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Abstract: Doxorubicin is a anticancer drug, it is used in treatment of cancer through chaemotherapy, its effect mainly on cancer cells 
and also this produce some side effects. for reducing the adverse effects i was used some antioxidants with Dox combination and 
individually. In this study i was used in 20 mg/kg wt of Doxorubicin and 80 mg/kg wt of Vitamin E, 40 IU/kg wt of Vitamin A 
individually and in combination over 10weeks (weekly-Doses) on Albino rat Liver. Some antioxidant enzymes such as Superoxide 
Dismutase, Catalyse, Glutathione Peroxidase, Glutathione Reducatase, Glutathione-S-Transferase levels were estimated in the liver 
tissue of albino rat. The data of these enzymes I will show in result table from this result. It is reported that the antioxidants like Vitamin 
E, K reduce the Doxorubicin altered enzyme levels. It is used for cancer studies for better understanding.  
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1. Introduction 
 
The liver is the principal organ that metabolizes xenobiotics 
and endogenous molecules to sustain metabolic homeostasis 
in the organism. Therefore, the liver is a objective of many 
insults that bring about dysregulated hepatic homeostasis and 
lead to hepatic diseases [1, 2]. The liver is comprised of the 
following cells types: hepatocytes, Kupffer cells, liver 
sinusoidal endothelial cells, pit cells, and hepatic stellate 
cells (HSC) [3]. Cirrhosis is triggered by liver injury from a 
variety of etiological factors and is the fianl phase of 
progressive fibrosis [4]. Oxidative stress plays an important 
role in the establishment of fibrosis and subsequently in 
cirrhosis [5]. As a result, the use of molecules with 
antioxidant properties has been proposed as a treatment for 
fibrosis and cirrhosis caused by oxidative stress.  
 
Doxorubicin is an antibiotic obtained from the Streptomyces 
peucetius bacterium. It has extensive use as a 
chemotherapeutic agent since the 1960s. Doxorubicin is part 
of the anthracycline group of chemotherapeutic agents. 
Doxorubicin may be used to cure soft tissue also bone 
sarcomas and cancers of the breast, ovary, bladder, and 
thyroid. Additionally it is used to treat acute lymphoblastic 
leukemia, acute myeloblastic leukemia, Hodgkin lymphoma, 

and small cell lung cancer. This activity will emphasize the 
mechanism of action, adverse event profile, pharmacology, 
monitoring, and relevant interactions of doxorubicin, 
pertinent for interprofessional team members in the treatment 
of cancer cases for which it is indicated. [6] [7] [8] [9] 
 
DOX is a certain one most potent antineoplastic drugs 
ordained alone or in blend with other agents, remaining the 
compound of its class that has the broad spectrum of activity. 
Indeed, DOXis used in the treatment of solid tumours and 
hematological malignancies, including breast, bile ducts, 
prostate, uterus, ovary, oesophagus, stomach and liver 
tumours, childhood solid tumors, osteosarcomas and soft 
tissues arcomas, Kaposi's sarcoma, as well as acute 
myeloblastic and lymphoblastic leukaemia and Wilms Tumor 
[10, 11, 12, 13]. Numerous studies have attributed the 
antitumor activity of DOX to its ability to intercalate into the 
DNA helix and/or bind covalently to proteins involved in 
DNA replication and transcription. [14] Suchinteractions 
lead to inhibition of DNA, RNA, and protein synthesis, 
leading ultimately to cell death. [15, 16] Recently, Ashley 
and Poulton, using a novel method utilising the fluorescent 
DNA dye PicoGreen, found thatanthracyclines intercalated 
in addition to nnuclear DNA also mitochondrial DNA 
(mtDNA). Several studies classified DOX as a 
topoisomerase II poison. The topoisomerase family of 
enzymes modifies the topology of DNA without varying in 
its structure and sequence and catalyze the unwinding of 
DNA for transcription and replication, concerning the 
process of cleavage of one strand of DNA duplex and 
passing a second duplex through this transient cleavage. The 
intermediate that is formed is termed as The ''cleavable 
complex'' [17]. DOXpoisons the cleavable complex, 
inhibiting the re-ligation of the cleaved duplex, a lesion that 
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results in a DNAdouble-strand break (DSB) [18, 19]. Failure 
to repair DNA DSB results in an apoptotic response.  
 
The body’s trillion more or cells face formidable threats, 
from deficiency of food to infection with a virus. Another 
constant risk comes from chemicals called free radicals. In 
extremely high levels, they are capable of damaging cells 
and genetic material. The body produces free radicals as the 
inevitable derivatives of turning food into energy. Free 
radicals are also developed after exercising or exposure to 
cigarette smoke, air pollution, and sunlight. [20] 
 
Free radicals come in many shapes, sizes, and chemical 
configurations. What they all share is a ravenouss appetite 
for electrons, thieving them from any nearby substances that 
will yield them. This electron theft can radically amend the 
“loser’s” structure or function. Free radical damage can alter 
the instructions coded in a strand of DNA. It can make a 
circulating low-density lipoprotein (LDL, sometimes called 
bad cholesterol) molecule more possibly to get trapped in an 
artery wall. Or it can bring alterations in a cell’s membrane, 
changing the flow of what inscribes the cell and what leaves 
it. An immoderate chronic amount of free radicals in the body 
causes a condition called oxidative stress, which may injure 
the cells and lead to chronic diseases. [21] 
 
Vitamin E is a fat-soluble vitamin with diverse forms, but 
alpha-tocopherol is one of a kind used by the human body. Its 
main role is to act as an antioxidant, scavenging loose 
electrons—so-called “free radicals”—that can damage cells. 
[22] It also strengthens immune function and prevents clots 
from forming in heart arteries. Antioxidant vitamins, 
including vitamin E, came to public consideration in the 
1980s when scientists began to understand that free radical 
damage was involved in the early stages of artery-clogging 
atherosclerosis, and might also contribute to cancer, vision 
loss, and a host of other chronic conditions. Vitamin E has 
the ability to protect cells from free radical damage as well 
as reduce the production of free radicals in certain situations. 
However, conflicting study results have dimmed certain of 
promise of using high dose vitamin E to prevent chronic 
diseases.  
 
Vitamin A is a fat-soluble life-crucial set of compounds both 
of animal and vegetal origin distinguished by an unsaturated 
isoprenoid chain structure. entire vitamin A forms share a 
same structure and the similar physiological functions in an 
organism. These compounds can also be classified as 
retinoids, including compounds with a common structure of 
four isoprenoid units being of either a natural or synthetic 
origin. Few synthetic derivatives don’t resemble the natural 
isoprenoids from vitamin A class at first sight. However, the 
basic vitamin A string is hidden in their structures, and they 
are similar to other retinoids in their interaction with retinoid 
receptors. All these compounds are liposoluble and, unlike 
water-soluble vitamins, are easily accumulated in the body, 
especially in the liver and adipose tissue. This represents, on 
one hand, an advantage since temporal deprivation of 
vitamin A intake is not associated with clinical symptoms, 
but on the other hand, accumulation with subsequent toxicity 
can appear.  
 
Vitamin A possess pleiotropic functions in the body, 

muchobliged to its several biologically active forms. 
Althoughretinol, which is also accountable for some 
processes, is the most copius form in the body, ATRA is the 
primary active form of vitamin A [23, 24, 25, 26, 27, 28]. To 
a smaller extent, other metabolites of this vitamin, 9-cis-
retinoic acid and 13-cis-retinol, are also biologically active. 
Each form of the vitamin shows pecularity for different 
tissues and processes in which they are involved. However, 
they share identical common properties. Retinol functions as 
a cofactor in multiple enzymatic processes, 11-cis-retinal is 
concerned in vision, and ATRA exerts different functions by 
binding to nuclear receptors with the subsequent regulation 
of genetic expression.  
 
2. Materials and Methods 
 
Materials Experimental Animals 
In this Experiment Male Pathogenic free wistar albino rats 
were taken by weighing about 120± 10gm. The Animals are 
homed to a polypropylene cage and supplied with food and 
water adds libitum. The Animals were sustained under 
standard condition of temperature and Humidity with an 
altering 12 Hours light/dark cycleand maintained in 
correspondence with the guidelines of the National Institute 
of Nutrition and Indian Council of Medical Research 
Hyderabad, India.  
 
Treatment of Animals 
The animals randomly divided in to 6 groups. First Group 
having 6 rats act as control one's and The remaining5 Groups 
also ha ving 6 rats, these 5 groups are experimental. First 
Group Rats considered as Control One's and Second group 
rats were received 80mg per kg body weight of vitamin E 
(VE) for 10 weeks (weekly doses). Third crowd rats were 
received 40 IU per kg weight of Vitamin A (VA) for 10 
weeks (weekly doses). Fourth group rats were administered 
with 20 mg/ kg weight of Doxorubicin (Dox) over 10 weeks 
(weekly doses) and Fifth Group rats were administered with 
20 mg per kg of Doxorubicin Followed by 80 mg per kg 
weight of vitamin E over 10 Week Period (weekly doses). 
Sixth group rats were accompanied by 20 mg per kg wt of 
Doxorubicin followed by 40 IU per kg weight of vitamin A 
over 10 weeks period (Weekly Doses).  
 
Doxorubicin hydrochloride dissolved in Saline (0.9% normal 
saline or Sodium chloride solution) and treatment given 
through tail vein. Group I animals were given saline only. 
Vitamin E and A dissolved in olive oil and treatment given 
through gavage. Dox dose selected by the previous studies of 
Nimbal and Koti, 2016; Alam et al., 2018. Dose of vitamin E 
and A chosen based on the my previous studies, (2015) from 
our laboratory. (Animal Ethics Resolution Number: 24/2012-
2013 (i)/a/ CPCSEA/IAEC/SVU/KVK-BV) 
 
Collection of Liver samples 
Animals were killed by cervical dislocation/decapitation by 
using mild ether anesthesia. Liver were amputated, cropped 
of connective tissue, flushed with ice-cold saline to eradicate 
blood contamination, dried by blotting with filter and 
weighed. The tissues then held in freezer at-80C until 
analysis. A section of the Liver was weighed, perfused with 
saline and homogenate (10%) was prepared in ice cold PBS 
(50 mM, pH 7) using a homogenizer. The homogenate
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centrifuged at 10, 000 rpm for 10min in a cooling centrifuge 
at 40C, after expulsion of the cell debris, supernatant was 
used for the assay of antioxidant enzymes.  
 
Chemicals 
Dox hydrochrloride injection (ADRIM) was purchased from 
BDH Chemicals Co, India. Vitamin E (D-Alfa-tocopheryl 
acetate) and Vitamin A (Retinyl Palmitate) were purchased 
from Sigma chemicals Co. India. All other chemicals and 
reagents used were of analytical grade.  
 
Methods 
The following parameters were assayed in the Liver tissue of 
Rat, Such as Superoxide dismutase activity was resolved the 

method of Misra and Fridovich (1972). Catalase activity was 
determined according to the method of Beers and Sizer 
(1952). Assay of Glutathione peroxidase was carried out by 
using the method of Wendel, (1981). The Glutathione 
reductase activity was examined by the method of Carlberg 
and Mannervik (1985) Glutathione-s-transferase activity was 
assessed as per the method of Habig et al., (1974).  
 
For each parameter, the mean of individual observations (for 
both control and experimental groups) were taken into 
consideration. Statistical analyses were conducted by a one-
way Analysis of Variance (ANOVA) followed by Tukey's 
HSD numerous comparison test by using statistical software 
package.  

 
Table 1: Levels of Antioxidant Enzymes like SOD, CAT, GPx, GR and GST in Albino Rat Liver Tissue by Injecting

Doxorubicin, Vitamin E, Vitamin A Separately and in Combination 

Sl. No Parameter 
Group I 
 (Con) 

Group II 
 (vE) 

Group III  
 (vA) 

Group IV 
 (Dox) 

Group V 
 (Dox + vE) 

Group VI 
 (Dox + vA)

1 SOD 
Mean 78.4 77.8* 79.18* 60.24 68.30 70.30
SD ± 4.9 ± 5.03 ± 3.03 +4.4 ±3.5 ± 4.5 

2 CAT 
Mean 80.2 85.12 87.30 70.4 75.3 78.00
SD ± 7.7 ± 4.2 ± 0.5 ± 0.6 ± 7.01 ± 4.0 

3 GPx 
Mean 40.2 48.4 52.3* 35.6 40.7 41.4 
SD ± 11.2 ± 2.2 ± 6.3 ± 3.2 ± 4.21 ± 12.6 

4 GR 
Mean 45.4 50.6* 55.8* 40.4 41.4 43.8 
SD ± 6.2 ± 5.3 ± 2.2 ± 4.2 ± 9.12 ± 4.2 

5 GST 
Mean 50.1 56.6* 62.8* 45.4 46.6 48.9 
SD ± 6.1 ± 8.2 ± 11.4 ± 12.2 ± 10.2 ± 11.3 

 
Values are expressed as Mean ± SD of six rats in each group. 
Data was analysed by one way ANOVA followed by Tukeys 
HSD test. Units: SOD - mg protein/Min; CAT-micromoles 
of H2O2 decomposed /mg protein /min; ; GPx-micromoles 
of oxidized /mg /min; GR - micromoles of NADPH oxidized 
/mg /min; GST-mg proteins/Min 
 
3. Results 
 
In the Dox treatment SOD levels were decreased compared 
to control ones, When Dox plus Vitamin E combination SOD 
levels were increased than Dox treated ones and reduced 
compared to Dox plus Vitamin A combination.  
 
In the Dox treatment CAT levels were decreased compared 
to control ones when Dox plus Vitamin E combination levels 
increased then compared to dox treated ones and reduced 
compared Dox plus Vitamin A combination.  
 
In the Dox treatment Glutathione peroxidase levels were 
decreased compared to control ones and Dox plus Vitamin E 
combination Gpx levels were increased when compared to 
Dox treated ones and Dox plus Vitamin A combination Gpx 
levels were increased than compared to Dox plus Vitamin E 

combination.  
 
In the Dox treatment Glutathione reductase levels were 
lowered when equated to control ones and when Dox plus 
Vitamin E combination Glutathione reductase levels were 
increased than compared to Dox treated ones and when Dox 
plus Vitamin A combination Glutathione reductase levels 
were increased Than Dox treated ones and Dox plus Vitamin 
E treated ones.  
 
In the Dox treated Glutathione-S-Transferase levels were 
decreased than compares to control ones and if Doxplus 
Vitamin E combination Glutathione transferase levels were 
increased compared to Dox treated ones and if Dox plus 
Vitamin A combination Glutathione transferase levels were 
increased compared to Dox Treated ones and Dox plus 
Vitamin E combination ones 
 
Finally Dox treatment SOD, CAT, GPx, GR, and GST 
Levels are Decreased than compared to control ones and Dox 
plus Vitamin E combination above enzyme levels are high 
than compared to Dox treated ones and decreased than 
compared to Dox Plus Vitamin A combination 
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4. Discussion

 
Figure 1: Shows Effect of Vitamin E & A and Dox separately and in combination on Albino rat Liver tissue SOD average levels

 
In this SOD levels were decreased under Dox administration 
when compared to control ones because of High levels of 
intracellul ar as well as extracellular ROS (Superoxide and 
H202) are indispensable in many biochemical processes 
including intracellular signaling and cell functions (29, 30).  
 
Once SOD levels are increased Dox activity also increased in 
turn if affect to propagated apoptotic process along with 

some Liver function are responsive to specific inherited 
genetic diseases and aging process. All various forms of liver 
injuries could ultimately develop into severe end stage liver 
disease with liver placement as the only curative option. 
That’s the reason I chose Dox plus Vitamin E and Dox plus 
Vitamin A. Here Dox plus Vitamin A is more reduced Dox 
altered one than Dox plus Vitamin A.  

 

Figure 2: Shows Effect of Vitamin E & A and Dox separately and in combination on Albino rat Liver tissue CAT average 
levels 

 
Catalyse enzyme activity levels were decreased under Dox 
stress in Liver compare to control ones due to Catalyse 
breakdown in to the Hydrogen Peroxidase molecules and one 
Molecule of oxygen and two molecules of water in a two 
level reaction. Several studies have reviewed CAT 
polymorphism and its intimacy in the various diseases as 

well as its role as thermostat in the CAT gene expression. 
The first that’s why we are applied Vitamin E plus Dox and 
Dox plus Vitamin A. Here Vitamin A plus Dox normalise 
the Dox altered one’s than compared to Dox plus Vitamin E. 
(31) 
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Figure 3: Shows Effect of Vitamin E & A and Dox separately and in combination on Albino rat Liver tissue GPx average 

levels 

The Glutathione Peroxidase Levels are decreased under Dox 
administration when compared to the control ones due to The 
activity of the enzyme has been reported to be decreased 
whereas in case of copper deficiency in the liver and plasma. 
Glutathione peroxidase has a mitochondrial isoform that 

intervenes the apoptic response to oxidative stress and has a 
peroxidase independent structural sperm maturation. (32) In 
this was given Dox plus Vitamin E and Dox plus Vitamin A 
as a blend. Here Dox plus Vitamin A combination was more 
altered than Dox plus Vitamin E combination.  

 

Figure 4: Shows Effect of Vitamin E & A and Dox separately and in combination on Albino rat Liver tissue GR average 
levels 

 
Figure 5 Impact of Vitamin E & A and Dox separately and in 
combination on Albino rat kidney tissue GR levels 
 
Glutathione Reductase levels were decreased under Dox 
Stress than compared to the control ones because of 
Glutathione reductase Catalyses the reduction of oxidised 
Glutathione to reduced glutathione NADPH as the reducing 
co-factor end this by maintains a constant GSH Levels in the 

system. The addition of minute amount of the FAD was 
found to activate the Glutathione reductase. So deficiency of 
FAD and irreversible inhibition by Dox through Covalent 
bond formation between 2AAPA and Cysteine reduces at the 
active site of the enzyme. Dox altered ones controlled by 
Dox plus vitamin A combination is more than Compared to 
Dox plus Vitamin E combination. (33) 
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Figure 5: Shows Effect of Vitamin E & A and Dox separately and in combination on Albino rat Liver tissue GST average 

values 
 
Glutathione s transferase levels are decreased under Dox 
administered over control in liver tissues.  
 
Glutathione s transferase levels found decreased under Dox 
administered over control in case of liver tissues. Due to 
Glutathione-S-Transferase has been concerned in the 
development of resistance toward chemotherapy agents. It is 
possible that GST assists two diverse roles in the 
development of drug resistance across direct detoxification 
in addition to acting as an inhibitor of the map kinase 
pathway (34). That’s why I was used Dox plus Vitamin E 
plus and Dox plus Vitamin A combination, Here Dox plus 
Vitamin A combination more altered the Dox treated ones 
than compared to Dox plus Vitamin E combination.  
 
5. Conclusion 
 
Considering the toxic adverse effects induced by the cause of 
Doxorubicin and the defensive role as offered by vitamin E 
and A in experimental animals and also in humans, the 
current review carried out with the role of investigating the 
in vivo effect of Doxorubicin and vitamin E & A apart and in 
combination on selected enzymatic antioxidants in albino rat 
liver tissue.  
 
Rats were administered with a selective proportion of 
doxorubicin 20 mg/kg and 80 mg/kg vitamin E and 40 IU / 
kg wt of vitamin A apart and in combination and the 
treatment duration was 10 weeks (weekly doses). The control 
and experimental rat liver tissue was subjected for 
biochemical analysis and data obtained and presented in the 
study decrease in all the antioxidant parameters SOD, CAT, 
GPx, GR, and GST by Dox Treatment. Dox plus Vitamin A 
Combination more alter the Dox treated antioxidant enzymes 
than compare to Dox plus Vitamin E combination. Hence in
chemotherapy treatment along with Dox Vitamin A also
useful for reducing the side effects of Dox.  
 
The main focus of the research was to reduce Dox produce 
side effects by injecting vitamin E, A separately and in 
combination with Dox. Here In this study i was concluded 
Vitamin E plus Dox Combination alter small level to Dox 

reduce enzyme levels but Vitamin A plus Dox Combination 
altered high level to Dox reduced enzymes levels. Hence this 
concept will useful for Cancer Chemotherapy Treatment.
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Abstract- Nallamalais  is one of the Centres of Plant Diversity sites in India which encompasses various lifeforms. Of which 
Climbers are one of the most neglected. Phytosiological attributes were used to know the status of climber species. The total 
number of individuals of climbers reported in the study area was 319 of which Gymnema sylvestre as the most important 
species followed by Asparagus racemosus and Cajanus scarabaeoides. The lowest IVI value )1.91) wa observed in six species 
including Aspidoteris cordata. 
 
Key words:  Nallamalais, CPD site, Climber species, IVI,  Gymnema sylvestre. 
 
INTRODUCTION 
Biodiversity is essential for human and economic well-being and for the ecosystem function and stability. Forests can release the 
stored carbon as Co2  that  form  nearly 17-25% of the total greenhouse gas emissions, at the same time forest conservation, 
afforestation, reforestation and sustainable forest management can curb about 25% f emissions. Biodiversity interacting with the 
physical environment form the foundation of sustainable development.  Biodiversity resources, mapping their geographical 
distribution and quantitative estimation of their natural stands is perhaps the most important information needed for any country in 
the post-CBD era. The worldwide destruction of the natural environment by population explosion, urbanization, industrialization 
and habitat fragmentation has led to a tremendous loss of biological diversity over the past few decades and hence warrants 
immediate attention especially on forestry sector as they harbor amazing biodiversity and has critical role on global climate change 
scenario. 
World’s forests extended over 4 billion hectares; corresponding to 31 percent of the total land area or an average of 0.6 ha per capita 
(FAO, 2020) has become a critical part of the international climate change agenda. Tropical forests in India comprising over 60% 
deciduous forests are poorly understood in terms of  phytodiversity, phytosociology and quantification regimes  Analysis of the 
quantitative relationship among the plant species growing in an  area reflects structural property of, the community. Phytosiological 
investigation of vegetation serves as a pre-requisite for investigating the details of primary productivity of ecosystems. 
In peninsular India, quantitative phytodiversity inventories are available from the forests of the Western Ghats, whereas study on 
Eastern Ghats is lacking. The wide range of topography, varied climate favours luxurious growth of vegetation and forest. It remain 
as a neglected  area with very few attempts made for such studies in Eastern Ghats of Tamil Nadu (Kadavul and Parthasarathy, 
1999a & b; Chittibabu and Parasarathy, 2000). Hence, the present study was undertaken to determine the structural and floristic 
composition of climber diversity in Nallamalais. The study area for the present work is considered as one of the significant 
biodiversity rich areas in Southern Eastern Ghats. Nallamalais one of the Centres of Plant Diversity )CPD) in India. It represents 
diversified habitats and supports a wide array of plant and animal life and provides basic livelihood for tribal and rural communities. 
Kumar & Bhanja (1992) produced a seed manual for forest trees of Andhra Pradesh. Sandhya rani & Pullaiah (2002) reported 560 
tree taxa from eastern Ghats. Suryanarayana et al., (2002) inventoried the plant wealth of Veligonda hill ranges and reported 1004 
species belonging to 558 genera and 149 families. Studies on plant resources include Ellis (1982, 1987, 1990), Reddy et al., (1998), 
Pullaiah et al., (2007). Thualsi Rao etal., (2007), Reddy et al., (2007), Raju and Pullaiah (1995) surveyed the Flora of Kurnool 
district and reported 1064 species of which 208 are trees covering 194 from Nallamalais of Kurnool district. Pullaiah and Sandhya 
Rani (1999)  made the floristic studies on trees of Andhra Pradesh and reported 531 tree species covering over 2oo trees of 
Nallamalais. 
While working on Flora of Andhra Pradesh, Pullaiah and Chennaiah )1997), Pullaiah and Ali Moulali (1997), Pullaiah (1997) and 
Pullaiah and Karuppusamy (2008) reported 2601 species, of which 531 are trees, Sunitha (2002) surveyed the scared groves of 
Kurnool district and reported 138 tree taxa, of which 119 are from Nallamalais. She made over 100 additions of the Nallamalais 
after Raju & Pullaiah (1995) of which 18 are trees. Shali Saheb (2008) studies the medicinal plants of Nallamalais and reported 501 
taxa of which 137 are trees. Khadar Basha (2009) was studied quantitative assessment of Nallamalais and reported 249 tree species. 
Most of the studies have followed the plot methods including square plots of 100x100cm (Gentry, 1988); 10x10m (shalisaheb,2008) 
to rectangular plots 10x10m by Boom (1986). Shah Hussain et al, (2008) describes the species composition. Shali Saheb (2008) 
analysed the medicinal plant diversity in three one-hectare plots through ten quadrants of 10x10m and recorded 135 species 
belonging to 110 genera 45 families. Khadar Basha (2009) recorded a total of 249 tree species from 175 grids comprising 237 
species belonging to 139 genera and 54 families.  
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Climbers are one of the most interesting group of plants Species which are most neglected. These climbers contribute largely to the
charm of our landscape by the manner in which they climb over trees, rocks. They also play a part in ancient historical buildings
which their attraction to the green veil which covers their structural defects making them a perfect beauty in our eyes. 
Climbers show great diversity in their climbing mechanism depending on which they are classified as root climbers, hook climbers, 
tendril climbers. leaf or stem climbers.  Only few studies were carried out on climbers. Pandy et al., (2005), studies medicinal 
climbers in flora of Gujarat. 81 climbers were recorded by Jangid and Sharma (2011), Ghosh and Mukherjee (2006), recorded 149 
herbacious climbers and 79 lianas from North Andaman covering 55 families while Mahajan (2006), reported 31 taxa used by tribal 
people of Nimar region in Madhya Pradesh to cure various human ailments. Earlier studies on plant resources of Nallamalais include 
Ellis (1987), Kumar (1995), Goud (1997), Thulasi Rao et al., (2007), Shali Saheb (2008) studied the medicinal plants Nallamalais 
and reported 501 taxa. Shali Saheb (2014), studies medicinal climbers of Nallamalais reported 92 species belonging to 27 families. 
Shali saheb et.al (2023)  reported the diversity of shrubs of the Nallamalais forest the TNI value was 606, the abundance value of 
the shrubs is 210.22. No comprehensive work is available for  phytosociology of climbers in the study area, therefore, the objective 
of the present paper is to Study of phytosociological attributes of climbers plant resources in Nallamalais. 
 
STUDY AREA   
Nallamalais, one of the Centres of Plant Diversity (CPD) (WWF & IUCN, 1995) is located in the Central Eastern Ghats between 
latitudes 15020’- 16030’ N and longitude 78030’ – 80010’ E in Andhra Pradesh, Telangana states extended to an areaof 7640 sq km.
Nallamalais cover five districts, viz. Kurnool, Prakasam, Guntur,of  Andhra Pradesh, Mahaboob Nagar, and Nalgonda of Telangana. 
The hills cluster near gundlabrahmeswaram, which is the nucleus of the Nallamalais appearing asplateau. The vegetation of the 
Nallamalais is broadly categorized into 3 types; moist deciduous, dry deciduous, scrub type forests. Most primitive tribes, chenchus 
abd sugalis live in Nallamalais. From times immemorial the forests of Nallamalais have been inhabited by chenchus an aboriginal 
and oldest tribe of South India. .An ecological meaning is attributed to the word “chenchu” by interpreting that a person who lives 
under chettu (tree) is a chenchu. They are experts in collection of honey, wild fruits and plant crude drugs. Sugalis also known as 
lambadis and Banjara are largely found in the Nallamalais forest. These tribes in the study area have rich traditional botanical 
knowledge and still dependent on wild medicinal plant resources for curing their ailments. 

