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ABSTRACT

Using a GPS-based survey, the detailed soil fertility status of mango-growing soils in twelve
mandals of the YSR Kadapa district (Andhra Pradesh) was explored in 2019-20 to discover soil-
related crop production restrictions. pH, EC, OC, and accessible N, P, and K were measured in geo-
referenced composite surface(0-30cm) soil samples. In terms of response, almost all soils were neutral
to mildly alkaline. The electrical conductivity (EC) of the soil was within acceptable limits for crops
(0.48 dSm™). The average content of soil organic carbon was 4.2 g kg-1, with arange of 1.3t0 7.2 g
kg-1. The accessible soil nitrogen, phosphorus, and potassium were found to be 229.65, 21.28, and
264.11 kg ha-1, respectively. Using the ArcGIS programme, thematic soil fertility maps were created
for each soil parameter to provide ready-to-understand information about soil fertility status and act
as a decision-making tool for effective mango production.

Keywords:Geospatial Tools,GIS, GPS,GIS, GPS, mango, Soail fertility maps,YSR Kadapa district

INTRODUCTION YSR Kadapa district of Andhra Pradesh,

India is the world’s largest mango producer outnumbering other fruit crops such as banana,
papaya, and sweet orange. The subject of this

study is the YSR Kadapa district, which is located

and one of the world’s top producers in terms of

both area and production. India produces

approximately 18.431 MT of mangos, accounting in the southern tract of Andhra Pradesh and is

for roughly 64% of global mango production. classified as a horticulture district. The district

Mangoes are grown on more than 40% of India’s has a tropical climate with medium rainfall

(average annual rainfall of 763 mm) and is
located between the latitudes of 14.280 and

total fruit land. Mangoes cover 22.58 lakh
hectares in India. Uttar Pradesh leads the way

with 45.51 lakh MT produced, followed by Andhra
Pradesh (NHB, 2019-20). Mango dominates the

14.666 N and the longitudes of 78.490 and
78.816 E. It is irrigated and rainfed.

*Corresponding Author E-mail i.d: balajim58@gmail.com
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The usage of fertilisers and insecticides
in an unbalanced manner has impeded mango
yield. Fruit plant nutrition is determined by the
soil’s intrinsic ability to give nutritious elements.
The appropriate application of fertilisers based
on soil testing is the key to plant mineral nutrition.
Plant analysis is also used to confirm nutrient
deficits and toxicities, as well as to evaluate
fertiliser dose efficacy. If mango productivity is
to be raised, it is critical to concentrate on soil
nutrient availability and other nutrient-related
features. Soil fertility is determined by the total
nitrogen, phosphorous, potassium, and sulphur
content of soils, as well as their availability to
plants. Mango orchard management strategies
include monitoring the soil nutrient condition
(Joshi et al.,2015). Both soil and plant analyses
are required to determine this, as they are
complementary to one another and each
provides information that the other may not. The
nutritional quality of both the soil and the plants
aids in determining the orchard’s fertiliser
requirements. There has been no comprehensive
study of the nutritional value of Andhra Pradesh’s
mango orchards. The findings could aid in the
design of future nutritional status based fertiliser
recommendations in the aforementioned
regions.

Using the Global Positioning System
(GPS) and Geographical Information System
(GIS) tools, the study evaluated some physico-
chemical and chemical parameters of mango-
growing soils in the YSR district of Andhra
Pradesh.

MATERIALS AND METHODS

Detailed soil surveys were conducted in
12 mandals of the YSR Kadapa district in the
years 2019-2020, with Sambepalle, Rayachoty,

Chinnamandem, Galiveedu, Chakrayapeta,
Lakkireddypalle, Ramapuram, Veeraballi,
T.Sundupalle, Koduru, Penagaluru, and Chitvel
being chosen to prepare GPS and GIS based
thematic soil fertility maps and to identify soil
related constraints for Mango production. For soil
sample sites in mango-growing areas, a GPS
instrument (GARMIN, GPS map 60CSx) was used
to collect location details. Using a hand-held GPS
instrument, the latitude and longitudes of soil
sample locations were gathered in the study
region (GARMIN-GPS60CSx). GPS technology
proved to be quite effective in improving the
spatial precision of data in the GIS. This
research made use of the ArcGIS 1.10.3
programme. Prepared point feature displaying
the position of samples in MS-excel format and
linked with the spatial data using the join option
in Arc Map based on the location data acquired.
For the development of spatial distribution maps
and the resulting map, the spatial and non-
spatial databases created are combined.

Interpolation of point data was used to
create maps of soil spatial variability. ARC/Info
software was used to map the geo referenced
soil test data for all parameters such as pH, EC,
available N, available P, available K, available
sulphur, and micronutrients. The cutoff values
indicating the mean one SD were used to divide
the soil test results into separate zones (Standard
deviation). The point data was then interpolated
to produce a continuous surface. Ordinary
kriging was employed as an interpolation
approach.

250 surface soil samples (0-30 cm) were
collected, air-dried, visible roots and debris were
eliminated, huge aggregates were smashed with
a wooden hammer, pulverised, and sieved using
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a 2 mm sieve. The samples were kept in plastic
bags with correct labelling and transported to
the lab for analysis, where they were stored in
fabric bags with proper labelling. While
processing the soil samples in the laboratory, all
measures were taken. Using pH and EC metres,
the pH and EC of the soil samples (soil and
distilled water ratio 1: 2.5) were determined
(Jackson,1973). Wet oxidation was used to
determine the organic matter content of soils
(Walkley and Black, 1934). Available nitrogen
was assessed using the alkaline permanganate
method (Subbiah and Asija, 1956), available
phosphorus was determined using the
colorimetry method (Olsen et al.,1954), and
available potassium was determined using the
neutral normal ammonium acetate method
(Subbiah and Asija, 1956). (Jackson,1973). The
research area’s base map was scanned and geo-
referenced. On the geo-referenced map,
polygons were overlay. Thematic soil fertility
maps (Figs. 1-3) were created by entering the
latitude and longitude of the point data
generated by the soil study into an attribute table
and processing it with ArcGIS software.

RESULTS AND DISCUSSION
Physico-chemical properties

Soil reaction (pH) and electrical
conductivity (EC)

The soil reaction (pH) of the surface soils
of several fields in the YSR district ranged from
7.44 to 8.15, with an overall mean value of 7.66
(Table 1), indicating that the soils are moderately
alkaline in reaction. The electrical conductivity
of the soils ranged significantly from 0.11dSm-1
to 0.68 dSm-1, with an overall mean value of
0.27dSm-1 (Table 1), and was found to be within

safe limits with no risk of salinity. The lower pH of
surface soils could be attributed to the presence
of more organic matter, which resulted in the
release of organic acids during decomposition,
lowering the pH of surface soils. Low organic
matter and leaching of exchangeable bases to
lower layers could explain the higher pH in
subsurface soils. The higher pH values in orchard
soils can be linked to the fact that fine-textured
soils like sandy clay and sandy clay loam have
less base leaching. Chetna and Prasad (2011),
Surwase et al. (2016), and Adak et al. (2016) all
reported similar findings (2019).

The soil samples electrical conductivity
(EC) ranged from 0.11 to 0.68 dS m™', with a mean
value of 0.27 dS m™ (Table 1). The EC of the
orchard soils was much below 4.0 dS m™,
indicating that they were non-saline in nature.
The normal electrical conductivity (1.0 dS m™)
observed in this investigation was beneficial to
plant growth.

ORGANIC CARBON

The organic carbon status of the surface
soils of various fields in the YSR district ranged
from 0.13 to 0.72 percent, with a mean value of
4.20 g kg' (Table 1). The soils of Chitveland
Penagaluru mandals had the highest mean value
of organic carbon (0.52%), while the soils of
T.Sundupalle had the lowest mean value
(0.34%). The organic carbon level of the soils
ranged from low to medium
al.2014).

(Awanish et

Organic carbon levels in the study area
soils were low to medium, and they were higher
in the surface soil than in the sub-surface soil.
They decreased with depth, which could be due
to the accumulation of organic carbon in the
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surface layer as opposed to the lower layers,
because organic matter additions in mango
growing soils were confined to the surface layer.
(Swathi et al., 2018).

AVAILABLE MACRONUTRIENTS

The available nitrogen content of several
YSR Kadapa district mango orchards ranged
from 125 to 388 kg ha, with a mean value of
229.65 kg ha (Table 2). Chitvel mandal soils
had the highest mean value for accessible
(267.79 kg ha'),
Chinamandem mandal soils had the lowest mean

nitrogen whereas
value of 204.05 kg ha™'. Phosphorus availability
in soils ranged from 5 to 70 kilogramme ha-1,
with a mean of 21.28 kg ha-1 (Table 2). The soils
of Chinnamandem mandal had the highest mean
value of accessible phosphorus (26.00 kg ha-
1), while the soils of Galiveedu mandal had the
lowest, at 15.48 kg ha-1. Soil potassium
availability ranged dramatically from 74 to 666
kg ha-1, with a mean of 264.11 kg ha-1 (Table
2). Ramapuram mandal soils had the most
accessible potassium (444.73 kg ha-1), whereas
Veeraballi mandal soils had the lowest (119.49
kg ha-1). Low in accessible nitrogen, low to
medium in available phosphorus, and medium
to high in available potassium, the soils were
classified. Nitrogen losses by leaching, surface
runoff, denitrification, and ammonia volatilization,
differences in natural fertility, variations in cultural
practises, and variations in applied N fertilisers
could all contribute to variations in N content.
The available nitrogen content in the surface soil
was higher than in the lower depths of the sail,
possibly due to the presence of more organic
matter in the surface soil than in the sub-surface
soil. Variations in P content owing to crop culture
restriction to the rhizosphere and external P

supplementation (fertilisers), fixing of released
P by clay minerals and iron and aluminium
oxides. Weathering, release of relevant K from
organic residues, use of K fertilisers, and upward
translocation of K from lower depths combined
with capillary rise could all contribute to
differences in K concentration. Ranjhaet al.
(2002) and Joshi et al. (2003) both reported
similar findings (2015).

Out of all the soils investigated in mango
orchards, 38.8% were neutral, 41.2 percent were
weakly alkaline, 19.2 percent were moderately
alkaline, and 0.8 percent were very alkaline,
although all the orchards were non-saline. 75.6
percent of soils had a low level of organic carbon,
whereas 24.4 percent had a medium level of
organic carbon. Furthermore, 86 percent of soils
had low available nitrogen, 14 percent had
medium available nitrogen, 5.6 percent had low
available phosphorus, 92 percent had medium
available phosphorus, and 2.4 percent had high
available phosphorus. In terms of accessible K,
32 percent of soils had low levels, 35.2 percent
had medium levels, and 32.8 percent had high
levels.

CONCLUSION

The soil reactivity of mango-growing soils
in the YSR Kadapa district is neutral to
moderately alkaline, non-saline in character, and
low to medium in organic carbon concentration.
Low in accessible nitrogen, low to medium in
available phosphorus, and medium to high in
available potassium, the soils were classified. For
optimum mango production, this fertility state of
mango orchard soils necessitates regulation of
N and P fertiliser treatments with native available
K. It also emphasises the necessity of mapping
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Fig. 2. Soil pH, EC and OC maps of study area of YSR Kadapa District
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Fig. 3. Soil available N, P and K maps of study area of YSR Kadapa District

different soil fertility metrics over the traditional
method of assessing soil fertility using mean
values for the factors in question. The
employment of a GPS instrument and a
Geographic Information System (GIS) for
collecting soil samples and creating spatial
variable fertility maps in the study region will
benefit the local farming community in a variety
of ways. It aids in the ongoing monitoring of soil
health by bringing soil samples from the same
locations as those used in the current inquiry.
Changes in soil fertility status can be monitored
and corrective methods advised to preserve soil
health for sustained mango crop production by
collecting and analysing geo-referenced soil
samples at defined intervals.
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ABSTRACT

Rice (Oryza sativa L.) yield and it's component traits are known to have complex inheritance
and are controlled by several genes with small effects. Although several genomic regions or quantitative
trait loci (QTLs) are identified for a galaxy of traits in rice, only a few candidate genes underlying
these QTLs have been functionally characterized as involvement of the laborious and time-consuming
fine mapping and map-based cloning strategies. However, with the advances in sequencing
technologies, now a wealth of information related to genomics, transcriptomics, proteomics and
metabolomics has been publicly available. Exploiting these databases, in the present investigation,
we predicted amino acid permease (AAP) (LOC_0Os01g71720), as a candidate gene underlying a
major effective QTL for tiller number. The candidature of the OsAAP for tiller number QTL has been
endorsed by the literature mining, QTG finder, GO analysis, sequence variation, and gene expression
analysis. Therefore, this OsAAP could be targeted for further functional analysis before being exploited
in future rice breeding.

Keywords: Amino acid permease, Candidate gene Rice, In silico analysis, QTL, Tiller number

INTRODUCTION

Rice (Oryza sativa L.) yield is primarily
determined by its key component traits such as
grain number, panicle number, and grain weight.
Decades of research in rice, explicitly state that
these yield component traits are controlled by
several genes with small effects often called
quantitative trait loci (QTL). Tiller number is one
of the key yield traits that determine the final
panicle number in a plant thereby yield as well.

The tiller number is a genetically complex and
low heritability trait with quantitative inheritance
and is controlled by several genes with epistatic
and pleiotropic effects.

As of now, several genes regulating tiller
number have been identified in rice. Some of the
important candidate genes governing tiller
number are the bHLH transcription factor (Oikawa
and Kyozuka 2009), GA20 oxidase (Wu et al.,

*Corresponding Author E-mail i.d: keerthi.issa@gmail.com. This is part of PhD. thesis submitted to Acharya N.G.

Ranga Agricultural University, Lam, Guntur.
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2016), Pseudo-response regulator (Yan et al.,
2013; Ye et al., 2018), Acceptor kinase (Suzaki
et al., 2004), PEBP family protein (Nakagawa et
al., 2002), CCT domain protein family (Xue et
al., 2008; Itoh et al., 2010), Phospholipase (Qiao
et al., 2011), HAP3 subunit of the CCAAT box-
binding transcription factor (Wei et al., 2010) and
amino acid permease family (OsAAP) proteins
(Fang et al., 2021). As of now, 14 QTLs have
been identified for tiller number as per the
QTARO database (Yonemaru et al., 2010) and
much more might have been identified in the
literature since 2012. However, very few genes
underlying these QTLs have been cloned for tiller
number mainly due to the laborious and time-
consuming fine mapping and map-based cloning
approaches. However, it is necessary to identify
candidate genes in the QTL regions for a
complete mechanistic understanding of the tiller
number trait.

The completion of high-quality reference
rice genome led to the numerous publicly
available databases for genomics,
transcriptomics, proteomics, and metabolomics
together referred to as multi-omics approaches.
The important databases for genomics are
gramene (Tello-Ruiz et al., 2017), RAP-DB
(Ohyanagi et al., 2006), RiceVarmap (Zhao et
al., 2015), etc. and for transcriptomics RiceXPro
(Sato et al., 2013), RED (Xia et al., 2017), etc.
and for proteomics PRIN (Gu et al., 2011),
RiceNet (Lee et al., 2015), etc. and for
metabolomics RICECYC (Jaiswal et al., 2006).
These databases comprising of a wealth of
information such as gene sequence variation,
gene expression, protein structure and function,
protein-protein interaction (PPI), gene ontology
(GO),
information. By exploiting these databases, now

KEGG pathways, and metabolite
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it is easy to prioritize the candidate genes
underlying the QTL regions for which obviating
the need for the complicated fine-mapping
strategy. Earlier, Bargsten et al. (2014) used
gene ontology (GO) analysis to prioritize the
candidate genes. Later, Karnatam et al. (2020)
also shortlisted putative candidate genes in the
major effect QTL, gDTY1.1 employing publicly
available rice genome databases.

Recently, software called QTG-Finder 2
(Lin et al., 2020) has been developed to prioritize
the candidate genes in the QTL regions in the
rice and Arabidopsis system. This QTG-finder
exploits the publicly available information on
sequence variation, gene expression analysis,
GO analysis, and orthologous regions to
prioritize the candidate genes in QTL regions.

In the present study, we aimed to prioritize
the candidate gene(s) underlying a major effect
QTL qTN, which governs tiller number (Courtois
et al., 2003) for which so far no candidate genes
have been identified. To this end in silico
approaches such as QTG-Finder, RiceVarmap,
GO analysis, etc., have been used.

MATERIALS AND METHODS
Selection of the QTL for tiller number

In the present investigation, we have
retrieved all the QTLs governing tiller number
from the QTARO database. Of them, a major QTL
for tiller number with LOD 4.8 and explain the
phenotypic variance of 18.4% (Courtois et al.,
2003) have been considered. This QTL is
located on chromosome 1 with a marker interval
of RZ801 and RZ14. We have retrieved all the
annotated genes within this marker interval
based on the coordinates (41444285 and
42364623) provided in the QTARO, from the
RAP-DB database.
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Prioritization of candidate genes in the tiller
number QTL (qTN)

In order to prioritize the candidate genes
in the targeted QTL qTN, we have explored
several publicly available in silico databases and
tools in rice. First of all, literature mining was
explored using the keywords of each annotated
gene in the QTL region after excluding alternately
spliced transcripts of the same gene,
hypothetical and expressed proteins besides
transposon-related genes. For instance, the

LT

keywords used were “tiller number”, “rice” and
“‘name of the annotated gene”. We predicted a
candidate gene whenever a gene with the same
function was associated with the tiller number in
any of the crop plants or model plants in the
search results. Later QTG-Finder 2 was also
used for gene prioritization. The top three
annotated genes were considered for gene
prioritization. In addition, gene ontology (GO)
analysis using PlantRegmap (Tian et al., 2020),
gene expression analysis using the RED, and
protein-protein interaction (PPI) data using PRIN
were carried out. Also, we used RiceVarmap to
find the sequence variation, gene expression,
and haplotype analysis. Additionally, we have
retrieved the differentially expressed genes from
previous reports and also used them for gene
prioritization. Finally, the gene that is present in
the majority of the databases has been
considered as a candidate gene for the targeted
QTL.

RESULTS AND DISCUSSION

The targeted QTL for tiller number, qTN,
in the present study is a major QTL with LOD
4.8 and PVE 18.4% and located on chromosome
1with a marker interval of RZ801 and RZ14. This
QTL was developed using the Recombinant
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inbred line (RIL) population derived from a cross
of IAC165 x Co39 (Courtois et al., 2003). As per
RAP-DB, this QTL has 175 annotated genes.
The candidate gene(s) underpinning this QTL
region were prioritized or predicted based on the
available rice genome databases or tools
employing various criteria such as literature
mining, QTG Finder, GO analysis, gene
expression, PPI, and sequence variation. Among
total annotated genes, after exclusion of
alternately spliced transcripts of the same gene,
hypothetical, expressed, and transposon related
genes 87 genes were used finally for gene
prioritization (Table 1).

First, using the literature mining method,
we identified six genes found to be related to
the tiller number (Table 2). The QTG finder tool
prioritized three annotated genes viz.,
LOC_0s01g72370 (helix-loop-helix DNA-binding
domain-containing protein), LOC_Os01g71720
(amino acid permease family protein), and
LOC_0s01g72970 (DUF630/DUF632 domains
containing protein) (Table 2).

Among them, one amino acid permease
family protein gene was found to be promising
as it was already reported to regulate tiller
number (Fang et al., 2021). GO analysis of the
annotated genes in the QTL region revealed
single-organism process, the single-organism
cellular process, and the single-organism
metabolic process are the top three GO terms.
In the annotated genes, the OsAAP gene i.e.,
LOC_0s01g71720 also found in the top GO term
single-organism process and single-organism
cellular process (Fig. 1). The gene expression
analysis employing the RiceVarmap database
suggests that the OsAAP gene identified in the
present study is highly expressed in leaf tissues
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Table 1. Annotated genes in the QTL region as per RAP-DB after excluding
unknown/hypothetical genes

S.No. | Locus ID Coordinates Gene annotation
1 LOC_Os01g71558 | 41485349-41486014 | phototropic-responsive NPH3 family protein
2 LOC_0Os01g71650 | 41525723-41526415 | glycosyl hydrolases family 17
3 LOC_0s01g71670 | 41533273-41535619 | glycosyl hydrolases family 17
4 LOC_0Os01g71680 | 41536977-41538320 | glycosyl hydrolases family 17
5 LOC_0s01g71690 | 41539690-41545870 | recA protein
6 LOC_0Os01g71700 | 41549008-41551494 | amino acid permease family protein
7 LOC_0s01g71710 | 41552037-41554504 | amino acid permease family protein
8 LOC_0s01g71720 | 41554884-41559339 | amino acid permease family protein
9 LOC_0Os01g71740 | 41563978-41566629 | amino acid permease family protein
10 | LOC_0s01g71760 | 41570750-41573307 | amino acid permease family protein
11 | LOC_Os01g71770 | 41573907-41578834 | RNA recognition motif containing protein
12 | LOC_0s01g71780 | 41582224-41583944 | WD domain, G-beta repeat domain containing protein
13 | LOC_Os01g71790 | 41584367-41585318 | NAM
14 | LOC_Os01g71800 | 41585905-41587063 | lecithin cholesterol acyltransferase
15 | LOC_0s01g71810 | 41592216-41594985 | glycosyl hydrolases family 17
16 | LOC_0s01971820 | 41597270-41598692 | glycosyl hydrolases family 17
17 | LOC_0Os01g71830 | 41603297-41604680 | glycosyl hydrolases family 17
18 | LOC_0Os01g71860 | 41629299-41631914 | glycosyl hydrolases family 17
19 | LOC_0s01g71930 | 41677883-41681805 | glycosyl hydrolases family 17 protein
20 | LOC_Os01g71960 | 41691174-41698706 | endonuclease
21 | LOC_Os01g71970 | 41711881-41713811 | GRAS family transcription factor containing protein
22 | LOC_0Os01g71980 [ 41716009-41717755 | rho-GTPase-activating protein-like
23 | LOC_0Os01g71990 | 41718016-41721574 | pyrroline-5-carboxylate reductase
24 | LOC_0s01g72000 | 41722424-41726252 | armadillo repeat-containing protein
25 | LOC_0s01g72020 | 41741160-41744666 Sgg‘:ii ;V?tﬂcgﬁrr?rfg?g{fgg;oimad Complex BTB
26 | LOC_0Os01g72080 |41818279-41819489 | calmodulin-like protein 1
27 | LOC_0Os01g72090 | 41822269-41825087 | phycoerythrobilin ferredoxin oxidoreductase
28 | LOC_0Os01g72100 | 41825882-41827156 | OsCML10 - Calmodulin-related calcium sensor protein
29 | LOC_0s01g72120 | 41839949-41841440 | glutathione S-transferase
30 | LOC_0Os01g72130 | 41841760-41842549 | glutathione S-transferase
31 LOC_0s01g72140 | 41844009-41845691 | glutathione S-transferase
32 | LOC_0Os01g72150 | 41846413-41847370 | glutathione S-transferase
33 | LOC_Os01g72160 | 41847705-41849080 | glutathione S-transferase
34 | LOC_Os01g72170 | 41853850-41854883 | glutathione S-transferase
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prolinesynthetase co-transcribed bacterial homolog

35 LOC_0s01g72205 | 41867501-41869645 protein

36 | LOC_0s01g72210 | 41869930-41874402 | early-responsive to dehydration protein-related

37 | LOC_0s01g72220 | 41873949-41880601 | WD domain, G-beta repeat domain containing protein
38 | LOC_0Os01g72230 | 41882488-41886410 | stromal membrane-associated protein

39 | LOC_0s01g72240 | 41887067-41890850 | uridine 5-monophosphate synthase

40 [ LOC_0s01g72250 | 41892678-41896242 | uridine 5-monophosphate synthase

41 | LOC_Os01g72260 | 41896504-41898331 | cytochrome P450

42 | LOC_0s01g72270 | 41900002-41901651 | cytochrome P450

43 | LOC_0s01g72280 | 41904210-41907453 | tetratricopeptide repeat containing protein

44 LOC_0s01g72300 | 41917699-41919129 | Cupin domain containing protein

45 | LOC_0s01g72310 | 41919630-41925302 | OsFBOT - F-box and other domain containing protein
46 [ LOC_0Os01g72320 |41925595-41931602 | FYVE zinc finger domain containing protein

47 [ LOC_0Os01g72330 |41948952-41952388 | OsRR4 type-A response regulator

48 | LOC_0s01g72340 | 41954633-41962787 | beta-galactosidase

49 | LOC_0s01g72350 | 41964126-41970144 | amidohydrolase

50 | LOC_0Os01g72370 |41971444-41978408 | helix-loop-helix DNA-binding domain-containing protein
51 LOC_0s01g72390 | 41986078-41988856 | NBS type disease resistance protein

52 | LOC_0s01g72410 | 41997451-42000861 | Leucine Rich Repeat family protein

53 | LOC_0s01g72420 | 41999585-42002803 | C2 domain-containing protein

54 [ LOC_Os01g72430 | 42003931-42009785 | NADPH quinone oxidoreductase

55 | LOC_Os01g72450 | 42012737-42013581 | DNA binding protein

56 | LOC_0s01g72460 | 42018059-42019514 | NADPH quinone oxidoreductase

57 | LOC_0s01g72480 | 42025672-42027986 | zinc finger, C3HC4 type domain-containing protein

58 | LOC_Os01g72490 | 42037167-42039107 | LRP1

59 | LOC_0s01g72510 | 42058936-42060584 | eukaryotic aspartyl protease domain-containing protein
60 | LOC_0s01g72520 |42063181-42067788 | phosphoesterase family protein

61 LOC_0s01g72530 | 42073984-42074982 | OsCML31 - Calmodulin-related calcium sensor protein
62 | LOC_Os01g72540 | 42078682-42079137 | OsCML23 - Calmodulin-related calcium sensor protein
63 | LOC_Os01g72550 | 42080116-42080556 | OsCML19 - Calmodulin-related calcium sensor protein
64 | LOC_0s01g72600 | 42122517-42123788 | spotted leaf 11

65 | LOC_0s01g72610 | 42128326-42130347 | glycosyltransferase

66 |[LOC_0Os01g72650 | 42149710-42156852 | RNA recognition motif-containing protein

67 LOC_0Os01g72680 | 42169412-42172204 | disease resistance protein RPS2

68 | LOC_Os01g72690 | 42177832-42183727 | NAD kinase

69 | LOC_0s01g72730 | 42202447-42203895 | cytochrome P450

70 | LOC_Os01g72740 | 42206304-42208513 | cytochrome P450

71 | LOC_Os01g72760 | 42211882-42213692 | cytochrome P450

72 | LOC_0s01g72790 | 42229506-42232641 | cyclin-dependent kinase
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73 | LOC_0Os01g72800 | 42234584-42237458 | signal recognition particle receptor

74 | LOC_Os01g72810 | 42238811-42240567 | secreted glycoprotein

75 | LOC_Os01g72820 | 42240786-42245248 | CRS1/YhbY domain-containing protein

76 | LOC_Os01g72834 | 42247696-42255403 | RNA recognition motif-containing protein
77 | LOC_Os01g72850 | 42255655-42257190 | GDSL-motif lipase/hydrolase family protein
78 | LOC_0s01g72860 | 42260295-42264942 | MAC/Perforin domain-containing protein
79 | LOC_0s01g72870 |42265021-42268518 | BAST

