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Abstract 

Primary Agriculture Cooperative Credit Societies( PACS) are the banks which are situated in 
rural area and plays a very important role in rural  credit system  by performing their activities  on  co-

operative  principles  and also  these  banks are  worked under  the   District  Credit Co-operative Banks. 

They provide short term and medium term loan to rural people to meet their financial requirements. But, 

the rural people still depend on unorganized sources such as money lenders in village, mandies, traders 
etc. So , various measures taken by Government  to  reduce  these  unorganized  sources through the  

establishment  of  PACS  in  rural  areas. In order know the role of PACS in agricultural development in 

India the study has been undertaken. 

 
Keywords: primary, credit, agricultural, co-operative, society, finance. 
 

Introduction  
The co-operative banks in India play a significant job in even today in provincial financing. 

These are enrolled under the Co-usable Societies Act and furthermore managed by the RBI. They are 
administered by the “Banking guideline Act-1949" and Banking Laws (Co-employable social orders) Act 

1965. The matter of co-usable banks in urban territory additionally have increased in recent year due to 

sharp increment in the number of essential co-usable banks. The co-employable development was 

expressed in India generally with the end goal of giving agriculturists reserves for agricultural activities, at 
low paces of intrigue and shields them from the grip of cash moneylenders. 

 

Objective of the Study 

1. To study the role and performance of PACS in respect of agricultural credit and rural development. 
2. To find out reasons for poor recovery of loans in PACS. 

3. To offer suggestions to improve the performance of PACS. 

 

Methodology 
 The study is based on Secondary data. The data has been collected from books, magazines and 

websites.  

 

A) Role of PACS 
  A co-employable acknowledges society, ordinarily known as Primary Agricultural Co-usable 
Society (PACS) might be expressed with at least 10 people, regularly having a place with a town. The 

estimation of each offer is commonly ostensible in order to empower even most unfortunate rancher to 

turn into a part. PACS involve a prevalent situation in the co-employable structure and structure its base. 
A Primary Agricultural Credit Society is sorted out at grass-root level of a town or a gathering of little 

towns. It is the fundamental unit which manages rustic (horticultural) borrowers, gives those advances 

and gathers reimbursements of advances given. It fills in as the last connection between definitive 
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SOLAR PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE USING 

Sb-DOPED TiO2 NANOPARTICLES 
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Abstract:  

Sb-doped TiO2 were synthesized by sol–gel process combined with surfactant incorporating method. The concentration level of Sb 

(III) additive was varied systematically from 1 to 11 wt.%. Wide structural and surface characterization of samples was carried out 

in order to establish a correlation between the effects of antimony incorporation on the TiO2 photocatalytic properties. Results 

revealed that the anatase structure is highly stable for Sb/TiO2 with enhancement in the surface area. UV–Vis diffuse reflectance 

spectra showed that this dopant was responsible for narrowing the band gap of TiO2 and shifting its optical response from ultraviolet 

to visible-light region. The photocatalytic activity of the Sb/TiO2 catalyst was evaluated in the decomposition of methylene blue 

solution under solar light irradiation with respect to the content of antimony on the catalyst surface. The results showed that the 

incorporation of antimony into the TiO2 seems to enhance the photocatalytic activity of the samples, which is ascribed to the 

enlargement of specific surface area, photo generated carriers separation, light absorption, as well as the higher surface acidity. The 

photocatalytic efficiency and activity of the composites remained good, even after three cycles. 

Keywords: Sb/TiO2; Nanomaterials; Solar photocatalysis; Methylene blue. 

 

Introduction:  

Photocatalysis has emerged as an effective technique to decontaminate toxic and non-biodegradable environmental 

pollutants [1-2]. Among various functional metal oxides, TiO2 is the most nontoxic, highly stable, cost effective, strong oxidant, 

and noncorrosive semiconductor, which make it more suitable choice for removing organic and inorganic contaminants from the 

environment [3-4]. The photochemical reactions proceed on a pure TiO2 surface, when irradiated with ultraviolet light. This 

barricades the frequent and convenient use of TiO2 photocatalyst. The increase in redox potential and decrease in the particle size 

is essential to enhance the photochemical reaction rates. Decreasing the particle size to nano scale, results in the larger surface area 

per unit mass. Reduction of band gap facilitates the catalyst to make use of solar and visible light energy, which makes it 

environmentally and electrically suitable photo catalyst [5]. Further, the anatase to rutile phase ratio is also an important factor in 

enhancing photo catalytic activity. The anatase phase is kinetically more stable and higher hydrophobicity of this phase increases 

the absorption of reactive species, while rutile phase scatters light which decreases its absorption power [6-7]. 

Recently, much attention has been paid in modifying TiO2 to enhance its catalytic efficiency or expand its applicability 

under solar irradiation [8]. Different metallic [9] and nonmetallic dopants [10] have been doped to decrease the band gap and 

increase excitation life time of pure TiO2. Mao et. al, used nitrogen dopant for the photo-oxidation of organic molecules in water 

[11]. Shamalah et. al, showed degradation of Brilliant Green dye with Zn and Cu-doped TiO2 [12]. Moreover, many attempts have 

been carried out in direction of attaining high surface area photocatalysts to increase active sites by using the support materials like 

zeolites [13], HZSM-11 zeolite [14], Clinoptilolite [15] and silica–clay composite [16]. Zhang et. al. synthesized mixed platinum 

catalysts supported on various carbon nanomaterials [17]. The nano Ag/Pt and methyl violet co-doped catalyst was developed 

resulted in higher photodegradation activities towards various dyes [18]. Elham S. Baeissa investigated the removal of cyanide 

employing cobalt metal doped on TiO2–SiO2 nanoparticles [19]. Nano sheets of Au/HTiNbO5 have also been synthesized by Hsin-

Yu Lin, et. al to produce hydrogen from water splitting [20]. The important issue governing the efficiency of photocatalytic 

oxidative degradation is minimizing electron-hole recombination by maximizing the rate of interfacial electron transfer to capture 

the photogenerated electron and/or hole. Various n and p type photocatalysts are well documented in the literature. A Na-doped p-

type flower-like ZnO photocatalyst (Na:ZnO) that is highly visible-light-sensitive in air at room temperature was synthesized by a 

continuous flow microreactor [21]. Rh-doped BaTiO3 powder was prepared by the polymerized complex (PC) method, and the 

photocatalytic activity for H2 evolution from water was examined. BaTiO3 is a wide-gap n-type semiconductor having a band gap 

of 3.0 eV. Doping Rh species into the lattice of BaTiO3 resulted in the formation of new absorption bands in visible light region 

[22]. Different p-type Cu2O powders were prepared from electro deposition and subjected to analysis of their photocatalytic activity 

in water reduction [23]. Sb-doped catalyst on different supports has been synthesized previously [24-25]. However, they did not 

evaluate the effect of concentration level of Sb (III) on crystallite size, specific surface area and phase transformation and surface 
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Finding Locations for Continuous Contour Trenches in Indapur Tahsil, 

Dist. Pune (Maharsshtra) 
Dr. Phalphale A. K. 

