
C
ur

re
nt

 O
rg

an
ic

 C
he

m
is

tr
y

�����������	�	�
����������������

�������
	
���
�

������
�������
	�		

Send Orders for Reprints to reprints@benthamscience.net 206

 
Current Organic Chemistry, 2023, 27, 206-222  

 

REVIEW ARTICLE 

Nitrogen-containing Fused Heterocycles: Organic Synthesis and Applications as  
Potential Anticancer Agents 

 

Pankaj V. Ledade1,2, Trimurti L. Lambat3,*, Jitendra K. Gunjate2, Paavan K.P.G. Chopra4,  
Amitkumar V. Bhute5, Mamata R. Lanjewar5, Pooja M. Kadu6, Utpal J. Dongre6 and Sami H. Mahmood7,8  

1Department of Chemistry, Yashawantrao Chawhan Arts, Commerce & Science College, Lakhandur, Bhandara, 441803, Maharash-
tra, India; 2Department of Chemistry, SSES Amravati’s Science College, Congress Nagar, Nagpur, 440012, India; 3Department of 
Chemistry, Manoharbhai Patel College of Arts, Commerce & Science, Deori, Gondia, 441901, Maharashtra, India; 4Department of 
Chemistry, Government Institute of Science, Civil lines, Rabindranath Tagore Road, Nagpur, 440001, Maharashtra, India; 
5Department of Chemistry, Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur, 440 033, Maharashtra, India; 6Department of 
Biochemistry, Dr. Ambedkar College, Deeksha Bhoomi, Nagpur, 440010, Maharashtra, India; 7Department of Physics, The Universi-
ty of Jordan, Amman, 11942, Jordan; 8Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan, 
MI-48824, USA 

 
 
 

Abstract: The fused Nitrogen heterocyclic compounds and their derivatives have grown in 
prominence over the past several decades as a result of their significant medical value. The 
adaptable and easily synthesized N-Heterocyclic scaffolds are particularly exciting in both 
synthetic organic chemistry and the biological sector due to their powerful pharmacological 
properties, which are taken into consideration while considering their numerous uses. For the 
synthesis of N-heterocycles and their derivatives, several attempts were undertaken to create a 
variety of synthetic protocols. The N-Heterocyclic compounds provide a variety of adaptable 
structures for specific biological applications and represent novel, broad-spectrum antibacte-
rial and anticancer agents. They typically have minimal toxicity profiles. The majority of the-
se N-Heterocycles have demonstrated more cytotoxicity than the effective anticancer medica-
tion cisplatin. The design, synthesis, structural characterisation, and biological uses of N-Heterocycles are re-
viewed in this work. In this article, the developments made in this specific field are comprehensively examined. 
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1. INTRODUCTION 
Heterocyclic compounds [1-8] are a fundamental branch of or-

ganic chemistry that has its origins in organic synthesis and medici-
nal chemistry [9-14]. The physicochemical qualities are greatly 
influenced by the kind and size of the ring structures, as well as the 
substituent groups of the core scaffold [15-23]. Heterocyclic com-
pounds play an important role in a variety of medicinal applica-
tions, including antibacterial [24-26], antiviral [27], antifungal [28], 
anti-inflammatory [29], and anti-tumor drugs [30-33]. 

The ongoing identification of novel heterocyclic scaffolds gives 
new tools for modulating or modifying a variety of disease states 
[34-38]. A novel scaffold has the advantage of disrupting a signal 
pathway or blocking an enzyme's active site [39-43]. Synthesis of 
novel heterocycles using better and easier methodologies [44-50], 
therefore, attracts synthetic organic chemists' attention. A medium-
sized ring-fused heterocycle has a variety of biologically significant 
properties [51-53]. Furthermore, attaching a suitable substitute as 
well as adding another fused five- or six-member ring to the scaf-
fold has greatly increased activity [54]. 

N-containing heterocycles [55-58] are compounds with a dis-
tinct structural motif that is abundant in natural products including  
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hormones, alkaloids, and vitamins [59-62]. Pharmaceuticals, natural 
goods, pigments, organic materials, and biologically active com-
pounds all contain N-heterocycles [63]. For their various actions, 
heteroaromatic chemical compounds such as benzimidazole, benzo-
thiazoles, indole, acridine, oxadiazole, imidazole, isoxazole, pyra-
zole, triazoles, quinolines, and quinazolines have sparked a lot of 
interest in the development and pharmacology in recent years [64-
68]. By suppressing cell growth and inducing cell differentiation 
and apoptosis, these N-heterocyclic compounds have anticancer 
effects in a variety of cancers [69-72]. 

The N-heterocycles are the most commonly used structural 
skeletons of medications in the market. Indeed, at least one nitrogen 
atom can be found in 84 percent of all molecules, while at least one 
nitrogen heterocycle being found in 59 percent [73]. Furthermore, 
the use of heterocycles in drug discovery was stressed in a recent 
study published by Martins and collaborators [74] on oncological 
medications approved by the FDA between 2010 and 2015. During 
that time, 26 of the 40 newly approved chemotherapeutic medicines 
have heterocyclic fragments in their molecular structure. Nitrogen-
based heterocycles accounted for 73 percent of these heterocycles, 
vastly outnumbering nitrogen-oxygen (15%), oxygen (8%), and 
nitrogen-sulfur (4%) heterocycles. 

Despite their broad spectrum of biological activities, including 
anticancer activity, there is still a need for creative, practical, and 
effective methods for nitrogen-containing heterocyclic synthesis, 
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which has become a major aim in modern organic synthesis. Fur-
thermore, the development of drug resistance to cancer chemother-
apeutic drugs by chance poses serious medical issues [75]. Drug 
resistance, either inherent before treatment (intrinsic) or acquired 
after treatment (acquired), is responsible for the majority of cancer 
relapses and is one of the leading causes of cancer death [76]. As a 
result, the discovery of innovative medications with fewer side 
effects and broad spectrum capabilities is unavoidable if cancer 
treatment is to improve [77]. 

2. 1,2,3-TRIAZOLE DERIVATIVES 
2.1. Heterocycle-fused 1,2,3-triazole Derivatives 
2.1.1. Synthetic Strategy  

Yan et al. [78] synthesised a series of heterocycle-fused 1,2,3-
triazoles by 1,3-dipolar cycloaddition of heterocyclic ketene ami-
nals or N, O-acetal with sodium azide and polyhalo isophthaloni-
triles in a one-pot reaction at room temperature without a catalyst 
(Scheme 1). 

 
Scheme 1. Synthesis of heterocycle-fused 1,2,3-triazole derivatives. 
2.1.2. Biological Activity 

A series of heterocycle-fused 1,2,3-triazoles were tested in vitro 
against a panel of human tumour cell lines. The most effective de-
rivative was discovered to be 4-methoxyphenyl substituted 1,3-
oxazoheterocycle fused 1,2,3-triazole, with IC50 values of less than 
1.9 g/mL against A431 and K562 human tumour cell lines. 

2.2. 1,2,3-triazole Hybrid Moieties 
2.2.1. Synthetic Strategy 

Fu et al. [79] developed and synthesised structurally different 
trimethoxyphenyl-1,2,3-triazole hybrids (Scheme 2).  

 
Scheme 2. Synthesis of trimethoxyphenyl-1,2,3-triazole hybrids. 

2.2.2. Biological Activity 

The synthesized products were tested for antiproliferative effi-
cacy against three cancer cell lines (PC3, MGC803 and HepG2) 
(Table 1). Trimethoxyphenyl-1,2,3-triazole containing the coumarin 
fragment  

13c showed higher antiproliferative action than the anticancer 
medication colchicine, with IC50 values ranging from 0.13 µM to 
1.74 µM. The lead Compound (13c) inhibits MGC803 cell growth 
and colony formation, induces G2/M phase arrest by inhibiting 
CDK1 expression, and promotes apoptosis via regulating the DR5 
and Bcl-2 families. Furthermore, tubulin polymerization was sub-
stantially suppressed by (13c), which interacted with the colchicine 
site. 
Table 1. Chemical structure of synthesized lead moieties of tri-

methoxyphenyl-1,2,3-triazole hybrids. 

 

2.3. Triazolo-benzoxazepine Derivatives
Banerji et al. [80] synthesised small triazolo-benzoxazepine 

scaffolds employing one-pot four-step synthetic approach incorpo-
rating the click reaction (Scheme 3) and tested them against several 
cancer cell lines. The MTT assay revealed that these compounds 
have low micromolar anticancer activity, and phase contrast, fluo-
rescent, and confocal pictures were used to confirm cell death. 

 
Scheme 3. Synthesis of Triazolo-benzoxazepine scaffolds using a one-pot 
four-step synthetic methodology involving click reaction. 

2.4. N-substituted-3-mercapto-1,2,4-triazoles, triazolo 
[1,3,4]thiadiazines and triazolo [1,3,4]thiadiazoles 
2.4.1. Synthetic Strategy  

Kamel and co-workers [81] synthesized a series of novel N-
substituted-3-mercapto-1,2,4-triazoles (3a-3b, and 7a, 7e, 7d), tria-
zolo [1,3,4]thiadiazines (5a, 5b), and triazolo [1,3,4]thiadiazoles 
(4a, 4e, 4d, 6 and 8a, 8e, 8d) starting with isonicotinic acid hydra-
zide (Scheme 4). On the basis of spectrum data and elemental stud-
ies, the structure of the newly synthesised chemicals was validated.  
2.4.2. Biological Activity 

All compounds were tested for anticancer activity in vitro 
against six human cancer cell lines as well as normal fibroblasts. 
Most cell lines showed considerable cytotoxicity to seven of the 



208    Current Organic Chemistry, 2023, Vol. 27, No. 3   Ledade et al. 

examined scaffolds (3a, 3b, 4c, 5a, and 8b, 8e, 8d). Compound 
(4c), among these derivatives, had a cytotoxic impact on a gastric 
cancer cell line that was comparable to the standard CHS 828 (IC50 
14.25 µM). Normal fibroblast cells (WI38) were only slightly af-
fected (IC50 > 10.00 µM). 

 
Scheme 4. Synthesis of N-substituted-3-mercapto-1,2,4-triazoles (3a,b, and 
7a-d), triazolo[1,3,4]thiadiazines (5a,b) and triazolo[1,3,4]thiadiazoles (4a-
d, 6 and 8a-d). 

2.5. Alkyl Derivatives of 3-(substituted-(1,10-biphenyl)-3-yl) 
[1,2,4]triazolo [3,4-b] [1,3,4]thiadiazole-6-thiol 
2.5.1. Synthetic Strategy  

Ramprasad and coworkers [82] used conventional and micro-
wave irradiation methods to synthesize a series of S-alkyl deriva-
tives of 3-(substituted-(1,10-biphenyl)-3-yl) [1,2,4]triazolo [3,4-b] 
[1,3,4]thiadiazole-6-thiol (4a–j) (Scheme 5). In comparison with 
the conventional method, the microwave method produced a faster 
and higher yield.  

 
Scheme 5. Synthesis of alkyl derivatives of 3-(substituted-(1,10-biphenyl)-
3-yl)[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6-thiol. 
2.5.2. Biological Activity 

The MTT assay was used to test these substances for anticancer 
activity in vitro. The moiety (4c) was the most promising anticancer 
agent in the HT29 cell line, with an IC50 value of 12 µM. 

3. BENZIMIDAZOLE DERIVATIVES 
3.1. N-Fused Aminoimidazoles 
3.1.1. Synthetic Strategy  

Baviskar et al. [83-85] employed multicomponent protocol to 
make N-Fused aminoimidazoles using different approaches 
(Scheme 6). 

 
Scheme 6. Methods of preparation of investigational compounds as poten-
tial htopoiiα inhibitors. 
3.1.2. Biological Activity 

N-Fused aminoimidazoles were tested in vitro against human 
topoisomerase IIα (hTopoIIα) in decatenation, relaxation, cleavage 
complex, and DNA intercalation assays. These scaffolds showed 
substantial anticancer activity in kidney and breast cancer cell lines, 
as well as low toxicity to normal cells, higher potency in kidney 
cancer cell lines than etoposide and 5-fluorouracil, and potent sup-
pression of cell migration. In the G1/S phase, several chemicals 
were discovered to have an apoptotic impact. 

3.2. Benzimidazole Associated with Triazolo-thiadiazoles and 
Triazolothiadiazines 
3.2.1. Synthetic Strategy 

Two series of Benzimidazoles were synthesised by Husain et al. 
[86] in combination with triazolo-thiadiazoles (5a-q, 5r, 5s, and 5x-
a) and triazolothiadiazines (5t-5w) to produce promising anticancer 
agents (Scheme 7). 
3.2.2. Biological Activity 

The National Cancer Institute (NCI) tested the in vitro anti-
cancer activities of synthesised compounds against the NCI60 cell 
line panel, and the results showed good to remarkable broad-
spectrum anticancer activity. Compound (5h) (NCS: 760452, 1) is 
one of them. 3-(6-(2,4- dichlorophenyl)- [1,2,4]triazolo [3,4-b]-3-
(6-(2,4-dichlorophenyl)- [1,2,4]triazolo [3,4-b]-3-(6-( [1,3,4]thia-
diazol-3-yl) propan-1-one) inhibited growth significantly, with IC50 
values ranging from 0.20 to 2.58 µM, and was found to have supe-
rior selectivity for leukaemia cell lines. It was then screened at 10-
fold dilutions of five different concentrations (0.01, 0.1, 1, 10, and 
100 µM). 5h could be used as a lead compound in the development 
of new anticancer agents.  

3.3. Benzimidazole Associated with Oxadiazole and Triazolo-
thiadiazoles 
3.3.1. Synthetic Strategy 

Husain et al. [87] effectively synthesised two new series of 
benzimidazole-bearing oxadiazole [1-(1H-benzo [d]imidazol-2-yl)-
3-(5-substituted1,3,4-oxadiazol-2-yl)propan-1-ones (4a-l)]. and 
triazolo-thiadiazoles [1-(1H-benzo [d]imidazol-2-yl)-3- (6-
hydroxybenzo [d]imidazol-2-yl)-6-hydroxybenzo [d]imidazol-2-
yl)-6-hydroxybenzo [d]imida (substituted) - [1,2,4] triazolo [3,4-b] 
[1,3,4]thiadiazol-3-yl)propan-1-one (7a-e)] triazolo [3,4-b] 
[1,3,4]thiadiazol-3-yl)propan-1-one (7a-e)] triazolo [3,4]thiadiazol-



Nitrogen-containing Fused Heterocycles Current Organic Chemistry, 2023, Vol. 27, No. 3    209 

3-y with the goal of developing effective anticancer medicines from 
4-(1H-benzo [d]imidazol-2-yl)-4-oxobutanehydrazide (3) (Scheme 
8). 

 
Scheme 7. Synthesis of Benzimidazole associated with triazolo-thiadiazoles 
(5a-q, 5r, 5s and 5x-a) and triazolothiadiazines (5t-w). 
 

 
Scheme 8. Synthesis of benzimidazole bearing oxadiazole[1-(1H-
benzo[d]imidazol-2-yl)-3-(5-substituted-1,3,4-oxadiazol-2-yl)propan-1-ones 
(4a–l)] and triazolo-thiadiazoles[1-(1H benzo[d]imidazol-2-yl)-3- (6-
(substituted)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl)propan-1-one (7a–
e)] 
3.3.2. Biological Activity 

The anticancer activity of produced compounds was tested in 
vitro against the whole NCI60 human cell line panel at the National 
Cancer Institute (NCI) in the United States, according to their 
methodology; the results revealed good to outstanding anticancer 
activity. Compound (4j, NCS: 761980) showed significant growth 
inhibition and was screened at 10-fold dilutions of five different 
concentrations (0.01, 0.1, 1, 10, and 100 μM) with IC50 values rang-
ing from 0.49 to 48.0 μM. It was found superior for non-small cell 
lung cancer cell lines like HOP-92 (IC50 0.49, TGI 19.9, IC50 >100 
and Log10 IC50- 6.30, Log10 TGI- 4.70, Log10 IC50>-4.00).  

3.4. 1H-benzo [d]imidazole Derivatives 
3.4.1. Synthetic Strategy 

Ding et al. [88] developed a library of 1,6-disubstituted-1H-
benzo [d]imidazole derivatives using multistep synthesis (Scheme 
9). 

 
Scheme 9. Synthesis 1,6-disubstituted-1H-benzo[d]imidazoles derivatives. 
3.4.2. Biological Activity 

The synthesized compounds were investigated in vitro for their 
antiproliferative efficacy against the T47D, HCT116, and MCF-7 
cancer cell lines. The scaffold (8i), which has a 2,4-difluoro substi-
tution pattern on the sulfonyl phenyl ring, demonstrated substantial 
action against the T47D, HCT116, and MCF-7 cancer cell lines, 
with IC50 values of 0.36 µM, 0.14 µM, and 0.31 µM, respectively. 
Furthermore, in HCT116 cells, the active scaffold (8i) significantly 
suppressed cell growth by suppressing PI3K kinase and blocking 
the PI3K/Akt pathway. 

3.5. Sulfinylated Imidazo [1,2-a]pyridines 
3.5.1. Synthetic Strategy 

Chitrakar et al. [89] described the design, synthesis, and inves-
tigation of the anticancer properties of sulfenylated 2-
phenylimidazo [1,2-a] pyridines and their analogues (Scheme 10).  

 
Scheme 10. Synthesis of sulfinylated imidazo[1,2-a]pyridines. 
3.5.2. Biological Activity 

The MTT assay was used to test the anticancer activity of twen-
ty sulfenylated imidazo [1, 2-a] pyridine derivatives (Table 2) in 
seven different human cancer cell lines, MDA MB 231 (breast), 
HepG2 (liver), Hela (cervical), A549 (lung), U87MG (glioblasto-
ma), SKMEL-28 (skin melanoma), and DU-145 (prostate). Com-
pounds (4e) (naphthalene), (4f) (styrene), and (4h) (thiomethyl) in 
the series demonstrated potent activity against human liver cancer 
cells HepG2. Cell cycle analysis revealed that these compounds 
arrested the cell cycle at the G2/M phase and induced apoptosis in 
HepG2 human liver cancer cells. 
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4. FUSED PYRAZOLINE AND PYRAZOLE DERIVATIVES 
4.1. Isosteviol-fused Pyrazoline and Pyrazole Moieties 
4.1.1. Synthetic Strategy  

Zhu et al. [90] developed two series of new isosteviol-fused py-
razoline and pyrazole derivatives via intramolecular 1,3-dipolar 
cycloaddition and condensation reactions, respectively (Scheme 
11).  

 
Scheme 11. Stereoselective synthesis of novel isosteviol-fused pyrazoline 
and pyrazole Scaffolds via intramolecular 1,3-dipolar cycloaddition and 
condensation reaction. 
4.1.2. Biological Activity  

The four human cancer cell lines (SGC7901, A549, Raji, and 
HeLa) were investigated in vitro for their antiproliferative activity 
of structurally similar pyrazoline and pyrazole derivatives. The 
findings demonstrated that isosteviol-fused pyrazole derivatives had 
significant cytotoxic properties. When compared to cisplatin (IC50 
values 7.56, 17.78, 17.32, and 14.31 µM, respectively), 2,4-di-Cl-
phenylpyrazole derivative (7) had improved cytotoxicities with IC50 
values of 2.71, 3.18, 1.09, and 13.52 µM against SGC7901, A549, 
Raji, and HeLa. 

4.2. Pyrazolylthiazole Derivatives 
4.2.1. Synthetic Strategy 

Abbas et al. [91] developed a novel series of pyrazolylthiazole 
derivatives by reacting 5-(4-fluorophenyl)-3-aryl-4,5-dihydropyra-
zole-1-carbothioic acid amide derivatives with various reagents 
(Scheme 12).  
4.2.2. Biological Activity 

The anticancer activity of all synthesized compounds was tested 
against a breast cancer cell line. Eight of the investigated drugs' 
derivatives demonstrated effective action against MCF7. In com-
parison to tamoxifen, some of the investigated compounds demon-
strated substantial activity against the breast cancer cell line 
(MCF7). Compounds (14g, 7c, 7d, 14f, 7e, 5a, 6b, and 14d) have 
IC50 values of 8.10, 8.11, 8.33, 8.65, 8.77, 9.30, 9.60, and 9.90 
μg/mL, respectively, and are equivalent to tamoxifen (IC50=8.00 
μg/mL). The structure-activity relationship revealed that the anti-
tumor efficacy of these compounds is strongly linked to the type of 
substituent at positions 4 and 5 of the thiazole ring, as well as posi-
tion 3 of the pyrazole ring. 

5. NITROGEN-PHOSPHORUS HETEROCYCLES AND 
PHOSPHONATES 
5.1. Synthetic Strategy  

Abdou et al. [92] synthesised substituted N, P-heterocycles and 
derived phosphonates efficiently in a tandem process without in-
termediate isolation (Scheme 13). The reaction of dialkyl phos-
phites with Schiff base, Kabachnik–Field intermediates, which are 
produced in situ from 2-amino-4,6-di-tert-butylphenol and substi-
tuted benzaldehydes in a dry THF/FeCl3 (10%) solution, yielded 
fused oxazole-2-phosphonates in moderate yield (≈55% ). By di-
rectly applying the same P(III) reagent to the parent Schiff bases, 
the latter products could be produced in an excellent yield (�76%). 
When the Schiff bases were allowed to react with hexaalkyltriami-
dophosphites at room temperature, oxazaphosphinine2-amines were 
extracted in high yields (≈77%). When the same reagents were 
applied to another imino derivative, more P-heterocycles and phos-
phonates were produced.  

5.2. Biological Activity 
The anticancer properties of the produced scaffolds were tested 

biologically and found to be potent. Bioassay data shows that N, P-
heterocycles generated have exceptional anticancer efficacy against 
seventeen human carcinoma cell lines, including breast, prostate, 
and melanoma (compounds 11a and 11b). Several phosphonates 
(compounds 6a and 6b) have been discovered to have anti-breast 
cancer action particularly in MDA-MB-435 cell lines, while other 

Table 2.     Chemical structure of synthesized sulfinylated imidazo[1,2-a]pyridine analogues. 
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Scheme 12. Synthesis of pyrazolylthiazole derivatives by reacting 5-(4-fluorophenyl)-3-aryl-4,5-dihydropyrazole-1-carbothioic acid amide derivatives with 
various reagents. 

compounds (6d and 6e) have anti-melanoma activity in MI4 and 
SK-MEL-2 cancer cell lines. 

6. THIOPHENE BIOISOSTERES 
6.1. Synthetic Strategy 

Sztanke et al. [93] manufactured thiophene bioisosteres (10-18) 
by condensing compound 1-aryl-2-hydrazonoimidazolidine hy-
droiodides with ethyl 2-thiophen-2-yl-2-oxoacetate in a methanolic 
medium and triethylamine (TEA) via reflux in DMF/MeOH combi-
nation (Scheme 14).  

6.2 Biological Activity  
All synthesized compounds were found to be significantly more 

effective than pemetrexed against human tumour cells: A549, 
HeLa, T47D, and TOV112D, and to be more cytotoxic than 
pemetrexed against A549, HeLa, and T47D cells. The revealed 
three thiophene bioisosteres (11, 17, and 18) are proposed as the 
most promising anticancer lead structures for the rational design of 
more selective antitumor medicines because they were found to be 
significantly less cytotoxic to normal cells than tumour cells. The 
results of the bioassay based on double fluorochrome staining are 
noteworthy because they reveal the mode of action of one of the 
series' most promising anticancer lead structures (18). 

7. N-SUBSTITUTED INDOLINE AND MORPHOLINE DE-
RIVATIVES 
7.1 Synthetic Strategy 

Doan et al. [94] synthesised indoline and morpholine moieties 
using sec-amine, boric acid and hetero-substituted aromatic alde-
hyde in the presence of glycerol at 50-80oC for 24 to 48 hr. 
(Scheme 15).  

7.2. Biological Activity 
The novel indoline and morpholine derivatives were tested for 

their cytotoxic effects on osteosarcoma and human embryonic kid-
ney cells. Cytotoxicity, migration, apoptosis markers, and mito-
chondrial calcium assays were used to characterize cytotoxicity and 
the mechanism of cell death. Among the compounds tested, indo-
line derivatives produced a greater cytotoxic effect in osteosarcoma 
cells than morpholine derivatives. With an IC50 of ~74 μM, the new 
indoline derivative N-(2-hydroxy-5-nitrophenyl(4'-methyl-phenyl) 
methyl)indoline demonstrated effective cytotoxic activity. The 
same molecule caused cell death via apoptosis and inhibited cell 
migration. In addition, an examination of mitochondrial calcium 
levels revealed the presence of calcium-dependent cell death mech-
anisms in various cell types. 
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8. QUINOLINE AND THEIR HYBRID DERIVATIVES 
8.1. Quinoline Scaffolds 
8.1.1. Synthetic Strategy 

Su et al. [95] developed and synthesised a variety of novel 
quinoline compounds, which were tested for antiproliferative prop-
erties (Scheme 16).  

 

 
Scheme 13. Synthesis of fused nitrogen-phosphorus heterocycles and de-
rived phosphonates.  

 
Scheme 14. Synthesis of a novel class of 8-aryl-3-(2-thienyl)-7,8-
dihydroimidazo[2,1-c][1,2,4]triazin-4(6H)-ones (10–18). 

 
Scheme 15. Synthesis of N-substituted indolines and morpholines. 
8.1.2. Biological Activity 

The results showed that compounds (4p, 4s, 4v, 4x, and 4y) had 
potent antiproliferative activity against seven human tumour cell 
lines with IC50 values of less than 10 µM, with N-(3-
methoxyphenyl)-7- (3-phenylpropoxy)quinolin-4-amine (4x) being 
the most potent antiproliferative agent against HCT-116, RKO, 
A2780, and HeLa cell lines having IC50 values of 2.56, 3.67, 3.46 
and 2.71 µM, respectively. The anticancer efficacy of the repre-
sentative compound (4x) was further examined in mice, with the 
results revealing that compound (4x) efficiently controlled tumour 
development (82.1%) and reduced tumour weight in animal models. 
Further research into the mechanism of action revealed that com-
pound (4x) could inhibit colorectal cancer from growing by inhibit-
ing the ATG5-dependent autophagy pathway. As a result, these 
quinoline derivatives represent a novel class of compounds that 
could be used to generate new anticancer medicines. 

8.2. Benzo and Tetrahydro Benzo- [h]quinolines 
8.2.1. Synthetic Strategy 

Jafari et al. [96] developed and synthesised a new class of ben-
zo- and tetrahydro benzo- [h]quinolines with a flexible (dimethyla-
mino) ethylcarboxamide side chain as DNA intercalating anticancer 
drugs (Scheme 17). 
8.2.2. Biological Activity 

The synthesized compounds were tested for cytotoxicity against 
four human cancer cell lines: MCF7, A2780, C26, and A549. The 
cytotoxic activity of compounds with a slight electron donating 
substitution in the para-position of the phenyl ring was higher than 
that of the other quinolines. In general, saturated quinolines (tetra-
hydrobenzo [h]quinolines) were shown to be more cytotoxic than 
their unsaturated counterparts (benzo [h]quinolines). 

8.3. Pyrano [3,2-c]quinoline Derivatives 
8.3.1. Synthetic Strategy 

Using a one-pot multicomponent condensation between 2,4-
dihydroxy-1-methylquinoline, malononitrile, and various un(subs-
tituted) aromatic aldehydes, Upadhyay and group [97] developed a 
variety of pyrano [3,2-c]quinoline-based structural analogues 
(Scheme 18).  
8.3.2. Biological Activity 

The anti-inflammatory and cytotoxic activity of the produced 
compounds was tested. All substances were first tested for percent 
inhibition of cytokine release, as well as cytotoxicity activity and 
50% inhibitory dose (IC50). The capacity of the compounds to de-
crease TNFα production in human peripheral blood mononuclear 
cells (HPBMC) was investigated further based on the preliminary 
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Scheme 16. Synthesis of novel quinoline derivatives. 

 
Scheme 17. Synthesis and biological evaluation of novel benzo- and tetrahydrobenzo-[h]quinoline derivatives. 

 
findings. Compounds (4c, 4f, 4i, and 4j) were identified to be the 
most active compounds of the series in terms of anti-inflammatory 
and anticancer activities, according to the screening results. The 
structure-activity correlation is explored, and it appears that 3-
substitution on the aryl ring at C4 of the pyrano [3,2-c]quinolone 
structural motif is significant for both TNFα and IL-6 suppression, 
as well as anticancer action. Structural diversity with electron with-
drawing, electron donating, sterically hindered, and heteroaryl sub-
stitution, on the other hand, had a significant impact on both in-
flammation and anticancer activity. 

8.4. Thiophen-2-yl-quinoline Scaffolds 
8.4.1. Synthetic Strategy 

A series of novel 3-thiophen-2-yl-quinoline compounds based 
on isoxazolyl, triazolyl, and phenyl have been produced (Scheme 
19). In addition, Othman et al. [98] announced the discovery of a 
new valuable synthon, (2-chloroquinolin-3-yl)-(thiophen-2-yl) 
methanol. 

 
Scheme 18. Synthesis of 2-Amino-6-methyl-5-oxo-4-sub(aryl)-5,6-dihydro-
4H-pyrano[3,2-c]quinoline- 3-carbonitrile (4a-v). 



214    Current Organic Chemistry, 2023, Vol. 27, No. 3   Ledade et al. 

 
Scheme 19. Synthesis of (2-chloroquinolin-3-yl))thiophen-2-yl)methanol 
(3), 2-Chloro-3-[(prop-2-yn-1-yloxy)(thiophen-2-yl)methyl]quinoline(4), 
isoxazole derivatives (5a-f), triazole derivatives (6a-e). 

8.4.2. Biological Activity 

The antitumor activity of the synthesized products was exam-
ined. All derivatives were investigated in vitro against a panel of 
four human cancer cell lines: liver (HepG-2), colon (HCT-116), 
human cervical cancer (HeLa), and breast cancer (HeLa) (MCF-7). 
Two compounds, (7d and 7e), were found as potent and selective 
cytotoxic agents against HeLa and MCF-7 cell lines from the syn-
thesised library. 

8.5. Quinoline-thiosemicarbazone Scaffolds 
8.5.1. Synthetic Strategy 

Lafayette et al. [99] synthesized and studied the biological 
characteristics of twelve 2-(quinolin-4-ylmethylene) hydrazinecar-
bothioamide compounds (Scheme 20).  
8.5.2. Biological Activity 

The tumor cell lines MCF7 and T-47D, all of JF's compounds 
showed DNA and BSA binding capabilities as well as cytotoxic 
action. The derivative JF-92 was singled out because it had higher 
Kb and Ksv values for DNA and BSA binding, indicating a possi-
ble mechanism of DNA intercalation, which was confirmed by 
absorption tests, CD, and molecular docking. This derivative also 
had a lower IC50 value for MCF-7 line (0.82 μM) and partially in-
hibited topoisomerase IIα, making it an interfacial antitumor inhibi-
tor. 

8.6. Quinoline Associated with Dihydropyridine 
8.6.1. Synthetic Strategy 

Nkosi et al. [100] used a four-component reaction of 2-chloro-
3-fomyl quinoline malononitrile, arylamines, and dimethyl acety-
lenedicarboxylate in the presence of a catalytic amount of triethyl-
amine to synthesize a new series of eight quinoline bearing dihy-
dropyridine derivatives in high yield and short reaction times 
(Scheme 21).  

 
Scheme 21. Synthesis of novel quinoline associated with dihydropyridine. 
8.6.2. Biological Activity 

These synthesized scaffolds were tested for their biological ac-
tivity in A549 lung cancer cell line and for antibacterial activity. 
A2, A3, A4, and A8 all have shown antiproliferative activity, with 
(A4) having maximum toxicity at 250 µg/mL and (A8) having high 
toxicity at 125, 250, and 500 µg/mL, respectively. 

8.7. Quinoline-chalcone Hybrid Derivatives 
8.7.1. Synthetic Strategy 

Mirzaei and colleagues [101] have developed a new class of 
quinoline-chalcone hybrids (Scheme 22).  

 
Scheme 22. Synthesis of quinoline-chalcone hybrids. 

 
Scheme 20. Synthetic route of the derivatives 4-quinoline-thiosemicarbazones (JF’s). 
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8.7.2. Biological Activity 

All the compounds were tested for cytotoxicity against four 
human cancer cell lines: A2780 (human ovarian carcinoma) and 
A2780/RCIS (Cisplatin resistant human ovarian carcinoma), MCF-
7 (human breast cancer cells), MCF-7/MX (Mitoxantrone resistant 
human breast cancer cells), and normal Huvec cells. The link be-
tween the structure and action of produced chemicals was exam-
ined. The benzoyl group of quinolines (5e, 5g, and 5j) demonstrated 
considerable cytotoxic effects on both resistant cancer cells and 
their parents. The antiproliferative activity of compounds (5g and 
5j) was the highest, with IC50 values ranging from 2.32 to 22.4 µM. 
They were also discovered to be tubulin inhibitors, causing cell 
cycle arrest in the G2/M phase as well as apoptosis. In four cancer 
cell lines, compound (5j) caused higher G2/M phase arrest than 
compound (5g). Finally, molecular dynamics simulations and mo-
lecular docking investigations of compound (5j) into tubulin's col-
chicine-binding site revealed that this compound may interact with 
tubulin's active site. 