80 | LOC_Os01g72880 |42268880-42274913 | DNA mismatch repair protein Mih1

81 | LOC_Os01g72900 | 42281272-42281973 | abscisic stress-ripening

82 | LOC_Os01g72910 | 42282832-42283632 | abscisic stress-ripening

83 | LOC_0s01g72930 | 42297255-42300253 | pentatricopeptide

84 | LOC_0s01g72940 | 42303454-42311177 | phosphatidylserine decarboxylase

85 LOC_0s01g72970 | 42325823-42329066 | DUF630/DUF632 domains containing protein
86 |LOC_0s01g72980 | 42329246-42335754 tan{':' d"i‘ﬁggg;?}ee%;’;;b;’é}methy'ami”"me‘hy'
87 | LOC_Os01g73000 | 42350927-42355398 | copine

(Fig. 2). The sequence variations in the OsAAP
identified 292 variations as per RiceVarmap (Fig.
2). The majority of the variations were found in
the intronic regions and only one SNP was found
in the exonic region. However, the co-expression
and protein-protein databases did not provide
any clues about the candidature of the OsAAP
gene. Based on the above criteria amino acid
permease gene (LOC_0s01g71720) was found
to be the putative candidate gene for qTN, as it
was supported by literature mining, QTG finder,

GO, and gene expression. Amino acid permease
(AAP) is a member of the amino acid transporter
(AAT) and the family is known to be involved in
amino acid uptake, phloem loading, xylem-
phloem transfer, and seed loading (Tegeder and
Rentsch 2010). In rice, there are 19 AAP
transporters have been identified (Fang et al.,
2021). However, the AAP in the targeted qTN in
the present study appears to be novel as it was
not listed in the reported amino acid permease
transporters. Previously blocking the expression

Table 2. List of annotated genes found in the literature mining and QTG finder

Gene ID Gene function

Reference

LOC_0s01g71700

amino acid permease family protein

Fang et al., 2019

LOC_0s01g71710

amino acid permease family protein

Fang et al., 2019

LOC_0s01g71720

amino acid permease family protein

Fang et al., 2019

LOC_0s01g71740

amino acid permease family protein

Fang et al., 2019

LOC_0s01g71760

amino acid permease family protein

Fang et al., 2019

LOC_0s01g72410

Leucine Rich Repeat family protein

Zouetal, 2013

LOC_0s01g72370 helix-loop-helix DNA-binding containing domain- QTG finder
containing protein

LOC_0s01g71720 amino acid permease family protein QTG finder

LOC_0s01g72970 DUF630/DUF632 domains containing protein QTG finder
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Fig. 2. Sequence variations (A) and expression analysis (B)
of the candidate gene as per RiceVarmap

of OsAA3 and more expression of OsAA1, OsAA5 CONCLUSION
and OsAA4 were found to increase the grain yield In the study, a major effect QTL controlling tiller

(Fang et al., 2021). number, gTN was targeted for gene
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prioritization. The in silico analysis
employing various rice genome databases
revealed that amino acid permease
(LOC_0s01g71720) is the candidate gene
underlying the QTL. Therefore, this
OsAAP gene is a potential candidate for
further functional analysis. However, an
unquestionably thorough examination of
the OsAAP is imperative to confirm its role
in controlling tiller number for subsequent
exploitation in rice breeding for yield
enhancement. The gene prioritization
criteria used in the present study using
different rice genome databases is an
excellent approach to dissecting the QTL
governing complex traits.
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ABSTRACT

The study conducted during kharif season of 2020-21 to assess the ‘seasonal diversity and
abundance of Spiders in Transgenic (Bt) and non-transgenic (non-Bt) cotton fields of Nalgonda district,
Telangana state, during kharif 2020-21’. Hand-picking method was used for the collection of spiders.A
total of 580 spiders from Bt cotton, 776 spiders from non-Bt cotton were collected.Out of those, a
total of eight species of spiders on Bt cotton and 10 species of spiders on non-Bt cotton were observed,
which belonged to five families of order Araneae.Seasonal diversity and abundance were lower in the
month of July and progressively raised from August to November, there after decreased from December
to January in both Bt and non-Bt cotton fields.The decreased abundance of spiders in Bt cotton
compared to non-Bt cotton might be due to absence of host insect pests that serve as food for
spiders. Ecological indices were calculated for analysis of community structure of spiders.The habitat
structure of Araneae in both Bt and non-Bt cotton fields is stable and suitable as the H-Values are
above 1.5 with equal distribution of spiders (J-values are closer to 1.0) and both had high richness
(D-values are closer or above 1.0).

Keywords:Bt cotton, Ecological indices,Hand-picking method, Non-Bt cotton and Spiders

INTRODUCTION

Cotton, Gossypiumhirsutum L (Malvaceae:
Malvales) is one of the most important cash crops
of many warm climatic countries of the world i.e.,
USA, Brazil, China, India and Pakistan etc. and
playing a key role in economic, political and social
affairs of the world. Indian farmers were named
it as ‘white gold’ and ‘king of fibres’. It is useful in
producing five basic products i.e., lint, oil, seed

meal, hulls and linters. India ranks first in the
world having 11.8 million hectares area under
Bt cotton, followed by China and USA (James,
2011). In India, the cotton is grown on 129.57
lakh hectares area with a production of 371
lakh bales and productivity of 486.76
kg/ha-'(National Cotton Scenario, 2021). It also
provides 65% raw material to textile industry and
contributed 1/3rd of total foreign exchange

*Corresponding Author E-mail i.d: malleshsuresh@gmail.com
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earning of India (Mayee and Rao, 2002).The
climate of India is very suitable for transgenic
(Bt) and non-transgenic (non Bt) cotton
cultivation. But unfortunately, insect pests cause
serious damage to cotton crops.The production
of cotton in India is severely hampered by 162
species of insect-pests accounting for 10-30
percent losses (National Centre for Integrated
Pest Management, Anonymous, 2014).Major
pests of cotton are American bollworm, spotted
bollworm, pink bollworm and sucking pests like
Leafhoppers, whiteflies, thrips, aphids and
mealybug and these insect-pests cause damage
to crop throughout the growing season (Shera
et al., 2013). However, bollworms have been
tackled by introducing Bt cotton.one might
expect decreased abundance of susceptible
Lepidopteran bollworms and their natural
enemies in Bt cotton fields. The number of
insecticide applications to control sucking pests
is another important factor that can affect
arthropod communities and the associated
beneficial fauna in Bt cotton fields.

Spiders are essential biological control
agents (Laxman et al., 2016). Spiders such as
Neoscona theisi, Peucetia viridans and Rhene
sp suppress the population of various cotton
insect pests. Spiders are abundant invertebrate
fauna in any environment (Laxman et al., 2016)
and most species are highly beneficial as they
feed on insects and small arthropods. Spiders
play a key role in integrated pest management
of agro-ecosystem. Ecological parameters and
taxonomic importance of different species of
spiders from cotton fields were investigated by
many researchers (Platnick, 2004; Alvi, 2007;
Magsood, 2011).More than 35000 species of
spiders have been identified in the world
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(Ghavami et al., 2007). Spiders are more
common predators of the harmful insects
(Nemadeet al.,2015).Spiders are one of the most
abundant predatory groups, in the terrestrial
ecosystems and play important role in pest
control (Nemade et al.,2015).

Keeping this in view, the study was
conducted to assess the ‘Seasonal diversity and
abundance of Spiders in Transgenic (Bt) and
non-transgenic (non-Bt) cotton fields of
Nalgonda district, Telangana state, India’.

MATERIALS AND METHODS

The study was conducted at farmer’s fields
of transgenic (Bt) cotton (SRCH-639 BG Il) and
non-transgenic (non-Bt) cotton in semi-arid
tropical region of Palem village, Nakrekal Mandal,
Nalgonda District, Telangana State, India during
kharif season of 2020-21. It is located between
17° 13° 49” N and 79° 28’ 04” E. Sample was
collected every month from July 2020 to January
2021 in the morning hours. Hand-picking method
was used for the collection of spiders. For spider
population count, five plots each having area of
5m x 5m was selected in both Bt and non-Bt
cotton fields. Whole plants were observed
visually for spiders. The whole plant was
observed from bottom to top and both sides
(Upper and lower side) of the plant leaves. The
spider population was carefully counted. Spiders
were preserved in 70 percent ethyl alcohol in
glass vials of size 10 cm x 2.5 cm and labeled.
Spiders were identified with the help of keys by
comparing the morphological and taxonomical
features (Samiayyan, 2014), guide on cotton
pests and predators (Dileepkumar et al., 2008)
by Regional Agricultural research station
Warangal, PJTSAU and also published literature.
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Ecological indices of spider species i.e.,
Species diversity (Shannon-Wiener Index),
Species richness (Margalefs Index) and Species
evenness (Pielou Evenness Index) were
calculated.

1. Species diversity [Shannon-Wiener index (H)]

H=-Y P, log P,

Where,

H = Shannon-Weiner index,

Y =Sum,

Pi=ni/N,

ni = Number of individuals of each species
in the sample,

N = Total number of individuals of all
species in the sample.

2. Species evenness [Pielou Evenness Index (J)]

J=HH,_

Where,
J = Evenness index,
H= Shannon -Weiner index,

H log S,

S = number of species.
3. Species richness [Margalef’s Index(D)]
i-1
D= logh
Where,

D= Species richness,
S= total number of species,
N= total number of individuals.

RESULTS AND DISCUSSION

A total of 580 spiders from Bt cotton and
776 spiders from non-Bt cotton were collected
by hand-picking during kharif season of 2020-
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21. Out of those, a total of eight species of
spiders on Bt cotton and ten species of spiders
on non-Bt cotton were observed, which belonged
to five families (Araneidae, Lycosidae,
Oxyopidae, Pisauridae and Salticidae) of order

Araneae in both Bt and non-Bt cotton fields.

The family Araneidae was the richest with
three species followed by Oxyopidae with two
species, Lycosidae, Pisauridae and salticidae
with one species each on Bt cotton while
Araneidae was the richest with three species
followed by Oxyopidae, Salticidae and Lycosidae
with two species each, Pisauridae with one
species each on non-Bt cotton. Similar number
of families were recorded in both Bt and non-Bt
cotton fields (Fig. 1).

The species Argiope anasuja (Writing
spider), Argiopepulchella (Signature spider) and
Neoscona theisi (Spotted orb-weaver/Barn
spider) of family Araneidae were recorded in
both Bt and non-Bt cotton filds. The species
Draposa atropalpis (Indian wolf spider) belongs
to family Lycosidae was recorded in both Bt and
non-Bt cotton fields, whereas the species Hippas
agreenalliae (Wolf spider) of family Lycosidae
was recorded in non-Bt cotton fields only. The
species Oxyopessunsndae (lynx spider) and
Peucetiaviridans (Green lynx spider) of family
Oxyopidae were recorded in both Bt and non-Bt
cotton filds. The species Perenethis sindica
(Nursery web spider) of family Pisauridae was
recorded in both Bt and non-Bt cotton fields. The
species Hyllus semicupreus (heavy-bodied
jumper spider) of family Salticidae was observed
in both Bt and non-Bt cotton fields, whereas the
species Rhene sp (Jumping spider) of family
Salticidae was observedin non-Bt cotton fields
only (Table1).
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Fig. 1. Number of spider species of different families of order Araneae in both
Bt an dnon-Bt cotton fields during 2020-21

Seasonal diversity and Abundance:
The species A.anasuja (Writing spider) was
recorded from August to December and peak (4.4
+ 0.244 on Bt and 4.8 + 0.2 on non-Bt) was
recorded in November in both Bt and non-Bt
cotton fields. The species A. pulchella (Signature
spider) was noticed from September to
November with peak population of 3 + 0.547 in
Bt and 4.2 £ 0.916in non-Bt fields was noticed.
The species N.theisi (Spotted orb-weaver/Barn
spider) was initiated from July to January and
peak was noticed in September in both Bt (8 +
0.547) and non-Bt (9.2 + 1.067) cotton fields.The
speciesD.atropalpis (Indian wolf spider) was
observed from September to January and peak
population was noticed in September in both Bt
(4.2 £0.489) and non-Bt (5 £ 0.447) cotton fields.
The population ofH.greenalliae (Wolf spider) was
noticed from September to January and peak
(3.2 £ 1.019) was noticed in November in non-
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Bt cotton fields only.The species O.sunsndae
(lynx spider) was recorded from October to
January in both Bt and non-Bt cotton fields with
a peak population count of 3 + 0.707 on Bt in
November and 3.6 £ 0.509 on non-Bt in October.
The species P.viridans (Green lynx spider) was
observed from October to December on Bt
cotton, where as the incidence was continued
upto January in non-Bt cotton fields and a peak
of 5 £ 0.0on Bt and 5.6 + 0.4 on non-Bt was
noticed in October. The species P.sindica
(Nursery web spider) was recorded from August
to January on Bt, while its incidence was
appeared upto December and starting from
August on non-Bt cotton with peak population of
3.4 + 0.927 on Bt and 4 + 0.316 on non-Bt in
November. The species H. semicupreus (heavy-
bodied jumper spider) was noticed from October
to December with a peak of 2.8 + 0.374 on Bt
and 3.4 £ 0.244 on non-Bt in November.The
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Table 2. Seasonal diversity and mean abundance (Mean * SE) of Spiders in

Bt and non-Bt cotton fields

Species July August Septe- Octo- Nove- Dece- Jan-
mber ber mber mber uary

Argiope anasuja Bt 0.0+£00 3070 361050 421037 44+024 2802 0.0z00
non-Bt 00+00 32+048 341024 44:+024 48102 281037 0.0x00

Argiope pulchella Bt 00+00 00+00 2+054 26+050 3+054 0.0+00 0.0£00
non-Bt 00+00 00+00 24+024 38+02 42+091 00+00 0.0£00

Neoscona theisi Bt 2+031 56+13 8054 78+02 141050 4+1.04 34092
non-Bt 241024 641024 921106 84%1.74 1.810.37 52+0.37 46+050

Draposa atropalpis Bt 0.0+00 00x00 421048 321037 361067 3+054 221037
non-Bt 00+00 00100 5+044 361092 41031 34:050 24+0.24

Hippasa greenalliae Bt 00+00 0000 0000 0000 00+00 00+00 0.0£00
non-Bt 0.0+£0.0 00100 24+024 281037 32+101 24+024 21044

Oxyopes sunsndae Bt 0.0+00 00+00 00+00 28+058 3+0.70 2.8+058 1.8+048
non-Bt 0.0+0.0 00+00 00+00 36+050 341024 3.2+0.66 2.2+0.37

Peucetia viridans Bt 00+00 00+00 00+00 5+00 1+054 341081 0.0x00
non-Bt 00+00 00+00 00+00 56+04 16104 42+02 54104

Perenethis sindica Bt 0.0+£00 21031 02202 341024 34092 31031 3+0.70
non-Bt  0.0x00 2+0 08%037 38+058 4+031 32+066 0.0+00

Hyllus semicupreus Bt 0.0£00 00+00 00x00 24+024 28+037 2031 0.0z00
non-Bt 00+00 00+00 00+00 3+031 34+024 24:+024 0.0100

Rhenesp Bt 00+00 0000 0000 0000 00+00 00+00 0.0£00
non-Bt 00+00 00+00 00+00 0000 36+024 42+02 0.0100

species Rhenesp (Jumping spider) was initiated
from November to December and peak of 4.2 +
0.2 was noticed in non-Bt cotton fields only
(Table. 2). The number of species are increased
as spider abundance increased during 2020-21
cotton cropping season suggesting that the
differences in diversity between Bt and non-Bt
cotton fields were caused by differences in
abundance.
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The species N. theisi in the month of July,
A. anasuja, N. theisi and P.sindica in August, A.
anasuja, A. pulchella, N. theisi, D. atropalpis and
P.sindica in September, A. anasuja, A. pulchella,
N. theisi, D. atropalpis, O. sunsndae, P. viridans,
P. sindica and H. semicupreus in October, A.
anasuja, A. pulchella, N. theisi, D. atropalpis, O.
sunsndae, P. viridans, P. sindica and H.
semicupreus in November, A. anasuja, N. theisi,



PREDATORY SPIDERS ABUNDANCE AND DIVERSITY IN TRANSGENIC AND NON-TRANSGENIC COTTON FIELDS

3.5
B Bt cotton ¥ Non-Bt cotton
3
wn
2 25
2 2
2 2
0]
‘5 1.5
S
zZ 1
0
Araneidae Lycosidae Oxyopidae Pisauridae Salticidae
Family

Fig. 2. Seasonal diversity of spider species in Bt and non-Bt cotton fields during

2020-21 cotton season

D.atropalpis, O.sunsndae, P.viridans, P.sindica
and H.semicupreus in December, N.theisi,
D.atropalpis, O.sunsndae, and P.viridans in
January on Bt cotton and N. theisi in the month
of July, A.anasuja, N.theisi and P.sindica in
August, A.anasuja, A.pulchella, N.theisi,
D.atropalpis, H.greenalliae and P.sindica in
September, A. anasuja, A. pulchella, N. theisi, D.
atropalpis, H.greenalliae,O.sunsndae, P.
viridans, P.sindica and H.semicupreus in October,
A.anasuja, A.pulchella, N. theisi, D.atropalpis, H.
greenalliae,O. sunsndae, P.viridans, P.sindica,
H.semicupreus and Rhene sp in November,
A.anasuja, N.theisi, D.atropalpis, H.greenalliae,
O.sunsndae, P.viridans, P.sindica,
H.semicupreus and Rhene sp in December,
N.theisi, D.atropalpis, H.greenalliae,
O.sunsndae, and P.viridans in January were

observed on non-Bt cotton fields (Table. 2).
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Ecological Indices:Three characteristics
were calculated for analysis of community
structure of spiders. i.e.,Species diversity
(Shannon —Wiener Index),Species evenness
(Pielou Evenness Index) and Species richness

(Margalef’s Index).

Species diversity (Shannon-Weiner Index)
values (H-Values) of Araneae ranged between 0
and 2.0 in Bt, 0 and 2.2 in non-Btcotton during
2020-21cropping season.Species richness
(Margalef’s Index) values (D-Values) of Araneae
ranged between 0 and 1.48 in Bt, 0 and 1.75 in
non-Bt during 2020-21 cotton season.Species
evenness (Pielou Evenness Index) values (J-
Values) of Araneae ranged between 0.82 and
0.98 in Bt, 0.86 to 0.99 in non-Bt during 2020-
21 cotton season (Table 3).

The H-values of Araneae under 1.0
indicated that the habitat structure is not suitable.
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Table 3. Ecological Indices for Araneae (spiders) in Bt& Non-Bt cotton fields during 2020-21

cotton season

H-Values J-Values D-Values
(Diversity) (Evenness) (Richness)
Bt non-Bt Bt non-Bt Bt non-Bt

July 0 0 - - 0 0
August 1.00 0.98 0.91 0.89 0.50 0.49
September 1.31 1.54 0.81 0.86 0.88 1.05
October 1.99 213 0.96 0.97 1.38 1.51
November 2.00 2.25 0.96 0.98 1.48 1.75
December 1.92 2.16 0.99 0.98 1.28 1.58
January 1.35 1.52 0.97 0.94 0.75 0.90

While, H-values of above 1.0 indicate that Bt and
non-Bt cotton fields are stable for their habitat.
In case H-values are between 1.5 and 2.0,
itindicated the structure of habitat is stable and
suitable balanced for them, from September
onwards the habitat structure of Araneae in both
Bt and non-Bt cotton fields is stable and suitable
as the H-values are above 1.5. Evenness values
in Bt and non-Bt cotton are closer to 1.0 indicate
that the spiders are distributed equally. Richness
values in Bt and non-Bt cotton are under 0.5
which indicates that the spiders are low and
closer to 1.0 indicate that the spiders are more.

Our results indicated that minor differences
in the spider community occurred between Bt and
non-Bt cotton fields. However, non-Bt cotton
often had higher spider abundance than Bt cotton
fields. The present findings are in line with Sun
et al. (2003) who recorded that the population in
density of spiders was significantly lesser in
transgenic cotton than normal cotton. The
seasonal mean abundance of spiders indicated
that no much variation in the mean population
of spiders between Bt-cotton and non Btcotton
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fields.Seasonal diversity and abundance were
lower in the month of July progressively raised
from August to November, there after decreased
from December to January in both Bt and non-
Bt cotton fields. Present investigation results are
in support with the findings of Laxmanet al., 2016
where in it was reported that the spiders were
mostly found in middle of the cotton cropping
seasons in Warangal district of Telangana state.
Xu Wen Hua et al., (2004) reported a significant
variation in population dynamics of a spiders in
cotton fields in China during 2002. In general,
the seasonal mean abundance of predators
indicates that there was little difference with
respect to green lynx spider, brown lynx spider,
garden spider, writing spider and signature spider
in Bt and non Bt-cotton fields. Present findings
are in near agreement with Kengegowda (2003),
who reported that spiders appeared more or less
same in Bt and non Bt-cotton. Rajanikanth (2004)
also reported that there was no difference in
predatory population in Bt and non Bt-cotton.
However, the present findings are in contrary to
the Hagerty et al., (2005) who reported that the
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activity of spiders was consistently higher in Bt
cotton than non Bt-cotton.In the present
investigation it was observed that spider
numbers varied between months within a year
in Bt and non Bt-cotton fields, which is similar to
the finding of Silberbaur (2001). In September,
October and November months there were a
large number of spiders in Bt-cotton and non
Bt-cotton fields, which coincides with high
incidence of herbivore activity doing the active
cotton growing period. If the natural enemy is a
specialize on herbivore that was highly
susceptible to Bt toxin, the normal enemy’s
number may likely to decline in the Bt field due
to the absence of host. As spiders are
generalists predatory, their activity and
abundance will depend on present of host on
the crop. According no impact is expected for
spiders found higher numbers during these
months.

CONCLUSION

Overall spider population was lower in Bt-
cotton compared to non-Bt-cotton. Seasonal
diversity and abundance were lower in the month
of July progressively raised from August to
November, after that decreased from December
to January in both Bt and non-Bt cotton fields.
From these results it can be conclude that Bt
cotton may has no marked negative effects on
the spider community in cotton fields. The
richness and evenness of spiders was similar in
both Bt and non-Bt cotton fields.
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ABSTRACT

The effect of long term fertilization on yield and active pools of soil organic carbon under rice-
rice cropping sequence was studied during 2020-21 in a long term fertilization experiment conducted
since 1964 at Onattukara Regional Agricultural Research Station, Kayamkulam, Kerala. The results
indicated that the application of FYM along with NPK fertilizers(80 kg N ha', 20 kg as FYM and 60 kg
asA.S. +40 kg P,O, ha" as Rajphos + 40 kg K,O ha') as MOP resulted in significant increase in rice
yield. Soil organic carbon, soil microbial biomass carbon, nitrogen, and phosphorus, water soluble
carbon, water soluble carbohydrates and dehydrogenase activity were the highest under treatment
receiving combined application of FYM and NPK fertilizers. These fractions contribute to the active
pool of soil organic carbon and can be identified as an indicator of soil quality. Present study thus
provided an insight on how management practices affect crop yield and active pools of carbon.

Keywords: Integrated Nutrient Management, Soil Organic Carbon

INTRODUCTION water retention capacity. Critical low soil organic

The sandy plains of Kerala constitute a matter status is the predominant cause for the

unique agro ecological unit designated as decline in soil health and consequent fall in crop

Onattukara sandy plain (AEU 3). Rice based
cropping system is the predominant cropping
system in the low lands of Onattukara region
where two crops of paddy are raised during
Virippu (April to August) and Mundakan (August-
September to December-January), followed by
sesame/pulses/vegetables in the summer rice
fallows. Onattukara soils are generally coarse
textured with immature profiles, low nutrient and

productivity of this region. Soil organic carbon is
an important index of soil fertility because of its
relationship to crop productivity (Vintheret al.,
2004). Declining soil organic carbon level often
leads to decreased crop productivity (Lal, 2006).
Hence, maintaining soil organic carbon level is
essential for agricultural sustainability. To better
understand the mechanism by which carbon is
stabilized or lost from the soil, the total soil organic

*Corresponding Author E-mail i.d: srevyasgk@gmail.com ; M.Sc thesis submitted to Kerala Agricultural University,

Thiruvananthapuram
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carbon can be divided into labile or active carbon
pool and a non-labile or stable or recalcitrant
carbon pool. The labile or active carbon pool is
that fraction of total soil organic carbon having
rapid turnover rates and is most vital in terms of
crop production as it greatly influences nutrient
cycling for maintaining soil quality and
productivity (Chan et al., 2001). Non labile
carbon pool is the most stable pool or recalcitrant
pool and gets slowly decomposed by microbial
activity (Wiesenberg et al., 2010).A judicious mix
of organic manures along with inorganic fertilizers
is always ideal to improve soil physical properties
and also to sustain agronomic productivity. It is
difficult to detect soil organic carbon changes in
a short term due to its slow rate of formation
(Malhiet al., 2011). Therefore, long term
fertilization experiments are always ideal to detect
changes in soil organic carbon.

MATERIALS AND METHODS
Study site

Onattukara sandy plain, extending from the
coast line to the midlands forms a special agro-
ecological unit of Kerala (AEU 3). The soils of
the region are sandy, deep, well drained, strongly
acidic, have low cation exchange capacity with
shallow water table and single grain structure. A
57 year on-going Permanent Manurial Trial
(PMT), on rice at Onattukara Regional
Agricultural Research Station, Kayamkulam,
since 1964 was selected for the study. The study
was conducted from April 2020 to September
2020.

The experiment was laid out in Randomized
Block Design (RBD) with eight treatments each
replicated thrice with rice variety ‘Jaya’. The N,
P and K are supplied in the form of Ammonium
sulphate (A.S), Rajphos and Muriate of Potash
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(MOP), respectively.The eight treatments were
T,-80 kg N ha' as FYM, T,-80 kg N ha' as A.S,
T,-80 kg N ha' as A.S + 40 kg P,0O, ha' as
Rajphos, T,- 80 kg N ha' as A.S + 40 kg K,O ha-
'as MOP, T.-40 kg P,O, ha™ as Rajphos + 40 kg
K,O ha' as MOP, T.- 80 kg N ha' as A.S + 40 kg
P,O, ha™' as Rajphos + 40 kg K,O ha' as MOP,
T,- 80 kg N ha™ (20 kg as FYM and 60 kg as
A.S.) + 40 kg P,O, ha' as Rajphos + 40 kg K,O
ha' as MOP, T,- Absolute control.

Soil sampling and analysis

Soil samples collected from each plot
passed through 2mm sieve and stored in
polythene bags. These were further subjected
to various analysis. Organic carbon was
determined using Walkley and Black method
(Walkley and Black,1934). Soil microbial biomass
carbon was determined using Chloroform
fumigation extraction method (Jenkinson and
Powlson, 1976).Soil microbial biomass nitrogen
was determined using Chloroform fumigation
extraction method (Brookes et al.,1985).Soil
microbial biomass phosphorous was determined
using Chloroform fumigation incubation method
(Brookes et al.,1982).Water soluble carbon was
determined using acid extraction method (Nelson
1996).Water
carbohydrates was determined using anthrone
method (Brink et al.,1960). Dehydrogenase
activity was determined using Colorimetric

and Sommer’s, soluble

estimation of TPF hydrolysed g of soil 24-'h
(Casida, 1977).