 
Figure: 1. Map of Nallamalais 

 
METHODOLOGY 
The main objective of the present paper to provide a study on  phytosociological attributes of climbers random sampling method. 
 
QUANTITATIVE STUDIES 
The field work plan carried out in Nallamalais was sampled by lying of 50 quadrates in the study area. Each quadrate size is 20x20m. 
All life forms of plants such as trees, shrubs, climbers and herbs were enumerated. All trees were enumerated in 20x20m quadrates, 
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shrubs and climbers in 5x5m nested plot and herbs were studies in nested 1mx1m plot. The field work was carried out in two seasons
to cover all the vegetation and phenology of climbers.
Importance Value Index (IVI) 
IVI = Relative dominance + Relative density + Relative frequency 
 
Diversity Indices: Species diversity indices namely Shannon-Wiener index (Shannon and Weiner, 1962), Simpson index (Simpson, 
1949) and Margalef Index (Margalef, 1980) were calculated.  
 Dominance Indices (Simpson 1949): It is a measure of dominance since it weighted towards the abundances of commonest 
species. It is estimated by using following formula:  
D = ∑ (ni/N)2or Pi2 
Shannon-Wiener index: It is a measure of the average degree of ‘uncertainty’ in predicting to what species an individual chosen
at random from a collection of S species and N individuals will belong. It is estimated by using following formula:  
H' = -∑ (ni/N) ln (ni/N) 
Where, ni = number of individuals belonging to the ith species 
N = Total number of individuals in the sample. 
 
RESULTS AND DISCUSSION 
The total number of individuals (TNI), number of quadrates in which species occurred, and the quantitative characters like 
abundance (A), density (D), frequency (F), relative abundance (RA), relative density (RD), relative frequency (RF) and importance 
value index (IVI)  (Fig. 5) for climbers were presented in Table-1  
Abundance: The total number of individuals (TNI) of climbers in the study site was 319. The total abundance value for climbers 
is about 134.15, with an average of 2.63. Gymnema sylvestre (44.5) was recorded as the high abundant species and the lowest 
abundance was recorded for 7 species including Oianthus disciflorus with 1.0.  
Density: The total density of 51 climbers is 6.38, with an average of 0.12. The highest density value was recorded for Gymnema 
sylvestre (0.7) and the lowest density was recorded for 6 species including Puraria tuberosa (0.02).  
Frequency: The total frequency for all the climbers is 234, with an average of 4.5. The high frequency value was recorded for 
Cajanus scarabaeoides and Decalepis hamiltonii with 14 and least frequency was observed in 22 taxa with 2 (e.g. Piper 
attenuatum).  
Importance Value Index (IVI): Importance Value Index of individual climbers encountered in the sampled quadrates was 
identified Gymnema sylvestre (20.91) as the most important species followed by Asparagus racemosus (13.88) and Cajanus 
scarabaeoides (13.54). The lowest IVI value (1.91) was observed in six species including Aspidoteris cordata. The top 10 dominant 
IVI climbers are presented in Fig.2 
Diversity indices: The Simpson Index is 0.9609, Shannon-Wiener Index is 3.562.   

Figure: 2. Top 10 IVI Climber species of Nallamalais 

 
 
 

Table. 1. Phytosociological attributes of climbers 
S.No. Name of the taxon TNI Q A D F RA RD RF IVI A/F 

1 Abrus precatorius 16 5 3.20 0.32 10 2.39 5.02 4.27 11.67 0.32 

2 Abrus pulchellus 1 1 1.00 0.02 2 0.75 0.31 0.85 1.91 0.50 

3 Acacia caesia 5 3 1.67 0.1 6 1.24 1.57 2.56 5.37 0.28 
4 Acacia intsia 7 2 3.50 0.14 4 2.61 2.19 1.71 6.51 0.88 
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5 Acacia torta 10 3 3.33 0.2 6 2.48 3.13 2.56 8.18 0.56

6 Ampelocissus latifolia 5 2 2.50 0.1 4 1.86 1.57 1.71 5.14 0.63 

7 Ampelocissus tomentosa 2 1 2.00 0.04 2 1.49 0.63 0.85 2.97 1.00 

8 Argyreia cuneata 4 2 2.00 0.08 4 1.49 1.25 1.71 4.45 0.50 

9 Argyreia nervosa 5 2 2.50 0.1 4 1.86 1.57 1.71 5.14 0.63 

10 Asparagus racemosus 20 6 3.33 0.4 12 2.48 6.27 5.13 13.88 0.28 

11 Aspidoteris cordata 1 1 1.00 0.02 2 0.75 0.31 0.85 1.91 0.50 

12 Bauhinia vahlii 2 1 2.00 0.04 2 1.49 0.63 0.85 2.97 1.00 

13 Cajanus scarabaeoides  18 7 2.57 0.36 14 1.92 5.64 5.98 13.54 0.18 
14 Capparis sepiaria 1 1 1.00 0.02 2 0.75 0.31 0.85 1.91 0.50 

15 Cayratia auriculata 2 1 2.00 0.04 2 1.49 0.63 0.85 2.97 1.00 

16 Cayratia pedata 4 3 1.33 0.08 6 0.99 1.25 2.56 4.81 0.22 

17 Celastrus paniculata 3 2 1.50 0.06 4 1.12 0.94 1.71 3.77 0.38 
18 Cissampelos perira 8 3 2.67 0.16 6 1.99 2.51 2.56 7.06 0.44 

19 Cissus quadrangularis 4 2 2.00 0.08 4 1.49 1.25 1.71 4.45 0.50 

20 Combretum albidum 7 2 3.50 0.14 4 2.61 2.19 1.71 6.51 0.88 

21 Corallocarpus epigaeus 2 1 2.00 0.04 2 1.49 0.63 0.85 2.97 1.00 

22 Decalepis hamiltonii 12 7 1.71 0.24 14 1.28 3.76 5.98 11.02 0.12 
23 Diascorea bulbifera 9 4 2.25 0.18 8 1.68 2.82 3.42 7.92 0.28 

24 Dioscorea oppositifolia 4 1 4.00 0.08 2 2.98 1.25 0.85 5.09 2.00 

25 Dioscorea pentaphylla 2 2 1.00 0.04 4 0.75 0.63 1.71 3.08 0.25 

26 Dioscorea pubera 4 1 4.00 0.08 2 2.98 1.25 0.85 5.09 2.00 

27 Grewia rhamnifolia 15 3 5.00 0.3 6 3.73 4.70 2.56 10.99 0.83 

28 Gymnema sylvestre 35 4 8.75 0.7 8 6.52 10.97 3.42 20.91 1.09 

29 Gymnopetalum 
cochinechinensis 

3 1 3.00 0.06 2 2.24 0.94 0.85 4.03 1.50 

30 Hemidesmus indicus 7 5 1.40 0.14 10 1.04 2.19 4.27 7.51 0.14 

31 Ipomoea barlerioides 4 2 2.00 0.08 4 1.49 1.25 1.71 4.45 0.50 

32 Jacquenmontia paniculata 6 3 2.00 0.12 6 1.49 1.88 2.56 5.94 0.33 

33 Jasmimum angustifolia 3 1 3.00 0.06 2 2.24 0.94 0.85 4.03 1.50 

34 Jasminum auriculatum 4 1 4.00 0.08 2 2.98 1.25 0.85 5.09 2.00 

35 Jasminum roxburghianum 2 1 2.00 0.04 2 1.49 0.63 0.85 2.97 1.00 

36 Maynia hwatariana 3 1 3.00 0.06 2 2.24 0.94 0.85 4.03 1.50 

37 Oianthus disciflorus 1 1 1.00 0.02 2 0.75 0.31 0.85 1.91 0.50 

38 Olax scandens 1 1 1.00 0.02 2 0.75 0.31 0.85 1.91 0.50 

39 Piper attenuatum 8 1 8.00 0.16 2 5.96 2.51 0.85 9.33 4.00 

40 Pterolobium hexapetalum 3 1 3.00 0.06 2 2.24 0.94 0.85 4.03 1.50 

41 Puraria tuberosa 1 1 1.00 0.02 2 0.75 0.31 0.85 1.91 0.50 

42 Rhynchosia rufescens 12 4 3.00 0.24 8 2.24 3.76 3.42 9.42 0.38 

43 Rhynchosia suavelens 4 1 4.00 0.08 2 2.98 1.25 0.85 5.09 2.00 

44 Rivea hypocroteriformis 7 3 2.33 0.14 6 1.74 2.19 2.56 6.50 0.39 
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45 Sarcostemma acidum 3 1 3.00 0.06 2 2.24 0.94 0.85 4.03 1.50

46 Secamone emetica 2 1 2.00 0.04 2 1.49 0.63 0.85 2.97 1.00 

47 Smilax zeylanica 4 2 2.00 0.08 4 1.49 1.25 1.71 4.45 0.50 

48 Solena amplexicalis 18 5 3.60 0.36 10 2.68 5.64 4.27 12.60 0.36 

49 Thunbergia fragrans 6 3 2.00 0.12 6 1.49 1.88 2.56 5.94 0.33 

50 Ventilago denticulata 3 2 1.50 0.06 4 1.12 0.94 1.71 3.77 0.38 

51 Ziziphus oenoplea 6 2 3.00 0.12 4 2.24 1.88 1.71 5.83 0.75 

   319   134.15 6.38 234 100.00 100.00 100.00 300.00   

TNI- Total Number of Individuals, Q- Number of quadrates, A- Abunadance, D- Density, F- Frequency, RA- Relative Abundance, 
RD- Relative Density, RF- Relative Frequency, IVI- Importance Value Index, A/F- Abundance/Frequency Ratio. 
 
CONCLUSIONS 
Forests that are relatively undisturbed seem to possess these varied habitat conditions more upon certain specific areas should be 
with limited human and grazing disturbance to conserve these taxa.  Nallamalais is a protected area needs further attention in terms 
of conserving valuable climbers species. Good marketing avenues have to be created for the local communities regarding climbers 
of medicinal value. Intensive training programmes have to be organized for tribal and other communities by governmental and non-
governmental agencies regarding the sustainable collection, utilization and conservation of climbers resources. A highly coordinated 
action-oriented multi-disciplinary approach on plant resources conservation integrating the forest department, non-governmental 
organizations, scientific bodies and research institutions with the co-operation of local communities should be implemented 
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A B S T R A C T

The development o an eective and reliable sensor with the capability to detect ammonia (NH3) gas at room
temperature exerts a signicant infuence on the sensor industry. The gas sensing perormance is notably
improved by the ormation o a heterostructure between metal oxide with metal suldes. In this study, pure
ZnIn2S4 (ZIS), Cu2O and heterostructures o ZIS with 5, 10 and 20 wt% o Cu2O were successully prepared using
hydrothermal, co-precipitation and heat treatment methods, respectively. A thorough investigation has been
carried out to examine the sensing capabilities o all the materials upon exposure to NH3 with dierent con-
centrations (1, 5, 10, 15, 20, 25 and 50 ppm) at room temperature (RT). Impressively, the composite material
0.9ZnIn2S4/0.1Cu2O (ZIS-10) has exhibited remarkable gas sensitivity compared to pristine ZIS and Cu2O to-
wards 25 ppm NH3, low limit o detection (1 ppm) with ast response/recovery times (37/25 sec). The improved
perormance o the ZIS-10 composite sensor may be ascribed to the synergistic eect between ZIS and Cu2O,
which acilitates the electron transer rom ZIS to the Cu2O at the interace. The plausible gas-sensing mechanism
and the pathways responsible or enhanced sensing are also discussed in detail.

1. Introduction

The developments in the industry have been indubitably improving
the quality o societal needs, nevertheless, they show the detrimental
eect on both the environment and human health. Chemical industries,
agricultural operations, and vehicle exhaust emissions release hazard-
ous gases viz. ammonia (NH3), benzene (C6H6), ormaldehyde (CH2O),
hydrogen sulde (H2S), toluene (C6H5CH3), xylene (C6H4(CH3)2) and
nitrogen dioxide (NO2). NH3 in particular, is one with very high toxicity
and poisonous gas that is requently used in many important techno-
logical areas including chemical engineering, ood technology, re-
power plants, and medical diagnosis. Prolonged exposure to ammonia in
the air has been having negative eects on the respiratory and cardio-
vascular systems. The recent ammonia gas explosion in West Texas
resulted in the deaths o 15 individuals and over 260 injuries [1]. As
such, the development o low-concentration detection methods or

ammonia gas in the air, plays an important role in medical applications,
environmental protection and saving human lives.

Recently, signicant research eorts have been directed towards the
comprehensive exploration o diverse nanostructured materials or
ammonia detection. These investigations aim to attain exceptional
selectivity, heightened sensitivity, prompt response, minimal recovery
time and remarkable stability in the realm o ammonia detection ap-
plications. Among the various types o gas sensors, metal oxide semi-
conductors (MOS), or instance n-type materials i.e. WO3 [2–7], In2O3
[8–15], SnO2 [16–19], ZnO [20–22], TiO2 [23,24], Fe2O3 [25,26] and p-
type materials i.e. MoO3 [27], NiO [28–30], CuO [31,32] and Cu2O
[33,34] have been established as leading sensors or the gas detection
owing to their excellent properties like outstanding sensitivity, good
response/recovery, chemical and thermal stability etc. Cuprous oxide
(Cu2O) is an important p-type metal oxide semiconductor (1.9–2.2 eV)
which exhibits extraordinary catalytic abilities and gas-sensing
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properties [35,36]. In general, p-type Cu2O resistance rises resulting
rom ree electrons being released by the adsorbed oxygen to the con-
duction band, rendering it dicult to measure. Hence, to reduce the
resistance o a gas sensor some other materials are composited with
Cu2O to orm composites [37]. For instance, Ding et al. [38] synthesized
Cu2O/MoS2, p-p type heterostructure and investigated the NH3 sensing
o 20–100 parts per million (ppm). Ranjan Kumar et al. [39] examined
the NO2 sensing capabilities under 254 nm UV irradiation in the pres-
ence o MOS2/Cu2O/ZnO heterostructure and ound that MCZ45
exhibited superior sensitivity compared to Cu2O/ZnO. Additionally, the
gas sensing capabilities o Cu2O are not well understood, and a more
extensive study is imperative to optimize its gas sensing properties and
elucidate its operating mechanism. Hence, the development o hetero-
structure between Cu2O and other metal oxides/suldes emerges as a
promising approach to enhance the sensitivity o Cu2O sensing
perormance.

In addition to metal oxides, the exploration o metal suldes with
layered structures has gained attention in the eld o gas sensors because
o their myriad advantages such as high surace area, ease o prepara-
tion, non-toxicity and large amount o sulur vacancies. One such metal
sulde is zinc indium sulde (ZnIn2S4), which possesses a unique com-
bination o physicochemical properties that render it as an attractive
material or gas sensing applications. ZnIn2S4 is a ternary n-type semi-
conductor (2.3 eV) [40], which exhibits remarkable gas sensing capa-
bilities due to its two-dimensional (2D) layered hexagonal structure with
a large surace area and S-vacancies [41]. Furthermore, ZnIn2S4 is highly

stable both thermally and chemically, non-toxic, and inexpensive.
However, despite its potential, there are relatively ew studies on the
gas-sensing properties o ZnIn2S4. Liu et al. [42] have improved the
ethanol sensing o ZnIn2S4 nanosheets coated on In2O3 nanospheres. Fan
et al. [43] have synthesized the sulur vacancy-rich ZnIn2S4 and studied
the triethylamine sensing properties at room temperature (RT). Ac-
cording to us, the existing literature provides the most up-to-date on the
gas-sensing properties o ZnIn2S4. Considering the preceding discussion,
doping a metal into a semiconductor and/or the ormation o a hetero-
structure is a highly ecient method or enhancing the sensitivity o a
gas sensor. Among the above methods, we have chosen the latter
because o the ollowing reasons: (1) The ormation o heterostructures
between metal oxides and mesoporous 2D metal suldes provides a
large surace area or a reaction and (2) the chemical bonds ormed
between the materials can serve as charge transer pathways during the
gas-sensing process [44].

Thus, the present work aims to synthesize 2D ZnIn2S4 hierarchical
micro fowers and Cu2O hexapods by hydrothermal and reductive so-
lution methods respectively. The NH3 gas sensing perormance,
response/recovery times and limit o detection o pure materials and
heterostructures were investigated to maniest the superior activity o
NH3 detecting ability at RT. It was ound that 0.9ZnIn2S4/0.1Cu2O (ZIS-
10) nanocomposite exhibited excellent gas sensing properties compared
to other compositions. The reasons or the enhanced gas sensing per-
ormance were explained with a plausible mechanism. This type owork
bridges the knowledge gap and explores the potential o ZnIn2S4 with p-

Fig. 1. Schematic illustration or the preparation o ZnIn2S4 micro fowers and Cu2O hexapods.

K.K. Bedala et al.



Applied Surface Science 640 (2023) 158315

3

type semiconductors in gas sensing applications and the development o
new metal sulde-based gas sensors with improved sensitivity and
selectivity.

2. Experimental section

2.1. Materials

The ollowing chemicals were procured or the experiment: zinc
chloride (ZnCl2, 98%), thioacetamide (TAA, 98%), hydrochloric acid
(HCl), CuSO4⋅5H2O, NaOH, ascorbic acid and ethanol rom SD ne
chemicals. In2O3 (99.5%) was obtained rom Sigma Aldrich. All the
chemicals are used in their received orm without additional
purication.

2.2. Preparation o fower-like ZnIn2S4 microspheres

ZnIn2S4 (ZIS) was synthesized using the hydrothermal method. In

Fig. 2. (a) Powder XRD patterns o Cu2O, ZIS-5, ZIS-10 and ZIS-20 (b) Unit
cells o ZnIn2S4 and Cu2O by VESTA.

Table 1
Crystallize size, dislocation density and strain o all the materials.
S.No. Crystallite size

(nm)
Dislocation Density
(Lines/m2)

Strain

Cu2O
ZIS

47.2
6.9

0.08 × 102
2.8 × 102

0.044 × 103
5.6 × 103

ZIS-5 6.7 3.2 × 102 5.9 × 103
ZIS-10 6.5 4.2 × 102 6.5 × 103
ZIS-20 6.4 4.9 × 102 6.9 × 103

Fig. 3. Raman spectra o ZIS, ZIS-10 and Cu2O.

Fig. 4. (a) UV–Vis DRS spectra and (b) Tauc plot o all the compositions.
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brie, stoichiometric amounts o ZnCl2 (0.02 mmol) and thioacetamide
(0.08 mmol) were dissolved separately in 30 mL o distilled water. To
obtain water-soluble InCl3, the compound In2O3 (0.02 mmol) was dis-
solved in conc. HCl and the excess HCl was evaporated on a hot plate.
The attained white crystals (InCl3) were dissolved in distilled water.
Ater adding the ZnCl2 solution to the InCl3 solution, the TAA solution
was slowly added, and the resulting mixture was stirred or approxi-
mately 30 min. The obtained solution was transerred to a Tefon-lined
stainless-steel autoclave and heated at 120 ◦C in a hot air oven or 20 h.

Ater the ormation o a yellow precipitate, it was washed three times
distilled with water and subsequently rinsed three times with ethanol.
Finally, the precipitate was dried at 80 ◦C or 8 h.

2.3. Preparation o Cu2O

To prepare Cu2O, a co-precipitation method was employed. Typi-
cally, in a beaker 0.5 M CuSO4⋅5H2O (25 mL) was taken, and then 0.5 M
NaOH (20 mL) was slowly added drop by drop. This was ollowed by the

Fig. 5. XPS spectra (a) survey spectrum o ZIS-10, (b) Zn 2p, (c) In 3d, (d) S 2p, (e) Cu 2p, and () O 1s.
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addition o 0.1 M ascorbic acid (25 mL), while continuously stirring the
mixture or approximately about 30 min at room temperature (RT). The
resulting precipitate, which appeared as a brownish red color, was
washed with distilled water and ethanol 3–5 times. Subsequently, the
precipitate was heated at 80 ◦C or 4 h. For visual clarity, the synthesis
procedures o ZnIn2S4 and Cu2O are illustrated schematically in Fig. 1.

2.4. Preparation o ZnIn2S4/Cu2O heterostructures

The ZnIn2S4/Cu2O composites were prepared by the simple heat
treatment method. For instance, to prepare 5 wt% o Cu2O in ZnIn2S4, 5
mg o Cu2O was added to the 95 mg o pure ZnIn2S4 and ground thor-
oughly or 30 min. Aterwards, the resultant powder was taken into a
silica crucible and heated in a urnace at 400 ◦C in the air or 2 h. Ater

natural cooling down to RT, the samples were collected and ground
thoroughly or 30 min. A similar procedure was also adopted or the
remaining samples and all the obtained composites o 5, 10 and 20 wt%
o Cu2O in ZnIn2S4 were abbreviated as ZIS-5, ZIS-10 and ZIS-20
respectively. The details o all the characterization techniques have
been given in electronic supplementary inormation (ESI).

2.5. Gas sensor abrication and measurement

The gas sensors were abricated by a simple doctor blade method.
Typically, 10 mg o each material was added with a ew drops o acetone
to make a slurry. The obtained slurry was uniormly coated on a 3 × 3
cm transparent glass slide, which was priorly cleaned with acetone, and
dried at 80 ◦C. Aterwards, the electrodes were made by coating silver

Fig. 6. FESEM images o (a) ZIS, (b) Cu2O, (c) ZIS-10, and (d) color mapping o Zn, In, Cu, S and O and HRTEM images o (e) ZIS-10 heterostructure () high-
resolution TEM images o ZIS-10 (lattice ringes) and (g) SAED pattern.
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paste on both edges o the substrate and dried at 120 ◦C or 4 h. Later this
thin layer coated plate is transormed into a gas sensing chamber.
Initially, the resistance o the ZnIn2S4/Cu2O thin layer is measured in
dry airfow to establish a baseline, ater that the analyte gas is injected
into the gas chamber and sealed then the resistance o the thin layer
changes noticeably. The resistance (Rg) o the sensor in the presence o
analyte gas at dierent concentrations and the resistance (Ra) o the
sensor in the presence o dry air at room temperature were measured.
The relative humidity in the chamber was maintained at 60% using a
digital humidity controller (Humitherm, India). The gas instrument set-
up was provided in the ESI (Fig.S1).

3. Results and discussion

3.1. Powder X-ray diraction analysis

The phase composition and crystal structure o pure ZIS, Cu2O, and
composites were examined by powder X-ray diraction, and the results
are displayed in Fig. 2(a). The pure ZIS shows prominent diraction
peaks at 2θ values, 21.5◦, 27.7◦, 30.3◦, 39.7◦, 47.3◦, 52.3◦ and 55.4◦,
corresponding to the planes o (006), (012), (104), (108), (110),
(116) and (022), respectively. The diraction peaks are well consistent
with the previous reports [42]. These observations imply that ZIS is
crystallized in a hexagonal structure (JCPDS No. 98-000-4012) with
space group P63mc [43]. The absence o additional peaks in XRD pat-
terns suggests the single phase o the prepared compound. The more
intense and broadness o XRD peaks emphasize that the compound is
comprised o crystals in the nanoscale. Likewise, the diraction peaks o
Cu2O hexapods were noticed at 29.5◦, 36.4◦, 42.2◦, 61.2◦ and 73.5◦.
These peaks are correlated well with the planes o (011), (111), (002),
(022) and (113), respectively. It indicates that Cu2O is crystallized in a
cubic structure (JCPDS No. 98-001-1687) with space group pn3m [35].
The absence o the diraction peaks o CuO or Cu discloses that Cu2O
grew in its pure phase. The more intense diraction peaks insinuate that
the obtained Cu2O nano hexapods have a high degree o crystallinity.
The XRD patterns o the hybrid heterostructures vividly exhibit the
characteristic peaks o both the ZIS and Cu2O. Besides, the intensity o
(006), (108), (110) and (022) planes decreased with increasing Cu2O
amount rom 5 to 20 wt%, suggesting the ormation o heterostructure
between ZIS and Cu2O. On the contrary, no change in the peak positions
o the heterostructure was ound, revealing that the crystal structure o
either compound is unaected. The crystallite size o as-synthesized

compositions was estimated by the Debye-Scherrer ormula.

t = 0.9λ
βCosθ

(1)

where “t” is the average crystallite size, “λ” is X-rays wavelength
(1.5406 Å), “β” is ullwidth at hal maximum (FWHM) o the highest
intensity peak (in radians), “θ” is the Braggs angle o the crystal planes.
The dislocation density o the pure components and their composites
were calculated by the ollowing ormula.

Dislocation density (δ) = 1
(Crystalline size)2 (2)

The strain o the materials was calculated by the ollowing equation.

Strain(ε) = βCosθ
4 (3)

The crystallite size (t), dislocation density (δ) and strain (ε) o all the
compounds are listed in Table 1. The unit cells o both Cu2O and ZIS
were drawn with VESTA sotware and presented in Fig. 2(b).

3.2. Raman spectroscopy

Fig. 3. displays the Raman spectra o pure ZIS, Cu2O and ZIS-10
composites in the wave number range o 100–800 cm1. The pure ZIS
exhibits two prominent characteristic Raman bands at 241 and 352
cm1. The band observed at 241 (A1g) cm1 is due to the molecular
vibration oM-S (M= Zn, In) and the band at 352 cm1 is corresponding
to the symmetric stretching o S-S bonds in the octahedral structure
[6,45]. Similarly, the appearance o ve bands at 113, 150, 217, 408 and
625 cm1 in the Raman spectrum o Cu2O conrms the single phase and
is well corroborated with the reported literature [46]. The peaks at 113
and 150 cm1 are assigned to Raman inactive and scattering modes rom
phonons o symmetry Γ

15 respectively [46]. The high intense Raman
band observed at 217 cm1 is attributed to the second-order Raman-
allowed mode as well as the overtone mode o Cu2O [47]. The less
intense band at 408 cm1 and moderately intense band at 625 cm1 are
linked to our phonons o 3Γ

12 +Γ
25 and inrared-allowed mode

respectively [48,49]. It can be seen rom Fig. 3, the Raman bands o ZIS-
10 are ound to be blue-shited while their intensity remarkably
changed. It clearly suggests that the negatively charged oxygen atoms o
Cu2O electrostatically interact with the negatively charged sulur atoms
o ZIS at the interacial surace, thereby aecting the bond distance
between Zn-S/S-In. Thus, the appeared blue shit demonstrates the
ormation o heterostructure between the ZIS and Cu2O nanostructures.

3.3. UV–Vis DRS analysis

The optical properties o synthesized materials were determined by
UV–Vis DRS and the resultant spectra o pure ZIS, Cu2O and composites
are shown in Fig. 4(a), demonstrating that pure ZIS and Cu2O have a
sharp absorption edge around 520 and 640 nm, respectively. The ab-
sorption edges o ZIS-5, ZIS-10 and ZIS-20 nanocomposites maniested a
redshit. The optical band gap (Eg) o materials is calculated using the
relation.