9. SYNTHESIS AND BIOLOGICAL ACTIVITY OF NAPH-
THALIMIDE DERIVATIVES 

Ge et al. [102] developed two types of naphthalimide com-
pounds and tested their anti-hepatocellular carcinoma properties in 
vitro (Scheme 23). Compound (3a) suppressed cell migration in 
SMMC-7721 and HepG2, and additional in vivo testing with two 
animal models indicated that compound (3a) substantially inhibited 
primary H22 tumour development (52.6%) and potently disrupted 
lung metastasis (75.7%) without noticeable systemic toxicity at the 
therapeutic dose. Compound (3a) suppressed malignant liver cell 
development primarily by triggering G2/M phase arrest, according 
to mechanistic studies. (3a) might have unregulated the cell cycle-
related protein production of cyclin B1, CDK1, and p21, and re-
stricted cell migration by elevating E-cadherin and attenuating in-
tegrin α6 expression, according to Western blotting investigations. 

 
Scheme 23. Synthesis of Naphthalimide Derivatives (3a-e) & (6a-h). 

10. 5-(MORPHOLINOSULFONYL) ISATIN DERIVATIVES 
10.1. Synthetic Strategy 

Ammar et al. [103] developed and synthesised a new class of 5-
(morpholinosulfonyl) isatin derivatives (Scheme 24). Analyses of 
spectral and elemental data were used to characterise the novel 
compounds.  

 
Scheme 24. Synthesis of Schiff’s bases of 5-(morpholinosulfonyl)isatin and 
indolo[2,3-b]quinoxaline derivatives (2a-h and 3-6) & hydrazones and 
hydrazides (7a-11) of 5-(morpholinosulfonyl)isatin. 

10.2. Biological Activity 
The synthesized compounds were tested using the SRB assay 

on four cancer cell lines, including HepG2, HCT116, CACO, and 
MCF7, as well as a non-cancerous human cell line, to see if they 
were cytotoxic. The normal generated cell line was not cytotoxic 
(IC50 > 130 µ M). In three of the cell lines evaluated, HepG2, 
HCT116, and CACO compounds (3, 6, 10, and 11) had IC50 values 
less than 10 µM. On HepG2, CACO, and HCT116, compounds (2h, 
5, and 7b) had IC50 values that were less than or almost equivalent 
to 10 µM, respectively. On MCF7, compounds (3 and 6) had IC50 
values of less than 12 µM. These IC50 values are comparable to 
those of doxrubicin, which has an IC50 range of 4.5 to 8.28 µM in 
the cell lines studied. With IC50 values less than 2 µM, all of these 
intriguing compounds displayed inhibitory efficacy against EGFR. 
The most powerful EGFR inhibitors, (7b) IC50 = 46 µM and (10) 
IC50 = 23 µM, were found to produce G2/M phase cell cycle arrest 
and apoptosis.  

11. SPIRO DERIVATIVES 
11.1. Hybrid Spiro Compounds 
11.1.1. Synthetic Strategy 

Chate et al. [104] developed a series of novel hybrid com-
pounds called spiro [pyrimido [5,4-b]quinoline-10,5'-pyrrolo [2,3-
d]pyrimidine] (Scheme 25) using beta-cyclodextrin (Beta-CD) as a 
novel catalyst under greener conditions.  
11.1.2. Biological Activity 

The synthesized scaffolds were tested in vitro against four hu-
man cancer cell lines: A431, PC3, MCF7, and MCF-10A. The 
fused heterocycles (4m, 4q, and 4t) having a chloro or trifluorome-
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thyl group on the benzene ring were shown to be the most effective 
compounds against a human breast cancer cell line, with IC50 values 
ranging from 7.82 to 9.88 μM. (MCF-7). Compound (4q) was 
shown to be the most effective derivative against the human breast 
cancer cell line studied, being more active than standard and having 
cytotoxic activity specific for MCF7. 

 
Scheme 25. Synthesis of 3,3,6,6-tetramethyl-10-phenyl-3,4,6,7-tetrahydro-
1H-spiro [acridine-9,30-indoline]-1,20,8(2H,5H,10H)-trione. 

11.2. Indeno-spiro Compounds 
11.2.1. Synthetic Strategy 

Patravale et al. [105] described a sustainable, catalyst-free, bio-
oriented multicomponent synthesis of 2- amino-3-cynospiro (5H-
indeno [1,2- b]pyran-4,3' indoline)-2'5,-dione using isatin, malono-
nitrile, and 1,3- indandione. This study describes a simple method 
for synthesising indeno-spiro compounds (Scheme 26).  

 
Scheme 26. Synthesis of 2-amino-3-cyno-5-bromospiro(5H-indeno[1,2-
b]pyran-4,3’-indoline)-2’5,-dione. 

11.2.2. Biological Activity 

The synthesized compounds were tested against breast carci-
noma cell lines (MCF7 and MDA-MB-435) as well as normal Vero 
monkey cell lines. The bromo- and chloro-substituted indeno-fused 
spirooxindole derivatives were found to have selective potency 
against the MDA-MB-435 cancer cell lines, with IC50 values of 1.8 
and 2.1 μM, respectively. The compounds were also tested against 
the normal Vero monkey cell line, which demonstrated good to 
excellent selectivity against cancer cell inhibition. Furthermore, in 
vitro confocal microscopy cell imaging of selected compounds 
revealed cellular shrinkage and apoptosis in cancer cells, implying 
that indeno-fused spirooxindoles can be investigated as selective 
oestrogen negative receptors with a favourable safety profile. 

12. QUINAZOLINE DERIVATIVES 
12.1. Substituted Quinazoline Analogues 
12.1.1. Synthetic Strategy 

Li et al. [106] (Scheme 27) developed a library of 2,4-
disubstituted quinazoline conjugates.  
12.1.2. Biological Activity 

The MTT assay was used to screen the derivatives for anti-
cancer activity against five human cancer cell lines, including 

breast (MCF-7 and MDA-MB-231), gastric carcinoma (HGC-27 
and MGC-803), and prostate (PC-3) cancer cells. When compared 
to regular gefitinib (IC50 = 7.34 µM), the trifluoromethyl derivative 
(9n) showed the most promising anticancer activity (IC50 = 5.10 
µM) with the MCF-7 breast cancer cell line. 

 
Scheme 27. Synthesis of 2,4-disubstituted-quinazoline derivatives. 

12.2. Benzimidazole-quinazolinone Hybrid Scaffolds 
12.2.1. Synthetic Strategy  

Fan et al. [107] (Scheme 28) produced benzimidazole-
quinazolinone hybrids.  
12.2.2. Biological Activity 

The MTT assay was used to assess the synthesized compounds 
for cytotoxicity and Aurora-A kinase inhibitory activity. All three 
cancer cell lines tested demonstrated good cytotoxicity activity, 
with IC50 values ranging from 0.38 to 18.13 µM for breast cancer 
(MDA-MB-231), prostate cancer (PC3), and neuroblastoma (SH-
SY5Y). The morpholinoethyl compound (7h), for example, showed 
outstanding activity with IC50 values of 0.38 µM (MDA-MB-231), 
1.09 µM (PC3), and 0.77 µM, respectively (SH-SY5Y). Compound 
(7h) had a promising inhibitory effect on Aurora-A kinase (IC50 = 
21.94 µM). Furthermore, by inhibiting Aurora-A kinase, compound 
(7h) triggered G2/M phase cell cycle arrest and cell death. 

12.3. Indenoquinoxaline and pyrazine derivatives 
12.3.1. Synthetic Strategy 

Tantawy et al. [108] synthesised some indenoquinoxaline and 
pyrazine compounds (Scheme 29).  
12.3.2 Biological Activity 

The newly synthesised compounds were screened for cytotoxi-
city against MCF7 and A549 cell lines using the MTT assay. Com-
pounds (6, 8a, 9, 10, and 11) have a strong cytotoxic effect. Espe-
cially compound (11), which has IC50 values of 5.4 and 4.3 μM, 
respectively, against MCF7 and A549 cells. 

13. TETRACYCLIC ACRIDONES WITH AMIDE FRAME-
WORKS 
13.1. Synthetic Strategy 

Valigeti and group [109] developed and synthesised a set of tet-
racyclic acridones with amide frameworks (Scheme 30), including 
3-(alkyloyl/ aryloyl/ heteroaryloyl/ heteroaryl)-2,3-dihydropyrazino 
[3,2,1-de]acridin-7(1H)-ones. 
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Scheme 28. Synthesis of 6-(2-amino-1H-benzo[d]imidazol6-yl)quinazolin-4(3H)-one derivatives. 

 
Scheme 29. Synthesis of indenoquinoxaline and pyrazine derivatives. 

 
Scheme 30. Synthesis of 3-aryl/aroyl-2,3-dihydro-1H,7H-pyrazino[3,2,1-de]acridin-7-one derivatives. 

 
13.2. Biological Activity 

The synthesized compounds containing cyclopropyl-acetyl, 
benzoyl, p-hydroxybenzoyl, p-(trifluoromethyl)benzoyl, p-
fluorobenzoyl, m-fluorobenzoyl, picolinoyl, 6-methylpicolinoyl, 
and 3-nicotinoyl groups were found to be potent against the HT29, 
MDAMB231 and HEK293T cancer cell lines. 

14. 2-(1-ACETYL-1H-INDOLE-3-YL)-3-(PHENYL) PROPI-
ONOIC ANALOGUES 
14.1. Synthetic Strategy  

Kumar et al. [110] synthesized twenty-five new combretastatin 
2-(1-acetyl-1H-indole-3-yl)-3-(phenyl) propenoic acid analogues 
(Scheme 31) using triethyl amine with acetic anhydride at reflux 
condition (2a to 2y).  
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Scheme 31. Synthesis of 2-(1-acetyl-1H-indole-3-yl)-3-(phenyl) propenoic 
analogues. 

14.2. Biological Activity 
The Combretastatin 2-(1-acetyl-1H-indole-3-yl)-3-(phenyl)-

propenoic acid analogues (2a to 2y) (Table 3), bearing an indole 
moiety in place of ring (A) of combretastatin (CA-4), were tested 
for anticancer activity against cancer cell lines such as 
THP1(leukaemia), A549 (lung), IGROV1 (ovary), HEP2 (liver), 
MCF7 (breast), and DU145 (prostate). Compounds (2d and 2y) 
both demonstrated anticancer action against THP1 and MCF7, with 
IC50 values of 0.80 and 0.37 μM, respectively, and (2y) had an IC50 
of 3.60 μM, which was comparable to paclitaxel. 
Table 3. Chemical structure of synthesized 2-(1-acetyl-1H-indole-3-

yl)-3-(phenyl) propenoic analogues. 

 

15. BIS-PHENOXYACETIC ACIDS
15.1. Synthetic Strategy 

Shivarma et al. [111] synthesised a series of bis-phenoxyacetic 
acids (2) from matching unsubstituted/substituted 1,4-quinols (1). 
In a one-pot procedure, bis-phenoxyacetic acids (2) were fused with 
thiocarbohydrazide to get bis- [4-amino-5-mercapto-1,2,4-triazol-3-
yl-methyleneoxy]phenylenes (3) (Scheme 32). N-bridged heterocy-
cles (4 to 6) were obtained in good yields by reacting bis-triazoles 
(3) with different reagents. 

15.2. Biological Activity 
The anticancer activity of the newly synthesised compounds 

was tested against a panel of 60 cell lines drawn from seven cancer 
types: lung, colon, melanoma, renal, ovarian, CNS, and leukaemia. 
Some of the substances studied have anticancer characteristics that 
were promising.  

 
Scheme 32. Synthesis of bis-[4-amino-5-mercapto-1,2,4-triazol-3-
ylmethyleneoxy]phenylenes (3);1,4-bis-(6-aryl-1,2,4-triazolo[3,4-b]-1,3,4- 
thiadiazol-3-ylmethoxy)phenylenes Scaffold (4,5,6). 

CONCLUSION 
The structural variety provided by the fused N-heterocyclic 

frameworks has proven advantageous in the discovery of novel 
therapeutics by enhancing pharmacology and other physical and 
chemical properties. Numerous medications are now being used to 
treat numerous types of cancer with significant therapeutic efficacy. 
N-heterocyclic framework in medicinal chemistry has received a lot 
of attention. The vast majority of benefits of pharmaceuticals con-
taining nitrogen in the medical area, such as simple production, low 
toxicity, fewer side effects, high bioavailability, reduced drug re-
sistance, strong biocompatibility, etc., motivate efforts for more 
research and development. The synthetic approach in the present 
drug development and design system, therefore, depends heavily on 
the characteristics of these scaffolds. We extensively discussed the 
recent status of the families of nitrogen-based heterocyclic mole-
cules in this review, including 1,2,4-triazole, fused aminoimidazole, 
Bis-phenoxyacetic acids, benzimidazole with oxadiazole and tria-
zolo-thiadiazoles, pyrazole, pyrimidine, quinoline, and quinazoline 
derivatives, among many others, with highly promising biological 
properties like anticancer and other therapeutic properties. We have 
also investigated several synthetic routes, including green chemical 
protocols for their production. The biological investigations of the 
molecules under discussion provided a deeper comprehension of 
both the arrangement of various substituents on their N-heterocyclic 
skeleton and the various substituents present responsible for their 
efficiency. These key details support the great potential of different 
fused N-heterocycles and indicate a wide range of possible uses for 
these intriguing moieties due to their variety of molecular targets. 
We think that this review paper will be helpful in promoting the 
synthesis and anticancer development of nitrogen-based medicines 
that are sustainable, effective, and have few adverse effects against 
a variety of malignancies. 
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ABSTRACT 

Medicinal plants have great value for the treatment and cure various diseases. Now scientific 

research has expanded our knowledge to discovered chemical composition and active 

constituents present in medicinal plants. Present research work was undertaken to the 

phytochemical, antioxidant and antibacterial activity of Physalis minima and Lantana camera. 

Phytochemical screening of all medicinal plants has been done with the use of solvent methanol, 

ethanol and water. Extracts of leaves were obtained by soxhlet extraction to find out the active 

constitution of plants.  Phytochemical analysis of leaves extract has discovered the presence of 

medicinally important phytochemicals such as Saponin, Steroid, Tannin, Anthocyanin, 

Coumarin, Flavonoid, Diterpine, Phenol, Phlobatannin and Chalcone. The antioxidant of leaves 

extracts was assessed based on the radical scavenging effect of the stable 1,1-diphenyl-2-

picryhydrazyl (DPPH). Antibacterial activity of aqueous and ethanolic extracts of P. minima and 

L. camera was studies for standard bacteria one Gram-positive (Bacillus Subtilis) and Gram-

negative (Escherichia coli). The optimum inhibition zone size value for both the bacteria 

Bacillus Subtilis and Escherichia coli are 02 mm in P.minima and L.camera.  The methanol and 

ethanol extracts of both plant show significant antioxidant and antibacterial activity.  The 
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diversity of phytochemicals founds in P. minima and L. camera leaves could serve as a source of 

useful drugs. 

Keywords: P. minima, L. camera, Phytochemical, Antioxidant, Antibacterial Activity 

INTRODUCTION 

Medicinal plants are plants that have all their 

parts leaves, stems, roots and flowers used 

for therapeutic purposes. Then desperately 

need to conservation of medicinal plants and 

cultivation of wild medicinal plants. Herbal 

wild medicinal plants are easily available, 

less expensive, no side effect and more 

efficient make them more attractive as 

therapeutic agents when compared to modern 

medicine [1, 2]. India has top ranked herbal 

medicinal producer because Indian plant 

biodiversity is the largest source of herbal 

plant medicine [3]. In the word there are 60 

to 80 % of people in word use medicinal 

plants and their products for therapeutic 

purposes [4]. The medicinal value of these 

plants lies in the bioactive phytochemical 

constituents present in plants and that are 

beneficial to humans. Many active 

phytochemical like flavonoids, terpenoids, 

vitamins, alkaloids etc. were found to be 

responsible for these activities [5]. Present 

research work was undertaken on the 

phytochemical, antioxidant and antibacterial 

activity of Physalias minima and Lanthena 

camera.  The methanol and ethanol extracts 

of both plants show significant antioxidant 

and antibacterial activity.  The diversity of 

phytochemicals found in P. minima and L. 

camera leaves could serve as a source of 

useful drugs. 

MATERIALS AND METHODS  

Collection of plant materials P. minima and 

L. camera were collected from roadside area 

of near Lakhandur Tahsil of Bhandara 

district. The plant materials were identified 

by D. N. Lanjewar, Department of Botany, 

Yashwantrao Chawhan arts, commerce and 

science college Lakhandur. The P. minima 

and L. camera leaves was washed with tap 

water and used for the present study. Leaves 

were cut into small pieces, shade dried and 

ground to make fine powder. Process for 

Extraction 500 gm of each powder of the 

leaves were taken along with the 1000 ml of 

distilled water in a container. The mixture 

was shaken continuously with used of rotary 

shakers and place in a dark for 72 hour with 

occasional shaking. After 72 hour the 

mixture was filter and filtrate was 

concentrated to one third of the original 

amount. The resultant was used for 

phytochemical, antibacterial and antioxidant 

analysis [6].  
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Phytochemical analysis  

The ethanol extract of leaves of P. minima 

and L. camera was used for qualitative 

phytochemical analyses. Phytochemicals 

such as flavonoids, tannins, steroids, 

glycosides, saponins, phenolic compounds, 

terpenoids and alkaloids are analyzed [5].  

Antioxidant Activity By 1, 1-diphenyl-2-

picrylhydrazyl (DPPH) 

 The antioxidant activity of the ethanol 

extracts of P. minima and L. camera leaves 

were assessed based on the radical 

scavenging effect of the stable DPPH [7, 8]. 

0.005% of DPPH was prepared in ethyl 

alcohol and 4 ml of this DPPH solution was 

mixed with 4 ml of ethanolic plant extract 

solutions. These solution mixtures were kept 

in dark for 30 min and optical density was 

measured at 517 nm using UV Visible 

spectrophotometer. 4ml ethanol with 0.005 

DPPH solutions was used as blank. The 

optical density was recorded in 

spectrophotometer and % inhibition was 

calculated using the following formula. 

 Percentage (%) Inhibition of DPPH (% AA) 

= A – B × 100 /A  

Where A=Optical density of the blank and 

B=Optical density of the sample.  

Extraction concentration providing 50% 

inhibition IC50 values was calculated 

maximum and minimum values of %AA 

Antibacterial activity (disk diffusion 

method)  

Antibacterial activity was carried out to 

examine the sensitivity of some bacterial 

species against plant extracts of P. minima 

and L. camera leaves with a comparing the 

antibiotics for it by Disk Diffusion Method 

[9]. These bacteria included Gram-positive 

(Bacillus Subtilis) and Gram-negative 

(Escherichia coli). 

RESULTS AND DISCUSSION  

Phytochemical analysis  

Preliminary screening of phytochemicals of 

ethanol extract of leaves of P. minima and L. 

camera are carried out as follows [10-12].  

Saponin:- 5 ml plants extract was mixed 

with 20 ml of double-distilled water then 

agitated in graduated cylinder For 15 min 

formation of foam indicates Saponin.  

Steroid:- 1ml extract was dissolved in 10 ml 

of CHCl3 and  1ml of concentrated H2SO4 

acid was added from the side of a test tube. 

The upper layer turns red and the H2SO4 

layer showed yellow with green 

fluorescence. This indicates the presence of 

steroids.  

Tannin:- 4ml extract was treated with 4 ml 

Ferrous chloride formation of green color 

indicates that presence of condensed tannin.  

Anthocyanin:- 2 ml of aqueous extract is 

added to 2 ml of 2N HCl & NH3, the 
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appearance of pink-red turns blue-violet 

indicates the presence of anthocyanin.  

Coumarin:- 3 ml of 2N NaOH was added to 

2ml of aqueous extract formation of yellow 

color indicates coumarins.  

Proteins:- Extract was treated with a few 

drops of concentrated nitric acid formation of 

yellow indicates the presence of proteins.  

Flavonoid:- Extract was treated with 2N 

NaOH solution, formation of intense yellow 

color indicates presence of Flavonoid.  

Diterpine:- Extract were dissolved in water 

and treated with 10 drops of Cu(OAc)2 

solution, formation of emerald green color 

indicates the presence of Diterpine. 

 Phenol:- Test extract were treated with 4 

drops of Alcoholic ferrous chloride solution. 

Formation of bluish black color indicates the 

presence of Phenol  

Phlobatannin:-  when extract plant sample is 

boiled with dilute 0.1N HCl was taken red 

ppt was obtained as evidence for presence of 

Phlobatannin.  

Chalcone:- 2ml of Ammonium Hydroxide 

was added to 0.5 ml ethanolic extract, the 

appearance of the red color showed the 

presence of Chalcone.  

Carbohydrate:- Extract were dissolved 

individually in 5ml of distilled water and 

filtered. The filtrate was used for the 

following test. Filtrate was treated with 2 

drops of alcoholic a-naphthol solution, the 

formation of violet ring at the junction 

indicates the presence of carbohydrates 

(Table 1). 

Table 1: Test of Phytochemical 

Test of Phytochemical P. minima Leaves L. camera leaves 
Saponin + - 
Steroid + + 
Tannin + + 

Anthocyanin + + 
Coumarin + + 

Protein - + 
Flavonoid + + 
Diterpine + + 

Phenol + + 
Phlobatannin + - 

Chalcone - + 
Carbohydrate + + 

Note: + = Present and - = Absent 

Antioxidant Activity 

The stock solution 1 mg/ml of ethanol 

extracts and DPPH solution was prepared. 

The required dilutions from 0.01 mg/ml to 

0.1 mg/ml were prepared by appropriate 

dilutions [7, 8]. The optical densities of bank 

DPPH solution and sample solution can be 

calculate and found. With use of optical 

density of both solution percent antioxidant 

activities were calculated in Table 2.  
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Table 2: Optical Density and % Antioxidant Activity for Ethanolic Extract of P. minima leaves: 
(O.D. of Black DPPH = 0.585) 

 

 
Figure 1: Decrease in Optical Density of Sample with Increase in Concentration of Ethanolic Extracts of P. minima leaves 

 
Table 3: Optical Density and % Antioxidant Activity for Ethanolic Extract of L. camera: 

(O.D. of Black DPPH = 0.585) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Decrease in Optical Density of Sample with Increase in Concentration of Ethanolic Extracts of L. camera leaves 
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=56.66 

IC50 value from graph corresponding 

ethanolic extract of P. minima leaves is 0.036 

mg/ml.  

Increase in Percent Antioxidant Activity with 

Increase in Concentration for ethanolic 

extract of L. camera leaves. Calculation of 

IC50 Value for L. camera leaves : = max – ½ 

(max-min) 

= 92.82– ½ (92.82 – 29.57) =61.20 

IC50 value from graph corresponding 

ethanolic extract of L. camera leaves is 0.052 

mg/ml.  

Antibacterial Activity:- 

The examined bacterial species included 

Gram-positive (Bacillus Subtilis) and Gram-

negative (Escherichia coli). Sterile discs 6 

mm prepared from Whatman filter paper No. 

1 were made to absorb 50 µg of the test 

samples [13]. Standard reference antibiotic 

discs (Nitrofurantoin 30 µg, and Nalidixic 

acid 30 µg) for bacterial species were used as 

positive control and solvent discs (Distilled 

water and Ethyl Alcohol) were used as 

negative control [14]. The bacterial isolates 

were first grown in a nutrient broth for 18 h 

before use and standardized to 0.5 McFarland 

standards (1.5 x 108 cfu / mL)(15). Mueller-

Hinton agar was prepared on the plates as the 

medium for the test organism [16]. The 

bacterial inoculums were spread evenly onto 

the surface of the agar plate using the sterile 

cotton bud and then the extracts discs, 20% 

DMSO impregnated discs and standard 

antimicrobial discs were situated on the 

inoculums agar superficial. The antimicrobial 

activity was interpreted from the size of the 

diameter of the zone of inhibition measured 

to the adjacent mm as experiential from a 

clear zone surrounding the disc.  

Methanol and ethanol extract for P. minima 

and L. camera leaves are effective to 

antibacterial activity while aqua extracts are 

less effective. The optimum inhibition zone 

size value for both the bacteria Bacillus 

Subtilis and Escherichia coli are 02 mm in 

both plants. In case optimum inhibition zone 

size value of antibiotic Nitrofurantoin is 06 

mm and Nalidixic acid is 5mm were the 

details results for antibacterial activity are 

shown as shown in Table 4.  

Table 4: The effectiveness of three elements (Plant extracts, Antibiotics and bacteria) 
Medicinal Plants Bacterial Species Antibiotic Bacterial Species Antibiotic 

Bacillus Subtilis (mm) Nitrofurantoin (mm) Escherichia coli (mm) Nalidixic Acid (mm) 

P. 
minima 

Aqus Extr. 01 02 0.5 02 
Methanol Extr. 02 04 02 03 
Ethanol Extr. 02 05 01 04 

L. 
camera 

Aqus Extr. 0.5 01 0.25 01 
Methanol Extr. 01 04 01 05 
Ethanol Extr. 02 06 02 05 

Legend: (mm) = Millimeter 
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CONCLUSION  

 Phytochemical screening of selected wild 

medicinal plants clearly reveals that the 

maximum classes of photochemical are 

present in P.minima and L.camera 

 The P.minima and L.camera Leave 

extracts demonstrate good DHHP radical 

activity with IC50 value for P.minima is 

0.036 mg/ml and L. camera is 0.052 

mg/ml which show good antioxidant 

activity. 

 Leaves extract of P.minima and L.camera 

are exhibited significant antibacterial 

activity for bacterial species including 

Gram-positive (Bacillus Subtilis) and 

Gram-negative (Escherichia coli). The 

optimum inhibition zone size value for 

both the bacteria Bacillus Subtilis and 

Escherichia coli are 02 mm in P.minima 

and L.camera. 

 Phytochemicals in plant extract serve as a 

source of drugs that are useful in the 

medicine of some diseases caused by 

bacteria and also as antioxidant agents.   
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Abstract: Food is one most important basic need for all leaving organism, which useful for 
growth and maintnus. Now day’s foods are contain by different adulterants. Adulteration is a 
substance which reduces the vital importance of foodstuff. Some of the common adulterants are 
sugar or jiggery in honey, Starch and melamine in milk, Red lead salts and brick powder in chilli 
powder, Metanil yellow colours in turmeric powder, Malachite green in vegetable, Mineral oil 
and castor oils in edible oils, Vanaspati ghee in butter, Lead chromate in pulse, Chalk powder in 
wheat flour, Prussian blue coloring substances  in tea powder, Chicory   in coffee powder,  
Papaya seed in black pepper etc. which is causes various diseases such as epidemic dropsy, 
glaucoma, cardiac arrest, paralysis, brain damage, anemia, abortion, cancer etc. The aim is to 
evaluate the presence of adulterant from daily uses food materials like honey,  milk , sugar, chilli 
powder, turmeric powder, green vegetable, edible oil, butter,  pulses, wheat flour, tea powder, 
coffee powder and  black pepper which we collected from different local grocery stores and 
discover food adulterants by biochemical qualitative analysis. The colour change of the sample 
indicate the according to the reagents is indicates the presence of different adulterants. This 
information can help to grow the food safety and also people can be aware about the food brands 
for a healthy life which are very beneficial to our society and our future.  
Keywords:-Foods, Adulterants, Diseases, Biochemical analysis, Food Safety, Healthy life 

I. Introduction 
Food, sleter and cloth are basic needs for every living being. Food is the very necessity 

needs of life because which are use for growth and various life processes. Food contains 
important nutritional constituent carbohydrates, vitamins and proteins [1]. Almost all foods are 
of plant or animal origin. Many plants or plant parts such as roots, leaf, flower and fruit are eaten 
as food. There are around more than 2,000 plant species which are cultivated for food, and many 
have several distinct cultivars. Maize, wheat, and rice together account for 87% of all grain 
production worldwide. Animals are also used as food which included such as meat,  milk  
cheese, butter and honey [2].   
          Nowadays, Food can be contaminated by different adulterants. Food adulteration is the 
process in which the quality of food is lowered either by the addition of inferior quality material 
or by extraction of valuable ingredient [3]. There are four different types of food adulteration 
included intentional adulteration, incidental adulteration, metallic adulteration and packaging 

mailto:Sudhirraj2011@gmail.com
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hazard [4].  In intentional adulteration substances that look similar to the constituents of the food 
are added to it, to increase its weight and gain more profit. Example- mixing of pebbles, stones, 
marbles, sand, mud, filth, chalk powder, contaminated water etc. Incidental adulteration occurs 
due to negligence while handling food. Example- residues of pesticides in grains, larvae growth, 
presence of droppings of rodents, etc [5,6]. In metallic adulteration addition of metallic materials 
into food like lead or mercury is metallic adulteration. It may happen accidentally or even 
intentionally. The packing materials in which the food is packed may also interfere and mix with 
the constituents of the food, leading to packaging hazards [7]. Various food adulteration methods 
included mixing, substituting, using decomposed food, additions of toxic substances, 
misbranding, and artificial ripening. Also important reason for food adulteration are overgrowing 
population, urbanization, industrialization, decrease the land of agriculture, environmental 
hazards, and depleting natural resources then decrease food production [8]. 

                    In India normally the adulteration in food is done either for financial gain or due to 
carelessness and lack in proper hygienic condition of processing, storing, transportation and 
marketing. Such types of adulteration are quite common in developing countries. Food 
adulteration has a great impact on our health. Be it any kind of adulteration, prolonged 
consumption of this type of food is very harmful to the body [9]. Consuming such food increases 
the toxicity in the body. As the nutritional value of the adulterated food goes down, such food is 
no longer nutritive for the body. The addition of chemical adulterants and colours many times 
proves to be fatal [10]. Adulterated food may also affect our internal organs directly leading to 
heart, kidney, liver, and many more organ disorders and failure. Which is causes various diseases 
such as epidemic dropsy, glaucoma, cardiac arrest, paralysis, brain damage, anemia, abortion, 
cancer etc. The  Present research work  to evaluate the presence of adulterant from daily uses 
food materials like honey,  milk , chilli powder, turmeric powder, green vegetable, Edible oil, 
Butter,  Pulses, wheat flour, tea powder, coffee powder and  black pepper which we collected 
from different local grocery stores and discover food adulterants by biochemical qualitative 
analysis [11]. The colour change of the sample indicate the according to the reagents is indicates 
the presence of different types of adulterants. This information can help to grow the food safety 
and also people can be aware about the food brands for a healthy life which are very beneficial to 
our society and our future [12].  

II. Materials & Methods 
Food materials like honey,  milk, sugar, chilli powder, turmeric powder, green 

vegetable, edible oil, butter,  pulses, wheat flour, tea powder, coffee powder and  black Pepper 
which we collected from different departmental and local grocery stores. Some reagents like 
Iodine reagent, Con. HCl, Sucrose, 0.5N ethanolic KOH, Con. HNO3, Solvent ether, Resorcinol, 
Carbon tetra-chloride (CCl4), Con. H2SO4, Chloroform, Aniline, some apparatus such as Test 
tube, Beaker, Conical flask, Watch glass, Glass rod, Funnel, Burette, Pipette, Wash bottle and 
some paper such Filter paper, Litmus Paper, Cotton plug, blotting paper,    were collected which 
were used for chemical tests. Biochemical qualitative analyses are done for detecting presence of 
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adulterants [13]. 

III. Result & Discussion 

Biochemical qualitative analyses of some food are as follows. 
1. Food:- Honey 
Common adulterant: - Sugar  
Biochemical qualitative analysis: - Take 5 ml of honey in a porcelain dish. Add aniline chloride 
solution (3 ml of aniline dissolved in 7 ml of HCL) and stir well. Orange red colour indicates 
presence of sugar[14]. 
2. Food:- Milk 
 a)  Common adulterant:- Starch 
 Biochemical qualitative analysis: - Take a little amount 3ml of the sample in a test tube. Add a 
drop of 1% aqueous solution of iodine. Blue or deep blue colorations indicate starch in milk .   
b)  Common adulterant:- Melamine 
Biochemical qualitative analysis: - Take a little amount 5 gm of the sample in a test tube. Add a 
little amount of soybean powder.  After 5 minute, dip a red litmus paper that are change in colour 
from red to blue indicate the use of Melamine in milk [15]. 
3. Food:- Sugar  
a) Common adulterant:- stone powder or white sand  
 Biochemical qualitative analysis :- A small amount of sugar was taken in a test tube and shaken     
with little water. Pure sugar dissolved in water but insoluble stone powder or white sand didn’t 
dissolve. 
b) Common adulterant:-  washing soda 
 Biochemical qualitative analysis :-To a small amount of sugar in a test tube , few drops of 
diluted HCl were added. A brisk effervescence of carbon dioxide confirmed the presence of 
washing soda in the given sample of sugar[16]. 
4. Food:- Chili powder  
 a) Common adulterant:-  red lead salts 
Biochemical qualitative analysis:- To a sample of chili powder, dil. Nitric Acid was added. The 
solution was filtered and two drops of potassium iodide were added into it. Yellow ppt. obtained 
indicated the Presence lead salts in a chili powder. 
b) Common adulterant:-  brick powder 
 Biochemical qualitative analysis :- A small amount of given red chili powder was added in a    
beaker containing water. Settling of some powder at the bottom & floating pure chili powder 
over water indicates the presence of brick powder in a given sample[17].  
5. Food:- Turmeric powder  
Common adulterant:-  Metanil Yellow colours 
Biochemical qualitative analysis Add a few drops of HCl to turmeric in water. Instantly the 
solution will turn to violet colour [18].  
6. Food:- Green vegetables.  
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Common adulterant:-  Malachite green  
Biochemical qualitative analysis:- Take a vegetable and rubbing  moistened white cotton plug. 
Green colour impressions on cotton plug indicates the presence of Malachite green[19].  
7. Food:-  Ice cream  
Common adulterant:-  Beaking Soda  
Biochemical qualitative analysis   Take small Sample of ice cream in beaker add drop of 
Hydrochloric acid or some lemon juice on this, bubbles are observed if Beaking Soda is 
present[20].  
8. Food:- Edible oil 
Common adulterant: - argemone oil 
Biochemical qualitative analysis: -  take 1 ml  of the oil in test tube after add mixture of  1 ml of 
2% salicylic acid in methanol and 2 ml of conc. HNO3, followed by 0.5 ml of conc. H2SO4  this 
mix shake indicate  crimson red or deep orange-red colour develops within 20-30 sec- which 
indicate argemone oil adulteration is present [21]. 
9. Food:- Butter 
 Common adulterant:- Starch and  hydrogenated vegetable oils 
 Biochemical qualitative analysis: - Take 2 gm butter in test tube after add 2-3 drops of iodine 
solution appeared blue colours indicate presence adulterated in butter [22]. 
10. Food:- Pulses 
Common adulterant:- Metanil Yellow and Lead Chromate  
Biochemical qualitative analysis:- Take 5 gm of the pulses sample with 5 ml of water in a test 
tube and add a few drops of concentrated Hydrochloric Acid. A pink colour shows presence of 
adulterations metanil yellow and lead chromate [23].  
11. Food:- Wheat Powder  
Common adulterant:-  chalk powder. 
Biochemical qualitative analysis:- You can check for the presence of adulterant chalk powder by 
adding 2 to 3 ml dil. HCl to the wheat powder sample in a test tube. Chalk powder creats 
effervescence in test tube [24]. 