RESULTS AND DISCUSSION
Grain and straw yield

Grain yield was highest (2.69 t ha) in
treatment receiving 80 kg N ha' (20 kg as FYM
and 60 kg as A.S.) + 40 kg P,O, ha as Rajphos
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+ 40 kg K,O ha' as MOP (Table 1). The lowest
(1.71 t ha') was recorded in absolute control
(Tg)during both the seasons. There was no
significant variation among treatments for straw
yield. Treatment receiving 80 kg N ha' (20 kg as
FYM and 60 kg as A.S.) + 40 kg P,O, ha™ as
Rajphos + 40 kg K,O ha as MOP (T,) recorded
the highest straw yield. The lowest was recorded
by absolute control (T,). The mean grain and
straw yield for the past 57 years has been given
in table 2 and the treatment receiving 80 kg N
ha' (20 kg as FYM and 60 kg as A.S.) + 40 kg
P,O, ha™ as Rajphos + 40 kg K,O ha' as MOP
i.e., T(2.13 t ha' and 5.33t ha™) recorded the
highest mean grain and straw yield. Urkurkaret
al. (2010) reported that integrated use of
chemical fertilizers along with organic manures
like FYM, green manure or wheat straw adds
huge amount of organic matter in soil there by
increased grain and straw yield. The increased
yield might be due to the increased availability
of secondary and micronutrients through FYM
(Bhattacharya et al., 2004).

Soil Organic Carbon

Soil organic carbon (SOC) was significantly
influenced by treatments. During both the
season, treatment receiving FYM+Ammonium
Sulphate+Rajphos+M.O.P(T,) recorded the
highest value of soil organic carbon (0.66%). The
absolute control (T, ) recorded the lowest value
of soil organic carbon (0.30%) (Table 2). The
initial soil organic carbon was shown in Table 4.
The treatment T, [80 kg N ha™' (20 kg as FYM
and 60 kg as A.S.) + 40 kg P,O, ha as Rajphos
+ 40 kg K,0 ha™' as MOP] (0.59%) recorded the
highest initial soil organic carbon content. The
increase in soil organic carbon in FYM+NPK
treated plot can be ascribed to increase in total
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nitrogen and soil organic matter contents
compared to sole application of fertilizers
(Chakrabortyet al., 2011).

Soil Microbial Biomass Carbon

Different treatments had significantly
influenced soil microbial biomass carbon (SMBC)
(Table 3). The treatment T, [80 kg N ha™' (20 kg
as FYM and 60 kg as A.S.) + 40 kg P,O, ha™ as
Rajphos + 40 kg K,O ha" as MOP]recorded the
highest value (309.65 mg kg™) during both the
seasons followed by T, (80 kg N ha™ as FYM)
(266.54mg kg') and the lowest was recorded by
absolute control, T, (88.23 mg kg™').The results
obtained are in conformity with the observation
of Patel et al. (2018) under soybean-wheat
cropping system. This might be due to application
of FYM which resulted in increased root biomass
which enhanced the growth and development of
microorganisms.

Soil Microbial Biomass Nitrogen

Treatments had significant influence on soll
microbial biomass nitrogen (SMBN) (Table3).
Treatment receiving FYM+Ammonium Sulphate
+Rajphos+M.0O.P(T,) recorded the highest value
of soil microbial biomass nitrogen (56.24 mg kg
").The lowest SMBN content was recorded in
absolute control (T,) (18.02 mg kg™'). The results
are in agreement with the observation of Patel
et al. (2018) who reported a 14.6% increase in
SMBN in plot treated with NPK+FYM compared
to NPK alone. High soil organic matter, better
root proliferation and additional supply of N in
the form of FYM may be responsible for the
increased SMBN (Verma and Mathur, 2009).

Soil microbial biomass phosphorous

Data (Table 3) revealed that treatments
had significant influence on soil microbial biomass
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Table 1.Effect of long term fertilization on grain and straw yield of rice

S.No. Grain Straw
ield ield
Treatments ’ Y
(tha™) | (tha™)
1 [T-80kg N ha as FYM 2.15 4.87
2 [T,-80kgNha’asAS, T:-80 kg N ha' as A.S 1.72 2.76
3 [Ts-80kg N ha' as A.S + 40 kg P,Os ha' as Rajphos 2.03 3.58
4 [T,-80kg N ha'as A.S + 40 kg K,O ha™' as MOP 2.09 4.42
5 |[T5-40 kg P20Os5 ha"' as Rajphos + 40 kg K,0O ha' as MOP 1.90 3.11
6 [Te-80kgN ha'as A.S +40 kg P,Os ha as Rajphos + 40
2.13 4.43
kg K20 ha™' as MOP
7 [T-80kg N ha™ (20 kg as FYM and 60 kg as A.S.) + 40 kg
2.69 5.63
P,Os ha™' as Rajphos + 40 kg K,0 ha™' as MOP
8 [Ts- Absolute control 1.71 2.74
CD@5% 0.528 NS
SE(m)| 0.172 0.805
CV.%| 14.443 | 35.367

phosphorous (SMBP) content of soil. The
treatment receiving FYM+AmmoniumSulphate
+Rajphos+M.0O.P(T,)recorded the highest value
of soil microbial biomass phosphorous (39.89
mg kg') andthe lowest (11.22 mg kg') was
recorded by absolute control (T,). High soil
organic matter and better root proliferation may
be responsible for the increased SMBP (Verma
and Mathur, 2009).
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Water Soluble Carbon

The highest water soluble carbon (97.92
mg kg') was recorded in treatment receiving
FYM+AmmoniumSulphate +Rajphos+M.O.P
(Table 3)and the lowest by control plot (27.92
mg kg'). Yagi et al. (2003) reported that the
increase in water soluble carbon under
integrated nutrient management may be due to
the priming effect with the application of
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Table 2. Effect of long term fertilization on mean grain and straw yield over 57 years in rice

S.No. Treatments Mean | Mean straw
grain yield
yield (t ha™)
(tha™)

1 [T-80kg N ha™ as FYM 1.71 4.102
2 [T-80kgNha'asAS, T-80 kgN ha” as A.S 1.39 2.42
3 [Ts-80kg N ha' as A.S + 40 kg P,Os ha™' as Rajphos 1.64 3.18
4 [T+80kgNha as A.S + 40 kg K,O ha ' as MOP 1.65 3.92
Ts-40 kg P,Os ha™' as Rajphos + 40 kg KO ha™ as MOP| 1.52 2.81
Ts- 80 kg N ha™' as A.S + 40 kg P,Os ha™' as Rajphos + 1.76 3.93
40 kg K.0O ha™ as MOP
T,-80 kg N ha' (20 kg as FYM and60 kgas A.S.) +40| 2.13 5.33
kg P,Os ha™' as Rajphos + 40 kg K,0 ha™ as MOP
8 [T~ Absolute control 1.404 1.34

inorganic nitrogen and fresh organic manure that
stimulated the microbial activity thus enhanced
the mineralization of nitrogen in soil organic
carbon by decomposition of soil organic carbon
and releasing the water soluble carbon fractions.

Water Soluble Carbohydrates

Table 3 represents the influence of various
treatments on water soluble carbohydrate
content in soil. Treatment receiving
FYM+AmmoniumSulphate +Rajphos+M.O.P(T.)
recorded the highest content (110.12 mg kg™)
whereas the lowest content of water soluble
carbohydrates (40.97 mg kg') was recorded by
T, (control).The results were in conformity with
the findings of Tripura et al. (2018) who reported
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the highest water soluble carbohydrates in
treatment receiving 50% NPK of recommended
dose +FYM at 10t ha'in groundnut-wheat
sequence under long term fertilization.

Dehydrogenase Activity

Dehydrogenase activity was significantly
influenced by different treatments. Treatment
receiving FYM+ Ammonium Sulphate+ Rajphos+
M.O.P
dehydrogenase activity

recorded the highest value of
(19.46 pg TPF
hydrolysed g soil 24 hr') and the lowest by T,
(15.45 ug TPF hydrolysed g™ soil 24 hr') (Table
3). Geet al. (2009) reported that inEntisols,

integrated nutrient management supplied
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Table3. Effect of long term fertilization on active pools of carbon in rice-rice cropping

sequence
Soil Soil Soil Soil Water Water |[Dehydrogenase|
organic |microbiall microbial| microbial | soluble | soluble activity
carbon(%) biomass| biomass | biomass | carbon |carbohydrat (4g TPF
Treatments
carbon | nitrogen | phosphoro |(mg kg™) es hydrolysed g™
(mg kg™)| (mg kg™ us (mg kg”) | soil 24 hr')
(mg kg™)
T:- 80 kg N ha™ as FYM 0.64 266.54 55.13 35.67 96.21 105.12 19.42
T,-80 kg N ha™' as A.S, Ta-
0.50 132.99 36.12 16.55 37.91 62.82 15.78
80 kg N ha” as A.S
T:-80 kg N ha' as A.S +
0.55 152.32 43.87 31.50 84.67 72.56 16.50
40 kg P,0s ha™' as Rajphos
T4-80 kg N ha™' as A.S + 40|
0.57 177.34 52.56 32.25 51.56 58.89 17.45
kg K20 ha™ as MOP
Ts-40 kg P,Os ha™' as
Rajphos + 40 kg K;0 ha’ 0.54 133.11 36.93 22.02 50.78 65.98 16.34
as MOP
Te- 80 kgN ha' as AS +
40 kg P,0s ha™' as Rajphos|  0.60 221.98 55.01 33.10 38.34 78.32 18.50
+ 40 kg K,O ha' as MOP
T- 80 kg N ha™' (20 kg as
FYM and 60 kg as A.S.) +
0.66 309.65 56.24 39.89 97.92 110.12 19.46
40 kg P,Os ha™' as Rajphos
+ 40 kg K,0 ha” as MOP
Ts- Absolute control 0.30 88.23 18.02 11.22 27.92 40.97 15.45
C.D@5%| 0.042 5.372 3.504 2.967 5.058 5912 1.700
SE(m) 0.015 1.881 1.227 1.039 1.771 2.07 0.595
C.V.%| 29.395 | 3.302 14.134 20.811 9.026 13.285 6.185
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Table 4. Initial soil organic carbon of long term fertilization in rice-rice cropping sequence

Treatments Initial soil organic carbon (%)
T+-FYM 0.55
T2-Ammonium Sulphate(A.S) 0.43
T3- A.S+Rajphos 0.47
T4-A.S+MOP 0.50
Ts-Rajphos+MOP 0.46
Te- A.S+Rajphos+MOP 0.52
T7- FYM+A.S+Rajphos+MOP 0.59
Tg- Control 0.22

organic substrate and thus triggered the
microbial population and dehydrogenase activity.

CONCLUSION

The highest grain yield was recorded
under combined application of NPK and FYM.
Active carbon pools viz., SOC, SMBC, SMBN,
SMBP, WSC, water soluble carbohydrates and
dehydrogenase activity were recorded the
highest under integrated nutrient management.
The study hence revealed that inclusion of
organics along with inorganic fertilizer as in the
case of T, (FYM+A.S+Rajphos+MOP) played an
important role in influencing active carbon pools
under rice based cropping system and it is an
ideal management practice for maintaining soil
health. Development of appropriate agricultural
practices to increase soil organic carbon
sequestration as a means there by to reduce
greenhouse gas emission in rice-rice cropping
sequence has to be adopted. Soil quality under
different treatments should be done periodically.
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ABSTRACT

A two-year study from 2018 to 2019 conducted at Horticultural Research Station,
Venkataramannagudem, Dr YSR Horticultural University, Andhra Pradesh, India on effect of spacing
and sodium nitro prusside (SNP) concentration on plant growth and flower yield of African marigold
cv. Bidhan Marigold-2 by inducing heat stress tolerance during summer revealed that closer spacing
of 45 x 30 cm, higher SNP concentration of 200 p M and their interaction effect recorded highest
flower yieldha'(165.959, 178.267, 209.953 respectively) and BCR (1.65, 1.95, 2.76 respectively)
whereas for rest of the vegetative, flower and yield parameters,maximum values were recorded at
wider spacing of 60 x 30 cm, higher SNP concentration of 200 u M and interaction effect of 60 x 30 cm
+ 200 y M SNP indicating heat stress tolerance during plant growth in summer.

Key words : Marigold summer cultivation; Sodium nitro-prusside; Spacing

INTRODUCTION premium price in market as it coincides with
Marigold is a hardy crop which grows various customary celebrations and functions.

throughout the year under tropical and Productivity and quality of any crop under
subtropical conditions but flowering depends abiotic stress can be improved by adopting
upon variety, day length and temperature. In certain special horticultural practices. Plant
many parts of Andhra Pradesh, plant growth is  geometry plays an important role in growth and
ceased with a reduction in flower size and yield yield of crop especially during summer season.
during summer months due to prevailing high  gpacing influences the creation of micro climate
temperatures. Though, seasonal flowers like in the canopy. Sodium nitro prusside (SNP), a
jasmine and crossandra are available during njtric oxide (NO) donor, alleviates the adverse
summer months, their shelf life is very low when effects of heat stress in plants. by playing a vital
compared to marigold. Hence, the production of role in several physiological processes like
marigold during summer season fetches secondary root initiation, plant height, stomatal

*Corresponding Author E-mail i.d: dpalla@rediffmail.com, PhD thesis submitted to Dr Y.S.R. Horticultural
University, Venkataramannagudem 534 101
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closure, photosynthesis, and floral regulation etc.
Yang et al. (2011) reported an increase in activity
of superoxide dismutase (SOD), peroxidase
(POX), (CAT)
peroxidase(APX) enzymes by application of

catalase and ascorbate
sodium nitro prusside (SNP) a nitric oxide donar
on heat-stressed chrysanthemum plants. In this
study, investigation on the role of spacing and
SNP on plant growth and yield of marigold cultivar
Bidhan marigold — 2 by inducing heat stress was
done.

MATERIALS AND METHODS

The research site was located at
Horticultural Research Station, Venkatara-
mannagudem West Godavari, Andhra Pradesh
geographically situated at 16°83’N latitude and
81°5’ E longitudewith an altitude of 34 m (112
feet) above the mean sea level. Thiszone
experiences hot and humid summer, mild winter
and average annual rainfall of 900 mm. The
experiment was carried out in the year 2017 and
2018. The marigold variety selected is orange
coloured Bidhan Marigold-2. The experiment was
laid out in @a Randomized Block Design with
factorial concept and replicated twice. The
experiment consists of fifteen treatment
combinations comprising of three spacing’s (45
x 30 cm, 45 x40 cm and 60 x 30 cm), three doses
of sodium nitroprusside (OuM, 100uM and 200
pMM) and nine interaction effects (45 x 30 cm +
OpM SNP, 45 x 30 cm + 100uM SNP, 45 x 30 cm +
200uM SNP, 45 x40 cm + OuM SNP, 45 x40 cm +
100uM SNP, 45 x 40 cm + 200puM SNP, 60 x 30
cm + OpM SNP, 60 x 30 cm + 100uM SNP and 60
x 30 cm + 200uM SNP) with a plot size of 3.2 m x
3.0m.

Sodium nitroprusside (SNP) solutions of
100 pM and 200 uM were prepared in 1000 ml
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volumetric flask by dissolving 0.1 mg and 0.2 mg
of SNP respectively in one litre ofdistilled
water.As per the treatment, SNP solution of
desired concentration was prepared freshly by
using double distilled water just before
application and spraying was done at 20 and 40
days after transplantation into main field.
Spraying was done during early morning, until
the spray solution was ran off on all the plants
by using a manual sprayer.

Observations on vegetative growth,
flowering and yield parameters were recorded
at 150 days after transplantation for ten plants
randomly tagged with a label in each treatment
and replication. Ten plants were pulled-off
carefully from the ground and washed thoroughly
with clean water to remove the soil particles
adhered and dried in shade for recording the
observations on different growth parameters in
destructive method of sampling.

RESULTS AND DISCUSSION

Effect of spacing on vegetative parameters
of Bidhan Marigold - 2

In this investigation, wider spacing of 60 x
30 cm recorded maximum number of primary
branches (12.28), secondary branches (40.77),
plant spread (27.17 cm in E-W and 45.45 cm in
N-S directions), maximum leaf area (49.10 dm?),
stem diameter at base (1.01 cm), specific leaf
weight (11.99 mg cm=2), total fresh biomass
(1668.08 g) and highest total dry matter (314.85
g) whereas highest plant height of 88.24 cm and
internodal length of 44.7 mm was recorded with
a closer spacing of 45 x 30 cm.

Wider spacing provided greater availability
of plant nutrients, water and better sunlight
exposure among plants which resulted in
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maximum number of primary and secondary
branch production that in turn favoured more
lateral growth of plant. The results are in
conformity with the findings of Yadav et al. (2004)
in marigold. The decrease in internodal length
with increase in spacing could be attributed to
the lesser competition among plants for nutrients,
water, and light at low plant densities and also
due to production of more number of lateral
branches. Similar results were earlier reported
by Himabindu (2010) in marigold cv. Pusa
Narangi Gainda. Plant spread is maximum due
to the reason that wider spacing provides
congenial growth conditions for root and shoot
growth. Similar result of increase in plant spread
was reported by Yadav et al. (2004). Variation in
plant spread might be due to higher ground area
provided per
more lateral branches that in turn recorded

plant resulting in production of

shorter plant height and more plant spread. The
wider plant spread at wider spacing in marigold
was attributed to congenial growing conditions
such as more space available for growth of roots
and shoots (Dongre, 1984). More number of
leaves at wider spacing might be due to more
number of branches and it was earlier reported
by Chaturvedi et al. (2010) in marigold. The
increased thickness of stem could be ascribed
to a better availability of nutrients per unit area
due to sufficient space resulting in less
competition among the plants. Significant
variation in specific leaf weight depending on
spacing might be attributed to production of more
number of leaves and dry matter at wider spacing
due to less competition among the plants for
water, nutrients, air and sunlight. Similar results
of increased leaf area at wider spacing were
earlier reported by Chaturvedi et al. (2010) in
African marigold.
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The highest fresh weight and dry weight
of plants with wider spacing is due to maximum
plant spread, more number of primary and
secondary branches, leaf area and increased
girth of the stem. The maximum plant height and
internodal length with closer spacing is due to
increased competition among plants for space,
The
production of taller plants with closer spacing

nutrients, water and especially sun light.

and dense population were also reported earlier
by Yadav et al. (2004). (Table 1)

Effect of sodium nitro prusside on
vegetative parameters of Bidhan
Marigold - 2

Maximum plant height (88.09 cm), primary
(14.05) and secondary branches (44.72), plant
spread (28.34 cm in E-W and 43.78 cm in N-S),
leaf area (51.70 dm?), stem diameter at base
(1.14 cm), specific leaf weight (14.65 mg cm2),
total fresh biomass (2072.11 g) and total dry
matter (391.16 g) was recorded with 200 uUMSNP
spray while maximum internodal length of 42.6
mm was observed with 0 yMSNP spray. SNP
being a potential donor of NO that is required
for cell elongation, cell division, and tissue
differentiation (Fernandez-Marcos et al., 2012)
might have lead to optimal plant growth recording
highest plant height. Nitric oxide is closely linked
to auxin and cytokinin activities and SNP
influenced the reduction of high temperature
induced lipid peroxidation, H,O, content thereby
increasing chlorophyll content, ascorbate (AsA),
glutathione (GSH) and GSH/ glutathione disulfide
(GSSG) the
photosynthesis rate and protected plants from

ratio which increased
heat stress. This also resulted in the production
of highest number of primary and secondary

branches, maximum leaf area, fresh and dry
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weight of plants. The decrease in internodal
length with increase in SNP concentration might
be attributed to the overall growth of the plant in
terms of height, spread and lateral branches
production as they alleviated heat stress.High
photosynthetic rate might be the reason for
increased plant spread and leaf area through
production of more number of lateral branches.
Similar results with application of SNP during
heat stress were reportedby Meng-Wang et al.
(2015) in oriental Lilly ‘Siberia’and Sheena Nain
et al. (2017) in marigold.

Increase in endogenous nitric oxide via
application of SNP improved the photosynthetic
performance in plants and improvement was
associated with an increase in photosynthetic
pigments. Photosynthesis increased due to
increase in all gas exchange parameters
positively associated with higher photosynthetic
rate and hence higher biomass production and
dry weight.(Table — 1)

Interaction effect of spacing and SNP on
vegetative parameters of Bidhan
Marigold - 2

Among the interaction effects, primary
branches (14.66), secondary branches (46.78),
plant spread (30.09 cm in E-W and 51.13 cm in
N-S directions), leaf area (53.78 dm?), stem
diameter at base (1.31 cm), specific leaf weight
(16.04 mg cm?), total fresh biomass (2291.58
g) and total dry matter (432.57 g) was recorded
in 60 cm x 30 cm + 200 uMSNP whereas highest
plant height (93.60) was recorded with 45 cm x
30 cm + 200 pyM SNP and highest internodal
length of 47.9 mm was observed with 45 cm x 30
cm + 0 uM SNP concentration.(Table — 1)
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These results indicate that the impact of
spacing is more compared to SNP concentration
on increasing the plant height because of space
limitation. But when it comes to similar spacing,
the impact of SNP concentration plays a major
role in increasing the plant height. Less number
of primary branches in lesser spacing is
recorded even under favourable conditions
provided by SNP during heat stress. The
production of more number of primary branches
at wider spacing and heat alleviation through NO
released from SNP by increasing the rate of
photosynthesis and photosynthates production
lead to more number of secondary branches.
The decreased plant spread at lower spacing
and urea application might be attributed to the
lack of space, water and nutrients for lateral plant
spread apart from reduced chlorophyll damage
and photosynthetic rate due to lack of NO to
alleviate heat stress. The impact of SNP
concentration is more in increasing the total dry
matter plant'at similar spacing due to the heat
alleviation effects of NO by delaying senescence
and increasing photosynthetic rate.

Effect of spacing on flower parameters of
Bidhan Marigold - 2

Wider spacing of 60 cm x 30 cm delayed
flowering, taken more days for first flower bud
appearance (42.43) and 50 % flowering (55.63)
(Table — 2). Wider spacing also recorded
prolonged flowering duration of 77.06 days with
longer flower receptacle (2.10 cm) and highest
flower diameter (4.88 cm) which might be due to
less competition for resources leading to
prolonged phase
accumulating more photosynthates in plants

vegetative thereby

which was earlier reported by Sheena Nain et al.
(2017) in African marigold. Early flowering in
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closer spacing might be due to early
physiological maturity of the shoots. Similar
results were reported by Himabindu (2010) in
marigold.

Effect of SNP on flower parameters of
Bidhan Marigold - 2

Data depicted in Table — 2 showed that
increased SNP concentration delayed flowering,
days taken for first flower bud appearance and
50% flowering with 200 uM SNP spray recording
highest number of days to first flower bud
appearance (46.58) and 50 % flowering (60.54).
This might be due to promotional activity of NO
on vegetative growth especially under abiotic
stresses (Song et al., 2009). Nitric oxide
suppresses the transition to flowering not by
disrupting the circadian clock but by affecting
the expression of regulatory genes in flowering
pathways (Nigel and Fang-Qing., 2005). Spraying
200 yM SNP also recorded maximum values for
flowerduration (87.49), flower diameter (4.92 cm)
(2.22
cm).Exogenous NO released from SNP enhanced

and length of flower receptacle
the leaf chlorophyll content to increase
photosynthesis during senescence which might
in turn delayed plant senescence and increased
flowering duration. The increase in flower
diameter and length of flower receptacle with
increase in SNP concentration might be due to
the role NO has in elongation and growth of plants
by influencing cell division and cell enlargement
processes (Gabaldon et al., 2005) along with
modifications at the hormonal levelsas NO acts
as a secondary messenger in various metabolic
processes (Unsal and Arisan 2009). Similar
results were reported by Meng-Wang et al.
(2015) in oriental lily.
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Interaction effect of spacing and SNP on
flower parameters of Bidhan Marigold - 2

Interaction effect of 60 cm x 30 cm with
200 uM SNP recorded delayed flowering with
47.01 days for first flower bud appearance and
61.21days for 50 % flowering. It also recorded
increase in duration of flowering (88.18 days),
flower diameter (5.20 cm) and length of
receptacle (2.27 cm) followed by45 cm x 40 cm
with 200 uM SNP. (Table — 2)

Higher SNP concentration spray might
have increased the availability of water and
nutrients in abundance at wider spacing coupled
with delayed senescence through reduced
chlorophyll damage and increased production of
photosynthates due to increased rate of
photosynthesis under heat stress which could
have been effectively translocated from source
to sink portion resulting in continuous flowering.

Effect of spacing on yield parameters of
Bidhan Marigold - 2

Wider spacing of 60 cm x 30 cm reported
maximum number of flowers per plant (46.19),
ten flower weight (53.22 g) and yield per plant
(0.251 kg) whereas maximum flower yield ha™
(165.959 q) was reported in closer spacing of
45 cm x 30 cm.Widerspacing provided
favourable conditions like availability of nutrients,
sunlight and soil moisture to individual plants
which in turn increased the flower number, flower
weight and yield per plant. Similar results of
increased flower diameter with increase in
spacing were earlier reported by Sheena Nain
et al. (2017) in marigold. Higher flower yield ha™'
recorded at closer spacing could be due to the
presence of more number of plants per ha'.
(Table — 2)
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Effect of SNP on yield parameters of
Bidhan Marigold - 2

Yield data from Table — 2 revealed that 200
MM SSNP spray recorded maximum ten flower
weight (57.42 g), number of flowers per plant
(51.58), flower yield per plant (0.299 kg) and
flower yield ha' (178.267 q). This may be due to
the fact that NO involves in increasing rate of
photosynthesis, antioxidant enzymes activation,
membrane protection, osmolyte accumulation,
post translational modification, gene expression
mediated through MAPK, stomatal closure and
activation of heat shock protein mediated through
CDPK under heat stress conditions resulting in
delayed senescence and higher yields per
hectare. This result of present study is in
conformity with the work of Himabindu (2010) in
African marigold.

Interaction effect of spacing and SNP on
yield parameters of Bidhan Marigold - 2

Wider spacing of 60 cm x 30 cm coupled
with 200 uM SNP spray effectively alleviated the
adverse effects of heat stress on flower yield of
marigold during summer by recording maximum
ten flower weight (58.41 g), number of flowers
per plant (52.61) and yield per plant (0.31
kg).Better uptake of nutrients, water and sunlight
resulting in improved production of
photosynthates by plants at wider spacing
coupled with significant increase in rate of
photosynthesis by decreasing the chlorophyli
damage during heat stress and delaying
senescence by NO might be the reason for
improved flower weight, number of flowers and
flower yield plant™ (kg). Flower yield ha' (209.95
q) was reported higher in closer spacing of 45
cm x 30 cm with 200 uM SNP spray due to

presence of more number of plants per unit area
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and positive effects of SNP to combat heat stress
thereby increasing the flower yield plant’. The
higher BCR at closer spacing of 45 cm x 30 cm
(1.65), at 200 y M SNP spray (1.95) and their
interaction effect (2.76) might be attributed to
the increased flower yield ha'(Table — 2).