Arts, Science and Commerce College, Indapur, Dist- Pune, 

Introduction 

Water is vital to life, without which no living body can survive. Water is considered as prime 
natural resource, a basic human need and a valuable national asset. Water is core component of 

environment. Now days, there are many problems rises related to water quantity and quality. Water 

scarcity is also main problem because of over use of surface and ground water. So watershed 
management is the need not only for water conservation and soil conservation, but also has impact on 

food production and national economy.    Continuous Contour Trenches (CCT) method is helpful to 

increase ground water level in the surrounding areas/ dug wells and tube wells which increases the 

yield of farms and water quality. This will also avoid loss of soil due to erosion; increase the grass 
coverage which will helpful for soil stabilization. This method can be adopted in low rainfall area to 

high rainfall area up to 3200mm and from flat area to hilly area with 65% steep slope. This method is 

suitable for plantation of all species and easy, simple for laborers and comparatively less record 
keeping. Indapur tahsil is one of the tahsils of rain shadow tahsil in Maharashtra. Average annual 

rainfall of Indapur tahsil is about 450 mm. 

Origin of the research problem: 

Indapur tahsil is selected for the study of water resources. The choice and topic under 
investigation is influenced by many considerations. Firstly, researcher belongs to Indapur tahsil hence 

is familiar with the study region. Secondly, study region falls in drought prone region of Deccan trap 

of Maharashtra state receiving annual average rainfall between 400-500 mm. It is distributed unevenly 
in study region. Thirdly, irrigation is dominant factor in study region having considerable impact on 

water use in Indapur tahsil. Although main sources of water for study region is the rivers like Bhima, 

Nira and other tributaries, there is drought in some region of Indapur tahsil. Fourthly, this region has 
not been so far studied in depth for water analysis point of view by geographers. The main problem is 

that water source is abundant in the part of east and south of Indapur tahsil, whereas water sources is 

scanty in west and north side of Indapur tahsil. So we study the water resources in Indapur tahsil.   

 Location, Situation and Site 
Indapur tahsil is situated in Pune district. The northern and eastern border is demarcated by 

Bhima river in Pune and Solapur districts while southern boundary is confined by NiraRiver in Pune 

and Satara and Solapur districts. The west boundary is confined by Baramati and north boundary is 
delimited by Daundtahsil of Pune district. The region extends between 17

°
 53´ to 18

°
 15´ north 

latitudes and   74
° 

35´ to 75
°
 8´east longitudes. The total geographical area of this tahsil is 1552.93 

square kilometres having 3, 83,183 population (2011). This tahsil consists of 142 settlements and 

three urban settlements. 

 
Objectives : 

1. To study the slope analysis and soil distribution of study area. 
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Polymer–clay nanocomposite hydrogel films (PCNCHFs)were prepared from caboxymethyl cellulose, polyvinyl-
pyrrolidone, agar and nanosepiolite clay (0, 0.3, 0.5, 0.7, 0.9 and 1.5% reinforcement) by treating thermally in a
simple, rapid, and inexpensive route. The PCNCHFs and its 5-fluorouracil (FU)-loaded composites (PCNCHFs@
FU)were tested for FU release and characterized by FTIR, XRD, FE-SEM, EDX, DSC, and TGA analyses to investigate
their structural, morphological, and thermal properties. The nanosepiolite-loaded polymer composites
(PCNCHF1 to PCNCHF5) exhibited higher tensile strength than the pristine polymer hydrogel (PCNCHF0); conse-
quently, the thermal properties (glass- andmelting-transition)were improved. The PCNCHFs@FU demonstrated
prolonged FU release at pH 7.4 for 32 h. The biocompatibility of PCNCHFs was tested against human skin fibro-
blast (CCDK) cells. The viability of cells exposed to all PCNCHFs was >95% after 72 h of culture. The live/dead
assay show the proliferation of fibroblast cells, confirming the biocompatibility of the hydrogels. The pH-
sensitive PCNCHFs@FU release could be suitable for drug release in cancer therapy, and the developed PCNCHFs
may also be useful for tissue engineering, food packaging, and other biological applications.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Biopolymer-based composite hydrogels are in great demand for
various applications, including those encompassing the pharmaceu-
tical, environmental, and biomedical fields, due to their economic,
environment-friendly, biodegradable, and biocompatible nature
[1–3]. In brief, three-dimensional hydrophilic polymeric networks
with high water affinity usually do the construction of polymer-
based hydrogels. Instead of dissolving into solution, their physically
and/or chemically cross-linked structures allow them to hold water
[4–6]. Hydrogels can be constituted with different macromolecules
with various functional groups, such as -OH, -SO3H, -COOH,
-CONH-, and -CONH2, in their polymeric backbone (either embedded
in or grafted to). Because of their hydrophilic functional domains,
the resulting hydrogels can absorb and retain large amount of
water and other biological fluids/cells. Therefore, these swollen
three-dimensional viscoelastic polymer network structures can

resemble natural tissue and is of great importance in biomedical
field [7–9]. Carboxymethyl cellulose (CMC) based hydrogel systems
were developed by different methods, such as physical blending,
chemical grafting, and ionic gelation etc. However, the polyelectro-
lyte behavior of CMC is due to the presence of carboxylate moiety,
which is a pH sensitive group with in-situ gelation ability, resulting
in bio-adhesive behavior. Hence, the electrically controlled CMC
based systems are very useful in delivering various pharmaceuticals
such as 5-fluorouracil (FU) for colon drug release, wound dressing,
and tissue engineering, because of its biocompatibility [10–16].