12. Food:- Tea powder  
a) Common adulterant:-  Cashew husk 
Biochemical qualitative analysis:- Spread a few tea leaves sample on a blotting paper, sprinkle 
some water on them. Once done, remove the tea leaves and wash the blotting paper under tap 
water. Observe the colour stains on blotting paper indicate presence of Cashew husk adulterant 
in tea. 
b) Common adulterant:-  iron fillings 
Biochemical qualitative analysis:- For this you will need a magnet. Spread out a small quantity 
of tea leaves on a glass plate and gently move the magnet above the tea leaves. If the tea 
leaves are pure then the magnet will be clean. However, adulteration will manifest when iron 
fillings get stuck to the magnet. 



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 
 
Research paper                 © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 11,  Iss 11, Dec 2022 

 

232 | P a g e  

 

c) Common adulterant:-  some colorant 
Biochemical qualitative analysis:- a glass of water. Ensure that the water is either cold or at 
room temperature but not hot. If the tea is pure then there will be no change in the water’s 
colour. If the tea leaves have some colorant added to it, the colour will immediately change to 
red, so beware [25]. 
13. Food:- Coffee Powder  
Common adulterant:-  Chicory 
Biochemical qualitative analysis:- Drop a pinch of coffee powder on it gently. If the powder 
floats for some time before sinking, it is coffee. If the powder sinks quickly, it is chicory or some 
other seed. If it readily diffuses brownish or yellowish colour, it contains Caramel or Chicory 
[26]. 
14. Food:-  Black Pepper  
Common adulterant:-  papaya seeds 
Biochemical qualitative analysis:- Add some amount of black pepper to a glass of water. Pure 
black pepper settles at the bottom. In the adulterated black pepper, papaya seeds float on the 
surface of water [27]. 
IV. Conclusion 
From the above review and discussions adulteration present in some common foods such as 
honey,  milk , sugar, chilli powder, turmeric powder, green vegetable, edible oil, butter,  pulses, 
wheat flour, tea powder, coffee powder and  black pepper which we collected from different 
local grocery stores.  Also explain some biochemical method which discovered food adulteration 
in the food items. Food adulteration can cause tremendous affect on health without our 
knowledge.  Adulteration can be prevented by few alerting steps of our society. Hike of price of 
food items should be checked by government. While purchasing food items, selection of 
wholesome and non-adulterated food is necessary to make sure that such food do not cause and 
health problems. Though presence of adulterants cannot be ensured by visual examination as 
toxic contaminants are present in very low level but visual examination before purchase can 
ensure absence of insects, fungus and other foreign materials. The consumer should avoid buying 
food from places which do not maintain proper hygiene conditions. Both local and branded food 
stores should be inspected by government bodies. The above general consciousness is simple and 
easy to initiate for our healthy life. If we tend to actively participate in these changes then we can 
bring about a healthy and non venturous future for the upcoming generations. 
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 Abstract: The remarkable improvements in organic synthesis facilitated by zirconium diox-
ide-based nanoparticles are updated and summarized in this review. The ZrO2 acts as a versa-
tile heterogeneous nanocatalyst and is used in various elementary organic reactions and many 
multicomponent reactions. The employment of these catalysts in organic synthesis leading to 
bio-active scaffolds provides the opportunity to carry out the reactions using facile synthetic 
protocol under mild environments that furnish the equivalent products in high yields and 
shorter reaction times. According to reports in the literature, ZrO2-based catalysts were re-
moved from the reaction mixture and recycled many times. 
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1. INTRODUCTION 
Green synthesis routes have recently attracted significant atten-

tion leading to important developments in the fields of click reac-
tions [1] and green chemistry [2-9], with the advances of environ-
mentally and proficient benign protocols [10-15] being in focus. As 
catalysts, nanoparticles (NPs) demonstrated superiority to conven-
tional catalysts in several aspects relevant to sustainable develop-
ment [16-18]. Additionally, NPs were extensively investigated for 
potential use in nanomedicine, particularly for drug delivery [19] 
and early detection of cancer cells. Mesoporous nanomaterials were 
also employed for a variety of organic reactions [20]. The high 
specific area and active surface sites in nanomaterials render these 
materials more important than their bulk counterparts for a wide 
range of science and technology applications [21]. 

Metal oxides are frequently employed as solid catalysts that can 
either function as the active phase or the supports [22], exhibiting 
favorable catalytic activity and providing perhaps the largest class 
of heterogeneous catalysts [23-30]. In addition to metal oxides, 
metals are also widely employed in chemical synthesis [31-40]. The 
catalytic activity of transition and noble metals is attributed to the 
electronic configuration of the outer valence electrons [41]. Further, 
mixed metal oxides account for many solid catalysts frequently 
used in the pharmaceutical industry [42, 43]. 
*Address correspondence to this author at the Department of Chemistry, 
Manoharbhai Patel College of Arts, Commerce & Science, Deori, Dist-
Gondia, 441901, Maharashtra, India; E-mail: lambatmbpc@gmail.com 

Zirconium dioxide (zirconia, ZrO2) demonstrated efficacy and 
potential for a number of significant applications, including cataly-
sis, fuel cell electrolytes, buffer layers for superconductor develop-
ment, oxygen sensors, gate dielectrics, and ceramics wear-resistant 
optical coatings [44–55]. This oxide can exist in three structural 
phases, monoclinic, tetragonal, and cubic [56], which exhibit dif-
ferent catalytic activities. 

The surface of ZrO2 NPs [57] can support active hydroxyl 
groups and oxyanions and contains Zr4+ ions, enabling zirconia to 
function as a dual acid-base catalyst [58]. Even though the em-
ployment of ZrO2 NPs for the preparation of biologically active 
blocks via solvent-free multicomponent reactions was rarely ad-
dressed [59, 60], The development of green synthesis methods and 
research on the synthesis of isatin-based heterocycles were report-
ed. [61-75]. The interesting properties of sulfated zirconia, includ-
ing its cost-effectiveness, thermal stability, and super acidity, render 
these materials industrially important for a number of reactions 
[76]. In addition, zirconia NPs were reported to improve the me-
chanical properties of ceramics [77] and modify their electrical, 
thermal, magnetic performance and optical properties [78]. Further, 
nanoscale zirconia exhibited catalytic activity for the dehydration of 
alcohols, the selective synthesis of dimethyl carbonate, the selective 
oxidation of methanol, and redox activity [79-85]. For creating 
zirconia NPs, several synthesis methods have been used, including 
but not limited to hydrothermal, sol-gel, chemical vapour deposi-
tion (CVD), and sputtering approaches [86-90]. 
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One of the most extensively researched reactions in organic 
synthesis, organic transformations employing zirconium diox-
ide/mixed oxides are well displayed on the surface of zirconium 
dioxide/mixed oxides under various reaction circumstances. Zirco-
nium dioxide/mixed oxides serve an equally significant role in the 
overall catalyst system used as other heterogeneous catalysts do. 
We will briefly discuss the use of zirconium dioxide and mixed 
oxides in this review's synthesis of fine chemicals, organic synthe-
sis, and industrial, and green chemistry. 

2. SYNTHESIS VIA  MgO/ZrO2 AS A CATALYST 
Gawande & coworkers [91] in 2006 introduced MgO/ZrO2 as a 

novel green catalyst for the Knoevenagel condensation of ethyl 
cyanoacetate with aromatic aldehydes and malonitrile (Scheme 1). 
The structural characterization of the catalyst indicated that the 
crystallization of the catalyst oxide components is highly dependent 
on the sintering temperature. X-ray diffraction pattern (XRD) of the 
catalyst sintered at 600°C revealed the existence of a cubic MgO 
and a monoclinic ZrO2 phases, as well as evidence of the presence 
of a secondary tetragonal ZrO2 phase. Before utilizing the catalyst 
in the 60°C, solvent-free processes, the catalyst was ground to a 
particle size of 0.5 to 0.7 m. The catalyst gave relatively high yields 
of the products. It exhibited a high degree of recyclability, whereas, 
in the case of 4-fluoro benzaldehyde, the yield (95%) decreased 
slightly to 91% after the fifth cycle of reusing the catalyst. 

 
Scheme 1. Knoevenagel condensation of an aromatic aldehyde with ethyl-
cyanoacetate and malononitrile. 

In 2010, Nagrik et al. [92] described an efficient three-
component one-pot condensation of ketones, aldehydes, and amines 
using MgO/ZrO2 catalyst for Mannich reaction for the synthesis of 
β-amino carbonyl compounds (Scheme 2). The yield depended on 
the ratio of the two oxides in the catalyst, and the highest yield of 
91% was achieved at the MgO/ZrO2 molar ratio of 0.35/0.65. It was 
demonstrated that the catalyst could be used repeatedly for five runs 
without significantly losing its catalytic activity.  

 
Scheme 2. Synthesis of β-amino carbonyl compound by Mannich reaction 
via MgO/ZrO2 catalyst. 

Later in 2011, Gawande et al. [93] have prepared MgO–ZrO2 
(MZ) catalyst by an ultra-dilution method, and tested its versatility 
for a number of organic reactions (Scheme 3). The XRD pattern 
indicated the presence of Monoclinic ZrO2 and cubic MgO phases 
in the catalyst. The catalyst provided superior to outstanding yields 
of the products. For example, it gave 94-97% yield in the cross-
aldol condensation of aromatic aldehydes with cyclohexanone, and 

84-96% yield in the N-benzyloxycarbonylation of amines by using 
10 wt.% of the catalyst. According to reports, catalyst weight per-
centages up to 10% led to an increase in catalytic activity, after 
which no significant improvement was observed. Also, the catalyst 
was found to be effective up to six successive cycles of the synthe-
sis of the target products. 

 
Scheme 3. Organic reactions catalyzed by MgO-ZrO2 (A) Cross-Aldol 
condensation under solvent-free condition, (B) N-Benzyloxycarbonylation 
of amine under solvent-free condition, (C) Reduction of aromatic nitro 
compounds, (D) 1,5-benzodiazepine synthesis by using cyclohexanone and 
orthophenylene diamine. 

MgO-ZrO2 NPs were used by Gawande et al. [94] in 2012 to 
establish a straightforward solvent-free chemoselective O-tert-Boc 
protection of phenols & alcohols. (Scheme 4). This method's ad-
vantages include using a heterogeneous, reusable catalyst, superior 
chemoselectivity, enhanced substrate compatibility, high reaction 
rates, operational simplicity, and moderate reaction conditions. The 
size of the catalyst is in the nano range (20–35 nm), according to 
the TEM investigation of MgO–ZrO2 mixed metal oxides. Under 
solvent-free conditions at 60oC, the reusability of the catalyst was 
tested for the reaction of phenol with Boc anhydride. The catalyst 
was filtered out and rinsed twice or three times after the reaction 
was finished. with ethyl acetate, dried at 120oC in an oven for 3 
hours, and then used again for the reaction. Even after six cycles, 
the catalytic activity reduced marginally. 

 
Scheme 4. O-tert-Butoxycarbonylation of phenol by using nano MgO-ZrO2 
catalyst. 

3. SYNTHESIS USING ZrO2 NANOPARTICLE AS A CATA-
LYST  

Bhojegowd et al. [95] (Zirconium nitrate with alanine were 
combined in stoichiometric proportions in aqueous solutions to 
synthesize nano crystalline-ZrO2.) developed nanocrystalline zirco-
nium (IV) oxide (nc-ZrO2) with a bulky surface area in 2011 
(Scheme 5). For characterization of nc-ZrO2, SEM, powder XRD 
and surface area measurements were used. The powder XRD results 
show that the nc-ZrO2 possesses a pure tetragonal phase. The crys-
tallite size and BET surface area computed using Scherrer's formula 
were determined to be around (53-57 nm) and 275 m2/g, respective-
ly. SEM image revealed the microporous character of the powder. 
The synthesis of 3,4-dihydropyrimidin-2-ones was accomplished 
without solvents in the microwave (MW)-aided multi-component, 
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one-pot Biginelli condensation reaction of ethylacetoacetate, aryl 
aldehydes and urea or thiourea (DHPMs). In this reaction scenario, 
DHPMs are produced quickly (10–20 minutes) and in good to ex-
ceptional yields (85%-96%). 

By using repeated filtering, the catalyst may be readily removed 
from the mixture, repeated washings with distilled water and etha-
nol, and dried under vacuum for 2-3 hours before re-use. The recy-
cled catalyst was employed five times to get 5-ethoxycarbonyl-4-
(phenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one with no dis-
cernible yield loss. For 1-5 cycles, the yields were 96%, 93%, 93%, 
90%, and 89%, respectively; the drop in yield could be attributed to 
substrate adsorption on active sites. The catalyst was filtered out of 
the reaction mixture and replenished after each reaction. 

 
Scheme 5. Synthesis of 3,4-dihydropyrimidin-2-ones by Biginelli condensa-
tion of aldehyde, ethylacetoacetate and urea or thiourea using ZrO2 as a 
nanocatalyst. 

Farhadi et al. [96] discovered a simple and efficient one-pot 
three-component reaction of various aromatic aldehydes, b-keto 
compounds, and urea in the presence of a catalytic quantity of 
nano-ZrO2 catalyst in the presence of water in 2013 (Scheme 6). 
The results show that by employing nano-ZrO2 as a catalyst, several 
aldehydes may be converted to their corresponding 3,4-
dihydropyrimidin-2(1H)-ones in good to exceptional yields, compa-
rable to the SO42-/ZrO2 catalyst. 

 
Scheme 6. Nano-ZrO2-catalyzed synthesis of monosubstituted derivatives 
of 3,4-dihydropyrimidin-2(1H)-ones. 

In 2014 Jafarpour et al. [97] described the synthesis and charac-
terization of monoclinic ZrO2 nano catalyst using the sol-gel tech-
nique. The catalyst was used for the condensation of 1,2-diamines 
with Quinoxaline and pyridopyrazine heterocyclic compounds may 
be made using 1,2-dicarbonyl chemicals (Scheme 7). The catalyst 
displayed high activity, which also produced products with ac-
ceptable to exceptional yields (up to 96%). Without noticeably 
losing much of its catalytic activity, the catalyst was recycled and 
utilized for up to five further cycles. 

 
Scheme 7. Synthesis of quinoxaline derivatives and pyrido pyrazines in the 
presence of m-ZrO2 nanoparticles in ethanol. 

In 2015, Bodhak et al. [98] examined the effectiveness of the 
catalysis using ZrO2 NPs for the synthesis of multi-functionalized 
spirooxindole derivatives using two different condensation proto-
cols. They compared the results with reactions performed by using 
different catalysts and solvents in one-pot multi-component reac-
tions. The study revealed the superiority of zirconia nano catalyst, 
which provided 84% and 90% yields of spiro[4H-pyran-3,3′-
oxindoles] and spiro[indoline-3,4′(1H′)-pyrano-[2,3-c]pyrazol-2-
ones in an amazingly short time of 1 min. by using 5 mol.% of the 
catalyst (Scheme 8). Only a small increase in the yields (86% and 
91%) was seen when using a greater catalyst loading of up to 20 
mol%. The study also showed that the catalyst may be used again 
for up to five runs without substantially reducing activity. The 
suggested mechanisms of the spirooxindole compounds' formation 
are demonstratedin Figs. (1 & 2) below. 

 
Scheme 8. Synthesis of spiro[4H-pyran-3,3’-oxindoles] (4) and 
spiro[indoline-3,4’(1H’)-pyrano-[2,3-c]pyrazol-2-one derivatives (7). 

 
Fig. (1). possible mechanism for the preparation of spirooxindoles (7). 

At the surface of the ZrO2 NPs, the hydroxyl, oxide and Zr4+ 
ions enable the NPs to function as a dual acid-base catalyst for the 
reactions. The reactants are adsorbed at the active sites of the NPs 
surfaces, leading to a significant increase of the local concentration 
of the reactants, and resulting in a significant acceleration of the 
rate of reaction. The catalyst's acid-base properties facilitate the 
first Knoevenagel condensation of malononitrile (2) with isatins (1), 
which leads to the production of the common intermediate (I). 
Next, intermediate (I) undergoes Michael-type condensation with 
intermediate (II) to generate the intermediate, and pyrazole 
intermediate (II) originates in situ from the reaction of 
ethylacetoacetate (5) and hydrazine (6). (III). Finally, Intermediate 
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(III), assisted by the acidic and basic nature of the of the surface 
sites of the ZrO2 NPs, undergoes intra-molecular electrophilic 
cyclization followed by tautomerization, resulting in the formation 
spirooxindoles (7). In a similar fashion, the intermediate (I) 
undergoes Michael-type addition with the enol form of 
cyclohexane-1,3-diones (IV), leading to the formation of 
intermediate (V), which subsequently transforms into 
spirooxindoles (4) assisted by the catalytic activity of the zirconia 
NPs.  

 
Fig. (2). Probable mechanism for the preparation of spirooxindoles (4). 

Subhash Banerjee et al. [99] and collaborator reported the syn-
thesis of ZrO2 NPs catalyst with tetragonal symmetry to be used in 
a synthesis of bioactive pyrano[2,3-c]pyrazole and benzylpyrazolyl 
coumarin derivatives via a one-pot multicomponent reaction at 
room temp. (Scheme 9). The authors investigated the effects of 
experimental conditions, including the catalyst loading, reaction 
time and solvent, and obtained high yields (92-98%) of the products 
in 2-10 min. Further, the authors demonstrated the high catalytic of 
the catalyst even after recycling for up to 10 successive runs. The 
authors concluded that the catalytic activity of the tetragonal phase 
of ZrO2 NPs is higher than that of the monoclinic phase.  

 
Scheme 9. Synthesis of benzylpyrazolyl coumarin and pyrano[2,3-c] pyra-
zole scaffolds via ZrO2 NPs as a catalyst. 

The active hydroxyl, oxide, and Zr+4 ions bound to the surface 
of the ZrO2 NPs enable their dual activity as Lewis acids or bases, 
which is how the ZrO2 NPs play a part in the MCR for the synthesis 
of pyrano[2,3-c]pyrazoles. In (Fig. 3), a potential pathway for the 
production of pyranopyrazole derivatives aided by ZrO2 NPs is 

shown. First, pyrazolone (I) and 2-phenylidenemalononitrile (II) 
intermediates are simultaneously formed by cyclo-condensation and 
Knoevenagel reaction, respectively, promoted by the ZrO2 NPs 
(Fig. 3). The activation of (I) by the Lewis basic (O) sites of the 
NPs leads to the formation of these two intermediates, which sub-
sequently undergo Michael type addition to yield the enolate inter-
mediate (III). Lastly, the NPs' Lewis acidic and basic sites help 
promote intramolecular electrophilic cyclization and tautomeriza-
tion, which results in the required pyrano[2,3-c]pyrazole derivative. 
The manufacture of pyrano[2,3-c]pyrazole utilizing a step-by-step 
process, where the precursors (I) and (II) were synthesized individ-
ually from the corresponding starting materials via ZrO2 NPs as a 
catalyst, allowed the authors to demonstrate the viability of the 
proposed mechanism. The resulting reaction of these two precursors 
in the presence of ZrO2 NPs produced the required pyrano[2,3-
c]pyrazole derivative, supporting the viability of the proposed pro-
cess. 

 
Fig. (3). probable mechanism for ZrO2 NPs-catalyzed synthesis of 6-amino-
3-methyl-1,4-diphenyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile. 

A straightforward one-pot three-component reaction catalyzed 
by ZrO2 NPs in solvent-free conditions was introduced by Debnath 
et al. [100] for the synthesis of multi-functionalized 2,3-
disubstituted isoindoline-1-ones. The active surface sites of the 
ZrO2 nanoparticles facilitating the dual acid-base functionality of 
the catalyst were reported to be efficient in the condensation of 2- 
carboxybenzaldehyde, aliphatic amines and nucleophile 
(enamines/6-amino 1,3-dimethyluracil/1,3- cyclohexadiones/ in-
dole) to produce 2,3-disubstituted isoindoline-1-ones with high 
yields (Scheme 10). The reported additional advantages of the 
adopted methodology include simplicity, short reaction time and 
low temperature, avoiding the use of hazardous solvents, wider 
substrate scope, and the recyclability of the catalyst for successive 
cycles of the reaction.  

In the presence of ZrO2 NPs in solvent-free conditions, the au-
thors postulated a likely mechanism for the synthesis of the isoindo-
line-1-one derivatives 4-7 (Fig. 4). The active sites on the surface of 
the ZrO2 NPs, which function as a dual acid-base catalyst, have 
been suggested by other researchers in the discussion above as an 
aid to condensation processes. The 2-carboxybenzaldehyde (1) and 
aliphatic amines (2) are condensed to produce intermediates in a 
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first step in which the Zr4+ ion at the surfaces of the NPs functions 
as a potent Lewis acid acceptor and triggers the carbonyl group (8). 
The intermediate is then created via a Michael-type addition involv-
ing (8) and the nucleophile (3) that is catalysed by ZrO2 NPs (9). To 
produce the end products, the intermediate (9) is then made easier 
to cyclize and tautomerize intramolecularly by the acidic and basic 
sites of ZrO2 NPs (isoindoline-1-ones). 

 
Scheme 10. Synthesis of multi–functionalized isoindoline-1-one derivatives 
(4-7). 

 
Fig. (4). A probable mechanism for the formation of isoindoline-1-one 
derivatives. 

Saha et al. [101] in 2016 further explored the catalytic activity 
of tetragonal t-ZrO2 NPs for the synthesis of poly-substituted 6-
arylamino pyridines and 2-pyrrolidone derivatives (Scheme 11). 
The authors reported a high yield of the products, and the recycla-
bility of the catalyst revealed a small reduction of the yield (92% to 
83%) after eight successive runs using the recycled catalyst. 

 
Scheme 11. Tetragonal nano-ZrO2 catalyzed synthesis of functionalized 
pyridine and 2-pyrrolidinone derivatives. 

In order to synthesise novel functionalized chromenes, Zonouzi 
et al. [102] developed a fresh, succinct, and effective procedure 

(Scheme 12). ZrO2 nanoparticles with a specific surface area of 25 
m2/g (100 nm particle size (TEM), d = 5.89 g/Lit) substantially 
altered and regulated the reaction's pathway. The anticipated find-
ings, indenes, were not generated; rather, chromene derivatives 
were. 

 
Scheme 12. Preparation of some new 2-amino-4H-chromenes using nano-
sized zirconium oxide. 

On the other hand, Bajpal et al. [103] reported an efficient 
green protocol for employing a monoclinic m-ZrO2 NPs catalyst in 
a multicomponent reaction of isatin derivatives with ethyl cyano-
acetate and 1,3-dicarbonyl compounds in a ball mill to create sub-
stituted spirooxindoles (Scheme 13). The approach was put out as a 
workable synthesis strategy for industrial-scale manufacturing in 
medicinal chemistry. Under ideal reaction circumstances, the reusa-
bility of the m-ZrO2 NPs was investigated. The catalyst showed 
good catalytic activity in subsequent reactions up to 10 runs, at 
which point the yield marginally dropped from 97% to 90%. It was 
also reported that calcination of the recycled catalyst at 750°C after 
washing and drying resulted in an improvement of the yield (from 
90% in the 9th cycle to 95% in the 10th cycle).  

 
Scheme 13. Synthesis of Spirooxindole using m-ZrO2 NPs catalyst by Ball 
milling method. 

Recently, Bansal et al. [104] also used ZrO2 NPs catalyst for ef-
fective solvent-free one-pot synthesis of biologically active xan-
thene derivatives (Scheme 14). For this purpose, the co-
precipitation technique prepared tetragonal t-ZrO2 NPs with sizes in 
the range of 8-11 nm and average pore size of ~ 3 nm. Xanthene 
derivatives were achieved with high yields (80-94%) within 16-33 
min. by the use of a t-ZrO2 nanocatalyst. The catalyst was demon-
strated high yielding up to four additional runs.  

Singh and his coworker [105] in (2019) developed an ecologi-
cally friendly and highly effective approach for the synthesis of 
modified imidazoles employing a multicomponent reaction of isatin 
derivative products with ammonium acetate and aromatic aldehydes 
under solvent-free conditions. (Scheme 15). Because of the cheap 
and widely available starting materials, easy methodology, and 
bioactive nature of imidazoles, this strategy is beneficial to medici-
nal chemistry. Due to the presence of various m- and t-phases in the 
sample, some aggregation of the NPs can be seen in the TEM mi-
crograph of the sample. After each reaction, the catalyst was fil-
tered, washed, air-dried, and reused for the next reaction up to run 
number ten. The study revealed that there is no discernible loss in 
product yield during subsequent reuse, demonstrating ZrO2 NPs' 
reusability and recyclability. 
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Scheme 14. Synthesis of 14-aryl-dibenzo xanthenes and 1,8-
dioxooctadihydroxanthenes by using ZrO2 NPs. 

 
Scheme 15. Nano ZrO2 catalyzed synthesis of imidazole derivatives. 

 
Scheme 16. Nano ZrO2 catalyzed synthesis of 2-aryl benzimidazoles. 
 

Recently, a zirconia-based nano-catalyst (Nano-ZrO2), with in-
termolecular C-N bond formation for the synthesis of various ben-
zimidazole-fused heterocycles in a concise method is reported by 
Rao et al. [106] (Scheme 16). The robustness of this reaction is 
demonstrated by the synthesis of a series of benzimidazole drugs in 
a one-pot method.  More importantly, the nano-ZrO2 catalyst 
showed excellent recyclability of up to five cycles in dry ethanol.  

To check the reusability of nano-ZrO2, when the reaction of o-
PDA (ortho-Phenylenediamine) with various substituted aromatic 
aldehydes was over, the product formed was extracted with ethyl 
acetate and the catalyst was purified. It was washed with ethyl ace-
tate repeatedly, dried, and reused for the reaction of o-PDA with 
various aryl aldehydes. 

4. SYNTHESIS USING CRYSTALLINE NANO-SULFATED- 
ZIRCONIA (SZ) AS A CATALYST 

Reddy et al. [107] invented the synthesis of an interesting solid 
super-acidic SO4

2−/CexZr1−xO2 catalyst by co-precipitation of ceri-
um ammonium nitrate and zirconium nitrate to produce cerium and 
zirconium hydroxide gel, which was subsequently added with 
H2SO4 to impregnation the sulfate ions on the Ce-Zr hydroxide 
surface. In the three-component Mannich-type reactions at room 
temperature without using solvents, the sulfated CexZr1xO2 catalyst 

demonstrated significant catalytic activity and produced product 
yields ranging from 72% to 83%. (Scheme 17). 

Tyagi et al. [108] described employing a nano-crystalline sul-
fated-zirconia catalyst made using the sol-gel method and calcining 
it at 600°C to produce coumarin derivatives. The sulfated zirconia 
catalyst's XRD pattern showed a purely tetragonal crystalline phase 
with nano-crystallite sizes between 9 and 16 nm. The catalyst has 
high catalytic activity for the solvent-free Pechmann reaction's pro-
duction of 7-substituted 4-methyl coumarins (Scheme 18). The 
authors reported higher reactivity of m-aminophenol compared to 
m-hydroxy phenol, where 100% conversion of m-aminophenol with 
�100% selectivity of 7-amino 4-methyl coumarin was obtained at 
110°C within 2 min. On the other hand, 94% yield of 7-hydroxy 4-
methyl coumarin was obtained after 3 h at 170°C using a phenol-to-
catalyst weight ratio of 80. Compared to thermal heating, where the 
slow diffusion rate of the reactant molecules in polar nitrobenzene 
and non-polar toluene solvents resulted in slow kinetics of the reac-
tion, the authors concluded that the solvent-free microwave-assisted 
synthesis of the hydroxy derivative is an advantageous alternative 
which provides an excellent yield of 99% in a much shorter time of 
15 min at a lower temperature (150°C). The reported synthesis of 
coumarins is economically feasible, since small amounts of sulfat-
ed-zirconia catalyst were required, and the activated catalyst was 
reusable for several successive runs (up to six cycles). 

 
Scheme 17. SO4

2-/Ce-Zr1-xO2 catalyzed three-component Mannich-type 
reactions. 

 
Scheme 18. Synthesis of 7-substituted 4-methyl Coumarin by Pechmann 
reaction using nano crystalline sulfated- Zirconia (SZ) as a catalyst. 

Negron-Silva et al. [109] described a solvent-free approach for 
the regioselective synthesis of β-amino alcohols using sulfated zir-
conia (SZ) and sulfated zirconia over MCM-41 (SZM) as catalysts 
(Scheme 19). The employment of microwaves in the synthesis re-
duced the time significantly and improved the yield compared to 
conventional heating. The catalysts were recovered and reactivation 
at 550°C for 1 h, and subsequently reused for at least three succes-
sive cycles without a significant decrease in the yield and regiose-
lectivity. The results of the study revealed that reactivating of the 
SZ catalyst resulted in the development of a secondary monoclinic 
phase along with the original tetragonal phase. However, the au-
thors reported evidence that the reactivation of SZM destroyed the 
MCM-41 phase, and concluded that the sulfated zirconia drove the 
catalytic activity, be it tetragonal or monoclinic. 
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Tyagi et al. [110] in 2010 used solid acid catalysts such as 
nano-crystalline sulfated zirconia, sulfated titania, zeolite H-beta, 
H-Y, H-ZSM-5, and acid-treated K-10 clay to synthesize acetylsali-
cylic acid, often known as aspirin or Ecotrin, in an environmentally 
friendly way (Scheme 20). The tetragonal phase of sulfated zirconia 
was discovered to have a crystallite size of 11 nm. Nano-crystalline 
sulfated zirconia had the highest catalytic activity of all the solid 
acid catalysts examined and was shown to be efficient in a small 
amount to produce an excellent yield (95 wt percent) of acetylsali-
cylic acid crystals. The yield of the thermally regenerated catalyst 
was comparable to that of the fresh catalyst. After washing with 
acetone, drying at 110°C for 2 hours, and activation at 450°C for 2 
hours, the spent sulfated zirconia catalyst was recovered from the 
reaction mixture and reused under comparable reaction conditions. 
Until the fifth reaction cycle, a thermally regenerated catalyst gave 
the same yield of acetylsalicylic acid as the fresh catalyst. 

 
Scheme 19. Ammonolysis of Oxirane using sulfated Zirconia (SZ) and 
Sulfated Zirconia over MCM-41 catalyst (SZM). 

 
Scheme 20. Synthesis of acetyl salicylic acid by O-acetylation of salicylic 
acid with acetic anhydride over solid acid catalyst. 

Gondaliya et al. [111] also employed sulfated ZrO2 NPs cata-
lyst for the synthesis of 1,5-benzodiazepine derivatives by conven-
tional and microwave-assisted protocols (Scheme 21). The catalyst 
was prepared by the sol-gel method and heat treatment at 600°C, 
and the structural analysis indicated a structural transformation 
from the monoclinic phase of the un-sulfated zirconia to the triclin-
ic phase. The conventional heating method provided high yields of 
the products in 40-50 min, whereas the microwave-assisted method 
provided the yields in a much shorter time of 2-4 min. Also, the 
catalyst was reusable for 3-4 successive reactions.  

 
Scheme 21. Synthesis of 1,5-benzopdiazepine derivatives using Sulfated-
Zirconia as a nanocatalyst in solvent-free conditions by conventional and 
microwave methods. 

Saravanan et al. [112] investigated the solvent-free self-
condensation of acetophenone to dypnone using a Nano-crystalline 
sulfated zirconia catalyst produced by a two-step sol-gel technique 
(Scheme 22). The catalyst had a maximum dypnone selectivity of 
92 percent and 68.2 percent acetophenone conversion at 170oC after 

7 hours of calcination at 650oC. The used SZ-650 catalyst was re-
covered from the reaction mixture, properly washed with acetone, 
and dried at 120oC overnight before being re-used for another reac-
tion cycle under comparable reaction conditions to investigate its 
reusability. 