CONCLUSION

Finally it can be concluded that, closer
spacing of 45 cm x 30 cm with 200 uM SNP spray
twice at 20 and 40 days after transplanting was
found to be beneficial in terms of flower yield
and BCR followed by wider spacing of 60 cm x
30 cm with 200 yM SNP spray which was found
to be the best in terms of flower quality
parameters.
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ABSTRACT

The objective of this research is to find out the level of knowledge of50 women weavers on
social media marketing and their attitude towards the same.The study was conducted in the state of
Assam between August and September, 2021 and the district Lakhimpur was selected as the study
area.Two villages were selected randomly and a sample of 25 weavers were selected from each
village,thus, the making total sample size of 50. The main findings of the study revealed that more
than half (60%) of the respondents has medium level knowledge on social media marketing and its
sites and 40% have unfavourable attitude towards it. However, it is also worth mentioning that nearly
equal number of respondents (38%) have favourable attitude. The women weaved different types of
fabrics like cotton and silk and some of the noteworthy garments are the traditional mekhe lachadar
of Assam and Gamusa.

Keywords: Attitude, Handloom weavers, Knowledge, Rural women, Social media marketing

INTRODUCTION _ _ ] .
sector, which is growing exponentially,

Enterprises have been expected to play a contributes 37.54 percent to National GDP, 45
crucial role in the overall development of the percent to total industrial production and 40
country. Empirics suggest that the vast majority percent to total exports. Manufacturing segment

of entrepreneurs in developing countries are  yjthin the MSME contributes to 7.09 percent of
involved in micro and small enterprises (Naude, GDP (MSME Report, 2012).

2010). . .
Assam is a house of natural and precious

Micro, Small and Medium Enterprises mineral resources. At present, unfortunately the
(MSME) sector, which is often termed as the  gtate is amongst the industrially underdeveloped
‘engine of growth’ is considered as the most  states in the country. However, the state is not
dynamic and vibrant sector of Indian economy  |agging behind the rest of the country in respect
as it provides large number of employment to  of women entrepreneurs. This is evident from
rural as well as urban segment. The MSME  the fact that Assam accounts for 18 percent

*Corresponding Author E-mail i.d: duttadeekshita.dd@gmail.com
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Table 1. Categorization of enterprises

Types of Enterprises

Investment limit in plant
and machinery / equipment

Manufacturing Enterprises Micro Enterprises
Small Enterprises
Service Enterprises Micro Enterprises

Small Enterprises

Up to Rs. 25 lakhs
Above Rs. 25 lakhs and up to Rs 5 crores
Up to Rs. 10 lakhs

Above Rs. 10 lakhs and up to Rs.2 crores

Source: Economic Survey of Assam, 2020-21

women entrepreneurs of the total number of
entrepreneurs as against 10.11% percent in the
country. In the state, very few women
entrepreneurs are in big enterprises and most
of them are mainly concerned in the Small Scale
Insudtries (SSI) sector (Economic Survey of
Assam, 2013-14).

Presently the Small Scale Industries have
been sub divided into Micro, Small and Medium
Enterprises under the Micro Small and Medium
Enterprises Act, 2006. The categorization of
enterprises is made based on their investment
in plant and machineries in case of
manufacturing sector or in equipments in case
of service sector as shown in the Table 1.

Unfortunately, constraints arise when it
comes to marketing of their products. In spite of
their hard work, the rural entrepreneurs do not
get ample scope and exposure and therefore
their enterprises remain confined to their own
locality. People outside the town or the district
are not even aware about the existence of the
enterprises. However, this can be overcome in a
quite easy manner by a very recent technique
i.e. online marketing. In this case, online
marketing with special reference to social media
marketing, being on trend in the present
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scenario, can be expected to greatly help the
small entrepreneurs in marketing of their
products in a broader dimension, providing
greater exposure to the entrepreneurs.

Therefore, keeping in view theimportance
of small scale entrepreneurship in economic
development of a country, the researcher has
decided to undertake this study with the following
objectives:

To study the demographic profile of the
respondents; to assess the level of knowledge
of the respondents on social media marketing
and, to analyze the level of attitude of the
respondents towards social media marketing.

MATERIALS AND METHODS

The study was conducted in the state of
Assam during August and September, 2021 and
the district Lakhimpur was selected as the study
area, since data showed that rural women
handloom weavers are predominantly found in
larger number in this district.

North Lakhimpur Sub division was
selected from Lakhimpur district, followed by the
Boginadi block using purposive random sampling
method, with the criteria that they should have
at least one smart phone in the family.The
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Table 2. Statistical analysis and scoring to measure knowledge of the respondents

S. No. Category Score Range Score
1 Highly Mean + SD(28.23+1.69) 3
2 Medium Mean- SD to mean + SD(29.92 to 26.54) 2
3 Low Mean — SD(28.23-1.69) 1

investigator has randomly selected two villages
from the Boginadi block viz., SarianiGaon and
MaazGaon and a sample of 25 weavers were
selected from each village randomly. Thus, the
total sample size for the study is 50. Data were
collected through a structured interview
schedule. Analysis of data included descriptive
statistics such as frequency, percentage
analysis, mean and standard deviation.

In order to elicit information regarding level
of knowledge of the respondents, a list of 20
positive and negative statements on various
marketing strategies through social media was
prepared after reviewing different related
journals, books, research papers etc. All the
statements were in objective form with
dichotomous (Correct or Incorrect) statements
giving ‘1’ score for correct statements and ‘0’ for
incorrect statements.

To measure the attitude of the respondents
towards social media marketing, a scale
consisting of twenty positive and negative
statements was designed relating to social media

marketing. The responses were recorded on a
5-point continuum following Likert Scale as
‘strongly agree’, ‘agree’, ‘undecided’, ‘disagree’
and ‘strongly disagree’. The responses were
scored as 5, 4, 3, 2 and 1, respectively according
to their weightage for the positive statements and
1, 2, 3, 4, 5, for the negative statements.

Regarding demographic profile of the
respondents, the findings of the study reveal that
majority of the respondents (40%) included in
the study were of 21-30years. This is an
encouraging finding in context to the present
research of social media marketing, because this
is the age where the individuals are generally
full of energy and enthusiasm to achieve more
in life, having capacity of giving maximum mental
and physical input in the process.

Also, it was reported that majority of the
respondents belonged to OBC/MOBC caste
(54%) and here the findings showed that the
respondents of sample villages were from
different castes of which OBC caste dominated
the entire group.

Table 3. Statistical analysis and scoring to measure attitude of the respondents

S. No. Category Score Range Score
1 Highly favourable Mean + SD(39.88+5.04) 3
2 Favourable Mean- SD to mean + SD(34.84 t044.92) 2
3 Unfavourable Mean — SD(39.88-5.04) 1
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Demographic Profile of the respondents

Table 4. Demographic Profile of the respondents

S. No. Category Frequency(N=50) Percentage(%)
Age (in years)
Below 20 2 4
1 21-30 28 56
31-40 12 24
41-50 8 16
Religion
2 Hindu 46 92
Muslim 4 8
Caste
General 15 30
3 OBC/MOBC 27 54
ST 5 10
SC 3 6
Others - -
Marital status
Unmarried 5 10
4 Married 42 84
Widow 3 6
Type of family
Nuclear family 36 72
5 Joint family 9 18
Extended family 5 10
Size of family
Small (2-4) 30 60
6 Medium (5-7) 13 26
Large (8 and above) 2 4
Education
Primary school 3 6
Middle school 7 14
7 High school 13 26
Higher secondary 23 46
Graduate 3 6
Diploma 1 2

Others
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S. No. Category Frequency(N=50) Percentage(%)
Main occupation of the family
Farming 44 88
8 Service 3 6
Business 2 4
Daily wage earner 1 2
Monthly income (in Rs.)
10000-20000 7 14
9 20001-30000 10 20
30001-40000 28 56
40001-50000 3 6
>50000 2 4

Maijority were from Hindu community (92%)
and married (84%) because unlike urban areas,
rural girls get married at young age. Respon-
dents belonged to nuclear families (72%) with
small family sizes (60%). This finding is a clear
indication of the present trend in the rural
areas.This situation may be attributed to the fact
that due to the disintegration of the family system
in the rural areas, the majority of the families
were found nuclear. These findings are in
accordance with the findings of Chetia (2002).
Also, the small family size might be due to
increase awareness on family planning through
communication media as well as family planning
measures adopted by the rural families helps to
reduce the family size. This finding is in line with
the finding of Borkakoty (2013) who observed
that majority of rural women belonged to smaller
size family.

A total of 46% of the respondents were
higher secondary pass in regard to educational
qualification.This is a good picture for the
respondents as higher secondary education,
although not a high level of education, is
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expected to be enough to help them understand
and learn new ways of marketing.

Table 4 also highlights that a large majority
of the respondents’ families (88%) had farming
as their main occupation; since the study is in
rural area, therefore it is an obvious picture that
a large maijority of people will have farming as
an occupation.

About half of the respondents (51%) had
monthly income of Rs. 30001-Rs. 40000,
followed by 20% with income of Rs. 20001-
Rs.30000. In this study, it is found that half of
the whole respondents (51%) have very
moderate income considering the hike in prices
of almost all good and commaodities in the present
days, for which adopting social media for
marketing would be of great help to these people
to raise their level of income.

As per the research findings of
Sivaraman (2017), changes in social and
economic frameworks contribute to invigorate the
role and status of women. Socio economic
characteristics nourish the intention of

entrepreneurship budding among women.
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Knowledge of the respondents on social media marketing
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Fig. 1. Knowledge level of respondents on social media marketing (n=50)

Items produced by the women
entrepreneurs in their enterprises

The respondents were mainly found to
produce gamusa and Mekhela Chadar in both
cotton and silk, which are the main traditional
representation of Assam. The selected
respondents were also found to produce various
other garments both for men and women like
shirt, kurta, jackets, scarf, shawls, bed and pillow
covers, handkerchiefs etc. They produce the
garments in traditional motifs and patterns
mostly.It was found that all the selected
respondents were highly skilled in their work.
They have been running their enterprises in a
simple unorganized manner since last 10-15
years.
advertisements or promotions of products.

They never had any definite

Fig.1. clearly indicates that out of total
respondents, only 16% of the were found to have
high level of knowledge on social media marketing
and more than half of the respondents (60%)
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had medium level of knowledge on social media
marketing.Ilt might be due to the fact that
education and family status of an individual can
greatly affect his or her knowledge level.
According to Wanjiku (1994), where resources
are limited within the family, education of males
comes first. Females have been socialized to
accept this, and then they usually drop out of
school for the benefit of their brothers.It is
because of this situation, even today girls in
some rural places are asked to quit studying
once they pass 10" or 12" grade. So, majority of
the respondents have been found to be higher
secondary pass in the present study. Due to lack
of time because of household chores, the women
do not get free time to use phones or think of
any other new strategies for their enterprise.
Moreover, being a rural area, the network
connectivity is not that stable because of which
majority of the women do not get much exposure
to social media site even for their personal
purpose. However, Devi and Mozhi (1999)
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Ranking of first ten knowledge statements based on their mean score

Table 5. Ranking of first ten knowledge statements based on their mean score

S. Mean
No. Statements Score Rank
1 Social media is on high trend in the present days. 1 |
2 Facebook marketing has become one of the best marketing 0.92 I
channels in the world of entrepreneurship
3 Social media is one of the tools of online marketing 0.88 I
4 Products can be accessed by the customers throughout 0.74 \VJ
the day (24x7) through social media.
5 There are different social media sites that can be used for 0.72 \%
business purpose also.
6 Instagram gives information needed to make informative 0.70 Vi
decisions on how to receive better results.
7 High-level skills or computer equipment are not needed to 0.68 VI
participate in social media.
8 Facebook, WhatsApp, YouTube and Instagram are effective 0.64 VIiI
marketing channels.
9 Sometimes the accounts may get hacked or have technical 0.32 X
issues if not handled carefully.
10 Major portion of entrepreneurs are using social media 0.29 X

for marketing.

revealed that the knowledge level of 76% of farm
women of Tamil Nadu was medium followed by
high knowledge level and low knowledge with 14%
and 10% respectively.

Table 5 shows that the highest mean score
for the respondents was found in the statement
“Social media is on high trend in the present
days”and the mean score is 1. The respondents
scored second and third highest mean score in
the knowledge statements “Facebook marketing
has become one of the best marketing channels
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in the world of entrepreneurship” and “Social
media is one of the tools of online marketing”,
respectively.

Fig.2.clearly depicts that out of total 50
respondents, only 22% of the respondents were
found to have highly favourable attitude towards
social media marketing. 38% of the respondents
had favourable attitude towards on social media
marketing techniques. However, it was
heartbreaking to find out that 40% of the
respondents had unfavourable attitude towards
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Attitude of the respondents towards social media marketing
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Fig. 2. Attitude level of respondents towards social media marketing (n=50)

social media marketing. This finding gives a clear
indication of the result that although the
respondents had been hearing about social
media and had medium knowledge regarding
social media marketing, they were quite skeptical
when it comes to their own use. And that is
because they were very cautious or concerned
of the fact that their product designs might be
imitated or their accounts may get hacked and
are therefore, not fully ready to take a risk by
adopting social media marketing. However, there
were also some respondents who were found to
have quite favourable attitude towards social
media marketing. They have been using
Facebook, Instagram pages and are getting
greater profit than traditional way of marketing.
They said that being women, it is not that easy
for them to move around across the state for
marketing of their products, in that case, social
media is helping them a lot to make their products
reach out to people not only in the state, but
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across the country. However, a few respondents
opined that seeing the advantages of social
media nowadays, they are planning to open an
account in Facebook,YouTube and create
WhatsApp group of their own for marketing
purpose.Moreover, the current Pandemic
situation has also put a great impact on the
pattern of marketing and sales of products of
the respondents. Many of them admitted that they
had faced severe loss because of lockdown and
thus, now they are planning to cover up those
losses through social media marketing.

Table 6 shows that the highest mean score
for the respondents was found in the statement
“Traditional way of marketing is better than social
media marketing”, and the score is 1.23. The
respondents scored second and third highest
mean score in the attitude statements “It is
difficult to use social media sites for marketing”
and “Social media marketing is more interesting
than traditional way of marketing”, respectively.
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Ranking of first ten attitude statements based on their mean score:

Table 6. Ranking of first ten attitude statements based on their mean score

S. Mean
No. Statements Score Rank
1 | feel that traditional way of marketing is better than 1.23 |
social media marketing
2 | find social media sites difficult to use for marketing 1.01 I
3 | find social media marketing more interesting than 1 Il
traditional way of marketing
4 Social media advertising is more informative for me than any 0.98 \
other form of advertising
5 Social media is not helpingme in getting recognition 0.93 \%
6 Use of social media sites is enhancing my online communication 0.90 Vi
skills and performance
7 It is quite easy for me to upload products in the 0.88 VI
Facebook and WhatsApp
8 Social media has helped me earn greater profit than before. 0.86 VIII
9 Social media has helped me to strengthen relationships 0.81 X
with customers
10 | do not feel safe for my products in Facebook and Instagram 0.77 X
CONCLUSION

Nearly half of the respondents (40%)
included in the study were of 21-30years,
belonged to OBC/MOBC caste (54%), maijority
were fromHindu community (92%) and married
(84%) had nuclear families (72%) with small
family sizes (60%). 46%of the respondents were
higher secondary pass in regard to educational
qualification. 88%of the respondents had farming
as their main occupation and had monthly income
of Rs.30001- Rs.40000. A totalof 60% of the
respondents have medium level knowledge on
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social media marketing and its sites, and 40%
have unfavourable attitude towards it. However,
it is also worth mentioning that almost equal
number of respondents (of about 38%) have
favourable attitude. It is unfortunate that a large
number of weavers are still not in favour of
modern way of marketing.
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ABSTRACT

Conventionally known for malnutrition, Indians now frequently report obesity and its
consequences. Diets have varied from a traditional patternto foods high in fat, salt, and sugar (HFSS).
This cross-sectional study was carried out on adults of urban Vadodara during 2017 .Data concerning
the socio-economic status, medical history, anthropometry, physical activity, dietary pattern, food
purchasing pattern, quantitative food frequency, and three days 24-hour dietary recall were obtained.
Anthropometric measurements indicated that 18% of subjects were overweight, 40% obese and 90%
were abdominally obese. The maijority of the respondents were physically inactive. Respondents
reported strong family history of diabetes, hypertension, and hyperlipidemia. Meal skipping was
persistent amongthe overweight and obese people. Aimost all the respondents consumedhigh in fat,
salt and sugar (HFSS) foods with wavering frequency with the predominant impetus being taste. Most
frequently consumed HFSS foods were wafers, puffs, samosa, ice cream, papad, andsoft drink. The
3 days 24-hour dietary recall conceded that energy intake escalated by 203 kcal during weekends
compared to weekdays. The mean per capita intake of oil, salt, and sugar was 56.15g, 12.69g, and
32.05g, respectively.Consumption of HFSS foods was particularly exorbitant among overweight and
obese subjects.

INTRODUCTION

On a global level, non-communicable
diseases (NCDs) cause more deaths than all
other causes combined (WHO, 2014).In India,
63% of all deaths in 2016 were credited to NCDs
(WHO, 2018).A plethora of studies hascited the
growing prevalence of NCDs in India (Vennuet
al., 2019;Ahirwar and Mondal 2019; Yadav and
Shekhar2019; Arokiasamy, 2018). The

prevalence of diabetes has risen from 5.9% to
9.1%, hypertension from 17.2% to 29.2%, and
obesity from 4% to 15% (Arora et al., 2014).The
prevalence of diabetes in India is 77 million and
in South East Asia 11.3% (IDF, 2019). The Indian
Council of Medical Research (ICMR)conveyed
that the prevalence of diabetes is 9.8% (7.6-
12.0) in urban and 5.1% (4.2-6.0) in rural Gujarat
(Anjanaet al., 2017). The prevalence of

*Corresponding Author E-mail i.d: aishwaryabahuguna@gmail.com
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hypertension in Gujarat is 17.9% and overweight/
obesity is 18.9% (Arora et al., 2014). The South-
East Asia region isaddressing an expeditious
increase in the prevalence of NCDs,owing to
major alterations in dietary patterns and physical
inactivity. These modifications have majorly
resulted fromglobalization and urbanization
leading to nutrition transition (Mohanet al.,
2016). Diet is a crucial determinant of NCDs.
Foods particularly high in fats, salt, and sugars
(HFSS) are major contributory factors (Gol,
2015).Consumption of HFSS foods has become
entrenched in the diet and may present a health
risk if consumed regularly. The global shift
towards diets high in sugar and energy-dense
ultra-processed foods is linked to a higher
prevalence of NCDs (Caro et al., 2017).

There is a dearth of data particularly from
low and middle-income countries visa vis the
major trends in prevalence, awareness, and
control of hypertension on grounds of
substandard surveillance and follow-up
mechanisms (Lohiyaet al., 2019). There is
anurgent need to address this modern food
consumption pattern. Hence, the study was
conducted to elicit information regarding HFSS
foods consumption and purchasing pattern
ofadults (25-50 years) in urban Vadodara, who

are at extraordinary risk of developing NCDs.
MATERIALS AND METHODS

The study was conducted in 2017 on 400
adults (25-50 years) of urban Vadodara, Gujarat.
It was a cross-sectional study conducted in a
single phase. The formula applied for sample size
calculation in a cross-sectional study is 4pq/L?,
in which, p is the prevalence, q = (100-p) and L
is the allowable error of prevalence. Taking the
prevalence of consumption of high salt as 20%
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in Gujarat based on the literature, the sample
size is estimated to be 400 respondents.Using
the Vadodara Municipal Corporation map, four
wards were purposely selected from each of the
four administrative zones, and enumeration of
households was performed. A total of 50
households were randomlyselected from each
ward. Based on the inclusion-exclusion criteria
and consent for participating, subjects were
interviewed from the selected households until
the desired sample size was achieved.Datawas
collected concerningthe background information
and socioeconomic status using a semi-
structured questionnaire. A pre-tested
questionnaire was used to assess the medical
history. The dietary pattern was assessed using
structured questionnaires regarding food habits,
food purchasing patterns, quantitative food
frequency, and three daysof 24-hour dietary
recall. Evidence of physical activity was based
on International Physical Activity Questionnaire
(IPAQ). Anthropometric parameters such as
weight, height, Body Mass Index (Asia-Pacific
Criteria, 2004), waist and hip circumference were
recorded. Blood pressure was measured using
a sphygmomanometer. A subset of 50
households was provided with oil, sugar, and salt
samples, and per capita consumption of the
same was noted. Pre and post-weight of oil, sugar,
and salt were taken to arrive at the exact amount
of consumption.The data wereanalysed using
SPSS (Version 24). The nutritive value
calculation for 24-hour dietary recall was
performed using Diet Soft Software. Frequency
distribution and percentages were calculated for
all parameters that were expressed in rank order.
Means and standard errors were calculated for
all parameters that were exposed numerically.
Correlation and regression were calculated for
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the trends observed. The study was approved
by the Institutional Ethics Committee for Human
Research. Written informed consent was also
acquired from the respondents.

RESULTS AND DISCUSSION
Socio-personal profile of the respondents

The mean age of the subjects was 347
years. A greater percentage (70.8%) of the
respondents lived in a nuclear family setup.
42.3% were graduates while 37.5% pursued
professional studies. 69% of the respondents
had a monthly income in the range of 80,000 to
2 lacs while for 15% income exceeded 2.5 lacs.
The self-reported medical history of the subjects
affirmed the prevalence of hypertension as 6%
followed by 5.5% for diabetes.The prevalence
of overweight/obesity is determined to be a
pivotal modifiable factor in Type- 2 diabetes
incidences. Older age and a family history of
diabetes have been positively associated with
predicting the development of diabetes (Dhruvet
al., 2011 and Ghorpadeet al., 2013).

Anthropometric and Bio-Physical Charac-
teristics

The mean weight was 65.13+10.99 kg. The
Body Mass Index (BMI) was found to be on the
higher side with a mean value of 24.61+3.83 kg/
mZ2.The overall prevalence of overweight was
18% and obesity was 40% (Table 1).

The prevalence of overweight was found
to be higher among males (20.4% vs. 15.9%)
whereas obesity was higher among females
(41.6%). The abdominal obesity as assessed by
WC, WHR, and WSR revealed that 90% of the
subjects had higher measurements, increasing
the risk for CVDs. Comparable results were
obtained from a study witha reported prevalence
of overweight and obesity as 21.7% and 48.3%,
respectively. Higher than reasonable values for
waist circumference and waist-hip ratio were also
documented (Dhruvet al., 2011). However, in
another study, an alarming 70% prevalence of
obesity with a mean BMI of 26.5+4.7was
communicated (Muley and lyer, 2014). The
prevalence of obesity was slightly higher among

Table 1. Anthropometric and biophysical profile of the subjects (Mean*SD)

Variable Male Female Total t value
1.Weight(kg) 68.68 +10.35 62.05+10.63  65.13 £10.99 6.33***
2. Height (cm) 167.1 £ 6.4 158.8 £ 6.1 162.7 £7.5 13.19***
3. Body Mass Index (kg/m2) 24.59 + 3.40 24.62 £4.17 24.61 +3.83 0.06
4. Waist Circumference (cm) 94.75 +9.89 91.83+£10.27 93.19+£10.19 2.88*
5. Hip Circumference (cm) 96.49+9.87 101.34+10.25 99.08 +10.35 4.80"**
6. Waist Hip Ratio 0.98 £ 0.07 0.91+0.04 0.94 + 0.69 13.60***
7. Waist Stature Ratio 0.57 £ 0.07 0.57 £ 0.07 0.57 £0.07 1.67
8. Systolic Blood Pressure
iinakia) 125.38 £ 8.65 122.55 + 9.53 123.86 £ 9.23 3.09**
9. Diastolic Blood Pressure
84.09 +7.87 82.05+7.99 82.99 +7.99 2.56*

(mmHg)
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Fig.1(a) and 1 (b). Correlation between BMI and SBP, DBP

female participants. The overall prevalence of
obesity was found to be much higher (45.4%) in
the younger age group (25-35 years) as
compared to the older (29.7%).This is similar to
thestatistics of the National Family Health Survey
whichaffirmed the higher preponderance of
NCDs among adults in the age group 35-49
years, specifically among women residing in
urban areas (Vennuet al., 2019). Obesity has
been implied as a crucial risk factor in the
development of essential hypertension, diabetes,
and co-morbidities (Jiang et al., 2016).

Prevalence of pre-hypertension and hyper-
tension

The mean systolic blood pressure (SBP)
was 123.86+9.23 mmHg whilethe mean diastolic
blood pressure (DBP) was 82.9917.99 mmHg.
The prevalence of prehypertension was 73.8%
and that of hypertension was 19%. Fig. 1(a) and
1(b) indicate that a rise in BMI was significantly
correlated with elevated blood pressure,
intensifying the risk of CVDs. The prevalence of
hypertension was higher among males.This
resonates with the results of a study reporting
significantly higher levels of DBP in males of
Vadodara than femalesand a positive link
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between hypertension and obesity (Muley and
lyer, 2014).

Physical Activity Profile of the Subjects

The mean Metabolic Equivalent of Task
(MET) minutes/week was 359.3, which implies a
sedentary lifestyle reflecting little physical activity.
A greater number (78%) were sedentarywhile
22% were moderately active.None of the subjects
qualified for heavy physical activity. A negative
correlation was detected between physical
activity and Body Mass Index.

Dietary habits and purchasing practices

Table 2 demonstrates the dietary habits
of the subjects across the Body Mass
Index.Around 70% of the subjects were
vegetarian. Few subjects reported allergies to
certain foods. Dietary supplements in one form
or the other were being taken by 3.3% of
subjects. Notably, almost half (44.1%) of the study
participants reported adding 3 teaspoons of
sugar in a single cup of tea/coffee.11% of the
subjects reported eating out 3-4 times a week
which infers a minimum of 12 days in a month.
50.6% of obese subjects were consuming 4 meals
a day with more persistent skipping of meals.
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Taste (82.3%) was considered the most
prominent factor in purchasing food followed by
shelf life (54.3%), price (52.3%), and nutritive
content (54.5%). Half of the subjects professed
being exposed to High fat, salt, and sugar food
advertisements quite often with the most
substantial sources being television and
newspapers. These endorsements were able to
influence the purchasing practices of 34.3%.
Merely 9% of subjects perceived their diet as
‘very healthy’.