αhν = A

hv  Eg

)1/2 (4)

where A is a constant.
The obtained Eg values rom a Tauc plot (Fig. 4(b)) o ZIS, Cu2O, ZIS-

5, ZIS-10 and ZIS-20, respectively are 2.46, 2.01, 2.36, 2.24 and 2.16 eV.
As displayed in Fig. 4(b), ZIS has a higher optical band gap than Cu2O.
Besides, Cu2O exhibited a broad absorption range, whereas ZIS has a
narrow absorption range. In addition, the heterostructures showed less
absorbance than pure compounds, resulting rom more scattering o
light by the heterostructure wherein Cu2O agglomerated over ZIS or vice
versa, leading to suppression o the light absorption. This result

Fig. 7. BET surace area o ZIS, Cu2O and ZIS-10.
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validates the SEM and TEM analysis. The top o valence band (VB) o
Cu2O contains Cu 3d and O 2p as main orbitals where Cu 3d contributes
to the top o VB and O 2p at the bottom o VB and the bottom o con-
duction band (CB) might composed o anti-bonding Cu 4p+ Cu 3d and O
2p orbitals [50]. On the other hand, VB o ZIS is majorly made o S 3p +
In 5p + Zn 3d + Zn 4p and its CB contributed by Zn 4 s + S 3p + In 5 s +
In 5p o CB o ZIS [51]. The random variation in the optical band gap is
attributed to the possible interaction between ZnIn2S4 and Cu2O. At the
interace o the heterostructure, the S ions electrostatically interact with
O ions (see Fig. 2 (b)), leading to the repulsion between the 3p electrons
o S ions and the 2p electrons o O ions. Consequently, this interaction

would aect the bond lengths o O-Cu and S-Zn or S-In. This indeed
signicantly modies the electronic band structure o both the VB and
CB o the respective compounds. Thus, this could be accountable or the
observed variation in the optical band gap.

3.4. XPS analysis

To determine the valence states o the elements, present in the ZIS-10
nanocomposite XPS was used. The survey spectrum o ZIS-10 hetero-
structure (Fig. 5(a)) shows sharp peaks, suggesting the presence o only
Zn, In, S, Cu and O elements. The two prominent peaks centered at

Fig. 8. (a) Selectivity and (b) response (Ra/Rg) Vs concentration o NH3 gas in the presence o all the compositions.
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1022.96 and 1046.13 eV (Fig. 5(b)) attributed to Zn 2 p3/2 and Zn 2 p1/2
respectively, assured that Zn exists in the +2 state [52]. As disclosed in
Fig. 5(c) the two major peaks seen at 445.8 (3d5/2) and 453.5 (3d3/2) eV
are ascertained to be+3 oxidation state o In. The XPS spectrum o S was
tted into two sub peaks using the Gaussian unction and shown in Fig. 5
(d). The two peaks observed at 161.9 and 163.4 eV, corresponding to S
2p3/2 and S 2p1/2 respectively, indicate that S is present in the 2
oxidation state (S2) [52]. In addition, Cu 2p has the two characteristic
peaks, observed at 932.8 and 952.6 eV along with the satellite peaks at a

lower binding energy o 934.7 and 954.7 eV, respectively, correspond-
ing to Cu 2p3/2 and Cu 2p1/2 indicating Cu+ state (Fig. 5(e)) [53]. This
observation strongly advocates the XRD results o Cu2O. The high-
resolution spectrum o O 1s displayed an intense peak at 532.5 eV as
shown in Fig. 5(), assigned to lattice oxygens with Cu–O bonds. In short,
it is strongly believed rom XPS analysis carried out on ZIS-10 hetero-
structure that the compounds ormed in their respective single phases.

Fig. 9. Dynamic response o (a, d) ZIS-5, (b, e) ZIS-10 and (c, ) ZIS-20.
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3.5. SEM and HRTEM analysis

The morphology and nanostructure o the materials were examined
by SEM and HRTEM. Fig. 6(a-c) shows the SEM images o all the com-
pounds with dierent magnications. As illustrated in Fig. 6(a), pure ZIS
primarily made o a fower-like hierarchical structure with an average
diameter o 2–3 µm and it has several layers o petaloid structures,
endowing this material to possess mesoporous and microporous ea-
tures. The Cu2O compound majorly consists omicrocrystals as shown in
Fig. 6(b), which have hexapod morphology with an average size

between 1 and 3 µm and are congruent with the previous report [54].
The addition o Cu2O rom 5 to 20 wt% to ZIS did not signicantly alter
the morphology o the resultant heterostructure. However, rom Fig. 6
(c), it is evident that the high agglomeration o heterostructure resulted
rom the random distribution o Cu2O microcrystals embellished over
the ZIS micro fower, leading to the ormation o an interace between
ZIS and Cu2O. The presence o Cu2O and ZIS is urther asserted by EDX
analysis. The EDS elemental mapping images are shown in Fig. 6(d),
displaying that Zn, In, S, Cu, and O are evenly dispersed throughout the
ZIS-10 composite. The HRTEM images o ZIS-10 (Fig. 6(e)) exhibit the
microstructure which consists o nanosheet-like structures and nano-
particles. The interplanar spacing was (Fig. 6()) ound to be 0.317 nm
and 0.20 nm corresponding to the (012) and (110) planes respectively
o ZIS and the lattice spacing o 0.15 nm is ascribed to the (022) plane o
Cu2O. The SAED pattern o ZIS-10 (Fig. 6(g)) indicates the high crys-
tallinity o the sample and is corroborated by the XRD results.

3.6. BET surace area analysis

To determine the BET surace area o ZIS, Cu2O and ZIS-10 materials,
N2 adsorption studies were conducted, and the results are presented in
Fig. 7. The presence o a signicant type IV hysteresis loop observed
within the relative pressure range rom 0.5 to 0.9 provides evidence or
the mesoporous nature o the ZIS and ZIS-10 materials. However, Cu2O
exhibits a narrow loop, indicating its microporous nature. As the Cu2O
amount increases rom 5 to 20 wt%, the width o the hysteresis loop
decreases, implying the dominance o the microporous nature o the
material over its mesoporous nature. The results obtained rom the BET
analysis revealed that the surace areas o ZIS, Cu2O and ZIS-10 are
25.84, 0.66 and 13.23 m2/g, respectively. The large surace area is due
to the hierarchical structures o the ZIS materials whereas the decrease
in the surace area o ZIS-10 is due to the dispersion o the hexapods o
Cu2O over the ZIS micro-fowers with high agglomeration which was
urther substantiated by SEM results. Volanti et al. [31] have also
noticed similar results and conrmed that actors other than surace area
are responsible or the enhanced sensor’s response.

3.7. Gas sensing properties

The selectivity, sensitivity and response (S= Ra/Rg) o ZIS, Cu2O and
all the composites towards dierent volatile organic compounds (VOCs)

Fig. 10. Response/recovery time o (a) ZIS-5, (b) ZIS-10 and (c) ZIS-20.

Table 2
Response and the recovery time o dierent sensors towards ammonia (NH3) at
room temperature.
Compound Preparation

method
Concentration
(ppm)

Response Tres/
Trec
(sec)

Re.

SnO2 Sol-gel 50 694 175/
210

[59]

Ce doped
SnO2

Hydrothermal 25 11 60/
35

[60]

TiO2 Sol-gel 50 35 240/
360

[61]

In2O3 Thermal
Oxidation

1000 92 100/
60

[62]

Co-doped
ZnO

Spray
pyrolysis

100 3.48 36/
10

[63]

PPy/
Zn2SnO4

Hydrothermal 100 82.1 26/
24

[64]

CuO-MnO2 Hydrothermal 100 135 120/
600

[65]

Mn-doped
ZnO

Combustion 100 20.2 73/
147

[66]

NiO/ZnO Hydrothermal 50 42 27/
150

[67]

ZnIn2S4/
Cu2O

Hydrothermal 25 37/
25

Present
work
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were determined by measuring Rc. In this study, ormaldehyde, ethyl
alcohol, benzene, toluene and xylene were chosen as VOc’s. However,
the response o the semiconductors is a unction o the operating tem-
perature, concentration (ppm) and kinetic diameter o the gas. Thus,
initially, the selectivity o all compounds was tested with 25 ppm o the
above VOCs. Fig. 8(a) displays the response o NH3 whereas the inset
shows the response o the rest o the gases since NH3 response-masked
the other gases. The highest response towards NH3 gas is owing to its
lower kinetic diameter (260 pico meter) than other gases. Thereby, NH3

molecules easily diuse onto the sensing material’s surace. It is worth
noting that all the compositions exhibited gas-sensing properties at RT,
which is essential or its practical applications. Thereore, the
concentration-dependent measurements or all the samples were carried
out with NH3 at RT only. The response o all the materials towards
ammonia at various concentrations (1, 5, 10, 15, 20 and 50 ppm) is
shown in Fig. 8(b). The dynamic response and recovery o pure ZIS and
Cu2O are shown in Fig. S2 (a-d). The dynamic response o ZIS, Cu2O and
the composites (Fig. 9) prooundly increases with the increase o NH3
concentration. It should be noted that ZIS-10 has maniested the highest
response among all the other samples. For 25 ppm, the response (S) o
ZIS, Cu2O, ZIS-5, ZIS-10 and ZIS-20 are respectively, measured to be 15,
2.5, 75, 1167 and 652, proving that ZIS-10 has astronomical response i.
e., 476 and 81 times higher than o the pristine Cu2O and ZIS,
respectively.

3.8. Response and recovery characteristics

The response time (Tres) o the sensor is dened as the time during
which the sensor’s resistance reduces to 90% o its saturation resistance
in the presence o gas. Likewise, the recovery time (Trec) is the time
needed by a sensor to return to 10% saturated resistance ater the
withdrawal o gas. The values o response time and recovery time o all
the composites were computed rom Fig. 10. The response/recovery
(Tres/Trec) times o ZIS, Cu2O (Fig. S3 (a, b)), ZIS-5, ZIS-10 and ZIS-20
were determined in the presence o 25 ppm o NH3, and ound to be
98/88, 117/50, 66/47, 37/25 and 70/39, respectively. It indicates that
ZIS-10 has shorter Tres/Trec than all the other compounds. Table 2
compares various sensors’ responses and recovery time towards NH3 gas
at RT. The high repeatability and stability o gas-sensing materials
accentuate the applicability o these materials or their real-time ap-
plications. Thus, the repeatability and stability o highly responsive ZIS-
10 were investigated or 25 ppm o NH3 over ve cycles (Fig. 11(a)) and
the observed results, conclusively refect that ZIS-10 has applausive
repeatability towards NH3 at RT. Apart rom this, the stability (Fig. 11
(b)) was tested over 30 days with an interval o 5 days and the obser-
vations not only demonstrated the stability o ZIS-10 at each interval but
also showed its remarkable stability over 30 days. The limit o detection
(Fig. 11(c)) was determined using the ollowing equation and ound to
be 14.9 ppm.

Limit of Detection(LOD) = 3.0 × Standard Deviation(SD)
Slope of the Curve

(5)

3.9. Gas sensing mechanism

The basic gas sensing mechanism involves the physicochemical
interaction between the analyte gas molecules and the surace o the
sensor [31]. The ormation o p-n heterojunction is shown in Fig. 12(a)
and the gas sensing mechanism or highly responsive ZIS-10 is proposed.
Initially, O2 molecules adsorbed on the ZIS-10 surace, consequently,
these adsorbed O2 simultaneously grab the electrons primarily rom S
3p + In 5 s + Cu 3d + O 2p o CB o ZIS-10, thereby orming umpteen
oxygen ions (O2–) at RT [55]. Hence, the electron cloud at the surace
decreases, as a result, the depletion layer is ormed, leading to an in-
crease in the resistance o ZIS-10. Thereater, ZIS-10 in the presence o
NH3 vapors, the strong interaction between the chemisorbed O2– and
NH3 molecules releases abundant electrons and readily injects into the
CB o ZIS-10. Thus, the thickness o the depletion layer decreases,
leading to decrease in resistance o ZIS-10. Furthermore, the under-
mentioned actors also contribute to decreasing the resistance. The
electron anity (χ) o Cu2O and ZIS are 5.32 and 4.86 eV, respectively
[56,57]. The dierence between χ o these two compounds alongside
their eective energy band gap, which might vary their work unctions
and conduction and valence band osets. Thereby these eatures acil-
itate the electrons to transer rom S 3p + In 5 s o CB o ZIS to primarily

Fig. 11. (a) Repeatability and (b) stability o ZIS-10 towards 25 ppm ammonia
gas at RT and (c) Response variation o ZIS-10 towards dierent NH3 concen-
tration (LOD).
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Cu 3d + O 2p o CB o Cu2O at the intimate interace o ZIS-10 hetero-
structure. More clearly, at the p-n heterojunction interace, it is
conceived that the electrons easily migrate rom ZIS to Cu2O through the
conducting channel viz., -S-In-S-In-S-O-Cu-O- as schematically depicted
in Fig. 12(b). This channel might oer a low resistance path or the
electrons between the contact electrodes. Having said that, the other
possible pathway such as -S-Zn-S-Zn-S-O-Cu-O- might provide high
resistance channel or the electrons since Zn 4 s and Zn 4p orbitals
contribute to the top o CB o ZIS-10 than that o In and S orbitals [58].
Alternately, since Cu+ ions coordinated by their nearest neighbor 12
Cu+ ions resulted in the moderate Cu-Cu interaction thereby various d-
d orbitals o Cu+ - Cu+ undergo hybridization up to the possible extent,
creating the other conducting paths or itinerant electrons. Thus, elec-
trons also nd the other pathways rom Cu+ to neighboring Cu+ ions in
addition to -S-In-S-In-S-O-Cu-O-. These additional pathways partly cause
ZIS-10 to possess a lower resistance than other compounds. All in all,
these peculiar pathways are more responsible or ZIS-10 to have an
enormous response towards low ppm detection o NH3 gas.

The underlying mechanism is as ollows.
O2(in air)+ZIS 10→O2(adsorption) (6)

O2(adsorption)+ e(CB of ZIS 10)→O
2 (adsorption) (7)

4NH3(g)+ 3O
2 (adsorption)→2N2 + 6H2O+ 3e (8)

4. Conclusions

In summary, we have successully synthesized ZnIn2S4/Cu2O heter-
ostructures that exhibit a highly sensitive and rapidly responsive
ammonia gas sensor, while maintaining remarkable stability. Among all
the composites tested, ZIS-10 exhibits outstanding perormance in
ammonia sensing at RT, detecting concentrations as low as 1 ppm. The
responses o ZIS-10 measured to be 1184 which is 81 and 476 times
higher compared to the pristine ZIS and Cu2O, respectively. Addition-
ally, ZIS-10 exhibited shorter response and recovery times (Tres/Trec)
compared to other compounds, with values o 37/25. The enhanced
sensing capabilities o ZIS-10 can be attributed to the dierence in
electron anities (χ) between the two compounds. This dierence a-
cilitates the transer o electrons rom the CB o ZIS especially rom S 3p
+ In 5 s, to the Cu 3d + O 2p o CB o Cu2O at the interace o ZIS-10
heterostructure. Furthermore, electrons nd the alternative pathways
rom Cu+ to neighboring Cu+ ions, in addition to the -S-In-S-In-S-O-Cu-
O- pathway. These additional pathways contribute to ZIS-10 having low
resistance compared to other compounds.
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A B S T R A C T

The heterojunctions and doped tungsten-based semiconductor metal oxides play a vital role in the elimination o
dye molecules rom wastewater. In this study, we successully prepared Sn-doped CdWO4 nanorods with doping
concentrations o 1, 3 and 5 mol% by the one-pot hydrothermal method. XRD analysis conrmed the monoclinic
lattice with the high crystalline nature o the materials. Moreover, HRTEM images revealed the rod-like structure
o the materials. Photocatalytic activity (PCA) perormance was evaluated under UV light irradiation using
methyl orange (MO) as a model pollutant. Among all the samples, the optimal doping concentration o 3 mol%
Sn-doped CdWO4 (CSW-3) demonstrated the highest PCA o 95%. The scavenger test conrmed the involvement
o superoxide (O.

2 ) and hydroxyl radicals (OH.) in MO degradation. The larger surace area (14.42 m2/g) o
CSW-3 and oxygen vacancies are responsible or the enhancement o PCA and a plausible mechanism or the
enhanced PCA was also proposed.

1. Introduction

Over the past ew decades, industrial advancements have resulted in
widespread environmental pollution caused by various pollutants. To
address this issue, researchers have extensively utilized photocatalysts
to break down organic pollutants ound in wastewater [1,2]. Among the
dierent types o photocatalysts, metal tungstates (MWO4, M = Zn, Cd,
Ni) have gained signicant attention due to their versatile applications
in areas such as optical bres, scintillating materials, humidity sensors,
microwave technology, photoluminescence, magnetic properties, elec-
trical characteristics, and catalysis [3]. Many metal tungstates viz.
ZnWO4, CdWO4 etc. have been employed or pollutant degradation
under both UV and visible light, showing promising photocatalytic
perormance. However, their eciency is limited by the recombination
o electrons and holes. Thereore, there is a need to develop new pho-
tocatalysts that can minimise electron-hole recombination and enhance
photocatalytic activity (PCA) by tailoring the band gap energy.

Recent research has ocused on enhancing the PCA o tungstates
through metal ion doping and/or heterojunctions [4]. This approach has
been successul in improving charge separation eciency, creating lat-
tice deects, and consequently boosting the photocatalytic perormance

o semiconductors. For instance, the hydrothermal synthesis o Mo, Zn
and Cu-doped CdWO4 photocatalysts has demonstrated improved PCA
[4–6]. However, it is worth noting that no prior studies have explored
the potential o Sn doping to enhance the PCA o CdWO4. Hence, we
employed a hydrothermal technique to prepare Sn-doped CdWO4,
aiming to explore the infuence o Sn doping on the photodegradation o
MO and proposed a plausible degradation mechanism.

2. Experimental

Pure CdWO4 and Sn-doped CdWO4 samples were prepared using a
one-pot hydrothermal method. In this process, stoichiometric amounts
o Cd(OAc)2, Na2WO4 and SnCl2 (0.00, 0.01, 0.03 and 0.05 mol) were
separately dissolved in deionized water. Initially, the Cd(OAc)2 solution
was added to Na2WO4, ollowed by the dropwise addition o SnCl2 so-
lution while continuously stirring the mixture. The resulting pale red
suspension was then stirred or 1 h and transerred into a 100 mL
autoclave, which was subsequently placed in a hot air oven at 180 ◦C or
12 h. The resultant solid was ltered and washed repeatedly with water
and ethanol and dried at 100 ◦C or 12 h. These samples were denoted as
CdWO4 (CSW-0), Cd1.99Sn0.01WO4 (CSW-1), Cd1.97Sn0.03WO4 (CSW-3)
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and Cd1.95Sn0.05WO4 (CSW-5). The details o all the characterization
techniques used were provided in ESI.

3. Results and discussion

The XRD patterns o all the samples are similar to each other and
matched well with the JCPDS (14-0676) (Fig. 1(a)). The observed XRD
peaks can be attributed to the monoclinic lattice o CdWO4. Further-
more, the infuence o Sn concentration on the diraction patterns is
evident in Fig. S1, where an increase in Sn rom 1 to 5 mol% leads to a
shit o the diraction peaks towards lower 2θ. This shit can be attrib-
uted to the larger ionic radius o Sn2+ (1.18 Å) compared to Cd2+ (0.95
Å). Thus, it conrms that Sn2+ ions have substituted Cd2+ ions within
the crystal lattice. Moreover, the XRD patterns exhibit broadening,
indicating that the material possesses a nano-sized structure. The crystal
size o all the materials was calculated using the Scherrer equation.

t = 0.9*λ
β Cosθ

(1)

The calculated values o CSW-0, CSW-1, CSW-3 and CSW-5 are 34, 36,
24 and 28 nm respectively. The unit cells o CdWO4 and Sn-doped
CdWO4 were presented in Fig. 1(b and c).

The HRTEM o CSW-0 (Fig. 1(d)) is composed o nanorods with
lengths and diameters o 120–200 nm and 30–40 nm respectively.
Similarly, CSW-3 (Fig. 1(e)) exhibits the coexistence o nanorods and
spherical structures with an average length ranging rom 60 to 120 nm,
while the diameter is within the range o 20–30 nm. The SEM images

(Fig. 1( and g)) demonstrate the morphological transormation o CSW-
0 rom nanorods to nanospheres accompanied by signicant agglomer-
ation. The colour mapping images (Fig. 1(h–k)) provided visual evi-
dence o the homogeneous distribution o Cd, W, O and Sn elements
within the sample.

Fig. 2(a) shows the complete survey spectra o CSW-0 and CSW-3.
The C is used as a reerence (Fig. 2(b)). The survey spectra o CSW-
0 consist o Cd, W and O elements whereas CSW-3 contains Sn in
addition to the above elements. It advocates that Sn was successully
doped into the lattice o CdWO4. The Cd 3d XPS spectrum (Fig. 2(c))
exhibited doublet peaks at 405.1 (3d5/2) and 412.0 eV (3d3/2) are
ascribed to the +2-oxidation state o Cd [7]. The XPS spectrum (Fig. 2
(d)) o Sn showed our peaks at 485.4, 488.3, 493.7 and 496.4 eV. The
lower binding energies o 485.4 (3d5/2) and 493.7 (3d3/2) represented
Sn+2 while the higher binding energies o 488.3 and 496.4 eV corre-
spond to 3d5/2 and 3d3/2 o Sn+4 respectively [8]. Similarly, the W-XPS
spectrum (Fig. 2(e)) exhibits two peaks at 34.8 (W 47/2), 37.6 eV (W 45/
2) conrming the W+5-oxidation state while the other two peaks at 36.3
eV (W 47/2) and 39.6 eV (W 45/2) are assigned to theW+6 state [9]. The
broad O 1 s (Fig. 2()) spectrum was deconvoluted into three peaks
centred at 529.4, 530.8 and 531.7 eV corresponding to lattice oxygen
(OL), oxygen deects (OV) and surace hydroxyl groups (OC) (discussed in
FTIR, ESI, Fig. S2) respectively [10]. To compensate or the charge, the
Sn+2 released electrons were subsequently captured by W+6 ions, lead-
ing to a reduction o W+6 to W+5 while oxidising Sn+2 to Sn+4. Addi-
tionally, the presence o oxygen deects can create vacancies that act as
electron traps. These results strongly suggest the incorporation o Sn into

Fig. 1. XRD patterns (a), Unit cell by VESTA (b, c), HRTEM images (d, e), SEM images (,g), EDX mapping images (h–k) o CSW-0 and CSW-3.
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the lattice o CdWO4 and urther supported by the XRD ndings.
The surace area o CSW-0 and CSW-3 was determined rom N2

adsorption–desorption isotherms (Fig. 3(a)). The isotherms exhibit a
type IV pattern, indicating the presence o mesopores. The surace area
o CSW-0 and CSW-3 was measured as 8.02 m2/g and 14.42 m2/g,
respectively. These results suggest that the addition o Sn enhances the
material’s surace area, acilitating more dye adsorption resulting in
plentiul surace reactions. The pore size distribution o CSW-0 and
CSW-3 was analysed using the BJHmethod (Fig. 3(b)). The average pore
diameter is 0.036 and 0.039 nm , respectively. The PL spectra (Fig. S3) o
all the samples are discussed in ESI.

The photodegradation ecacy o the CSW-0 and Sn-doped CdWO4
was examined using the MO under 250 W UV irradiation (200–400 nm)
(Fig. 4(a)). In the absence o a catalyst (blank), MO degradation reached

8% only. However, in the presence o CSW-0, CSW-1, CSW-3 and CSW-5
catalysts resulted in degradation o 59%, 85%, 95% and 92% respec-
tively (Fig. 4(b)). These results indicate that Sn+2 doped CdWO4 samples
exhibit superior PCA perormance compared to CSW-0. This enhance-
ment can be attributed to their larger surace area, narrower band gap,
oxygen deects and the presence o surace OH groups, which promote
higher PCA. The kinetic plot o ln(C0/Ct) against irradiation time (t)
demonstrates the linear relationship and ollows rst-order kinetics
(Fig. 4(c)) [11].

 ln
Ct

C0
= k.t (2)

The rate constants or MO (blank), CSW-0, CSW-1, CSW-3, and CSW-
5 are 0.00032, 0.00377, 0.00808, 0.01255 and 0.01088 min1

Fig. 2. XPS survey spectra o CSW-0 , CSW-3 (a), high resolution spectrum o C 1s (b), Cd 3d (c), Sn 3d (d), W 4 (e) and O 1s () o CSW-3.

Fig. 3. (a) BET surace area and (b) BJH pore size distribution o CSW-3.
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respectively. The PCA o CSW-3 is nearly 25 times higher than CSW-0.
Additionally, the recyclability o the photocatalyst was evaluated
(Fig. 4(d)), and CSW-3 exhibited consistent PCA eciency even ater
our cycles, demonstrating excellent stability and recyclability or dye
degradation. To identiy the active species involved in the PCA, a
scavenger test (Fig. 4(e)) was perormed using BQ (benzoquinone,
quenches O.

2 ), IPA (isopropanol, quenches OH.), and CA (citric acid,
quenches h+). The addition o citric acid had a minimal impact while the
BQ and IPA signicantly aected MO degradation. These results suggest
thatO.

2 andOH. radicals play a major role in the degradation oMO. The
VB and CB edge potentials were determined and are provided in the ESI.

The irradiated light energy (>4 eV) is more than the band gap energy
(~3 eV, see Fig. S4), and then the photogenerated electrons are injected
into the CB. These photo-generated electrons are avourably trapped by
oxygen vacancies below the CB thereby promoting the bonded surace
oxygen molecules to orm O.

2 radicals even though the band edge po-
tentials o CSW-0 and CSW-3 are not adequate or the ormation o O.

2
radicals. At the same time, the accumulated holes in the VB directly
react with OH ions to orm OH. radicals. The mechanism o MO
degradation using CSW-3 is as ollows
CSW 3+ hν→CSW 3+ e + h+ (3)

e +O2→O.
2 (4)

O.
2 + H+ + →OOH. (5)

h++H2O→OH +H+ (6)

h+ + OH→OH. (7)

O.
2 +MO→degradation products (8)

OH. +MO→degradation products (9)

The graphical representation o the degradation o dye is shown in Fig. 4
().

4. Conclusions

In summary, Sn-doped CdWO4 samples were successully prepared
using one-pot hydrothermal method. XPS results demonstrated that the
Sn was incorporated into the CdWO4 lattice in multivalence states. CSW-
3 exhibited a superior PCA o 25 times higher than CSW-0. The scav-
enger test indicated that O.

2 and OH. radicals played a signicant role in
MO degradation. The oxygen deects trap the excited electrons and
prevent electron-hole recombination. The high surace-to-volume ratio
and oxygen deects are responsible or the augmented PCA.
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n»+‘ê ªdü«|üï*|æµ ` düVü≤ÁdüeTTFq‘·
&Üˆˆ |æ. $»j·T≈£îe÷sY, yÓ’dtÁ|æì‡bÕ˝Ÿ   ‘Ó\T>∑TXÊU≤<Ûä́ ≈£åî\T, l eTVü‰jÓ÷– \ø£ÎeTà Á|üuÛÑT‘·« &çÁ^ ø£fi≤XÊ\,

b$Tà>∑q÷s¡T.

