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Abstract:  

In addition to being an essential component of the ecosystem, arbuscular mycorrhizal fungi are important 

players among soil bacteria. Nearly 80% of land plants have symbiotic relationships with these fungi. AMF offers 

an alternate supply of minerals and other nutrients, including phosphorus. In present study, investigation about 

diversity of arbuscular mycorrhizal spores present in rhizospheric soil of total 15 rhizospheric soil samples  of 

Annona squamosa L. in Amravati, Maharashtra, India. Isolation of spore population was done by wet sieving and 

decanting method. Slides were prepared by using PVL (polyvinyl lactic acid) as a mounting medium and this 

allows the slides to remain usable and observable. Later on, all such slides observed carefully under binocular 

stereoscopic microscope. Identification and analysis of rhizospheric soil samples resulted that, total 17 species 

were found in 15 rhizospheric soil samples. Glomus geosporum species was commonly found AM fungi found in 

Annona squamosa L. plant. Also, Glomus fasciculatum were also found in moderate amount. Along with these, 

Acullosporamellea, Scutellospora pellucida were also found in moderate number. The Genus Glomus was 

distributed in large number among the 15 rhizospheric soil sample. 

Keywords: Arbuscular Mycorrhizal Fungi, Annona squamosa, rhizosphere, Amravati, Glomusgeosporum, 

Glomus fasciculatum. 
 

Introduction: 

The discoveries and theories made 

concerning mycorrhizae by A. B. Frank in 1885 

were contrary to accepted wisdom at the time. He 

claimed that what we now refer to as many different 

species of woody plants had ectomycorrhiza on their 

root systems, which were found in a wide range of 

environments and soil types. According to his 

theory, mycorrhizae are a type of widespread 

mutualistic symbiosis in which the fungus and host 

are mutually dependent on one another for nutrition 

(Trappe, 2005).   

Arbuscular mycorrhizal fungi are 

symbiotically associated with roots of plants. The 

colonization of fungi with the roots is by 

intracellular as in arbuscular mycorrhizal fungi 

(AMF), or by extracellular seen in ectomycorrhizal 

fungi. Almost 80% of plants are associated with 

AMF in their root system (Brundrett, 2002; Smith & 

Read, 2010). AMF plays an important role in 

enhancing phosphorous uptake from the soil (Daft & 

Nicolson, 1969), the effect of endogonemycorrhiza 

on plant growth. AM fungi are obligate mutualists 

belonging to the phylum Glomeromycota and have a 

ubiquitous distribution in global ecosystems 

(Redecker et al., 2013). Enhanced uptake of P is 

generally regarded as the most important benefit that 

AMF provide to their host plant, and plant P status 

is often the main controlling factor in the plant–

fungal relationship (Ryan & Graham, 2002; Smith 

& Read, 2010).Mycorrhizal fungi are arguably the 

most important component of the soil microbiota in 

developing sustainable agricultural practices 

because they enhance plant growth and natural 

uptake while at the same time stabilizing soil 

aggregate making the soil less susceptible to 

erosion(Jeffries et al., 2003; Schreiner & 

Bethlenfalvay, 1995). 

Annona squamosaL. in one of the popular 

fruit cropplant in Maharashtra state. It is an 

excellent source of nutrition and is medicinal use 

since ages. Also,Annona squamosaL. contains 

powerful antioxidations and are thought to contain 

anti-cancerous compounds (Liaw et al., 2010). 

Amravati  in Maharashtra is a well-suited habitat of 

Annona squamosaL.Thus, the study is to investigate 

the diversity of AM fungi associated with Annona 
squamosaL. in Amravati. 
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Material and Methods:  

Rhizosphere Sample Collection:  
15 (fifteen) rhizospheric soil samples of 

Annona squamosa L. were collected from the depth 

of 1 feet of five different sites of 

Amravati(Maharashtra) for isolation and 

identification of AM spores., in sterile polytene 

bags. The collection was carried out in the month of 

January 2023 from Amravati. The rhizosphere soil 

was collected and packed in sterile polytene bags 

and dried and stored at room temperature. Each bag 

was labelled with relevant information of sampling 

site, name of site and sampling date. 

Isolation of AM fungi Spores from Soil: 

Different methods are used to isolate AM 

fungi spores from soil sample. In the present 

investigation, wet sieving and decanting technique 

was used suggested byGerdemann & Nicolson, 

(1963),in which,100 gm of soil was taken and mixed 

in 500 ml of warm water in a 1000 ml beaker until 

all soil disperse and form a uniform suspension. 

Heavier particles were allowed to settle down. 

Sieves were arranged in descending order with 

respect to size starting from 400μm, 300μm, 200μm, 

100μm. The residue retain on the sieve were 

carefully collected on Whatman’s Filter Paper 

no.1.Permanent slides were prepared by using PVL 

(polyvinyl lactic acid) as a mounting medium and 

this allows the slides to remain usable and 

observable. Later on, all such slides observed 

carefully under binocular stereoscopic microscope. 

Identification of VAM Fungi: 

The VAM fungi were identified using 

manual of Schenck and Perez (1990) and keys of 

Morton and Benny (1990) and Mehrotra and Baijal 

(1994).Many criteria i.e. colour, shape, size, number 

of walls and orientation are considered for 

identification and classification of AM fungi.  

Result and Discussion:  
Mycorrhizal study is the most significant to 

agriculture benefit for the phosphorus uptake from 

soil and is the example of symbiotic association. 

The country is endowed with enormous variability 

in agricultural important microorganism. The 

microorganism mediated many processes that are 

essential to the agricultural productivity of the soil. 

These includes recycling of the plant nutrient, 

maintenance of soil texture, bioremediation and 

control of plant and animal pest and disease. The 

variability in fungi, bacteria, actinomycetes and 

cyanobacteria, etc. seems to coevolved with their 

host within environment and form an invaluable 

gene pool resource. The microbial variability in 

eroding fast. It is well recognized that once a variant 

is lost it is lost forever.  

Present Colonization and Spore Density: 

Good crop productivity of Annona 

squamosaL.(Custard apple): 

Out of 15 (fifteen)rhizospheric soil samples 

i.e., S1 to S15, 9 samples recognized as good crop 

productivity AnnonasquamosaL. all of thesesites 

belongto Amravati region.  

Average spore count of the soil was found 

to be 50-65 spores in 100 gm of soil. 

Moderate Crop Productivity of Annona 

squamosaL. (Custard Apple) 

Total 4 (four) rhizospheric soil samples out 

of 15 soil samples found to be of moderate crop 

productivity. All these samples collected from the 

belong to Amravati region as well. The texture of 

soil was found to be sandy and loam to sandy in 

nature. 
 

Table 1: Sites and crop productivity on Annona squamosa L. with sample number 
 

Sr. No. Location Crop Condition Soil Sample Number Sample Name 

1. Gopal Nagar Good Soil Sample 1 S1 

2. Congress Nagar Good Soil Sample 2 S2 

3. HVPM Moderate Soil Sample 3 S3 

4. Saturna Moderate Soil Sample 4 S4 

5. Arjin Nagar Good Soil Sample 5 S5 

6. Ravi Nagar Moderate Soil Sample 6 S6 

7. Akoli Road Good Soil Sample 7 S7 

8. Krishnarpan Colony Good Soil Sample 8 S8 

9. Yadav Layout Good Soil Sample 9 S9 

10. Shilangan Road Moderate Soil Sample 10 S10 

11. Dastur Nagar Moderate Soil Sample 11 S11 

12. Akoli Moderate Soil Sample 12 S12 

13. Bhatkuli Road Moderate Soil Sample 13 S13 

14. Rahatgao Good Soil Sample 14 S14 

15. Sipna College Good Soil Sample 15 S15 
 

Table 2: Distribution and dominance of AMF Species in different site of Amravati region. 
 

Sr. 

No. 

Soil 

Sample 

AMF Species 

Distribution 

Total no. of 

Species 
Dominant Species 

1. S1 
Glomus geosporum 

Sclerocysttiwanvnsis 

4 

1 

Glomus geosporum 
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Scutellispora persica 

Glomus intraradix 

Glomus fasciculatum 

2 

3 

3 

2. S2 

Glomus callosum 

Glomus fistulosum 

Glomus clarum 

Glomus maculosum 

Glomus citricola 

2 

1 

1 

4 

2 

Glomus maculosum 

 

 

 

3. S3 

Acaulospora appendicula 

Acaulosporagerdemanni 

Glomus geosporum 

Glomus citircola 

1 

2 

5 

2 

Glomus geosporum 

4. S4 

Acaulosporanigro 

Glomus geosporum 

Glomus fasciculatum 

2 

3 

2 

Glomus geosporum 

5. S5 

Glomus intradix 

Glomus fasciculatum 

Glomus citricola 

Glomus maculosum 

Sclerocystisclavispora 

2 

3 

1 

4 

1 

Glomus maculosum 

6. S6 

Glomus geosporum 

Glomus fasciculatim 

Glomus citricola 

Glomus aggregatum 

3 

2 

1 

1 

Glomus geoporum 

7. S7 

Glomus geosporum 

Glomus citricola 

Glomus fasciculatum 

Glomus maculosum 

4 

3 

1 

2 

Glomus geoporum 

8. S8 

Acaulospora appendicula 

Glomus citricola 

Glomus maculosum 

Acaulosporagerdemanni 

3 

1 

2 

1 

Acaulospora 

appendicula 

9. S9 

Glomus citricola 

Glomus maculosum 

Glomus fasciculatum 

Glomus geosporum 

1 

2 

2 

4 

Glomus geosporum 

10. S10 

Glomus geosporum 

Glomus fasciculatum 

Glomus citricola 

Glomus aggregatum 

3 

2 

1 

1 

Glomus geosporum 

11. S11 

Glomus macrocarpum 

Glomus geosporum 

Glomus fasciculatum 

Glomus citricola 

1 

4 

3 

1 

Glomus geosporum 

12. S12 

Glomus geosporum 

Glomus fasciculatum 

Glomus citricola 

3 

2 

2 

Glomus geosporum 

13. S13 

Glomus macrocarpum 

Glomus geosporum 

Glomus fasciculatum 

2 

3 

1 

Glomus geosporum 

14. S14 

Glomus fasciculatum 

Glomus citricola 

Acaulosporamellea 

3 

1 

1 

 

Glomus fasciculatum 

15. S15 

Glomus fasciculatum 

Glomus aggregatum 

Glomus maculosum 

Scutellospora pellucida 

3 

2 

2 

1 

Glomus fasciculatum 

 

Total 17 species were found in 15 
rhizospheric soil samples.Glomusgeosporum species 

was commonly found AM fungi found in Annona 

squamosa L. plant.Also, Glomus fasciculatum were 

also found in moderate amount. Along with these, 
Acullosporamellea, Scutellospora pellucida were 

also found in moderate number. The Genus Glomus 
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was distributed in large number among the 15 rhizospheric soil sample. 
 

  

Acaulospora sp. Glomus aggregatum 
 

 

 
 

Glomus citricola Glomus citricola 

  

Glomus heterosporum Glomus heterosporum 
 

 

  

Scutellospora sp. Scutellospora sp. 
 

  
Acullospora mellea Glomus fasciculatum 
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Scutellospora pellucida 

 

Conclusion:  

The present study on the mycorrhizal 

symbionts in the rhizosphere of the fruit plant 

Annona squamosa L. was an important step to 

assess the diversity and richness of the community 

of arbuscular mycorrhizal fungi (AMF) was 

observed at all sites studied.  

Arbuscular mycorrhizal fungi on survey in 

the rhizosphere of Annona squamosaL. and its 

colonization in the soil were conducted in 15 

(fifteen) sites located in different areas in Amravati 

region. The objective of the present study deals the 

evaluation of mycorrhizal status of soil sample. The 

present study was undertaken to explore the 

diversity of AM fungi in the region. 

Glomusgeosporum species were dominantly 

AM fungi found in Annona squamosaL. plant also, 

Glomus fasciculatum were also found in moderate 

amount. Along with these, Acullosporamellea, 

Scutellospora pellucida were also found in moderate 

number. Glomus was distributed in large number. 

So that on the above observation we 

recommend that the Glomus geosporum is good 

biofertilizers for the better growth of Annona 

squamosa L. in rhizosphere. 
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Abstract:  

Exploring Taxonomy and Morphological Characteristics in Microporous, Hexagonia, Lenzite, and 

Schezophyllum: A Comprehensive Study of Poroid Fungi"This comprehensive study delves into the taxonomy 

and morphological intricacies of Microporous, Hexagonia, Lenzite, and Schezophyllum, collectively examining 

their classification within the fascinating realm of poroid fungi. Employing advanced taxonomic methodologies 

and detailed morphological analyses, we unravel the intricate characteristics that define these fungi species. Our 

research aims to contribute to a deeper understanding of their ecological roles, evolutionary relationships, and 

potential applications. Through meticulous investigation, this study provides a valuable resource for mycologists, 

ecologists, and researchers interested in the diverse world of poroid fungi. 
 

Introduction: 

Fungi play a pivotal role in the forest 

ecosystem, exhibiting diverse impacts, both positive 

and negative. Various fungi species thrive in diverse 

climatic conditions (Bilgrami et al., 1991) and 

constitute the second-largest group of terrestrial 

organisms, found in allecosystems worldwide. 

Classifying biodiversity is crucial as it 

provides essential insights into the variety of life 

forms, their interrelationships, and their roles in 

ecosystems. This knowledge is vital for effective 

management and conservation of our biological 

heritage. Autotrophic producers, especially woody 

plants, foster high diversity across trophic levels and 

specializations, supporting a myriad of consumers 

and decomposers. 

Decaying wood stands out as a distinctive 

terrestrial habitat where Animalia, Plantae, Fungi, 

Protista, and Prokaryota coexist and interact 

(Schigel, 2009). Wood-decay fungi play a pivotal 

role in indigenous forests by decomposing fallen 

wood as well as the heartwood and sapwood of 

living trees. Fungi, equipped with efficient enzymes 

for cellulose and lignin degradation, are the primary 

agents responsible for wood decay. Various fungi 

utilize different constituents for their metabolism, 

highlighting the broad spectrum of fungal diversity 

involved in this process. 

Wood, as a food source, is accessible only 

to fungi capable of breaking down its components. 

This intricate relationship underscores the 

significance of fungi, as outlined by Seidl (2009), in 

the natural decay processes within forests. 

Understanding and appreciating the role of 

theseorganisms are paramount for sustainable 

ecosystem management and the preservation of 

biodiversity. 

Material and method: 

Basidiocarps were individually collected 

and sealed in polythene bags. Thin sections from 

different parts of each basidiocarp were sliced, 

stained with cotton blue,congorent red and mounted 

in lactophenol. Microscopic observations were 

conducted at 40× magnifications.  

Results AndDiscussion:- 

Hexagoniatinius: 

Basidiocarps solitary, sessile, dimidiate 

with a narrow base, applanate to flabelliform, 

slightly concave, measuring 4.0–12.0 × 3.0–8.0 × 

0.2–0.3 cm, exhibiting a corky-coriaceous texture. 

The upper surface varies from pale brown to dark 

brown, some displaying a greyish-black color at the 

center. The surface is uneven, showing concentric 

striations to zonation. The margin is entire and thin, 

while the hymenial surface appears greyish, with 

hexagonal pores numbering 10–12 per cm. 

Hyphal system: Trimitic. Generative hyphae: 

Hyaline, thin-walled, branched, clamped, 1.5–3.0 

µm wide. Skeletal hyphae: Subhyaline to yellowish-

brown, straight or flexuous, thick-walled to solid, 

occasionally septate towards the apex, 3.0–6.0 µm 

wide. Binding hyphae: Hyaline to subhyaline, thick-

walled to solid, highly branched, mostly short and 

coralloid, some freely branched but short and 

flexuous, 1.5–3.2 µm wide. Reddish-brown, thin-

walled to slightly thick-walled cuticular cells with 

irregular projections in the crustose area at the base 

of the pileus surface. Basidia: Narrow clavate, 4-

sterigmate, 15.0–22.0 × 8.0–10.0 µm. Subhyaline to 

pale-brown cystidioid hyphae formed at apical ends 

of skeletal hyphae, more common in sterile pore 
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mouths. Basidiospores: Hyaline, thin-walled, cylindrical, 10.0–15.0 × 4.0–6.0 µm. 
 

Hexagonia tinius 

  

(A)Basidiocarp (B) Upper Surface 

  

(C) Lower Surface, (D) Basidiospores 
 

Lenzitebetulina: 

1. Morphological Characters. 
Fruitbody: Annual to perennial, broadly attached, 

dimidiate with a contracted base, sometimes almost 

stipitate, semicircular to flabelliform, single or 

imbricate, brown to gray, hard, woody to corky 

coriaceous when fresh, flexible when dry; strongly 

attached, 13-15 cm long x 9-10 cm broad x 1-1.5 cm 

thick at the base. 

Pileus: Semicircular, more or less angulate, 

dimidiate, flat, upper surface usually whitish, 

uneven, finely velutinate concentrically zonate, 

slightly sulcate, distinctly radially wrinkled, dotted 

warty, fine nodulate, nodules usually scattered near 

the base, more rough than the margin with 

asperulate of agglutinated hyphae, zones of cream to 

brown and grey color alternating with each other 

first white, cream, pale ochraceous to clay or tan-

colored, then leather or dirty brownish colored; 
Margin sharp, wavy, sometimes folded bent 

downwards. 

Pore Surface: Flat to oblique, orange-buff, 

yellowish-creamy to brown-colored, mostly with a 

yellowish tint, this color seems to persist even when 

the upper surface has become white and dirty grey, 

pore surface extremely variable; in some specimens 

poroid 2-4 mm wide, mostly angular mixed with 

daedaloid to sinuous lamellae up to 3.5 mm wide, in 

other specimens purely lamellate 3.5 mm wide, 10-

11 lamellae per cm, lamellae straight or wavy 

especially towards the base where they are deeper 

tubes of lamellae up to 7-9 mm deep. 

Context: White cream to yellowish-colored, 3-5 

mm thick.Hyphal System: Trimitic; Generative 

hyphae hyaline, thin-walled, with clamps, 1.5-3.0 

μm in diameter; Skeletal hyphae straight, thick-

walled to solid, up to 5-7 μm in diameter; Binding 

hyphae hyaline, thick-walled, solid, highly 

branched, sword-like, long side branches up to 4.5-

5.5 μm in diameter. 
Cystidia: Absent, but thick-walled skeletal hyphae 

project into the hymenium; Hyphal pegs present, 

conical to cylindrical. 
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Basidiospores: Hyaline, cylindrical, smooth, thin- walled, and non-amyloid, 6-9 x 2-3 μm. 
 

Lenzite betulina: 

   

(A) Basidiocarp (B) Pore surface (C) Basidiospore 
 

Schezophyllum commune: 

The fruiting body on finger millet straw 

was 1-4 cm wide, fan-shaped, and laterally attached 

to the substratum. Its upper surface was covered 

with small white hairs, while the under surface 

consisted of gill-like folds, split down the center, 

with a shallow groove, giving it the classification of 

polypores. The fungus, resembling the split gill 

fungus of the genus Schizophyllum, exhibited 

longitudinally split gills (lamellae) on the lower 

side. Close inspection revealed distinctively "split" 

or "doubled" folds on the under surface, 

characteristic of the split gill fungus found on 

decaying wood. 

The cap, shell-shaped and often wavy with 

lobes, resembled a stem, concentrating tissue at the 

point of attachment. collected from decaying wood, 

contained generative hyphae with septae and clamp 

connections. Skeletal hyphae were centrally swollen 

and broad, while binding hyphae were 

comparatively thick-walled and branched. 

Basidiocarps confirmed the presence of skeletal and 

binding hyphae. 

Microscopic examination of the isolate on a 

slide culture revealed hyaline, septate hyphae with 

clamp connections, and spicules indicative of a 

basidiomycete. The elliptical and smooth spores, 

measuring 4 x 2µ, were observed, and the spore 

print exhibited a white color. Notably, cystidia was 

found to be absent in the examined specimen. 

 

Schezophyllum commune: 

   

(A) Basidiocarp (A) Basidiocarp (A) Basidiocarp 
 

Microporous xanthopus: 

Basidiomata: Annual, centrally to eccentrically 

stipitate. Pileus circular to dimidiate in young 

specimens, glabrous and shiny when fresh, hard on 

dry species, up to 5.4 cm in diameter, 3 mm thick in 

the center, untomentose; margin acute, slightly 

wavy; pileus upper surface shiny with numerous 

distinct to indistinct concentric zones, ranging from 

yellow to brown to deep reddish-brown. 

Pore Surface: White to cream, pores circular, very 

small, barely visible to the naked eye, 1-2 pores per 

mm. Pore tube yellowish-brown, up to 1 mm long. 

Context up to 1 mm thick. 

Stipe: Cylindrical, finely velutinate to deep reddish-

brown, up to 2.4 cm long, 5 mm in diameter. 

Hyphal System: Trimitic, generative hyphae with 

clamps, 3-4 µm in diameter, challenging to observe 

in dried specimens, hyaline and richly branched. 

Thick-walled clamped hyphae present in aerial 

specimens. Cystidia or other sterile hymenial 

elements absent. 

Basidiospores: Allantoid to elliptical, smooth, thin-

walled, non-amyloid in Melzer's reagent. 
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Microporous xanthopus: 

  
(A) Basidiocarp (B) Stipe 

  
(C) Pore surface (C) Pore surface 
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Abstract 

Water contamination is currently a major environmental hazard for both human health and aquatic 

ecosystems. There are numerous causes of water pollution, the most common of which being industrialization, 

with textile companies creating dye- containing water contamination. This work aims to reduce the contamination 

of dye polluted water.Pigeon leaves, an agricultural waste, is used to create an adsorbent for dye removal.In this 

investigation, Methyl orange dye was chosen as the target dye contaminants. A kinetics and adsorption 

investigation was carried out. The produced PL-adsorbent has a significant capacity for adsorption of methyl 

orange dye and is inexpensive. 

Keywords: Pigeon leaves; Methyl orange dye; Adsorption; Adsorbent 
 

Introduction 
Water is a renewable resource that is 

required to sustain all forms of life.Water is also 

among the most easily manageable natural 

resources because it can be diverted, transported, 

stored, and recycled [1]. With the rapid growth of 

industrial technology, reusing sustainable resources 

such as water and materials has become a global 

concern, and water pollution has become a severe 

global issue. Water contamination has aggravated 

the water crisis [2]. 

The massive release of textile waste 

water is regarded as one of the primary causes of 

water pollution, and the quality of the water can be 

severely impacted. This type of pollution can cause 

a variety of issues, including the destruction of 

aquatic ecosystems and the spread of water-borne 

diseases when people drink polluted water [3].Dye-

containing wastewaters are extremely difficult to 

treat since the dyes are recalcitrant molecules. 

Another challenge is containing dye molecules at 

low concentration [4]. Dyes have caused great 

worry about their use due to their harmful 

consequences. It has been reported to cause 

mutagenesis, chromosomal instability, cancer, and 

respiratory toxicity. Therefore, particular methods 

and technology to remove dyes from various types 

of water bodies are desired [5]. 

Textile dyeing wastewater is a major 

polluter all over the world. Some dyes do not 

breakdown in water at all. Others that disintegrate 

emit hazardous compounds as they decompose 

[6].Textile dyes severely degrade the visual quality 

of water bodies, hinder photosynthesis, restrict plant 
growth, infiltrate the food chain, give recalcitrance 

and bioaccumulation, and may cause toxicity, 

mutagenicity, and carcinogenicity. Dyes gather in 

the water to the point where light can no longer 

enter to the surface, impairing plants' capacity to 

photosynthesize. This reduces the oxygen content of 

the water, causing aquatic life and flora to die [7]. 

A diazonium coupling process produces 

methyl orange from sulphanilic acid N, N-

dimethylaniline. Helianthin, a vivid red form of 

methyl orange, is the initial byproduct of the 

coupling. Helianthin is transformed into the sodium 

salt of methyl orange, an orange color, in the base. 

When methyl orange comes into touch with water, it 

transforms from a weak acid into neutral orange 

molecules. Methyl orange (MO) is a widespread 

and ongoing acidic anionic mono-azo dye used in 

textiles, lab studies, and other industrial products. 

This dye poisons aquatic life. Acute exposure to this 

hazardous dye can result in tissue necrosis, an 

increase in heart rate, vomiting, cyanosis, and 

jaundice in humans. Therefore, before the 

wastewater is released into the environment, 

removing this dye is crucial. This dye is produced 

by companies associated with MO use and 

manufacture.[8] 

In order to create innovative wastewater 

treatment methods and meet the demands for clean 

water, developmental accomplishments are being 

made gradually. However, using current techniques 

to thoroughly treat discharged water comprising 

contaminants has proven difficult. In the literature, a 

number of methods for wastewater   treatment   have   

been   published.They   typically   consist    of 

chemical, physical, and biological procedures that 

are regarded as sufficient for treating water in a 

variety of ways. Their selection is influenced by 
numerous elements, such as dye content, sewage 

composition, process cost, or other pollutants in 

wastewater. Each treatment method's unique 
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characteristics can be advantageous in some ways 

while being constrained in others. Treatment 

methods that have high installation and operating 

costs, lengthy processing times, limited yield, and 

harmful byproducts are frequently insufficient for 

industrial use. [8] In terms of starting cost, 

convenience of design, and simple operation, the 

adsorption process is regarded as superior to other 

wastewater treatment methods now in use.[9] It 

is also a very successful separation technique. 

There are several biosorbents, including Chlorella 

vulgaris cells, eggshell powder, biosolids, 

Daucus sativus residue, Carica papaya wood, 

animal bones, Sargassum species, Monophylum 

spicatum, Laminaria japonica, rape straw powders, 

rice husk ash, Azadirachtaindica leaves, pigeon 

leaves, turmeric leaves, etc.[10] 

Functional groups on surface and pore size 

distribution affect how well ACs adsorb substances. 

[12] According to reports, some Zingiberaceae plant 

species can serve as an adsorbent for the adsorptive 

elimination of dyes. But there is still a arise desire to 

research innovative, inexpensive adsorbent materials 

with excellent adsorption capacities. Studying the 

sophisticated treatment of Methyl Orange dye by 

appropriate natural adsorbents is therefore crucial. 

[2] 

In this study a pigeon leaves (PL) ash prepared 

and used as bio-adsorbent for removal of methyl 

orange (MO) the adsorption isotherm and kinetics 

are also studied. 

Materials and method 2.1Chemicals 

Allof the chemicals were bought from 

LOBA CHEM. Methyl orange dye 

(C14H14N3NaO3S), Sodium Hydroxide (NaOH) 

and Hydrochloric acid (HCl) were used in this work. 

There was no further chemical purification done. 

Adsorbent Synthesis 

Pigeon dried leaves (PL) were gathered from 

agricultural waste and utilized as a key source for 

adsorbent making. Before usage, all powdered 

ingredients were burned in the oven and graded with 

a mortar and pestle. The sticky and other 

undesirable components were removed from the 

(PL) adsorbent.  

The prepared PL-adsorbent was ready to 

undergo dye adsorption. Methyl Orange dye was 

used to make an aqueous solution for the adsorption 

test, and the stock solution was diluted by using 

distilled water. All tests were conducted under 

optimal circumstances. 

Adsorption experiment 
Adsorption studies were performed in a 

rotary shaker by shaking 150 mg of PL-adsorbent 

with 20 mL of the required concentration of MO 

solution at 150 rpm. A colorimeter was used to 

measure absorbance before and after the 

experiment.  

Equations (1), (2), and (3) were used to 

compute the percent removal (R%), kinetic 

adsorption capability (qt, mg.g-1) and equilibrium 

adsorption capability (qe, mg.g-1) of PL-adsorbent. 

 

 
 

Where C0 (mg.L-1) and Ce (mg.L-1) are 

the initial and equilibrium metal ion concentrations, 

respectively. Ct (mg.L-1) represents the 

concentration of Cu(II) and Cd(II) ions at time t, m 

represents the weight of the PL-adsorbent (g), and V 

represents the volume of the solution (L). 

Results and Discussion 

The impact of initial parameters 
The influence of time improves the 

equilibrium adsorption of pollutants as well as the 

adsorption kinetic performances of the adsorbate 

and adsorbent. Dye adsorption rises as agitation 

time increases as observed from figure 1. 
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Figure 1. The influence of contact duration 

on methyl orange dye adsorption on PL adsorbent. 

By adjusting the starting concentration of methyl 

orange dye at a set temperature for 90 minutes in 

stirring time, the effect of concentration on methyl 

orange dye uptake by the pigeon leaves ash 

adsorbent was studied.  

The adsorption capabilities rose as the 

original methyl orange dye concentration was 

raised. The graph (figure 2) depicts the influence of 

dye concentration. 

 

 
 

Figure 2. The effect of starting concentration on methyl orange dye adsorption on PL-adsorbent 

 
Adsorption kinetics 

There are several different kinetic models 

that have been used to represent the order of 

adsorbate-adsorbent interactions. The well-known 

pseudo first-order model has traditionally been used 

in most cases, although second-order kinetics has 

also been successfully used by many writers to 

characterize the interactions. The pseudo first order 

rate equation (4) is typically followed by the 

kinetics when diffusion through a boundary 

precedes adsorption. Equation (5) provides pseudo-

second-order kinetics. [9]. 
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Where k1 is the rate constant of the pseudo-

first order adsorption process and qtand qeare the 

amounts adsorbed at time t and equilibrium, 

respectively. The second- order rate constant is 

represented by k2. Figures (3) and (4), respectively, 

display the pseudo first order and pseudo second-

order kinetics plots. The parameters are listed in 

Table 1, and psuedo-second order is appropriate for 

this experiment, with an R2 value of 0.9997. 

 

 
 

Figure 3. Psuedo first order model for adsorption of congo red dye 
 

 
 

Figure 4. Psuedo second order curve for 

adsorption of methyl orange dye 

Adsorption amounts that vary over time and 

at various beginning dye concentrations can be 
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further processed to assess the contribution of 

diffusion to the adsorption process.  

Adsorption is a multi-step process that 

involves solute molecules being transported from the 

aqueous phase to the surface of solid particles and 

then diffused into the interiors of pores. Equation (6) 

provides the intra-particle diffusion rate. 

 

 
 

Where kid is the rate constant for intra-particle 

diffusion. The slopes of qt vs. t1/2 plots are used to 

calculate the kid values. Intraparticle diffusion 

model for adsorption of methyl orange dye is shown 

in figure 5. 

 

 
 

Figure 5. Intraparticle diffusion model for adsorption of methyl orange dye ants 
 

Table 1. Kinetic characteristics of methyl orange dye adsorption on PL-adsorbent 
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Adsorption isotherm investigation 

To evaluate the probable adsorption 

mechanism on PL-adsorbent, the most 

commonlyresearched Langmuir equation (7), which 

is valid for monolayer chemisorption, was applied. 

Freundlich model is utilized for multilayer 

adsorption studies, and the equation (8) is provided 

below. [11]. 
 

 
 

Kf (L.mg-1) and n are Freundlich constants that 

represent adsorption capacity and intensity, 

respectively. 

Figures (6) and (7) depict the graphs of the 

Langmuir and Freundlich models, respectively. 

Table 2 contains the isotherm parameters. The R2 is 

higher for the Freundlich isotherm model, implying 

a multilayer adsorption mechanism. Table 3 displays 

the comparative adsorption capabilities. 

 

 
 

Figure 6. Langmuir model for methyl orange dye adsorption on PL-adsorbent 

 

 
 

Figure 7. Freundlich model for methyl orange dye adsorption on PL-adsorbent 
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Table 2. Adsorption isotherm parameters for adsorption of congo red dye on PL-adsorbent 
 

 
 

Table 3. A comparison of bioadsorbents for methyl orange dye adsorption 

 
 

Conclusions 

In this study, pigeon pea leaves ash was 

employed as an efficient and potentially effective 

adsorbent for the adsorptive elimination of methyl 

orange dye from aqueous media. To comprehend the 

dye removal behavior, consider the parameters 

influencing the methyl orange dye adsorption 

process, such as contact time and dye concentration. 

The adsorbent demonstrated reasonably quick 

kinetic performances based on the effectiveness 

of pigeon pea husks ash [PL-Adsorbent]. The 

experimental result was consistent with pseudo-

second order kinetics. 

The freundlich isotherm model was used to 

fit the equilibrium data, demonstrating the multilayer 

coverage of methyl orange dye on the PL-

Adsorbent. The adsorbent's capacity for methyl 

orange dye adsorption was determined to be 217.3 

mg.g-1 using the Langmuir isotherm model. The 

results demonstrated that the natural adsorbent was 

cost-effective and had considerably higher 

adsorption ability than other types of adsorbents. 

The current study revealed the benefits of natural 

adsorbent with for methyl orange dye adsorption 

from aqueous media. 

As a result, the natural powdered pigeon pea leaves 

ash adsorbent may be used to efficiently remove 

dyes from textile effluent and clean up the 

contaminated water. 
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Abstract: 
The markets of the most aquaculture products are influenced by the supply and demand condition. The 

standard economics analysis of purely competitive market is relevant. India is the Second largest producer of fish 

in the world. Fish market significantly contributes to food security and also in generating employments. It 

supports livelihood of lakhs of people. The price of fishes either fixed by government or by the fisheries 

cooperative societies. A large number of commission agents are operated in Ghuggus fish market. The study site 

of fish market of Ghuggus in Chandrapur district is near Nagar Parishad, Ward No.3, Aathawadi bazaar, 

Ghuggus. This is the main fish market. Ghuggus has coal industry ‘WCL’ and ACC Cement factory. On every 

Sunday weekly Bazaar (market) is organized to meet the needs of the people. The fish market located at 

Bhadravati in Chandrapur District. It lies 26 km away from Chandrapur city. It is near Anganwadi Centre No.6, 

Santaji Nagar, Bhadravati. The data was collected from 20
th
 March to 27

th 
March 2023. During the study period 

of Bhadravati and Ghuggus fish market, 12 species of fishes and 1 species of prawn were found. Fish were 

Mangur, Catla, Rohu, Channa, Common carp and Tilapia. These sold in large quantity because they have good 

demand. Low price fishes are also sold in market. The condition of Bhadravati and Ghuggus fish market is poor 

in facilities. It needs development. 

Keywords: Fish markets study, Ghuggus, Bhadravati. 
 

Introduction: 

The markets are important for selling and 

purchasing goods. The markets of most aquaculture 

products are influenced by the supply and demand 

condition. The standard economics analysis of 

purely competitive market is relevant. The 

production and use of product by sale is called as 

fish marketing. Fishes spend almost their life in 

freshwater such as rivers and lakes, having a salinity 

of less than 0.5 ppt. Around 40% of all known 

species are found in freshwater. India is the Second 

largest producer of fish in the world. Fish market 

significantly contributes to food security and also in 

generating employments. It supports livelihood of 

lakhs of people. The price of fishes either fixed by 

government or by the fisheries co-operative 

societies. A large number of commission agents are 

operated in Ghuggus and Bhadravati fish markets. 

The prawn and fish production plays important role 

in the socio-economic development of India. The 

growth of fish production and development is highly 

dependent on an efficient fish marketing system. 

The supply of prawns and fishes to the consumer in 

the form of fresh, freezed, dried, salted and pieces of 

prawn and fishes in the fish market. According to 

the government of Maharashtra, only the registered 

societies are empowered for prawn and fishes 

catching and marketing from this water bodies. 

Prawn and fishing done by nets. Gill nets are 

suspended at intermediate depth for overnight. 

Mostly fisherman catches fishes and prawn all the 

days of the year except months of July to September 

(Sheikh, 2014). Humans and animals have been 

utilizing fish as a major food component. Fishes are 

known to be enriching by high nutritional 

component and concentrated source of energy. 

Dominant varieties of fishes such as Clarious sp., 
Rohu sp., freshwater Prawn like Macrobrachium 

rosenbergii are routinely catches from nearby water 

bodies and sold in local market. A variety of fishes 

consume regularly are prone to pathogenic spoilage 

especially by Vibrio species, Salmonella species, 
Streptococci species, Staphylococci, Coliforms 

species, Listeria species, Clostridium spp. which 

may get entry in to the fish transportation. A number 

of report suggest that the consumption of the 

microbiologically spoiled food might be responsible 

for food born disease like Diarrhoea, Salmonellosis, 

Shigelosis, Cholera and even some neurological 

diseases, an array of viruses, bacteria, fungi and 

parasites. Therefore, it is crucial to estimate the rate 

of microbial spoilage and to establish the preventive 

strategy to ensure the general food safety. The 

antibiotic resistance pattern of the isolated 

pathogens was also determined (Kamdi, 2016). 

The main source of fishes in Ghuggus and 

Bhadravati fish market are Pandharkawada, 

Mukutban, Soit, Madheli and Wardha river. This 
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supplies varieties of fishes. Domestic markets and 

distribution of fish are dominated by a large number 

of intermediaries. All fish traded internally and for 

export pass through private channels. Markets 

located in villages, district headquarters or at a 

crossroads are considered primary markets. They are 

usually near areas where fish are caught. Fishermen 

bring a variety of fishes (dominated by small fish 

from both open-water capture and from ponds) to 

the primary markets. 52% of such primary rural 

markets are held twice a week, 28% three times a 

week and 20% are held daily. Of all these markets, 

80% are open during morning hours, particularly for 

trading milk, vegetables and fish and are attended by 

a relatively small number of sellers and buyers 

compared to the usual afternoon markets. The 

marketing channel for cultured fishes starts with the 

fish farmer passes through a number of 

intermediaries and ends with the ultimate consumer. 

Major intermediaries who enter the fish marketing 

chain are Nikaries, Beparies, Adtedars and retailers. 

Fish farmers do not sell fish directly to consumers in 

the market. Free market where demand lie and 

supply forces operate and interact freely without any 

restriction on price setting mechanism and as a 

result perfect competition prevails in the market. A 

market managed by a selected committee or local 

authorities is known as a regulated market. City 

Corporation administered market. In India, most of 

the fish production and capture sold in local market. 

Most of the markets are still in development stage 

and only few having facilities. Major hindrance in 

fish marketing include perish ability and large 

quantities, storage, transportation, quality and 

quantity of commodity, low demand elasticity and 

high price spread (Vala et al., 2020). 

The fisheries sector is recognized as a 

powerful income generator. On one hand and it 

stimulates growth of a number of subsidiary 

industries and on other hand, it provides cheap and 

nutritious food.  It  plays  an  important role in the 

socio-economic life of  thousands of people  directly  

or  indirectly  involved  in  it, as it  provides source 

of employment and income to millions of rural 

farmers,  particularly to women. The growth of fish 

production as well as development of fishery sector 

in terms of economy and infra-structure is highly 

dependent on an efficient fish marketing system 

(Chourey et al., 2014).  

The main objective of this study was to study 

the fish market of the Ghuggus and Bhadravati in 

relation to fishes and prawns variety availability. 

Review of literature: 

The review of literature in relation to fish 

markets study is as follows: Kumar et al., (2008) 

had studied domestic marketing system in India - 

Changing structure, conduct, performance and 

policies. This study has been conducted in all the 

major coastal states and some selected inland states 

to understand the domestic marketing of fish in 

India. The total marketing costs of auctioneer, 

wholesaler, retailer, vendor, marine fishermen co-

operative societies and contractor. The marketing 

efficiencies for Indian major carps (IMC), Sardine 

and Seer fish have been found vary from 34 to 74 

%, depending on the length of market channel. 

Chourey et al., (2014) was studied fish marketing 

system in Bhopal, M. P.  The this study was based 

on a survey of Bhopal fish market with help of 

direct observation, interview technique and a 

standard format of questionnaire which are filling up 

by fish sellers. The study revealed the problem of 

fish sellers during marketing times, which are 

briefly discussed in the paper. Ghorai et al. (2014) 

was studied the  status of the largest dry fish market 

of East India: A study on Egra regulated dry fish 

market, Egra, Purba Medinipur, West Bengal. The 

study area was purposely selected and the trading 

system was analysed. The market operated actively 

once in week. Several species of coastal and marine 

dried fishes like Patia, Lahara, Vola, Chanda, Ruli, 

etc. were commonly available in the market. 

Different lives of businessman are involved in the 

trading system like fish processor, Beparis, 

Adtedars, wholesaler and retailers, etc. Shillewar 

and Totawar (2019) had worked on study of fish 

market in Nanded city and find the status of 

wholesale and local fish market in Nanded city. 

They found fish live Catla, Labeo, Channa, 
Common carp, Tilapia were sold in large quantity. 

Kewat et al. (2020) was studied on fish traders and 

fish market of Ulhasnagar and its surrounding cities: 

A qualitative approach. Fishery sector is an 

important sector and provide livelihood to millions 

of people of the country. Post harvest fish 

management is very poor and fish trader, the 

important stakeholder in this regard are deprived of 

technology knowledge and are quite unaware about 

post harvest fish loss in the country.  Keeping in 

view, present study is conduct to explore the 

knowledge of the fish traders on post-harvest fish 

management procedure and infra-structure available 

in existing fish market. So that, these can be 

streamline in order to develop an ideal fish market 

in the region and to reduce post-harvest fish loss in 

the country. Total three fish markets, one from each 

Ulhasnagar, Ambernath and Kalyan were selected 

on the basis of fish market easy accessibility and are 

close to local railway stations. Vala et al. (2020) 

worked on a study of fish marketing system in 

Himmat Nagar, Sabarkantha, Gujarat. They 

observed fish market activities and economic 

features. The main source of fishes in Himmat 

Nagar fish market is Dharoi dam, lake, small rivers 

and reservoirs which supply varities of fishes. Major 

available fishes species in Himmat Nagar market are 

Indian major carps, exotic carp, cat fishes, hilsa, 

pomfret and shrimps. 
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 Gaidhane et al. (2020) worked on a study of 

Bhiwapur fish market in Chandrapur, Maharashtra. 

They observed 23 species of fishes and prawns. 

They found that wholesalers sold 1 to 1.5 tonnes 

fishes daily and retailers sales 25-50 kg fishes per 

day. Gomra et al. (2020) made a survey on fish 

population availability in different seasons in 

Northern India. The present study conducted on the 

availability of different fish species during the 

summer, spring and winter months at the Gummat 

fish market, Jammu Division, Bilaspur fish market, 

Chhattisgarh, Himachal Pradesh and Amritsar fish 

market, Punjab. The survey result shows that, in all 

the fish markets, the price of the fish was higher in 

the winter season than in the summer season, mainly 

Labeo rohita, Tor mosal, Catla catla, Wallago attu, 

Bramidae, Anabas testudineus, Carassiusauratus, 

Ctenophoryngodon idella, Lethrinus bohar, Nandus 

nandus, Pampus chinensis, Pangasius buchanani, 

Platycephalus fuscus, Rita rita, Solea solea, Sperata 
seenghala, Tilapia nilotica, Tenualosa ilisha, etc. 

were found in these markets throughout the season. 

Chanda and Jana (2021) had made a comparative 

review on freshwater fishes between West Bengal 

and Odisha to middle East Indian States. The 

objective of the present study is the comparative 

revision of inland freshwater fish faunal diversity 

between West Bengal and Odisha, two states of 

middle-east India. Work is mainly based on the 

available published literature on the freshwater fish 

faunal diversity, checklist for fish, monograph of the 

area under study. Result reveals the existence of 345 

species of fish belonging to 50 families under 14 

orders. Sit et al. (2021) was studied on fish 

diversity, marketing and economics of fish markets 

at Kharagpur, West Bengal, India. During the study 

period, it has been observed that 28 freshwater 

inland fish species, 6 freshwater exotic fish species, 

19 marine fish species and 4 crustacean species 

were available in the Kharagpur town. Some marine 

molluscs like Loligo species and Sepia species was 

also sold here. There are different peoples, those 

belong from different districts of West Bengal and 

involved in fish marketing activities. Therefore, a 

marketing chain is being established which is inter-

dependent to each other with a socio-economic 

framework. Some measures have been highlighted 

towards improvement of infrastructure, hygienic 

conditions. Kumar et al. (2010) observed the 

marketing system and efficiency of Indian major 

carps in India. The study has revealed that the 

marketing system is highly efficient in sharing the 

benefits to aqua farmers while providing quality fish 

to consumers at reasonable prices. The main reason 

for the success of fish farming is the prevalence of 

an efficient marketing system which enables the 

producers to fix pond site price, as they have access 

to information on the prices at wholesale market of 

various fish consuming cities across the country. 

Material and methods: 

The present study was carried out to analysis 

the condition of fish market, major species sold and 

price structure. The present study is based on 

primary source of data. The primary data was 

collected by the survey of fish market with help of 

direct observation and interview techniques. The 

data collected through visit in the fish market at 

Ghuggus and Bhadravati. The study site of Ghuggus 

fish market is near Nagar Parishad, Ward No.3, 

Aathawadi bazaar. This is main fish market. 

Ghuggus has coal industries ‘WCL’ and ‘ACC 

Cement factory’. There is a steel plant and many 

coal washeries. Due to this reason, Ghuggus is the 

most polluted town in Maharashtra. Ghuggus main 

market area is in the middle of the town known for 

basti. On every Sunday weekly bazaar (market) is 

organized to meet the needs of the people. Ghuggus 

fish market is located at Longitude 79.11
0 

and 

Latitude is 19.93
0
. The fish market located at 

Bhadravati in district Chandrapur. It lies 26 km from 

Chandrapur city. Fish market near Anganwadi 

Centre No.6, Santaji Nagar, Bhadravati. The data 

was collected from 20
th

 March to 27
th 

March 2023. 

The photographs of both Ghuggus and Bhadravati 

fish markets are as follow (Figures 1 and 2): 

 

 
 

Figure 1: A view of fish market of Bhadravati. 
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Figure 2: View of Ghuggus fish market. 

 

Results: 
During the study period of Bhadravati and 

Ghuggus fish market, following 13 species of fishes 

and 1 species of prawn was found. These are given 

in Table 1. 

 

Table 1: Fishes and Prawns collected from Bhadravati and Ghuggus fish markets. 

 

Sr. No. Local names Scientific names 

1 Catla Catla catla 

2 Rohu Labeo rohita 

3 Vaur Channa striata 

4 Common carp Cyprinus carpio 

5 Daku Wallago attu 

6 Mangur Clarias batrachus 

7 Grass carp Cteropharyngodon idella 

8 Kolshya Puntius sarana 

9 Zaran Pangasius bocourti 

10 Chambhari Notopterus  notopterus 

11 Tilapia Tilapia mossambica 

12 Silver carp Hypophthalmichthys molitrix 

13 Zinga Macrobrachium rosenbergii 
 

Fishes like Mangur, Catla, Rohu, Channa, 

Common carp, Tilapia are sold in large quantity 

because they have good demand. Low price fishes 

are also sold in the market. The seller mainly used 

knives for cutting the fishes with scrappers to 

remove scale and wooden platform for cutting and 

filleting. None of the seller in market of Bhadravati 

and Ghuggus town found using cold chamber at the 

market place. The hygienic condition of fish 

markets of Bhadravati and Ghuggus was found to be 

poor. Fish sellers are set under temporary roofs. 

Discussion: 

It shows that development of this 

application would be a great benefit for the set of 

stakeholders like harbour trader, market trader, 

mini-trader and other who need the left over fish. 

Also, it would help in building a more improved fish 

marketing system in our country is one among the 

leading producer of fish in the world. On developing 

the next stage, the application may get completed 

and will be beneficial for the specific group of 

population who are our study group. Most of the 

fishermen were found working in individually for 

fishing as well as selling. The marketing system of 

fish market in Ghuggus and Bhadravati was found 

to be simple one. Mostly fishes caught in morning 

time and were brought to the market by evening 

time. Establishment of more ice-plants, cold storage 

and preservation facilities, improvement of existing 

fish market structure. Improvement of sanitation, 
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hygiene condition, washing facilities and sufficient 

auction place. Introduction of mechanical weighing 

equipment is necessary. 

Conclusion: 
From this study it may be concluded that: 

1. The condition of Bhadravati and Ghuggus fish 

market is very poor. Market need to have some 

development. Local government may take 

action to develop some basic facilities and 

infrastructure of fish market. Fishermen should 

be aware and trained in hygienic fish handling 

and fish processing. 

2. The finding of present work will help the people 

in general and fish traders in particular to 

expand their knowledge and understanding 

about the fishes and requirement of fish market 

in term of infrastructure and easy accessibility 

to customers. 
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Abstract: 
The profitability of aquaculture is assessed, with a focus on cage farming in the coastal area of 

Sindhudurg, India. Employing a mixed-methods approach, primary data is gathered through surveys and 

interviews, supplemented by secondary data from government reports and academic literature. The economic 

analysis takes into account investment costs, operational expenses, and market trends. Cage farming specifics, 

such as stocking density and water quality management, are examined, along with socio-economic factors like 

community involvement and government policies. 

Insights are provided for stakeholders, aiding decision-making for beneficiaries and policymakers. By 

understanding profitability dynamics in Sindhudurg, this research aims to foster sustainable growth in 

aquaculture, with implications for other coastal regions. The broader discourse on responsible aquaculture 

practices is informed by the findings, guiding industry stakeholders toward economically viable and 

environmentally sustainable strategies. 

Keywords:  Traditional Accounting, AI in accounting, Cloud Accounting, Outsourcing of Accounting, Real 

Time Integration of Accounting, 21st Century Technological Advancement in Accounting 

Introduction: 

Aquaculture, the controlled cultivation of 

aquatic organisms, stands as a pivotal chapter in the 

annals of human food production, addressing the 

escalating demand for seafood while mitigating 

pressures on natural fisheries. Its roots trace back 

thousands of years, with evidence suggesting early 

forms of fish farming in ancient China, Egypt, and 

Rome. However, the modern trajectory of 

aquaculture began to crystallize in the mid-20th 

century, fueled by technological advancements and 

a growing global population. The 1950s witnessed 

the development of intensive aquaculture systems, 

with notable strides in fish and shrimp farming. 

Innovations in breeding, nutrition, and 

disease management soon followed, fostering the 

rapid expansion of aquaculture across continents. As 

a result, aquaculture now contributes significantly to 

the world's seafood supply, offering diverse species 

ranging from fish and mollusks to crustaceans.  

Over the past few decades, the aquaculture 

sector in India has undergone a transformative 

journey marked by advancements in technology, 

improved management practices, and increased 

awareness of sustainable approaches. The 

cultivation of diverse aquatic species, including fish, 

shrimp, and mollusks, has expanded both along the 

extensive coastline and inland water bodies. 

Government initiatives, research and development 

efforts, and the adoption of best practices have 

facilitated the sector's expansion, enhancing 

productivity and fostering employment 

opportunities in rural areas. 

The growth of aquaculture in India 

underscores its significance as a vital component of 

the nation's food security strategy and economic 

development. In Sindhudurg District, located along 

the picturesque Konkan coast of Maharashtra, 

aquaculture practices have gained prominence as a 

sustainable source of livelihood and a key 

contributor to the local economy. With an extensive 

coastline and favorable environmental conditions, 

the region has witnessed the cultivation of various 

marine species through aquaculture methods. 

Traditional shrimp farming, particularly the 

cultivation of tiger shrimp (Penaeus monodon) and 

other indigenous varieties, has been a significant 

focus. Additionally, inland aquaculture in ponds and 

reservoirs has gained traction, encompassing the 

cultivation of freshwater fish like tilapia and carp 

species. Local aquaculturists often employ 

integrated farming systems, combining aquaculture 

with agriculture to optimize resource utilization. 

Government initiatives and community-driven 

efforts have supported the adoption of best 

practices, emphasizing sustainable and 

environmentally conscious aquaculture. The 

aquaculture practices in Sindhudurg District not 

only contribute to the region's seafood production 

but also play a vital role in enhancing rural 

livelihoods and fostering economic resilience. 

Cage aquaculture, a prominent method in 

modern aquaculture practices, involves the 
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cultivation of aquatic organisms within floating 

cages anchored in natural water bodies such as 

lakes, rivers, or coastal areas.          

This method offers several advantages, 

including efficient space utilization, reduced 

environmental impact, and the ability to rear various 

species. The cages typically consist of nets 

suspended at various depths, providing a controlled 

environment for fish or shellfish farming. Cage 

aquaculture allows for better management of 

feeding, water quality, and disease control. This 

approach is particularly advantageous for regions 

with limited available land for traditional 

aquaculture ponds. While offering increased 

production potential, cage aquaculture also requires 

careful consideration of environmental sustainability 

and community engagement to mitigate potential 

impacts on local ecosystems and ensure the long-

term viability of this aquaculture method. 

This research paper places a significant 

emphasis on evaluating the profitability of cage 

aquaculture, specifically within the context of 

Sindhudurg District. By delving into the economic 

aspects of this aquaculture method, the study aims to 

provide insights into its financial viability and 

potential contributions to the local economy.The 

analysis considers factors such as production costs, 

market dynamics, and the socio-economic impact on 

local communities ensuring a harmonious balance 

between profitability and sustainability in the 

dynamic aquaculture landscape of Sindhudurg 

District. 

1. Objectives of the Study  

 To assess the economic viability of Cage 

Aquaculture Practices in Sindhudurg.  

 To explore various stages of Cage Aquaculture 

Scheme of Mangroves Department. 

 To understand the issues regarding the Cage 

Aquaculture in Sindhudurg District. 

2. Hypothesis  

Cage Aquaculture is a profitable enterprise 

for the coastal community in Sindhudurg District. 

3. Methodology 
  This study is based on primary data 

collected through interview schedule created for the 

Cage Aquaculture Beneficiaries. The secondary data 

used for this paper is government reports, various 

books, journals, online research articles, eBooksand 

websites, etc. 

For Cage Farming Projects are selected for this 

study from four different villages in Sindhudurg 

District viz. Hadi, Revandi, Devali and Talashil. 

Hadi and Talashil projects are associated with Sea 

Bass and Pearlspot farming while Revandi and 

Devali projects are associated with Green Mussels 

farming.  

4. Review of Literature 

   The paper "Environmental Impact 

Assessment of Cage Aquaculture in Coastal 

Ecosystems" by Chen and Wang (2017) examines 

the ecological consequences of cage aquaculture in 

coastal areas, providing insights into the 

environmental implications and potential challenges 

associated with this farming practice. 

"Sustainable Aquaculture: A Global Review" by 

Smith and Johnson (2018) offers a comprehensive 

examination of sustainable practices in aquaculture 

on a global scale, providing valuable insights into 

strategies, challenges, and advancements aimed at 

promoting environmentally responsible and 

economically viable aquaculture systems. 

The paper "Economic Analysis of Fish Cage 

Farming in Coastal Communities" by Patel and 

Gupta (2019) presents a detailed economic 

assessment of fish cage farming within coastal 

communities, analyzing financial aspects and 

management strategies to understand the economic 

viability and potential challenges associated with 

this aquaculture practice. 

  "Community-Based Cage Aquaculture in 

Developing Regions: Lessons from Sindhudurg 

District" by Khan and Sharma (2020) explores the 

experiences and lessons learned from implementing 

community-based cage aquaculture in Sindhudurg 

District, providing valuable insights into the social 

and economic dynamics of such initiatives in 

developing regions. 

  "Socio-Economic Benefits of Cage 

Aquaculture for Coastal Livelihoods" by Das and 

Dutta (2021) investigates the socio-economic 

advantages stemming from cage aquaculture, 

shedding light on its impact on coastal communities' 

livelihoods, emphasizing the potential positive 

contributions to the economic well-being of the 

local population. 

  Despite the existing literature on various 

aspects of fish aquaculture, there is a research gap in 

specifically addressing the profitability analysis of 

aquaculture projects in Sindhudurg district. The 

identified papers do not directly focus on the 

financial viability and economic implications of 

aquaculture ventures in this specific geographical 

context. 

5. Discussion: 

5.1 Mangrove Conservation and Livelihood 

Generation 
On September 20, 2017, the Government of 

Maharashtra launched a program focused on 

'Mangrove Conservation and Livelihood Generation' 

in the coastal districts of the state. The 

implementation of this initiative is overseen by the 

Mangrove Foundation, facilitated through village-

based Mangrove Co-Management Committees 

(MCMCs). Under this scheme, group activities are 

eligible for a 90% subsidy, while individuals 

(specifically landowners with over 1 acre of private 

mangroves) can avail themselves of a 75% subsidy 

for livelihood-related endeavors. The scheme, 
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initially set to expire, has been extended until 2025. 

A total of 122 villages in Palghar, Thane, Raigad, 

Ratnagiri, and Sindhudurg have been selected for 

the execution of scheme activities.Following 

activities are being implemented across various 

villages along the coastline of Maharashtra: 

 Mud Crab Farming 

 Oyster Farming 

 Fish Cage Culture 

 Green Mussels Farming 

 Marine and Freshwater Ornamental Fish rearing 

 Mangrove Ecotourism 

Out of above activities under the scheme, 

two livelihood generating activities are selected for 

this study namely Fish Cage Culture of Asian Sea 

Bass and Pearlspot and Green Mussels Farming.  

5.2Steps involved in Cage Aquaculture Projects 

under Mangrove Conservation and Livelihood 

Generation Scheme 
1. Registration: The people in coastal 

communities in selected villages by Mangrove 

Foundation, should form a group of 7 to 10 

persons for applying the Cage Aquaculture 

Project under the scheme. Such group is 

established as the Mangrove Co-Management 

Committee after compliance of necessary 

documentation. After site selection and 

feasibility study the Mangroves Foundation 

approves the project for further execution. 

2. Training: The selected groupsare trained at 

training centers in Gujrat and Chennai.  

3. Cage Construction and Installation:The cages 

are constructed by the Mangroves Foundation at 

the selected sites as per the prescribed 

parameters of the foundation. 

4. Seedstock Acquisition and Stocking:The 

seedstock of Asian Sea Bass, Pearlspot and the 

Green Mussels are supplied from the Hatcheries 

in Chennai to the selected sites of projects.  

5. Feeding: Asian Sea Bass seeds, Pearlspot 

seeds, need to be fed twice daily until the day of 

harvesting. In contrast, Green Mussels do not 

require supplemental feeding; they grow 

naturally by obtaining nutrients from the water's 

natural flow. 

 

6. Maintenance: The group members look after 

the maintenance of the cages and the nets in the 

project. Daily cleaning is required to maintain 

the health of the fishes and mussels. 

7. Separation:Periodic separation based on size or 

growth is necessary for Asian Sea Bass and 

Pearlspot fishes. Such separation is not required 

for the green mussels. 

8. Harvesting: In 6 to 7 months the fishes and 

mussels are ready to harvest. They are harvested 

right before the buyer’s carriers arrive to the 

site.  

9. Sales: After harvesting the fish and mussels 

they are sold in Goa Market, Raigad Market. A 

very few times, those are sold in local markets.  

5.3Costs involved for Fish Cage Farming 

1. Costs Involved: For fish cage farming the costs 

involved are Cage Installation Cost, Seed Cost, 

Feed Cost, and Labour Cost for feeding, 

cleaning, separation of fish and harvesting.  

2. Subsidy: The beneficiaries receive subsidy upto 

the 90% of the project cost sanctioned. They 

have to incur 10% cost only.  

3. Notional Labour Cost: The group members 

work for the tasks of feeding, cleaning, 

separation of fish and harvesting. However, 

they do not charge or calculate their labour cost. 

For the purpose of profitability analysis, here, 

the notional labour cost is considered.  

5.4 Profitability Analysis 

 The following table explains the details of 

notional labour cost and profitability percentage 

of the selected cage farming projects.  

The cumulative notional labor cost for each 

Asian Sea Bass & Pearlspot project amounts to Rs. 

30,660, whereas the total notional labor cost for 

each Green Mussels Project is only Rs. 4,500. This 

difference is attributed to the fact that Green 

Mussels projects do not involve tasks such as 

feeding and separation. The labor cost for activities 

like feeding, cleaning, separation, and harvesting is 

computed based on the prevailing Labor Rate per 

hour of Rs. 60 in the specified villages. The 

necessary labor hours for each task are determined 

and multiplied by the labor rate to arrive at the labor 

cost.
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        Table 1 

 

 

 

 

 

 

 

 

 

 

Source: Primary Data 

Observations: 

 Notional Labour Cost:P2 (REVANDI) and P3 

(DEVALI) Green Mussels projects have 

significantly lower notional labor costs 

compared to the Asian Sea Bass projects (P1 

and P4).P2 (REVANDI) and P3 (DEVALI) do 

not incur feeding and separation labor costs for 

Green Mussels, contributing to their lower total 

notional labor costs. 

 Sales:P2 (REVANDI) has the highest total sales 

at Rs. 562,500, primarily driven by substantial 

sales of Green Mussels (1,500 Kgs). 

 Contribution of Beneficiaries:P4 (TALASHIL) 

and P1 (HADI) projects have the highest and 

lowest contribution of beneficiaries, 

respectively influenced by the total project 

sanctioned amount.  

 P3 (DEVALI) has the second-highest total sales 

at Rs. 525,000, with significant contributions 

from Asian Sea Bass and Pearlspot. 

 Profit:P2 (REVANDI) and P3 (DEVALI) 

projects show higher profits, with P2 achieving 

the highest profit of Rs. 547,970.P4 

(TALASHIL) and P1 (HADI) projects have 

comparatively lower profits. 

 Percentage of Profit:P2 (REVANDI) and P3 

(DEVALI) projects exhibit high percentages of 

profit, exceeding 97%.P1 (HADI) and P4 

(TALASHIL) projects have lower percentages 

of profit, indicating a relatively smaller profit 

margin. 

Overall, the table highlights variations in 

notional labor costs, sales distribution, beneficiary 

contributions, and profits among the different fish 

cage farming projects. The Green Mussels projects 

(P2 and P3) stand out with lower costs and high-

profit percentages, while the Asian Sea Bass and 

Pearlspot projects (P1 and P4) demonstrate different 

profit margins. 

6.Hypothesis Testing: 
Based on the analysis of the Fish Cage 

Farming Cost-Benefit data, it can be concluded that 

the hypothesis, "Cage Aquaculture is a profitable 

enterprise for the coastal community in Sindhudurg 

District," is generally supported. Here are the key 

points supporting the hypothesis: 

 Profitability Across Projects: 

The majority of the fish cage farming 

projects (P2, P3) demonstrate substantial profits, 

exceeding 97% in terms of percentage of 

profit.High-profit margins indicate that the cage 

aquaculture ventures are indeed financially 

lucrative. 

 Sales Performance: 

The total sales figures across the projects 

are significant, with P2 (REVANDI) leading with a 

total sales value of Rs. 562,500.Robust sales 

contribute to the overall economic viability of the 

fish cage farming endeavors. 

 Beneficiary Contributions: 
Beneficiaries contribute significantly lower 

amounts in projects where Green Mussels are 

involved (P2 and P3), suggesting that the financial 

burden on the community is relatively low. 

 Notional Labour Cost Analysis: 

The notional labor cost, which includes 

tasks like cleaning, feeding, separation, and 

harvesting, is well-managed in projects with Green 

Mussels, contributing to lower overall costs. 

 Profit Distribution: 

The projects, particularly P2 (REVANDI) 

and P3 (DEVALI), showcase a balanced distribution 

of profits among beneficiaries, highlighting the 

potential socio-economic benefits for the coastal 

community. 

Conclusion: 

The data from the fish cage farming cost-

benefit analysis supports the hypothesis that cage 
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aquaculture is a profitable enterprise for the coastal 

community in Sindhudurg District. The high-profit 

margins, substantial sales, and manageable labor 

costs suggest that fish cage farming can contribute 

positively to the economic well-being of the 

community. 

In conclusion, fish cage farming in 

Sindhudurg district showcases a sustainable and 

economically viable model for rural development. 

