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Abstract

The detritivorous soil microarthropods are ideal models for environmental health
assessment, but only scant information is available on their biomarker potentials
against xenobiotics in the tropical edaphic conditions. This microcosm study has 
estimated short-term biochemical changes with respect to tissue nutrient levels and
digestive enzyme activities in a near cosmopolitan Col- lembola Cyphoderus javanus
Borner exposed to coal fly ash amended lateritic cropland soil (5% and 20% w/w i.e.
50 or 200 t∙ha−1), and cadmium sulphate (200 mg/kg soil)/lead acetate (200 mg/kg 
soil) treated sterile river sand. The levels of total tissue carbohydrates, proteins, free
ami- no acids, and lipids decrease within 7 days in the specimens of fly ash (P < 0.001) 
and heavy metals treated sets. The α-amylase, cellulase and protease activities are also
down regulated by fly ash and heavy metals (P < 0.05). It is also observed the
enzyme: protein ratios increase in fly ash treated sets and decrease in lead and
cadmium treated specimens. Specimens in treated sets ac- cumulate high levels of lead 
and cadmium within 15 days, which decrease subsequently probably due to elimination 
through frequent moulting. These short-term biochemical effects in Collembola have
applied importance in C. javanus, as biomarkers for quick ecotoxicological
assessments in the tropical agricultural soils.
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Abstract. It is commonly believed that melting occurs when mean square displacement (MSD) of a particle
of crystalline solid exceeds a threshold value. This is known as the Lindemann criterion, first introduced in the
year of 1910 by Lindemann. However, Chakravarty et al., demonstrated that this common wisdom is inade-
quate because the MSD at melting can be temperature dependent when pressure is also allowed to vary along
the coexistence line of the phase diagram [Chakravarty C, Debenedetti P G and Stillinger F H 2007 J. Chem.
Phys. 126 204508]. We show here by extensive molecular dynamics simulation of both two and three dimen-
sional polydisperse Lennard-Jones solids that particles on the small and large limits of size distribution exhibit
substantially different Lindemann ratio at melting. Despite all the dispersion in MSD, melting is found to
be first order in both the dimensions at 5–10% dispersity in size. Sharpness of the transition is incommensu-
rate with the different rate of growth of MSD. The increased MSD values of smaller particles play a role in the
segregation of them prior to melting.

Keywords. Lindemann criterion of melting; Lennard-Jones polydisperse solids; mean square displacement;
temperature induced melting transition; bond order parameter

1. Introduction

Lindemann criterion holds a special place in the study
of melting transition and is often believed to provide
a universal criterion for the solid-liquid transition. The
Lindemann criterion is the only accessible predic-
tive tool in understanding the solid-liquid coexistence
conditions for several transition metals and geolog-
ically significant minerals possessing high melting
temperatures.1,2

The Lindemann criterion states that during the melt-
ing of solid, the average amplitude of thermal vibrations
increases with increase in temperature and melting
occurs if the amplitude of vibration becomes large
enough for displacements of atoms compared to their
equilibrium lattice sites which are in the range of one-
half of the interatomic distance.3 Later, the Lindemann
parameter was modified by Gilvarry4 by considering
the root-mean-square amplitude of thermal vibrations.
According to Gilvarry, the melting process is initiated
when the fraction of root-mean-square amplitude and
interatomic distance reaches a critical value. The criti-
cal value of Lindemann parameter is basically taken as
0.1, but the value may vary ranging from 0.05 to 0.20
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depending on the factors such as nature of inter-particle
interactions, magnitude of quantum effects and crystal
structure.5 7

In a recent study,8 in order to investigate the effect
of polydispersity on the solid-liquid transition of the
Lennard-Jones system,9 we have analyzed the model
system using numerical simulations in three distinct
ways, namely, by applying the empirical Lindemann
criterion of melting, the inherent structure analysis10 12

and the empirical Hansen-Verlet criterion of freezing.13,14

The result has been shown to be consistent with one
another, both qualitatively and quantitatively, in pre-
dicting the existence of terminal polydispersity, beyond
which freezing is not possible.9 The Lindemann ratio,
obtained from RMSD, has been shown to be intensely
dependent on temperature.8

Unlike a one component system, polydisperse liquid
or solid possesses distinguishable molecules having dif-
ferent sizes. Therefore, the fascinating characteristics
related to the contribution of particles on the small and
large limits of size distribution of polydisperse solids
(which will be termed henceforth as small and big par-
ticles, respectively) during the melting transition is a
matter of great interest15 in the field of polydispersity.

In addition to its fundamental interest, a polydisperse
system is of considerable industrial and technologi-
cal importance. Over the last few decades polydisperse
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ABSTRACT: Hydrated ions are ubiquitous in environmental and biological media.
Understanding the perturbation exerted by an ion on the water hydrogen bond
network is possible in the nanodrop regime by recording vibrational spectra in the
O−H bond stretching region. This has been achieved experimentally in recent years
by forming gaseous ions containing tens to hundreds of water molecules and
recording their infrared photodissociation spectra. In this paper, we demonstrate the
capabilities of a modeling strategy based on an extension of the AMOEBA polarizable
force field to implement water atomic charge fluctuations along with those of
intramolecular structure along the dynamics. This supplementary flexibility of
nonbonded interactions improves the description of the hydrogen bond network and,
therefore, the spectroscopic response. Finite temperature IR spectra are obtained
from molecular dynamics simulations by computing the Fourier transform of the
dipole moment autocorrelation function. Simulations of 1−2 ns are required for
extensive sampling in order to reproduce the experimental spectra. Furthermore,
bands are assigned with the driven molecular dynamics approach. This method package is shown to compare successfully with
experimental spectra for 11 ions in water drops containing 36−100 water molecules. In particular, band frequency shifts of the
free O−H stretching modes at the cluster surface are well reproduced as a function of both ion charge and drop size.

1. INTRODUCTION

Hydrated ions are ubiquitous in environmental and biological
media. The regulation of many metabolic and cellular processes
in vivo requires hydrated ions such as Na+, K+, Cl−, and SO4

2− as
nutriments. Their action usually requires partial or total ion
dehydration. This has been extensively characterized for signal
transduction, which involves crossing membrane channels.1,2

This principle can also be used to devise ion-selective synthetic
nanopores, such as graphene pores,3,4 with high potential for
water filtration and other applications. In the atmosphere,
several hydrated ions, including sulfate, are present due in part
due to anthropic emissions.5 They are known to be involved in
particle nucleation en route to aerosol particles and cloud
condensation nuclei,6 leading to acidity changes and eventually
to acid rains and other climate perturbations. Understanding
water’s hydrogen bond network and how it is perturbed by the
presence of ions is therefore of paramount importance. A large
body of results has been obtained on bulk salted water
solutions. At the other end of the size spectrum, small ion−
water clusters have been extensively considered as they may be
generated in a relatively routine way and because they lend
themselves to modeling by highly accurate quantum mechanical
methods. There also exists an intermediate regime, in which

one ion is surrounded by tens to hundreds of water molecules,
which allows studying of the transition from molecular to bulk
properties. In addition, such nanodrops of growing size can
mimic the surface and interface of bulk solutions. Thus, this
regime may be of great interest. It has only been recently,
however, that several research groups have been able to form
and structurally characterize such species experimentally.7−26

Their modeling is also a challenge, and it is the purpose of the
present paper to put forth a method to generate infrared (IR)
spectra of such species as vibrational spectroscopy has been
shown to carry rather useful structural information.7−23

Information on the dynamics of hydrated or microhydrated
ions can be achieved with molecular dynamics (MD)
simulations at the DFT level or using classical force fields.
With the aim of understanding the structure and the dynamics
of large hydrated systems, DFT MD may be restrained to a
partial description due to the limitation in the simulation time.
Moreover, we will show in this work that the convergence of
vibrational spectra requires extensive sampling and therefore a
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indicates that with its 3d104s04p0 electronic configura-
tion, Zn2+ should be prone to 4-coordination with 2-elec-
tron donating ligands. In order to minimize ligand–ligand 
repulsion, a tetrahedral arrangement (or distorted tetrahe-
dral if the four ligands are not the same) is expected [1]. 
This is indeed the case in solid inorganic salts such as ZnO2 
and ZnS2. It is also the most common coordination in the 
numerous zinc protein sites for which crystallographic data 
are available;however, 5- and 6-coordinations are also fre-
quent. While ca. 80 % of zinc structural sites are 4-coordi-
nated, less than 60 % of catalytic sites fall in this category, 
with ca. 30 and 10 % involving 5- and 6-coordinations, 
respectively. Even more strikingly, zinc is known to bear 
6-coordination in dilute aqueous solution of, for example, 
Zn(ClO4)2 or ZnI2 [2, 3]. This emphasizes that zinc coor-
dination is not determined solely by valence orbitals and 
electron count.

In order to better understand the coordination of zinc by 
water, there have been many computational studies of the 
stepwise hydration of Zn2+ in the gas phase. The most reli-
able have shown that small clusters such as Zn2+(H2O)6 
can adopt 6+ 0, 5+ 1 or 4+ 2 structures with very simi-
lar energies [4–9]. Here in “n+ m”, n is the number of 
molecules directly interacting with the metal ion, while m 
is the number of molecules in the second solvation shell. 
The energy window for the lowest energy 6+ 0, 5+ 1 and 
4+ 2 structures is so small that a definitive conclusion as 
to which metal coordination is preferred is rather difficult 
to draw. This “competition” extends to several other clus-
ter sizes. However, modeling of Zn2+ in liquid water has 
converged unambiguously to 6-coordination [9–14]. Thus, 
let alone biological environments, the coordination num-
ber (CN) of hydrated zinc appears as an elusive quantity. 
In particular, how does CN change from 4, 5 or 6 in small 
clusters to 6 in the bulk?

Abstract The micro-hydration of Zn2+ was studied for 
clusters growing from 6 to 216 water molecules to derive 
the zinc coordination number as a function of cluster size 
and temperature and to bridge the gap between recent 
experimental values determined in the gas phase and in 
solution. The increasing complexity of potential energy sur-
faces requires extensive exploration, which was addressed 
using polarizable molecular dynamics with extended time 
frames. Reliable coordination numbers have been obtained 
for the different cluster sizes, at temperatures ranging from 
200 to 300 K. The results provide a global picture of a 
growing coordination number as a function of cluster size, 
from ca. 5 for small gaseous clusters to 6 in bulk water.

Keywords Hydration of Zn(II) · Molecular dynamics · 
Polarizable force field · Coordination number · 
Temperature effect

1 Introduction

The coordination of the zinc ion is a notoriously delicate 
issue. A simple argument based on the 18 electron rule 

Published as part of the special collection of articles “CHITEL 
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Abstract. In recent era of globalization, the world is perceiving an alarming rise in its energy con-
sumption resulting in shortage of fossil fuels in near future. Developing countries like India, with 
fast growing population and economy, is planning to explore among its existing renewable energy 
sources to meet the acute shortage of overall domestic energy supply. For balancing diverse ecologi-
cal, social, technical and economic features, selection among alternative renewable energy must be 
addressed in a multi-criteria context considering both subjective and objective criteria weights. In 
the proposed COPRAS-Z methodology, Z-number model fuzzy numbers with reliability degree to 
represents imprecise judgment of decision makers’ in evaluating the weights of criteria and selection 
of renewable energy alternatives. �e fuzzy numbers are defuzzi�ed and renewable energy alterna-
tives are prioritized as per COmplex PropoRtional ASsessment (COPRAS) decision making method 
in terms of signi�cance and utility degree. A sensitivity analysis is done to observe the variation in 
ranking of the criteria, by altering the coe�cient of both subjective and objective weight. Also, the 
proposed methodology is compared with existing multi-criteria decision making (MCDM) methods 
for checking validity of the obtained ranking result.

Keywords: renewable energy, multi-criteria decision making (MCDM), COPRAS, Z number, 
fuzzy number.

JEL Classi�cation: D81, D70, P48, Q20, Q30.

Introduction

In the present world, fossil fuels such as coal, gasoline and natural gas obtained as per natural 
processes are primary sources of global energy (81% of total energy mix), that presume to 
run out in following years (EC 2003). Many countries are undergoing collaborative research 
in developing safe, low-cost, sustainable alternative energy sources to replace traditional 
sources of energy thereby reducing greenhouse gas emissions. India accounts 17% of the 
world’s population but only 4% of the world primary energy consumptions (Pillai, Banerjee 



Accepted Manuscript

Evaluating the performance of suppliers based on using the R'AMATEL-MAIRCA
method for green supply chain implementation in electronics industry

Kajal Chatterjee, Dragan Pamucar, Edmundas Kazimieras Zavadskas

PII: S0959-6526(18)30505-5

DOI: 10.1016/j.jclepro.2018.02.186

Reference: JCLP 12133

To appear in: Journal of Cleaner Production

Received Date: 7 April 2017

Revised Date: 13 December 2017

Accepted Date: 18 February 2018

Please cite this article as: Chatterjee K, Pamucar D, Zavadskas EK, Evaluating the performance of
suppliers based on using the R'AMATEL-MAIRCA method for green supply chain implementation in
electronics industry, Journal of Cleaner Production (2018), doi: 10.1016/j.jclepro.2018.02.186.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Evaluating the performance of suppliers based on using the R’AMATEL-MAIRCA 
method for green supply chain implementation in electronics industry 

 
Kajal Chatterjee1, Dragan Pamucar2, Edmundas Kazimieras Zavadskas3, * 

 

1Department of Mathematics, National Institute of Technology, Durgapur 713209, India 
2Department of Logistics, University of Defence, Belgrade 11000, Serbia 

3Institute of Sustainable Constructions, Vilnius Gediminas Technical University, Sauletekio al. 
11, LT-1022, Vilnius, Lithuania 

Emails: kajalchatterjee7@gmail.com1 , pamucar@gmail.com2, edmundas.zavadskas@vgtu.lt3, * 

 

* Corresponding author 
 

 
Abstract 
Green supply chain management (GSCM) practitioners striving to create a healthier environment should 
first identify the key criteria pertinent to the process of implementing the appropriate sustainable policies, 
particularly in the most rapidly growing electronics sector. Since the decision to adopt GSCM in 
electronics industry is associated with the use of a multi-dimensional approach involving a number of 
qualitative criteria, the paper examines GSCM based on fifteen criteria expressed in five dimensions and 
proposes a multi-criteria evaluation framework for selecting suitable green suppliers. In real life, the 
assessment of this decision is based on vague information or imprecise data of the expert’s subjective 
judgements, including the feedback from the criteria and their interdependence. Thus to treat this 
uncertainty in multi-criteria decision making (MCDM) process, rough number (RN) is applied here using 
only the internal knowledge in the operative data available to the decision-makers. In this way objective 
imprecisions and uncertainties are used and there is no need to rely on models of assumptions. Instead of 
different external parameters in the application of RN, the structure of the given data is used. Therefore, 
the identified components are incorporated into a rough DEMATEL-ANP (R'AMATEL) method, 
combining the Decision Making Trial and Evaluation Laboratory Model (DEMATEL) and the Analytical 
Network Process (ANP) in a rough context. In group decision making, a rough number-based approach 
aggregates individual judgements and handles imprecision. The structure of the relationships between the 
criteria expressed in different dimensions is determined by using the rough DEMATEL (R’DAMETEL) 
method and building an influential network relation mapping, based on which the rough ANP (R’ANP) 
method is implemented to obtain the respective criteria weights. Then, the rough multi-attribute Ideal-
Real Comparative Analysis (R’MAIRCA) is used to evaluate the environmental performance of suppliers 
for each evaluation criterion. Sensitivity analysis is performed to determine the impact of the weights of 
criteria and the influence of the decision maker’s preferences on the final evaluation results. Applying the 
Spearman’s rank correlation coefficient and other ranking methods, the stability of the alternative 
rankings based on the variation in the criteria weights is checked. The results obtained in the study show 
that the proposed method significantly increases the objectivity of supplier assessment in a subjective 
environment. 
 