Recently, the European Food Safety Authority reported that, CMC is a
safe food additive for all animals; moreover, it was also shown to be
harmless to the environment because of its biodegradation propensity
[17]. The unique viscosity characteristics, hydrophilic nature, adhesive
behavior, film forming ability, and biocompatibility, the CMC-based
hydrogels have wide range of industrial applications [18–21], in addi-
tion to biomedical [22–24] and environmental applications [25–27].
The pristine polymer hydrogels show lower mechanical stability with-
out chemical crosslinking agents. Therefore, it is necessary to use
ecofriendly materials as alternative for reinforcement strategy. To

International Journal of Biological Macromolecules 178 (2021) 464–476

⁎ Corresponding author.
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Keywords: 
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A B S T R A C T   

In this work, we employed a simple and cost-effective chemical route to obtain a highly stable and efficient 
quaternary mesoporous 3D nanoflower-like NiCuCo2S4 nanocomposite for supercapacitor applications. The 
NiCuCo2S4 composite exhibited a mixture of NiCo2S4 and CuCo2S4 phases, confirming the formation a quater-
nary NiCuCo2S4 thin film. A surface morphological analysis revealed the unique nanoflower-like nanostructure of 
the annealed composite. The electrochemical analysis of the NiCuCo2S4 electrode demonstrated a high specific 
capacity (Cs) of 414 mAh g− 1 at a lower scan rate of 10 mV s− 1 and a superior cycling stability up to 3000 cycles. 
A solid-state hybrid supercapacitor (SHS) was also constructed by the NiCuCo2S4 and AC powder as positive and 
negative electrodes, respectively. The NiCuCo2S4//AC hybrid cell produced a high Cs, energy density, and power 
density of 159 F g− 1, 35.19 Wh kg− 1, and 0.66 kW kg− 1, respectively at a current density of 10 mA with good 
cycling stability. The results demonstrated that the fabrication process is effective for the development of a novel 
quaternary transition metal sulfide (TMS) electrode.   

1. Introduction 

The expansion of a high-energy storage system has fascinated sig-
nificant consideration due to the rising demand for efficient renewable 
energy sources. The capable energy storage systems such as super-
capacitors (Sc) offer a high power density, energy density, cycling sta-
bility, lower resistance, and greater safety compared to batteries [1,2]. 
Electrochemical supercapacitors store energy either through ion 
adsorption (electrochemical double-layer capacitors, EDLCs) or fast, 
reversible, multi-electron surface redox reactions (pseudocapacitors). 
Highly reversible redox reactions are responsible for the high specific 
capacitance of pseudocapacitor devices [3–5]. Physicochemical prop-
erties of the selected materials strongly affect the performance of 
supercapacitor devices. For instance, the electrochemical performance 
can degrade during the cycling due to change in the morphology of 
selected materials. Therefore, it is important to improve the morpho-
logical stability of supercapacitive electrode materials to maximize their 
cycle life [6]. Materials with hierarchical pores and tabular or layered 

structures are well-known to increase the charge transport, ion diffusion, 
power density, and the cycling stability [1,7]. In addition to structural 
design, the electrode composition also have a crucial role in the per-
formance of electroactive materials [8]. The electrochemical perfor-
mance can be tuned by optimizing the ratio of metal ions. 

Several nanomaterials with desirable properties fabricated from 
carbonaceous materials and metal oxides have been employed in 
supercapacitor applications. In particular, metal chalcogenides exhibit 
excellent physiochemical properties that are suitable for supercapacitor 
applications. Ni, Co, and Cu-based materials have attracted significant 
attention in various fields, the oxides and sulfides of these metals have 
been proven to be useful for electrochemical energy storage applications 
[9]. These metals are an important strategic resources which are mostly 
suitable in electrochemical energy storage systems, catalysis, and other 
fields due to their unusual structural, optical, and electronic properties 
[10]. Ni, Co, and Cu-based battery materials in aqueous and alkaline 
electrolytes have been reported to facilitate fast Faradaic reactions on or 
near their surface, thus offering both high energy storage and power 
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a b s t r a c t

Currently, many transition metal oxides (TMOs) have been demonstrated as attractive nanomaterials for
application in supercapacitors for energy storage/conversion systems. Among TMOs, CuCo2O4 has pre-
sented excellent electrochemical properties, including higher electrical behavior. Also, they are readily
accessible in earth, ecofriendly and cost effective compared to other nanocompunds. In this research,
we have for the first time synthesized CuCo2O4 (CCO) nanomaterials using a deep eutectic solvents
(DES) method for supercapacitor (SC) applications. We systematically studied the effect of annealing tem-
perature of CCO on its structural, morphological, and electrical properties. The CCO was annealed at dif-
ferent temperature of 150, 200, 250, and 300 �C for 3 h. CCO annealed at 250 �C exhibited the superior
performance compared to other as-synthesized and annealed samples. The optimized CCO electrode
shows outstanding supercapacitive properties with specific capacity 421 mAh g�1 at 10 mV s�1, excellent
GCD capability, and super cycling stability. This indicates that the DES-prepared CCO shows better elec-
trochemical performance due to highly porous nanostructure providing more active sites for easy trans-
formation of the ions.

� 2021 Elsevier B.V. All rights reserved.

1. Introduction

Supercapacitors (SCs) are the core component in the develop-
ment of sustainable energy storage systems with high power den-
sity, high energy density, fast charge–discharge, long life, cycling
stability, and low cost [1–4]. SCs can be classified into two cate-
gories based on the charge storage mechanism: electrical double
layer capacitors (EDLCs), which consist of electrostatic charge
accumulation at the electrode/electrolyte interfaces, and pseudo-
capacitors, which comprise reversible Faradic reactions. Pseudoca-
pacitors deliver much higher specific capacitance and energy
density than the EDLC [5–7] Metal oxides of copper, nickel, cobalt,
and manganese have gained increasing attention in SCs research
because of their electrochemical properties [8,9]. Copper oxide
and cobalt oxide has many potential applications in various scien-
tific technologies. Among numerous metal oxides, binary transition
metal oxides (TMOs) of copper and cobalt showed excellent elec-

trochemical properties, such as specific capacitance, conductivity,
cycling performance, and structural stability [10].