Consumption of high fat, salt, and sugar
(HFSS) foods

Nearly all the subjects (99.0%) reported
consuming foods high in fat, salt, and sugar,

however with varying frequencies, and the major
reasons furnished were taste (70.5%), ease of
availability (24.7%), and convenience (21.5%).
Occasional consumption of foods rich in fat was
reported. The frequency of consumption of puff
and samosa was found to be once a week by
11.8% and 14%, respectively. Panipuri was being
consumed dailyby 6.5%. 15.6% of the subjects
consumed wafers thrice a week. Salt-laden foods
such asPapad were devoured every day as
accompaniments by 35% and ketchup was
consumed by 21% once a week. However, a
majority reported only occasional consumption
of foods rich in sugar. 19.8% were consuming
cola once a week.Results commensurate with
studies assessing the snacking pattern of urban

Table 2. Dietary Habits of the Subjects across BMI (n, %)

Variable Response Normal Overweight Obese
Male Female Male Female Male Female
n=77 n =88 n=238 n=34 n=71 n=89
Number of 2 meals 1(1.3) 0 (0.0) 0 (0.0) 0 (0.0) 1(1.4) 2(2.2)
meals 37
4 meals 38 (49.4) 13(34.2) 17(50.0) 32 (45.1) 45 (50.6)
consumed (42)
in a day >4 meals 5(6.5) 4 (4.5) 0 (0.0) 0 (0.0) 2(2.8) 2(2.2)
Amount of 1 tsp. 0 (0.0) 2(2.3) 0(0) 1(2.9) 1(1.4) 0(0.0)
sugar 2 tsp. 26(33.8) 24(27.3) 12(31.6) 13(38.2) 15(21.1) 23 (25.8)
added in 3 tsp. 29 (37.7) 39(44.3) 14(36.8) 13(38.3) 37 (52.1) 44 (49.4)
one cup of 2 tbsp. 4 (5.2) 7 (8.0) 5(13.2) 2 (5.9) 3(4.2) 5 (5.6)
teal/coffee/
No sugar 11 (14.3) 5(5.7) 2(5.2) 2(5.9) 2(2.8) 2(2.2)
milk
Skipping of Yes 10 (13.0) 8(9.1) 3(7.9) 6 (17.6) 15 (21.1) 17 (19.1)
meals No 67 (87) 80(90.9) 35(92.1) 28(82.4) 56(78.9) 72 (80.9)

Note:Values in parentheses denote the percentages
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residents of Vadodara, delineating that bakery
products and shallow fried snacks, followed by
deep-fried items are the major snacking
components (Dhruvet al., 2011).Snack items are
usually brimmedwith fats and salt and are deep-
fried proliferating theirtrans-fat content, and this
elucidates their potential effects and relationship
with numerous health outcomes (Green et al,,
2016). The consumption of foods high in fat was
significantly higher among overweight and obese
subjects. High sugar food consumption was
positively correlated with BMI. A systematic review
outlined that a high-fat dietary pattern
predisposed subjects to a higher BMI and one
high in sweets and snacks was associated with
a greater risk of diabetes compared to a
traditional diet based on rice and pulses.
However, other relationships with NCD risk factors
were less clear (Green et al., 2016).

Per capita consumption of fat, salt, and
sugar

The
consumption of oil and gheewas 56.15g and

reported mean per capita
15.12g, respectively indicating a higher than

recommended consumption of visible fat. The

mean per capita consumption of sugar and salt
was 32.05g and 12.69g,respectively which
areconsiderably beyondthe recommendation.
The stratification of per capita consumption
across BMI (Fig. 2) divulges that the intake of oil
among overweight and obese subjects was
higher, while ghee and salt intake were virtually
the same, and a slight downturn in sugar intake
was observed in obese individuals. The saltintake
was greater than 10g, with a trivial difference
among hypertensives and normotensives.
However, a positive correlation was found
between salt intake and blood pressure.
Quantification study on a sub-sample
demonstrated that the mean oil intake was
41.67+8.649, sugar 29.63+7.99¢g, and salt intake
was 9.78+1.97g per day which islesser(15g for
fat and 3-4 g for salt and sugar) than reported
consumption.

Nutrient Intake of the subjects

The mean intake of macronutrients and
micronutrients are provided in Tables 3 and 4.
The mean energy intake was found to be
significantly higher on weekends with an average
addition of 203 calories, while no significant

= Normal

T0

60

50

40

0

0

10

0
- Normal 53.51
» Overweight 5647
Obeze 58.26

= Overweight - Obese

SUC-LR S5ALT
15 66 1258
135 3057 1128
1516 3085 1261

Fig. 2.Per capita consumption of fat, salt, and sugar (g) across BMI
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Table 3. Mean macronutrient intake of subjects (mean * SD)

Nutrient Male Female Total
n =186 n=214 n = 400
Energy (kcal) 2414 + 379 2391 + 397 2403 + 388
Average of 3 Protein (g) 54.7 + 8.6 54.0+8.8 543 +8.7
days Visible Fat (g) 37.5+6.2 37.4+6.2 374 +6.2
Total Fat (g) 93.7+13.5 922+ 13.8 92.8+13.7
Table 4. Mean micronutrient intake of subjects (mean * SD)
Nutrient Mgle remale Total F Value
n =186 n =214 n = 400
Iron (mg) 10.14 £1.13 10.11+£1.28 10.13 £ 1.21 0.058
Calcium (mg) 48215+74.74 47411 £76.63 477.84 +75.77 1.120
Average Vitamin C (pg) 49.91 £ 13.55 48.8 +15.4 49.32 +14.54 0.565
of 3 days Carotene (ug) 2546.55 + 1328.51 2464.5+1473.13  2502.65 + 1406 0.328
Sodium (mg) 441.68 + 86.6 432.1 +72.56 436.56 + 79.45 1.445

Potassium (mg)  1129.45+135.3  1133.58 + 149.88

1131.65 + 143.14 0.083

Table 5. Post Hoc test for nutrient intake across BMI

Parameter F value rormalvs Normal vs. Obese Overweight vs.
Overweight Obese
Energy 142.16™** 10.273*** 19.479*** 5.628***
Protein 110.94*** 11.166*** 17.928*** 1.854***
Visible Fat 24.98*** 5.320*** 8.738"** 1.116
Total Fat 132,997 9.566"** 18.936*** 5.465"**
Cholesterol 18.36*** 5.72%* 5.606"** 1.409***
Sugar 30.75%* 6.663*** 8.224** 0.343
Free Sugars 24 31*** 5.56** 6.874*** 0.800
Sodium 15.19™* 4.697** 6.141*** 0.930
*** P<0.001
difference was observed between two weekdays. The consumption of all the macronutrients
There was no significant difference across was higher in overweight and obese people. Fat
gender in macronutrient intake. consumption was approximately 20g higher

among obese subjects. An inflating trend was
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observed in visible fat intake from normal to
obese. There was a steep surge observed in free
sugar intake among overweight and obese.
Percent protein intake decreased from 9.13%
(normal) to 8.91% in obese, while percent fat
intake was nearly the same.

Post Hoc test for nutrient intake across BMI
(Table 5) indicates that the mean intake of energy,
protein, visible fat, total fat, cholesterol, sugar,
and free sugar was significantly high in
overweight and obese. It is crucial to note that
the sodium intake was significantly higher among
overweight and obese subjects while no
significant difference in mean intake of visible
fat, sugar, and free sugar is observed between
overweight and obese subjects.

CONCLUSION

The findings indicated a higher prevalence
of obesity and prehypertension. The prevalence
of obesity was found to be rampant in the
younger age group evidencing that these
individuals would be at a higher risk to suffer
from its co-morbidities with advancing age.
Information regarding per capita consumption of
edible oil, fats, salt, and sugar was found to be
on the higher side suggesting a need to create
awareness to curtail the consumption of the
same. Furthermore, the findings demonstrated
a higher frequency of consumption of some of
the HFSS foods at home as well as outside, with
significantly higher values reported for
overweight and obese subjects in comparison
to subjects having a normal BMI.

The data generated through this study
would help in planning and implementing
advocacy for the control of NCDs. Along with
health policies at the population level, there has

also been increasing support towards risk
detection and management approaches for
NCDs at the individual level. Complications of
NCDs can be curbed by timely detection and
subsequent remedial measures in individuals
who are at high risk of NCDs. There is a dire
need for generating more data on dietary intakes
for assessing fat, salt, and sugar intake. Such
data generated at the national level will warrant
a strong basis for establishing regulatory limits
for manufacturers. If a nutrition database of locally
consumed HFSS foods is made available, then
it would help in identifying the foods contributing
to high fat, salt, and sugar consumption, which
in turn would contribute to setting up cut-off limits
in processed foods.
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ABSTRACT

The jackfruit seed flour basednutri spreads were enriched by skimmed milk powder (SMP) in
the study conducted from 2016 to 2018.These protein sources were incorporated to the jackfruit
seed flour based nutri spreadin varying percentage levels (10%, 20%, 30%, 40% and 50%).
Organoleptic and nutritional quality evaluation of prepared enriched jackfruit seed flour based nutri
spreads were done. All nutri spreads obtained high scores for organoleptic qualities.The best treatment
was selected through sensory evaluation using a score card with a nine point hedonic scale. Based
on organoleptic evaluation, nutri spread prepared with 70 per centjack fruit seed flour and 30 percent
skimmed milk powder had amaximum mean score of 8.66 for overall acceptability. The selected enriched
nutri spread was subjected to physico-chemical analysis and was observed to have moisture (3.64%),
energy (421 Kcal), carbohydrate (18.56 g 100 g'), protein (14.34 g 100 g), fat (30.42 g 100 g),
calcium (136mg 100 g'), iron (0.97 mg 100 g™), sodium (5.97 mg 100 g*') and potassium (27.45 mg
100 g'). Highly acceptable, nutritionally superior and shelf stable nutri spreads could be developed
successfully based on jackfruit seed flour without adding any preservatives.

Key words: Jackfruit seed flour, nutri spreads, protein source, skimmed milk powder

INTRODUCTION energy, protein, essential fatty acids, vitamins

Spreads are concentrated foods with high ~ a@nd minerals in the diet.

nutritive value and have significant role in the Spread is a confectionary product based

Nut spread, a type of nutri spread is popular and
is widely accepted by consumers due to its good
flavour, nutritional value and suitability for
consumption either alone or in combination with
a variety of other foods. Nut spreads provide

milk powder and other ingredients. Its physical
and sensory properties are strongly influenced
by the behaviour of the fat phase (Loncarevicet
al., 2014). Spreads are concentrated foods with
high nutritive value and are favourite in the

*Corresponding Author E-mail i.d: ramya.bvraisf@gmail.com
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nutrition of children, sports persons and also of
adults (Raljic et al., 2013). Nut spreads are
products made with nuts such as almond, cashew,
hazelnut, macadamia nut, peanut, pecan,
pistachio and walnut (Shakerardekani et al.,
2013).

Chocolates preads are very popular
among children. Most of the commercially
available spreads contain more than 30 percent
fat and 40 percent sugar, which may lead to
several health problems. Moreover, the cost of
these spreads is also very high.

Jackfruit seed flour is a nutritious
ingredient which is having favourable properties
for extensive food applications. Jackfruit seed
flour was found to be rich in proteins,
carbohydrates and minerals. The fat content of
the seed flour was negligible, making it a good
constituent in functional foods which can be
consumed safely. It showed better results for
water absorption, oil absorption, swelling power
and can be utilised in various food for mulations
(Abraham and Jayamuthunagai, 2014). Islam et
al. (2015) reported that jackfruit seeds contain
15.88 percent moisture, 2.49 percent crude fiber,
5.78 percent protein and a low fat of 1.77
percent.

Fat content of different types of spreads
is between 20% to 60%. Fats are an important
raw material that affect the behaviour of spreads
during processing, and a number of quality
characteristics of the final product like taste,
melting, mouth feel, texture, other physical
characteristics, as well as their nutritive
value.With increasing health awareness among
people, much consumer attention has focused
on low fat, low sugar and nutrient enriched
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spreads which provide certain functional
properties. Ready-to-eat foods such as bread,
sandwiches, etc. are commonly used now a days
and hence the demand has come up for cost
effective, nutritious spreads based on locally
available resources. With increasing health
awareness among people, much consumer
attention has focused on low fat,low sugar and
nutrient enriched spreads which provide certain
functional properties. Nutri spreads can be
considered as a healthy alternative to
commercial high fats preads. Hence, the study
was conducted to identify the suitability of
jackfruit seed flour as an ingredient for the
standardization of nutri spreads which is
nutritionally superior and cost effective.

MATERIALS AND METHODS

Selection and collection of jackfruit seed
flour

The experiment was conducted during
2016-18 at the Research cum Department of
Community Science of College of Agriculture,
Kerala Agricultural University, Thrissur.Jackfruit
seeds were used as the major ingredient.
Jackfruit seeds were collected from homesteads.
Cocoa powder and cocoa butter were procured
from Cocoa Research Centre of Kerala
Agricultural University. All other raw ingredients
needed for the study were purchased from the
local market.

Standardization of nutri spreads

Jackfruit seed flour was prepared based
on standard procedure. Cocoa powder, cane
sugar, salt and soya lecithin were the other
ingredients used in nutri spreads. The amount
of other ingredients (Ol) were kept in a fixed
proportion of 20 percent as detailed below,
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—
Cocoa powder -4%
Cane sugar -12% 20% OI
S
Salt -1%

Soya lecithin -3% =

Jackfruit seed flour based nutri spreads

Jackfruit seed flour was prepared using
standard procedure (Pandeay, 2004).

Seeds

4

Removal of outer peel

Pressure cooking

{

Slicing

Drying (60°C for 12 hrs)

4

Milling, sieving and packing

Fig.1. Preparation of jackfruit seed flour

The best combination of jackfruit seed
flour based nutri spread was selected for the
protein enrichment. The combination contains
35 percent of jackfruit seed flour (JSF), 45
percent of hydrogenated palm oil (HPO) and 20

69

per cent of other ingredients (Ol) was selected
as the best JSF based nutri spread combination.
Jackfruit seed flour nutri spreads were enriched
using skimmed milk powder (SMP). The protein
source was in corporated to the base material in
selected spread in varying percentage levels
(10%, 20%, 30%,40% and 50%).

The jackfruit seed flour nutri spreads and
skimmed milk powder(SMP) was incorporated
in vary ing percentages from 10 percent to 50
percent (JT - JT,). Jackfruit seed flour nutri
spread without enrichment served as the control
(JTO). The experiment was conducted in a
Completely Randomised Design (CRD) with 6
treatment combinations with three replications.
The details of treatments and combination sare
detailed below (Table 1.).

Table 1. Combinations of proteinen riched
nutri spreads

Treatments Combinations

JT0 Control(35% JSF + 45%
HPO + 20% Ol)

JT1 90% JSF+10% SMP
JT2 80% JSF+20% SMP
JT3 70% JSF+30% SMP
JT4 60% JSF+40% SMP
JT5 50% JSF+50% SMP

*JSF-Jackfruit seed flour based nutri spreads,
HPO- Hydrogenated palm oil, SMP- skimmed milk
powder, Ol- Other ingredient

Organoleptic evaluation

A series of acceptability trials were carried
out using simple triangle test at the laboratory
level by a selected a panel of fifteen judges
between the age group of 18- 35 years as
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suggested by Jellineck (1985). The organoleptic
evaluation of the nutri spreads were carried out.
The reconstituted nutri spreads were evaluated
organoleptically by the judges using a 9 point
hedonic scale.

Nutrient analysis of the nutri spreads

The nutritive qualities like moisture,
carbohydrate, protein, fat, fibre, calcium, iron,
sodium and potassium of best enriched jackfruit
seed flour based nutri spreads were determined
initially. Analyses were carried out in triplicate.

Statistical analysis

The scores obtained for organoleptic
evaluation were evaluated by Kendall’s
Coefficient of Concordance (W).

Cost of Production of enriched Jackfruit
seed flour based nutri spreads

The cost of production of the most
acceptable combination of jackfruit seed flour
based nutri spreads was computed based on the
market price of procured ingredients used for
preparation of products along with labour charge,
fuel charge, electricity charge and packaging
cost. The cost was calculated for 100 g of the
product and compared with similar products
available in the market.

RESULTS AND DISCUSSION
Organoleptic evaluation

Organoleptic evaluation of enriched nutri
spreads were carried out separately. In the
study, jackfruit seed flour (JSF) nutri spread
enriched with skimmed milk powder (SMP),
treatment JT3(70% JSF+30% SMP) had a
highest mean score in all the sensory attributes
like appearance (8.88), colour (8.44), flavour
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(8.22), texture (9.00), taste (8.66) and overall
acceptability (8.66).In enriched JSF, 30 percent
in corporation of skimmed milk powder was found
to be the most acceptable. When the
percentage of skimmed milk powder increased,
the appearance, colour, flavour and texture
decreased significantly (Table 2).

Values in parentheses is mean rank score
based on Kendall’s W and significant at 1% level

Wilson and David (2017) reported that
nine percent soya protein along with 0.6 percent
lecithin and four percent dietary fibre has the
high scores for texture and overall acceptability
in soy spread.

Nutrient analysis of the nutri spreads

Based on the sensory evaluation, in case
of nutri spreads based on jackfruit seed flour,
the treatment JT,(70%JSF+30% SMP) was found
to be the best. The nutritive value of selected
jackfruit seed flour based nutri spread enriched
with skimmed milk powder observed to have
moisture (3.64%), energy (421 Kcal),
carbohydrate (18.56 g 100 g'), protein (14.34 g
100 g), fat (30.42 g 100 g™'), calcium (136 mg
100 g™), iron (0.97 mg 100 g), sodium (5.97 mg
100 g') and potassium (27.45 mg 100 g') and
shown in Table 3. Wilson and David (2017)
reported that soya spread in corporated with soy
prote in isolate had a prote in content in the range
of 11.66 to 14.04 percent.

Cost of Jackfruit seed flour based nutri
spreads

The cost of nutri spread enriched with
skimmed milk powder was Rs. 55.25/ 100 g. The
market price of nut spread was observed as
Rs.135/100 g. The cost of prepared nutri spread
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Table 2. Mean scores for organoleptic evaluation of jackfruit seed flour based nutri
spreads enriched with skimmed milk powder

Treatments Appearance Colour Flavour Texture Taste Overall
acceptability
IT, 7.66 8.33 7.56 8.00 8.00 7.88
(1.83) (4.00) (2.33) (3.17) (3.83) (2.17)

(35%
JSF+45%HPO+20% OI)
IT, 7.55 8.11 8.00 8.00 7.11 7.66
(31.5%ISF +3.5% SMP) (2.67) (3.33) (3.00) (3.00) (1.1) (2.83)
IT, 8.88 8.44 8.20 9.00 8.22 8.55
(28% ISF+7% SMP) (4.50) (4.33) (3.90) (4.50) (4.1) (4.33)
IT; 8.88 8.44 8.22 9.00 8.66 8.66
(24.5 JSF+10.5% (4.50) (4.33) (4.00) (4.50) (4.8) (4.67)
SMP)
JTy 7.48 7.44 7.87 7.33 7.55 7.11
(21% JSF+14% SMP) (2.33) (1.67) (2.33) (1.83) (2.8) (1.17)
ITs 7.44 7.33 7.77 6.88 7.33 7.44
(17.5% JSF+17.5% (1.00) (1.33) (2.00) (1.17) (2.0) (2.00)
SMP)
Kendalls W 953 949 667 988 959 925

*JSF-Jackfruit seed flour based nutri spreads,HPO- Hydrogenated palm o0il.SMP- skimmed

Table 3. Nutritional qualities of enriched and unenriched nutri spreads

Treatments Energy | Protein Fat CHO Calcium Iron Sodium Potassium
(Kcal) (g/1004g) | (g/1004g) | (9/100 | (mg/100g) | (mg/100 | (mg/100 g) | (mg/100 g)
g) g)
Control 520.02 | 6.60 46.02 19.86 16.50 1.86 8.29 27.60
JTo(JSF+HPO)
Enriched 421 14.34 30.42 18.56 136 0.97 5.97 27.45
JT3(JSF+SMP)

*JSF-Jackfruit seed flour based nutri spreads,HPO- Hydrogenated palm oil, SMP- skimmed milk powder
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was lower compared to the market price of nut
spread.

CONCLUSION

Jack fruit seed flour was proven as a
potential source of nutrients and can be utililised
effectively for developing functional foods.
Jackfruit seed flour based nutri spreads had high
organoleptic qualities with remarkably smooth
texture and had good amount of essential
nutrients. From the study, it is evident that highly
acceptable nutri spreads could be prepared from
jackfruit seed flour cost effectively. In enriched
nutri spreads, incorporation of 70% jack seed
flour and 30% skimmed milk powder (JT,) was
found to be high in protein content with maximum
acceptability. Incorporation of underutilized fruits
such as jackfruit for the development of
convenient foods increased the nutritive value
and reduced the cost.
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ABSTRACT

Lodha is a primitive tribe living in a dense forest area of West Bengal, Odisha, and Jharkhand.
This study was conducted to determine the nutritional status of both male and female Lodha tribes. A
total of 400 Lodha tribal people including 200 males along with 200 tribal females were selected
randomly in the age range for all groups was 18-45 years and belonged to the non-pregnant and
non-lactating category. A total of 400 subjects were randomly selected from 10 villages of Morada,
Baripada, Shamakhunta from the Suliapada block of Mayurbhanj district. The prevalence of Chronic
Energy Deficiency (CED) among female Lodha tribe (82.5%) was significantly higher (¥2=15.635,
p= 0.0015) than their male counterparts (57%). This study also reported that the male Lodha tribal
were more affected by the overweight and obese category of Chronic Energy Deficiency CED. These
also warned the tribal families about the arrival of the burden of overweight and obesity, the opposite
side of malnourishment. All the physiological parameters like pulse rate, systolic pressure, and a
diastolic pressure of female tribal had lower than the male tribal. However, the difference between
them was not significant (x2=0.2002, p=0.1014). Similarly, this study also stated there was no significant
difference (y2=2.441, p=0.4887) of morbidity patterns like skin infection, intestinal infections, respiratory
infections, and vitamin deficiencies of male and female Lodha tribal people.

Keywords- Female, Male, Lodha tribe, Nutritional status

INTRODUCTION the field of preventive and curative health, still,
India is a very primordial country having a some people live in the lap of nature and far away
from civilized society and lead a very pity life with

inclining to their customs, traditions, beliefs, and

very distinct place in the world for its diversity,

wealth, and people of verified ethnic groups

requiring special attention from education, myths. These people are known as tribal. They

social, economic, health, and nutritional security are considered autochthonous people. Near

point of view. Instead of remarkable progress about 75 primitive tribes live in this holy country.

worldwide in the area of science, technology, in These primitive tribal communities are identified

*Corresponding Author E-mail i.d: jhuni.chutki@gmail.com. This is PhD. thesis and it will be submitted to
Ramadevi Women’s University, Odisha.
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in 15 states/ union territories. As per the census
of India 2011, 84 million of the tribal constitute
8.2% of the total population of our country.Taking
the credit of largest tribal communities in the world
( Topal and Samal, 2001, and Pal et al., 2015).

Lodha is a primitive tribe living in a dense
forest area of districts Mednapure (West Bengal),
(Odisha),
(Jharkhand). Lodha has its specific language,

Mayurbhanj and Singhbhumi
customs, tradition, and living styles. Lodhas are
different from other people in respect of food
habits and living styles (Pal et al., 2015). They
solely depend upon the forest for their earning.
They collect minor forest produce from the
nearby forest, are employed as manual labor,
and don’t have enough income. Some of them
don’t have adequate knowledge about cultivation
practices and earned money by robbery and
theft and they were named as “Criminal tribe” by
the British government till the revocation of the
Criminal Tribes Act of 1952 (Pal et al., 2015).
The practice of that criminality has very much
deep-rooted in this community that they were
boycotted by the rest of the community. Till today
they are considered as a degenerated human
group and require special attention for improving
their economic, social, educational, nutritional
status.

Women play an important role in shaping
the health and nutritional status of the family
members, whereas they have very poor health
and nutritional status. The health and nutritional
status of the women who belong to Particularly
vulnerable tribal group (PVTG) are not different
from these women rather they have a very
miserable status due to poverty, ignorance,
illiteracy, lack of awareness, customs, tradition,
and blind beliefs. Proper understanding of

74

different health aspects of tribal women is
required so that proper health measures can be
chalked out and implemented. More necessarily
there is an emergency need for the region-
specific study of the health and nutritional status
of the tribal women, as the national level study
may not quite be applicable for the regional
diversities of the tribal population. Panda and
Guha (2009) reported the scenario development
among Lodha tribal people and pointed out
shortcomings of the governmental approach
towards the development of the marginal
community. However, studied the nutritional and
health status of the tribal people. There is chronic
energy deficiency noticed among the men of the
Lodha community revealed by Goswami (2014).
Lodha community is socially and economically
backward and the total literacy rate of the Lodha
tribe is 43.1%, whereas, the female literacy rate
is 35.1% as per the census 2011. Assessment
of nutritional status is considered as a measure
of health and is essential for planners to
understand the food and nutritional condition
among the tribal population for the betterment
of these vulnerable groups.

There is a scarcity of studies conducted
on Lodha tribal women of the Mayurbhanj district.
Along with this, there is very little information
regarding the dietary intake and nutritional status
of the Lodha tribes. Hence, for getting some
required information regarding health and
nutritional status the present study was carried
out to study the health and nutritional status of
the Lodha tribal groups including both males and
females. This information will be helpful for the
formulation of required development programs
for the food and nutritional security of the Lodha
tribal people in the Mayurbhanj district of Odisha.
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MATERIALS AND METHODS
Selection of site and subject of the study

The study was carried out in 10 villages of
Morada, Baripada, Shamakhunta, and the
Suliapada block of Mayurbhanij district, as Lodha
tribal people are concentrated in these villages.
The research was conducted on 2019 and 2020.
A total of 400 Lodha tribal people including 200
males along with 200 tribal females were selected
randomly, the age range for all groups was 18-
45 years and females have belonged to non-
pregnant and non-lactating categories. Both
Lodha tribal men and women were measured for
their anthropometric measurements and
qguestioned for their socio-economic and other
related information.

DATA COLLECTION

In the selected villages the data collection
started from one end of the village to another
side. The information on the socio-demographic
profile was collected from each of the households
through the pre-designed and pre-tested
questionnaire. The medical officer had diagnosed
all the individuals coupled with clinical
examination with the cooperation of Asha and
Anganwadi worker of nearby Integrated Child
Development Service (ICDS) project office.
Anthropometric measurements such as weight,
height, waist circumference, hip circumference,
and mid-arm circumference were measured by
using standard equipment and procedures.
Lever accurate weighing scales were used and
calibrated before and after each session. Weight
should be taken with only minimum clothing and
was measured to the nearest 0.01 kg. Height was
taken on the height board and all the measures
should be taken to ensure that the respondents
were standing upright with feet flat and firm

75

against the wall and was measured to the nearest
0.1cm. Waist circumference, hip circumference,
and mid-arm circumference were measured by
the non-stretchable fiber tape. BMI was
calculated tribe using the following standard
equation of Asian Indian- specific guidelines for
defining and managing overweight and obesity
(2009).

The Chi-square test was used for
assessing the association between age, income,
type of family, and education with BMI. The data
were analyzed using the statistical software
package SPSS 21.0 version and MS Excel 2019.
The mean and standard deviation of the
anthropometric data was calculated for each age
group. Data analysis using the Chi-square test
was applied to evaluate statistical significance.