Keywords: Green supply chain (GSC), MCDM, Rough number, DEMATEL, ANP, MAIRCA  

 
1. Introduction 

In recent decades, manufacturing companies have been shifting their purchasing trends towards green 
suppliers, following the environmental standards and regulations proposed by the government, as well as 
the environmental protection perceptions among consumers, thus keeping only low cost-based high 
quality products (Genovese et al. 2010). This means that a green supplier assessment system is required 
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1 Introduction

The process of selecting alternatives in an MCDM problem 
assumes that the psychology and behaviour of the decision 
makers (DM) will be completely rational (Fan et al. 2013). 
However, in reality, experts with different backgrounds 
and levels (granules) of knowledge use linguistic terms to 
represent their evaluation and also their preferences while 
solving qualitative group decision-making problems (Xu 
and Wang 2016). In general, data and information found in 
the judgment of the experts are subjective as well as inher-
ently non-numeric, and this gives rise to uncertainty and 
impreciseness with non-probabilistic characteristics (Mar-
tinez et al. 2007).

For mitigating these imprecision, fuzzy set-based deci-
sion-making algorithms are developed (Chen and Chang 
2016). However, in reality, the boundary and membership 
functions of fuzzy sets are difficult to determine due to 
their dependency on quantitative information (Zhu et al. 
2015a). Considering this deficiency of fuzzy sets, the 
concept of interval numbers is introduced in the context 
of decision-making problems. Formation of interval num-
bers requires only a minimum amount of information. 
Nevertheless, both fuzzy sets and interval numbers need 
auxiliary information, such as a predetermined member-
ship function and the interval boundary, with rough sets 
addressing only a part of them. Rough numbers, having 
lower and upper limits with rough boundary intervals, 
depend only on original data avoiding any auxiliary infor-
mation (Guo and Zhang 2008). Hence, rough numbers 

Abstract In most of the real-life problems, data and infor-
mation in a decision-making process are usually imprecise 
because of the experts’ subjective judgments. The main 
problem arises when experts, who have different degrees of 
knowledge about multiple conflicting criteria and alterna-
tives, deal with uncertain data in diverse forms. There are 
two aims of this paper, the first of which is to define granu-
lation of linguistic information in heterogeneous (fuzzy, 
rough, interval, or crisp) contexts for group decision-mak-
ing problems, and thereby its transformation in a homog-
enous perspective using unified granular number. Second, 
based on the above, we construct a flexible multi-criteria 
decision-making (MCDM) framework integrating the Ana-
lytic Hierarchy Process and the VIKOR compromise-rank-
ing method in a granular domain, so that we can evaluate 
the weights of different criteria and hence prioritize alter-
natives. This methodology can applied in prioritizing risk 
responses to manage green supply chain risks from the per-
spective of a plastic manufacturing company. The robust-
ness of our model is monitored by conducting a sensitivity 
analysis on alternative ranking. In addition, to establish the 
stability and validity of the ranking result, a comparative 
analysis of ranking by the proposed method is done with 
other existing MCDM methods in uncertain domains, 
namely, through the use of crisp, grey, and rough sets.
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Abstract: Multi-stakeholder based construction projects are subject to potential risk factors due
to dynamic business environment and stakeholders’ lack of knowledge. When solving project
management tasks, it is necessary to quantify the main risk indicators of the projects. Managing these
requires suitable risk mitigation strategies to evaluate and analyse their severity. The existence of
information asymmetry also causes difficulties with achieving Pareto efficiency. Hence, to ensure
balanced satisfaction of all participants, risk evaluation of these projects can be considered as
an important part of the multi-criteria decision-making (MCDM) process. In real-life problems,
evaluation of project risks is often uncertain and even incomplete, and the prevailing methodologies
fail to handle such situations. To address the problem, this paper extends the analytical network
process (ANP) methodology in the D numbers domain to handle three types of ambiguous
information’s, viz. complete, uncertain, and incomplete, and assesses the weight of risk criteria.
The D numbers based approach overcomes the deficiencies of the exclusiveness hypothesis and
completeness constraint of Dempster–Shafer (D–S) theory. Here, preference ratings of the decision
matrix for each decision-maker are determined using a D numbers extended consistent fuzzy
preference relation (D-CFPR). An extended multi-attributive border approximation area comparison
(MABAC) method in D numbers is then developed to rank and select the best alternative risk response
strategy. Finally, an illustrative example from construction sector is presented to check the feasibility
of the proposed approach. For checking the reliability of alternative ranking, a comparative analysis
is performed with different MCDM approaches in D numbers domain. Based on different criteria
weights, a sensitivity analysis of obtained ranking of the hybrid D-ANP-MABAC model is performed
to verify the robustness of the proposed method.

Keywords: D number; analytical network process (ANP); multi-attributive border approximation
area comparison (MABAC); multi-criteria decision-making (MCDM); consistent fuzzy preference
relation (CFPR); construction project risk; risk management

1. Introduction

In recent decades, projects in the construction sector have become more complex and risky
due to the diverse nature of activities among global companies [1–8]. In comparison to other
sectors, construction projects encounter more risks due to uncertainties occurring because of various
construction practices, working conditions, mixed cultures and political conditions between host and
home countries [9–12]. Thus, in this scenario, risk management can be considered a vital part of the
decision-making process in construction projects. These projects may involve many stakeholders,
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A B S T R A C T

Third-party logistics (3PL) has involved a significant response among researchers and practitioners in the recent
decade. In the global competitive scenario, multinational companies (MNCs) not only improve quality of service
and increase efficiency, but also decrease costs by means of 3PL. However, the assessment and selection of 3PL is
a very critical decision, comprising intricacy due to the existence of various imprecisely based criteria. Also,
uncertainty is an unavoidable part of the information in the decision-making process and its importance in the
selection process is relatively high and needs to be carefully considered. Consequently, incomplete and in-
adequate data or information may occur among other various selection criteria, which can be termed as a multi-
criteria decision-making (MCDM) problem. Interval rough numbers are very flexible to model this type of un-
certainty occurring in MCDM problems. Thus this paper presents a new integrated interval rough number (IRN)
approach based on the Best Worst Method (BWM) and Weighted Aggregated Sum Product Assessment (WASPAS)
method along Multi-Attributive Border Approximation area Comparison (MABAC) to evaluate 3PL providers.
The hybrid IRN-BWM based methodology is used for computing the priority weights of criteria while IRN-
WASPAS and IRN-MABAC are employed to achieve the final ranking of 3PL providers. A computational study is
performed to illustrate the proposed approaches along with a sensitivity analysis on different sets of criteria
weight coefficient values to validate the stability of the suggested methodology. Consequently, a comparative
analysis of the obtained ranking results with their crisp and fuzzy counterparts is also conducted for checking the
reliability of the proposed approach. The results display stability in ranking of alternative results and prove the
feasibility of the proposed approach to handle MCDM problems with IRNs.

1. Introduction

With the pressure of increasing costs of enterprises and globalisation
of business activities, logistics outsourcing has become an essential part
of any business. Thus, in a viable market environment, it is necessary
for a globally based firm to be competitive while working in close co-
operation with its associate stakeholders. Enterprises often subcontract
their logistics to a third-party logistics provider in order to concentrate
on their main business (Guarnieri, Sobreiro, Nagano, & Marques
Serrano, 2015). The term “third-party logistics” (3PLs) appeared in
journal papers and conferences in the early 1980s (Leuschner, Carter,
Goldsby, & Rogers, 2014). Recently, increased focus by researchers on
the 3PL supplier selection problem has produced a concrete literature
base for academic research (Aguezzoul, 2014; Leuschner et al., 2014;
Marasco, 2008; Selviaridis & Spring, 2007). The majority of global

companies are endorsing and broadly relying on 3PL providers for
budget reduction, upgraded strategic alliance and expertise, flexibility
in reengineering logistics, access to new technologies and building
virtual enterprises focusing on firms’ core business (Aguezzoul, 2014;
Solakivi, Töyli, & Ojala, 2013). But in recent times, increasing supply
chain complication, global competition, customer demand for time-
liness and flexibility of goods/services delivery have drastically
changed the role of 3PLs (Keshavarz Ghorabaee, Amiri, Zavadskas, &
Antucheviciene, 2017). Since global firms opt for performing functions
related with increasing returns, 3PLs providers cut clients’ (firms) op-
erational costs, transportation lead time, thus providing provision of
quality customer service level (Jarzemskis, 2006). But additionally, 3PL
providers also spread the financial risks by outsourcing to sub-
contractors since investment in logistics assets usually needs initial
overhead expenditure (Vasiliauskas & Jakubauskas, 2007). In this
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Abstract
This paper presents a novel Multiple Criteria Decision Making methodology for assessing and pri-

oritizing medical tourism destinations under uncertainty. A systematic evaluation and assessment

approach is proposed by incorporating analytic hierarchy process and multi‐attributive border

approximation area comparison methods in the rough environment. Rough number is used to

aggregate individual judgements of decision makers and express their true perception to handle

vagueness without any prior information. Rough analytic hierarchy process analyses the relative

importance of criteria based on their preferences given by experts, whereas roughmulti‐attributive

border approximation area comparison evaluates the alternative sites based on the criteria

weights. A case study of prioritizing different sites (cities) in India for medical tourism services is

shown to demonstrate the applicability of the proposed method. Among different criteria “quality

of infrastructure of healthcare institutions” is observed to be the most important criteria in our

analysis, followed by “supply of skilled human resources and new job creations” and “Chennai” is

found to be the bestmedical tourism site in India. Finally, a comparative analysis and validity testing

of the proposed method are elaborated, and the methodology provides a standard for select med-

ical tourism sites on the basis of different criteria.

KEYWORDS

medical tourism, multiple criteria decision‐making, R‐AHP, R‐MABAC, rough number

1 | INTRODUCTION

Globalization of trade in the health service has given a new form in the tourism sector as “medical tourism (MT)”. High costs of treatment, long

waiting time, affordability of airfares to overseas destinations, and favourable exchange rate change are crucial factors related to the fast growth

of MT (Connell, 2006). The rapid development of medical infrastructure with international standards and certification and easy availability of skilled

manpower bring South Asian countries such asThailand, Malaysia, and India at the forefront in this area. The Indian health care sector contributes

about $23 billion (nearly 4% of GDP) to the Indian economy, which is 13% of annual growth, with “foreign exchange earning around $1.8 billion”

(Chakraborty, 2006). Being one of the fastest growing sectors in global market MT attracts the attention of different researchers in recent years

(Pan & Chen, 2014; Sarantopoulos, Vicky, & Geitona, 2014). Thus, the problem can be solved by taking into account the preference of stakeholders

in assessing the weights of multiple criteria set, namely, medical infrastructure, logistics service providers, and government policy along with city

demography. Therefore, medical destination selection and evaluation problem can be considered as a complex multi‐criteria decision‐making

(MCDM) problem, which concerns many factors ranging from customer needs to the resource constraints of the enterprise. Wong, Velasamy,

and Arshad (2014) undergo an strengths, weaknesses, opportunities, and threats (SWOT) analysis of MT presenting a case study of Malaysia,

Thailand, Singapore, and India. Tourani, Tabibi, Tofighi, and Zadeh (2010) analysed the opportunities and challenges with a multiattribute deci-

sion‐making approach of MT in Iran. Büyüközkan and Çifçi (2012) examined and determined the key components of health care sector inTurkey,

with the aid of strategic analysis of service quality methodology combining fuzzy analytic hierarchy process (AHP) and fuzzy technique for order per-

formance by similarity to ideal solution (TOPSIS). Chen (2012) applied decision‐making and trial evaluation laboratory (DEMATEL) for MT develop-

ment in Taiwan. Debata, Patnaik, Mahapatra, and Sreekumar (2012) proposed an integrated approach for service quality improvement of MT in
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Abstract. In the past decade, global competition are forcing �rms to increase their level of out-
sourcing for raw or semi-�nished products and building long term relationship with their supply 
chain partners. �e objective is to present a wide-ranging decision making technique for ranking 
supplier alternatives in view of the e�ect of selected criteria. A proposed method is developed 
aiming the usage of Fuzzy-Rasch model applying  ve point Likert scale for criteria weight and Grey 
based COmplex PRoportional ASsessment (COPRAS-G) method for evaluating and ranking the 
potential alternatives, as per criteria. �e applicability of the induced methodology for supplier 
selection problem in all environments is shown through a case study in telecommunication sector. 
A sensitivity analysis is performed based on changing weight patterns of criteria to show the stability 
in ranking result of the proposed approach. Further, a comparative analysis between the ranking 
results of proposed method done with existing grey multi-attribute decision-making methods viz. 
VIKOR-G, ARAS-G and TOPSIS-G using spearman’s correlation coe�cient for checking the reli-
ability of the ranking result. 

Keywords: multi criteria decision making, supplier selection, fuzzy sets, Rasch model, COPRAS-G.

JEL Classi	cation: D79, D81, J23, K22, L63.

Introduction

In contemporary years, under constant pressure to deliver high-quality products at reduced 
rate in short time, companies are opting for outsourcing their operations to utilize global 
resources more e�ciently (Reza et al. 2008). Since parts from suppliers in supply chain de-
termine the superiority of completed products by producers, evaluation of supplier’s perfor-
mance is a challenge to the manufacturer and purchasing managers (Li et al. 2009).

With the globalization and the emergence of interdependent organizations, there has 
been a steady increase in the outsourcing of parts and services from reputed �rms to com-
pete through their supply chain (Onut et al. 2009). However in global scenario, the main 
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Abstract The global supply chain in the past decade is relying heavily on the
outsourced supply chain partners for competitive edge. Increased supplier risk vulner-
ability has lead firms to give more weightage to purchasing function and its associated
decision makers. Hence determining which supplier to include in supply chain has
become the key strategic consideration. Supplier selection problem requires a trade-off
between multiple criteria exhibiting ambiguity and vagueness with the involvement of a
group of decision makers. This paper formulates a multiple criteria decision making
problem with linguistic variables and their transformation to interval valued fuzzy
numbers. By appropriate extension of technique for order of preference by similarity
to ideal solution (TOPSIS) method with interval valued fuzzy numbers, this paper
considers the proposed signed distance measure developing a model to manage
decision making problem under uncertainty. The performance rating values and
weights of linguistic risk criteria are expressed as triangular interval-valued fuzzy
numbers in normalized mode. The best alternative is selected according to both ideal
and non-ideal solutions without defuzzification. Finally, the feasibility and effective-
ness of the developed method is illustrated by a case study in Electronics supply chain
with six risk based criteria and four alternatives (Li-ion based battery suppliers). We
compare the results with some existing methods to show the validity of the extended
method. A sensitivity analysis is performed with six different sets of criteria weights for
analyzing the robustness of the proposed method.
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Over the last few decades Corporate Social Responsibility (CSR) disclosures becomes a powerful driver of 

overall stakeholders’ development while the relationship between CSR and its performance have provided 

conflicting results due to the most used intersecting circles representation of assessment of CSR. This study fills 

in an important gap by analyzing the framework of CSR assessment practices on identification of five criteria 

and seventeen indicators encompassing the strategies of accountability, transparency and compliance of CSR. 

To achieve the goal of CSR the strategies have been defined in connection with different literatures and 

quaternary survey for criteria selection while the criteria expressed in a fuzzy horizon. This MCDM model has 

been solved using a fuzzy analytical networking process and balanced scorecard method to develop selection 

strategy and criteria for CSR impost. The paper’s outcomes help administrators of corporate sectors, particularly 

in developing countries, to follow sustainable actions as CSR providers effectively and to expertise a significant 

reasonable advantage. The findings exposed the CSR assessment structure and interrelationships among BSC 

perspectives/criteria and indicators on which managers are needed to emphasize to get optimum CSR 

performance. In this study the most important strategy and criteria to perform optimum CSR level are 

‘accountability of CSR project’ as best strategy and “Project team work, incentives, Environmental resources, 

Communication for motivation, Reporting initiative of Stockholders, CSR project with stockholder capital, 

Strategic governance, Mission sustainability, political role, Human resources”, respectively are criteria. 

 

Keywords: Corporate Social Responsibility (CSR); Criteria; Strategy; Fuzzy Analytical Networking 

Process (F-ANP); Balanced Scorecard (BSC). 

JEL Classification: C44, C61, D81 

Manuscript Click here to download Manuscript
Final_ijitdm_bsc_anp_R4.docx

AC
CE

PT
ED

M
AN

US
CR

IP
TAccepted manuscript to appear in IJITDM

In
t. 

J.
 I

nf
o.

 T
ec

h.
 D

ec
. M

ak
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 U

N
IV

E
R

SI
T

Y
 O

F 
N

E
W

 E
N

G
L

A
N

D
 o

n 
04

/1
4/

18
. F

or
 p

er
so

na
l u

se
 o

nl
y.