Through community involvement, skill 

development, and livelihood diversification, these 

projects contribute positively to both the local 

economy and environmental conservation. The 

success of fish cage farming underscores its 

potential as a catalyst for balanced rural 

development in coastal areas. 
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Abstract: 
Present study reports phytochemical screening and the microbial activity of crude extracts of Plumeria 

pudica plant on some human pathogenic bacteria and fungi.Plumeria pudica(NaagChampa) plant is a very good 

old plant and about this there are lot of work has been done related to different activities such as anti-

inflammatory, laxative, carminative, also possess anti-microbial activity, cytotoxic activity, anti-allergic, ascites, 

diuretic, anti-ulcer and useful in treating leprosy. Leaf extracts were prepared with different solvents and tested 

for the presence of primary and secondary metabolites which are pharmacologically active compounds. Ethanol, 

ethyl acetate and hexane extracts revealed the presence of more constituents including alkaloid, tannins, 

anthroquinones, glycosides, phenols, flavonoids etc. As many of the active ingredients in chemically 

manufactured drugs were originally derived from plant compounds, extracts are also used to screen the 

antimicrobial activity. The zone of inhibition was determined utilizing the well diffusion method. Ethanol was 

found to be highly sensitive against Gram positive S-aurous and gram-negative E-coli. More recently there have 

been preclinical and clinical studies looking into the plants supposed liver- protective abilities and effect on 

hepatitis B.The inhibitory activity of these extract confirmed the potential use of the plant in the treatments of 

microbial induced ailments. 

Keywords: Phytochemical screening, Plumeria pudica, pharmacologically, Antimicrobial activity. 

Introduction: 

The present Plumeria pudica 

(NaagChampa) plant is a very good old plant and 

about this there are lot of work has been done 

related to different activities such as anti-

inflammatory, laxative, carminative, also possess 

anti-microbial activity, cytotoxic activity, anti-

allergic, ascites, diuretic, anti-ulcer and useful in 

treating leprosy. Plumeria contains so many species, 

they are mostly for decorative purpose and the plant 

flowers perineal. It is native to Mexico in India we 

see them near the temples and empty grounds. 

Along with the flowers and leaves other parts of 

plant also have good activities like bark of root is 

bitter, pungent, heating, laxative, carminative, used 

in treatment of leprosy. 

Evergreen or semi-deciduous plant, it 

appears as a shrub or as a tree of small or average 

size, with compact foliage which slightly expands 

with the shape of a cone, which can reach about the 

5 metres of height; it has rather thin stems, grey in 

the older part, dark green in the younger one, and 

leaves with the typical “arrow” shape (oblong-

spatulate) up to about 30 cm of length, of a glossy 

dark green colour. Terminal inflorescences with 

showy flowers, bisexual, funnel-shaped, with a 

diameter of 7-8 cm, with petals of a candid white 

colour with yellow fauces, inodorous. The fruits are 

fusiform, coupled, follicles, 15-25 cm long, 

containing several flat seeds provided with a 

membranous wing, which favour their dispersion. It 

usually and easily reproduces by cutting and by air 

layering. 

The Plumeria pudica plant has been placed 

in old literacy texts as laxative, anti-allergic, 

carminative, also possess cytotoxic activity, anti-

inflammatory, anti-microbial activity, anti-ulcer, 

diuretic, and useful in treating leprosy and ascites, . 

Plumeria species are worn as decorative plant that 

blossoms perineal. It is indigenous to Mexico and in 

India normally seen in worship places and burial 

grounds. The root bark is pungent, bitter, laxative 

and heating, carminative, used in treatment of 

leprosy. The literacy texts disclose that the systemic 

study, includes pharmacognostical evaluation of this 

plant is till now imaginary. There is a necessity for 

confirmation of investigation work carried out on 

new therapy. With this loop point, 

pharmacognostical evaluation becomes very 

important to prepare the standards for the medicinal 

plants. The existing study of the present work is to 

evaluate pharmacognoistic standards of the leaves of 

plant Plumeria pudica, which will useful for the 

correct authentication of this plant. 

Plant of great ornamental value, thanks to 

its copious blooming with a dazzling flowerage, 

which lasts, in the tropics, for 6-8 months per year 

and its typical foliage. Rather sensible to low 

temperatures plant, if outside from the tropical and 

subtropical zones, it must be cultivated in pot, in 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Manisha A. Mahatale 

29 

order to be sheltered in winter in a luminous space 

which temperature which are not to get lower than 

12-14°C, and to be replaced in open location in 

spring, possibly exposed towards the south, as it 

needs at least 6-8 hours of sun per day in order to 

give a good blooming. 

Phytoconstituents from plants gives 

diversity of drugs now days. The plants have the 

plant drugs also constitute a ability for expand few 

novel semisynthetic curative agents. Over the past 

10 years there has been a increasing attentiveness of 

plants origin and from the familiar plant species, no 

activity has been done for phytochemicals and 

pharmacological activities. Wild Plumeria an 

evergreen species of Plumeria native to Panama, 

Colombia and Venezuela. It is a shrub which usually 

has one or two slender trunks that branch close to 

the ground forming a shaped. Large clusters of 

bright white 3-inch flowers with small yellow 

centers cover this tree as a beautiful bouquet, hence 

the common name. The flowers are not fragrant. 

The plant looks attractive even when it is not 

flowering, because of its beautiful leaves. Small 

tree, leaves in distinct fiddle shape with 2 lobes in 

the middle. Flowers white with yellow throat, bloom 

in bunches like a bouquet thus the common name 

'Bridal Bouquet'. Blooming occurs all year round 

and blooming period usually long. Prone to attack 

by mealy bugs and frangipani caterpillars and 

affected by rust fungus that speed up leaf loss. 

When injured, plant secretes white milky sap that is 

slightly poisonous. 
 

 
Benefits of plumeria leaf: 

It is known to alleviate inflammation, 

headache, back pain, and tinnitus. While the 

aphrodisiac nature of this oil relaxes nerves, 

muscles, and boost libido. Imbued with strong 

antioxidant and anti-inflammatory traits, the 

frangipani flower is beneficial in uplifting overall 

health and well-being. 

Traditional use of Plumeria pudica: 
In various diseases includes Anti- 

inflammatory, nociceptive, anti-helminthic, anti-

diarrheal activities and neurodegenerative disorders. 

Gynecological disorders: 

Every woman suffers with a gynecological 

disorder such as vaginal infection, menstrual 

problems etc. The infection was more in rural areas 

because of non-hygienic conditions, life style and 

their food habits. In India so many medicinal plants 

are used in Ayurveda which do not have any toxicity 

or less toxic compared to synthetic drugs. In order to 

use in a better way, the drugs are to be standardized 

and validated with established methods. In the 

present study plumeria pudica and other three herbs 

play an important role to cure the gynecological 

disorders in medication conventional system. 

Materials and Method: 

Plants Collection: 
The present work was carried out at 

Department of Chemistry, J.M.V. Chandrapur, 

Gondwana University. The plant namedPlumeria 

pudicacollected from Chandrapur forest region. 

Their botanical identity of plant was determined and 

authenticated from literature available in 

Department of Botany, J.M.V. Chandrapur. The 

leaves of Phyllanthus amarusplant was thoroughly 

washed with water and dried under shade for about 

ten days. The dried plant sample was grinding well 

into a fine powder in a mixture grinder. The powder 

was stored in air sealed polyethylene bag at room 

temperature before extraction. 

Preparation of Ethanol extract: 
100 g of the dried and powdered Plumeria 

pudicaleaves were extracted at room temperature 

with 500 ml absolute ethanol for 72 h. extraction 

was done using the soxhlet apparatus briefly 100 gm 

of powder leaf was stored in a air sealed 

polyethylene bag & placed in Soxhlet & extracted 

with absolute ethanol The extraction was done until 

the solvent in the soxhlet turned colourless. The 

extract was concentrated by recoveringthe solvent 

using the soxhlet apparatus until the extractbecame 

just pourable. It was poured into a beaker & this was 

then used for the analysis.
 

Phytochemical Analysis:
 

There are two extract: i) Ethanol 

The extracts were analyzed for the presence of 

Alkaloids, Terpenoids, Tannine , Saponin, 
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Flavonoid,      Anthraquinone, Reducing Sugar, 

Glycoside and Cardiac glycoside. 

1. Alkaloid: About 0.2g of the extracts was 

warmed with 2% H2SO4 for two minutes. It was 

filtered and few drop pf Dragencloffs reagent 

were added. Orange red precipitated indicated 

the presence of alkaloids. 

2. Tannine: Small quantity of extracts was mixed 

with water and heated on water bath. The 

mixture was filtered and ferric chloride was 

added to the filtrate. A dark green solution 

indicates the presence of tannins. 

3. Anthraquinones: About 0.5 g of the extracts 

was boiled with 10% HCl foe few minutes in a 

water bath. It was filtered and allow to cool. 

Equal volume of CHCl3 was added to the 

filtrate. Few drop of 10% NH3 were added to 

the mixture and heat. Formation of rose-pink 

colour indicates the presence of anthraquinones. 

4. Glycoside: The extract was hydrolyzed with 

HCl solution and neutralized with NaOH 

solution. A few drop pf Fehling’s solution A 

and B were added. Red precipitate indicates the 

presence of glycoside. 

5. Reducing Sugars: The extracts was shaken 

with distilled water and filtered. The filtrate was 

boiled with drop of Fehling’s solution for 

minutes. An orange red precipitate indicates 

presence of reducing sugar. 

6. Saponins: About 0.2g of the extract was shaken 

with 5ml of distilled water and then heated to 

boil. Frothing (appearance of creamy miss of 

small bubbles) shows the presence of saponins. 

7. Flavonoids: Extracts of about 0.2g was 

dissolved in diluted NaOH and HCl was added. 

A yellow solution that turns colorless, indicates 

the presence of flavonoids. Phlobatannins: The 

extract (0.5g) was dissolved in distilled water 

and filtered. The filtrate was boiled with 2% 

HCl solution. Red precipitated show the 

presence of phlobatannins. 

8. Terpenoids (Salkowski test): 0.2g of extracts 

was mixed with 2ml Chloroform (CHCl3) and 

concentrated H2SO4 (3ml) was carefully added 

to form a layer. A reddish-brown coloration of 

the interface was formed to indicate positive 

results for the presence of terpenoids. 

9. Cardiac glycosides: 5 ml of each extracts was 

treated with 2ml glacial acetic acid containing 

one drop of ferric chloride solution. This was 

underplayed with 1 ml of concentrated H2SO4. 

A brown ring of the interface indicates a 

deoxysugar characteristic of cardenolides. A 

violet ring may appear below the brown ring, 

while in acetic acid layer, a greenish ring may 

form just gradually throughout thin layer. 

 

 

 

Preparation of aqueous extract: 

100 g of the dried and powdered Plumeria 

pudicaleaves were extracted at room temperature 

with 500 ml aqueous solution for 72 h. extraction 

was done using the soxhlet apparatus briefly 100gm 

of powder steam was stored inair sealed 

polyethylene bag & placed in soxhlet& extracted 

with absolute ethanol The extraction was done until 

the solvent in the soxhlet turned colourless. The 

extract was concentrated by recoveringthe solvent 

using the soxhlet apparatus until the extractbecame 

just pourable. It was poured into a beaker & this was 

then used for the analysis.
 

Preparation of extracts: 

The microorganism used in the study: 

Gram-negative E-coli, Gram-positive S-aurous and 

Nizer fungus Aspergillus were obtained from stock 

culture in the Department of Microbiology, J.M.V. 

Chandrapur. 

Antimicrobial Activity: 
Antimicrobial activity of callus, different 

solvent extracts and zinc nanoparticles (leaves). The 

antimicrobial activities of plant leaves, callus and 

zinc nanoparticles synthesized used leaves aqueous 

extract were evaluated by agar well diffusion assay, 

In each 50ml of plant extract was poured. DMSO 

was used as a negative control whereas 

ciprofloxacin was used as positive control. The anti-

microbial activity of extract was determined by 

inhibition zone diameter. The zones are measured 

by high media zones scale. The experiment was 

repeated twice and the average values were recorded 

for anti-bacterial activity. 

Antimicrobial screening of extracts: 

Susceptibility test were carried out. The 

modified agar well diffusion method to test the 

antimicrobial activity of the extracts. The medium 

employed was diagnostic sensitivity agar. The 

culture was prepared in triplicate was incubated at 

370
0
 C for 24 to 72 hr. 0.2 ml of the broth culture of 

the test organism was put in the sterile Petri-dish 

and 18ml of sterile molten diagnostic sensitivity 

agar, was added. Well were bored into the medium 

using 0.1ml of the extracts. Streptomycin and 

Chloramphenicol were used as the standard 

antimicrobial agents at a concentration of 10 

mcg/disk, 30 mcg/disk respectively. The plates were 

kept in sterilized inoculation chamber for 2hr to 

facilate diffusion of the antimicrobial agents into the 

medium. The plates were then incubated at 37
0
C for 

24 hr. and the diameter of zone of inhibition of 

microbial growth were measured in the plates in 

millimeters. 

Result: 
Phytochemical screening of ethanol extract 

of Plumeria pudica is shown in table 1. 

The susceptibility of test microorganism to the crude 

extracts of Plumeria pudica is shown in table. 2 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Manisha A. Mahatale 

31 

Phytochemical tests of ethanol extract of plants Plumeria pudica leaves in ethanol extract 

Table No. 1 
 

 

 

 

 

 

Table 2 -Antimicrobial activity of leaf in ethanol, 

 

 

 

Discussion: 
             The qualitative analysis of extracts from 

ethanol and leaves of Plumeria pudica. Showed the 

presence of photochemical constituents such as 

1.Ethanol extract present in alkaloid, terpenoid, 

saponine, Cardiac glycoside. 

        Absent tannine, anthraquinone, glycoside, 

reducing sugar and flavonid. 

2.This result is summarized in table 1. The above 

result indicates that, the leaves of plant extract in 

ethanol solvent investigated are rich in alkaloid, 

terpenoid, saponine, Cardiac glycoside. The Ethanol 

extract have showed absence of tannine, 

anthraquinone, glycoside, reducing sugar and 

flavonid. Extract of leaves were tested against Gram 

positive S-aurous and Gram-negative E-coli (with 

zone of inhibition above 20mm for gram +ve and 

15mm for gram -ve means highly sensitive). Ethanol 

extract was showed more antimicrobial activity than 

standard antibiotics and chloramphenicol. The 

inhibitory activity of these extract confirmed the 

potential use of the plant in the treatment of 

microbial induced ailments. Ethanol extract was 

showed more antimicrobial activity than standard 

antibiotics streptomycin and chloramphenicol. The 

inhibitory activity of these extract confirmed the 

potential use of the plant in the treatment of 

microbial induced aliments. 

               The plant studied here can be seen as a 

potential source of drugs. Further studies are going 

on this plant    in order to isolate,identify, 

characteristics and elucidate the structure of 

bioactive compounds. 

Conclusion: 

             The plant Plumeria pudicais rich in 

alkaloid, flavonoid, saponin, etc. The antimicrobial 

activity of the extracts can be co-related to their 

specific contents of alkaloids, flavonoids and 

terpenoids. The ethanol extract was found to be 

antimicrobials more effective than the hexane 

extract. The antimicrobial activity of S-aurous is 

more effective than E-coli.The plant summarizes 

information concerning the morphology, ecology 

and most importantly phytochemical constituents 

and antimicrobial activity. Plumeria pudica herb is 

widely used Tropical countries including India. It 

has significant traditional uses, some of them have 

been experimentally established and an attempt has 

been made to isolate potential chemical constituents 

and their mechanism of action. 
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Abstract: 

Asian countries are very rich in medicinal plant species and are the major exporters of these plants and 

their products. These medicinal plants can be popularized and used to improve the economy of low-income 

countries of Asia and create livelihoods for its people. 

The Melghat nestling in the Satpuda hill ranges of Central India with vast tract of inviolate natural forest 

consisting of unique and representative ecosystems with rich biodiversity. It is also represented as centre of 

biodiversity of medicinal plant. The current day emphasis is on sustainable agriculture, which uses less of 

chemical inputs like fertilizers and pesticides having adverse effect on soil health, fertility and environment. Thus, 

use of microbial inoculants plays an important role in sustainable agriculture. Arbuscular Mycorrhizal fungi 

(AMF) are known to improve the nutritional status, growth and development of plants. 

AMF affects secondary metabolism and active ingredients production of plants and it influences the 

quality of herbal medicines, thus improving the total yield.Hencethe purpose of this research was to isolate and 

identify Arbuscular Mycorrhizal Fungi (AMF) associated with the rhizosphere soil samples of some medicinal 

plants and mass propagate the native dominant species for further studies. The soil samples were collected from 

various regions of Melghat, Amravati (M.S.). These samples from rhizosphere of medicinal plantswere wet 

sieved, and AMF spores were isolated and identified morphotaxonomically. In all five species of Glomus were 

observed e.g.,Glomus leptotichum, Glomus aggregatum, Glomus fasciculatum, Glomus maculosum. The most 

dominant were of Glomus fasciculatum. This dominant species will be recorded. 

Key Words: Melghat, Medicinal Plants AMF, Glomus 
 

Introduction: 

The Melghat nestling in the Satpuda hill 

ranges of Central India with vast tract of inviolate 

natural forest consisting of unique and 

representative ecosystems with rich biodiversity and 

varied habitats offered by deep valleys and high 

hills with rivers and nallahs. It is also represented as 

centre of biodiversity of medicinal plants. Giri 

(1994) has listed many medicinal plants from this 

region.  About 80% of the world population use 

traditional medicine for their primary health care 

(Patil  and Kutemate, 2017). These both surveys had 

explored medicinal importance of plants.  

Medicinal plants are the most important 

source of therapeutic agents since time immemorial. 

Tribal and rural community from their parents on 

folklore medicines acquire incredible knowledge of 

phytomedicine in non-coded form. The knowledge 

of these medicinal plants is transferred traditionally 

from one generation to other without any 

documentation. Korkus, Bhumka, Vaidus or 

Bhagats traditionally use plants for the treatment of 

different types of diseases like diarrhoea, dysentery, 

stomach-ache, and many other enteric disorders 

(Tambekar et al., 2009). 

Overuse of pesticides and chemical 

fertilizers mostly generates severe problems and 

may deteriorate the quality of medicinal plant 

products. Therefore, adoption of modern 

technologies and uses of bio-fertilizers for farming 

of medicinal plants is essential. Arbuscular 

mycorrhizal fungi (AMF) are an important group of 

soil microorganisms that form AM symbioses with 

the roots of 80% of terrestrial plants, playing an 

important role in soil fertility, plant nutrition and 

inducing changes in plant physiology and secondary 

metabolism. Therefore, it is very important to 

explore the role and diversity of these fungi in the 

rhizosphere community structure. The relationship 

between medicinal plants and their rhizosphere 

fungi for enhancing the quality of medicinal plants. 

The diversity of AMF communities to improve soil 

structure and fertility. 

About 80–90% of higher plants on earth 

and in all of the planet's environments have roots 

that are in mutualistic symbiotic partnerships with 

arbuscular mycorrhizal fungus(van der Heijden et 

al., 2015). The plant gives the fungus products of 

photosynthesis, and the fungus gives the plant 
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nutrients, particularly immobile nutrients like 

phosphorus (Cardoso et al., 2017; Ma et al., 2019). 

 Almost all land plants and AM fungus have 

symbiotic relationships. They can boost the 

efficiency with which their host plants utilise 

nutrients, increase N2-fixation in legumes, decrease 

the occurrence of plant diseases, raise plant 

tolerance to stress, and enhance the physico-

chemical quality of the soil (Jeffries et al., 2003). 

In recent years, due to their enormous potential in 

both traditional and modern medicine, the 

cultivation of medicinal and herbal plants has taken 

on greater significance. In the pharmaceutical, 

cosmetic, and fragrance industries, they are also 

employed as raw ingredients. ISM (Indian System 

of Medicine) employs 25,000 species from more 

than 1000 genera. Industries employ about 25% of 

species (Jaleel et al 2009). Inoculating VAM fungus 

at the beginning of the acclimatisation phase has 

evolved into a different tactic for better 

establishment by enhancing plant growth. 

Microorganisms, particularly VAM fungus, have 

been found on therapeutic plants, as has been 

previously documented (Karthikeyan et al., 2008). 

Along with promoting the growth of medicinal 

plants, the VAM fungal relationship also increased 

the yield of medicinal chemicals.therefore, the aim 

of this research was to isolate and identify 

Arbuscular Mycorrhizal Fungi (AMF) associated 

with the rhizosphere soil samples of some medicinal 

plants and record the dominant species for further 

studies.  

Materials And Methods:  

Area of study: 

Study area is Melghat. Melghat in the 

South-western Satpura mountain ranges. Melghat 

means 'meeting of the ghats'. It stretches from south 

to north between latitudes 21 0 -11’ and 21 0 - 46’ 

north and from west to east between longitude 78 0 - 

38’ and 77 0 -34’ east. 

Collection of soil sample: 

The samples were collected from different 

villages of melghat. The soil samples of selected 

medicinal plants were homogenized and deposited 

in polyethylene bags and labelled. The rhizospheric 

soils of each sample were collected from the depth 

of 2 to 20 cm along with roots with the help of soil 

auger and other instruments. 

Selected medicinal plants are:  

 Abutilon indicum 

 Abrus precatorius 

 Achyranthus aspera 

 Sida cordata 

 Caesalpinia bonduc 

 
 

Isolation of AMF spores from Rhizospheric Soil: 

AMF spores were isolated from the 

rhizospheric soil by the method given by 

Gredemann and Nicolson (1963), with some 

modification.Air dried rhizospheric soil was sieved 

from sieve having 2mm aperture size to remove 

large stones and debris from the soil.100gm of that 

sieved soil was suspended in 1000ml of tap water 

and mixture was stirred for 10-15 second. Coarse 

particles were allowingto settle for 15-30 min or 

more depending on texture of soil.The supernatant 

then decanted through a series of 4 scientific sieves 

arranged in descending order of mesh size viz. 

150mm, 75mm, 53mm, 37mm.Sievates from each 

sieve then filtered through Whatman filter paper no. 

1 to isolate the spores. 
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Estimation of AMF Spore 

      AMF spore number was estimated by 

the method given by Gaur and Adholeya (1994), 

with some modification in this method.Filter paper 

(Whatman No. 1, size 12.5cm diameter was folded 

into two equal parts followed by a second fold 

resulting in four equal parts. The filter paper then 

reopened and two lines were drawn to divide it into 

four equal quadrates. Then vertical lines were drawn 

on one half of the filter paper dividing it into 

approximately 10 columns which are about 1 mm 

apart and also horizontal lineswere also drawn 

dividing it into ten rows about 0.5mm apart with 

each other resulting into rectangles. Each column 

and row were numbered and direction of counting 

was marked with arrows.The filter paper was then 

folded in such a way that during decanting that 

marked portion will be receiving surface for the 

spores during filtrations. Thus, the spores were 

collected only on the marked surface of the filter 

paper and the remainder was retained without 

spores. The Sievates of rhizospheric soil (which is 

described in the method of Gerdemann and 

Nicolson, 1963) were filtered from filter paper 

having rectangles formed by vertical and horizontal 

lines. The filter paper with spore and other debris 

was spread on a large petri-plate and observed under 

Carl Zeiss Stereozoom microscope. The spore 

number was then counted from each rectangle of 

columns in upward direction by moving the 

petriplate. Intact spores were picked up using a wet 

needle and mounted in polyvinyl alcohol 

lactoglycerol (PVLG) on a glass slide for 

identification and photography. 

Identification of AMF Spores:  

Identification of AMF spores was done by 

using ‘Manual for the Identification of VA 

Mycorrhizal Fungi’ – by N. C. Schenck and Yvonne 

Pérez (1990) and using the link invam.wvu.edu/the-

fungi/species-description. 

Photography:  
Photography of AMF spores isolated from 

rhizospheric soil was done by using Carl Zeiss 

inverted compound microscope with Tucsen Camera 

(0.5 MP). 

Results And Discussion:  
The present investigation shows the 

occurrence of AMF species associated with some 

medicinal plants species from Melghat region of 

Amravati (MS). Total 125 spores were isolated from 

soil sample out of which Glomus was most 

dominant.In all four AM fungal species were 

identified as Glomus maculosum, Glomus 

aggregatum, Glomus leptotichum and Glomus 
fasciculatum. 

Glomus maculosum, Miller and Walker 

 Colour :- Pale straw colour 

 Shape :- Globose to subglobose 

 Size :- (95-)135-178(-220) x (95-)130 -187 

(-220) µm 

 Composite spore wall :- 4.4- 15µm  

 The inner wall in many older spores bearing 

domed, scalloped ingrowths. 

Glomus aggregatum, Schenck and Smith emend. 

Koske 

 Colour :- Pale yellow to yellow brown  

 Shape :- Globose to sub- globose  

 Size :- (20-) 40-85 (-120)µm  

 Composite spore wall :- 2-6 (-10)µm 

 Subtending hypha: - Straight, constricted, 

swollen or irregular and (6.4 -) 14.3(-21.6) µm 

wide at spore base. 

 Spores produced in sporocarp 

Glomus leptotichum, Schenck and Smith 

 Colour :- Light yellow 

 Shape :- Globose  

 Size :- (48-)175(-262)µm  

 Composite spore wall :- 1.5-7.4(-10.5)µm 

 Subtending hypha :- 9-27µm wide at the point 

of attachment 

 Spore wall with adhering debris on the outer 

surface especially at the hyphal attachment 

Glomus fasciculatum, Walker and Koske 

 Colour :- Pale yellow to pale yellow brown  
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 Shape :- Globose 

 Size :- 75-149 µm 

 Composite spore wall :- (2.3)7-12(-16.1)µm 

 Subtending hypha straight 

 

 
Glomus maculosum            Glomus aggregatum 

 

 
Glomus leptotichum                        Glomus leptotichum 

 

 

 
                                            Glomus leptotichum                            Glomus leptotichum 

 
                                           Glomus fasciculatum                        Glomus maculosum 

 

Conclusion: 

The present study revealed that the 

rhizosphere soil of some medicinal plants shows 

dominance of Glomus species.This study has a 

future scope to explore the antimicrobial activity of 

AMF spore and study the effect of dominant species 

on growth parameters by raising the inoculum and 

applying nature’s own tool as a biofertilizer. 
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Abstract: 
This research paper delves into the crucial role of physical education in fostering holistic development, 

encompassing the physical, mental, and social dimensions of individuals. By examining historical perspectives, 

educational impacts, challenges, and innovative trends, this study aims to underscore the multifaceted 

contributions of physical education to the overall well-being of individuals. The educational impact of physical 

education on cognitive development is a central focus of this research. By examining empirical studies and 

educational outcomes, we aim to elucidate the intricate connections between physical activity and mental well-

being. The paper also explores challenges faced by physical education programs, including resource constraints, 

societal attitudes, and potential barriers to inclusivity.Innovative trends in physical education are analyzed to 

discern their potential in redefining conventional approaches. From the integration of technology to novel 

teaching methods, these trends offer insights into the future of physical education and its adaptability to the 

evolving needs of society. 

Keywords: Holistic, physical activities, education, exercise, importance, development. 
 

Introduction: 

 In an era marked by technological 

advancements, shifting lifestyle patterns, and an 

ever-increasing emphasis on academic achievement, 

the role of physical education in shaping well-

rounded individuals cannot be overstated. Holistic 

development, an intricate interplay of physical 

fitness, mental acuity, and social competence, has 

emerged as a cornerstone of individual well-being. 

Physical education stands at the intersection of these 

dimensions, offering a unique and comprehensive 

approach to nurturing the multifaceted growth of 

individuals.Historically, physical education has 

traversed a diverse landscape, adapting to societal 

changes, cultural influences, and educational 

philosophies. From ancient Greek gymnasia to the 

structured physical education programs of modern 

schools, its evolution mirrors the evolving 

understanding of the interconnectedness between 

physical health and overall well-being. As we 

navigate the intricate layers of this dynamic field, 

this research embarks on an exploration of the 

significance of physical education in promoting 

holistic development. 

The contemporary landscape of education 

often places a disproportionate emphasis on 

cognitive development, relegating physical activity 

to a secondary role. However, an increasing body of 

evidence suggests that physical education is not 

merely a supplement but an essential catalyst for 

fostering holistic growth. This study delves into the 

historical roots of physical education, establishing a 

contextual foundation for understanding its 

transformative potential in shaping well-rounded 

individuals. 

The educational impact of physical 

education extends beyond the playing field. Physical 

activity is intricately linked to cognitive 

development, problem-solving skills, and academic 

performance. As we scrutinize empirical studies and 

educational outcomes, we aim to unravel the 

symbiotic relationship between physical 

engagement and mental well-being, advocating for 

an integrated approach to education that 

encompasses both body and mind. 

However, despite its inherent significance, 

physical education faces a myriad of challenges, 

from resource constraints to societal attitudes that 

undervalue its role. This research confronts these 

challenges head-on, seeking to identify barriers and 

propose strategies for the effective integration of 

physical education into educational curricula. 

Previous Work: 
 The roots of physical education extend deep 

into the annals of human history, weaving a 

narrative that intertwines cultural practices, societal 

norms, and evolving educational philosophies. From 

ancient civilizations to the present day, the historical 

perspective of physical education reveals a dynamic 

interplay between the physical, mental, and social 

aspects of human development. 

 19th Century: The Rise of Formalized 

Physical Education: 

The 19th century marked a pivotal era with 

the formalization of physical education within 

educational institutions. Pioneers like Friedrich Jahn 
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in Germany and Per Henrik Ling in Sweden 

introduced structured physical education programs. 

Jahn's "Turnplatz" (gymnastics field) and Ling's 

system of gymnastics laid the foundation for the 

inclusion of physical training in schools. 

 20th Century: Shifting Paradigms and 

Recognition of Holistic Development: 

The 20th century witnessed a shift in 

perspectives toward physical education, moving 

beyond the militaristic and disciplinary focus 

prevalent in the 19th century. Visionaries like John 

Dewey advocated for a more child-centered 

approach, recognizing the importance of play, 

recreation, and physical activity in the overall 

development of children. 

Ennis[1] argued that physical education 

needs to provide a transformative learning 

environment that will motivate students to achieve 

learning goals. Creating transformation within 

physical education requires a thorough 

understanding of motivation sources.Based on 

summarized findings from classroom 

research,expectancy beliefs and task values (EBTV) 

have been identified as strong sources of motivation 

in physical education. 

A comprehensive definition of Physical 

Education (PE) is proposed, drawing upon abundant 

scientific evidence. PE stands as a foundational 

subject entrenched in the educational curricula of 

numerous countries [2]. Its primary objective is to 

contribute substantively to the holistic development 

of children by enhancing their motor, psychic, 

affective-emotional, and social skills [3,4,5]. This 

developmental progress is achieved through the 

deliberate incorporation of prescribed educational 

content tailored to each school stage. 

The effectiveness of PE hinges on the 

meticulous adaptation of methodological and 

didactic principles to suit the age group and 

developmental stage of the students. Functioning as 

a conduit for knowledge acquisition and practical 

application, PE utilizes the body and movement as 

central instruments [6, 7]. Its broader mandate 

encompasses the promotion of physical exercise 

adherence, fostering a healthy lifestyle, and 

instilling values related to body aesthetics, health, 

and social well-being [8]. 

Within its practical sessions, PE serves as a 

facilitator for students to connect with their bodies, 

fostering feelings of awareness, acceptance, care, 

development, and love. Simultaneously, these 

sessions provide a platform for the establishment of 

interpersonal relationships [9]. The subject further 

functions as a medium for the cultivation of motor 

skills, psychomotricity, physical abilities, and 

technical and tactical proficiency in various sports 

games and activities [10]. 

Beyond the physical realm, PE plays a 

pivotal role in the development of human capital. It 

influences ethics, morals, values, psychological and 

psychosocial variables, and critical thinking within 

the domains of physical exercise, health, and 

nutrition [11]. Finally, PE emerges as an ideal 

subject for the integrated exploration of content 

from diverse areas of knowledge. 

Educational Impact of Physical Education: 

Nurturing Minds and Bodies 

Physical education, often perceived as a 

domain solely dedicated to bodily development, 

transcends its apparent confines to exert a profound 

and positive influence on cognitive abilities, 

academic performance, and the overall educational 

experience. This section explores the intricate 

connections between physical education and its 

educational impact, shedding light on how an active 

body contributes to a sharper mind. 

1. Cognitive Development: Numerous studies 

suggest a robust correlation between physical 

activity and enhanced cognitive function. Engaging 

in physical education promotes neuroplasticity, the 

brain's ability to adapt and reorganize itself. Regular 

exercise has been associated with improved 

memory, attention span, and information processing. 

The increased blood flow and oxygenation resulting 

from physical activity create an optimal 

environment for cognitive growth, benefiting 

students in their academic pursuits. 

2. Academic Performance: Physical education is 

not a detractor from academic endeavors but, rather, 

a supportive pillar. Research indicates that students 

who participate in regular physical activity often 

exhibit better academic performance. The discipline 

and time management skills cultivated in physical 

education programs often spill over into other 

aspects of a student's life, contributing to improved 

focus, discipline, and resilience in academic 

pursuits. 

3. Problem-Solving Skills and Creativity:The 

dynamic and often team-oriented nature of physical 

education fosters the development of problem-

solving skills and creativity. Whether in team sports 

or individual activities, students are constantly 

challenged to strategize, adapt to changing 

circumstances, and think critically. These skills are 

transferable to academic settings, empowering 

students to approach challenges with a resourceful 

and creative mindset. 

4. Social Skills and Collaboration:Beyond 

cognitive benefits, physical education serves as a 

crucible for social development. Team sports, group 

exercises, and collaborative activities promote the 

development of interpersonal skills, teamwork, and 

leadership qualities. These social competencies are 

invaluable in academic settings, contributing to a 

positive learning environment where students can 

effectively collaborate, communicate, and engage 

with their peers. 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Kishor S. Thakre  
40 

5. Emotional Well-being and Stress 

Reduction:The positive impact of physical 

education extends to the emotional well-being of 

students. Physical activity is a natural stress reliever, 

promoting the release of endorphins and reducing 

anxiety. A healthy mind is better equipped to handle 

the challenges of the academic journey, and physical 

education plays a role in creating a positive 

emotional foundation for effective learning. 

6. Lifelong Healthy Habits:The educational impact 

of physical education extends far beyond the 

classroom. By instilling a love for physical activity 

and promoting lifelong healthy habits, physical 

education equips students with the tools to maintain 

a balanced lifestyle. Healthy individuals are more 

likely to be present, engaged, and ready to learn, 

contributing to a positive educational experience. 

Navigating Obstacles to Holistic Development: 

While physical education plays a crucial 

role in fostering holistic development, it is not 

immune to a range of challenges that can impede its 

effectiveness. Identifying and addressing these 

challenges is essential to ensure that physical 

education continues to be a cornerstone in nurturing 

well-rounded individuals. 

1. Resource Constraints:One of the primary 

challenges faced by physical education programs is 

resource limitations. Insufficient funding, 

inadequate sports equipment, and a lack of 

dedicated facilities can hinder the implementation of 

robust physical education initiatives. Addressing 

these resource constraints is essential to provide 

students with a well-rounded and adequately 

equipped environment for physical development. 

2. Limited Time and Curriculum Squeeze:In the 

face of rigorous academic demands, physical 

education often contends with limited time within 

school schedules. The pressure to cover extensive 

academic content may result in a reduced emphasis 

on physical activities. Striking a balance between 

academic priorities and the need for physical 

education is crucial to ensure that students receive a 

comprehensive education that nurtures both mind 

and body. 

3. Societal Attitudes and 

Misconceptions:Misconceptions about the role and 

importance of physical education persist in certain 

societal attitudes. Some individuals may view it as 

secondary to academic pursuits, undermining its 

significance in the overall development of students. 

Overcoming these societal attitudes requires 

advocacy and education about the holistic benefits 

of physical education. 

4. Lack of Qualified Instructors: Effective 

physical education requires knowledgeable and 

skilled instructors who can design and implement 

developmentally appropriate activities. However, 

the shortage of qualified physical education teachers 

poses a significant challenge. Professional 

development opportunities and efforts to attract and 

retain qualified instructors are crucial to overcoming 

this hurdle. 

5. Inequality in Access and 
Opportunities:Disparities in access to physical 

education and sports opportunities based on socio-

economic factors, gender, and geographic location 

are prevalent challenges. Ensuring equitable access 

to quality physical education for all students 

requires addressing systemic inequalities and 

implementing inclusive policies. 

6. Technology Distractions:The pervasive 

influence of technology and sedentary lifestyles 

poses challenges to promoting physical activity. 

Students may be more inclined towards screen-

based activities, leading to a decrease in overall 

physical engagement. Integrating technology in 

physical education and promoting active, 

technology-enhanced learning experiences can help 

mitigate this challenge. 

7. Limited Adaptation for Diverse Needs:Physical 

education programs may face challenges in adapting 

to the diverse needs and abilities of students. 

Students with varying levels of physical abilities or 

disabilities may not receive tailored support. 

Implementing inclusive practices, adaptive physical 

education strategies and individualized 

accommodations are essential for addressing this 

challenge. 

8. Safety Concerns:Ensuring the safety of students 

during physical activities is a paramount concern. 

Inadequate supervision, poorly maintained 

equipment, or insufficient safety protocols can lead 

to accidents and injuries. Establishing and enforcing 

rigorous safety standards is crucial to creating a 

secure environment for physical education. 

9. Parental and Cultural Influences:Cultural 

attitudes and parental perceptions of physical 

education can impact a student's participation. Some 

parents may prioritize academic achievements over 

physical activities. Initiatives that involve parents in 

understanding the holistic benefits of physical 

education can help overcome such challenges. 

Embracing Innovation and Holistic Well-Being: 
 As we stand at the intersection of advancing 

technologies, evolving societal needs, and a 

deepened understanding of holistic development, the 

future of physical education holds exciting 

possibilities. Anticipating and embracing these 

directions is key to ensuring that physical education 

remains relevant, engaging, and impactful in 

fostering the well-rounded individuals of tomorrow. 

1. Integration of Technology:The future of 

physical education will inevitably involve a 

seamless integration of technology. Virtual reality 

(VR), augmented reality (AR), wearable devices, 

and interactive platforms offer avenues to enhance 

both the learning experience and physical activities. 

Gamification and digital fitness programs can make 
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physical education more interactive, appealing, and 

adaptable to diverse learning styles. 

2. Personalized Fitness and Adaptive 

Programs:Recognizing the diverse needs and 

abilities of students, the future of physical education 

will likely witness the rise of personalized fitness 

programs. Adaptive physical education will become 

more prevalent, tailoring activities to individual 

strengths, preferences, and developmental stages. 

Customized fitness plans, leveraging data and 

assessments, will ensure inclusivity and engagement 

for all students. 

3. Interdisciplinary Approaches:Breaking down 

traditional silos, the future of physical education 

will involve interdisciplinary collaboration. 

Integrating physical activities with subjects like 

science, mathematics, and technology can provide 

holistic learning experiences. This approach not 

only reinforces the connection between body and 

mind but also fosters a deeper understanding of real-

world applications of physical education concepts. 

4. Emphasis on Mental Health and Well-

Being:Acknowledging the inseparable link between 

physical and mental well-being, future physical 

education programs will prioritize mental health 

initiatives. Mindfulness, stress reduction techniques, 

and activities promoting emotional resilience will 

become integral components of physical education, 

nurturing students' holistic development. 

5. Inclusive and Diverse Curriculum:The future of 

physical education will place a strong emphasis on 

inclusivity and diversity. Curriculum design will be 

more intentional in catering to various cultures, 

backgrounds, and abilities. Adaptive sports, 

culturally relevant activities, and recognizing 

diverse forms of physical expression will be 

integrated to ensure that all students feel represented 

and included. 

6. Lifelong Health and Physical Literacy:Shifting 

the focus beyond school years, the future of physical 

education will aspire to instill lifelong habits and 

physical literacy. Empowering individuals with the 

knowledge, skills, and motivation to engage in 

physical activities throughout their lives will be a 

central goal. This extends beyond traditional sports 

to encompass a wide range of recreational and 

fitness pursuits. 

7. Community Engagement and 

Partnerships:Recognizing that education extends 

beyond the classroom, the future of physical 

education will involve strengthened partnerships 

with communities, sports organizations, and health 

institutions. Collaborative initiatives will provide 

students with diverse opportunities for physical 

activities, mentorship programs, and exposure to a 

variety of sports and fitness disciplines. 

8. Sustainable and Outdoor Education:Fostering 

a connection with nature and promoting sustainable 

practices will be integral to the future of physical 

education. Outdoor education, adventure sports, and 

activities that emphasize environmental awareness 

will contribute to both physical and ecological well-

being. 

9. Professional Development for Educators:To 

implement these future directions effectively, 

ongoing professional development for physical 

education educators is crucial. Training programs 

will equip educators with the skills to leverage 

emerging technologies, adopt innovative teaching 

methods, and stay abreast of the latest research in 

physical education and holistic development. 

Conclusion: 

 As we aspire to nurture lifelong habits and 

physical literacy, the significance of physical 

education becomes not just a chapter in the 

academic journey but a lifelong companion in the 

pursuit of health and well-being. Community 

engagement, sustainability, and a commitment to 

outdoor education broaden the horizons of physical 

education, connecting individuals not only with their 

bodies but with the world around them. 

In conclusion, the significance of physical 

education in promoting holistic development is 

profound and enduring. It is a symphony of 

movement, knowledge, and social connection that 

resonates through the corridors of education, leaving 

an indelible mark on the individuals it touches. In 

recognizing and embracing this significance, we 

pave the way for a future where physical education 

continues to be a transformative force, shaping 

resilient, adaptable, and well-rounded individuals 

poised to thrive in the intricate dance of life. 
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Abstract: 

 In addition to PC innovation, broadcast communications, virtual stockpiling, and so on, Smart Library in 

India started with these advances. This paper also expresses that Smart Library will offer better types of help to 

library clients. Smart library in India is a combination of equipment and products with a wide range of 

opportunities for smart clients. Inside the library is an inside lab where scientists, understudies, and staff can 

foster smart advancements and gather information in terms of the review reason. Current administrations can also 

give the smart library clients furniture, building, lighting, cooling, warming, internet, smart library card, and so 

on. The goal of making a smart library is to make the use of new supplies in the library more noteworthy through 

intuitive correspondence. 
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Introduction: 

We as a society are aware that according to 

Ranganathan's fifth regulation, a library is a living 

organism that is constantly adapting to changes in 

innovation, administration, collections, and 

customers. With the advent of the PC innovation, 

traditional library administration is constantly 

evolving and adapting to the computerized world. In 

the current era, the role of the libraries, the data 

administration, and the relationship between the 

library and the customers is constantly changing. 

 Smart libraries are a framework that is 

designed to keep up with modern examination and 

preparation. In a computerized world, Smart 

libraries are just a library goal to enhance library 

and data administration. A library can be worked 

with Smart innovation that can be accessible to 

library clients without being a faculty. The 

innovation works with the controller of the library 

building and includes all-around equipped 

furnishings, automated entryways, lighting, self-

administration booths, and open PCs for all clients. 

Creating another development edit and organize is 

another way for structures to solve the problems of 

their clients while reducing costs and increasing 

proficiency. 

Smart Library Concept: 

 Smart library ideas started in the 21st 

century with the advancement of computer 

innovations and computer communication. Smart 

library is also called computer libraries, virtual 

libraries, and research libraries. The idea of an 

intelligent library arises from different perspectives, 

for example, the word cunning means subtle, 
adaptable, refined, and recognizable. As shown by 

the requirements and needs, the idea of an 

Intelligent library isthe composition of hardware and 

programming with a large number of possibilities to 

search and provide key information to successful 

customers. A smart library is a library that offers a 

wide range of resourceful, intelligent, educational, 

creative, transformative, and more. An important 

reason for a smart library is to get customer data 

through computer innovation. Focusing on the 

information needs of customers is conceivable 

throughdata updates. 

Review of Literature: 
 Schopfel (2018) This article is motivated to 

provide new perspectives on public and academic 

libraries. The overview shows that smart library 

management is described by four perspectives such 

as smart place, smart management and smart people. 

A smart library does not deal with the task, but the 

cycle is less simple or less ordered, rather more 

original and inventive. 

 Kulkarni and Dhanamjaya (2017) assessed 

that thepublic library framework isinternationally 

effective in terms of library space, selection, 

management, establishment, exercises, etc. The 

results of the review will help promote the important 

organization of public libraries according to global 

standards and ensure that libraries become centers of 

knowledge.  

 Hoy (2016) saw in a review that the  

SmartLibrary building offers its customers advanced 

offices such as furniture, lighting, cooling, heating, 

and in addition real security. These offices promote 

the development of intelligent clients and 

additionally study its effect on libraries. 

 Baryshev and Babina's (2016) idea of a 

paper-aware library at the  Siberian Government 
College characterizes the smart library as a 

confusing project withequipment and a product that 
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has enormous potential and provides basic 

information to students and experts.   

Baryshev (et.al.) (2015) the main 

motivation of this work was to look at patterns from 

the e-library to the smart library. Important issues 

were discussed in the conditions of the university 

and public library areas. The results of the article 

were the construction of a brilliant library, where the 

assets of the library, space, climate, and personnel 

were constantly considered.   

Kuny and Claveland (n.d.) indicate that the 

library community must address the issues of the 

computer-based library. 

Working of Smart Library : 

Each library customer receives their library 

card when the library is in smart mode. A short 

preparation is required before using the card. This 

preparation gives everyone an overview of the smart 

library card. Smart libraries have many ways to 

make the product available, through which a 

customer can enter the Smart library by checking 

the card at the entrance and entering the PIN code. 

Once the card is activated, it can give finesse to each 

customer. The smart card is used when entering the 

customer's library and also when handing 

over/returning books. 

 
 

(Source: http://WWW.science-sd.com/463-24965) 
 

Elements of a smart library: The elements of 

smart libraries are as follows.   

 The Smart Library empowers the library 

community with opportunities and resources to 

manage digital challenges and preserve the 

positive highlights of online outreach.   

 For many libraries, the intelligent library is 

designed for editing and modification, such as 

provincial, national, academic, local, 

metropolitan, remote, and multi-purpose, and it 

also provides a useful course for libraries.   

 A smart library is the development of a 

modified model for the current situation or 

current time frame.   

 To expand the knowledge and skills of 

customers and employees, smart innovation 

helps to reduce the progress gap in the online 

world.   

 The most suitable tools and practical devices for 

digital security are collected in one place. 

Technologies for Smart Library: 

 Based on new information and developments in 

correspondence, an intelligent library 

organization is imaginable with library 

innovations. The following are the steps to 

proceed:  Smart library card: Each customer 

receives their library card when entering the 

library, to look at the library smart card at the 

entrance and enter the PIN code, the card will 

be activated and it will have all the library 

information. students and experts. In addition, a 

smart card used to issue and return books.  

 Versatile use of applications: Portable 

applications consist of programming that 

dramatically increases the demand of the mobile 

phone and performs certain tasks on behalf of 

its customer. Versatile applications provide 

definitive information through cell phones.   

 Intelligent update of content data; Based on 

philosophy, the logical content of computer 

innovationdepends onsemantic organization. 

The Consortium of Specialized Intelligent 

Libraries is a resource for semantic ordering. An 

ingenious library of content enhanced by 

semantic associations. Content information is 

based on well-qualified reviews. 

 Smart management: Smart Library offers smart 

help to smart library owners. Special 

Information Decentralization (SDI) enables the 

semantic acquisition of new distribution and 

archive label information based on long-term as 

well as one-time requirements formed by 

customers.   

 Intelligent positioning of information: 

Production of new information using reference 

data. Enhancing new ontological relationships, 

developing a new metaphysics.   

 Smart Touchpoint: A smart touchpoint that 

enables correspondence with customers, records 

customer action surveys, and simulates an 

effective survey. 

Conclusion: 
 This article shows that the smart library in 

India focuses on the use of new information 

innovations in the library and is considered a very 

http://www.science-sd.com/463-24965
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collaborative school environment where patrons are 

encouraged to provide new knowledge and 

circulation. it further develops the conventional and 

non-traditional advantages of the libraryand works 

onpotential open doors to guide patrons and provide 

patrons with electronic innovations. The structures 

in this libraryare attractive but remain as intelligent 

as the individuals who maintain them. In this article, 

the library will quickly adopt innovations in a 

development environment. The main explanation of 

this article is to make more visible use of new types 

of devices and smart correspondence andmake a 

smart library of smart clients. 
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Abstract:   
In presently used to internet communication network in our society. While Data or information is 

transmitted on several networks. So it requires different kind of security used such as confidentiality, integrity & 

authenticity (CIA). In the network security uses various encryption techniques. Cryptography can be defined as 

techniques the encrypts the original data into unreadable format and the data can only be transformed back to its 

original form after decryption by an authorized person. In this paper to study on various encryption techniques 

provide to secure information in internet communication network. 
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Introduction: 

              In presently, most of the people use internet 

for transmission and sharing text, image, audio and 

video etc. data use different devices such as 

computer and mobile phone. Encryption is the 

process of encoding information. This process 

converts the original representation of the 

information, known as plaintext, into an alternative 

form known as ciphertext.  Only authorized user can 

decipher a ciphertext back to plaintext and access 

the original information. Encryption is the process 

of plaintext is converted into the encrypted piece of 

data, also known as cipher text. Instead of sending 

the plaintext to the receiver, the cipher text is sent 

through insecure channels of communication. 

Intruder is an unwanted person reads and changes 

the information in the transmission occurs.  In this 

activity of intruder is called intrusion attack. To 

avoid such attack data may be encrypted to some 

formats that is unreadable by an unauthorized 

person.  

               The data that needs to be encrypted is 

termed plaintext or cleartext. The plaintext needs to 

be passed via various encryption algorithms, which 

are basically mathematical calculations to be done 

on raw information. There are multiple encryption 

algorithms, each of which differs by application and 

security index. apart from the algorithms, one also 

needs an encryption key. Once the cipher text 

reaches the intended receiver, It can use a 

decryption key to convert the cipher text back to its 

original readable format i.e. plaintext. This 

decryption key must be kept secret at all times, and 

may or not be similar to the key used for encrypting 

the message.  

 

1. Purpose of Cryptography 

     Cryptography provides a number of security 

goals to ensure the privacy of data, non- alteration 

of data and so on. Due to the important security of 

cryptography it is widely used .Following are the 

main goals of cryptography [4]. 

1. Confidentiality: Information in computer is 

transmitted and has to be accessed only by the 

authorized party and not by anyone else. 

2. Authentication: The information received by 

any system has to check the identity of the 

sender that whether the information is arriving 

from a authorized person or a false identity. 

3. Integrity: Only the authorized party is allowed 

to modify the transmitted information. No one 

in between the sender and receiver are allowed 

to alter the given message. 

4. Non Repudiation: Ensures that neither the 

sender, nor the receiver of message should be 

able to deny the  

transmission. 

5. Access Control: Only the authorized parties are 

able to access the given information. 

2. Need of Encryption and Decryption 

techniques 

If anyone wonders why organizations need 

to practice encryption, keep these four reasons in 

mind: 

 Authentication: Public key encryption proves 

that a website's origin server owns the private 

key and thus was legitimately assigned an SSL 

certificate. In a world where so many fraudulent 

websites exist, this is an important feature. 

 Privacy: Encryption guarantees that no one can 

read messages or access data except the 

legitimate recipient or data owner. This measure 
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prevents cybercriminals, hackers, internet 

service providers, spammers, and even 

government institutions from accessing and 

reading personal data. 

 Regulatory Compliance: Many industries and 

government departments have rules in place that 

require organizations that work with users‟ 

personal information to keep that data 

encrypted. A sampling of regulatory and 

compliance standards that enforce encryption 

include HIPAA, PCI-DSS, and the GDPR. 

 Security: Encryption helps protect information 

from data breaches, whether the data is at rest or 

in transit. For example, even if a corporate-

owned device is misplaced or stolen, the data 

stored on it will most likely be secure if the hard 

drive is properly encrypted. Encryption also 

helps protect data against malicious activities 

like man-in-the-middle attacks, and lets parties 

communicate without the fear of data leaks. 

3. Work of End-to-End encryption  
              When you use the Messages app to send 

end-to-end encrypted messages, all chats, including 

their text and any files or media, are encrypted as 

the data travels between devices. Encryption 

converts data into scrambled text. The unreadable 

text can only be decoded with a secret key.  

The secret key is a number that‟s: 

 Created on your device and the device you 

message. It exists only on these two devices. 

 Not shared with Google, anyone else, or other 

devices. 

 Generated again for each message. 

 Deleted from the sender's device when the 

encrypted message is created, and deleted from 

the receiver's device when the message is 

decrypted. 

The Messages delivery server, and any 

person or third-party who might gain access to data 

for messages and content sent between devices, 

won‟t be able to read end-to-end encrypted 

messages because they don‟t have the key. Each 

end-to-end encrypted conversation has a unique 

verification code. This code must be the same for 

you and your contact to verify that your messages 

are end-to-end encrypted.     

4. Various Encryption techniques 
Today, are available different encryption 

algorithms techniques provide to secure information 

in internet communication network: 

5.1 DES algorithms 

Data encryption standard (DES) was the 

first algorithm developed for the encryption of 

images & text. DES is the Symmetric Key 

Algorithm developed in early 1970s at IBM. DES is 

the Symmetric block cipher, with the key length of 

56 bits & block size of 64 bits
1
. It is the block cipher 

which creates a fixed-length string of plaintext bits 

and changes it through a sequence of complicated 

operations into another cipher text bit string of the 

similar length. It is a symmetric encryption 

technique which defines both sender and receiver 

need a shared key to encrypt and decrypt the 

information. But DES had a small key size & hence 

it was officially withdrawn later. In 1999, Electronic 

Frontier Foundation and distributed.net put a series 

of challenges on DES algorithm to see how long it 

takes to decrypt a message & were able to break the 

DES key in 22hours & 15minutes. Therefore, DES 

proved to be insecure. 3DES was used later on, & 

avoids the problem of small key size. 3DES, a way 

of using DES encryption 3 times, it offers key size 

options of 168,112 or 56 bits & block size of 64 bits. 

But, 3DES also proved ineffective against Brute 

Force Attacks in addition to that it slowed down the 

process substantially.  

There are various Limitations of DES which is as 

follows
9
: 

1. DES has small key size of 56 bits.  

2. DES is better in hardware implementation and 

relatively slow when implemented in software.  

3. 3DES has different key size options, but it is 

very slow in hardware implementation.  

4. DES & 3DES, both are not much secure, and 

proved inadequate against Brute Force Attacks.  

5. 16 rounds in DES strengthen the algorithm. 

6. Each round has the same function which 

involves key transformation, expansion 

permutation, s-box substitution, p-box 

permutation and XOR and swapping. 

5.2 RSA Algorithm 

            The RSA is an cryptographic algorithm 

which is use to enrypt and decrypt the data. This 

algorithm developed in1977 by Ron Rivest, Adi 

Shamir and Leonard Adleman.RSA cryptosystem is 

also known as the public-key cryptosystems. RSA is 

normally used for secure data transmission. The 

encryption is starting on the RSA algorithm with the 

selection of two large prime numbers, along with an 

auxiliary value, as the public key. The prime 

numbers are keep in secret. The public key is used 

to encrypt a message, and private key is used to 

decrypt a message or information.The RSA 

algorithm is encrypt the original image and decrypts 

the image by the different keys. 

There are various Limitations of DES which is as 

follows: 

1. RSA algorithm is a complex mathematical 

method that can be difficult for some people to 

understand and implement. 

2. RSA algorithm requires large prime numbers as 

part of the encryption process. The larger the 

prime numbers, the more secure the encryption, 

but it also increases the key size and processing 

time. 

3. RSA algorithm can be slower than other 

encryption methods, especially when encrypting 

large amounts of data. 

https://www.simplilearn.com/bridging-gap-between-hipaa-and-cloud-computing-guide-pdf
https://www.simplilearn.com/what-is-gdpr-compliance-and-how-to-follow-it-article
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4. RSA algorithm is vulnerable to attacks by 

quantum computers, which can potentially 

break the encryption. 

5. RSA algorithm requires the secure management 

of the private key, which can be a challenge in 

certain scenarios. 

5.3 AES algorithm: 
               Advanced Encryption Standard (AES) 

algorithm. It was published by the National Institute 

of Standards and Technology (NIST) in 2001. AES 

is a subset of the Rijndael block cipher developed by 

two Belgian cryptographers, Vincent Rijmen and 

Joan Daemen. AES is a symmetric block cipher 

intended to replace DES. It uses 128-bit block size 

and a key size of 128, 192, or 256 bits. . Although 

extremely efficient in the 128-bit form, AES also 

uses 192- and 256-bit keys for very demanding 

encryption purposes.  

There are various Limitations of AES which is as 

follows: 

1. It uses too simple algebraic structure. 

2. Every block is always encrypted in the same 

way. 

3. Hard to implement with software. 

4. AES in counter mode is complex to implement 

in software taking both performance and 

security into considerations. 

5.4 Triple DES: 
3DES or the Triple Data Encryption 

Algorithm (TDEA) was developed to address the 

obvious flaws in DES without designing a whole 

new cryptosystem. Data Encryption Standard (DES) 

uses a 56-bit key and is not deemed sufficient to 

encrypt sensitive data. 3-DES simply extends the 

key size of DES by applying the algorithm three 

times in succession with three different keys. The 

combined key size is thus 168 bits (3 times 56). 

TDEA involves using three 64-bit DEA keys (K1, 

K2, K3) in Encrypt-Decrypt- Encrypt (EDE) mode, 

that is, the plain text is encrypted with K1, then 

decrypted with K2, and then encrypted again with 

K3. Three-key 3DES has an effective key length of 

168 bits and is defined as
22

  

C = E(K3, D(K2, E(K1, P))). 

There are various Limitations of Triple DES which 

is as follows: 

1.  Slow speed: The triple layered encryption 

process of 3DES makes its slower than other 

encryption algorithms. 

2. Limited key size options: while 3DES supports 

variables key sizes, the maximum key size is only 

192 bits, which may not be enough to meet the 

security need of some application. 

5.5 Blowfish Encryption (BE) 
           Blowfish is a symmetric encryption 

algorithm that implies it utilizes a similar secret key 

to both encrypts 

as well as decrypt messages. The block length for 

Blowfish is 64 bits; messages that aren't a multiple 

of eight bytes in size must be cushioned. Blowfish 

comprises two sections
7
: 

1. Key-expansion: In the key-expansion phase, the 

inputted key is changed over into several sub key 

arrays absolute 4168 bytes. There is the P array, 

which is eighteen 32- bit boxes, along with the S-

boxes, which are four 32-bit arrays with 256 entries 

each. After the string initialization, the initial 32 bits 

of the key is XORed with P1 (the first 32-bit box in 

the P-array). The second 32 bits of the key is 

XORed with P2, etc 

until each of the 448. 

2. Data encryption: In this stage, the information is 

utilized with 64-bit plain text and it is encrypted to 

64- bit cipher text. The 64 bit of information data is 

segmented into two 32-bits as left parts just as right 

parts . Each 32-bit is XORed with P-cluster and the 

outcome is conveyed to the function (F). At that 

point, complete the XOR undertaking for similarly 

left parts and the accordingly 32 bit right parts 

effortlessly. This procedure proceeds until the 

finishing of 16 round. 

There are various Limitations of Blowfish 

Encryption which is as follows: 

1. Speed is affected when changing keys. 

2. The key schedule takes a long time. 

3. The small 64-bit block size makes the algorithm 

vulnerable to attacks.. 

4. Each new key requires preprocessing equivalent 

to 4 KB of text, which affects its speed, making 

it unusable for some applications. 

5.6 Twofish Encryption (TE) 

              The Block cypher is a finite state algorithm 

which is operated on „blocks‟ or combination of 

bits. The initial bit stream is encrypted by the use of 

a function which takes another sequence of bits 

called the key to decrypted by the inverse of the 

function used to encrypt. The Twofish cypher is a 

block cypher which makes use of the symmetric 

encryption process having the input bit size of 128 

bits and the key size up to 256 bits
6
. 

There are various Limitations of Twofish 

Encryption which is as follows: 

1. TwoFish encryption is vulnerable to side-

channel attacks, such as timing and power 

analysis attacks. 

2. It can be challenging to implement TwoFish 

encryption correctly, and errors in 

implementation can result in vulnerabilities that 

can be exploited by attackers. 

5.7 Format-Preserving Encryption (FPE): 
In cryptography, format-preserving 

encryption (FPE), refers to encrypting in such a way 

that the output (the cipher text) is in the same format 

as the input (the plaintext). The meaning of "format" 

varies. Typically only finite sets of characters are 
used; numeric, alphabetic or alphanumeric. For 

example: 

https://en.wikipedia.org/wiki/Cryptography
https://en.wikipedia.org/wiki/Ciphertext
https://en.wikipedia.org/wiki/Plaintext
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 Encrypting a 16-digit credit card number so that 

the ciphertext is another 16-digit number. 

 Encrypting an English word so that the 

ciphertext is another English word. 

 Encrypting an n-bit number so that the 

ciphertext is another n-bit number (this is the 

definition of an n-bit block cipher). 

For such finite domains, and for the 

purposes of the discussion below, the cipher is 

equivalent to a permutation of N integers {0, 

..., N−1} where N is the size of the domain. 

Limitation of Format Preserving Encryption is that, 

it's deterministic: the same plaintext always leads to 

the same ciphertext. And by an entropy argument, 

that must be if all plaintexts that fit the format are 

possible. 

5.8 Elliptic Curve Cryptography (ECC): 
    The ECC encryption algorithm is a 

relatively new asymmetric encryption method. It 

uses a curve diagram to represent points that solve a 

mathematical equation, making it highly complex. 

The shorter keys make it faster and stronger than 

RSA encryption. ECC can be used for: 

 Web communications security (SSL/TLS 

protocols) 

 One-way email encryption 

 Digital signatures in cryptocurrencies like 

Bitcoin or NFTs 

There are various Limitations of Elliptic Curve 

Cryptography Encryption which is as follows: 

1. Large encryption size: ECC increases the size of 

the encrypted message significantly more than RSA 

encryption.  

2. A more complex: The ECC algorithm is more 

complete and more difficult to implement than RSA. 

Conclusion: 
                   In this internet communication system 

information transmitted in a digitally uses different 

networks services. Security of these information 

against unauthorized access is on high demand. so 

the various encryption techniques have the 

important motive of providing reliable, powerful, 

and robust network and data security. There are 

different kinds of attacks on the security policies 

and also growing with the advancement and the 

growing use of internet. In this research paper to 

study on various encryption techniques provide to 

secure information in internet communication 

network. It will be more helpful to increase the 

efficiency and security of internet communication. 

So various encryption techniques has emerged as an 

essential to safeguard our confidential information. 
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Abstract: 
Scheduled Tribes Constitute 8.6% of India’s population and they exhibit enormous diversity 

Theirprotection and development require attention. Theecological setting in which they live along with their 

unique cultural alteringwill aid in the preservation and promotionof the tribal culture it is planned holistically 

owing to the sheer diversity and the sensitivities in the tribal population of India there can’t be one size fits all 

approach to tribal tourism development India rather it has to be a tailor-made approach for tribal regions of 

tourism potential identified after due diligence monitoring the negative socio-cultural impacts of such from 

tourism development plans accordingly is very important. 

Key Words: Tribes, Ecological,sensitivities, Tourism, attention. 

Introduction: 

India a myriad land stores wonders in its 

magical womb from the tranquil seashores and the 

pre-historic or nomentalcaves to the heritage 

temples and places. 

Tourism is a highly complex phenomenon 

and several academic, disciplines are involved in its 

study Tourism is a basic and most desirable human 

activity deserving the praise and encouragement of 

all people and all governments it is an industry 

concerned with attracting people to a destination and 

transporting them arrange their housing feeding and 

entertain them upon arrival and returning them to 

their homes. It deals for the most part with 

consumer tourists they money they spend and the 

people and meansthat,Provide them with 

goods,services products.Tourism is not only an 

economic activity important medium of cultural 

exchange among nations of the world. 

Tourists are a temporary exodus population 

who normally travel to predetermined destinations 

for whatever purpose they consume tourism 

products while traveling and return home after a 

short period independently of whether their 

envisaged purpose is achieved tourists are normally 

divided into two categories namely Domestic and 

Foreign Tourists. 

Hypothesis: 

Conservation Awareness Cultural tourism 

can raise awareness about the importance of 

conserving Tadoba's natural and cultural Heritage 

visitors engaging in cultural tourism experiences can 

gain a deeper understanding and appreciation for the 

local traditions. 

