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The rising trend of citizen science initiatives have immense potential to 
revamp the whole research culture in India. The concept of citizen science is 
nothing but the scientific work undertaken by the public in collaboration 
with scientists and research institutes for creating scientific knowledge. Not 
necessarily scientists or even students of science but anyone with a proclivity 
toward science and with a basic knowledge about data collection can be the 
part of such initiatives. 

The citizen scientists are those who come from all walks of life and age groups 
such as students, teachers, doctors  or bankers involved in diverse scientific 
activities like tracking galaxies, detecting gravitational waves, inspecting 
numerous images from the celestial bodies and discovering new species. Globally, 
citizen science saw a swell with projects such as Einstein at Home, Stardust at 
Home, Moon Zoo and Plant Hunters. The Asian Waterbird Census launched in 
1987 was considered as one of the earliest citizen science initiatives in India. 
Today, in the realm of ecology alone, 25-30 citizen science projects are 
operational, which includes e-Bird India, Big4mapping, Biodiversity Atlas, 
Citizen Sparrow etc. 

The citizen science initiatives in India are exceptional in democratizing science by 
taking it out of the laboratories and into the masses. It not only improves the 
transparency and accessibility of science but also fosters scientific temperament 
among the public at large, particularly among the student community. Their 
transformation from being merely the receivers of scientific information to the 
collaborators in the creation of scientific knowledge triggers a positive impact on 
the scientific research culture of the country. 

So far, the citizen science projects in India are largely confined to the realms 
of life and natural sciences, whereas Social Science and Humanities did not 
receive much attention in this respect. The time is ripe for the diversification 
of such initiatives into other domains as well. 

PPrincipal 
Dr. K. B. Manoj 
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This is an attempt is to analyze the main aspects of the traditional 
methods of teaching as well as modern methods of teaching using 
multimedia and also to try to suggest some useful teaching methods that 
can be attempted in imparting knowledge to the students. The two major 
components of education are sending information and receiving 
information. The concept of teaching includes providing knowledge to the 
students and motivating them with the piece of information contained in 
the lesson being taught to the student. Thus, any communication method 
that serves this purpose without destroying the objective could be 
considered as an innovative method of teaching. The use of innovative 
methods of teaching in educational institutions has the potential not only 
to improve the quality of education but also to empower the new 
generation with ideas and solutions to life.  
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An evaluation of traditional teaching methods 

The Gurukulam was the ancient Indian system of teaching. In the 

Gurukulam system, both the teacher and student stay together and learn 

things. The student goes to the teacher in search of knowledge he requires 

for life. Even princes go and stay with the guru in his residence for 

education which indicates the great importance given to knowledge in 

India from ancient times and later Indians erected universities like 

Nalanda and Thakshasila to bring about innovation in the method of 

teaching.  

When there was a shift from the Gurukulam to the Universities 

there was a shift and alternation in the method of teaching also. In the 

universities, several teachers assembled together and the students from 

various classes came there. Different subjects were handled by different 

teachers which caused the building up of masters in each subject. 

Knowledge was imparted not only from books, but also from the 

experiences of the veteran teachers of each field. According to Nicolaides 

[1], acquiring life-skills and other information should be given due 

importance in the curriculum.  

The teacher is the source, the student is the receiver and the 

knowledge is the message or information being transmitted. In ancient 

days the role of the student was to listen to the words of the teacher. In the 

Gurukulam system or in platonic dialogues we see that the teacher is the 

only one who talks and the students simply listen to it. But later this 

conventional curriculum was subjected to a lot of restructuring or 

reformation and as a result, learning become an interactive process. 
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The use of Sense of humor 

Humor is always considered as a very effective medium for the 

conveyance of ideas. Even veteran film-makers use a humorous environment 

for narration of their stories. Being sensibly humorous is a very big 

achievement. If a teacher has this quality, them he can perform wonders is 

the classrooms. Humor strengthens the relationship between the teacher 

and the student. Humor has the ability to relax the minds of people, 

reduce tensions and thereby create an environment which is more apt for 

learning.  

Linking classes to examples and events 

It would be very useful if the teacher links the topic of study with 

some events to examples familiar to the students. Music, movies, familiar 

from newspapers or some presently relevant issues may be used to link 

with the topic that is being taught by the teachers. This type of linking 

strikes the minds of the students and help them understand, analyse and 

memorize the topic much better. Even difficult theory and formulae can 

be learned and remembered by linking them to interesting examples or 

events. 

Effective use of diagrams and tables 

Using proper diagrams and tables to convey an idea helps the 

teacher to present his ideas in a very effective manner. For example, a 

pie-chart or a bar diagram can convey a comparative study beyond words. 

To teach (a+b)
2
 = a

2
 +2ab +b

2
 , we can identify a square with side a, a 

square with side b and two rectangles with sides a and b inside a square 
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with side (a+b). Computing the composition table for an algebraic system 

[5] makes the student to understand the binary operation more effectively. 