ABSTRACT
Breast cancer is one of the most frequently diagnosed cancers and the leading cause of cancer deaths in females 
worldwide. Several matrix metalloproteinases (MMPs) were reported to show stronger expression in breast cancer 
tissue compared to normal breast tissue. Some breast cancer cell lines also constitutively express a wide variety 
of MMPs. Thus targeting those MMPs can be a possible route to combat breast cancer. In different cancer cells 
curcumin was reported to exert both anti-proliferative and pro-apoptotic effect. In the present study, human 
breast cancer cells, MDA-MB-231 was exposed to curcumin and change in expression, localization and activity 
of different procancerous factors were studied using zymography, RT-PCR, Western blot, immunocytochemistry.  
It was found that, curcumin affects several cell signalling molecules like FAK, ILK, PI3K, Akt, NF-κB, and reduces 
MMP-9 level, VEGF level, cell migration and increases E-cadherin level. Since most of the molecules mentioned 
are part of the FAK mediated signalling, curcumin might exhibit here appreciable effects on tumor cell- ECM 
interaction with potential antagonist role on cell metastatic properties involving increase in E-cadherin and 
decrease in VEGF level

KEY WORDS: BREAST CANCER , CELL SIGNALLING, ECM, INTEGRIN, MMP.
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INTRODUCTION

Curcumin is the yellow pigment of turmeric, the 
dried rhizome of the plant, Curcuma longa L. This 
pigment, with the chemical structure of polyphenol 
with a diarylheptanoid, has been reported to have 

chemopreventive as well as chemotherapeutic activities 
(Lopez-Lazaro, 2008). 

The anti-cancer activities of this compound are exerted 
through affecting several pro-cancerous factors  
(Tomeh et al., 2019). These include downregulation of 
transcription factors like NF-κB, AP-1; pro-metastatic 
factors like uPA, MMPs; growth factor receptors like 
EGFR, HER2; cell signaling components like protein 
tyrosine kinases, protein serine/threonine kinases 
(Aggarwal et al., 2003) including c-Jun N-terminal kinase 
(Chen and Tan, 1998). Apart from these, curcumin has 
been found to protect DNA damage by carcinogens, 
promote “mild but yet significant activation of apoptosis”, 
and inhibit angiogenesis, invasion and metastasis.  



Pal et al.,

Breast cancer is one of the most frequently diagnosed 
cancer and the leading cause of cancer death in females 
worldwide. Incidence rates are high in Australia/New 
Zealand, Northern and Western Europe, and North 
America; intermediate in South America, the Caribbean, 
and Northern Africa; and low in Asia and sub-Saharan 
Africa (Jemal et al., 2011; Bray et al 2018). Several 
matrix metalloproteinases (MMPs), which belongs to 
family of endopeptidases having the ability to degrade 
extracellular matrix (ECM) proteins and play a crucial 
role in tumor invasion and metastasis, were reported 
to show stronger expression in breast cancer tissue 
compared to normal breast tissue. Some breast cancer 
cell lines also constitutively express a wide variety of 
MMPs(Kohrmann et al., 2009; Katari et al, 2019). Thus 
targeting those MMPs can be a possible route to combat 
breast cancer. 

Curcumin has been found to downregulate expression 
and activity of MMPs in different experimental models. 
Treatment of highly metastatic murine melanoma cells 
B16F10 with curcumin significantly inhibited matrix 
metalloproteinase-2 (MMP-2) activity, involving 
reduction of expression of membrane type-1 matrix 
metalloproteinase (MT1-MMP), an important component 
of MMP-2 activation, and focal adhesion kinase 
(FAK), an important component of the intracellular 
signalling pathway (Banerji et al., 2004). Curcumin 
can also reverse the effects of tumor promoting agent. 
Curcumin was found to significantly inhibit the MMP-9 
expression and activity that was induced by phorbol 
ester PMA. Such inhibition of MMP-9 was attributed 
to curcumin mediated repression of the PMA-induced 
phosphorylation of ERK, JNK, p-38 MAP kinase and 
suppression of DNA binding activities of NF-κB and 
AP-1(Woo et al., 2005). Inhibitory effect of curcumin 
on expression of MMPs has been observed in mouse 
model also(Qi et al., 2009). Curcumin can enhance the 
expression of antimetastatic proteins, nonmetastatic gene 
23 (Nm23), tissue inhibitor metalloproteinase (TIMP-2), 
and E-cadherin(Ray et al., 2003). In breast cancer cells 
curcumin was reported to exert both anti-proliferative 
(Liu et al., 2009) and pro-apoptotic effects (Choudhuri 
et al., 2002).

MATERIAL AND METHODS

Human breast cancer cell line MDA-MB-231 was 
procured from National Centre for Cell Sciences,(NCCS), 
Pune, India. Leibovitz's L-15 medium, Fetal Bovine 
Serum (FBS), Trypsin, Gentamycin were purchased from 
GIBCOTM-Invitrogen. Curcumin was purchased from 
Sigma-Aldrich. Protease Inhibitor Cocktail Tablets were 
purchased from Roche, Germany. GelatinSepharose- 4B 
beads were purchased from GE Healthcare Biosciences AB, 
Uppsala, Sweden. All primary and secondary antibodies 
were purchased from Santa Cruz Biotechnology, Inc, 
USA and chemiluminescent substrate SuperSignal West 
Femto was purchased from Thermo Fisher Scientific Inc. 
Primers (MMP-9, TIMP-1 and GAPDH) were synthesized 
by Operon, Germany. RNAqueous 4 PCR (Total RNA 
isolation kit) and Retroscript (RT-PCR Kit) were purchased 

from Ambion, Austin, TX, USA. DAB substrate and stable 
peroxidase substrate buffer were purchased from Pierce 
Biotechnology, USA. Avidin-biotinylated peroxidase 
complex reagent (Vectastain ABC kit) was purchased 
from vector laboratories, Burlingame, CA. MTT reagent, 
DMSO were purchased from Amresco. Coomassie brilliant 
blue was purchased from Merck. Immobilon-P Membrane 
(PVDF) was purchased from Millipore, USA.

MDA-MB-231, a  highly metastatic human breast cancer 
cell line was grown and maintained in L15 medium, 
containing 10% FBS in a dry (CO2 free incubator) at 
370C, (ATCC, 2020). MDA-MB-231 cells were allowed to 
attach on 35 mm petridishes (300,000 cells/ml medium) 
and various concentrations of curcumin treatment were 
applied for different time periods. As cells remained 
attached upto 48 hrs in presence of 5, 10 µM curcumin 
treatment in L15 SFCM (serum free culture medium), this 
treatment condition was used for our experiments. As the 
curcumin stock solution was dissolved in DMSO, equal 
volume of this solvent was treated in control cells.

MDA-MB-231 cells were plated in 96-well plate and 
treated with curcumin of various conc. (0, 5, 10, 15, 20 
µM) for 48 hrs. Wells with SFCM, but without cells were 
used as ‘blank’. After the treatment, 50 µl MTT reagent 
(100 µg) was added to each well and incubated for 4 
hrs. Culture supernatant was carefully discarded and 
formazan was dissolved in DMSO. Absorbance of the 
solution was measured at 570 nm against the blank wells 
and percentage of viability was calculated assuming that 
of 0 µM curcumin treated cells as 100%.

After the required treatments on MDA-MB-231 cells, the 
gelatinases were separated from the culture supernatants 
using gelatin sepharose 4B beads (shaking for 2 hrs at 
40C). The beads were washed twice with Tris-buffered 
saline with 0.02% tween-20 (TBS-T) and eluted with 
1X Laemli buffer (0.075 gm Tris, 0.2 gm SDS, in 10 ml 
water, pH 6.8) for 30 mins at 370C. The eluted supernatant 
(separated from bead by centrifugation) was subjected to 
zymography on 7.5% SDS-PAGE co-polymerized with 
0.1% gelatin. Gel was washed in 2.5% Triton-X-100 
for 30 mins to remove SDS and was then incubated in 
reaction buffer (50 mM Tris-HCl pH 7.5, 4.5 mM CaCl2, 
0.2 M NaCl) for overnight. After incubation, the gel was 
stained with 0.25% Coomassie Blue in 40% methanol 
and 10% glacial acetic acid.The bands were visualized 
by washing the gel in water and photograph was taken 
(Sen et al., 2009).

RNA was extracted from 1x106 MDA-MB-231 cells 
treated with DMSO (Control) and 10 µM curcumin 
(Experimental) for 48 hrs. Total RNA was extracted 
(RNAqeous, Ambion, USA). 2 steps RT-PCR (Retroscript, 
Ambion, USA) was done with equal amounts of total RNA 
using specific primers for human MMP-9 and TIMP-1 
genes. The steps followed  have been previously described  
(Pal et al., 2013). The primer sequences are:-

hMMP-9: 5’-CGCTACCACCTCGAACTTTG-3’ (forward),
5’GCCATTCACGTCGTCCTTAT-3’-(reverse); 
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hTIMP-1: 5’-CACCCACAGACGGCCTTCTGC-3’- 
(forward) 
5’-AGTGTAGGTCTTGGTGAAGCC-3’-(reverse); 
GAPDH: 5’-CGGAGTCAACGGATTTGGTCGTAT- 3’ 
(forward) 
5’-AGCCTTCTCCATGGTGGTGAAGAC- 3’ (reverse).

Conditions used for PCR consisted of 40 cycles for 
TIMP-1 and MMP-9 at 94°C for 30 sec, 58°C for 30 sec 
and 72°C for 90 sec in thermal cycler (Ganguly et al., 
2012).

Whole Cell Extraction:- MDA-MB-231 cells were treated 
with DMSO (C) and 10 µM curcumin (E) for 48 hrs. The 
cells were trypsinized, washed with PBS (containing 10% 
NaF, 10% Na3VO4) and resuspended in RIPA extraction 
buffer. Extraction was done by snap-freeze method. 
Protein contents of the whole cell extracts were estimated 
by Lowry’s method.

Western blot assay:- Equal amount (100 μg) of protein 
from whole cell extracts from control and experimental 
sets was loaded in each lane on the protein gel. After SDS-
PAGE the proteins were electrophoretically transferred 
onto PVDF membrane (Millipore). Nonspecific binding 
sites on the membrane were blocked in 4% BSA. After 
treatment with required primary antibodies [anti-FAK, 
anti-PI3K (p85), anti-Akt, anti-MMP-9, anti-E-cadherin, 
anti-VEGF, anti-ILK; 1µg/2ml  dilution for each] and their 
respective HRP- labeled secondary antibodies (1µg/200ml 
dilution), blots were developed by ECL method as 
previously described (Ganguly et al., 2012).

Immunocytochemistry:- The MDA-MB-231 cells were 
allowed to attach on coverslips (few thousand cells/
coverslip) followed by curcumin treatment for 48 hrs. 
After PBS wash, cells on coverslips were fixed with 
3.5% formaldehyde and treated with 0.5% Triton X-100. 
Non-specific sites were blocked using 1% BSA solution. 
Immunocytochemistry was done with anti-NF-κB p65 
primary antibodies (1 µg/ml dilution), and respective 
biotin labeled secondary antibodies (1 µg/ml dilution) in 
a method described in earlier reports (Pal et al., 2013).

RESULTS AND DISCUSSION 

MTT and cell adhesion assay results:- The effect of 
curcumin on cell viability was studied by MTT assay. 
Among the concentrations studied, the maximum 
concentration which resulted >80% cell survival was 
10 µM (Fig 1A) and this concentration was used in the 
subsequent experiments. By the cell adhesion assay it 
was found that, MDA-MB-231 cells bind efficiently to 
fibronectin (FN), however this binding is reduced in cells 
treated with curcumin (Fig. 1B).

Pal et al.,

Curcumin reduces MMP-9 expression and secretion 
in MDA-MB-231 cells:- MDA-MB-231 cells treated 
with curcumin for 48 hrs showed decrease in MMP-9 
gelatinolytic activity in the culture supernatant with 
appreciable downregulation at 10 µM concentration (Fig 
2A). RT-PCR analysis of curcumin treated MDA-MB-231 
cells (10 µM for 48 hrs) indicates decrease in expression 
of MMP-9 mRNA and increase in TIMP-1 mRNA (Fig 
2B). Downregulation of MMP-9 protein expression under 
same condition was further confirmed by western blot 
assay (Fig 2C).

Effect of curcumin on cell signaling components:- 
Western blot analysis reveals that, curcumin treatment 
appreciably reduces expression of ILK, FAK, PI3K, Akt 
and VEGF and enhances expression of E-cadherin in 
MDA-MB-231 cells (Fig 3A). Immunocytochemical assay 
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Figure 1: Cell adhesion and cell viability assays:A. MDA-
MB-231 cells, treated with curcumin (0, 5, 10, 15, 20 µM 
for 48 hrs) were subjected to MTT assay and percentage of 
survival was calculated. B. MDA-MB-231 cells were treated 
with curcumin (0, 10 µM) for 48 hrs and percentage of 
adhesion on FN coated (20 µg/ml) wells were calculated

Figure 2: Effect of curcumin on MMP-9, TIMP-1:A. MDA-
MB-231 cells were treated without (0) or with curcumin 
(5, 10 µM) in SFCM for 48 hrs. Lane M is the marker 
lane. The gelatinases in all the cases were separated 
from SFCM by mixing Gelatin Sepharose 4B beads and 
subjected to gelatin zymography. B. 2 steps RT-PCR was 
done with equal amounts of total RNA isolated from 
control and curcumin treated (10 µM, 48 hrs) cells and 
using MMP-9, TIMP-1 specific primers. G3PDH primers 
were used to check for equal loading. C. MDA-MB-231 
cells were treated with curcumin (0, 10 µM for 48 hrs). The 
cells were collected, extracted and equal protein (100 µg) 
was subjected to western blot analysis with anti-MMP-9 
antibody and respective HRP-coupled secondary antibody. 
The blots were developed by ECL method and β-tubulin 
was used as loading control.
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demonstrates that, curcumin treatment causes nuclear to 
cytosolic localization of NF-κB (Fig 3B).

Signaling pathways leading to upregulation of MMPs 
have been studied within various cell lines in our 
laboratory. Among the breast cancer cell lines, MDA-MB-
231 cells secrete MMP-9 and its upregulation at a certain 
ECM environment, i.e. in presence of fibronectin, require 
activation of ILK, FAK, PI3K and nuclear translocation of 
NF-κB(Maity et al., 2011). In our present study curcumin 
was found to reduce the ability of MDA-MB-231 cells 
to bind the same ECM ligand. Curcumin treatment 
also downregulated MMP-9 secretion in MDA-MB-231 
cells. We further studied the effects of curcumin on the 
associated signaling molecules, specially those involved 
in regulation of MMP-9.

Several integrin receptors, specially the β1 integrins 
were found to play important role to initiate MMP-9 
upregulating signal (Pal et al., 2012). ILK is a Ser/Thr 
kinase and can interact with the cytoplasmic domains 
of β1integrins to promote suppression of apoptosis, 
cell survival, cell migration and invasion (Yoganathan 
et al., 2002, Zheng et al, 2019). In our study, curcumin 
treated cells showed appreciable downregulation of 
ILK expression. FAK is another cell signalingmolecule, 
which is regulated by integrin mediated signaling and is 
a potent regulator of MMP-9 (Ganguly et al., 2012, Sein 
et al., 2000). Here FAK is found to be downregulated in 
MDA-MB-231 cells in presence of curcumin. FAK activity 
is coupled to assembly of focal adhesions and plays 
major role in cell attachment and migration (Gilmore and 
Romer, 1996, Mitra et al., 2005). In the present study, 
the natural ability of MDA-MB-231 cells to migrate and 
heal experimental scratch wounds was greatly reduced 
in curcumin treated cells.

PI3K, one of the downstream targets of FAK, was also 
found to be downregulated in curcumin treated cells. 
PI3K can exert its effects by activating Akt, followed 
by several transcription factors, including nuclear factor 
B (NF-κB) (Bader et al., 2005, Torrealba et al, 2019). In 
presence of curcumin, appreciable downregulation of 
PI3K, Akt and translocation of NF-κB out of the nucleus 
is observed in MDA-MB-231 cells. NF-κB was reported 
to modulate expression of MMP-9 gene in various cell 
lines (Tai et al., 2008; Guarneri et al, 2017). Reduced 
mRNA expression of MMP-9 (RT-PCR data) found in 
our study may be due to lack of availability of NF-κB as 
transcription factor within nucleus. In addition, enhanced 
mRNA expression of TIMP-1, a negative regulator of 
MMP-9, in presence of curcumin may affect cumulatively 
in downregulation of MMP-9 activity. 