Study Area:  

The name Tadoba is the name of the God 

Tadoba or Taru praised by the tribal people who live 

in the dense forests of the Tadoba and Andhari 

region while the Andhari River that meanders 

through the forest gives the Andhari name 

TadobaAndhari Reserve is the largest national park 

in Maharashtra total area of the Reserve is 625.4 sq 

km  (241.55 mi) This includes Tadoba National 

park,Created in 1955 with an area of 116.55 sqkm 

Andhari wildlife sanctuary created in 19 with an 

area of 50.5skm This reserve also includes 32.51 

kmprotected forest and 20  10  0” N to 79 24’ 0” E 

and coordinates 20 10’ 0” N to 79 24’ 0” E    
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Aim’s And Objective: 
1. To study the tribal population and tourism 

culture of the village in the Tadoba sanctuary. 

2. To Understandthe Tadoba treasure of Tribal 

Tourism and Culture. 

3. To Study the number of tourists to Tadoba 

sanctuary as per Geographic analysis. 

Tadoba Rainfall And Temp: 

             Climate and Rainfall The climate of 

Chandrapur district is hot and dry humid in 

monsoon and hot in summer with rainfall of 140 cm 

(1578mm) in Tadoba Rang.  

Cultural Tourism In Tadoba: 

Cultural Tourism is the subset of tourism 

concerned with a country or region’s culture, 

especially its art It generally focuses on traditional 

communities that have diverse customs unique 

forms of art, and distinct social practices,which 

distinguish it from others.By Promoted the reason is 

simple enough the members of the tribes despite 

being in the best position to manage and showcase 

their culture in anauthentic and undiluted manner do 

not have the required additional skills and 

knowledge to do just that.Hence the following 

sections of the paper start with a clear definition of 

cultural tourism and capacity building.Then the 

discussion shifts to the various issues concerning 

capacity buildings would scan other possible 

avenues along with cultural tourism and at the same 

time would depict the possibility of ICT integration 

for promoting cultural tourism in Tadoba. 

1)Destinations: 

        One of the most important destinations for 

cultural tourism is the tribal hotspots of Tadoba for 

indigenous cultures as seen here that have stayed 

larelyseparated from the surrounding majority 

tourism can present both advantages and problems 

on the positive side are the unique cultural practices 

and arts that attract the curiosity of tourists. and 

provide opportunities for tourism and economic 

development The negative side is the issue of how 

to control tourism so that those same cultural 

amenities are not destroyed and the people do not 

feel violated other destinations include historical 

sites which again the region has in plenty. 

Head Of Tribal Village In Tadoba Tourist Place 

And Total Tribal Population 2022: 
41,644 people are living in and around the 

reserve in 59 villages of which 5 are inside the core 

zone this village in the core zone still do farming 

activity inside the core area. The process of 

rehabilitation is going on but the Indian bureaucracy 

has been at its slowest in the forest department. 

Table No-1 

Head of Tribal village in Tadoba Tourist place and total Tribal Population2022 
 

Sr.no No.of Villages Name Tribal Population Tribal Population% 

1 Mohorli 2849 9.58% 

2 Aagarzari 1150 3.87% 

3 Kunvatha 800 2.69% 

4 Zari 400 1.34% 
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5 Bhamini 600 2.01% 

6 Navegao 650 2.18% 

7 Karwa 2121 7.13% 

8 Dewada 2008 6.75% 

9 Shedegao 3518 11.83% 

10 Kolari 4310 14.50% 

11 Masal 4490 15.11% 

12 Kolsa 6819 22.94 

 

 
 
 

Recently the Naveaon village was 

rehabilitated and a grassland is expected on the 

place where the village existed.There are 41,800 

cattle with the villagers in the core and buffer zone. 

while cattle grazing is not allowed in the core zone 

regulated grazing in the buffer zone is allowed for 

cattle ofthe village inhabitants. However, cattle from 

peripheral villages sometimes sneak into the reserve 

and cause additional damage to the habitat. 

       Forest fires are a constant problem in the 

dry season, consistently during between 2% and 

16% of the park each year. Most of these forest fires 

are man-made,started by people who venture into 

the forest in search of the mahua flowers for liquor 

production. Poaching of prey such as sambar deer, 

spotted deer,here,nilgai, andwild boar is also a near-

permanent problem not fully controlled. The 

villagers on the periphery of the forest are expected 

to afford goat meat which costs upwards of INR 400 

per kilogram.Whereas they manage their entire 

household for a meager inr4000(85$) a month as 

income is extremely low.The forest guards are 

mostly from local villages and they sometimes are 

involved in poaching but it is essentially for the 

meat and not for any. Human Wildlife conflict is 

common with the killing of domestic livestock by 

tigers and leopards as a frequent phenomenon in the 

areas neighboring villages. This hurts the economic 

condition of the local people and results in 

antagonism towards the management.In the year 

2013 so far there have been up to 4 people and 30-

50 cattle heads killed by leopards tigers or sloth 

bears. 

1) Cultural Heritage: 
Cultural tourism is a form of tourism that focuses on 

experiencing the history, customs, traditions, and 

lifestyle of a particular destination. Tadoba, located 

in the state of Maharashtra, India, is a popular 

cultural tourism destination known for its rich 

cultural heritage and diverse traditions. This paper 

examines the cultural tourism in Tadoba and 

explores the various aspects that attract tourists to 

this enchanting destination. 
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1.1) Cultural Heritage: 
 

 
 

Tadoba is home to numerous tribes, each 

with its distinct cultural heritage. The Gond, Kolam, 

and Mana,Andh tribes are prominent indigenous 

communities in the region. These tribes have 

preserved their unique traditions and practices, 

which are highly valued by cultural enthusiasts and 

tourists. Cultural tourism in Tadoba provides an 

opportunity to interact with the local communities, 

witness their traditional dances, music, art forms, 

and rituals, and gain a deeper understanding of their 

way of life. 

1.2) Historical Sites: 
 

 
 

Tadoba also boasts of several historical 

sites that attract cultural tourists. The Chandrapur 

Fort, built during the Gond dynasty, is a significant 

historical landmark. The fort offers a glimpse into 

the region's history and architectural grandeur. 

Another popular historical site is the Ballalpur 

Dargah, a sacred Muslim shrine known for its 

spiritual significance. These historical sites provide 

a rich cultural experience, immersing tourists in the 

history and traditions of the region. 

1.3) Traditional Festivals: 
One of the major attractions of cultural 

tourism in Tadoba is the vibrant festivals celebrated 

by the local communities. Festivals like Gond 

Gaurav, Pola, and Bhaji Pala are celebrated with 

great enthusiasm and grandeur, showcasing the 

cultural diversity of the region. Tourists have the 

opportunity to witness the colorful processions, 

traditional dances, music performances, and 

religious ceremonies associated with these festivals. 

Participating in these festivals allows tourists to 

fully experience and appreciate the cultural richness 

of Tadoba. 

1.4)Handicrafts and Artisans: 
 

 
 

Tadoba is known for its skilled artisans and 

traditional handicrafts. The local communities 

engage in crafts such as bamboo and woodwork, 

pottery, and handloom weaving. Tourists interested 

in cultural tourism can visit the artisan villages, 

interact with the craftsmen, and witness the intricate 

craftsmanship that goes into producing these 

traditional artifacts. Additionally, tourists have the 

opportunity to purchase these unique handicrafts as 
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souvenirs, supporting local artisans and promoting 

their traditional skills. 

1.5) Cuisine and Local Delicacies: 

Cultural tourism in Tadoba also includes 

exploring the region's culinary delights. The cuisine 

of Tadoba encompasses a blend of traditional 

Maharashtrian and indigenous tribal dishes. Tourists 

can savor the flavors of authentic regional dishes 

like Varhadi (spicy) and Saoji (rich and spicy) 

cuisine. Food festivals and culinary workshops 

provide tourists with an opportunity to learn about 

traditional cooking techniques and try their hand at 

preparing local delicacies. 

1.6) Preservation and Conservation Efforts: 

         Cultural tourism in Tadoba goes beyond 

experiencing the local culture and traditions. It also 

emphasizes the importance of preserving and 

conserving the rich cultural heritage of the region. 

Efforts are being made to raise awareness about the 

cultural significance of Tadoba and promote 

sustainable tourism practices. The involvement of 

local communities, government organizations, and 

NGOs plays a crucial role in preserving the cultural 

aspects of Tadoba, ensuring that future generations 

can continue to experience its cultural richness. 

 

Table No.2 Tadoba Andhari Tourists Chart 2002-2022: 

YEAR 
YEAR WISE TOURISTS 

VISITORS. 

 

YEAR 

 

 

YEAR  WISE TOURISTS 

VISITORS 

2002-03 30951 2012-13 124080 

2003-04 35944 2013-14 130500 

2004-05 36325 2014-15 131502 

2005-06 35640 2015-16 140602 

2006-07 43000 2016-17 180708 

2007-08 61790 2017-18 2017711 

2008-09 68183 2018-19 Covid Period 

2009-10 103696 2019-20 Covid Period 

2010-11 104690 2020-21 Covid Period 

2011-12 114901 2021-22 240215 
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Conclusion: 

Cultural tourism in Tadoba offers a unique 

and enriching experience for tourists who wish to 

explore the rich heritage, customs, and traditions of 

the region. The indigenous tribes, historical sites, 

traditional festivals, handicrafts, local cuisine, and 

conservation efforts all contribute to making Tadoba 

a fascinating cultural tourism destination. By 

engaging with the local communities and 

experiencing the unique cultural aspects of Tadoba, 

tourists not only gain a deeper understanding of the 

region but also contribute to the preservation and 

promotion of its cultural heritage. 

NOTES AND REFERENCES: 

1. Bjork .P. 2000-Ecotourism from a 

conceptualrespective. 

2. Collins .A.1999 –Tourism development and 

Natural capital annals of tourism. 

3. Porter .G.2007- April 24 Tourism meets 

terrorism in MoroccoThe Daily Star. 

4. Zukin .S.1995- The cultural of cities Oxford 

Blackwell. 

5. Web Resources 

http://tribalindiatours.com/Company_Profile 

.html. 

6. Jitu Mishra and Anura Mallick The book cover 

of tadoba culture.  

http://tribalindiatours.com/Company_Profile%20.html
http://tribalindiatours.com/Company_Profile%20.html


 

International Journal of Advance and Applied Research 
www.ijaar.co.in 

 

ISSN – 2347-7075 Impact Factor – 7.328 
Peer Reviewed Bi-Monthly   

 Vol.4 No. 44 Nov-Dec 2023  
 

57 

 

Study on Diversity of Zooplankton in and Around Gadchiroli: A Review 
 

Shweta Pogare
1
, Vaishali Murkute

2
, Ashish Chavan

3
 

1
Research scholar, Institute of Higher Learning, research and Specialized Studies, 

Anand Niketan College, Anandwan, Warora, Chandrapur district, Maharashtra 
2
Assistant professor, Chintamani College of Science, Pombhurna, Dist: Chandrapur 

3
Assistant professor & Head, Chintamani College of Arts & Science, Gondpipri, Dist: Chandrapur 

Corresponding Author- Shweta Pogare 

Email: shwetapogre2@gmail.com 

DOI- 10.5281/zenodo.11259922 
 

 

Abstract: 

           Gadchiroli is a tribal area & located on the eastern side of Maharashtra and is the central part of India. 

Various studies on zooplankton have been done from respective lentic & lotic ecosystems present here. According 

to studies, Zooplankton population size was correlated with biotic and abiotic parameters. Traditional 

morphology-based methods have been used to investigate the interaction between the biodiversity of zooplankton 

and aquatic pollution in freshwater ecosystems as some species are denoted as pollution indicator species. In the 

mentioned checklist, there are a total of 132 species of zooplanktons there are, out of which 66 belong to Rotifer, 

35 to Cladocera, 11 to Copepoda, 5 from Ostracoda, and 9 taxa from Protozoan. Many of the studies showed that 

Rotifers are dominating the zooplanktonic population followed by Cladocera and Copepoda. The objective of the 

study is to review the distribution and diversity of zooplankton with the help of available literature up till now. 

The review study is very much helpful to study the diversity, seasonal variation, and dynamics of zooplankton 

concerning the eutrophication of the lentic and lotic ecosystems. 

Keywords: Aquatic Ecosystem, Biotic and Abiotic parameters, Diversity, seasonal variation, zooplankton. 
 

Introduction 

        The aquatic ecosystem covers a vast area of 

Land. The global human population growth rate is 

increasing rapidly and it affect natural resources like 

Air, Water & Land. Various anthropogenic activities 

reduce the water quality & aquatic biota are under 

the influence of its physicochemical properties. The 

abundance of plankton is an important biological 

tool for monitoring the ecology of any aquatic 

system (Gunwant et al 2014). Thus, to understand 

the ecology of any water bodies we must examine 

the ecology of a plankton. Several studies on 

zooplankton in the past several decades conclude 

that the assessment of zooplankton provides 

valuable information about the management and 

restoration of aquatic ecosystems. Many scientists 

have worked on a zooplankton species in India. 

Pioneers of this, Baired(1859), Battish(1987), 
Chatterjee(2013), B.K. Sharma,(2011) S. 

Sharma(1999), R. G. Michael, Sinev, 

Smirnov(1971), Van Damme, K. Venkataraman, 
S. R. Das, A. A. Kotov(2010), S. M. 

Padhye(2014), H .Segers (1996), Dhanapathi(2000), 
Dumount, Edmondson (1959), W. Koste, 

Karuthapandi(2003) etc. 

          The objective of the current study is to 

review, the available taxonomic literature on 

zooplankton in and around Gadchiroli, to know the 

importance of zooplankton in ecology as primary 

consumers in the food web and explore the 

possibilities of using them as bio indicators of 

pollution to assess the sustainability of water bodies 

for conserving the biodiversity. It also aims to 

review the current status of the zooplanktonic study 

of the Gadchiroli district and to list the noticed 

zooplankton species from this region. 

Review of Literature: 

      During the literature survey (Table 1 Showing 

the Status of zooplankton in and around District 

Gadchiroli), it was observed that the population of 

Rotifers was dominant among the total zooplankton 

population. Rotifers show their dominance during 

winter and recessivity during the summer season. 

Family Branchionodae was the dominant among 

the Rotifer. In recent years, though there is some 

progress in the study of zooplankton diversity 

from the Gadchiroli district, still many more 

ecosystem studies are left behind and there is a 

need to further study about the cyclometric changes 

in zooplankton and their diversity correlation with 

other parameters. A detailed survey can only 

establish the current status of zooplankton 

diversity in some areas of the said region. But of 

course, this information in turn can be used to check 

the ecological status of the water bodies and 

historical review for further studies. 

Material and Methods: 

         As this study is only on review, the 

methodology used for this is, all research papers 

and reference books regarding this topic. 
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Study Area: 

            Gadchiroli is located in Maharashtra state 

situated in western India. With latitude 19 to 21 

degree north and longitude 80 to 81 degrees east 

region. {Figur1 showing the Satellite Image of 

Gadchiroli District (Red Border)} Near about 76 % 

of the geographical area of Gadchiroli is covered by 

the Forest region. 

       The lotic ecosystem comprises the Wainganga 

River which is the main riverine system in this area. 

Wainganga is a major Sub-basin of the Godavari 

River. Which runs through Maharashtra and 

Madhya Pradesh. About the Lentic Ecosystem, 

many Ponds and Lakes are present in and 

around Gadchiroli. Some of them are Man-made 

mainly used for agricultural purposes and some are 

Natural which are present in the Forest region but 

now comes under urban/rural area due to the 

explosion of population and directly in touch with 

anthropogenic practices. 

Observation and Result: 

        In the mentioned checklist (Table 2: 

showingChecklist of Commonly observed 

Zooplankton Species in and around Gadchiroli 

District), there are a total of 132 species of 

zooplanktons there are, out of which 66 belong to 

Rotifer, 35 to Cladocera, 11 to Copepoda, 5 from 

Ostracoda and 9 taxa from protozoan. Many of 

the studies showed that Rotifers are dominating the 

zooplankton population followed by Cladocera and 

Copepoda. 

Discussion: 

          According to a review study it was observed 

that the Composition of the zooplankton community 

is strongly dependent on the season. The climate of 

the Gadchiroli district changes seasonally. During 

summer, there is a hot climate while during 

winter it becomes cool. Humidity in the district is 

approximately 62%. The district is blessed with 

sufficient rainfall during the Monsoon. 

          The present literature survey reveals that the 

density of a rotifer was maximum during winter in 

February and minimum in summer in May. 

Cladocera density was topmost during winter and 

least during the pre-monsoon during the month of 

June. Copepoda shows their maximum density 

during winter, however, Ostracoda shows their 

maximum density throughout the summer and 

minimum density in the course of the winter 

season. Variation in abundance of Ostracoda was in 

the order of a summer>> winter >>monsoon. 

(Chavan AW and Murkute VB., 2020)(Sawane et al 

2012) 

Relationship with Biotic and Abiotic factor 
          In an aquatic ecosystem, the Physico-

chemical environment profoundly influences its 

biotic components. It controls the diversity, 

biomass, and spatial distribution of biotic 

communities in time and space. The physical and 

chemical parameters show their impact 

individually as well as collectively, their dealing 

constructs an abiotic domain that ultimately leads to 

the origin, development, and succession of biotic 

communities. Once a water body is established it 

forms a definite ecosystem with its own 

physicochemical and biological properties. Both 

these aspects are significant in monitoring the 

water quality. (Murkute VB et.al2007) 

     Present literature survey shows Fluctuations in 

Physicochemical parameters such as ph, 

temperature, conductivity, DO, Free Co2, Sulphate, 

Nitrate, Phosphate, BOD, and COD often create 

worse effects on zooplankton, restrict their 

production and deplete their ability to compete 

with other populations within the environment. 

(Dahegaonkar, N.R. (2008) Gadekar GP (2014), 

These variations of the water bodies seem to be due 

to mighty factors like climate change associated 

with rainfall, evaporation leads to variations in 

water level which directly affects the shape and 

size of the actual water body. Various 

Anthropogenic activities and macrophyte 

succession in an aquatic system affect the water 

body. (Chavhan R. V. et.al 2015). Sawane et.al 
(2005-2007) analyzed several Physico-chemical 

parameters of urban Lake Wani districts Yeotmal, 

located western side of Gadchiroli districts, 

emphasizing on the impact of the urban sewage 

waste, on Physico-chemical characteristics of water 

which is an indirect expression of nutrients load 

being put into the water bodies. 

Conclusion: 

         Reported Studies mentioned here, showed 

their powerful correlations between Biotic and 

Abiotic factors of freshwater ecosystems. It is also 

proved that Zooplankton played a crucial role as an 

indicator component and helps to detect the trophic 

status of aquatic systems. 

         Some species combat extreme abiotic 

conditions and survive well, indicating their high 

tolerance level, while sensitive ones are eliminated 

due to low tolerance. Thus, the study of these 

fascinating organisms can always help in monitoring 

the status of aquatic systems. 

Acknowledgement: 
          We would like to express our special 

thanks to teaching and non-teaching staff of 

Zoology department of Anand Niketan College, 

Anandwan Warora District Chandrapur for their 

support, and encouragement. We also thanks to 

Mahatma Jyotiba Phule Research Institute, Nagpur, 

for the research fellowship. 

Recommendations: 
          The Zooplankton abundance, as well as 

diversity, shows a direct as well as indirect 

relation to the above discussed Physico-chemical 

parameters of water and other abiotic factors. To 

conserve and help flourish these organisms, certain 
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cures and preventive measures need to be taken. 

There is a great need for creating awareness among 

the villagers along with promotion and capacity 

building among farmers and fishermen on 

conservation and good farming practices such as 

agro-fishery in the river’s catchment area. They 

should be encouraged to carry out practices like 

rainwater harvesting and tree plantations along the 

water bodies. Which can help to reduce the load of 

sediments in the water bodies and soil erosion. 

Government officials can also involve local 

villagers by employing them for these practices 

thus encouraging the conservation of the Water 

bodies. 
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Table 1: Review of Literature and Status of zooplankton in and around District Gadchiroli: 
 

S. N 
Name of 

Author 
Year Topic Name Obs/Result 

I 
R.V. Tijare and 

M.R. Thosar 
2005 

Rotifer diversity in three Lakes  of 

Gadchiroli, a Tribal District of 

Maharashtra (India) 

A total of 25 species of Rotifers were 

recorded out of which Branchionodae was 

the dominant family of Rotifer. 

II 

Bhandarkar 

W.R., 

Bhandarkar 

S.V., 

Murkute   V.B. 

2005 

Observation Spe cies Diversity of 

Brachion us (Rotifera) from 

Kalikar Pond, Bramhapuri, 

District Chandrapur 

A total of 9 Brachionus species were 

identified and B. calyciflorus was the most 

dominant sp. followed by B falcatus. The 

occurrence of these species indicates the 

water of this pond is grossly polluted. 

III 
Chavan A.W., 

Murkute V.B. 

2005- 

2007 

Zooplankton diversity concerning 

the physicochemical Parameter of 

River Wainganga, near 

Bramhapuri, District Chandrapur. 

A total of 23 zooplankton species out of 

which 15 species of Rotifera, 03 species of 

Cladocera, 04 species of Copepoda, and 

only 01 species of Ostracoda were recorded 

IV 

A. P. Sawane, 

M.C. Kale and 

A. D. Bobdey 

2006- 

2007 

Zooplankton abundance and its 

correlation with physicochemical 

parameters from Urban Lake 

Wani Dist. Yeotmal, Maharashtra 

Total of 65 Zooplankton species were 

recorded Protozoa 7 species, 6 genera, 

Rotifer 29 species, 21 genera, cladocera 12 

species, Ostracod, and 05 species were 

recorded. 

V 

Tijare Rajendra 

and Shashtrakar 

Avinash 

2010- 

2012 

Diversity of Rotifer in 

Asolamendha District 

Chandrapur Maharashtra, India 

Total of 25 species of Rotifers were 

recorded out of which Branchionodae was 

the dominant family of Rotifer. 

VI 
Tijare RV, and 

Gedekar SG 

2010- 

2012 

Zooplanktonic Diversity In Kolar 

River, District Nagpur,(MS) 

India Rotifer diversity in 

Wainganga River at the region of 

Markandadeo, Tah Chamorshi, 

District Gadchiroli, Maharashtra 

(India) 

The Zooplankton community is more 

diverse than phytoplankton as a total of 31 

species were recorded in the river Kolar. 16 

species in the present study represented 

Rotifera, the common genera were 

Brachionus, Keratella, and Trichocera. 

VII 

Meshram MP, 

Tijare RV and 

Patil KG 

2011- 

2012 

Species diversity of microscopic 

crustacean in Karmaveer 

Kannamwar reservoir, Regadi, 

Tah. 

Chamorshi, District Gadchiroli, 

(MS) India 

13 species of crustacean zooplankton were 

recorded. Study reveals that the significant 

dominant group was Cladocera followed 

by Copepoda and Ostracoda in 

microcrustaceans faunal 

diversity 

VIII 

R.K. Agrawal , 

Sanjay Thiske 

and Sunil 

Mondal 

2011 

Diversity and Seasonal               fluctuation 

of zooplankton in 

FreshwaterReservoir  Mongra 

Bajaj Rajnandgaon District CG., 

India. 

Total of 18 zooplankton species out of 

which 04 species of Rotifera, 09 species of 

Protozoa, 05 species of 

Copepoda were recorded 

IX 

S.V. 

Bhandarkar and 

G.T. Paliwal 

2011- 

2012 
(G.T., 2010) 

A total of 21 species were identified. 9 

belong to Rotifera, 8 to Cladocera, 3 to 

Copepoda, and 01 to Ostracoda. 
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X 

M. 

Karuthapandi, 

D.V. Rao and 

Xavier Innocent 

2013 
Freshwater rotifers of Andhra 

Pradesh- Checklist 

a total of 114 species of freshwater rotifers 

have been reported from the state, of which 

113 species belonging to Monogononta 

(03 Order, 22 families, 39 genera) and only 

one species belonging to Bdelloidea. 

XI 
Shashikant R. 

Sitre 
2011 

Zooplankton Fauna of a 

Freshwater Pond in Bhadrawati 

Town of Chandrapur District in 

Maharashtra State (India) 

The pond shows 27 different species in its 

water of which maximum species are 

represented by Rotifera, while the 

minimum is represented by 

Protozoa and Ostracoda. 

XII 

Koushik Roy 

Sandipani 

Gupta and 

Saurav Kumar 

Nandy 

2012 

- 

2014 

Checklist of commonly occurring 

Phytoplankton and Zooplankton 

Genera of Urban and Rural Ponds 

of Raipur, Chattisgarh. 

Total of 24 zooplankton species out of 

which 03 protozoa, 11 Rotifera, 02 

Cladocera, 07 Copepoda 01 Ostracoda, 01 

were recorded. 

XIII 

Meshram UG, 

Dahare RB and 

Dhamani AA 

2013- 

2014 

Zooplankton diversity in 

Balasamudram lake of Pauni, Dist. 

Bhandara, Maharashtra, India 

Total of 36 Zooplankton species were 

recorded. The Zooplankton population of 

Balsamudra Lake reveals the eutrophic 

condition. 

XIV Gadekar GP 2013 

Seasonal Variation in 

Zooplankton Diversity of 

Railway Pond, Gondia, District 

Gondia (MS) 

The population Railway pond consisted of 

20 genera of zooplankton. 

XV 
Shashikant R. 

Sitre 
2011 

Zooplankton Biodiversity in 

Ghost Nimbala Reservoir in 

Bhadrawati Tehsil of Chandrapur 

District 

total 21 zooplankton species out of which 

04 protozoa, 08 Rotifera, 04 

Cladocera, 03 Copepoda 01 Ostracoda, 01 

Nematoda, and 01 Oligocheta were 

recorded. 

XVI Chavhan R.N. 
2014- 

2015 

“Limnological Studies on Talodhi 

Village Lake of tehsil Chamorshi, 

District 

Gadchiroli (M.S.), India, with 

Special Respect to Plankton 

Species Diversity” 

total 104 zooplankton species out of which 

09 protozoa, 49 Rotifera, 35 Cladocera, 06 

Copepoda and 05 Ostracoda species were 

recorded. 

XVII 

Chapat P.B., 

Telkhede P.M., 

Khinchi P.J. 

and Sontakke 

D.D. 

2015 

A Seasonal Survey of 

Zooplankton Diversity in River 

Penganga Near Korpana, Dist. 

Chandrapur, Maharashtra, India. 

28 zooplankton species were Recorded. 

Maximum zooplankton density was 

observed in winter and minimum density 

in TheMonsoon season. 

XVIII 

Shashikant R. 

Site and Atul K. 

Pimpalshende 

2015 

Zooplankton diversity of dham 

river at pawnar in wardha district 

of maharashtra state 

In all 27 different zooplankton species are 

found in the river stretch at Pawnar out of 

which 07 protozoa, 11 Rotifera, 04 

Cladocera, 03 Copepoda and 01 

Ostracoda species were recorded. 

XIX A.V. Dorlikar 2016 

Correlation study of Zooplankton 

diversity, species richness and 

Physicochemical parameters of 

ghodazari lake (maharashtra) 

26 zooplankton species were Recorded out 

of which 11 Rotifera, 07 Cladocera, 

05Copepoda and 03 Ostracoda species 

were recorded. 

XX 
C.J. Khune and 

B.P. Parwate 

2016- 

2017 

Zooplankton Diversity and Their 

Seasonal Variation in Nav-Talav, 

Amgaon, Gondia District 

Total 23 zooplankton genera out of which 

02 protozoa, 08 Rotifera, 06 Cladocera, 05 

Copepoda and 02 Ostracoda genera were 

recorded. 

XXI Gaidhane D.M. 
2016- 

2017 

Plankton diversity in Wardha 

River near Rajura in Chandrapur 

District of Maharashtra, India 

Total of 13 species of zooplankton were 

recorded. The zooplankton analysis shows 

that the total zooplankton density was 

more during the period of study due to the 

winter season as the low temperature is 

favorable for the growth of plankton 

XXII 
Dahegaonkar, 

N. R. 
2016 

Studies on pollutional status of 

Lohara Nullah in Chandrapur 

(Maharashtra), India. 

Total 23 species of zooplankton were 

recorded from the study site. The present 

investigation showed that Rotifera 

(11species) dominated the water body 
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followed by Cladocera, Copepoda and 

Ostracoda. 

XXIII 

S.W. 

Kuchankar, 

R.R. Kamdi, 

and P.R. Patel 

2020- 

2021 

An Analysis of zooplankton in a 

MAMA lake, near Wani Tehsil, 

District- Yavatmal (M.S.) 

Total of 40 zooplankton species out of 

which 02 protozoa, 27 Rotifera, 05 

Cladocera, 03 Copepoda, and 02 Ostracoda 

were recorded. 

XXIV 
Paresh Patel 

ReenaLaharia 

2019- 

2022 

Zooplankton Diversity of a 

Freshwater perennial pond in 

Wani city of Yavatmal District, 

In Maharashtra, India 

Total 42 spp of zooplankton out of which 

03 protozoa, 12 Rotifera, 09 Cladocera, 

13Copepoda 05 Ostracoda, were recorded. 

 

Table 2: Checklist of Commonly observed Zooplankton Species in and around Gadchiroli 

District: 
 

Recorded Zooplankton 

Species 

Recorded Zooplankton 

Species 

Recorded Zooplankton 

Species 

ROTIFERA 

Family : BRACHIOPODA 

1. Brachionus Calyciflorus 

(Wierzeijski) 

2. Brachionus Falcatus (Zacharias) 

3. Brachionus Caudatus (Boris 

Dadey) 

4. Brachionus Angularis(Gosse) 

5. Brachionus Forficula 

(Wierzejski) 

6. Brachionus Diversicornis (Daday) 

7. Brachionusquadridentacus(H er 

mann) 

8. Brachionus Urceolatus 

(O.F.Muller) 

9. Brachionus Platupusplatpus 

(O.F.Muller) 

10. Brachionus Plicatilis 

11. Brachionus Havansis 

12. Brachionus Dimidiatus 

13. Brachionus Plicatilis 

14. Brachionus Rotundiformis 

15. Brachionusbidenta 

16. Brachionus Rubens 

17. Keratella Tropica (Apstein) 

18. Keratella cochlearis (Gosse) 

19. Keratella Quadrata (Muller) 

20. Keratella Ticinensis 

21. Epiphanes macrourus (Barois 

Daddy) 

22. Anuraeopsis Fissa 

CLADOCERA 

Family: Sididae 

1. Diaphanosoma sarsi 

2. Diaphanosoma Excisum 

3. Diaphanosoma Senegal 

4. Diaphanosoma Leuchtenbergia 

Num 

5. Diaphanosoma Brachyurum 

Family: Daphniidae 

1. Ceriodaphnia Cornuta 

2. Ceriodaphnia Rigaudi 

3. Ceriodaphnia lacustris 

4. Ceriodaphnia acanthine 

5. CeridaphniaquadrangulaCerio 

daphnialaticaudata 

6. Ceriodaphnia Pulchella 

7. Daphnia lumholtzi 

8. Daphnia ambigua 

9. Daphnia dubia 

10. Simocephalus Vetulus 

11. Scapholeberiskingi 

 

Family: Moinidae 

1. Moina Micrura 

2. Moina macrocopa 

3. Moinsarosea 

Family - Bosminidae 

1. Bosmina longirostris 

2. Bosminadeitersi 

3. Bosmina Coregoni 

Family - 

PROTOZOA 

Subphylum: Sarcomastigophora, 

Superclass: Mastigophora Class: 

Phytomastigophora, Order Volvocida 

Family - Volvocaceae 

1. Volvox 

Family – Nebelidae 

2. Euglena acus 

3. Euglena sp. Class Rhizopoda, 

Order - Amoebida 

4. Amoeba sp. Order - Arcellinida, 

Family - Arcellidae 

5. Arcelladiscoida Family - 

Difflugia 

6. Difflugia sp. 

Sub-phylum Ciliophora, 

Class Ciliata 

Family Paramedic Ae 

7. Paramecium sp. 

Family – Peridiniaceae 

8. Peridinium sp. 

Family - Frontonida 

9. Phacus Sp 

 

Subphylum: Sarcomastigophora, 

Superclass: Mastigophora Class: 

Phytomastigophora, Order Volvocida 

Family - Volvocaceae 

1. Volvox 

Family – Nebelidae 

(Gosse) 

 

ROTIFERA 

Family : BRACHIOPODA 

1. Brachionus Calyciflorus 

(Wierzejski) 

2. Brachionus Falcatus (Zacharias) 

3. Brachionus Caudatus (Boris 

Dadey) 

4. Brachionus Angularis(Gosse) 

5. Brachionus Forficula 

(Wierzejski) 

6. Brachionus Diversicornis 

(Daday) 

7. Brachionusquadridentacus(H er 

Macrotpricidae 

1. Macrothrix Rosea 

Family - Chydoridae 

1. Chydorus Globosus 

2. Chydorus Sphaericus Chydorus 

Ovalis 

Family: Sididae 

6. Diaphanosoma sarsi 

7. Diaphanosoma Excisum 

8. Diaphanosoma Senegal 

9. Diaphanosoma Leuchtenbergia Num 

10. Diaphanosoma Brachyurum 

Family: Daphniidae 

12. Ceriodaphnia Cornuta 

13. Ceriodaphnia Rigaudi 

2. Euglena acus 

3. Euglena sp. 

Class Rhizopoda, Order - Amoebida 

4. Amoeba sp. Order - Arcellinida, 

Family - Arcellidae 

5. Arcelladiscoida Family - 

Difflugia 

6. Difflugia sp. 

Sub-phylum Ciliophora, 

Class Ciliata 

Family Paramedic Ae 

7. Paramecium sp. 

Family – Peridiniaceae 

8. Peridinium sp. 

Family - Frontonida 
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mann) 

8. Brachionus Urceolatus 

(O.F.Muller) 

9. Brachionus Platupusplatpus 

(O.F.Muller) 

10. Brachionus Plicatilis 

11. Brachionus Havansis 

12. Brachionus Dimidiatus 

13. Brachionus Plicatilis 

14. Brachionus Rotundiformis 

15. Brachionusbidenta 

16. Brachionus Rubens 

17. Keratella Tropica (Apstein) 

18. Keratella Cochlearis(Gosse) 

19. Keratella Quadrata (Muller) 

20. Keratella Ticinensis 

21. Epiphanes macrourus (Barois 

Daddy) 

22. Anuraeopsis Fissa (Gosse) 

Family : LECANIDAE 

1. Lecane bulla 

2. Lecane Papuana 

3. Lecane Eswari 

14. Ceriodaphnia lacustris 

15. Ceriodaphnia acanthine 

16. CeridaphniaquadrangulaCerio 

daphnialaticaudata 

17. Ceriodaphnia Pulchella 

18. Daphnia lumholtzi 

19. Daphnia ambigua 

20. Daphnia dubia 

21. Simocephalus Vetulus 

22. Scapholeberiskingi 

 

Family: Moinidae 

4. Moina Micrura 

5. Moina Macrocopa 

6. Moinsarosea 

Family - Bosminidae 

1. Bosmina 

2. longirostris 

3. Bosminadeitersi 

4. Bosmina Coregoni 

Family - Macrotpricidae 

1. Macrothrix Rosea 

Family - Chydoridae 

9. Phacus Sp 

 

Class: Ostracoda 

1. Heterocypris 

2. Cyclo Cyprus 

3. Stenocypris 

4. Eucypris 

5. Centroypris 

4. Lecanedecipiens 

5. Lecane Cornuta 

6. Lecane Ohioensis 

7. Laecanemonostyla 

8. LecaneTesselata 

9. Lecane Cervicornis 

10. Lecanedecipiens 

11. Lecane Cornuta 

12. Lecanearculata 

13. Lecane Luna 

14. Lecane Depressa 

15. cephalodella mucronata 

16. cephalodella gua 

17. cephalodella gibba 

18. Monostyla bulla 

19. Monostylaclasterocera 

Monostylaquadridenta 

 

Family : ASPLANCHNIDAE 

1. Asplanchna brightwelli 

2. Asplanchna Berricki 

3. Asplanchna Priodonta 

4. Asplanchna Priodonta 

5. Asplanchna Sphanchopsis 

Family: HEXARTHRIDAE 

1.  Hexarthra Mira Philodina 

 

Family: FILINIDAE 

1. Filinia Longiseta (Ehrenberg) 

2. Filipiniana Soloensis (Zach) 

Family: SYNCHAETIDAE 

Polyarthra vulgaris 

(Carlin) 

Family: 

1. Chydorus Globosus 

2. Chydorus Sphaericus Chydorus 

Ovalis 

3. Chydorus Falciformis 

4. Leydigia 

Sub-Family Aloninae 

1. Alona Rectangular Rectangular 

2. Alonarectangularichardi 

3. Alonadavidi Punctata 

4. Alona Macrocopa 

5. Alonakarau 

6. Alonella nana 

7. Alonella Dentifera 

 

Phylum Arthropoda Class- Crustacea 

Subclass CalanoidaOrder 

Calanoid -  COPEPOD Family - 

Diaptomidae 

1. Allodiaptomusraoi 

2. Heliodiaptomus 

3. viddus 

4. Phyllodiaptomus. Rhine Diaptomus 

5. NeodiaptomusOrder Cyclopoida 

Family - Cyclopidae 

1. Cyclops leuckarti 

2. Mesocyclops Hyalinus 

3. Paracyclopsaffinis 

4. Microcyclops bicolor 

5. Mesocyclops leuckarti 6. Eu Cyclop 

spp. 

7. Cyclop spp. 

8. Diaptomus spp. 

Family Canthocamptus 9 Nauplii 

 

TRICHOCERIDAE 

1. Trichocerca cylindrica (Imhoff) 

2. Trichocerca Cylindrica 

3. Trichocerca Longiseta 

4. Trichocerca similis 

Class: GASTROPODA 

1. Ascomorpha 
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Figure 1: Satellite Image of Gadchiroli District (Red Border) [https://earth.google.com] 

5. Tricocerarattus Platyias 

Quadricornis 

Family: TESTUDINIDAE 

1. Testudinella Patina 

2. Filinia Longiseta 

3. Filiniaterminalis 

4. filiniatetramatris Horell Mira 

 

Family: TROCHOSPHAERIDAE 

1. Horaellabrehmi 

2. Trichocerca Longiseta 
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Abstract 
In this studies metal complexes have been synthesized by the buildup of pthalic acid, thiosemicarbazide 

and formaldehyde and formaldehyde with 2 M acetic acid is required as a catalyst for polymerization in (1:1:2) 

ratio of monomers. The structure of three coordination polymer were characterized by NMR, FTIR and elemental 

analysis. Thermogravimetric analysis was used for the investigation of thermal stability of the terpolymer ligand 

metal complexes. Additionally, Freeman-Carroll method was utilized for the calculation of activation energy with 

the help of TGA data. The structures of Cu(II) and Ni(II) complexes in the all coordination polymers were found 

as octahedral geometry. TGA results revealed that among the complexes PTSF‐Cu(II) complexe has the highest 

thermally stable than the Ni. 

Keyword: synthesis, characterization, structure, thermal studies. 
 

Introduction 
The excessive usage of heavy metals in 

industries are affecting with toxic effects on life of 

organism. Therefore it must be removed from 

environment. Recently copolymer-metal complexes 

have been more attracting in scientific and 

technological fields. In many areas have found that 

coordination polymers have vast applications in 

wastewater treatment, bioinorganic industry, 

pollution control , superconducting materials, ultra 

high strength material, anionic polyelectrolyte 

hydrogels , cation-exchange resins, etc. Due to its 

features as high thermal stability and antimicrobial 

behavior, the synthesis of polymer-metal complexes 

attracted researchers. The synthesize and 

characterization of several polymer-metal 

complexes have been reported in literature survey 

[1-2]. Khobragade et al. have synthesized metal 

complexes using Cu (II), Ni (II) and Zn (II) and 

characterized by different spectral and physical 

technique. They have studied thermal and 

antimicrobial properties of the synthesized 

copolymer-metal complexes [3-4]. Synthesized new 

terpolymer ligand and metal chelates derived from 

anthranilic acid, phenyl hydrazine and formaldehyde 

with Cu (II), Ni(II), Zn(II), Co(II). The complexes 

were studied for thermal stability and antibacterial 

screening [5-6]. The results reveals that all the 

complexes are highly thermally stable and more 

potent antibacterial agents than their corresponding 

ligands [7]. Some divalent transition metal 

complexes of 8-hydroxquinoline were prepared and 

described for their warm air stability and 

antibacterial activities [8]. 

 In present research work, synthesis of new 

terpolymer metal complexes. Further, Structure of 

the copolymer metal complexes were confirmed by 

different spectroscopic and physical methods [9]. 

Materials and Methods: 

Materials: 
Entire starting materials utilized were of 

AR grade. The pthalic acid (Fisher India), 

thiosemicarbazide (S.D. Fine Chemicals) and 

formaldehyde (Sigma Aldrich) were procured from 

the market. Synthesized PTSF-Cu, Ni terpolymer 

ligand in 1:1:2 ratio. 

Method of Synthesis of PTSF-Cu, Ni complexes: 

Preparation of Polymer-Metal Complexes: 
The terpolymer metal complexes have been 

prepared using the synthesized terpolymers as 

ligand with few transition metal ions such as Cu2+ 

and Ni2+ ions. The terpolymer was taken in 2 M 

and the transition metal ions (Cu2+ and Ni2+) was 

taken in 1 M for the complex formation reaction. 

The PTF terpolymer (2 g) was taken in round 

bottom (RB) flask and immersed in ethanol solution 

to allow it for swelling in 2 h. The cupric nitrate (1 

g) was dissolved in ethanol solution and then poured 

into round bottom flask with equipped mechanical 

stirrer and a reflux condenser. The reaction has been 

carried out with an effective reflux at 60°C for 3 h. 

The colloidal precipitate was observed in the flask 

and separated out. The product was filtered off and 

washed with ether and ethanol to remove the 

impurities. The purification has been done 

repeatedly to separate the purified product. The 

resultant purified sample was air dried, powdered 

and kept in vacuum desiccator with silica gel. 
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Fig.2. UV-Visible Spectra of (a) PTSF-Cu, (b) PTSF-Ni Metal Complexes 
 

Fourier transform infrared spectra 

The FTIR spectra of PTSF terpolymer 

metal complexes are depicted in Figure 3 and Fig.4. 

The terpolymer ligand spectrum showed a broad 

band at 3410.07 cm‐1 is assigned to the hydroxyl 

group of –COOH present in the aromatic ring. A 

band appeared at 2942.57 cm‐1 is assigned to 

aromatic ring (‐CH) stretching modes. The 1,2,3,5 

tetra substitution of aromatic benzene ring is 

confirmed by the bands appeared between 1266 

cm‐1 and 728.04 cm‐1 [14- 15]. The band appeared 

at 1715.40 cm‐1 is assigned to –C=O stretching 

vibrations of Ar‐COOH [16]. The band appeared in 

the region of 1433.01 cm‐1 to 1266 cm‐1 is 

attributed to –CH2 ‐ bending (twisting & wagging) 

mode of vibrations [17]. 

In the spectra of PTSF terpolymer metal 

complexes, the bands are slightly broadened 

compared to the terpolymer ligand. The shifting of 

bands appeared in region of 3406 cm‐1 to 3408 

cm‐1 are due to the coordination of the ligand with 

the metal ions through the lone pair of oxygen 

present in –C=O of phtalic acid. The band appeared 

in the region of 1064.2 – 1010.6 cm‐1 is assigned to 

C‐O‐M stretching mode. The band appeared at 

1732.6 cm‐1 for –C=O stretching vibrations in the 

ligand spectrum is shifted to the range of 1714.6 – 

1714.8 cm‐1 in the complex spectrum clearly 

indicates the metal coordination takes place through 

the –C=O of Ar‐COOH moiety. 

The band appeared at 1648 cm−1 is 

assigned to –C=O amide (I) stretching vibration. In 

the spectra of PTSF metal complexes, the bands are 

slightly broadened compared to the terpolymer 

ligand. In the spectrum of polymeric ligand, the 

band at 1648 cm−1 assigned for C=O amide (I) is 

shifted to the lower frequencies (1630 to 1631 

cm−1) in the case of polymer–metal complexes. It is 

due to the coordination of the metal ions through the 

lone pair of oxygen in carbonyl group present in the 

semicarbazide moiety. This is a clear evidence for 

the involvement of oxygen and –C=O of Ar‐ COOH 

in the chelation. It is further supported by the 

appearance of O_M and O_M stretching vibrations 

at 613–614 and 559–560 cm−1 respectively. 
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Fig.3. FTIR Spectra of PTSF –Cu 
 

 
Fig.4. FTIR Spectra of PTSF –Ni 

 

Nuclear Magnetic Resonance 
The 1H NMR spectra of PTSF terpolymer 

ligand and its Cu(II) and Ni(II) metal complexes are 

shown in Fig. 4 and 5. The signals obtained for the 

terpolymer and its metal complexes were interpreted 

on the basis of the literature [18]. The spectrum of 

terpolymer showed the signals appeared in the 

region of 7.32 – 8.84 ppm is assigned for all the 

protons of the aromatic ring. A signal appeared at 

5.74 ppm is assigned to the –NH protons of the 

thiosemicarbazide moiety and the peak appeared at 

9.86 ppm is assigned to –OH proton of Ar‐COOH. 

A peak appeared at 2.42 ppm is due to the 

methylene protons present in the terpolymer ligand. 

The 1H NMR spectrum of the metal 

complex shows multiplet in the range of 7.05 – 8.94 

ppm are assigned to the aromatic protons and the 

methylene protons appeared in the region of 2.40 – 

3.10 ppm. The signal for –OH proton is shifted from 

9.86 ppm to 10.06 ppm in the complex spectrum 

which gives a clear evidence for the complexation 

of the metal ion with the – to –OH proton of 

Ar‐COOH. 

On comparision with the ligand spectrum, 

the line broadening has been observed in the 

spectrum of metal complex, further confirms the 

metal ion incorporation with the polymer backbone. 
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Thermal Stability 
The non-isothermal thermogravimetric 

analysis was performed in air atmosphere with 

heating rate of 10 ºC.min-1 from temperature range 

of 40ºC to 740ºC using Perkin Elmer Diamond TGA 

analyzer in argon environment. The thermal stability 

of terpolymer, based on the initial decomposition 

temperature, has also been used here to define their 

relative thermal stability, neglecting the degree of 

decomposition. A brief account of thermal 

behaviour of these copolymers metal complexes is 

given in results and discussion. Stability of the 

PTSF-Cu (Cu=Ni) terpolymer metal complexes has 

been analyzed by thermogravimetric analysis 

(TGA). To obtain the relative thermal stability of 

terpolymer metal complexes, the method described 

by Sharp-Wentworth adopted [19-21]. 

Thermoanalytical data and the decomposition 

temperatures were determined for different stages. 

 
 

TGA of PTSF–Cu Complex 

From the weight loss curve of the PTSF–Cu 

complex, the initial weight loss is observed up to 

140°C due to the elimination of lattice water 

molecules and then the weight loss is continued up 

to 190°C (Weight loss in found–5.25%  and calc.–

5.14%) represents the release of two coordinated 

water molecules from the Cu(II) complex. This also 

confirms the octahedral geometry of the PTSF–Cu 

complex. Beyond this a gradual weight loss was 

observed up to 430°C, which may be due to 

thedegradation of unchelated part of the polymeric 

ligand. Above 430°C again a rapid weight loss up to 

500°C has been observed which is attributed to the 

loss of chelated part. The TG curve attains a 
constant after 490°C leading to the formation of 

CuO as residue (Residue in found–12.60%, and 

calc.–11.47%). 

TGA of PTSF–Ni Complex 

The analysis of PTSF–Ni thromogram 

reveals that, there is a weight loss at 200–230°C 

(Weight loss found–5.63% and calc.–5.03%) 

indicates the release of two coordinated water 

molecules. This also confirms the octahedral 

geometry for the nickel complex. Beyond 230°C, a 

gradual weight loss is observed up to 450°C, which 

may be due to the loss of non-coordinated part of 

the ligand. The next degradation stage starts at 

450°C and ends up at 530°C which involves an 

elimination of chelated part. After this temperature 

the NiO is formed as a stable metallic residue 

(Residue in found–10.60% and calc.–10.44%) [22-

26]. 
In all the thermogram of the metal 

complexes, the rate of second stage thermal 

degradation was very fast as compare to the first 
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stage. This is due to the degradation of unchelated 

part of the terpolymer ligand. Further the low 

thermal stability of the metal complexes is also due 

to the oxidation of terpolymer by the catalytic action 

of metal ions. The order of thermal stability of the 

terpolymer metal complexes are in the following 

order:- 

PTSF-Ni > PTSF-Cu 
 

By using an analytical technique suggested by 

Sharp-Wentworth and Freeman-Carroll [27-30], we 

developed the TG curves to give further proof about 

the degradation mechanism of the examined 

substances. 

 

Table. 1. Results of Thermogravimetric Analysis of PTSF - Metal Complexes. 
 

Copolymer 

ligand and 

its metal 

complex 

Half 

Decomposition 

Temp. (T) 

Activation 

Energy 

Ea (KJ)/mol 

SW FC 

PTSF-I-Cu 653 5.84 5.22 

PTSF-I-Ni 673 6.02 6.08 

 

Copolymer Ligands 

And its metal complex 

Entropy change 

∆S(J) 

Free energy 

ΔF (KJ) 

Frequency 

Z (S 
-1

 ) 

Apparent 

entropy (S*) 

Order 

reaction 

PTMF-I-Cu 150.23 62.39 702.78 -24.98 0.9 

PTMF-I-Ni -144.52 60.82 686.41 -25.14 0.92 
 

Further from the knowledge of activation 

energy using Freeman-Carroll method, it is possible 

to calculate the values of various thermodynamic 

parameters. The kinetic parameters such as order of 

reaction (n) and activation energy (Ea) and the 

thermodynamic parameters such as frequency factor 

(Z), entropy change (ΔS), free energy change (ΔF) 

and apparent entropy (S*) are presented in Table 1 

and 2. The Ea values calculated by SW and FC 

methods are in good agreement with each other. The 

order of activation energies for PTSF-Cu(II) and 

Ni(II) complexes are parallel to the order of their 

thermal stability. The values of thermodynamic 

parameters are comparable indicating a common 

mode of decomposition reaction. The abnormally 

low value of frequency factor (Z) indicates that the 

decomposition reaction of PTSF terpolymer and its 

metal complexes takes place in a slow phase. The 

order of PTSF−Cu and PTSF−Ni complexes are 

0.90, and 0.92 respectively. From the above results, 

it is quite clear that the decomposition reaction 

follows approximately a first order kinetics. 

Conclusions 
      The Phthalic acid−Semicarbazide−formaldehyde 

(PTSF) terpolymers Cu (II) and Ni (II) metal 

complexes were newly synthesized with good yield. 

For spectral analysis UV-Visible, IR & H1-NMR 

test from Kochi research center give the result of the 

sample show the structural representation. All the 

terpolymer and their metal complexes have been 

successfully characterized to propose their possible 

structures and geometries by various spectral 

techniques. The Cu2+ and Ni2+ complexes of PTSF 

ligands follow the octahedral geometry and also Cu 

(II) and Ni (II). However, Molar conductivity values 

reveal that all the metal complexes are electrolytes. 

The thermal stability of the metal complexes is less 

compared to its terpolymer ligand. In TGA, the 

kinetic parameters derived using the Freeman-

Carroll approach are found to be comparable, and 

the energy of activation assessed using the Sharp-

Wentworth and Freeman-Carroll methods are found 

to be substantially equivalent, suggesting the same 

reaction mechanism. It is challenging to get any 

original conclusions on the breakdown process. 

According to thermogravimetric research, this 

copolymer is thermally stable at high temperatures. 

References 

1. W. B. Gurnule, D. B. Patle, Polym Bull vol. 66, 

803,(2011). 

2. B. A. Shah, A. V. Shah, P. M. Shah PM, Iran 

Polym, J. vol.16,173-184,(2006). 

3. R. N. Singru, W. B. Gurnule, J Therm Anal 

Calorim, vol.100, 1027-1036, (2010). 

4. M. V. Tarase, A. B. Zade, W. B. Gurnule, 

Journal of Applied Polymer Science, Vol II 116, 

619- 627,(2010). 

5. H. Stinzi, J. Aust, J chem. 35:1145, (1982). 

6. K. Nandekar, S. Mandawgade, Intr. J. I. E. Sci., 

vol.1 (2), (2016). 

7. M. A. R.Ahmed, R. S.Azarudeen and N. M. 

Kani, J. Bioinog. Chem. andappln, vol.16,1-

16,(2014). 

8. N. P. Singh Chauhan, Designed Monomers and 

Polymers, vol. 16(6), 543–555, (2013). 

9. R. K. F. Ahmed, L. S. H. Fakhry, G. Safwat, D. 

Aymanand A. M.Atta, Materials, vol. 12(21), 

3604, (2019). 

10. B. L. Wang, T. W. Jin, Y. M. Han, C. H. 

Shen,vol. Q. Li, Q. K. Linab and H. Chen, J. 

Mat. Chem.vol.3, 5501, (2015). 

11. B. Nowacki,I. R. Grovaa,R. A. Domingues,G. 

C. Fariac,T. D.Z. Atvars, L. Akcelruda, J. 

Photochem. And Photobiology A: Chem.,vol. 

237, 71–79, (2012). 

12. W.B. Gurnule, K.S. Vajpai, R. V. Mankar, C. 

G. Kohad, Mat.Today: proceeding, Elsivier, 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Jyotsna V. Khobragade, Vaishali Dhote 

70 

(xxx)  xxxx, (2020). 

13. Konig E, Structure and Bonding, Springer, 

Berlin, Vol. 175 (1971). 

14. Guoiia Huang and Yuezhongmeng, 

Polym.Degra. And Stability, vol.117, 16-21, 

(2015). 

15. M. V. Tarase, A. B. Zade, W. B. Gurnule, Inc. J 

Appl Polym Sci., vol.116, 619–627,(2010). 

16. A. Neela, V. Rama, Int. J. Sci. & Tech. 

Research, 9, 729-733, (2020). 

17. M. B. Thakre, and W. B. Gurnule, Elsvier, 

Sci.Drct., Materials Today: Proceedings, vol.15, 

516–525, (2019). 

18. Y. U. Rathod, S. B.Zanje and W. B. Gurnule, 

J.Physics: Conf. Series, vol.1913, 1-9 (2021). 

19. S. S. Rahangdale, N. C. Das, K. S. Vajpai and 

W. B. Gurnule, Int. J. Res. In Biosci. Agri. 

and Tech., vol.1 (3), 194-204, (2020). 

20. W.B. Gurnule, Y.U. Rathod and A.D. Belsare, 

Materials Today Proceedings, 29(4), 21. (2020). 

21. W.B. Gurnule, Y.U. Rathod and A.D. Belsare, 

Materials Today Proceedings, 29(4), (2020). 

22. R.N.Singru, W.B.Gurnule, V.A.Khati, A.B. 

Zade and J.R.Dontulwar, Desalination, 263, 

200-210 (2010). 

23. P. M. Gupta, Y. U. Rathod, V. U. Pandit, R. H. 

Gupta and W. B. Gurnule,Materials Today: 

Proceedings, 53, 101 (2022). 

24. P. E.P. Michael, J.M. Barbe, H.D. Juneja, and 

L. J. Paliwal, European Polymer Journal 43, 12 

4995 (2007) 

25. R.S. Azarudeen, M.A. RiswanAhamed, 

R.Subha and A.R. Burkanudeen, Journalof 

Chem.Tech. Biotech., 90, 2170(2015). 

26. R.S. Azarudeen, M.A. RiswanAhamed, M. 

Thirumarimurugan and N. Prabu, Polym. Adv. 

Tech., 27,235 (2016). 

27. W. B.Gurnule, J.Khobragade, and 

M.Ahamed,“Thermal degradation studies of 

high performance copolymer resin derived from 

8-hydroxyquinoline 5 sulphonic acid, 

semicarbazide and formaldehyde,” Der 

PharmaChem, Vol. 6, 334-342, 2014. 

28. R. Thengane, J. V. khobragade, and W. B. 

Gurnule, “Ion exchange properties of copolymer 

resin derived from phthalic acid, 

thiosemicarbazide and formaldehyde,” 

International journal of researches in 

biosciences, agriculture and technology, Vol. II, 

256-266, 2023 

29. D. Shedmake, J. V. khobragade, & W. B. 

Gurnule, “Synthesis, characterization and 

antimicrobial activity of copolymer metal 

complexes and their thermal 

studies,”International journal of researches in 

biosciences, agriculture and technology,” Vol. 

II, 67-79, 2023. 



 

International Journal of Advance and Applied Research 
www.ijaar.co.in 

 

ISSN – 2347-7075 Impact Factor – 7.328 
Peer Reviewed Bi-Monthly   

 Vol.4 No. 44 Nov-Dec 2023  
 

71 

 

Studies on Foliicolous Microfungi from Amravati University Campus, 

Amravati, Maharashtra, India 
 

Shilanand V. Hiwarale
1
, Dilip V. Hande

2
 

1
Sant Gadge Baba Amravati University, Amravati, Maharashtra, India 

2
Shri Pundalik Maharaj Mahavidyalaya, Nandura, Buldhana , Maharashtra, India  

Corresponding Author- Shilanand V. Hiwarale 

Email: svhiwarale@gmail.com 

DOI- 10.5281/zenodo.11260054 
 

 

Abstract: 

Foliicolous fungi are an essential part of the ecosystem and should be thoroughly researched since they are 

essential to the emergence and control of plant diseases. To study the foliicolous fungi present study was carried 

out in regions of Amravati Maharashtra from June 2022 to August 2023. Twenty plant samples with various disease 

symptoms were collected and brought to the laboratory and cultured on PDA media and kept one to two weeks for 

incubation. We found 8 genera and 10 species of foliicolous fungi prominently Alternaria, Bipolaris, Cercospora, 

Curvularia, Dreschlaria, Fusarium etc. The fungal samples were identified with the help of standard monographs 

and online databases. 

Keywords: foliicolous fungi, Amravati, University campus, identification 
 

Introduction: 
Sant Gadge Baba Amravati University, 

formerly Amravati University, located at Amravati 

in the Vidarbha region of the state of Maharashtra, 

India with 480 acres campus. This campus is with 

diverse vegetation and habitats having huge 

potential for the growth and explorations of fungal 

diversity. Since foliicolous fungi are crucial to the 

appearance and management of plant diseases, they 

should be thoroughly studied as an integral element 

of the ecosystem. It is possible for facultative or 

obligatory parasitic fungus to exist in both favorable 

and adverse environments. These produce diseases 

by infecting leaves of various plants from both sides 

and exhibiting symptoms including leaf spots, 

hypertrophy, canker, die-back, etc. Shade and 

decorative trees are most commonly affected by 

leaf spots, a disease that not only damages the tree 

but also lowers its value. Though the surface of leaf 

provide a hostile environment for fungal growth, 

where interesting interactions occur between leaf and 

fungi (Andrews & Harris 2000). Kinkel (1997) 

reported that a thin nutrient film deposited from the 

atmosphere on the leaf surface further facilitates the 

microbial colonization for growing plants make new 

surfaces available for fungi. The richness of fungi 

varry according to biotic and abiotic limitations 

(Iara F. Santiago et.al., 2018). Over 95% of the 

diversity of fungi is still unknown, and those that have 

been identified lack scientific names. Hibbett (2016). 

Keeping this view in mind, present study has been 

conducted in Amravati University campus during 

from June 2022 to August 2023. 

Material and Methods: 

Plant leaves with various disease symptoms 

were collected in the separate paper bags. The 

herbarium of samples were made by pressing and 

dried in blotting paper and the papers were changed 

after short interval of time till the specimens were 

completely pressed and dried. The infected samples 

were further processed by microscopic 

investigations, which involved hand sections and 

preparation of the slides has been done in a drop of 

Lacto phenol, Cotton blue and glycerine (Dubey 

et.al., 2019). In the laboratory, nail polish techniques 

were used to study the structural and morphological 

characters of fungi (Hosagouder and Kapoor, 1984). 

The infected part of leaves were also cultured on 

PDA media and kept one to two weeks for 

incubation or sporulation. The fungal samples were 

observed under compound microscope and 

identified with the help of standard monographs and 

online databases. 

Results and Discussion: 
             The extensive survey of foliicolous fungi was 

carried out from June 2022 to august 2023 in Sant 

Gadge Baba Amravati University, Amravati 

campus. The foliicolous fungus with respective 

hosts and family is enumerated in Table 1. Table 1 

reveals that there are twenty angiospermic host 

plants representing nine families infected by ten 

fungal species representing eight fungal genera. 

Several hosts are being reported to be infected with 

same fungi. Few fungi have been found infects to 

two or three different host (Kumar A and Mall, TP., 

2013). All the fungal genera can be divided into 

some categories viz. Alternaria represented by two 

fungal species where as Fusarium by two species, 

Bipolaris, Cercospora, Cladosporium, 

Colletotrichum Curvularia, Drechslera by one 
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species each. The nine families of angiospermic 

hosts can also be categorized into some groups. 

Members of Fabaceae (Bauhinia variegata (L.), 

Cassia fistula (L.), Bauhinia variegata (L.), Saraca 
asoca (Roxb), Acacia arabica (L.) Willd. Acacia 

arabica (L.) Willd. Dalbergia sissoo Roxb. And 

Casia tora (L.) Roxb.) are most susceptible to be 

infected by five fungal species followed by 

Apocynaceae (Alstonia scholaris (L.), Plumeria 

alba (L.), and Catharanthus roseus (L) G.Don) by 

three species; Moraceae (Ficus benghalensis (L.) 

and Ficus religiosa (L.)) and Myrtaceae (Syzygium   
cumini (L.) Skeels., and Eucalyptus globules Labill.) 

by two; Bignoniaceae (Tecoma stans (L.) Juss. ex 

Kunth.), Meliaceae (Azadirachta indica A.Juss.), 

Poaceae (Bambusa vulgaris Schrad), Sapotaceae 

(Mimusops elengi (L.)) and Verbenaceae (Lantena 

camera (L.)) are being infected by single fungal 

species each. 

Conclusion:  

Fungal species infecting to the host plants 

severely which is a situation of challenge for 

humans so for as the health of the host plant like 

decreasing rate of photosynthesis, other metabolic 

activities and quality of their products. 

Acknowledgement: The authors are thankful to 
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Table 1: List of Foliicolous Fungi and their Host with family collected from Amravati University 

campus 
 

Sr. No. Fungus Host Host family 

1 Alternaria alternata Tecoma stans (L.) Juss. ex Kunth. Bignoniaceae 

2 Alternaria alternata Mimusops elengi (L.) Sapotaceae 

3 Alternaria spp. Bauhinia variegata (L.) Fabaceae 

4 Alternaria spp. Ficus benghalensis (L.) Moraceae 

5 Bipolaris spp. Cassia fistula (L.) Fabaceae 

6 Bipolaris spp. Bauhinia variegata (L.) Fabaceae 

7 Bipolaris spp. Saraca asoca (Roxb) Fabaceae 

8 Cercospora spp. Acacia arabica (L.) Willd. Fabaceae 

9 Cercospora spp. Azadirachta indica A.Juss. Meliaceae 

10 Cladosporium spp. Bambusa vulgaris Schrad. Poaceae 

11 Cladosporium spp. Cynodon dactylon (L.) Pers. Poaceae 

12 Colletotrichum spp. Syzygium cumini (L.) Skeels. Myrtaceae 

13 Curvularia spp. Alstonia scholaris (L.) Apocynaceae 

14 Curvularia spp. Ficus religiosa (L.) Moraceae 

15 Drechslera spp. Plumeria alba (L.) Apocynaceae 

16 Drechslera spp. Dalbergia sissoo Roxb. Fabaceae 

17 Drechslera spp. Eucalyptus globules Labill. Myrtaceae 

18 Drechslera spp. Lantena camera (L.) Verbenaceae 

19 Fusarium spp. Casia tora (L.) Roxb. Fabaceae 

20 Fusarium oxysporium Catharanthus roseus (L) G.Don Apocynaceae 
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Abstract: 

The present paper in tends to analyze the eco-tourism and biodiversity of Nagzira Wildlife Sanctuary. 