ªø£MHê+ ø£$'µ nì nuÛÑT´<äj·Tø£e⁄\˝À nq<ä–q
ø£$ n»+‘ê. ô|qTeT]Ô $X¯«Hê<∏äXÊÁdæÔ ‘·q ø£\+ù|s¡T
ªn»+‘êµ nì ô|≥Tºø√e&É+˝ÀH̊ $\ø£åDyÓTÆq }Vü‰•\Œ+
e´ø£ ÔeTe ⁄‘·T+~. n»+‘ê ndü\Tù|s¡T ô|qTeT]Ô
$X¯«Hê< ∏ äXÊÁdæÔ. |ü•ÃeT>√<ëe] õ˝≤\ πødüq|üÁs¡T
Á>±eT+˝À 2`5`1929˝À »ìà+#ês¡T. ôV’≤<äsêu≤<é,
#ÓHÓ’ï\˝À Äj·÷ |üÁ‹ø£\˝À |üì#˚kÕs¡T. ªÄ+Á<ÛäÁ|üuÛÑµ˝À
N|òt düuŸb&ç≥sY>± |üì#̊XÊs¡T. n»+‘ê ø£$‘·« dü]Vü≤<äT›\
rs¡T $_Ûqï+>± <äs¡Ùq$TdüTÔ+~. sêJ|ü&Éì e´øÏÔ‘·«+‘√
ø£$‘ê«ìï ‘·|üdüT‡>± uÛ≤$+∫ n»+‘ê ø£\+ ø£~*+#ê&ÉT.
sêdæq ø£$‘·«+ sêdæ˝À ‘·≈ £îÿyÓ ’Hê yêdæ˝À ô|qT
dü+#·\Hê\H̊ düèwæº+∫+~. 1997˝À n»+‘ê ªdü«|üï*|æµøÏ
πø+Á<äkÕVæ≤‘·´ nø±&ÉMT nyês¡T¶ e]+∫+~. Á|ü‹ ø£$‘·
edüTÔ|üs¡+>±, •\Œ|üs¡+>± Á|ü‹<Ûä«qT*ï düèwæº+∫+~.
n+<äT πø ‘Ó\T> ∑T ø£$‘êÁ|ükÕúq+˝À n»+‘ê kÕúq+
Á|ü‘ ˚´ø£+, qMqø±\+˝À ø£$‘·«+˝À &ç˝≤Hé< ∏ëeTdt
Á|üjÓ÷–+∫q |ü<ä∫Á‘ê\ düè»q˝ÀqT Ä+>∑¢ yêø£́ ìsêàD
$Hê´dü+˝ÀqT, eTè‘·T´e ⁄qT <ä]Ù+∫q yÓ ’Hê\T
Ä<Û äTìø£kÕVæ≤r Á|ü|ü+#·+˝À n‘·T´qï‘·kÕ úHêìï
kÕ~Û+∫ô|{≤ºsTT. n»+‘ê ≈£L&Ü &ç˝≤Hé<∏ëeTdt qT+&ç
bH√ï H ˚s¡TÃ≈ £îqï≥T¢>± ø£ìŒkÕÔ&ÉT. n+<äT πø n»+‘ê
ªÄ+Á<Ûë&ç˝≤Héµ>± ø°]Ô+#·ã&Ü¶s¡T. uÛ≤wüì |üP]Ô>±
|æ+&ÉTø√e≥+˝ÀH˚ $q÷‘·ïyÓTÆq $•wüº ø£$‘ê«ìï &ç˝≤Hé
<∏ëeTdt düèwæº+#·>∑*>±&ÉT. &ç̋ ≤Hé <∏ëeTdt ø£$‘ê s¡Vü≤kÕ´ìï
n»+‘ê dü«+‘·+ #˚düTø=ì J]í+#·T≈£îHêï&ÉT.

ªªnìï+{ÏøÏ ø±s¡≈£î&ÉT eTìwæ ø£qTø£ Á|ü‹ eTìwæ˝À
qqTï #·÷düTø√e&É+ Hê¬ø+‘√ Çwüº+. eTìwæ bø£ÿ&É

ñHêï ˇø£& ˚. |üèB ∏«‘·\+ô|’ eTìwæ n&ÉT> ∑T\#·|ü&ÉT
$q|ü&çq ‘=*ø£åD+ qT+∫, eTìwæ n+‘·sê‘·à ˇø£ÿfÒ.
H˚qT Á|ü‹ eTìwæ˝À e⁄+{≤qT. Á|ü‹ eTìwæ dü«|üï+˝À
e⁄+{≤qT. dü«|üïkÂ+<äs¡´+˝À e⁄+{≤qT. u≤<Ûä˝À,
<äT'K+˝À eT+&ÉT‘·Tqï >±j·÷\˝À e⁄+{≤qT. b&Ü]˝À,
eTìwæ ÄÁø£+<äq˝À ñ+{≤qT. n<∏ä' |ü‹‘·T&Ó’q eTìwæì
ÄbÕ´j·T+>± Ò̋eHÓ‘·TÔ‘·Tqï ø±s¡TD´Vü≤kÕÔ\˝À e⁄+{≤qT.
nø£åsê\≈£î dü+¬øfi¯ó¢ ˝Òe⁄, uÛÑ÷>√fi¯+ô|’ dü]Vü≤<äT›\T ˝Òe⁄.
eTìwæ Ä‘·àÁ|üø£+|üq ˇø£ÿfÒ. n‘·&ÉT e÷{≤¢& ˚uÛ≤wü≈ £î
Äj·TTe⁄|ü≥Tº. Á|ü‹ nø£ås¡+ ˇø£ eTìwæ. Á|ü‹eTìwæ ˇø£
nø£ås¡+. eTìwæ eTTKø£e[ø£\e˝ …H˚, eTìwæ nej·Te
ìsêàD+ e˝ …H˚ nø£åsê\≈£î ≈£L&Ü ˇø£ Äø±s¡+, ˇø£
uÛÑ+–eT, uÛ≤yêqT>∑TD´yÓTÆq ˇø£ ø£<ä*ø£, ˇø£ \j·T, ˇø£
$Hê´dü+, s¡+>∑T, s¡T∫ e⁄+{≤j·Tì H˚qT $X¯«dækÕÔqT.
dü«|üï*|æ s¡Vü≤dü´+ Ç<˚ n+{≤s¡T n»+‘ê.µµ <Ó’q+~q
Jeq;uÛÑ‘·‡+‘√ ‘·qT # ˚düTÔqï $∫Á‘· $Hê´kÕ\H ˚
ø=‘·Ô#Û·+<ädüT‡\T>± ø£$‘·«düè»q #˚XÊs¡T n»+‘ê.

ll, 1972˝À q>∑ïeTTì ª‘·÷s¡TŒ>±*µ dü+ø£\HêìøÏ
kÕ«>∑‘·e#·q+ #̊|üPÔ ªª•¢cÕº, |üsƒê_Û ` yê[fl<ä›]˝≤π>, ø=ìï
$wüj·÷\˝À Ç<ä›]ø£Hêï $Tqï>± e#·q^‘·+ MT<ä
|ü]|üPs¡íyÓTÆq n<∏ë]{Ï‘√ ø£$‘·«+ #Ó|æŒq yê&ÉT n»+‘êµµ
nHêï&ÉT. q>∑ïeTTì, n»+‘ê Á|üuÛ≤e+‘√ ªñ<äsTT+#·ì
ñ<äj·÷\Tµ s¡∫+#ês¡T. Ä Á|üuÛ≤yêìøÏ b+‘√eT+~ ø£\+
ø£~*+#ês¡T. <ä÷s¡<äèwæº ø£*–q ø£$, ‘·q ø£$‘·«
Á|üuÛ≤e+‘√ ‘·sê*ï Á|üuÛ≤$‘·+ #˚j·T>∑\&ÉT. ã\yÓTÆq
yê≈£îÿ‘√ Á|ü‹<Ûä«qT*ï düèwæº+#·>∑\&ÉT. b+‘Ó’Hê nø£åsêìï
n‹C≤Á>∑‘·Ô>± #Óø£ÿ&É+‘√ n»+‘ê n+<Óy˚dæq #ÓsTT´.
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ìØ ®ey Ó T Æq | ü<ë\qT ≈ £ L&Ü d üJe
kÂ+<äs¡́ ∫Á‘ê\T>± s¡÷bı+~+#·&É+ ø£$ $\ø£åD Á|ü‹uÛÑô|’
Ä<Ûës¡|ü&ç ñ+~. uÛ≤e+ b+‘· $•wüºyÓTÆq<Ó’Hê uÛ≤wü̋ À
ø=‘·Ô |ü<ë\T #·÷|ü˝Òø£b˛sTTq|ü&ÉT ø£$‘· H˚\ MT<ä
e÷Á‘·y˚T ñ+≥T+~. Äø±X¯eT+‘· b‘·TÔ b>∑s¡˝Ò<äT. ø£y˚
b>∑s¡ Ò̋q|ü&ÉT bÕsƒ¡≈£î\qT @ b‘·TÔ\≈£î rdüT¬øfifl̄>∑\&ÉT?
á s¡Vü≤dǘ + &ç̋ ≤Hé <∏ëeTdtøÏ ‘Ó\TdüT— n»+‘êøÏ ‘Ó\TdüT.
n»+‘ê <äèwæº Á|ü<Ûëq+>± uÛ≤e+ MT<ä ø£+fÒ, •\Œ+
MT<˚ b≈£îÿe <äèwæº πø+ÁBø£]+∫q≥T¢ ø£ìŒdüTÔ+~. ñ*‘√
•˝≤Œìï #Óπøÿ •*ŒøÏ ñ+&˚+‘·{Ï @ø±Á>∑‘· •\Œ<äèwæºì
|ü]o*ùdÔ ll, ‹\ø˘\ ‘·sê«‘· n»+‘êH˚ Á|üeTTK+>±
ø£ìŒkÕÔ&ÉT. sêdæq Á|ü‹ nø£ås¡+˝À eTVü‰X̄øÏÔì ìøÏå|üÔ+ #̊dæ,
nø£ås¡X‘̄·|òüTï\T ù|*Ã düeTø±©q ø£e⁄*ïôd’‘·+ Á|üuÛ≤$‘·+
#˚dæq Á|üU≤´‘·ø£$ n»+‘ê.
dü«|üïdüVü≤yêdæ :

ø£$‘·«+ ˇø£ dü«|üïÁøÏj·T. »qà‘·' dü«|üï $<ä´
n\es¡#·T≈£îqï ø£$ n»+‘ê. dü«|üïdüVü≤yêdæ n»+‘ê
ø£$‘ê«ìï ªdü«|üï*|æµ>± uÛ≤$+#ê&ÉT. ªø£$‘·«+ ˇø£ Ä …̋ÿ$Tµ
nHêï&ÉT ‹\ø˘. n»+‘ê ‘êqT sêdüTÔqï ø£$‘·«+ Ç+ø±
*≥àdt f…dtº <ë≥˝ Ò<ä+{≤&ÉT. n»+‘ê ‘êqT XÀ<Ûäq
Hê[ø£\˝À J$düTÔHêïqT. ns¡údü‘ê´\‘√ J$düTÔHêïqT.
_Ûqï, $_Ûqï s¡kÕj·Tq #êÃ¤j·T\˝À J$düTÔHêïqT. ÁuÛÑeT,
$ÁuÛÑe÷\˝À Áã‘·T≈£î‘·THêïqT. |ü]dæú‘·T\qT >∑eTìdüTÔ+fÒ
ˇø£yÓ’|ü⁄ uÛÑj·T+ø£s¡yÓTÆq yêdüÔe+ ø±˝≤e<ÛäT\≈£î nr‘·+>±
ø£\\ô|’ |ü]ÁuÛÑ$TdüTÔqï HÓ’s¡÷|ü´ Á|ü|ü+#·+ eTs=ø£yÓ’|ü⁄—
Hê nH ˚«wüD Çø£ÿ& ˚ ÁbÕs¡+uÛÑyÓTÆ+<ä+{≤&ÉT n»+‘ê.
ªªeTìwæ düVü≤»+>±H̊ kÕ«|æï≈£î&ÉT. eTìwæ̋ À n+‘·s¡÷“¤‘·yÓTÆ
e⁄qï dü«|üïX̄øÏÔì, dü«|üïX̄øÏÔ kÕs¡«uÛÖe÷~Ûø±sêìï $ìs¡Z‘·+
#˚j·T&É+ <ë«sê Ä•düTÔqï ø=‘·Ô Á|ü|ü+#êìï Ä$wüÿè‘·+
# ˚j·T> ∑\>±qqï< ˚ n»+‘ê ‘·q ø£$‘·«|ü+< ∏ë>±
#Ó|ü≈ £ îHêï&ÉT. ø£$‘·«y ˚T J$‘·+>± J$+#ê&ÉT,
n+<äTø√düy˚T ø£$‘·«+ sêkÕ&ÉT. ªªnø£ås¡+ ‘·sê«‘· eTs√

nø£ås¡+. Nø£{Ï nej·Tyê\ô|’ ‘Ó\¢ì nø£åsê\T. ˇø£
nø£åsêìï #·T≥Tºø=ì bH√ï nø£åsê\T. yêø£´+ ‘·s¡Tyê‘·
eTs√yêø£´+. n+‘ê ˇø£ ª∫‘·ÿfi ¯ µ . ∫ Á‘ ·$∫ Á‘ ·
yêø£´düeTT<ëj·T+. H ˚qT nø£ÿ& ˚ e⁄+{≤qT. nø£ås¡+
$#·TÃ≈£îì dü«|üï<Ûä÷[˝À Ä$s¡“¤$+∫q ø=‘·Ô nø£ås¡+˝À
H̊qT e⁄+{≤qTµµ. Ç<̊ ªdü«|üï*|æµ>± ù|s=ÿHêï&ÉT. es¡Ôe÷q
J$‘·+ n>∑eT´+, ndüŒwüº+, n>√#·s¡+, ns¡∆s¡Væ≤‘·+>±
ñ+<ä+{≤s¡T. nCÒj·T+>± e ⁄qï<ä˝≤ ¢ d ü«| üïX ¯ø Ï Ô
kÕs¡«uÛÖe÷~Ûø±s¡+ ˇø£ÿfÒ. n~ nÁ|ü‹Vü≤‘·+ n+{≤s¡T.

ø£$ nqïyê&ÉT Á|ü|ü+#êìï #·÷&Ü˝Ò ‘·|üŒ, ‘êHÓ’
Á|ü|ü+#êìøÏ ø£q|ü&É≈ £L&É<äT nqï~ n»+‘ê uÛ≤eq.
n+<äTπø ø£$‘·«+ ˇø£ s¡Vü≤dǘ Áø°&É>±, eTs¡àÁø°&É uÛ≤$+#ê&ÉT.
Nø£{À¢ ñqïyê&˚ JeqπsKô|’ nK+&É BbÕìï düŒwüº+>±
#·÷&É>∑\&Éì n»+‘ê qeTàø£+.

ªªHê ìyêdü+ bø£ÿ&√ XS̄q´+˝À Nø£{Ï bÕcÕD≤\ô|’
dü«|üïX¯è+K˝≤\˝À ø±e#·TÃ>±ø£
ø±ì, X¯Sq´+˝À Nø£{Ï Á|ü»«\q+ H˚qT #·÷XÊqT.
Nø£{Ï Á|ü»«\q+˝À ìØ®eÁ|ü‹eT K&ÉZHê≥´+
#·÷XÊqT
H˚qT düJe+>±H˚ ñHêïHê?
nÁX¯ó<ä>∑∆yÓTÆq ˙&É\˝À Hê Á|ü‹<Ûä«ì eT∞¢ b|ü&ÉT
$q>∑\H√ eT]µµ
Nø£{À¢ ñqï eTìwæ »qq eTs¡D s¡Vü≤kÕ´ìï b˝≤

Ä$wüÿè‘·+ #˚j·T>∑\&√ n»+‘ê ªNø£{Ï ∫Á‘·XÊ\µ ø£$‘·
<ë«sê Ä$wüÿ]+#ê&ÉT. eTè‘·T´e⁄ dü+uÛÑ$+#·&É+ Vü≤sƒê‘Y
dü+|òüT≥q ø±<äT. n~ ˇø£ |ü]D≤eT+ nqï uÛ≤yêìï
düŒwüº+ #˚XÊ&ÉT. ªeTìwæµ ñHêï&ÉT ø±ã{Ïº eTs¡D+ nH˚~
ˇø£≥T+~ n+{≤&ÉT. ªªuÛÑj·T, $ÁuÛÑe÷\ eT<Ûä́ $cÕ<äyêø£́ +
e˝… kÕ¬> J$‘·+˝À eTè‘·T´e⁄ ˇø£ÿfÒ ì»+ nqï~ ˇø£
ôV≤#·Ã]ø£ ø±<ë n+{≤&ÉT. eTè‘·T´e⁄ XÊØs¡ø£+ ø±<äT.
ø£ åDø£ åD J$‘·+, ø£ åDø£ åD eTè‘·T´e⁄, H ˚qT Ç+ø±
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düJe+>±H˚ ñHêïqqï $wüj·T+ ìsê∆]+#·T ø√e&ÜìøÏ
Hê eTè‘·T´e⁄qT H̊H̊ nH̊ø£kÕs¡T¢ q&çM~Û̋ À #·÷XÊq+{≤s¡T.
#·÷&Éø£ ‘·|üŒ<ä+{≤s¡T. eTè‘·T´e⁄ ≈£L&Ü J$‘·ẙTq+{≤s¡T.
eTq+ Á|üdüTÔ‘·+ J$düTÔqï~ eTè‘·T´#êÃ¤j·T\˝ÀH˚ ø£<ë.
ÄX¯, ìsêX¯ y˚s¡T y˚s¡T ø±e⁄, »qq, eTs¡D≤\T y˚s¡T y˚s¡T
ø±e⁄, eTs¡D s¡Vü≤dǘ + Ç|ü&ÉT s¡Vü≤dǘ + ø±H̊ø±<ä+{≤s¡T.
•s¡düT‡ ‘Ó–q B|üdüÔ+uÛÑ+ eTè‘·T´e⁄µµ nqï yêø±´ìï
øÏØ≥+>± <Ûä]kÕÔq+{≤&ÉT.

eTìwæ düe÷~Û |üø£ÿH˚ eTìwæ |ü⁄≥Tºø£. n+‘ê ˇπø
eè‘·Ô+. n+‘ê ˇπø *|æ n+{≤s¡T. yêdüÔe+ #˚<äT $wü+
ø±ã{Ïº >∑s¡fi¯ø£+sƒ¡T&Ó’q ø£$ ˇø£ÿ& ˚ ñ<ä“¤$kÕÔ&É+{≤s¡T.
ø£$‘·«+ düVü≤ÁdüeTTœ. ø£$‘·«+ ˇø£ b&É‘Ó>∑ì Á|üyêVü≤+
nqT≈£î+fÒ Á|üyêVü≤»\+ bø£ÿ&Ó’Hê, b|ü&Ó’Hê ˇø£fÒ.
Vü≤è<äj·÷ìï N\TÃ≈£îì e#̊Ã nø£åsê\≈£î s¡kÕj·Tq <√wü+
n+≥<ä+{≤s¡T. ø±˝≤qT> ∑TD´yÓTÆq uÛ≤wü Ä]ÿf…ø£ÃsY
ø£$‘ê«ìøÏ n‘·́ +‘· ÁbÕ<Ûëq´+ nì Hê ø£$‘ê«ìøÏ ≈£L&Ü
ÁbÕDyêj·TTe ⁄\y ˚ n+{≤&ÉT. eTTø£ Ô ø £$‘ê«ìøÏ
>ös¡eÁ|ü<äyÓTÆq kÕúq+ ø£*Œ+#ê\qï< ˚ ‘·q \ø£å´+
n+{≤s¡T. n»+‘ê sêdæq |ü<ë´\T ãVüQXÊ q\uÛ…’ ô|’>±H̊
ñ+&=#·TÃ. Çe˙ï 1948 qT+&ç 1992 eT<Ûä´ ø±\+˝À
sêdæqy˚. sêdæq |ü<ë´\˙ï düàè‹|”sƒ¡+ eTT+<äT ≈£Ls¡TÃì
sêdæqy˚. sêdæ düe÷»˝Àø£+ MT<ä Äs¡y˚j·T&É+ es¡πø
Hê|üì n+{≤s¡T. ªô|¬sŒø£åHéµ Hê \ø£å´+ n+{≤&ÉT. BH˚ï
ªÁøÏdæº˝… ’CÒwüHéµ nì ≈£L&Ü nqe#·TÃ. n~ b+‘·es¡≈ £î
HÓs¡ys̊¡Ã>∑*>±H√ X‚wüJ$‘·+˝À kÕ<Ûä́ eTe⁄‘·T+<√ ˝Ò<√
nH˚ ìs¡+‘·s¡ <Ûë´q+‘√H˚ |ü<ë´\T sêkÕs¡T.
ìsêXÊyê<ä+ :

n»+‘ê ø£$‘·«+˝À ìsêXÊeTj·T e÷qdæø±edüú
düŒwüº+>± >√#·]k Ǫ̂+~. ªªñ]Á‘êfīófl Hê }Vü≤\T / dü+¬øfīófl
Hê e÷≥\T / Hêô|’ s¡T$«q sêfīófl Hê nø£åsê\Tµµ n+{≤&ÉT.
ô|’ yêø±´\qT |ü]o*ùdÔ b+‘·{Ï ìsêXÊìdüŒèVü≤\T,

u≤<Ûë‘·|üÔ Vü≤è<äj·T+‘√ Äẙ<äq‘√ ø£$‘·«düè»q #̊düTÔHêï&√
‘Ó\TdüTÔ+~. }Vü≤ø£+<äì uÛ≤yê\T ‘ês¡dü|ü&É‘êsTT.
n»+‘ê ø£$‘·«+˝À @ ø£$¬ø’Hê }Vü≤\T, Äq+<ä+,
u≤<ÛäH√ ø£*Z+#=#·TÃ ø±ì @ø£+>± ñ]Á‘êfīflqT }Vü≤\T>±
ø£*–q e´øÏÔ eTqdüT b˝≤ ñ+≥T+<√ }Vü≤ø£+<äì
$wüj·T+, Ä e÷≥\qT dü+¬øfi¯ófl>± uÛ≤$+#·&É+, ‘·qô|’
s ¡T$«qsêfi ¯flqT nø£ åsê\T>± uÛ≤$+#·&É+˝À ø £$
ne´ø£ Ôy ˚<äHêeTj·T dü«s¡÷bÕìøÏ nø£ ås¡ s¡÷|ü+>±
uÛ≤$+#·e#·TÃ. ô|’>± s¡÷|ü+ Ò̋<äT, ªªHê s¡÷|ü+ Hê ^‘·+µµ
n+≥÷ ^‘· dü«s¡÷bÕìï düŒwüº+ # ˚XÊ&ÉT. n»+‘ê
n~ÛyêdüÔ$ø£‘· ˙{ÏMT<ä ‘Ó|üŒ˝≤ ô|’øÏ ‘̊\T‘·÷H̊ ñ+≥T+~.

ªªHê≈£î ì\j·T+ ˝Ò<äT
Hê≈£î $\j·T+ ˝Ò<äT
nXÊ+‹ì ÄÁø£$TkÕÔqT
n&É$˝À yÓHÓï\qT <äTdüTÔ\T>± <Ûä]kÕÔqT
ns¡∆sêÁ‹ ;uÛÑ‘·‡+ y˚T\Tø=H˚≥|ü&ÉT
X¯Sq´+ MT<ä X¯Sq´+>± ≈£Ls¡TÃì
sê\T‘·Tqï qø£åÁ‘ê\ MT<ä Hê ^‘·+ s¡∫kÕÔqT
Äø±X¯+ ø£qã&Éì #√≥
Nø£{Ï ñ]ø£+ã+˝≤ ì\ã&çq #√≥
ìX¯Ùã›+ MT<ä ìX¯Ùã›+>± ≈£Ls¡TÃì
sê\T‘·Tqï qø£åÁ‘ê\ MT<ä Hê ^‘·+ s¡∫kÕÔqTµµ
n+{≤s¡T. ªHêô|’ s¡T$«q sêfi¯ófl Hê nø£åsê\Tµ nH˚

ø£$‘·˝À. Á|ü‹ Ä˝À#·q˝À, uÛ≤eq˝À, ‘·\|ü⁄˝À
‘êsêkÕúsTT $cÕ<ëìï Á|ü‹uÛ≤e+‘·+>± Á|üø£{Ï+#ê&ÉT.

dü+≈£åî_Û‘· e÷qe düe÷»+˝À ‘ês¡dü|ü&˚ dü+øÏ¢wüº
eTqdüÔ‘ê«\T, sê»ø°j·T #·<äs¡+> ∑+˝À Á≈ £î+–≈ £î•+∫
b˛‘·Tqï e÷qMj·T$\Te\T, düe÷»+˝À s¡ø£s¡ø±\T>±
dü+#·\qeTe⁄‘·Tqï eTè‘·T´;uÛÑ‘·‡+ yÓTT<ä˝…’q uÛ≤yê\T
|ü<äTHÓ’q |ü<ë\‘√ n»+‘ê ø£$‘·«+ kÕøå±‘·ÿ]düTÔ+~.
‘=*Hêfi ¯fl˝À sêdæq ø£$‘ê«ìøÏ |ü]D≤eTÁø£eT+˝À
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Á|üuÛÑ$*¢q ø£$‘ê«ìøÏ b+‘√ yÓ’$<Ûä́ eTT+~. ªø£$µ ‘·q
ø£$‘·«+˝À ‘êqT <=s¡T≈£î‘ê&ÉT. ø£$‘·«+˝À ‘·q J$‘·+
Á|ü‹|òü*düTÔ+≥T+~. n+‘·s¡TàFqT&Ó’q n»+‘ê ‘·q
ø£$‘·«+˝À e÷qe Vü≤è<äj·T dü+øå√uÛÑ+ n+‘ê ø£fi¯fl≈£î
ø£{Ïºq≥T¢ ∫Á‹+#ê&ÉT.

düe÷»+˝À bH√ï $|üØ‘· $|ü‘·ÿs¡ |ü]dæú‘·T\qT
#·$#·÷dæq n»+‘ê ‘·q ø£$‘·«+˝À e÷qe‘êyê<ä
<äèø£Œ< ∏ëìï ø=ìï ø£$‘·˝À¢ Ä$wüÿ]+#ês¡T. ªªÄX¯˝ Ò<äT,
ÄkÕÿs¡+ Ò̋<äT / |òü̋ ≤Hê s√&ÉT¶ >∑eT´+ #̊s¡TdüTÔ+<äH̊ dü÷#·q
bø£ÿ&Ü Ò̋<äT / J$‘·+ b|ü&É÷ Ç˝≤ ø£̇ ïfīfl Á|üyêVü≤+>±H̊
kÕ> ∑T‘·T+<äqT≈ £î+{≤qT / s√&ÉT¶ bı&ÉT> ∑THê #Ó≥T¢
≈£L\T‘·Tqï <äèXÊ´\H̊ #·÷|ü⁄‘·T+<äqT≈£î+{≤qT / Ò̋≈£î+fÒ
b+‘√ n+<äyÓTÆq kÕj·T+Á‘·+ ø£<ë Ç˝≤ n|üdü«sê\T
$q|ü&É&É+ »s¡>∑<äT / s√&É¢ MT<ä <Ûä÷[, <ë]Á<ä́ + düeTdüÔ+
$TÁ‘·T&ÉT yÓ+ø£Á{≤e⁄ eTTK+ MT<äH˚ |üs¡efi¯ófl ‘=ø£ÿ&É+
»s¡> ∑<äT n+≥÷ ìs¡T<√´– yÓ+ø£Á{≤e⁄ J$‘·+˝À
#Ó≥T¢≈£L\T‘·Tqï <äèXÊ´\ >∑T]+∫ Vü≤è<äj·T $<ës¡ø£+>±
ø£$‘ê∫Á‘·D #˚kÕÔ&ÉT. ìs¡T<√´– yÓ+ø£Á{≤e⁄qT >∑T]+∫
#·<äTe⁄‘·T+fÒ ‹\ø ˘ ªneTè‘·+ ≈ £î]dæq dü+ø£\q+˝À
ªdæ.◊.&ç. ]b˛sYºµ ø£$‘·̋ À ª>∑Te÷kÕÔ düTu≤“sêe⁄ bÕÁ‘·
ø£fīfleTT+<äT kÕøå±‘·ÿ]düTÔ+~. n+‘·sê+‘·s¡ CÀ´‹d”‡eT*ï
ãVæ≤s¡Z‘·+ #˚ùd ø£$‘·« $<Ûëq+ n»+‘ê~. kÕe÷qT´ì
ẙ<äqqT Äẙ<äq>± ìẙ~+#·&É+˝À n»+‘ê~ n+<Óẙdæq
#ÓsTT´.