Among the other related signaling proteins studied, 
E-cadherin was found to be upregulated in curcumin 
treated cells. It is a cell adhesion molecule and known 
to form powerful invasion suppressor complex(Noe et 
al., 2001). Thus curcumin may lead to a situation that 
prevents invasion and metastasis. Successful metastasis 
require sufficient angiogenesis and VEGF is a potent 
inducer of angiogenesis. MMP-9 can release biologically 
active VEGF from the extracellular matrix of cancer 
cells(Hawinkels et al., 2008). Here downregulation 
of VEGF in curcumin treated cells may be due to the 
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Effect of curcumin on cell migration:- Photographs 
taken at different time intervals indicate that, the ability 
of MDA-MB-231 cells to heal experimentally scratched 
wounds is reduced appreciably in presence of curcumin 
(Fig 4).

Fig 3: Effect of curcumin on cell signaling components:A. 
Cell extracts from untreated and curcumin treated (10 µM 
for 48 hrs) MDA-MB-231 cells were subjected to western 
blot assay with anti-ILK, anti-FAK, anti-PI3K, anti-
Akt, anti-VEGF, anti-E-cadherin antibodies (1 µg/2 ml  
dilution). β-tubulin was used as loading control. B. Cells 
were grown in absence (Control) and presence of curcumin 
(10 µM, 48 hrs) on coverslips. Immunocytochemistry was 
done using anti-NF-κB primary and respective biotin-
labeled secondary antibody. 

Figure 4: Effect of curcumin on cell migration: MDA-MB-
231 cells were grown and treated without (control) or 
with 10 µM curcumin for 48 hrs before giving the scratch 
wound. Photographs were taken just after the scratch (0 
hr), and then at 6, 24, 30, 48 hrs.



with OPN/MMP9 downregulation in cutaneous 
melanoma (2017). Oncol Rep, 37, 737-746.

 Hawinkels, L. J., Zuidwijk, K., Verspaget, H. W., de Jonge-
Muller, E. S., van Duijn, W., Ferreira, V. et al. (2008). 
VEGF release by MMP-9 mediated heparan sulphate 
cleavage induces colorectal cancer angiogenesis. Eur J 
Cancer, 44, 1904-13.

 Jemal, A., Bray, F., Center, M. M., Ferlay, J., Ward, E. & 
Forman, D. (2011). Global cancer statistics. CA Cancer 
J Clin, 61, 69-90.
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Pathophysiology of matrix metalloproteinases in breast 
cancer progression. J Clin Sci Res, 8, 145-50
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J. (2009). Expression of matrix metalloproteinases 
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cancer cell lines: New findings and review of the 
literature. BMC Cancer, 9, 188.
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inhibits cell proliferation of MDA-MB-231 and BT-
483 breast cancer cells mediated by down-regulation 
of NFkappaB, cyclinD and MMP-1 transcription. 
Phytomedicine, 16, 916-22.

 Lopez-Lazaro, M. (2008). Anticancer and carcinogenic 
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development as a cancer chemopreventive and 
chemotherapeutic agent. Mol Nutr Food Res, 52 Suppl 
1, S103-27.
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cell line (MDA-MB-231) on fibronectin-coated surface 
induces pro-matrix metalloproteinase-9 expression and 
activity. Tumour Biol, 32, 129-38.

 Mitra, S. K., Hanson, D. A. & Schlaepfer, D. D. (2005). 
Focal adhesion kinase: in command and control of cell 
motility. Nat Rev Mol Cell Biol, 6, 56-68.

 Noe, V., Fingleton, B., Jacobs, K., Crawford, H. C., 
Vermeulen, S., Steelant, W.et al. (2001). Release of an 
invasionpromoter E-cadherin fragment by matrilysin 
and stromelysin-1. J Cell Sci, 114, 111-118.
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Extracellular matrix protein fibronectin induces matrix 
metalloproteinases in human prostate adenocarcinoma 
cells PC-3. Cell Commun Adhes, 20, 105-14.

 Pal, S., Ganguly, K. K., Moulik, S. & Chatterjee, A. (2012). 
Modulation of MMPs by cell surface integrin receptor 
alpha5beta1. Anticancer Agents Med Chem, 12, 726-
32.

 Qi, Q., Dai, M., Fan, H., Zhang, B. & Yuan, X. (2009). 
Inhibitory effect of curcumin on MMP-2 and MMP-9 
expression induced by polyethylene wear particles and 
its mechanism. Zhongguo Xiu Fu Chong Jian Wai Ke 
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reduced MMP-9 activity. Therefore it may be concluded 
that in MDA-MB-231 cells curcumin affects several cell 
signaling molecules like FAK, ILK, PI3K, Akt, NF-κB, the 
effect of which may be the reduction of MMP-9 level and 
cell migration. In addition, treatment with this natural 
drug enhances E-cadherin and reduces VEGF level. 
Curcumin exhibits here appreciable effect on tumor cell 
ECM interaction with potential antagonist role on cell 
metastatic properties.
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Abstract 
Beneficial bacteria, often used as probiotics, play efficient role in providing 
protection against pathogenic microorganisms in humans. Probiotic bacteria 
like many Lactobacillus sp. (L. acidophilus, L. casei etc.), Bafidobacterium sp. 
Streptococcus thermophiles, Bacillus coagulans, etc. are beneficial and nowa-
days are used as supportive therapeutics. Even Lactobacillus is highlighted for 
showing the anticancer effects on some human cancer cells (cervical, gastric, 
colon, breast cancer). Some specific antibiotics like peptide antibiotic, Acido-
lin; some specific bacteriocins and some metabolites like H2O2, acetic acid, 
lactic acid produced by Lactobacillus sp. kill or inhibit other microorganisms 
mainly gram positive and gram negative bacteria, including both enteropa- 
thogens and spore formers. Proteins like Enterolisin A, Labyrintho peptin A2, 
etc. show promising anti-cancer activities. Lactobacillus has effective role in 
clinical and industrial fields. Clinically it is used to manufacture medicines, 
some hormones and industrially used for broad fermentations, etc. Studies are 
going on to use Lactobacillus in more broad ways, by improving strains, in-
creasing specificity, making more effective and to find out some other charac-
teristics to prepare them as more natural therapeutic modality. 
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1. Introduction 

Despite of several antibiotic therapies, surgery, chemo preventive even radio the-
rapeutic approaches diseases, like some microbial diseases and obvious cancer, 
show poor prognostic outcome. The main downfall of modern science nowaday 
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Abstract Strategies in project assortment and prioritization directly influence

organizational production and cost-effectiveness. Due to dearth of funding and

nominal technology with improper judgments of expert’s, selection of optimal

project portfolio can be viewed as a risk based decision making problem considering

various risk factors. Recently, fuzzy set theory is applied for modeling real world

problems due to failure of traditional models in uncertain environments. This paper

deals with project proposal prioritization from a set of project portfolio satisfying a

set of criteria evaluated by decision makers. The analytic hierarchy process is

applied in fuzzy environment to help the management of any project based company

to prioritize in terms of investment. In the decision approach, expert team decides

whether to accept or reject a project as per set of criteria and sub-criteria based on

diverse project risk levels. A hierarchy among the different projects based on ratings

clearly prioritize the projects among the suggested proposals.
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Abstract
The objective of the paper is to examine channel co-ordination between the tier members of a
closed loop supply chain which comprises of a manufacturer and duopoly retailers in the co-
operative and non-co-operative scenarios, which is very essential for the improvement of the
performance of the Supply Chain.In the non-cooperative case, the duopoly retailers compete
under Cournot and Collusion cases. Here, the demand function of customers is assumed to
be price, recycling factor and service sensitive. Recycling is very important for protecting
our environment and there are literatures regarding this but we have added the service facility
with it which is not treated earlier.The manufacturer and the retailers share the cost invested
in service facilities. The model is solved analytically and a numerical example is given in
support of the model. It is found that the profit has greatly enhanced by including the service
and the recycling facility which also reduces the environmental pollution.

Keywords Supply chain · Duopoly retailers · Recycling · Service- sensitive demand

Introduction

The most fruitful way of maximizing profit is to increase the demand by several methods.
Among all other factors, the retail price is the most crucial factor that directly influences
demand. It is conventional that the consumers are inspired to buy more when price is less.
There are many other factors such as quality of the product and its abundance in the market,
various promotional efforts provided by themanufacturer and retailers also amplifies demand.
Service facilities offered by the manufacturers or retailers can also act as a catalyst to elevate
the customers’ purchasing behavior. For example free servicing and repairing through a fixed
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Abstract
The present paper analyzes the channel coordination in a three-echelon supply chain. The
supplier supplies raw materials to the manufacturer, the manufacturer manufactures items
supplied by the supplier using the raw materials and delivers them to the retailer. The retailer
finally sells the items to the customers. The demand is dependent on retail unit price, quality
of the product and advertising or promotional effort of the manufacturer and the retailer. The
quality of the finished product of the manufacturer and the raw materials of the supplier are
interdependent. The model is developed for centralized as well as decentralized systems. In
the decentralized system, two separate sub-supply chains and a two-level retail fixed markup
(RFM) strategies were considered. On the other hand, in the case of the two-level RFM
strategy, the manufacturer and the retailer use fixed mark ups over the supplier’s wholesale
price. The proposedmodels are solved analytically and illustratedwith the help of a numerical
example. The comparative study for the strategies has been done analytically in support for
the numerical example.

Keywords Supply chain and sub-supply chain · Price · Quality and advertising sensitive
demand · Retail fixed markup · Deterministic and stochastic demand
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Women’s participation in environmental
sustainability

Prosanta Saha, Prosenjit Saha

Abstract
Three dimensions of sustainable development i.e.
economic, environment and social have equal and
interrelated importance for overall well-being of the global
community.As human beings depend in innumerable ways
of the physical environment, thesustaining of desired
environmental conditions directlycontributes to the
sustaining of human societies, that is, to social
sustainability. The feasibility of the economy depends on
environmental resources. Soit can be said that economic
sustainability depends on environmental sustainability. On
the other way, gender inequalities are extractinghigh
economic expenses and leading tosocial discrimination
and environmental degradation around the world. The
centrality of gender equality, women's empowerment and
the realization of women's rights in achieving sustainable
development has been recognized by the World Survey on
the Role of Women in Development 2014. This study
specifically focuses on the environmental domain of
sustainability i.e. sustainable uses of resources. The
studyleads to focus on such issues that uplift the activities
of women for the sustainable use of available natural
resources. The study shows that women contribute
effectively to the conservation, use and management of
natural resources by using their traditional knowledge.
Involvement of rural women in protecting and conserving
natural resources and contributing to environmental
sustainability was also discussed. The present studyupholds
the distinct role of women in managing agricultural lands,
plants, animals and forests, in making home gardens, in
collecting water and fodder for domestic use.
Key Words: Sustainable Development, Environmental
Sustainability, Women and Environment.
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Women Empowerment and 
inclusive growth: A Study of the 
Bankura district in West-Bengal 

Shubhendu Chel' & Soma Sanyal? 
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Abstract 

Inchusive growth came in to existence in eleventhfive year plan. Inclusiveness 

refers to, equal opportunities in terms of access to market, resources and 

unbiased regulatory environment for individuals irrespective of gender 
The concept of inclusive growth means that everyone is included in the 

growth process. This paper provides the status f women and the issue 

of their empowerment in the district of Bankura in West- Bengal in the 
context of inclusive growth. Secondary dala is used jor this paper. Women 

empowerment positively affects the development of an economy which can be 
achieved by increasing work participation rale providing better education 

health facilities etc. It is revealed from the Suay that the social status of men 

is superior to social status of women. 1 nere Is a strong evidence of gender 
bias, for this women empowerment is important, because economic growth 

is possible by the gender equality. Women empowerment is the crucial factor 
of economic growth, because one wor" d e moIher of future generation 

Key words: Inclusive growth, status, women empowerment 
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GENDER BASED UTILIZATION OF MGNREGS GENERATED 

COMMON PROPERTY RESOURCES: A NOTE FROM THE FIELD 

 

Sarmistha Saha, 

Assistant Professor, Geography 

Michael Madhusudan Memorial College, Durgapur 

West Bengal, India. 

 

ABSTRACT 

Rural livelihood and common property resources (CPRs) are interrelated and the degree of 

utilization of CPRs varies as per social and cultural context. This again creates a complex 

web when it comes to the point of gendered discussion. This paper is based on the empirical 

observation carried in a remote village of Burdwan district, West Bengal as a part of a UGC 

sponsored research project. CPR utilization and access to CPR is highly varying for male 

and female. A successful policy should recognize women’s constraints to get the full benefit 

and policy makers should address women’s voices and interests while formulating a policy. 

This paper draws conclusion on the basis of the empirical observation, literature support and 

on the essence of the data collected so far. 

Keywords: CPR, Gendered access, gender and disaster, gendered utilization of CPRs, CPRs 

and rural domestic life. 

The significance of common property resources in rural livelihood is a matter of concern in 

present day development studies, especially in the field of inclusive development. “Jodha’s 

(1986) pioneering work on CPRs resulted in a spate of literature that illustrated the 

importance of CPRs not only as regular sources of income and employment but also as safety 

nets in periods of drought. Moreover, while Jodha’s work focused primarily on the semi-arid 

zones, subsequent literature has provided evidence that CPRs are important in other regions 

as well, namely hilly forest tracts and even predominantly low land agriculture dominated 

belts of the country. Moreover, implicit in much of the discussion around the commons is that 
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improved CPR management will lead both to more benefits for those who depend on CPRs 

and improved management of CPRs for conservation purposes”. (Menon & Vadivelu, 2006)  

This paper attempts to provide an analysis of gender based utilization of common property 

resources created by MGNREGS. Women’s access to resources has remained the focal point 

of discussion in social science research. However, there is a dearth of literature which seeks 

explanations about gendered use of common property resources in rural India .Common 

property resources are having  significant impact on rural livelihood. “ A study in seven states 

of semiarid regions showed that common property resources accounted for 9 to 26 percent of 

household income of landless and marginal farmers, 69 to 89 percent of their grazing 

requirements, and 91 to 100 percent of their fuel requirements” (Bandyopadhyay, 2008 cited 

in Jain and Elson, 2011 ) . It has been argued by various scholars that gender plays an 

important role in access and control of CPR. “Restriction of access to community resources 

not only robs women of opportunities for diversification into livestock and collection of non-

timber forest products, but also adds to their work burden by increasing the distance traversed 

and time required for collecting fuel for cooking and water for drinking. For women, 

agricultural work, informal work, landlessness, discrimination, and poverty, mesh into a 

connected web”. (Jain &Elson, 2011)   This paper looks into issues related with gendered 

access to common property resources created by MGNREGS and women and men’s use of 

these common property resources, together with the importance of these resources for the 

livelihoods of people in rural West Bengal. This paper provides comprehensive notes on the 

issues emerged in the field, while doing a field survey in a rural part of the Burdwan district 

(Silampur village of Amlajora G.P. of Kanksa Block) as a part of the research project on 

“Gendered utilization of MGNREGS created CPRs in rural West Bengal. The work draws 

empirical observations from the field. As a part of the research, MGNREGS generated CPRs 

in the village area were identified first. These were a) village roads with metalled coating b) 

village ponds c) plantation grounds d) levelled land for playing e) re-constructed religious 

places f) earthen embankment. 

A total of 259 samples (including individual respondents and FGD respondents) are taken so 

far. A total of 165 individual samples were taken from the various parts of the village to 

assess the gendered pattern of utilization of these CPRs. A total of 94 respondents attended 

focussed group discussions in three phases.  The study is ongoing with more FGD s and close 

talking to village people and observational recording of CPR utilization hours. The research 

so far, yields some interesting observations:  
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First, the intensity of CPR utilization is largely age specific across gender. Female 

respondents in the age group of 15-35 years has reported lowest utilization of all CPRs. The 

reason, as revealed by respondent survey and FGD, the access is highly controlled by the 

gender relation within the household. Male headed households are predominantly restricting 

the women of this age group to move outwards and hence imposing the restriction on the 

utilization of CPRs too. Contrary to this, women of the female headed households are having 

more access to outer sphere and similarly their CPR utilization is more intense than the first 

category. Women of the male headed households reported almost daily utilization of CPRs 

(roads and ponds) when their male counterparts migrates temporarily in search of work. 