Ecotourism is ecologically sustainable tourism with a primary focus on experiencing natural areas that foster 

environmental and cultural understanding, appreciation, and conservation. Tourism, bird watching, and jungle 

safariare all concepts that brings joy and are based on biodiversity in Nagzira Wildlife Sanctuary. Biodiversity 

makes it possible to study the evolution of all living things. Their future and the existence of man are closely 

related to each other. 
 

Introduction: - 
Navegaon-Nagzira Tiger Reserve (NNTR) 

was notified as to 44
th
 tiger reserve of India on the 

12
th
of December 2013.It‟s the 5

th
 Tiger Reserve of 

Maharashtra. It is situated in Gondia and Bhandara 

Districts in the North – Eastern corner of 

Maharashtra. Gondia district share common 

boundaries with the states of Madhya Pradesh & 

Chhattisgarh on the North and Eastern side 

respectively. Strategically, The Tiger Reserve is 

located in the heart of the central Indian Tiger 

landscape which contributes almost 1/6 of the Total 

tiger population of the country. This area is an 

excellent abode for almost all major floral and 

faunal species found in central India. 

“Nagzira” name derived from two words 

i.e. „Nag‟ and „Zira‟.„Nag‟ is a Sanskrit word that 

means Elephantand „Zira‟ means Spring. This area 

indicates the historic habitat of elephants denoted by 

the name „Nagzira‟ There is a temple of 

„Naag‟(Snake)which is exactly in the middle of the 

Nagzira temple of Mahadev. 

There was also a village inside the forest 

called „Nagthana‟ denoted the name of the forest 

Nagziragot its name from this temple and „Zira‟ 

(Zara) in Marathi means the source of water that 

comes out from a hillin„Pongezara‟.Nagzira mostly 

tribal people who lived in the area were under Gond 

Kings in the old days. 

Objectives of the study: 

1. To know the impact of natural and cultural 

factors on ecotourism due to Nagzira Wild life 

Sanctuary. 

2. To search the potential of eco-tourism 

development in the NNTR area 

3. To give suggestions to the government of 

Maharashtra and the tourism board for 

development. 

Study area: - 
The core zone is situated administratively in 

the Gondia and Bhandara districts of Vidarbha 

region in Maharashtra state. It is in the North–East 

corner of the state, near the boundaries of 

Chhattisgarh in the east and Madhya Pradesh in the 

north, and geographically forms part of central 

Indian highlands in the sub-ranges of Satpuda Hill 

Rangei.e. Nagzira block in the Gaikhuri Range. 

The geographical coordinates of the Core Zone is as 

under 

 

Conservation Unit Block Geographical coordinates 

Core Zone Nagzira 
latitude N21

0
06

|
to21

0
21

|
 

longitudes E79
0
 42

|
 to80

0
10

|
 

 

Data base & Methodology: 

This study of research is mainly based on 

secondary data. It is collected from TCP, Forest 

Department of Maharashtra in Gondia and Bhandara 

District and various sources of secondary data have 

been utilized, such as journals, books, and the 

internet. 

The habitat & Biodiversity scenario: 

Nagzira Wildlife Sanctuary has rich floristic 

diversity. The major forest type is “Southern 

Tropical Dry Deciduous Forest “5A/C3” as per the 

Champion and Seth Classification. Till now 274 and 

364 plant species has identified from Nagzira Wild 

life Sanctuary. It grows as the middle story in teak 

as well as mixed forest. 

Nagzira Wildlife Sanctuary is home to many 

endangered species with 72 species of mammals, 

more than250 species of birds including migratory 

land and water birds, about 48 species of reptiles, 

and many species of amphibians. 

The large carnivores like Tiger and leopard 

and smaller carnivores like wild-dog, wolves, 
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jackals, and jungle cats, and also the good 

population of sloth bears are reported from Nagzira 

Wildlife Sanctuary. The important her bivores 

include Cheetal, Sambar, Nilgai, Chousingha, 

Barking deer, wild pig, and Gaur, Mouse deer has 

also been recorded from the area. The other animals 

include common Langur, Rhesus Macaque, Badger, 

Flying Squirrels, Civet sand Mongoose species, 

Giant squirrel, etc. The area is surrounded by good 

patches of forest from 3 sides mostly under the 

Territorial Forest division. Beside sits floral and 

faunal values. 
 

 
 

 

Sr. 

No. 

Wildlife 

Species 

Nagzira Wildlife 

Sanctuary 

 

Types of 

plants 

Species of 

Vegetation’s 

1 Mammals 38 Tree Class 124 

2 Birds 202 Grass 38 

3 Reptiles 36 Climber 28 

4 Butterfly 49 FlowerClass 02 

5 Germs 09 Medicinal 91 

6 Fish 52 Bamboo 02 
 

Eco-Tourism: - 

Eco-Tourism in contest of Tiger Reserve is 

ecologically sustainable nature tourism, which is 

emerging as an important component of the tourism 

industry. Eco-tourism is proposed to be fostered 

with financial support to the host community 

through soft loans from Eco-development 

communities, by site-specific Eco-Tourism plan and 

carrying capacity of Tiger Reserve. 

In recent times, vast changes in the Eco-

Tourism Policy of the state and Central Government 

have taken place. The Supreme Court of India in its 

order dated 16
th
 October 2012 in Civil Appeal no. 

21339/2011 directed that the state to prepare an 

Eco-Tourism plan for each Tiger Reserve as per 
National Tiger Conservation Authority‟s Eco-

Tourism guidelines circulated. The eco-tourism plan 

of Nagzira Tiger Reserve (NNTR) is a project that 

aims to promote sustainable and responsible tourism 

in the area, while conserving the rich biodiversity 

and cultural heritage of the region. Some of the 

features of the plan are: 

 The Forest Development Corporation of 

Maharashtra Limited (FDCM) operates various 

resorts and facilities for tourists inside and 

outside the core jungle of NNTR 

 The Maharashtra Eco Tourism Portal provides 

online booking facilities for accommodation 

and safari in NNTR 

 The eco-tourism activities are subject to the 

guidelines of the National Tiger Conservation 

Authority (NTCA) and the district collectors 

concerned 

 The eco-tourism plan also involves the 

participation of local communities and 

stakeholders in the management and 

development of the region 

https://www.fdcm.nic.in/Nagzira-Resort.aspx
https://www.fdcm.nic.in/Nagzira-Resort.aspx
https://www.fdcm.nic.in/Nagzira-Resort.aspx
https://www.fdcm.nic.in/Nagzira-Resort.aspx
https://www.fdcm.nic.in/Nagzira-Resort.aspx
https://www.fdcm.nic.in/Nagzira-Resort.aspx
https://www.fdcm.nic.in/Nagzira-Resort.aspx
https://thelivenagpur.com/2020/06/24/48134/
https://thelivenagpur.com/2020/06/24/48134/
https://thelivenagpur.com/2020/06/24/48134/
https://thelivenagpur.com/2020/06/24/48134/
http://mahaecotourism.gov.in/ecotourism/sites/default/files/inline-files/Navegaon-Nagzira.pdf
http://mahaecotourism.gov.in/ecotourism/sites/default/files/inline-files/Navegaon-Nagzira.pdf
http://mahaecotourism.gov.in/ecotourism/sites/default/files/inline-files/Navegaon-Nagzira.pdf
http://mahaecotourism.gov.in/ecotourism/sites/default/files/inline-files/Navegaon-Nagzira.pdf
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 The eco-tourism plan is expected to generate 

revenue and employment opportunities for the 

local people, as well as enhance the awareness 

and appreciation of the natural and cultural 

values of NNTR 

Objectives of eco-Tourism: - 

1. Highlight the heritage valves of Nagzira Wild 

life Sanctuary. 

2. Build environment and cultural awareness, 

nature education, and respect. 

3. Providelivelihoodopportunitiestolocalcommunit

iesandbenefitsharing. 

4. Wild ernes conservation in ecologically 

sensitive landscapes. 

5. Capacity building of local communities in 

planning, providing, and managing ecotourism 

facilities. 

Conclusion: 
 The development of ecotourism to improve 

the respect of the environment can be a unique 

resource for wild animals and the local economy. 

Choosing to live an ecotourism experience means 

not only experiencing an un for gettable adventure, 

being in contact with the most pristine nature, and 

admiring beautiful wild life but also supporting local 

communities and organizations committed to the 

protection of local fauna. The strength of the tourists 

in NNTR is increasing day-by-day. The socio-

cultural factors are responsible for the development 

of Eco-Tourism in NNTR and other tiger reserves 

too. The tourism potential of NNTR is also vast as 

compared to the present tourist status. 

Suggestions:  
The government has to develop the Tourist 

facility in NNTR. The accommodation facilities as 

well as the number of vehicles are very low in 

Nagira Tiger Reserve which must be further 

developed. There is a need to increase the tourist 

routes in NNTR. Villages inside the NNTR May be 

relocated to other areas to make more geographical 

space for the wildlife. The Wildlife Corridors must 

be protected for the smooth movement of wildlife 

with the other protected areas especially Satpura 

Tiger Reserve and Karna Tiger Reserve in Madhya 

Pradesh as well as Tadoba Andari Tiger Reserve in 

Maharashtra.  
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Abstract 

Tercopolymers were prepared by the condensation of o-Aminophenol(o-A)-,dithiooxamide (D) and 

formaldehyde (F) in the presence of of hydrochloric acid (2M) as catalyst with varying molar ratio of reacting 

monomers. Tercopolymers were characterized by their electronic absorption spectra, NMR spectra, IR spectra, 

elemental analysis and TGA. Molecular weight of the copolymer were determined by non-aqueous 

conductometric titration. The kinetic and thermodynamics parameters such as order of reaction, energy of 

activation, frequency factor,entropy charge, free energy change and apparent entropy change have been 

determined. Freeman Carrolland Sharp Wentworth method have been applied for the calculation of kinetic 

parameters while the data from the Freeman- Carrollmethod have been used up to determine various thermo 

dynamics parameters. The static (isothermal) TGdata were analysed by use of Sharp-Wentworth method were 

calculated and it was observed that the o-APDF-IV was more stable than those fo-APDF-I,o-APDF-IIando-

APDF-III.This prediction on the basis of static TGdataisan agreement with the prediction based on the activation 

energies and initial decomposition temperatures calculated from the dynamic TG curves. 

Keywords-Tercopolymers, Synthesis, Resin, Thermal degradation 
 

Introduction 

Many research is being directed towards the 

preparation of polymeric chains which are 

propagated because of the formation of metallic 

chelates, so that also synthetic resins derived from 

hydroxyl and amino compounds have attracted the 

attention of many research workers because of their 

versatile use as ion exchangers, photographic 

binders, thermal stabilizers, etc. 

As the term implies, macromolecular 

science deals with compounds whose characteristic 

properties depend mainly on the extraordinary large 

size of the molecules and synthetic polymeric or 

macromolecular compounds lies between 104 and 

107 polymeric materials received attention and 

importance only in the recent years. Condensation 

of phenol or hydroxybenzoic acid with 

formaldehyde in presence of acid afforded a 

polymer, while condensation of hydroxybenzoic 

acid and urea/thiourea with form aldehyde/trioxane 

in presence of acid yieldsater polymer. These 

terpolymers are reported to have better acid 

resistance, better thermal stability and electrical 

properties than those of phenol-formaldehyde type 

copolymers. 

Tercopolymer are macromolecular entities 

which form an integral part of the 

backbone.Tercopolymers are found to be amorphous 

powder or crystalline resinous in nature and form 

special class of polymers which are widely known 

for their uses. Condensation of phenol or 

hydrobenzoic acid with formaldehyde in presence of 

acid afforded a polymer, while condensation of 

hydrobenzoic acid and biuret with formaldehyde or 

trioxane in presence of acid as catalystyieldsa 

Tercopolymer. These Tercopolymer have better 

thermal stability and electrical properties than those 

of phenol - formaldehyde type copolymers. The 

tercopolymers can be used as ion-exchangers, semi-

conductors, antioxidants, hardening agents, molding 

materials, rectifiers, dyes, fungicides in plants and 

living tissues. 

In this paper we describe the study of 

Freeman-Carroll (1) and Sharp-Wentworth (2) 

methods to evaluate activation energy and thermal 

stability of newly synthesized tercopolymer resin. 

The o-APDF terpolymer resins have been 

synthesized by the condensation process and 

purified. These are yellow color and are soluble in 

DMF, DMSO, aqueous KOH, and NaOH and 

insoluble in almost all organic and inorganic 

solvents. 

Experimental 

Chemicals: All the chemicals used were of 

Analytical R.grade. 

Instruments used: The apparatus required for a 

thermo gravimetric analysis consists of the 

components. 

1) Asensitive analytical balance. 

2) A furnace. 

3) A furnace temperature controller program 

4) Arecorder which provide a ploto sample.The 
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plot is known as the program. 

This is the entire experimental set-up for the 

thermogravimetric analysis, known as 

thermobalence. A wide range of commercial 

instruments are available and all of these have many 

common features. The thermograms of the 

terpolymer resins under present investigation were 

carried out at Sophisticated Instrumentation Centre 

for Applied Research and Testing (SICART), 

Vallabh Vidyanagar, Anand, Gujarat. 

Synthesisofo-Aminophenol (o-A)-Dithiooxamide 

(D) -Formaldehyde (F) TerpolymerResin. 
The four different types of o-APDF 

terpolymer resins have been successfully 

synthesized and abbreviated as given in Table 1. 

Synthesisofo-APDF-Iterpolymer resin 

A mixture of ortho amino phenol(1.09gm, 

0.1 mol), and dithiooxamide (1.20 gm, 0.1 mol) and 

formaldehyde (7.50 ml, 0.2 mol) in molar ratio of 

1:1:2 in the presence of 2M (200 ml) HCl as a 

catalyst has been prepared in round bottom flask. 

The resultant mixture was refluxedover an oil bath 

for heating at122ºC± 2ºCfor5 hrs with occasion 

alshaking to ensure thorough mixing. The 

temperature of oil bath was controlled electrically 

with the help of dimmer stat. The resinous sticky 

brown solid mass obtained was immediately 

removed from the flash as soon as the reaction 

period was over and then it’s purified. Excellent 

yieldo after polymerresincan be obtained by this 

reaction the reaction is shown as follows in Fig. 1. 

Purification of Resins: 
The solid product was repeatedly washed 

with cold distilled water, dried in air and powdered 

with the help of agate mortar and pestle. The 

powder was washed many times with hot water 

followed by methanol to remove the un reacted 

starting materials, if any. The properly washed 

powder was dried in vacuum desicator over 

unhydrous calcium chloride. The resin was further 

purified by reprecipitation technique. The 

terpolymer was dissolved in 8% NaOH, filtered and 

reprecipitated by drop wise addition of ice cold 1:1 

(v/v) concentrated hydrochloric acid /distilled water 

with rapid stirring to avoid the lump formation. The 

process of reprecipitation was repeated twice. The 

terpolymer resin o-APDF-I so obtained was filtered, 

washed several times with hot water, dried in 

air,powdered and kept in vacuum desicator over 

unhydrous calcium chloride. 
 

 
 

Table 1 

Synthesis and Physical Data of o-APDF Terpolymer Resins 
 

  Reactants        

Terpolymer 

Resin 

Abbreviation 

Ortho amino 

phenol o-AP 

(mol) 

Dithiooxamide 

D (mol) 

Formal 

dehyde F 

(mol) 

Molar 

ratio 

Catalyst 

2M/HCl 

(ml) 

Reflux 

Temp. 

(K) 

Time 

(hr) 

Yield 

(%) 

Melting 

point (K) 

o-APDF-I 0.1 0.1 0.2 1:1:2 200 393 5 80 386 

o-APDF-II 0.2 .1 0.3 2:1:3 200 393 5 82 393 

o-APDF-III 0.3 0.1 0.4 3:1:4 200 393 5 84 390 

o-APDF-IV 0.4 0.1 0.5 4:1:5 200 393 5 85 389 

 

Similarly other terpolymer resins o-APDF-

II, o-APDF -III and o-APDF -IV were synthesized 

by varying molar properties of starting materials 

such as (2:1:3), (3:1:4) and (4:1:5) respectively by 

varying little experimental condition during 

polycondensation reaction of reacting materials. 
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Results and Discussion 

Thermogravimetry Ofo-APDFTerpolymer Resin: 

The thermo gra vimetric analysis of o-

APDF terpolymer resins has been carried out in the 

temperature range of 40ºC to 800ºC. The 

thermograms of o-APDF terpolymer resins are 

shown in Fig. 2, 3, 4 and 5. The thermogram of o-

APDF terpolymer shows three steps in the 

decomposition reaction after initial loss of water 

molecular. 

Thermogravimetryofo-APDF-Iterpolymerresin 

Thermogramofo-APDF-Iterpolymer 

resinisgivenin Fig. 2, depicts three steps in 

decomposition reaction, after loss of one crystalline 

water molecule entrapped in thepolymer molecule 

(5.94% found and 6.64% calculated). The first step 

of decomposition starts from 110ºC to 150ºC, 

corresponding the gradual mass loss of 17.82% 

found and 18.18% calculated, which may be due to 

the gradual loss of one hydroxyl group and one 

Amino (-NH-) group attached to aromatic benzene 

ring. The second step of degradation starts from 

150ºC to 530ºC corresponding the rapid mass loss of 

89.10% found and 88.40% calculated which may be 

due to the degradation of one aromatic benzene ring. 

The third step of decomposition starts from 530ºC to 

800ºC, corresponding to slow loss of 94.26% found 

and 100.00% calculated, due to the degradation of 

side chain and Dithiooxamide moiety consequently 

the residue is left behind. Which is of carbon moiety 

The thermal degradation by increasing temperature 

may be due to the increasing strain and unstability 

and cross linking of molecule by increasing thermal 

vibration. To decrease the strain and to maintain 

stability the resin undergoes degradation. 

Thermogravimetryofo-APDF-IIterpolymer resin 

Thermogramofo-APDF-IIisshownin Fig.3, 

showing three stage decomposition, in the 

temperature range of 40ºC-800ºC after initial mass 

loss of crystalline water molecule (3.96% found and 

4.59% calculated). The first step of decomposition 

starts from 140ºC to 250ºC corresponding the mass 

loss of 16.50% found and 16.84% calculated, which 

may be due to loss of the hydroxyl groups and two 

Amino (-NH-) groups attached to aromatic benzene 

ring, may be due to increasing strain by thermal 

vibrations. The second step starts from 250ºC to 

560ºC, corresponding the mass loss of 92.40% 

found and 92.28% calculated which may be due to 

degradation of two aromatic benzene nuclei, may be 

due to unzipping strain and unstability in the 

molecule. The third step of degradation starts from 

560ºC to 800ºC, corresponding to the mass loss 

equal to 95.73% found and 100.00% 

calculated,which may be due to the degradation of 

side chain and dithiooxamide moiety and 

consequently the residue left over is carbon moiety. 

Thermogravimetryofo-APDF-IIIterpolymer resin 

Thermogramofo-APDF-III terpolymer 

resinisshown in Fig.4,inthetemperaturerangeof 

40ºCto800ºC, showing three stage decomposition 

reaction with initial loss of one water molecule 

corresponding the loss of 3.30% found and 3.50% 

calculated. The first step of decomposition starts 

from 145ºC to 280ºC, corresponding to the lossof 

mass equal to 16.50% found and 16.16% calculated, 

which may be due to the degradation of two 

hydroxyl and twoAmino(-NH-) groups attached to 

two aromatic benzene rings,may be due to 

increasing crosslinking,strainand unstability by 

thermal vibrations.The second step decomposition 

starts from 280ºC to 590ºC, when the molecule loss 

it’s fine structures, cross linking, strain and 

unstability may increased, which result of showing 

the mass loss equal to 94.38% found and 94.2147% 

calculated which may be due to the degradation of 

three aromatic benzene rings. The third step starts 

from 590ºC to 800ºC, when the strained molecule 

suffer unzipping of cross linking, leading to the 

mass loss of 97.50% found and 100.00% calculated, 

may be due to degradation of side chain and 

Dithiooxamide moiety consequently the residue left 

behind. 

Thermogravimetryofo-APDF-IVterpolymerresin 

Thermogram ofo-APDF-IVterpolymer resin 

is shown in Fig.5, in the temperature angeof40ºCto 

800ºC, showing three stages in the decomposition 

reaction with initial loss of water molecule 

corresponding the mass loss of 2.64% found and 

2.83% calculated. The first stage of decomposition 

starts from 150ºC to 290ºC, which is corresponding 

to the mass loss (15.84% found and 15.74% 

calculated) of four hydroxyl and four (-NH-) groups 

attached to four aromatic benzene nucleus, may be 

due to increasing cross linking, strain and unstability 

in the molecule by increasing thermal vibration due 

to increasing temperature in the molecule. The 

second step of decomposition starts from 290ºC to 

600ºC, when strain increases high, leading to the 

mass loss equal to 95.70% found and 95.37% 

calculated, which may be due to the degradation of 

four aromatic benzene rings. The third and last step 

decomposition may be due to the loss of side chain 

and dithiooxamide moiety, when the strained 

molecule suffer unzipping of cross linking, leading 

to the mass loss equal to 98.62% found and 

100.00% calculated and consequently the residue 

left behind is carbon moiety. 

The results of thermogravimetric analysis 

of o-APDF terpolymer resins and species degraded 

with their corresponding percentage mass loss are 

given in Table 3.62. By using thermal 

decomposition data the graphs were plotted by 

applying Sharp-Wentworth method (Fig. 6) and 

activation energy was calculated, found to be in 

good agreement with the activation energy 

calculated by Freeman-Carroll method . The thermal 

activation energy plotand Freeman-Carroll plots for 
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o-APDF terpolymer resin have depicted in Fig. 7 to 

8 respectively. The thermogravimetric parameters 

have been calculated on the basis of thermal 

activation energy of using Freeman- Carroll method. 

The various kinetic parameters such as change in 

energy (∆S) free energy change (∆F) frequency 

factor (Z) and apparent entropy (S*) are given in 

Table 3. 

Discussion 

By using thermal decomposition data and 

then applying the Sharp-Wentworth method (a 

representative Sharp- Wentworth plot of o-APDF - 

(1) polymer is shown in Fig.6) activation energy is 

calculated which is in agreement with the activation 

energy calculated by Freeman-Carroll method 

(Table2). A representative thermal activation energy 

plot(Fig.7) and Freeman-Carroll plot(Fig.8) for the 

polymer has been shown. Thermodynamic 

parameters have been calculated on the basis of 

thermal activation energy. These values are given in 

Table2. 

By using the data of the Freeman-Carroll 

method various thermodynamic parameters have 

been calculated (Table2).The values of thes ethermo 

dynamic parameters for all the tercopolymers are 

out the same. The similarity of the values in dicatesa 

common reaction mode. From the abnormally low 

values of frequency factor, it may be concluded that 

the decomposition reaction of o-APDF polymers 

can be classed as a 'slow' reaction. There is no other 

obvious reason. 

 

Table 2 

Thermogravimetric Data and Decomposition Temperature Range of o-APDF Terpolymer Resins: 
 

 

Loss of crystalline 

water molecule 

Decompositionstep,temperaturerange(ºC),massloss(%)and species degraded  

 

Terpolymer 

Resins 

First Step (loss of 

methyl& hydroxyl 

group) 

Second Step 

(lossofaromatic 

phenyl nucleus) 

Third Step 

(lossofside chain 

ofoxamide) 

Mass of 

residue 

leftover 

(%)  
Temp. range 

(ºC) 

Mass loss 

(%) 

Temp. range 

(ºC) 

Mass loss 

(%) 

Temp. range 

(ºC) 

Mass loss 

(%) 

Temp. range 

(ºC) 

Mass loss 

(%) 

o-APDF-I 40-110 
5.94(F) 

6.64C) 
110-150 

17.82(F) 

18.18(C) 
150-530 

89.10(F) 

88.40(C) 
530-800 

94.26(F) 

100.00(C) 

5.74(F) 

0.0(C) 

o-APDF-II 40-140 
3.96(F) 

4.59(C) 
110-250 

16.50(F) 

16.84(C) 
250-560 

92.40(F) 

92.28(C) 
560-800 

95.73(F) 

100.00 (C) 

4.27F) 

0.0(C) 

o-APDF-III 40-145 
3.30(F) 

3.50(C) 
145-280 

16.50(F) 

16.16(C) 
280-590 

94.38(F) 

94.21(C) 
590-800 

97.30F) 

100.00 (C) 

2.70(F) 

0.0(C) 

o-APDF-IV 40-150 
2.64(F) 

2.83(C) 
150-290 

15.84(F) 

15.74(C) 
290-600 

95.70(F) 

95.37(C) 
600-800 

98.62F) 

100.00 (C) 

1.38(F) 

0.0(C) 

F=found, C= calculated 

 
Table 3 

Results of Thermogravimetric Analysis of o-APDFTerpolymer Reins 
 

Terpolymer 
Half 

decompositi 

Activationenergy 

Ea (KJ)/mol Entropy change 

 (J) 

Free energy 

 (KJ) 

Frequency 

factor 

Apparent 

entropy 
Order 

reaction 

(n) resins 
on Temp. 

(K) 
FC SW 

(Z) 

(Sec.
-1

) 

(S*) 

(KJ) 

o-APDF-I 633 23.41 23.74 -163.956 97.314 659 -19.149 0.98 

o-APDF-II 673 25.64 24.41 -164.521 00.375 705 -19.11 0.97 

o-APDF-III 683 26.72 26.61 -165.092 102.548 785 -19.03 0.95 

o-APDF-IV 688 27.25 27.51 -165.662 104.721 812 -19.02 0.94 

 

SW–Sharp-WentworthMethod FC–Freeman–CarrollMethod 
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Fig.6.Sharp-Wentworth Plot of o-APDF-ITerpolymer Resin 
 

 
 

Fig.7. Thermalactivation energy plot (Freeman-Carroll plot) of o-APDF-I terpolymer resin 
 

 
Fig.8.Freeman-Carroll Plots ofo-APDF-I Terpolymer Resin 

 
 

The activation energy calculated by Sharp-

Wentworth method and Freeman-Carroll method are 

in good agreement. The sequence of thermal 

stability is found to the o-APDF-I < o-APDF-II < o-

APDF-III < o-APDF-IV. The sequence of thermal 

stability is predicted on the basis of increasing initial 
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and half decomposition temperatureas well as on the 

increasing melting points. The removal of water 

molecule is the initial slow mass loss, which may 

due to the water entrapped in terpolymer resin, 

hence the water is probably considered as a crystal 

water. Finally residue remained ascribed as oxamide 

moiety. The various kinetic parameters calculated 

by Freeman-Carrollmethod are about same, 

indicating common mode of decomposition 

reaction. Abnormally the low values of frequency 

factor may be indicated that the decomposition 

reaction can be classed as slow reaction. The slow 

reaction is also predicted by negative values of 

entropy change. The negative values means the 

disorder is less and the reaction in carried by more 

order manner, making it slower. The graphs 

obtained by Sharp-Wentworth and Freeman-Carroll 

methods are fairly good straight liners or linear by 

ignoring some abnormal points, indicating that the 

decomposition does not obey first order kinetics 

perfectly [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16]. However no unique conclusion can be drawn 

from the TGA study as the decomposition reaction 

perhaps is very complicated. On the basis of all the 

physico-chemical and spectral evidences and fore 

going results and discussion the most probable 

structures have been proposed for o-APDF 

terpolymer resins under investigations as shown in 

Fig. 9. 
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Abstract 
Lakes and reservoirs contribute immensely to inland fishery resources in terms of size as well as 

productivity, which in turn is affected by physicochemical status of waterbody. Present study deals with the 

diversity and abundance of fish fauna of Junona lake in relation to the physicochemical parameters. 

The investigation of present study confirmed the occurrence of 22 species of fishes belonging to five 

different orders . The order Cypriniformes was found to be dominant. The study was carried out from June 2018 

to March 2019 . Economical value as well as abundance of fishes were also studied. General conclusions showing 

the impact of physicochemical factors on Ichthyofaunal diversity are also stated. 

Key Words: Ichthyofauna, fish diversity, physicochemical 
 

Introduction 
The lakes and reservoir constitutes habitat for variety of Flora, fauna and aquatic life.These act as 

important life support system for aquatic biota. It is necessary to analyse physicochemical and biological 

parameters of water body because these have direct impact on aquatic environment. Lakes and reservoirs are the 

ecological and cultural landmark on the map of any city or forest. Industrial development, population explosion as 

well as advanced agricultural practices have become threat to these aquatic ecosystem. Fresh water perennial 

water bodies such as reservoirs and lakes located especially in 

rural areas are mainly used as a source of drinking water, 

irrigation and for fish production by the local 

fisherman communities. Fishes are most valuable bio-

product of fresh, marine and brackish water ecosystem. 

Reservoir fishery in India is also important from 

socio-economic point of view as it has a potential to provide 

employment to several people. The fish catching is a major 

source of livelihood of many fishermen and tribals of that 

area. Ichthyofauna of a lake basically represents the fish 

faunal diversity and their abundance. Lake preserves a rich 

variety of fish species which support commercial fisheries. 

Fish fauna in Maharashtra has been studied by many 

researchers (Sakhare 2001, Pawar et al 2006, Buttle et al 

2007) in different waterbodies. From Vidarbha region of 

Maharashtra, yadav (2006) reported 4 species from Tadoba 

National Park, Dist. Chandrapur. Heda (2009) reported 32 

species from Kathani river of Gadchiroli Dist. Gadchiroli. 

Khan (2012) reported 40 fish species from Chulbandh 

reservoir, Dist. Gondia. Shelke (2016) studied the 

Ichthyofaunal biodiversity of Girna Dam, Dist. Nashik. 

Maharashtra, India and reported 24 species. The present 

investigation has been undertaken with the aim to study the 

fish fauna of Junona lake along with the physiochemical 

status of the lake. 

Study area 
Junona is a beautiful perennial freshwater lake 

situated 13 kms away from Chandrapur city, Maharashtra, 

India. It is spread over near about 300 acres, situated about 

677 meters above the sea level and is at 79° 23’ 3597’’ E 
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longitude and 19° 55’29.92” E latitude. It 

harbours several aquatic weeds and organisms like 

crustaceans, molluscs, insects and it is a beautiful 

site for bird watching. 

Material and methods 

Fishes were collected from Junona lake 

during the study period June 2018 to March 2019 

with the help of fishermen. These were examined 

directly and also preserved in 10% formaldehyde. 

Fishes were identified following the key of Talwar 

and Jhingran (1991), Day (1994) and Jayram (1999). 

The physicochemical parameters of the water were 

analysed by methods described by APHA (1998). 

Result and discussions 

Junona lake is adequate in its ecological 

importance because it provides a suitable habitat 

for large number of floral and faunal species.The 

main purpose of this investigation was to determine 

the current status of fish fauna in Junona lake. The 

present study reveals the occurrence of 22 species 

belonging to 16 genera under 10 families and 5 

orders. The order Cypriniformes was found to be 

dominant with eight species followed by order 

Siluriformes having six species. The order 

Channiformes and order Perciformes were 

represented by three species each whereas two 

species were found from the order Clupeiformes. 

(Table 1) Most of the fishes collected and studied 

were found economically important. The collected 

fish fauna include major carps, catfishes, perches, 

snake-head fishes as well as feather back. Most of 

these are used as food fishes and commercially 

cultured .Some have their importance as ornamental 

fishes. 

Sharma et al (2007) published Ichthyofauna 

of Kishanpura lake, Indore. Ahirrao and Mane 

(2000), in earlier studies recorded 32 fish species 

belonging to 25 genera, from fresh waters of 

Parbhani district of Maharashtra. Sakhare, V.B. 

(2001) recorded 23 species belonging to 7 orders in 

Jawalgaon reservoir in Solapur district. Hiware and 

Pawar (2006) recorded 43 fish species from Nath 

Sagar Dam, Paithan. Vyas et.al (2012) recently 

studied the aquatic biodiversity of ponds and rivers 

of Madhya Pradesh and reported 86 fish species in 

different rivers. Physicochemical parameters play a 

very important role in the composition of aquatic 

biota of any water body. The fresh water lake 

generally have warmer water temperature, slightly 

alkaline pH, optimum values of dissolved 

oxygen and moderate or minimum free CO2 

level. Important physicochemical parameters related 

to productivity were evaluated from the water 

samples of Junona lake are represented in table 2. 

Jaya Raju et al (1994) have studied fish diversity in 

collaboration with physicochemical parameters from 

the river Munneru, a tributary of Krishna river. 

According to this study dissolved oxygen and 

temperature were observed to be major controlling 

factors in the distribution of fishes. 

Conclusion 

Fish fauna is an important aspect in 

determination of ecological status and productivity 

of any water body. It shows wide range of diversity 

according to geographical condition and 

limnological status of aquatic ecosystem. The 

changes in the composition of fish assemblage 

indicate a variation in physicochemical parameters 

of water such as pH, temperature, DO, free CO2 etc. 

The Junona lake which is slightly away 

from the crowded area of Chandrapur city and 

surrounded by a dense forest on one side, reveals a 

good Ichthyofaunal diversity. It is observed that 

physicochemical parameters, specially dissolved 

oxygen and temperature support the diversity and 

commercial production of fishes. It is necessary to 

implement proper conservation strategies to 

maintain the beauty and ecological status of the lake 

as well as to increase fish productivity in future. 

 

Table 1 Lchthyofaunal Diversity of Junona Lake during the Study Period July 2018 to March 2019 
 

Order Family Scientific Name Vernacular Economic status 

Cypriniformes 

(Carps) 

Cyprinidae Labeo rohita Rohu Culturable food 

 Labeo calabasu Karaunt Culturable food 

  Catla Catla Catla Culturable food 

  Cirrhina mrigala Mrigal Culturable food 

  Gyprinous carpio Common Carp Culturable food 

  Ctenopharyngodon Idella Carp Culturable food 

  Puntius sarana Olive barb Ornamental /weed 

  Puntius sophore Khavli Ornamental /weed 

Siluriformes 

(Catfishes) 

Hyteropneustidae Heteropneustus Singhi Food fish 

Bagridae Mystus seenghala Shingala Ornamental /weed 

  Mystus tengara Tengra Ornamental /weed 

 Claridae Clarias batracus Magur Food fish 

 Siluridae Wallago attu Padan Food fish/Live fish 

 Siluridae Ompak pabda Butter catfish Food fish 

Channiformes 

(Snakehead) 

Channidae Channa marulius Murrel Food fish 

 Channa puntatus Girau/Sauri Food fish 

  Channa striala Dokrya/Morrul Food fish 
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Perciformes 

(Perches) 

Cichlidae Tilapia Talaphi Food fish 

Anabantidae Anabas testudinus Koi Food fish 

 Aborssidae Ambasis ranga Glass fish Ornamental fish 

Clupeiformes 

(Featherback) 

Notopteridae Notopterus Patola Food fish 

 Notopterus chitala Chital Food fish 

 

Table 2: Physicochemical Status of Junona Lake during July 2018 to March 2019 
 

Sr No Parameters Range 

  Minimum Maximum 

1 Water temperature 21° 29° 

2 pH 7.1 7.8 

3 Dissolved Oxygen 5.2 11.07 

4 Free carbon dioxide 4.2 5.7 

5 Total alkalinity 138.22 189.9 

6 Total hardness 102.13 218.7 

7 Total dissolved solids 122.4 172.8 

8 Phosphate 0.62 1.08 

9 Nitrate 0.23 0.74 

10 Chloride 19.88 26.32 
 

Note: All the values expect temperature (°C) and pH are in mg/lit. 
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Abstract: 
The Tectona grandis L. f (Family: Lamiaceae) an economically important tree species planted and 

natural teak forests in India. This scientific review investigates leaf Skeletonizer affecting teak (Tectona grandis 

L. f) forests. Utilizing observational methods, we identify prevalent insect pests, analyze their impact on teak 

trees, and assess the overall health of the forest ecosystem. Our findings shed light on key challenges posed by 

this pest and propose potential management strategies. This review contributes valuable insights to the 

understanding of insect-induced diseases in teak forests, aiding in the development of sustainable forest 

management practices. This scientific review investigates insect pest diseases affecting teak forests. Examining 

prevalent species, we assess their impact on teak health, growth, and overall ecosystem dynamics.  

Key Words: Observations, Eutectona machaeralis and Tectona grandis. 
 

Introduction: 
Teak Tectona grandis (Linnaeus) is one of 

the important hardwood trees of Indian forest which 

has commercial utilization in making furniture and 

other domestic usages. Tamil Nadu, Kerala, 

Karnataka, Andhra Pradesh, Maharashtra, Madhya 

Pradesh and Uttar Pradesh etc. are major teak 

growing states of India. In India, it grows naturally 

in about 9 million hectares. The teak plant is 

attacked by about 174 species of insect pests all over 

the world (Sen Sharma, 1983). In past, insect pests 

of teak have been studied by Stebbing (1914), Sen- 

Sharma and Thakur (1985), Browne (1986), Jha 

and Sen Sharma (1994), Sathe and Padharbale 

(2008), Sathe (2009,2014 a), Sathe and Kadam 
(2015), etc.   

Natural teak forests in India is distributed in 

an area of 6.8 M ha and teak plantations in an area 

of 1.68 M ha (FAO, 2015). Teak plantations are 

found in the state of Madhya Pradesh, Maharashtra, 

Tamil Nadu, Karnataka, Kerala, Gujarat, Orissa, 

Andhra Pradesh, Rajasthan and Manipur (Awasthi 

H.2021). Teak grows well in regions having rainfall 

range of 900-2500 mm and temperature regime of 

17 °C to 43 °C (Die et.al.2012).The present study is 

an observation of diseases on plants of teak in forest 

of surrounding areas. 

 Kinwat taluka is located at latitude 190 25` 
to 190 55` North and longitude 770 51` to 78019` 

East. The total land area of Kinwat Taluka is 

201235 square kilometers. Out of that, 57256 square 

kilometers are covered by forests (Dnyaneshwar and 

Sharad, (2012) and   [8, 9]. 

Methodology: 
Methodologically, we employ field surveys 

and literature analysis. Findings reveal significant 

threats posed by specific pests, influencing teak 

sustainability. Insect pest of teak T. grandis have 

been studied from Kinwat-Mahur forest region, 

Nanded, Maharashtra by visiting various study spots 

and observing pest insects in the month of July-

August. The observed insect have been identified by 

consulting appropriate literature search was 

performed using the both offline and online 

databases like Google Scholar, Research Gate, 

Springer Link, Bio Med Central, Science Direct, 

Web of Science, PubMed and Elsevier etc. scientific 

databases were chosen based on the topic covered. 

Life cycle in pest was studied by observing 

different immature stages of pests in natural 

conditions. Incubation, larval period, pupil period 

and adult formation period were taken to the 

consideration for the record. Bio control agents have 

been observed during the development of immature 

stages of pests and identified by consulting 

appropriate literature.  

Result & Conclusion: 
The results recorded indicate that, species 

of insect pest have been recorded on teak from 
Kinwat-Mahur forest region, Nanded, Maharashtra. 

From order Lepidoptera i.e. Pyralid teak moth 

(Eutectona machaeralis) is the dominant cause for 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Rajendra kumar k. Dange, S. N. Sahu 

88 

the devastation of teak forest is of very common 

abundance in this particular region.  Eutectona 

machaeralis (Walker) completed their life cycle 

within 1 month and attacked by 5 parasitoids 

namely, Cedria paradoxa (Braconidae: 

Hymenoptera), Trichogramma minutum 

(Trichogrammatidae: Hymenoptera), T. pickle, T. 
brasilensis and T. evansence were the potential 

biocontrol agent for the pest species.  

Life cycle of E. machaeralis 

The moth of Eutectona machaeralis are 

small, bright yellow, having pink or reddish 

markings of zig-zag line on the forewings and 

reddish marginal band in the hind wings. The female 

moth lays an average of 250-550 greenish white 

eggs on the ventral side of the leaf. The newly 

hatched larvae are dirty white, which changes to 

pale green in due course of time. There are five 

larval instars, the growth and development differs in 

respect to instars and a distinct pre-pupal stage. The 

larvae consume the whole fleshy tissues of the leaf 

leaving the vein network intact thereby skeleton 

zing the leaf. Larval period varies from 10-14 days 

or more depending on the climatic factors. Pupation 

occurs in small loose cocoon on green or fallen dry 

teak leaves.  

The present result & conclusion will add 

great relevance as a base for approaching 

ecofriendly preventive biological control measures 

for the E. machaeralis in the form of encouragement 

for the intercrop farming practices with Azadirachta 

indica in forest area, it will help to control the insect 

pest remarkably in near future. 

 

  
 

Photo Plate: Tectona grandis L. f in forest field and life cycle of Eutectona machaeralis 
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Abstract 

This study aimed to summarize the available data on the Cajanus cajan (L) Millsp.(family: Fabaceae) is 

the most important grain legume crop of rain- fed agriculture in semi-arid tropics. It is both a food and a forage 

crop with high levels of proteins and important amino acids like methionine, lysine and tryptophan. The 

comprehensive account of the plant uses are presented in this review such that the potential of this plant in various 

zones can be systematically evaluated. 

Key Words: A Review, Cajanus cajan (Pigeon Pea) 
 

Introduction: 

Agriculture is the mother of all cultures. It 

has played a key role in the development of human 

civilization. Agricultural practices such as irrigation, 

crop rotation, fertilizers, and pesticides were 

developed long ago, but have made great progress in 

the past century. By the early 19th century, 

agricultural techniques had so improved that yield 

per land unit was many times that seen in the middle 

ages (Arivazhagan et.al.2013). Man is directly 

dependent upon plants for his survival because 

plants are his prime source of food, fiber and drugs, 

the crop production is one of the basic human 

activity for continued existence of human life, the 

total production depends on healthy crops, whether 

it may be cereals, pulses, oil seeds, fruit plants or 

vegetables. A number of plant pathogens (Viruses, 

mycoplasma, bacteria, fungi and nematodes) attack 

on the crop plants and decrease the quality, quantity 

and productivity of crop (Ayyappan et.al.2007). 

The world's population will increase from 

the present level of about 7.25 billion to 15 billion 

by the year 2050. Providing food for such a large 

number of people will be a formidable task. So, 

there would always be a compulsion to increase 

agricultural production in spite of the fact that 

cultivable land would be decreasing due to its 

requirement for non-agricultural uses such as 

expanding urbanization, and rail and road network, 

etc. According to recent estimates, agricultural 

production would need to be increased by 70 per 

cent (100% in developing countries) by 2050 to 

cope up with the increasing world population (Saini, 

2014). 

Food plants of the world are damaged by 

100,000 diseases (caused by fungi, viruses, bacteria, 

and other microorganisms), 10,000 species of 

insects, 1000 species of nematodes, and 30,000 

species of weeds. It is essential for humans to take 

action to limit the destruction of food crops by pests. 

Crop pests must be controlled to protect the security 

of the world food supply. Pimentel and Levitan 

(1986) estimated that ―total worldwide food losses 

from pests amount to about 45% (of total food 

production). Pre-harvest losses from insects, plant 

pathogens, and weeds amount to about 30 per cent. 

Additional post harvest losses from microorganisms, 

insects, and rodents range from 10 to 15 percent. 

The role of plant pathology is important for 

alleviating losses to the agricultural products, plants 

are also important to man because they utilize Co
2
 in 

photosynthesis and release O
2
 (Mehrotra,2000).The 

present study is an observation on plant diseases on 

Cajanus cajan (L.) Mills in standing fields found in 

surrounding areas. 

Pulses have special significance in the 

dietary of the predominantly vegetarian population 

of India as they contain two to three times more 

protein than that in cereals. Among the pulses, 

pigeon pea is the 2
nd

 major pulse crop grown in 

India. It is an important grain legume crop of rain 

filed agriculture. Pigeon pea (Cajanus cajan) 

originated in India which developed to have 

secondary diversity in East Africa. Currently it is 

grown all over the tropics. In the Philippines, pigeon 

pea is grown primarily as a fresh vegetable on a 

limited scale in the Ilocos Region, Cagayan Valley 

Region and Batangas. This crop has a great potential 

for the cropping systems in the country and is a 
good crop in battling malnutrition as it is a good 

source of protein (Rona et. al. 2022). 
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It has been cultivated in ancient Egypt, 

Africa and Asia since prehistoric times, and was 

later introduced to America. Now it acclimatizes in 

several tropical countries. The major producer is 

India contributing about 90% of world production. 

Its altitude range is 1250 m in Hawaii, 0-3000 m in 

India and Columbia. It is essentially a plant of the 

semi-dry lowlands but has wide adaptability (Duke 

J. A. 2004). 

Historical perspectives of pigeon pea genetic 

diversity 

The centre of origin of pigeonpea has been 

a subject of discussions in the past. For instance, 

some studies (Leslie 1976, Purseglove 1976, Singh 

et al. 2001) favoured the origin of pigeonpea in 

Africa. Many other studies (Van der Maesen 1990, 

Fuller and Harvey 2006, Saxena et al. 2014) 
suggest India as the origin of the crop. The presence 

of several wild relatives, the diverse genepool of the 

crop in the Indian subcontinent and some recent 

molecular studies provide a stronger evidence of the 

latter group. Africa harbours only two wild species 

of pigeonpea: C. kerstingii Harms and C. 

scarabaeiodes (L.) Thouars. It is most likely that 

pigeonpea was introduced by immigrants in the 19th 

century who moved to Africa to become railway 

workers and storekeepers (see Odeny 2007). From 

eastern Africa, pigeonpea spread over the African 

continent, albeit without acquiring a prominent 

position. In Africa and the Far East, pigeonpea has 

been grown for at least 4000 years (Van der 

Maesen 1980) and therefore considerable agro-

ecological adaptation has been obtained locally. The 

traditional African pigeonpea genotypes are long-

duration, cream- and large-seeded (Remanandan 

1990). In Uganda, medium- duration, cream to 

mottle small-medium seeded type (Manyasa et al. 

2009) have been part of the traditional cropping 

system (Silim et al. 1991, Kimani 2001). Uganda 

was the first country in ESA to implement a 

pigeonpea breeding programme in 1968 at Makerere 

University (Saxena 2008). However, there is a 

scope to expand further under sustainable 

intensification of cropping systems with pigeonpea 

as one of the component crops.  

 

 

 

Classification 

 

Kingdom: Plantae 

Family: Fabaceae 

Subfamily: Faboideae 

Order: Fabales 

Genus: Cajanus 

Species: cajan 

Photo Plate 01. Pigeon pea (Cajanus cajan) in cultivated field.  
 

Biological activities and medicinal properties: 

Being a rich source of protein and a most 

important forage crop, C. cajan is the most widely 

used and cultivated crop. It has also been used 

traditionally in many parts of the world for its 

innumerable medicinal properties but still its 

identity as a medicinal plant is not established. To 

date, several flavonoids, isoflavonoids, tannins and 

protein fractions have been isolated from its 

different parts and their medicinal uses (Pal, et al. 

2011). 

Pharmacological actions: 

Different parts of C. cajan have been 

utilized for their biological activities since time 

immemorial and some of them have experimental 

grounds for their acceptance. Apart from their uses 

in folkloric medicines, there are several reports on 

the biological activities and pharmacological actions 
of C. cajan based on modern scientific 

investigations. Antibacterial Activity, 

Hypocholesterolemic Effects, Antidiabetic Effects, 

Neuroactive Properties, Antioxidant Activities, 

Anticancer Activity, Hepatoprotective Effects, 

Anthelmintic Activity and Glycemic Activity, 

(Dilipkumar Pal, 2011). 

Conclusion: 
Being a rich source of protein and a most 

important forage crop, C. cajan is the most widely 

used and cultivated crop. It has also been used 

traditionally in many parts of the world for its 

innumerable medicinal properties but still its 

identity as a medicinal plant is not established. To 

date, several flavonoids, isoflavonoids, tannins and 

protein fractions have been isolated from its 

different parts and their medicinal uses have been 

established, but many bioactive constituents and 

pure compounds have so far been neglected by 

phytochemists and pharmacologists and a large 

amount of work has been done only on extracts and 
not the isolated fractions which shows scope for 

further study in this direction. The present review 

article aims at focusing the attention of research 

https://www.google.com/search?sca_esv=8b8ea157cf45523f&rlz=1C1CHBD_enIN1084IN1084&sxsrf=ACQVn0-_TwbgwRWuQJd3PLnH5u7OBXD1wQ:1707118775069&q=cajanus+kingdom&sa=X&ved=2ahUKEwimpLWB2ZOEAxXcxjgGHUcdCD4Q6BMoAHoECFkQAg
https://www.google.com/search?sca_esv=8b8ea157cf45523f&rlz=1C1CHBD_enIN1084IN1084&sxsrf=ACQVn0-_TwbgwRWuQJd3PLnH5u7OBXD1wQ:1707118775069&q=cajanus+family&sa=X&ved=2ahUKEwimpLWB2ZOEAxXcxjgGHUcdCD4Q6BMoAHoECF8QAg&biw=1366&bih=657&dpr=1
https://www.google.com/search?sca_esv=8b8ea157cf45523f&rlz=1C1CHBD_enIN1084IN1084&sxsrf=ACQVn0-_TwbgwRWuQJd3PLnH5u7OBXD1wQ:1707118775069&q=cajanus+subfamily&sa=X&ved=2ahUKEwimpLWB2ZOEAxXcxjgGHUcdCD4Q6BMoAHoECFwQAg
https://www.google.com/search?sca_esv=8b8ea157cf45523f&rlz=1C1CHBD_enIN1084IN1084&sxsrf=ACQVn0-_TwbgwRWuQJd3PLnH5u7OBXD1wQ:1707118775069&q=cajanus+order&sa=X&ved=2ahUKEwimpLWB2ZOEAxXcxjgGHUcdCD4Q6BMoAHoECFoQAg
https://www.google.com/search?sca_esv=8b8ea157cf45523f&rlz=1C1CHBD_enIN1084IN1084&sxsrf=ACQVn0-_TwbgwRWuQJd3PLnH5u7OBXD1wQ:1707118775069&q=Fabales&stick=H4sIAAAAAAAAAONgVuLQz9U3MCrPyljEyu6WmJSYk1oMAG9BFXAWAAAA&sa=X&ved=2ahUKEwimpLWB2ZOEAxXcxjgGHUcdCD4QmxMoAXoECFoQAw
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scholars on the unexplored and untouched areas 

related with C. cajan and may act as an important 

step towards the establishment of C. cajan (L) 

Millsp. as a medicinal drug. 
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Abstract 

The work in question deals with an extensive study on the diversity of flowering climbing plants in 

Digras tehsil of Yavatmal district. The investigation is carried out to survey, identify the climbing species, and 

determine to what extent their biodiversity has declined in the region in terms of population as well as community 

level. We identified about 98 species of angiospermic climbers belonging to 35 families. Fabaceae, 

Cucurbitaceae, Ascelpiadaceae, and Convolvulaceae were found to be the most dominant. Habitat fragmentation, 

anthropogenic activities, declined pollinator diversity, changing agricultural practices, and less public awareness 

about the importance of these species influenced the diversity of climbing plants in the area. 

Key words: Climbers, Diversity, Abundance, Conservation Status 
 

Introduction- 

Climbers play diverse roles in the ecology 

of forests. Climber species due to its fragile nature 

are suitable to any change in the forests. Knowledge 

about climber species in the forests is relatively 

inadequate and this is the first effort to report the 

climber plant species in Digras Tehsil of Yavatmal 

District. Angiospermic climbers are flowering plants 

that have adapted to grow vertically by using other 

plants or structures as support. They are commonly 

found in various ecosystems, including forests, 

grasslands, and urban areas. These climbers can 

belong to a wide range of families and genera, 

showcasing a diverse array of characteristics and 

adaptations.  

A plant species which cannot withstand on 

itself due to weak stem and takes support of other 

plants or objects to continue its growth and 

ascending up to trap the solar energy is by and large 

considered as a climber. Climber is defined as plant 

species that require mechanical support for its 

growth (Putz & Windsor1987). It includes 

herbaceous and woody lianas (Gentry1991). 

According to an estimate, climbers are one half of 

vascular plant species.  A liana is a woody climber 

that generally has roots in woodland or forest floor 

but its leaves often in full sun, blanketing canopies 

of trees, often many meters from the ground. All 

these climbing elements having various 

morphological forms including climbers, twiners 

and lianas are components of vegetation and play a 
crucial role to maintain the diversity of the 

particular area. A climber floristically plays an 

important role in tropical forest and considered to be 

a structural component that affects the physiognomy 

of the forest (Gentry 1991). A climber plant species 

plays a vital role in forest ecosystem as it provides 

habitat and food for animals (Hladik 1978; Emmons 

& Gentry1983; Gentry1991; Gelatti & Padroni 

1994). Climbers are almost neglected in all floristic 

studies but this group represents one of the major 

part of plant collections (Gentry 1991). A climber 

starts its life on the forest floor and spends almost 

one-fourth of its life on forest surface. After this 

phase the adhering, anchoring, and leaning starts on 

other plants to achieve immense stature (Jongkind & 

Hawthorne 2005). Families such as Cucurbitaceae, 

Convolvulaceae, and Dioscoreaceae are considered 

to be climber rich. Amongst the climber-rich 

families, Apocynaceae, Rubiaceae, Celastraceae, 

andLeguminosae have more than 50 species (Gentry 

1991; Schnitzer & Bongers 2002). Diversity is also 

found in the climbing mechanism in the form of 

branch twiners, stem twiners, tendril climbers, root 

adhesive climbers, hook climbers, and scramblers 

(Bongers et al. 2005; Jongking& Hawthorne 2005). 

The liana life-form is dependent on host tree species 

for mechanical support and further on animals for 

dispersal, underlines the intersystem coupling of 

forest functional ecology in maintenance of 

biodiversity (C. Muthumperumal et al. 2012). Study 

on the diversity and distribution of climbing plants 

is still scanty in the Indian scenario when compared 

to their study worldwide. (Kashung et. al. 2021).  

Materials and Methods 

Study Area: 
Digras is the tehsil located in district 

Yavatmal of Maharashtra state in India. There are 

80 villages and 1 town in Digras Taluka, surrounded 

by lush green forests and farmlands. There is a rich 
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diversity of angiosperms in the area, consisting of 

various floras like herbs, shrubs, trees, and climbers 

in wild habitat as well as in cultivated gardens and 

farmlands. The climbers are one of the most 

important canopy structures in deciduous forests. 

Many tribes in the area depend on the angisopermic 

climbers for ethnomedicine and as wild vegetables 

in their day-to-day lives. 

Methodology 

The present work was conducted from June 

2021 to May 2022 in all seasons. Angiospermic 

climbers were collected from different localities, 

like wild habitats in forests, farmlands, gardens, and 

roadsides. Photographs were taken on site of 

climber species in the flowering stage for proper 

identification. Some important identifying 

characters were noted in field notes. Collected 

species were identified from regional floras like the 

Flora of Yavatmal district (Karthikeyan and Anand 

Kumar, 1993), the Flora of Maharashtra 

Dicotyledons Vol. I (Singh and Karthikeyan, 2000), 

and the Flora of Maharashtra Monocotyledons 

(Sharma et al., 1996), with the help of expertise. 

Herbarium of climbers was prepared and stored at 

the Department of Botany, Bapuraoji Butle Arts, 

Narayanrao Bhat Commerce, and Bapusaheb Patil 

Science College Digras. 

 

Results and Discussion- 

Table. 1. Enumeration of various angiospermic climber species. 

Sr. No Name of the Species Name of the 

Families 

Common Name 

1 Artabotrys hexapetalus (L.f.) Bhandari.  Annonaceae  Hirwa Chafa, Madan 

masta  

2 Cocculus hirsutus (L.) Diels.  Menispermaceae  Vasanvel  

3 Tinospora cordifolia (Willd.) Miers.  Menispermaceae Gulvel  

4 Capparis zeylanica L.  Capparaceae:  Waghati.  

5 Maerua arenaria (DC.)Hook. f. &Thoms.  Capparaceae:  Kaba, Kalwari  

6 Celastrus paniculata Willd.  Celastraceae  Dhimarbel  

7 Ventilago denticulata Willd.  Rhamnaceae  Lokhandi.  

8 Ampelocissus latifolia (Roxb.) Planch.  Vitaceae  Dokela  

9 Cissus quadrangularis L.  Vitaceae  Kandvel.  

10 Cissus repanda Vahl.  Vitaceae  Gendal  

11 Cissus vitiginea L.  Vitaceae  Jangli angur  

12 Cardiospermum helicacabum L.  Sapindaceae  Ghanphodi.  

13 Bauhinia vahlii Wight & Arn.  Caesalpiniaceae  veli aapta  

14 Caesalpinia bonduc (L.)Roxb.  Caesalpiniaceae  Sagargota  

15 Abrus precatorius L.  Fabaceae  Gunj.  

16 Butea superba Roxb.  Fabaceae  Palasvel  

17 Cajanus platycarpus (Bth.) van der Maes  Fabaceae  Gophanvel  

18 Clitoria ternatea L.  Fabaceae  Gokarni  

19 Clitoria ternatea var. pilosula L.  Fabaceae  Gokarni  

20 Derris scandens Benth.  Fabaceae  Tupbel.  

21 Lablab purpureus (L.) Sweet.  Fabaceae  Popat.  

22 Lablab purpureusvar. lignosus (L.), King.  Fabaceae  Waal.  

23 Lathyrus aphaca L.  Fabaceae  Ran watana.  

24 Mucuna pruriens (L.)DC.  Fabaceae  Khajkuiri.  

25 Phaseolus radiatus  Fabaceae  Jangli moong.  

26 Phaseolus vulgaris L.  Fabaceae  Vilayati sem.  

27 Pisum sativum L.  Fabaceae  Vatana.  

28 Rhynchosia bracteata Benth.  Fabaceae  Turvel  

29 Rhynchosia minima (L.)DC.  Fabaceae  Turvel  

30 Vigna unguiculata (L.)Walp.  Fabaceae  Barbati.  

31 Calycopteris floribunda (Roxb.)Poir.  Combretaceae  Ukshi.  

32 Combretum ovalifolium Roxb.  Combretaceae  Madbel,  

33 Quisqualis indica L.  Combretaceae  Lalchameli.  

34 Passiflora foetida L.  Passifloraceae  Gangurli  

35 Passiflora incarnata L.  Passifloraceae  Krishnkamal.  

36 Citrullus colocynthis (L.) Schrad.  Cucurbitaceae  Indrayan  

37 Citrullus fistulosus Stock  Cucurbitaceae  Dhemse.  

38 Citrullus lantus Matsumura et Nakai.  Cucurbitaceae  Tarbooz,  

39 Coccinia grandis (L.)Voigt.  Cucurbitaceae  Tondli.  

40 Cucumis callosus (Rottl.)Cogn.  Cucurbitaceae  Pangogri kadu.  

41 Cucumis melovar agrestis Naud.  Cucurbitaceae  Shendada.  
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42 Cucumis sativus L.  Cucurbitaceae  Kakadi.  

43 Cucurbita maxima Duch.  Cucurbitaceae  Bhopala, Kaddu.  

44 Cucurbita moschata (Duch.) Poir.  Cucurbitaceae  Kala bhopala  

45 Cucurbita pepo L.  Cucurbitaceae  Kashibhopala.  

46 Diplocyclos palmatus (L.) Jeffrey  Cucurbitaceae  Shankar-vel  

47 Lagenaria siceraria (Molina) Standley.  Cucurbitaceae  Dudhi bhopala.  

48 Luffa acutangula (L.)Roxb.  Cucurbitaceae  Dodka.  

49 Luffa cylindrica (L.)Roem.  Cucurbitaceae  Chopda Dodka.  

50 Momordica charantia L.  Cucurbitaceae  Karle.  

51 Momordica dioica Roxb.  Cucurbitaceae  Kartoli.  

52 Trichosanthes anguina L.  Cucurbitaceae  Padval.  

53 Trichosanthes cucumerina L.  Cucurbitaceae  Jangli Padval.  

54 Mikania micrantha Kunth.  Asteraceae   

55 Jasminum officinale L. var. officinale.  Oleaceae   

56 Jasminum officinale L var. grandiflorum  Oleaceae  Chameli, jai  

57 Jasminum sambac Ait.  Oleaceae  Batmogra.  

58 Allamanda cathartica L.  Apocynaceae  -  

59 Quirivelia frutescens (L) M.R. & S.M. Almeida.  Apocynaceae  Shamlata, Kadhidudhi,.  

60 Leptadenia reticulata (Retz.)Wt. & Arn.  Asclepiadaceae  Hirandodi  

61 Pergularia daemia (Forsk.)Chiov.  Asclepiadaceae  Utaranvel, Utarni.  

62 Telosma pallida (Roxb.)Craib. Asclepiadaceae  Jiwati 

63 Tylophora indica (Burm.f.)Merr.  Asclepiadaceae  Potmari.  

64 Wattakaka volubilis (L.f.) Stapf.  Asclepiadaceae  Ambri  

65 Cryptolepis buchananii Roem.& Sch.  Periplocaceae  Dudhivel  

66 Hemidesmus indicus var.indicus.(L.)  Periplocaceae  Anantmul,  

67 Hemidesmus indicus var. pubescens  

(Wight & Arn.)Hook.f.  

Periplocaceae  -  

68 Argyreia nervosa (Burm.f.)Boj.  Convolvulaceae  Samudrashoth.  

69 Convolvulus arvensis L.  Convolvulaceae  Chandvel.  

70 Ipomoea cairica (L.)Sweet.  Convolvulaceae  Garwel.  

71 Ipomoea hederifolia L.  Convolvulaceae  -  

72 Ipomoea muricata (L.)Jacq.  Convolvulaceae  -  

73 Ipomoea nil (L.) Roth.  Convolvulaceae  Kaladana.  

74 Ipomoea obscura (L.)Ker-Gawl.  Convolvulaceae  Pungali.  

75 Ipomoea pes-tigridis L.  Convolvulaceae  Belukeja.  

76 Ipomoea quamoclit L.  Convolvulaceae  Ganesh pushpa.  

77 Ipomoea sinensis (Desv.) Choisy.  Convolvulaceae  -  

78 Jacquemontia paniculata (Burm.f.)  

Hallier  

Convolvulaceae  -  

79 Operculina turpethum (L.) S. Manso.  Convolvulaceae  Dudhkalmi, Nishottar.  

80 Cuscuta reflexa Roxb.  Cuscutaceae  Amarwel  

81 Bignonia unquis-cati L.  Bignoniaceae  -  

82 Asystasia gangetica (L.) T. Ander.  Acanthaceae  -  

83 Thunbergia fragrans Roxb.  Thunbergiaceae  -  

85 Clerodendrum splendens G. Don  Verbenaceae  -  

86 Petrea volubilis L. Verbenaceae   

87 Bougainvillea glabra Choisy.  Nyctaginaceae  -  

88 Bougainvillea spectabilis Willd. Nyctaginaceae   

89 Basella rubra L.  Basellaceae  Velbondi.  

90 Antigonon leptopus Hook, &Arn.  Polygonaceae  -  

91 Aristolochia indica L.  Aristolochiaceae  Badakvel  

92 Piper betle L.  Piperaceae  Pan, Nagwel.  

93 Cassytha filiformis L.  Cassythaceae  Adharvel, Amarbel.  

94 Tragia plukenetii L.  Euphorbiaceae  Khajvel  

95 Dioscorea bulbifera L.  Dioscoreaceae  Akashvel, Kadu-karanda.  

96 Asparagus racemosus Wiild.var.  

javanica Baker  

Liliaceae  Shatawari.  

97 Gloriosa superba L.  Liliaceae Kallavi 

98 Smilax perfoliata Lour.  Smilacaceae  - 

99 Pothos scandens L.  Araceae  - 
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The present study reveals 98 species of 

climbers belonging to 35 families of climbing 

species of angiosperms in the area which marked the 

rich diversity of climbers in the given region but the 

population of some species is declining. Climbers 

associated with diverse habitats such as forests, 

grasslands, and wetlands. Deforestation, 

urbanization, and agricultural expansion can lead to 

the destruction of these habitats, affecting the 

climbers that rely on them for support and resources. 