Saravanan et al. [113] examined the catalytic activity of a nano-
crystalline sulfated zirconia catalyst produced by the sol-gel pro-
cess. They described using various analytical techniques for the 
esterification of caprylic acid with various short-chain alcohols 
(Scheme 23). At 60°C, the lower catalyst concentration (0.5wt%) 
resulted in 96–98% caprylic acid conversion with methanol and 
100% selectivity for methyl caprylate. At 60oC, conversion de-
creased with increasing carbon chain lengths of alcohols, such as 
ethanol, n-propanol, and n-butanol, but increased dramatically (91-
98 percent) at higher temperatures. Due to the water generated dur-
ing the reaction, the catalyst's activity dropped marginally with each 
of the next five reaction cycles. To test the catalyst's reusability, it 
was extracted from the reaction mixture, washed with methanol, 
dried, and activated at 45°C for 2 hours before being employed in 
another reaction cycle. 

 
Scheme 22. Synthesis of dypnone by self-condensation of ACP over sulfat-
ed zirconia catalyst using Dean-Stark (DS) apparatus 

 
Scheme 23. Esterification of caprylic acid with various alcohols using nano- 
sulfated zirconia as a catalyst. 

Abbas et al. [114] devised a novel and effective one-pot green 
synthesis method for producing Pyrrole by using Sulfated Zirconia 
as a solid acid nano crystalline catalyst in ethanol as a solvent at 
moderate temperature Scaffold from the Paal-Knorr condensation 
reaction (Scheme 24). The advantages of this unique procedure are 
easy availability, stability, reusability, catalyst eco-friendliness, 
high to exceptional yield, and simple experiment setup. 

After the reaction was completed, the catalyst was separated by 
filtering, washed three times with 5 mL acetone, then rinsed nu-
merous times with doubly distilled water before being dried at 
110°C. The recovered catalyst was then utilized in the following 
run. Three successive runs revealed that the catalyst may be reused 
multiple times without losing significant activity. 

 
Scheme 24. Synthesis of N-substituted pyrrole derivatives by the condensa-
tion reaction of 2,5-hexandione with aromatic amine using sulfated zirconia 
as a nanocatalyst. 
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Ghafuri et al. [115] discovered that nanomagnetic sulfated zir-
conia (Fe3O4@ZrO2/SO4

2-) can be employed as a magnetic solid 
acid catalyst for the conversion of alcohols to their corresponding 
trimethylsilyl ethers using hexamethyldisilazane (HMDS) at ambi-
ent temperature and in a solvent-free environment (Scheme 25). 
This process has a number of advantages, including a simple set-up 
method, quick reaction times, high product yields, and facile cata-
lyst recovery and reusability. 

 
Scheme 25. Fe3O4@ZrO2/SO4

2- catalyzed silylation of alcohols using 
HMDS. 

Saravanan et al. [116] used the sol-gel method to make a sulfat-
ed aerogel zirconia (A-SZr) solid acid catalyst, which was then 
supercritically dried in the n-propanol solvent (Scheme 26). Under 
the same reaction conditions, the A-SZr catalyst showed higher 
activity than other heterogeneous acid catalysts such as ion-
exchange resins, Nafion, and acid clay; it also showed similar activ-
ity with conventional Brönsted (H2SO4) and Lewis (ZrOCl2) acids, 
emphasizing its potential to replace homogeneous acid catalysts. 

 
Scheme 26. Esterification of stearic acid with methanol using Aerogel sul-
fated zirconia as a nanocatalyst. 

The catalytic effect of Zirconia Sulfuric Acid (ZrSA) nanoparti-
cles, which are formed via the combination of ZrO2 with chlorosul-
fonic acid, was examined in the production of tetrahydroben-
zo[a]xanthene-11-ones by a one-pot three-component reaction of -
naphthol, aromatic aldehydes, and dimedone by Nakhaei et al. [117] 
(Scheme 27). Several reaction conditions were examined in the 
presence of ZrSA nanoparticles as catalysts. The findings revealed 
that ZrSA has a strong catalytic activity for the synthesis of tetrahy-
drobenzo[a]xanthene-11-ones, with high yields of the desired prod-
ucts. The catalyst was also recyclable, implying it could be reused 
at least three times without losing its catalytic activity. Overall, this 
innovative catalytic technique for the synthesis of tetrahydroben-
zo[a]xanthene-11-ones avoids the use of hazardous organic solvents 
and offers rapid access to the required compounds under solvent-
free conditions at 110°C following a simple workup procedure. 

 
Scheme 27. ZrSA catalyzed synthesis of tetrahydrobenzo[a]xanthene-11-
ones. 

Nakhaei et al. [118] investigated the use of n-ZrSA to catalyze 
the synthesis of tetrahydrobenzo[b]pyrans from dimedone, alde-
hydes, and malononitrile in a one-pot, three-component reaction at 
110°C under solvent-free conditions (Scheme 28). The procedure 
was quick and high yielded, and the set-up was simple. After easy 

handling, the catalyst can be recycled and reused at least four times 
without losing its catalytic activity. The technique is also favorable 
in that it is a quick reaction in a solvent-free environment making it 
ecologically benign. 

After the transformation was completed, the catalyst was fil-
tered through a sintered glass Büchner funnel under heated tem-
peratures. A small amount of hot ethanol was used to wash the cata-
lyst. The combined filtrate was allowed to cool to room temperature 
before being used. Filtration was used to recover the precipitated 
solid, which was then recrystallized from ethanol to produce high 
quantities of tetrahydrobenzo[b]pyrans. 

 
Scheme 28. ZrSA nanoparticles catalyzed synthesis of tetrahydroben-
zo[b]pyrans. 

Nakhaei et al. [119] synthesized a Fe3O4 magnetic core with a 
zirconia shell containing sulfonic acid groups (Fe3O4@ZrO2–SO3H) 
that were employed as an efficient acidic catalyst in the synthesis of 
thiazole derivatives from acyl chloride, ammonium thiocyanate, 
amino acids, and alkyl bromides. In the production of thiazole de-
rivatives, Fe3O4@ZrO2–SO3H showed strong catalytic activity 
(Scheme 29). After refluxing and a simple workup procedure, this 
innovative catalytic approach for thiazole derivatives allowed rapid 
access to the target chemicals in high yields in aqueous media. The 
new process for synthesizing thiazole derivatives is a major ad-
vance above what is already available. The catalyst could be uti-
lized at least four times without losing its effectiveness (96, 95, 94, 
94%). An external magnet was used to extract the catalyst, which 
was then washed in hot ethanol (10 mL). The mixture was kept at 
room temperature after half of the solvent was evaporated. The 
precipitated solid was filtered out and recrystallized from ethanol to 
obtain the corresponding product. 

 
Scheme 29. Synthesis of thiazole derivatives in the presence of n-FZSA. 

Nakhaei et al. [120] synthesized a variety of antibacterial fluo-
roquinolone compounds by amination of 7-halo-6-fluoroquinolone-
3-carboxylic acids with a variety of piperazine derivatives and 
(4aR,7aR)-octahydro-1H-pyrrolo[3,4-b] pyridine in the presence of 
ordinary or magnetized water (Water treated with a magnetic field, 
often known as (magnetised water acting as green solvent) under 
reflux conditions (Scheme 30). ZrSA has high catalytic activity in 
the formation of fluoroquinolone derivatives in two different types 
of water, according to the findings. On the other hand, the magnet-
ized water functioned better. The catalyst was also recyclable, im-
plying it could be reused at least three times without losing any 
catalytic activity. Overall, this innovative catalytic technique for 
synthesizing fluoroquinolone derivatives allows for rapid access to 
the necessary compounds in refluxing water after a simple workup 
procedure while avoiding hazardous organic solvents.  
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Ghafuri et al. [121] devised an efficient Mannich-type reaction 
technique for the production of β ‐amino carbonyl compounds and 
benzylamino coumarin derivatives in high yields (Scheme 31). The 
research is divided into two parts. β�Amino carbonyl derivatives 
were produced in a solvent-free environment in the first section. At 
room temperature, benzylamino coumarin compounds were pro-
duced in the other part. Short reaction periods, low cost, easy 
workup, mild reaction conditions, excellent yields, ease of recovery 
and reusability of the catalyst with five runs without considerable 
loss of activity are all advantages of the current technique. 

 
Scheme 30. Synthesis of fluoroquinolone derivatives in the presence of 
ZrSA under refluxing ordinary or magnetized water. 

 
Scheme 31. Synthesis of β�amino carbonyl derivatives through Mannich 
reaction of various (A) aldehydes with aniline and acetophenone catalyzed, 
(B) aldehydes, anilines and cyclic ketones (C) aldehydes, amines and 4 
hydroxycumarin catalyzed by Fe3O4@ZrO2/SO4

2-. 

Nasseri and co-authors [122] prepared sulfated zirconia incor-
porated with cobalt (ZrO2/SO4

2−/Co) as a catalyst for the synthesis 
of 1,8-dioxo-octa-hydro xanthene derivatives using a one-pot mul-
ticomponent reaction under mild conditions (Scheme 32). The cata-
lyst consisted of both monoclinic and tetragonal phases with a mean 
size of 13 nm. The adopted methodology revealed a wide scope for 
the condensation of aldehydes bearing different functional groups 
with dimedone and/or 1,3-cyclohexadione in water at room temper-
ature and gave good-to-high yields in short reaction times. The 
catalyst was recovered and efficiently reused several times (at least 
eight consecutive runs) without appreciable loss of its activity.  

 
Scheme 32. Synthesis of 1,8-dioxo-octahydroxanthene catalyzed by 
ZrO2/SO4

2-/Co NPs. 

Tailor et al. [123] described a multicomponent reaction of 2-
amino-1,3,4-thiadiazole, isatin/N-methyl-4-piperidone/ 1,2-acen-
aphthylenedione and carbonyl compounds for the synthesis of spi-
roheterocycles spiroannulated with 1,3,4-thiadiazolo[3,2-a]pyrimi-
dine (Scheme 33). The reaction was carried out by solvent-free 
grinding at room temperature, and catalysed by magnetite-
supported nanocrystalline sulfated zirconia (Fe3O4@ZrO2/SO4

2-), 
which is magnetically recoverable for further use. The cubic (mag-
netite) and tetragonal (SZ) phases were confirmed by XRD. The 
synthesis route was environmentally benign and gave excellent 
yields of products. The yields did not decrease appreciably when 
the recovered catalyst was used for five successive cycles (only 4% 
decrease was reported after the 5th cycle).  

 
Scheme 33. Synthesis of spiroheterocycles spiroannulated with 1, 3, 4-
thiadiazolo[3, 2-a]pyrimidine. 

In 2015, Ghafuri et al. [124] prepared sulfated zirconia support-
ed on magnetic nanoparticles and its catalytic activity was investi-
gated in one-pot three-component green synthesis of α -
aminonitriles using various aldehydes and ketones at room tempera-
ture in ethanol (Scheme 34). This protocol has various advantages: 
simple work-up, short reaction time, high product yields and easy 
recovery and reusability of the catalyst up to five times without any 
considerable loss of catalytic activity. The TEM and SEM micro-
graphs showed a homogeneous structure of Fe3O4@ZrO2/SO4

2- 
with Fe3O4 core and average particle size of about 30 and 25 nm, 
respectively. The authors suggested a mechanism for the formation 
of α -aminonitriles (Fig. 5). According to this mechanism, 
Fe3O4@ZrO2/SO4

2- catalyzes the in situ formation of the imine 
intermediate by activating the oxygen atom of the carbonyl group. 
In the presence of the catalyst, the imine carbon is attacked by cya-
nide to give the product. 

 
Scheme 34. The Strecker reaction of carbonyl compounds and amines with 
TMSCN catalyzed by Fe3O4 @ZrO2/SO4

2-(A), synthesis of imines by Fe3O4 
@ZrO2/SO4

2- (B). 
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In addition, Ghafuri et al. [125] also synthesized the magnetite-
supported SZ (Fe3O4@ZrO2/SO4

2-) catalyst, which was used for the 
synthesis of α-aminonitriles derivatives in Kabachnik-Fields reac-
tion (Scheme 35). The catalyst gave good to excellent yields of the 
products and was successfully recovered and reused for 5 subse-
quent reactions without appreciable loss of its catalytic activity. The 
authors provided a proposed mechanism for the synthesis of α -
aminophosphonate using the Fe3O4@ZrO2/SO4

2- catalyst (Fig. 6). 
They suggested that the catalyst facilitates the formation of imine 
intermediate by activating the carbonyl group. Subsequently, the 
carbon of imine is attacked by phosphite leading to the formation of 
the desired product. 

 
Fig 5. A plausible mechanism for the synthesis of α-aminonitriles catalyzed 
by Fe3O4@ZrO2/SO4 2-. 

 
Scheme 35. Kabachnik-Fields reaction catalyzed by magnetite-supported 
sulfated zirconia (Fe3O4 @ZrO2/SO4

2-). 

 
Fig (6). The proposed mechanism of the Kabachnik-Fields reaction in the 
presence of a Fe3O4@ZrO2/SO4

2- catalyst. 

In 2016, Amoozadeh et al. [126] synthesized the heterogeneous 
acidic ZrO2-SO3H nanocatalyst (35-40 nm) for organic synthesis. 

The catalyst efficiently provided high yields of hexahydroquinoline, 
1,8-dioxo-octahydroacridine, polyhydroquinoline, and 1,8-dioxo-
octahydroxanthene derivatives (Scheme 36). The reactions were 
carried out under solvent-free conditions at 100°C using the one-pot 
multicomponent protocol. The catalyst (ZrO2-SO3H) was recovered 
and reused for 5 successive reactions and showed only a slight de-
crease in the yield from 94% to 90% in a typical reaction. 

 
Scheme 36. Synthesis of (A) hexahydroquinolines, (B) 1,8-dioxo-
decahydroacridines, (C) polyhydroquinolines, and (D) 1,8-dioxo-
octahydroxanthenes using nano-ZrO2-SO3H catalyst. 

More recently, the magnetically separablecore–shell 
Fe3O4@ZrO2-SO3H nanoparticle catalyst (n-FZSA) was introduced 
by Hosseini and Kolvari [127] as a novel heterogeneous solid acid 
catalyst. The catalytic activity of the prepared n-FZSA was evaluat-
ed in a one-pot multicomponent reaction for the synthesis of 3,4-
dihydopyrimidin-2(1H)-ones (Scheme 37). The reaction was carried 
out at 90°C under solvent-free conditions. The n-FZSA catalyst 
exhibited a high catalytic activity with a negligible decrease of the 
yield (from 96% to 95%) up to the 3rd successive reaction using the 
recovered catalyst and a higher decrease (from 96% to 86%) upon 
reusing the catalyst for 6 successive cycles. 

Hejazi et al. [128] employed ZrO2/Fe3O4-MNPs as a reusable 
heterogeneous catalyst to establish a convenient, suitable, and envi-
ronmentally acceptable technique for synthesizing quinoline deriva-
tives via a Friedländer reaction (Scheme 38). Green reactions, sim-
ple and straightforward setup, excellent product yields, and short 
reaction times are all advantages of this technique. Furthermore, the 
catalyst could be retrieved and reused three times without losing its 
catalytic activity utilizing an external magnetic field. 
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5. SYNTHESIS USING NiO-ZrO2 NANOCATALYST 
Pal and Bhaumik [129] reported the synthesis of mesoscopic 

self-assembled NiO–ZrO2 nano-catalyst (MNZ-1) using a non-ionic 
surfactant via evaporation self-assembly and calcination at 773 K 
for 5-6 h. The MNZ-1 exhibited good catalytic activity for the C-S 
cross-coupling and synthesis of diaryl sulfides with moderately 
high yields from reactions of different iodoaryl compounds with 4-
chlorothiophenol in an eco-friendly water medium (Scheme 39). 
The product yield was improved significantly from 39% at room 
temperature to (62-89%) at 353 K. The authors reported significant-
ly lower yields of products when the reactions were catalyzed by 
pure NiO or a physical mixture of pure NiO and ZrO2, and conclud-
ed that the surface area and mesoporosity of the self-assembled 
MNZ-1 nanocatalyst is an important factor in obtaining the higher 
yields. 

 
Scheme 37. n-FZSA-catalyzed one-pot synthesis of (A) 3,4-
dihydropyrimidinones, and (B) 1-amidoalkyl-2-naphthols. 

 
Scheme 38. ZrO2/Fe3O4-MNPs catalyzed synthesis of ethyl 2-methyl-4-
phenylquinoline-3-carboxylate. 

 
Scheme 39. C-S cross-coupling reaction using NiO–ZrO2 nanocrystals. 

The authors suggested the plausible reaction mechanism illus-
trated in Fig. (7) for the C–S coupling. First, the 4-chlorothiophenol 
forms a red colour complex with the Ni atom of the catalyst (inter-
mediate (I)); this was confirmed by the FT-IR spectrum of the thio-
Ni complex which revealed the disappearance of the characteristic 
S-H stretching bond of the 4-chlorothiophenol near 2550–2600 
cm−1. The authors’ suggestion that the thiol complexation is with 
the Ni rather than with the Zr ions was supported by the low activi-
ty of pure ZrO2 in this reaction. Then K2CO3 (B) promotes the reac-
tion of intermediate(I) with iodobenzene leading to the formation of 
a six-membered ring (II) via the oxidative addition of the iodo 
compound to intermediate (I). The electron-donating substituent 

facilitates the coordination of the metal to the π -bond of the aro-
matic ring providing higher conversion. Finally, intermediate (II) 
on reductive elimination via intermediate (III) gives the desired 
product. 

 
Fig. (7). Mechanism for the C–S coupling reaction. 

Bhaskaruni et al. [130] used nickel oxide loaded on zirconia 
(NiO/ZrO2) as an efficient catalyst to synthesize 18 unsymmetrical 
1,4-dihydropyridine derivatives (Scheme 40). With outstanding 
yields of 89-98% and a completion time of 20-45 minutes, the Lew-
is acidic character of the catalyst proved to be a good choice for the 
one-pot, four-component fusion reaction. According to mechanistic 
studies, enamine and imine functionality are two probable mecha-
nisms for the production of 1,4-dihydropyridines with good selec-
tivity. Two new compounds (5a, 5c) have their crystal structures 
described. 

Up to six cycles of reusability were demonstrated with the cata-
lyst. After each run, the catalyst was extracted from the reaction 
mixture, washed with ethanol, and dried at 120°C for 2 hours. This 
procedure is green and cost-effective due to the room-temperature 
reaction and use of ethanol as a solvent. 

 
Scheme 40. synthesis of novel unsymmetrical 1,4-dihydropyridine deriva-
tives. 

6. SYNTHESIS USING OTHER METAL OXIDES/ZrO2 
NANOCOMPOSITES AND ZrO2-SO3H NANOCATALYST 

Samantaray and Mishra [131] prepared pure ZrO2 and MoO3-
ZrO2 nanocomposite (10MoZr-G) from MoO3 (10 mol.%) and ZrO2 
oxides by solution combustion method using different glycine fuel 
contents. The 10MoZr-G nanocomposite was used to catalyze the 
synthesis of octahydroquinazolinones by multicomponent conden-
sation of dimedone, urea and arylaldehydes in aqueous media under 
solvent-free conditions using microwave irradiation (Scheme 41). 
The 10MoZr-G catalyst was reported to be more active than other 
composites prepared by using other fuel types such as urea and 
hexamethylene, giving a relatively high yield in a short time (180 
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s). The catalyst was recovered, washed with ethanol, and heat treat-
ed at 400°C for 1 h, and its catalytic activity was evaluated. The 
regenerated catalyst was reported to produce the target product 
without a significant decrease in the yield in three successive cy-
cles. 

 
Scheme 41. One pot synthesis of octahydroquinazolinones using 10MoZr-G 
catalyst. 

Biklarian et al. [132] created four unprecedented DHPMs 22% 
Co/CeO2-ZrO2 catalysed as a unique catalyst in refluxing acetoni-
trile using a simple modification of Biginelli's dihydropyrimidinone 
and thiones synthesis (Scheme 42). This approach is complemen-
tary to existing methods because of its high product yields, gentle 
reaction conditions, and straightforward procedure. After calcina-
tion at 800-850°C, XRD patterns of nano spherical catalysts 
Ce0.75Zr0.25O2 cubic structure with 32 nm crystallite size implies a 
22% Co content. Furthermore, the catalyst may be easily recovered 
and reused (up to four times) without a significant decrease in activ-
ity, which is advantageous from a green chemical standpoint. The 
catalyst was filtered and rinsed with diethyl ether at the end of the 
process. A second or even third reaction could be performed on the 
recycled catalyst. 

 
Scheme 42. Synthesis of 1,2,3,4-tetrahydro-2-pyrimidinones and thiones by 
using 22% Co/CeO2-ZrO2 nanocatalyst. 

Sudarsanam et al. [133] create an innovative and simple method 
for synthesising cyclopentanone, a useful industrial component 
(Scheme 43). As a result, CexZr1-xO2 and CexZr1-xO2/M (M = SiO2 
and Al2O3) ceria–zirconia-based nano-oxide catalysts were devel-
oped and tested for the title reaction. C, CZ, CZ/A, and CZ/S sam-
ples had average crystallite sizes of 8.9, 4.7, 3.7, and 3.4 nm, re-
spectively. The catalytic results showed that nano-oxides based on 
CexZr1-xO2 are promising heterogeneous catalysts for cyclopenta-
none production. Because of its advantageous physicochemical 
features, the CexZr1-xO2/Al2O3 catalyst achieved 100% conversion 
with 75% targeted cyclopentanone product selectivity. 

 
Scheme 43. Synthesis of cyclopentanone from dimethyl adipate by using 
nanostructured ceria–zirconia solid solution catalysts. 

Wang et al. [134] reported the synthesis of a number of ZrO2–
Al2O3–Fe3O4 (ZAF) nanocomposites with different zirconia and 
alumina molar ratios relative to magnetite (the molar ratio of which 
is taken as 1). The catalysts were structurally and chemically char-
acterized in details using different techniques, and the esterification 
of acetic acid and n-butyl alcohol for the synthesis of n-butyl ace-
tate as a model reaction examined their catalytic activity. The max-
imum conversion of 90% was obtained by using the catalyst ZAF-
16/16 (ZrO2:Al2O3:Fe3O4 molar ratios of 16:16:1). Subsequently, 
the optimal catalyst ZAF-16/16 was used for the synthesis of bis-
indolylmethanes and other organic reactions shown in (Scheme 44). 
The results of the study highlighted the importance of the proposed 
methodology for the synthesis of a variety of biologically active 
pharmacological heterocyclic compounds. The reactions gave mod-
erate to good yields of the target compounds. On the other hand, the 
magnetic nanoparticles in the catalyst facilitate a simple magnetic 
recovery of the catalyst for subsequent reactions, which proceeded 
without obvious loss of the catalytic activity. 

 
Scheme 44. ZAF-catalyzed reactions for (A) the synthesis of bis-
indolylmethanes, (B) Hantzsch reaction, and (C) Biginelli reaction. 

Mahdavi et al. [135] present the synthesis and catalytic activity 
of a ZrO2/Al2O3 nano-catalyst that transforms oleic acid and metha-
nol into fatty acid esters under high voltage circumstances in a low 
temperature and atmospheric pressure process (Scheme 45). This 
protocol's key benefits are the use of a low-cost and reusable cata-
lyst, high yields in a short period of time, and environmental friend-
liness. 

In four runs, the reusability and recycling of nano-catalyst were 
also examined. The findings revealed that the nano-catalyst can be 
reused multiple times (up to 4 runs) without losing catalytic activi-
ty. The nano-catalyst was separated, washed, and dried at 80°C for 
the next reaction after each reaction. 

Narasimhamurthy et al. [136] describe the production of a nano 
acid catalyst ZrO2-Al2O3 using urea as a fuel and the evaluation of 
its catalytic efficacy in the synthesis of a variety of novel substitut-
ed dihydroquinazolinones (Scheme 46). 

Under mild circumstances, the catalyst was shown to be a high-
ly effective solid acid catalyst, with substantial catalytic activity in 
converting substituted 2-aminobenzamides to analogous 2, 3-
dihydroquinazolin-4-(1H) –ones. The improved synthesis process is 
simple, quick, and efficient, and it has the potential to become one 
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of the most effective methods for obtaining pharmaceutically valu-
able dihydroquinazolines. Solid acid catalytic material was filtered 
from the reaction mixture, washed with ethanol, dried for 1 hour at 
120°C, and calcined for 0.5 hours at 550°C. A reactivated solid acid 
catalyst was employed in the next reaction cycle to synthesize 2, 3-
dihydroquinazolin-4(1H)-ones under comparable reaction condi-
tions. The utilized solid acid catalyst was reactivated and reusability 
was tested four to five times. 

 
Scheme 45. Synthesis of fatty acid esters by using oleic acid and methanol 
by using Nano catalyst ZrO2/Al2O3 under high voltage conditions. 

 
Scheme 46. Synthesis of 2,3-dihydroquinazolin-4 (1H) using ZrO2-Al2O3 
nano catalyst. 

Khan et al. [137] describe the synthesis of coumarin in a sol-
vent-free environment at room temperature utilising zirconia-based 
heterogeneous catalysts (ZrO2-Al2O3, ZrO2-ZnO, and 
ZrO2/cellulose) (Scheme 47). In comparison to ZrO2-ZnO, ZrO2-
TiO2 showed the best catalytic performance for this process. The 
rate of reaction in a solvent-free environment is 1.7 103 g mol1 
min1 at ambient temperature. At 60°C, however, the rate of reac-
tion in ethanol is 1.7 102, and in toluene is 5.6 103 g mol-1 min-1. 
FESEM was used to analyse the morphology of ZrO2-TiO2, ZrO2-
ZnO, and ZrO2/cellulose. The ZrO2-TiO2 was grown as particles, 
while the ZrO2-ZnO was produced in the shape of a flower. ZrO2- 
ZnO was mostly formed as nanoparticles with an average size of 
25–30 nm clumped together to form a flower-shaped structure. 
ZrO2 was developed as particles on the surface of cellulose in the 
case of ZrO2/cellulose. 

 
Scheme 47. Zirconia-based catalyst for the one-pot synthesis of coumarin 
through Pechmann reaction. 

Shojaei et al. [138] used synthesized nanostructured 
RuO2@ZrO2 as a heterogeneous catalyst and microwave irradiation 
in acetonitrile to establish a simple and highly efficient process for 
the oxidation of benzylic alcohols to the corresponding aldehydes 
or ketones (Scheme 48). Under mild circumstances, the catalyst has 

excellent activity and high conversion. After the reaction was com-
pleted, the catalyst was centrifuged and cleaned with deionized 
water and chloroform before being dried and reused in consecutive 
cycles. RuO2@ZrO2 4 wt% can be reused three times without con-
siderable activity loss, according to the conversion results. 

 
Scheme 48. Oxidation of Benzyl alcohol by using RuO2@ZrO2 core–shell 
nano particles under different conditions. 

Shabalala et al. [139] present a very efficient approach for syn-
thesizing 1,4-dihydropyridine compounds utilizing a 2.5% 
Y2O3/ZrO2 heterogeneous catalyst in their study. In the green sol-
vent ethanol, substituted aldehyde, malononitrile, 4-bromoaniline, 
and dimethylacetylenedicarboxylate are combined in a one-pot 
four-component synthesis (Scheme 49). Easy set-up, green solvent, 
low reaction durations (less 20 minutes), energy efficient reaction 
conditions, no chromatographic separation procedures, and out-
standing yields are all advantages of this unique methodology (88-
95%). 

The reaction mixture was simply filtered under vacuum, 
washed with ethyl acetate, and dried in a vacuum oven at 110°C for 
3 hours after the reaction was completed. In the subsequent reac-
tions, the flexibility of the recovered catalyst for reuse was exam-
ined, and no yttria leaching was observed. It can be reused for at 
least six runs in consecutive reactions without losing substantial 
yield. 

 
Scheme 49. Synthesis of novel 1,4-dihydropyridine derivatives. 

Nakhaei A. [140] developed a new method for synthesising thi-
azole compounds from acyl chloride, ammonium thiocyanate, ami-
no acids, and alkyl bromides catalysed by nano-Fe3O4@ZrO2-
H3PO4 (n-FZPA) in high yields in a fast reaction time using con-
ventional or magnetised water and a simple work-up procedure 
(Scheme 50). Overall, the magnetised water performed better as a 
reaction solvent. The catalyst can be easily recycled by magnetic 
separation, and it can be reused up to four times without losing any 
catalytic activity. The catalyst is low-cost and easy to obtain, as 
well as stable and storable.  
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Scheme 50. Synthesis of thiazole derivatives in the presence of n-FZPA. 

NU-1000 is a porous Zr-based metal-organic framework (Zr-
MOF) that is an effacious catalyst support due to its distinct crystal 
structure, protonic grafting sites on its nodes, and thermal stability, 
which together help with catalytic reactive site studies. Cui et al. 
[141] created V-NU-1000, a vanadium oxide catalyst based on NU-
1000 synthesised by solvothermal deposition in MOFs (SIM). The 
catalytic activity of V-NU-1000 is investigated using 4-
methoxybenzyl alcohol oxidation in an O2 atmosphere, and it is 
discovered that it has higher conversion and selectivity than vana-
dium oxide supported on high surface area zirconia (V-ZrO2) 
(Scheme 51). 

Recyclability and leaching studies show that the recollected V-
NU-1000 retains equal catalytic ability to the fresh catalyst with no 
loss of metal loading. With a turn-over frequency (TOF) of 2.6 h-1 
measured at a conversion level of 3.2 percent, V-NU-1000 exhibit-
ed a conversion of about 56 percent after 8 hours. As shown by GC-
MS, this catalyst is highly selective (>99 percent) for the synthesis 
of 4-methoxy benzaldehyde without generating the over-oxidized 
product 4-methoxy benzoic acid. 

 
Scheme 51. Synthesis of 4-methoxybenzaldehyde by oxidation 4-
methoxybenzylalcohol using V-NU-1000 as nanocatalyst. 

By cyclo-condensation of aromatic aldehydes, 5,5-dimethyl-
1,3-cyclohexanedione, acetoacetanilide, and ammonium acetate, 
Bhaskaruni et al. [142] establish a viable technique for the one-pot, 
multicomponent synthesis of 1,4-dihydropyridine derivatives em-
ploying aromatic aldehydes, 5,5-dimethyl-1,3-cyclo Using ethanol 
as a solvent and V2O5/ZrO2 as a heterogeneous catalyst, ten novel 
1,4-dihydropyridines were synthesised at room temperature (reac-
tion time: 20 min) (Scheme 52). XRD, TEM, SEM, and BET were 
used to characterise the catalyst materials. Simple set-up, green 
solvent, short reaction times, mild reaction conditions, and good 
yields (90-96%) are the advantages of this unique approach. With-
out the use of chromatography, the reaction product can be easily 
isolated in pure form. 

Heterogeneous catalysts have the advantage of being easily re-
cyclable, making them a great choice, especially in terms of cost 
and environmental benefits. As a result, examination of the stability 
of catalyst recycling has been conducted. The catalyst was vacuum-
separated from the reaction mixture after each run, washed with 
ethanol solvent, and dried for 4 hours at 120-130°C. The recycled 
catalyst showed no significant loss of catalytic activity even after 
five cycles, showing that there is no leaching or loss of vanadia 
throughout the process and that it is intact in the zirconia lattice. 

Thimmaraju et al. [143] used the solution combustion method 
(SCM) to prepare solid acids such as Al2O3, ZrO2, and ZrO2–Al2O3
containing different ZrO2 loadings (10–100 mol percent) and char-

acterised them for total surface acidity and crystallinity using the 
NH3-TPD/n-butylamine back titration method and powder X-ray 
diffraction (PXRD) technique respectively. With acetic anhydride 
(AA) as an acetylating agent, these solid acids were tested for their 
catalytic activity in the synthesis of new O-acetylated compounds 
from substituted phenols, pyridine alcohols, and aryl alcohols 
(Scheme 53). The catalyst, molar ratio of the reactants, reaction 
temperature, and catalyst amount were all changed to improve the 
reaction conditions. In this investigation, all of the solid acids uti-
lized had good catalytic activity in the process. ZrO2–Al2O3 with 80 
mol% ZrO2 was shown to be very active in the acetylation reaction, 
yielding a high yield of acetylated products. Surface acidity, crys-
tallinity, and catalytic activity of solid acids were found to have a 
triangular relationship. It was discovered that these solid acids may 
be reactivated and reused. 

 
Scheme 52. Synthesis of 1,4-dihydropyridine moieties via V2O5/ZrO2 as a 
heterogeneous catalyst. 

 
Scheme 53. O-acetylation of different hydroxyl compounds with AA over 
ZrO2–Al2O3 solid acid. 

7. SYNTHESIS USING ZrO2-SUPPORTED Cu(II)–β-
CYCLODEXTRIN AND AU/ZrO2 AS A CATALYST 

Girish et al. [144] prepared ZrO2 nanoparticle-supported Cu 
(II)-β-cyclodextrin complex to catalyze the synthesis of N-2-
substituted-1,2,3-triazoles via azide-chalcone oxidative cycloaddi-
tion and post-triazole alkylation using a one-pot multi-component 
stepwise approach (Scheme 54). The authors have introduced the 
N-2 alkylation of triazoles using different aryl-alkyl esters without 
any additives as a novel approach. The reported simple and atom-
economical synthetic route exhibited regioselectivity and good 
yields (~81%). The recovered catalyst maintained its high catalytic 
activity for four consecutive reactions. The small decrease in the 
catalytic activity (81% to 77%) could be partially attributed to a 
small loss of the catalyst during the recovery process. 