ªª‘·\ÁøÏ+<äT …̋’q dü«|üï+ MT<ä X̄˝≤´ø±s¡+>± ≈£Ls¡TÃqï
≈£îÁs¡yê&ÉT / ÄbÕ<äeTdüÔø£+ dü÷<äT\‘√ eTTkÕÔu…’ ñqïyê&ÉT
/ n‘·ì eTTK+ ì+&Ü k˛Œ¤≥ø£+ eT#·Ã\T / ø£fi ¯ ¢˝À
•˝≤$Á>∑Vü‰\ Mø£åD\T / n‘·ì #·T≥÷º |üsê»j·TuÛ≤s¡+‘√
Á≈£î+>∑T‘·Tqï eèøå±\T n+≥÷ ìs¡T<√´– yÓ+ø£Á{≤e⁄ì
e]ídü÷Ô eTqeTT+<äT ì\u…&É‘ê&ÉT.

yÓ+ø£Á{≤e⁄ Á|üdüTÔ‘·+ Äø±X¯+ ÁøÏ+<äH ˚ ìyêdü+
ñ+≥THêï&Éì, q> ∑s¡+ q&çM~Û˝À ‘·q J$‘êìï

Ä$wüÿ]düTÔ+fÒ nø±s¡D+>±H˚ dü÷s¡T´&ÉT œqTï&Í‘ê&Éì,
#Ó≥ ¢MT<ä Ä≈ £îôd’‘·+ n\¢˝≤ ¢&É<äì, f…*bò˛Hé r> ∑\˝À
yêsêÔÁ|ükÕs¡+ kÕ>∑<ä+{≤&ÉT. q>∑s¡+ >∑T+&Ó\˝À ìs¡T<√´–
yÓ+ø£Á{≤e⁄ kÕ©&ÉT˝≤ n\T¢≈ £î+≥÷ ñ+fÒ Á|üuÛÑT‘·«
uÛÑeHê\˝À be]ø° ˇø£ ø£åD+bÕ≥T }|æ] Ä&É<äì, ø£\+,
ø±–‘·+ |ü≥Tº≈£îqï n~Ûø±] ‘·q+‘· ‘êH̊ sêJHêe÷ |üÁ‘·+
MT<ä dü+‘·ø£+ ô|&É‘ê&Éì, Á|üuÛÑT‘·« uÛÑeHê\ MT<ä C…+&Ü
dæ>∑TZ‘√ ‘·\yê\TÃø√e#·Ã+{≤&ÉT. ‘·q Äø£*ì sêfi¯fl˝À
s¡|üŒ\˝À <ë#·T≈£î+≥÷ ñ+fÒ sê»ø°j·Ty˚‘·Ô\T yê{Ïì
ẙ\+bÕ≥˝À ø=qT≈£îÿ+{≤s¡+{≤&ÉT. Ç+‘·{Ï <äj·÷qø£yÓTÆq
|ü]dæú‘·T\qT Vü≤è<äj·T$<ës¡ø£+>± e]í+#ê&ÉT. $cÕ<ä+
s¡+> ∑T b˝≤ ñ+≥T+<√ ‘Ó\TdüTø√e&ÜìøÏ, ø£e⁄\T,
∫Á‘·ø±s¡T\T, yÓ+ø£Á{≤e⁄ ø£˙ïfi¯flô|’ |ü]XÀ<Ûäq\T #˚kÕÔs¡T
nì e´+> ∑´+>± |ü*øÏ, n‘·ì bÕ<ä<Ûä÷[˝À Nø£{Ï
|ü⁄≥Tº|üPs√«‘·Ôsê\T yÓ‘·T≈£î‘ês¡+{≤&ÉT.

J$‘·+˝À ªìs¡T<√´–‘·«+µ nH˚~ b+‘· uÛÑj·T+ø£s¡
nek ų́ ø£$‘·«+ <ë«sê <äèo´ø£]+#ê&ÉT. ªªu≤<Ûä nH̊ B|ü+
|ü≥Tº≈£îì / düs¡«HêX¯q+ nH˚ ‘êfi¯+#Ó$ì |ü≥Tº≈£îì /
yÓ+ø£Á{≤e⁄ J$‘·+ nH ˚ Nø£{Ï qs¡ø£≈ £L|ü+˝À bH√ï
uÛÑj·T+ø£s¡yÓTÆq ÄX̄Ãsê´\T #·÷&=#·TÃµµ n+{≤&ÉT. J$‘·+
MT<ä qeTàø£+ ñqïyê&ÉT yÓ+≥H˚ nø£ÿ&˚ }]b˛düTø=ì
#êe&É+ dü+uÛÑe+ ø±e#·TÃ n+{≤&ÉT. n+fÒ düe÷»+˝À
ìs¡T<√´>∑e´edüú e\¢ yÓ+ø£Á{≤e⁄˝≤+{Ï b+<äs√ e´≈£îÔ\T
b+‘·{Ï <äTs¡“¤s¡ |ü]dæú‘·T\T #·$#·÷düTÔHêïs√ e´ø£Ô
eTe⁄‘·T+~. nsTT‘ ˚ ªªìs¡T<√´– yÓ+ø£Á{≤e⁄ bqï{Ïø°
#êe&ÉT / n+<äTπø n+<äyÓTÆq kÕj·T+Á‘·+y˚fi¯ q>∑s¡+
n+‘·{≤ n|üdü«sê\T / yÓ+ø£Á{≤e⁄ q&ÉTdüTÔqï+‘· y˚Tsê
#Ó≥T¢ ≈£L\T‘·Tqï <äèXÊ´\Tµµ nqï eTT–+|ü⁄ Á|ü‹bÕsƒ¡≈£îDÏí
ø£~*düTÔ+~.

n»+‘ê s¡#·q\T ‹]– eTs√ $<Ûä+>± ‘ê‘·Œsê´sêúìï
#Ó|üŒ&ÜìøÏ M\j̊T´$ ø±e⁄. Ä<ÛäTì≈£î\T eT+∫ ø£$‘ê«ìøÏ
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Ç<=ø£ \ø£åD+ n+{≤s¡T. e´øÏÔ #Ó ’‘·q´+ Ä<ÛäTìø£
Hê> ∑]ø£‘ ·˝À kÕ+Á|ü<ësTTø £ d üe÷»+˝À ˝≤>±
n+<ä]‘√{Ï, Á|üø£è‹‘√{Ï, nìï+{Ï‘√{Ï düeTdæú‹˝À ñ
+&É<äT. á Ä<ÛäTìø£ dæú‹˝À ˇ+≥]>± uÛ≤$+#˚ e´øÏÔ
<ë]˝Òì#√≥ <ë]ì yÓ‘·ø£&É+ ÁbÕs¡+_ÛkÕÔ&ÉT. >±*˝Òì
#√≥ }|æ] ø√dü+ ‘·|üq |ü&ÉT‘·T+{≤&ÉT. Ç˝≤+{Ï
dæ ú‹> ∑‘·T*ï |ü⁄q' Á|üe∫+∫q e÷s¡Z+ n»+‘ê~.
n+‘·s¡TàK‘·«+ <ë«sê Bìï kÕ~Û+#ês¡T. Ä<ÛäTìø£
ø£$‘·«+‘√ Ç~ ø±\Twü´j·TT> ∑+ nì Á|üø£{Ï+#ê&ÉT
n»+‘ê. eTTô|’Œ¤@fi ¯fl ÁøÏ‘·+ ˇø£kÕ] kÕVæ≤‘·´+˝À
kÕVæ≤‘̊´‘·s¡ $wüj·÷\T ø£*dæb˛j·÷j·Tì H=#·TÃ≈£îHêï&ÉT.
ø£$‘·«+˝À dæ<ë∆+‘ê\T, $XÊ«kÕ\T ñ+&É≈£L&É<äHêï&ÉT.
nqTø£s¡D+ ≈ £L&Ü ø±\TcÕ´ìøÏ <√Vü≤<äø±s¡+{≤&ÉT.
eTqdüT‡˝À |ü⁄{Ïºq ø£<ä*ø£\÷, e÷≥\÷ e÷Á‘·y ˚T
ø£$‘êdü+|ü<ä nsTTq |ü]dæú‹˝À nìyês¡´+>± @s¡Œ&˚
ø£$‘êdæ<ë ∆+‘·$T< ˚q+{≤&ÉT. n»+‘ê sêdæq e#·q
|ü<ë´˝À¢ Á|ü<Ûëq+>± ø£ì|æ+# ˚ n+X¯+ ªeTè‘·T´e⁄µ
uÛ≤cÕ|üs¡+>±, uÛ≤yê\|üs¡+>±, eTqTwüß´\|üs¡+>±
eTè‘·T´e⁄‘√ bÕ≥T ∫es¡≈£î ‘·q kı+‘·#êe⁄ Ç˝≤ nH˚ø£
s¡ø±\T eTè‘·T´e⁄øÏ dü+ã+~Û+∫q n+XÊ\T n»+‘ê
ø£$‘·«+˝À Á|üdüTŒ¤≥+>± ø£ì|ækÕÔsTT.

be&√ Vü≤sƒê‘·TÔ>± |òüTÀs¡Á|üe÷<ä+˝À ∫≈£îÿ≈£î+{≤
&ÉqTø√, #·T≥÷º b˛¬>’q »q+ ˇø£ÿ <äbòÕ Hê eTTK+yÓ’|ü⁄
#·÷kÕÔs¡T. Ç<˚+ $∫Á‘·+ M&ÉT, yê&ÉT ˇπø b˛*ø£ nì
ÄX¯Ãs¡́ b˛‘ês¡+{≤&ÉT. n+<ëø± b+<äT≈£î, s√&ÉT¶ MT<ä
Hê eTè‘·ø£fi ‚ãsê\ì H ˚H ˚ \ø£åkÕs¡T¢ #·÷XÊq+{≤&ÉT.
qeTTà‘êy√ qeTày√ >±ì ‘·eTTà&É÷ ì»+ #Ó|ü⁄ÔHêïqT
nì ªªá q> ∑s¡+˝À n&ÉT>∑Tô|{Ïºq s√Eq |ü≥ º|ü> ∑\T
qø£åÁ‘ê\T #·÷XÊqT n+{≤&ÉT n»+‘ê. á eTè‘·T´e⁄
Á| ü|ü+#·+ n+‘·{≤ yê´|æ+∫ e ⁄qï~. Ä<Û äTìø£
Hê>∑]ø£‘·̋ À yê´|üÔyÓTÆ e⁄qï á eTè‘·T´ \ø£åD+ uÛ≤wüøÏ
≈£L&Ü e]ÔdüTÔ+<ä+{≤&ÉT.

ªªH˚qT e÷{≤¢&˚ uÛ≤wüy˚s¡T
eTè‘ ·T´yê+#Û · Á| ü»«]\T ¢‘ ·Tqï y ˚fi ¯ eTìwæ

n+‘·sê+‘·sê\˝À
s¡Vü≤dü´<ë«sê\T H√s¡T ‘Ós¡TdüTÔqï ¨s¡T
H˚qT sêùd ø£$‘·«+ y˚s¡T
•s¡düT‡ Áã<ä ›˝ … ’ Á| üeVæ≤düT Ôqï ôd\j ˚Ts¡Tµµ>±

n_Ûe]í+#·T≈£îHêï&ÉT. nø£ås¡Væ≤+dü ø£$‘·«+ ø±<ä+{≤&ÉT.
ªªnø£ås¡Vü≤sêà´\‘√ Á|ü#·Ã¤qï sêø£ådüT\≈£î <ä÷s¡+>± s√&É¢
MT<ä q&ÉTdü÷ÔH˚ H˚qT ø£$‘·«+ ÁyêdüTÔHêïq+{≤&ÉT. s√&ÉT¢
Hê ÁbÕD+. H˚qT nH˚«wædüTÔqï s¡Vü≤dǘ »>∑‘·TÔ s¡ø£ÔHêfi≤\T
s√&ÉT¢ nì, s√&ÉT¢ Hê s¡Vü≤dü´ dü+πø‘ê\+{≤&ÉT. s√&É¢
uÛÑT»düÿ+<Ûë\ô|’ ùd«<ä_+<äTe⁄\˝À ˙ Á|ü‹_+ã+ ˇø£kÕ]
#·÷düTø√eT+{≤&ÉT. ªªs√&ÉT¢ Hê JeHê yê´ø£s¡D+/
q&ÉTdüTÔqï Á|ü‹eTìwæ qqTï Á|ü‹_+_düTÔqï yê&˚ / ˇπø
uÛ≤wü, ˇπø |òüTÀwü, ˇπø Äø±s¡+ / ˇπø Ä‘·àø£<∏ä n+{≤&ÉT.

s√&ÉT¢ Hê düs¡«dü«+, s√&ÉT¢ Hê Ç‹eè‘·Ô+, s√&ÉT¢ Hê
#Û·+<ädüT‡, s√&ÉT¢ Hê ì|òüT+≥Te⁄, Hê nø£ås¡ Á|ü|ü+#·+
n<̊ n+{≤&ÉT. ªªHê #·T≥÷ºsê eTqTwüß´\T / eTqTwüß´\qT
ø£ã[düTÔqï eTqTwüß´\T / düTK<äT'U≤\ eT<Ûä´ ì]¢|üÔ+>±
q&ÉTdüTÔqï eTqTwüß´\T / ns¡# ˚‘·T\˝À b&Üs¡T\qT
yÓ÷düTø=ì edüTÔqï eTqTwüß´\T / •øå± yêø±´\e˝ …
ì\ã&çq uÛÑeHê\˝À eTìwæ uÛÑ$wü´‘·TÔqT / ñ]rdüTÔqï
eTqTwüß´\T ø£˙ïfi ¯ ¢ e˝ … yÓTs¡TdüTÔqï eTqTwüß´\T /
s¡>∑T\T‘·Tqï >±j·T+ qT+∫ HÓ‘·TÔs¡T #·Tø£ÿ\e …̋ sê\T‘·Tqï
eTqTwüß´\T / n+‘ê qqTï N\TÃ≈£îì edüTÔqïyêfi‚¢ / Hê
ø£qTï\ yÓqTø£ s¡Vü≤dü´ »\bÕ‘ê\qT #Û ˚~+#·Tø=ì /
edüTÔqïyêfi‚flµµ n+{≤&ÉT. nìï+{ÏøÏ ø±s¡D+ eTqTwüß˝Ò
nì, ø£˙ïfi¯¢≈£î ø±s¡D+ eTqTwüß˝Ò n+{≤&ÉT. e÷qe
Vü≤è<äj·÷\ n+‘·XË’Ã‘·Hê´ìï, uÛ≤e∫Á‘ê\˝À |ü≥Tºø√>∑*–q
Á|ü‹uÛ≤e+‘·T&ÉT n»+‘ê.

ªªH̊HÓes√ ‘Ó\TkÕ / Hêô|’ $cÕ<äẙT|òü÷\T s¡Te⁄«‘·Tqï
yê¬ses√ ‘Ó\TkÕ / qqTï yê>∑“+<Ûäq+ #˚düTÔqï yê¬ses√
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‘Ó\TkÕ / qqTï s¡¨_\+˝À |ü&ÉÁ<√düTÔqï yê¬ses√
‘Ó\TkÕ / Hê eTdæúcÕÿìï ø±≥Ty˚düTÔqï yê¬ses√ ‘Ó\TkÕ /
Jeq kÂs¡uÛ≤ìï q&çM~Û̋ À ẙ\+ ẙdüTÔqï yê¬ses√ ‘Ó\TkÕ
/ y˚T|òüT∫Ã¤qïyÓTÆq Äø±X¯+ ÁøÏ+<ä s√&É¢ bı&Ée⁄Hê / •~∏\
eèøå±\≈£î qeTkÕÿs¡+ #˚düTÔqï |ü]Áyê»≈£î&Ü / $<Ûä«+düø£
j·T+Á‘ê\qT Ä*+>∑q+ #˚düT≈£î+≥Tqï kÕVü≤dæ≈£î&Ü /
˙ #˚‘·T\qT ˙y˚ ñ]Á‘êfi¯ó¢>± e÷s¡TÃ≈£î+≥Tqï yê&Ü /
˙e⁄ eT¬ses√ ø±<äT H˚H˚ / qqTï yÓ+{≤&ÉT‘·Tqï <ës¡TD
e÷s¡DC≤«˝≤ Vü≤kÕÔ\qT Vü≤‘·e÷s¡Ã>∑\Hê H˚qT / eTìwæ
ì]àdüTÔqï sêø£ådü q>∑s¡+˝À n‘·&˚ ø±<äT H˚qT ≈£L&Ü ˇø£
U…’BH ˚ / Hê´j·T|”sƒê\ eT<Ûä´ $wüuÛ≤+&É+˝À eTìwæ
bÕ<ë\ÁøÏ+<ä bÕ|üuÛÑ÷sTTwüỹÓTÆq uÛÑdüàsêdüT\˝À / H˚qT
≈£L&Ü ñHêïqT? n+{≤&ÉT ªs√&É¢≈£î qeTkÕÿs¡+µ ø£$‘·̋ À.
Ç˝≤ s√&É¢qT Ç‹eè‘·Ô+>± #˚düTø=ì Nø£{Ï Vü‰˝≤Vü≤˝≤ìï
ÄkÕ«~düTÔqï M~ÛeTVü≤]¸ì ø±e´Hêj·T≈£î&ç>± #˚düTø=ì
e#·q |ü<ë´\T sêXÊ&ÉT. ªªuÛÑj·T$ÁuÛÑe÷\ eT<Ûä́ $cÕ<ä
yêø£´+ e˝… kÕπ> J$‘·+˝À / eTè‘·T´e⁄ ˇø£ÿfÒ ì»+µµ
nì ù|s=ÿì, •s¡düT‡ ‘Ó–q B|üdüÔ+uÛÑ+ eTè‘·T´e+{≤&ÉT.
ªªJeqµµ dü+Á>±eT+˝À ø£åD+ Ä\dü´+>± n&ÉT>∑Tô|{Ïºq
H̊qT / #Ó≥¢ Ä≈£î\˝À ;uÛÑ‘·‡+ #·÷XÊqTµµ n+{≤&ÉT. eTìwæ
Ä Ä˝À#·q\ô|’ Nø£{Ï n+>∑s¡ø£å≈£î\ bÕcÕD Vü≤kÕÔ\T
# ·÷XÊq+{ ≤&É T . ìw æ<ë ∆ø £ åsê\ eT< Û ä ´ qs ¡ã*
#·÷XÊq+{≤&ÉT. bÁs¡ì >±j·÷\ô|’ dü÷s¡́ øÏs¡D≤\ ∫Á‘·*|æ
#·÷XÊq+{≤&ÉT. u≤<ÛäqT eTTK∫Á‘·+>± #˚düTø=ì sêùdÔH˚
Hê nø£åsê\≈ £î ìcÕ n+{≤&ÉT ªn–ïdüŒs¡Ùµ ø£$‘·˝À.
ªªì>∑÷&ÛÉyÓTÆq ˇø£ X¯ã›+ yÓqTø£ n>±<Ûä+ ˝À˝À‘·T\˝À
n»+‘ê ‘·q |ü<ë´\T á~, bø£ÿ&√ ˇø£ ˇ&ÉT¶≈ £î
#s̊¡T≈£îqï|ü&ÉT nø£ås¡+ ì+&Ü n˙ï n<äT“¤‘ê˝Ò n+{≤&ÉT
ªn+‘ê ˇπø X¯ã›+µ ø£$‘·̋ À. eTè‘·T´e⁄ ˇø£ ôV≤#·Ã]ø£
e÷Á‘·y ˚T nì Ä≈ £îsê\T‘·Tqï X¯ã›+ ˇø£ ÄVü‰«q+

e÷Á‘ ·y ˚T nì eTs ¡D≤q+‘·s ¡+ ≈ £L&Ü eTìw æ
e÷{≤¢&ÉT‘·÷H̊ ñ+{≤&É+{≤&ÉT. ªªX̄Øsêìï »sTT+∫q ˇø£
J$‘·+ n≥º&ÉT>∑Tq / X¯ã›ù|{Ï˝À ˇø£ ndæúø£ $ø£dædüTÔqï
X¯ã›+ H˚H˚/ n+‘ê ˇø£ ∫‘Yø£fi¯ nì n+‘ê ˇπø X¯ã›+,
ˇπø ø£<ä*ø£, ˇπø Á|üeVæ≤¢ø£ n+{≤&ÉT.

ÄX¯\T ˝ Òe⁄, ndü÷j·T\T ˝ Òe⁄, ìsêX¯\T ˝ Òe⁄,
ì≥÷ºs¡TŒ\T Ò̋e⁄, <̊«cÕ\T Ò̋e⁄, <äTsê>∑‘ê\T Ò̋e⁄, ø£cÕº\T
˝Òe⁄, ø£˙ïfi¯ófl ˝Òe⁄, n+‘·{≤ ˇπø ˇø£ ìX¯Ùã›+, ˇπø ˇø£
Vü≤è<äj·T düŒ+<äq n+{≤&ÉT. ªª> ∑T&çôd˝À yÓHÓï{À¢
ø±]à≈£î\T ø£˙ïfi¯ó¢ Äs¡u…≥Tº≈£îHêïs¡T. ø£≥ø£{≤\ eT<Ûä´
X¯Sq´+˝À U…’B\T Äø±X¯j·÷q+ #˚düTÔHêïs¡T. ù|yéyÓT+{Ÿ
MT<ä _Ûø£å≈£î\T yê Ÿ̋b˛düºs¡T¢ ø£|ü≈£îHêïs¡T. bø£ÿ&Ü bes¡÷
˝ Òs¡T n+‘ê Çfi ¯ófl # ˚s¡T≈ £îHêïs¡T n+{≤s¡T ªdüTwüß|æÔµ
ø£$‘·̋ À. düTwüß|æÔ u≤<Ûä\≈£î |ü]cÕÿs¡+ ø±<äT. ø±ì u≤<Ûä*ï
eT]|æ+#̊ düTwüß|æÔ b+‘· >=|üŒ~ nH˚ uÛ≤eq düTŒ¤]düTÔ+~.
á sêÁ‹ Ä˝À#·q\ ‘√&fi̊¯ófl beØï yÓ+{≤&Ée⁄. Ç|ü&ÉT
J$‘·eTH˚ ô|<ä›|ü⁄* beØï uÛÑj·Tô|≥º<äT. bø£ÿ&Ü bes¡÷
˝Òs¡T, n+‘ê ìÁ<äb˛‘·÷ Nø£{Ï X¯s¡D≤\j·T+˝À n+‘ê
‘·\<ë#·T≈£îHêïs¡+{≤&ÉT.

#Ó’Hê uÛ≤s¡‘·<̊X̄+ô|’ j·TT<ë∆ìøÏ ~–q|ü&ÉT n»+‘ê
e÷]ÿ‡düTº |ü+<∏ëqT Äπøå|æ+#ês¡T. ªª#Ó’Hê n~ÛH˚‘· e÷y√
/ ø£qTu§eTà\ ø=eTà\ô|’ |òüTè‘[̊ø£\T eTØ eTØ bs¡T|ü⁄ /
bÁs¡<äq+ sê»ø°j·T $Á<√Vü‰ìøÏ >∑Ts¡TÔµµ mÁs¡»+&Ü $TÁ‘·
uÛÒ<ëìøÏ >∑Ts¡TÔµµ n+{≤&ÉT n»+‘ê.

e÷qe‘êyê<ä+ :

n»+‘ê ª|ü]‘ê´– |ü]y ˚<äqµ ø£$‘·˝À e÷Á‘·y˚T
eT<Ûä´‘·s¡>∑‹ eTìwæ kı+‘· u≤<Ûäì b+‘√ Ä]Ô‘√ C≤*>±
e´ø£Ô+ #˚kÕÔ&ÉT. ªª‘·eTTà&ÉT ≈£î˝≤kÕ>± ñHêïyê / b˛˙
˙yÓ’Hê |ü⁄düÔø±\ |üP» #̊düTÔHêïyê? neTà˙, Hêqï˙ Væ≤+dü
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ô|≥º≈£î+&Ü / yêfīó¢ ø£̇ ï¬s’ Á|üeVæ≤+#·≈£î+&Ü / b˛˙ ˙yÓ’Hê
≈ £î≥T+u≤ìøÏ ù|s¡T ‘ÓdüTÔHêïyê nì n&ÉT> ∑T‘ê&ÉT.
Ç+‘·˝ÀH˚ bH√ï ñ>±<äT\T e∫Ã yÓfi≤fljÓ÷, Ç|üŒ{ÏøÏ
n&ÉT>∑&ÉT>∑THê bìï >∑+&Ü\T >∑&ç#êjÓ÷ #Ó|üŒ Ò̋q+{≤&ÉT.
ªªb|ü&ÉT @ ø£åD+ Äø±X̄+ Hê MT<ä $s¡T#·T≈£î|ü&ÉT‘·T+<√
/ b|ü&ÉT @ s√E b\ÁøÏºø ˘ düÔ+uÛÑ+ Hê yÓT&É≈ £î
#·T≥Tº≈£î+≥T+<√ / Á|üdüTÔ‘êìøÏ e÷Á‘·+ á ∫qïôd’E
qs¡ø£+˝À ≈£î˝≤kÕ>±H̊ ñHêïqTµµ n+{≤&ÉT. ªª˙≈£î b+‘√
<ä÷s¡+>± bø£ÿ&√ düe÷Hê+‘·s¡πsKô|’ ì\ã&çq H˚qT /
qqTï H˚H˚ b˛\TÃø√˝Òø£ Hê≈£î H˚H˚ düVü≤Ádü jÓ÷»Hê\
<ä÷s¡+˝À ªªñHêïq+{≤&ÉT. n<ä›+˝À ‘·q eTTK+qT
#·÷&É{≤ìπø uÛÑj·TeT+{≤&ÉT. ‘·q dü+‘·ø£+˝À nø£åsê\T
#·÷ùdÔH̊ #Ó|üŒ Ò̋q+‘· uÛÑj·T+ n+{≤&ÉT. ªªHê #·÷|ü⁄&ÉTẙ\T
ì‘·́ + uÛÑj·÷\yÓ’ù| ñ+≥T+<äq&É+˝À ‘·q e÷qdæø£ dæú‹—
Ä+< √fi ¯ q e´ø £ ÔeTe ⁄‘ · T+~. s √& É T ¶MT< ä Hê
eTè‘·ø£fi ‚ãsê\qT H ˚H ˚ \ø£åkÕs¡T ¢ #·÷XÊq+{≤&ÉT.
b≥T#·÷dæHê |ü<äàeP´Vü≤y˚T nì, #·÷dü÷Ô #·÷düTÔ+&É>±H˚
eTìwæì eT≥Te÷j·T+ #˚ùd eTqTwüß\THêïs¡ì, n+‘ê
ˇø£ eT Vü‰e÷j·÷ Á|ü|ü+#·+ ø£fi¯fleTT+<äT >√#·]düTÔ+
<ä+{≤&ÉT. J$‘·+ ì+&Ü X¯Sq´y˚T Äe]+∫+<ä+{≤&ÉT.