The earth abundant spinel type cobalt oxide and its derived
compounds offer a promising alternative cheap material for elec-
trochemical energy storage application because of its high theoret-
ical capacitance ~ 3600 F g�1, electrochemical reversibility, and
stability. However, the electrochemical performance was slightly
lower than expected due to the internal low conductivity, mor-
phology, surface area, chemical composition, and crystallinity
[11,12]. Recently, many efforts have been devoted to overcoming
these obstacles by designing mixed-metal oxides, controlling mor-
phology, size, and structural properties. Previous reports found
that the introduction of Cu in the host cobalt oxide could be bene-
ficial towards improving conductivity and electrochemical proper-
ties. Therefore, copper cobalt-based oxides have been highlighted
because of their natural abundance, excellent stability, and low
cost. Furthermore, amalgamation of metal oxides is a promising
way to boost electrical conductivity, electro-chemical properties,
and structural stability.

https://doi.org/10.1016/j.molliq.2021.116390
0167-7322/� 2021 Elsevier B.V. All rights reserved.
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Study and Analysis of Water Resources in Indapur Taluka ( Pune District ) 
 

Prof. Phalphale A. K. 

Department of Geography, 

Arts, Science and Commerce College, 

Indapur, Dist-Pune, Maharashtra 
 

1. Introduction 

Water is vital to life, without which no living body can survive. Water is considered as 

prime natural resource, a basic human need and a valuable national asset. Water is core 

component of environment. There is vast disparity in the distribution and utilization of water 

resource at the global, regional and local levels. Water scarcity due to depletion of surface as 

well as ground water following fast population growth, urbanization, rising incomes, industrial 

development etc. For water management, we need to assess the water resources. 

The main problem is that water source is abundant in the part of east and south of Indapur 

taluka, whereas water sources is scanty in west and north side of Indapur taluka. So we have 

studied the water resources in Indapur taluka. 
 

2.   Study Area  

Indapur tahsil is situated in Pune district. The northern and eastern border is demarcated 

by Bhima river in Pune and Solapur districts while southern boundary is confined by NiraRiver 

in Pune and Satara and Solapur districts. The west boundary is confined by Baramati and north 

boundary is delimited by Daundtahsil of Pune district. The region extends between 17
°
 53´ to 18

°
 

15´ north latitudes and   74
° 
35´ to 75

°
 8´east longitudes. The total geographical area of this tahsil 

is 1552.93 square kilometres having 3, 83,183 population (2011). This tahsil consists of 142 

settlements and three urban settlements. 
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Probing the electrochemical properties of NiMn2O4 nanoparticles as 
prominent electrode materials for supercapacitor applications 
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A R T I C L E  I N F O   

Keywords: 
Cubic spinel structure 
Mixed transition metal oxides 
NiMn2O4 (Nickel Manganese Oxide) 
Sol–gel method 
Specific capacitance 
Supercapacitors 

A B S T R A C T   

NiMn2O4 (NMO) powders have been prepared by facile sol–gel route, and the effect of annealing temperature 
and the concentration of KOH electrolyte on its electrochemical performance has been investigated. The elec-
trochemical performance of the NMO electrodes is tested via a three electrode arrangement in KOH electrolyte. 
The NMO electrode (NMO1) prepared from the powder synthesized at a temperature of 500 ◦C with an 
approximate crystallite size of 10 nm exhibits maximum specific capacitance of 571 Fg− 1 at a scan rate of 5 
mVs− 1 in 1 M KOH electrolyte. The specific capacitance of the NMO1 electrode is found to be improved from 571 
Fg− 1 in 1 M KOH to 762 Fg− 1 in 6 M KOH electrolyte. The improvement in the specific capacitance of the NMO1 
working electrode in 6 M KOH electrolyte can be attributed to good electrochemical utilization and an effective 
charge storage mechanism.   

1. Introduction 

Supercapacitors (SCs) have attracted much attention because of the 
fast rechargeability, higher power density over the batteries, and more 
energy storage ability as compared to conventional capacitors. The SCs 
have enormous energy storage capacity besides possessing the combined 
property of both conventional capacitor and battery [1]. Based on the 
charge-storage mechanism, electrochemical SCs can be classified into 
three categories: viz, pseudocapacitors, electrical double-layer capaci-
tors (EDLCs), and hybrid capacitors. The conducting polymers and 
various metal oxides are utilized as the active electrode materials in 
pseudocapacitors, whereas in EDLCs carbon-based materials such as 
activated carbon, graphene, and carbon nanotubes are used as active 
electrodes. One more type of SCs is a mixture of both pseudocapacitors 
and EDLCs, known as a hybrid capacitor. To construct these types of SCs, 
the active electrode materials are made by combining either two or three 
distinct elements which give very large specific capacitance and 

enhanced energy density than pseudocapacitors or EDLCs [2]. However, 
all the above-mentioned SCs still suffer from some significant disad-
vantages such as poor cyclic life span of conductive polymers, the low 
capacitance of carbon-based materials and high cost of typical transition 
metal oxides like RuO2 [3]. RuO2 has been extensively investigated as a 
promising material due to its high specific capacitance and excellent 
cycling stability, but rareness and the high cost of ruthenium element 
are putting significant barriers to its commercialization [4]. To over-
come these significant disadvantages, it is necessary to explore other 
alternative materials for the fabrication of supercapacitors. 

Mixed transition metal oxides (MTMOs) are preferred to fabricate 
electrode materials for supercapacitor application over the single tran-
sition metal oxide component due to its enhanced chemical stability and 
electrochemical properties [5]. Out of the different MTMOs, consider-
able attention has been centered towards the synthesis of cubic spinel 
NiMn2O4 (NMO) as it offers high conductivity, outstanding electro-
chemical capacitance, high redox-active sites, and exceptional chemical 
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a b s t r a c t   

The preparation of stable and efficient thin films with excellent energy storage and conversion capabilities 
has attracted great attention in the field of supercapacitors and electrocatalysis. Herein, hierarchical na-
nosheets-based ternary CoNiFe layered double hydroxide (LDH) thin films are prepared via an inexpensive 
and facile electrodeposition method. The structural, morphological, and electrochemical properties of films 
are systematically studied and compared with their binary counterparts. As prepared CoNiFe LDH shows a 
maximum specific capacity of 360 C g−1 at the current density of 0.4 A g−1 with a capacity retention of 51% 
even at the higher current density of 10 A g−1. Moreover, it shows excellent cyclic stability of 84% after 2000 
cycles. As an electrocatalyst, CoNiFe LDH demonstrates an excellent performance in OER, affording an 
overpotential of 196 mV at the current density of 10 mA cm−2 with a Tafel slope value of 49 mV dec−1. Also, 
it depicts excellent catalytic stability with stable operation for over 10 h. Thus, ternary CoNiFe LDH thin film 
can be used as a promising electrode material for both electrochemical energy storage and catalysis. 

© 2020 Elsevier B.V. All rights reserved.    