 
Scheme 54. N-2-substituted-1,2,3-triazole in the presence of ZrO2-Cu2-β-
CD. 
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Motivated by the potential of Au/ZrO2 NPs as an efficient pho-
tocatalyst for organic synthesis due to their limited to a small area 
surface Plasmon resonance (LSPR) effect, Zheng et al. [145] pre-
pared Au/ZrO2 nano-powders (average particle size of 5 nm) by a 
solution method for employment as a heterogeneous catalyst used 
in organic transformations. In this study reveals that the photosyn-
thesis of imines from alcohols & aniline raised by aerobic oxidation 
of the alcohols by the nucleophilic addition of aniline (Scheme 55). 
The reaction was carried out by using dimethyl sulphoxide (DMSO) 
as a solvent. The imines in reactions performed with 3 wt% 
Au/ZrO2 and irradiation by visible light at room temperature were 
high (over 90%) compared to reactions performed without irradia-
tion. The reaction outcome depended strongly on the intensity and 
wavelength of the light, and the catalyst was recovered and reused 
for at least five successive reactions. The results of the study indi-
cated that the reaction of alcohols with aniline in the presence of 
Au/ZrO2 as the photocatalyst can proceed under environmentally 
friendly conditions. 

 
Scheme 55. Synthesis of Imine from alcohols and aniline by using Au/ZrO2 
as a photocatalyst. 

The alcohol was initially oxidised to an aldehyde in the pres-
ence of Au/ZrO2 under an O2 environment and exposure to visible 
light, according to the authors' probable reaction mechanism (Fig. 
8). Alcohol is oxidised by the Au-NPs by the process of electron 
capture because of the strong electro negativity of gold. By promot-
ing interband electronic transitions in Au NPs through the LSPR 
effect, visible light can catalyse the oxidation of organic molecules 
while also releasing energy. 

 
Fig. (8). Possible mechanism for the synthesis of imines from aniline and 
alcohols over Au/ZrO2. 

An oxygen atom can be inserted between the carbon-hydrogen 
bonds as a result of the Au nanoparticle pulling on the hydrogen 
atom bound to the carbon. As a result, a water molecule is taken 

out, and aldehyde is created. An atom of hydrogen is drawn off of 
the amine by the catalyst, which is a nucleophilic reagent with a 
single pair of electrons. The amine then attacks the carbonyl group, 
resulting in a nucleophilic addition process (the CQ-O bond was 
broken, and the hemiacetal amine intermediates were obtained). 
The imine was eventually created after removing a water molecule 
from the intermediates. 

CONCLUSION 
This article discusses current advancements in the synthesis of 

organic materials using zirconium compounds as green catalysts. 
The importance and benefits of zirconium compounds as catalysts 
or reagents in organic reactions were amply illustrated by the ex-
amples in this review appreciation of their high reactivity, distinc-
tive selectivity and methods of recyclability. Even though these 
results are encouraging, much more work must yet be done in this 
field to investigate the potential uses of zirconium compounds fully. 
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CONTEMPORARY ISSUES OF INDIAN
AGRICULTURE SECTOR

Dr. Vinod Madhao Barde*

Abstract:
Agriculture is the Foundation of the Indian economy. There was a great importance to

agriculture in 18th century. Even today also farming occupation is an important because
52% population of India are in agriculture sector as a profession. Out of total national
income in India, ¼ income is from agriculture and allied sector. Agriculture was traditional
and non-developed with low labour source and productivity. Farmers used to adopt old
traditional method for cultivation of land. Use of chemical fertilizers was so limited.
Agriculture was only cultivated for survival but not for income. During green revolution
productivity has been raised in India. Due to new technology involvement in agriculture
water and irrigation is most essential, which affects the uncertainty reflects concerning to
the agriculture productivity. Its truth that in future also agriculture sector will play an
important role in India. Currently many farmers migrated to urban areas for the searching
job in industrial sector. Several farmers committed suicide the reason of crop production
failure, increasing loan, water unviability. Farmers faced Emerging challenges like Rain-
water uncertainty, climate changes, overburden of population, demand and supply of product,
economic problem, lack of  marketing knowledge, insufficient finance etc.In this research
paper discuss the importance of emerging issues of Indian agriculture sector, and which
scheme implemented for the farmers.

Keywords: Agriculture, farmers, challenges, scheme, income.

Introduction :

India is apredominantly agricultural nation. Agriculture is important to the Indian
economy. Agriculture is a tool of economic production and medium of cultural development.
Agriculture is a backbone of Indian economy. There was a great importance to agriculture
in 18th century. Even today also farming occupation is an important because 52% people

* Assistant Professor, Dept. of Commerce, Yashawantrao Chawhan  Arts, Commerce & Science
College Lakhandur
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of India are in agriculture sector as a profession. Out of total national income in India, ¼
income is from agriculture. Its truth that in future also agriculture will play an important
role in India.

During Indian independence, agriculture was traditional and non-developed with low
labour source and productivity. Farmers used to adopt old traditional method for cultivation
of land. Use of chemical fertilizers was so limited. Agriculture was only cultivated for
survival but not for income. Commercialization of farming had been not propagated with
limited utilization of money. Indian agriculture was totally dependent on nature. Around
54.21% agriculture was dependent on monsoon in the year 2015-16. Even today also nature
plays an important role in farming sector.

Due to hybridization of seeds (except wheat) the dependency on nature has been
increased drastically. During green revolution productivity has been raised in India. Due to
new technology involvement in agriculture water and irrigation is most essential, which
affects the uncertainty reflects concerning to the agriculture productivity. Agriculture
development is high and steady in irrigation facility prone area. There is total uncertainty
to non-irrigated and monsoon dependent agriculture land.
Objectives of the Study :

1. To understandthe Significance of the Agriculture sector.
2. To Research the issues facing the Agriculture sector.
3. To study the scheme for the farmers.

Research Methodology
The current study is based on secondary data that is primarilydescriptive. The

information gathered from the ministry of Agriculture & Farmers Welfare's, Annual Report,
the Reserve Bank of India Bulletin, the Indian Economic Association, Report, the NABARD
Reports,articles, books, journals, websites and government publications.

Importance of Agriculture in Indian Economy :
An important part of the Indian economy is Agriculture. In 2021-22, 45.6% of the total

work force in India will be employed in activities related to agriculture and associated
sector, According to the government of India's “Annual Report of the Department of
Agriculture & Farmers Welfare Ministry of Agriculture & Farmers Welfare”,at current
prices, agriculture's contribution tonational income (Gross Value Added) that year was
18.8%. In India, agriculture is expected to contribute 14.2% of exports and 18.8% of GDP
in the years 2020-21. According the the government's 2018-19 report, out of the total
geographical area, 139.3 million hectares were recorded as net deeded and 197.3 million
hectares as gross cropped, with a cropping intensity of 141.6%. The net area sown is 42.4%
of the total area.

Scheme for the farmers :
PM KISAN Program : It is program of the federal government to help land holding

farmers with their financial needs. With this program, land holding farmers receive a direct
benefit transfer of Rs. 6000 per year in financial benefit. In Accordance with the economic
surveyfor 2022-23, the program covered approximately 11.3 crore farmers. This program
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has aided farmers in making profitable investment in agriculture endeavors. In 2023
(Varsney& Joshi).

PMFBY : Pradhan MantriFasalBimaYojana, is the world's largest crop insurance
programme. Every year, over 5.5 crore farmers engage in this programme. The programme
guarantees that farmers will have less financial risk because they only have to pay 1.5% of
the entire premium during the Rabi season and 2% during the Kharif season. Farmers paid
a premium of Rs. 25,186 crore during the last six years of its implementation and received
claims of rupees 1.2 lakh crore (as of 31 October 2022).

KISAN Credit (KCC) : In order to encourage farmers to buy agricultural inputs and
services such as seeds, fertiliser, pesticides, etc. on credit, the Kisan credit card programme
was created in 1998. According to the Indian Economic Survey, banks provided Kisan
Credit Cards (KCC) to 3.89 crore eligible farmers as of December 30, 2022, with a KCC
limit of $4,51,672 billion (Varsney & Joshi, 2023).

Mission for Integrated Development of Horticulture (MIDH) : The objectives of
the Mission for integrated development of horticulture is to promote increasing the
horticulture production area and farmers income. In This programme, which includes fruits,
vegetables, plantation crops, spices, flowers, and root and tuber crops, was introduced in
2014-15. Economic survey statistics show that on a surface area of 28.0 million hectares, a
record production of 342.3 million tonnes was attained. Twelve of the fifty-five horticultural
clusters designated by the Indian central government have been chosen for the Cluster
Development Program trial phase.

Challenges of Agriculture Sector : Since the green revaluation, there has been a
significant change in the country's food situation. India experienced a severe food scarcity
and widespread starvation, and millions of people's lives were saved by food imports. High
Yielding Varieties of wheat and paddy were made available after the green devaluation,
and irrigation was increased.Improved and High Yielding Varieties were also developed in
many other crops. These changes effect on land quality, ecosystem, and environment.
Therefore it is imperative to discuss challenges facing Indian agriculture.

Dependability of Rainfall : In the more than fifty percentage parts (over 56%) of the
country, agriculture is mostly dependent on rainfall, specially the summer monsoon.
Inappropriately, the behaviour of summer monsoon is highly unpredictable. Therefore, the
variability of rainfall is high which affects the agricultural return unfavourably. Just 54.21
percent of the total planted area is irrigated, which gives farmers greater assurance about
their agricultural revenues even when the monsoon fails, as it did in 2015-16, according to
the Government of India Report.

Climate Changes : Currently the climate change is significant factor, those effecting
on agriculture productivity. Increasing temperature along with increased occurrences of
unsafe weather circumstances have made climate change a major hazard to Indian agriculture
sector and productivity defeat.

Over burden of population :
Indian agriculture is characterised by a significant population burden. A total of 46%

of the nation's population is either directly or indirectly reliant on agriculture.At present,
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due to the CORONA pandemic heavy burden on agriculture. Per head availability of
agriculture land has decreasing, but the rate of population increasing, hence dependability
on agriculture of population is increased.

Economic Problems:Indian farmers are basically poor, it is not possible to buy
agricultural machinery, use of new technology, improved seeds. Therefore, it is not possible
to do new experiments in agriculture and to practice modern agriculture. Due to the high
indebtedness of the farmers, after deducting the expenses from the income, the remaining
amount does not meet even his primary needs, so the poor farmer is getting poorer.

Demand and Supply: If the farmers hark work is supported by nature, the farm yields
huge income, at a time when supply is high, demand is low, and thus prices are low. Adequate
godowns have not yet been created by the government in Indian to store the goods without
selling them at falling prices when the cost of the increased production falls. In fact, it
seems to be ignored at the government level. While promising to double the production of
the country's farmers, there has been no substantial achievements in the last decade in
terms of building basic facilities for it. As a result, due to the neglect of the storage of
agriculture produce, crores of goods are seen to be worthless. In the five years from 2017
to 2022, more than 13 thousand tons of grain was wasted due to lack of necessary facilities
in the government grain godown. This is evident from the figures of the Ministry of Food
and Civil Supplies of the Central Government.

Traditional Method: A most of the Indian farmers are still farming with old traditional
tools, are overall production is growing slowly. Lack of capital required to use modern
technology and tools, lack of technical knowledge and lack of support from the
administration level, while implementing the plans at the government level is causing Indian
farmers to fail to use new technology. It affects the total production of the farmer and it is
seen that the economic condition is getting weaker.

Lack of Marketing: Due to the large number of middlemen in the Indian market, the
farmer does not sell the crop directly to the consumer. Whereas the middlemen buy the
goods from the farmers and get the brokerage money. Bargaining power is low as farmers
are unorganized and their organizational power is low. Due to the lack of market prices and
related information, it is seen that Indian farmers are losing profit by selling their goods in
market.
Conclusion :

The government's actions to increase crop and livestock productivity, guarantee certainty
of return to farmers through price support, encourage crop diversification, improve market
infrastructure by providing encouragement for the formation of farmer-producer societies,
and promote investment in infrastructure facilities have all contributed to the sector's resilient
performance over the past few years. Inadequate infrastructure, inadequate irrigation, and
a lack of market expertise, particularly in rural regions, are the major issues that currently
plague Indian agriculture.
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Population Charactstics and it's Impact on Socio 

Economic Development of Gadchiroli District : 
A Geographical Analysis 

Abstract 

Prof. (Dr.) Ganesh L. Dhote * 

Prof. (Dr.) Kishor Y. Thakare ** 

Gadchiroli is the large district in the maharashtra state having 4.69% of the area of the 

state. Gadchiroli district is located in the some what eastern part of maharashtra. The west 

side in district wainganga river basin.its impact over the distribution of population as well 

as density of the population of the Gadchiroli district and East side of district cover on 

forest .therfour population on the region is low .Gadchiroli districts holds 1.87% of 

population to the state over 4.69% of its area among the 12 tehsil. Chamorchi teshil is the 

most population while korchi is the least population. Population live in rural area of 
88.00% .The populationof sc and st in district shows trend the study 2011. The % of S.C. 

population 11.25%. while S.T. population 38.70%.In this census 2011 the percent of 

Scheduled cast population was 11.25% and Scheduled tribles population was 38.70%. Out 

of Scheduled cast population of the districts 41.76% lived in rural areas and 14.44% lived 

in urban area.Qualitative population accelerates the socio-economic condition of the reason. 
Topographical accessibility helps to the people for better development while inaccessibility 
stands as a obstacle. 

Key Word: population distribution, Growth, Density, Economic structure, Socio-Econimic 

Development. 
Introduction 

The proposed study aims to highlight the major characteristics of population and the 
impact of its on socio-economic development with special reference to the geographical 
region of the Gadchiroli districts. The study of population never be viewed in 
isolation.Population and other physical environmental and geographical etc. factors are 
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Arts, Commerce & Sc., College, Lakhandur Dist-Bhandara 
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interrelated. population its self is an important aspcct. Characteristics ofpopulation involves 
distribution ofpopulation, growth of population, standard of living, density and cconomic 

structure. 
These Characteristics are useful to understand population personality of the region.The 

study is related to the distribution of population. 
Physical factor involves the topographical features such as mnountain, plateaus and 

plains. The distribution of population is concerned, mountains play favorable as well as 
unfavorable roles. Normaley pleteaus are suitable for human scttlement while plain 
aceclerates the population growth. The CGadchiroli districts on which the study includes 
mountain ous and forest arcas of cast region. 
Objectives of the study 

The majour objectives of the present study is to make a comprehensive and impact of 
socio- economic development of Gadehiroli district. 
Hypothesis 

Population characteristics has impact on social and cconomic aspects of the region. 
Data Base & Methodology 
The data collectcd and used for the period various census book ,districts statical 

abstract,socio-cconomical revicw of Gadchiroli district ctc. 

Study Area 
Gadchiroli is the large district in the maharashtra state having 4.69% of the area of the 

state .Gadchiroli district is located in the some what castern part of maharashtra lying 
between 18°46' north to 20°50' north latitudes and 79°46' cast to 80°SS'cast longitude. 
Geographical area of the district is 15433.10 sq.km. Which is 4.69 ? of the total area of the 
maharashtra. The population as per 2011 census is 10,72,942 out of which 9,54,909 is 
rural and 1,18033 is urban population. The area of the district is distributed among 12 sub 
divisions [Tahsil] .For the administrative purpose. 

Physiography is one of the dominant paeameter of physical environmental, The district 
includes the gondwana land its three division,easted of shoots as Tipagadh & surjagadh 
range ,the middle land is slope and western part of wainganga river basin. Forest cover in 
the districts is 77% above. 

The climate of the districts is mainly monsoon type. It,s is characterized with hot 

summers and dry winters.The winter season which last February. The average annual rainfall 
in the districts is 1150.00m.m. the average temperature of the district is 41° cg during 

Summer season and winter season lowest temprature in December 11°cg. The drainage of 
Gadchiroli districts deals with three major river, the wainganga in the west,Indrawati river 
in east- south, and Godavari rivers in west-south. Minerals, especially of economic 
importance are avalible in the district. The forest covered in distrist 76% and surjegadh 
range in Iron minerals on Etapalli tahisil. 

Impact of physiography on population characteristics of the District 
Physiography or physical set of the Gadchiroli District is unique in nature. The district 

is a elevated tableland. It,s location to the wainganga river in west border:The physiography 
of the district.Indrawati river in the south border and east border surjagadh.The west side 
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in district wainganga river basin. its impact over the distribution of population as well as 
density of the population of the Gadchiroli district and East side ofdistrict cover on forest 
.therfour population on the region is low 

Tahsil wise population [%] in Gadchiroli District -201 

Sr. no 

1 

2 

3 

Cast wise Population 

6 

9 

10 

11 

12 

TABAL-1 
Name of the 

Tahsil 

Desaiganj 
Armori 

Kurkheda 

Korchi 

Dhanora 

Gadchircoli 

Chamorchi 

Mulchera 

Etapalli 

Bhamragadh 

Aheri 

Sironcha 

District 

Population 
in [%] 

7,79 

9.06 

| Schedule Caste and Scheduled Tribles ] 

8.02 

3.99 

7.70 

13.60 

16.69 

4.27 

7.63 

3.38 

10.90 

6.97 

Source:Gadchiroli district,census,report-20 1 

100.00 % 

Korchi taluka bears 3.99%, Muiehera 4.22% �Bhamragadh 3.38%, Dhanora 7.70%, 

Sironeha 6.97% Ettapallil 7.63%, These distributions are due to somewhat impact of the 

physiography of the region the region with river of waingang,pranhita,godavari,chimorchi, 
aheri shows 7.79%,905%,13.60%,10.90% (2011) population growth. 

The 2011l census record shows following distribution of density in the district. The 

region with low density below 100 consist korchi, Dhanora, Etapalli,bhamgradh are 

dominance in physiography, which shows,its impact over population density of the region. 
The region with high density are Desaiganj, Armori, Gadchiroli,Chimorchi are in the 
wainganga basins. 

Districts census handbook [2011] contains data about schedule cast and scheduled 

tribes. This data is usefully for plan out their socio-ecoromic enlistment and both the planners 
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and administrator 

S.C. and S.T. population in Gadchiroli district- 2011. 

Taluka 

Desaiganj 
Armorni 

Kurkheda 

Korchi 

Dhanora 

Gadchiroli 

Chimorchi 

Mulchera 

Etapalli 

Bhamragadh 

Aheri 

The population of s.c. and s.t. in district shows trend the study 2011. The % of S.C. 

population 11.25%. while S.T. population 38.70%. 

Sironcha 

Cast 

District 

S.C. 

S.T. 

Total 

83,607 

97,097 

86.073 

42,811 

82.698 

S.C. 
Population Population Populatin 

1,45,963 

1,79,120 

45,787 

81,713 

36.325 

1,16,992 

74,756 

Total 

10,72,942 

11.25 

38.70 

14138 

11368 

8963 

3442 

3934 

21,023 

16.135 

TABAL1 

2726 

2893 

1128 

16683 

18,312 

Rural 

1,20,745 

10.67 

41.71 
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S.C. 

16.91 

11.71 

10.41 

8.04 

4.76 

% 

14.40 

9.01 

5.95 

3.54 

3.11 

14.26 

24.50 

Urban 

11.25 

15.98 

14.44 

7119 

S.T. 

Population Populatin 

23.120 

46.826 

31.333 

58,745 

28,421 

32,623 

14,834 

66,597 

29.459 

58,233 

17,916 

S.T. 

4,15,306 

8.61 

% 

23.81 

54.40 

73.19 

71.19 

19.47 

18.21 

32.40 

81.50 

81.10 

49.78 

23.97 

38.70 

In Gadchiroli district S.C. Population was 1,20,745 [11.25%] in 2011. Sironcha taluka 
most S.C. population 24.50% and bhamragadh taluka lowest population 3.11%. 

The Gadchiroli district S.T. Population was 4,15,306 [38.70 %] and S.T. population 
Etapalli taluka most S.I. population 81.50% and Desaiganj taluka lowest population 
8.61%. The urban area most ratio in s.c. poipulation and rural area most ratio in s.t.population. 
Scheduled Cast and Scheduled Tribe Occupational Characteristics: 

People are engaged in different works as a economic activities. These activities are 



closed in three categories as primary activities (Cultivators, Agricultural laboures, livetock, 
Forestry, Fishing, Hunting, Plantations, and mining etc.) Secondary activities 
(Manufacturing, processing, reprising in household etc.), and Other activities (Trade, 
Transport,Communication etc. The Gadchiroli district has population of these categories 
accelerate their socio-economic life. 

Tahsil 

Amonì 

Desaiganj 14138 

Kurkheda 

Korchi 

Dhanora 

Gadchiroli 

Mulchera 

Etapalli 

Population 

Aheri 

S.C. S.T. 

Sironcha 

Total 

I1368 

Chimorchi 16135 

8963 

3442 

3934 

21023 

Bhamragadh 1128 

2726 

2893 

16683 

18312 

120745 

7119 

23120 

46826 

31333 

SN745 

28421 

32623 

J4834 

66597 

29459 

hTotal 
workers 

S.C. 

7127 

6389 

$129 

1985 

2220 

$226 

8675 

1516 

1443 

658 

58233 8065 

S.T. 

415306 64854 

3647 

12885 

26894 

18089 

34326 

14793 

18708 

7870 

36995 

17218 

29182 

17916 11818 10737 

Table-3 

Main 
workers 

S.C. S.T. 

4310 

867 

2967 

|140 

I626 

7101 

S824 

719 

1005 

4S7 

S695 

8568 

2203 

8688 

|5472 

10592 

23104 

9984 

12305 

4194 

26930 

14279 

19865 

7062 

232344 43279 154681 

Primary 
activitics 

S.C. 

2675 

71.98 

2914 

75.28 

2311 

77.88 

794 

69.64 

1212 

74.53 

3557 

S0,08 

4436 

76.16 

$40 

75.09 

602 

59.89 

278 

60.83 

4026 

70.66 

7867 

S.T. 

91.81 

685 

S2.65 

7656 

88 11 

|4053 

91.02 

9842 

9292 

21581 

84.99 

6414 

64.13 

10405 

88.66 

3754 

89.50 

24679 

91.63 

13043 

91.33 

16466 

82.88 

Secondary Other 
activities activitics 

6294 

S.C. S.T. S.C. 

161 

3.73 

85 

2.19 

42 

1041 

39 

3.42 

47 

2.89 

158 

2.22 

58 

0.99 

08 

1.!1 

24 

2.38 

O8 

119 

2.08 

47 

2.13 

10 

I26 

I57 

86 

().81 

226 

0.98 

181 

181 

82 

0.66 

35 

0.83 

317 

L.18 

167 

1.16 

184 

89.12 2.14 

31212 136655 933 1599 

155 

0.78 

36 

0.50 

1474 

868 

(22 4-4) 

614 

(20 69) 

307 

(26 92) 

367 

(22 57) 

3386 

(47.68) 

S.T. 

474 

171 

(21 481 

922 

tI0 6) 

1262 

(8. 15) 

664 

(621) 

1297 

(S.61) 

3325 

(33 30) 

1330 1218 

(22.83) (9.89) 

171 405 

379 1934 

1069 

(3741) (7.48) 

1550 3244 

(27.21) (16.33) 

S17 613 

(6.03) (8.68) 

I1134 16427 

The Tables gives distribution of workers by three categories of economic activities in 
the district of 2011.The proportion of all these categories difference from tahsil to tahsil.The 
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72.71 88.35 2.15 1.03 

(23.78) (9.66) 

(37.71) (7.18) 

(25.72) (10.62) 



closed in three categories as primary activities (Cultivators, Agricultural laboures, livetock, 
Forestry, Fishing, Hunting, Plantations, and mining etc.) Secondary activities 

(Manufacturing, processing, reprising in household etc.), and Other activities (Trade, 
Transport, Communication etc. The Gadchiroli district has population of these categories 

accelerate their socio-economic life. 

Tahsil 

Desaiganj 

Anon 

Kurkheda 

Korchi 

Dhanora 

Gadchiroli 

Chimorchi 

Mulchera 

Etapalli 

Aheri 

Sironcha 

Population hTotal 

Total 

S.C. 

14138 

8963 

JI368 23120 

3442 

16135 

Bhamragadh 1128 

2726 

2893 

S.T. 

16683 

7119 

J8312 

120745 

A6826 

31333 

S8745 

21023 28421 $226 

32623 

14834 

workers 

66597 

S.C. 

7127 

6389 

17916 

S129 

1985 

2220 

8675 

1516 

1443 

29459 658 

58233 8065 

11818 

415306 64854 

S.T. 

3647 

1 2885 

26894 

18089 

34326 

14793 

18708 

7870 

36995 

17218 

29182 

10737 

232344 

Table-3 

Main 
workers 

S.C. 

43|0 

3867 

2967 

||40 

I626 

7101 

S824 

719 

1005 

457 

5695 

8568 

43279 

2203 

S.C. 

86R8 

I5472 

10592 

23104 

9984 

4194 

26930 

14279 

Primary 
activitics 

19863 

7062 

2675 

71.98 

2914 

75.28 

2311 

77.88 

794 

69,64 

4436 

74.53 

3557 

S0.08 

76.16 

540 

75.09 

1212 21581 

602 

59.89 

S.T. 

278 

60.83 

7867 

685 

91.81 

$2.65 

7656 

88.11 

J4053 

91.02 

9842 

92.92 

84.99 

6414 

64.13 

10405 

88.66 

3754 

89.50 

31212 

Sccondary 
activitics 

S.C. 

161 

3.73 

85 

2.19 

42 

1041 

39 

3.42 

47 

2.89 

I58 

2.22 

58 

0.99 

S.T. 

47 

2.13 

|10 

126 

|S7 

86 

0.81 

226 

0.98 

181 

24679 24 317 

91.63 2.38 1.18 

13043 O8 J67 

91.33 1.75 1.16 

4026 16466 119 

70.66 82.88 2.08 

6294 184 

L.81 

82 

0.66 

08 35 

155 

0.78 

36 

0.50 

1599 

L.03 

Other 
activities 

S.C. S.T. 

1474 

4419) 

868 

(22.44) 

614 

(20 69) 

307 

(26 92) 

367 

(22 57) 

3386 

(47.68) 

1330 

(22.83) 

171 

(23.78) 

474 

(21 48) 

(27.21) 

922 

(06) 

1262 

(8 15) 

664 

(621) 

1297 

(5.61) 

3325 

(33 30) 

1218 

(9.89) 

405 

(9,66) 

1934 379 

(37.71) (7.18) 

171 1069 

1550 3244 

(16.33) 

S17 613 

(6.03) (8.68) 

I1134 16427 

The Tables gives distribution of workers by three categories of economic activities in 

the district of 2011.The proportion of all these categories difference from tahsil to tahsil. The 
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3934 

S.T. 

12305 

154681 

72.71 

89.12 2. 14 

136655 933 

88.35 2.15 

1.11 0.83 

(3741) (7.48) 

(25.72) (10.62) 



schedule 
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and 
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ary 
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is betw
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91.63%
 

to
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schedule 
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Prim
ary 
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Prim
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G
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m
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available 
by 
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are 
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planning 
of 
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developm
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in
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districts 
by 
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.In 

this 

census 

2011 

the 

percent 
of 

Scheduled 

cast 

population 

was 

11.25%
 

and Scheduled 

tribes 

population 

was 

38.70%
. 

Out 
of 

Scheduled 

cast 

population 
of the 

districts 

41.76%
 

lived 
in 

rural 

areas 

and 

14.44%
lived 

in
 

urban 

area.Q
ualitative 

population 

accelerates 
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laf{kfIr %
izLrqr vè;;u dk eq[; mís'; xzkeh.k ofLr;ksa ds çdkj vkSj vè;;u {ks=k dks çHkkfor djus okys

dkjd dh igpku djuk gSA xzkeh.k oLrh ds foLr`r fo'ys"k.k ds fy,] cukZMZ (1931) dh ladsUæ.k
lqpdkad (Degree of Concentration) i¼fr dk mi;ksx djds x.kuk dh xbZ gSA orZeku
vè;;u eq[; :i ls f}rh;d MsVk ij vk/kfjr gS vkSj bls xksafn;k ftyss dh tux.kuk iqfLrdk 2011
ls ,df=kr fd;k x;k gSA bu x.kuk fd, x, lwpdkad ls irk pyrk gS dh xksafn;k rgfly esa ladsUæ.k
lwpdkad eè;e gSA bldk eq[; dkj.k ;g gS fd xksafn;k rgfly ds if'pe esa igkM+h vkSj iwjc ,oa
nf{k.k esa taxy O;kIr Hkkx gSA Ñ"kdksa us vius Ñf"k dk;ZLFky ij gh ?kj (fuokl LFkku) cuk fy, gSA
tgk¡ Ñf"k dk;Z gsrq flapkbZ dh lqfo/k gSA vè;;u {ks=k ds iwjc] nf{k.k vkSj if'pe fn'kk esa ladsUæ.k
lqpdkad eq[; :i ls de gSA bldk eq[; dkj.k ;g gS fd bl fn'kk Hkkx esa Hkh igkM+h] chgM+
LFkykÑfr] taxy O;kIr {ks=k vf/d gSA tgk¡ flapkbZ dh lqfo/k gS ogk¡ Ñ"kd dk;ZLFky esa gh ?kj
(fuokl LFkku) cukdj jgrs gSA blh otg ls NksVh&NksVh cfLr;ksa dk fuekZ.k gqvk gSA ;g cfLr;k
eq[;:i ls frjksMk] xksjsxkao] vkexkao] lM+d@vtZquh] vtZquh@eksj- lkysdlk rFkk nsojh rgfly esa ikbZ
tkrh gSA bu rgflyksa esa de xq.koÙkk okyh Hkwfe vkSj vU; dkj.kksa ls Hkh ;gk¡ ,dkdh@ çdh.kZ çdkj
dh cfLr;k¡ gSA

cht 'kCn % xzkeh.k vf/okl] ladsUæ.k lwpdkad] ,dkdh vf/okl] vi•afMr ;k iqjok ;qÙkQ vf/oklA

çLrkouk %
vf/okl ekuo }kjk fufeZr lkaLÑfrd Hkwn`';ksa esa lokZf/d egRoiw.kZ vkSj Li"V jpuk gksrh gS] ftls

og vius fuokl ds fd,] dke ds fy,] fofHkUu lkefxz;ksa ds laxzg ds fy, ;k lkekftd lkaLÑfrd
,oa jktuhfrd fØ;kvksa dks lEiUu djus ds fy, fufeZr djrk gSA Hkwxksy esa] vf/okl vè;;u dk ,d

xksafn;k ftys dh xzkeh.k vfèkoklksa dk HkkSxksfyd
vè;;u&2011

m larks"k dqekj ih- Bkdjs]

m MkW- fd'kksj ok;- Bkdjs]

] 'kks/dÙkkZ] ;'koarjko pOgk.k egkfo|ky; yk•kanwj (la'kks/u dsUæ)Hkwxksy foHkkx çeq• jk-rq-e-ukxiwj
 fo'ofo|ky;] ukxiwj;'koarjko pOgk.k egkfo|ky; yk•kanwjA