There is further scope of investigation on the interrelationships between female headship and 

access to common property resources in the developmental context of MGNREGS. Anyway, 

this area remained untouched in current research to maintain its mentioned objectives. The 

access is poor for teen age girls, newly married women and women of child bearing age or 

women having infants. Though a large part of the women are dependent on these CPRs for 

their domestic life, (especially on ponds) the access is highly localized and time specific to 

avoid the meeting with strangers and village males as much as possible. According to 

Howard & Smith (2006) “access by the poor to natural resources (land, forests, water, 

fisheries, pastures, etc.), is essential for sustainable poverty reduction. The livelihoods of 

rural people without access, or with very limited access to natural resources are vulnerable 

because they have difficulty in obtaining food, accumulating other assets, and recuperating 

after natural or market shocks or misfortunes”. Hence the conclusion supports the fact of 

women’s misfortune related with their restricted access to these resources furthermore. 

  

Second observation is related with the benefits of newly created MGNREGS CPRs in the 

domestic life of village women. 74% of women FGD respondents agreed with the fact that 

these newly created CPRs are playing good role in helping their domestic life. They are now 

enabled to collect water from the newly created ponds for their domestic use, like bathing of 

cattle, fetching water to kitchen garden, bath of their own and other domestic uses. Though 

none of these ponds are that deep which can provide drinking water and supply water 

throughout the summer, but major part of the year is served by these ponds. Ponds are turned 

to be most beneficial CPR for village women.  These are saving time and hardship of water 

collection, as most of the households in observed village is having no personal water source 

like well and tube well. Roads, on the other hand, has increased the access to the teen age 

girls to the school, who often, avoided school specially in the rainy season to avoid the 
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harassment of changing cloths after reaching the school. Only high school in the area has no 

facility of separate toilet for boys and girls. Roads are in some way helping the village 

women to do their outside work in more easy way, within their limited access. 

Third and the most important observation is related with the MGNREGS created CPR 

(earthen embankment) and disaster management. “Research on the effects of ecological 

disasters on rural communities showed that there is a direct relationship between a 

community with balance and synergy among the capitals and a functioning ecosystem that 

provides and supports the resources required for a healthy human community”.( Gutierrez & 

Montes,2005). UNDP (2003) has made a conclusion that “Women, girls, boys and men 

belonging to different age and socio-economic strata have distinct vulnerabilities, and this 

shapes the way they experience disaster, and also their ability to recover from it. In countries 

where gender discrimination is tolerated, women and girls are particularly vulnerable to 

natural hazards”. The fast facts, related to disaster and women as put forward by UNDP 

(2003) is as follows: 

 “Disasters lower women’s life expectancy more than men’s, according to data 

from 141 countries affected by disaster between 1981 and 2002. 

  Women, boys and girls are 14 times more likely than men to die during a 

disaster.  

  Most of the victims trapped in New Orleans after Hurricane Katrina were 

African-American women and their children, the poorest demographic group 

in that part of the country.  

  Following a disaster, it is more likely that women will be victims of domestic 

and sexual violence; many even avoid using shelters for fear of being sexually 

assaulted”. 

MGNREGS has rendered a great influence on flood mitigation and women’s protection in the 

study area. An earthen embankment has been made along river Damodar to check the 

severity of flood. This CPR has reported maximum benefits of villagers across gender. It has 

helped to reduce the effect of the flood to a great extent. About 98% of the village 

respondents responded in a positive way while questioned about the utility of this CPR. 93% 

of the female respondents has expressed their reduced vulnerability level as a result of the 

creation of the embankment. Basanti Devi (54) has reported, “We live so close to river that it 

was our fate to struggle with flood in almost every year. For me, this was the most hectic and 

tiring period of my life as I had to cook within and to look after my children who often fall 
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sick in that season. After creation of that embankment, we are saved from hectic schedule of 

monsoon days, saved from going to temporary shelter and to arrange for livelihood in a mess 

for almost one month”. Though the embankment is not fully capable of restricting flood in 

optimum level, but it has got the recognition of best CPR in the village created through 

MGNREGS for saving human lives together with livestock. It has helped to drastically 

reduce the domestic hazard of the village women in monsoon season in last five years. Now 

the agricultural lands are no more submerges and temporary migration of village men is not 

obstructed by entrapped situation due to flood water.  

Fourth and the last observation is related with the frequency of utilization of MGNREGS 

created CPRs. Male villagers are recorded to use these CPRs more frequently than their 

female counterparts. A specific point on a village road (built by MGNREGS) has recorded 

77% utilization by males and 23% utilization by females. (on the basis of total number of 

passers on that point on a 12 hours’ time frame) Ponds are more or less equally utilized, 53% 

by males and 47% by females but the utilization hour is much more for males than females. 

(Spending time on a particular pond on a 12 hours’ time frame). Plantation ground is merely 

utilized because of its very young age. This issue of utilization is crucial while addressing the 

gender dimensions of MGNREGS created CPRs. For addressing the issues, a well-defined 

strategy of gender analysis should be adopted as “ gender analysis helps clarify the specific 

and often different needs, vulnerabilities, and coping strategies of women and men, so that 

they can be more adequately addressed in response to the impacts of climate change and 

variability”(World Bank,2009). 

On a conclusive note, it can be said that the safety net programmes like MGNREGS should 

include women’s voices and interests keeping in view the social relations, family structure 

and existing cultural norms. These programmes should seek to enhance women’s access to 

the newly created resources as well. Creation of explicit awareness about women’s access to 

CPRs will enhance their control on it and hence will ensure the long term preservation as 

women has naturally got the preservation attitude towards nature much more than men. 

Recognizing women’s participation constraints and their role in manging CPRs may result 

the best benefit out of it. According to World Bank report, “programmes that affect access to 

and management of common property, such as natural resource management programme, 

should recognize women’s dependence on these resources and accommodate gender 

differentiated management practices”. It is concluded from the field survey that the 

awareness and empowerment of villagers across gender will reduce the vulnerabilities of their 

own to a great extent together with the enhancement of livelihood opportunities. This will 
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again boost up the women’s access to the CPRs. A broader understanding of gender 

dimensions of CPR management will help the policy makers to formulate a more effective 

policy for sustainable development.  
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ABSTRACT

Rural safety nets are indispensable ingredients of boosting economy of a developing country like India. 
Mahatma Gandhi National Rural Employment Guarantee Scheme (MGNREGS) is one of the most 
discussed safety net of the vast Indian subcontinent. NREGA act was passed by Union Government 
in 2005 which was later renamed as Mahatma Gandhi National Rural Employment Guarantee Act 
(MGNREGA) in year 2009. This Act results for the initiation of MGNREGS which came into existence on 
February 2, 2006. It was implemented in a phase wise manner. At first stage, 200 most backward districts 
of the country were covered, phase II included 130 additional districts and the final phase covered the 
remaining rural districts of the country. The spread and provisions of MGNREGS has made the scheme 
a pillar of Indian rural development. This is the landmark scheme of Indian Government which provides 
employment to the job seekers with a right based approach. Though the initial aim of this scheme was 
to provide employment to the unemployed rural youth, a strategy of sustainable livelihood is hidden 
under the policy. Much highlight has been given to the employment generation aspect of the scheme, as 
this was the prime focus of the Act. Financial year 2015-2016 accounts for the generation of 286497320 
employment days in West Bengal in total with 9157780 MGNREGS workers. The aspect of generation of 
common property resources through MGNREGS is not much discussed and evaluated by the researchers. 
The quality and sustainability of rural Common Property Resources (CPRs) is significant for generating 
sustainable rural livelihood. This paper provides an attempt to see the realities of MGNREGS generated 
CPRs on an empirical basis. The gap of theoretical overview and real implementation is evaluated in 
this paper with empirical observation.

Keywords: MGNREGS, MGNREGA, ndian rural development, Common Property Resources

The most discussed rural safety net of contemporary 
Indian economy is Mahatma Gandhi National Rural 
Employment Guarantee Scheme (MGNREGS) for 
aiming to achieve sustainable rural development 
through the ideology of inclusive development. 
“While a number of rural employment programmes 
have been initiated in the past by the government, 
MGNREGS is unique in the sense that it provides 
a legal guarantee of employment to the targeted 
population, which is unlike any other centrally 
sponsored scheme. It places a judicially enforceable 
obligation on the state and gives bargaining power 
to those covered under the Act” (Dey et al. 2006). 
This scheme aims at generating employment days 
for unemployed rural Indians and at the same time 

aims at creating sustainable livelihood through 
the generation of common property resources. 
“MGNREGA is an example of the quantitative and 
qualitative difference experienced in a household 
because of the source through which the income 
flows in. If it is through the women, it enhances 
opportunities for their children, in turn positively 
affecting intergenerational change.” (Sharma, 2011). 
Hirway, Saluja, and Yadav argued that “the role of any 
employment guarantee program is much more than 
guaranteeing work to the poor, because guarantee 
alone will have limited impact on employment 
generation in the economy.” More than a decade has 
been passed after legislation of NREGA Act. In this 
time span, a variety of research has been done on 
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various aspects of MGNREGS. Yet, there is a dearth 
of literature focussing on the aspects of common 
property resources generated by MGNREGS in 
rural India. The basic principle of the scheme is 
the generation of guaranteed employment in the 
whole country through a homogeneously regulated 
framework. Keeping the factors of variations as 
constant for entire state, the regional heterogeneity 
keeps the door open for further discussion and 
study carried on micro levels. This micro-level study 
has identified the ground realities of MGNREGS 
generated Common Property Resources (CPRs) and 
the way for optimum utilization and conservation 
of those CPRs in the study area.

Methodology

Selection of the study area: The field area selected 
is Amlajora village of Kanksa Block in Bardhaman 
district of West Bengal, India. This selection is based 
on the process of filtering through four indicators. In 
brief, the process of the Selection of Study area is 
as follows:
Burdwan district is selected for its good performance 
in MGNREGS in past years. At first step, a block 
wise analysis has been done based on the total 
person days generated through MGNREGS in 
financial year 2014-2015. Rank has been given 
accordingly with. (highest number of person days 
given rank 1. To confirm the selection of the block, 
a Gram Panchayat (GP) level analysis has been done 
based on the same procedure and the Panchayats 
of Kanksa block was showing good performance in 
generating good number of person days through 
MGNREGS. So, Kanksa block was selected. From 
the selected block, a G.P. level analysis has been 
done based on following four indicators:

 � Indicator-I is the number of total person days 
generated through MGNREGS in year 2014-
2015. This indicator is selected to understand 
the extent of work done in the study area.

 � Indicator-II is the total number of works 
generated through MGNREGS. Though this is 
not a good indicator to understand the spread 
of work because of the diversified nature of 
MGNREGS work offered in the village area, 
still this indicator is selected to understand the 
coverage of work to fulfil the objectives of the 
research.

 � Indicator-III is the households got promised 
100 days of work through MGNREGS in 
financial year 2014-2015. The questionnaire 
of the survey relates the questions regarding 
conservation part apart from the income 
generation aspects. So, this indicator is taken 
to get the response from those who have got 
full number of workdays and their response 
related to conservation.

 � Indicator-IV is the average number of person 
days generated per work through MGNREGS 
in financial year 2014-2015. This is a proxy 
indicator to understand the intensity of work 
per rural asset.

Based on the above mentioned indicators, two 
Panchayats are showing good results. Amlajora and 
Bankati, both have got a cumulative rank value of 8. 
(Here, lowest value means the highest performance). 
From these two, Amlajora has been selected for field 
work. This selection is Random.

Data Base and Methodology

This study relates the following methodologies of 
research:
 (i) Obtaining secondary data from the website 

of MGNREGS.
 (ii) Determining the area of field work through 

the analysis of secondary data.
 (iii) Pilot survey of the village to determine the 

number of respondents and ground truth 
verification of MGNREGS created common 
property resources in the field area.

 (iv) Frming of survey questionnaire.
 (v) house listing and modification of survey 

questinaire as per responses.
 (vi) GPS survey.
 (vii) Respondents survey.
 (vii) Focussed Group Discussion. (Those who are 

the nearest residents of MGNREGS generated 
CPRs and who have done the MGNREGS 
work for more than 40 days in finnacial year 
2014-2015 are the members of the focussed 
group.)

 (viii) analysis of the data.

The data base of the study refers to the website of 
MGNREGS, www.nrega.nic.in for secondary data 
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and primary data is obrtained from the field survey 
of the selected village.

RESULTS AND DISCUSSION
In relation to the study mentioned above there 
exists marked variation regarding the promise of 
the scheme and ground realities of it. This study 
relates following observations:
 1. Uneven distribution of resources: It has been 

found by the field survey that CPRs created 
by MGNREGS are unevenly distributed over 
the village space. This is mostly because 
of the limitation of the available physical 
space. CPRs listed in MGNREGA law 
requires much physical space to construct, 
which is a hindrance for even distribution. 
Another factor revealed by FGD is, CPRs like 
roads are created and re-builded over the 
years nearest to the politically and socially 
influential people of the village. Some village 
roads have shown sudden end which was not 
clarified by village authority. This finding is 
in compliance with the findings of Verma 
and Shah (2012) .According to them “an 
indifferent block and district administration 

caused long delays in the works approval 
and wage payment processes and a poor 
performance in both quantity of employment 
generated and quality of assets; leaving the 
village communities feeling helpless, dejected 
and cynical”.

Table 2: Response Related to duplication of 
MGNREGS work (obtained by FGD)

Reason for Duplication Frequency % of fre-
quency to 

total
Physical space is less 51 32.07
Authority does not take 
villagers opinion about CPR 
creation

59 37.11

Misuse of fund by village 
authority

13 8.18

CPRs are of poor quality so they 
need reconstruction

27 16.98

Does not have any opinion 9 5.66
Total 159 100
Source: Field survey, October 2016-December 2016.

  The area of concentration of MGNREGS 
work in the study area is the southern 

Table 1: Calculation of Ranks Based on the Selected Indicators

Country: India
State: West Bengal
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Indicator-I Indicator -II Indicator - III Indicator - IV

Pa
nc

ha
ya

t N
am

e

To
ta

l h
ou

se
ho

ld
s 

re
ac

he
d 

10
0 

da
y 

lim
it

R
an

k

To
ta

l p
er

so
n-

da
ys

 
ge

ne
ra

te
d 

in
 2

01
4-

20
15

R
an

k

To
ta

l w
or

ks
 

ge
ne

ra
te

d 
in

 2
01

4-
20

15

R
an

k

A
ve

ra
ge

 p
er

so
n 

da
ys

ge
ne

ra
te

d 
pe

r w
or

k 
in

 2
01

4-
20

15

R
an

k

C
um

ul
at

iv
e 

R
an

k 
(L

ow
es

t V
al

ue
 m

ea
ns

 
be

st
 p

er
fo

rm
an

ce
)

Amlajora 404 1 272288 1 1264 5 215.42 1 8
Bonkati 373 2 210883 2 2542 2 82.96 2 8

Gopalpur 73 5 116489 3 2928 1 39.78 7 16
Molandighi 125 3 107896 5 1939 3 55.65 6 17

Kanksa 72 6 103232 6 1259 6 82 18
Trilokchandrapur 35 7 108569 4 1549 4 70.09 5 20

Bidbihar 81 4 93425 7 1177 7 79.38 4 22

Source: www.nrega.nic.in
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part of the village. Other parts are merely 
experienced any kind of development 
through MGNREGS.

 2. Poor quality of the resources: MGNREGS 
created CPRs in the study area are not built 
by good quality material and they are not 
done thinking about the long term benefits 
of the villagers. Roads are of poor quality, 
plantation is inadequate and ponds are often 
dried at summer season because of their 
limited depth. It seemed that the village 
authority is keener to generate employment 
days through resource creation rather to 
create rural resources on a sustainable 
basis. Ambastha et al. (2008) has pointed 
out the poor quality of assets created under 
MGNREGS three years after the legislation 
and the same tradition has found to be 
continued in the study area.