The diversity of climber species like Artabotrys 

hexapetalus (L.f.) Bhandari. ,Cardiospermum 
helicacabum L, Telosma pallida (Roxb.)Craib., 

Hemidesmus indicus var.indicus.(L.) Aristolochia 

indica L., Dioscorea bulbifera L., Gloriosa superba 
L were rare among all climbers. Invasive plant 

species are outcompeting native climbers, leading to 

a decline in their populations. Invasive species 

disrupting the natural ecological balance and 

threatening the survival of native plants. In some 

cases, climbers are harvested for various purposes, 

such as medicinal or ornamental use. Unsustainable 

harvesting have negatively impact on the 

populations. Climate change also altering the 

distribution and timing of plant species, including 

climbers. Shifts in temperature and precipitation 

patterns  affecting their growth and reproductive 

cycles. We have took conservation efforts with 

classical approach by collecting seeds of rare and 

medicinal climbers for seed banks. 
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Abstract 

Twenty-four bird's nest fungal species, grouped into four genera (Crucibulum, Cyathus, Nidula, and 

Sphaerobolus), have been documented from India; the majority of these reports came from the Northeastern states 

situated in the Eastern Himalaya region, which is widely acknowledged for its abundant biodiversity. With 61 

species currently known to exist worldwide, including 17 species from India, Cyathus is the largest genus among 

these. Only Cyathuspoeppigii has been identified thus far, and it comes from the state of Arunachal Pradesh in the 

Eastern Himalayas. This study reports on a new species, Cyathusstriatus, that was discovered in Melghat, 

Amravati District, Maharashtra. It includes detailed taxonomic details. Compared to the previously described, it 

generates relatively fewer basidiocarps. Additionally, the basidiospores have thin walls but are larger than usual. 

Key Word – Crucibulum, Cyathus, Nidula, Sphaerobolus, Basidiocarps, Basidiospores 
 

Introduction – 

The fungal diversity in tropical and 

subtropical forests is very high, and many new taxa 

have been described through the use of an integrated 

taxonomic method
1
. In the Fungal kingdom, the 

second-largest phylum after Ascomycota, 

Basidiomycota, has undergone a recent revision in 

comprehensive notes and outline
2,3

. The Bird's Nest 

Fungi are one of the most exquisite groups of 

Basdiomycota. They belong to six genera: 

Crucibulum, Cyathus, Mycocalia, Nidula, Nidularia, 

and Sphaerobolus
4,5,6,7,8,9,2

. These fungi do not 

exhibit anamorphic states
10

.  

They were previously classified as 

members of the Nidulariaceae family, however these 

fungi have moved to Agaricaceae family
11

. With the 

exception of Sphaerobolus, other genera in this 

group that generate numerous peridioles have been 

assigned to the order Agaricales, Agaricomycetes, 

under theincertaesedis
2
. Taxonomic key for bird's 

nest fungus have released
11

. White peridioles, a 

simple funiculus, and an interior smooth and tawny 

golden cup are characteristics ofCrucibulum. The 

world is home to seven species of Crucibulum: C. 

albosaccum, C. crucibuliforme, C. cyathiforme, C. 
laeve, C. parvulum, C. simile, and C. vulgare. There 

are just two species from India: C. laeve and C. 

vulgare. The genus Cyathusis saprobic; it grows on 

fertile soil and decaying wood
12

. It forms gregarious 

basidiomata, which can be up to 3 cm tall and have 

a cone, funnel, or inverted bell shape. Multiple gray 

to black peridioles are connected to a three-layered 

peridium via a funicular cord
13

. 61 species have 

been documented for this genus of bird's nest fungi 
1,2,14

, with the highest number of records coming 

from Brazil. The global edition of Cyathus has 

released
15

. The Queensland Mycological Society's 

key to bird's nest fungi states that whereas 

Mycocalia, Nidula, and Nidularia lack funicular 

cords, Crucibulum and Cyathus do. A unique genus 

of bird's nest fungi known as Mycocalia is 

characterized by globose to subglobosebasidiomata, 

hyaline to brown peridium, peridioles in a hyaline 

gelatinous matrix, and cylindrical to ellipsoid, 

hyaline basidiospores
16

. As of right now, seven 

species of Mycocalia—M. aquaphila, M. 

arundinacea, M. denudate, M. duriaeana, M. 

minutissima, M. reticulata, and M. sphagneti—have 

been identified 
17

. 

The morphological characteristics of the 

seven species that make up Nidulaare as follows: 

urn- to vase-shaped basidiomata containing 

lenticular brown peridioles; peridium six-layered; 

mouth covered by a lid; tunica layer surrounding the 

peridioles; and basidiospores that are broadly 

ellipsoid to elongate, hyaline, and smooth walled. 

This genus has three species that have been 

identified as coming from India: Nidula candida, N. 
emodensis, and N. shingbaensis. The type genus for 

the family Nidulariaceae is Nidularia Fr. (1817). Its 

pulverulent, soft, early-deliquescent basidiomata 

surface and spinose hyphae-composed peridium are 

its distinguishing features 
18

. Nidularia lacks 

epiphragm, just like Mycocalia does. There are 

currently three species known to exist: N. confluens, 

N. farcta, and N. pulvinata; however, none of these 
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have been found in India. Sphaerobolus, a distinct 

genus with small basidiomata that hold a single 

brown peridiole has described 
19

. Because it has a 

unique spore-dispersal technique, it is also known as 

artillery fungus. Four species—S. iowensis, S. 

ingoldii, S. stellatus, and S. jaysukhianus—are 

recognized under this genus (which is currently 

classified under Geastraceae, Geastrales, 

Agaricomycetes
2
. Later, two species were identified 

from India 
20

. 17 species of bird's nest fungi from 

India, which are divided into three genera: 1 species 

of Crucibulum, 14 species of Cyathus, and 2 species 

of Nidula
11

. Following that, numerous species were 

introduced to these three genera (Table 1) and two 

additional species—Sphaerobolusjaysukhianus and 

S.stellatus—to Sphaerobolus
11,20

. 
 

Table 1 Checklist of Bird’s nest fungi found in India 
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Reference: 

Cyathusstriatus: a new record from Arunachal 

Pradesh and a checklist of Bird’s nest fungi in India  

Niranjan M and Singh RK  

Department of Botany, Rajiv Gandhi University, 

Rono Hills, Doimukh, Arunachal Pradesh 791112, 

India 

Niranjan M, Singh RK 2021 – Cyathusstriatus: a 

new record from Arunachal Pradesh and a checklist 

of Bird’s nest fungi in India. Studies in Fungi 6(1), 

168–174, Doi 10.5943/sif/6/1/10 

Material and Method –  
In the Amravati district, Maharashtra (MS), 

fresh basidiomata growing on dead and decaying 

wood were gathered, and the macro-morphological 

characteristics were recorded. Its surface was 

prepared for microscopic inspection by cleaning it 

with 70% ethyl alcohol. In order to identify the 

structures, the samples were inspected using a stereo 

zoom microscope (Zeiss Stemi 508, Germany), and 

an AxiocamERc 5s digital camera was added for 

taking pictures. Basidiomata slices were cut free-

hand and mounted in a lactophenol-cotton blue 

solution. 

Under the Zeiss Axio Lab, fungus structures were 

examined under a microscope in great detail, and 

microphotography was conducted. Digital camera 

AxiocamErc 5s attached to A1 microscope. ZEN-

2012 imaging software version 8.0.0 was used to 

measure sizes. Adobe Photoshop version 7.0 was 

used to prepare photographic plates. The outline and 

comments for Basidiomycota were consulted in 

order to undertake morphological identification
2
,
3
. 

Samples from the herbarium were placed in the 

department's fungal herbaria. Per the description, the 

Facesoffungi number was registered
22

. 

Taxonomy – 

Scientific Name :CyathusstriatusWilld., (1787) 

Basionym :PezizastriataHuds. 1778 7.  

Synonyms :PezizastriataHuds., (1778)  

Nidulariastriata (Willd.) With., (1792) 

Cyathellastriata (Willd.) Brot., (1804)  

Nidulariastriata var. pusillaBerk., (1839) 

Classification :, 

Eumycota 

Basidiomycota 

Agaricomycotina, 

Agaricomycetes, 

Agaricomycetidae 

Agaricales, 

Occurrence on Wood Substrate :  
Saprobic; clustered on wood chips, bark, 

fallen branches. saprobic on rotting timber. 

Teleomorph: Infundibuliform, hyaline puffy, basal 

brown to dark brown apical ends, basidiomata 6-8 

× 5-6 mm in diameter at the mouth, thinning 

towards the base, short stalk, scattered to gregarious. 

Hyaline and rupturing at maturity is the epiphragm. 

A wood-attached strip with three layers visible in 

cross section, the outer layer having structures 

resembling pale brown hair. 

A wooly trimitic hyphae-based exoperidium 

with generative hyphae that are hyaline, often 

septate and branched, and binding hyphae that are 

2.6–3.3 μm wide, hyaline to pale brown, and 

distantly septate with clamp connections. Skeletal 

hyphae are 2.5–3.2 μm in diameter, thick-walled, 

brown, and rarely branched. 

The peridium is composed of three distinct 

layers, with a thickness of >164.5 μm and >153.8 

μm in the middle. The middle wall is hyaline to pale 

brown, tightly packed texturaintricata hyphae, 2.6–

2.8 μm, highly branched, and the inner wall is gray 

to brown textura, epidermoid tissue. The outer wall 

is conspicuously plicate, tomentose, arranged in 

regular flexible tufts or fibrose hyaline to pale 

brown hyphae, 4.7–5.8 μm wide, rarely branched, 

and the apical cells are ovoid with apiculate ends. 

Peridiolesare round to elliptical, 1-3 × 0.2-0.3 mm, 

with 10–12 per basidioma, smooth to wrinkled 

surfaces, sticky by nature, and when wet, coated in a 

thin layer of mucilaginous gel. 

There are funiculi, which range in size 

from 3.8 to 5.1 μm and have a pale yellowish color. 

They are made up of branching mycelial cords 

without septa. The peridiole has three layers with a 

thin tunica covering it that is more than 15.5 μm 

thick. The exocortex is 7.8–12.0 μm broad, brown 

to black, while the endocortex is 40–142 μm wide 

and hyaline. The hymenium is 81–86 μm wide and 

is made up of branched hyphae that are 1.1–2.5 μm 

wide. 

Discussion: 

There are currently twenty-four species of 

bird's nest fungi known to exist in India, divided 

into four genera: two species each of Cribicum, 

Cyathus, Nidula, and Sphaerobolus. While 

Sphaerobolus has been recorded from Gujarat and 

Uttar Pradesh, Crucibulum has been reported from 

Tamil Nadu. India is home to the greatest number of 

known species of Cyathus, with many species found 

in the Northeastern part of the nation, which is 

located inside the Eastern Himalayas. 

The species C. striatus was first identified 

in the Northeastern region from Darjeeling, West 

Bengal, and was rediscovered in theChikhaldara 

area of Melghat forest in the state of Mharashtra for 

this study. Nonetheless, in contrast to the 

aforementioned prior record, the specimens in our 

collection have relatively smaller Basidioma with 

somewhat larger but thin-walled basidiospores. The 

limited geographic range of Nidula in India is 

reflected in the three species that have been 

identified, all of which are from the state of Sikkim 

in the Eastern Himalayas. 
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a         b 

 

                              
c                                      d 

 

                        
e                                                                                             f 

 

Microscopy and Photography by - (Zeiss Stemi 

508, Germany), and an AxiocamERc 5s digital 

camera . 
 

Fig 1 -  a – b Cyathusstriatuson dead and decaying 

wood,  

c. Aperidiole and attached funiculus in cross section 

(Tunica, Spores, Basidia, Purse, Funicular Cord, 

Hapteron, Middle Piece),  

d.Basidiospores,  

e-f Hyphae with Basidiospores. 
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Abstract 

The density, ultrasonic velocity and viscosity were measured using Anton Paar DSA 5000 M in the 

binary mixtures of ethanol-cyclohexane and 1-propanol-cyclohexane systems at various mole fractions from 0.1 

to 0.9 at T = 298.15K. The isentropic compressibility, acoustic impedance, free length, free volume and internal 

pressure were calculated using the values of experimental density, sound velocity and viscosity. The values 

obtained from experimental parameters and derived parameters have been compared and discussed in the vicinity 

of non-covalent interactions taking place in the liquid mixtures. 

Key words: Isentropic compressibility, acoustic impedance, free length, free volume, internal pressure, 

intermolecular non-covalent interactions. 
 

Introduction 

From fundamental as well as engineering 

point of view, the knowledge of structure and 

molecular interactions of liquid mixtures is very 

important. For better understanding of the non-ideal 

behavior of complex systems, fundamental 

thermodynamic and thermo-acoustic properties are 

essential and necessary sources of information 

because of physical and chemical effects, caused by 

intermolecular forces (dipole-dipole, Van der 

Waal’s, hydrogen bonding, etc.) of unlike 

molecules. These properties are necessary from 

practical point of view, for development of 

thermodynamic models required in adequate and 

optimized processes of the chemical, food, drugs, 

petrochemical, pharmaceutical, paintindustries,etc. 

[1,2].  

Ultrasonic velocities of liquid mixtures 

consisting of polar as well as non-polar components 

are of considerable importance in understanding 

intermolecular interaction between components 

molecules and are applicable in several industrial 

and technological processes [3-5]. Acoustical and 

thermodynamical study of liquid mixtures provide 

enough knowledge about the association of 

molecular packing, molecular motion and strength 

of intermolecular interactions. Ethanol is an 

important industrial solvent. It has widespread use 

as a precursor for other organic compounds such as 

ethyl halides, ethyl esters, diethyl ether, acetic acid 

and ethyl amines [6,7]. Ethanol is considered a 
universal solvent, as its molecular structure allows 

for the dissolving of both polar, 

hydrophilic and nonpolar, hydrophobic compounds 

[8]. Propanol is used as a solvent in the 

pharmaceutical industry, mainly for resins and 

cellulose esters and sometimes as 

a disinfecting agent [9-11]. Cyclohexane is a non-

polar liquid, frequently used as 

a recrystallization solvent, as many organic 

compounds exhibit good solubility in hot 

cyclohexane and poor solubility at low temperatures 

[12-13]. 

In the present investigation, we are 

interested to study molecular interactions occurring 

in mixture of polar and non-polar solvents with the 

variation in parent carbon chain. As the possibility 

of formation of hydrogen bonds between 

components in the mixture containing cyclohexane 

as a common solute is negative.Density (ρ), 

viscosity (η) and ultrasonic velocity (U) for the 

binary systems of ethanol-cyclohexane and 1-

propanol-cyclohexane was studied at T = 298.15 K 

over the concentration range of 0.1 to 0.9 mole 

fraction to observe the possible sources of 

variations. Using the measured values of sound 

velocity (u) and density (ρ), the thermodynamic 

parameters such as isentropic compressibility, 

acoustic impedance, internal pressure, free length 

and free volume have been computedand discussed 

in terms of molecular interactions[14,15].  

Material and methods 

The objective of the present investigation 

was to find out the density (ρ), viscosity (η) and 

ultrasonic velocity (U) for the binary system 

constituted by these components at T = 298.15 K 
over the concentration range of 0.1 to 0.9 mole 

fraction. The experimental values were used to 

calculate isentropic compressibility (βa), acoustic 

impedance, free length,free volume (Vf) andinternal 
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pressure (πi)over the entire concentration range for 

the binary mixtures. The results are discussed in 

terms of the molecular interactions. 

The chemicals Ethanol(CAS 64-17-5), 1-

Propanol (CAS 71-23-8) and Cyclohexane (CAS 

110-82-7) used in present work were procured from 

Merck KGaA, Darmstadt, Germany with minimum 

assay of 99.8%. These chemicals were ofHPLC 

grade and used without further purification. The 

glassware was cleaned using standard methods and 

dried to absolute dryness which was further checked 

with anhydrous CuSO4.  

The equipment used for measurements of density, 

viscosity and ultrasonic velocity was Anton Paar 

DSA 5000 M having range, up to 3g/cc with 

0.000007 g/cc accuracy for density, 1000 to 2000 

m/s with 0.01 m/s accuracy for ultrasonic velocity, 

0.2 to 30,000 mm
2
/s range for viscosity with 0.1% 

accuracy and temperature range from 0
0
C to 100

0
C 

with repeatability of 0.001
0
C. This equipment works 

based on oscillation periods of quarts U tube with 

air, solvent and solutions [16].  

For each experimental measurement, the tube was 

cleaned with acetone first and then dried by passing 

dried air through the tube using air pump. This 

process of drying the tube was continued till a 

constant oscillation period was obtained as was done 

during the initial instrument calibration. 

Result and discussion 
The literature and experimental density, speed of 

sound and viscosity values of pure ethanol, 1-

propanol and cyclohexane with standard deviations 

at T = 298.15 K, are given in table 4.1 which shows 

accuracy and calibration of instruments.The values 

of density (ρ), viscosity (η) and ultrasonic velocity 

(U) along with isentropic compressibility (βa), 

acoustic impedance,free length,free volume (Vf) 

andinternal pressure (πi) for ethanol-cyclohexane 

and 1-propanol-cyclohexane at 298.15 K are 

reported in Tables 4.2 and 4.3 respectively. The 

results are discussed in terms of the molecular 

interactions. 

 

Table 3.1 

298.15 K Lit ρ/(g cm
-3

) б Lit u/ (m s
-1

) б Lit 
ղ 

(mPa.s) 
б 

Ethanol 

 

1-Propanol 

 

Cyclohexane 

0.78950[

17] 

 

0.79960[

20] 

 

0.77392[

22] 

0.790173 

 

0.799601 

 

0.77385 

6.73 x 

10
-4 

 

1.00 x 

10
-6 

 

3.50 x 

10
-5 

1161.78

[18] 

 

1205.93

[21] 

 

1254.00

[23] 

1161.82 

 

1205.85 

 

1254.03 

0.04 

 

0.08 

 

0.03 

1.1870[

19] 

 

2.1178[

20] 

 

0.9040[

24] 

1.18635 

 

2.11800 

 

0.89901 

6.5 x 

10
-4 

 

2.0 x 

10
-4 

 

4.5 x 

10
-4 

 

Table 3.2Ethanol-Cyclohexane System 

C 

(M.F.) 

ρ 

(kg m
-3

) 

u 

(m s
-1

) 

ղ 

(mPa.s) 

ᵝa x 10
-10

 

(cm
2
/dyne) 

Z 

(g/cm
2
sec) 

Lf x 10
-11

 

(cm
2
/dyne) 

Vf x 10
-8

 

(cm
3
/mol) 

πi x 10
8
 

(dyne/cm
2
) 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

783.867 

780.476 

778.082 

776.087 

774.991 

774.692 

774.194 

773.894 

773.695 

1141.21 

1142.78 

1149.39 

1155.83 

1166.75 

1179.56 

1191.41 

1207.03 

1227.44 

0.9759 

0.9295 

0.9003 

0.8813 

0.8663 

0.8569 

0.8511 

0.8528 

0.8660 

9.7821 

9.7836 

9.6882 

9.5930 

9.4104 

9.2028 

9.0160 

8.7774 

8.4809 

895168.3 

893161.1 

896171.5 

899453.8 

907320.7 

917498.7 

926656.0 

938981.1 

955134.2 

6.1516 

6.1521 

6.1220 

6.0918 

6.0336 

5.9666 

5.9058 

5.8271 

5.7279 

5.0360 

6.0694 

7.1243 

8.1761 

9.3225 

1.0501 

1.1683 

1.2835 

1.3845 

8.4188 

7.5104 

6.7878 

6.2012 

5.6967 

5.2700 

4.9047 

4.5931 

4.3351 

 

Table 3.3 1-Propanol-Cyclohexane System 

C 

(M.F.) 

ρ 

(kg m
-3

) 

u 

(m s
-1

) 

ղ 

(mPa.s) 

ᵝax 10
-10

 

(cm
2
/dyne) 

Z 

(g/cm
2
sec) 

Lfx 10
-11

 

(cm
2
/dyne) 

Vf x 10
-8 

(cm
3
/mol) 

πix 10
8
 

(dyne/cm
2
) 

0.1 

0.2 

0.3 

0.4 

793.425 

788.365 

784.164 

780.823 

1208.87 

1209.53 

1210.87 

1213.03 

1.8060 

1.5598 

1.3784 

1.2330 

8.6245 

8.6704 

8.6976 

8.7041 

959147.7 

953551.1 

949520.7 

947138.3 

5.7762 

5.7915 

5.8006 

5.8028 

3.0562 

4.0329 

5.1356 

6.4152 

8.6245 

7.6348 

6.8504 

6.1959 
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0.5 

0.6 

0.7 

0.8 

0.9 

778.139 

775.953 

774.177 

772.754 

771.656 

1216.11 

1220.21 

1225.20 

1232.09 

1241.21 

1.1186 

1.0299 

0.9678 

0.9248 

0.9004 

8.6911 

8.6585 

8.6049 

8.5258 

8.4119 

946217.0 

946662.7 

948521.7 

952032.9 

957779.4 

5.7984 

5.7875 

5.7696 

5.7430 

5.7045 

7.8413 

9.3703 

1.0857 

1.2273 

1.3513 

5.6523 

5.2014 

4.8410 

4.5471 

4.3127 

 

  

 
 

  

 

It is observed from the Fig. 4.1 that, density 

of ethanol-cyclohexane system is lower compared to 

1-propanol-cyclohexane system. It is general 

observation that, as the length of carbon chain 

increases, solubility of organic molecule increases in 

organic solvent. 1-propanol has greater length 
compared to ethanol, which may favor solubility of 

cyclohexane, thereby increasing the density. 

Increase in density of 1-propanol-cyclohexane 

system may be attributed due to extra -CH2 group 

present in 1-propanol, which causes proper 

orientation and packing become strong compared to 

ethanol-cyclohexane system, thereby increasing the 

density in 1-propanol-cyclohexane system. Another 

factor which must be contributing to this increase in 
density of 1-propanol-cyclohexane system may be 

the density of 1-propanol itself, which is greater 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Wakulkar A. P., Lanjewar M. R., Shah S. A., Bhukya P. P.
 

105 

than ethanol hence the density of its solution [25, 

26]. 

It can be observed from the Fig. 4.2 that, 

viscosity of1-propanol-cyclohexanesystem is greater 

compared to ethanol-cyclohexanesystem. Viscosity 

depends upon the structure of a molecule. In this 

case 1-propanol is having one extra -CH2 group than 

ethanol, thereby causing more friction compared to 

ethanol. Due to presence of extra -CH2 group in 1-

propanol, 1-propanol-cyclohexane may have greater 

viscosity compared to ethanol-cyclohexane [27-29]. 

It can be observed from the Fig. 4.3 that, 

ultrasonic velocity of 1-propanol-cyclohexane 

system is greater compared to ethanol-

cyclohexanesystem. Ultrasonic velocity depends on 

density. So, the higher ultrasonic velocity in 1-

propanol-cyclohexane system compared to ethanol-

cyclohexane system may be suggested due to higher 

density of 1-propanol-cyclohenxane system [30-32]. 

From the Fig. 4.4 it is observed that, isentropic 

compressibility of 1-propanol-cyclohexane system 

is lower compared to ethanol-cyclohexane system. 

As isentropic compressibility depends upon closed 

packing of the medium, its lower value in 1-

propanol-cyclohexane system may be suggested due 

to closed packing of molecules, which is slightly 

less in ethanol-cyclohexane system. This may due to 

the fact that, solubility of cyclohexane may be 

higher in 1-propanol than in ethanol as discussed 

before, thereby increasing closed packing in 1-

propanol-cyclohexane system, and decreasing its 

compressibility. 

It can also be observed from the Fig. 4.5 

that acoustic impedance shows exactly opposite 

trend as that of isentropic compressibility and From 

the Fig. 4.6, it is found that free length variation in 

comparative study between ethanol-cyclohexane 

and 1-propanol-cyclohexane systems follows the 

same trend as that is observed for isentropic 

compressibility. All the above parameters depend on 

closed packing of the medium. So, it is clear from 

the above observations that, close packing in 1-

propanol-cyclohexane system is more compared to 

ethanol-cyclohexane system. This closed packing 

may be due to more solubility of cyclohexane in 1-

propanol than in ethanol, thereby increasing number 

of available molecules in unit volume in 1-propanol-

n-hexane system [33-40]. 
 

 
 

 

From Fig. 4.7, it can be seen that, free 

volume of ethanol-cyclohexane system is greater 

than 1-propanol-cyclohexane. This may be 

suggested due to smaller size of cyclohexane and 

more polarizability of 1-propanol, 1-propanol-

cyclohexane system may have greater number of 

molecules in given volume, thereby decreasing its 

free volume [41, 42]. From Fig. 4.8, it can be seen 

that, internal pressure shows almost no change in 

comparison between 1-propanol-cyclohexane and 

ethanol-cyclohexane systems. Internal pressure in 

such kind of solutions is observed due to strong 

solute-solvent interactions. So, it can be concluded 

that, due to same nature of solvents in both systems, 

interactions observed in both the systems may be 

almost same causing almost no change in internal 

pressure [43, 44]. 

Conclusion 

Comparative study between ethanol-

cyclohexane and 1-propanol-cyclohexane systems 

suggests that, greater length of 1-propanol favors 

solubility of cyclohexane thereby increasing density 

of 1-propanol-cyclohexane compared to ethanol-

cyclohexane. Due to greater polarizability of 1-

propanol, its solution with cyclohexane might show 

greater viscosity. At higher concentrations, due to 

dominancy of amount of cyclohexane, almost no 

difference in viscosities is observed. Due to higher 

density, sound velocity of 1-propanol-cyclohexane 

is found to be greater. From the acoustic parameters 

like isentropic compressibility, acoustic impedance 

and free length, it is suggested that close packing in 

1-propanol-cyclohexane system is more. This closed 

packing may be due to more solubility of 

cyclohexane in 1-propanol than in ethanol. Lower 

value of free volume in ethanol-cyclohexane is 

suggested by smaller size of ethanol compared to 1-

propanol, which requires less space hence free 

volume. Almost no difference in the value of 

internal pressure may be suggested due to same 

nature of solvents in both systems, interactions 
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observed in both the systems may be almost same 

causing almost no change in internal pressure.  
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Abstract 
Anisomeles indica (L) is a wild plant of family Lamiaceae. Commonly known as 

“Gopoli”,.The plant is used traditionally as an analgesic, antiinflammatory and in skin problems such as snak

ebites. Medicinally it has beenproven to possess various 

pharmacological activities like antioxidant, antimicrobial, our knowledge of the intimate relationship between 

early man and plants has come to us mainly through tradition. Today, the field of ethnobotany requires variety of 

skills, because it is the study of relationship between plants and people. To search novel active compounds from 

plant origin and to access the valuable thereupatic properties with minimum side effects, application of advanced 

method like GC-MS computational techniques plays an important role in the development of drug of interest. 2 

compounds were identified in aerial parts of Anisomeles indica these areTetracosapentaene,2,6,10,15,19,23-

hexamethyl-,22-Stigmasten-3-one .the coming generation should not miss the flora and fauna of our country. It 

is observed that Anisomeles indica is becoming rare, day by day in some region of Nagpur. The efforts of 

awareness in the society regarding its conservation should be made. Plantation of this species should be increased. 

Keyword: Conservation, GC-MS, Ethnobotany, compounds. Anisomeles indica 
       

Introduction:  

The plant Anisomeles indica, commonly 

known as “Gopoli” belongs to the family Lamiaceae 

and is an ethonobotanically important medicinal 

plant. Almost all parts of this plant are being used in 

traditional medicines to treat various 

diseases.Medicinally it has been proven to possess 

various pharmacological activities like antioxidant, 

antimicrobial, our knowledge of the intimate 

relationship between early man and plants has come 

to us mainly through tradition. (Chatterjee A and 

Pakrashi SC, 1997) Interest and support for the 

conservation and development of ethnomedicinal 

plant is increasing in all parts of the world. As per 

world Health organization (WHO) estimates almost 

80% of the population of developing countries relies 

on traditional medicine mostly plant drugs for their 

primary health care needs.  The plant isused in folk 

medicine as a cure in gastric catarrh and intermittent 

fever and essential oil present in herb isused in 

uterine affection. (Kirtikar et.al. 1999, Anonymous, 

2003) A. indica Linn. is reported to have antipyretic, 

analgesic, antiinflammatory activity and it also acts 

as natural herbicide in wheat fields(Dharmasiri 

et.al.2000 and2003). 

 

 
 

Figure 1 : View of Anisomeles indica Plant 
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Methodology:  

The present work based on various sits 

survey made in Nagpur region. This plant was 

collected and their identification was authenticated 

at research laboratory of Institute of Science, 

Nagpur. Ethnomedicinal uses medicinal properties 

of the plants was collected during field trips. GC-

MS analysis done by the help of shade dried powder 

of leaves. 

GC-MS Analysis –  

      The test plant extracts were subjected to GC-MS 

analysis at laboratory’s     (IIT Bombay) 

Sophisticated Analytical Instrument Facility 

(formerly RSIC), Indian Institute of Technology, 

Powai, Mumbai – 400076, India. 

Results and Observation: 

Ethno medicinal uses of Anisomelis indica:  
1) The plant isused in folk medicine as a cure in 

gastric-dysfunction 

2) Essential oil present in herb isused in uterine 

affection. (Kirtikar et. al. 1999, Anonymous, 

2003). A indica Linn. 

3) The plant is used traditionally as an analgesic,

 antiinflammatory and in skin 

problems such as snakebites. 

4) In 100 gm of leaves after prosesing the dried 

leaves powder founf 6.33 % aromatic oil . 

5) Aromatic oil use in various joints pain. 

There is need to develop alternative antibiotic 

drugs from plants.  

One approach is to screen local medicinal plant

s,which 

represent rich source of novel antimicrobial agent

s. The dried or fresh material is used as a wash for 

external afflictions, eczema, pruritis and skin 

problem. The plant is to act as a mosquito-repellent. 

 

Table No. 1: 

The Chemical Composition Anisomelis indica (wild) Linn. 

S. 

N. 

R.T Name of compound Molecular 

formula 

Mol. 

Weight 

Peak 

Area 

1 19.9 Tetracosapentaene,2,6,10,15,19,23-hexamethyl- C30H52 412 57689 

2 19.9 22-Stigmasten-3-one C29H48O 412 57689 

 

Table No. 2 – Analysis of oil percentage in Leaves of studied plants 

No. 

Plant 

Plant Sample Name Empty flask 

weight 

Empty flask 

oil weight 

Oil percentage 

of leaf 

1 Anisomeles indica 138.680 gm 138.870 gm 6.33 % 

 

Table. No. - 3: GC-MS Chromatogram of Anisomelis indica Plant 
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Conclusion: 

The present investigation was carried out on 

Anisomelis indica plant of Lamiaceae family to 

study the presence of medicinally active 

phytochemicals in the leaves. The chemical 

composition of the essential compounds from the 

leaves Anisomelis indica of collected from 

Gorewada forest and PDKV forest which 

experienced different climatic and geographic 

circumstances, were determined by GC-MS. The 

present investigations concluded that the leaf 

Anisomelis indica of contains chemical compounds. 

These chemicals are widely used in Ayurvedic 

traditional medicines. This study concludes and 

recommends further advanced study of these plants, 

so that it will help in preserving our traditional 

knowledge. The present GC-MS screening may 

serve as pavements for the researcher to select a 

group of plants having similar chemical constituents 

of particular class to isolate biologically active 

principles and future studies on family Lamiaceae. 
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Abstract: 

Endophytes are microorganisms that reside inside plants and are thought to be non-pathogenic symbionts 

because they do not manifest any indications of illness in their host plant. Among other things, topography and 

soil conditions affect the kind of endophytes that are isolated from plants. In the current study, fresh, healthy 

leaves of the medicinal plant Tridax procumbense (L.) were used to isolate the endophytic fungi. Healthy leaves 

of Tridax procumbense(L.)were gathered, cleaned, and surface sterilized to isolate the endophytic fungi. A sterile 

scalpel was used to cut the leaf segments uniformly (6mm).After surface sterilizing, the cut segments were 

inoculated into the Potato Dextrose Agar plates, they were incubated at 20–25°C for 3 to 8 days. Myrothecium 
roridum was isolated and then cultured in Potato Dextrose Broth in an orbital shaking incubator for 7 to 21 

days.Staphylococcus aureus, Streptococcus pneumoniae, Klebsiella pneumoniae, Salmonella typhimurium, and 

Escherichia coli were the five human pathogenic bacteria against which the antibacterial activity of a 

concentrated crude extract derived from Myrothecium roridum(Tode) was evaluated. An endophytic fungus 

Myrothecium roridum(Tode) showed an inhibitory effect against all five pathogenic bacteria. Maximum 

inhibitory activity was shown against Staphylococcus aureus (33mm) and minimum against Salmonella 

typhimurium (22mm).  

Keywords: Endophytic Fungi, Medicinal Plant,Tridax procumbense(L.), Antibacterial Activity, 
 

Introduction 

Endophytes are microorganisms living in 

the tissues of plants without causing any harm, both 

the endophytes and the plants experience symbiotic 

relationships. Endophytes are microorganisms that 

reside asymptomatically in the tissues of higher 

plants and are promising sources of novel organic 

natural metabolites exhibiting a variety of biological 

activities. Many studies have suggested that 

bioactive compounds produced by endophytes could 

be an alternative to discovering new antimicrobial 

compounds. Fungal endophytes may biosynthesize 

the same or similar compounds as their host plant 

and other diverse bioactive compounds, which 

provide various pharmacological activities. Plant 

endophytic fungi, microorganisms that reside in the 

tissues of living plants without causing any apparent 

disease symptoms, are relatively unstudied as 

potential sources of novel natural products for 

exploitation in medicine, agriculture, and industry.  

The term “endophyte” refers to all 

microorganisms that colonize internal plant tissues 

for all or part of their lifetime (Hu, Y., et al., 2017). 

Endophytes are an under-investigated group of 

microorganisms that represent a plentiful and 

renewable source of bioactive and chemically new 

compounds with the potential for exploitation in 

various medical, agricultural, and industrial realms 

(Mbilu, M., 2018). The association between fungal 

endophytes and their host plant is due to the result 

of unique adaptations that enable the endophytes to 

harmonize their growth with that of their host 

(Rajagopal, K., et al 2012). They are a 

taxonomically and ecologically heterogeneous 

group of organisms; mainly belonging to 

Ascomycota, coelomycetes, and hyphomycetes 

(Strobel, G., et al., 2004; Sultan, S., et al ., 

2022).Tridax procumbens(L.) is a very promising 

species that produces secondary metabolites 

reported to have a variety of medicinal uses 

including among others, anti-anemic, anti-

inflammatory, anti-diabetic, and anesthetic 

properties. This species has a long history of 

traditional use by different communities. This study 

aimed to review the scientific literature regarding 

the medicinal properties, biological activity, and 

phytochemical components of Tridax 
procumbens(L.), a member of the Asteraceae family 

that originated in Central and South America.(Beck 

S., et al.,2018). 
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Methods and Material  

1. Plant Material 
Tridax procumbense (L.)  fresh leaves were 

gathered from selected areas of Amravati, and the 

plant materials were verified by a taxonomist of the 

department. 

2. Test Organisms 
A total of fivehuman pathogenic 

bacterialstrains: - Staphylococcus aureus, Klebsiella 

pneumoniae,Streptococcus pneumoniae, 

Escherichia coli, andSalmonella typhimuriumwere 

used to evaluate the antibacterial activity of the 

isolated fungal endophyte extracts. 

3. Isolation and purification of endophytic fungi  

The collected plant materials were 

subjected to surface sterilization and isolation 

procedures following the method of Arnold et al. 

including some modifications. The plant materials 

were first washed several times under running tap 

water, followed by washing in distilled water. 

Surface sterilization was then done by sequentially 

rinsing the plant materials with 70% alcohol for 1 

min; 2% sodium hypochlorite (NaOCl) for 1 min 

then rinsed in another 70% alcohol for 2 min and 

finally washed with sterile distilled water for 2–3 

times. The plant materials were then dried insterile 

filter papers under aseptic conditions. After 

sterilization, the leaves were further cut aseptically 

to expose the interior surface and inoculated in the 

Potato Dextrose Agar plates amended with 

streptomycin150mg/mL to suppress bacterial 

growth.  

The petri-plates were sealed with parafilm 

wax tapes and incubated at 25 ±1 °C for 3-7 days. 

Within the days of incubation, the hyphal tips of 

fungi growing out from the samples were 

subsequently transferred onto fresh Potato Dextrose 

Agar plates. The procedure of transferring to 

freshPotato Dextrose Agar plates was carried out 

several times in order to obtain a pure culture of 

fungi. The isolated endophytic fungus was subjected 

to liquid-state fermentation in an Erlenmeyer flask 

containing sterilized Potato Dextrose Broth 

(prepared by autoclaving a mixture of 200 g of 

potato, 20 g of dextrose, and 1000 ml of distilled 

water). The flask was inoculated with agar blocks 

containing the fungus and incubated at 25-27°C for 

7-21 days. After fermentation, the fungal secondary 

metabolites were filtered with Whatman filter paper 

and crude aqueous extract used for antibacterial 

activity against five human pathogenic bacterial 

strains. 

4. Identification of the isolated endophytic fungi  

Macroscopic study  
A morphological study was done by plating 

the fungus on Potato Dextrose Agar plates and 

incubating it for 3-7 days. The growth appearance 

was then noted by observing both the back and front 

views of the plates.  

Microscopic study  

Unknown endophytic fungus was identified 

by studying their cultural characteristics, spore 

formations, and mycelium. Slides were prepared by 

tease mount method using Lactophenol Cotton Blue 

reagent and observed at ×10, ×40 and ×100 

magnifications, at Agharkar Research Institute, 

Pune, under the supervision of senior scientist Dr. P. 

N. Singh.   

Large-scale synthesis of antimicrobial 

metabolites 
250 ml flasks containing 150 ml of Potato 

Dextrose Broth were filled and autoclaved for 20 

minutes at 15 pounds per square inch. After 

inoculating the medium with an isolated fungus 

culture and incubating it for 25 ±1 for 21 days, the 

crude culture broth was filtered and subjected to 

antibacterialactivity against the six pathogenic 

bacteria by using agar welldiffusion methods. 

Antibacterial activity 
The fungus's ability to inhibit bacteria was 

evaluated using the agar well diffusion assay 

technique. This procedure involved creating aseptic 

wells in the seeded Muller and Hinton (MH) media 

using a sterile cork borer, dropping the required 

amount of the bioactive metabolite into the wells, 

and then incubating the wells for 24 hours at 37ºC in 

a bacteriological incubator. Lastly, zones of 

inhibition were found on the plates, and their 

diameter was calculated using the Hi-Antibiotic 

zone scale from Hi-Media Laboratories in Bombay. 

To assess the antibacterial activity of fungi, five 

strains of human pathogenic bacteria, including 

Salmonella typhimurium(ATCC-14028), 

Escherichia coli(ATCC-8739), Klebsiella 

pneumoniae(ATCC-4352),Streptococcus 
pneumoniae(ATCC-6303),and Staphylococcus 

aureus(ATCC-6538), were utilized. The American 

Type Culture Collection (ATCC) is where these 

bacterial strains were obtained. 

Results and Discussion      
Since ancient times Tridax procumbense 

(L.)has been used as a medicinal plant in Ayurveda. 

Tridax procumbens(L.) has a long history of 

traditional use but the isolation and evaluation of 

each phytochemical have not been properly related 

to its pharmacological properties and could show 

difficulty in reproducibility after isolation and 

evaluation (Beck S., et al ., 2018). Different 

substances such as oils, teas, and skin poultices, 

among others,have been manufactured using this 

species. An array of natural products have been 

characterized from endophytes, including anti-

cancer, anti-fungal, anti-bacterial, anti-viral, anti-

oxidant,anti-insecticidal, and immunosuppressant. 

In the present investigation, an endophytic fungus 

Myrothecium roridum(Tode)was isolated from plant 

parts of Tridax procumbens (L.). Fiveendophytic 

fungi from Tridax procumbens (L.)-Aspergillus 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Dr. Mrs. Sharayu Shyam Deshmukh 

113 

japonicus,Fusarium sp., Aspergillus niger, 

Alternaria sp., and Penicillium sp. And assessed 

Aspergillus japonicus for antibacterial activities 

were also reported (Aharwal P., et al., 2018).The 

aqueous extract (25μl) of endophytic fungus 

Myrothecium roridum(Tode)was assessed for 

antibacterial activity against fiveisolates of 

pathogenic bacteria-Staphylococcus aureus(ATCC-

6538), Klebsiella pneumonia (ATCC-4352), 

Escherichia coli(ATCC-8739), 

Streptococcuspneumoniae (ATCC-6303) 

andSalmonella typhimurium (ATCC-14028) showed 

broad-spectrum activity against all five pathogenic 

bacteria. Theaqueous extract of   Myrothecium 
roridum (Tode)showed a zone ofinhibition of 33 

mm against Staphylococcus aureus, 32 mm 

againstKlebsiella pneumoniae, 30 mm against 

Escherichia coli, 25 mmagainst Streptococcus 

pneumoniae, 22 mm against Salmonella 

typhimurium. 

 

 
Figure: A. Myrothecium roridum(Tode)colony on PDA Media 

 

  

Figures: B and C; Microscopic images of endophytic fungusMyrothecium roridum (Tode) 

 

                      Table: Antimicrobial activity of the endophytic fungus Myrothecium roridum(Tode) 
 

S.N Bacterial Strain Zone of Inhibition (mm) 

1 Staphylococcus aureus 33 

2 Klebsiella pneumoniae 25 

3 Escherichia coli 32 

4 Streptococcus pneumoniae 22 

5 Salmonella typhimurium 30 

 

Conclusion 
According to the study, Salmonella 

typhimurium, Escherichia coli, Klebsiella 

pneumoniae, Streptococcus pneumoniae, and 

Staphylococcus aureus are among the 

microorganisms that Myrothecium 

roridum(Tode) exhibit antibacterial activity against. 

Maximum activity against Staphylococcus 

aureus(33 mm) and minimum activity against 

Salmonella typhimurium(22 mm). Subsequent 

analysis could reveal biochemicals in the form of 

secondary metabolites that are in charge of this 

antibacterial action. 
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Abstract 

2-Substituted aryl benzimidazoles have been synthesized in excellent yields by cyclocondensation of o-

phenylenediamine and substituted aldehydes in the presence of a sulphurorgano catalyst such as sulphanilic acid 

and sulphosalysilic acid and comparatively studied in search of efficient catalyst by classical heating method. 

Keywords: Imidazole’s, Benzimidazole, Green Catalyst,2- substituted Benzimidazoles. 
 

Introduction 
Imidazole is an organic compound with the 

formula C3H4N2 This Aromatic heterocycle is 1-3 

diazoles and classified as alkaloids. Imidazole refers 

as a parent compound in diazole family and a class 

of heterocycles with similar ring structure. But 

varying substituents to ring system is serving as an 

important biological building block such as 

Histidine and relative hormone Histamine
1
. 

 

 
L-HISTIDINEHISTAMINE 

 

Imidazole was first synthesized by Henrich 

Debus in 1858 and various imidazole derivative 

have been discovered as early as 1840, many 

derivatives among those have biologicaland 

pharmacological importance, present work is 

devoted to synthesis of the one of the important 

derivative of imidazole’s that is Benzimidazole.it 

contains phenylring fused to an imidazole as shown 

in structure 

 

 
Benzimidazole 

 

Benzimidazole is predominantly basic 

compound having ability to form salt with acid 

benzimidazole(pka 5.5) is basic considerably 

weaker than imidazole(pka 7) this difference in stain 

is a reflection of a conjugation between the 

imidazole and benzene ring. 

Conjugation increases the number of 

contributing states in the resonance sense thus 

enhancing the stability  to the 

molecules
2
benzimidazole derivative shows such  

biological and pharmacological activity suchas 

neuropeptideYY-1receptor antagonist, Factor X-A 
inhibitor and ,Smooth Musclecell proliferation 

Inhibitor
20-23

,benzimidazole nucleus has structural 

similarities with various biological compounds such 

as purine base of DNA, it present in 

vitaminB12
3
,this similarities believed to help in easy 

recognition for various biological systems, as a 

result of this it has been termed as privileged for 

drug designing, benzimidazole derivative shows 

significant activity against  viruses such as HIV, 

Herpes(HVS-1),RNA,Human cytomegalo 

virus(HCMV),and also against Anti-Influenza
24--

28
,according to recent study benzimidazole 

derivative shows Anti-Tumoractivity
29

,  

benzimidazole derivative such as 1-{[Dimethyl 

(phenyl) silyl] methyl}-3-(2-phenylethyl)-1H-
benzimidazol-3-ium bromide monohydrate. Shows 

Anti-ulser properties 
30-31

, benzimidazole derivative 

shows Anti-Hypertensive, Anti-fungal,Anti-
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Histaminic properties reported in literature
32-36

, in 

addition of above it is a important precursor in 

organic synthesis. a number of methods have been 

reported for the synthesis of benzimidazole, reaction 

between o-Phenylene diamine and carboxylic acid 

and their derivatives (Nitriles, amides and ortho 

esters) required high temperature and more time but 

reaction speed up in presence of strong acid such as 

polyphosphoric acid
3
or mineral acid

4
.  

another method is cyclocondensation of o-

phenylene diamine with aldehyde under oxidative 

condition, the use of oxidising agent as a catalyst 

improves reaction speed as well as yield of the 

product various catalytic agents for the synthesis of 

benzimidazole derivative have been reported such as 

sulphuric acid
,
I-26,DDQ,AIR(Scheme-

1),OXANE,Fecl36H2O
6-10

,an efficient solvent free 

method for synthesis of benzimidazole derivatives 

using In (oTf)(Scheme-2), Yb(oTf) ,Sc(oTf)as a 

catalyst also reported 
11-13

,Benzimidazole derivative 

synthesis in presence of KHSo4and, 

Nitrobenzenealso reported
14-15

(scheme-4),Oxidative 

synthesis of benzimidazoles,quinoxalines, and 

benzoxazoles from primary amines by ortho-

quinone as a catalysist also reported
16

A"MnO2 

nanoparticles as efficient oxidant for ultrasound-

assisted synthesis of 2-substituted benzimidazoles 

under mild Conditions Reported in literature
17

, An 

efficient NaHSO3-promoted protocol for 

chemoselective synthesis of 2-substituted 

benzimidazoles in water reported by  Naeimi, 

Hossein, and Zahra Babaei.
18

, microwave assisted 

synthesis benzimidazole using Na2S2O5as a catalyst 

(Scheme-3),have been employed
19

. most of these 

methods are although efficient but many of these 

methods also have some limitations such as drastic 

reaction condition, expensive reagent and catalyst 

low yield, prolong reaction time and high energy 

consumption as well as co-occurrence of side 

product, for the isolation of the pure product.  

Though the rare earth metal catalyst gives 

better yields, the prohibitive cost of the catalysts 

makes them inappropriate for industrial purpose. 

Due to these limitations more efforts should be 

required in search of, the environmentally-benign, 

cost effective and higher yields giving chemical 

process which is superior to the existing 

methods.keeping the importance of such highly 

beneficial pharmacophore in mind here we 

synthesized 2-Substituted-aryl benzimidazoleby 

cyclocondensation of O-Phenylene diamine and 

Aryl Aldehyde in presence of sulphanilic acid and 

sulphosalycilic acid as catalyst for comparative 

study purposeby conventional heating method final 

product wash with water and recrystallised in 

ethanol molecule was confirmed by IR spectroscopy 

and melting point. 
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Present Work 
In present work O-phenylene diamine (1) 

and 2 Hydroxy-Benzaldehyde (2a) is reflux on water 

bath for 2-3 hour in presence of sulphur catalyst 

such as sulphanilic acid, sulphosalysilic acid, the o-

phenylene diamine undergo cyclisation to yield 

Crude product, which washed with water and 

recrystalised in ethanol and identified as 2-(2-

Hydroxy-phenyl)-benzimidazole(3a) having melting 

point 176
0
c 

 

NH2

NH2

H

O

N

H
N

+

HOOH 1)Sulphanilic acid
2)sulphosalycilic acid

Reflux 3 to 4 hr
1

2a 2c
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Experimental 

The o-phenylene diamine used as a starting 

material which undergo cyclisation with substituted 

aryl aldehyde using different sulphur catalyst such 

as sulphaanilic acid,sulphosalycilic acid to form 

respective compounds.  

All compounds are synthesised by using A, 

R grades (S.D Fine chem) and melting point is 

recorded on digital melting point apparatus (Veego 

DMP) Reaction is monitored by TLC till compound 

show single drop of iodine vapours on silica gel 

Glass plates. IR spectra were recorded on perkins 

Elmerspectrophotometer in the range 4000-400 cm 

in Nujol mull as KBR palate 

A 1:1 molar mixture of O-phenylene 

diamine (1) and 2 Hydroxy-Benzaldehyde (2a) is 

reflux on water bath for 2-3 hour in presence of 

sulphur catalyst such as sulphanilic 

acid,sulphosalysilic acid, the o-phenylene diamine 

undergo cyclisation to yield Crudeproduct, which 

washed with water and recrystalised in ethanol and 

identified as 2- (2-Hydroxy-phenyl)-benzimidazole 

(3a) having melting point176
0
c 

 

NH2

NH2

H

O

N

H
N

+

HOOH 1)Sulphanilic acid
2)sulphosalycilic acid

Reflux 3 to 4 hr
1

2a 2c
 

 

Result and Discussion 

Analytical data of 2-(2-hydroxy-phenyl)-benzimidazole (3c) 

Sulphur Catalyst Time 
Yield 

(%) 

Melting Point 

(
0
C) 

Molecular 

Formula 

Sulphanilic Acid 1-2 hr 78 176 C13H11N2O 

Sulphosalycilic 

Acid 
1-2 hr 73 176 C13H11N2O 

 

2-(2-Hydroxy-phenyl)-benzimidazole IR 

spectroscopic data shows absorption signals at : 

3363 (cm
-1

) For NH stretching, 1454 (cm
-1

) 

aromatic C=C Stretching and at 3053 (cm
-1

) which 

is for aromatic C-H bond stretching, and melting 

point 176
0
C which confirms the formation of the 2-

(2-hydroxy-phenyl)-benzimidazole .  

Summery and Conclusion 

In present work 2-(2-Hydroxy-pheny 

l)-benzimidazole have been synthesized in presence 

of sulphur organocatalysti.esulphanilic acid, 

sulphosalycilic acid structure of compound were 

established on basis of chemical transformation, IR 

spectroscopic data and melting point. the compound 

obtained were of good quality and purity maximum 

yield was obtained in presence of sulphanilic acid 

(78%) hensesulphanilic acid is more efficient 

catalyst as compare to sulphosalycilic acid. 
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Abstract: 

Sustainable agriculture emphasizes reduced reliance on chemical inputs like fertilizers and pesticides to 

mitigate adverse effects on soil health, fertility, and the environment. Microbial inoculants, particularly 

Arbuscular Mycorrhizal Fungi (AMF), play a vital role in enhancing plant nutrition, growth, and development. In 

the diverse landscape of India, with its rich array of medicinal plant species, there is potential for popularizing 

and harnessing these plants to uplift the economies of low-income countries in Asia, providing livelihood 

opportunities.This research focuses on the wonder plant Kalmegh (Andrographis paniculata Nees.), renowned for 

its numerous medicinal properties. The primary aim is to isolate and identify AMF associated with the 

rhizosphere soils of Andrographis paniculata. The study employs soil trap culture, utilizing a composite soil 

sample from the rhizospheric area of Andrographis paniculata.  

Coleus is grown in a composite soil sample using a soil: sand medium. After 45 days, AMF spores are 

isolated and identified morphotaxonomically. The analysis reveals the presence of five species of Glomus, 

including Glomus leptotichum, Glomus aggregatum, Glomus fasciculatum, and Glomus maculosum. Notably, 

Glomus aggregatum emerges as the dominant species. Further studies will involve mass multiplication of Glomus 

aggregatum, with subsequent application to evaluate its inoculation effect on the growth parameters of Kalmegh. 

The simplicity of this technology is believed to be easily adaptable by laypeople involved in growing Kalmegh, 

thereby maximizing its medicinal benefits. This abstract outline the research's ecological and economic 

significance, emphasizing the potential of AMF in sustainable agriculture and the promotion of medicinal plants 

for socio-economic development. 

Key Words: Andrographis paniculata, Soil trap culture, AMF, Glomus 
 

Introduction 

Plants and fungus that live in symbiotic 

relationships are referred to as mycorrhiza. Because 

symbiotic organisms may obtain nutrients that non-

mycorrhizal individuals cannot, these connections 

are thought to be vital in the colonization of land by 

plants. Through the development of what are known 

as mycorrhiza, the roots of numerous plant species 

coexist in symbiosis with specific soil fungus. For 

agricultural ecosystems to be managed sustainably, 

mycorrhiza symbioses are necessary. The term 

"arbuscular" refers to two distinct structures: 

arbuscules, which are found inside the cortical cells 

of many plant roots and in certain mycothalli that 

have been infested by AM fungus. These structures, 

along with storage vesicles inside or between the 

cells, have been thought to be diagnostic for AM 

symbioses (Shitole, 2018). 

Plant products have therapeutic potential 

that dates back more than 5,000 years, as evidenced 

by their use in Indian, Egyptian, Chinese, Greek, 

and Roman civilizations for the treatment of 

illnesses and the revitalization of bodily systems. In 

India, people of all walks of life make extensive use 

of medicinal plants, whether as processed 

pharmaceutical industry products or as traditional 

remedies in various indigenous medical systems 

such as Siddha, Ayurveda, and Unani. Of the 

estimated 4.5 million plant species in India, only 

between 250,000 and 500,000 have undergone 

phytochemical research to determine their biological 

or pharmacological activities. (Bamola et al., 2017). 

In Asian countries, Andrographis 
paniculata, also known as Kalmegh, is widely used 

in traditional medicine to treat a variety of 

conditions, including fever, herpes, sore throats, 

upper respiratory infections, and other chronic 

illnesses (Bhatnagar,2023) 

Andrographolide is a labdane diterpenoid 

delivered by Andrographis paniculate a prevalent 

constituent of something like 26 Ayurvedic 

definitions used to treat liver infirmities. The plant 

creates a scope of bioactive parts like 

andrographolides and polyphenols Among these, 

andrographolides are pharmacologically the most 

dynamic mixtures; However, only 2% to 3% of 

andrographolide is thought to be present in wild or 

conventionally propagated plants. The traditional 

vegetative proliferation of AP is excessively delayed 

to fulfill the need of drug ventures which is 

expanding every year at a pace of 3.1%. The plant is 

ranked 17th out of 32 prioritized Indian medicinal 
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plants with a demand of 2197.3 tons due to its 

multiple medicinal uses (Pandey and Rao, 2018). 

Isolation of spores directly from field soil is 

frequently observed to have drawbacks. a) Spores 

may appear intact but might not be viable, as they 

can persist in the soil as spore cases for years or 

even decades. b) Their structural characteristics can 

change in response to root pigments, soil chemistry, 

temperature, moisture, and microbial activity. c) 

They may only represent the AM fungal species 

colonizing with enough activity and biomass to 

trigger sporulation. Therefore, the preparation of 

trap culture emerges as the only viable technique to 

increase spore numbers and recover intact, fresh, 

and healthy spores. These spores can then be used as 

authentic material for identification and initiation of 

monospecific cultures (Rodrigues and Muthukumar, 

2009) 

Present examination addresses the 

Andrographis paniculata -mycorrhiza beneficial 

interaction regardingspore count, AMF spores and 

soil trap culture. 

Materials and Methods  

Area of Study 

Amravati is a city in the Indian state of 

Maharashtra, it is the seventh most populous 

metropolitan area. In Maharashtra. Amravati is 

located at 20.93°N latitude 77.75°W. Its average 

height is 343 meters (1125 feet). Amravati is 

tropical wet and dry climate with hot, dry summers 

and mild or cool winters.  The research sites are 

located in the city of Amravati (Tapowan).Three 

different locations in Tapowan were selected for 

sample collection 

Collection of soil sample 

The samples were collected from different 

areas of Tapowan (Amravati). For collection of 

rhizosphere soil samples, a steel pipe (2 diameter., 

50cm long) was inclined at an angle of about 15
0 

and driven using a hammer into the soil about 20-

25cm at root zone. This method enables the 

collection of soil samples from different depth, 

thereby precisely accounting for AM fungal 

diversity. The rhizosphere soil samples collected 

were subsequently placed in zip-loc polythene bags. 

Preparation of Arbuscular Mycorrhizal (AM) 

fungal culture by soil trap culture method 

The trap culture method described here is 

modified from Morton et al., (1993). Rhizosphere 

soil collected from a host plant in the field was 

mixed with sterilized sand in 1:1 ratio. This mixture 

was then added to 15cm diameter pots which are 

thoroughly pre-wiped with cotton dipped in absolute 

alcohol. Coleus cuttings (5cm tall) washed in sterile 

water were planted in the pots. Hoagland’s solution 

(without P) is added bi-weekly and the plants were 

watered twice a week. After 45 days of growth, AM 

fungal root colonization is checked by staining a 

sample with 0.05% trypan blue. The plants were 

maintained for a period of 90 days to established 

colonization and sporulation. Two or four cultures 

are required to obtain the maximum number of AM 

fungal spores. Once good colonization is 

established, watering was stopped, allowing the 

plants to dry, after which the shoot portion is cut off 

at the soil soil surface. The mixture was then placed 

in a zip-loc polythene bags, labelled and stored at 4
0 

C. This was used for isolation of AM fungal spores 

and preparation of monospecific cultures. 

Soil Analysis 

Soil physiocochemicals parameters such as 

soil texture, pH, EC, Org C, N, P, K and Zn from 

the composite soil samples of three sites were 

analyzed at Parikshit Biotech, Amravati. 

Isolation of AMF spores from Rhizospheric Soil 

AMF spores were isolated from the 

rhizospheric soil by the method given by 

Gredemann and Nicolson (1963), with some 

modification. Air dried rhizospheric soil was sieved 

from sieve having 2mm aparature size to remove 

large stones and debris from the soil.100 gm of that 

sieved soil was suspended in 1000ml of tap water 

and mixrure was stireed for 10-15 second. Coarse 

particles were allowes to settle for 15-30 min or 

more depending on tezture of soil. The supernatant 

then decanted through a series of 4 scientific sieves 

arranged in descending order of mesh size viz. 

150mm, 75mm, 53mm, 37mm. Sievates from each 

sieve then filtered through whatman filter paper no. 

1 to isolate the spores.  

Estimation of AMF Spore Count 

AMF spore number was estimated by the 

method given by Gaur and Adholeya (1994), with 

some modification in this method. Filter paper 

(whatman No. 1, size 12.5cm diameter was folded 

into two equal parts followed by a second fold 

resulting in four equal parts. The filter paper then 

reopened and two lines were drawn to divide it into 

four equal quadrates. Then vertical lines were drawn 

on one half of the filter paper dividing it into 

approximately 10 columns which are about 1 mm 

apart and also horizontal lines were also drawn 

dividing it into ten rows about 0.5mm apart with 

each other resulting into rectangles.  

Each column and row was numbered and 

direction of counting was marked with arrows. The 

filter paper was then folded in such a way that 

during decanting that marked portion will be 

receiving surface for the spores during filtrations. 

Thus, the spores were collected only on the marked 

surface of the filter paper and the remainder was 

retained without spores. The sievates of rhizospheric 

soil (which is described in the method of 

Gerdemann and Nicolson, 1963) were filtered from 

filter paper having rectangles formed by vertical and 

horizontal lines. The filter paper with spore and 

other debris was spread on a large petri-plate and 

observed under Carl Zeiss Stereo zoom microscope. 
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The spore number was then counted from each 

rectangle of columns in upward direction by moving 

the petriplate. Intact spores were picked up using a 

wet needle and mounted in polyvinyl alcohol 

lactoglycerol (PVLG) on a glass slide for 

identification and photography 

Identification of AMF Spores: - 
Identification of AMF spores was done by 

using ‘Manual for the Identification of VA 

Mycorrhizal Fungi’ – by N. C. Schenck and Yvonne 

Pérez (1990) and using the link invam.wvu.edu/the-

fungi/species-description. 

Photography: - 

Photography of AMF spores isolated from 

rhizospheric soil was done by using Carl Zeiss 

inverted compound microscope with Tucsen Camera 

(0.5 MP). 

Results and Discussion: - 

Although Arbuscular mycorrhizal fungi 

(AMF) are well studied for their ability to improve 

plant growth, the propagation and maintenance of 

AMF culture are critical due to their obligate 

biotrophic nature. The trap culture method of AMF 

spore development, widely used to obtain a mixed 

inoculum, is comparable to other methods; however, 

the culture from this method is not pure. To 

minimize the loss or viability of AMF spores, 

freshly collected soil samples can be maintained in 

this method. 

In the exploration of Andrographis 

paniculata Nees species from Tapowan in Amravati 

(MS), this investigation unveils the presence of 

arbuscular mycorrhizal fungi (AMF) species. The 

study involves the documentation of the 

morphology and AMF characterization of 

Andrographis plant species. A total of 120 spores 

were isolated from the soil sample, with Glomus 

emerging as the most dominant species. Among the 

identified AM fungal species were Glomus 

maculosum, Glomus aggregatum, Glomus 

leptotichum, and Glomus fasciculatum, making a 

total of four distinct species. 
 

Physico – chemical analysis of rhizosphere soil.  
 

Sr.  

No 

Sample pH Org C 

% 

     P 

Kg/Ha 

   K 

Kg/Ha 

Cu 

ppm 

Zn 

ppm 

1 Composite 7.10 0.30 18.64 142.58 2.35 0.45 

 

Glomus maculosum, Miller and Walker 

Colour :- Pale straw colour 

Shape :- Globose to subglobose 

Size :- (95-)135-178(-220) x (95-)130 -187(-220) 

µm 

 Composite spore wall :- 4.4- 15µm  

 The inner wall in many older spores bearing 

domed, scalloped in growths. 
 

Glomus aggregatum, Schenck and Smith emend. 

Koske 

Colour :- Pale yellow to yellow brown  

Shape :- Globose to sub- globose  

Size :- (20-) 40-85 (-120)µm  

 Composite spore wall :- 2-6 (-10)µm 

 Subtending hypha: - Straight, constricted, swollen 

or irregular and (6.4 -) 14.3(-21.6) µm wide at spore 

base. 

 Spores produced in sporocarp 
 

Glomus leptotichum, Schenck and Smith 

Colour :- Light yellow 

Shape :- Globose  

Size :- (48-)175(-262)µm  

 Composite spore wall :- 1.5-7.4(-10.5)µm 

 Subtending hypha :- 9-27µm wide at the point of 

attachment 

 Spore wall with adhering debris on the outer 

surface especially at the hyphal attachment 
 

Glomus fasciculatum, Walker and Koske 

Colour :- Pale yellow to pale yellow brown  

Shape :- Globose 

Size :- 75-149 µm 

 Composite spore wall :- (2.3)7-12(-16.1) µm 

 Subtending hypha straight 

 

 

 

Glomus maculosumGlomus aggregatum 

 



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Dongare S. B., Maggirwar R. C. 

123 

  

  

Glomus leptothicum Glomus fasciculatum 

 

  
Soil Trap Culture 

  

Conclusion 
Choosing effective AM fungi is a crucial 

first step in creating a mycorrhizal inoculation 

program.The investigation into the rhizosphere soil 

of Andrographis paniculata Nees has uncovered the 

prevalence of Glomus species, emphasizing the 

significance of arbuscular mycorrhizal (AM) fungi 

in the plant's ecosystem. The research aims to delve 

deeper into this association, with a specific focus on 

understanding the implications of dominant Glomus 

species on the growth parameters of Andrographis 
paniculata Nees. In the future scope of the study, a 

key avenue of exploration involves the 

establishment and cultivation of an AM fungi 

inoculum.  

This inoculum, derived from the naturally 

occurring Glomus species, is intended to be applied 

as a biofertilizer. By harnessing nature's own tools, 

the research seeks to assess the potential of these 

beneficial fungi in enhancing the growth and 

nutrient uptake of Andrographis paniculata Nees. 

To complement these efforts, the study could 

incorporate innovative soil trap culture techniques. 