]] ekxZn'kZd] ;'koarjko pOgk.k egkfo|ky; yk•kanwj (la'kks/u dsUæ) Hkwxksy foHkkx çeq• jk-rq-e-ukxiwj
  fo'ofo|ky;] ukxiwj;'koarjko pOgk.k egkfo|ky; yk•kanwj
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egRoiw.kZ LFkku gS D;ksafd vf/oklksa dks euq"; vkSj i;kZoj.k ds chp lac/ksa dh ,d ekSyhd vfHkO;fÙkQ
ds :i esa ns•k tkrk gsA ('kekZ 2015)A cfLr;ksa dks tula[;k l?kurk dk fcanw ekuk tkrk gSA fuokl
LFkku ;k vf/okl og LFkku gS tgk¡] yksxkas us viuk LFkk;h fuokl LFkkfir fd;kA lkekftd&vkfFkZd
fo'ks"krkvksa] O;kolkf;d lajjpuk] thou ds rkSj rjhds] tula[;k vkdkj ds vk/kj ij ekuo cfLr;ksa
dks nks çdkjksa esa oxhZÑr fd;k x;k gSA os çdkj xzkeh.k vkSj 'kgjh bl çdkj gSA xzkeh.k cfLr;k¡ os
cfLr;k¡ gS] tgk¡ ds yksx vf/drj Ñf"k vkSj Ñf"k lac/h xfrfof/;ksa esa yxs jgrs gSaA tcdh 'kgjh
cfLr;k¡ os cfLr;k¡ gS] ftuds fuoklh xSj&Ñf"kxr xfrfof/;ksa esa yxs jgrs gSa (vkj-,y-flag 2002)A
xzkeh.k vkSj 'kgjh cfLr;ksa dks muds mi&çdkjksa esa oxhZÑr fd;k x;k gSA mlds fy, vusd HkwxksyosÙkkvksa
vkSj fo}kuksa }kjk fofHkUu fof/;ksa dk ifjp; fn;k tkrk gSA tks muds çdkjksa dks oxhZÑr djrh gSaA
vksjkslsy (1920)] cukZMZ (1931)] ikoyksOLdh (1938)] Msokscsjh (1943)] VªsokFkkZ (1946) eaMy
(1972)] gMlu (1976)] fxyx (1996)] vkSj vU; dbZ HkwxksyosÙkkvksa us xzkeh.k cfLr;ksa ds çdkjksa dh
fofHkUu ekunaM vkSj lkaf[;dh; rjhds ds vk/kj ij O;k[;k dh gSA cfLr;ksa dh l?kurk cfLr;kW¡ fufeZr
{ks=k ds rgr dqN {ks=k dks bafxr djrh gSA (uanh vkSj feL=kh 2018)] vkj-,y-flag (1955)] us cfLr;ksa
ds eq[; pkj çdkj crk;s gS tSls&l/u cfLr;k¡ (Compact Settlement) v/Z&l/u cfLr;k¡ (Semi
compact) iqjok ;qÙkQ cfLr;k¡ (Semi Sprinkled) vkSj çdh.kZ ;k ,dkdh cfLr;k¡ (Dispersed) lHkh
ekuo cfLr;k¡ ,d nwljs ls fHkUu gaS vkSj ;g vklikl ds okrkoj.k ij fuHkZj djrk gSA blfy, xzkeh.k
cfLr;k¡ ekuo vf/okl lqfo/kvksa vkSj i;kZoj.k dk ikjaikjhd lac/ n'kkZrh gS (flag 1961) Hkkjr esa
cfLr;ksa dk <kapk dsUæhÑr ls ifjf{kIr ;k cM+s xkoksa ds fy, Vksyk vkdkj esa fofo/rkiw.kZ gS (Dey &
Bhaduri 2016)A l/u vf/okl vf/drj vR;f/d mRiknd tyks<+ eSnku esa ik, tkrs gS] tcfd
fc•jh gqbZ cfLr;k¡ vke rkSj ij vR;f/d (pje) tyok;q {ks=k] igkM+h bykds] ?kus taxy] ?kkl ds
eSnku] •jkc Ñf"k Hkwfe] O;kid •srh ds {ks=k vkSj ,Sls {ks=k tgk¡ ;g vko';d gS fd] fdlku dks xk¡o
ds ctk; viuh Ñf"k Hkwfe ij jguk pkfg, esa ikbZ tkrh gS (ethn gqlSu 2018)A xzkeh.k vf/oklksa dk
çdkj ,oa çfr:i iw.kZr% {ks=k dh HkkSfrd vkSj lkekftd&vkfFkZd fLFkrh ij fuHkZjdjrk gSA blfy, i`Foh
dh lrg ij gj txg cfLr;ksa dks leku ugh ns•k tkrk gSA

lkfgR; leh{kk %
vf/okl Hkwxksy ;g ekuo Hkwxksy dh ,d ewyHkqr Kku'kk•k gSA vk/qfud vf/okl Hkwxksy dk

vè;;u dbZ HkwxksyosÙkkvksaus fd;k gSA mlesa fjpFkksiQsu] fonky&n&Cyk'k] fMekath;u] czwUt] fiQap]
fVªokFkkZ] MkWfDl;kfMl] fMfdulu] MkW- vkj-,y-flag] vkj-ok;-flg] t;jke ;kno] ,Sls HkwxksyosÙkkvksa dk
lekos'k gSA Cyk'k us l?ku ,oa ,dkdh vf/oklkas dh tkudkjh nh gSA 1909 es C;ksisV us ;qØsu] 1910
esa pksyZs us ÚkUl] 1993 esa jkWcVZ xzS.Mesu us teZuh ds xzkeh.k vf/oklksdk foLr`r vè;;u fd;k gSA

Hkkjr esa HkkSxksfyd vè;;u dh 'kq#vkr cgqr nsjh ls gqbZA loZçFke LisV us viuh fdrkc ^Hkkjrh;
xkao* lh-Mh-ns'kikaMs ds lg;ksx ls fy•hA 1967 esa vkj-flag] ,l-cksl] 1970 esa ,l-ih-flag] 1971 esa
Vh-ih-ikVhy bUgksaus vusd xzkeh.k vf/oklksa dk vè;;u fd;kA Jhfuokl budh "India"s Village" ;g
fdrkc cgqr gh egRoiw.kZ gSA v;ksè;kçlkn us NksVk ukxiqj] ,l-vkj- pkS/jh us •kuns'k ds xzkeh.k
vfèkoklksa dk foLr`r vè;;u fd;k gSA bl çdkj dbZ fo}kuksa us xzkeh.k vf/oklksa dk vè;;u fd;k
gSA
vè;;u {ks=k %

xksafn;k ftyk egkjk"Vª jkT; ds fonHkZ çkar ds iqjc esa clk gSA 1 ebZ 1999 dks HkaMkjk ftys dk
foHkktu gqvk vkSj uofufeZr xksafn;k ftys dh LFkkiuk gqbZA xksafn;k ftys dk v{kkajh; foLrkj 20035*



286 :: Satraachee, Issue 26, Vol. 38, No. 4, Jan-March., 2023

mÙkj ls 21045* mÙkj vkSj ns'kkarjh; foLrkj 79045* iqjc ls 80045* iwjc gSA xksafn;k ftys esa vkB
rgfly gSA os xksafn;k] xksjsxkao] frjksMk vkexko] lkysdlk] nsojh] lMd@vtZquh ,oa vtZquh@eksjxkao bl
çdkj gSA {ks=kiQy dh n`f"V ls ns•k tk, rks nsojh lcls cM+k ,oa vkexkao lcls NksVk rgfly gSA xksafn;k
ftys ds iwjc fn'kk esa jktukanxkao ftyk (N-x)] if'pe fn'kk esa HkaMkjk ftyk] mÙkj fn'kk esa ckyk?kkV
ftyk (e-ç-) ,oa nf{k.k fn'kk esa xMfpjksyh ftyk (e-jk-) budh fleka, Li'kZ djrh gSA

Map No. 1

ftys dk dqy HkkSxksfyd {ks=kiQy 5234 pkS- fd-eh (2021 pkS-eSy) gSA ;g jkT; ds {ks=kiQy dk
1-70 çfr'kr gS egkjk"Vª jkT; ds 36 ftyks esa {ks=kiQy dh n`f"V ls xksafn;k ftys dk 29 ok LFkku gSA
2011 dh tux.kuk ds vkdM+ksa ds vuqlkj ftys dh tula[;k 1322507 gSA ;g jkT; ds dqy tu la[;k
dk 1-18 çfr'kr gSA tula[;k ds ckjs esa lkspk tk, rks fo'o dh 47-87 çfr'kr (2011)] Hkkjr dh
68-84 çfr'kr (2011)] egkjk"Vª dh 54-78 çfr'kr (2011) vkSj xksafn;k ftys dh 88-05 çfr'kr
tula[;k xzkeh.k Hkkx esa jgrh gSA ftys esa tula[;k ?kurk ,d pkS-fd-eh- esa 253 (2011) gSA tcfd
egkjk"Vª jkT; ds 36 ftyksa dh tula[;k ds n`f"V ls ftys dk LFkku 29 ok gS vkSj ?kurk dh n`f"V ls
24 ok LFkku gSA ftys esa lcls vf/d ?kurk xksafn;k rgfly esa 422 çfr pkS-fd-eh- gSA tcfd lcls
de ?kurk 97 çfr pkS-fd-eh- nsojh rgfly esa gSA ftys esa fyax vuqikr 999 gSA ;g vuqikr xzkeh.k Hkkx
esa 1001 vkSj 'kgjh Hkkx esa 988 gSA ftys esa nsojh ,oa xksjsxkao rgfly esa lcls vfèkd 1014 fyax
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vuqikr gSA ftys esa 13-31 çfr'kr vuqlwfpr tkrh vkSj 16-20 vuqlwfpr tutkfr (2011) tula[;k gSA
ftys esa taxy {ks=k] 2715-48 pkS-fd-eh- gSA ;g ftys ds dqN HkkSxksfyd {ks=kiQy dk 51-88 çfr'kr gSA
vè;;u {ks=k esa 942 (2011) xzkeh.k cfLr;k¡ gSA

mís'; %
orZeku vè;;u dk eq[; mís'; vè;;u {ks=k dks çHkkfor dj.ks okys HkkSxksfyd ,oa lkaLÑfrd

bdkbZ ds vuqlkj xzkeh.k vf/oklksa ds çdkj vkSj mudh igpku djuk gSA

ifjdYiuk %
xksafn;k ftys ds xzkeh.k vf/oklksa ij HkkSxksfyd ,oa lkaLÑrhd bdkbZ;ksa dk çHkko iM+k gSA

MsVkcsl ,oa dk;Zç.kkyh (Database and Methology):

orZeku vè;;u eq[; :i ls vkadMksa ds f}rh;d L=kksr ij vk/kjhr gSA f}rh;d MsMk xksafn;k ftys
dk lkekftd vkfFkZd lekykspu (lkj) 2011] xksafn;k ftys dh tux.kuk iqfLrdk 2011] vkSj
Website ls fy;k x;k gSA xksafn;k ftys ds rgflyksa dks xzkeh.k cLrh ds LFkkfud fo'ys"k.k ds fy,
,d bdkbZ ds :i esa fy;k x;k gSA lanHkZ ç;kstu ds fy, dqN fdrkcksa] 'kks/ i=kksa]  Website ds ys•kas
dk Hkh mi;ksx fd;k x;k gSA fo'ysf"kr MsVk dks dksjksIysFk ekufp=k ds lkFk fo'ysf"kr fd;k x;k gSA
xzkeh.k vf/okl çdkjksa ds ekiu dh ek=kkRed fof/ dk mi;ksx fd;k x;k gSA ftlesa xzkeh.k vf/oklksa
ds ladsUæ.k lwpdkad ekiu gsrq cukZMZ (1931) }kjk çLrkfor lw=k dk mi;ksx fd;k x;k gSA

S 
K=
N2

Where,
K=Degree of Concentration
S= Area of the Tahsil
M= Total Number of House in the Tahsil

N = Number of Settlement Groups in the Tahsil

xksafn;k ftys ess xzkeh.k vf/oklksa ds çdkj (Types of Rural Settlement in Gondia District):
xzkeh.k vf/oklksa dkss mudh fLFkfr] vkdkfjdh (Morphology) lewgu rFkk x`g&vUrj.k vkfn ds

vk/kj ij fofHkUu oxks± esa foHkÙkQ fd;k tkrk gS] vFkkZr ;s fdlh cLrh ds Hkouksa ds chp fjÙkQ LFkkuksa
ds |ksrd gksrs gSaA vr% x`gksa dh nwjh o mudh l?kurk vf/oklksa ds çdkjks esa Hksn dk çeq• vk/kj ekuk
tk ldrk gSA bl vk/kj ls xzkeh.k cLrh;ksa ds pkj çdkj@Hksn gksrs gSA
1- ,dkdh ;k çdh.kZ  (Dispersed Settlement)

,sls vf/oklksa esa edkuks dk clko fc•jk gqvk feyrk gSA bl çdkj dh cfLr;ka lkekU;r% •srkas
ds }kjk ,d&nwljs ls vyx gksrh gSA bu edkuksa ds eè; dh Hkwfe ij Ñf"k dk;Z Hkh gksrk gSA fc•jh gqbZ
cfLr;ksa dks i`Fkd cfLr;ksa ds :i esa Hkh tkuk tkrk gSA NksVk vkdkj] ftlesa ,d ?kj ls ysdj ?kjksa dk
,d NksVk lewg bl cLrh dh ,d fo'ks"krk gSA xksafn;k ftys esa bl çdkj dh cfLr;ka T;knk rj frjksMk]
xksjsxkao] vkexkao] lkysdlk] lMd@vtZquh] vtZquh@eksj-] nsojh rgflyksa esa ns•h tkrh gSaA bl lewg dh
Js.kh dk ladsUæ.k lqpdkad 1500 ls uhps gSA bl çdkj dh cfLr;ksa ds fuekZ.k ,oa fodkl ds dkjd
fuEu gSaA ftlesa fcgM+ LFkykÑfr] •M+h <yku] de Hkqty Lrj vkSj de xq.koÙkk okyh feêðh vkfn gSA
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;s cfLr;ka vkdkj esa NksVh rFkk taxy rFkk igkM+h {ks=kksa esa fc•jh gqbZ gSA chgM+ LFkykÑfr (Rugged

topography)] igkM+h vkSj taxy {ks=k dh otg ls dusDVhfoVh de gSA •kldj ftys dh iwjc fn'kk
vkSj nf{k.k fn'kkA iwjc fn'kk esa lkysdlk rgfly gSA tks iw.kZr% igkM+h taxy ls O;kIr gSA nsojh rgfly
ftys ds nf{k.k fn'kk esa gSA bl rgfly esa Hkh igkM+ vkSj taxy gSaA blh otg ls dusDVhfoVh de gSA
laiw.kZ xksafn;k ftys dk fopkj fd;k tk, rks ;g ftyk fiNM+k vkfnoklh ftyk gS] ;gk¡ dh Hkwfe xq.koÙkk
Hkh de] Hkw&ty Lrj uhps gS] ftys esa Åijh rgflyksa esa ls dqN tSls&vkexkao] lMd@vtZquh]
vtZquh@eksjA lkysdlk bu rgflyksa esa rkykcksa }kjk ty flapkbZ gksus dh otg ls •srh flafpr gSA bl {ks=k
esa ?kj ,d nwljs ls cgqr nwj gSA cLrh;k¡ NksVh ,oa nwj gSA vf/dka'k fgLlk vkfnoklh gSA bu cfLr;ksa esa
çkFkfed O;olk;_ tSls] Ñf"k] i'kqikyu] •ksndke] oumit bdB~Bk djuk_ tSls& eksgiQwy] vkoyk]
fgjMk] csgM+k] 'kgn] pkj ,Sls vU; dbZ çdkj dh ouvkS"k/h vkSj iQyiQwy bdB~Bk djds xkao&xkao esa
tkdj cspuk tSlh vkfFkZd xfrfof/;ksadk cksyckyk gSA Ñ"kd Ñf"k dk;ZLFky esa ?kj cukdj jgrs gSA
blfy, ;gk¡ ,dkdh cfLr;k ikbZ tkrh gSA

TableNo-1 Gondia District : Types of Settlement 2011
(Based on Bernards Method of degree of concentration)

 (Source –Computed by Researcher with help of census data 2011)

 (Note–C-Compact, SC-Semi Compact, SP-Semi Sprinkled & D- Dispersed)

Table No. 2 Gondia District: Types of Settlement 2011

(Based on Bernards method of degree of concerntation)

Sr. 
No. 

Tahsil Area (Sq.Km.) No.of Village Number of 
House hold 

N Index (K) Type 

1. Tirora  607.24 123 33865 15129 1359 D 

2 Goregaon  484.42 99 28046 9801 1386 D 

3 Gondia  612.19 147 55373 21609 1569 SP 

4 Amgaon  333.32 81 28404 6561 1443 D 

5 Salekasa  450.88 91 20026 8281 1090 D 

6 Sadak Arjuni 651.42 108 26543 11664 1482 D 

7 Arjuni/Morgaon  988.21 159 34856 25281 1362 D 

8 Deori  1040.23 134 24944 17956 1445 D 

 

Sr.

No. 

Types of Settlement Range (Index) Tahsil Total No. of 
Settlement 

Total Area 
(%) 

1. Compact (C) Above 4500 __ __ __ 

2. Semi Compact (SC)  3000-4500 __ __ __ 

3. Semi Sprinkled (SP) 1500-3000 Gondia 147 11.85 

4. Dispersed  (D) Bellow 1500 Goregaon, 
Amgaon,Tirora,SalekasaDeori,Sa
dak/Arjuni,Arjuni/Mogaon 

795 88.15 

 



Satraachee :: ISSN 2348-8425 :: 289

vi•afMr vf/okl %
ftl xzkeh.k vf/okl esa xkao dh lhek ds Hkhrj gh clko fc•jk gqvk feyrk gS vFkkZr xkao ds

?kj ,d&nwljs ls FkksM+h nwjh ij cus gksrs gSa vFkok NksVs&NksVs iqjos ;k uxys FkksM+h&FkksM+h nwjh ij cls gksrs
gSa rFkk dksbZ Hkh dsUæh; xzke ugha gksrk mls vi•afMr clko dgk tkrk gSA bl çdkj ds vf/okl dks
,dkdh vf/okl ugha dgk¡ tk ldrkA D;ksafd vesjhdu ;k ;wjksih; ^iQkeZx`g* ds leku foijhr bu
NksVh&NksVh cfLr;ksa es ,d gh ifjokj dk gksuk vko';d ugha gSA nwljs buesa lkekftd la?kBu] Je
foHkktu ,oa lkeqnkf;d Hkkouk ikbZ tkrh gSA çks- flag us ,slh cfLr;ksa dks iqjoks dk vf/okl ;k
vi•afMr (Fragmented) vf/okl dgk gSA ;g
cfLr;ka vkdkj esa NksVh gksrh gSa ,oa Ñf"k ;ksX; Hkwfe
ds fudV gksrh gSA bu cfLr;ksa dk ladsæ.k lwpdkad
1500 ls 3000 gksrk gSA eq[; :i ls bl çdkj dh
cLrh dk forj.k vè;;u {ks=k ds xksafn;k rgfly esa
ik;k tkrk gSA bl çdkj dh cLrh;k¡ xksafn;k 'kgj tks
fd ftyk eq[;ky; gS ds vklikl ds {ks=k esa ikbZ
tkrh gSA cLrh dk ;g çdkj eq[; :i ls xksafn;k
rgfly ds Ñf"k ;ksX; Hkwfe ds ikl ik;k tkrk gSA
xksafn;k rgfly esa eq[; :i ls jkbZl fey T;knk
gksus dh otg ls Hkh bl çdkj dh cLrh;k ;gk¡ ikbZ
tkrh gSA laiw.kZ xksafn;k ftyk Ñf"k çnku gSA vkSj ;gkW¡
/ku@pkoy dk mRiknu vf/d ek=kk esa gksus dh
otg ls jkbZl fey m|ksx dks c<kok feyus dh
otg ls Hkh ;g cfLr;k ;gk¡ ikbZ tkrh gaSA Ñ"kd
Ñ"kh dk;ZLFky esa gh ?kj (fuokl LFkku) cukdj jgrs gSA vkSj budh NksVh&NksVh cfLr;k gksrh gSA xksafn;k
rgfly esa ftyk eq[;ky; gksus dh otg ls vU; O;olk; Hkh ;gk¡ FkksM+h&FkksM+h ek=kk esa iue (iQyiQqy)
jgs gSA bu cfLr;ksa dh çeq• fo'ks"kr% ;g gS fd buesa xjhcksa ds ?kj vf/d ek=kk esa ik;s tkrs gSa vkSj
iwjs {ks=k esa iQSys gSA rFkk lM+dks dh xq.koÙkk de gS ,oa dusDVhfoVh Hkh de gSA

v/Z&l?ku vf/okl %
     v/Z&l?ku vf/okl esa çdh.kZ ,oa l?ku vf/oklksa ds chp dh voLFkk ls lEcfU/r fo'ks"krkvksa
dk fodkl gksrk gSA tks lektksUeq•h rFkk lekt foeq•h 'kÙkQh;ksa dh vU;ksU; fØ;k dk çfriQy ekuk
tkrk gSA ,slh cfLr;ksa esa vkokl cgqr l?ku :i ls tqM+s ugha gksrs vkSj ,d lkFk xqaFks gq, gksrs gSaA ;g
,d lkekU; ckr gS (Mandal & Roy 2020) A ,slh cfLr;ksa dh fo'ks"krk ;g gS fd NksVh ysdhu l?ku
gksrh gSA bl vf/okl ds ewy dsUæ (Nucles) ij cls çeq• vf/okl ds vfrfjÙkQ xkao dh lhek ds
Hkhrj dqN&dqN nwjh ij ,d ;k vusd iwjos (Hemlets) cls gksrs gSaA bu vf/oklksa dk ladsUæ.k
lqpdkad@,dkxzrk eku 3000 ls 4500 rd gksrk gSA xksafn;k ftys esa fdlh Hkh rgfly esa ;g çdkj ns•us
dks ugha feyrkA D;kasfd ;gk¡ cM+s Ñ"kd ugha vkSj cM+h ek=kk esa O;kikjh Ñf"k ugha dh tkrhA

l?ku ;k iaqthr vf/okl % ,slh cLrh;ksa esa edku ,d nqljs ds ikl cuk;s tkrs gSA budk fodkl unh
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?kkfV;ksa rFkk mitkÅ eSnksuksa esa gksrk gSA ;gk¡ jgus okys yksxksa dk O;olk; leku gksrk gSA rFkk ;g leqnk;
lewg cukdj jgrs gSaA bl xqfPNr (Clustered) çdkj dh cfLr;ksa esa xzkeh.k ?kjksa ds lagr (Dense)

•.M ik;s tkrs gaSA bu cfLr;ksa eas lkekU; {ks=k Li"V :i ls fudVorhZ •srksa] ?kjkas (ckM+ks) rFkk pjkxkgksa
ls vyx gksrk gSA bl çdkj dh cfLr;ka vR;ar mitkÅ tyks< eSnkuh (Alluvial Plain) {ks=kksa esa ikbZ
tkrh gSA l?ku vf/okl LFkk;h Ñf"k mRikn Hkwfe vkSj vuqdqy tyok;q ifjfLFkfr;ksa dk mRikn gS (Patil,

2019)A vè;;u {ks=k esa bl çdkj dh HkkSxksfyd ifjfLFkfr miyC/ ugha gksus dh otg ls xzkeh.k
vfèkokl dk ;g çdkj ns•us ugh feyrkA

ifj.kke
cukZMZ (1931) fof/ }kjk ljy lq=k dk mi;ksx djds ladsUæ.k lwpdkad dh x.kuk dh xbZ gSA vkj-

,y-flag us xzkeh.k vf/oklksa ds 1) ,dkdh 2) vi•aMhr 3) v/Z&l?ku 4) l?ku ;k iwathr ;g pkj
çdkj crk;s gaSA muesa ls cukZMZ ds ladsUæ.k lwpdkad ds vuqlkj xksafn;k ftys esa 1) ,dkadh 2)
vi•aMhr ;s nks gh çdkj fn•kbZ nsrs gSA  vè;;u {ks=k dk ladsUæ.k lqpdkad rkyhdk la[;k 2 vkSj
vfèkoklksa ds çdkj ekufp=k la[;k 2 esa n'kkZ;s x, gSaA ;gh eq[; ifj.kke vè;;u {ks=k esa fn•kbZ nsrs
gSA
lq>ko (Suggestion):

vè;;u {ks=k xzkeh.k vkSj Ñf"k ç/ku gksus ds ckotwn Hkh dqN lqfo/kvksa ds vHkko esa fodkl fn•kbZ
ugha nsrkA vè;;u {ks=k dh xzkeh.k {ks=k vkSj Ñf"k {ks=k dk fodkl gksuk t:jh gSA rHkh ;gk¡ dh Ñ"kdksa
dh vkfFkZd leL;k nwj gksxhA iDdh lM+dsa gj xzkeh.k cLrh ,oa Ñf"k dk;ZLFky rd cuuk t:jh gSA
Ñf"k vk/kfjr O;olk; dks 'kq: djuk t:jh gS_ tSls] vè;;u {ks=k dh eq[; iQly pkoy gSA ;gk¡ jkbZl
fey bUMLVªht gS] pkoy ls O;kolkf;d n`f"V ls vU; mRikn cukus dk m|ksx fuekZ.k gksuk t:jh gSA
igkM+h {ks=kkas dk fodkl gksuk t:jh gSA taxyksa esa vko';d iQy ,oa vkS"kf/ o`{k yxkuk pkfg;sA ftu
xzkeh.k cfLr;ksa esa ty flapkbZ dh lqfo/k ugha gS ogk¡ ds Ñ"kdksa dks vkfFkZd lgk;rk nsuk pkfg, rkfd
og vius Ñf"k dk;ZLFky esa dqvk¡ ,oa cksjosy dk •ksndke dj] ty lzksr fuekZ.k dj ldsA ljdkj dh
tks dbZ vyx&vyx lqfo/k,¡ gS mudh tkudkjh vkt Hkh xzkeh.k vf/oklksa rd ugh igqph gSA tc fd
og tkudkjh igq¡puk t:jh gSA bldh tokcnkjh ljdkj us cfLr;ksa ds çfrf"Br] lkekftd O;fÙkQ;ksa dks
nsuh pkfg, vkSj mu O;fÙkQ;ksa us og iwjh tkudkjh xzkeh.k turk rd igq¡pkuk pkfg,A ,Slh lqfo/kvksa dk
mi;ksx djus ij] xksafn;k ftys esa v¼Zl?ku vkSj l?ku vf/oklksa ds ;g nks çdkj fn•kbZ ugh nsrs os
vfèkoklksa ds çdkj Åij fn;s x;s lq>ko ls 'kk;n Hkfo"; esa fn•kbZ ns ldrs gSA

fu"d"kZ %
'kks/ dk;Z dk lexz fo'ys"k.k bafxr djrk gS fd vè;;u {ks=k dh cfLr;ksa ds fodkl esa HkkSxksfyd

,oa lkLÑfrd bdkbZ dk çHkko fn•rk gSA HkkSxksfyd ,oa lkaLÑfrd bdkbZ;ksa ds çHkko ls vè;;u {ks=k
esa vf/oklksa ds ,dkdh vkSj vi•afMr ;g dsoy nks gh çdkj gSA vè;;u {ks=k ds xksafn;k rgfly esa
vi•afMr vf/okl vkSj frjksMk] vkexko] xkssjsxko] vtZquh@eksj-] lM+d vtZquh] nsojh ,oa lkysdlk bu
rgflyksa esa ,dkdh vf/okl gsSA
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 Abstract: Present study was undertaken to investigate the zooplankton diversity of Thanegaon reservoir located in 
Arvi tehsil of Wardha district in the Indian state of Maharashtra. Samples were collected on the monthly basis for six 
months during January 2020 to June 2020. In this reservoir we have studied the four major groups of zooplankton: 
Rotifera, Copepoda, Cladocera and Ostracoda. Rotifera was found to be the dominant group during the entire study 
period. The study revealed a total 34 species of zooplanktons during the entire study period, of which 19 species 
belong to Rotifera, 8 belong to Cladocera, 5 belong to Copepoda and 2 belong to Ostracoda. Statistical analysis of data was done by using α- diversity indices. Shanon-Wiener index 4.50 to 4.72, Simpson index 0.034 to 0.043 
indicated the diverse nature of the zooplankton community. Margalef richness index 5.86 to 6.23 and Menhinick 
index 2.40 to 2.92 indicated the good species richness. Equitability index was in the range from 0.92 to 0.95 
showing much evenness of species during the study. Relative biovolume % of zooplankton and composition in 
terms of density was also calculated. It showed the maximum number of species during the months of January, 
March and June.  
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Introduction 

Thanegaon reservoir (Wardha district, 

Maharashtra, India) is a freshwater natural lake 

which is filled to its maximum capacity throughout 

the year. Thus, this reservoir serves as a source of 

domestic and agricultural water for nearby areas. 

Thus, it becomes necessary to keep the quality of 

water good for these purposes. Study of 

zooplankton composition is very important due to 

their role in the food web by linking the producers 

with consumers in the Lake Ecosystem and 

prediction of primary productivity and aquatic 

pollution (Nimbalkar et al., 2013; Ghosh and 

Biswas, 2015). Many species of the zooplanktons 

are   sensitive   to   pollution   and   thus   act   as  a  
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Fig.1: Google map image of Thanegaon Reservoir. 

 

bioindicator to monitor the quality of water 

(Ferdous and Muktadir, 2009; Sivalingam et al., 

2013). Zooplankton community constitutes the 

faunal composition of water bodies which are 

sensitive to water quality parameters and aquatic 

pollution (Schindler,1987; Jose and Senthil Kumar, 

2015). Thus the aim of the present investigation 

was to study the zooplankton composition and 

structure, density, dominance and abundance along with α- diversity indices in the Thanegaon 

reservoir.  

Materials and Methods 

Thanegaon reservoir (Fig. 1) is a freshwater 

natural lake situated at 21° 08’ 48” N Latitude and 

78° 28’ 41” E Longitude at the elevation of  484 

Mts. near Sirsi and Kharas Khanda, approximately 

10 kilometers away from Karanja (Ghadge) in 

Wardha district, Maharashtra, India. Collection of 

sample was done on monthly basis for 6 months 

from January 2020 to June, 2020 around 7.00 to 

7.30 a.m. from selected site by filtering 50 liters of 

the lake water by  using a standard  55 μm pore 
size bolting nylon plankton net. All specimens 

collected were preserved in 4% formalin soon 

after collection. Identification of the specimens 

was performed according to Kolisko (1974); Koste 

(1978); Ward and Whipple (1959); Mizuno 

(1964); Mizuno and Takahashi (1991), Battish 

(1992) and Dhanapathi (2003). Six indices were 

used to estimate biodiversity and species richness. 

Species diversity index was calculated based on 

Simpson (1949) and Shannon-Weiner (1949); 

richness index was adopted by Margalef (1951) 

and Menhinick (1964) and equitability Index by 

Magurran (1988). Dominance index or Simpson's 

index of diversity was calculated using formula 1- 

Simpson index. The percentage relative abundance 

and density of the specimens was estimated by 

direct count. 

Statistical Analysis:  

Statistical analysis was carried out using Statistical 

Package for Social Sciences (SPSS 10.0). Graphs 

were drawn using Microsoft Excel Software. 

Results and Discussion Zooplankton diversity and α-diversity indices play 

key roles in evaluating the trophic status of lakes 

and suitability of water for domestic purposes and 

irrigation. In the present study, zooplankton 

diversity belonging to Rotifera, Cladocera, 

Copepoda and Osracoda have been undertaken. In 

the present study 19 species of Rotifera including 

6 families and 9 genera, 8 species of Cladocera 

including 5 families and 8 genera, 5 species of 

Copepoda including 3 families and 5 genera and 2 

species belonging  to Ostracoda were noted. 

Overall 34 species of zooplankton were recorded 

(Table 1). The most abundant taxonomic group 

recorded during the study was the rotifer.  Pereira 

et al. (2002) noted the rotifers as a most abundant 

group. Main abundant species of rotifer observed 

by  them  were  Keratella  quadrata,  K.  cochlearis,  
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Table 1: Zooplankton species identified in Thanegaon reservoir 

Phylum: Rotifera 
S. 
No. 

Class and Order Family Genus and Species 

1. Class: Monogonata 
Order : Ploima 

Brachionidae  Brachionus quadridentatus Var. Entzi 

2. Brachionus falcatus 

3. Brachionus forficula 

4. Brachionus diversicornis 

5. Brachionus calyciflorus Var.Hymani 

6. Brachionus platulus 

7. Brachionus bidentata 

8. Brachionus rubens 

9. Brachionus ureceolaris 

10. Keratella vulga 

11. Keratella tropica (Apstein) 

12. Platyias species 

13. Colurellidae Colurella adriatica 

14. Lecanidae Lecane arculata 

15. Monostyla bulla 

16. Asplanchnidae Asplanchna intermedia 

17. Gastropodidae Ascomorpha species 

18. Class: Monogonata 
Order: 
Flosculariaceae 

Filinidae Filinia longiseta 

19. Filinia apoloensis 

Phylum: Arthopoda 

20. Subphylum: Crustacea 
Class:Branchiopoda 
Order:Cladocera 

Sididae Diaphanasoma 

21. Moinidae Moinodaphnia (Herrik, 1887) 

22. Moina macrura 

23. Daphnidae Daphnia longispina 

24. Cereodaphnia reticulata 

25. Bosminidae Bosmina longirostris 

26. Chydoridae 
 

Chydorus sphaericus 

27. Alona rectangula 

28. Class: Hexanauplia 
Subclass: Copepoda 
Order:Cyclopoida 

Cyclopidae Mesocyclops species 

29. Cyclops viridis 

30. Subclass: Copepoda 
Order:Calanoida 

Diaptomidae Skistodiaptomus 

31. Diaptomus 

32. Class: Hexanauplia 
Subclass: Copepoda 

Canthocamptidae Nauplius 

33. Subclass: Ostracoda 

Order: Podocopida 
Cypridae Cypretta frontanalis 

34. Cypridopsis helvetica 

 

Polyarthra vulgaris, Filinia terminalis and 

Hexarthra mira. Picapedra et al. (2020) have 

identified a total of 115 taxa of zooplanktons. 

Rotifers were the richest group. However, the 

copepods were the most abundant. They have 

reported the inter-annual changes in zooplankton 

species composition from large daphinids and 

calanoid copepods to small cladocerans (e.g. 

bosminids) and generalist rotifers. Zooplankton 

were present in the following order of dominance; 

Cladocera > Rotifera >  Copepoda > Ostracoda. The 

zooplankton community structure showed a 

mixed composition of mesotrophic to eutrophic 

species. Among the zooplanktons, the population 

of cladocera was rich in density and poor in 

species diversity. Rotifers are the dominant in the 

eutrophic lakes which are indicators of 

eutrophication and Brachionus species are 

indicators of eutrophic conditions (Aboul-Ezz et 

al., 1996; Baloch and Soomro, 2004; Ceirans, 
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2007). Moina macrura, Bosmina longirostris, 

Chydorus sphaericus, Alona rectangula were the 

dominant cladocerans in the Thanegaon reservoir. 

Abundance of the rotifer species like Brachionus, 

Lecane, Filinia and  Keratella indicates the 

mesotrophic and semi polluted water and 

enrichment of nutrients in the reservoir.  

Khan et al. (2016) have noted a total of 22 

species of zooplanktons where rotifers were 

dominant and were represented by 15 species 

whereas cladocera and copepoda were 

represented by three species each and Ostracoda 

was represented by one species. 15 species of 

rotifers noted by them were Asplanchna priodonta, 

Brachionus bidentata, Brachionus calyciflorus, 

Brachionus falcatus, Brachionus urceolaris, 

Cephalodella gibba, Habrotrocha bidens, Keratella 

tropica, Lecane luna, Monostyla bulla, Mytilina 

ventralis, Mytilini acanthophora, Platyias 

quadricornis, Rotifer tardus, and Filinia longiseta. 