Table 3: Response Related To Restoration of 
MGNREGS Created Assets

 Response Frequency Percent
YES 68 33.8
NO 132 65.7

No Response 1 .5
 Total 201 100.0

Source: Filed Survey, September 2015-December 2016.

Table 4: Response Regarding No Conservation of 
MGNREGS Created CPRs

 Reason for not taking any 
attempt to preserve CPRs

Frequency Percent

Not requirement is placed by 
MGNREGS

37 28.03

Assets are built far off from the 
residence

9 6.82

Respondent does not feel the need 39 29.55
No idea about restoration 19 14.39
Problematic to manage 5 3.79
Restoration is Panchayat 
responsibility

5 3.79

Discouragement by village 
authority

8 6.06

No time to do restoration work 3 2.27
Presently no assets built/work 
done so nothing to preserve

7 5.30

Total 132 100.0

Source: Filed Survey, September 2015-December 2016.

 3. Poor management of CPRs: In the field 
survey, it has been found that minimal or 
no effort is taken to manage or preserve the 
newly created CPRs. The lack of awareness 
about the usefulness of CPRs in the long 
run is mainly responsible for this. Another 
psychology related to these CPR followed by 
the principle of “Tragedy of the Commons”. 
While villagers are keen to get the benefits, 
they are not ready to take care of the 
resources, rather they think that preservation 
is the responsibility of village authority. A 
close talk with village officials revealed that 
they visualize the aspect of preservation and 
management as Villager’s responsibility. This 
conflict has led to the poor management of 
the resources in study area. The study of 
Singh and Modi (2010) supports this finding 
with a view that the rural communities are 
either ‘incapable’ or ‘unwilling’ to manage 
the MGNREGS created assetsSimilarly, 
Kumar and Chandra (2010) argued about the 
special provisions for the Gram Panchayats 
to commence repair and maintenance work 
on a regular basis.

Table 5: Ground Realities of MGNREGS Generated 
CPRS

Problems Related With 
MGNREGS Generated 
CPRs

Frequency of 
Respondents 

reported 
incident

Percentage 
of  

respondents

CPRs are unevenly 
distributed so not equally 
accessible for all

35 17.41

Roads are not of good quality 38 18.91
Ponds dries up in summer 
season

33 16.42

CPRs are poorly managed 29 14.43
Heightening and deepening 
of embankment is not at 
optimum level

13 6.47

Quality of earthen 
embankment is not good

41 20.40

Number of plantation 
grounds are less

9 4.48

No opinion about 
MGNREGS created CPRs

3 1.49

Total 201 100

Source: Filed Survey, September 2015-December 2016.
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 4. Duplication of work: To generate CPRs on 
a regular basis, village authorities had made 
the same CPRs again and again irrespective 
of the need. For example, because of the 
poor maintenance of plantation ground, trees 
often survives less and in next monsoon, 
authorities decide to plant the trees again in 
the same ground for generating employment 
under MGNREGS. A road in the study area 
has been builded and rebuilded again and 
again to generate mere employment. This 
is because of the (a) lack of the ability of 
village authority to conceptualize about 
more useful CPRs (b) lack of administrative 
staffs in the Panchayat and (c) urgent need to 
generate employment within a limited time 
span (authority is responsible to manage and 
send data regarding MGNREGS to MoRD 
regularly.

CONCLUSION
The observations of the study may be of interest of 
Indian policy makers, as this field study provides 
a detailed attempt to find out the gendered 
variations of responses related to the CPRs created 
by MGNREGS in rural West Bengal. Undoubtedly 
MGNREGS has contributed greatly in last 11 years 
to the lives of the rural poor. Still more study 
is needed to understand the detailed aspects of 
livelihood change regarding this safety net. Though 
temporal progress is seen in terms of MGNREGS 
implementation in West Bengal but the goal of 100 
days of promised employment is far to achieve. 
This is one of the major drawbacks of the scheme 
implementation in west Bengal. It is also suggested 
that apart from mere fulfilment of the one third of 
women beneficiaries, the emphasis should be given 
on fulfilment of promised employment days to rural 
women together with encouragement of women to 
bring them in the workforce. Participation of more 
women in the workforce will enhance the generation 
of more CPRs which in turn will accelerate the more 
utilization of rural CPRs. 
In this way more ease of livelihood could be 
achieved. Further, increased participation will 
enhance more employment, more employment will 
create or modify more rural assets, will generate 

more income and in turn, generate more savings. 
These enhanced outcomes like employment, 
savings, income and rural assets can lead to a 
sustainable village economy in West Bengal. The 
aspect of sustainable CPR generation is highly 
related with the aspect of generation of employment 
days. While seeing the gendered utilization of 
MGNREGS generated CPRs in the selected study 
area through the lense of reality based survey, many 
shortcomings of the scheme implementations are 
found.
This study indicates that there is a wide gap 
between the promise of this much discussed safety 
net and its implementation in the ground level. 
The productive value of MGNREGS created CPRs 
can be enhanced with efficient long term planning. 
Awareness generation among villagers and mass 
participation in CPR conservation process could 
be the tool for generating sustainable livelihood in 
rural India.
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Abstract: Common property resources are significant for village livlihood. MGNREGS  as a rural safety net 

has enhanced the livelihood of the people through generation of rural assets . The conservation aspect of the 

CPRs created by this scheme is not much discussed. This paper  provides an attempt to see how these resources 

are managed in rural West bengal, what is the perception about resource managemnt and how this varies across 

gender. At last, this paper tries to point out the significant ways for the sucessful preservation of CPRs for 

sustanable livelihood of the villagers.  

 

Keywords: CPR, Sustainable livelihood generation, Perceptions. 

 

I. INTRODUCTION 

The idea of common property resources is much debated and highly complex. The concept is 

controversial too with various connotation as per existing economic schools. The most conventional concept is 

that “the common property is a resource accessible to whole community to which no individual has exclusively 

property right and is owned and governed by an institution.”(Bhushal, 2009). A conceptually acceptable 

common division of resource is based on property right of private and public resources. The private resources 

are operationalised through institutional infrastructure such as court of law which prevents its unlawful use by 

the non-owners, while public resource is generally managed by the institutions such as group, community or 

state, has free access to all, and its benefits are for the collective consumption of people. Singh (1994) is of the 

opinion that common property resources are owned in common by an identifiable group of people, regulated by 

social convention and legally enforceable rules. (Singh, 1994, cited in Bhusal, 2009). This paper provides an 

attempt to relate MGNREGS created CPRs and its management in a rural area. (Studied under the UGC 

sponsored minor research project on “Gender Specific Utilization of Common Property Resources: A Micro 

Level Study of MGNREGS Generated CPRs Utilization in Rural Part of Burdwan, West Bengal.”) 
Economic wellbeing of a society is directly related with wise utilization of all available resources, including 

CPRs.  The management of CPRs is crucial for sustenance of environmental stability, as well as for the 

sustenance of the quality life of the people concerned. This paper have identified the existing situations related 

to common property resource in the study area. 

 

II. CRITERIA OF THE SELECTION OF STUDY AREA 
The selection of study area is done through the process of filtering. A brief of the selection is as 

follows: 

The district of Burdwan is selected for this project because of the good performance of the district in 

MGNREGS in past years. At first step, a block wise analysis has been done based on the total persondays 

generated through MGNREGS in financial year 2014-2015. Rank has been given accordingly.  Highest number 

of persondays is given rank 1). This table shows the place of  Kanksa block in  11
th

 number. To confirm the 

selection of the block, a G.P level analysis has been done based on the same procedure and  the Panchayats of 

Kanksa block was showing good performance in generating good number of persondays through 

MGNREGS.So Kanksa block got selected. From the selected block, a G.P. level analysis has been done based 

on four indicators, these are : 

Indicator-I is the number of total persondays generated through MGNREGS in year 2014-2015. This indicator 

is selected to understand the extent of work done in the study area. 

Indicator-II is the total number of works generated through MGNREGS. Though this is not a good indicator to 

understand the spread of work because of the diversified nature of MGNREGS work offered in the village area, 

but this indicator is selected to understand the coverage of work as per the proposed research title. 

Indicator-III is the households got promised 100 days of work through MGNREGS in financial year 2014-

2015. The questionnaire of the survey relates the some question regarding conservation part. So this indicator is 
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taken to get the response from those who have got full number of workdays and their response related to 

conservation. 

Indicator-IV is the average number of persondays generated per work through MGNREGS in financial year 

2014-2015.This is a proxy indicator to understand the intensity of work per rural asset.  
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III. ANALYSIS 
The dominant models of common property resource management includes capitalist model and 

socialist model. While capitalist model argues that resources commonly used are subject to degradation and 

privatization is the only solution to this problem, the socialist model centres around the idea of economic 

poverty caused by inequitable distribution of resources among population. This, in turn destroying the common 

property resources and therefore the nationalization of public resources is a justifiable strategy of resource 

management. A third model suggested by social scientists suggests that the policy makers should recognize, 

support, and strengthen cultural system and socio-political institutions of local people rather than replacing them 

with other forms of management strategy. The theories of economic growth are often optimistic of providing a 

better society with maximum possible amenities where life standard is qualitatively high in terms of possessing 

property and exerting individual rights. Availability, accessibility and utilization of natural resources are three 

major indicators of economic growth and development.  The resources left out by these theories are common 

property resources which is having a great importance on the lives of the people residing in developing and less 

developed countries. “Common property resources have great importance for the poor and women. Certain 

classes of common property resources are also among the degraded lands in Asia. Thus, they highlighted 

common causes of poverty and environmental deterioration” (Smith & Japal, 2000 Cited in Bhusal, 2009).  A 

study on the utilization of MGNREGS created CPRs in Silampur village  of Kanksa Block, Bardhdhaman has 

revealed some significant findings: 

 

TABLE: 1: Idea levels regarding MGNREGS created CPR conservation 

Idea about the need for MGNREGS created CPR conservation * % of Respondents 

Very Poor  39 

Poor 27.6 

Fair 23 

Good 8.4 

Very good  2 

Total 100.00 

*Idea levels based on the certain indicators placed in structured questionnaire. 

  Source: Filed survey, September 2015-December 2016 

 

A part of the survey questionnaire was prepared to understand the perceptions related to the 

conservation of MGNREGS created CPRs in the study area. The result of the study reveals almost zero or poor 

management perception of the respondents. 134 respondents out of total 201 respondents (66.66%) have no idea 

of CPR management. The lack of idea about CPR management are generated through (a) lack of educational 

attainment of the respondents, most of them are primary and middle school passed and hence having very basic 

ideas of livelihood generation, and (b) lack or absence of government initiatives to generate awareness about 

these CPRs for their sustainable use. To understand the gendered idea of the respondents relating to various 

CPRs, the questionnaire was framed for level of perception related with the conservation of each MGNREGS 

created CPRs in the study area. The results obtained is summarized in table2.  

 

TABLE: 2:  Gender Specific Idea about MGNREGS Created CPR Conservation 

Idea regarding 

way of 

MGNREGS CPR 

management 

Cleaning of 

road 

Cleaning of 

pond 

Cleaning 

drain 

Protection of 

embankment 

No idea about 

CPR 

management 

Total 

Male 7(7.52%) 9(9.68%) 11(11.83%) 3(3.23%) 63(67.74%) 93(100%) 

Female 16(14.81%) 3(2.78%) 13(12.03%) 5(4.63%) 71(65.74%) 108(100%) 

 

Total 21(10.44%) 12(5.97%) 24(11.94%) 8(3.98%) 134(66.66%) 201(100%) 

  Source: Filed survey, September 2015-December 2016 

 

Interestingly, the table reveals a contradictory fact. Though the village women are in most of the cases 

are less educated by village men, they are more concerned about the conservation of CPRs than their male 

counterparts. A close talking with village women revealed that they see the conservation of CPR as an integral 

part of CPR use . The response reflects the age old tradition of women education regarding preservation of the 

assets of the households from the elders of the households. In most of the cases, the understanding for long term 

use is not present. Rather, it’s a part of the daily habit of village women to clean the road, drain and areas 

adjacent to embankments.  
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TABLE: 3:  Reason For Not Having The Idea of MGNREGS Created CPR Management 

 Reason for having no idea about CPR management  Frequency Cumulative Percent 

 

Not required as guided by MGNREGS 37 18.40 

Assets are built far off to manage 11 5.47 

 Don't feel the need to manage 39 19.41 

No idea about restoration 15 7.46 

Management is Problematic due to Political interference  13 6.47 

Management is Panchayat Responsibility 5 2.49 

Shortage of Time 3 1.49 

Presently no assets built/work done so nothing to preserve 7 3.48 

No Perception Given 71 35.33 

Total 201                       100.00 

  Source: Filed survey, September 2015-December 2016 

 

Most of the villagers perceives the conservation of CPR as the Government responsibility. Much of the 

respondents are not aware about the need to manage the CPRs. A portion of respondents are not taking any step 

to conserve the CPRs as they think resources are newly created so does not require any attention. The 

respondent survey has revealed following facts: 1. Conflict of ideas regarding CPR management among public 

and private. 2. Doubt about time frame for the need of CPR management.i.e. Young resources does not need 

conservation. 3. Zero idea about need of resource conservation procedure for it.  

 

IV. CONCLUSION 
For successful management of common property resources, it is required recognize the local social structures 

together with local cultural systems and existing institutions and all its complexities. Because all these plays a 

crucial role in CPR management.  The criteria of CPR management are:  

a) The cost and benefits of Common property resource management: Management of CPRs involves costs and 

benefits. The dimensions of all these varies temporally and spatially. 

b) Activeness of the local institutions is crucial to acquire the benefits of CPR management: 

The management of CPRs also depend upon the characteristics of CPR of the region. The more usable a 

resource is the more risk for poor management and more government invention is needed.  For example, the 

MGNREGS created ponds are most usable asset as per the response of the respondents  which are most poorly 

used together for waste disposal, both cattle bath and human bath , irrigation etc. The degree of utilization of 

CPR depends on the seasonality too. Variations in season as per prevailing activities determines the intensity of 

CPR. For example, Village ponds are found to be utilized mostly in the agricultural season, especially in 

monsoon for irrigation purposes. Same ponds are used extensively for bathing of both human and cattle. 

c) It is crucial to use the inborn skill of village women to preserve the village CPRs by their own processes 

which is very much in parity with the local needs and practices for sustainable use of the MGNREGS generated 

CPRs. 
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ABSTRACT

MGNREGS is a much discussed rural development scheme currently operational in all rural districts of 
India. It’s vast extension and decentralized nature of planning has made it special to Indian economy. 
Employment related aspects of this scheme has always remain the focus of discussion since its inception. 
However, little attempts have been made to relate MGNREGS created CPRs and gender. This paper 
provides an empirical research on the impact of MGNREGS generated CPRs on gender. The impact is 
assessed through a structured questionnaire and the identification of mostly used CPRs across gender. 
The degree of ease of livelihood and the utilization pattern of these CPRs are different across gender in 
study area. In the last section, this paper provides suggestions regarding the improvement of the gendered 
access of CPRs and its sustainable use.
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The concept of livelihoods gradually gained a 
significant importance to the issues of poverty 
reduction and human development. Livelihoods 
may be defined as means by which households 
obtain and maintain access to the resources 
necessary to ensure their immediate and long term 
survival (Scoones, 1998). A livelihood comprises 
the capabilities, assets (stores, resources, claims, 
and access) and activities required for a means of 
living; a livelihood is sustainable which can cope 
with and recover from stress and shocks, maintain 
or enhance its capabilities and assets, and provide 
sustainable livelihood opportunities for the next 
generation (Chambers and Conway, 1992). Article 
39A of the Directive Principles of the Indian 
Constitution, enjoins the State to ensure that every 
citizen has adequate means of livelihood. UNDP 
(2003) also consider livelihoods as an important 
factor responsible for eradicating extreme hunger 
and poverty and thereby attaining a better human 
development index.
“The studies have documented that MGNREGS 

activities, apart from providing income and 
employment, provided multiple environmental 
services, such as increased ground water recharge, 
increased ground water percolation, enhanced water 
storage in tanks, increase soil fertility, reclamation 
of degraded lands, and carbon sequestration” 
(Raveendranath et al. 2009).