BMI=weight (kg)/height (m?)
The following cut-off points were used

Table shows that 44.5% and 75.5% of male
and female Lodha tribal people belonged to
nuclear family, whereas, 22.5% and 7.5% of male
and female Lodha tribal people live in a joint
family. The results indicated that 82% and 4% of
the tribal female had more than 3 no.s and one
child, respectively. However, only 62.5% and
1.5% tribal males had more than 3 no.s and one
child respectively. A majority of 73% and 74% of
the tribal males and females had 4-7 total family
members, whereas only a minimum of 8% and
12% of the tribal males and females had 4-7 total
family members. In respect of educational status,
majority of 62% males and 73% females were
illiterate. Only 1% of tribal male and 2.5% of tribal
females had completed secondary level
education (10 + 2). This showed the female tribal
women had higher educational qualifications than
tribal men. Only 1% of Lodha female had
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RESULTS AND DISCUSSION

Table 2. Socio-economic status of the respondents (n= 200)

S. Personal variables ~ Male (n= 200) Percentage (%) Female (n=  Percentage
No. 200) (%)
1 Type of family
Joint 45 225 15 7.5
Nuclear 89 445 151 755
Extended 66 33 34 17
2 Number of children
1 3 1.5 8 4
2 18 9 16 7.7
3 54 27 19 63
>3 125 62.5 157 82
2 Total family
members
1-4 38 19 28 14
4-7 146 73 148 74
>7 16 8 24 12
3 Educational status
llliterate 124 62 158 79
Primary (up-to class 46 23 22 11
V)
Secondary (VI - X) 24 12 6 3
Joh-cins 4 2 7 3.5
10+2 2 1 5 2.5
Graduate - - 2 1
Postgraduate - - - -
4 Self-occupation
Agriculture 86 43 23 118
Agriculture labor 56 28 82 41
Mahatma Gandhi 30 15 32 16
National
MGNREGS
Anganwadi Worker - - 1 0.5
Anganwadi Helper - - 12 6
Agriculture labour+ 28 14 22 11
Leaf
Housewife - - 28 14
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S. Personal variables  Male (n= 200) Percentage (%) Female (n=  Percentage
No. 200) (%)
Continuous
earnings for the
family throughout
the year
Continuous 82 41 68 34
earnings present
Continuous 118 59 132 66
earnings Absent
6 Activity pattern of
subjects
Sedentary 76 38 10 5
Moderate 64 32 23 11.5
Heavy 60 30 167 88.5
7 Source of Income
Agriculture 86 43 64 32
Agriculture and 114 57 136 68
others
8 Monthly Income
(Rs.)
< 2000/- 65 32.5 122 61
2000/- -3000/- 123 59.5 66 33
3000/- - 5000/- 8 4 4 2
5000/- -10,000/- 1.5 2.5
10,000/- 15,000/- 1 0.5 3 15
9 Earning members
1 108 54 132 66
2 88 44 62 31
>2 4 2 6 3
10 Debts condition
Present 68 34 42 21
Absent 132 66 158 79
11 Economics status of
the families
Above poverty line 6 3 14 7
Below poverty line 194 97 186 93
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completed graduation, whereas, none of the
Lodha male had such qualification. Goswami,
(2015) deviated from the study and stated that
majority of the Mankidia males (94.9%) and
females (98.1%) were illiterate, 4.5% Mankidia
males were completed primary while Mankidia
females of only 1.3% completed primary
education.Kanrar and Goswami (2020) also
stated the varied results from the present study
that majority of both Juang males (81.15%) and
females (86.41%) were illiterate.

Agriculture is the main occupation of male
tribal (43%), whereas, 41% of the female tribes
were engaged as agricultural labourers. Both
Lodha males of 16% and females of 5% were
engaged in Mahatma Gandhi National Rural
Employment Guarantee Scheme (MGNREGS). A
total of only 14% of the tribal females were
housewives and did not support any additional
income to families. However,few of the Lodha
females (6.5%) due to their higher education
were coming forward and working as Anganwadi
workers and helpers in the Anganwadi
center.Goswami (2015) stated that 73.7% of
Mankidia males depended upon minor forest
collection and women (37.8%) were unemployed
and few of them (14.7%) were engaged in rope
making. Mankidia male (15.4%) were daily
labour, whereas, females (30.8%) were daily
labour.Kanrar and Goswami (2020) also
revealed maximum Juang females were
unemployed and working as homemakers and
collected forest products (58%).

A total of 41% of the males and 34% of
the female tribes were able to get continuous
jobs throughout the year, whereas, more than
half of the tribes (59% of the male and 66%) of
the females were unable to get the continuous
job.
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By concerning the activity pattern of the
respondents, 38% of the male Lodha tribal had
sedentary activity and 30% had heavy activity
patterns. But in the case of females, 88.5% were
having a heavy pattern of activity and only 5%
had sedentary activity. This study showed that
Lodha females were more laborious than male
Lodha. Agriculture was the source of income of
43% of male Lodha and 32% of female Lodha
tribal people. Whereas Agriculture and others
were the sources of income of 57% and 68% of
male and female Lodha respectively.

Table 2 shows that the monthly income
of the tribal male and female respondents. 59.5%
Lodha male tribal had a monthly income of Rs.
2000-3000 whereas 61% Lodha female tribal
had less than Rs. 2000 per month. 0.5% of male
and 1.5% of female Lodha tribal had a monthly
income of maximum range i.e. Rs. 10,000-
15,000. This table showed the male Lodha tribal
people had better economic status than female
Lodha tribal women.

Table 2 indicates that the maximum
participants of Lodha male (54%) and Lodha
female (66%) had one earning member in the
family. Lodha male of 44% and female (31%) had
2 numbers of earning members and least
participants of 2% and 3% had more than 2
numbers of earning members in the family. This
resulted both male and female Lodha tribe had
nearly same numbers of earning members in the
family.

Table 2 reveals that the debt condition
of the respondents. The debt condition of both
male (66%) and female (79%) respondents had
absent whereas the debt condition in case of 34%
of male and 21% of the female had present. This
showed more numbers of debt condition is
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absent in female Lodha people than male Lodha
people.

Also, Table 2 depicts the economic status
of the families. Male Lodha tribal 97% and female
Lodha tribal 93% were below the poverty line,
whereas, 3% and 7% of the male Lodha and
female Lodha tribal were above the poverty line.
This indicated that till today both male and female
Lodha respondents had miserable economic
standards.

Table 3 shows that the body mass index of
both male and female Lodha tribal respondents.
BMI calculation is an easy and precise
assessment of the degree of thinness or obesity,
according to the recommendations of WHO. The
results of the present study pointed out that the
prevalence of undernutrition among female
Lodha tribal was significantly higher (¥2=15.635,
p=0.0015) (82.5%) than that of males (57%)
Lodha tribal people. A similar study was also
reported by Kshatriya and Acharay (2016) that
the overall undernutrition among the tribal
females of nine tribes observed was 47.4% as

against 32.1% for the tribal males. Again they
also stated that three tribes like Kora, Oraon,
and Bathudi tribes showed a 60% prevalence in
the overall undernutrition category (BMI<18.5Kg/
m2) as compared to their male counterparts who
showed less than 42% prevalence of overall
undernutrition. Mukhopadhyay (2009) studied on
Santal tribal and also stated similar findings that
there was a notable disparity in the prevalence
of undernutrition between males (30.5%) and
females (38.5%) but the difference was not
significant (y2 = 2.832, P = 0.092). But Mittal and
Srivastav (2006) found differentiated findings
that the prevalence of undernutrition among
female Oraon was less (30.7%) than that of male
Oraon (47%).

More numbers of Lodha male respondents
(35.5%) was coming under the normal category
of BMI than that of Lodha female tribal (14%).
But the study of Mittal and Srivastav (2006)
varied from the present study and resulted in
higher numbers of female Oraon (38.7%) were
belonging to the normal category of BMI than

Table 3. Body Mass Index of Tribal male (n=200) and female (n=200) according to the

standard of Asian Indian- specific guidelines, 2009

S. Grading of BMI Male Female

No. BMI (Kg/m?)
Frequency Percentage Frequency Percentage
(n=200) (%) (n=200) (%)

1 Underweight <18.5 114 57 165 82.5

2 Normal Range  18.5-22.9 71 35.5 28 14

3 Over Weight 23-24.9 11 5.5 6 3

4 Obese 225 4 2 1 0.5

(x*=15.635, p=0.0015, Association is significant)

Source: Asian Indian- specific guidelines for defining and managing overweight and obesity, 2009.
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Table 4. Physiological parameters of Lodha tribal male and females

S| No. Parameters Lodha tribal Male Lodha tribal Female
1 Pulse Rate (Beats/min) 76.87 69.78
2 Systolic blood pressure 109.76 104.43
(mmHg)
3 Diastolic blood pressure 78.78 68.12
(mmHg)

(1% =0.2002, p=0.1014, Association is not significant)

that of male Oraon (22.5%).
considering overweight and obese categories of

However,

Chronic Energy Deficiency (CED), male tribal
were significantly (x2=15.635, p=0.0015) affected
more (overweight 5.5% and obese 2%) than that
of female tribal (overweight 3% and obese 0.5%).
This study pointed that the male Lodha tribal
were more affected by the overweight and obese
category of Chronic Energy Deficiency (CED)
and these also warned the tribal families about
the arrival of the burden of overweight and
obesity, the opposite side of malnourishment.

Table 4 showed the physiological
parameters of Lodha male and female
respondents. The Lodha female tribal had a

lower pulse rate (69.78 beats/min) than the
Lodha male i.e of 76.87 beats/min. Both the
Lodha female and male had low blood pressure
i.e 104.43/68.12 beats/min and 109.76/ 78.78
beats/min but the blood pressure of Lodha male
was near to normal level. All the physiological
parameters of female tribal had lower than the
male tribal but the difference between them was
not significant (¢2=0.2002, p=0.1014).

Table 5 reveals that the morbidity pattern
between Lodha tribal male and female
respondents. Overall all the infections like skin
infection (21.35%), respiratory infection (45%),
and vitamin deficiencies (35%) of Lodha male
respondents had lower than the Lodha female

Table 5. Morbidity pattern between Lodha tribal male and female

Si Parameters Lodha tribal Male (n=200) Lodha tribal Female (n=200)
No.
1 Skin infections 22 35
2 Intestinal 49 47
infections
3 Respiratory 45 48
infections
4 Vitamin 35 43
deficiencies

(x? =2.441, p=0.4887, Association is not significant)
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respondents of skin infection (34.5%), intestinal
infection (45.5%), respiratory infection (48%) and
vitamin deficiencies (43%). But intestinal
infection (48.5%) of Lodha male tribal had more
than female (45.5%). This indicated that the
morbidity pattern among Lodha male
respondents had lower than Lodha female
respondents but variation was seen concerning
intestinal infection, i.e it was more among males
than females. The study stated that there was
no significant difference (y?=2.441, p=0.4887)
of morbidity pattern between male and female
Lodha tribal.

CONCLUSION

The study reveals that the Lodha tribal
male is enjoying better nutritional status in
comparison to their female counterparts. Chronic
Energy Deficiency (CED) malnutrition is high
among females along with this the female has
all the physiological parameters higher than their
male counterparts. But this study also pointed
that the male Lodha tribal were more affected
by the overweight and obese category of
Chronic Energy Deficiency (CED) than female
tribal and these also warned the tribal families
about the arrival of the burden of overweight and
obesity, the opposite side of malnourishment.
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ABSTRACT

This study was conducted (2016-2018) to develop jackfruit based instant vermicelli payasam
mix by using jackfruit flour and jackfruit seed flour. Based on organoleptic evaluation, mean scores
was high for vermicelli and payasam prepared with 70 % raw jackfruit flour and 30 % jackfruit seed
flour with an overall acceptability of 8.55 and 8.57,respectively. The nutrient content of selected
jackfruit based vermicelli observed to have moisture (7.18 %), energy (284 Kcal 100g"), carbohydrate
(63.7g 100g™), protein (3.4g 100g™), fat (0.80g 100g™) and fibre (3.9g 100g™"). The vermicelli was
rich in calcium (53mg 100g™), iron (6.7mg 100g™"), sodium (18.14mg 100g™") and potassium (242mg
100g™). An instant payasam mix was standardized usingthe selected jackfruit vermicelli along with
sugar, nuts, raisins and flavourings. The jackfruit instant payasam mix had good sensory characteristics
with an overall acceptability was 8.62. The market potential of jackfruit can be promoted if the fruits
are made available to the consumer in a ready to cook form throughout the year.

Keywords: Instant payasam mix, Jackfruit flour, Jackfruit seed flour, Nutritional qualities,
Sensory qualities, Vermicelli

INTRODUCTION Nadu, Karnataka, Goa, coastal Maharashtra and
Jackfruit (Artocarpus heterophyllus other states like, Assam, Bihar, Tripura, Uttar

Lam.) a member of the family Moraceaeis afairly ~ Pradesh and foothills of Himalayas.

large sized tree and bears the largest fruit among Among the fruit crops grown in Kerala,

the edible fruits. It is a popular fruit consumed in jackfruit has a prominent position, which occupies

the tropics. Itis widely grownin India, Bangladesh, 89702 hectares (Govt. of Kerala, 2014). Jackfruit

South East Asia and West Africa (Chowdhury e s rich in carbohydrates, proteins, vitamins and
al., 2012). In our country, the trees are found  minerals such as potassium, calcium and iron.
distributed in southern states like Kerala, Tamil Along with nutrients it contains appreciable

*Corresponding Author E-mail i.d: sharon.cl@kau.in; M.Sc. thesis submitted to Kerala Agricultural University,
Vellanikkara, Thrissur
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amount of isoflavones, phytonutrients and
antioxidants and their health benefits are wide
ranging from anticancer, antihypertensive,
antiaging, antimicrobial and antiulcer (Tejpal and
Amrita, 2016). In every year, a considerable
amount of jackfruit, specially obtained in the glut
season goes waste due to lack of proper
postharvest knowledge during harvesting,
transporting and storing both in quality and
quantity. Jackfruit has a delicious taste,
captivating flavour, attractive colour and excellent
quality, which make it suitable for processing and
value addition (Panja and Ghosh, 2016).The
jackfruit seeds are the main produce of a plant
containing large number of nutrients.
Carbohydrate, protein and fibre are the major
constituents of seeds and these nutrients
interact with each other during product
development and play an important role in
determining the final quality of the food products.
As jackfruit seeds are bland in taste with no
untoward flavour, there is potential opportunity
for utilizing the seed in the form of flour for value
addition in the industrial sector. Products with
incorporated jackfruit seed flour possess better
nutraceutical appeal, leading to improved
consumer acceptability (Sulthanaet al.,
2014). Promising varieties with enhanced
production of quality fruits, suitable for value
addition and product diversification would
transform the status of jackfruit from the
“neglected” category to an export-oriented crop.
Utilization of the wonder fruit will strengthen the
self-employment opportunities and economic

security.

The demand of instant food mixes is
increasing day by day due to increase in
urbanisation, breaking up of the traditional joint
family system, time, convenience and changing
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lifestyles. Low calorie and high nutritious instant
food mixes are most preferred by consumers
(Karthi, 2015). There lies a great opportunity for
non-traditional uses of jackfruit in the form of
convenience foods like vermicelli. Payasam mix
is a food item which consists of roasted vermicelli
along with toasted raisins and cashew nuts, mixed
with other ingredients, packed in polypropylene
bags (Srinivasan and Nirmala, 2014.) Developing
acceptable products can reduce the wastage
and make the jackfruit an economically profitable
one. Hence, the study was conducted to develop
jackfruit based instant vermicelli payasam mix by
using roasted jackfruit flour and roasted jackfruit
seed flour with improved nutritional and
organoleptic qualities.

MATERIALS AND METHODS

The study was carried out from 2016 to
2018 at College of Agriculture, Kerala Agricultural
University, Thrissur, Kerala. For this studyraw
jackfruit (koozha type) was collected from
households and the flour was prepared using
procedure suggested by Pandeay (2004). The
raw jackfruit were washed and separated into
bulbs and seeds. The bulbs are sliced into
2.5cmx1cm and then blanched in boiling water
for 1 minute. The blanched slices were cooled
and immersed in 0.2 percent KMS solution for
10 minutes. The immersed slices were then dried
in a cabinet drier at 60°C for 12 hours. The dried
chips were milled into flour and sieved through
0.5 mm mesh. Jackfruit seeds were cleaned and
the white arils were peeled off manually. It was
then washed thoroughly in running water and
subjected to thermal treatment (pressure cooked
for 20 minutes) to inactivate anti-nutritional
factors. Spermoderm layer was removed by
rubbing the seeds between hands. The sliced
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seeds were dried (60°C for 12 hours) and
powdered. Refined wheat flour (which is served
as control) was procured from the local market.
The raw jackfruit flour, seed flour and whole
wheat flour was roasted for 10 minutes in medium
flame.

Preparation of vermicelli

Vermicelli was prepared with the
combination of raw jackfruit flour and jackfruit
seed flour (Table1)were mixed thoroughly and
the dough was prepared with 30 percent of water
and kept for proofing for 30 minutes at room
temperature. The prepared dough was extruded
through manual extruder. The extruded vermicelli
was dried in a cabinet drier for 4 to 5 hours. The
dried vermicelli was packed in a polyethylene
pouches. Treatment T, refined wheat flour,
served as control.

Organoleptic evaluation

The sensory evaluation was carried out
for the prepared vermicelli and payasam using
nine point hedonic scale with a panel of 15 judges
considering the six sensory parameters
(appearance, colour, flavour, texture, taste and
overall acceptability).Panel of fifteen judges
between age group of 18 to 35 years are
selected by conducting a series of organoleptic
trails using a simple triangle test at laboratory
level as suggested by Jellinek (1985).

Nutrient analysis

The nutritive qualities like moisture
A.0.A.C. 1980), carbohydrate, protein, fat, fibre
Sadasivam and Manickam, 1997.), calcium, iron
Perkin- Elmer, 1982), sodium and potassium

~ o~~~

Jackson, 1973) of best selected jackfruit based
vermicelli was determined initially and during the
second and fourth month of storage.

Moisture

To determine moisture content 10g of the
sample was dried in a hot air oven at 60°C to
70°C, cooled in a desiccator and weighed. The
process of heating and cooling was repeated till
constant weight was achieved. The moisture
content of the sample was calculated from the
loss in weight during drying.

Carbohydrates

A dried sample of 100mg sample was
hydrolysed with 5ml of 2.5N HCI for 3 hours by
boiling in water bath and cooled to room
temperature. The residue was neutralized with
sodium carbonate until effervescence ceases.
The volume was made upto 100ml and
centrifuged. An aliquot 0.2ml from the
supernatant was pipetted out and made upto 1ml
and then 4ml of anthrone reagent was added.
Heated for 8 minutes in a boiling water bath,
cooled rapidly and the intensity of green to dark
colour was read at 630nm (OD) in spectro

Table 1. Treatments for the standardization of jackfruit based vermicelli

Treatments Combinations

To Control (100% refined wheat flour vermicelli)
Ty 70% RJF + 30% RJSF

T 60% RJF + 40% RJSF

(RJF- Roasted jackfruit flour, RISF — Roasted Jackfruit seed flour
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photometer. A standard graph was prepared
using standard glucose by applying the serial
dilutions. From the standard graph, the amount
of total carbohydrate present in the sample was
estimated and expressed in gram per 100g of
sample.

Protein

A sample of 500mg was extracted using 5
to 10 ml of buffer (Tris buffer GR — tris
hydroxymethyl amino methane) and centrifuged.
An aliquot 0.1ml from the supernatant was taken
in a test tube, 5ml alkaline copper solution were
mixed well and allowed to stand for 10 minutes.
Folin-Ciocalteau reagent of 0.5 ml was added
and incubated at room temperature in the dark
for 30 minutes and the developed blue colour
was read at 660nm (OD) in spectrophotometer.
A standard graph was prepared using alkaline
copper solution and Folin-Ciocalteau reagent by
applying serial dilutions. From the standard
graph, the amount of total protein present in
sample was estimated and expressed in gram
per 100g of sample.

Fat

Five gram of sample was taken in a thimble
and plugged with cotton. The material was
extracted with petroleum ether for six hours
without interruption by gentle heating in a soxhlet
apparatus. Extraction flask was then cooled and
ether was removed by heating and the weight
was taken. The fat content was expressed in gram
per 100g of the sample.

Fibre

Powdered vermicelli sample of two grams
was boiled with 200 ml of 1.25 percentsulphuric
acid for 30 minutes. It was then filtered using
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muslin cloth and washed with boiling water. The
residue was again boiled with 200 ml of 1.25
percent of sodium hydroxide for 30 minutes.
Repeat the filtration through muslin cloth and
residue was washed with 25 ml of boiling 1.25
percent of sulphuric acid, three 50 ml portion of
water and 25 ml of alcohol. The obtained residue
was taken in an ashing dish (W,) and dried at
130°C for 2 hours. Cool the dish in a desiccator
which was reweighed and noted as W,. The
residue was again ignited in muffle furnace at
600°C for 30 minutes, cooled in a desiccator and
reweighed (W.,).

Calcium and iron

Onegram of the vermicelli was pre-
digested using 10 ml of 9:4 ratio of nitric and
percholoric acid. The prepared diacid extract of
the vermicelli sample was used for estimation of
calcium in Atomic Absorption Spectrophotometer.
The amount of calcium and iron content present
in sample can be expressed as mg per 100g.

Sodium and Potassium

One gram of the vermicelli was digested
using diacid solution. The pre-digested sample
will be used to measure sodium and potassium
content in flame photometer and it was
expressed as mg per 100g of the sample.

Standardisation of instant payasammix

From the selected jackfruit based
vermicelli, instant payasammix was standardised
with 200g vermicelli with 2 proportions of milk
and 3 proportions of sugar based on
organoleptic qualities. In all treatments 10g
toasted cashew nuts and raisins, and 5g crushed
cardamom were added. The best treatment was
selected based on organoleptic qualities.



FEASIBILITY OF INCORPORATING JACKFRUIT FOR THE DEVELOPMENT OF INSTANT PAYASAM MIX

Statistical Analysis

The statistical analysis was carried out for
the mean score obtained from sensory
evaluation. The best treatment was identified
from the interpretation of Kendall’'s Coefficient
of Concordance (W). Nutritional qualities of
vermicelli during storage was analysed based on
relative change over the previous month of
storage.

Cost of production of jackfruit vermicelli
instant payasammix

The cost of production of the most
acceptable combination of jackfruit vermicelli
payasam mix was computed based on the market
price of procured ingredients used for
preparation of products along with labour charge,
fuel charge, electricity charge and packaging
cost. The cost was calculated for 1kg of the
product and compared with similar products

available in the market.
RESULT AND DISCUSSION
Organoleptic evaluation

The mean scores and the mean rank
scores obtained for different sensory attributes
of vermicelli and payasam prepared with roasted
jackfruit flour in combination with roasted jackfruit
seed flour are presented in Tables 2 and
3.Among jackfruit based vermicelli, the highest
mean score for different quality attributes were
noticed in vermicelli prepared with 70 percent
roasted jackfruit flour and 30 percent jackfruit
seed flour (T,). For jackfruit based payasam, the
highest mean score and mean rank score for all
the sensory attributes namely appearance
(8.44), colour (8.44), flavour (8.51), taste (8.6),
texture (8.42) and overall acceptability (8.57).
The mean score for different quality attributes
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of jackfruit based payasam were found to be
lower than control. The scores of organoleptic
evaluations were assessed by Kendall’s
coefficient of concordance and it was found that
there was agreement between thejudges.Kumari
(2015) standardised jackfruit based noodles with
raw jackfruit flour, jackfruit seed flour and wheat
flour in different combination (T,-40:30:30, T,-
50:25:25, T,-50:30:20, T,-50:40:10, T,-
50:10:40, T,-50:20:30). The prepared noodles
and control (commercial noodles)was cooked
and evaluated by 10 panel members. Overall
acceptability of prepared noodle revealed that
treatment T, (4.81) had high score followed by
T,and T, with the score of 4.71 and 4.14
respectively. The present study reveals that as
the level of incorporation of jackfruit flour
increases, the sensory qualities of vermicelli and
payasam also increased. This finding was very
compatible with Sahoo (2016), who prepared raw
jackfruit based rusk and buns along with wheat
flour in different proportions (40:60, 45:55,
50:50,60:40, 70:30, and 80:20) along with control
(refined wheat flour). Buns and rusk prepared
with 80 percent of raw jackfruit flour was highly
acceptable for taste, texture, flavor and overall
acceptability than other treatments. The
thermoplastic nature and sugary taste of jackfruit
flour increased the sensory qualities.
Incorporation of medium amount of roasted
jackfruit seed flour for the preparation of different
food products was acceptable. Roasted jackfruit
flour was suitable for the preparation of extruded
products due to the less soluble capacity than
raw jackfruit flour (Odoemelam, 2015). Roasting
is a most important pre-treatment for flours and
starches by the application of dry heat. Roasting
of flours enhances the colour and texture of
products. As a result of roasting, smaller units of
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starch called dextrin is formed and is easily
digested by the body (Srilakshmi, 2010).
Roasting increases the antioxidant activity, brown
colouration and enhances the flavour of products
due to the formation of maillard reaction
products. Roasting increases the amylose
content in jackfruit seed flour (Ejiofor, 2014).
Abraham and Jayamuthunagai (2014) observed
that the firmness of pasta increased with the
addition of jackfruit seed flour. Ten percent

jackfruit seed flour substituted pasta showed
greater consumer acceptability, in relation to
flavour, mouth feel, appearance, colour and
overall quality. Addition of roasted flour in food
products results good taste and slight crispy
texture. Incorporation of roasted flax seed flour
in biscuits increase the flavour, texture and
overall acceptability than biscuits prepared from
raw flax seed flour (Masoodiet al., 2012).

Table 2. Mean score for organoleptic evaluation of vermicelli prepared with roasted jackfruit
flour and jackfruit seed flour in comparison with control

Sensory parameters
Trestmonts Appearance | Colour Flavour Texture | Taste Overall
Acceptability

To (control) 8.46 8.53 8.35 8.6 8.57 8.4

(1.97) (2.13) (2.00) (2.37) (2.37) (1.97)
T1(70%RJF:30%JSF) | 8.53 8.51 8.48 8.42 8.4 8.55

(2.07) (2.07) (2.07) (2.3) (2.03) (2.20)
T2 (60%RJF:40%JSF) | 8.35 8.48 8.33 8.32 8.2 8.35

(1.97) (180) (1.93) (1.70) (1.60) (1.83)
Kendalls W 0.004** 0.043** | 0.006** 0.177** 0.181** 0.275*

(RJF - Roasted jackfruit flour, JSF- Roasted jackfruit seed flour)
Value in parentheses is mean rank score based on Kendall's W

**Significance at 1 % level

Table 3. Mean score for organoleptic evaluation of payasam prepared with roasted
jackfruit flour and roasted jackfruit seed flour in comparison with control

Sensory parameters
Treatments Appearance | Colour Flavour | Texture | Taste Overall
Acceptability

To (control) 8.66 8.62 8.62 8.6 8.66 8.71

(2.20) (2.47) (2.23) (2.40) (2.33) (2.33)
T1(70%RJF:30%JSF) 8.44 8.44 8.51 8.42 8.6 8.57

(2.07) (1.93) (2.20) (2.07) (2.30) (2.13)
T2 (60%RJF:40%JSF) 8.28 8.4 8.28 8.17 8.15 8.26

(1.50) (1.60) (1.57) (1.53) (1.37) (1.53)
Kendalls W 0.124** 0.225** | 0.166** 0.244** | 0.401** | 0.254**

(RJF - Roasted jackfruit flour, RF- Roasted jackfruit seed flour)

Value in parentheses is mean rank score based on Kendall's W

**Significance at 1 % level
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Nutrient analysis

Moisture is an important parameter of
quality determination in food products. The
products with low moisture content have
enhanced shelf life quality by lowering the
microbial load. From Table 4, it is clear that
moisture content of jackfruit based vermicelli was
7.18 percent, found to be low compared with the
results noodles with raw banana flour and the
moisture content was 8.67 percent
(Ritthiruangdej et al., 2011). The moisture
content increased during storage period may be
due to relative humidity and atmospheric
temperature. The formulated vermicelli contains
63.7g 100g" of carbohydrate, 3.4g 100g" of
protein, 0.80g 100g'of fat and 3.9g 100g-'of
fibre. The jackfruit based vermicelli had calcium,
iron, sodium and potassium of 53mg 100g”’,

6.7mg 100g™, 18.14mg 100g™*and 242mg 100g
', respectively.

