26.67 per cent, 40.00
per cent, 20.00 per cent and 13.33 per cent,
respectively of the total households. The literacy of
family members was observed (89.29 per cent) in all
categories of farmers. The agriculture is observed as
the main occupation as about 84.84 per cent, 70.84
per cent and 72.22 per cent in case of small, medium
and large farmers were engaged in the activities
respectively.

Table 1. Socio-economic characteristics of sampled Households
S.No.
Particulars
Small
1
33
Total number of households
(100.00)
2
Social group
4
a. General
(12.12)
6
b. Other backward caste
(18.18)
9
c. Schedule caste
(27.28)
14
d. Schedule tribes
(42.42)
3
Family Member
48
a. Male
(30.57)
43
b. Female
(27.38)
66
c. Children
(42.05)
157
d. Total family member
(100.00)
4
Occupation
28
a. Agriculture
(84.84)
0
b. Business
(0.00)
5
c. Service
(15.16)
5
Education
19
a. Illiterate
(12.10)
68
b. Primary school
(43.32)
47
c. Middle school
(29.94)
18
d. Higher
Secondary school
(11.46)
5
e. Above higher
secondary school
(3.18)
Literacy (%)
(87.90)

Medium
24
(100.00)

Large
18
(100.00)

Aggregate
75
(100.00)

3
(12.51)
5
(20.83)
5
(20.83)
11
(45.83)

3
(16.66)
4
(22.24)
6
(33.33)
5
(27.77)

10
(13.33)
15
(20.00)
20
(26.67)
30
(40.00)

34
(30.08)
31
(27.45)
48
(42.47)
113
(100.00)

22
(26.19)
27
(32.15)
35
(41.66)
84
(100.00)

104
(29.38)
101
(28.53)
149
(42.09)
354
(100.00)

17
(70.84)
3
(12.50)
4
(16.66)

13
(72.22)
3
(16.66)
2
(11.12)

58
(77.33)
7
(9.34)
10
(13.33)

14
(12.39)
54
(47.77)
34
(30.08)
9
(7.98)
2
(1.78)
(87.61)

9
(10.71)
37
(44.04)
20
(23.80)
13
(15.47)
5
(5.95)
(89.29)

42
(11.86)
159
(44.91)
101
(28.53)
40
(11.29)
12
(3.38)
(88.14)

Note: Figures in the parentheses indicate the percentages to total number of family Members.
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Production problems existed in Lac cultivation
The constraints in Lac production are presented in
table 2. Major constraints pertaining to cultivation of
Lac were problem of Shortage of broodlac 92 per
cent is generally faced by Lac grower farmers. About
92 percent Lac cultivators faced the problem of high
temperature during summer season, intensity with
continuous rainfall, and insect pest etc. The lack of
demonstration on farmers’ field problem as 86.66 per
cent of Lac grower farmers perceived it.
Unavailability loan at reasonable rate of interest was
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observed by 86.66 per cent of Lac grower. The
problem faced by Lac grower is 78.66 per cent
difficulty in cultivation operation due to host tree
height. The problem faced by availability of
equipment and loan of cash amount in used changing
cultivation period. The Lack of labour is another
problem as 46.66 per cent of farmers perceived it.
This problem becomes more acute at the time of
sowing and harvesting stage of the crop.
Consequently, the farmers have to pay higher wages
in order to complete the work in time.

Table 2. Production problems existed in Lac cultivation
S.No.

Problems

1
2
3
4
5
6
7

Lack of latest technical know-how about the crop.
lack of demonstration on farmers’ field
Lack of resources i.e. money, equipment etc.
Shortage of broodlac.
Lack of labour.
Difficulty in cultivation operation due to host tree height
Non-availability of inputs in local and nearby markets (pesticides and
synthetic net beg)
8 Natural constraints.
9 Lack of financing at reasonable rate of interest.
Note: Figures in parentheses indicate percentage to total respondents.
Constraints in Lac marketing
About 96 per cent respondents reported that market
information was major constraints found in the study
area. The problem faced by Lac grower are 94.66 per
cent Non-availability of regulated and co-operative
market farmers are forced to sell their produce in the
hands of private intermediaries who exploit the
farmers in one way or other. More than 86.66 per
cent producers perceived that transportation of small
quantity of produce may not an economical if they
sell this small produce in the market. About 76 per

Number of Respondents(75)
Yes
No
53(70.66%)
22(30.66%)
65(86.66%)
10(13.33%)
64(85.33%)
11(14.66%)
69(92%)
6(8%)
35(46.66%)
40(53.33%)
59(78.66%)
16(21.33%)
42(56%)

33(44%)

69(92%)
65(86.66%)

6(8%)
10(13.33%)

cent farmers fill the problem of price fluctuation due
to non-availability of regulated as well as cooperative market and hence, therefore the Lac
growers suffering from price fluctuation.
The
problem faced by Lac grower by 73.33 per cent lack
of the grading facilities in market. High cost of
transportation suffered Lac grower is 20 per cent due
to non-availability of transportation vehicle in proper
time of transportation. Non-availability of state
transport facility problem faced the farmers.