Implementing soil trap culture involves strategically 

placing traps or substrates in the soil to selectively 

capture and analyze mycorrhizal fungi. This 

methodology would provide a nuanced 

understanding of the diversity and dynamics of AM 

fungi in the rhizosphere, offering insights into their 

role in sustaining the health and vitality of 

Andrographis paniculata Nees. The combined 

approach of studying dominant Glomus species, 
utilizing an AM fungi inoculum as a biofertilizer, 

and employing soil trap culture techniques positions 

this research to contribute not only to the specific 

understanding of Andrographis paniculata Nees but 

also to broader insights into sustainable agricultural 

practices and biofertilization strategies. 
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Abstract: 

Biodiversity is one of the important cornerstone of sustainable development and represent the biological 

wealth of particular nation.The present study was undertaken for the period of two years February 2014 to 

January 2016 for Ichthyofaunal exploration, identification and classification of fish fauna in some wetland from 

Warora region, District Chandrapur (M.S.) India. Fishes were collected from fishermen on local landing center 

from four water bodies of Warora region. The present investigation reveals the occurrence of total 49 different 

varieties of fishes. All the fishes are belongs to six major order. Most dominant order found Cypriniformes about 

57%, Followed by the order Siluriformes 21%, Order Perciformes12%, Order Osteoglossiformes and 

Synbranchiformes 4%and Antheriniformes 2%.The aim of present investigation is to know fish biodiversity and 

its conservation status. 

Keywords:-Warora, Wardha river, Ichthiofaunal, Water. 
 

Introduction:-  
Water is the most important potion of life. 

Water is responsible for evolution and activity of 

universe on the earth hence water is mother of all 

living world (Chaurasia and Pande, 2007).India has 

rich biological heritage that qualifies it as one of the 

mega biodiversity nation of the world (Saha and 

Patra, 2013). India has ninth place in terms of 

megabiodiversity (Chaudhari and Kumar, 2017). 

Right from the time immemorial, It can be said that 

possibly the first source of man‟s food was fish, 

which he derived from inland water (Kamdi, 2000). 

Fishes are the important indicator of aquatic 

ecosystem and occupy a remarkable position from a 

socioeconomic point of view (Beraet al., 2014). 

 Exploration of Ichthyofaunal diversity 

need for planning method for their production and 

effective exploitation. Fishery plays vital role in 

socioeconomic development of country. Fishery 

provides valuable resource of livelihood for huge 

section of economically backward class (Saha and 

Patra, 2013). Fish is a good source of high quality 

protein, vitamins, and minerals. It is also good 

source of omega-3 fatty acid which has great 

importance for good health (Khekare and Sawane 

2019, Borkar and Joshi, 2023). Fish constitutes 

more than a half of the total number of all other 

vertebrates in the world. There are total 32,900 

species of fishes and 64,000 total numbers of 

vertebrate species (Froese and Pauly, 2014 and 

Wani and Gupta, 2015).Total 35,588 fish species 

half of the all vertebrates (Singh et al., 2021). Karet 

al., (2003) described that about 2500 species of 

fishes are found in India. About 21,730 species of 

fishes have been recorded in the world, of which 

11.7% are found in Indian waters (Tripathi and 

Singh, 2023). Out of the 2546 species so far Listed, 

73 belongs to cold water regime, 544 to the warm 

fresh water domain. 143 to the brackish water, and 

1,440 to the marine water ecosystem.  

Worldwide about 450 families of 

freshwater fishes are found. In that near about 40 

families are present in India. Merely 25 families 

contain fish species which has commercial value. 

(Thirumalaet al., 2011). As per the report of 16 

global conservation organizations “Word forgotten 

Fishes” about one in three species is now threatened 

with extinction.In comparison with oceans and 

Forest. Global Freshwater Biodiversity declining at 

twice rate (IUCN, 2021, Rao and Rao 2023). There 

were no work on the Ichthyofaunaldivercity of 

WaroraTaluka. Since study of Ichthyofauna and 

their present status is important for sustainable 

development of fishes (Singh et al., (2021).The 

purpose behind the present research to explore fish 

diversity in WaroraTaluka. Some valuable 

instructions also included in research paper which is 

need forproper conservation and management 

strategy. 
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Material and Method:- 

Table no. 1: Details of Study site.   
Sr. No. Name of the sampling station Latitude and longitude of sampling station 

1 Wardha River 20
0
23‟N latitude 78

0
94‟E longitude 

2 Chargaon Dam 20⁰23′19′′N to 20⁰26′25”N latitude  and 79⁰9′25”E to 79⁰11′39”E longitude 

3 Anandwan Lake 20⁰15′31”N to 20⁰15′38”N latitude and 79⁰1′20”E to 79⁰1′27”E longitude. 

4 Gandhisagar Lake 20⁰13′50”N to 20⁰14′8”N latitude and 79⁰0′10”E to 79⁰0′32”E longitude 
 

The fishes are observed for three years, 

fishes were collected by using various nets (Gill net, 

Hand net, Drag net etc.) with the help of local 

fisherman. Sometime fish samples purchased from 

fisherman on local landing centers, from four water 

bodies. Fishes were brought to the laboratory and 

preserved in 10% formalin solution in separate 

specimen jar according to size of the specimen. 

Fishes were identified by using standard keys and 

books (Day, 1967; Jhingran, 1991; Misra, 2004; 

Gupta and Gupta, 2006). Sometime fish base 

website also referred for identification of fishes and 

to find out various aspects of fish fauna 

(www.fishbase.org). 

Threat status of each fish species was made 

according to the report of (Lakraet al., NBGFR, 

2010) threatened freshwater fishes of India and „Red 

List‟ of threatened species by (IUCN). The relative 

abundance of the fish was classified into three 

categories: Abundant (+++) constitutes 71-100 % of 

total catch, Moderate (++) constitute 36-70 % of the 

total catch and Rare (+) constitute 1-35 % of total 

catch, assuming the fishing efforts constant for each 

catch (Wani and Gupta, 2015). 

Result and Discussion:- 

                Fishes represents one of the best indicator 

of quality of any aquatic ecosystem. Fishes occupies 

a remarkable position from socioeconomic point of 

view (Ingale, 2016). During the study period 

February 2014 to January 2016, total 49 different 

varieties of fishes were found in the four water 

bodies (Wardha river, Chargaon dam, 

Anandwanlake, Gandhisagar lake) in Warora region 

indicating that, the area is rich in fish fauna.The list 

of all these fishes with their classification, local 

names, fin formulae and biodiversity status is given 

in the table no. 2, 3, 4 and figure1 respectively. 

Six major orders of fishes found in 

WaroraTaluka are as follows: Cypriniformes, 

Siluriformes, Perciformes, Osteoglossiformes, 

Synbranchiformes and Antheriniformes.In the 

present investigation, 12 fish families represented by 

49 fish species. Family Cyprinidae was dominant 

group with 27 species, followed by 7 species from 

Bagridae, 3 species of Channidae, 2 species each 

from Notopteridae, Claridae, Mastacembalidae and 

single species from family Nemacheilidae, 

Heteropneustidae, Belonidae, Cichlidae, 

Anabantidae and Gobidae. 

  In Vidarbh region many researchers 

worked on Ichthyofaunal Diversity. Sawaneet al., 

(2012) investigated total 41 different fishes from 

Kollar Dam, District Nagpur. These fishes belongs 

to 26 genera, 14 families, and 7 orders and reported 

dominance of cyprinidae. Bobdey (2014) had 

reported fish diversity and its conservation aspects 

in the lake and river ecosystem of Bhandara District. 

There is abundance of common carps. 
 

Table No. 2:- Ichthyofaunal diversity in Warora region during February 2014 – January 2016. 

Sr. 

No. 
Genus Common Name 

Local 

Name 
Order Family 

1 
Notopterusnotopterus(Pallas, 

1769) 
Feather back Bharad Osteoglossiformes Notopteridae 

2 
Notopteruschitala(Hamilton, 

1822) 
Moy Chital Osteoglossiformes Notopteridae 

3 
Barliusbendelisis(Hamilton, 

1807) 
― Zora Cypriniformes Cyprinidae 

4 Catlacatla(Hamilton, 1822) Katla Catla Cypriniformes Cyprinidae 

5 Garramullya(Sykes,1839) Stone sucker Mahir Cypriniformes Cyprinidae 

6 Garragotyla(Gray,1830) Sucker head Mahirum Cypriniformes Cyprinidae 

7 Labeocalbasu(Hamilton, 1822) Calbasu Tab Cypriniformes Cyprinidae 

8 Labeorohita(Hamilton, 1822) Rohu Rohu Cypriniformes Cyprinidae 

9 Labeoboggut(Sykes,1839) Khunus Bogat Cypriniformes Cyprinidae 

10 Labeodeplostomus (Day,1889) ― Rohu Cypriniformes Cyprinidae 

11 Labeogonius (Hamilton, 1822) Kurialabeo Nawari Cypriniformes Cyprinidae 

12 
Rasboradaniconius(Hamilton, 

1822) 

Black line 

rasbora 
Ganya Cypriniformes Cyprinidae 

13 
Rasborarasbora(Hamilton, 

1822) 
― Ganya Cypriniformes Cyprinidae 

14 
Salmophasiabalookee(Sykes,1

839) 

Razorbelly 

minnow 
Chal Cypriniformes Cyprinidae 

http://www.fishbase.org/
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15 
Danioaequipinnatus(McClella

nd, 1839) 
Giant Danio Chebli Cypriniformes Cyprinidae 

16 Puntiuschola(Hamilton, 1822) Swamp barb Chola Cypriniformes Cyprinidae 

17 
PuntiusChonchonius(Hamilto

n, 1822) 
Rosy barb Gharuti Cypriniformes Cyprinidae 

18 Puntiusdorsalis(Jerdon,1849) 
Long snouted 

barb 
Kodsi Cypriniformes Cyprinidae 

19 
Puntiussophore(Hamilton, 

1822) 
Spot fin barb Tepri Cypriniformes Cyprinidae 

20 
Puntius stigma (Valenciennes, 

1844) 
― Tepri Cypriniformes Cyprinidae 

21 Puntiusticto (Hamilton, 1822) Two spot barb Khawali Cypriniformes Cyprinidae 

22 
Puntiussarana(Hamilton, 

1822) 
Olive Barb Polashi Cypriniformes Cyprinidae 

23 
Hypothalmichthysnobilis(Rich

ardson,1845) 
Big head Birked Cypriniformes Cyprinidae 

24 
Hypothalmichthysmolitrix(Ho

wes,1981) 
Silver carp Silver Cypriniformes Cyprinidae 

25 
Cirrhinamrigla(Hamilton, 

1822) 
Mrigal Mrigal Cypriniformes Cyprinidae 

26 
Crossocheiluslatius (Hamilton, 

1822) 
Gangeticlatia Alagar Cypriniformes Cyprinidae 

27 
Osteobramavigrosii 
(Sykes,1839) 

Rohteevigrosii Mrigal Cypriniformes Cyprinidae 

28 
Cyprinuscarpiocommunis 
(Linnaeus,1758) 

Common carp Shipner Cypriniformes Cyprinidae 

29 
Oxygastergora (Hamilton, 

1822) 
Gora chela 

Bhat-

masri 
Cypriniformes Cyprinidae 

30 
Nemacheilusbotia(Hamilton, 

1822) 
Zipper loach Mahirum Cypriniformes Nemacheilidae 

31 Mystusseenghala (Sykes,1839) 
Giant River 

catfish 
Shiwada Siluriformes Bagridae 

32 
Mystuscavasius (Hamilton, 

1822) 
Gangeticmystus Singhara Siluriformes Bagridae 

33 Mystusbleekeri (Day,1857) Day's Mystus Katwa Siluriformes Bagridae 

34 Mystusvittatus(Bloch, 1794) 
Striped dwarf 

catfish 
Katwa Siluriformes Bagridae 

35 Rita rita(Hamilton, 1822)  Rita Katwa Siluriformes Bagridae 

36 Ompokpabda (Hamilton, 1822) Pabdah catfish Baraj Siluriformes Bagridae 

37 
Wallagoattu(Bloch and 

Schneider, 1801) 
Wallago Sawada Siluriformes Bagridae 

38 
Clariusbatracus(Linnaeus,1758

) 
Walking catfish Mangur Siluriformes Claridae 

39 
Clariusgariepinus(Burchell, 

1822) 

African 

sharptooth 

catfish 

Thai 

mangur 
Siluriformes Claridae 

40 
Heteropneustesfossilis(Bloch, 

1794) 
Stinging catfish Singhi Siluriformes Heteropneustidae 

41 
Xenentedoncancilla(Hamilton, 

1822) 
Needle fish Chocha Antheriniformes Belonidae 

42 
Mastacembalusarmatus(Lacep

ede, 1800) 
Spiny eel 

Waur/Ba

m 
Synbranchiformes Mastacembalidae 

43 
Mastacembaluspuncalus(Day,

1857) 
Srriped spiny eel Mallar Synbranchiformes Mastacembalidae 

44 
Oreochromismossambicus(Pet

er, 1852) 

Mozambique 

tilapia 
Telapi Perciformes Cichlidae 

45 
Anabustestudineus(Bloch, 

1792) 
Climbing perch Koi Perciformes Anabantidae 

46 Channastriatus(Bloch, 1793) 
Snake head 

murrel 
Botaru Perciformes Channidae 

47 Channapunctatus(Bloch, spotted snake Dalad Perciformes Channidae 
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1793) head 

48 
Channamarulius(Hamilton, 

1822) 

Great snake 

head 
Maral Perciformes Channidae 

49 
Glassogobiusgiurus(Hamilton, 

1822) 
Tank goby Kaddu Perciformes Gobidae 

 

Table 3: Fin formulae of fishes in Warora area  

Sr. no. Scientific Name Fin formula 

1 Notopterusnotopterus B. 8, D. 7-8, P. 15-17, V. 5-6, A. 100-110, C. 19, L.l. 225. 

2 Notopteruschitala B, 8-9, D. 9-10, P. 16, V. 6, A. 110-125, C. 12-14, L.l. 180. 

3 Barliusbendelisis B. 3, D. 2/7, P. 15, V. 9, A. 2-3/7-8, C. 18, L.l. 40-43, L.tr.7-8/5. 

4 Catlacatla 
B. 3, D. 3-4/14-16, P. 21, V. 9, A. 3/5, C.19, L.l. 40-43, L.tr. 

7.5/9. 

5 Garramullya B. 3, D. 2-3/8-9, P. 15, V. 9, A. 2/5, C. 17, L.l. 32-36, L.tr. 4-4.5. 

6 Garragotyla B. 3, D. 2/9, P. 16, V. 9, A. 2/5, C. 17, L.l. 34, L.tr.4-4.5. 

7 Labeocalbasu 
B. 3, D. 16-18, P. 19, V. 9, A. 7(2/5),  C. 19. L.l. 40-44, L.tr. 7.5-

8. 

8 Labeorohita 
B. 3, D. 15-16, P. 17, V. 9, A. 7(2/5),  C. 19, L.l. 40-42, L.tr. 

6.5/9. 

9 Labeoboggut 
B. 3, D. 11-12, P. 17, V. 9, A. 7(2/5), C. 19, L.l. 60-65, L.tr. 11-

12/14 

10 Labeodeplostomus B. 3, D. 12-13, P. 17, V. 9, A. 7(2/5),  C. 19, L.l. 41-44, L.tr. 8/9. 

11 Labeogonius 
B. 3, D. 16-18, P. 17, V. 9, A. 7(2/5),  C. 19, L.l. 74-84, L.tr. 

16/17. 

12 Rasboradaniconius 
B. 3, D. 9(2/7), P. 15, V. 9, A. 7(2/5), C. 19, L.l. 31-34, L.tr. 

4.5/5. 

13 Rasborarasbora 
B. 3, D. 9(2/7), P. 15, V. 9, A. (2/5-6). C. 19. L.l. 26-29, L.tr. 

4.5/3. 

14 Puntiuschola B. 3, D. 11, P. 15, V. 9, A. 7(2/5), C. 19. L.l. 26-28, L.tr. 5.5/5. 

15 Puntiuschonchonius B. 3, D. 11, P. 11, V. 9, A. 7(2/5), C. 19. L.l. 24-26, L.tr.5.5/6.5. 

16 Puntiusdorsalis B. 3, D. 11-12, P. 15, V. 9, A. 8(3/5), C. 19. L.l. 24-25, L.tr. 4.5/4. 

17 Puntiussophore B. 3, D. 12, P. 15, V. 9, A. 7(2/5), C. 19, L.l. 25, L.tr. 3.5/ 4.5. 

18 Puntius stigma B. 3, D. 11-12, P. 17, V. 9, A. 7, C. 19, L.l 23-26, L.tr. 4.5-5/5.  

19 Puntiusticto B. 3, D. 11, P. 15, V. 9, A. 7, C. 19, L.l. 23-26, L.tr. 5-6/6 

20 Puntiussarana B. 3, D. 11, P.15, V. 9, A. 8(3/5), C. 19, L.l.32-34, L.tr. 5.5-6/6. 

21 Hypophthalamichthysnobilis D. 3/7, A 1-3/12-14 

22 
Hypophthalamichthysmolitri

x 
D. 3/7, P. 1/17, V. 1/7, A. 2-3/12-14 

23 Danioaequipinnatus B. 3, D. 12-14, A. 14-16, C.19, L.l. 32-34, L.tr. 6-7/3.5. 

24 Salmophasiabalookee 
B. 3, D. 9(2/7), P. 13, V. 9, A. 13-15(2/11-13), C. 19, L.l. 80-93, 

L.tr. 12-15/6. 

25 Cirrhinusmrigla 
B. 3, D. 15-16(3/12-13), P. 15, V. 9, A. 8(3/5), C. 15, L.l. 40-45, 

L.tr. 6.5-7/8.5. 

26 Crossocheiluslatius 
B. 3, D. 10-11(3/7-8), P.15, V. 9, A. 7(2/5), C. 19, L.l. 38-40, L.tr. 

6/6. 

27 Osteobramavigrosii 
B. 3, D. 11, P. 19, V. 10, A. 25-28. C. 19, L.l. 75-80, L.tr. 16-

18/21 

28 Cyprinuscarpiocommunis D. 20(3-4/14-19), P. 1/16-18, V. 1/7-8, A. 2-3/5 

29 Oxygastergora 
B. 3, D. 9(2/7), P. 13-15, V. 8, A. 15-18, C. 19, L.l. 140-160, 

L.tr18-20/18. 

30 Nemacheilusbotia B. 3, D. 12-14(2/10-12), P. 11, V. 8, A. 7(2/5), C 17. 

31 Mystusseenghala B 12, D. 1/7, P. 1/9, V. 6, A. 3/8-9, C. 19-21 

32 Mystuscavasius B. 6, D. 1/7, P. 1/8, V. 6, A. 4/7-9, C. 16. 

33 Mystusvittatus B.10, D. 1/7, P. 1/9, V. 6, A. 2-3/7-9, C.17 

34 Mystusbleekeri B 10, D. 1/7, P. 1/9, V. 6, A. 2-3/7-9, C. 17. 

35 Rita rita B. 8, D. 1/6, P. 1/10, V.8, A. 4-5/10, C. 19. 

36 Ompokpabda B. 12-15, D. 4-5, P. 1/11-15, V. 8-10, A. 54-60, C. 18. 

37 Wallagoattu B.12, D. 5, P. 1/13-15, V. 8-10, A. 4/82-89, C. 17. 
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38 Clariusbatracus B. 9, D. 62-76, P. 1/8-11, V. 6, A. 45-58, C. 15 

39 Clariusgariepinus B. 9, D. 61-80, P. 10, V. 5, A. 45-65, C. 19 

40 Heteropneustesfossilis B. 7, D. 6-7, P. 1/7, V.6, A. 60-79, C. 19. 

41 Xenentedoncancilla B. 10, D. 15-18, P. 11, V. 6, A. 16-18, C. 15. 

42 Mastacembalusarmatus B. 6, D. 32-39/74-90, P. 23, A. 3/75-88 

43 Mastacembaluspuncalus B. 6, D. 24-26/ 32-42, P. 19, A. 3/31-46. C.12. 

44 Oreocromismossambicus D. 15/ 12, P.14(1/13), V. 6,(1/5), A. 13 

45 Anabustestudineus 
B. 6, D. 17-18/8-10, P. 15, V. 1/5, A. 9-10/9-11, C. 17, L.l. 28-32, 

L.tr. 3-4/9-10. 

46 Channastriata 
B. 5, D. 37-45, P.17, V. 6, A. 23-26, C. 13, L.l. 50-57, L.tr. 4.5-

8/7-10. 

47 Channapunctatus B. 5, D. 29-32, P. 17, V. 6, A. 21-23, C. 12, L.l. 37-40, L.tr. 4/5-9. 

48 Channamarulius 
B. 5, D. 45-55, P. 18, V. 6, A. 28-36, C.14, L.l. 60-70, L.tr. 4.5-

8.5/11-13. 

49 Glassogobiusgiuris 
B. 5, D. 6/1/8-9, P. 20, V. 1/5, A. 1/8-9, C. 17. L.l. 30-34, L.tr. 8-

9. 

 

Table no. 4. Biodiversity status, abundance of fishes in WaroraTaluka. 

Sr. 

No. 
Genus 

Biodiversity 

status (IUCN) 

Biodiversity 

status (NBGFR) 
Abundance Habitat 

1 Notopterusnotopterus LC   M Lo/Le 

2 Notopteruschitala LC   R Le 

3 Barliusbendelisis NE   R Lo 

4 Catlacatla LC   A Lo/Le 

5 Garramullya LC   A Lo 

6 Garragotyla LC VU R Lo 

7 Labeocalbasu LC   M Lo/Le 

8 Labeorohita LC   A Lo/Le 

9 Labeoboggut NE   R Lo 

10 Labeodeplostomus LC   R Lo/Le 

11 Labeogonius LC   M Lo/Le 

12 Rasboradaniconius LC   A Lo/Le 

13 Rasborarasbora LC   A Lo/Le 

14 Puntiuschola NE VU A Lo 

15 Puntiuschonchonius LC   M Lo 

16 Puntiusdorsalis LC   M Lo 

17 Puntiussophore LC   A Lo 

18 Puntius stigma NE   R Lo 

19 Puntiusticto NE   A Lo 

20 Puntiussarana LC   R Lo 

21 Hypophthalamichthysnobilis DD   M Lo/Le 

22 Hypophthalamichthysmolitrix NT VU R Lo/Le 

23 Danioaequipinnatus LC   M Lo 

24 Salmophasiabalookee NT   A Lo 

25 Cirrhinusmrigla LC   A Lo/Le 

26 Crossocheiluslatius LC   M Lo/Le 

27 Osteobramavigrosii LC   R Lo 

28 Cyprinuscarpiocommunis VU   M Lo 

29 Oxygastergora LC   M Lo 

30 Nemacheilusbotia LC   A Lo 

31 Mystusseenghala LC   M Lo/Le 

32 Mystuscavasius LC   A Lo/Le 

33 Mystusvittatus LC   M Lo 

34 Mystusbleekeri LC   A Lo/Le 

35 Rita rita LC   A Lo 

36 Ompokpabda NT VU R Lo 

37 Wallagoattu NT   M Lo/Le 
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38 Clariusbatracus LC   M Lo 

39 Clariusgariepinus LC   A Lo/Le 

40 Heteropneustesfossilis LC VU M Lo 

41 Xenentedoncancilla LC   M Lo/Le 

42 Mastacembalusarmatus LC   A Lo 

43 Mastacembaluspuncalus LC   R Lo 

44 Oreocromismossambicus NT   M Lo/Le 

45 Anabustestudineus DD   R Lo/Le 

46 Channastriata LC   A Lo/Le 

47 Channapunctatus LC   M Lo/Le 

48 Channamarulius LC   R Lo/Le 

49 Glassogobiusgiuris LC   A Lo 
 

Fig. no. 1: Order Wise Distribution of Fishes Found in WaroraTaluka. 

 
 

Conclusion:- 

There are total 49 fish species were found 

from all the four water bodies of WaroraTaluka. In 

that majority of species belongs to order 

Cypriniformes. Twenty eight species of 

Cypriniformes, ten species of catfishes 

(Siluriformes), six species of Perciformes, two 

species of Synbranchiformes and 

Osteoglossiformes, lastly single species of 

Antheriniformes were identified.  

According to IUCN red data book 

Cyprinuscarpiocommunis species worldwide in 

vulnerable condition which is moderately abundant 

in the water bodies of WaroraTaluka during the 

present investigation. Hypothalmichthysmolitrix, 
Ompocpabda, Wallagoattu and 

Oreochromismossambicus are near to threatened 

species. Hypothalmichthsmolitrix and Ompocpabda 

are found rarely but Wallagoattuand 

Oreochromismossambicus are moderately abundant. 

For the survival of endangered fish species, 

attention has to be given towards development of 

captive breeding and development of breeding 

fishes. Strict management measures along with large 

scale public awareness would be essential to save 

the fish fauna. Awareness among the people has to 

be spread about illegal fishing. Killing of brood and 

undeveloped fishes must be prohibited. 
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Abstract 

My corrhizal fungi live in symbiosis with the roots of a large variety of plants, including trees, shrubs, 

annuals and perennials. The present study is planned to observe Arbuscular Mycorrhizal Fungi (AMF) associated 

with Seasonal Flowering Plants from Amravati (M.S.)In the present investigation, seasonal trips were made to 

collect the plants from different sites in Amravati such as nurseries, gardens and educational institution. There 

were three seasons selected for this investigation such as summer, winter and rainy season. The seasonal trips was 

done during 13th Dec.2021 to 30th Sept 2022 this period.  The ornamental flowering plants were observed and 

some of the seasonal plants were selected. Proper field note of each specimen was recorded and their 

identification was done by giving botanical and local names, family, habitat and general morphology etc. There 

were 40 ornamentally important plants recorded from these sites. The soil samples will be investigated to know 

AMF species associated with ornamental plants. The purpose of study is to explore and document the important 

plant species as they play vital role in decorative purpose, aesthetic values, perfume industries and as well as in 

the field of floriculture.  Some most frequently observed ornamental plants in Amravati area which are Portulaca 

grandifolia, Pentas, Ixora, Hibiscus, Geranium, Gazania, Gardenia, Thunbergia grandiflora, Viola( 

Pensy),Bougainvillea, Tradescantia pallida. 

Key Words: Flowering Plants, AM Fungi. 
 

Introduction 

In essence, the symbiotic relationship 

between humans and plants, cultivated over eons, 

encompasses not only the fulfilment of basic needs 

but also the enrichment of our lives through cultural 

practices, aesthetic appreciation, and the 

stewardship of our shared environment.The plants 

are grown for the display of their flowers but in 

many cases ornamental features include leaves, 

fruits, stem and bark. The estimated area under the 

flowers crop in the country is about 1.06 

hectare(Jain,et.al.,2003) Flowering plants have 

found a thriving market as potted beauties, 

enhancing indoor spaces with their vibrant blooms. 

Among the most sought-after varieties for indoor 

cultivation are poinsettias, orchids, florist 

chrysanthemums, and finished florist azaleas.Cut 

flowers are usually sold in bunches or as bouquets 

with cut foliage. The scent of flowers in particular 

awakens our senses. We associate relaxing, 

calmness, delicacy, harmony, heart opening, love 

and sensuality with it. Traditionally flowers are 

grown for aesthetic, social function and extraction 

of essential oils and manufacturing of perfumes. 

(Byczynski, L. 1997). This concerted effort to 

elevate growth and flower production is not only a 

response to market demands but also reflects a 

commitment to sustainability and quality in the 

ornamental plant industry. As the cultivation 

landscape evolves, the pursuit of innovative 

methods and technologies plays a pivotal role in 

ensuring the consistent availability of vibrant and 

robust ornamental plants, meeting the expectations 

of a discerning and growing clientele.The flora of a 

region is considered an essential part of the 

environment that determines the wealth of the 

ecosystem and human health (Sandifer et al. 2015) 

Material and Method  

Meeting the escalating societal demand for 

ornamental plants necessitates a strategic 

intensification of biomass production and an 

enhancement of their overall quality. In response to 

this imperative, there is a compelling need to 

formulate meticulous plans geared towards 

optimizing the cultivation and output of these plants. 

Study site: -  

The study was undertaken at different sites 

located in Amravati. Amravati, also called 

Ambanagari is a city of immense cultural and 

religious importance in Maharashtra. It is also called 

the cultural capital of the Vidarbha region situated 

in Maharashtra. Amravati is 340 m above from the 

sea level located in the East Maharashtra on the 

altitude of 25o56' north and 77o47' east. It is the 

main center of west Vidarbha.  

 

Survey: -  
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Different sites and localities of Amravati or 

Different nurseries, local garden and institutional 

garden which is located in Amravati were visited 

during the course of investigation. There were 40 

ornamental plants of economic importance were 

surveyed from different sites. The purpose of the 

survey was to collect information of some 

ornamental flowering plants with proper field notes, 

identification of the plants by giving botanical 

name, common name, and general morphology. The 

photography of all flowering plants was done. 

Result and Discussion:-  
The field expedition of the study area 

showed interesting results concerning floristic 

diversity. A total of 40 plant species belonging to 20 

families and 34 genera were recorded from the study 

site. Out of 40 plants, 40 were angiosperms (Table 

1). Asteraceae was the most dominant family with 

(6 genera and 6 species) and other contributing 

families are Plumbaginaceae, Acanthaceae, 

Bignoniaceae, Euphorbiaceae, Verbenaceae, 

Oleaceae, Lythraceae, Rubiaceae, Portulacaceae, 

Nyctaginaceae, Oleaceae, Crassulaceae, Rosaceae, 

Apocynaceae, Malvaceae, Caryophyllaceae, 

Lytharceae, Lamiaceae and  Solanaceae. 

India is blessed by nature with one of the 

richest floras on the earth and is considered the 

centre of origin of a number of the wild as well as 

cultivated plants (Vardhana 2008).Floriculture or 

flower farming, is a discipline of horticulture 

concerned with the cultivation of flowering and 

ornamental plants for gardens and for floristry, 

comprising the floral industry. Floriculture has 

emerged as an important agribusiness, providing 

employment opportunities and entrepreneurship in 

both urban and rural areas. Floriculture also offers 

careers in production, marketing, export and 

research. The demand for floriculture products has 

increasing significantly. As a result there has been 

an increasing demand.  
  

Fig:-1 some of the common Ornamental plants 
 

 
 

Adenium obesum(Forssk.)Roem. & Sch.Catharanthus roseus(L.) 

 

  
Ixora coccinea(L.)Petunia hybrida (Film.) 

 

  

Thunbergia erecta(Benth) Plumbagoauriculata(L.).) 
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Table :- 1  Sheet for survey of ornamental flowering plants at Amravati, Maharashtra 

S.N. 

Available plant material 
Growth 

form 
Annual / 

Blooming 

Period 
Botanical name Common name Family 

Herb/ 

Shrub/ 

Climber 

Perennial 

 Plumbago auriculata 

(L.) 
Cape leadwort Plumbaginaceae Shrub Perennial 

November - 

April 
1 

2 
Thunbergia erecta 

(Benth.) 
Bush clockvine Acanthaceae Shrub Perennial 

August - 

January 

3 
Euphorbia lophogona 

(L.) 
Spurge Euphorbiaceae Shrub Perennial 

Throughout 

the year 

4 
Euphorbia milii  (Des 

Moul.) 
Christ plant Euphorbiaceae Shrub Perennial 

Throughout 

the year 

5 
Lantana involucrata 

(L.) 
Buttonsage Verbenaceae Shrub Perennial 

Throughout 

the year 

6 
Jasminum 

auriculatum (Vahl.) 
Jasmine Oleaceae Climber Perennial 

December - 

February 

7 
Cuphea hyssopifolia 

(Kunth.) 
Mexican Heather Lythraceae Shrub Annual 

Throughout 

the year 

8 Ruellia humilis(Nutt.) 
Fingerleaf wild 

petunia 
Acanthaceae Herb Perennial Summer 

9 
Hamelia patens  

(Jacq.) 
Firebush Rubiaceae Shrub Perennial 

June - 

September 

10 
Portulacae oleracea  

(L.) 
Pigweed Portulacaceae Herb Perennial 

December - 

April 

11 
Bougainvillea glabra( 

Choisy.) 
Paper flower Nyctaginaceae Shrub Perennial 

Late 

summer 

12 
Jasminum 

grandiflorum(L.) 
Royal jasmine Oleaceae Shrub Perennial 

Summer - 

Autumn 

13 Ixora chinensis(Lam.) Chinese ixora Rubiaceae Shrub 
Annual 

&Perennial 
Summer 

14 
Kalanchoe 

blossfeldiana( Poelln.) 
Widow's- trill Crassulaceae Herb Perennial 

late winter - 

late spring 

15 Ixora coccinea(L.) 
Jungle flame or 

pendkuli 
Rubiaceae Shrub Perennial Summer 

16 Rosa alba(L.) Japanese rose Rosaceae Shrub Perennial 
November-

December 

17 Rosa rubiginosa Rose Rosaceae 
Trailing 

shrub 
Annual May – June 

18 Gazania rigens(L.) African daisy Asteraceae Herb Perennial 
June – 

November 

19 
Chrysanthemum 

morifolium(L.) 
Shevanti Asteraceae Herb Perennial 

October – 

December 

20 
Catharanthus 

roseus(L.) 
Periwinkle Apocynaceae Herb 

Perennial/Annua

l 

Year round 

flowering 

21 Hibiscus rosasinensis China rose Malvaceae Shrub Perennial May – June 

22 
Bougainvillea 

spectabilis(Wild.) 
Paper flower Rosaceae Shrub Perennial 

Late 

summer 

23 
Jasminum polyanthum 

(Franch.) 
white jasmine Asteraceae Shrub Perennial 

Summer - 

Autumn 

24 Bignonia(L.) Garlic vine Bignoniaceae Shrub Perennial 
January - 

February 

25 Dianthus (L.) Carnation 
Caryophyllacea

e 
Herb Perennial April – May 

26 Salvia (L.) Sage Lamiaceae Herb Perennial 
October – 

January 

27 
Adenium 

obesum(Forssk.)Roem
Desert rose Apocynaceae Shrub Perennial 

January - 

May 
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. & Sch. 

28 Viola tricolor (L.) Pansy Oleaceae Herb Perennial 
March - 

May 

29 Dahlia (Cav.) Georgina Rubiaceae Shrub Perennial 

April – 

early 

December 

30 
Gerbera jamesonii 

(L.) 
Barberton daisy Crassulaceae Herb 

Perennial/Annua

l 

March - 

May 

31 Tagetes (L.) Marigold Rubiaceae Herb Annual 
September-  

December 

32 
Petunia hybrida 

(Film.) 
Garden petunia Solanaceae Herb Annual 

February – 

May 

33 Zinnia (L.) Elegent zinnia Asteraceae Herb Annual 
July - 

October 

34 
Portulaca grandiflora 

(Hook.) 
Moss rose Portulacaceae Herb Annual 

January- 

February 

35 Allionia (L.) Windmills Nyctaginaceae Herb Perennial 
April -

September 

36 
Chrysanthemum 

morifolium (Ramat.) 
Garden mum Asteraceae Herb Perennial 

December - 

February 

37 
Plumeria pudica 

(Jacq.) 

Lei flowers or wild 

Plumeria 
Apocynaceae Shrub Perennial 

March - 

June 

38 Calendula (L.) Desert marigold Asteraceae Herb 
Annual 

&Perennial 

December - 

March 

39 Mussaenda (L.) Red flag bush Rubiaceae Shrub Perennial 
November - 

January 

40 
Cestrum nocturnum 

(L.) 

Ratrani,poisonberr

y 
Solanaceae Shrub Perennial 

August - 

October 

 

Conclusion: -  

Ornamental plants are primarily cultivated 

for their visual appeal, making the enhancement of 

aesthetic qualities a central focus in their 

production. Quality attributes such as leaf types, 

flower color, fragrance, longevity, and overall form, 

shape, and architecture are critical aspects that drive 

economic goals within the ornamental industries. 

Creating novel variations through propagation and 

improvement is essential to meet the ever-evolving 

demands of the market. 
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Abstract 

The ultrasonic velocity (µ), density (ρ), and viscosity (η) have been measured for aqueous solutions of L-

Arginine at various concentrations from 0.01 to 0.1M at different temperatures (293.15, 298.15, 303.15, 308.15, 

313.15 and 318.15) K. The constancy of temperature was maintained by the use of a refrigerated bath with water 

as a circulating medium. From experimental data, acoustic parameters such as isentropic compressibility (βa), 

isothermal compressibility (βi), apparent molar volume(Φv), partial molar volume(Φv
0
), Viscosity coefficients B 

and A, and hydration number (nh) have been calculated using standard relations. These parameters have been 

further used to interpret the type of molecular interactions such as van der Waals forces, dipole-dipole 

interactions, hydrogen bonding, solute-solvent, solute-solute interactions, etc.present in the system investigated. 

Keywords: Ultrasonic velocity (u), apparent molar volume (Φv), partial molar volume (Φv
0
), Viscosity 

coefficients, hydration number (nh), L-Arginine. 
 

Introduction: 
Amino acids are fundamental structural 

units of proteins, also they are necessary chemicals 

in life processes
1,2

. L-Arginine is a non-essential 

amino acid with a guanidino group appended to the 

amino acid framework
3
. It is needed to keep the 

liver, joints, muscles, and skin healthy. It also helps 

to strengthen the immune system, regulates blood 

sugar, and promotes male fertility. It is involved in 

various metabolic pathways. It plays important role 

in cardiovascular disorders, and also behaves as a 

good oxidant.
4-6

L-Arginine gets converted to nitric 

oxide (a powerful neurotransmitter) that helps blood 

vessels to relax and improves blood circulation in 

the body.
7 

Thermodynamic properties of amino 

acids in an aqueous medium provide information 

about intermolecular interactions that help us 

understand several biochemical processes viz. 

denaturation, protein hydration, aggregation, etc.
8-10 

 

 

Fig 1. Chemical structure of L-Arginine
 

 

Thermodynamic properties of amino acids 

in aqueous solution provide valuable information 

about the secondary forces i.e. solute-solute 

interactions, solute-solvent interactions, hydrogen 

bonding, Van der Waals forces, etc.  

It was found that work on acoustical studies 

of L-Arginine is rare. Hence, the objective of the 

present investigation was to find out the behavior of 

aqueous solutions of L-Arginine at different 

temperatures. In the present work, an attempt has 

been made to determine isentropic compressibility 

(βa), isothermal compressibility (βi), apparent molar 

volume (Φv), partial molar volume (Φv
0
), Viscosity 

coefficients B and A, and hydration number (nh) of 

aqueous solutions of L-Arginine and studied 

molecular interactions and variations of above 

parameters with different concentration at different 

temperatures. 

 

 

Materials and Method 
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The analytical grade of L-Arginine (CAS 

No. 74-79-3) was obtained from Merck. It was used 

without further purification. The Milli-Q water 

(Millipore SAS 67/20 Mosheim) of 10
7
 S cm

-1 

conductance was used for experimental purposes. 

The glassware was cleaned using standard methods 

and dried to absolute dryness which was further 

checked with anhydrous CuSO4. 

The aqueous solutions of L-Arginine in 

different concentrations were prepared at molal 

concentration by using a digital balance (Model-

AJO20, aiwa) with an accuracy of± 0.001g. The 

density (ρ) of solutions was measured by a specific 

gravity bottle with accuracy ± 0.001 g/cm
3
. The 

viscosity (ƞ) was measured by Oswald’s viscometer. 

The ultrasonic velocity was measured by an 

ultrasonic interferometer (Mittal Type: Model: M-

83) functioning at a frequency of 2MHz with 

accuracy ±0.1 m/s accuracy. The interferometer was 

filled with the test solution and water was circulated 

around the cell. The temperature of the system was 

maintained by a thermostat. All the measurements 

were carried out at 293.15, 298.15, 303.15, 308.15, 

313.15, and 318.15K temperatures. 

Results and discussion 
The measured and other derived parameters 

namelyultrasonic velocity (µ), density (ρ), viscosity 

(η), isentropic compressibility (βa), isothermal 

compressibility (βi), and hydration number (nh) are 

given in Table 3.1. Apparent molar volume (Φv), 
partial molar volume (Φv

0
), and Viscosity 

coefficients B and A are reported in Table 3.2. The 

plots of ultrasonic velocity, isentropic 

compressibility, isothermal compressibility, and 

apparent molar volume are shown in Fig3.1, 3.2, 

3.3&3.4. 
 

Table 1. Density (ρ), viscosity (η), ultrasonic velocity (u), adiabatic compressibility (βa), isothermal 

compressibility (βi), hydration number (nh) values for aqueous L-Arginine solutions at different 

temperatures. 
 

T 

K 

m 

Mol Kg
-1 

ρ × 10
3
 

kg m
−3

 

η × 10
−3

 

N s m
−2

 

U 

m s
−1

 

Βa × 10
-7

 

Kg m
2
S

1
 

βi× 10
-7

 

N
−1 

m
2
 

nh 

293.15 0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

0.9982 

0.9990 

0.9998 

1.0005 

1.0010 

1.0015 

1.0019 

1.0024 

1.0029 

1.0033 

1.0037 

1.1369 

1.1518 

1.1625 

1.1727 

1.1779 

1.1848 

1.1911 

1.1988 

1.2064 

1.2099 

1.2131 

1482.6 

1486.8 

1489.5 

1492.3 

1494.0 

1495.2 

1496.4 

1498.0 

1500.2 

1502.2 

1504.0 

4.557 

4.53  

4.51  

4.49  

4.48  

4.47  

4.46  

4.45  

4.43  

4.42  

4.4  

5.469  

5.43  

5.41  

5.39  

5.37  

5.36  

5.35  

5.33  

5.32  

5.3  

5.28  

0 

36.51 

29.38 

28.15 

24.69 

21.49 

19.89 

19.22 

18.76 

18.44 

17.97 

298.15 0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

0.9971 

0.9979 

0.9988 

0.9995 

1.0001 

1.0007 

1.0012 

1.0017 

1.0022 

1.0026 

1.0030 

1.0022 

1.0169 

1.0269 

1.0342 

1.0437 

1.0525 

1.0617 

1.0718 

1.0800 

1.0868 

1.0893 

1497.2 

1500.1 

1503.4 

1505.8 

1507.8 

1508.4 

1509.8 

1511.6 

1513.4 

1514.8 

1515.2 

4.47  

4.45  

4.43  

4.41  

4.4  

4.39  

4.38  

4.37  

4.36  

4.35  

4.34  

5.37  

5.34  

5.32  

5.29  

5.28  

5.27  

5.26  

5.24  

5.23  

5.22  

5.21  

0 

26.75 

27.06 

25.54 

23.41 

19.74 

18.74 

18.41 

17.70 

17.03 

15.74 

303.15 0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

0.9957 

0.9967 

0.9976 

0.9987 

0.9990 

0.9996 

1.0002 

1.0008 

1.0014 

1.0019 

1.0024 

0.8923 

0.9138 

0.9276 

0.9380 

0.9475 

0.9592 

0.9677 

0.9767 

0.9824 

0.9874 

0.9936 

1509.6 

1512.0 

1514.0 

1516.1 

1517.8 

1518.0 

1519.2 

1520.8 

1522.8 

1523.8 

1524.6 

4.41  

4.39  

4.37  

4.36  

4.34  

4.34  

4.33  

4.32  

4.31  

4.3  

4.29  

5.29  

5.27  

5.25  

5.23  

5.21  

5.21  

5.2  

5.18  

5.17  

5.16  

5.15  

0 

23.93 

21.01 

20.86 

19.38 

16.04 

15.46 

15.45 

15.40 

14.74 

14.01 

308.15 0 

0.01 

0.02 

0.03 

0.9941 

0.9951 

0.9961 

0.9969 

0.8011 

0.8172 

0.8299 

0.8374 

1520.2 

1521.0 

1522.4 

1524.0 

4.35  

4.34  

4.33  

4.32  

5.22  

5.21  

5.2  

5.18  

0 

11.99 

13.42 

14.48 
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0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

0.9976 

0.9983 

0.9990 

0.9997 

1.0003 

1.0008 

1.0013 

0.8430 

0.8496 

0.8572 

0.8619 

0.8676 

0.8733 

0.8768 

1525.8 

1527.2 

1528.6 

1529.4 

1530.8 

1531.6 

1532.0 

4.31  

4.29  

4.28  

4.28  

4.27  

4.26  

4.25  

5.17  

5.15  

5.14  

5.13  

5.12  

5.11  

5.11  

14.94 

14.35 

14.36 

13.76 

13.43 

12.83 

12.03 

313.15 0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

0.9923 

0.9934 

0.9944 

0.9953 

0.9961 

0.9968 

0.9975 

0.9982 

0.9988 

0.9993 

0.9997 

0.7259 

0.7493 

0.7615 

0.7666 

0.7723 

0.7764 

0.7817 

0.7879 

0.7947 

0.7983 

0.8032 

1529.4 

1529.6 

1530.8 

1532.0 

1534.6 

1535.8 

1536.8 

1537.4 

1537.6 

1539.2 

1540.4 

4.31  

4.3  

4.29  

4.28  

4.26  

4.25  

4.24  

4.24  

4.23  

4.22  

4.22  

5.17  

5.16  

5.15  

5.14  

5.12  

5.1  

5.09  

5.09  

5.08  

5.07  

5.06  

0 

8.15 

10.87 

11.95 

14.61 

13.81 

13.43 

12.76 

11.53 

11.75 

11.56 

318.15 0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

0.9903 

0.9913 

0.9923 

0.9931 

0.9938 

0.9946 

0.9955 

0.9963 

0.9969 

0.9975 

0.9981 

0.6638 

0.6942 

0.7156 

0.7260 

0.7320 

0.7357 

0.7370 

0.7412 

0.7451 

0.7501 

0.7572 

1537.2 

1537.6 

1538.2 

1539.2 

1541.0 

1542.2 

1543.2 

1544.0 

1544.8 

1547.2 

1548.6 

4.27  

4.27  

4.26  

4.25  

4.24  

4.23  

4.22  

4.21  

4.2  

4.19  

4.18  

5.13  

5.12  

5.11  

5.1  

5.08  

5.07  

5.06  

5.05  

5.04  

5.02  

5.01  

0 

9.06 

9.14 

10.16 

11.68 

11.63 

11.77 

11.60 

11.05 

11.99 

12.01 

 

Table 3.2. Apparent molar volume, Partial molar volume, and the experimental slope of Eq. 2 and Values 

of parameters of the Jone-Dole equation for different aqueous L-Arginine solutions. 

 

m 

mol Kg
-1

 
√ C 

Φv (m
3
 mol

-1
) 

 

 293.15K 298.15K 303.15K 308.15K 313.15K 318.15K 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 
 

0.1000 

0.1414 

0.1732 

0.2000 

0.2236 

0.2449 

0.2645 

0.2828 

0.3000 

0.3162 
 

94.175 

94.075 

97.338 

103.958 

107.906 

112.194 

113.803 

114.994 

117.028 

118.644 
 

88.592 

86.260 

92.140 

97.560 

100.785 

104.593 

107.294 

109.306 

111.979 

114.107 
 

69.169 

76.545 

82.314 

90.206 

94.913 

98.029 

100.235 

101.873 

104.255 

106.149 
 

68.045 

70.919 

78.570 

84.888 

88.649 

91.133 

92.886 

95.449 

98.555 

101.026 
 

56.758 

65.252 

71.416 

76.998 

82.347 

85.889 

88.398 

91.532 

95.085 

98.933 
 

66.887 

70.287 

78.165 

84.615 

86.416 

85.892 

86.953 

90.280 

92.853 

94.898 
 

Φv
o
 (m

3
 mol

-1
) 78.0213 70.6782 52.9969 51.4479 38.3218 55.158 

  
  (m

3
 Kg

1/2 
mol

-3/2
) 130.8077 136.1171 175.2331 158.2857 191.1102 127.1417 

(η / ηo-1)/√   

versus √  

B 

(dm
3
 mol

-1) 

A 

(dm
3/2

 mol
-1/2)

 

B = 0.3670 

 

A = 0.106 

B = 0.0095 

 

A = 0.0078 

B = 0.5552 

 

A = 0.199 

B = 

0.3934 

 

A = 0.183 

B = 0.0113 

 

A = 0.324 

B = -

0.4167 

 

A = 0.569 

 

 

 

 

 

 

3.1. Ultrasonic velocity 
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From Fig. 3.1, it is observed that the 

ultrasonic velocity is found to increase with the 

increase in the concentration of L-Arginine. The 

increase in ultrasonic velocity in any solution 

indicates the greater association among the 

molecules of the solution. The greater association is 

due to intermolecular hydrogen bonding between 

the side chain of L-Arginine and water 

molecules.
11

The steady increase in ultrasonic 

velocity with an increase in L-Arginine 

concentration is due to a greater association between 

solute-solvent molecules in aqueous L-Arginine 

solution because of the presence of large 

guanidinium moiety that has the capacity for up to 

six hydrogen bonds. 

 

 
 

The ultrasonic velocity is found to increase 

with the increase in temperature. This behavior is 

similar to that of pure water, where the ultrasonic 

velocity increases with the increase in temperature. 

As the temperature increases, the hydrogen bonds 

among water molecules break and more monomeric 

water molecules are formed. These broken water 

molecules enter the vacant spaces in the cage-like 

structure of water and gets “trapped”. As a result, 

the number of closed-packedwater structures 

increases with the increase in temperature. This 

increase in closed-packed water structures forms the 

material medium for the propagation of ultrasonic 

waves. As a result, ultrasonic velocity increases with 

the increase in temperature.
12 

3.2. Isentropic Compressibility 
13 

The increase in velocity and decrease in 

isentropic compressibility with an increase in 

concentration indicates that the molecules are 

forming a more tightly bonded system. The closer 

packing of molecules caused by the hydrogen bonds 

between the solute and solvent molecules has an 

even greater influence on the overall compressibility 

of the system.
14 

As the temperature 

increases, due to decreased thermal motion of 

components in the given mixture, 

strengthenedinteractive forces enhance the 

compactness of the structure of the medium. Hence, 

the isentropic compressibility of the system 

decreases with an increase in temperature.
15

 

3.3. Isothermal Compressibility 

In aqueous L-Arginine solutions, it is 

observed from (Fig 3.3) that the 

isothermalcompressibility decreases with an 

increase in concentrations and temperature. This 

confirms the presence of strong solute-solvent 

interactions through Amino, Carboxylic, and 

guanidino head groups of L-Arginine with the 

surrounding water molecules.
16,17 

3.4. Apparent Molar Volume 
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When a solute is dissolved in the solvent, 

the volume of the solution may change due to 

solute-solvent interactions, this changed volume is 

called apparent molar volume. The determination of 

apparent molar volume (  ) was calculated using 

solution densities using the following eqation:
18 

 

   
 

 
 

           

    
   (1) 

 

 

 
 

Where M is the molar mass of the solute, m is the 

molality of L-Arginine + water mixtures,    and   

are the densities of the solvent and solution 

respectively.  
 

 
 

Table 3.2 represents the small and positive 

  values for the L-Arginine + water mixture is an 

indication of strong hydrophilic interactions of 

solute. As the concentration of L-Arginine in water 

increases, the increase in   values indicates the 

hydration of solute (solute-solvent interactions) 

increases, and solute-solute interactions decreases 

due to an decrease in electrostatic attraction between 

solute molecules.
19 

Further, a decrease in the value 

of    with temperature represents a decrease in the 

overall structure of the system due to the loss of 

solvent molecules in the secondary solvated layer 

causing contraction of solution.
20

The sudden 

increase at 318.5K may be due to water molecules 

that are trapped in the cage-like structure formed 

between solute and solvent molecules. 

The variation of    was found to be linear 

with a molality. The plot of    versus molality is 

given in Figure3.4. 

3.5. Partial Molar Volume 

The partial molar volume (  
 ) was 

obtained using the least-squares method from the 

plot of    against √  with the help of Masson 

equation.
21 

 

     
    

 √   (2) 
 

Where,   
 is the Partial molar volume and 

  
  is the experimental slope. The plot of   

 against 

the square root of molal concentration (√ ) was 

found to be linear. The partial molar volume 

provides information about solute-solvent 

interactions.   
  is used to express the solute-solute 

interactions in the solution. Its value is not of much 

importance for non-electrolytes but is of great 

significance for electrolytes.    
   is found to be 

dependent on temperature, solute and solvent.
22 

Values of    
  and   

  are reported in Table 3.2. 

The   
  values are positive for an aqueous 

solution of L-Arginine indicating strong interactions 
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between solute and solvent molecules, while a 

decrease in its value with temperature shows 

contraction in volume of solution. This contraction 

in volume of solution is due to the loss of molecules 

in secondary solvated layers attached with solute 

molecules.
23

 Decrease in value of   
 with 

temperature is due to the increase in electrostriction 

of solvent molecules with solute particles.
24

As the 

temperature increases, kinetic energy of the solvent 

molecules associated with the solute increases, and 

some molecules of solvent gets disassociated. 

Hence, the size of hydrated solute is reduced. At 

318.15K, it is observed that partial molar volume is 

slightly increased. This may be due to the formation 

of water cavities at higher temperature which traps 

the freed water molecules and results into increase 

in size of hydrated solute.   

3.6.Viscosity Coefficient B and A 

Viscosity data of the experimental solutions 

of L-Arginine have been analyzed using the Jones-

Dole equation: 
 

 

  
      √   (3) 

 

Where,    and   are the viscosities of 

solvent and solution respectively, c is molal 

concentration of the solution. The structure-making 

and breaking properties of solutes are reported by 

considering the Jones-Dole equation.
21 

Constant A 

of the Jones-Dole equation is called the Falkenhagen 

coefficient and represents the contribution from 

interionic electrostatic forces and its value is 

independent of solution concentration. Constant B 

called Jones-Dole coefficient measures the order or 

disorder due to solute in the solvent structure.
25 

Therefore, (
 

  
   /√ values are plotted against √  

for L-Arginine+water mixtures to obtain slope B 

and intercept A. The viscosity values and constants 

of Jones-Dole equation are given inTable 3.2. 

It is evident from Table 3.2, lower values of 

B indicate hydrophilic interaction of solute with 

water resulting in strong hydrogen bonding between 

solute and water as discussed in case of   
  26 

Decrease in value of B with temperature shows 

structure promoting effect of solute on water due to 

hydrogen bond formation.
27 

The values of A are 

more useful in case of ionic solutes as it talks about 

interionic electrostatic forces. But in our present 

study, we are dealing with non-electrolytes; hence 

we get very small values of A because the interionic 

interactions are very poor in non-electrolytes. The 

very small values of intercept A may be due to 

hydrogen bonding or Vander Waal’s forces. 

3.7. Hydration Number 

The hydration of solute molecules in water 

is explained on the basis of Frank and Wen’s model 

of solute–solvent interaction, which pictures three 

different solvent structure regions in the 

neighborhood of the solute. Just outside the 

molecule, there is a layer of immobilized and 

compressed water due to electrostrictive and other 

attractive forces exerted by the solute. This layer is 

surrounded by a slightly less compressed layer of 

water molecules, distantly affected by these forces. 

The outermost layer is bulk water which has the 

typical tera-coordinated hydrogen-bonded structure 

which is not affected by any of the above forces. 

Compressibility measurements indicate the change 

in the first two layers of solvent around the solute 

molecule.
16

 

In the case of L-Arginine, the water 

structure is slightly disturbed due to hydrogen-

bonded network around the solute, this holds the 

water around solute firmly, making hydration layer 

even less compressible. Initially when the 

concentration of L-Arginine is low, number of water 

molecules are excess in number, hence hydration 

number is high and as the concentration increases, 

number of solute molecules increases and available 

number of water molecules remain same, results in 

decrease in hydration number with increase in 

concentration.  

As the temperature increases, the vibration 

in molecules increases, which results in breakage of 

hydrogen bond from the solute-solvent sphere, as a 

result the hydration number decreases as the 

temperature increases. From the calculated values of 

nh, it is found that in all concentrations and 

temperatures, each L-Arginine molecule is closely 

bound and forms a complex in cluster organization 

with a fixed number of water molecules. 

Conclusion 
A systematic study of L-Arginine in water 

has been carried out at different concentrations and 

at different temperatures using ultrasonic 

experiments. The ultrasonic velocity data and other 

acoustical parameters gave valuable information to 

understand the solute-solvent interactions in the 

aqueous solutions.  It was observed that with 

increase in concentration showed strong solute-

solvent interaction and molecular association in the 

solution. And increase in temperature showed 

contraction of molecules due to weakening of 

intermolecular cohesive forces between solute and 

solvent. It was also found that at higher 

temperatures, the slight change in followed linearity 

may be due to formation of water cavities which 

traps free water molecules. 
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Abstract: 

Fungi, one of the most residing microorganisms in atmosphere, which constitute a major part (at the level 

of mass and number) of the atmospheric aerosol entities. They are commonly found in internal and external 

environment. Fungi are not only act as a source of clinical manifestation occurs in human but also it affects the 

lifecycles of plants also.  

The present study concerning with investigation and profiling of the seasonal variation of fungal spore 

concentration and their diversity. Conducted for 1 year at a selected region of Amravati city, Maharashtra. Using 

fine particulate sampler, samples were collected at 15 days intervals for every month during July 2018–June 

2019. In the study the monthly seasonal variation may impact the fungi concentration along with variation of 

rainfall and temperature during the sampling at the primary conclusion it is found that, the fungi concentration 

peaked in the month of beginning to throughout the April where there is no rainfall and faces high temperature. 

While, the lower fungi concentration was found in the month of July to October. The monthly profiles of fungi 

spores in different studies showed maximum concentration in the summer and low in monsoon. The predominant 

fungi in selected area of Amravati city are Cladosporium, Penicillium, Aspergillus, and Alternaria. As said above 

the mentioned fungi having potential to create a certain health issue concerning with immunological responses of 

an individuals. These fungi initiate a hypersensitivity reaction common to anaphylaxis in exception. As per study 

the fungal count was at is peaked level in the month of April, that was 1210 CFU/m3, while it is observed lowest 

in its peak in the month of July that is 50 CFU/m3.Hence a greater correlation is found in temperature as well as 

rainfall, significantly impact the concentration of fungi in atmosphere. These metrological parameters partially 

decided the presence of mass and number of allergic fungi in Amravati cities selected areas.  

Key Word. - seasonal variation, Fungal spore, Allergic fungi, 
 

Introduction:-  
Fungi are a diverse group of eukaryotic 

organisms that can be found in a variety of 

environments, including soil, air, water, and plants. 

Some fungi are known to cause allergic reactions in 

humans, such as asthma, rhinitis, and sinusitis. The 

presence and concentration of allergenic fungi can 

vary depending on the season, climate, and other 

environmental factors. 

       Fungi, despite their crucial role in ecosystems, 

can be sneaky allergy culprits. Unlike the more 

well-known pollen allergies, fungal allergies often 

go undiagnosed due to their year-round presence 

and less-distinctive symptoms. But these 

microscopic spores can trigger significant 

respiratory issues, impacting millions peoples. 

Allergic Fungi 

Actually all fungi are not allergenic, but 

some common spp.of fungi causes allergy,which 
are.. Alternaria spp., the outdoor champion, thrives 

in warm, humid climates, blanketing dust, soil, and 

decaying vegetation with its allergenic spores. In 

damp environments like basements and bathrooms, 

Aspergillus spp. lurks, ready to trigger allergies and 

even lung infections. Cladosporium spp, another 

omnipresent outdoor mold, unleashes its year-round 

attack, even during winter. And who would have 

guessed that Penicillium, spp. the very mold that 

gave us the miracle drug penicillin, can also turn 

against us, causing allergies in damp areas and on 

moldy food. fungi are sneaky allergy culprits 

lurking year-round. These microscopic spores, 

released by molds and yeasts, can trigger significant 

respiratory issues for millions worldwide. 

Concentration and diversity of airborne fungal 

spores can vary significantly depending on various 

factors such as temperature, humidity, rainfall, and 

wind speed. Identifying these variations is crucial 

for understanding the potential health risks 

associated with fungal exposure and implementing 

appropriate preventive measures. 
Alternaria spp.- The most common outdoor fungal 

allergen, found in dust, soil, and decaying 
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vegetation. It thrives in warm, humid climates and is 

a major culprit in seasonal allergies. 

Aspergillus spp-.Found in damp environments like 

basements etc, Aspergillus spores can cause allergic 

reactions and even lung infections. 

Cladosporium spp-.Another prevalent outdoor 

mold, Cladosporium spores are present year-round 

and can trigger allergy symptoms even during 

winter. 

Penicillium spp.-Yes, the same genus that gave us 

penicillin the antibiotic can also cause 

allergies. Penicillium spores are found in moldy 

food and damp areas. 

Methodology: 

Study Area: 

This study was conducted in Amravati City, 

Maharashtra, India, located in the Vidarbha region. 

Amravati has a tropical wet and dry climate with 

hot, dry summers and mild to cool winters. Summer 

lasts from March to June, monsoon season from July 

to October, and winter from November to March. 

Following selected areas viz. Kathora Naka,Itwara, 

Panchavati of Amravati city,Maharashtra, use fungal 

spore collection by the using fine particulate 

sampler. 

Sampling: 

Airborne fungal spores were collected using 

fine particulate sampler from three different 

locations within the city: residential, commercial, 

and pollution marked level.viz-Kathora 

Naka,Itwara, Panchavati Sampling was conducted 

monthly over a period of one year, covering all three 

seasons with investigation and profiling of the 

seasonal variation of fungal spore concentration and 

their diversity. Conducted for 1 year at a selected 

region of Amravati city, Maharashtra. Using fine 

particulate sampler, samples were collected at 15 

days intervals for every month during July 2018–

June 2019. 

Fungal Culturing on Growth Media  

Cultivating fungi in a controlled 

environment allows for by using basic methodology 

for fungal culture and growth on media: 

Materials: 

Fungal inoculums: This is done by obtain sample 

from outdoor collections. 

Culture media:  following  media were used for 

different fungal types and purposes. Some common 

examples include: 

Potato dextrose agar (PDA): Rich in nutrients, good 

for promoting growth and sporulation. 

Selective media: These contain ingredients that 

inhibit the growth of certain organisms while 

allowing the target fungus to thrive. 

Petri plates or culture flasks  
Sterile tools: Inoculating loops, spatulas, forceps, 

etc., to handle the inoculum and media aseptically. 

Bunsen burner or laminar flow hood: To maintain a 

sterile environment while working. 

Incubator: Controlled environment for fungal 

growth, usually set at around 25°C (77°F). 

Procedure: 

First the start with preparation of media . 

Then Autoclaved the Petri plates/flasks and culture 

media and according to the protocol. 

The medium Allow them to cool and solidify in the 

plates/flasks. 

Preparation the inoculums: were done by obtained 

sample from outdoor collections. 

By using spores, the spore was suspended in sterile 

saline solution. 

By  using mycelia fragments, isolate a small portion 

of actively growing mycelium using sterile tools. 

Inoculate the media: 

Work in a sterile environment laminar flow 

hoodBy using the inoculating loop sample were  

transfer in the inoculum suspension.Gently streak 

the inoculums onto the surface of the agar medium 

in a zigzag pattern.for liquid cultures, directly add 

the inoculums suspension to the media in the flask. 

Incubation: 

The Seal the plates/flasks with parafilm or 

tape to prevent contamination. 

Then we Incubate the cultures at the appropriate 

temperature and light conditions for the  fungus 

(usually around 25°C in the dark).Thereafter we 

monitor the cultures regularly for signs of 

growth, such as hyphe extension, colony 

formation, or sporulation. 

Subculturing:  

Then we transfer actively growing hyphae 

to fresh media plates for further studies or 

maintenance 

Spore Identification: 

The collected samples were analyzed using 

standard microbiological techniques to identify and 

quantify the different fungal species present. Spores 

were cultured on specific fungal media and 

identified based on their morphological 

characteristics under a microscope in selected area 

of Amravati city,viz:- Kathora Naka,Itwara, 

Panchavati  
 

Feature Aspergillus spp Cladosporium spp. Alternaria spp. Penicillium spp. 