Cladocera was represented by Ceriodaphnia 

cornuta, Chydorus sphaericus,  Moina brachiata and 

among Copepoda, Heliodiaptomus viduus, 

Mesocyclops leuckarti, Tropocyclops prasinus were 

noted by them and Ostrocoda  was represented by 

Hemicypris fossiculata. They noted the seasonal 

variation in zooplanktons and found maximum 

number of species during summer and the 

minimum number of species in rainy season. 

Density was also recorded high during the 

summer as compared to rainy season. 

Zooplankton density and relative biovolume is 

represented in the Figure 2 and 3, respectively. 

Relative biovolume, density and composition of 

the zooplankton community is strongly dependent 

on the season. Relative biovolume of cladocerans 

was maximum during winter season in the month 

of January (46.38%) while it was minimum at the 

end of the summer season in the month of June 

(40%). Maximum number of zooplankton (Org/lit) 

was recorded during the winter in the month of 

January was 166 whereas minimum number of 

zooplankton 105 was noted in the month of June.  

Shukla et al. (2012) noted the zooplankton 

population (Org/L) during different seasons and 

found maximum number of zooplankton as 

285±18.68/lit during pre-mansoon whereas 

minimum number recorded was 215±27.33/lit 

during mansoon season. The observed 

Cladocerans species  by them were Bosmina 

longirostris, Cerioaphnia, Cypris, Daphnia, Moina 

and Macrothris. Among the copepods they noted 

Diaptomus, Helidiaptomus, Macrocyclops, Nauplius 

and Vidumus. Rotifers noted by them were 

Slanchna, Brachionus, Distimus, Filinia, Keratella, 

Nothoica and Flurcularia. Among protozons they 

reported Amoeba, Acrella, Centroysis and 

Paramecium. Dagne et al. (2008) have noted the 

extremely high variation in abundance of 

zooplanktons which was ranging from 2 to 1000+ 

individuals per litre and correlated abundance of 

crustaceans with the increased phytoplankton 

production at the onset of rainy season. Rotifer 

biovolume was observed maximum in the month 

of January (28.91%) and it was found to be 

minimum in the month of May (22.42%) in 

summer season. Copepods showed their 

maximum biovolume in the month of February 

(23.56%). However, rapid decline in their 

biovolume was observed in the month of March 

(15.97%). Ostracods showed their maximum 

biovolume at the end of the summer in the month 

of June (9.52%) and minimum at the end of winter 

season in the month of March (5.55%) (Fig. 3). 

Annalakshmi and Amsath (2012) have recorded 

45 species of zooplanktons in the Cauvery. They 

observed rotifera species as dominant (34.97%); 

followed by Cladocera (29.92%), Copepoda 

(18.27%), Protozoa (12.2%) and Ostracoda 

(8.72%), however, Dorak et al. (2014) have noted 

the Copepoda as a most abundant taxa (53%), 

followed by Cladocera (33%), and Rotifera (14%). 

Values for α-biodiversity indices that are 

Simpson index, Dominance index, Shannon-wiener 

index, Menhinick index, Margalef richness index 

and Equitability index are represented in the 

Table 2. Simpson index was found as low as 0.034 

during June and was maximum during 0.043 in 

summer in the month of April while Dominance 

index was high as 0.96 revealed the rich diversity 

of species in this reservoir. Shannon-Wiener index 
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Fig. 2: Composition of zooplanktons in terms of density (Organisms lit-1).  
  

Fig. 3: Relative Biovolume (%) of Zooplanktons. 
 

Table 2: Zooplankton community structure and α- biodiversity indices of Thanegaon reservoir 

Month Simpson 

Index 

Dominance 

Index 

Shanon-

Wiener 

Index 

Menhinick 

index 

Margalef 

Richness 

Index 

Equitability 

Index 

Jan 0.037 0.96 4.71 2.4 5.86 0.95 

Feb 0.039 0.96 4.66 2.74 5.93 0.94 

Mar 0.036 0.96 4.72 2.58 6.03 0.95 

Apr 0.04 0.95 4.6 2.68 6.13 0.92 

May 0.043 0.95 4.5 2.8 5.99 0.92 

Jun 0.034 0.96 4.69 2.92 6.23 0.95 

 

values were in the range of 4.50 to 4.72,  

Menhinick indexes were in the range of 2.40 to 

2.92 and Margalef richness index values were in 

the range of 5.86 to 6.23  confirms the 

mesotrophic     status    of     this    reservoir.    The  

 

equitability index was in the range of 0.92 to 0.95 

and the distribution of zooplankton species during 

the study was even and follows the Lorenz graph. 

No major fluctuation was found in the equitability 

index during the entire study period.  
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A B S T R A C T

Lateritization in the Deccan basalt province (India) represents a large spectrum of chemical weathering with up
to 99% of CIA values and the complete ferri- to antiferromagnetic transformations. We combined rock magnetic,
palaeomagnetic, XRD, and XRF analyses to investigate the mineralogical transformations and its relationship to
the acquisition of natural remanent magnetization (NRM) by sampling a 25 m thick Deccan lateritic profile from
the West Coast of India. Significant amount of amorphous hematite (ha), crystalline hematite (hc), goethite and
their Al- substituted forms were detected along with gibbsite and kaolinite. The domain size association of
‘SP + SD and ‘SP + SD + MD’ in the ferri- as well as antiferromagnetic forms; and combination of ha and hc
yield strong NRMs amongst these laterites. Low field demagnetization (<5mT) allows removal of haNRM; and the
secondary components due to ferrimagnetic oxides can be removed at < 25 mT. Thereafter, the hcNRM continued
to decay up to > 150 mT. Palaeomagnetic tests (Koenigsberger ratio, MDF, intensity decay and Zijderveld dia-
grams) indicate stable Characteristic remanent magnetizations (ChRM) due to hc; and the Al-substitutions does
not affect the ChRM stability, depicting these laterites as excellent palaeomagnetic recorders. The stable ChRMs
due to Chemical/Crystallization RMs due to ‘hc’ also benchmarks the degree of maturity within the process of lat-
eritization.

1. Introduction

Laterites are the manifestations of deep, prolonged, and intensive
chemical weathering that occurred on differing host lithologies
(Widdowson and Cox, 1996; Bourman and Ollier, 2002; Wimpenny et
al., 2007, Ollier and Sheth, 2008, Babechuk et al., 2014, Ghosh et al.,
2015). Selective diminution of alkali, alkaline earth elements, and silica
from parent rock through the process of lateritization results in gradual
enrichment of the iron and aluminium oxides and hydroxides along
with some residual clays (Widdowson and Gunnell, 1999; Borger and
Widdowson, 2001; Widdowson, 2007).

Widespread occurrence of laterites is observed in tropical regions
particularly during the Cenozoic period (Bardossy, 1981; Gunnell,
2003). Laterites from the Indian subcontinent particularly preserve a
variety of processes from different ages and host rocks (Meshram and
Randive, 2011; Caner et al., 2011). Some of the pioneering and funda-

mental information on laterites is also derived from the Indian west
coast occurrences (Buchanan, 1807) and were studied using physical,
geochemical (Widdowson and Cox, 1996; Kısakürek et al., 2004;
Babechuk et al., 2014, 2015; Suhr et al., 2018) and mineral magnetic
perspective (Liu et al., 2019; Singh et al., 2020).

The prolonged process of lateritization permits sufficient time for
NRM acquisition depicting them as good magnetostratigraphic
recorders. However, there is ambiguity in understanding the acquisi-
tion in terms of the lateritization process. A single lateritic profile can
be perceived through different superimposing processes dominated by
solution and precipitation activities (Widdowson, 2007; Babechuk et
al., 2014, Suhr et al., 2018). Palaeomagnetic studies in lateritic profiles
therefore demand detailed mineralogical assessment in context to NRM
acquisition. The renewed interest in basaltic laterites as possible ana-
logues of Martian weathering processes (Hynek et al., 2002; Thomas et
al., 2005; Greenberger et al., 2012), CO2 sequestration during basaltic
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weathering (Seifritz, 1990; Schuiling and Krijgsman, 2006; Gislason
and Oelkers, 2014) further demand detailed studies from ideal basaltic
laterites, such as the Deccan traps. Iron oxides being the chief con-
stituent of laterites, magnetic mineralogy and spectroscopy makes some
of the most suitable approaches for such investigations.

The basalts are enriched with ferrimagnets and hence provide a
complete spectrum of transformation to antiferromagnetic oxides dur-
ing through the process of lateritization. The complex nature of lateriti-
zation allows many repeated and superimposed reaction series of par-
tial to complete oxidation, hydroxylation, dissolution, and precipitation
leading to the processes such as maghematization, ferry-hydroxylation,
Al-substitution, crystallization, and recrystallization. Several residual,
crystalline, and amorphous minerals are produced during lateritization
compelling the use of multiple spectroscopic and magnetic approaches
to analyse the laterites. On the other hand, it enriches our understand-
ing on NRM acquisition by chemical/crystallization remanent magneti-
zations (CRMs). This study is aimed at finding the efficacy of NRM in
terms of palaeomagnetic signatures from the laterites.

The mineral/rock magnetism is a well-established approach for
identification of different phases of iron oxides enabling their semi-
quantitative estimates (Thompson and Oldfield, 1986, pp. 21–38; Evans
and Heller, 2003, pp. 50-78; Liu et al., 2012). Intensive work has been
made to delineate and differentiate dominant phases of ferrimagnetic
mineralogy (i.e. magnetite, maghemite, and greigite) from the antifer-
romagnetic minerals. Further the studies are available to provide dis-
tinction within the antiferromagnetic phases (e.g., Dekkers and
Rochette, 1992; France and Oldfield, 2000; Sangode and Bloemendal
2004; Roberts et al., 2020; Jiang et al., 2022). The antiferromagnetic
minerals can carry stable remanence over a longer period makes them
suitable for palaeomagnetic studies (Dunlop and Özdemir, 1997, pp.
16–42; Roberts et al., 2020). Previously, Schmidt et al. (1983) made
palaeomagnetic attempts on Indian laterites and found considerable
scatter in data which he then inferred mixing of normal and reverse
magnetization demanding detailed mineralogical studies. Substitution
of cations (e.g., Al) and amorphous to crystalline transformations
within antiferromagnetic complexes (Cornell and Schwertmann, 2003,
pp. 39-57; Liu et al., 2007; Hu et al., 2016) is a crucial factor in the de-
termination of magnetic properties akin to the standard and theoretical
values. Laterites being highly enriched with antiferromagnetic oxides/
hydroxides such as hematite, goethite, ferrihydrites and lepidocrocite
(Kısakürek et al., 2004; Meshram and Randive, 2011; Babechuk et al.,
2014, 2015; Suhr et al., 2018; Singh et al., 2020) provide an opportu-
nity to study the complex processes and their implications on NRM.
Here we characterized the lateritic magnetic minerals, their concentra-
tion and domain sizes to understand its implications on NRM acquisi-
tion.

2. Study area

The Indian subcontinental drift from the southern to northern hemi-
sphere continued until its collision with Asia to form the Himalayas
(Klootwijk and Pierce, 1979; Courtillot et al., 1988). During this tran-
sect voluminous lavas were erupted at ∼ 65 Ma ago around the Creta-
ceous-Tertiary (K-T or K-Pg) boundary, occupying an area of
500,000 km2, thus creating the Deccan traps (Klootwijk and Pierce,
1979) as large igneous province. This formed the substrate for the later-
itization typically under the tropical humid conditions over suitable ge-
omorphological surfaces. The studied laterites are formed over the Po-
ladpur Formation of Deccan traps. The thickness of lava flows belong-
ing to the Poladpur Formation varies from 3 to several 10′s of meters
spread over wide distances (Duraiswami et al., 2014). The studied lat-
erites occur on the Konkan plain are known as low-level laterites
(Widdowson and Cox, 1996) and are depicted in the Fig. 1a. Schimdt et
al. (1983) divided Indian laterites into late Cretaceous-early Tertiary la-
terites and mid-to-late Tertiary laterites.

3. Materials and methods

Large oriented block samples (greater than30 cm3) of laterites were
collected at 5 m intervals from the freshly excavated laterites near the
Chiplun area covering an entire profile of 25 m. Sample 1 and sample 7
are from the top and bottom of the profile, respectively. Samples of the
fresh host basalt were obtained at the base of the profile for mineralogic
and palaeomagnetic reference. All the samples were cored into stan-
dard specimen sizes keeping the orientations in-tact and the sets of
palaeomagnetic and rock magnetic studies were prepared. For instance,
specimens of sample number 1 are labelled 1.1, 1.2, 1.3, etc. for palaeo-
magnetic measurements, and 1A, 1B, 1C for rock magnetic measure-
ments.

3.1. Rock magnetic measurements

Magnetic susceptibility was measured using Bartington MS2B sus-
ceptibility meter operated dual frequency (χlf at 0.465 and χhf at
4.65 kHz). The χfd and χfd % were calculated using (χlf – χhf) and [(χlf –
χhf)/χlf] × 100, respectively. Anhysteretic remanent magnetization
(ARM) was induced by a peak AC field of 200 mT superimposed over
0.1 mT DC bias field using Magnon alternating field demagnetizer (Ger-
many). The values for susceptibility of ARM (χARM) were calculated by
normalization of ARM with DC bias field. Isothermal remanent magne-
tization (IRM) was imparted using ASC-IM-10–30 (USA) impulse mag-
netizer. The field was induced at incremental steps from 25 to 2200 mT
and backfields from −10 to −1000 mT. The magnetizations were mea-
sured using Molspin (Minispin) magnetometer (Sensitivity: 3 × 10-5 A/
m), whereas the palaeomagnetic remanence was measured using the
JR-6A spinner magnetometer (AGICO, Czech) (Sensitivity: 2.4 × 10-6

A/m). The maximum field available in the laboratory (i.e., 2200 mT)
was considered as saturation field to calculate the SIRM (Evans and
Heller, 2003, pp. 50-78). The values of susceptibilities and remanent
magnetizations throughout the calculations were mass normalized.
Table 1 (Supplementary file) summarizes the parameters used for esti-
mation of different parameters and Table 2 (Supplementary file) ac-
counts the mean values of the studied parameters. Backfield data were
used to calculate the coercivity of remanence (BCR). Rock magnetic and
palaeomagnetic analyses were carried out at the Palaeomagnetic labo-
ratories of Department of Geology, Savitribai Phule Pune University
(SPPU) and the CSIR- National Geophysical Research Institute (NGRI),
Hyderabad.

3.2. Hysteresis loops and thermomagnetic measurements

Set of samples were analysed for thermomagnetic, XRF and XRD
studies using standard methods. Hysteresis loops and thermomagnetic
curves were generated on advanced variable field translation balance
(AVFTB) (Sensitivity- 5 × 10-5 Am2/kg, Temperature window- 0 to
800 °C) at CSIR- NGRI. The hysteresis loop parameters were analyzed
using software ‘rockmaganalyzer’ (https://earthref.org/
RockMagAnalyzer/).

3.3. X-ray fluorescence (XRF)

A set of powdered samples (six samples of laterite and two samples
of basalt) were used for XRF analyses to calculate the weathering in-
dices. The analyses were made on ED-XRF SPECTRO XEPOS III unit at
SPPU following the sample preparation procedure described in
Kisakurek et al (2004). USGS standards AGV-1, BHVO-1, VL-1 and VL-2
were used as standards for calibration (LaBrecque and Schorin, 1987).
The geochemical indices were calculated using spreadsheet provided by
Babechuk et al (2014). Chemical index of alteration (CIA) and Mafic in-
dex of alteration (MIA)(oxidation) were measured using moles of oxides
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Fig. 1. Location map of the study area. a) High level (dark brown) and low level (orange) laterites separated by the Western Ghats escarpment (dashed red line).
Black dot lines represent the elevation contours in meters. Inland water bodies are marked in blue colour. The study area (near Chiplun) is indicated by a black star.
b) Geological map of the study area after Widdowson and Cox (1996). The Deccan trap stratigraphy is shown by shades of green colour. The studied laterites are de-
veloped on basalts belonging to Poladpur Formation of Deccan volcanic province (modified after Widdowson and Cox (1996)).

in their formulae, while oxide wt % were used in the case of the index of
lateritization (IOL) with formulae given below.

CIA = [Al2O3/(Al2O3 + CaO + Na2O + K2O)] × 100.
MIA = [(Al2O3 + Fe2O3(T))/(Al2O3 + Fe2O3(T) + MgO + CaO + Na2O
+ K2O)] × 100.

IOL = [(Al2O3 + Fe2O3(T))/(SiO2 + Al2O3 + Fe2O3(T))] × 100.

3.4. X-ray diffraction (XRD)

RIGAKU XRD Model ULTIMA IV was used to generate the XRD spec-
tra for bulk powder samples from each unit at SPPU. The 2θ scan range
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was set at 10 to 80° with a step interval of 0.02θ and speed of 4 per sec-
ond. Samples were measured in Cu-Kα mode applying a voltage of 45
keV and the intensity of 40 mA. Phase identification and refinement
were accomplished using Match software (https://
www.crystalimpact.com/match/) having options for library data
search to enable the mineral identifications in the bulk samples.

4. Results and discussion

4.1. Rock magnetism

The magnetic susceptibility (χlf) variation within the profile (Fig. 2a
and Table 2) shows values from 31 to 105 × 10-8 m3/kg in Zone I, 2 to
40 x10-8 m3/kg in Zone II, and 77 to 84 x10-8 m3/kg in Zone III from top
to bottom. The overall range of values for Zone I and III are substantially
higher than that for Zone II depicting possible ferrimagnetic influence
for the former compared to antiferromagnetic nature of mineralogy in
Zone II. The χfd% (approximate concentration of SP grains) is higher in
Zone II relative to Zone I and III (Fig. 2b). The Zone II values range from
0.4 to 5.5%, whereas the average values for χfd% in Zone I and III are 0.5
and 0.8%. Lateritization process favours a large-scale transformation
within magnetic mineralogy by dissolution and precipitation in an ox-
idative regime of Eh-pH conditions. The χfd % represents the effect of
viscosity at room temperature for the superparamagnetic (SP) domain
fraction with diameters less than 3–50 nm. The behaviour of SP grains
is largely dependent on temperature and the time span of observation
(O’Reilly, 1984, pp. 58-97). The χfd% enrichment amongst Zone II sam-
ples suggests its formation possibly by intense dissolution-solution-
precipitation activity during lateritization. The ferrimagnetic SP may
arise by the dissolution of larger ferrimagnetic grains or simply by
maghemitization. Whereas, Zone II is marked by the highest coercivities

(BCR) and hard isothermal remanent magnetizations (HIRM) (described
below) suggest the possible antiferromagnetic nature of the SP fraction.
The intense antiferromagnetic transformations in laterites lead to the
formation and precipitation of ferrihydrite and limonitic complexes in
their amorphous states and nanoforms to produce the SP.

The χARM is generally related to the concentration of stable single
domain (SSD) ferrimagnetic grains (Maher, 1988; Egli and Lowrie,
2002). As seen in Fig. 2c, the χARM is strikingly lower in Zone II com-
pared to Zone I and III, with Zone III representing higher concentration
of SSD grains of ferrimagnetic nature. The Saturation Isothermal Rema-
nent Magnetization (SIRM) collectively depends upon the coercivity of
magnetic mineral phases (Thompson and Oldfield, 1986, pp. 21-38).
Magnetically hard minerals (high coercivity and low remanence) resist
the applied field while soft minerals (low coercivity and high rema-
nence) align easily along external fields. The SIRM in Zone I (max: 0.84
Am2/kg) and III (max: 0.46 Am2/kg) show exceptionally higher values
than Zone II (Fig. 2d). SIRM values for Zone I and Zone III thus indicate a
dominant contribution from ferrimagnetic minerals e.g. magnetite/ti-
tanomagnetite and maghemite; while Zone II indicates majority of anti-
ferromagnetic complexes (hematite, goethite, and their substitutes).
The SIRM values for Zone I are much higher than Zone III depicting sig-
nificant ferrimagnetic contribution from magnetite-maghemite phases.

The S-ratio depict relative abundance of soft versus hard magnetic
minerals (King and Channell, 1991). Theoretically, the values close to
‘1’ correlate well with soft ferrimagnetic minerals like magnetite and
prevailing lower values correspond to magnetically hard minerals such
as hematite and goethite. In the present scenario, Zone I and III show
the S ratios close to 0.9 implying dominant ferrimagnetic mineralogy
(Fig. 2e). The maximum and minimum values are observed in Zone II
and are within the range from 0.67 to 0.02 suggesting minor contribu-
tion of ferrimagnetic minerals in overall antiferromagnetic assemblage

Fig. 2. Bar plots of different environmental magnetic parameters against the specimens of their respective samples. Green-coloured bars represent Sample 1 (speci-
mens 1A, 1B, 1C) of laterite and Sample 7 (specimens 7A, 7B, 7C, 7D) of basalt, while Sample 2–6 of the typical laterites are shown in red bars. Index on the lower
right side of the diagram represents zones and their corresponding specimens. The parameters employed in this study are a) χlf (10-8 m3/kg), b) χfd %, c) χARM (10-6

m3/kg), d) SIRM (Am2/kg), e) S-ratio, f) SIRM/χ (108 A/m), g) χARM/χlf, h) HIRM (Am2/kg), i) Bcr (mT), j) Soft IRM (Am2/kg), k) L-ratio.
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(Fig. 2e). However, the use of S-ratio for relative contribution is statisti-
cally non-linear and the interpretation is based on their non-unique na-
ture (Heslop, 2009).

The SIRM/χlf ratio broadly delineates the changes in domain-size;
and in the present case, it is sensitive to changes in the magnetic min-
eral phases along with a possible contribution from paramagnetic min-
erals (predominantly the clay minerals). In Zone II, the combination of
SIRM/χlf and χARM/χlf depict bimodal distribution due to smaller and
larger SD grains (Fig. 2f, 2g). The higher values of χARM/χlf, a grain size
indicator depict relative enrichment of SD particles and its lower values
show a bias towards SP or Multidomain (MD) particles (Liu et al.,
2012).

The HIRM and Soft IRM ratios are primarily inferred for discrimina-
tion of bulk concentration of ferrimagnetic and antiferromagnetic min-
eralogy (Robinson, 1986; Thompson and Oldfield, 1986, pp. 21-38).
Overall, the high HIRM in Zone II indicated the predominance of anti-
ferromagnetic minerals relative to Zone III (Fig. 2h). The Soft IRM val-
ues in Zone II are 17 times lower than Zone III suggesting the relative
abundance of hematite and/or goethite like mineral phases (Fig. 2j).
The coercivity of remanence (Bcr) is a complex parameter that depends
upon mineralogy, domain states, and crystal structures (Dunlop and
Özdemir, 1997, pp. 133–140). The substitution of Al or Ti in the struc-
tures of magnetic minerals however causes drastic changes in the mag-
netic properties (Liu et al., 2007; Liu et al., 2012). This may result in an
increase or decrease in the values of saturation magnetization, coerciv-
ity, and Neel/Curie temperatures (Liu et al., 2007). The Bcr values are
higher in Zone II (max- 575) than Zone I and Zone III (Fig. 2i). Nonethe-
less, Bcr in Zone I is twice as higher as Zone III. Low S-ratio, high χlf, and
SIRM along with high Bcr values thus indicate the existence of both anti-
ferromagnetic and ferrimagnetic minerals in Zone I. Liu et al. (2007)

suggested constancy of L-ratio to reflect the absolute changes in the
concentration of hematite or goethite,. For conventional use of S-ratio
and HIRM, therefore we estimated the L-ratio. The values were uniform
in Zone I and II, attesting the fair usage of S-ratio and HIRM (Fig. 2k).

Finally, the inferences from routine mineral magnetic analysis are
summarized below.

1) The topmost Zone I is dominated by an equitable proportion of
soft and hard magnetic minerals with a significant concentration of SD
grains. The surficial ferrimagnetic inputs can be attributed to sec-
ondary/detrital processes as described in Singh et al (2020).

2) The intermediate Zone II represents a predominant antiferromag-
netic zone with minor ferrimagnetic contribution and the predomi-
nance of SP fraction. This zone mainly represents the intense lateritiza-
tion with almost complete transformation of ferrimagnetic oxides along
with possible addition of antiferromagnetic complexes along with other
minerals by dissolution and precipitation during intense chemical
weathering enriching the antiferromagnetic oxides.

3) The lowermost Zone III represents a dominant ferrimagnetic mix-
ture of SD and MD grains along with low antiferromagnetic contribu-
tions.

4.2. Modelling of the isothermal remanent magnetization (IRM) spectra

When the samples are dominated by mixed magnetic mineralogy,
detailed analysis of IRM curves can provide differentiation of admix-
tures (France and Oldfield, 2000; Liu et al., 2012). The values of ac-
quired magnetization are plotted on the y-axis and corresponding field
values on the x-axis. Fig. 3 thus depict that Zone II specimens are typical
of antiferromagnetic nature (Dekkers and Linssen, 1989). The antiferro-
magnetic mineral hematite usually saturates in the fields up to 2–5 T,

Fig. 3. The first row shows IRM acquisition (magnetization against applied field) for a sample from Zone I, Zone II, and Zone III in sequence. The second-row plots the
coercivity spectra [d(M)/d(log B)] vs log B mT for specimens from Zone I (d), and Zone II (e, f). The dashed lines represent the mean coercivity values of the compo-
nents. In the third row, we have plotted the RPM (relative percentage of magnetization acquisition) for specimens belonging to Zone I (g) and Zone II (h, i). Letters A
to O on the x-axis represents the intervals of applied field in mT. Acquisition steps are shown at the bottom of the figure.
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but the presence of goethite can increase the field of saturation up
to ∼ 6–9 T or even higher (Dekkers, 1988; Rochette et al., 2005; Liu et
al., 2012). The saturation magnetization, coercivity, and Curie/Neel
temperatures also depend upon the amount of substitution and degree
of crystallinity (Cornell and Schwertmann, 2003, pp. 111-136; Liu et
al., 2007). Thus the IRM curves for Zone II specimens can be subdivided
into three parts depending upon the maximum magnetization induced
(Fig. 3b). This proposes the variations in the mineralogy and domain
size perhaps as a result of crystalline to amorphous varieties and their
substitutions within the hematite dominant mineralogy along with
some proportion of goethite. Zone I specimens show the highest en-
hancement compared to Zone III. However, Zone III specimens exhibit
higher values of magnetization as it is dominated by ferrimagnetic min-
erals. This indicates a significant ferricretization in Zone I, while Zone II
is dominated by lateritization.

The discrete IRM spectra are further useful for modelling the com-
ponents of acquisition based upon the coercivity characters (e.g.
Kruiver et al., 2001; Heslop et al., 2002; Maxbauer et al., 2016). These
methods are generally applied when magnetic minerals are originated
from different sources. The requirements for these methods are monot-
ony in the data which will be achieved by increasing the IRM acquisi-
tion steps along with less magnetic interaction. As the applied field in-
crements were less in this study, and also the magnetic minerals are
grown from only one source (i.e. unimodal chemical origin), we used a
plot of [d(M)/d(log B)] against log B (Fig. 3d, 3e, 3f) to identify mean
coercivity components prior to applying further statistical procedures
(e.g. smoothing, component fitting) (Tauxe et al., 1996; Maxbauer et
al., 2016). The minerals that were not identified/detected by the values
of coercivity from back-field application (possibly because of their
lower concentration) can be separated using this plot. The plot for spec-
imens 2A and 4C represents two coercivity components (Fig. 3e and 3f).
For specimen 2A, the mean coercivity for components 1 and 2 are 656
mT and 1413 mT, respectively (Fig. 3e). Assigning the components for
specific minerals depends on the source variation (eventually which
will affect the magnetic signal) (Kruiver et al., 2001; Heslop et al.,
2002; Maxbauer et al., 2016).

The lateritic mineralogy being antiferromagnetic (AFM) dominant,
the coercivity analysis and the rate of change of IRM acquisition (RPM)
appears to have been governed by the variation within the AFM phases.
IRM being an indirect method, in this lateritic composition, we antici-
pate these different phases as a result of substitution (e.g. Aluminium-)
and the grain size variations within the range of crystalline to amor-
phous oxides. We further examined this mineralogy using more ad-
vanced approaches in rock magnetism and the spectroscopy (i.e., XRD).
In the present case, we assign the lower values of coercivity to hematite
and higher values to goethite. The significant presence of goethite apart
from hematite has been confirmed using x-ray diffraction analysis (pre-
sented later). The assigned value (656 mT) of coercivity is still higher
than that expected for hematite (Peters and Dekkers, 2003). As stated
above, the Al-substitution increases the values of coercivity for
hematite and it decreases for goethite (Roberts et al., 2006; Liu et al.,
2007). Similar two components were identified for specimen 4C. How-
ever, as shown in Fig. 3f, the curve initiates with elevation (x-axis) as
opposed to specimen 2A. This initial enhancement implies the influence
of a small/soft ferrimagnetic (FM) component which can be attested
from the rate of acquisition (RPM) plots (Fig. 3i). Furthermore, speci-
men 1A is dominated by only one component (i.e., FM) having a mean
coercivity of 100 mT, that is in agreement with the values obtained
from backfield data (Fig. 3d).

The RPM for specimen 1C shows substantial acquisition up to 500
mT, depicting magnetite-maghemite-like ferrimagnetic phases (Fig.
3g). For specimen 3C, the percentage acquisition shows two trends, one
up to 300 mT and the other from 300 mT upwards (Fig. 3h). Similar re-
sults were obtained for specimen 4B. This anticipates the presence of
maghemite-like phases within Zone II. Furthermore, it also justifies the

initial peak exhibited by specimen 2A as mentioned above. We consid-
ered the possibility of maghemite (/titanomaghemites) within FM min-
eralogy due to the commonly occurring process of maghemitisation
during weathering of magnetite/titanomagnetites sourced from the
parent Deccan basalts. In a nutshell, these results indicate that Zone II is
dominantly hematitic (Al substituted?) along with variable contribu-
tions from goethite and maghemite; and maghemite (or magnetite) is
the major phase in Zone I.

4.3. Hysteresis and thermomagnetic analysis

The hysteresis curve data are plotted for representative specimens of
laterite and parent rock basalt (Fig. 4). The changes in magnetization
with applied fields are measured using hysteresis loops (Thompson and
Oldfield, 1986, pp. 21-38). The height, width, squareness, and steep-
ness of the hysteresis loops are the consequence of magnetic concentra-
tion, stability, ease of magnetization, and grain interactions respec-
tively (Maher and Thompson, 1999, pp. 29-31). Also, there is a signifi-
cant impact of magnetic domain size on hysteresis curves (Dunlop and
Özdemir, 1997). The laterites (Sample 2–6) typically showed wasp-
waisted loops, except for Sample 1 (Fig. 4). Tauxe et al. (1996) demon-

Fig. 4. Hysteresis curves for samples representing all three zones (Zone-I, II and
III) from the studied profile. The figure shows wasp-waisted curves for laterite
samples (b-e). The hysteresis curve of Sample 1 (laterite) showed similarity
with the Sample 7 (basalt) (a, f).
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strated that the mixtures of SP and SD grains with a size range of
greater than 8 nm of SP can produce wasp-waisted curves. Also, a
threshold size of 15–20 nm of SP grains along with some SD grains
would create an exact shape, which is exhibited in the present scenario.
There is a remarkable difference between the loops from Zone I (Sample
1), Zone II (Sample 2–6) and Zone III (Sample 7) as expected (Fig. 4).
The hysteresis loop for Sample 1 closes at lower coercivity indicating
dominant ferrimagnetic mineralogy (Fig. 4a). Lower values of coerciv-
ity can be observed in Sample 7 (basalt) compared to lateritic samples
indicating SD to MD magnetite grain size population in basalt (Fig. 4f;
Tauxe, 2002, pp. 35-75; Liu et al., 2012).

The graph of reduced saturation remanence (Mrs/Ms) against re-
duced coercivity (Bcr/Bc) so called ‘Day Plot’ has been pervasively used
in many studies to discriminate the grain size variations (Day et al.,
1977). Here, we used the Day-Dunlop plot as modification of the Day
plot (Dunlop, 2002) shown in Fig. 5. Dunlop (2002) calculated theoreti-
cal as well as actual mixing lines for magnetite domains, with modified
limits of reduced ratios in the Day plot. As seen in Fig. 5, majority of the
samples of laterites fall within the range of 15 and 20 nm SP-SD mixing
lines with one sample falling in 10–15 nm SP-SD mixing line. This sug-
gests varying proportion of SP and SD grains in the lateritic samples.
Furthermore, it supports the illustration given for hysteresis curves. The
crystallinity of hematite determines the SD threshold size (Dekkers and
Linssen, 1989).

The thermomagnetic curves (Fig. 6, discussed below) indicated that
the hematites are Al- substituted. The exact delineation of critical SD
size of hematite is limited by substitution (Dekkers and Linssen, 1989).
However, the critical SD size for hematite could possibly be elevated to
100 µm (Kletetschka, 2002). Basalt sample is exactly falling on the mix-
ing line of SD-MD having 15 % of MD mixtures in SD grains of mag-
netite (Ti). The explanation of hysteresis loops and Day-Dunlop plot
suggests that the lateritic mineralogy is dominated by SP (10–20 nm)
and SD AFMs. The SP fraction appears to be abundantly the amorphous
hematite apart from other poorly crystalline antiferromagnetic frac-
tions.