‘·eTTà&É÷ |ü<˚fifl̄sTTHê ej·TdüT ˝Òìyêfi¯fl˝À ˇø£
s√E kÕj·T+Á‘·+ neTà Hêqïì ø£˙ïfi¯ófl ô|{Ïº+#êqT.
Áø£eTTà≈£îedüTÔqï Nø£≥¢˝À ø£˙ïfi¯ó¢ sê\TÃ‘·÷ qTy˚« e÷
ø£cÕº\≈£î e+‘ÓqHêïs¡T. yêfi¯fl ÄX¯ì yÓTTø£ÿ>± ñqï|ü&˚
Á‘·T+#̊XÊqT. yêfīflqTnø£åsê˝≤ø£̇ ïs¡T>± e÷πsÃXÊq+{≤&ÉT.
ªªÇ+Á<ä<ÛäqTdüT‡\ kÂ+<äsê´ìï Äsê~Ûdü÷ÔH˚ / ndü‘ê´\
ns¡D´+˝À ∫≈£îÿ≈£îb˛j·÷qT / >∑>∑q ≈£îdüTeT kÂs¡uÛÑ+
ÁøÏ+<ä düŒèVü≤‘·|æŒ |ü&çb˛j·÷qTµµ.

Ç˝≤ u≤<ÛäqT C≤»«\´e÷q+>± yÓ*>=+<äT‘·÷ ‘·q
ø£<∏ä düVü≤ÁkÕø£åsê\ <ä÷s¡+ kÕ>∑T‘·T+<ä+{≤s¡T. @Hê{Ï¬ø’Hê

eT+∫s√E\T sêø £b˛‘êj·÷ nH ˚ ÄX¯ ‘ ·q˝À
ø£ì|ædüTÔ+~. ‘·q ‘·eTTà&çì á ÄX¯H˚ ‘·*¢<ä+Á&ÉT\≈£î
#·÷|æ+∫ #·\¢ì Vü≤kÕÔ\‘√ ‘·qqT B$+#·eT+{≤&ÉT. Ç$
πøe\+ n»+‘ê e´øÏÔ>∑‘·yÓTÆq ø£˙ï{Ï e÷≥\T ø±e⁄.
ìs¡+‘·s¡ Ä‘·àVü≤qq+˝À+∫ ñ<ä“¤$+∫q |ü<äTHÓ’q
uÛ≤yê\T>± uÛ≤$+#ê*. Ç˝≤ eTq n+‘·s¡+>±\qT ‘·q˝À
düèwæº+#·Tø=ì nø£ås¡ düè»q#d̊æq ø£$ n»+‘ê. n»+‘ê
ø£$‘·«+ ì+&Ü eTìwæ uÛÑj·÷*ï yÓ+{≤&ÉT‘·Tqï ø£\\T—
<äèX¯´+ ‘·s¡Tyê‘· <äèX¯´+>± e÷]b˛‘·T+&É&Üìï
>∑eTì+#·e#·TÃ. yêdüÔe Á|ü|ü+#êìï >±ø£ ø±˝≤e<ÛäT\≈£î
nr‘·+>± ø£\\ô|’ |ü]ÁuÛÑ$TdüTÔqï HÓ’s¡÷|ü´ Á|ü|ü+#êìï
n$wüÿ]+#·≥y ˚T ø£$‘·«+ # ˚j·÷*‡q |üìµµ n+{≤&ÉT
n»+‘ê.

Jeq eP´Vü≤+˝À eTVü‰düs¡Œ+ e˝ … Á|üy ˚•+∫q
Á|ü#·+&ÉyÓTÆq Ä˝À#·q yÓqTø£ n˙ï Á|üX¯ï˝Ò nì ø£<ëµµ
nì düe÷»+ Á|ü•ïdüTÔ+<äqï≥T¢>± Á|ü•ï+#·Tø=ì ‘êH˚
eTVü‰düsêŒ\T e÷{≤ ¢&Ée⁄, eTVü‰eèøå±\T e÷{≤ ¢&Ée⁄
n+{≤&ÉT. ªªdü«bÕïe<ÛäT\≈£î nr‘·+>± }s¡ú«πsKô|’ ˇπø
ˇø£ ñ»®«\H˚Á‘·+ ìX¯Ã\+, ìX¯Ã\+ n+{≤&ÉT ªnHê$Tø£
ø£$‘·˝À. Ç|ü&çø£ Á<ä$düTÔqï >∑&çj·÷sê\‘√ ì$T‘·Ô+
˝ Ò<äì Jeq dü+|òüTs¡¸D˝À ñ»®«\yÓTÆq ø£åD+ ˇø£ÿfÒ
n+{≤&ÉT. ªq>±ïø£ås¡+ ≈£L&Ü ˇø£ Äj·TT<Ûäy˚Tq+{≤&ÉT.
ªªì»+ Á>∑Væ≤düTÔHêïqT— yêdüÔe+ yÓqTø£ n~ÛyêdüÔe+˝À
eTìwæ eTTK+ MT<ä dü«|üï*|æ #·÷düTÔHêïqTµµ n+{≤&ÉT.
dü«|üïX¯øÏÔ $»è+uÛÑD˝À dü+¬øfi ¯ófl ‘Ó> ∑T‘·Tqï #·|ü&ÉT
$+≥THêïq+{≤&ÉT. Nø£{Ï ìãs¡ΩD+ ‘·sê«‘·H˚ ø£<ë ø=‘·Ô
düèwæº ø=‘·Ô Á|ü|ü+#·+µµ n+≥÷ ªdü«|üï*|æµ ø£$‘·̋ À uÛ≤wǘ +
#ÓbÕ Ô& ÉT. eTè‘·T´e ⁄ n+fÒ eTs√ Jeq <ë«s¡+
‘Ós¡#·Tø√e&Éy ˚THê nì Á|ü•ïkÕÔ&ÉT. nø£åsê\≈ £î ¬s+&ÉT
J$‘ê\T Ò̋e+{≤&ÉT. n|ü&̊ |ü⁄{Ïºq ˇø£ •X̄óe⁄ X̄Øs¡+˝À
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Á|üẙ•ùdÔH̊ ‘·|üŒ Ò̋<ë ˇø£ M~ÛeTìwæ X̄Øsêìï ÄÁX̄sTTùdÔH̊
‘·|üŒ nø£åsê\≈£î eTs√ J$‘·+ Ò̋<ä+{≤&ÉT. Ç˝≤ düTBs¡È+>±
kÕ>∑T‘·Tqï ø£$‘êÁ|ükÕúq+˝À ˇø£yÓ’|ü⁄ n–ï— eTs√yÓ’|ü⁄
»\bÕ‘·+ <äs¡Ùq$TkÕÔsTT. ˇø£ nXÊ+‹˝À+∫ e∫Ãq
X¯+U≤sêe+ n»+‘ê ø£$‘·«+. n»+‘ê ø£$‘ê«ìï
|ü]o*ùdÔ ãTTEdü«uÛ≤$>± ø£ìŒkÕÔs¡T. ‘Ó\¢ì Nø£{Ï̋ À q\¢ì

yÓTs¡T|ü⁄ n»+‘ê. M~Û e÷ìdæì ø±e´Hêj·T≈£îDÏí #̊düT≈£îì,
n‘·ìøÏ H ˚qTHêïqì, nuÛÑj·TVü≤düÔ$T∫Ãq ùdïVü≤o*,
nuÛÑT´<äj·T ø£$ n»+‘ê. Ç˝≤ bH√ï uÛ≤yê\T n»+‘ê
ø£$‘·«+˝À düVü≤ÁdüeTTFq+>± y˚πs«s¡T ø√D≤˝À¢ e´ø£Ô+
#̊j·Tã&Ü¶sTT. n+<äTπø düVü≤ÁdüeTTFq ùdïVü≤o* n»+‘ê.

ñ|üj·TTø£ÔÁ>∑+<∏ädü÷∫ :

1. n»+‘ê*|æ ` &Üø£ºsY düTeTql.

2. Ä<ÛäTìø±+Á<Ûä ø£$‘ê düMTø£å ` &Üˆˆ ¬ø.$.ÄsY. qs¡dæ+Vü≤.

3. Ä<ÛäTìø±+Á<Ûä ø£$‘·«eTT dü+Á|ü<ëj·TeTT ` Á|üjÓ÷>∑eTT ` dæ. Hêsêj·TD¬s&ç¶.

4. Ä<ÛäTìø£ ‘Ó\T>∑T kÕVæ≤‘·́ +˝À $_Ûqï <Û√s¡DT\T ` dü+.¬ø.¬ø. s¡+>∑Hê<∏ë#ês¡T´\T.

5. ‘Ó\T>∑T ø£$‘ê$ø±dü+ ` ø£&çj·÷\ sêeTyÓ÷Vü≤q sêjYT.

Y
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ø√s¡T≈ £îH ˚yês¡ì ‘Ó\TdüTÔ+~. n+fÒ uÛ≤s¡‘ ˚‹Vü‰kÕ˝ … ’q
uÛ≤s¡‘·+ sêe÷j·TD≤˝À¢ á nÁdüÔ+ düT|ü]∫‘·+.

Á|üdüTÔ‘· ø±\+˝À uÛÑ÷ ñ|ü]‘·\+qT+&ç ‹]–
>±*˝ÀøÏ, yêj·TT uÛ≤>∑+ qT+&ç yêj·TTe⁄˝ÀìøÏ m>∑s¡>∑\
øÏå|ü⁄DT\T eTq <˚X¯+˝À ñHêïsTT.
ñ<ë: nÁdüÔ MK 1

nÁdüÔ MK 2
nÁdüÔ MK 3

≈£L´.ÄsY.XÊ´yéT ` sTT~ ñ|ü]‘·\+ qT+&ç >±*˝ÀøÏ
m>∑s¡>∑\ øÏå|üDÏ.

Äø±XŸ ` uÛÑ÷$T qT+&ç >±*˝ÀøÏ Á|üjÓ÷–+#̊ øÏå|üDÏ.
4. uÛÖe÷ÁdüÔ+ :

á nÁdüÔ+ <ë«sê ns¡T®qT&ÉT uÛÑ÷$T ñ|ü]‘·\T qT+&ç
uÛÑ÷$T jÓTTø£ÿ n+‘·sê“¤>∑+˝ÀøÏ Á|üy˚•+#˚̋ ≤ #˚j·T>∑\
nÁdüÔ+. sTT~ uÛÑ÷$Tì #Û˚~+#·T≈£î+≥÷ uÛÑ÷$T ˝À|ü*øÏ
#̊s¡Ã>∑\<äT.

Á|üdüTÔ‘·+ eTq≈£î ñ|ü]‘·\+ qT+&ç ñ|ü]‘·˝≤ìøÏ
#˚πs øÏå|üDT\T ñHêïsTT >±˙ uÛÑ÷$T n+‘·sê“¤>∑+˝ÀøÏ
#˚s¡Ã>∑*–q øÏå|üDT\T ø£ìŒ+#·e⁄.
ñ<ë: |üè~Û« ` uÛÑ÷$T qT+&ç uÛÑ÷$TøÏ

usêø˘ ` 8
5. y˚T|òü÷ÁdüÔ+ :

á nÁdüÔ+ <ë«sê n|üŒ{Ïø£|ü⁄Œ&ÉT uÛÑ÷$T MT<ä Á|ü»\
m<äT≥ y˚T|òü÷\qT, y˚T|òüT düeT÷Vü‰ìï |ü⁄{Ïº+#·> ∑\&ÉT
ns¡T®qT&ÉT.

Á|üdüTÔ‘·+ uÛÑ÷$T ñ|ü]‘·\+ô|’ e÷qe dü+#ês¡
ÁbÕ+‘·+˝À y˚T|òü÷\qT |ü⁄{Ïº+#·>∑\ øÏå|üDT\Tø£qã&Ée⁄.
ø±˙ yê‘êes¡D+ jÓTTø£ÿ bıs¡\˝À mø√‡dæŒj·TsY,
<Ûäs√àdæŒ¤j·TsY\˝À Á|üjÓ÷>∑+ dü+#ês¡+ ø£ìŒdüTÔ+~.
6. XË’˝≤ÁdüÔ+ :

á nÁdüÔ+˝À |üs¡«‘·s¡÷|ü+ bı+<äT‘ê&ÉT ns¡T®qT&ÉT.
s¡ø£ÔeTT, e÷+düeTT ø£*–q X¯Øs¡+ <Ûä]+∫q e÷qe
s¡÷|ü+ qT+&ç <Ûäè&ÛÉyÓTÆq •˝≤ s¡÷|ü+ bı+<ä&É+ nkÕ<Ûä́ +
nsTTHê, uÛ≤s¡‘·+˝À ns¡T®qT&ÉT Á|üjÓ÷–+∫q XË’̋ ≤ÁdüÔ+‘√
düTkÕ<Ûä´+ nsTT´+~.
7. n<äèXÊ´ÁdüÔ+ :

uÛÖ‹ø£+>± ø£ì|æ+#˚ ns¡T®qT&ÉTì n>∑|ü&É≈£î+&Ü,
ø£qã&É≈£î+&Ü ñ+&˚˝≤ #˚j·T>∑\<äT á nÁdüÔ+. n+fÒ
á nÁdüÔ+ <ë«sê ns¡T®qT&ÉT ñqï #√≥TqT+&ç e÷j·T+
ø±>∑\&ÉT, ø£qTeTs¡T>∑T ø±>∑\&ÉT.

Çy ˚ ø±≈£î+&Ü Ç+ø± uÛ≤s¡‘·+˝À bÕX¯ó|ü‘êÁdüÔ+,
◊+Á<ëÁdü Ô+, ◊wæø±Ádü Ô+, j·Te÷ÁdüÔ+, ndüTsêÁdü Ô+,
> ∑s¡T&ÜÁdüÔ+ e+{Ï$ mH√ï uÛ≤s¡‘·+˝Àì Ä~|üs¡«+˝À
wücÕºXÊ«dü+˝À 27e |ü<ä́ +˝À nÁkÕÔ\qT á yê´dü+˝À
H˚{ÏøÏ nq«sTT+∫ $e]+#·&É+ >∑eTHês¡Ω+.

nÁdüÔ $<ä´\T uÛ≤s¡‘·+˝À ns¡T®qT&ÉT Á|ü<ä]Ù+#ê&ÉT.
H˚&ÉT nÁkÕÔ\‘√ j·TT<ä∆+ #˚dæ <˚XÊìï dü+s¡øÏådüTÔHêïs¡T.
nÁdüÔ $<ä´\T uÛ≤eq ˇø£fÒ ø±˙, edüTÔ s¡÷|ü+ y˚s¡T,
Á|üjÓ÷> ∑+ y ˚s¡T. Ä<Û äTìø£‘·qT dü+‘·]+#·T≈ £ îqï
uÛ≤s¡‘·<˚XÊìøÏ nÁdüÔ $<ä´\T m+‘Ó’Hê nedüs¡+.

Ä<Ûësê\T :
1. Áo eT<ë+Á<Ûä eTVü‰uÛ≤s¡‘·+ ` 2, Ä~|üs¡«+.
2. Äπ>ïj·÷ÁdüÔ+ ` Ä+Á<Ûä uÛÑ÷$T— q÷´dt ù||üsY b˛s¡º˝Ÿ.
3. yês¡TD≤ÁdüÔ+` ‘Ó\T>∑T q÷´dt— dü+»jYT ø±düT\— 2020.
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




          




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



    











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


















      



 
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






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

     


   











   
  


     
    
    








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 33







      




     
    





 

 
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Á|üC≤ ø£e⁄\T düeTø±©q düeTdü´\T Ä<ÛäTìø£
ø£$‘·«+˝À Á|ü‹_+_+|üCÒXÊs¡T. ªªMT‘√HÓ e⁄+{≤qT.
MT‘√HÓ ekÕÔqT— n&ÉT>∑&ÉT>∑THê MT≈£î n+&É>±
ì\TkÕÔqT. |üs¡‘·+Á‘·‘·˝§ eT>∑TZ u≤ìdü\ eTTøÏÔ¬ø’
ø£<äquÛÑ÷eTT\¬ø‹Ô ø£<ä*yÓfi‚fl MT≈£î n&ÉT>∑&ÉT>∑THê H˚HÓ
n+&É>∑ ì\TkÕÔqTµµ nì 1942˝À u≤ìdü‘·« $eTøÏÔ¬ø’
|ü⁄s√>∑$T+#˚ kÕ«‘·+Á‘·́ Ms¡T\≈£î nìôd{Ïº düTu≤“sêe⁄
yê>±∆q+ #˚XÊ&ÉT. Ç<˚ dü+ø£\Œã\+‘√ ø£cÕº\≈£î z]Ã
1950 es¡≈£î nø£ås¡b˛sê≥+ #˚XÊ&ÉT. u≤<ÛëJeq
Á|üyêVü≤+˝Àì |üs¡eTDTe⁄\≈£î Á|ürø£>± bH√ï |ü<ä
∫Á‘ê\ nìôd{Ï º ø£$‘·«+˝À kÕøå±‘·ÿ]kÕÔsTT.
kÕe÷qT´\ nuÛÑT´qï‘˚ |üs¡e÷e~Û>± ø£$‘ê«ìï
s¡∫+#ê&ÉT. |”&ÉHês¡Væ≤‘· düe÷»<äs¡Ùq+ ø√düẙT ø£$>±
nìôd{Ïº dü«|æï+#ê&ÉT— ‘·|æ+#ê&ÉT— nø£ås¡düè»q #̊XÊ&ÉT.
nuÛÑT´<äj·Tø£e⁄\T kÕe÷qT´&çH̊ Hêj·T≈£î&ç>± #̊düTø=ì
s¡#·q\T #˚XÊs¡T. nuÛÑT´<äj·Tø£$ <ëX¯s¡~∏ ø£èwü´e÷
#ês¡T´\T ªs¡TÁ<äMDµ yêsTTùdÔ Á|üC≤ø£$ nìôd{Ïº
ªn–ïMDµqT MT{≤&ÉT. nìôd{Ïº düTu≤“sêe⁄ ‘·q
ø£$‘·\qT ̌ ø£ dü+|ü⁄{Ï>± Á|ü#·T]<ë›+ nqT≈£îqï|ü&ÉT
á ø£$‘·\ dü+|ü⁄{ÏøÏ ªn–ïMDµ nH˚ ù|s¡T ô|{Ïº+~
ls¡+>∑+ Hêsêj·TDu≤ãT.

ªªnuÛÑT´<äj·T ø£e⁄˝À¢ nìôd{Ïº y˚s¡T>± ø£ì|ækÕÔ&ÉT.
nuÛÑT´<äj·Tø£$‘·«+ Äy˚X¯Á|ü<ÛëqyÓTÆq~— ø±˙ nìôd{Ïº
ø£$‘·«+ nqTuÛÑ÷‹ Á|ü<Ûëq+>± ñ+&˚~. nuÛÑT´<äj·T
ø£$‘·«|ü⁄ ≈£Ls¡TŒ |òü÷≥T>± ñ+≥T+~— ø±ì nìôd{Ïº
≈£Ls¡TŒ düTìï‘·+>± ñ+&̊~. Ç‘·qT ì»+>± nuÛÑT´<äj·T
ø£ẙHê? nì|æ+#̊+‘· uÛ≤ekÂ≈£îe÷s¡́ + n‘·ì ø£$‘·«+˝À
ø£ì|æ+#˚~µµ n+{≤&ÉT Äs¡TÁ<ä. nìôd{Ïº leT+‘·T\
Ç+{À¢ |ü⁄{ÏºHê Ä>∑s¡“¤<ä]Á<äT\ Äs¡ÔHê<ë\T $ì|æ+#·T
≈£îHêï&ÉT. _#·Ã>±fi¯fl Ä˝≤|üq\qT Ä\øÏ+#ê&ÉT.

` &Üˆˆ. |æ. $»j·T≈£îe÷sY, ‘Ó\T>∑T n<Ûë´|ü≈£î\T, dæ\«sYp;¢ Á|üuÛÑT‘·« ø£fi≤XÊ\ (dü«), ø£s¡÷ï\T.

>∑T+&Ó ‘·&Éã&çqB / >=+‘·T‘·&ÉT|üe÷à / ‘·T\dæ
ø√≥≈£î ̇ s¡T ‘√&çq+‘·e÷à / ø±*b˛j˚T Ç\T¢ #·̋ ≤¢]Ã
q+‘· / |üìøÏsê˙ ∫s¡T>∑T / |ü&ÉẙsTT‘·©¢ / kÕ«$Tyê]øÏ
e\Te #·~$+∫q+‘· / •~∏̋ ≤q ÁbÕø±s¡yÓT‹Ôq+‘·e÷à
/ _&É¶ø=ø£ |æ&çøÏ© / $&ÉTeeTà ‘·©¢ / q{Ïº+≥ B|üy˚T
ì*|æq+‘·e÷à / |ü&çq&ç∫ e#êÃeTT ÁbÕDÏ ì\T|üe÷à
/ n+–{§¢ ÁbÕD≤\T nD–b˛‘·THêïsTT / >∑T+&Ó
‘·&Éã&çqB >=+‘·T ‘·&ÉT|üe÷à / eT+#·Tbı>∑>± #·*øÏ
e÷&çb˛‘·THêïeTT / |üìøÏsê˙ ∫s¡T>∑T|ü&Éy˚sTT ‘·©¢ /
|”*¬ø’ #˚‹˝À yê*b˛‘·THêï&ÉT / _&É¶ø=ø£ |æ&çøÏ©
$&ÉTeeTà ‘·©¢!µµ n+≥÷ _#·Ã>±fi¯ófl _#·ÃeT&ç–‘˚
yêfi¯ófl _#·Ãy˚TdæHê, y˚j·Tø£b˛sTTHê B$+#·&Éy˚T ‘·|üŒ
‹≥º&É+ #˚j·Ts¡qï uÛ≤eq e´ø£Ô+ #˚kÕ&ÉT.

y˚≈£îe sê>±H˚ ªHê˝Àì eTè‘·T´e⁄ì ã+~Û+∫ /
e÷s¡D≤j·TT<Ûä+˝À #˚sêÃqT / Hê˝Àì ÁbÕDX¯øÏ Ô
$»è+_Û+∫ / Á|ü#·+&É JeH√<˚«>∑+>± e÷sêÃqTµµ
n+{≤&ÉT. dü+Vü≤]+#êqT |ü⁄sêD≤\ sêø£ådüT*ï, uÛÑ÷$T
MT<ä ÁøÏeTT*ï, ãT~∆˝À eTTdæπs <äTsê˝À#·q*ï
n+{≤&ÉT. ªª$Á>∑Vü≤+˝≤ yÓj˚T´fi¯ófl ã‘·ø£≥+ ø£Hêï /
$<äT´‘·TÔ̋ ≤ ̌ ø£ÿ ø£åD+ yÓ\>∑≥+ y˚T\Tµµ n+{≤&ÉT.

ø£+{ÏøÏ ø£ì|æ+#·ì dü‘·́ + eTqdüT‡˝À
>√#·]düTÔ+<äì
eTqdüT‡≈£î düTŒ¤]+#·ì~ dü«|üï+˝À
kÕøå±‘·ÿ]düTÔ+<äì
dü«bÕï\ø£+<äì dü‘·́ + e÷qyê+‘·sê‘·à˝À
eTÚq dü+^‘·+ Ä\|ædüTÔ+<äì
Ä\øÏdüTÔHêïqT
ns¡ú+ #̊düT≈£î+≥THêïqT.
n+≥÷ ‘ê‹Ô«ø£‘·qT ≈£L&Ü ‘·q ø£$‘·«+˝À

n+‘·sê“¤>∑+ #˚XÊ&ÉT. ªªM&Éì ø£\ø±\ y˚<äq≈£î $X¯«+

düeTø±©q düeTdü´\≈£î <äs¡ŒD+ ` nìôd{Ïº düTu≤“sêe⁄ ø£$‘·«+
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$&ç#˚ ø£̇ ï{Ïu§≥Tº H˚HÍ‘êqTµµ nqï nuÛÑT´<äj·Tø£$
nìôd{Ïº. ªªq&ÉTdüTÔHêïqT / q&ç<ë]˝À yêVü≤q+ á
<˚Vü≤+ ≈£L*Hê / ø£&Ées¡≈£L Á|üj·÷D+ kÕ–kÕÔqT /
Á|üuÛÑ+»q+˝≤ |üj·Tì+#˚ »q+ q\T>∑&É / Á|ü‹ø£åD+
Á|ü‹ ø£D+˝ÀqT eTqT>∑&É / Ç~ Hê d”«j·T#·]Á‘· / Ç~
Á|ü‹ Ä‘·à#·]Á‘·µµ n+≥÷

Ç~ Hê d”«j·T#·]Á‘·
Ç~ Á|ü‹ Ä‘·à#·]Á‘·µµ n+≥÷ Jeq eTVü‰j·÷Á‘ê

|ü<∏ä+˝À |üj·TìdüTÔqï rs¡TqT Ä$wüÿ]+#ê&ÉT. ªªÇ~
Hê d”«j·T#·]Á‘· / Ç~ Á|ü‹e´øÏÔ #·]Á‘· / á ìØ®e|ü⁄
f…&Ü] ñ<äj·TeTTHÓ’ b~– / á HÓ‘·TÔs¡TfÒs¡Tq
eTT‘·´eTTHÓ’ yÓ*– / á qsê\ ø±s¡&É$ì C≤«\>∑
#Ó\πs– / »&É‘·qT #Û~̊+∫, ì+&ÉT /»eeTTqT#·Ã¤«dæ+∫
eTVü‰ / »>∑‹ìX¯«dæ+∫ / #·*+#êqT, »ì+#êqT,
Áã‘·Tø±s¡+_Û+#êqT n+{≤&ÉT.