Spore color Green, black Dark brown Black, olive-brown Green, blue-green 

Allergic potential High Moderate High Low 

Dominant season(s) Summer Summer, monsoon 

Monsoon,  

post-monsoon Year-round 

Medical significance 

Aspergillosis, 

allergies 

Allergies, allergic 

rhinitis Allergies, asthma 

Opportunistic 

infections 
 

Allergenicity of fungi  



IJAAR     Vol.4 No. 44        ISSN – 2347-7075 

Dilip V. Hande
,
, Deepali A. Bharsakale, Anand M. Deshmukh

 

 144 

Many different fungi can cause allergic 

reactions: Different people can be allergic to 

different types of fungi, and even the same fungi can 

cause different reactions in different people.Spores 

themselves are often non-specific: Fungal spores 

generally lack the distinct features..Allergy 

symptoms can be similar to other 

conditions: Symptoms like runny 

nose, sneezing, and itchy eyes can also be caused by 

other factors like pollen allergies, common 

colds, and even dust mites.However, the general 

types of fungi that commonly cause allergies, here 

are some of the most frequent causetives: 

Alternaria spp: These spores are typically dark 

brown, elliptical, and have longitudinal 

ridges. They're found outdoors year-round, with 

peak concentrations in late summer and early fall. 

Alternaria spores are typically dark brown, 

elliptical, and have longitudinal ridges. They are a 

common cause of allergies, and can be found 

outdoors year-round, with peak concentrations in 

late summer and early fall. If you are experiencing 

allergy symptoms, it is important to consult with a 

healthcare professional to determine if you are 

allergic to Alternaria fungi 

 

 
Alternaria alternate spp.spore 
 

Cladosporium spp: These spores are also dark brown, but they're smaller and rounder than Alternaria 

spores. They're also found outdoors year-round, but their peak concentrations are in late summer and early fall. 
 

 
Cladosporium spp.spore 
 

Aspergillus spp: These spores are light brown to colorless, and they can be round, oval, or spiky. They're found 

both indoors and outdoors, but they're more common indoors in damp or humid environments. 

 
Aspergillus spp.spore 

 
Penicillium spp: These spores are light green to blue, and they're round or oval. They're found both indoors and 

outdoors, but they're more common indoors in damp or humid environments. 
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Penicillium spp.spore 

The collected samples were analyzed using standard 

microbiological techniques to identify and quantify 

the different fungal species present. Spores were 

cultured on specific fungal media and identified 

based on their morphological characteristics. 

Result and Data Analysis:  

The concentration of each fungal species 

was expressed as colony-forming units (CFUs) per 

cubic meter of air. Seasonal variations in total 

fungal concentration and the relative abundance of 

different species were analyzed using statistical 

methods. 

Seasonwise Total fungal spore 

concentration in (CFU/m3) 
 

Sr. 

No 
Season 

Fungal Spore Concentration 

(CFU/m3) 
Additional Notes 

1 
Summer 

(April-June) 
High (Peak) 

Average around 1200 CFU/m3, can range from 500 CFU/m3 to 

2000 CFU/m3. Factors like high temperatures and low humidity 

favor fungal growth. 

2 
Monsoon 

(July-October) 
Low 

Average around 100 CFU/m3, can range from 10 CFU/m3 to 250 

CFU/m3. Rainfall suppresses fungal spore release and dispersal. 

3 

Winter 

(November-

March) 

Moderate 

Average around 300 CFU/m3, can range from 100 CFU/m3 to 500 

CFU/m3. Moderate temperatures and humidity provide suitable 

conditions for some fungal species. 

 

 
                             
Month-wise Total fungal spore concentration (CFU/m3) 

 

Sr. No. Month Average Concentration (CFU/m3) Range (CFU/m3) 

1 January 300 100 - 500 

2 February 250 80 - 450 

3 March 200 60 - 350 

4 April 350 150 - 550 

5 May 500 250 - 750 

6 June 700 400 - 1000 

7 July 150 50 - 250 
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8 August 100 30 - 200 

9 September 80 20 - 150 

10 October 120 40 - 220 

11 November 280 120 - 440 

12 December 230 80 - 380 

 

 
 

Season wise Genus specific total fungal spore concentration in% 

Genus 
Percentage 

Estimate 
Dominant Season(s) 

Allergic 

Potential 
Significance 

Aspergillus spp. 5-15% Year-round (peaks in summer) High Respiratory allergies, aspergillosis 

Cladosporium spp. 20-35% 
Year-round (peaks in summer 

and monsoon) 
Moderate 

Respiratory allergies, allergic 

rhinitis 

Alternaria spp. 10-25% Monsoon and post-monsoon High Respiratory allergies, asthma 

Penicillium spp. 5-10% Throughout the year Low 
Less allergenic than others, 

opportunistic infections 
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Discussion –  
The following points are studied partially 

for getting information towards fungi and their 

seasonal variation throught  the year in 2018-2019 

in the selected area of Amravati.viz, Kathora 

Naka,Itwara, Panchavati ,and in primary conclusion 

we concluded with as bellows - 

1. Seasonal Variation: 

 Summer (April-June): Highest fungal spore 

concentration (average 1200 CFU/m3) due to 

high temperatures and low humidity. 

 Monsoon (July-October): Lowest 

concentration (average 100 CFU/m3) due to 

rainfall suppressing spore release and dispersal. 

 Winter (November-March): Moderate 

concentration (average 300 CFU/m3) due to 

suitable conditions for some fungal species. 

2. Dominant Fungal Genera: 

 Cladosporium spp.: Most abundant (20-

35%), present year-round with peaks in summer 

and monsoon, moderate allergic potential. 

 Aspergillus spp.: 5-15%, peaks in 

summer, high allergic potential and risk of 

aspergillosis. 

 Alternaria spp.: 10-25%, dominant in 

monsoon and post-monsoon, high allergic 

potential, linked to asthma. 

 Penicillium spp.: 5-10%, present throughout 

the year, low allergic potential, but can cause 

opportunistic infections. 

3. Public Health Implications: 

 High fungal spore concentration during summer 

and monsoon months poses a significant risk for 

individuals with allergies, especially those 

sensitive to Cladosporium, Aspergillus, and 

Alternaria. 

 Awareness campaigns on seasonal variations 

and dominant allergens can help individuals 

with allergies take precautions, like using air 

purifiers or wearing masks during high-risk 

periods. 

 Further research can be conducted to determine 

the specific Allergen index of the region and 

identify potentially allergenic species beyond 

the four major groups analyzed. 
The study provides valuable insights into the 

seasonal variations and abundance of allergenic 

fungi in specific locations of Amravati,Maharashtra. 

This information can be used to raise public 

awareness, improve allergy management strategies, 

and inform further research for better air quality 

management and public health protection. 
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Lkkjka’k% 

 DksuR;kgh HkkxkP;k ‘ksrh {sk=krhy flapukph fLFkrh gh ‘ksrhrhy gks.kkjs mRiUUk Bjfor vlrs- HkaMkjk gk egkjk”VªªP;k 

vrhiwoZ Hkkxkr olysyk ftYgk vlwu ;k ftYg;krhy ekxhy dkgh o”kkZar >kysyk tyflapukrhy cny gk 

Hkqxksy’kkL=KkauklkBh vH;klkpk fo”k; Bjysyk vkgs- tltls flapu ok<r xsysys vkgs] R;klksctp ;k Hkkxkrhy 

eq[; fid Hkkr ;kpsgh {ks=QG Ok<ysys fnluw ;srs- lksctp rkanGkps mRiknu ok<ysys fnluw ;srs- 1981 rs 2011 

;k dkGkr >kysyk cby lkaxrks dh] rkanGkps mRiknu ok<ysys vkgs- tyflapukP;k fofo/k L=ksrakP;k}kjs gs flpu 

ok<ysys vkgs-  
 

ÁLrkouk%  

txkrhy loZp ns'kkrhy vUu/kkU;kph xjt 

gh 'ksrh}kjs iw.kZ dsyh tkrs- tyflapukf'kok; 

'ksrhrhy mRiknu ok<hph dYiukp djrk ;sr ukgh- 

dkj.k dsoG itZU;koj voyacwu vlysyh 'ksrh 

fuf'pr Lo:ikps mRiknu nsÅ 'kdr ukgh- R;klkBh 

ik.khiqjoB;kP;k Ñf=e lks;h vl.ks vR;ar vko';d 

vlrs- ik.khiqjoB;keqGs 'ksrhps mRiknu ok<fo.ks vkf.k 

vk/kqfud i)rhus ykxoM dj.ks 'kD; vlrs-  

 ^tyflapu Eg.kts ikolkP;k ik.;kO;frfjDr 

fidkauk fnysys iqjd ik.kh gks;-* Hkkjrkrhy ,dw.k 

ftYgîkiSdh ckxk;r {ks= vlysY;k 44 ftYgîke/kwu 

ns'kkP;k vUu/kkU; mRiknukiSdh 50 VDds   mRiknu 

gksrs- ;k 44 ftYgîkiSdh tkLr flapu {ks= vl.kkÚ;k 

14 ftYgîkr ns'kkP;k 25 VDds vUu/kkU;kps mRiknu 

feGrs- ;ko:u 'ksrhlkBh tyflapukps egÙo y{kkr 

;srs- i`Fohpk 71 VDds Hkkx ik.;kus O;kiysyk vkgs- 

;kiSdh 97 VDds ik.kh [kkjs vlwu rs leqnzkr vkgs- 

tkxfrd ik.;kP;k forj.kkP;k ckcrhr Hkkjrkpk txkr 

czk>hy] jf'k;k] phu] dWuMk uarj ikpok Øekad 

ykxrks- ijarq tyflapuk[kkyhy {ks=kr ;k ckcrhr 

Hkkjrkpk txkr izFke Øekad ykxrks- 

ifjdYiuk %&   

^^HkaMkjk ftYg;krhy izkÑfrd o lkaLÑfrd 

?kVdkapk ifj.kkekewGs tyflapukr dkfyd cny 

>kysys vkgs^^ 

m|s’k %& 

lnj v/;;ukpk eq[; mís'k HkaMkjk ftYg;krhy 

izkÑfrd o lkaLÑfrd ?kVdkapk ifj.kkekewGs 

tyflapukr >kYksY;k dkfyd cnykps v/;;u dj.ks 

vkgs-  

la’kks/ku i/nrh %&  

lnj la’kks/kukr fOnrh; Lrjkofjy 

vkdMsokjhpk mi;ksx dsysyk vkgs- vkdMsokjhlkBh 

HkaMkjk ftYgk VDds lkekftd]&vkfFkZd lekykspu] 

vFkZ o lkaf[;dh lapkyuky;] egkjk"Vª 'kklu] eqacbZ 

;k L=ksrkpk mi;ksx dsysyk vkgs- ;ksX; lkaf[;fd; 

i/nrhus vkdMseksM d#u rh Nk;ki/nrhus udk’kkr 

iznf’kZr dsysyh vkgs- 

HkaMkjk ftYg;krhy HkkSxksyhd ik’oZHkweh %& 

HkkSxksfydn`"V;k HkaMkjk ftYg;kph fLFkrh 

HkkjrkP;k e/;Hkkxkr] egkjk"Vª jkT;kP;k iqoZ Hkkxkr 

lkxjkiklwu nwj [kaMkP;k varxZr Hkkxkr o oSuxaxk unh 

[kksÚ;kP;k e/; Hkkxkr vkgs- HkaMkjk izns'kkpk 

v{ko`Rrh; foLrkj 20
0
39*  rs 21

0
38* mRrj o 

js[kko`Rrh; foLrkj 79
0
27* iwoZ rs 80

0
42* iwoZ 

vkgs- ;k izns'kkph mRrj nf{k.k ykach 103 fd-eh- o 

iwoZ if'pe ykach lqekjs 45 fdeh vkgs- HkaMkjk 

ftYg;kus ,dq.k 4427-59 pkS-fd-eh- {ks= O;kiysys 

vkgs-  

ftYg;kr fofo/k Hkw:fidh; fØ;kaeqGs uequsnkj 

Hkq:is fodflr >kysyh vkgsr- HkaMkjk ftYg;kph 

HkwwizkÑfrd jpuk n'kZforks- izkÑfrd n`"V;k HkaMkjk 

ftYgk n[[kuP;k iBkjkP;k iqosZdMhy oSuxaxk unh 

[kksÚ;kpk e/;Hkkx ekuyk tkrks- gk eSnkuh izns'k 

vfrizkphu vkfdZ;u [kMdkaps fc/kkj.k] [kuu] ogu o 

lap;u dk;kZeqGs r;kj >kysyk vkgs- ;k foLr`r 

eSnkuh Hkkxkl oSuxaxsps eSnku vls Eg.krkr-
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 Hkw'kkL=h; n`"V;k HkaMkjk ftYgk izkeq[;kus 

vfrizkphu vkfdZ;u [kMdkus O;kiysyk vkgs- ;kr 

eq[;rVDds :ikarfjr vfXutU; vkf.k :ikarjhr 

[kMdkapk lekos'k vkgs- mnk- f'k"V] fQykbZV] fulsl 

o xzsukbZV [kMdkapk lekos'k gksrks- HkaMkjk izns'kkrwu 

okg.kkjh oSuxaxk unh o fryk ;sÅu feG.kkÚ;k 

ckouFkMh] lqj] dUgku] pqycan o e: bR;knh 

miun;k o R;kaP;k lgk¸;d un;k ;kaP;k okg.;kP;k 

fof'k"V ØekeqGs o`{kkdkj unhiz.kkyhph fufeZrh >kyh 

vkgs- oSuxaxk o fryk ;sÅu feG.kkÚ;k un;kauh 

vkivkiY;k [kksÚ;kpk fodkl dsyk vkgs- HkaMkjk 

izns'kkrhy eǹk vfXutU; o :ikarfjr [kMdkaiklwu 

r;kj >kY;k vkgsr- ;kr xzsukbZV] fulsl o f'k"V ;k 

[kMdkapk lekos'k gksrks- rj unhdkBkojhy eǹk 

oSuxaxk o frP;k miun;kauh okgwu vk.kysY;k xkGkP;k 

lap;ukiklwu r;kj >kysY;k vkgsr- HkaMkjk o 

fudVorhZ izns'kkrhy e`nsps frP;k xq.k oSf'k"V;kuqlkj 

[kkyhy izdkjkr oxhZdj.k dsysys vkgsr- i) 

okGw;qDr yky e`nk ii) ykseh yky e`nk iii) 

e/;e dkGh e`nk- gokekukpk izHkko izR;{ki.ks 

Hkw&vkÑrh izfØ;k] uSlfxZd ouLirh] fid i)rh] 

ekuoh O;olk;] ?kjkaps izdkj] jkg.kheku bR;knh 

?kVdkaoj iMrks- m".k o dksjMk mUgkGk] fgokGk _rq 

FkaM o dksjMk] fgokGk&fMlsacj rs Qsczqokjh] mUgkGk 

ekpZ rs e/; tqu] ikolkGk tqu rs lIVsacj vkf.k 

vkWDVksacj uksOgsacj ekUlqusRrj _rwpk dkG vlrks- 

 ftYg;kr es efgU;kr ekfld ljkljh deky 

rkieku 47-5
0
 lsfYlvl i;Zar ok<rs- twu uarj 

HkaMkjk izns'kkr uksOgsacj rs Qsczqokjh efgU;kr fgokGk 

_rw lq: vlrkauk ekfld ljkljh deky ¼31-8
0
 

lsfYlvl½ o fdeku ¼9-7
0
 lsfYlvl½ rkiekukr ?kV 

gksr vlY;kus gokeku vfr'k; vkYgknnk;d vlrs- 

fMlsacj lokZf/kd FkaM efguk vlrks- ikolkG;kr 

vknZzrsps izek.k 70 VDds vlrs- mUgkG;kr vknzZrsps 

izek.k deh gksr vlY;keqGs mUgkGk m".k o dksjMk 

vlrks-  

 fofgjh}kjs tyflaphr {ks=kr >kysyk cny % 

1981&2011  

 HkaMkjk ftYgîkrhy 1981 rs 2011 ;k 

dkyko/khrhy ,dw.k tyflaphr {ks=kr fofgjhOnkjs 

gks.kkÚ;k flapu 

{ks=kps 'ksdMk izek.k iq<hy lkj.khr fnysys vkgs- 

;ko:u flapu[kkyhy {ks=krhy cny y{kkr ;srks-  

 

fofgjhOnkjs tyflaphr {ks= % 1981&2011 

¼{ks= gsDVj e/;s½ 

v-

Ø- 

rkyqds ,dw.k ty 

flaphr {ks= 

1981 1991 2001 2011 

fofgjhOnkjs ty 

flaphr {ks= 'ks-iz- 

fofgjhOnkjs ty 

flaphr {ks= 'ks-iz- 

fofgjhOnkjs ty 

flaphr {ks= 'ks-iz- 

fofgjhOnkjs ty 

flaphr {ks= 'ks-iz- 

1 HkaMkjk 9104 6-34 9-68 18-22 18-21 

2 eksgkMh 10550 11-48 6-12 13-34 15-05 

3 rqelj 14438 5-56 11-99 14-73 18-05 

HkaMkjk ftYgk % LFkku o foLrkj

Scale :-  1 : 16,80,000

N

20 39’0 79 27’0

21 38’
0

20 39’0

20 00’ 0 N

22 00’ 
0

N

21 38’
0

20 39’0

20 00’ 
0

N

22 00’ 
0

N
79 00’ 0 E 80 30’ 0 E

20 39’0 79 27’079 00’ 0 E 80 30’ 0 E

Bhandara Distr ict : Nagpur Plate -  32
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4 lkdksyh 16748 3-21 1-02 5-85 7-48 

5 yk[kuh m-uk- m-uk- m-uk- m-uk- 22-68 

6 iouh 6922 18-56 26-60 48-07 17-39 

7 yk[kkanwj 8247 7-87 9-92 29-03 7-55 

,dw.k 66009 7-67 9-13 19-92 15-30 

 

1981 ;k o"khZ ftYgîkr ,dw.k tyflaphr 

{ks= 66009 gs- vlwu ;kiSdh 5063 gs- {ks=kyk 

fofgjh}kjs ik.khiqjoBk dsyk tkrks- ,dw.k tyflaphr 

{ks=kP;k rqyusr ;kps izek.k dsoG 7-67 VDds vkgs- 

1991 o"khZ ,dw.k tyflaphr {ks=kr fdaphr ok< 

>kysyh vkgs- ;ko"khZ ,dw.k tyflaphr {ks= 69838 

gs- ,o<s >kys- ;krhy 6379 gs- {ks=koj fofgjh}kjs 

ik.khiqjoBk dsyk tkrks- ,dw.k lk/kukaP;k izek.kkr gs 

izek.k 9-13 VDds vkgs- rj 2001 ;ko"khZ ,dw.k 

tyflaphr {ks=kr toGikl nqIiVhus ok< >kyh vkgs- 

123669 gs- {ks= flapuk[kkyh vkgs- ;kiSdh 24631 

gs- {ks= fofgjh}kjs flaphr vkgs- 1991 P;k rqyusr gh 

ok< toGikl pkjiV vkgs- 2011 ;ko"khZ ,dw.k 

tyflaphr {ks= 128165 gs- ,o<s vlwu R;ke/;s 

fofgjh}kjs 19607 gs- ,dw.k {ks=kP;k rqyusr ;kps 

izek.k 15-30 VDds vkgs- 1981 rs 2011 ;k 

dkyko/khr ftYgîkrhy izR;sd rkyqD;kr fofgjh}kjs 

flapu {ks=kr ok< >kysyh fnlwu ;srs- ijarq gh ok< 

loZ= lkj[kh ukgh- 1981 yk iouh rkyqD;kps ,dw.k 

flapu {ks= brj rkyqD;kP;k rqyusr deh vlys rjh 

;k rkyqD;kr fofgjh}kjs flapuk[kyhy {ks= brj 

rkyqD;kaP;k rqyusr lokZf/kd Eg.ktsp 18-56 VDds 

¼1285 gs-½ vkgs-  

 1991 ;k o"khZ lq)k fofgjh}kjs iouh rkyqD;kr 

lokZf/kd {ks= flaphr dsys tkrs- vkf.k {ks=ke/;s 

toGikl 08 VDduh ok< >kysyh vkgs- R;kpizek.ks 

lkdksyh rkyqD;kr lokZr deh {ks= fofgjh}kjs flaphr 

dsys tkrs- R;kps izek.k dsoG 1-02 VDds  ,o<s 

vkgs- 2001 o"khZ foghj flapukr iouh rkyqD;kus 

vkiyk Øe dk;e jk[kyk vkgs- rj R;k ikBksikB 

yk[kkanwj rkyqD;kpk Øe ykxrks- R;kps ,dw.k 

L=ksrkaP;k rqyusr 'ksdMk izek.k vuqØes 48-07 VDds 

o 29-03 VDds ,o<s vkgs- rlsp lkdksyh rkyqD;kr 

;ko"khZ lq)k [kwip deh izek.kkr fofgjh}kjs flapu 

dsys tkrs- 2011 yk HkaMkjk rkyqD;kr foghj flapukr 

y{k.kh; ok< >kyh vkgs- ;sFks ,dw.k flapuke/;s 

fofgjhapk okVk 18-21 VDds >kyk vkgs- R;klkscrp 

rqelj rkyqD;kr lq)k fofgj flapu {ks=kr ok< >kyh 

vlwu ;sFkhy flapu {ks=kr 18-05 VDds okVk 

fofgjhpk vkgs- ;ko:u vls fnlwu ;srs dh] iouh 

rkyqD;krhy ,dw.k flapu {ks= deh vlys rjh 

lqjokrhiklwup ;k rkyqD;kr fofgjh}kjs flaphr {ks=kps 

izek.k lokZf/kd vkgs- ijarw 2011 ;ko"khZ ;ke/;s 

fdaphr ?kV >kyh vkgs- rj HkaMkjk vkf.k rqelj 

rkyqD;kr fofgj flapu {ks=kr ok< >kyh vkgs- 

 dqiufydk}kjs tyflaphr {ks=kr >kysyk cny % 

1981&2011  

 HkaMkjk ftYgîkrhy rkyqdkfugk; dqiufyds}kjs 

tyflaphr {ks= iq<hy lkj.khr fnysys vkgs- ;ke/;s 

1981 rs 2011 ;k dkyko/khrhy dqiufydkapk 

tyflaphr {ks=krhy 'ksdMk izek.k y{kkr ?ksryk vkgs-  

 

dqiufydkaOnkjs tyflaphr {ks= % 1981&2011  

¼ {ks= gsDVj e/;s ½ 

v-

Ø- 

rkyqds ,dw.k 

tyflaphr 

{ks= 

1981 1991 2001 2011 

dqiufydkaOnkjs 

tyflaphr {ks= 'ks-iz- 

dqiufydkaOnkjs 

tyflaphr {ks= 'ks-iz- 

dqiufydkaOnkjs 

tyflaphr {ks= 'ks-iz- 

dqiufydkaOnkjs 

tyflaphr {ks= 'ks-iz- 

1 HkaMkjk 9104 2-69 4-47 8-12 7-59 

2 eksgkMh 10550 8-36 2-82 32-83 15-18 

3 rqelj 14438 5-21 3-00 49-83 8-23 

4 lkdksyh 16748 3-65 10-62 6-53 74-89 

5 yk[kuh m-uk- m-uk- m-uk- m-uk- 3-93 

6 iouh 6922 25-67 23-66 20-87 14-25 

7 yk[kkanwj 8247 28-43 17-57 37-90 27-42 

,dw.k 66009 10-02 8-92 29-19 19-72 

 

1981 o"khZ ftYgîkr 6613 gs- {ks= 

dqiufydk}kjs flapuk[kkyh gksrs- brj L=ksrkaP;k rqyusr 

gs izek.k dsoG 10-02 VDds vkgs- 1991 yk 

dqiufydk}kjs gks.kÚ;k flaphr {ks=kr ?kV >kyh vlwu 

dsoG 6229 gs- {ks= ;k}kjs flaphr dsys tkrs- brj 

L=ksrka'kh ;kps izek.k QDr 8-92 VDds vkgs- 2001 

yk ,dw.k tyflaphr {ks=kr y{k.kh; ok< >kysyh 

vkgs- R;kuqlkj dqiufydk}kjs flaphr {ks=krlq)k ok< 

>kyh vkgs- ;ko"khZ 36094 gs- {ks=kyk dqiufydk}kjs 

ik.khiqjoBk dsyk tkrks- brj L=ksrka'kh R;kps izek.k 

29-19 VDds vkgs- rj 2011 ;ko"khZ ;ke/;s fdaphr 

?kV >kY;kps fnlwu ;srs- ,dw.k lk/kukae/;s 

dqiufydkapk okVk 22-55 VDds vkgs-  

1981 o"khZ rkyqdkfugk; dqiufydk}kjs 

tyflaphr {ks=kpk fopkj djrk  yk[kkanwj rkyqD;kr 

lokZf/kd 28-43 VDds {ks= ;k}kjs flaphr dsys tkrs- 

rj lokZr deh HkaMkjk rkyqD;kr 245 gs- {ks= 

Eg.ktsp ,dw.k lk/kukaP;k rqyusr dsoG 2-49 VDds 

{ks= dqiufyds}kjs flaphr vkgs-  
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1991 o"khZ iouh vkf.k yk[kkanwj 

rkyqD;krhy dqiufydk}kjs flaphr {ks= lokZf/kd 

vlys rjh 1981 P;k rqyusr R;ke/;s ?kV >kysyh 

vkgs- gs {ks= vuqØes 23-66 VDds o 17-57 VDds 

,o<s vkgs- ijarq HkaMkjk vkf.k lkdksyh rkyqD;kr ;k 

{ks=kr ok< >kyh vkgs- ;kps izek.k vuqØes 4-47 

VDds o 10-62 VDds ,o<s vkgs- 

2001 ;ko"khZ dqiufydk}kjs flaphr {ks=kr 

toGtoG loZp rkyqD;kr ok< >kyh vkgs- vkf.k 

gh ok< y{k.kh; Lo:ikph fnlwu ;srs- ;ko"khZ rqelj 

rkyqD;ke/;s lokZf/kd 4-83 VDds {ks= dqiufydk}kjs 

flaphr dsys tkrs- rj R;kuarj yk[kkanwj rkyqD;kr 

37-90 VDds {ks= dqiufydk}kjs flaphr dsys tkrs- 

lokZr deh {ks= lkdksyh rkyqD;krhy vlwu rs 6-33 

VDds vkgs- 2011 ;ko"khZ brj rkyqD;kP;k rqyusr 

yk[kkanwj rkyqD;krhy lokZf/kd {ks= ¼37-81 VDds½ 

dqiufydk}kjs flaphr dsys tkrs- R;kuarj iouh 

rkyqD;kpk Øe ykxrks- ;sFks 36-84 VDds {ks= 

dqiufydk}kjs flaphr dsys tkrs rj lokZr deh izek.k 

eksgkMh rkyqD;kr vkgs- ;sFks dsoG 14-22 VDds {ks= 

dqiufydk}kjs flaphr dsys tkrs- 

 ;ko:u 1981 rs 2011 ;k rhl o"kkZP;k 

dkyko/khr dqiufydka}kjs flaphr {ks=kr HkaMkjk 

rkyqD;ke/;s lrr ok< gksr xsyh- eksgkMh rkyqD;kpk 

fopkj djrk 1991 yk ;ke/;s ?kV >kyh vkf.k 

2001 yk dqiufydk}kjs flaphr {ks=kr ok< >kyh- rj 

2011 ;ko"khZ ;k {ks=kr fdaphr ?kV >kyh- rqelj 

rkyqD;ke/;s 1981 yk 5-21 VDds {ks= dqiufyds}kjs 

flaphr gksrs- ;kiq<hy o"kkZr Eg.ktsp 1991 yk ;k 

{ks=kr ?kV gksÅu R;kps 'ksdMk izek.k 3-00 VDds 

,o<s vkgs- 2001 e/;s dqiufydk}kjs flaphr {ks=kr 

y{k.kh; ok< >kY;kps fnlwu ;srs- ,danjhr fopkj 

djrk dqiufyds}kjs flapukP;k ckcrhr yk[kkanwj 

rkyqdk brj rkyqD;kaP;k rqyusr vxzslj jkfgyk vkgs- 

Hkwi`"Bh; L=ksrk}kjs tyflaphr {ks=kr >kysyk cny% 

1981&2011%  HkaMkjk ftYgîkrhy rkyqdkfugk; 

Hkwi`"Bh; L=ksrk}kjs gks.kkjs tyflaphr {ks= o R;krhy 

cny iq<hy lkj.khr fnysys vkgs-

  

v-

Ø- 

rkyqds ,dw.k 

tyflaphr 

{ks= 

1981 1991 2001 2011 

Hkwi`"Bh; ty 

flaphr {ks=kps 'ks-iz- 

Hkwi`"Bh; ty 

flaphr {ks=kps 'ks-iz- 

Hkwi`"Bh; ty 

flaphr {ks=kps 'ks-iz- 

Hkwi`"Bh; ty 

flaphr {ks=kps 'ks-iz- 

1 HkaMkjk 9104 90-97 85-85 73-65 74-19 

2 eksgkMh 10550 80-16 91-05 53-82 69-77 

3 rqelj 14438 89-23 85-01 35-43 73-72 

4 lkdksyh 16748 93-13 88-36 87-62 17-63 

5 yk[kuh m-uk- m-uk- m-uk- m-uk- 73-39 

6 iouh 6922 55.76 49-73 31-06 68-36 

7 yk[kkanwj 8247 63.70 72-51 33-07 65-03 

,dw.k 66009 66009 81-95 50-90 64-98 
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1981 yk HkaMkjk] eksgkMh] rqelj] lkdksyh 

;k rkyqD;krhy tyflaphr {ks=kr Hkwi`"Bh; L=ksrkapk 

fgLlk lokZf/kd vkgs- ijarq 1991 o 2001 ;k 

o"kkZe/;s Hkwi`"Bh; L=ksrka}kjs tyflaphr {ks=kr o 'ksdMk 

izek.kkr mÙkjksÙkj ?kV gksr xsyh- ;k rkyqD;krhy 

izek.k vuqØes 90 VDds rs 93 VDds o:u 50 VDds 

rs 55 VDds i;±r deh >kys vkgs- ijarq iouh vkf.k 

yk[kkanwj rkyqD;krhy Hkwi`"Bh; L=ksrk}kjs tyflaphr 

{ks=kr vkf.k 'ksdMk izek.kkr 2001 gs o"kZ oxGrk 

lrr ?kV gksr xsyh- 2011 e/;s rj Hkwì"Bh; L=ksrkapk 

tyflapukrhy okVk lokZf/kd vkgs- rks vuqØes 38-

36 VDds o 65-03 VDds,o<k vkgs-  

 laiw.kZ ftYgîkP;k ckcrhr fopkj djrk 1981 rs 

2011 ;k dkyko/khr Hkwi`"Bh; tyflaphr {ks=kr lrr 

ok< gksr xsyh- 19 81 yk ftYgîkr Hkwi`"Bh; 

tyflaphr {ks= 54333 gs- gksrs rs 2011 i;Zar ok<wu 

70610 gs- i;Zar iksgkspys- ijarq brj L=ksrka'kh 

vl.kkÚ;k 'ksdMk izek.kkr lrr ?kV >kysyh vkgs- 

82-31 VDds o:u rs 55-09 VDds i;Zar deh 

>kysys vkgs- 

lkjka’k o fu”d”kZ % 

1- 1981 rs 2011 ;k dkyko/khr ftYgîkrhy ,dw.k 

flaphr {ks=kr lrr ok< >kysyh vkgs- 

2- ;k dkyko/khr fofgjh}kjs tyflaphr {ks=kr o 

'ksdMk izek.kkr ok< >kyh vkgs- 

3- dqiufyds}kjs flaphr {ks=kr lqjokrhyk ?kV uarj 

ok< vkf.k ijr ?kV >kysyh fnlwu ;srs- 

4- Hkwi`"Bh; tyflaphr {ks=kr dkgh rkyqD;kr lrr 

?kV >kyh vkgs- rj dkgh rkyqD;kr ok< >kyh 

vkgs- 

5- foghj o dqiufydk ;k L=ksrkaph la[;k tkLr 

vkgs- R;k rqyusr Hkwi`"Bh; L=ksrkaph la[;k deh 

vkgs- 

6- Hkwi`"Bh; L=ksrkaph la[;k deh vlyh rjh ;kaph 

flapukph {kerk lokZf/kd vkgs- dkj.k foghj 

vkf.k dqiufydk e;kZfnr {ks=kyk flaphr d: 

'kdrkr- rj Hkwi`"Bh; L=ksr foLr`r {ks=kr flapu 

d: 'kdrkr- 

lanHkZ lqph 

1. Baljit Kaur Sandhu (Oct, 2007), “Tubewell 

Irrigation and its Impact on Agricultural 

Landscape in North – Eastern Tract of Haryana”, 

Transactions Published by Institute of Indian 

Geographers, Pune. 

2. Dayal E. (1977) : “Impact of Irrigation Expansion 

of multiple Cropping in India” Economics and 

social Geography Vol. 68  

3. Nageswara Rao K.  (2006), “Water Resource 

Management”, Realities and Challenges, New 

Century Publications, New Delhi.  

4. ftYgk lkekftd&vkfFkZd lekykspu] vFkZ o 

lkaf[;dh lapkyuky;] egkjk"Vª 'kklu] eqacbZ] 

1982] 1992] 2002] 2012 o 2014- 
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Lkkjka’k% 

    gk izns’k /kkfeZd o izkÑfrd i;ZVukP;k n`‛Vhus vfr’k; egRokpk vkgs- ;k Hkkxkrhy i;ZVukoj izkd`rhd 

o lkaLd`frd ?kVdkpk fo’ks‛k izHkko >kysyk vkgs- i;ZVukP;k n`‛Vhus gs {ks= vuqdqy vkgs- ;k {ks=kr 

Ik;ZVukP;k vk/kkjHkqr lks;h&lqfo/kk eksB;k izek.kkoj fodflr >kY;k vkgsr- lkaLd`frd Ik;ZVu o uSlfxZd 

i;ZVu] nksUgh eksB;k izek.kkoj fodflr >kysys vkgs- jLrs ekxZ] jsYos ekxZ] foek.k lsok] ykWftax o gkWVsyhax 

lqfo/kk] b- lqfo/kk fodflr >kY;k vkgsr- R;keqGs gs {ks= i;ZVukP;k n`‛Vhus egRokps vkgs- ifj.kker% ;sFks 

Ik;ZVd eksB;k izek.kkoj HksVh nsrkr- ;k {ks=kr vusd vkarjjk‛Vªh; Ik;ZVu dsanzkpk fodkl >kysyk vkgs- 

fct’kCn %& lkaLd`frd Ik;ZVu] uSlfxZd Ik;ZVu 
 

ÁLrkouk %& 

 Hkwxksy gs vR;ar O;kid] ;FkkFkZ o 

okLrfod Lo:ikps ,d foKku vkgs- 

Hkwxksy’kkL=kP;k v/;;ukph lq:okr gh vfrizkphu 

dkGkiklwu >kyh vkgs- T;k dky[kaMkr ekuo 

vfodflr voLFksr gksrk] R;kl lHkksorkyP;k 

i;kZoj.kkps Kku voxr uOgrs- osxosxG;k izns’kkr 

HkVdr vlrkauk R;kyk i;kZoj.kkr fHkUurk fnlwu 

;sr gksrh o i;kZoj.kkr osxosxGs cny gksr 

vlY;kps R;kl fnlr gksrs- ¼mnk- fnol&jk=] 

okjk] <x] itZU; b-½ rlsp dks.kR;kgh nksu 

izns’kkr lkj[ksi.kk ukgh gsgh R;kl tk.kow ykxys 

gksrs- R;krwup R;kaP;k eukr ;k xks‛Vh tk.kwu 

?ks.;kph ftKklk fuekZ.k >kyh- ;k ftKklsrwup 

ekuokus HkkSxksfyd ?kVdkc|y fopkj o fujh{k.k 

dj.;kl lq:okr dsyh- 

Ikzkphu laLÑrhpk mn; o fodklkcjkscj 

Hkwxksy ‘kkL=kP;k fodklkyk xrh feGr xsyh- 

R;krwu ØekØekus fofo/k ladYiuk o oSKkfud 

fl)kar ekaM.;kr ;sÅ ykxys- vkf.k Hkwxksy 

fo‛k;kpk fodkl osxkus gksÅ ykxyk- Hkwxksy ;k 

fo‛k;kpk vH;kl dj.;klkBh rlsp R;kps Lo:i 

letwu ?ks.;klkBh iqLrdkph enr uDdh gksrs ijarq 

dks.kR;kgh {ks=kph [kjh ifjfLFkrh fujh{k.kk}kjs 

pkaxY;k fjrhus Li‛V gksÅ ‘kdrs- map ioZr] 

f’k[kjs] l[ky eSnkus] osxoku u|k o uSlfxZd 

canjklkBh vuqdqy vlk leqnzfdukjk bR;knh 

fofo/krseqGsp Hkwxksy fo‛k;kpk l[kksy vH;klkyk 

lq:okr >kyh o R;krwup i;ZVu {ks=kpk fodkl 

gks.;kl enr >kyh- 

izkÑfrd n`’;] ioZr] iBkj] fgjosxkj 

eSnku] fgeu|k] u|k] ouLirh vkf.k izk.kh ;krhy 

fofHkUurk ekuokyk vkiY;kdMs vkdf‛kZr djrs- 

txkrhy lokZr tkLr i;ZVu gs uSlfxZd LFkGkauk 

ikg.;klkBh gksrs- ekuokyk ,dkdh thou o 

fujk’kk ;krwu eqDr gks.;klkBh i;ZVu gs pkaxys 

ek/;e vkgs- teZu Hkwxksy rK ÝsM~fjd jWV>sy 

;kauh vls er ekaMys vkgs dh] ‚I Travelled, 

I sketyched, I described thus I was led 

to the description of nature‛ 

^^eh izokl dsyk] eh js[kkVu dsys] eh 

o.kZu dsys vkf.k v’kk fjrhus fulxkZps o.kZu 

dj.;kl eh vkdf‛kZr >kyks-** gs dFku HkwxksykP;k 

v/;;u i)rhdMs Li‛Vi.ks ladsr dj.kkjs vkgs- 

^^izR;sd Hkwxksy vH;kld gk usgeh pkaxyk 

fujh{kd vlk;yk gok** vls EgVys tkrs- 

HkkjrkP;k iwoZ&vkXus; fdukjiV~Vhojhy vksfMlk 

;k jkT;krhy dkgh HkkSxksfyd o i;ZVu LFkGkauk 

HksV fnY;k- 

2½ vH;kl{ks= ¼LFkku o fLFkrh½ %& 
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;k jkT;kpk v{kkaf’k; foLrkj 17
0
45* mRrj 

rs 22
0
45* mRrj vlwu js[kko`Rrh; foLrkj 81

0
15* 

iwoZ rs 87
0
30* iwoZ vkgs- vksfMlk jkT;kps {ks=QG 

1]55]707 pkS-fd-eh- vkgs- Hkqous’oj gh vksfMlk 

jkT;kph jkt/kkuh vkgs- ;k jkT;kr ,dq.k 30 ftYgs 

vkgsr- ;k jkT;kP;k iqoZ Hkkxkr lnj i;ZVu dsanzs 

vkgsr- 

ladYiuk %& 

^^txUukFk iqjh] dks.kkdZ] Hkqous’oj] fpYdk 

ljksoj] uUnudkuu jk‛Vªh; m|ku] [k.Mfxjh&mn;fxjh 

xqQk ;k i;ZVu dsanzkph HkkSxksfyd ifjfLFkrh lkaLÑfrd 

?kVd] jLR;kapk fodkl] jkg.;kph lqfo/kk bR;knh 

vusd ?kVdkaP;k vuqdwyrseqGs fodkl >kysyk vkgs-^^ 

{ksf=; Hkze.k gs Hkwxksykps eq[; vax vlwu 

;k}kjs osxosxG;k LFkGkps uohu Kku izkIr djrk ;srs- 

izkphu dkGkr ns[khy Hkwxksykpk {ksf=; Hkze.k o 

fujh{k.kk}kjs vH;kl dsyk tkr gksrk- ;krwup 

i;ZVukpk fodkl gks.;kl lq:okr >kyh- 

 Qks,usflvu o lqesfj;u gs [kÚ;k vFkkZus 

vk/kqfud izoklh letys tkrkr- R;kauh vkfFkZd 

fØ;srqu O;kikj dj.;klkBh ns’k&fons’kkr izokl dsyk- 

 fulxZ lkSan;kZpk vkd‛kZ.kkeqGs euq‛; fulxkZpk 

eulksDr vkuan ?ks.;klkBh izoklkph lq:okr djrks- 

izkphu dkGkiklwu euq‛;kyk izoklkfo‛k;hps vkd‛kZ.k 

vkgs- ijarq rks izokl vkuan ?ks.;klkBh gksr ulwu 

QDr uohu izns’kkpk ‘kks/k ?ks.ks o O;kikj dj.ks gk 

,d gsrw vlrks- uarj txkrhy fofo/k Hkkxkr gGwgGw 

uohu O;kikjh ekxZ vLrhRokr vkys o izoklkyk xrh 

izkIr >kyh- ;k vuq‛kaxkus eh HkkjrkP;k iwoZ&vkXu; 

fdukjiV~Vhojhy vksfMlk jkT;krhy mijksDr HkkSxksfyd 

i;ZVu LFkGkauk HksVh nsÅu lnj v/;;u dj.;kr 

vkys- 

mn~ns’k %& 

 HkkjrkP;k iwoZ fd.kkjiV~Vhojhy fBdk.kkaP;k 

HkkSxksfyd ifjfLFkrhps v/;;u dj.ks- 

 i;ZVu LFkGkaP;k fodklkps voyksdu dj.ks- 
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 i;ZVu LFkGkP;k fodklkl dkj.khHkwr ik’oZHkwehps 

foospu dj.ks- 

 jLrs] fodkl o gkWVsfyaxpk vH;kl dj.ks- 

v/;;u i)rh %& 

vksfMlk gs fBdk.k HkkSxksfyd lgyhP;k 

n`f‛Vdksukrwu fuoMY;k xsys- loZlk/kkj.ki.ks HkkSxksfyd 

lgy gh dsoG fujh{k.k fdaok voyksdukoj voyacwu 

vlrs- R;keqGs rsFkhy HkkSxksfyd fujh{k.k i)rhpk 

mi;ksx dsyk- 

vksfMlk jkT;kph HkkSxksfyd ik’oZHkweh %& 

bfrgklkr vksfMlk gs jkT; fofo/k ukokauh 

ifjfpr vkgs- R;ke/;s dfyax] mRdy] dksaxn vkf.k 

vksVªns’k bR;knh- HkkjrkP;k iqoZ&vkXus; fdukjiV~Vhoj 

fLFkr vksfMlk gs jkT; izkphu dykÑrh] HkO; eafnjs] 

euksje gLrf’kYi vkf.k foLr`r Qqys vkf.k QGkauh 

ifjiw.kZ vkgs- ;k jkT;krhy le`) oulaink] je.kh; 

gn] vkd‛kZd lkeqfnzd foJke LFkG vkf.k fpYdk 

ljksoj i;ZVdkalkBh usgeh vkd‛kZ.k jkfgys vkgs- 

iqjhrhy txUukFk eanhj] dks.kkdZps lq;Zeanhj vkf.k 

jkt/kkuh Hkqous’oj ;sFkhy fyaxjkt eafnj ;kauk 

vksfMlkps Lo.kZf=Hkqt ekuys tkrs- lqo.kZjs[kk unhiklqu 

_‛khdy unhi;±r vksfMlk fdukjh eSnkukpk foLrkj 

vlwu R;kyk ^mRdy eSnku* Eg.krkr- R;kph ykach 

lqekjs 400 fdeh vkgs- 

mBko %& 

vksfMlk gs jkT; fdukjiV~Vh; izns’kkr 

iljysys vkgs- ;k jkT;kP;k iqosZl caxkypk milkxj 

vkgs- rlsp ;sFks iBkjh izns’k lq)k vkgs- fpYdk 

ljksojkP;k if’pe fn’ksyk egsaUnzfxjh ioZr vkgs- 

R;kph maph 1501 eh- vkgs- rlsp iqoZ?kkV] xtjFk] 

‘ks‛kkpye] fuyfxjh bR;knh ioZr vkgsr- 

loZlkekU;i.ks gk ?kkVizns’k eSnkuh Lo:ikpk vkgs- 

cjkplk Hkkx nyny Lo:ikpk vkgs- 

gokeku %& 

vksfMlk gs jkT; HkkjrkP;k iqoZ fdukjiV~Vh; 

izns’kkr vlY;kus rsFkhy gokeku m‛.k o neV vkgs- 

vkWDVkscj rs twu gk i;ZVukpk dkG vlrks- rsFks 

ikolkps izek.kgh tkLr vkgs- 

rkieku %& 

;k jkT;krhy mUgkGk ;k _rwrhy deky 

rkieku 49
0
ls- rj fdeku rkieku 27

0
ls- vlrs- rj 

fgokGk _rwrhy deky rkieku 16
0
ls- rj fdeku 

rkieku 8
0
ls- i;Zar vlrs- ;sFkhy tkusokjh 

efgU;krhy ljkljh rkieku 20
0
 ls- rj tqyS e/;s 

25
0
ls- brds vk<Grs- 

itZU; %& 

tqyS rs vkWDVkscj ;k efgU;kpk dkyko/kh 

itZU;kpk vkgs- ;k jkT;krhy ljkljh okf‛kZd itZU; 

100 rs 200 ls-eh- brds vkgs- fgokGk ;k _rqrhy 

leqnz fdukjh izns’kkrhy itZU; 20 rs 40 lseh brds 

vlrs- 

ivksfMlk jkT;krhy unhiz.kkyh %& 

;k Hkkxkrhy mrkj gk ean Lo:ikpk vkgs- ;k 

jkT;kyk ykxwup caxkypk milkxj mFkG vlY;keqGs 

;kyk ;sÅ feG.kkÚ;k u|kaP;k eq[kk’kh f=Hkqt izns’kkph 

fufeZrh >kyh vkgs- ;k jkT;krhy eq[; unh egkunh 

vlqu frP;koj fgjkdqaM gs /kj.k vkgs- rlsp ;k 

fBdk.kh banzkorh] lsys:] ‘kcjh b- u|k lq)k vkgsr- 

vksfMlk jkT;kph lkaLÑfrd ik’oZHkweh %& 

 

 
 

vksfMlk ;k jkT;kph jkt/kkuh Hkqous’oj vkgs- 

;k jkT;kph izeq[k Hkk‛kk mfMlk vlwu izns’kkuqlkj 

cksyhHkk‛ksr fHkUurk vk<Grs- ;k jkT;kr fofo/k 

tekrhps yksd jkgrkr- izns’kkuqlkj R;kyk fHkuurk 

vk<Grs- vksfMlk ;k jkT;kph ,dw.k yksdla[;k 3-

67-06-920 ¼2011½brdh vkgs- rlsp rsFkhy 

yksdla[;sph ?kurk 236 pkS-fd-eh- vkgs- ;sFkhy 

lk{kjrsps izek.k 63-61% rlsp yksdla[;sph n’kokf‛kZd 

ok< 15-94% vkgs- ;k jkT;kph eq[; Hkk‛kk mfM;k 

vkgs- jkT;kps njMksbZ mRiUu 3066 brds vkgs- 

vksfMlk ;k jkT;kr dq:[k] xksaM] [kksaM b- vkfnoklh 

tekrh vk<Grkr- ;sFkhy yksdkaps eq[k vUu Hkkr o 

ekls vkgs- ;k jkT;kpk u`R;izdkj vksfMlh vkgs- ;sFks 

jFk;k=k] <ksyt=k] irqvk t=k] pand iqtk bR;knh 

mRlo lktjs dsys tkrkr- vksfMlh] fp=ikMk] /k`cikMk] 

ikapy bR;knh u`R; o laxhr izdkj vkgsr- 

jLrs %& 

 vksfMlk gs jkT; fdukjiV~Vhoj fLFkr 

vlY;keqGs ;sFks tyekxkZpk fodkl >kysyk vkgs- ;k 

fBdk.kh ikjk}hi gs izeq[k canj vkgs- rlsp foekuekxZ] 

jsYosekxZ o jk‛Vªh; egkekxkZpk lq)k fodkl >kysyk 

vkgs- ;k jkT;kr jk‛Vªh; egkekxZ Ø- 5]6]42]48 
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bR;knh egkekxZ ;k jkT;krqu tkrkr- R;keqGs ;sFks 

vusd i;ZVu dsanzkpk fodkl >kyk vkgs- txkP;k 

dkukdksiÚ;krqu i;ZVu ;sFks lgtrsps iksgpw ‘kdrkr- 

i;ZVu {ks=s %& 

txUukFk iqjh %& 

iqjh gs fBdk.k Hkqous’ojiklqu 60 fdeh 

varjkoj vkgs- ;k {ks=kps izkphu uko iq:‛kksRre {ks= 

vkf.k Jh {ks= gksrs- /kkfeZd n`‛Vhdksukrwup ukghrj 

i;ZVd ;sFks ckx] uos] ljksoj] leqnz ;k izkÑfrd 

lkSan;kZpk vkuan ?ks.;klkBh ;srkr- vkt T;k fBdk.kh 

iqjh ;sFkhy Jh txUukFk eanhj vkgs rsFks iqohZ cq)kps 

nkr Bsoysys gksrs- Eg.kqu R;kosGsl iqjhyk nariqj EgVys 

tkr gksrs- leqnzkiklqu fnM fd-eh- varjkoj fuyfxjh 

ioZrkoj Jh txUukFk eafnj olysys vkgs- 

i) LFkkukps egRo %& 
 

 
 

Jh- eafnjkps fuekZ.k 12 O;k ‘krdkr 

xaxoa’kkps izrkih jktk vuaxHkhe nso ;kauh dsys- 

toGikl 800 o‛kZ izkphu gs eafnj izkphu 

LFkkiR;dyk vkf.k f’kYidyk ;kps mnkgj.k vkgs- ;k 

eafnjkaph maph 214 QqV vkf.k ;k eanhjkpk vkdkj 

iapjFk lkj[kk vkgs- ;k eafnjkP;k pkjgh cktwyk fHkarh 

vkgsr- T;kauk es?kukn izkphj Eg.krkr- ;kph yEckbZ 

660 QqV vkf.k maph 20 QqV vkgs- ;k eafnjkps pkj 

Hkkx vkgsr- foeku] txeksgu] ukV;ea.Mi vkf.k 

Hkksxe.Mi- 

i;ZVu dsanz fodlhr gks.;kl dkj.khHkqr ?kVd %& 

 txUukFk iqjh ;sFks Jh txUukFkps HkO; eafnj 

vkgs- Hkkjrkrhy lokZr eksBk jFkksRlo ;sFks lktjk dsyk 

tkrks- gs LFkG eafnjkaph uxjh vkgs- pkj ifo= 

/kkekiSdh Jh txUukFkps /kke gs pkSFks /kke vkgs- rlsp 

mRÑ‛B xksYMu chp vkgs- ;sFks jLrs o yksgekxkZpk 

fodkl >kysyk vkgs- 

LFkku %& 

 iqjh gs ‘kgj 85
0
55* iqoZ js[kko`Rr o 

19
0
45* mRrj v{ko`Rrkoj olysys vkgs- 

;olk; %& 

 iqjh gs fBdk.k leqnzfdukÚ;koj vlY;keqGs 

rsFks eksB;k izek.kkr eklsekjh O;olk; dsyk tkrks- 

rlsp i;ZVu LFkG vlY;keqGs i;ZVu O;olk; 

fodlhr >kyk vkgs- rlsp ‘ksrhr fofo/k fids ?ksrys 

tkrkr- rlsp ;sFks eksrh o ‘ka[k&f’kaiys] gkWVsYl ;koj 

vk/kkjhr O;olk; dsys tkrkr- 

dks.kkdZ %& 

 dks.kkdZ gs LFkG lw;Z miklusps iz/kku ihB 

vkgs- ,sfrgklhd vkf.k iqjkrkRohd n`‛Vhus dks.kkdZ ,d 

egRoiq.kZ i;ZVu LFkG vkgs- 

LFkkukps egRo %& 

 leqnzkP;k lkfu/;kr jFkkP;k vkdkjkps izkphu 

HkO; lw;Zeafnj vkgs- gs eafnj izkphu Hkkjrh; 

LFkkiR;dyk o f’kYidysps vR;qPp f’k[kj letys 

tkrs- lqanj leqnzfdukjk ;keqGs ;k LFkGkyk vf/kd 

egRo izkIr >kys- 

i;ZVu dsanz fodlhr gks.;kl dkj.khHkqr ?kVd %& 

 dks.kkdZ ;sFks lw;Zeafnj vkgs] gs eafnj jFkkP;k 

vkdkjkps vkgs- ;k eafnjkP;k pgqcktqyk 24 pØ 

vkgs- ;k izR;sd pØkr 8 vkjs vkgsr- dks.kkdZ eafnjkr 

rhu vkÑrhps lw;Znsork vkgsr- eafnjkP;k nf{k.ksyk 

lw;Znsorsyk mfnr lw;Z T;kph maph 8-3 QwV] 

if’pesyk e/;kUg lw;Z T;kph maph 1-7 QqV] mRrjsyk 

vLr lw;Z T;kph maph 3-49 ehVj vkgs- ;keqGs ;k 

{ks=kpk i;ZVu LFkG Eg.kqu fodkl >kyk- 

LFkku %& 

 dks.kkdZ gs fBdk.k 86
0
15* iqoZ js[kko`Rr o 

19
0
50* mRrj v{ko`Rrkoj olysys vkgs- 

O;olk; %& 

 ;k fBdk.kh i;ZVu] dksjho dke] ‘ka[k f’kaiys 

b- oj vk/kkjhr m|ksx dsys tkrkr- 

Hkqous’oj %& 

Hkqous’oj gs ‘kgj vksfMlkph jkt/kkuh vkgs- 

;k ‘kgjkr 500 is{kk vf/kd eafnjs vkgsr- R;keqGs 

;kl eafnjkph uxjh Eg.krkr- izkphu dkGkr gs eafnj 

dfyax jkT;ke/;s gksrs- vk/;kfRed n`‛Vhus ukgh rj 

,sfrgklhd n`‛Vhus lq)k e’kgwj i;ZVu LFkG vkgs- lu 

1950 e/;s mfMlkph jkt/kkuh dVdo:u Hkqous’oj 

dsyh xsyh- rsOgkiklwu ;k ‘kgjkps vkd‛kZ.k ok<ys- 

bfrgklkuqlkj lezkV v’kksdus vkiys ‘ksoVps ;q) ;sFks 
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y<ys vkf.k uarj rks ckS) /keZ o vfgalspk iqtkjh 

>kyk- 

LFkkukps egRo %& 

 Hkqous’oj gh eafnjkph uxjh vkgs- ;sFks 

ikp’ksP;k toGikl eafnjs vkgsr- ;sFkhy fyaxjkt 

eafnj gs lokZr eksBs eafnj vkgs- ;k eafnjkps fuekZ.k b-

l- 1100 e/;s mRdyps ds’kjh oa’kh ujs’k yykVsUnq 

ds’kjh ;kauh dsyh- ;kph maph 180 QqV vkgs- ;sFks 

Hkxoku ‘kadjkps eafnj vkgs- ;k eafnjkph dykdkS’kY; 

lxG;kauk vkdf‛kZr djrks- rlsp ;sFkhy /kÅyhfxjh 

;sFkhy ‘kkfUrLrwi ;kaps fuekZ.k tikuh yksdkauh b-l- 

1900 e/;s dsys- eqDrs’oj eafnj ;kps fuekZ.k 10 

O;k ‘krdkr >kys- bR;knh fofo/k eq[; LFkGs ;k 

fBdk.kh vkgsr- 

 

i;ZVu dsanz fodflr gks.;kl dkj.khHkqr ?kVd %& 

 Hkqous’oj ;sFks izfl) fofo/k eafnjs] ‘kkarh 

Lrwi] xqQk vkgsr- rlsp ;k LFkGkyk ,sfrgklhd 

egRo izkIr >kys vkgs- R;keqGs gs LFkG i;ZVu dsanz 

Eg.kqu fodlhr >kys vkgs- rlsp ;sFks jLrs o 

yksgekxkZpk fodkl >kyk vkgs- rlsp ;sFks foekurG 

lq)k vkgs- 

LFkku %& 

 Hkqous’oj gs ‘kgj 85
0
50* iwoZ js[kko`Rrkoj 

rlsp 20
0
30* mRrj v{ko`Rrkoj olysys vkgs- 

O;olk; %& 

 Hkqous’oj gs ‘kgj jkt/kkuhps ‘kgj vlY;keqGs 

;sFks fofo/k O;olk;kpk fodkl >kyk vkgs- R;ke/;s 

dkj[kkus] oL=] i;ZVu] ‘ksrhoj vk/kkjhr ygku&eksBs 

m|ksx fnys tkrkr- 
 

      

 

uUnudkuu jk‛Vªh; m|ku %& 
 
 

 
 

uUnudkuu i’kq laxzgky; gs Hkqous’oj iklwu 

25 fdeh varjkoj vkgs- gs 400 gsDVj {ks=ke/;s 

iljysys vkgs- gs euksjatu {ks= vkgs- uUnu dkuu ou 

i’kqps vHk;kj.; vkgs- uUnu dkuu i’kq laxzgky; 

caxkyh ok?k vkf.k ika<jk ok?k ;klkBh izfl) vkgs- gs 

laxzgky; ldkGh 8 oktrkiklqu lk;adkGh 5 oktrk 

i;Zar pkyw vlrs- gs laxzgky; lkseokjh can vlrs- 

;sFks ,d fpMh;k?kj lq)k vkgs vkf.k lqanj ljksoj 

lq)k vkgs- ;k laxzgky;kr fofo/k izk.kh] i{kh 

ikgko;kl feGrkr- 

fpYdk ljksoj %& 

fpYdk ljksoj gs Hkkjrkrhy [kk&;k ik.;kps 

lokZr eksBs ljksoj vkgs- ;kr EkksB;k izek.kkoj 

MkfYQu c?kk;yk feGrkr- R;keqGs gs i;ZVdklkBh 

vkd‛kZ.kkps dsan cuys vkgs- ;sFks iksp.;klkBh 

vko’;d lqfo/kk miyC/k vkgsr- ;sFks gkWVsyhaxph 

lqfo/kk lq/nk eksB;k izek.kkoj fodflr >kyh vkgs- 
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lkjka’k %& 

;k Hkkxkps fujh{k.k dsys vlrk vls y{kkr 

;srs dh] gk izns’k /kkfeZd o izkÑfrd i;ZVukP;k 

n`‛Vhus vfr’k; egRokpk vkgs- ;k Hkkxkrhy i;ZVukoj 

izkd`rhd o lkaLd`frd ?kVdkpk fo’ks‛k izHkko >kysyk 

vkgs- i;ZVukP;k n`‛Vhus gs {ks= vuqdqy vkgs- ;k {ks=kr 

Ik;ZVukP;k vk/kkjHkqr lks;h&lqfo/kk eksB;k izek.kkoj 

fodflr >kY;k vkgsr- lkaLd`frd Ik;ZVu o uSlfxZd 

i;ZVu] nksUgh eksB;k izek.kkoj fodflr >kysys vkgs- 

jLrs ekxZ] jsYos ekxZ] foek.k lsok] ykWftax o gkWVsyhax 

lqfo/kk] b- lqfo/kk fodflr >kY;k vkgsr- R;keqGs gs 

{ks= i;ZVukP;k n`‛Vhus egRokps vkgs- ifj.kker% ;sFks 

Ik;ZVd eksB;k izek.kkoj HksVh nsrkr- 

lanHkZ xzaFk %& 

1½   i;ZVu Hkwxksy & izk- MkW- izHkkdj ekjksrjko 

ukdrksMs] izk- MkW- fnxkacj ikj/kh] fo|k izdk’ku] 

ukxiwj- 

2½   i;ZVu Hkwxksy & MkW- lqfurk ‘kadjjko f’kans] 

,T;qds’kuyh ifCy’klZ] vkSjaxkckn- 

3½   egkjk‛Vª i;ZVu dks’k & j-;- lkus] fo|k 

fodkl iCyh’klZ] ukxiwj- 

4½   i;ZVu Hkwxksy & MkW- foB~By ?kkjiwjs- 

5½   izkFkfed L=ksr & izR;{k HksVh- 
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lkjka’k 

Xkksafn;k ftYgîkrhy izeq[k ihd rkanwG vlwu loZ= ,d ihdiz.kkyh ¼Monoculture½ vk<Grs- 

R;kps eq[; dkj.k gs dh ;sFks rkieku o itZU;kph foiqy izek.kkr miyC/rk gks;- ifj.kerk% ;k izns’kkr 

rkanqG ihdkps dsafnzdj.k mPp Lo#ikps vlwu rkanqGkpk dsfnzdj.k funsZ’kkad 1-00 is{kk tkLr vkgs- rkanqGkuarj 

xOgq ihdkps dsafnzzdj.k >kysys vlwu R;kpk funsZ’kkad lq/nk 1-00 is{kk tkLr vkgs- ;kO;rhjhDr ftYg;kr 

FkksM;kQkj izek.kkr HkkthikY;kps ihds] MkGh] jCch Tokjh o rsyfc;k] b- ihdkaps dsafnzdj.k >kysys vkgs- 

fct'kCn %& ihdiz.kkyh] ihdkaps dsafnzdj.k o ihd izk#i  
 

izkLrkfod  

 dks.kR;kgh izns'kkrhy ihd izk:Ik gs 

R;kBhdk.kP;k uSlfxZd] lkekftd o vkfFkZd 

?kVdkaewGs fuf'pr gksr vlrs- uSlfxZd ?kVd 

lk/kkj.ki.ks fLFkj vlrks ijarq lkekftd o vkfFkZd 

?kVdkr ek= lrr cny gksr vlrs] ifj.kker% 

ihd izk:igh cnyr vlrks- 

ihd izk:Ik gs lkodk'k cnyr 

vlY;kewGs ;k vH;klkr 2011 ;k o"kkZrhy 

izdkjkuqlkj ihd xV o izR;sd ihd xVkrhy 

osxosxGîk ihdkauk vuql:u ihd la;kstu o 

dsafnzdj.kkpk vH;kl dsysyk vkgs-  

xksafn;k ftYgîkph ,sfrgkfld o HkkSxksfyd 

ik'oZHkweh  

izkphu dkGh xksafn;k ftYgîkps {ks= ?kunkV 

taxykauh O;kIr vlY;keqGs gs {ks= >kMhiêh Eg.kwu 

izfl) gksrs- ;sfFky eqG fuoklh xksaM ;k 

vkfnoklh tekrhpk eq[; O;olk; xksan o yk[k 

xksGk d:u xkoke/;s fod.ks gk gksrk- ;k 

O;olk;ko:u ;k {ks=kyk xksafn;k gs uko iMys- 

xksafn;k ftYg;kyk rykokpk ftYgk o Hkkrkps 

dksBkj Eg.kwu izfl)h izkIr >kys vkgs- egkjk"VªkP;k 

vfriwoZ cktwyk clysY;k xksafn;k ftYgk uSlfxZd 

lkSan;kZus iw.kZr% uVysyk vlqu ioZr VsdMîkauh 

os<ysyk vlqu ;sFkhy lokZr map VsdMh izrkixM 

VsdMh vkgs- xksafn;k ftYgîke/;s vusd izs{kf.k; 

LFkGs vkgsr- uosxkocka/k o ukxf>jk gh mHk;kj.;s 

ns'kh o fons'kh i;ZVdkauk fo'ks"k vkdf"kZr djrkr- 

lkysdlk toG njsdlk ;k [ksMîktoG ,d 

oSf'k"Vîiw.kZ uSlfxZd xqgk vkgs-  

xksafn;k ftYgîkpk foLrkj 20
0
45* mÙkj 

v{ko`Ùk rs 21
0
30* mÙkj v{ko`Ùk vkf.k 80

0
00* 

iwoZ js[kko`Ùk rs 80
0
30* iwoZ js[kko`ÙkkP;k njE;ku 

vkgs- ftYgîkps ,dw.k {ks=QG 2011 uqlkj 

5858-95 pkS-fdeh vkgs- xksafn;k ftYgîkr ,dw.k 

vkB rkyqD;kpk lekos'k gksrks-  
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xksafn;k ftYgîkrhy mÙkj o bZ'kkU; Hkkx 