Methodology & Data Source

To study the gendered impact of MGNREGS 
generated resources, a primary study has been 
done in silampur village of Kanksa mouza in West 
Bengal as a part of the UGC sponsored minor 
project “Gender Specific Utilization of Common 
Property Resources: A Micro Level Study of 
MGNREGS Generated CPRs Utilization in Rural 
Part of Burdwan, West Bengal” 2015 with 201 
number of respondents. The methodology involves 
simple random sampling on the basis of structured 
questionnaire, pilot survey, final survey and 
focussed group discussions.
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Data source of the study refers to primary research 
based on a set of structured questionnaire.

An analysis of the Situation

Table 1: Profile of the Sample Respondents

Whether Using MNREGS 
Generated CPRs

 Total
 N %

 YES
 N %

NO
N %

No Ans
N %

Gender 
Profile of the 
Respondents

Male 83 91.20 8 8.80 0 0.0 91 100

Female 95 86.36 14 12.72 1 0.92 110 100

Total  178 88.56 22 10.99 1 0.45 201 100
Source: Field survey, September 2015-December 2016.

Out of 201 total respondents, number of male 
respondents reported using MGNREGS created 
CPRs are 83, i.e. 91.20% of total male respondents 
(91). For female, the representation is slightly less, 
95 out of total 110 female respondents. (86.36%). 
In general, 88.56% respondents of the total are 
using these common property resources in the 
study area. MGNREGS has created (a) ponds (b) 
roads (c) plantation ground (d) drain (e) earthen 
embankment (f) levelled land etc. in the sample 
village. The survey was conducted in two parts; 
one on the basis of the structured questionnaire and 
recording of the responses and another is FGD with 
selected few of men and women. (Those who are 
using at least three assets daily in a day). Though it 
is extremely complicated to assess the impact of the 
resources due to utilization overlap, it is simplified 
as the recording of major use (three per respondent) 
as per the time duration and intensity of the use. 
The major three resources used in the study area 
are ponds, embankment and roads created by 
MGNREGS. Following table represents the category 
of recorded responses.

Table 2: Impact of MGNREGS on Village Livelihood

Whether Assets Built 
by MGNREGS has 

Resulted the Ease of 
Livelihood

Share out of 
Total no. of 

Respondents
 N %

YES
N %

NO
N %

Sex of the 
Respondent

Male 74(81.31%) 17(18.69%) 91(45.27%)
Female 88(80.00%) 22(20.00%) 110(54.73%)

Total 162 (80.59%) 39 (19.41%) 201 (100%)
Source: Filed survey, September 2015-December2016.

Out of the 178 users of MGNREGS created CPRs, 
162 had given the positive response regarding 
their ease of livelihood (91.01%) due to MGNREGS 
implementation. Those who reported no change in 
their livelihood are from three categories, (a) those 
who are using MGNREGS created CPRs but not 
satisfied with it (N=16), (b) those who are not using 
MGNREGS created assets at all (N= 38) and (c) those 
who did not give any definite answer regarding 
the ease of livelihood and MGNREGS generated 
CPRs (N=1).

Table 3: Benefits Achieved from Earthen 
Embankment in Study Area

Benefits Achieved 
from Embankment

Total 
Male

Total 
Female

%age of 
Male

%age of 
Female

Reduction of Trauma 
For Flood

53 56 71.62 63.64

Improved Connectivity 
To Schools, Market & 
Religious Places

1 12 1.35 13.64

More Recreation 11 1 14.87 1.14
Ease of Water 
Collection For 
Drinking

0 0 0.0 0.0

Ease of Religious 
Practices

0 3 0.0 3.40

Ease of Using/
Accessing Toilets

0 0 0.0 0.0

Help in Cultivation 9 16 12.16 18.18
Others 0 0 0.0 0.0
Total 74 88 100 100

Source: Field survey, September 2015-December 2016.

Table 3 depicts the highest percentage of respondents 
in both category are benefitted from the earthen 
embankment created under MGNREGS in the study 
area .This has resulted the vulnerability reduction to 
a great extent. Basanti Devi (54) has reported, “We 
live so close to river that it was our fate to struggle 
with flood in almost every year. For me, this was 
the most hectic and tiring period of my life as I had 
to cook within and to look after my children who 
often fall sick in that season. After creation of that 
embankment, we are saved from hectic schedule 
of monsoon days, saved from going to temporary 
shelter and to arrange for livelihood in a mess for 
almost one month”. Though the embankment is 
not fully capable of restricting flood in optimum 
level, but it has got the recognition of best CPR in 
the village created through MGNREGS for saving 
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human lives together with livestock. It has helped to 
drastically reduce the domestic hazard of the village 
women in monsoon season in last five years. For 
women, the second benefit is the help in cultivation 
due to constant supply of water. This place is used 
by village male as a place to roam around and 
community gathering in the evening. Females, on 
the other hand are have not reported positively for 
social restrictions.

Table 4: Benefits Achieved from Newly Generated/
Regenerated Ponds in The Study Area

Purpose of 
Utilization of 
ponds

Total 
Male

Total 
Female

%age of 
Male

%age of 
Female

Average 
%age of 
Male & 
Female

Flood Control 2 5 2.70 5.68 4.19
Recreational 
Purpose

23 3 31.08 3.41 17.25

Bathing Purpose 24 27 32.43 30.68 31.56
Purpose of 
Washing Cloths 
& Utensils

1 21 1.35 23.86 12.61

Purpose of 
Religious 
Practices

4 2 5.41 2.27 3.84

Purpose of 
Using/Accessing 
Toilets

3 2 4.05 2.27 3.16

Purpose of 
Cultivation

15 18 20.27 20.45 20.36

Not Reported 
Any Benefit

2 10 2.70 11.36 7.03

Total 74 88 100.00 100.00 ……….

Source: Filed Survey, September 2015-December 2016.

Pond is the third significant CPR preferred across 
gender in the study area. It has been observed that 
the ponds created by MGNREGS are having great 
impact in the domestic life of village women. 74% of 
women FGD respondents agreed with the fact that 
these newly created /renovated ponds are playing 
good role in helping their domestic life. They are 
now enabled to collect water from the newly created 
ponds for their domestic use, like bathing of cattle, 
fetching water to kitchen garden, bath of their own 
and other domestic uses. Though none of these 
ponds are that deep which can provide drinking 
water and supply water throughout the summer, 
but major part of the year is served by these ponds. 
Ponds are turned to be most beneficial CPR for 

village women. These are saving time and hardship 
of water collection, as most of the households in 
observed village is having no personal water source 
like well and tube well.
Another significant observation regarding 
MGNREGS created ponds is preference of pond 
is more or less similar across gender in the study 
area. For male, ponds are the place to fetch water for 
cultivation, bath, bathing of cattle and sometimes, a 
place to roam around. For female, this is the most 
significant source of fetching water for self and 
domestic use, kitchen gardening and for religious 
practices (like suryapranam).

Table 5: Benefits Achieved from Newly Generated/
Regenerated Roads in The Study Area

Purpose of 
Utilization of 
roads

Total 
Male

Total 
Female

%age 
of 

Male

%age 
of 

Female

%age of 
Male & 

Female to 
total N

Ease of access to 
collect drinking 
water

1 35 1.35 39.77 36 22.22

Bathing Purpose 
(human & 
livestock)

17 14 22.97 15.91 31 19.13

Ease of access to 
daily market

25 13 33.78 14.78 38 23.46

Ease of access 
to at the time of 
flood

8 11 10.82 12.5 19 11.73

Ease of access 
to educational 
centres

5 10 6.76 11.36 15 9.26

Ease of access 
to recreational 
centres

13 2 17.56 2.27 15 9.26

Not Reported 
Any Benefit

5 3 6.76 3.41 8 4.94

Total 74 88 100.00 100.00 162 100.00

Source: Field survey, September 2015-December 2016.

Highest percentage of female (39.77%) respondents 
have reported ease of access to collect drinking 
water due to newly created village roads. The 
highest percentage of male (33.78%) is seen I the 
category of ease of access to daily market. While 
men are seeing village roads as a medium to quick 
access to workplace and field, female of the village 
are mostly preferring this asset for helping them 
to collect water from the pond, fuelwood from 
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the nearby places and safely sending their child 
to school. Village roads built through MGNREGS 
in the study area are connecting all parts of the 
village as well as outward high road. These are 
significant for better connectivity to market, schools 
and places for social activities like temples, Idgah 
etc. Folowing table reveals the reason for the choice 
of first preference across gender.
Following are the livelihood changes, as reported 
by the village men and women in FGDs:
 1. Newly created/regenerated ponds in the 

village helped in daily livelihood by reducing 
the time for water collection. This is especially 
helpful for village women as water collection 
is seemed to be assigned as women related 
work in rural India. This benefit is exclusively 
achieved by rural women across all age 
groups in the study area.

 2. The availability of water has increased a lot 
than previous years. This available water 
is utilized in bath, domestic purposes and 
in some cases, for kitchen gardening and 
cultivation in few cases. The increased 
availability has helped the villagers of the 
study area irrespective of gender.

 3. Ponds are helpful for maintaining kitchen 
garden in some cases therefore ensuring 
some more vegetables in daily meal as 
compared to others.

 4. Availability of water for bathing is more after 
the implementation of MGNREGS. Earlier, 
the villagers have faced water crisis before 
the introduction of pipeline in scorching 
summer. The MGNREGS created ponds are 
helpful as an additional source of secured 
availability, beside pipeline supply.

 5. Ease of access to all parts of village and village 
with main road is accelerated compared to 
previous years. FGD with women revealed 
that this ease of access has enhanced the 
participation of girl child in school and 
marketing of the home made products like 
the vegetables of the kitchen garden, cow 
dung cakes, embroidery works, poultry and 
dairy products by women only and thus 
helped in the rise of income and their own 
savings.

 6. Levelled land is now used as playground, 

mostly for boys. These are avoided by girls 
because of the social restrictions.

 7. Earthen embankment has significantly 
contributed to the reduction of flood 
vulnerability, therefore increased the 
livelihood opportunities for both men and 
women.

 8. Embankment is  highly successful in 
mitigating the temporary migration to shelter 
at rainy season and therefore the livelihood 
opportunities enhanced. This has reduced the 
livelihood vulnerability of village women to 
a great extent.

 9. Embankment is helping the village males 
not to be water -trapped in rainy season 
and therefore temporary migration of males 
is possible in rainy season as agricultural 
labourer to the nearby agro-rich districts. 
Therefore, it helped the livelihood by paving 
the way of earning.

Suggestions for the improvement of the 
situation

Observing the ground situation of MGNREGS 
created resources, following are the suggestions for 
the improvement of the situation:
 1. CPRs should be created keeping in view the 

long term achievement of the village rather 
than mere employment days generation. 
These should be of good quality and for the 
maximum benefits of villagers.

 2. CPRs helping more to village women should 
be given more concern and pre-work survey 
is needed to address the need of the village 
women.

 3. A regular awareness campaign is needed 
to make the people specially women aware 
about the CPR generation part of the scheme 
and its usefulness.

 4. Awareness level must be raised regarding 
conservation of resources and schools should 
incorporate some conservation aspects within 
young minds.

 5. More participation of women is needed in 
village meetings to ensure the most needed 
CPR in the village for the benefit of women 
and girls.
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 6. Village authority should ensure good quality 
CPRs and a regular inspection and village 
audit is needed to monitor the same.

CONCLUSION
On a conclusive note, it can be said that the safety 
net programmes like MGNREGS should include 
women’s voices and interests keeping in view 
the social relations, family structure and existing 
cultural norms. These programmes should seek 
to enhance women’s access to the newly created 
resources as well. Creation of explicit awareness 
about women’s access to CPRs will enhance their 
control on it and hence will ensure the long term 
preservation as women has naturally got the 
preservation attitude towards nature much more 
than men. Recognizing women’s participation 
constraints and their role in manging CPRs may 
result the best benefit out of it. According to World 
Bank report, “programmes that affect access to and 
management of common property, such as natural 
resource management programme, should recognize 
women’s dependence on these resources and 
accommodate gender differentiated management 
practices”. It is concluded from the field survey 
that the awareness and empowerment of villagers 
across gender will reduce the vulnerabilities of 
their own to a great extent together with the 
enhancement of livelihood opportunities. This will 
again boost up the women’s access to the CPRs. A 
broader understanding of gender dimensions of 
CPR management will help the policy makers to 
formulate a more effective policy for sustainable 
development.
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Locating Gender in Geographical
Questions : A Short Discussion

Sarmistha Saha*

Geography as a discipline crosscuts with various other disciplines of social science. An
emerging branch of geography is gender geography. Geographical questions add a different
dimension to the research if address the issue of gender. Most of the times, geography often fails to
locate gender in its questions and follows the process of generalization for both quantitative and
qualitative research. The generalization of geographical conclusions often result the unaddressed
issue of gender in research. This paper examines the landscape of gender geography in its first
section and tries to explore the possibilities of geographical application to gender studies. 

[Keywords : Gender geography, Geographical questions, Gendered perspectives,

Homogeneous assumptions, Gender issues]

1. The Landscape of Gender Geography

The study of geography in modern times is intersecting with so many

disciplines of social science. The span of geography as a social science is vast and

the development of social geography has rendered some relevant questions. The

feminist concepts has an impact on geography since 1970’s. The society has

changed hugely in the course of time and the social norms has also been changed.

The study of marginality has emerged as the separate discipline in many counties.

However, the question of content arises while studying gender in geographical

context. Though gender studies has established itself as a separate discipline, but

the term gender geography is more perplexed in a geographical discussion.
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According to Rose (1995) “feminist geography was simply too extensive to be

ignored by contemporary accounts of the discipline.” Nelson and Seager (1986)

argues that “In comparison to other cognate social science fields, geography as a

discipline was slower in developing and embracing feminist scholarship; this

delayed engagement meant that the critical work already under way in disciplines

such as anthropology, sociology, history, political philosophy, and economics was

available to the early cohort of geographers who were pioneering feminist

geography”. Even within the core discipline of gender studies, the geography of

gender is significant. The regional, social, economic and cultural aspects of

geography results a great variety of conclusion in gender questions. “The study of

gender within geography has introduced new theoretical concepts such as the

gendering of public and private spaces, gendered divisions of paid and unpaid

labor, and challenges to the gender assumptions reminiscent in much of Marxist

geography. Much of this scholarship included women as a previously absent

group into the study of place and space” (Fluri,2015). Generally huge problem

arises in explaining gender questions through geographical perspectives. The

homogeneous assumptions and lack of detailed understanding of diversity of

gendered issues are the reason. In geography, especially in social geography the

geographical variations are considered to be homogeneous in most of the cases.

Except some of the well known indications such as literacy, sex ratio, employment,

saving, fertility etc. most of the geographical aspects are seen as homogeneous.

Geography as a discipline of science is highly related with space. However,

geographical studies merely works with gender specific availability of space. The

geographical explanations are often not seen through gender lenses. For example,

in resource geography, geographers often seen resource in terms of place and

utilization. The place and utilization is highly subjected to gender, which is often

ignored. Resources are, never been classified on the basis of gendered use or

gendered location. Another example is cultural geography where the dimensions

of culture is very often seen in terms of gender.

2. Geographical Application to Gender Studies

Feminist geography has marked a paradigm shift in geography. In spite of

this the idea regarding the core subjects of gender studies and geography is often

conflicting. “One of the most important effects of feminist geography has been to

unsettle taken-for-granted assumptions about women’s and men’s “places” in the

societies, communities, organizations, and relationships within which we live and

work. Thus, feminist geography has opened up questions about ways in which

spaces and places - from bathrooms to call centres, from urban parks to teaching

spaces - are experienced differently by different people, and come to be associated

with the presence or absence of different groups of people (Nairn, 1997; Burgess,

1998; Longhurst, 2001; Belt et al., 2002). While gender is one salient dimension in

these experiences and associations, so too are age, class, ethnicity, and many other



factors. Consequently, bringing issues about gender into geography has entailed

much more than attending to differences and inequalities between women and

men.” (Bondi and Davidson, 2005) It has also prompted much reflection on what

the categories “women” and “men” mean, and on the concept of gender, in the

context of social identities and social relations more generally. One expression of

this has been growing interest in a diversity of “masculinities” and “femininities”;

that is, in different ways of being men and women (Valentine, 1996; Ainley, 1998;

Laurie et al., 1999; Longhurst, 2000) Gender geography as a sub-discipline of

geography is often refused by a number of scholar. While gender studies as a core

discipline focuses more on theoretical development, geography can provide an

empirical base to gender studies through the use of quantitative techniques. In this

way regional diversities can be placed in more scientific manner. Feminist

geographers can use the quantitative tools to explain the various aspects of study.