The identification of magnetic minerals using their respective
Curie/Neel temperature has been widely used, although magnetic en-
hancement and diminution effects during heating/cooling often mask

Fig. 5. Day-Dunlop plot (Day et al., 1977; Dunlop, 2002). Domain state mixing
lines are adopted from Dunlop (2002). Red circles indicate laterite samples
(Sample 1–6) while green circle indicate basalt sample (Sample 7).

the recognition (Liu et al., 2004; Torrent et al., 2006; Zhang et al.,
2010). Fig. 6 illustrates the heating and cooling cycles (marked by red
and blue arrows) for laterite and basalt analysed using AVFTB. Sample
1 showed dramatic change in magnetization during heating
(300–500 °C) and a large rise during cooling, in contrast to the other la-
terites (Fig. 6a). The final decline in magnetization around 580 °C indi-
cates the existence of magnetite (Fig. 6a). All the remaining laterite
samples show a similar pattern by sudden decrease in magnetization at
300–500 °C during heating (Fig. 6b, 6c, 6d, 6e). Removal or conversion
of mineral phase with higher magnetization to that with lower one pos-
sibly explains this behaviour. During the cooling cycle, we observed a
significant loss of magnetization (50–80 %) concerning initial magneti-
zation. Liu et al. (2005) observed similar changes in thermomagnetic
curves for loess samples attributing such changes to conversion (inver-
sion) of maghemite to hematite during heating in the same temperature
range as observed here. They further suggested that this behaviour
could also be used as an index for the presence of SP particles. The in-
version temperature have been reported from 250 °C to ≥ 750 °C de-
pending upon grain size, degree of oxidation, and incorporation of im-
purity to the crystal structure (Dunlop and Özdemir, 1997) and the Neel
temperature of hematite is 657 °C (Dunlop and Özdemir, 1997, p. 51).
However as seen in Fig. 6, the heating curve drops around 640 °C de-
picting the lowering of Neel temperatures due to substitution. The Al-
substitution could be the most common reason for lowering of the Neel
temperature of hematite (Dunlop and Özdemir, 1997, pp. 69–74; Liu et
al., 2007). The diamagnetic bias of Al substitution decreases the crys-
tallinity of hematite eventually affecting its Neel temperature and coer-
civity (Cornell and Schwertmann, 2003, pp. 39-57; Liu et al., 2007).

Identification of goethite in the present case is demanding as Al-
substitution, excess water and crystallinity could reduce its Neel tem-
perature to room temperature (Dekkers, 1990; Liu et al., 2012). Also,
dehydration of natural and synthetic goethite occurs at considerably
lower temperatures, at less than 270 °C (Lewis and Schwertmann,
1979). Dekkers (1990) reported dehydration of goethite at the tempera-
ture range from 260 to 360 °C. The basalt sample has shown a gentle
decrease in magnetization up to 300 °C, thereafter a small drop was ob-
served in a temperature range of 300–400 °C (Fig. 6f). Jiang et al.
(2015) suggested magnetic enhancement in synthetic samples due to
iron content from clay minerals and subsequent production of mag-
netite. There is a possibility of titanomagnetite to be exsolved into Ti-
rich and Ti-poor magnetite phases at elevated temperatures (Dunlop
and Özdemir, 1997, pp. 61–66), fairly enhancing the magnetization
while cooling.

4.4. X-ray fluorescence analysis

The intensity and magnitude of alterations in the magnetic mineral-
ogy of basalt could be traced using various alteration indices (Nesbitt
and Young, 1984; Nesbitt and Wilson, 1992; Fedo et al., 1995;
Babechuk et al., 2014). The CIA values primarily track dissolution of
feldspar and higher values promote the removal of labile elements (Ca,
Na and K) (Babechuk et al., 2014). CIA greater than 99% indicates com-
plete removal of mobile elements and retention of Aluminium (Fig. 7a)
(Table 3, Supplementary file). CIA values for basalt are less than 33%
which are well within the basaltic weathering range (Fig. 7a). In SAF
triangular diagram, all laterite samples fall in moderately to strongly la-
teritised fields, suggesting the deep nature of weathering in a complete
profile (Fig. 7b). In the laterites from Gujarat, Meshram & Randive
(2011) reported similar strong lateritization from the SAF diagrams.
The IOL is a prime index of lateritization whose values in these laterites
are significantly higher (greater than 70%) (Fig. 7b). Basaltic sample at
the base fall in kaolinitised field in SAF diagram (this could represent
the initiation of lateritization process in Zone III) (Fig. 7b). The basalt
IOL values are consistent with values obtained by Babechuk et al.
(2014). Lastly, the MIA (oxidation) represents the retention of Fe3+ and
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Fig. 6. Thermomagnetic curves for laterites (Sample 1–5) and basalt (Sample 7). Distinct patterns of heating are observed for samples from Zone I (a), Zone II (b-e)
and Zone III (f). Laterite samples showed large differences in the magnetization after heating and cooling cycles (irreversible behaviour). Reversible curves were
produced for basaltic sample (Sample 7). Red and blue arrows indicate heating and cooling curves.

aluminium over other oxides eventually noting the vital characteristics
of laterite formation. As seen in Fig. 7c, all the laterite samples fall on
the Fe2O3-Al2O3 line indicating their enrichment and maturity.

Above mentioned alteration diagrams clearly indicate absolute mat-
uration of the laterite profile and completion of the lateritization
process. The conversion of magnetic minerals from basaltic lithology
has experienced laterite weathering to the fullest possible extent. This
strengthens our inference of detrital ferrimagnetic input in the highest
horizons of laterites contributing to ferrimagnetism in an AFM domi-
nant process of lateritization.

4.5. X-ray diffraction analysis

The XRD analyses have been extensively practiced both quantita-
tively and qualitatively to study geological formations. We used Match-
3 software to analyse and refine the XRD data (https://
www.crystalimpact.com/match/). This software utilizes extensive data
library search to identify the mineral phases in the sample. We found
background noise in the data similar to Suhr et al. (2018) which was
later assigned to the widespread occurrence of ferrihydrite and amor-
phous phases of hematite. Iron and aluminium oxides and hydroxides
along with clay minerals were observed throughout the laterite profile.
Majority of the iron oxide and hydroxide peaks occur at 300 (2θ) on-
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Fig. 7. Ternary diagrams indicating changes in various oxides along with weathering indices. Laterites are marked by red circles while basalt samples are shown by
green triangles. The first diagram (a) is A-CN-K ternary plot along with the chemical index of alteration (CIA) (Nesbitt and Young, 1984; Nesbitt and Wilson, 1992;
Fedo et al., 1995). The second diagram (b) is S-A-F ternary plot after Schellmann (1986) indicating the degree of lateritization. A-L-F ternary plot (c) indicating
losses of mafic against alkali oxides (Babechuk et al., 2014).

wards. Identification of maghemite and magnetite is challenging as
their maximum peaks coincide. However, magnetite does not exhibit a
peak at lower values of 2θ (2 5 0). Stoichiometric hematite produced
characteristic peaks in the XRD spectra (Fig. 8). Furthermore, the Al-
hematite peaks (d-values: 2.2076, 1.4552) are identified using soft-
ware’s library and the XRD spectra of Al-hematite in Roberts et al.
(2006). The higher Al-substitution in hematite moves 2 thetas to higher
values (Roberts et al., 2006). Furthermore, hematite and goethite peaks
were checked and confirmed using XRD data of France and Oldfield
(2000). XRD spectra of samples representing all the three zones are
shown in Fig. 8. The minerals identified are gibbsite, Al-hematite,
maghemite, goethite, hematite, ferrihydrite, and kaolinite (Fig. 8). Sim-
ilar minerals were observed by Singh et al. (2020) while studying the
laterites from the nearby Patan (Satara, Maharashtra) area of Deccan
province. The XRD for basalt samples detected characteristic minerals
of the rock (plagioclase, pyroxene, olivine, and minor quartz) (Fig. 8c).
Initiation of the process of lateritization due to weathering of parent
rock (formation of saprolite) could affect the primary mineral assem-
blage resulting in the formation of secondary clay minerals. Minor mag-
netic enhancement during thermomagnetic (high temperature) treat-
ments is probably due to the conversion of these minerals into new
magnetic mineral phases (e.g., magnetite; Jiang et al., 2015) (Fig. 6f).

The exact quantification of minerals by XRD spectra depends on
crystal structure of the mineral phase present, their substitution, de-
fects, polytypes, and also peak collisions (Zhou et al., 2018). Substitu-
tion and varying crystallinity are possible in laterites evident from their
behaviour during thermomagnetic analysis. In this regard, laterite from
Zone I and Zone II show similar mineralogy in XRD spectra but for their
relative quantification, we rely on characteristic rock magnetic parame-
ters because of earlier discussed factors.

The laterite mineralogy being complex, the results produce several
uncertainties in XRD spectra. A dedicated study focussing on the miner-
alogical aspects of laterites using advanced microscopy (scanning elec-
tron microscopy) is required for the identification of the full spectrum
of minerals (magnetic and non-magnetic). Therefore, maintaining the
focus upon the main objectives of rock magnetism and palaeomagnet-
ism, further spectroscopic analysis on mineral separates were restricted
and the overall information based on XRD and rock magnetism en-
dorsed the presence of at least two varieties of hematite (crystalline and
amorphous), the goethite (with substitutions); maghemite, and possible
products of partial maghemitization of magnetites. Rock magnetism
also suggested a mixture of SD + SP + MD and SD + SP under domi-
nant antiferromagnetic mineralogy. Thermomagnetic data confirmed
the existence of goethite, maghemite, and magnetite. XRD showed
kaolinite as a dominant clay mineral along with goethite, hematite, and
gibbsite and their substitutional varieties.

4.6. NRM acquisition

Above mineralogical studies infer that these laterites are enriched
with both amorphous and crystalline antiferromagnetic oxides as the
possible agents of NRM in the form of chemical/crystallization rema-
nent magnetization (CRM). Amongst the two, crystalline hematites are
the best possible candidates for stable and characteristic remanent mag-
netization (ChRM). On these premises, we conducted the palaeomag-
netic analysis using alternating field demagnetization on the set of rep-
resentative sister samples and are described below.

We relied upon the alternating field demagnetization, as thermal de-
magnetization was highly susceptible to laboratory heating-induced
changes due to the abundance of amorphous and poorly crystalline iron
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Fig. 8. XRD diffraction patterns of samples representing all three zones. a) Sample 1 (Zone-I) b) Sample 3 (Zone-II) c) Sample 7 (Zone-III). The characteristic minerals
identified are marked by numbers for laterite (sample 3) and small letters for basalt (sample 7). The d-values for the identified peaks are shown in blue coloured text.
1-Gibbsite, 2-Al-hematite, 3-Goethite, 4-Maghemite, 5-Hematite, 6-Kaolinite, a-Plagioclase, b-Pyroxene, c-Olivine, d-Quartz, e-Magnetite.

oxide/hydroxide complexes (limonitic – ferrihydrites) and the presence
of goethites resulting in strong secondary magnetization. The AF (alter-
nating field) demagnetization on the other hand yielded convincing in-
tensity decay as well as vector migration paths. The progressive demag-
netization was carried up to the fields of 150 mT and showed stable
components of remanence (Fig. 9).

We found sudden increase in magnetization at 5 mT (Fig. 9e) due to
the removal of antiparallel or high angle viscous component, increasing
the intensity for the resultant component. This followed a steady decay
even at higher fields depicting single stable component in the NE direc-
tion. Alternating fields up to 150 mT removed large, low stability com-
ponents parallel/subparallel to the NRM directed towards NE with an
inclination of ∼ 100. For majority of the samples, we found a trend in
intensity decay partitioned into 0–25 mT and 60–150 mT. All the sec-
ondary components were removed by 25 mT depicting the ferrimag-
netic components, further, there is a 90% loss of intensity by 150 mT
(Fig. 9e).

The equal-area projection for the demagnetization spectra for speci-
men 2.1 shows a well-clustered nature with stable declination (D) and
inclination (I) values. It shows the D/I values of 100 and 460, respec-
tively (Fig. 9a). Specimen 2.5 showed a sudden increase in intensity at
the demagnetizing field of 5 mT, similar to the previous sample (Fig.
9f). Afterwards, there is complete decay or removal of remanent mag-
netization linearly from 5 to 25 mT. The equal-area projection shows
good clustering of data with constant inclination and declination. Simi-
lar results were obtained for specimens 2.8 and 2.10. Specimens 3.1 and
3.5 showed a scattering of data in equal-area projection, although there
is smooth decay in the fields of 0–25 mT and then 60–150 mT (not
shown). These specimens show unimodal ChRM components without
any secondary magnetization. Specimen 3.8 show stepwise decay of in-
tensity of magnetization (Fig. 9g). Specimen 4.5 showed overlapping
components with scattering in equal-area projection (Fig. 9d, 9 h).

Further, in order to test the stability of NRM, we have calculated the
Koenisberger ratio (Q-ratio) (Koenigsberger, 1938) using the equation
Q = NRM (A/m) / [χ (SI) × H (A/m)], where χ indicates the magnetic
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Fig. 9. The equal area projection of vector migration (a, d, c, d) and the Zijderveld diagrams (e, f, g, h; Zijderveld, 1967) for representative laterite specimens. The
nature of magnetic intensity decay curve for respective specimens is shown in the inset graphs. Variation in the Koenisberger ratio (Q-ratio) (i) indicating an upward
increase along with the profile. The graph between sample numbers and median destructive field of NRM indicates an upward increase in MDF along with the lat-
erite profile (j).

susceptibility and H represents the local geomagnetic field (Table 4,
Supplementary file). The Q-ratio for present samples was calculated
taking local geomagnetic field value of 34.18 A/m referred from Inter-
national Geomagnetic Reference Field (12th Generation) values. The
values Q greater than 1 indicate remanent magnetization dominates
over induced magnetization (Clark, 1997; Dunlop and Özdemir, 1997,
pp. 238–239) and the contribution of remanence properties is major to
the total magnetization of the rock. Fig. 9i shows an upward rise in the
Q-ratio along the laterite profile suggesting that the rock possesses sta-
ble carriers that can hold stable remanence.

The median destructive field (MDF) of NRM is the magnetic field re-
quired to eliminate half the remanent saturation magnetization
(Dankers, 1981; Brachfeld and Banerjee, 2000). This parameter mea-
sures remanence stability by targeting the carriers of natural and in-
duced remanences (Brachfeld and Banerjee, 2000). It is calculated by
AF demagnetizing the sample through steps until we get the one-half
value of the original NRM (Table 5, Supplementary file). MDF of stud-
ied samples increases upward in profile suggesting more stable rema-
nence carriers (Fig. 9j). Generally, lower values of MDF of NRM suggest
magnetite-titanomagnetite mineral phases while higher values suggest
hematite-goethite minerals phases (Dankers, 1981).

The primary remanent magnetization (ChRM) in the studied sam-
ples was thus obtained after removal of the viscous components (at less
than 5 mT), while the secondary remanence due to ferrimagnetic com-
ponents are removed by 25 mT (Fig. 9). This indicates that the stable
CRM in laterites is attributed to a sufficiently long duration of the
process of lateritization surpassing the time of lock-in remanence. The
amorphous AFMs appear to have little or no influence in disturbing or
overprinting the NRM and can be demagnetized at low field values of 5
mT. The study, therefore, indicated: a) suitability of laterites to acquire
stable NRMs and b) Crystalline hematite as benchmark mineral to
record the NRM within the complex process of lateritization.

5. Basaltic weathering and natural remanent magnetization

Basalts are some of the most susceptible substrates to chemical
weathering under a large spectrum of Eh-pH and temperature condi-
tions. The basaltic weathering is an effective process of CO2 sequestra-
tion (Gislason and Oelkers, 2014), while it is considered a possible anal-
ogy to the Martian weathering conditions (Greenberger et al., 2012)
due to the existence of both basalt and hematite over the planet. An-
other very important aspect of the basalts and their weathering prod-
ucts is its enrichment with ferrimagnetic minerals which can have
unique pathways of conversions to maghemite and hematite. Lateritiza-
tion permits sufficient reaction time and porosity for fluid migrations to
convert these ferrimagnetic sources into antiferromagnetic, apart from
the conversion of several other Fe oxides bearing silicates to such end
product. Geologically laterites contribute to significant information on
the paleogeographic status of a continent. The longitudinally drifting
continent like India further preserve an important record of paleolati-
tudes to be determined from palaeomagnetic and magnetostratigraphic
approaches.

Our studies have broadly inferred the total transformation of the
parent basalts into antiferromagnetic during lateritization; and ferri-
magnetism if any present is because of the lateral/surficial inputs dur-
ing the process of lateritization. The abundance of feldspars in these
basalts is also a possible reason for the early advancement of lateritiza-
tion. The feldspar weathering has created labile elements besides their
larger grain size providing effective porosity for the migration of solu-
tion. Early weathering of feldspar is also the source of ionic Al- to be
readily available for substitution with ferrihydrites and hence
hematites and goethite. The abundance of solution due to precipitatious
and humid conditions near the coast further accelerated the formation
of limonites and goethite; which later permitted the formation of amor-
phous hematites by release of hydroxyl ions. Further maturity formed
the crystalline hematites as the stable and advanced stage of lateritiza-
tion reached. Once formed, the crystalline hematite (hc) remained sta-
ble preserving the NRMs. The process of formation of crystalline
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hematites (hc) from the amorphous hematites (ha) strengthened the
CRM with sufficient time for lock-in, although a possibility of superim-
position of CRMs cannot be ruled out. Our palaeomagnetic results could
not trace such superimposition and almost a unimodal hc component
was detected in these samples. However, a strong secondary component
is observed due to ferrimagnetism (removed at 25 mT) which was ac-
commodated as surficial input as discussed above.

This type of remanence acquired during the conversion of one min-
eral phase to another predominantly lead to growth-CRM (Haigh, 1958;
Stokking and Tauxe, 1990) and can be strongly represented by primary
remanence in palaeomagnetic studies (Walker et al., 1981). Hematites
can be crystallized through various pathways, directly from the hydrol-
ysis of ferric iron salts (Schwertmann and Cornell, 2000, pp. 121-134)
or indirectly via the ferrihydrite → hematite reaction (Schwertmann
and Cornell, 2000, pp. 121-134), later being common during the initial
process of lateritization anticipating the strong CRM.

The CRM is acquired below their Curie/Neel points during the con-
version of one mineral phase to another (Dekkers and Linssen, 1989;
Jiang et al., 2015). CRM can be simple crystal growth (growth-CRM) or
the alteration of parent magnetic minerals (alteration-CRM) (Haigh,
1958; Stokking and Tauxe, 1990). In laterites, there are several possibil-
ities for the unstable/transitional nature of the components. Such com-
ponents can arise from; i) partial transformations of detrital magnetite
to maghemite, ii) partial transformation of amorphous to crystalline
hematites, iii) re-lateritization of the re-deposited or precipitated lat-
erites, iv) post formation deformation within laterite zones imparting
porosity, or v) groundwater-related activity in the porous laterite. The
crystalline hematites are developed only during matured stage of lateri-
tization, and they tend to remain stably prevented from the secondary
magnetization, although the deformation may cause physical scattering
of directions. Alternatively, the CRM in these laterites arises from crys-
tallization remanent magnetization (sensu stricto). Our study depicted
the middle zone to be more mature and abundant with SD hematites,
whereas the upper zone is influenced by surficial ferruginous/lateritic
inputs. The CRMs therefore can be used reliably for the magnetostrati-
graphic approach in the Deccan laterites, when the surficial inputs, de-
formation, and other disturbances are restricted. The present approach
of palaeomagnetism combined with mineral magnetism can be devel-
oped to understand the otherwise complex nature of timing in the lat-
eritic processes. Determination of the timing of degree of lateritization
at various stages is therefore helpful in studying various applications in-
cluding CO2 sequestration and Martian weathering analogy.

6. Conclusions

The Deccan Laterites represent peak basaltic weathering conditions
by complete ferri- to antiferromagnetic transformations and further mo-
bilizations within antiferromagnetic oxides. The combination of rock
magnetism, XRD spectroscopy, palaeomagnetism, and XRF analysis
provide an ideal approach to characterize the mineralogical influence
over natural remanence. This integrated study inferred a set of minerals
depicting partial to complete maghemitization, total hematization,
goethite formation, ferrihydrite complexes, and their Al-substituted va-
rieties in addition to gibbsite and kaolinite. The abundance of amor-
phous- (ha) and crystalline hematite (hc) varieties interests the palaeo-
magnetic studies to investigate the nature of NRMs, while the ferrimag-
nets are represented as secondary components. A range of domain sizes
occurs with mixtures of SP + SD and SP + SD + MD, and SD remains
common to most of the profile. The secondary/viscous NRM due to ha is
removed at 5 mT and the secondary component due to ferrimagnets
(magnetite or maghemites) removed at 25 mT. The hc component con-
tinues to decay linearly up to 150 mT depicting unicomponent behav-
iour after 25 mT. The palaeomagnetic tests (Koenisberger ratio, MDF,
intensity decay, and Zijderveld diagrams) indicated stable directions
(ChRMs) due to hc; and the Al-substitution does not affect the stability

of ChRM. The lock-in CRM from hc also benchmarks the maturity of the
profile in terms of mineralogical advancement during lateritization.
These laterites are thus ideal for palaeomagnetic studies and intricacies
and scattered directions may arise from other secondary processes dur-
ing lateritization such as internal deformation and solution/precipita-
tion activities through secondary porosity. The ferrimagnetic abun-
dance in basaltic laterites permits a large amount of crystalline
hematite which once formed remain stable favouring reliable ChRM di-
rections due to CRM.
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Abstract 

Bats play a key role as pollinators and significantly contribute in controlling insects but very scanty information is available on 
their basic physiology. The aim of the present investigation was to estimate the significant differences in level of cholesterol in 
female Taphozous kachhensis during various stages of the reproductive cycle. Estimation of cholesterol level was done for 
twelve months representing all stages of the reproductive cycle. During lactation, quiescence, recrudescence and oestrous 
mean cholesterol level was found to be 149 ± 2.55 mg/dL, 154 ± 2.76 mg/dL, 155 ± 3.21 mg/dL and 158 ± 3.13 mg/dL 
respectively. During early pregnancy and mid pregnancy mean cholesterol level was found to be 164.91 ± 1.27 mg/dL and 
161.08 ± 3.02 mg/dL respectively. Significant decrease in mean cholesterol level was noted during advanced pregnancy when 
compared with early and mid pregnancy. Mean cholesterol level was observed in the range of 137-173 mg/dL during the entire 
reproductive cycle in females. Present investigation revealed the significant differences in the level of cholesterol during the 
reproductive cycle and thus providing the information regarding basal physiological measurement of bats. 
 
Keywords: bat, Taphozous kachhensis, chiroptera, cholesterol 

Introduction 
Order chiroptera is the second most diverse, abundant group 
of mammals, which is represented by more than 1421 
species grouped in 21 families (Simmons and Cirranello, 
2020) [12]. Study of the ecological and physiological 
characteristics of bats as representative of the numerous and 
thriving order chiroptera is important. The relatively high 
life expectancy of some species of bats is of great interest. 
Information of many unknown aspects of the basic biology 
and physiology of bats is scanty. Bats are of immense 
importance to human beings for medical research and public 
health. However baseline values of hematological profiles 
of many of the species of the bats are not studied. 
Physiological changes during the reproductive cycle of the 
bats is related with the changes in the hematological profile 
of these bats. The present study revealed useful information 
on basal values of cholesterol level during various stages of 
the reproductive cycle for research and conservation of this 
species. 
  
Material and methods  
The present study was conducted on females of the 
Embollonurid bat, Taphozous kachhensis. Identification of 
the animal was done using standard monograph (Bates and 
Harrison, 1997) [1]. A mist net of the mesh size (10mm) was 
used to capture the bats. These were collected from from 
Ambai Nimbi, 45 kilometers from Bramhapuri (M.S.). After 
capturing the bats, female bats were separated and were 
brought to the laboratory. These were weighed on the 
electronic weighing balance and anesthetized with ether. 
Blood samples were collected from subclavian and pectoral 
veins without hurting the animal. Blood samples were 
collected and was centrifuged to separate the serum. After 
recovery from the anesthesia, all specimens were released in 
their natural habitat. Auto analyser was used for quantitative 
estimation of the serum cholesterol.  

CHOD/PAP method was used for the estimation of serum 
cholesterol. Cholesterol esterase hydrolyses esterified 
cholesterol to free cholesterol. Hydrogen peroxide is formed 
from free cholesterol due to oxidation which then reacts in 
the presence of peroxidase enzyme with 4-aminoantipyrine 
and phenol which result in quinoneimine red dye complex. 
The intensity of the dye is directly proportional to the 
concentration of cholesterol present in the serum.  
 
Cholesterol esters + H2O        Cholesterol Esterase       Cholesterol 
+Fatty acids 
 
Cholesterol + O2      Cholesterol Oxidase       Cholestenone + H2O2 

H2O2 + 4 Aminoantipyrine + Phenol      Peroxidase       Red 
Quinoneimine dye + H2O 
 
This kit has  
Cholesterol reagent (L1) and Cholesterol standard 200 
mg/dL (S) 
 
Protocol for test 
Sample: (0.01ml serum + Cholesterol reagent (L1) 1.0 ml  
 
Standard: (0.01ml standard + Cholesterol reagent (L1) 1.0 
ml  
 
Blank: (0.01ml Distilled water + Cholesterol reagent (L1) 
1.0 ml  
Mix well and incubate the solution at 37 °C for 5 min. or at 
room temperature for 15 minutes. Measure the absorbance 
of the Standard and test sample against the blank within 60 
min at 505 nm. 
 
Calculations 
Cholesterol in mg/dL = Absorbance of test / Absorbance of 
Sample X 200  
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Statistical analysis  
Raw data was analyzed to give mean, standard error and 
significance using Statistical Package for Social Sciences 
(SPSS 10.0). All graphs in this study were drawn using 
Microsoft Excel Software. 
 
Results 

Mean cholesterol level observed during different stages of 
reproductive cycle in female Taphozous kachhensis and the 
P-value corresponding to F-statistic value of one way 
ANOVA (P = 0.0007) is presented in table 1 and 2 
respectively. Histograph showing cholesterol level in female 
Taphozous kachhensis during reproductive cycle is 
presented in figure 1. 

 
Table 1: One-way ANOVA with post- hoc Tukey HSD showing comparison of cholesterol (mg/dL) in female Taphozous kachhensis during 

reproductive cycle. 
 

Reproductive status No. of Bats Cholesterol Range in (mg/dL) Mean ± S.E Variance Standard Deviation 
Lactation 18 137 – 170 149.00 ± 2.55a 117.52 10.84 

Quiescence 12 140 – 170 154.00 ± 2.76a 91.63 9.57 
Recrudescent 06 145 – 165 155.00 ± 3.21a 62.00 7.87 

Oestrous 06 148 – 168 158.00 ± 3.13a 58.80 7.66 
Early Pregnancy 12 158 – 170 164.91 ± 1.27ab 19.53 4.42 
Mid Pregnancy 12 145 – 173 161.08 ± 3.02ab 109.53 10.46 

Advanced Pregnancy 06 145 – 165 155.00 ± 3.02a 54.80 7.40 
Pooled Total 72  156.25 ± 1.21 106.04 10.29 

 
Table 2: One-way ANOVA of seven independent groups showing P-value corresponding to F- statistic. 

 

Source sum of 
squares SS 

degrees of 
freedom 

mean square 
MS F statistic p-value 

Treatment 2,225.6667 6 370.9444 4.5460 0.0007 
Error 5,303.8333 65 81.5974   

Total 7,529.5000 71    

 

 
 

Fig 1: Mean cholesterol in female Taphozous kachhensis during reproductive cycle 
 

During lactation, quiescence, recrudescence and oestrous 
mean cholesterol level was found to be 149 ± 2.55 mg/dL, 
154 ± 2.76 mg/dL, 155 ± 3.21 mg/dL and 158 ± 3.13 mg/dL 
respectively. No significant differences were observed in 
mean cholesterol level during lactation, quiescence, 
recrudescence and oestrous stages. Significant increase in 
mean cholesterol level was noted during early pregnancy 
and mid pregnancy. During early pregnancy and mid 
pregnancy mean cholesterol level was found to be 164.91 ± 

1.27 mg/dL and 161.08 ± 3.02 mg/dL respectively. 
Significant decrease in mean cholesterol was observed 
during advanced pregnancy when compared with early 
pregnancy and mid pregnancy. Pooled total mean 
cholesterol level during all stages of reproductive cycle in 
females was found to be 156.25 ± 1.21 mg/dL. During the 
entire reproductive cycle in females, mean cholesterol level 
was observed in the range of 137 – 173 mg/dL. 
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Discussion 
Cholesterol is a lipid which is widely distributed in various 
types of animal tissues. It is synthesized in the liver and is a 
normal component of bile and principal constituent of 
gallstones. Cholesterol acts as a precursor for the synthesis 
of various steroid hormones like adrenal corticoids and sex 
steroid in mammals. Total level of cholesterol is related to 
liver function. Increased level of cholesterol is generally 
found in pathological conditions like hypothyroidism, 
nephrosis, coronary artery disease, hyperlipoproteinemias, 
diabetes mellitus and many liver disorders. Low level of 
cholesterol occurs during malnutrition, acute infections, 
haemolytic jaundice, pernicious anemia and 
hyperthyroidism. In humans normal level of total 
cholesterol is between 152 to 240 mg/dL. Ageing is 
associated with an increase in serum total cholesterol. In the 
present investigation pooled mean total cholesterol in 
females of Taphozous kachhensis found to be 156.25 ± 1.21 
mg/dL. In females of Taphozous kachhensis no significant 
variation in total cholesterol were observed during lactation, 
quiescence, recrudescence, oestrous and advanced 
pregnancy. Significant elevated level of total cholesterol 
was noted during early pregnancy and mid pregnancy is 
associated with higher anabolic activity of the liver for the 
synthesis of sex steroids like 17-β oestradiol and 

progesterone. Higher levels of these hormones are required 
for the maintenance of pregnancy. McMichael et al. (2015) 
[7] had noted the total cholesterol in wild black flying foxes, 
Pteropus alecto and reported significant differences in the 
level of cholesterol in females at P < 0.001 level. They had 
noted the plasma total cholesterol females of Pteropus 
alecto was 17.40 mg/dL. Selig et al. (2016) [11] observed 
mean cholesterol level 23.5 mg/dL in straw colored fruit 
bats (Eidolon helvum). Low level of total cholesterol in 
pteropodid bats as compared to insectivorous bat are likely 
due to a low-protein diet, as cholesterol is obtained either by 
diet or by synthesis within liver (Widmaier et al., 1996; 
Heard and Whittier, 1997) [13, 4]. Moretti et al. (2021) [8] had 
observed very low value of triglycerides in healthy captive 
Egyptian fruit bat Rousettus agyptiacus.  Esher et al. (1973) 
[3] had noted 87% decrease in liver cholesterol during torpid 
condition in Myotis lucifugus. Widmaier et al. (1996) [13 had 
noted the high fasting plasma cholesterol level (215 ± 8 
mg/dL) in insectivorous Mexican free tailed bat, Tadarida 
brasiliensis mexicana during late pregnancy and lactation. 
They had correlated extra ordinary high levels of cholesterol 
with consumption of double the amount of insect diet which 
is high in fat. 
Normal level of total cholesterol in captive Pteropus 
hypomelanus was 12 ± 4 mg/dL. Such low levels of total 
cholesterol was related to primary frugivorous habit 
associated with consumption of fruit (Widmaier et al., 1996; 
Heard and Whittier, 1997) [13, 4] 
Heard and Whittier (1997) [4] had observed the plasma 
cholesterol level in Pteropus vampyrus, Pteropus 
rodricensis and Pteropus hypomelanus was 30 ± 14, 33 ± 40 
and 17 ± 10 mg/dL respectively. They had observed the 
cholesterol level in Pteropus rodricensis was in the range of 
2 to 152 mg/dL. McLaughlin et al. (2007) [6] has found 
cholesterol level 46.4 ± 0.7 mg/dL in wild caught flying fox, 
Pteropus giganteus.  Highest range level cholesterol of 
Pteropus rodricensis shows similarity with our study. 
Sarmin et al. (2020) noted the cholesterol level in juvenile 
buckes of Ettawa crossbred goats in the range of 68-162 

mg/dL. The high cholesterol level in this study was 
comparable to our finding. 
Korine et al. (1999) [5] had observed the seasonal variations 
in the cholesterol level in fruit eating bat, Rousettus 
aegyptiacus. They have noted the total cholesterol level 
during winter, spring, summer and autumn were 1.00 ± 
0.02, 1.00 ± 0.00, 9.17 ± 2.63 and 2.00 ± 1.41 mg/dL 
respectively and suggested cholesterol as a function of diet 
(Carroll and Kurowska, 1995; Widmaier et al., 1996; Heard 
and Whittier, 1997) [2, 13, 4]. 
Otis et al. (2011) [9] had studied the cholesterol and 
lipoprotein dynamics in hibernating squirrels and found 
similar concentrations of cholesterol during spring and 
summer. Cholesterol transported by lipoprotein particles in 
circulation. Excess cholesterol is excreted from the body in 
the form of bile acid by fecal excretion. They had observed 
a high level of cholesterol in plasma during hibernation was 
due to thirteen fold lower expression of cholesterol alpha-
hydroxylase enzyme. Low concentration of cholesterol 
during winter is related to efficient use of lipoprotein in 
mammals essential for their survival. 
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