Kumari (2015) developed raw jackfruit
based noodles by mixing refined flour, raw bulb
flour and jackfruit seed flour at different
proportions. The results of study indicated that
samples of jackfruit bulb flour and jackfruit seed
flour added noodles contained more protein, fibre
and minerals and was less in energy and
carbohydrate as compared to control (refined
wheat flour noodles) sample. Twenty percent
incorporation of jackfruit seed flour noodles has
the fibre content of 1.6g 100g-1(Nandkule et al.,
2015). The nutrients decreased with storage and
the decrease in carbohydrate, protein and fat
content during storage could be attributed to the
degradation of polysaccharides, dissociation of
protein into amino acids, lipolytic activities of the

Table 4. Nutrient analysis of jackfruit vermicelli

Nutrients (100 g™) Initial Second month | Fourth month
Moisture (g) 7.18 .23 7.28
(0.69) (0.69)
Energy (KCal) 284 266.42 262.54
(0.22) (1.45)
Carbohydrate (g) 63.7 60.49 59.18
(1.56) (2.15)
Protein (g) 3.4 2.3 2.69
(0.36) (1.46)
Fat (g) 0.80 0.86 0.82
(6.38) (3.4)
Fibre (g) 3.9 3.74 3.7
(2.14) (1.09)
Calcium (mg) 53 48.01 47.90
(0.31) (0.28)
Iron (mg) 6.7 6.59 6.51
(3.80) (4.18)
Sodium (mg) 18.14 17.93 16.69
(1.12) (1.60)
Potassium (mg) 242 234.02 222.39
(0.07) (0.09)

Values in parenthesis indicates percent relative change over the previous month
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enzymes lipase and Ilipoxidase, and
decomposition of complex molecule into simple
sugars (Murugkar and Jha, 2011). Mineral
content decreased on storage may due to the
utilisation of nutrients for the growth and
multiplication of microbes present in food

products (Sunday and Dayo, 2012).

overall acceptability (8.62) was highest in T,
(payasam prepared with 200g vermicelli, 1.5 L
milk and 150 g sugar) than other treatments.
Divakaret a./(2014) developed instant banana
based payasam mix and reconstituted with 950
ml of coconut milk, 300 g of sugar, and 10g of
cashew nuts, raisins and sago. The prepared

payasam was highly acceptable in terms of
colour (4.88), mouth feel (4.92), taste (5), flavour
(4.9) and overall acceptability (4.9). Guptaet al.

Standardisation of instant payasam mix

In this study, instant payasam mix was
standardised from jackfruit based vermicelli with (2014) developed instant kheer mix with cowpea,
varying proportions of milk (1 L and 1.5 L) and
sugar (100,125 and 150g). Among these

treatments, the mean score for all the sensory

malted wheat flour, rice, skimmed milk powder
and sugar. The optimized product was high in

protein (10.27) and had good sensory
attributes like appearance (8.62), colour (8.62),

flavor (8.53), taste (8.64), texture (8.64) and

characteristics (8.05).

Table 5. Mean score for organoleptic evaluation of roasted jackfruit and roasted
jackfruit seed flour based instant payasam mix

Sensory parameters
Treatments Appearance | Colour | Flavor | Texture | Taste Overall
Acceptability
M 6.53 6.84 6.88 6.6 6.71 6.73
(1LM+100gS) |(1.43) (2.00) (1.73) (1.83) (1.83) (1.77)
T, 6.8 6.86 7.22 6.71 6.73 6.82
(1LM +125g8S) |(1.83) (1.97) (2.70) (2.27) (2.00) (1.93)
T3 7.22 6.95 7.15 6.71 7.02 7.02
(1LM +125gS) |(2.83) (2.10) (2.37) (2.03) (2.60) (2.47)
T4 7.95 7.95 777 8.02 7.68 7.82
(1LM +125g8S) |(4.03) (4.33) (3.90) | (4.40) (3.93) | (4.20)
Ts 8.35 8.37 8.04 8.15 8.2 8.22
(1LM +125g8) | (5.07) (5.03) 4.57) | (4.67) (4.93) | (4.97)
Ts 8.62 8.62 8.53 8.64 8.64 8.62
(1LM +125g8S) | (5.80) (5.57) (5.73) | (5.80) (5.70) | (5.67)
Kendalls W 0.926** 0.833** 0.685** 0.847** 0.764** 0.817**

(M — Milk, S —Sugar)
Value in parentheses is mean rank score based on Kendall's W
** Significant at 1% level
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The cost of production

The cost of production of control vermicelli
(Rs.76.24/kg) and instant payasam mix
(Rs.230.24/kg) was lower compared to jackfruit
based vermicelli (Rs.83/kg) and instant payasam
mix (Rs.237/kg). The cost of prepared vermicelli
and payasam mix was lower than the market price.
The market price of wheat vermicelli, ragi
vermicelli, and wheat based instant vermicelli
payasammix was observed as Rs.165/kg,
Rs.180/kg and Rs.500/kg respectively.
Incorporation of underutilised fruits like jackfruit
for the development of instant mixes increases
the nutritive value and reduces the cost.

CONCLUSION

Vermicelli and payasam prepared with
roasted jackfruit flour and roasted jackfruit seed
flour (70: 30) were acceptable in all the sensory
qualities and have good nutritional profile. From
the study, it was clear that an acceptable instant
payasam mix can be prepared from jackfruit flour
and jackfruit seed flour. The market potential of
jackfruit can be promoted if the fruits are made
available to the consumer in a ready-to-eat or
ready-to-cook form throughout the year. There
lies a great opportunity for non-traditional uses
of jackfruit in the form of convenience foods such
as vermicelli.
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ABSTRACT

Increased awareness among population is a major factor for the prevention of diabetes and its
complications and related metabolic disorders. Knowledge is the most important element of awareness
that need to be studied in various population groups in specific cultural contexts. On this backdrop
the present study was undertaken to explore knowledge regarding diabetes mellitus (DM) among
type 2 diabetes mellitus (T2DM) patients in Sambalpur district of Odisha during the year 2021.The
study also investigated association between knowledge with different socio-demographic characteristics
of the patients. Three hundred (300) diabetic patients of District Head Quarter Hospital, Sambalpur,
Odisha were included in the study. Knowledge regarding diabetes was judged by using a self
administered questionnaire. The scores were analysed against the variables to determine the
association of knowledge with socio demographic variables.Out of those 300 respondents maximum
responds (63%) had fair knowledge followed by good and poor (26% and 11%) knowledge respectively.
Significant association was found between age, area of residence, family income, family type and
duration of diabetes with diabetes knowledge. No significant association was found withgender,
education, occupation, age of onset of disease, and family history of diabetes. Awareness related to
all the aspects of diabetes mellitus need to be increased among the diabetic patients for better
control of the disease and its complications.

Key Words: Diabetes Mellitus, Knowledge, Sambalpur (Odisha), Socio-demographic variables

INTRODUCTION 2019, India ranks second in the list of diabetes
Diabetes mellitus, a common non- among people aged 20-79 years next to China.

public health problem in low-and middle-income  Y€ars, while China had over 116 million people
countries facing the greatest burden. (Unwin et a@nd this is expected to increase up to 109.0
al., 2009) The ninth edition of the IDF Diabetes ~ Million by 2035 in India. (IDF, 2019). Very
Atlas indicated that recently 463 million adults ~ commonly obesity and hypertension increase
are living with diabetes in the world. In the year ~ Morbidity and mortality of diabetes in the general

*Corresponding Author E-mail i.d: truptiprab@gmail.com

93



TRUPTI PRADHAN AND CHANDRASHREELENKA

population. (Ciullaet al., 2003) These two health
problems are important predisposing factors for
diabetic complications (Sachdevand Sahani
2010). According to the World Health
Organization (WHO) 24 million cases of diabetic
neuropathy, 5 million cases of retinopathy, and
6 million cases of amputation occurred due to
diabetes and in 2019, it was estimated 1.5 million
deaths were directly due to diabetes.

The change in life style, lack of appropriate
health-care facility, lack of proper guidance, and
most probably lack of proper knowledge on
diabetes are in part responsible for the
outstanding rise in the incidence of this disease
(Misraet al.,2011). The IDF estimates that 10%
of global health expenditure is being spent on
diabetes.

Diabetes is a chronic disease and it
requires multiple approaches for its
management. The patient has to play an
important role for management. Certain self-care
practices are helpful to achieve an optimal
glycemic control and to prevent diabetes related
complications. These practices include regular
physical activity, appropriate dietary practices,
daily foot care practice, compliance with
treatment regimen and tackling complications
such as hypoglycemic episodes(American

Diabetes Association,2013)

Proper management of the disease
require adequate knowledge on diabetes. Good
knowledge on diabetes and its complications is
a key component of diabetic care. Studies have
shown that increasing patient knowledge
regarding disease and its complications have
significant benefits with regard to patient
compliance to treatment and for decreasing
complications associated with disease
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(Murugesan et.al.,2007). On this back drop the
study was conducted with the following objectives.

To study the socio-economic profile of the
patientsand to assess the level of knowledge of
the patients and to find association between
demographic variables and knowledge level of
the diabetic patients.

MATERIALS AND METHODS

A cross-sectional descriptive study was
conducted among diagnosed type 2 Diabetes
Mellitus patients attending the OPD of Sambalpur
District Headquarter Hospital. The study was
conducted for a period of 6 months (January
2021 — June 2021). A total of 300 patients
diagnosed with Type-2 diabetes mellitus were
selected as the study sample. All the selected
study subjects were interviewed using a
pretested semi-structured questionnaire after
their The
questionnaire comprised of the following items

obtaining informed consent.

i.  Socio-demographic information

i. Information regarding blood sugar level and
status of diabetes

iii. Knowledge regarding diabetes.

Respondents’ knowledge was assessed by
Diabetes Knowledge Questionnaire (DKQ). This
product was adapted from the DKQ “Diabetes
Knowledge Questionnaire,” - Garcia and
Associates for the diabetes self management
project at Gateway CommunityHealth Center, Inc.
with support from the Robert Wood Johnson
Foundation in Princeton, NJ.DKQ consists of 24-
items, used to elicit information about patients’
understanding of the cause of their disease, its
associated complications, blood glucose levels,
diet, and physical activity. Each correct response
under knowledge attracted one point, whereas
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any wrong answer attracted no mark. Overall,
total score of 24 points was designed for
assessing the knowledge of the study
participants. For the final assessment of
knowledge of the participants, subjects were
categorized as having poor knowledge (0-8
points); fair knowledge (9-17 points) and good
knowledge (18-24 points).Rapport was
established with each of the participant in order

to retrieve correct information.
RESULTS AND DISCUSSION

Socio-Demographic characteristics of the
respondents

Table 1 describes the socio-demographic
characteristics of the study population. It is
revealed maijority of the participants (35.33%)
belonged to the age group of 56-65 years and
were males (65%). Most (38%) of them were
graduate and in case of occupation nearly 50%
were govt./ private employees and only 10.33
% of them were farmers.Most (64.33%) of the
respondents were from urban area and almost
60% of the respondents belonged to nuclear
family system.37.66% of the respondents had
monthly income in the range of 29,973-49,961/-
and only 3.66% respondents were in the range
of 74,756-99,930.

A study by Vankudreet al.(2013)indicated
that most of their respondents were females and
majority of the individuals were in the age group
of 46 — 60 years. Kurianet al. (2016) observed
in their studymost of the respondents completed
high school and higher secondary education.

Ahmed et al.(2019) 19.6%
respondents were unemployed which is similar

found

with the findings study and 34.2% were
government / private employees.
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Diabetes related information of the

respondents

Table 2 reveals the varied status of
diabetes among the study participants. It was
observed that 46.7% of the subjects were
diagnosed at the age of 46-55 years and very
few (2.333%) were diagnosed after the age of
66 years. Fifty one point three percent
respondents had a positive family history of
diabetes.Kurian et al.(2016) had quite similar
findings in respect of family history, but in case
of Shiferaw (2020) result was quite different.
Almost 50% of the respondents were suffering
from diabetes since 5 years. Ahmed et al. (2019)
foundthat 21.3% respondents were diagnosed
with diabetes mellitus over 20 years ago.
Consumption of allopathic medicine was found
to be common among the respondents and very
few were taking some indigenous medicine with
allopathic medicine. It was also observed that
56% had uncontrolled and 44% had controlled
glycemic level.

Knowledge regarding diabetes

Table 3 depicts about the response of
question regarding diabetic knowledge. Out of
300 participants, approximately 67.66%
respondent had correct knowledge of common
cause of diabetes i.e. lack of effective insulin in
the body and 34.33% opined kidneys produce
insulin. 74% knew about its hereditary nature and
54.33% said it is incurable. It was observed that
51.3% knew diabetes often causes poor
circulation and only 24.66% said tremors and
sweating are signs of high sugar in the blood. In
addition, most of the respondents had
knowledge regarding risk factors, sign and
symptoms of diabetes. It was interesting to note
that 55.33% told tight elastic shoes or shocks
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are not bad for diabetics. Study by Chandaliaet
al.(2008) observed that, diabetic patients had
more awareness about footwear, foot care and
symptoms relating to diabetic foot.

Overall Knowledge on diabetes of
respondents

The graph-1 showed the overall knowledge
of diabetes among the respondents. The overall
knowledge regarding the disease was
categorised into three classes i.e. good, fair and
poor. Out of the three hundred respondents
maximum (63%) respondents had fair knowledge
followed by 26% and 11% had good and poor
knowledge respectively. Study by Shiferaw et.al.
(2020) and Sajai (2017) found that most of the
participants had good general knowledge about

diabetes mellitus.

Distribution of respondents according to level
of knowledge

= 80 63.333
=
:; 60
5 40 26
g 0 [ |
Poor Fair Good

level of knowledge

Fig.1 Overall Knowledge about diabetes
respondents

Association between level of knowledge
regarding diabetes and socio-demographic
variables of the respondents

Table 4 depicts the association between
socio-demographic parameters and level of
knowledge about diabetes among the study
subjects. Higher proportion (70.96%) of the
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elderly (66 and above year) had fair knowledge
on diabetes in comparison to other age groups
and it was also observed that 37.5% respondents
had good knowledge among age group 35-45
years. Age was significantly associated with
patient’s level of knowledge of diabetes (p =
0.05). The present study found no significant
association between gender and the level of
knowledge of the disease (p = 6.85). However
most of male participants had good knowledge
compared to their female counterparts. This
result is consistent with the findings of a study
conducted by Menezes and Mohammed (2015).
There was significant association between area
of residence and the knowledge on diabetes (p
= 0.02). It was observed that patients from the
urban (31.088%) had good knowledge than their
counterparts from the rural settings (16.822%).
In case of education the findings revealed that
most (63.076%) respondents having post-
graduate had good knowledge in comparison to
others. The result of the present study is similar
with findings of study conducted by Ullahet
al.(2015). Other study conducted by Anil, et
al.(2014) in Bangladesh also supports that
higher education level was significantly
associated with better knowledge but study by
Choudhary and Choudhary (2015) differ from
the result of the present study. Interestingly no
statistical significant association was found
between education and knowledge (p =7.61) of
respondents. It was observed that most of the
employed respondents had good knowledge in
comparison to farmers, business man and
unemployed. Most (19.354%) farmers had poor
knowledge in comparison to others. It also
observed that there was no significant association
between occupation and knowledge (p=1.08) of
respondents. Significant association was found
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between family income and diabetic knowledge
(P =0.00) of the respondents. There was a
significant variation in level of knowledge among
both the family type (P =0.003). Age of onset of
diabetes had no significant association with
knowledge of respondents. But the duration of
disease wassignificantly (p = 0.001) associated
with the level of knowledge. Here it was observed
that patients who had lived many years with
diabetes (>21 years) were more knowledgeable.
Family history of diabetes had significant
(p =0.64) association with knowledge on
diabetes.

From the above discussion it is clear that
there is significant statistical association between
age, area of residence, family income, family type,

and duration of diabetes with knowledge of the
respondents and no association was found
between gender, education, occupation, age of
onset of disease, family history of diabetes with
level of knowledge. Another study by Choudhary
et.al. (2015) found family history and regular
contact with health care provider were
significantly associated with awareness about
diabetes. Gender and education was not
associated with awareness about diabetes. In
another study by Shiferaw et al.(2020) found
marital status, family history of diabetes and
exposure to health education were associated
with good knowledge. The study by Kanizet
al.(2017) showed knowledge scores strongly
associated with education, income, residence.

Table -1 Socio-Demographic characteristics of the respondents

Variables Category Frequency %
35-45 64 21.333
Age(years) 46-55 99 33
56-65 106 35.333
66 and above 31 10.333
Gender Male 195 65
Female 105 35
Area of residence Rural 107 35.666
Urban 193 64.333
Education llliterate 4 1.333
Upto 10 th 65 21.666
Intermediate / diploma 41 13.666
Graduate 114 38
Professional / others 76 25.333
Occupation Unemployed 58 19.333
Service 136 45.333
Agriculture 31 10.333
Business /others 75 25
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Family income < 10,001 43 14.333
10,002-29,972 50 16.666
29,973-49,961 113 37.666
49,962-74,755 46 15.333
74,756-99,930 11 3.666
99,931-1,99,861 37 12.333
Family type Nuclear 179 59.666
Joint 121 40.333
Table 2: Diabetes related information of the respondents
Variables Options Frequency %
Age of onset of 25-35 26 8.666
diabetes(years) 36-45 99 33
46-55 140 46.666
56-65 28 9.333
66 and above 7 2.333
Duration of 0-5 149 49.666
diabetes 6-10 105 35
11-15 27 9
16-20 5 1.666
21 and above 14 4.666
Family history of Yes 154 51.333
diabetes No 146 48.666
Medication status Oral sugar medicine only 144 48
Combination of diet, exercise, Oral sugar 145 48.66
medicine
Combination of diet, exercise & Insulin 11 3.666
Insulin only 0 0
Both oral medicine and insulin
Type of treatment Allopathic 300 100
Use of indigenous Yes 119 39.666
medicine No 181 60.333
Controlled 132 441
Level of FBS Uncontrolled 168 56
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Table -3: Frequency distribution of respondents on knowledge regarding Diabetes
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Sl. Items Right Answer | Wrong Answer
No Frequency (%) Frequency (%)
1 Eating too much sugar and sweet foods is a cause of 114(38) 186(62)
Diabetes.
2 A common cause of diabetes is lack of effective insulin in the 203(67.6) 97(33)
body.
3 | Diabetes is caused by failure of the kidneys to keep sugar out 193(64.3) 107(35.6)
of the urine.
4 The kidneys produce insulin. 197(65.6) 103(34.3)
5 In untreated diabetes, the amount of blood sugar usually 232(77.3) 68(22.66)
rises.
6 If you are diabetic your children are at greater risk to be 222(74) 78(26)
diabetic.
7 Diabetes can be cured. 163(54.3) 137(45.6)
The fasting blood sugar level of 210 is very high. 233(77.6) 67(22)
9 The best way to assess your diabetes is making urine tests. 142(47.3)
158(52.6)
10 Regular exercise will increases the need for insulin or other 161(53.6) 139(46.3)
medicine for diabetes.
11 There are two main types of diabetes: Type | ("insulin- 227(75.6) 73(24.33)
dependent” / "insulin-treated) and Type2 (" not insulin-
dependent ")
12 Hypoglycaemia (low blood sugar) is caused by too 187(62.3) 113(37.6)
much food.
13 The medication is more important than diet and exercise to 95(31.66) 205(68.3)
control diabetes.
14 Diabetes often causes poor circulation. 154(51.3) 146(48.6)
15 Cuts and wounds heal more slowly in diabetics. 217(72.3) 83(27.66)
16 Diabetics should take special care when cutting the nails of 204(68) 96(32)
the toes.
17 A person with diabetes should clean a wound with an iodine 168(56) 132(44)
solution and alcohol.
18 The way you prepare your food is as important as the food 211(70.3) 89(29.66)
you eat.
19 Diabetes can damage the kidneys. 217(72.3) 83(27.66)
20 Diabetes can lead to decreased sensitivity of the hands, 188(62.6) 112(37.3)
fingers and feet.
21 Tremors and sweating are signs of high sugar in the blood. 74(24.66) 226(75.3)
22 Frequent urination and thirst are signs of low blood sugar. 300(100)
23 Tight elastic shoes or shocks are not bad for diabetics.. 134(44.6) 166(55.3)
24 A diabetic diet consists essentially of special foods. 180(60) 120(40)
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Table No. 4: Association between level of knowledge regarding diabetes and socio-

demographic variables of the respondents.

Variables Category Knowledge p-value
Poor Fair Good
35-45 7(10.937) 33(51.56) 24(37.5) Association
Age(years) 46-55 17(17.171) 64(64.64) 18(18.181) 0.05
56-65 8(7.547) 71(66.98) | 27(25.471)
66 and above 0 22(70.96) 9(29.032)
Gender Male 6.85 No
14(7.179) 116(59.47) 65(33.333) sssociation
Female 18(17.142) 74(70.47) 13(12.380)
Area of Rural 0.02 Association
residence 11(10.280) | 78(72.897) | 18(16.822)
Urban 21(10.880) 112(58.01) | 60(31.088)
Education llliterate 4(100) No
Upto 10 th 9(13.846) 53(81.538) 3(4.615) association
Intermediate /
diploma 4(9.756) 33(80.487) 4(9.756) 7.61
Graduate 15(13.157) | 76(66.666) | 23(20.175)
Postgraduate 0(0) 24(41.538) | 41(63.076)
Higher than
P.G. 4(36.363) 0 7(63.636)
Occupatio | Unemployed 3(5.172) 51(87.931) 4(6.896) No
n Service 19(13.970) | 69(50.735) | 48(35.294) 1.08 association
Agriculture
6(19.354) 22(70.967) 3(9.677)
Business
fothers 4(5.333) 48(64) 23(30.666)
Family <10,001 11(25.581) | 29(67.441) 3(6.976) Association
income 10,002-
29,972 4(8) 34(68) 12(24) 0.00
29,973-
49,961 10(8.849) 77(68.141) | 26(23.008)
49,962-
74,755 7(15.217) 23(50) 16(34.782)
74,756-
99,930 5(45.454) 6(54.545)
99,931-
1,99,861 22(59.459) | 15(40.540)
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Family Nuclear 54(30.167)
type 25(13.966) | 100(55.85) 0.00 Association
Joint 7(5.785) 90(74.380) | 24(19.834)

Age of 25-35 5(19.230) 15(57.692) | 6(23.076) No
onset of 36-45 10(10.101) | 60(60.606) | 29(29.292) association
diabetes 46-55 17(15.044) | 89(78.761) | 34(30.088)

(vears) 56-65 00 19(67.851) | 9(32.142) 0.758537

66 and above 00 7(100) 00
' Duration of 0-5 19(12.751) | 94(63.087) | 36(24.161) Association
diabetes 6-10 9(8.571) 66(62.857) | 30(28.571)
(days) 11-15 00 21(77.777) | 6(22.222)
16-20 4(80) 00 1(20)
21 and above 0.001203
9(64.285) 5(35.714)

Family Yes 18(12.328) | 90(61.643) | 38(26.027) No
history of No 100(64.935 0.648924 association
diabetes 14(9.090) ) 40(25.974)

CONCLUSION area of residence, family income, family type, and

Knowledge is the most powerful weapon
to fight against diabetes. Information can help
people to find out their risk of diabetes, motivate
them to seek proper treatment and care, and
inspire them to take care of their disease. The
current study showedthat most of the
respondents belonged to the age group of 56-
65 years and 38% of them were graduate. It was
observed that mostof the subjects were
diagnosed at the age of 46-55 years. About 50
% had a positive family history of diabetes. Half
of the respondents were suffering from diabetes
since 5 years. Out of the three hundred
respondents 63% respondents had fair
knowledge followed by 26% and 11% had good
and poor knowledge respectively.Significant
statistical association was found between age,
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duration of diabetes with knowledge of the
respondents and no association between gender,
education, occupation, age of onset of disease,
family history of diabetes with level of knowledge.
It was also observed that knowledge among the
study population is not even in all the aspects of
the disease. The health care centres needs to
develop a comprehensive health education
programme where all aspects of diabetes like,
knowledge about the disease and complications,
self care, self monitoring etc. are covered.
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ABSTRACT

The cropping pattern plays a vital role in determining the level of agricultural production and
reflects the agricultural economy of an area or region. The present study was conducted to know the
changes in the cropping pattern of the Krishna zone of Andhra Pradesh using Markov chain analysis.
Time series data on the area under different crops grown from the period 2000-01 to 2019-20 were
collected and analyzed for 3 districts in the Krishna zone separately for kharif and rabi seasons. The
results revealed that in the Krishna district, blackgram retained 88 per cent in rabi season and just
6.9 per cent in kharif season. Maize as an emerging crop retained more than 75 per cent of its share
in both Krishna and Guntur districts. Redgram being a kharif crop, retained 37.5 per cent in Krishna
district and its retention was more in Guntur (57.5 per cent) and Prakasham district (63.8 per cent).
At zonal level redgram retained 45.1 per cent of its previous acreage. Zonal level retention values
range in between their district wise retention. A high degree of substitutability was noticed between
two commercial crops i.e, cotton and chillies. Paddy has emerged as one of the stable crops in all
three districts irrespective of the season. Greengram’s ability to retain its area was less in the study
period.

Keywords:Cropping pattern, Markov chain analysis, Transitional probability matrix

INTRODUCTION of the green revolution, a drastic change has

: . . n witn in th ricultural rin our
Agriculture is an important sector for bee tnessed in the agricultural secto ou

economic growth in India, as more than 54.6 per
cent of the population is involved in agriculture
and its allied activities for their livelihood. The
share of agriculture in the country’s Gross
Domestic Product (GDP) has fallen from 20
percent in 2003-04 to18.8percentin the year
2021-22 (agricoop.nc.in). With the advancement

country.

This technological development in crop
varieties and other vyield increasing factors of
production influenced the farmers’ behaviour
which has been reflected in the cropping pattern
from the cultivation of low-value crops to high-
value crops in most of the regions.
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Agriculture plays a crucial role in the
economy of Andhra Pradesh. This sector
contributes 34.12percent of the total Gross State
Domestic Product (GSDP) at the current price
and 29.51percent at constant price 2020-
21(apsdps.ap.gov.in). A large segment of the
population is dependent on the agriculture sector
for employment and income. About 66 percent
population of Andhra Pradesh lives in rural areas
and depends on agriculture and the rural non-
farm sector.

A cropping pattern is defined as a
combination of crops that are grown in a
particular geographical area. A change in
cropping pattern means a change in the
proportion of area under different crops.
According to VinayakJalikatti and Poddar
(2019),the long-term changes in the cropping
pattern in any region could be due to the
development of irrigation infrastructure, whereas
the vagaries of nature including rainfall and other
institutional factors led to short term fluctuations
in the cropped area as well as productivity.
These short term and long term changes have a
significant effect on the economic returns to the
farmer as well as on the environment. The
assessment of shifts in cropping patterns in
different regions is crucial for a better insight into
the agricultural development process.In this
context, an attempt to analyze the cropping
pattern in Krishna zone of Andhra Pradesh
through Markov chain analysis for both crop
seasons.

MATERIAL AND METHODS

The present study was conducted for three
districts of Krishna zone viz., Krishna, Guntur and
Prakasham which was purposively selectedas
the zone is covered by Regional Agricultural
Research Station (RARS) activities of Acharya
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N G Ranga Agricultural University (ANGRAU),
Guntur. Time series data on the area under
different crops grown in these districts from the
period between 2000-01and2019-20
werecollected from publications of the Directorate
of Economics and Statistics, Andhra Pradesh.
For kharif and rabi seasons, transition probability
matrix were constructed using Lingo 18.0
software for the three districts individually as well
as for zonal level using Markov chain analysis
(Wali et al., 2019).