1. Introduction 

The continuously increasing energy consumption and concerns over 
environmental pollution require significant global efforts on efficient 
generation, storage, and transmission of energy [1]. The electrochemical 
energy storage and electrocatalysis have been considered to be the most 
effective technologies to remove the aforementioned stumbling block  
[2]. Among electrochemical energy storage devices, such as batteries and 
supercapacitors (SCs), SCs have attracted great importance owing to 
their high specific capacitance, long cycle life, and high power density  
[3]. The SC bridges the gap between conventional capacitors and re-
chargeable batteries by combining advantages of both. However, SCs are 
characterized by their poor energy density. Therefore, a variety of dif-
ferent materials has been investigated to improve the energy density of 
SCs [4]. SCs are categorized into electric double layer capacitors (EDLCs) 
and pseudocapacitors. Compared with EDLCs, pseudocapacitors de-
monstrate superior capacitive performance owing to the involvement of 

fast redox reactions and tremendous scales of electrostatic charge dif-
fusion and accumulation [5]. Electrode materials such as transition metal 
oxides, hydroxides, sulfides, carbides, nitrides, conducting polymers, etc. 
neither exhibit pure pseudocapacitive nor faradaic behavior. These ma-
terials can be classified as battery-like electrodes which have attracted 
great attention in recent years [6]. 

On the other hand, the electrochemical water splitting using 
high-performance electrocatalysts is imperative to produce oxygen 
and hydrogen for fuel cell and metal-air battery technologies [7]. 
During water splitting, the hydrogen evolution reaction (HER) is a 
straightforward process that readily happens at low overpotential. 
However, the oxygen evolution reaction (OER) (4OH− → O2 + 2H2O + 
4e−) is an arduous process owing to the sluggish four-electron 
transfer steps [2]. Previously, transition metal oxides such as RuO2 

and IrO2 have been reported as high-performance electrocatalysts 
for OER [8]. However, it is important to explore highly competent 
and inexpensive OER catalysts based on earth-abundant elements. 

Recently, transition metal-based layered double hydroxides 
(LDHs) have attracted great attention in the field of SCs, electro-
catalysts, and electrochemical sensors because of their highly re-
versible redox kinetics, cost-effectiveness and excellent structural 
and compositional tunability [9–11]. The general formula for LDHs is 
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a b s t r a c t

The biochar is a solid carbon-rich, porous material produced by the thermochemical conversion of a
diverse range of biomass feedstocks under an inert atmosphere (i.e., in the absence of oxygen). We can
produce the biochar at all likely scales, ranging from the industrial to the domestic level and even at
individual farms, thus, the biochar industry is leading as a most appropriate at different socioeconomic
settings. The possibility of sustainable biochar production practices and multi-functionality features
make it a promising candidate to fulfill an increasing demand in the fields of soil amendment, agricul-
tural sustainability, environmental protection, cutting-edge materials, and to achieve circular bio-
economy and mitigation of climate change. An available fraction of waste biomass (agroforestry waste,
biomass crops, agricultural residues, mill residues, and animal manure, and many more) can be used
efficiently in pyrolysis and converted into desired biochar materials, besides this alternative energy
products, such as syngas, bio-oil, electricity generation, and process heat. This report emphasizes the fate
of biomass composition, pyrolysis mechanisms, and applications of modern analytical and character-
ization techniques that are being adopted, applied, and standardized to improve understandings of
molecular, structural, and surface properties characteristics of biochar. To achieve precisely designed
biochar, there is a need to understand the latest advances in biochar materialization mechanisms and
structure-application relationships to speed up their agronomic applications and to achieve a zero-waste
dream. This report also summarizes a wide range of literature published on feedstocks, pyrolysis, and
biochar and suggests several practical recommendations appropriate to implement and bring together
specific details on the thermochemical conversion of biomass, desired biochar properties, organic and
inorganic phases, and the significance to the agronomic applications.

© 2021 Elsevier Ltd. All rights reserved.
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A B S T R A C T   

In this study, various nanostructures of Mn-doped Co3O4 were synthesized on Ni foam using binder-free elec-
trochemical technology for electrochemical energy storage applications. Using the cyclic voltammetry method 
with different scan rates, diverse nanostructures, i.e., irregularly oriented nanooctahedra, interconnected 
standing nanosheets, and nanopetals of Mn-doped Co3O4, were obtained. The standing interconnected nano-
sheets on the Ni foam exhibited remarkable supercapacitive performance due to the void space between the 
sheets and mesoporous structure, which provided additional active sites for faradic transitions. The nanosheets 
exhibited excellent electrochemical performance with a maximum specific capacitance of 1005F g− 1 and a cyclic 
stability of 88% during 5000 charge–discharge cycles. Moreover, an asymmetric supercapacitor was assembled 
comprising activated carbon on Ni foam and interconnected nanosheets of Mn-doped Co3O4 on Ni foam as 
negative and positive electrodes, respectively. This assembled device exhibited an improved potential of 1.6 V, a 
maximum specific energy of 20.6 Wh kg− 1, and a maximum specific power of 16 kW kg− 1 with 80.6% capacity 
retention after 2000 charge–discharge cycles, which is superior for SC devices.   

1. Introduction 

Effective electric energy storage and retrieval are important aspects 
for the development of sustainable and renewable energy devices. Most 
of the research on this topic has focused on the use of nontoxic, abun-
dantly available materials for low production cost and enhanced oper-
ational safety [1]. In particular, Li-ion battery technology stands out for 
its ability to deliver high specific energy in various electrical appliances, 
including medical devices and communication implements [2,3]. 
However, for the development of next-generation hybrid devices, 
supercapacitors (SCs) with high specific power that can provide large 
amounts of electrical energy in short periods are required. Basic elec-
trochemical reactions occurring at the electrodes of SCs play a vital role 
in SC operation. In this context, SCs can be divided into two types: 
electrical double-layer capacitors (EDLC) with nonfaradic charge stor-
age and pseudocapacitors with faradic charge storage. In general, SCs 

based on carbon nanomaterials such as carbon nanotubes, graphene 
oxides, and activated carbon (AC) are EDLCs, which exhibit high elec-
trical conductivity and large surface areas. In contrast, transition metal 
oxides (TMOs), including MnO2, Mn2O3, RuO2, Co3O4, Fe2O3, and TiO2, 
which undergo reversible faradic reactions, are used as pseudocapaci-
tive materials [1,4]. These TMOs can deliver much higher energy den-
sity than carbon-based materials [1,2]. In particular, thin-film 
nanostructures of Co3O4 are considered to be good pseudocapacitive 
materials offering broad redox peaks over wider potential ranges 
compared with the sharp redox peaks of battery electrode materials 
[5,6]. 