Statistics is undoubtedly a powerful tool in gender geography to understand the

extent of the debated issues with a deep overview. There is much debate regarding

incorporation of gendered aspects in geographical problems. The answer is quite

complex. A subject cannot be explained fully if a major part remain unexplained or

based on theoretically homogeneous assumptions. Knopp (2013) has studied the

interlinkages between gender and other sociopolitical factors like race, ethnicity,

caste and class. The essence and understanding of the subject remain competent if

it relates the existing social context in a deeper level. 

The most critical question is how to incorporate gendered perspective in

geographical questions in a non-biased manner. Geography as a whole, deals with

the distribution of phenomena over space. Space is unique in terms of place based

identities. “Places and place-based identities are unboundaried, open, porous, and

fluid entities that are always “in process” in relation to numerous other places”

(Massey, 1994). This distribution must be marked as per gender. The gendered gap

between theatrical availability and practical distribution is a good indicator.

Identification of factors that are responsible for the deviation is next step.

Geographical tools are the best for evaluating impact and assessing the depth of the 

problem. Maps, diagrams, statistical techniques, primary research and GIS

layering can help immensely in geographical explanation of gendered problems.

The inclusion of women in policy making and implementation requires in depth

study of literal and figurative maps, which are till date poorly developed. The

study of gender requires the incorporation of map making techniques that are

easily available in the discipline of geography and maintenance of database which

is also common in geographical context. “Conceptual discussion of “space” “never

surfaces [within geography] because everyone assumes we already know what the

term means.” Consequently the project of feminist geography has been as much

about rethinking core geographical concepts like space and place as about

rethinking gender and its relationship to space and place” (Massy, 1992, cited in

Bondi & Davidson, 2005).
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3. Conclusion

Geography, as a science based discipline, believes on positivist philosophy of

explanation which is the prime requirement to formulate a policy sensitive to

women. The theoretical nature of gender studies has made the subject

unacceptable or partially acceptable to other discipline. But it is true that the issues

related to women are mostly related to their lives and cannot be catched in

quantitative data. Still, an attempt to generate quantitative measure with

qualitative explanation is the best way to strengthen the discipline. The diversity of 

the issues and lack of data based research has contributed against an effective

policy formulation. Therefore the need of the hour is to work towards a data based,

empirically tested solution that can address heterogeneity and help in formulate

effective policies. Besides, gender lenses should be incorporated to most of the

geographical discussion to understand the distributions are not homogeneous

over space. This unequal nature must be admitted and understood to generate a

long term benefit of the society. According to Fluri (2015) “Gender research has had 

a significant impact on several sub disciplines within geography. Much of this

research calls for a focus on the body and embodied ways of knowing and

experiential forms of understanding, gender divisions of labor and space, gender

politics, gendered forms of security and insecurity, gender and migration/

mobility, and gender and the environment. Gender research in geography calls for

embodied and place-based research, while attending to the linkages between

conceptions of place, space, and scale and the connections between intimate/every

day and global processes”. Shurmer-Smith and Hannam (1994) agreed that finally

we are having a new version of cultural geography which simply assumes that you

can’t do that kind of geography without talking about gender.
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Factors Affecting Ground Water 

Depletion of Water Stressed Bhatar Block 
of Burdwan District, West Bengal 

KEYWORDS: Ground Water Deple- 
tion, Variability of Rainfall, Water 

Stress. 

Assistant Professor in Geography of Michael Madhusudan Memorial College,
Durgapur-713216, West Bengal.Sribash Tikader

The present work critically explains the responsible factors related to ground water resource depletion of Bhatar 

Blick. The study area is agro-rich area of Burdwan District and during last few year drastic change of cropping 

pattern is being noticed. The study slhwus that the atverage depth of the grUund water table from the surfaCe increased 166%, during 1985 

to 2014. The strongest ssociation is found in the case of relationship between expansion of Rabi and Boro paddy cropped area with 

TOund uater depth. Thus the block is facing a severe crisis in its ground uwater resource comdition1 and the crisis stems generally from 

LULC change, especially extension of Rabi cropped and Boru paddy cultivated area. In the concluding part, an apprupriate plan fur water 

resource conservation, encoUragement for wheat cultivation instead of excess boro paddy cultivation, conjunctive use of water are recom 

BSTRACT 

nended. 

of the situation may put the sustainability of the region's 

economy and environment in danger. 
1. Introduction 
Surface water resource is the main usable water supply to 

mect up human need worldwide, but the significance of 

underground water is growing as supply of surface wa-

ter happens to less dependable and predictable (Kundze- 
wicz and DEoll, 2009). Depleting ground water levels is 

the leading waning to rural society and food protection in 

the world. Globally ground water is the important source 
of fresh water supply. To evaluate the future water avail- 

ability, is very necessary to understand the gap between 

ground water used and volume of water available in the 

present time (Alexander et al. 2015). World water resources

are under stress' to meet future expectations due to rapid 

population growth, Land use Land cover (LULC) change 
and climate change (Kundzewicz et al., 2008, Famigli- 

etti, 2014). There are three chief approaches to enumerate

water stress (Rijsberman, 2006). The important one is the 

evaluation of the socio-economic and physical factors that 

influence water stress [Sullivan et al., 2003]. Diouf (2007) 

reported that by 2025, 2/3 of the world population will 

be living under water-stressed conditions. Due to excess 

withdrawals, and poor management of water resource the 

depth of ground water level has lowered, soil quality has 

deteriorated and reduced water quality Worldwide (Roseg- 

rant, 2002). 

The present paper focuses and explains in detail the pos- 

sible factors of ground water resource depletion. 

2. Study Area 

Bhatar Block, the study area is located in the Burdwan dis- 

trict of West Bengal. The latitudinal extension of this Block 
is from 23° 22'N to 23° 30 'N and longitudinal extension is 

870 44'E to 88° 03' 30"E (Fig 1). Range of elevation of the area 

is 20m to 60m and regional slope is from west to east. 

In the area, there are no any notable rivers but some right 

bank tributaries of Ajoy are present here such as Khari 

Nadi, Kandar, Kunur, Tumni, Brahmani, and Bagdob Nadi 

(Fig. 2). 

Figure 1: Satellite image of Bhatar Block 

India's water crisis is predominantly a manmade problem.

Brooks (2007) reported, extremely p0or management, un- 

clear laws, Govemment corruption and water waste have 

caused this water supply crisis. India's per capita water 

availability will reduce sharply to 1,340 m* by 2025(Frost 
and Sullivan, 2011), while in 2010, per capita water avail- 

ability was 5200 m in 19512.This picture highlights an omi- 
nous sign of the rising water shortage in the country. 

Evidently, West Bengal is not free from the problems of 

water scarcity. According to estimation of State Irrigation 

Department, requirement of water for agricultural sector 

would increase from 7.71Mham in 2011 to 10.98 Mham in 

Figure2: Drainage System of Bhatar Block 

DRAIN ALE s1SIES 

the years 2025 and that is more than obtainable water re- 

source for utilisation by all other sectors. 

During last few years complete reshape in agricultural 

system is being observed in Bhatar Block (Biswas, 2009). 
The total population of the area has increased above 70% 

from 1971-2011. The concept of population growth and 

water resource depletion are closely linked, because the 

demand for waler resources is escalating constantly with 

population growth (Bartlett 1999). The average depth of the 

ground water table from the surface increased from 74 me- 

ter (1985) to over 19.7 meler (2014). Further intensification 
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ABSTRACT 

The present paper tries to highlight the Spatio-temporal changing pattern and fluctuation pattern of 
ground water of Bhatar Block. Above 80% local people of the block are connected with agricultural 
activity and winter cultivation of the region mostly depends on ground water resource and small 
part of winter cultivation depends on surface water resource. The depletion rate of ground water 
resource during study period is very important. A clear warning of unsustainable changes of ground 
water resource in the area is identified in the present work. The changes of cropping pattern and 
ever-increasing demand in domestic sector are leading to depletion of ground water resource. 
Experience gathered during field visit and information collected from local people is that most of the 
hand pumps remain waterless from the month of December. Though the block recorded an overall 
decrease of ground water resources, but its level varies spatially from one part of the block to 
another. The deteriorating ground water trends advocate that water resource management must be 
taken acutely prior to diminishing water levels. In the final part, an appropriate plan for ground 
water resource management and encouragement for alternative crop cultivation are recommended. 

Keywords: Piezometric station; SWID; tank rejuvenation; water level fluctuation. 
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Abstract 

Burdwan district is known as Rice bowl of West Bengal and Bhatar Block ranks first in Burdwan 

district in terms of Rabi Crops especially Boro paddy production. Ground water condition of the 

block was more deplorable than any othcr blocks of the district. Naturally enough, district 
administration has branded it as dark bock. The prime aim of the study is to cvaluatc the impact 
of Rabi crop cultivat ion on ground water resource. Data and infonnation were collected from 

ficld survey during 2014-15 and different secondary sources. Microsoft Excecl, QGIS 2.8 and 

arcview3.2a RS-GIS software were used for the study. The study reveals that during last 30 

years the block experienced about 150 % increase in Boro paddy cutivated land. It was also 
found that farmers of the region diverted some area from Mustard and Rabi vegctable to crop 

like Boro paddy cultivation for getting more proft. During the assessment period the block as a 
whole experienced almost 600 % decrease in wheat cultivated area. Expansion of Boro 

cultivated land of the block was the main cause of such type of negative growth of wheat 
cultivated land. Boro Paddy is water sens itive food crop, in this area mainly ground water is used 
for its cultivation; conscquently ground water resource of the region gets affected by Boro paddy 
cultivation. The average depth of the ground water tab le increased from 7.4 meter (1985) to over 
20 meter (2014) within the last 29 years. In the concluding part, ess water ncody crops 
cultivation instead of water needy crops, water harvesting and sustainable water resource 

management are recommended.

Key Words: DEM, GWR, HYV, LULC, Rabi Cultivation, Shifting Cropping Pattern (SCP). 

Introduction 

of irrigation and A shift in cropping system is noticeable in the relative prices of crops, extensi 
changes in technology (Narain 1965). Irigation is the means of enhancing land productivity. In the 

environmental as well as in the technical and economic sense, irrigation provides many posibilities and 
causes several troubles (Vink 1975). Growth in agricultural production and income can generally arise 
from two sources, viz, expansion of agricultural land or more dynamic utilization of existing agricultural
land. The scope of initial option is very low in case of West Bengal as 68% of its geographical area is 
already under agricultural use and due to high demand for other uses some amount of aultivable land has 
also been converted into non agricultural land. Accordingly, the second option is increasingly getting 
larger importance in enhancing crop production (Ghosh and Kuri, 2005). The cropping pattern in West 
Bengal has tilted towards Boro Paddy, Oilseed and Potato which are vital promising cash crops (De, 

2003). 
Burdwan district is high rice productive district of West Bengal (Nag et al. 2013). The most part of the 
amazingly fertile agricultural land in eastern Burdwan District created on the vast floodplains of the 
Bengal Delta is formed by the deposition of sediments from the enormous rivers- the Damodar, Ganga 
and Ajoy. This region also enjoys canal and ground water irrigation facilities, as a result agricultural 
extension and intensification is clear picture of land use (Tikader and Biswas, 2013). Bhatar is such a 
block, a rural area and agricultural development has occurred at its highest level. Livelihoods of the 
block are largely dependent on agricultural crops, mainly rice. Above 80% of the land of the block is 
under agricultural coverage followed by area not available for cultivation (16%). Hence the agricultural 
land use of the block has been considered as major land use pattern (Tikader, 2014). The Land Use Land 
Cover (LULC) has changed dramatically for providing space for agricultural activities with expansion in 
surface and subsurface irrigation facilities and development of High Yielding Variety (HYV) seeds 
cultivation in order to meet the increased demand for growing population of this region. Thus it is clear 
that Bhatar Block is an ideal example of agricultural region and agricul tural activity is the main 
foundation of economic backbone of the area. 
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Abstract 

The present study highlights the major characteristics of population and its impact on socio- 

economic condition of Industrial part of Burdwan district. Westem part of the Burdwan district is 

highlighted as industrial belt and fully characterised by industrial phenomena. Population of the 

region is not only increasing considerably, but also shifting radically with respect to its composition 
and distributi on. More than 80%% people of study area are confined to urban area, where in Burdwan 

district it constitutes only 39%. Census of India reveals that the district of Burdwan has population

density of 1099 persons/Km', while in the industrial part of the district it records 1797 persons/Km

(2011). The picture of sex ratio in the study area is quite inferior, because sex ratio in industrial part 

of Burdwan district is only 924, whereas in the whole district it is 945.Low sex ratio is a common

picture of an industrial and urbanised area specially in a developing country like India. The 2011 

census of India has presented that the study area has gained high literacy rate. The share of 

agricultural workers in the total workforce declined from 13.5 % in 2001 to 11 % in 2011. Decline 

in the part of agricultural workers in the region's entire workforce-consecrated that industrial

composition of the area has extended a threshold point where the industrial and service sectors are 

about to take over the agricultural sector. 

Keywords: AMC. DMC, ELR, LDS, WPR, Worker Compositi on. 
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Availability of Civil Amenities and 
Spatial Pattern of Development: 

A Regional Perspective from 
West Burdwan District of 

West Bengal, India 

Sribash Tikader* 

This paper focuses on analysis of the spatial pattern of development and civil amenities 

available on different blocks of West Burdwan district. The study is made on the basis of secondary 
data, collected from census hand book and district statistical handbook. Some Statistical
calculation, maps and some charts have been prepared to fulfil the study. This study excludes 
diferent municipality and municipal corporation area and different block have been considered as 
small unit in the study. This study shous that the blocks with highity developed areas are spread 
mainly over the eastern part of the district except Salanpur block. Remarkable temporal 
improvement of diferent civil amenities of the district is found in this study. Being an industrial
and mining region, environmental pollu tion and some environmental hazards is common feature 
of the district. This problem recommends that environment friendly industrinl policies are of 
dominant significance in this enoironmentally vulnerable area and suggests for the managing of 
local resources and the taking up of ecologicallyfresh technologies.

Keywords : Crude literacy rate, Electrified village, Z-Score] 
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ABSTRACT 

Urban growth and sprawl have an influence on surrounding rural areas. Shankarpur
mouja, a suburb of Durgapur Steel Township, West Bengal, experienced a rapid growth of 

population as well as socio-economic development. The study found that over 95% 

workers of the mouja were engaged in secondary and tertiary activity and only 3% 

workers were involved in agricultural sector which was the opposite picture of any purely 
rural area. The main aim of the study was to evaluate the impact of urbanity on 

neighbourhood rural area. Data were collected from field survey and different secondary 
sources. Microsoft Excel and QGIS 2.8 RS-GIS Software were applied for the study. It was 

recorded in the study that Land use pattern of the mouja also got affected by 

Neighbourhood Township. During the last few decades, the amount of settlement area of 
the mouja expanded at the cost of agricultural land and forest land. A clear indication of 

unsustainable land use change was recorded in the study. In the concluding part, 
restriction against unsustainable land use change and eradication of socio-economic

inequality among the inhabitants were recommended. 

KEY WORDS: Rurban area, Urhan Sprawl, Multi-stored building, Socio-Economic

Inequality.
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Abstract Maintaining the balance between eliciting immune responses against foreign pro-
teins and tolerating self-proteins is crucial for maintenance of homeostasis. The functions of
programmed death protein 1 (PD-1) and its ligand programmed death ligand 1 (PD-L1) are to
inhibit immune responses so that over-reacting immune cells does not cause any damage to
its own body cells. However, cancer cells hijack this mechanism to attenuate immune cells
functions and create an immunosuppressive environment that fuel their continuous growth
and proliferation. Over the past few years’ rapid development in cancer immunotherapy has
opened a new avenue in cancer treatment. Blockade of PD-1 and PD-L1 has become a potential
strategy that rescue the functions of immune cells to fight against cancer with high efficacy.
Initially, immune checkpoint monotherapies were not very successful, making breast cancer
less immunogenic. Although, recent reports support the presence of tumor infiltrating lympho-
cytes (TILs) in breast cancer that make it favorable for PD-1/PD-L1 mediated immunotherapy,
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