MARKOV CHAIN ANALYSIS

Markov chain analysis is an application of
dynamic programming to the solution of a
stochastic decision process that can be
described by a finite number of statesto study
the changesin the cropping pattern (Dayakar
Raoand Parwez, 2005). The Markov process was
used to study the crop shifts in the rayalaseema
region by Ragamalika et al. (2021); Reddy and
LalithAchoth(2000) applied it to know the
dynamics of the cropping pattern changes in
Kerala.

THE MARKOV PROBABILITY MODEL

A stochastic process can analyze a set of
trials or experiments probabilistically. For a
stochastic process, it is assumed that the
movements (transitions) of objects from one state
(possible outcome) to another are governed by
a probabilistic mechanism. A finite Markov
process is a stochastic process whereby the
outcome of agiventrial ‘t' (t=1,2,....T) depends
only on the outcome a preceding trial (t-1) and
this dependence is the same at all stages of the
sequence of trials (Lee et al., 1965). Consistent
with this definition, let the S, represent i"state or
possible outcomes; i = 1,2,...,r , W, represent
the probability that state S,occurs on trial t
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orproportion observed in ftrial ‘t’, in alternative
outcome state i of a multinomial population based
on sample size n, i.e. P_(S,). P, represent the
transitional probability which denotes the
probability that if for any time t the process is in
state S, it moves on next trial to state S,

ie.B(S,t+1/S, ) =FE

ij

P
matrix which denotes transitional probability for

( Pij) represent transitional probability

every pair of states (i, j = 1,2,
has the following properties;

0

< P =

Given this set of notations and definitions
for a first order Markov chain, the probability of
particular sequence S, on trial t and SJ. on trial t +
1 may be represented by

B(Si S 41 = BUSL RS 41 /S ) = Wi B
. (3)

and the probability of being in state j at
trial t + 1 may be represented by

B(S, ) = IL/W,P

ryv~jt—1

or W, = 2 Wi B

1]

The data for study are the proportion of
area under crops. The proportion changes from
year to year as a result of factors like weather,
technology, price and institutional changes efc.
It is reasonable to assume that the combined
influence of these individually systemic forces
approximates to a stochastic process and
propensity of farmers to move from one crop to
another differs according to the crop state
involved. The process of cropping pattern
change may be described in form of matrix P of
first order transition probabilities. The element
Pij indicates the probability of a crop state i in
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one period will move to crop state j during the
following period. The diagonal element P,
measures the probability that the proportion
share of i category of crop will be retained
(Ardeshna and Shiyani, 2013).

Estimation of Transitional Probability Matrix
(TPM)

Equation (4) can be used as a basis for
specifying the statistical model for estimating
transitional probabilities. If errors are
incorporated in equation (4), it becomes,

W, = I, W, W, t — LB + U,

1t
or in matrix form it can be written as,
Y, =X F+U

Where Y, = (T * 1) vectors of observations
reflecting the proportions in cropping pattern j
in time t,

XJ. =( T * r ) matrix of realized values of the

proportions in cropping pattern in time t — 1,

PJ. =( r * 1) vectors of unknown transition

parameters to be estimated and
UJ. = vectors of random disturbances.
Results and Discussion

The results of Markov chain analysis to find
out changes in the direction of different crops in
three districts were presented in the form ofa
transition probability matrix. As the diagonal
elements approach zero, the crops become less
and less stable and as they approach one,
implies that they become more and more stable
over a period of time. In the transition probability
matrix rows showed the previous period acreage
of the corresponding crop lost to the other crops
in the current period and columns indicate area
gained from the other crops (Ramya Lakshmi
and Bhavani Devi (2012); Rajini Devi et al.(2019);
Srivastavaa et al.(2019).
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Table 1: TPM for shift in cropping pattern in Krishna district during kharif season

CROP Paddy | Redgram | Greengram | Blackgram | Cotton | Chillies Groundnut
Paddy 0.967 0.000 0.003 0.005 0.014 0.010 0.002
Redgram 0.000 0.375 0.585 0.041 0.000 0.000 0.000
Greengram 0.081 0.169 0.495 0.104 0.000 0.151 0.000
Blackgram 0.915 0.000 0.017 0.069 0.000 0.000 0.000
Cotton 0.047 0.005 0.000 0.000 0.826 0.116 0.005
Chillies 0.475 0.000 0.000 0.000 0.525 0.000 0.000
Groundnut 0.000 0.000 0.000 0.000 0.590 0.000 0.410

KRISHNA DISTRICT chillies, 10.4 per centto blackgram and 8.1 per

The Transitional Probability Matrix (TPM)
in Table 1 showed the shifts in area of different
crops in Krishna district during kharif season.
Among all the crops, paddy has the highest
retention probability with 96.7per cent. Paddy
was the most important crop with a cultivated
area of 3.15 lakh hectares in the year 2019-20
which contributed 46.65 per cent share in total
Gross Sown Area (GSA) of Krishna district.
Paddy lost its minor share of 1.4 per cent to
cotton, 1.0 per cent to chillies, 0.5 per cent to
blackgram, 0.3 per cent to greengram and 0.2
per cent to groundnut. Paddy had gained 91.5
per cent from blackgram, 47.5 per cent from
chillies, 8.1 per cent from greengram and 4.7
per cent from cotton.

Cotton retained 82.6 per centof its area
and lost 11.6 per cent to chillies, 4.7 per cent to
paddy and 0.5 per cent to redgram and
groundnut each. Cotton grabbed 59 per cent of
its area from groundnut, 52.5 per cent from chillies
and 1.4 per cent from paddy.

Redgram had retainedto an extent of 37.5
per cent. It lost 58.5 per cent to greengram and
4.1 per cent to blackgram. Redgram gained 16.9
per cent from greengram and 0.5 per cent from
cotton. Greengram has a retention capacity of
49.5 per centand it lost 16.9 per cent of its
previous acreage to redgram, 15.1 per cent to
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cent to paddy. Blackgram retained only 6.9 per
cent of its previous area. Meanwhile, it haslost
91.5 per cent of its area to paddy, 11.6 per cent
to chillies and 0.5 per cent to redgram and
groundnut each. On the other hand, it grabbed
an area of 59 per cent from groundnut, 52.5 per
cent from chillies and 1.4 per cent from paddy.

Chillies was the most unstable crop and it
lost mainly to 2 crops i.e, 52.5 per cent to cotton
and 47.5 per cent to paddy. This is in line with
observations made by Ragamalika et.al, (2021)
in which chillies showed instability in the Kurnool
district of Andhra Pradesh during the study
period. Groundnut retained 41 per cent of its
previous acreage and it lost only to one crop
i.e., cotton. It gained minor shares from cotton
(0.5 per cent) and paddy (0.2 per cent).

The results of TPM for a shift in cropping
pattern in Krishna district during rabi season is
presented in Table 2. In AP, blackgram is grown
mostly in Krishna district approximately 42 per
centin the year 2019-20.Blackgram had retained
to an extent of 88.4 per cent. It lost minor shares
of 5.5 per cent to paddy, 2.8 per cent to maize,
2.7 per cent to greengram, 0.4 per cent to
bengalgram and 0.1 per cent to groundnut.
Paddy retained 79.7 per cent of its area and losts
its share to only one crop i.e, blackgram (20.3
per cent). The acreage under blackgram
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Table 2: TPM for shift in cropping pattern in Krishna district during rabi season

CROP Paddy Maize Blackgram | Bengalgram | Greengram [ Groundnut
Paddy 0.797 0.000 0.203 0.000 0.000 0.000
Maize 0.000 0.764 0.233 0.003 0.000 0.000
Blackgram 0.055 0.028 0.884 0.004 0.027 0.001
Bengalgram 0.506 0.000 0.000 0.494 0.000 0.000
Greengram 0.000 0.000 1.000 0.000 0.000 0.000
Groundnut 0.228 0.000 0.000 0.000 0.000 0.772

increased due to non—availability of irrigation for
paddy in rabi season. Maize has retained 76.4
per cent of its previous acreage. Maize had lost
23.3 per centof its area to blackgram, 0.3 per
cent to bengalgram and gained 2.8 per cent from
blackgram. In 1997, pulses and rice were
dominant crops but maize emerged as the third
dominant crop after pulses and rice during 2006
and the second dominant crop in 2016 (Siva
Jyothi et al., 2020).

Groundnut has a retention capacity of 77.2
per cent. Groundnut had lost its share of 22.8
per cent to paddy. Aravind kammar and
Basavaraja (2012) also observed a shift in area
from groundnut to paddy in the Northern
transitional zone during 1991-92 to 2006-07 in
Karnataka. Bengalgram could retain only 49.4
per cent of its area and 50.6 per cent of its area
was substituted by paddy. Greengram was found
highly unstable with no retention. Low retention
of pulses might be due to late release of water

to Krishna western delta resulting in late
transplantation of kharif paddy.

Table 3 presents the results of TPM for a
shift in cropping pattern in Guntur district during
kharif season. Paddy was the most stable crop
among the major crops grown during kharif
seasonin Guntur district. Paddy crop was the
highest retainer (79.2 per cent) while greengram
was unable to retain its previous acreage.
Redgram, greengram and cotton lost its share
of 24.9 per cent, 87.4 per cent and 26.4 per cent
to paddy respectively. Redgram was the another
crop with more than 50 per cent of retention
capability (57.5 per cent). Redgram had lost 24.9
per cent to paddy, 11.2 per cent to greengram
and 6.4 per cent to sesamum.

Cotton showed retention of 46.2 per cent.
This retention of the area was further reinforced
by the gain from greengram (10.6 per cent).
Earlier, the farmers who cultivated greengram

Table 3: TPM for shift in cropping pattern in Guntur district during kharif season

CROP Paddy | Redgram | Greengram [ Blackgram | Cotton | Chillies Sesamum
Paddy 0.792 0.027 0.000 0.001 0.096 0.081 0.002
Redgram 0.249 0.575 0.112 0.000 |  0.000 0.000 0.064
Greengram 0.874 0.000 0.000 0.000 0.106 0.000 0.020
Blackgram 0.000 0.053 0.000 0.246 0.000 0.701 0.000
Cotton 0.264 0.000 0.000 0.003 0.462 0.271 0.000
Chillies 0.000 0.000 0.000 0.000 0.977 0.023 0.000
Sesamum 0.000 0.482 0.232 0.007 0.000 0.000 0.279
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Table 4: TPM for shift in cropping pattern in Guntur district during rabi season

CROP Paddy Jowar Maize Blackgram Bengalgram | Greengram
Paddy 0.477 0.050 0.179 0.253 0.023 0.018
Jowar 0.000 0.711 0.000 0.000 0.000 0.289
Maize 0.130 0.000 0.805 0.000 0.005 0.059
Blackgram 0.020 0.000 0.119 0.791 0.069 0.001
Bengalgram 0.271 0.119 0.353 0.000 0.257 0.000
Greengram 0.000 0.000 0.000 0.412 0.263 0.325

suffered losses due to declined prices by
importing pulses by the central government.

A very low degree of retention was
observed in chillies (2.3 per cent), it lost
completely to cotton (97.7 per cent) due to
disappointing prices of red chilliesin previous
years.

Blackgram retained 24.6 per cent of the
area and it losta major share of 70.1 per cent to
chillies, 5.3per cent to redgram. Blackgram had
gained minor shares from sesamum (0.7 per
cent), cotton (0.3 per cent) and paddy (0.1 per
cent). Sesamum lost its major share to redgram
(48.2 per cent), greengram (23.2 per cent) and
negligible share to blackgram (0.7 per cent) with
retention of 27.9 per cent.

It is inferred from Table 4 that, maize has
the highest retention of 80.5per cent and it lost
13 per cent to paddy, 5.9per cent to greengram
and 0.5 per cent to bengalgram. Maize grabbed

35.3 per cent of its area from bengalgram, 17.9
per cent from paddy and 11.9 per cent from
blackgram. This is in line with observations made
by Siva Jyothi et al. (2020) in which farmers
switched over to maize crop from pulses, which
proved to be remunerative. Jowar retained its
maximum share of 71.1 per cent and it lost its
minor area share of 28.9 per cent to greengram.
It slightly gained 11.9 per cent from bengalgram
and 5 per cent from paddy.

Paddy had retained 47.7 per cent of its
area which is less compared to kharif season
(79.2 per cent). It lost its area shares to blackgram
(25.3per cent), maize (17.9 per cent),
bengalgram (2.3 per cent) and greengram (1.8
per cent). The fall in paddy area may be
attributed to a lack of irrigation water and an
increase in the production cost of paddy
(Ramana and Rekha, 2012).
benefitted by gaining a major share from

However, it was

Table 5: TPM for shift in cropping pattern in Prakasham district during kharif season

CROP Paddy | Redgram | Greengram | Blackgram | Cotton | Chillies Groundnut
Paddy 0.628 0.063 0.061 0.012 0.167 0.055 0.014
Redgram 0.149 0.638 0.000 0.000 0.096 0.106 0.010
Greengram 0.140 0.151 0.563 0.000 0.142 0.000 0.004
Blackgram 0.000 0.000 0.000 0.284 0.000 0.567 0.150
Cotton 0.000 0.124 0.000 0.018 0.701 0.148 0.008
Chillies 0.000 0.899 0.000 0.078 0.000 0.019 0.004
Groundnut 0.000 0.807 0.000 0.000 0.000 0.000 0.193
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bengalgram (27.1 per cent), maize (13 per cent)
and a minor share from blackgram (2 per cent).

Among major pulses, blackgram had an
advantageous position with the retention of 79.1
per cent of its area during the period under study.
About 11 per cent of its area was lost to maize
and marginally to bengalgram, greengram and
paddy crops.

Greengram could retain only 32.5per cent
and it was replaced by other pulses namely
blackgram (41.2per cent) and bengalgram
(26.3per cent). On the other hand, bengalgram
lost its major share of 35.3per cent to maize, 27.1
per cent to paddy and 11.9 per cent to jowar.
Low retention of pulses may be due to
unexpected heavy rains and yellow mosaic virus
(Siva Jyothi et al., 2020).

The transition probability matrix presented
in Table 5 showed the changes in areas of
different crops in Prakasham district during
kharif season. Cotton as one of the major
commercial crop has shown highest stability by
retaining of 70.1 per cent of its previous acreage.
Mean while it lost 14.8 per cent of its area share
to chillies, 12.4 per cent to redgram, 1.8 per cent
to blackgram and 0.8 per cent to groundnut.
Madhuri et al. (2017) also observed shifting of
cotton area to redgram in Arvi tehsil of Wardha
district in Maharashtra.

Paddy had retained 62.8per cent and lost
about 16.7 per cent to cotton and the remaining

area to all the selected crops. But it gained 14.9
per cent from redgram and 14 per cent from
greengram. An area of 63.8 per cent was retained
by redgramand it lost 14.9 per cent of its area to
paddy, 10.6 per cent to chillies, 9.6 per cent to
cotton and 1 per cent to groundnut.

Greengramhad retained 56.3 per cent of
its previous acreage. It has lost 14 per cent to
paddy, 15.1 per cent to redgram, 14.2 per cent
to cotton and a minor share of 0.4 per cent to
groundnut. Blackgram could able to retain only
28.4 per cent of its previous acreage. It lost its
major share of 56.7 per cent to chillies and a
minor share of 15 per cent to groundnut.

Groundnut retains its minor share of 19.3
per cent of its previous acreage and lost a major
share of 80.7 per cent to a single crop i.e,
redgram. However, it gained 15 per cent from
blackgram, 1.4 per cent from paddy, 1 per cent
from redgram and 1.6 per cent from remaining
crops. A very low degree of retention is observed
in chillies (1.9 per cent). Major competing crops
for chillies are redgram and blackgram grabbing
89.9 per cent and 7.8 per cent respectively.

The results of the TPM for crops in
Prakasham district during rabi season are
presented in Table 6. Rabi paddy could retain
80.3 per cent of its area more than kharif paddy
(62.8 per cent). However, it lost its area of 12.8
per cent to blackgram and 6.9 per cent to

Table 6: TPM for shift in cropping pattern in Prakasham district during rabi season

CROP Paddy Jowar Maize Blackgram Bengalgram
Paddy 0.803 0.000 0.000 0.128 0.069
Jowar 0.206 0.179 0.310 0.306 0.000
Maize 0.000 0.569 0.277 £.155 0.000
Blackgram 0.000 0.000 0.000 0.211 0.789
Bengalgram 0.154 0.023 0.022 0.000 0.800
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Table 7: TPM for shift in cropping pattern in Krishna zone during kharif season

CROP Paddy | Redgram | Greengram | Blackgram | Cotton | Chillies | Groundnut | Sesamum
Paddy 0.810 0.040 0.019 0.002 | 0.066 0.058 0.005 0.000
Redgram 0.513 0.451 0.000 0.000 | 0.000 0.036 0.000 0.000
Greengram 0.454 0.033 0.264 0.000 | 0.247 0.000 0.002 0.000
Blackgram 0.000 0.000 0.000 0.426 | 0.000 0.574 0.000 0.000
Cotton 0.151 0.070 0.000 0.000 | 0.603 0.173 0.003 0.000
Chillies 0.000 0.218 0.000 0.000 | 0.683 0.086 0.013 0.000
Groundnut 0.210 0.000 0.000 0.543 | 0.000 0.000 0.011 0.237
Sesamum 0.000 0.000 0.566 0.000 | 0.000 0.000 0.000 0.434

bengalgram. Meanwhile, it gained 20.6per cent
from jowar and 15.4 per cent from bengalgram.

Next to paddy, bengalgram has a high
retention capacity of 80per cent, it gained 78
per cent from blackgram and 6.9 per cent from
paddy. According to Geetha Mohan(2017) and
Suhasini et al.(2009) bengalgram is emerging
as a commercial crop in the black cotton soil of
AndhraPradesh, particularly, because of higher
returns and consistent yields. Besides, a low-
risk crop is suitable in diverse dryland
agroclimatic conditions (Suhasini et al.,
2009).Maize had retained 27.7per cent of its
previous acreage. It has lost its major share of
56.9per cent to jowar and 15.5 per cent to
blackgram. But it gained 31 per cent from jowar
and 2.2per cent from bengalgram.

Blackgram has lost its major share of 78.9
per cent to bengalgram and retained only
21.1per cent of its area. However, it was
benefited by gaining shares from jowar (30.6 per
cent), maize (15.5per cent) and paddy(12.8 per
cent). Only 17.9 per cent of its previous area
was retained by jowar. Major competing crops
for jowar are maize, blackgram and paddy. It
grabbed 56.9 per cent of area from maize and
2.3per cent from bengalgram. Similar results
were observed by Aravind kammar and
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Basavaraja(2012) in which jowar grabbed 83 per
cent from maize.

Table 7 showed the shift in cumulative
cropping pattern in 3 districts of Krishna zone.
In Krishna zone, during kharif season, paddy
retained 81 per cent of its previous acreage.
Paddy retention ranges from 62.8 per cent to
96.7 per cent in each district. Productivity of
paddy is 5250 kg/ha in Andhra Pradesh during
2019-20. Paddy lost 6.6 per cent to cotton, 5.8
per cent to chillies, 4 per cent to redgram, 1.9
per cent to greengram and 0.5 per cent to
groundnut. Next to paddy, cotton had retained
to an extent of 60.3 per cent of its area. It lost
17.3 per cent to chillies, 15.1 per cent to paddy,
7 per cent to redgram and 0.3 per cent to
groundnut. It is clear from the above tables that
cotton lost its area to chillies and paddy mostly.

Redgram hadretained 45.1 per cent of its
area, but lost its major share of 51.3 per cent to
paddy and minor share of 3.6 per cent to chillies.
It gained 21.8 per cent from chillies, 7 per cent
from cotton, 4 per cent from paddy and 3.3 per
cent from greengram. Blackgram lost its major
share to chillies (57.4 per cent) by retaining only
42.6 per cent of its area. On the other hand, it
gained 54.3 per cent from groundnut and 0.2
per cent from paddy. Greengram has retained
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Table 8: TPM for shift in cropping pattern in Krishna zone during rabi season

CROP Paddy | Maize | Jowar | Blackgram | Bengalgram | Greengram | Groundnut
Paddy 0.691 | 0.000 0.000 0.306 0.000 0.000 0.003
Maize 0.000 | 0.656 0.025 0.000 0.193 0.126 0.000
Jowar 0.000 | 0.000 0.704 0.000 0.000 0.296 0.000
Blackgram 0.000 | 0.028 0.021 0.698 0.227 0.017 0.009
Bengalgram | 0.382 | 0.241 0.000 0.000 0.376 0.000 0.000
Greengram 0.000 | 0.000 0.000 1.000 0.000 0.000 0.000
Groundnut 0.859 | 0.000 0.000 0.000 0.000 0.000 0.141

26.4 per cent of its area by losing 45.4 per cent
to paddy, 24.7 per cent to cotton, 3.3 per cent to
redgram and 0.2 per cent to groundnut.

Sesamum being an oilseed crop, gained
23.7 per cent from another oilseed crop i.e,
groundnut. Meanwhile, it lost 56.6 per cent to
greengram by retaining 43.4 per cent. Only 1.1
per cent of groundnut area was retained and lost
54.3 per cent to blackgram, 21 per cent to paddy
and 23.7 per cent to sesamum. It gained only
minor shares from chillies (1.3 per cent), paddy
(0.5 per cent), cotton (0.3 per cent) and
greengram (0.2 per cent). As we see in all the
districts separately, chillies had very low retention
probability, same case with zonal level also.
Chillies retained 8.6 per cent and lost 68.3 per
cent to cotton, 21.8 per cent to redgram and 1.3
per cent to groundnut.

Itis clear from Table 8 thatjowar has a high
retention probability (70.4 per cent) among the
selected crops. It lost 29.6 per cent to only one
crop i.e, groundnut. It gained minor shares from
maize (2.5per cent) and blackgram (2.1per cent).
Next to jowar, blackgram has more retention i.e,
69.8 per cent and it lost 22.7 per cent to
bengalgram, 2.8 per cent to maize, 2.1 per cent
to jowar, 1.7 per cent to greengram and 0.9 per
cent to groundnut.

Paddy had retained to an extent of 69.1
per cent of its previous acreage. It lost 30.6 per
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cent to blackgram and 0.3 per cent to groundnut.
65.6 per cent of its area was retained by maize
and lost 19.3 per cent to bengalgram, 12.6 per
cent to greengram and 2.5 per cent to jowar. But
it gained 24.1 per centfrom bengalgram and 2.8
per centfrom blackgram.

Bengalgram with 37.6per cent of retention
capacity gained shares from blackgram (22.7per
cent) and maize (19.3per cent), but 38.2 per cent
of its area was lost to paddy and 24.1 per cent
to maize. Only 14.1 per cent of the area was
retained by groundnut and lost 85.9 per cent to
paddy. Greengram was highly unstable and it lost
100 percent to blackgram. This loss was
compensated by gaining from jowar (29.6per
cent), maize (12.6per cent) and blackgram (1.7
per cent).

CONCLUSION

Paddy retained more than 50 per cent of
its area in both kharif and rabi seasons in all the
3 districts, except in Guntur during rabi season.
In Krishna district during kharif season, paddy
and cotton are more stable, whereas chilli was
most unstable crop where it lost mainly to paddy
and cotton. Coming to rabi season in Krishna
district, almost all crops shower retention capacity
except greengram. Blackgram has more
retention in rabi season (88.4 per cent) than in
kharif season (6.9 per cent) in Krishna district.
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Greengram lost a major area to paddy in Guntur
in kharif season whereas in rabi season it lost to
other pulses. In Guntur district, greengram could
not able to retain its area in kharif season but in
rabi season, it retained 32.5per cent of its
previous acreage. Maize and jowar are the most
stable crops in Guntur districtduring rabi season.
Cotton is the most stable crop in Prakasham
district during kharif season. Most of the area of
chillies and groundnut was grabbed by redgram
in Prakasham district. Paddy and bengalgram
showed more than 80 per centof stability in
Prakasham district during rabi season. Almost
similar findings were observed at the zonal level
also. Redgram was more stable in Guntur and
Prakasham districts than in Krishna district.
Maize retained 76.4 per cent in Krishna district
and 80.5 per cent in Guntur district whereas in
Prakasham district it retained only 27.7 per cent
of its previous acreage. Coming to zonal level it
retained 65.6 per cent of its previous
acreage.The shift from one crop to various crops
is a sign of crop diversification. Hence, there is
huge scope for decision-making in the selection
of crops to put agriculture on the pedestal of
sustainable growth which needs to be considered
in research and extension programs.

POLICY IMPLICATIONS

¥ Paddy consumes about 2500 litres of water
per kg of grain produced. It is imperative to
the farming community not to take up paddy
cultivation in the rabi season. In the present
scenario of having more than required rice
stocks for consumption, the cultivation of
paddy may be curtailed in less water
available ecosystems in Krishna zone.The
possibilities of increasing the area in rabi
season for pulses and vegetables should
be explored.
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The major source of irrigation in Krishna
zone is the canal networks of Krishna
western delta and Nagarjuna Sagar right
canal. Sometimes, late release of canal
water results in the late kharif season.
Receiving of irrigation water by the tail end
area farmers is a considerableproblem.
Hence Irrigated Dry (ID) crops like maize,
jowar, pulsesetc., may be promoted in tail-
end regions of canals.

Greengram was unstable during the study
period; hence price support mechanism can
make farmers to boost up its cultivation.

Promote intensive cultivation of chilli,
cotton, redgram
irrigationtechniques to minimize water
consumption, increase the yield and quality
of the produce.

using micro-

Though chilli is a major commercial crop in
Krishna zone, its retention of area was
found less. Under the One District One
Product (ODOP) initiative, Guntur district of
Andhra Pradesh has declared chilli as its
signature product. The below said initiatives
need to be encouraged with the involvement
of Farmer Producer Organization

(FPO)especially the marketing side i.e.,

Encouraging value-added products like chilli
powder, sauce, pickles etc.,

Production of organic chilli

Contract agreements with timely supply of
products may promote commercial
cultivation through shade nets, poly houses,
greenhouses etc.,

Growing some specific varieties for a
specific purposes like Byadgi variety for
natural colouring agent; chilli black pear,
medusa varieties as ornamental chilli etc.,
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»  Growing exportable cultivars on consumer
choice of the destination countries.

»  Disease / pest-resistant varieties can retain
the crop area as being evident from
blackgram due to the development of Yellow
Mosaic Virus (YMV) resistant varieties in the
zone. Hence suitable cultivars resistant to
existing devastative pests/diseases should
be developed to promote commercial crops
like cotton, turmeric and chillies.

»  Organic cotton cultivation may be promoted
because of its increasing demand coupled
with the consistent price rise in the world
market.

¥  There is an increasing demand throughout
the world for organic foods. Hence efforts are
required to promote organic crop
production,majorly through contract farming,
whichwill enable favourable changes by
converting the inorganic input-intensive
agriculture to sustainable and commercial
agriculture.

»  Recent mechanization initiatives incotton
and chilli cultivation like Automated Cotton
Picking Robot (ACPR) using image
processing, aerial application through
agricultural drones etc., may be promoted
through FPO to enable collective utilization
of these expensive technologies.
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