Unfortunately, the low conductivity of TMO materials is a limitation 
for SC applications, and extensive research efforts have been devoted to 
enhance their performance. Studies have shown that TMOs having more 
than one cation exhibit better performance than oxides with single 
cations [7-9] and that the properties of core TMOs can be altered by 
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A B S T R A C T   

The great demand for efficient and low-cost materials for energy and environmental applications has been 
inspiring researchers to develop novel and advanced materials. Recently, layered double hydroxides (LDHs) are 
found to be admirable materials for various applications owing to their tunable elemental composition and 
diverse nanostructures. The preparation of binder-free LDHs thin-film electrodes has attracted great attention in 
the field of supercapacitors, electrocatalysts and sensors. The electrodeposition method exhibits the capability of 
fabricating binder-free, uniform and well-oriented thin films with tunable elemental composition. In the present 
review, we provide a detailed electrodeposition mechanism behind the formation of LDHs with nucleation and 
growth processes. Also, we summarize the literature on electrodeposited LDHs based electrode materials for 
energy and environmental applications. In energy storage applications, a loading amount of active materials on 
the substrate is crucial to improve the areal and volumetric capacities. Therefore, the utilization of low-cost and 
scalable scaffold materials such as carbon nanofibers, graphene foam, etc. is highly recommended.   

1. Introduction 

Layered double hydroxides (LDHs), often called hydrotalcite-like 
systems or anionic clays have attracted great attention owing to their 
tunable chemical and metal-anion compositions. The general formula 
for LDHs can be written as [MII

1− xMIII
x (OH)2]x+[An−

x/n⋅yH2O]x−

(where MII and MIII represent the divalent and trivalent metal cations, 
An− represents n-valent anions). Depending upon the nature of cations 
and MII/MIII molar ratios, LDHs can be prepared with a wide range of 
layered structures [1]. The tunability of the molar ratio of metal cations 
and the nature of interlaying compensating anions lead to the formation 
of different nanoarchitectures with versatile physical and chemical 
properties, extending their applicability in diverse fields [2]. LDHs have 
been reported for different energy and environmental applications such 
as electrochemical energy storage, electrocatalyst, sensors, etc. These 
applications demand well-oriented, uniform and high conducting thin 
films [3,4]. Previously, LDHs have been prepared by different chemical 
methods such as co-precipitation [5], hydrothermal [6], sol-gel [7] and 
urea hydrolysis [8], either in thin film or powder form. These chemical 
methods are time-consuming and complex. Also, the powdered mate-
rials need to be combined with binders and conducting additives to be 

applied for many energy and environment-related applications, 
imposing additional inactive mass to the electrode [9]. In order to 
overcome these disadvantages, a binder-free LDHs can be prepared 
using electrodeposition method. The electrodeposition is rapid, facile, 
and scalable method which deposits well oriented and high quality thin 
film materials on the conducting support with enhanced conductivity 
and electrochemically active sites [10]. Recently, variety of different 
LDHs thin films have been prepared using electrodeposition method. 
Fig. 1 shows the number of publications and number of citations 
received by the research papers published in the field of electro-
deposited LDHs, indicating the influence of the field. 

Recently, some review articles have been published in the field of 
LDHs [1,11–13]. However, they mainly focus on general synthesis 
methods and their different applications. To the best of our knowledge, 
there is no review article published that emphasizes the detailed elec-
trodeposition mechanism behind the formation of LDHs and review of 
electrodeposited LDHs for energy and environmental applications. It is 
important to understand the detailed electrodeposition mechanism in 
preparing LDHs for a variety of applications to fabricate efficient ma-
terials by overcoming present difficulties. Therefore, in this review, we 
have discussed the fundamentals of electrodeposition methods with 

* Corresponding author. 
E-mail address: jagadaleajay99@gmail.com (A.D. Jagadale).  

Contents lists available at ScienceDirect 

Materials Today Communications 

journal homepage: www.elsevier.com/locate/mtcomm 

https://doi.org/10.1016/j.mtcomm.2021.102275 
Received 18 January 2021; Received in revised form 11 March 2021; Accepted 22 March 2021   

14

mailto:jagadaleajay99@gmail.com
www.sciencedirect.com/science/journal/23524928
https://www.elsevier.com/locate/mtcomm
https://doi.org/10.1016/j.mtcomm.2021.102275
https://doi.org/10.1016/j.mtcomm.2021.102275
https://doi.org/10.1016/j.mtcomm.2021.102275
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mtcomm.2021.102275&domain=pdf


polymers

Article

α-Cellulose Fibers of Paper-Waste Origin Surface-Modified
with Fe3O4 and Thiolated-Chitosan for Efficacious
Immobilization of Laccase

Gajanan S. Ghodake 1 , Surendra K. Shinde 1, Ganesh D. Saratale 2 , Rijuta G. Saratale 3, Min Kim 4 ,
Seung-Cheol Jee 4 , Dae-Young Kim 1, Jung-Suk Sung 4 and Avinash A. Kadam 3,*

����������
�������

Citation: Ghodake, G.S.; Shinde,

S.K.; Saratale, G.D.; Saratale, R.G.;

Kim, M.; Jee, S.-C.; Kim, D.-Y.; Sung,

J.-S.; Kadam, A.A. α-Cellulose Fibers

of Paper-Waste Origin Surface-

Modified with Fe3O4 and

Thiolated-Chitosan for Efficacious

Immobilization of Laccase. Polymers

2021, 13, 581. https://doi.org/

10.3390/polym13040581

Academic Editor: Rosana

Moriana Torró

Received: 29 January 2021

Accepted: 11 February 2021

Published: 15 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Biological and Environmental Science, Dongguk University-Seoul, Ilsandong-gu, Goyang-si,
Gyonggido, Seoul 10326, Korea; ghodakegs@gmail.com (G.S.G.); surendrashinde.phy@gmail.com (S.K.S.);
sbpkim@dongguk.edu (D.-Y.K.)