Table 3. Marketing problems existed in Lac cultivation:
S.No.

Problems

Number of Respondents(75)
Yes

No

71 (94.66%)

4 (5.33%)

57 (76%)

18 (24%)

55 (73.33%)

20 (26.66%)

1
Lack of regulated and co-operative market
2

Fluctuation of prices

3

Lack of the grading facilities in market

4

Due to high transportation charges

15 (20%)

60 (80%)

Lack of awareness about market information

72 (96%)

3 (4%)

5
6

Not economical transportation due to small
quantity of produce

Note: Figures in parentheses indicate percentage to total respondents.

65 (86.66%)

10

(13.33%)
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Abstract: Biogas is a readily available energy resource that significantly reduces greenhouse-gas emission compared to the
emission of landfill gas to the atmosphere (Nabuuna and Okure, 2005). Being a source of renewable natural gas, it has been
adopted as one of the best alternatives for fossil fuels after 1970’s world energy crisis (Imam et al. 2013).
Keywords: Biogas, Production, Atmosphere, Energy

INTRODUCTION

B

iogas is smokeless domestic fuel which reduces
the incidence of eye and lung diseases among
the users while reducing the burden on forest,
reduction in drudgery of women and children. It is a
better and cheaper fuel for cooking, lighting and
power generation. The use of agricultural wastes for
biogas generation offers several benefits such as the
production of safe, clean energy resource that can be
stored and used more efficiently. The production of
stabilized residue that retains the fertilizer value of
original material which has superior nutrient qualities
over the usual organic fertilizer. Indirect benefits of
biogas generation include the potential for partial
sterilization of wastes with consequent reduction of
the public health hazard of faecal pathogens and
reduction of fungal and other plant pathogens from
crop residue (Sagagi et al. 2009).
Press mud is a solid residue, obtained from sugarcane
juice before crystallization of sugar. Generally press
mud is used as manure in India. It is a soft, spongy,
light weight, amorphous, dark brown to black
coloured material. It generally contains 60-85 per
cent moisture (w/w); the chemical composition
depends on cane variety, soil condition, nutrients
applied in the field, process of clarification adopted
and other environmental factors (Agrawal et al.
2011). Press mud from sugar factory typically
contains 71 per cent moisture, 9 per cent ash and 20
per cent volatile solids, with 74-75 per cent organic
matter on solids. Sugar molasses has methane
potential (i.e. CH4 per ton of raw material) of 230 m3.

The present methods for disposal of press mud are
not economically suitable and pollute the
environment. As it contains appreciable proportion of
biodegradable organic matter, it has very good
potential for the production of biogas. The press mud
contains volatile solids, lignin, lipids, cellulose,
hemicelluloses etc which favours biogas production.
It also has good proportion of nitrogen. This makes it
a very good material for generation of bioenergy
(methane) by anaerobic biomethanation. The
advantage of using press mud is that the sludge
coming out from the digester is a good fertilizer and
press mud can be used in combination with other raw
materials to increase the efficiency (Agrawal et al.
2011).
Recently, large volume of cow dung generated from
feedlot farming increased annually, most of which
are disposed into landfills are applied to the land
without treatment. Anaerobic digestion provides an
alternative option for energy recovery and waste
treatment. Handling of wastes and their management
is a problem now, so one approach to utilize the
waste is to use it as energy resource. Moreover,
(Pound et al. 1981) it is observed that biogas
production units provide a decentralized fuel supply
and waste management system both of which are
very attractive particularly in rural areas of
developing countries.
Chemical composition of the substrate (Cow dung:
250 grams + Press mud: 500 grams) was estimated
before it is used for the production of biogas through
anaerobic digestion.

CHEMICAL COMPOSITION OF SUBSTRATE (Cow dung + Press mud)
18.76
Total solids %(TS)
72.40
Total Volatile solids %(TVS)
Volatile fatty acids g l-1 (VFA)
0.96
7.66
pH
1.75
N%
1.87
P%
0.78
K%
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Organic Carbon%
BOD mg l-1
COD g l-1
EC
Biogas production unit was established in the lab
scale with 750 g substrate (Cow dung + Press mud)
and 1500 ml water in three litres glass bottles. For 10
weeks duration gas production was observed. (Cow
dung + Press mud) - 9903.31 ml gas production was
recorded and 52.08 per cent methane and 42.02 per
cent carbon dioxide was also observed during the
period of gas production.
Substrate (Cow dung + Press mud) gave good
amount of biogas and also the methane content was
good and hence can be used for lightening and
cooking purpose.
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