ªªuÛÑj·T+ uÛÑj·T+ Áã‘·T≈£î uÛÑj·T+ / uÛÑj·T+ Áã‘·T≈£î
uÛÑj·T+ uÛÑj·T+ / nHêï ! eTqø° ˝Àø£+ / |üìïq
|ü<äàeP´Vü≤+ / ÄX̄\‘√ Áã‘·Tø°&̊Ã ndæú|ü+»sê\T eTq+
/ Äẙ<äq Vü≤‘·eTj̊T´ ÄXÊJe⁄\+ eTq+ / >∑‘·eT+fÒ
ø±s¡TyÓ>∑≥T, πs|ü+fÒ ‘·>∑ì uÛÑj·T+ / Á|üfi¯j·T+ á
Á|üdüTÔ‘·+, ø£åDø£åD+ <äTs¡às¡D+ / ∫ÛÁ<äyÓTÆq J$‘ê\T,
∫‹øÏq dü+kÕsê\≈£î / dü«|üï+ ̌ ø£ dü«s¡Zd”eT, kÂuÛ≤>∑́ +
kÂ+<äs¡́ +µµ n+≥÷ dü«|üï˝Àø±ìï ÄÁX̄sTT+∫ Áã‘·Tø°&̊Ã
dü+kÕsê\T á yêdüÔ$ø£ J$‘êìï •K\<ä>∑∆eTÚqT düTe÷
n+{≤&ÉT.

yÓ[¢b˛sTTq ø√{Ïø√≥¢ Je⁄\ $&ç∫, ≈£î[flb˛j˚T
H̊{Ïø√≥¢ Je⁄\ ø=s¡≈£î, bı]¢e#̊Ã ø√{Ïø√≥¢ Je⁄\ø=s¡≈£î
yê´düdü+‘·‹yêDÏí>± H˚qT e#êÃqT n+{≤&ÉT. s¡DuÛÒ]
|ü–*+∫, |ü<äàeP´Vü‰ìï Á‘Ó+∫, •eyÓT‹Ô, $düŢ*+>±\T
∫eTTà‘·÷ Ò̋∫, á »>∑‘·TÔ̋ À q÷‘·ï»>∑‹ ô|ø£*kÕÔ
q+{≤&ÉT. MTs¡T Ç+ø£ be]øÏ ‘·̋ §–Z u≤ìdü dü̋ ≤eTT
#̊j·Ts¡+{≤&ÉT. |æ&çøÏ*øÏ #ê\ì ù|<ä>∑T+&Ó̋ À bHÓïH√ï
˝Àø±\T Ç$T&ç ñHêïj·T+{≤&ÉT.

düeTs¡Vü≤è<äj·T+ H˚qT. u≤ìdü\≈£î n+&É>± ñ+&ç
MT˝ÀH˚ ñ+&ç, MT‘√H˚ ekÕÔq+{≤&ÉT. u≤<ÛëJe
Á|üyêVü≤|üs¡e÷DTe⁄˝≤s¡ Ò̋∫ s¡eTàì |æ\T|ü⁄ìkÕÔ&ÉT.
eT÷&ÉT X¯‘êu≤›\  qT+&ç sêõq ì|ü\≈£î+|ü{Ï e÷
<˚X¯+. XÊ+‹ø√dü+, »>∑‹ <ëdǘ eTTøÏÔ ø√dü+, X¯Á‘·Tùdq
‘·‘·TÔìj·T\T #̊ùd+<äT≈£î H̊qT >∑÷&Ü q&ÉTkÕÔq+{≤&ÉT.
bÕ\≈£î˝…e¬s’Hê Á|üfi¯j·÷¬>’ï b˛s¡T‘ê+ n+{≤&ÉT.
#êe⁄Áã‘·T≈£î\ eT<Ûä́  #Ós¡kÕ\ $T–* eTq ‘·s¡‘·sê\T
u≤ìdü‘·«+‘√ ‘·\¢&ç̋ ≤¢j·Tì ˇø£ÿ •X¯óe⁄ @&çÃHê, ˇø£
–+» <√∫Hê ñ]$T |æ&ÉT>∑T˝≤¢>± $s¡T#·T≈£î|ü&ÉeTì
|æ\T|ü⁄ì#êÃ&ÉT. ø±j·÷\T K&ÜZ\T>± ˝Ò∫b˛s¡+&ç,
ø£ìø£s¡+ ̋ Òì ø±\+˝≤>± b˛s¡+&ç n+{≤&ÉT.

ªª Ò̋e+&ç ̋ Òe+&ç ̋ …+&ç e÷qe⁄˝≤s¡!
$»j·TyÓ÷, dü«s¡ZyÓ÷ $Áø£$T+#·+&ç
>∑T&çôd >∑T&çôd≈£îø√≥ ì]à+∫ ̋ Òe+&ç
eì‘·q+{Ïq eT<ë+<ÛäT\≈£î >∑‹ Ò̋~+ø£
>∑$T&ç ‘=øÏÿq ìj·T+‘·\≈£î >∑‹ Ò̋~+ø£µµ nì Ç˝≤

dü$Twæº>± Á|ü‹ÁbÕDÏ b˛s¡edüTÔHêïeTT, bı+–q düeTTÁ<äyÓTÆ
bı]¢ edüTÔHêïeT+{≤&ÉT.

Ç+{Ï+{≤ ˇø£ B|ü+ b+<äTø±]b˛sTT+<√,
Ç+{Ï+{≤ ˇø£ ≈£îdüTeT+ b+<äT≈£î yê&ç|ü&ç+<√, @
Ç+Á<äTì ÇqT|üẙfīó¢ N*Ãq ̇  ≈£îdüTe÷ìï! ø±* |ü>∑T\T
ø±–‘·yÓTÆ #Ó~]+<˚̊ á |ü⁄s¡Twüß&ÉT Ád”Ô ÁbÕD+ ø=Hêï&Ü!
Ád”Ô Vü≤è<äj·T+ $Hêï&Ü! n+≥÷ Äy˚<äq‘√ s¡–*
b˛j·÷&ÉT. ø£*$T Ò̋$T düeTs¡+˝À ø±\+ bÁs¡ã&ç+
<ä+{≤&ÉT. qs¡#·]Á‘·  ÁøÏøÏÿ]dæq, Á|üfi¯j·TdüeTs¡
dü+|òüTs¡ḐÒ n+{≤&ÉT.

˙eTT+<äTqï~ Á|ü»
˙yÓq≈£îqï~ s¡T»
eTT+<ä&ÉT>=ø£ÿ{Ï y˚ùdÔ
eT÷\$sê≥TºqT $&ç∫,
yÓqø£&ÉT>=ø£fÒ ẙùdÔ
ÁbÕD<ë‘·\qT eTs¡∫
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n<˚ n<˚
Ä n&ÉTπ>
˙ $\Te≈£î ø=\e÷q+.
n+≥÷ eTq yÓq≈£îqï~ yÓ÷>∑ì #Ó\¢ì sêE‘·\—

eTT+<äTqï~ ãèVü≤‘Y ÁbÕDÏø√{Ï ÄVü‰«q+ n+{≤&ÉT.
Á_&ç®øÏ+<ä, ùdºwüH√¢, <Ûä÷[ MT<ä / b≥T#·÷∫q MT
s¡÷|ü⁄\T / b≥T$Hêï MT ns¡T|ü⁄\T / bÕs¡Tÿ#Ó≥T¢,

ø±\«>∑≥T¢ / ns¡T>∑T\T, eTs¡T>∑T\T n˙ï / ÄÁø£$T+∫
‹s¡T>∑T‘·Tqï / be] |æ\¢̋ ÀsTT MTs¡T n+≥÷ _#·Ã>±fīfl
>∑T]+∫ ìq~kÕÔ&ÉT. ˇø£ÿ u≤ìdüTHêï á ˝Àø±ìøÏ
eTTøÏÔ˝Ò<äT n+≥÷ e÷‘·èuÛÑ÷$T |æ\Tk˛Ô+~ e÷s¡T
|ü\Tø£ẙ$Tsê n+≥÷ Ç˝≤ Á|ü‹ |ü\T≈£î˝À düeTø±©q
düeTdǘ \≈£î <äs¡ŒD+˝≤ nìôd{Ïº düTu≤“sêe⁄ ø£$‘·«+
<äs¡Ùq$Tk˛Ô+~.

Ä<Ûës¡ Á>∑+<∏ë\T :
1. ns¡∆X¯‘êã›|ü⁄ Ä+Á<Ûäø£$‘·«+ ` lbÕ<ä >√bÕ\ø£èwüíeT÷]Ô
2. Ä<ÛäTìø±+Á<Ûä ø£$‘·«+ Ä$sê“¤e $ø±kÕ\T ` Ä#êdǘ  bd”®&ç #·+Á<äX‚KsY
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    


    
    

     





     



  
     






      


    




    



    
    




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The Inscriptional and literary sources reveal the substantial contribution of women for a 

better society during the medieval period in Andhradesa. Though the society was based on 

patriarchal system, they played a significant role in the Administration, Social, religious and 
cultural activities. Haiheya reign and Karampudi battle remain prominent in 12h century as 
they tuned to be mile stones in the women's history. It provided three role models for 

women a sati in Peramma, an ideal wife in Manchala and a woman Prime minister in 

Nagamma. Nagamma made her mark in Palanadu politics and people hailed her as 
Nayakuralu. Her courage, spirit and presence of mind remain matchless in Andhra history. 
Ganapamba, the daughter of Kakatiya Ganapatideva and sister of Rudramadevi, reigned over 
yanamandala kingdom with the title of Mahamandaleswara from 1241 A.D to 1251 A.D. She 
shared her administration functions with her husband Kata Beta Raju till his demise and later 

as a full pledged ruler. We find a few instances of Sati during the medieval period mentioned 
in Palanativira Charithra. When Anapota died, his wife was also burnt alive in the samne 

funeral fire. When Alaraju died, his wife Pera devi jumped into the funeral fire of her 

husband. She did it with her own will not with the encouragement of the relatives. It is not 

mandatory that every widow should commit Sati on the funeral fire of her husband. Rani 
Rudrama devi, Gana pamba, Viriytala Nagasani and Malyala Kuppamamba did nÍt perform 
Sati and lived long after the demise of their husbands. It shows that women were not 
compelled to perform Sati. The condition of widow was very pitiable as she was not allowed 

to remarry. A considerable number of singing and dancing girls were engaged as Chauri 



bearers, betel carriers, fan servants and performers of angarangabhogas. Several 

inscriptional evidences prove the affiliation dancing girls to the temples in large numbers. 
They are referred as sanis, manis or devadasis in inscriptions. They enjoyed a status in the 

society. The word Sani is derived from the Sanskrit word "Svamini". The Sanis were highly 

spiritual and expressed their devotion to God by giving contributions to temples. During 
medieval period women made note worthy contributions in their assigned tasks. 

Keywords: 
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The Inscriptional and literary sources reveal the substantial contribution of women for 

a better society during the medieval period in Andhradesa. Though the society was based on 
patriarchal system, they played a significant role in the Administration, Social, religious and 
cultural activities. Haiheya reign and Karampudi battle remain prominent in 12" century as 
they tuned to be mile stones in the women's history. It provided three role models for 
Women a sati in Peramma, an ideal wife in Manchala and a women Prime minister in 
Nagamma. Nagamma made her mark in Palanadu politics and people hailed her as 
Nayakuralu. Her courage, spirit and presence of mind remain matchless in Andhra history. 
Ganapamba, the daughter of Kakatiya Ganapatideva and sister of Rudramadevi, reigned over 
yanamandala kingdom with the title of Mahamandaleswara from 1241 A.D to 1251 A.D, She 
shared her administration functions with her husband Kata Beta Raju till his demise and later 
as a full pledged ruler. The Prasatis of the inscriptions about Ganapamba reveal that her 
claims to the kingship were accepted and legitimised'. Rudramadevi rule spanned between 
1262 AD to 1289 AD after her father Ganapatideva's death. He took special care in her 
education and involved her in administration by assigning her some official tasks in his last 
years of reign. Rudramadevi performed multiple tasks as a royal queen, as a administrator, a 
courageous warrior and a committed social reformer for the welfare of her subiects 
Marcopolo, the venetian traveller visited and praised the queen Rudramadevi for her 
dynamism and spirit in her administration. 

Virivala Nagasanamma, wife of Prola-l was the feudatory ruler of Rambarti area. 
A fer her husband's demise, her two sons i.e., Malraja and Mummadiraja, she managed land 

affairs successfully. The pammi record describes her as Mahasamanta Virivala 
Nggasanamma garu'. The Guduru record informs that Kamavasani, wife of Viriyala Erra took 



up the cause of young Garuda Beta and extended her help through her husband to regain the 

koravi region'. It is clear from these evidences that the women of medieval period played key 
roles in political affairs. Their involvement in public affairs exalted them from women Prime 
Minister to that of Independent ruler. 

The women not only enjoyed their freedom but also exhibited their charity in 
devotional works. They disposed of their personal property, i.e., Stridhana, which they 
received from their parents at the time of their marriage". A record from Vavileru (Guntur) in 
Velanandu (Six thousand districts) reveals that the Gandara, the daughter of Jinniya Bhatta 
gave gifts sheep for the up keep of perpetual lamp in the temple of Traipurusha - mahadeva 
of Vaviteru in Velanandu. Another inscription at Davaluru of Guntur district dated 1143 AD 
states that Aytama wife of Aytama Nayaka who was the Reddi of Kurungallu in 

Ivanikandravadi and Davaluru in velanandu and trusted servant of Velanati Rajendra Choda 
gave 55 sheep for the establishment of perpetual lamp in the temple of Gokesvara at 
Davaluru. Lakshmi Devi", Kalyana devi and Shriya devi queens of Ananta Varmanchoda 
Ganga granted installation of perpetual lamps to God Bhimeswara. The Kundavaram 

inscription mentions that Kundamamba, wife of Natavadi Rudra and sister of Kakatiya 
Ganapati Deva of Warangal district and also released grants for the temple maintenance". 
She also constructed temples to the God Siva at Kaleswaram on Himba mountain at 
Jeedikallu, Srisailam and Mantrakuta and granted an agrahara named Kundavaram on the 
banks of Gautami to the Brahmins. These evidences clearly show that the women of medieval 
period not only involved in the construction of temples but also granted lands and other gifts 
to the maintenance of temples. The women also performed various Vratas as revealed in the 

ancient scriptures. 

Mailama, sister ofKakatiya Ganapati deva and wife of Natavadi Rudra constructed a 

tank at Maledu in Warangal district dated 1117 AD and also responsible for the development 

of township named as Bayyaram tank located in Khammam district in 1194 AD. Mailamba 
also built another tank known as Dharmasagaram" situated in Warangal district. 

Kundavaram and Nidigonda inscriptions refer that Ganapati deva's another sister 
Kundumamba constructed tanks in two districts i.., Adilabad and Warangal. These two tanks 
were named after her as Kunda samudras. 



Rani Rudrama also intiated many public welfare schemes, notable among them are 

the construction of water tanks around Ambapuram, Ganapavaram and Rudravaram ilagos 
to provide irrigation facilities for the promotion of agriculture sector. 

women received education in inscriptions and exhibited their potential in fine arts 
like music and dance. Siva rani, mother of Saptaya pradhani, a minister of the Ganga is 
delineated as Kaliyuga Saraswati, a veritable Goddess of learning. We find a few instances 

of Sati during the medieval period mentioned in Palanativira Charithra. When Anapota died, 
his wife was also burnt alive in the same funeral fire. When Alaraju died, his wife Pera devi 
jumped into the funeral fire of her husband. She did it with her own will not with the 
encouragement of the relatives". It is not mandatory that every widow should commit Sati on 
the funeral fire of her husband. Rani Rudrama devi. Gana pamba, Viriytala Nagasani and 

Malyala Kuppamamba did not perform Sati and lived long after the demise of their husbands. 
It shows that women were not compelled to perform Sati. The condition of widow was very 
pitiable as she was not allowed to remarry. 

A considerable number of singing and dancing girls were engaged as Chauri-bearers, 
betel - carriers, fan servants and performers of angarangabhogas. Several inscriptional 
evidences prove the affiliation dancing girls to the temples in large numbers. They are 
referred as sanis, manis or devadasis in inscriptions. They enjoyed a status in the society. The 
word Sani is derived from the Sanskrit word "Svamini". 

The word Sani did not denote derogatory sense as it is now. Royal women and 
homemakers got Sani suffixed to their name as is evident by the names Erukasani, Kamasani, 
Kuppasani etc. An ample evidence recorded in Simhachalam states that Sanis were drawn 

from the Sudra Caste. It appears that a few women from the higher castes also took to this 

Profession. We understand this from Srikurman inscription dated 1250 AD which clearly 

states that the daughter of some Nayaka families accepted to adopt this profession'S, It further 

informs that nearly thirty daughters of Kalinga mandala Nayakas belonged to a group of 
dancing girls attached to the temple of Sri Kurmam bestowed by Nara Simha-I. To fulfil their 
duties effectively as dancers and musicians, the temple girls had to undergo intensive training 

to master the arts of dance and music. During the training a temple girl was given general 
education, taught telugu as well as Sanskrit and then trained in music and dance in several 
stages, When she achieved maturity, the teacher gave her initiations, after which she became 

a member of the group if the teacher was savite, she made to wear a linga round her neck if 



she was a Vaishnavite, and prescribed markS were branded on both of her shoulders and 

chest. The Sanis were ighly spiritual and expressed their devotion to God by gvin8 
contributions to temnples. During medieval period women made note worthy contributions in 

their assigned tasks. 
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ABSTRACT: 
                    A field survey was conducted at five different sites in Kurnool district, A.P., India during winter 

season of 2017-18 and 2018 - 19 to identify the diversity and distribution of weed species growing in 

association with cultivated maize crop and their economic importance. Thirty eight species and 34 genera 

belonging to 17 families were identified. Out of 17families, the family Amaranthaceae was dominant with 5 

species, followed by Poaceae with 4 species, Euphorbiaceae, Fabaceae and Malvaceae  with 3 species in each, 

Asteraceae, Commelinaceae, Convolvulaceae and Mimosaceae with 2 species in each  and Aizoaceae, 

Caesalpinaceae, Cucurbitaceae, Cyperaceae, Portulacaceae, Sapindaceae, Solanaceae and Tiliaceae with 1 

species in each. All the species are medicinally useful. Ten species are used as forages.  If their cultivation is 

encouraged in wastelands by providing economic incentives to the farmers through Performance payments for 

environmental services (PES), it will be useful to the conservation of weed diversity on their land. And we can 

also able to develop our animal husbandry. 

Key words: Weeds, Maize crop, Forages, Medicinal, PES, animal husbandry. 

INTRODUCTION: 

              Jethro (1731) defined a term “weed” for first time as “a plant growing where it is not desired” in his 

much esteemed book “ Horse Hoeing Husbandry”.  Zimdahl(1999) defines a weed as “a herbaceous plant not 

valued for use or beauty, growing wild and rank, and regarded as cumbering the ground or hindering the 

growth of superior vegetation”. The weeds are universal dominant, unwanted, undesirable plants that fight 

with cultivated crop for water, nutrient and sunlight (Dangwal et al.2010). They have high development and 

reproductive rate and generate destructive or advantageous allelopathic effect on cultivated crops (Qasem & 

Fay, 2001). They are more antagonistic, having weird characteristics that make them more competitive. They 

are tremendous examples of the successful struggle for subsistence. Most of the characters of weeds are based 

on some alleged human values, such as ferociousness, harmfulness or undesirability. In this respect weeds 

appear to be an illicit element in human society. 

              Among 2, 50,000 of worldwide distributed plants,  3% or 8,000 species behave as weeds and 200 – 

250 are found to cause major problems in worldwide cropping systems (Holm et al. 1979; Thakur, 1984). They 

grow abundantly and spread in crop fields and harm to the main crops. Weed flora of agriculture field has large 

ecological amplitude, so they proliferate and thrive well even in changed environmental conditions. Since 
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weeds have unique potentialities for adaptation they survive almost in any environment and adjust themselves 

to the changed conditions (Sen, 1979; Kasera, 1988). The peril of weeds is an international crisis.  Availability 

of information, data concerning the distribution and economic significance, different methods of their control, 

material required for the purpose and the source of availability are some of the essential pre-requisites for 

tackling the problem of weeds on countrywide level.  

              Since pre-historic time, some plants used as food, medicine and fiber. Many of these plant species 

would still be considered helpful but are overlooked after development of plants having greater productivity. 

But these weeds also have positive uses, in spite of their negative impacts on crops. Several weeds are edible, 

foragers and having medicinal uses. Weed surveys are of use for determining the occurrence and relative 

important of weed species in crop production systems.  (Frick & Thomas, 1992; Thomas, 1985). Thus, in the 

present study weed species are listed from Maize crop fields located at different areas in Kurnool district of 

Andhra Pradesh, India and their economic uses are gathered from literature. 

  STUDY AREA: Kurnool district is located in the west-central part of the state in between north latitudes 140  

54’ & 160 18’ and East longitudes of 76058’ & 790 34’. This district falls under scarce rainfall zone about 500 

mm. to 750 mm. The normal rainfall is 670mm. Out of which 68% is received from Southwest monsoon and 

22% during northeast monsoon period. The soils are predominantly black cotton soils followed by red soils 

and other soils. Normally Maize crop is cultivating in 23878 ha.of land.  

                                    Map showing location of Kurnool district in Andhra Pradesh (From – Google).  

                                               

 

METHODOLGY: 

                 The present study deals with weeds of maize fields in Kurnool district. The study was based on 

extensive and exhaustive field surveys made during different months of Kharif season. During the course of 

field study we selected 15 important maize growing fields in the study area covering all the geographical areas 

of the district, to identify the weed flora and species composition. Maize is a most dominant and significant 

crop of the area.  The weeds encountered in the field sites of the above crop fields were carefully collected and 
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identified. After completing the weed collection from the crop fields, the specimens were identified with the 

help of authentic regional floras, monographs and other relevant literature and consequently the correct name 

were provided to each plant. Further information regarding their economic significance was collected from the 

literature available e- sources. This study was carried out to provide baseline information about weeds of the 

study area. 

 

RESULTS & DISCUSSION:  

                        The study revealed presence of 38 weed species that are distributed in 34 genera and 17 families 

(Table -2). The family Amaranthaceae was dominant with 5 species, followed by Poaceae with 4 species, 

Euphorbiaceae, Fabaceae and Malvaceae  with 3 species in each;  Asteraceae, Commelinaceae, 

Convolvulaceae and Mimosaceae with 2 species in each  and Aizoaceae, Caesalpinaceae, Cucurbitaceae, 

Cyperaceae, Portulacaceae, Sapindaceae, Solanaceae and Teliaceae with 1 species in each. All the species are 

medicinally useful. Ten species are used as forages. Several of them are leafy vegetables. Benefits of weeds 

are provided in  Table -1. 

                         Cattle require 8% protein for their perpetuation. Weeds can afford the protein that needs to 

keep up cattle or even to gain weight. Weeds are free and extensively available forage. In addition to being 

nutrious, they are often available when other forages aren’t either because of the time of the year, or due to 

drought conditions.  It was observed that the weeds grazed by cattle have responded by producing more stems 

or buds. They reseed themselves with ease, and require no effort at all on our part to grow. By revolving weeds 

into forage, producers could potentially raise more cattle and spend less money doing it.  

                       While the worth of weeds as famine foods and as sources of bioactive metabolites is relatively 

well documented for Africa (Hillocks, 1998). The weed species Portulacca oleracea and Amaranthus spp. 

were important in helping the people of Wollo to manage with the 1984 dearth. Although in most cases where 

weed species are used for human utilization their exploit is confined to periods of food shortage, this is by no 

means always the case. Some species are highly cherished as green leafy vegetables and grains and some are 

more productive than their crop equivalents. More often they are accidental colonisers and can be in 

competition with the main crop, although some may be actively encouraged and are deliberately not removed 

from the crop during weeding. This is seen in East Africa with weeds such as Gynandropsis gynandra which is 

much favored as a relish or `spinach'. Commelina spp. are common weeds throughout eastern and southern 

Africa where the leaves, young shoot and rhizome are consumed during times of famine. In the Machakos 

district of eastern Kenya for instance, Commelina sp. was reported as the most popular wild vegetable 

(Maundu, 1987). Bidens pilosa, Amaranthus spp. and Corchorus spp. all had a higher content of protein, 

calcium and iron than spinach. In parts of the Sahel, the collection and consumption of wild grains, such as 

Echinocloa colona and Panicum laetum is an important part of the pastoral production system. (Scoones et al., 

1992). Wilson (1989) has renowned the increased reliance on wild foods as a nutritional supplement as 

population increases and agricultural land become sparse.  
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                       Thus, if cultivation of weeds is encouraged in wastelands in all countries by providing economic 

incentives to the farmers through Performance payments for environmental services (PES), it will be useful to 

the conservation of weed diversity on their land. And we can also able to develop our animal husbandry. The 

accomplishment and espousal of such programmes requires the development and intensification of indigenous 

acquaintance which should include also awareness of the uses and beneficial or venomous attributes of the 

local weed and natural flora within and surrounding the cropped areas. 

REFERENCES: 

1. Dangwal, L.R. Singh, A. Singh, T. Sharma, A. and C. Sharma, 2010,   Effect of weeds on the yield of 
wheat crop in Tehsil Nowshera, Journal of American Science, 6(10), 405-407.  

2.  Frick, B. & Thomas, A.G. 1992. Weed surveys in different tillage systems in southwestern Ontario 
field crops. Canadian Journal of Plant Science, 72, 1337-1347. 

3. Hillocks, R.J.1998. The potential benefits of weeds with reference to small holder agriculture in 
Africa. Integrated Pest Management Reviews 3, 155 – 167. 

4. Holm L, Pancho JV, Herberger JP and Pluckenett DL. A geographical atlasof weeds. John Wiley. 
1979;391. 

5.  Jethro Tull, 1731.  Horse Hoeing Husbandry. (Berkshire MDCC ) 33. 
6. Kasera PK. 1988. Arid Agro-ecosystem: Weed Biology and Weed Management, Ph.D. Thesis, University of 

Jodhpur, Jodhpur, India  
7. Maundu, P. 1987.  The importance of gathered fruits and medicinal plants in Kakuyuni and Kathama 

areas of Machakos. In K.K.Wachira (ed), Women's Use of off-farm and boundary lands: Agroforestry 
potentials, pp 56±60, Final report, ICRAF, Nairobi, Kenya. 

8. Qasem, J.R. and Foy, C.L. Weed Allelopathy, its ecological impacts and future prospects : a review. J 
Crop Prod. 2001;4:43-119. 

9. Scoones et al., 1992). Scoones, I., Melnyk, M. and Pretty, J.N. (1992) The Hidden Harvest: Wild 
Foods and Agricultural Systems. A literature review and annotated bibliography. The sustainable 
Agriculture Programme, London. 256 pp. 

10. Sen, D.N., 1979. Ecophysiological studies on weeds of cultivated fields with special reference to 

Bajra (Pennisetum typhoideum Rich.) and Til (Seasamum indicum Linn.) crops. Final Report US PL-4 

Project, University of Jodhpur, Jodhpur, India. 

11. Thakur, C. 1984, Weed science .Metropolitan Book Co.Pvt.Ltd. New Delhi, India. 
12. Thomas, A.G. 1985. Weed survey system used in Saskatchewan for cereal and oilseed crops. Weed 

Science, 33, 34-43. 

13. Wilson, K.B. 1989.The ecology of wild resource use for food by rural southern Africans: why it 
remains so important. Proc. The Destruction of the Environment and the Future of Life in the Middle 
East and Africa. University of Swansea. 

14. Zimdahl, R. L., 1999.  Fundamentals of Weed Science, 2nd edn.,(Academic Press, San Diego, CA.,) 
556.  

International Journal of Management, Technology And Engineering

Volume 8, Issue X, OCTOBER/2018

ISSN NO : 2249-7455

Page No:2511



      Table – 1 providing Economic Uses of Weed plants present in Maize crop fields 

S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

1. Abelmoscus ficulneus (L.) Wight 

&Arn. 

Malvaceae Leaf 
Seeds 
Root 
Fruits 
Stem 

Medicine 
Medicine 
Medicine 
Edible 
Fiber 

 Diarrhea 
Asthma   
Scorpion & Insect bites;  cuts & bruises 
              - 
Ropes & Cords           

2. Abutilon indicum (L.) Sweet. Malvaceae Leaf 
 
 
 
 
 
 
 
 
Decoction 
 
 
Demulcents of 
leaves 
 

Roots 

Medicine 

 

 

 

 

 

Medicine 

 

Medicine 

 

Medicine 

 

Gout, tuberculosis, ulcers, bleeding 

disorders, and worms, Digestive, 

laxative, expectorant, diuretic, 

astringent, analgesic, anti 

inflammatory, anthelmintic, demulcent 

and aphrodisiac.  