2 Department of Food Science and Biotechnology, Dongguk University-Seoul, Ilsandong-gu, Goyang-si,
Gyeonggi-do, Seoul 10326, Korea; gdsaratale@gmail.com

3 Research Institute of Biotechnology and Medical Converged Science, Dongguk University-Seoul,
Ilsandong-gu, Goyang-si, Gyeonggi-do, Seoul 10326, Korea; rijutaganesh@gmail.com

4 Department of Life Science, College of Life Science and Biotechnology, Dongguk University-Seoul,
Ilsandong-gu, Goyang-si, Gyonggido, Seoul 10326, Korea; pipikimmin@naver.com (M.K.);
markjee@naver.com (S.-C.J.); sungjs@dongguk.edu (J.-S.S.)

* Correspondence: kadamavinash@dongguk.edu or avikadam2010@gmail.com; Tel.: +82-31-961-5616;
Fax: +82-31-961-5108

Abstract: The utilization of waste-paper-biomass for extraction of important α-cellulose biopolymer,
and modification of extracted α-cellulose for application in enzyme immobilization can be extremely
vital for green circular bio-economy. Thus, in this study, α-cellulose fibers were super-magnetized
(Fe3O4), grafted with chitosan (CTNs), and thiol (-SH) modified for laccase immobilization. The
developed material was characterized by high-resolution transmission electron microscopy (HR-
TEM), HR-TEM energy dispersive X-ray spectroscopy (HR-TEM-EDS), X-ray diffraction (XRD),
vibrating sample magnetometer (VSM), X-ray photoelectron spectroscopy (XPS), and Fourier trans-
form infrared spectroscopy (FT-IR) analyses. Laccase immobilized on α-Cellulose-Fe3O4-CTNs
(α-Cellulose-Fe3O4-CTNs-Laccase) gave significant activity recovery (99.16%) and laccase loading
potential (169.36 mg/g). The α-Cellulose-Fe3O4-CTNs-Laccase displayed excellent stabilities for
temperature, pH, and storage time. The α-Cellulose-Fe3O4-CTNs-Laccase applied in repeated cycles
shown remarkable consistency of activity retention for 10 cycles. After the 10th cycle, α-Cellulose-
Fe3O4-CTNs possessed 80.65% relative activity. Furthermore, α-Cellulose-Fe3O4-CTNs-Laccase
shown excellent degradation of pharmaceutical contaminant sulfamethoxazole (SMX). The SMX
degradation by α-Cellulose-Fe3O4-CTNs-Laccase was found optimum at incubation time (20 h),
pH (3), temperatures (30 ◦C), and shaking conditions (200 rpm). Finally, α-Cellulose-Fe3O4-CTNs-
Laccase gave repeated degradation of SMX. Thus, this study presents a novel, waste-derived, highly
capable, and super-magnetic nanocomposite for enzyme immobilization applications.

Keywords: α-Cellulose; waste-paper-biomass; chitosan; laccase immobilization; super-magnetic

1. Introduction

Paper and cardboards related waste count near about 30% of the total urban solid
waste produced worldwide [1]. Despite recycling rates is higher in most of the developed
countries, solid paper waste [2], and food waste [3,4], remained as a significant concern to
the landfill sites. At the same time, the growing population worldwide, and the emergence
of linear bio economies in addition to the growing demand for end-use products causing
over-exploitation of natural resources at a rapid pace [5,6]. On average about 55% of
the slurry from the paper industry globally are made from the secondary fibers called
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A B S T R A C T   

Existing coronavirus named as a severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has speeded its 
spread across the globe immediately after emergence in China, Wuhan region, at the end of the year 2019. 
Different techniques, including genome sequencing, structural feature classification by electron microscopy, and 
chest imaging using computed tomography, are primarily used to diagnose and screen SARS-CoV-2 suspected 
individuals. Determination of the viral structure, surface proteins, and genome sequence has provided a design 
blueprint for the diagnostic investigations of novel SARS-CoV-2 virus and rapidly emerging diagnostic tech-
nologies, vaccine trials, and cell-entry-inhibiting drugs. Here, we describe recent understandings on the spike 
glycoprotein (S protein), receptor-binding domain (RBD), and angiotensin-converting enzyme 2 (ACE2) and their 
receptor complex. This report also aims to review recently established diagnostic technologies and developments 
in surveillance measures for SARS-CoV-2 as well as the characteristics and performance of emerging techniques. 
Smartphone apps for contact tracing can help nations to conduct surveillance measures before a vaccine and 
effective medicines become available. We also describe promising point-of-care (POC) diagnostic technologies 
that are under consideration by researchers for advancement beyond the proof-of-concept stage. Developing 
novel diagnostic techniques needs to be facilitated to establish automatic systems, without any personal 
involvement or arrangement to curb an existing SARS-CoV-2 epidemic crisis, and could also be appropriate for 
avoiding the emergence of a future epidemic crisis.   

1. Introduction 

A severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
was first appeared in the China Hubei Province, Wuhan at the end of 
December 2019. Considerable number of sick patients with severe and 
moderate symptoms including fever, shortness of breath, and coughing 
were rushed for admission to the nearby hospitals. These patients were 
underwent computed tomography (CT) scans and the results revealed 
opacities in their lungs (profuse, dense, and confluent types), which 
were differed from that of the CT scan images of the healthy human 
lungs (Ai et al., 2020; Zhou et al., 2020c). Ahead of the development, 

existing nucleic acid-based diagnostic kits, CT scans, and symptoms 
were collectively used in the initial diagnosis of SARS-CoV-2 infections. 
Later, well-established nucleic acid-based test kits were made available 
for most of the known viral panels and performed with a straight 
multiplex approach using a well-known technique called real-time po-
lymerase chain reaction (RT-PCR), but, the results were found to be 
negative, indicated that the contagion of the infection was novel and 
thus, the origin of virus was unknown (Park et al., 2020; Zhang et al., 
2020d). In the first week of January 2020, bronchoalveolar lavage (BAL) 
fluid samples of different patients were examined and mysterious virus 
with great similarity to the viral genome of the betacoronavirus-B family 
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Kinetic study of Fast brominations of regioisomers of 

Chloroacetanilide using Competition Techniques 
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ABSRACT - The competitive kinetics applied with assurance and determine the kinetic in milliseconds due to fast 

bromination reaction. Determination of kinetics is fundamental aspects for the design and operation of the reactor. 

Competition kinetic method was proposed to determine directly bromination rate constant of regioisomers of 

Chloroacetanilid Xylidine.The specific reaction rates determined from this study are 1.7 x 105M-1S-1 for P-

Chloroacetanilide, 1.8 x 105M-1S-1 for M-Chloroacetanilide and 1.3 x 105M-1S-1 for O-Chloroacetanilide  Kinetic 

evidence gives information about mechanistic route. 