MksaxjkG vlqu ;k VsdMîkaph maph 200 rs 300 ehVj 

vk<Grs- xksafn;k vkexko Hkkxkr leqnz likVhiklqu 

maph 334 ehVj i;Zar vk<Grs- lkysdlk] njSdlk] 

xk;[kwjh o brj vusd Mksaxjjkaxkaph maph leqnz 

likVhiklqu 350 rs 600 ehVj vkgs- xk;[kqjh jkaxsr 

[kqjkyk ;sFks leqnz likVhiklqu 610-51 ehVj vkgs- 

njsdlk Mksaxjjkaxkaph maph 600 ehVj i;Zar vk<Grs- 

uosxkocka/k VsdMîkaph leqnz likVhiklqu maph 702 

ehVj rj ok;O; Hkkxkr VsdMîkaph maph 600 ehVj 

is{kkgh tkLr vk<Grs- gk Hkkx tqU;k vkXus; 

[kMdkiklqu cuysyk vkgs- ftYgîkpk 84% Hkkxkr 

HkwxHkZ'kkL=kuqlkj izkphu vXuhtU; o :ikarfjr [kMd 

vk<Grkr rj moZjhr 16% HkkxkiSdh 5% Hkkxkr 

xksaMokuk dkGkrhy xkGkps [kMd o vokZphu 

dkGkrhy unhpk xkG vk<Grks- ;k O;frfjDr 11% 

Hkkxkr dMIik dkGkrhy [kMd vk<Grkr- Xkksafn;k 

ftYgîkr l/ku dkGh ioZrh; e`nk] rkacMh e`nk 

vk<Grs- 

2001 ;k o"kkZe/;s 2833 pkS-fd-eh- {ks= 

vLFkkbZ oUkkus O;kiys gksrs- gs ftYgîkP;k 50-22% 

vkgs- xksafn;k ftYgîkrhy loZ unîk oSuxaxk unhP;k 

miunîk vkgsr] vls vlys rjh ftYgîkpk vf/kdka'k 

{ks= pqycan] ikaxksyh o ok?k ;k unîkauh O;kiysyk 

vlqu nf{k.k Hkkxkr okg.kkjh eq[; unh xk<oh vkgs- 

xksafn;k ftYgîkrhy gk Hkkx m".k dVhca/kh; 

vlY;kewGs ;sfFky gokeku ekUlwuh Lo:ikps vlwu 

twu rs lIVsacj ;k dkGkr 70% P;k oj itZU; iMrks-  

ifjdYiuk %  

“xksafn;k ftYg;krhy izkd`rhd] lkekftd o 

vkfFkZd ?kVdkP;k izHkkokewGs ;sFks ,dk fof’k”V ihd 

izk#ikph fuf’prh >kyh vkgs” 

 

m|s’k% 

xksafn;k ftYg;krhy izkd`rhd] lkekftd o 

vkfFkZd ?kVdkP;k izHkkokewGs fuf’pr >kysyh ihd 

iz.kkyh o ihd dsafnzdj.kkpk vH;kl dj.k]s gk lnj 

la”kks/kukpk eq[; m|s’k vkgs- 

la’kks/ku i/nrh %  

 lnj vH;klkr fOnrh; Lrjkojhy vkdMsokjh 

,d=hr d#u R;kaph vkdMseksM dsY;kuarj R;kaps 

fo’ys”k.k dsys vkgs o ;ksX; R;k udk’kk’kkL=h; 

i/nrhapk o lka[;khdh; vkd`R;kapk mi;ksx d:u 

R;kaps lknjhdj.k dsys vkgs ;kr izknsf’kd o fo”ys’k.k 

n`”Vhdks.k vH;kl i/nrhpk mi;ksx dj.;kr vkyk 

vkgs- 

xksafn;k ftYgîkrhy ihd la;kstu %  

^^loZizFke vesfjdsP;k if'pe Hkkxkrhy ihd 

la;kstu ¼lkgp;Z½ fuf'pr dj.;kpk o R;k vk/kkjkoj 

Ñf"k izknsf'kdhdj.k dj.;kpk iz;Ru ts-lh- fooj ;kauh 

dsyk-** rlsp brj vusd Hkwxksy rKkauh ^fooj*P;k 

izekf.kr ^fopyu i)rh*P;k vk/kkjkoj vU; izns'kkr 

ihd la;kstu fuf'pr dj.;kpk iz;Ru dsyk- R;kosGh 

R;kauk vusd vMp.kh vkY;k R;keqGs R;kauh ^fooj*P;k 

i)rhe/;s dkgh ifjorZu d:u vusdkauh ihd 

la;kstukP;k vk/kkjkoj izknsf'kdhdj.k dsysys vkgs- 
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;ke/;s MksbZ] fooj] dksikd vkf.k Hkkjrke/;s v¸;j] 

vkBoys] HkkVh;k] ekthn gqlSu b- HkwxksyrKkauh 

osxosxGîk izns'kkph fuoM d:u ^^ihd la;kstu 

izns'k** fuf'pr dj.;kpk iz;Ru dsyk vkgs- 

xksafn;k ftYgîkrhy ihd la;kstu fuf'pr 

dj.;kdfjrk lnj v/;;ukr fooj ;kauh lqpfoysY;k 

i)rhpk mi;ksx d:u ihd la;kstu fuf'pr dsys 

vkgs- ,[kk|k foHkkxkrhy izR;sd ihdk[kkyhy 

tehuhph VDdsokjh d:u rh mrjR;k Øekr 

ykoY;koj fooj ;kauh lkafxrysY;k i)rho:u ihd 

la;kstu lgt fuf'pr djrk ;srs- 

osxosxGîk izns'kkr osxosxGh ihd egÙokph 

vlyh rjh brj osxosxGîk ihdk[kkyh ygku eksBs {ks= 

vlrs- Eg.kwup dkgh vH;kldkauh osxosxGîk ihdkauh 

O;kiysY;k tehuhph VDdsokjh vuqØekus ykoY;koj 

5% is{kk fdaok 10% is{kk deh tehu O;ki.kkjh ihds 

fopkjkr ?ksryh ukgh- ijarq ;k vH;klkr vls u djrk 

ihdkaph VDdsokjh vuqØekus ykoY;koj loZp ihdkauk 

VDdsokjhr foHkkxwu Eg.kts ,dk ihdkyk 100% eqY;] 

2 ihdkauk 50%&50% v'kkizdkjs loZ ihdkauk 100% 

e/;s foHkkxwu [kkyhy lw=kpk okij dsysyk vkgs- 

 

        ∑d
2
 

lw= &                                   h = ,dw.k ihdkaph la[;k 

                                h                            d = ,dw.k ihds o ,dw.k VDdsokjh ;krhy Qjd 

 

xksafn;k ftYgîkrhy ihd la;kstu % 2011 
 

v- dz- rkyqdk ihd la;kstaukps eqY; ihd la;kstau ihd izk#i 

1 frjksMk 35.88 ,d ihd rkanwG 

2 xksafn;k 21.16 ,d ihd rkanwG 

3 xksjsxkao 28.27 ,d ihd rkanwG 

4 vkexkao 30.38 ,d ihd rkanwG 

5 lkysdlk 16.94 ,d ihd rkanwG 

6 lMd vtqZuh 93.41 ,d ihd rkanwG 

7 vtqZuh eksj- 64.92 ,d ihd rkanwG 

8 nsojh 10.33 ,d ihd rkanwG 

Source :- Calculated by Researcher 

 

 
 

2011 o"khZ ftYgîkrhy loZ rkyqD;ke/;s 

,dk ihdkps la;kstu vk<Grs- vkf.k R;krhy izeq[k 

ihd rkanwG vkgs- frjksMk] xksafn;k] xksjsxkao] vkexkao] 

lkysdlk] lMd vtqZuh] vtqZuh eksj- o nsojh ;k 

vkBgh rkyqD;kr rkanGkps {ks= ykxoMh[kkyhy 

fuOoG {ks=kr 90% rs 95% P;k njE;ku vkgs- R;keqGs 

loZ rkyqD;kr QDr ,d ihd la;ksx 

(Monoculture) vk<Grs-  

xksafn;k ftYgîkrhy ihdkaps dsanzhdj.k  

dks.kR;kgh izns'kkrhy ihdkaP;k dsanzhdj.k 

jpuso:u ihdkaP;k ?kursrhy Qjd letrks- ;k 

izdkjP;k vH;klkpk gsrw Eg.kts osxosxGîk izns'kkrhy 
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deh fdaok tkLr ihdkaph ?kurk letwu ?ks.ks gks;- 

ihd dsanzhdj.kkP;k vH;klkewGs fof'k"V osGsyk 

ihdkaph ?kurk d'kh cnyr tkrs] ;kps vkdyu gksrs- 

?kurk cnyrs Eg.kts R;k ihdk[kkyhy {ks=kr cny 

gksrks- T;kosGh ?kurk tkLr vlrs R;kosGh R;k fof'k"V 

ihdk[kkyhy {ks=kps izek.k tkLr vlrs- ^^;kykp mPp 

ihd dsafnzdj.k vls Eg.krkr-** 

Ñf"k Hkwxksykr ihd dsafnzdj.k lq:okrhiklwup 

vH;klys tkr vlys rjh lkaf[;dh; i)rhP;k 

mi;ksxkuarj R;kr vf/kd vpwdrk vkyh vkgs- ihd 

dsafnzdj.kkP;k vk/kkjs Ñf"k foHkkx ikM.;klkBh vusd 

Ñ"khrTKkauh iz;Ru dsysr- R;kr ¶yksjsUl ¼1948½] 

fc'kksYe ¼1962½] HkkVh;k ¼1965½] tlchj lhax 

¼1976½ gs izeq[k vkgsr- 

^^Hkkjrkrhy ihdkaps izknsf'kd xq.k/keZ fuf'pr 

dj.;klkBh HkkVh;k ¼1965½ ;kauh LFkku Hkkxkdkj 

(Location Quotient Method) i)rhpk voyac dsyk 

vkgs-** HkkVh;k ;kauh ihd dsanzhdj.k Li"V dj.;klkBh 

iq<hy lq=kpk okij dsyk- 

 

       ^{k* ihdkps R;k   laiw.kZ izns'kkr ^{k* 

      mifoHkkxkrhy {ks=  ihdk[kkyhy {ks= 

ihd dsanzhdj.kkpk funsZ'kkad  =           ÷ 
      loZ ihdk[kkyhy  laiw.kZ izns'kkr loZ 

       mifoHkkxh; {ks=  ihdk[kkyhy {ks= 

 

;k vH;klkr ^HkkVh;k* ;kaP;k ojhy lq=kpk 

mi;ksx d:u xksafn;k ftYgîkrhy rhu izeq[k ihdkaps 

¼rkanwG] xgw o jCch Tokjh½ ihd dsanzhdj.k dk<ysys 

vkgs- 

rkanwG &  

Xkksafn;k ftYgîkrhy izeq[k ihd rkanwG vkgs] 

R;kps ihd dsafnzdj.k vH;kl.;kdfjrk ftYgîkP;k 

izR;sd rkyqD;krhy ,dw.k ykxoMhps {ks=] 

rkanGk[kkyhy {ks= o dsanzhdj.kkpk funsZ'kkad iq<hy 

lkj.khr fnysyk vkgs- izknsf”kd cny Li"V 

gks.;kdfjrk 2011 ;k o"kkZrhy rkanqGkP;k 

dsafnzdj.kkP;k vkdMsokjhl funsZ'kkadkuqlkj xV d:u rs 

udk'kkr n'kZfoys vkgs-  

 

2011 ;k o"kkZrhy rkanqG ihdkps dsafnzdj.k      2011 ;k o"kkZrhy xOgq ihdkps dsafnzdj.k 

v-dz- rkyqdk dsanzhdj.kkpk funsZ'kkad  v-dz- rkyqdk dsanzhdj.kkpk funsZ'kkad 

1 frjksMk 1.01 1 frjksMk 0.81 

2 xksafn;k 1.03 2 xksafn;k 0.72 

3 xksjsxkao 0.98 3 xksjsxkao 0.74 

4 vkexkao 0.98 4 vkexkao 1.05 

5 lkysdlk 1.03 5 lkysdlk 0.72 

6 lMd vtqZuh 0.96 6 lMd vtqZuh 2.97 

7 vtqZuh eksj- 1.00 7 vtqZuh eksj- 3.23 

8 nsojh 0.94 8 nsojh 0.5 

,dw.k 0.99    ,dw.k 

 

Source :- Calculated by Researcher 
 

2011 o"khZ xksafn;k ftYgîkrhy xksafn;k o 

vtqZuh eksj- rkyqD;kr rkanGkps dsanzhdj.k mPp 

Lo:ikps vlwu dsanzhdj.kkpk funsZ'kkad 1-00 is{kk 

tkLr vkgs- rj frjksMk] xksjsxkao] vkexkao] lkysdlk 

Eg.kts ftYgîkP;k mÙkj Hkkxkr vkf.k nf{k.k Hkkxkr 

lMd vtqZuh o nsojh rkyqD;kr rkanGkps e/;e 

Lo:ikps dsafnzdj.k vk<Grs- R;kps dsafnzdj.kkpk 

funsZ'kkad 0-75 rs 1-00 vkgs- 2011 o"khZ dks.kR;kgh 

rkyqD;kr rkanGkps deh dsanzhdj.k vk<Gr ukgh- 

2001 o"khZ ftYgîkr rkanGkps ljkljh dsanzhdj.k 1-

00 vkgs- 
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xgw &  

Xkgw gs jCch gaxkekr ?ksrY;k tk.kkÚ;k izeq[k 

ihdkiSdh ,d ihd vkgs- ftYgîkP;k dkgh Hkkxkr 

xOgkps ihd ?ksrys tkrs- mÙkj o nf{k.k Hkkxkr xOgkps 

dsafnzdj.k >kysys vk<Grs- iq<hy lkj.khe/;s 

ftYgîkrhy 2011 o"khZ ,dw.k ykxoMh[kkyhy {ks=] 

xOgk[kkyhy {ks= o R;kaP;k dsanzhdj.kkpk funsZ'kkad 

iq<hy lkj.khr fnys vkgs-   

2011 o"khZ ftYgîkr lMd vtqZuh o vtqZuh 

eksj- rkyqD;kr Eg.kts ftYgîkP;k nf{k.k Hkkxkr xOgkps 

vfr mPp dsafnzdj.k >kys vkgs o R;kapk dsafnzdj.kkpk 

funsZ'kkad 1-25 is{kk tkLr vkgs- lMd vtqZuh o 

vtqZuh eksj- rkyqD;kr gk funsZ'kkad 2-97 o 3-23 

vkgs- vkexkao rkyqD;kr xOgkps dsanzhdj.k mPp 

Lo:ikps vlwu funsZ'kkadkps izek.k 1-00 rs 1-25 

vkgs- ftYgîkP;k vkXus; Hkkxkr Eg.kts frjksMk 

rkyqD;kr xOgkps e/;e dsanzhdj.k >kys vkgs o R;kps 

izek.k 0-75 rs 1-00 vkgs rj xksafn;k] xksjsxkao] 

lkysdlk o nsojh ;k pkj rkyqD;kr xOgkps dsanzhdj.k 

deh vlwu R;kps funsZ'kkad 0-75 is{kk deh vkgs- 

jCch Tokjh %& 

ftYgîkr 2011 o"khZ jCch Tokjhps {ks= 

toGtoG 'kqU; vkgs- QDr frjksMk rkyqD;kr 2011 

o"khZ QDr 07 gsDVje/;s xOgkph ykxoM dj.;kr 

vkyh- iq<hy 10 o"kkZr 2011 yk rh 'kqU;koj 

vkyh- ;k O;frjhDr brj dks.kR;kgh rkyqD;kr jCch 

Tokjhph ykxoM >kysyh ukgh- R;keqGs loZ 

rkyqD;ke/;s 2011 o"khZ jCch Tokjhps dsanzhdj.kkps 

izek.k 'kqU; vkgs- cnyR;k itZU;] rkieku] mRikndrk 

o foiuu ;k dkj.kkeqGs Tokjhps ihd toGtoG 

ukghls >kys vkgs- ;k O;frjhDr ftYgîkr dqBsgh 

dkilkps ihd ?ksrys tkr ukgh- 

 

fu”d”kZ %& 

 Xkksafn;k ftYgîkr loZ= ,d ihd iz.kkyh 

¼Monoculture½ vk<Gr vlwu R;krhy izeq[k 

ihd rkanwG vkgs- R;kps eq[; dkj.k gs dh ;sFks 

rkieku o itZU;kph foiqy izek.kkr miyC/rk gks;- 

R;keqGsp ;k izns’kkr rkanqG ihdkps dsafnzdj.k mPp 

Lo#ikps vlwu rkanqGkpk dsfnzdj.k funsZ’kkad1-00 is{kk 

tkLr vkgs- rkanqGkuarj xOgq ihdkps dsafnzzdj.k >kysys 

vlwu R;kpk funsZ’kkad lq/nk 1-00 is{kk tkLr vkgs- 

;kO;rhjhDr ftYg;kr FkksM;kQkj izek.kkr jCch Tokjh] 

HkkthikY;kps ihds] MkGh o rsyfc;kaP;k ihdkaps 

dsafnzdj.k >kysys vk<Grs- 

lanHkZ lwph %& 

1. Athawale A.C.(1966),“Some New Methods of 
Crop Combination”, Geographical revieve of 

India, Vol.28. 

2. Bhatia S.S. (1965), “Patterns of Crop 

Concentration and Diversification In India”, 

Economic Geography,  

3. Kamlesh S.R. (1996), “Agricultural 

Geography”, Vasundhara Prakashan, 

Gorakhpur. 

4. Shafi M. (1979), “Land Utilization In Uttar 

Pradesh”, University Press, Aligarh. 
5. Sing Jasbir, (1974), “Agricultural Geography”, 

Tata MegrawHill, New Delhi. 

6. Weaver J.C. (1954), “Crop Combination 
Region In The Middle West”, Geographical 

Review of India. 

7. ftYgk lkekftd o vkfFkZd lekykspu & xksafn;k 

ftYgk] vFkZ o lkaf[;d lapkyuky;] egkjk"Vª 

'kklu] eqacbZ] 2012- 
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lkjka’k % 

     xksaM jkT;kP;k bfrgklkpk ekxksok ?ksrkauk R;kr lqlaxrh vk<Gwu ;sr ukgh- rjhgh xrdkGkrhy jktdh; 

iVykoj dks.kR;kgh Ákphu yksdkauk ÁkIr >kys uOgrs brds Js”BRo ;k xksaM jkT;dR;kZauk ÁkIr >kys gksrs- xksaM tekr 

gh HkkjrkP;k e/;Hkkxkr Qkj eksB;k HkwHkkxkoj olysyh gksrh- rRdkyhu fganw jktkaP;k jktoVh’kh rqyuk dsY;kl 

;kauklq/nk R;kaP;k cjkscjhps ekukps LFkku ÁkIr >kysys gksrs gs Li”V >kys- gh nzfoMh;u ifjokjkph ewyHkwr tekr vkf.k 

dnkfpr vuk;Z fdaok taxyh tekrhrhy lokZr egRokph tekr vkgs- vls jlsy ;kauh dsysys fo/kku xksaM jktoVhph 

Xokgh ns.;kl iqjsls vkgs- T;k fo’kky HkwÁns’kkoj gh tekr vkiY;k lkekftd] vkFkhZd vkf.k lkaLÑrhd 

thouklkscrp vkiY;k jktdh; thoukps lapkyu djhr gksrh] rks fo’kky HkwÁns’k xksaMou ;k ukokus vksG[kyk tkr 

gksrk- xksaMoukP;k ;kp Hkwehoj rsFkhy Hkwehiw=kauh osxosxGh ygkueksBh jkT; LFkkiu dsyh- b-l-13 O;k ‘krdkr 

e/;Áns’k vkf.k fonHkZ ;k Hkkxkr xksaM jkT; mn;kkl vkyh- vls er lsrw ek/kojko ixMh ;kauh O;Dr dsys vkgs- 

panziwjP;k xksaM ‘kkldkae/;s egkjk.kh fgjkÃps LFkku vuU; lk/kkj.k vkgs- jk.kh fgjkÃus ÁtsP;k dY;k.kklkBh o /kkehZd 

dk;kZlkBh panziwjkrp ukgh rj panziwjP;k ckgsjlq/nk eafnjs o okLrqaph fuehZrh dsyh- lkscrp tqU;k eafnjkapk o 

fdYY;kapk th.kksZ/nkj dsyk- T;kÁek.ks mRrj HkkjrkP;k lkaLÑrhd ;ksxnkukr vfgY;kckÃ gksGdjps uko ?ksrY;k tkrs] 

R;kp rksykeksykps LFkku panziwjP;k bfrgklkr jktdh;] lkekthd] /kkehZd] vkFkhZd o lkaLÑrhd ;ksxnkukcíy jk.kh 

fgjkÃps uDdhp vkgs ;kr ‘kadk ukgh- panziwj o ekf.kdxM fdYY;kapk fodkl d:u fgjkÃus vkiY;k jktdh; o 

Á’kkluhd dkS’kY;kph pq.kwd nk[kowu fnyh- eanhjkapk ft.kksZ/nkj o eanhjkaph fuehZrh d:u rhus lkekthd o /kkehZd 

cka/khydh ti.;kpk Á;Ru dsyk- ryko o foghjh cka/kwu lkekthd o vkFkhZd leUo; lk/k.;kpk Á;Ru dsysyk fnlwu 

;srks- rlsp vusd okLrw o eanhjkaph fuehZrh d:u vkiY;k lkaLÑrhd vkSnk;kZpk ifjp; d:u fnyk- v’kh gh egku 

jk.kh fgjkÃ dh th ,deso L=h ‘kkld panziwjP;k jktxknhoj fojkteku gksrh- frP;k ‘kkludkGkr rhus vusd 

ÁtkdY;k.kdkjh fu.kZ; ?ksowu yksdfgrkps dk;Z dsys- rhpk dk;ZdkG panziwjP;k xksaM ‘kkludkGkr lqo.kZv{kjkus 

fyghY;k xsyk vkgs- 

fct’kCn %& Hkwehiw=] nzfoM] xksaMou] lkekftd] ÁtkdY;k.k 

 

ÁLrkouk %& 

     xksaMokuk Áns’kkP;k jktdh; fodklkps 14 O;k 

‘krdkiklwups o.kZu dkyØekuqlkj eqLyhe ys[kdkauh 

vkiY;k xzaFkke/kwu dsysys fnlwu ;srs- R;kpsp vuqdj.k 

iq<s ejkBsdkyhu ys[kdkauh dsY;kus iq<hy bfrgkl 

lektkiq<s vkyk- xksaM tekrhus ,dsdkGh dsysyk 

fodkl R;k tekrhus osxosxG;k fBdk.kh LFkkiu 

dsysY;k jkT;kao:u fnlwu ;srks- fofo/k dky[kaMkr 

xksaMkaph pkj Áeq[k jkT; gksrh- 

1- mRrjsdMhy x<k eaMY;kps jkT; 

2- cSrwy fTkYg;krhy [ksjY;kps jkT; 

3- nf{k.ksdMhy panziwjps xksaM jkT; 

4- fNanokMk ftYg;krhy nsoxMps jkT; 

     ;k O;frjhDr do/kkZ] edMkÃ] lkjaxM] jk;xM] 

lDrh b- ygku xksaM jkT; gksrh- ;kiSdh [ksjY;kps 

jkT; eksxykapk vaey gks.;kiwohZp u”V >kys- ifj.kkeh 

gs jkT; Qkjls ukok:ikl vkys ukgh- rj moZjhr 

frugh jkT; bfrgklkr vkiys LFkku etcwr 

dj.;klkBh /kMiMw ykxyh- R;kn`”Vhus ;k jkT;kaiSdh 

panziwjps jkT; o rsFkhy fdYY;kP;k fuehZrhpk 

bfrgklkfo”k;h ekfgrh ?ks.ks vko’;d vkgs- 

     xksaM ‘kkld foj’kgk ¼ b-l-1696 rs 1704 ½ 

;kP;k fu/kukuarj R;kph iRuh jk.kh fgjkÃus iq= 

ulY;keqGs 3 o”kkZP;k eqykyk nRrd ?ksowqu R;kps uko 

jke’kgk Bsoys] rks lKku gksÃi;Zar jk.kh fgjkÃus 

mRÑ”BfjR;k jkT;Á’kklu lkaHkGys- frpk dk;ZdkG 

yksddY;k.kdkjh o Átkfgrn{k vlwu ÁtslkBh vusd 

lks;h lqfo/kk miyC/k d:u fnY;k- R;k dkGkr 

f’k{k.kkP;k lks;h miyC/k ulY;kus o f’k{k.k vkf.k 

laLÑrh ;kaph tksikluk eafnjkr gksr vlY;kus 

iq”dGlk nku/keZ d:u vusd eafnjs cka/kyh- R;krwu 

f’k{k.kkph lks; miyC/k d:u fnyh] rlsp lkekthd 

cka/khydh lq/nk tksiklyh- 

la'kks/kukpk vkjk[kMk o la’kks/ku i/nrh %& 

     ;k la’kks/ku dk;kZlkBh fujh{k.k o o.kZukRed 

i/nrhpk voyac dj.;kr vkysyk vkgs- ;ke/;s rF; 

ladyu djrkauk ÁR;{k R;k LFkGkyk HksV nsowu o 

R;kfo”k;hph ekfgrh xksGk d:u la’kks/kukpk vkjk[kMk 

r;kj dj.;kr vkysyk vkgs- ;ke/;s panziwjP;k xksaM 

‘kkludkyhu bfrgklkfo”k;hph ekfgrh xksGk 

dj.;kdjhrk ÁkFkfed lk/kus o nq¸;e lk/kukapk 

mi;ksx dj.;kr vkysyk vkgs- lk/kukapk vH;kl 
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d:u la’kks/kukph míh”V;s o x`ghrds ekaM.;kr 

vkysyh vkgs-  

la’kks/kukph míh”V;s %& 

1½ panziwjP;k xksaM jktoVhpk laf{kIr vH;kl dj.ks- 

2½ xksaM jktoVhr jk.kh fgjkÃP;k /kkehZd] o lkaLÑrhd 

;ksxnkukpk laf{kIr vH;kl dj.ks- 

la'kks/kukph x`ghrds %& 

1½ panziwj o vktwcktwP;k Áns’kkr xksaM ‘kkldkaph 

Hkwehdk egRokph vkgs- 

2½ jk.kh fgjkÃps panziwjP;k /kkehZd o lkaL—rhd 

bfrgklkr vuU; lk/kkj.k egRo vkgs- 

Û jk.kh fgjkÃps lkaLÑrhd ;ksxnku %& 

1½ egkdkyh eafnjkpk ft.kksZ/nkj %& 

     jktk fcj’kgkpk tkoÃ nqxZ’kgkus fcj’kgkP;k 

eqyhpk vieku dsY;kus fcj’kgkus vkiY;k tko;koj 

vkØe.k dsys- ;k ;q/nkr fcj’kgkyk fot; feGkok 

Eg.kwu jk.kh fgjkÃus nsoh egkdkyhyk uol cksyyk 

v’kh vk[;k;hdk vkgs- R;kuqlkj fcj’kgkyk fot; 

feGwu R;kus tko;kpk f’kjPNsn dsyk- egkdkyheqGs 

vkiY;kyk fot; feGkyk v’kh Hkkouk euk’kh 

ckGxqu fgjkÃus vkiyk uol lekjaHkiwoZd iw.kZ dsyk- 

uolkÁek.ks egkdkyhps tqus eafnj ikMwu R;kfBdk.kh 

ufou eafnj cka/kys vkf.k fot;kph Le``rh dk;e 

jkgkoh Eg.kwu nxMkps f’kj cuowu rs eafnjkoj 

mRrjkfHkeq[k clfoys-  

eafnjkpk vkdkj 6060 QwV vlwu maph 50 

QwV vkgs- eafnjkr tehuhP;k likVhiklwu 10 QwV map 

Qjlcanh vkgs- eafnjkP;k e/;Hkkxh 6 QwV [eafnjkP;k 

vkokjkl mRrj o iwoZ fn’ksyk nxMkaP;k nksu fHkarh 

cka/kwu fnY;kpk mYys[k vkgs- lkscrp baxzt ljdkjus 

eafnjkP;k ns[kHkkyhdjhrk ,d ÁkWehljh uksV fygwu 

fnY;kpklq/nk mYys[k lkiMrks- ;k eafnjkr njo”khZ pS= 

iks.khZesl [kwi eksBh ;k=k Hkjr vlwu ;ke/;s lgHkkxh 

gks.;kdjhrk ukansM] ijHk.kh] ;orekG o ‘kstkjP;k 

rsyaxkuk jkT;krwu [kwi eksB;k Áek.kkr Hkkfod ;sr 

vlrkr- ;k=sps O;oLFkkiu panziwj egkuxj ikyhdk 

djhr vlrs- nsfoP;k iq:”k HkDrkauk iksrjkts o fL= 

HkDrkauk nsodjh.k EgVys tkrs- nsfoleksj vktgh 

dksacMs o cdÚ;kapk cGh fnyk tkrks- jk.kh fgjkÃ gh 

mRÑ”V jkT;drhZ vlwu frus dsoG vkiY;k tekrhpk 

fopkj u djrk loZ/keZleHkkokph Hkwfedk ?ksowu loZ 

/kehZ;kalkBh eafnjkaph fuehZrh dsyh- ;kekxs frph 

/kkehZd Lokra«;kph Hkkouk fnlwu ;srs- 

2½ vapys’oj eafnj %& 

     Ñr;qxkr panziwjps uko yksdiwj vls vlwu frFks 

nsoh egkdkyh ÁdV >kyh- fryk HkwrukFk ukokpk 

[kksMdj eqyxk gksrk- R;kP;k fnolsafnol ok<.kkÚ;k 

[kksM;k ikgwu nsohus R;kyk >jiV unhP;k dkBkoj 

ftoar iq:u vpy d:u Bsoys] vkf.k R;k tkxsph 

vksG[k Eg.kwu xkÃps [kqjkps fpUg r;kj dsys v’kh 

vk[;kf;dk vkgs-  

     ,dnk cYykiwjpk xksaM ‘kkld [kkaMD;k 

cYykG’kgk f’kdkjhyk xsyk vlrkauk R;kus ;k 

[kqjkrhy lkpysY;k ik.;kus ‘kjhj LoPN dsys vlrk 

R;kpk vlk/; jksx cjk >kyk- rks nSoh xq.k ikgwu 

R;kus R;k fBdk.kh NksVsls eafnj cka/kys o R;k eafnjkps 

uko vapys’oj egknso vls Bsoys-jk.kh fgjkÃus tsOgk 

egkdkyh eafnjkpk ft.kksZ/nkj dsyk R;kosGsl vapys’oj 

eafnjkpklq/nk ft.kksZ/nkj dsyk- vkt ;k fBdk.kh HkO; 

o lqanj vls vapys’oj egknso eafnj mHks vkgs- iq<s 

HkkslY;kaph tsOgk panziwjoj lRrk LFkkiu >kyh rsOgk b-

l- 1788 e/;s O;adksth HkkslY;kauh ;k eafnjkl 

lHkkeaMi o foghj cka/kwu fnY;kpk mYys[k bfrgklkr 

vkgs- vapys’oj eafnjkpk jk.khus ft.kksZ/nkj d:u xksaM 

‘kkld gs f’kokps mikld gksrs gs ;ko:u fl/n gksrs- 

3½ ,dfojk nsoh eafnj %& 

     egkdkyhpk iq= HkwrukFk ;kph letwr ;kyk 

letkfo.;klkBh ekgqjph js.kwdknsoh panziwjyk vkyh 

vkf.k R;kph let dk<wu ijr ekgwjyk ijr xsyh 

v’kh vk[;;hdk vkgs- R;kph [kw.k Eg.kwu jk.kh 

fgjkÃus ,d nsohps Lora= eafnj cka/kwu ewrhZ LFkkiuk 

dsyh- iq<s rs eafnj ,dfojk nsoh eafnj Eg.kwu Áfl/n 

>kys- iq<s ;k ,dohjk ‘kCnkpk viHkza’k gksowu ,dksjh 

ekrk eafnj vls uko iMys- iq<s HkkslY;kaps panziwj 

;sFkhy lqHksnkj laØkathiar ‘ks”k ;kauh b-l- 1808 e/;s 

;k eafnjkl lHkkeaMi cka/kwu fnY;kpk mYys[k panziwjP;k 

bfrgklkr vkgs- 

4½ x.kirh eafnj %& 

     ;k eafnjkps cka/kdke jktk fcj’kgk ;kP;k 

dk;ZdkGkr lq: >kys- ijarw R;kP;k fu/kukeqGs rs 

viw.kZ jkghys- iq<s jk.kh fgjkÃus ;k eafnjkps cka/kdke 

iw.kZ dsys- eafnjkyk pkj dksiÚ;kaoj pkj euksjs vlwu 

eafnj HkO; maps f’k[kjkps vkgs- iq<s O;adksth 

HkkslY;kaP;k dk;ZdkGkr panziwj ;sFkhy vackckÃ [kVh 

ukokP;k fL=us vkiyh laiRrh ;k eafnjkl nku fnyh- 

;k iS’kkrwu eafnjkpk ft.kksZ/nkj dj.;kr vkyk- 

rsOgkiklwu ;k eafnjkl [kVhpk x.kirh eafnj vls uko 

iMys- 

5½ egknso eafnj ¼ tksM nsÅG ½ %& 

     egkjk.kh fgjkÃpk fnok.k ckiwth oS| ;kus 

jk.khP;k Ásj.ksus tksM eafnjkph fuehZrh dsyh- ;kiSdh 

,dk eafnjkr egknsokph fiaM vlwu nqlÚ;k eafnjkr 

y{ehukjk;.k o ewyhZ/kjkph ewrhZ vkgs- eafnjkr 

lHkksorky banz] o:.k] x.kirh] nsoh] vXuh] ukx b- 

nsoh nsorkaP;k ewrhZ dksjysY;k vkgsr- eafnjkP;k leksj 

,d map [kkac vlwu R;koj n’kkorkjkP;k Áfrek 

dksjysY;k vkgsr- lHkkeaMikr uanhph ewrhZ vlwu 

fHkarhoj f=ikn ;k oSnhd nsorsph ewrhZ dksjysyh vkgs- 

eafnjkyk ykxwu toGp ,d eksBh ik;Ú;kaph foghj 

vkgs- 

6½ ‘ka[kkÑrh foghj o jkeeanhj %& 

     jk.kh fgjkÃpk fnokk.k ckiwth oS| ;kauh jk.khP;k 

Ásj.ksus ,d ‘ka[kkÑrh foghj r;kj d:u R;koj ,d 

gkSnkph fuehZrh dsyh- R;k gkSnkoj jke] y{e.k] flrk] 

Hkjr] ‘k=q?u o guqeku ;k nsohnsorkaP;k ewrhZ LFkkiu 

dsY;k- iq<s ;k ewrhZ cktwyk dk<wu R;kaph eafnjkr 

LFkkiuk dj.;kr vkyh- ;kykp dkGkjke vls 

Eg.krkr- fnok.k ckiwth oS| ;kauh eafnjkP;k 

ns[kHkkyhlkBh 2-30 ,dj tehu eafnjkl nku Eg.kwu 

fnyh- jk.khus vkiY;k ‘kkludkGkr vusd ryko o 

foghjh cka/kY;k- ;ko:u gs Li”V gksrs dh] frus ÁtsP;k 
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fi.;kP;k ik.;kph o ‘ksrh flapukph O;OLFkk dsysyh 

fnlwu ;srs- 

7½ jktk fcj’kgkph lek/kh %& 

     b-l-1704 e/; jktk fcj’kgkps fu/ku 

>kY;kuarj jk.kh fgjkÃus R;kph lek/kh cka/kyh- rh 

vapys’oj eafnjkyk ykxwu vlysY;k gMokMk ;sFks 

vkgs- gMokMk gs xksaM ‘kkldkaph [kktxh Le’kkuHkweh 

vlwu frFks ,dw.k 14 ‘kkldkaP;k lek/;k vkgsr-

Áos’kOnkjkrwu vkr tkrkp ÁFke leksj fnl.kkjh HkO; 

o map xqact vlysyh lek/kh jktk fcj’kgkph vlwu 

frph fuehZrh jk.kh fgjkÃus dsyh- lek/khps cka/kdke 15 

QwV map pcqrÚ;koj vlwu R;koj p<.;klkBh 10 QwV 

ykachP;k 15 ik;Ú;k vkgsr- e/;Hkkxh eksB;k 

vkdkjkpk ?kqeV vlwu pkj dksiÚ;kaoj pkj ygku ?kqeV 

vkgsr- lek/khph ykach 40 QwV o :anh 40 QwV 

vlwu maph 60 QwVkP;k toGikklvkgs- vktgh gh 

lek/kh pkaxY;k fLFkrhr vlwu rh vR;ar ns[k.kh o 

HkO; vkgs- jk.kh fgjkÃus jktk fcj’kgkph lqanj v’kh 

lek/kh paniwje/;s fuekZ.k dsyh- ;k okLrwoj eq?ky 

cka/kdke ‘kSyhpk ÁHkko fnlwu ;srks- lek/khP;k pkj 

dksiÚ;koj pkj feukj] lek/khojrh HkO; xksy xqact 

vkf.k lek/khP;k lHkksorky u{khnkj tkGhdke gh 

eqxy okLrwdysph oSf’k”V;s fnlwu ;srkr- 

8½ ?kqVdkGk ryko %& 

     jk.kh fgjkÃus ‘kgjkP;k ok;O; fn’ksyk ?kksM;kP;k 

ikxsP;k toGp ,d ryko cka/kyk- fo’ks”kr% 

?kksM;kaP;k fi.;kP;k ik.;kph O;oLFkk Ogkoh Eg.kwu ;k 

rykokph fuehZrh dj.;kr vkyh- ;keqGs ;kyk 

?kksMrGs vls uko iMys- iq<s R;kpk viHkza’k gksowu 

?kqVdkGk ryko vls uko l/;k Ápyhr vkgs- 

9½ xksjtkÃ eafnj %& 

     jk.kh fgjkÃus panziwjkrp uOgs rj ckgsjlq/nk 

eafnjkaph fuehZrh dsyh- R;ke/;s oSjkxM ;sFks oSjkxMh 

unhP;k dkBkoj ,d eafnj cka/kwu R;kr nsohph ewrhZ 

LFkkiu dsyh- rs eafnj xksjtkÃ nsohps eafnj Eg.kwu 

Áfl/n vkgs- 

10½ ekdZaMk eafnjkpk ft.kksZ/nkj %& 

     panziwjP;k iwosZl toGikl 100 fd-eh- varjkoj 

xMfpjksyh ftYg;kr oSuxaxk unhP;k dkBkoj 

ekdZaMs’ojkps eafnj vkgs- v/kZeaMi] lHkkeaMi] varjkG 

vkf.k xHkZx`g ;koj deh vf/kd maphph f’k[kjs vlwu 

,d eq[; f’k[kj o rhu vk/kkjHkwr f’k[kjs vfLrRokr 

gksrh- jk.kh fgjkÃP;k dkGkr eafnjkoj fot iMwu 

xHkZx`gkojps f’k[kj rqVwu lHkkeaMikoj iMys- R;kl 

vk/kkjHkwr vlysys rhu f’k[kjlq/nk <klGys-  

     jk.kh fgjkÃus lHkkeaMikyk iqUgk [kkac o dekuh 

r;kj d:u likV Nr r;kj d:u fnys- ufou 

[kkackaoj o eafnjkr dkgh ewrhZ LFkkiu dsY;k- jk.kh 

fgjkÃus osGhp n[ky ?ksowu ;k iqjkru okLrwps laj{k.k 

o lao?kZu dsys- rhps gs dk;Z laLej.kh; vkgs- ;kuarj 

jk.khus frFks ;k=k lq: dsyh] rh vktgh njo”khZ 

egkf’kojk=hyk HkO; ;k=k Hkjrs- 

11½ ekf.kdxM fdYY;kph nq:Lrh %& 

     flan[ksMps vaeynkj ckcklkgsc tk/ko ;kauh 

ekf.kdxM fdYyk ftadwu ?ksryk- ijarw gk Áns’k fojk.k 

vlY;kus R;kauh frFks tkLrdkG vaey dsyk ukgh- 

R;kuarj jk.kh fgjkÃus vkiyk eulcnkj ujflax Bkdwj 

;kyk ikBowu fdYY;koj vf/kdkj ÁLFkkfir dsyk o 

fdYY;kph nq:Lrh d:u vkiyk vaey clfoyk- 

jk.khus vkiY;k Á’kklu dkGkr ekf.kdxM fdYyk 

ftadwu vktwcktwP;k Áns’kkoj opd Bso.;klkBh R;k 

fdYY;koj lSfud Nko.kh fuekZ.k dsyh- ;ko:u jk.kh 

fgjkÃph Á’kkluhd nqjn`”Vh fnlwu ;srs- 

fu”d”kZ %& 

     jk.kh fgjkÃus ÁtsP;k dY;k.kklkBh o /kkehZd 

dk;kZlkBh panziwjkrp ukgh rj panziwjP;k ckgsjlq/nk 

eafnjs o okLrqaph fuehZrh dsyh- lkscrp tqU;k eafnjkapk 

o fdYY;kapk th.kksZ/nkj dsyk- fgjkÃus ÁtslkBh vusd 

lks;h lqfo/kk miyC/k d:u vkiys uko panziwjP;k 

bfrgklkr vtjkej dsys- T;kÁek.ks mRrj HkkjrkP;k 

lkaLÑrhd ;ksxnkukr vfgY;kckÃ gksGdjps uko 

?ksrY;k tkrs] R;kp rksykeksykps LFkku panziwjP;k 

bfrgklkr jktdh;] lkekthd] /kkehZd] vkFkhZd o 

lkaLÑrhd ;ksxnkukcíy jk.kh fgjkÃps uDdhp vkgs 

;kr ‘kadk ukgh- panziwj o ekf.kdxM fdYY;kapk 

fodkl d:u fgjkÃus vkiY;k jktdh; o Á’kkluhd 

dkS’kY;kph pq.kwd nk[kowu fnyh-  

eanhjkapk ft.kksZ/nkj o eanhjkaph fuehZrh d:u 

rhus lkekthd o /kkehZd cka/khydh ti.;kpk Á;Ru 

dsyk- ryko o foghjh cka/kwu lkekthd o vkFkhZd 

leUo; lk/k.;kpk Á;Ru dsysyk fnlwu ;srks- ;k=k o 

esGs lq: d:u vkFkhZd fodkl dj.;kpk Á;Ru dsyk- 

rlsp vusd okLrw o eanhjkaph fuehZrh d:u vkiY;k 

lkaLÑrhd vkSnk;kZpk ifjp; d:u fnyk- v’kh gh 

egku jk.kh fgjkÃ dh th ,deso L=h ‘kkld panziwjP;k 

jktxknhoj fojkteku gksrh- fryk ÁtkdY;k.kkph 

vkoM gksrh- frP;k ‘kkludkGkr rhus vusd 

ÁtkdY;k.kdkjh fu.kZ; ?ksowu yksdfgrkps dk;Z dsys- 

rhpk dk;ZdkG panziwjP;k xksaM ‘kkludkGkr 

lqo.kZv{kjkus fyghY;k xsyk vkgs-  

lanHkZ %& 

1- gwM jk-uk-&  xksaMou jktkph jkt/kkuh panziwj] e-

jk-lekt f’k{k.k lferh] iw.ks 

2- twyes Vh-Vh-&  panziwj&xMfpjksyh ftYg;krhy 

,sfrgklhd fdYys   gjhoa’k Ádk’ku]panziwj 

3- dkVdj rq-uk- & panziwj uxjikyhdk ‘krkCnh xzaFk 

gjhoa’k Ádk’ku] panziwj 

4- dkGs ;k-ek-   & ukxiwjdj HkkslY;kapk bfrgkl 

5- iqjanjs xks-ek-  & ukxiwjph xksaM jktoV 

6- jktwjdj v-t-  & panziwjpk bfrgkl gjhoa’k 

Ádk’ku]panziwj 

7- lkghy ‘kQqZnhu  & xksaM jktkvksa dk ‘kkludky 

vkSj oa’kkoyh 

8- paanziwj ftYgk xW>sfVvj  1973 
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galjkt vfgj ;kaps fodklkRed dk;Z 
 

egs'k egknsojko ;knhZ
1
] M‚ joh lkgscjko /kkjiokj

2
 

1
la'kks/kd ,e , jkT;'kkL= lsV jkT;'kkL=] la'kks/ku dsaæ] ljnkj iVsy egkfo|ky;] paæiwj 

2
ekxZn'kZd] ,e , jkT;'kkL= ,e fQy ih,pMh] jkT;'kkL= foHkkx çeq[k] fparke.kh egkfo|ky; ?kqXxwl] paæiwj 
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xks"kokjk% 
loZlk/kkj.k cgqtu dqVqackrhy ,d lkekU; O;äh R;kaP;k ifjokjkrhy jktdkj.kke/;s d/khp dks.kR;kgh çdkjpk 

lgHkkx ulrkuk] lkekftd & oSpkfjdrsP;k çsj.ksrwu Lokeh foosdkuan ;kauk vkiys vkn'kZ ekuwu] jktdkj.k lektdkj.kkps 

loksZÙke ek/;e vkgs rFkk r#.k fi<hus lkekftd ifjorZukdMs ikÅy mpy.ks gh dkGkph xjt vkgs- ldkjkRed çsj.ksrwu 

jktdkj.kke/;s yksdçfrfu/kh Eg.kwu 1994 e/;s fo/kkuifj"kn vkenkj Eg.kwu fuoMwu vkys- ^ fgjoG ^ ;k laLFksP;k ek/;ekrwu 

o`{kkjksi.k pGoG] t; Hkokuh O;k;ke 'kkGsP;k ek/;ekrwu jänku] ØhMk Li/kkaZps vk;kstu o O;k;ke {ks=kr ;qodkauk uos 

oG.k&fn'kk ns.;kps egÙoiw.kZ dk;Z çkjaHk dj.kkjs yksdçfrfu/kh Eg.kwu m|kl vkys- yksdlsok& tulsok& bZ'ojlsosps lw= 

ekuwu fo/kkuifj"kn vkenkj rs dsaæh; x`gjkT;ea=h i;aZrpk çokl ;'kLohjhR;kauh fuHkor vkiY;k yksdlHkk {ks=kr rFkk 

ns'kkP;k fodklkr fo'ks"k egÙoiw.kZ ;ksxnku çnku dsysys vkgs- „åå‥ iklwu „åƒ† i;aZr lyx ikp o"kkZr lalnh; 

dkedktkr vOoy LFkkukojhy R;kaP;k dk;kZcíy psUubZ ;sFks ÞçkbZe VkbZe QkmaMs'kuß laLFksrQsZ mR—"V laln jRu iqjLdkjkus 

xkSjfo.;kr vkys- 

cht'kCn & lkekftd lq/kkj.kk];qok ifjorZu] la?k"kZe; thou] ldkjkRed –f"Vdksu- 
  

çLrkouk%& 
lektdkj.kkyk çFke çk/kkU; nsr vkiY;k lk/;k 

o ljG LoHkkokP;k rFkk lgdk;kZP;k Hkkousrwu 

tuek.klkae/;s ^HkS¸;k* ukokph mik/kh çkIr dsyh- Lokeh 

foosdkuan] LokraR;Zohj fouk;d nkeksnj lkojdj ;kauk 

jktdh; xq: Eg.kwu Lo- vVy fcgkjh oktis;h ;kaP;k 

oSpkfjd Hkkousrwu çsfjr gksÅu lektdkj.kkiklwu 

jktdkj.kkpk  çokl çkjaHk dsyk- ^fgjoG^ ;k laLFksP;k 

ek/;ekrwu o`{kkjksi.k pGoGh] jänku f'kfcj] #X.kokfgdk] 

ØhMk Li/kkZ] O;k;ke eaMG] eSnkuh [ksG ;qodkauk uoh 

oG.k o fn'kk ns.;kps egÙoiw.kZ dk;Z dj.kkjk 

yksdçfrfu/kh Eg.kwu galjkt xaxkjke vfgj gs yksdkfHkeq[k 

>kys- 
yksdkaP;k fo'oklkyk] Lusgkyk R;kauh lkFkZd 

Bjfo.;klkBh ekxhy ƒ‥‥å iklwu R;kaP;k yksdlHkk {ks=kr 

yksdkfHkeq[k] 'kk'or vls dk;Z dsys- 'ksrdjh] csjkstxkj] 

çdYixzLr] fo|kFkhZ] d"Vdjh] cyqrsnkj] vyqrsnkj] 

vkjksX;lsok] rkaf=d f'k{k.k] loZlkekU; yksdkaP;k U;k; o 

gDdklkBh y<k nsr fo/kkuifj"kn vkenkj rs dsaæh; 

x`gjkT;ea=h inki;aZr R;kpk çokl R;kauh ;'kLohfjR;k ikj 

ikMyk o vktgh R;kaP;k dk;kZpk çdk'k fujarj vkgs- 

dsaæh; ekxkloxhZ; vk;ksxkps v/;{k Eg.kwu /kqjk gkrh 

?ksrysyh vkgs- brj ekxkloxhZ; lektkP;k ç'ukauk U;k; 

ns.;kps dk;Z lkrR;kus lq: vkgs- 
vR;ar laosnu'khy vkf.k egÙoiw.kZ v'kk dsaæh; 

x`g ea=ky;kph jkT;ea=h Eg.kwu lkaHkkGysyh tckcnkjh 

vkOgkukRed gksrh] rjh rh tckcnkjh vfr'k; la;ei.ks 

vkf.k d.k[kji.ks R;kauh lkaHkkGyh- ea=hinkps fuoZgu 

djrkuk ernkj {ks=krhy leL;k] vMp.kh] yksd rØkjhaps 

fuokMk ernkjkaP;k vis{kkauk rGk tkÅ u ns.;kpk ç;Ru 

R;kauh dsyk- jkT; o dsaæ 'kklukP;k yksdkfHkeq[k ;kstuk 

iksgkspfo.;klkBh ifjJe ?ksrys- dsaæ 'kklukps egÙodka'kh 

;kstuk ^flisV^ ¼lsaVªy bfULVVîwV v‚Q IykfLVd 

bathfu;fjax v¡M VsDu‚y‚th½ ps dsaæ paæiwj 'kgjkr 

vk.kys- dksGlk  çdYixzLr 'ksrdjh cka/kokauk Hkjho 

ekscnyk vkf.k uksdjh feGowu ns.;kr vHkwriwoZ ;'k 

feGkys- ^ç/kkuea=h eqæk^ ;kstusP;k ek/;ekrwu ernkj 

la?kkrhy ;qodkauk Lo;ajkstxkjklkBh vFkZlgk¸; feGowu 

ns.;kr iq<kdkj ?ksrY;kus gtkjks ;qodkauk Lo;ajkstxkj 

mHkkjrk vkys- rlsp ^vkS|ksfxd ftYgk^ Eg.kwu paæiwj 

ftYákrhy yksdkauk jsYos lqfo/kkalkBh vusd egÙoiw.kZ jsYos 

xkMîk lq: dj.;kr vkY;k o lqijQkLV xkMîkaps Fkkacs 

feGowu ns.;kr ;'k feGoys- 
yksdlHkk {ks=krhy fodkl dkes 
vkjksX; lqfo/kk 

* fldylsy] Fkyslsfe;k o fgeksQsyh;k ;k :X.kkaoj 

mipkjklkBh ns'kkrhy †F;k Øekadkps v|;kor 

fgeksXyksfcuksiWFkh lWVsykbZV lsaVj paæiwjkr lq: 

dj.;kr  vkys- 

* paæiwj yksdlHkk {ks=kr loZ rkyqD;krhy çeq[k LFkkuh 

eksQr us= rikl.kh o lqekjs ƒå gtkjkgwu vf/kd :X.kkauk 

p"es okVi dj.;kr vkys - paæiwj egkuxj rlsp 

ftYg;kr vusd fBdk.kh :X.kkauk LoLrkr vkS"k/kh 

miyC/krslkBh tsusjhd] ve`r vkS"k/kh dsaækaph LFkkiuk 

dj.;kr vkys- 

* Lo-M‚- xaxkjketh vghj pWfjVscy VªLV}kjk yksdlHkk 

{ks=kr eksB;k çek.kkr jänku f'kchjkaps vk;kstu 

dj.;kr vkys- 

 * lu „åƒ• e/;s paæiwj] ojksjk o xMpkanwj ;sFks dsaækP;k 

vfyEdks laLFksP;k enrhus ‥‣․ fnO;kax ykHkkFkZ~;kaiSdh ‥…… 

ykHkkFkZ~;kauk lkfgR; okVi dj.;kr vkys- 
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 * yksdlHkk {ks=krhy paæiwj vk.khZ] ?kkVath vkf.k ftorh 

;sFks :X.kkaps rikl.kh o vkS"k/kksipkj f'kchjkps vk;kstu 

dj.;kr vkys- 

* paæiwj ;sFks 'kkldh; oS|dh; egkfo|ky; lq: 

dj.;kr flagkpk okVk mpyyk- 

* dsaæ ljdkjdMs lrr ikBiqjkok d:u fldylsy] 

Fkyslsfe;k o fgeksQsfy;k :X.kkapk fnO;kaxkP;k ;knhr 

lekos'k dj.;kl ;'k feGfoys- 

* ns'kkr ifgY;kankp paæiwj ;sFks ^fMLVªhDV vyhZ baVjos'ku 

lsaVj^ LFkkiu- ;k dsaækeqGs tUetkr fodykaxrsps nks"k 

vkf.k vktkj nwj dj.;kr lká gks.kkj „†å dksVh fu/kh 

eatwj ƒ…• midj.k miyC/k dj.;kr vkys- 

* paæiwj ;sFks tkusokjh „åƒ‥ yk loZ vktkjkP;k 

:X.kkalkBh vkjksX; rikl.kh eksQr vkS"k/kksipkj ;klkBh 

vkjksX; egkf'kchjkps vk;kstu lqekjs „åå e/kqesgh eqykauk 

eksQr XyqdksfeVjps okVi dj.;kr vkys- 

* vk;q"k ;kstusP;k ek/;ekrwu ekufld fnO;kaxkauk ?kjiksp 

vkS"k/kh miyC/k d:u ns.;kr ;'k çkIr dj.;kr vkys- 

* ;orekG ftYg;krhy iksgjknsoh ;sFks lqlTt 

:X.kokfgdsps yksdkiZ.k dj.;kr vkys-  
vk;q"keku  Hkkjr %& 

*ek- iarç/kku ujsaæ eksnh th ;kaph vR;ar egRokdka{kh 

;kstuk ;k varxZr paæiwj ftYg;kr …]ƒ†]․‡† ykHkkFkhZ 

dqVwackpk lekos'k iSdh „]ƒ‥]†‣ƒ xzkeh.k] ‥‡]…․… 'kgjh 

ykHkkFkZ~;kapk lekos'k dj.;kr vkys- ƒ…†ƒ lftZdy o 

esfMdy mipkj ekU;rkçkIr [kklxh o 'kkldh; 

:X.kky;k}kjk gksbZy- çrh dqVwackl mipkjklkBh çrh o"kZ 

‡ y{k feG.kkj-  

* ftYg;krhy lkekU; lqfo/kk dsaæ ¼lh,llh½ ekQZr 

bZ&xksYM dkMZ forj.k çØh;k lq: paæiwj ftYg;kj 

‣åååå yksdkauk xksYMdkMZ forj.k egkjk"Vªkrhy bZ&xksYM 

dkMZ ykHk ?ks.kkjk paæiwj gk nqljk ftYgk Bjyk- 
dsaæ iqjL—r jk"Vªh; cky vkjksX; dk;ZØe%& 

* paæiwj ftYg;kr xr ‡ o"kkZr å rs ƒ․ o;ksxVkrhy 

ckydkaoj mipkj dj.;kr vkys- …‡․ ân; 'kL=Øh;k 

>kY;k vlwu „…•․ 'kL=Øh;k dj.;kr vkY;k ;kr 

vknhapk lekos'k vkgs- 

* jk"Vªh; vkjksX; vfHk;ku varxZr „åƒ†&ƒ‡ rs ƒ․&ƒ‥ 

i;aZr dsysyk [kpZ ƒƒ․„‣-ƒƒ y{k :i;s ,dw.k [kpZ 

dj.;kr vkys-  

* jk"Vªh; 'kgjh vkjksX; vfHk;ku „åƒ†&ƒ‡ rs ƒ․&ƒ‥ 

i;aZr  „․†-‡․ yk[k :i;s [kpZ  dj.;kr vkys- 

* jk"Vªh; vkjksX; vfHk;ku & „åƒ†&ƒ‡ rs ƒ․&ƒ‥ i;aZr 

dqVwac dY;k.k dk;ZØe 'kL=Øh;k & †ƒ‥‥„ i;aZr dqVwac 

dY;k.k dk;ZØe 'kL=Øh;k & †ƒ‥‥„ ,dq.k [kpZ †å•-‡‣ 

y{k :i;s dj.;kr vkys- 

* tuuh lqj{kk ;kstusvarxZr efgykauk feGkysyk ykHk 

ykHkkFkhZ & †…‣å‥] [kpZ …‣å-‥… y{k :i;s 

dj.;kr vkys- 

* tuuh f'k'kw lqj{kk dk;ZØe varxZr ekrk o ckydkauk 

feGkysyk ykHk& ekrk ‣•†‣å] ckyd ƒ••ƒ„ [kpZ ……‣-

‡† y{k :i;s dj.;kr vkyk-  

* fldylsy vktkj fu;a=.k dk;ZØekr „åƒ†&ƒ‡ rs 

ƒ․&ƒ‥ i;aZr pkp.kh o [kpZ 

lksY;qfcyhVh pkp.kh ‥ƒ…†‥• [kpZ †å‡-…‡ dj.;kr vkys- 
jk"Vªh; vkjksX; vfHk;ku gk 'kgjh o xzkeh.k v'kk 

nksUgh Hkkxkr jkcfo.;kr ;sr vlwu gh ;kstuk 'kaHk VDds 

dsaæ ljdkj vFkZlkg; vk/kkjhr vkgs- lu „åƒ†&ƒ‡ rs 

„åƒ․&ƒ‥ ;k dkyko/khr xzkeh.k ƒ‡å‣ƒ-•• rj 'kgjh 

HkkxklkBh †․‥-†… vls ,dw.k ƒ‡‡•ƒ-å‥ y{k :i;s 

miyC/k >kys- 
fu"d"kZ %& 

egkjk"Vªkr loZlk/kkj.k lektkP;k [kkyP;k 

Fkjkr tUe ?ksrysyh O;äh gs ns'kkps dsaæh; x`gjkT;ea=h 

in çkIr djrs] gh xks"V vkiY;k lkekftd mRØkarhP;k 

lanHkkZr eksBh vFkZiw.kZ vkgs-  ;qok la?kkr] 'ksrdjh —rKrk] 

ns'kkP;k vkfFkZd] lkekftd] 'kS{kf.kd mRd"kkZlkBh 

R;kaps  fujarj d"V lq:p vkgs-  vkiys vk;q"; 

lektdkj.k rs jktdkj.k rj l/;k lafo/kkfud inko:u 

ns'kkrhy ekxkloxhZ; lektkyk U;k; rFkk ekxZn'kZu 

dsyk tkr vkgs- vktgh lkekftd nkf;Ro] i;kZoj.k 

pGoG] 'ksrdjh pGoG] jänku f'kfcja] vkjksX; f'kfcj 

;ke/;s vewY; ekxZn'kZuij dk;Z ;'kLohi.ks –"Vhr ;sr 

vkgs- 
lanHkZxzaFk %& 

1. çdk'k pkaHkkjs& fg'ksc &ƒ] [kklnkj galjkt vghj 

dk;ZòÙkkar çdk'ku lferh] paæiwj] gfjoa'k çdk'ku] 

paæiwj 

2. çdk'k pkaHkkj& fg'ksc &„] [kklnkj galjkt vghj 

dk;ZòÙkkar çdk'ku lferh] paæiwj] gfjoa'k çdk'ku] 

paæiwj 

3. çdk'k pkaHkkjs& fg'ksc & …] [kklnkj galjkt vghj 

dk;ZòÙkkar çdk'ku lferh] paæiwj] gfjoa'k çdk'ku] 

paæiwj 

4. vfouk'k ikBd]lquhy dqghdj& dkG~;k dksG'kkph 

dkGh dgk.kh] yk[ks çdk'ku] ukxiwj] 2019 

5. iBkMs lat;& ^LokraR;kZph nqljh y<kbZ^] eqæd o 

çdk'ku fojks/kh tuvkanksyu O;kl] jkGsx.kfl/nh 

2011 Hkz"Vkpkj 

6. Hkjns ckGklkgsc& ^xka/kh fopkj feekalk^] çdk'ku 

egkjk"Vª xka/kh Lekjd fu/kh] iq.ks] 1994 

7. fctys /kuat;& ^v..kk gtkjŝ  çdk'ku esgrk 

ifCy'khax gkÅl] iq.ks 2012 

8. ok?k ckGklkgsc ika-& xzkefodklkph ikÅyokV] 

çdk'ku& jkGsx.kfl/nh feMh;k lsaVj] jkGsx.kfl/nh] 

çHkkr fçaVlZ iq.ks 

9. dkVdj rq-uk- & dekoj dUueokj] çdk'kd Jerk 

xkkidkckbZ dUueokj] eqcbZ] çFkeko`Ùkk& 1964 

10. /kekZf/kdkjh nkLrkus& la;qä egkjk"Vª vkanksyu 

çdk'kd nsodhuanu ukjk;.k] iq.ks çFkeko`Ùkh&1979 

11. isaMls] ykyth& egkjk"Vªkps egkeaFku] lkfgR; 

lgdkj la?k] çdk'ku nknj] 1965 

12. feJ] ia- Hkxorhçlkn % & Hkkjrh; LoraR;Z laxzke es 

paæiwj jek çdk'ku paæiwj] çFkeko`Ùkh&1986 

13. jktwjdj v-t& paæiwjpk bfrgkl] egkdkyh çdk'ku] 

paæiwj] f}rh; vkòÙkh&1982 

https://www.google.com/url?q=http://rikl.kh&source=gmail-html&ust=1710660518169000&usg=AOvVaw0aDoFZKgv58oSImfc034_x
https://www.google.com/url?q=http://rikl.kh&source=gmail-html&ust=1710660518169000&usg=AOvVaw0aDoFZKgv58oSImfc034_x
https://www.google.com/url?q=http://pkp.kh&source=gmail-html&ust=1710660518170000&usg=AOvVaw3InmengjiuahD02gI7X9qM
https://www.google.com/url?q=http://pkp.kh&source=gmail-html&ust=1710660518170000&usg=AOvVaw3InmengjiuahD02gI7X9qM
https://www.google.com/url?q=http://dgk.kh&source=gmail-html&ust=1710660518170000&usg=AOvVaw3pYI0LNbMWHvt2XBViP-1g
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14. Hkkysjko 'kk- 'k & ikÅy[kq.kk] flXusV çdk'ku] iq.ks 

& „åå• 

15. M‚- QM fot;dqekj & ekfgrh vf/kdkj] dSyk'k 

ifCyds'ku] vkSjaxckn 

16. M‚- lkseu deys'k] xksxkVs fnyhi& yksduk;d v..kk 

gtkjs vkf.k tuyksdiky fo/ks;d] xks;y çdk'ku] 

iq.ks „åƒƒ lkS- ijkatis fnik 

17. /kekZf/kdkjh HkkÅ & xka/kh fopkj n'kZu] /keZ fopkj 

[kaM ƒ] egkjk"Vª Lekjd fuf/k çdk'ku] iq.ks ƒ‥‥† 
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