Used in toothache and tender gums.  

 

Applied to boils and ulcers.  

 

Fever, chest affection and urethrities. 

3. Acacia nilotica (L.) Willd. Mimosaceae Root 
 
 
Leaf 
 

 

Gums 

 

 
 

Medicine 
 
 
Medicine 
 
 

Medicine 

 

 

Cancer, tumors, tuberculosis, 
indurations of liver & spleen. 
 
Chemopreventive,antimutagenic, anti 
cancer,anti bacterial, astringent, anti 
inflammatory & alzheimer’ s disease. 
 
Astringent, emollient, liver tonic, 
antipyretic and antiasthmatic. 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

Stem bark 
 
 
 
 
 
 
 
 
 
Seeds 
 
 
Pods 

Medicine 

 
 
 
 
 
 
 
 
Medicine 
 
 
Medicine 
 

Antibacterial, antioxidant, 
antimutagenic, cytotoxic, 
astringent,emollient, 
anthelmintic,aphrodisiac, Diuretic, 
expectorant, emetic, wound ulcers, 
leprosy, leucoderma, small pox, skin 
diseases, diarrhea, dysentery, seminal 
weakness, toothache etc. 
 
Spasmogenic activity, antiplasmodial 
activity. 
 
Antihypersensitive, antispasmodic, 
antidiarrhoeal, astringent, antifertility, 
against HIV etc. 

4. Acalypha lanceolata Willd. Euphorbiaceae Leaf 
 
Whole plant 

Medicine 
 
Medicine 

Antiseptic on boils & swellings;  
 
Headache; vermicide; carminative; 
applies to sores. 

5. Achyranthes aspera L. Amaranthaceae Leaf & Root  

Whole plant 

Medicine 

Medicine 

Inflammation & Toothache 

Emenagogue, antiarthritic, antifertility, 
laxative, antihelminthic, antiviral, 
antiplasmodic, antihypertensive, 
anticoagulant, diuretic, antitumor, 
fistula, malaria, impotence, asthma, 
piles and snake bites, skin eruptions 
etc. 

6. Alternanthera tenella Colla. Amaranthaceae Whole plant Medicine Fever, infections, genital diseases, and 
as anti-inflammatory. 

7. Amaranthus viridis L. Amaranthaceae Leaf 

 

 

 

Root juice 

Edible   &  
Medicine 
 

 

 

As leafy vegetable 
Diuretic, febrifuge, purgative, 
vermifuge, filaria, emmenagogue, 
gonorrhea, eye infections. 
 
 
Inflammation during urination, 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

 

Whole plant 

 

 

 

Plant ash 

Medicine 

 
Medicine 
    & 
Dyes 
   

Soaps 

constipation, dysentery. 
 
Vermifuge, emollient, purify the blood. 
 
                      -------------   
 
                      
                       ------------- 

8. Brachiaria ramosa L.Stapf. Poaceae Whole plant 

Seeds/Grains 

Stock  Feed 

Cereal & 
bird feed 

           ---------------------- 

           ------------------------ 

9. Cassia uniflora Mill. Caesalpiniaceae Leaf 

Root 

Roasted seeds 

Medicine 

Medicine 

Substitute  

to Coffee 

Skin diseases, poultices for wounds. 

Combating dropsy 

10. Cardiospermum helicacabum L. Sapindaceae Leaf &  shoots 
Leaf 
Leaf tea 
Leafy juice 
Salted leaves 
Root 
 
Seed oil 
 
 
 
 
Leaf 
 
Stem 

Edible 
Medicine 
Medicine 
Medicine 
Medicine 
Medicine 
 
Insect 
repellent & 
antifeedent 
action on 
insects. 
Washing 
clothes. 
Basket 
making. 

Leafy vegetable 
Rubefacient.as poultice in rheumatism. 
To treat itchy skin. 
Ear ache. 
Poultice on swellings. 
Diaphoretic, diuretic,emetic, 
laxative,rubefacient, stomachache, 
rheumatism,nervous diseases, snake 
bite. 
 
 

 
 
 

 
------------------------------------------------
------------- 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

11. Celosia argentea L. Amaranthaceae Leaf& Shoots 

 
 
Flowers & 
Seeds 
 
 
 
 
Whole plant 
 
 
Roots 
 

Edible   

 

Medicine 

 
 
 
 
 
Medicine 
 
 
Medicine 
 

As leafy vegetable. 

Astringent,haemostatic,ophthalmic, 
parasiticide, poultice,haemorrhoid 
bleeding, uterine bleeding, dysentery, 
leucorrhoea, diarrhea. 
Seed is hypotensive, ophthalmic, 
antibacterial, hypertension, cataract, 
glaucoma. 
 
Antidote for snake bite. 
 
 
Colic, gonorrhea & eczema. 

12. Clitoria terneta L. Fabaceae Root & Seeds 

 
Roots& 
Leaves 
 
 
 
Root 
 
 
Whole plant 
 

Medicine 

 

Medicine 

 

 

Medicine 

 
Palatable 
forage. 

Tonic of the nerves, alterative and 
laxative. 
 
Body aches, infections, urinogenital 
disorders, anthelmentic, antidote to 
animal stings, 
 
Indigestion, constipation, fever, 
arthritis, eye ailments. 
 
 
                -------------------- 

13. Commelina bengalensis L. Commelinaceae Whole plant 

 

Sap 

Leaves 

 
Root decoction 
 

Medicine 

 

Medicine 

Medicine 

 

Medicine 

Astringent,demulcent, laxative, 
infertility in women, leprosy,emollient. 
 

Eye ailments, sore throat, burns. 

Diarhhoea. 

Stomach disorders. 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

 
Liquid of 
flowering 
spathe 
 
 
Leaves & 
Rhizome 

 

Medicine 

 

 

Edible  

 

Eye complaints 

 

 

As leafy vegetable & Cooked food. 

14. Corchorus capsularis L. Tiliaceae Leaves 

 

 

 

 

Root decoction 
 
Immature 
fruits 
 

Stem 

Edible  &  

Medicine 

 

 

 

Medicine 

 

Edible 

 

Fiber  

Cooked, as thickener in soups, salads. 

Appetizer, carminative, laxative, 
demulcent, stimulant & stomachache, 
dysentery, fevers, dyspepsia, liver 
disorders.    
 
 

Dysentery 

 

Salads 

 

To make bags, sack cloth. 

15. Cucurbita pubescence,Willd.  Cucurbitaceae Fruit  Edible          ----------------------- 

16. Cyanodon dactylon (L.)Pers. Poaceae Root  

Leaf  

Medicine  

Forage 

          Diuretic  

          ---------------------- 

17. Cyanotis fasciculata (B. 

Heyneex.Roth.) 

Commelinaceae Leaf juice 

Alcoholic 
extract of 
plants 
 
 
Whole plant 
 

Medicine 

Medicine 

 

 

Forage 

  Skin fungus disease, mouth sores 

Lymphatic leukemia, diuretic, antiviral. 

 

  

--------------------------- 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

18. Cyperus rotundus L. Cyperaceae  Whole plant 

Essential oil of 
tubers 
Rhizome 
 
 
Tubers 

Forage 

Medicine 

Medicine 

 

Insect 
repellent 
 

------------------------------------- 

Perfumery, Soap making, Insect 

repellent cream. 

Malaria, Typhoid, Constipation, 

dysentery, gastric & intestinal troubles. 

----------------------------- 

19. Digera muricata (L.)Mart. Amaranthaceae Leaves & 

Shoots 

Seeds & 
Flowers 

Edible & 

Medicine 

Medicine 

As leafy vegetable &  

Liver protectant, digestive system 

disorders, 

Urinary disorders. 

20. Echonochloa colonum (L.) Link. Poaceae Whole plant 

Seeds 

Forage 

Millets 

             ---------- 

Cooked food 

21. Eclipta alba (L.) Asteraceae Leaves  Medicine Hair growth, Jaundice, hemorrhoids, 
constipation, antibacterial, antiseptic, 
dandruff, respiratory infections, Cough, 
antioxidant, cataract, cytotoxic. 

22. Euphorbia heterophylla L, Euphorbiaceae Whole plant  

Leaves 

Latex 

Leaf extract 

Roots 

Forage 

Edible. 

Medicine 

Medicine 

Medicine 

         ------- 

        ---------- 
Caustic effect on skin & mucus 
membranes, purgative, antidote, 
rubefacient. 
Antiplasmodial, nematicide, skin 
diseases. 
 
Cathartic, emetic, gonorrhea, breast 
feeding in women 

23. Euphorbia hirta L. Euphorbiaceae Whole plant Medicine Antibacterial, anthelmintic, 
antiasthmatic, sedative, antispasmodic, 
antifertility, antifungal, galactogenic, 
anti diarrheal, antioxidant and anti 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

malarial properties. 

24. Ipomoea obscura (L.) Ker. Gawler Convolvulaceae Leaf  

 

Root decoction 

Edible 

Medicine  

Medicine 

Cooked, add to soups. 

Skin diseases, Source, Pustules. 

Dysentery 

25. Malvastrum coromandalianum 

(L.) Garke 

Malvaceae Leaf  

Stem 

Medicine 

Brooms & 

bast fiber 

Cooling, to treat  carbuncles 

26. Merremia gangetica (L.) Cuf. Convolvulaceae Leaf  

 

 

Root 

Whole plant 

Edible 

Medicine 

 

Medicine 

Medicine 

Leafy vegetable 
 
Migraine, ear drop, ulcers. 
 
 
Eyes & gums. 
Diuretic, cough, head ache, neuralgia,  
Rheumatism. 

27. Merremia tridentata (L.) Hallier f. Convolvulaceae Whole plant 

 

Leaves 

Root decoction 

Medicine 

 

Medicine 

Medicine 

Laxative, astringent, calefacient, 
purgative, gonorrhea, dysentery, 
rheumatism, piles, urinary disorders. 
Antidote to snakebites. 

Toothache 

28. Mimosa pudica L. Mimosaceae Leaf  

Whole plant 

Medicine 

 Medicine 

Diabetes, body pains, sinus disorder, 
sores, piles, dysentery, snake bites, 
urinary complaints. 
Glandular tumors, uterine cancer.  

29. Panicum repens L. Poaceae  Whole plant Forage      As palatable, nutritious hay.  

30. Parthenium hysterophorus L. Asteraceae Whole plant 
decoction 

Though it is 
a noxious 
plant, it has  
Medicinal 
value. 

Fevers, diarrhea, neurologic disorders, 
urinary tract infections, dysentery, 
malaria, eczema, rashes, rheumatic 
pain, cold, heart trouble, neuralgia, 
vermifuge, amoebiasis, anticancer. 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

31. Phaseolus aconitifolius Jacq. Fabaceae Seeds Forage & 

Edible  

          - 

            - 

32. Phyllanthus amarus Schum. 

&Thonn. 

Euphorbiaceae  Whole plant 

 

 

Aerial parts 

Plant sap 

Medicine 

 

 

Medicine 

Medicine 

Jaundice, tonic, 
diuretic,febrifuge,antioxidant, anti 
carcinogenic, dysentery, blood purifier, 
fever pains, sore throat, venereal 
diseases, antidote, antibacterial, 
antifungal, antimicrobial, antiviral. 
 
Diuretic, febrifuge, stomachic, to 
painful wombs after delivery, to treat 
colic. 
Tachycardia, blennorrhoea and female 
sterility. 

33. Phyllanthus maderaspatansis L. Euphorbiaceae Plant sap 

Leaf 

Seeds 

Whole plant 

 
 
Root decoction 

Medicine 

Medicine 

Medicine 

Medicine 

 

 

Medicine 

Viral diseases, emetic, purgative, 

toothache. 

Rheumatism. 

Carminative, diuretic, laxative. 

Aphrodisiac, headache, bronchitis, 
earache, opthalmia, jaundice, scabies, 
antifungal, antibacterial, to kill 
caterpillars. 
 
Constipation, diarrhea, intestinal pain, 
testicular swelling, snakebite, 

34. Physalis minima L. Solanaceae Fruit 

 

All parts 

Leaf 

Root 

Edible  & 

Medicine 

Medicine  

Medicine 

Medicine 

Cooked food. 

Alterative, appetizer, bitter, laxative 

and tonic. 

Diuretic, antipyretic & anticancer. 

Headache, itches, earache. 

Febrifuge, vermifuge, hypertension, 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

diabetes, as a poultice to abdomen pain. 
35. Portulaca oleracea L. Portulacaceae Whole plant 

 

Leaves 

Seeds 

Leaf tea 

Leaf juice 

Edible & 

Medicine 

Medicine 

Medicine 

Medicine 

Medicine 

Leafy vegetable. 

Anti inflammatory, antibacterial, 
antiscorbutic, depurative, diuretic and 
febrifuge. 
Heart attacks, strengthening immune 
system. 
Cough, sores, dyspepsia and opacities 
of the cornea[ 
Stomachache & Head ache. 
Earache & Caterpillar stings. 

36. Portulaca quadrifida L. Portulacaceae Whole plant Edible & 

Medicine 

Leafy vegetable & in salads. 

Diuretic,  rheumatism and 
gynecological diseases, as a sedative, 
analgesic and cardiotonic, to treat 
fever, disorders of the urinary tract, 
worm diseases, as a tonic and 
choleretic, to treat dysentery, and to 
apply externally to ulcers, eczema and 
dermatitis 

37. Rhyncosia minima (L.) DC.  Fabaceae Leaf  

Seeds & pods 
Whole plant 
 
 
 
Leaves 

Medicine 

Medicine 
Forage, 
toxic to fish, 
agglutinatin
g activity on 
human 
RBC. 
Medicine 

Anticancer.  

Colon cancer, anti inflammation, 

carcinogenesis. 

       ------------- 

 

 

Abortifacient, antihelmenthic, asthma 

& piles. 

    38. Trianthema portulacastrum L.   Aizoaceae Leaf  

 

Edible & 
Medicine 
 

As leafy vegetable & in salads. 

Diuretic, oedema, jaundice, strangury, 
dropsy, gonorrhea, wound dressing, 
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S.No. Botanical Name Family Part used Economic 

use 

Purpose of use 

Root  

Whole plant 

Medicine 

Medicine 

poultice. 
Jaundice. 

Vermifuge, rheumatism, venereal 

discharge. 

 

 

                                           Table 2- showing Family wise distribution of weeds 

 

  S.No. Name of the Family Number 
of Genera 

Number of 
Species 

      1. Aizoaceae 1 1 
      2. Amaranthaceae 5 5 
      3. Asteraceae 2 2 
      4. Caesalpiniaceae 1 1 
      5. Commelinaceae 2 2 
      6. Convolvulaceae 2 3 
      7. Cucurbitaceae 1 1 
      8. Cyperaceae 1 1 
      9. Euphorbiaceae 3 5 
     10. Fabaceae 3 3 
     11. Malvaceae 3 3 
     12. Mimosaceae 2 2 
     13. Poaceae 4 4 
     14. Portulacaceae 1 2 
      15. Sapindaceae 1 1 
     16. Solanaceae 1 1 
     17. Teliaceae 1 1 
                TOTAL 34 38 
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ABSTRACT 
The study is aimed to enumerate the list of weeds occur in chilly fields of Kurnool distrlct, 
A.P, India. It revealed the presence of 39 weeds that are distributed in 19 families More 
species are identified from the family Euphorbiaceae(5). Phytosociological attribules for 
each species were calculated by using standard formulas. Cyperus rotndus (50. 946) is the 
most important species followed by Digera muricata (20.691), Amaranthus viridis (17.659), 
Eclipta prostrata (16.744), Portulaca oleracea ( 10,212), Phyllanthus maderaspatensis 
(8.676), Merrimia gangetica (5.283) and Physalis minima (5.021). The frequency classes of 
them was also calculated and determined that they are showing heterogeneity in their 
distribution. 

KEY WORDS: Weeds, Chilly fields, Frequency classes, Importance value, Phytosoctology 
etc 

INTRODUCTION: 

In an agro ecosystem, phyto sociological studies of weeds are utensils for 

monitoring that have been used to comprehend the weed community and the function of 
each population (Braun Blanquet, 1979). Such studies allow numerous interpretations 
about a weed in each ecological instance by affording pragmatic variables about a weed in 
the population, such as its frequency, density, abundance and the importance of that 
particular weed in relation to the overall weed community(Erasmo et al. 2004; Adegas et 
al.2010). These studies endow with knowledge of dynamics and relative importance of a 
species in a particular phyto society or across phyto societies in crop - weed ecosystem. 

Discerning the sociological composition of weeds in crop fields is a prerequisite for its 
efficient management. Ifa farmer is familiar of a species which often appear in concert with 
another weed species, he should be eagle-eyed on the other species as well, when he visit 
his field and may think about choosing a herbicide which control both. 

The detection of plants as weeds is plausibly as old as agriculture itself. Weeds 
take the largest part of environmental gradients and grow up as good competitor in the 
ecosystem. It is renowned that weeds have negative value but if they can grow properly can 
be renewed to useful for humankind. Weeds can take part in a constructive role by harboring 
insect natural enemies and pollinators; however the ramification surge from weeds 

harboring crop pests largely outweighs the profit they potentially afford. Maynard & 
Hochmuth (2007) indicated that exact recognition of the particular weed species is the 
primary step to control the problems weed enforce on agriculture. 
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There are meager studies on weeds of vegetable cultivating fields. Thus, we conducted a study on phyto sociological attributes of weeds in chilly fields of Kurnool district, A.P., India. 

METHODOLOGY: 

The present study is aimed to provide a record of weeds of chilly cultivar in Kurnool district. The vicinity was explored extensively and focused on weeds that impede with growth of chilly plants. Plant specimens were collected in both vegetative and 
reproductive stages. Every plant was collected in quadruplicates and every endeavor has 
been made to study the habit, habitat, flowering seasons and frequency of distribution of the 
species. The collected specimens were made into herbarium according to the methodology 
described by Santapau (1995) and Jain & Rao (1977). Every specimen was carefully studied 
regarding vegetative and reproductive features. Provisional identification was made 
following 'Flora of Presidency of Madras' (Gamble & Fischer, 1915-1935) and other 
regional floras. The number of individuals of each species was collected by laying Imx Im. 
quadrates randomly in selected chilly fields. By using that data, the phyto sociological 
attributes: abundance, density and frequency were calculated and their relative values and 
Importance Value Index (IVI) were calculated by the following principles of Curtis and 
Mclntosh,(1950), Misra, (1968), and Mueller-Dombois and Ellenberg, (1974) 

Total number of quadrates in which the species occur 

Frequency (%)= - X 100 
Total number of quadrates studied 

Total number of individuals of a species in all quadrates 
Density =- 

***** 

Total number of quadrates studied 

Total number of individuals of a species in all quadrates 
Abundance = ****** 

Total number of quadrates in which the species occurred 

Frequency of individuals ofa species 

Relative frequency=- X 100 

Total frequency of all species 

Density of individuals of a species 

Relative density= X 100 ******* 

Total density of all species 

Abundance of individuals of a species 
Relative abundance= E=~--*---*-=. K 100 

Total abundance of all species 

Importance Value Index= Relative density + Relative frequency +Relative abundance 

Based on Raunkiaer, (1934), the frequency classes of weed species were 

determined. Accordingly there are 5 frequency classes, i.e. 'A' class with the species of 

frequency ranging from 1-20%; B' class 21-40%; 'C'class 41-60%; 'D' class 61-80% and 
E' class 81-100%. Further the weed community frequency patterns were compared with the 
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nomal frequency patterm of Raunkiaer (A>B>C>=D<E). Based on the frequency patterm of 

the community, the homogeneity and heterogeneity of the vegetation was analyzed. If the 

values are high with respect to A, B, C and D, then the community is said to be 

heterogeneous where as higher values of E indicates the homogeneous nature. Based on the 

data provided in lable -1, the family wise distribution of weeds was analyzed and given in 

table-3. 

RESULTS& DISCUSSION: 

Abundance, Density, Frequency and their relative values for determining the 
distribution pattern and Importance Value Index (IVT) of the weeds encountered in chilly 
fields were provided in Table- 1. A total of 39 weed species (36 dicots, 3 monocots) were 

recorded from 100 quadrates of Im.x Im. combining four field sites. Cyperus rotundus 
(50.946) is the most important species followed by Digera muricata (20.691), Amaranthus 
viridis (17.659), Eclipta prostrata (16.744), Portulaca oleracea ( 10.212 ), Phyllanthus maderaspatensis (8.676), Merrimia gangetica (5.283) and Physalis minima (5.021). Frequency of weed species: 

The frequency classes of the weed species encountered in the study sites were 
analyzed. Further the frequency formula for each class also determined. The results obtained 
were presented in Table -2. The analysis on the frequency classes of weed species 
encountered in chilly crop field revealed the presence of A class with 37 species followed 
by 1 under B, and I under C. No single species under D and E out of 39 species. This result showing the heterogeneity of weed vegetation. 

Table-2. Frequency Classes of Weed Species_ S.No. Frequency class 
No.of weeds 

1 A 1 to 20 
37 

2. B 21 to 40 

3 C 41 to 60 

D 61 to 80 

E 81 to 100 

6. TOTAL 39 

Frequency formulae - A>B=C 

Family wise distribution of weeds: 

It is revealed that the 39 weeds were distributed in 19 families. More number of species were from the family Euphorbiaceae (5) followed by Amaranthaceae and Fabaceae (4 in each); Caesalpiniaceae and Malvaceae (3 in each); Asteraceae, Convolvulaceae. Cyperaceae, Mimosaceae, Portulacaceae and Tiliaceae (2 in each); Aizoaceae, 
Capparidaceae, Commelinaceae, Cucurbitaceae, Menispermaceae, Poaceae, Sapindaceae and Solanaceae (1 in each) were renowned. It was indicated heterogeneity of the families of 
species occurred in the fields. 
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Table-3 showing family wise distribution of weeds S.No. Name of the family 
Aizoacene No.of weed 

Amaranthaceae 
Asteracene 

Caesnlpiniaceae 
Capparidacene 
Commelinaceae 
Convolvulaceae 

Cucurbilacene 
9 Cyperacene 
10. Euphorbiaceae 

Fabaceae 
12. Malvaccae 
3. Menisprmaccae 

Mimosaceae 
15. Poaccae 

IO. Portulacaceac 

I7. Sapindaceae 
18. Solanaceae 

19. Tiliaceae 

Table -1 showing Phytosociological attributes of weeds in Chilly fields in Kurnool 

district, A..P., India 

DF 
025 12.5 0.008 0.24 136 

S.No Plant Name Family A R.A R.D RE TV 
Abelmaschus ficulneus| Malvaceae 

L) Wight &Am. 
2 1 608 

Abuttlon indicum (L.) | Malvaceae 

Sweet 
2. 4 0.5 12.5 0.015 0.47 1 36 1.845 

nilotica(L.) | Mimosaceae 2.5 063 25.0 0010 0.59 | 2.72 332 Acacia 

Willd. 

Achyranthes bidentata| Amaranthaceae 
blume 

12.5 0.13 0.004 0.12 1.36 1484 4. 

Amaranthus viridis LAmaranthaceae1545 10.63 68.75 0.059 10.12 748 17659| 
0.25 6250015 024 0.68 0935 
0.13 12.50.004 0.121.36 1484 
0.13 1250.004 0.12 136 1484 

0.13 12.5 0.004 0.12 136 1 484 

5. 

Cassia pumila Lam. Caesalpiniaceae4 
Cassia tora L. Caesalpiniaceae 

Cassia uniflora MillerCaesalpiniaceae 
Cardiospermum 

halicacabum L 
9. Sapindaceae 

0.31 18.75|0.006 0.30 204 |2346 
0.008 0.12 068 0.808 

10. Celosia argentea L._ Amaranthaceae 1. 

Cleome viscosa L. Capparidaceae2 0.13 6.25 
0.38 18.750.008 0.36 204|2.408 

0.004 0.06 
Clitoria ternateal. Fabaceae 

0.063 6.25 068 0.744 Cocculus hirsutus(L.)| Menisprmaceae 
Diels 

13. 

Commelina Commelinaceae 0.13 12.5 0.04 0.12 136 1 484 
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benghalensisL 

Corchorus capsularis L Tiliacese 13 025 18 75 0 005 024 |2042285 
19 18 75 0024 I1204 Corchorus trilocularis| Tilincene 

L 

63 
16 194 

pubescens Cucurbitaceae 125 31 25 001S19 40 
17 Cucurbita 4 605 

Willd 
Cyperaceae 129.8 48 69 375 0496 46 37 408 50 916 Cyperus rohundus L 

Cyperacene 0063 625 0 004 006068 0 744 Cyxanotis discolor 
13.38 I168 87 5 0051 I1 12 952 20 691| 

Digera muricata (L) | Amaranthaceae 

Martt 
20 

I 88 625 0011 75 068 2 441 
Echinochloa colomum | Poaceae 

(L)Link. 
166 10.38 625 0 064 988 6 80 16 744 

Asternceae 

22 Eclipta prostrata (L ) L 

0.75 25.0 0012 0.71 |272 3 442 
Euphorbiaceac 23 Euphorbia hirta L 

24 Euphorbia indica Lam. 

25 

16 0.5 31 25 00060.47 340 3876 
Euphorbiaceae 

3.25 0.81 250 0012 077 272 3 S02 
Euphorbia thyuifolia L. Euphorbiaceae 

0.063 6.25 0.004 0.06 068 0.744 
barberi Fabaceae Indigofera 

Gamb. 
26. 

0.31 18.75 0.006 0.30 204 2.346 

Ipomoea sepiaria Koen. | Convolvulaceae 

Ex Roxb. 

1.6 
27. 

0.13 6.25 0.008 0.12 0.68 0.808 

Malvastrum Malvaceae 
28. 

coromondelianun (L) 

Garcke 5.283 
1.25 0.013 1.19 4.08 

Merimia gangetica (L.) Convolvulaceae 3.33 

Cut. 

37.5 

29. 

0.06 6.250.004005 068 0.734 
0.38 18.75 0.008 0.35 204 2.398 30 Mimosa pudica L._ Mimosaceae_ 

31 Parthenium Asteraceae 2 

hysterophorus L. 
1.66 0.31 18.75 0.006 0.29 2.04 2.336 

Phaseolus aconitifolius| Fabaceae 

Jacq 1.5 31.25 0.018| 142 3 40 4838 
Phyllanthus 
Schum. 

33 amarus| Euphorbiaceae 4.8 

6.75 3.38 50.0 0.026 3.21 544 8.676 
Euphorbiaceae 34 Phylanthus 

maderaspatensis L. 
1.69 31.25 0.021 1.60 340 5.021 
3.56 62.50 0.022 3.39 68010212 
0.75 18.75 0015 071 2.042.765 

0.004 0.06 0.680.744 

Solanaceae 5.4 35 
36Portulaca oleracea L. 

Physalis minima L 
Portulacaceae 5.7 

37 Portulaca quadrifida L. |Portulacaceae 

Rhynchosia minima (L.) Fabaceae 

DC. 

4.0 

0.06 6.25 
38 

2.224 1 0.19 18.75 0.004 0.18 204 
39 Trianthema Aizoaceae 

portulacastrum L 
261.32 104.87 91875 

TOTALS 
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