KEYWORDS - Regioisomers of Chloroacetanilide, Competitive kinetics, Bromine, Potassium nitrate, potassium iodide 

I. INTRODUCTION 

Regio-isomers of Chloroacetanilide in the three competition 

reactions studied with the aim of maintaining the 

competition ratio nearly 1 and in view of the observed 

rapidity of the reactions. The concentrations of both the 

competitors are large and almost constant compared to that 

of bromine in the competition. The rate of reaction is an 

expression relating the rate of reaction to the concentration 

of the relating species present which may include reactant, 

product and catalyst1 

Chloroacetanilide in which amide group is electron 

donating group it exerts +I effect and orienting ortho and 

para isomers.The rection rate is influenced by certain 

external factors such as concentrations of the reacting 

substances, temperature and pressure.2 

The Competition ratio V-v/v is operate in such manner as 

that of approximately 1. By using the equation rate constant 

can be calculated. Fast reaction will have a low activation 

energy, but if the reactants are present in low 

concentrations the rate of reaction will be small3 The 

competition techniques are necessitated to study the 

kinetics of these brominations of aromatic substrate due to 

their rapidity.4 

II. EXPERIMENTAL METHOD 

Table 1 : Bromination of 2-chloroacetanilide 

 Initial concentrations of the reactants in 100 ml 

reaction mixture     

Sr. 

No. 

Reactant Concentration/M 

1  Bromine 0.0025  

2 2-chloroacetanilide   0.01  

3  potassium iodide 0.04 

Titre values                    V = 8.6 ml        v = 4.9 ml 

Table 2 :   Bromination of 3-chloroacetanilide:  

Initial concentrations of the reactants in 100 ml  reaction 

mixture   

  Sr. 

No. 

Reactant Concentration/M 

1  Bromine 0.0025  

2 3-chloroacetanilide  0.01 

3  potassium iodide 0.04 

Titre values            V = 8.6 ml        v = 4.2 ml 

Table 3 :   Bromination of 4-chloroacetanilide: 

Initial concentrations of the reactants in 100 ml reaction 

mixture      

Sr. 

No. 

Reactant Concentration/M 

1  Bromine 0.0025  

2 4-chloroacetanilide 0.01  

3  potassium iodide 0.04 

Titre values             V = 8.6 ml        v = 4.5 ml 

III. OBSERVATION 

Velocity constant K can be calculated with the help of 

following equation 

 

When x and y are both taken as 1, over a variation of the 

concentration range of Chloroacetanilide, the velocity 

constant values k1 obtained for the bromination of 

Chloroacetanilide are found to be constant suggesting an 

overall order of second for the reaction in all the two 

reactions studied. The velocity constant values obtained.   

Fig.1  Mechanism of bromination reaction of 

Chloroacetanilide 

I. Bromination of 2- Chloroacetanilide by molecular 

bromine 
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Abstract:  

              Two geographically separated localities at Deogad (160 23' N ; 730 23' E ) and Achra ( 160 15' N; 780 26' E) in Sindhudurg  

district of Maharashtra State ,India were selected on the basis of the differences in habitat , topography ,vegetation and local market 

value to study the reproductive cycles of the oyster Saccostrea cucullata. The maximum sizes attained by  S. cucullata in the 

estuaries at Deogad and Achra were 44-45 mm shell length. However, comparatively larger sized oysters are found round the year 

in the estuary at Deogad than at Achra. 

            The environmental parameters such as tidal heights, pH, temperature, dissolved oxygen and salinity existing on the oyster 

beds in Deogad and Achra were recorded on every new-moon and full-moon days for a period of twelve months.  

  The microscopic details of the gonad tissue processed on every new moon (NM) and full moon (FM)  days of each month 

revealed following stages ; (i) Gametogenesis ; (ii) Maturing ; (iii) Mature; (iv) Partial spawning ; (v) Complete spawning ; (vi) 

Recovery ;(vii) Neutral . The gonads of twenty oysters were staged for males and females separately on each NM and FM days and 

percentage of the males and females in these different stages were calculated.  

 The study on reproductive cycle in male oysters of  S. cucullata from Deogad showed that many oysters were in 

gametogenesis stage in entire June and once again on November NM. Maturing stage was seen on March NM, May FM, July NM 

and again on November FM and in entire December. Many oysters were in mature stage on March FM, April FM and July FM and 

again on January NM. Most of oysters were under spent stage on March FM, in entire August and September, and on January FM. 

Many oysters were under recovery stage on May NM and in entire October. Most of the samples collected in entire February and 

on April NM showed prominent neutral stage. The female oysters showed that the gametogenesis was dominant on March NM, in 

entire June and on November NM; maximum on NM of March and on November. The maturing stage was dominant in entire April 

and May and on July NM and December NM. Oysters under spent condition were dominant on April NM and December FM, and 

all the gametes were released in entire August, September and on October NM. The recovery stage was recorded in many oysters 

on October FM and January FM, while the neutral stage was recorded in entire February. 

   The male oysters from Achra showed gametogenesis stage on March NM, April FM and June NM. The maturing stage 

was seen in most oysters on April FM, June FM, July NM, September NM and FM. The mature stage was very conspicuous on 

July FM and November NM. Most oysters were in the spent stage on May FM , August NM ,October NM and December FM. 

Oysters under recovery stage were in high percentage on December NM , January NM and February FM. The neutral condition 

was most prominent in many oysters on March NM and January FM. The female oysters at Achra showed that many oysters under 

the gametogenesis appeared on April NM, June NM and December FM. The maturing condition in oysters was dominant on April 

FM, June FM, August FM, entire September and on February NM. Many oysters in mature stage occurred on October NM and 

November NM. The spent stage in oysters was dominant on December NM, In entire May and on July FM. The recovery stage 

was recorded in December NM, while the neutral stage in oysters   was dominant on January FM and March NM. These different 

stages of the gonads have been correlated with the changes in environmental conditions over the oyster beds from the two localities. 

The results are discussed in the light of possible impact of the environment on reproductive events. 

Keywords: S. cucullata, Deogad, Achra, FM, NM, gametogenesis. 

 

Introduction: 

Along the west coast of India the backwaters and estuaries are very extensive and play an important role for food production. These 

are widely scattered and have an area of 30.7 lakhs acres (Mitra, 1970) from which Maharashtra coast constitutes 3.0 lakhs acres 
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