When a composition table is complete, no more methods other than 

inspection is required to check closure property, existence of identity 

element, existence of inverse element or commutativity. A correlation 

between variables is best explained by a rough scatter diagram. We can 

quote numerous examples where the proper use of diagrams and tables 

increase the effectiveness of the ideas being presented in the class. It is 

also a fact that a diagram is remembered much easily than a raw data.   

Z to A approach  

Another useful method of teaching is Z & A approach. Here the 

teacher explains the application of a particular concept first and then 

describe the theory behind it. Knowing about the uses and applications of 

a concept, students would normally be eager to know much about its 

theory. From the viewpoint of students, learning a theory without 

knowing where it has got applications is definitely not interesting. The 

concepts of group theory in mathematics have got many applications in 

chemistry. So, if we first explain the applications of group theory in 

chemistry and then teach the concepts of group theory, it would create a 

much better environment for the students to learn about the ideas of group 

theory. According to Saxena [3], Grabbing a useful tool will be much 

more interesting for a student than acquiring something without knowing 

its use. Making awareness about the use of the information is the best 

method to create eagerness in the students to study. 
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Drawbacks of conventional classroom teaching 

The conventional class room teaching has got many limitations. The 

main limitation is regarding the effectiveness of the class. The lecture is 

based on lecture notes or text books prescribed by the university. There 

are high chances that the information being conveyed become outdated or 

old. Learners have little role in the learning process. They are supposed to 

simply listen to the words of teacher throughout the class, but such one-

way flow of information has always proved to be less effective than 

interactive sessions.  When discussions happen in the classrooms, it 

provides freedom for the learners to ask questions on the topic they learn. 

Generally, the traditional or conventional classroom teaching does not 

provide a chance or freedom for the students to analyze, compare and 

investigate on the topic they learn in the classroom. They may understand 

what is being learned, but perhaps may not believe it. In such cases the 

information or knowledge acquired through education does not become 

an integral part of the student, but it remains a passive data in their mind. 

We should not hesitate to say that such gathering of knowledge is merely 

useless. Education should be capable of developing a better human within 

a student by providing knowledge and refining his/her character. 

Incorporation of knowledge is a challenge  

The process of teaching, Learning and Evaluation have always been 

a challenge. When we face challenges, we need innovative ideas and 

plans to overcome it. The students may forget what they hear, but they 

believe what they see. They understand what they do. The challenge of a 

teacher is to plan the classes in such a way that the knowledge he imparts 
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to the students does not merely become a passive data in the minds of 

students, but they actively accept the information and the knowledge 

becomes an integral part of their life. A society requires experts in all 

fields. So, education should aim to create experts in all fields. The way 

and the quality of education provided to a generation should not fail to 

fulfill this aim. 

Multimedia learning process  

The use of multimedia in teaching and learning is a new-generation 

innovation which has got a lot of benefits and advantages over traditional 

methods. The use of multimedia makes the presentation of facts to appear 

in a different way. The same information orated by the teacher in the 

classroom has got more power when presented through slides in front of 

the students. The use of relevant audio clips, video slips and slides can 

make the class more colourful, attractive and memorable. It almost 

evacuates the boredom from the minds of students for a more attention 

time span, so that they memorize the knowledge imparted better   than 

they do in a traditional lecture class. Thus, the use of multimedia in 

teaching and learning process can compensate for many inadequacies of 

traditional learnings. It can not only make the classes colourful, but also 

increase the interest of the students in attending the classes and increase 

their duration of effectively attending the classes. The use of PowerPoint 

slide presentations definitely makes the classes more structured and 

logical. It also helps the teacher to present all the ideas without losing any 

minute facts with a clear logical flow. 
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Internet and all-knowing Google 

In the present era, knowledge is easily accessible through the 

internet and Google is ready to answer any kind of doubts. The new 

generation students find internet as the easiest and most dependable way 

to find answers to their doubts. But we should be very careful while 

receiving information from the internet. The safety and credibility of the 

data obtained from the internet should be very carefully scrutinized before 

accepting them. The information provided by the internet is so vast that it 

is really a tedious job to select what we need from the information 

obtained. Also, the data and information we get have less credibility that 

those we obtain from standard reference books and journals. But a careful 

selection and use of the internet resources helps very much in teaching 

and learning.    

The benefits of e-contents  

Reading through Mehar [2], we learn that e-learning is an effective 

method relevant in the present Scenario. The information and 

communications technology is rapidly advancing and the education field 

also should be subjected to a lot of changes in order to be in tune with 

the present trends. Today, the learner needs to learn better and faster and 

the teacher should teach vaster and more accurate. The Indian National 

Policy on Education (1986) has laid special emphasis on the special use 

of computer for improving quality of education. 

Electronic content or digital content is defined by those involved in 

creating, providing and distributing information as the digitalized content 
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which is viewed on screen and not on paper. The quality and relevance 

of e-content should be carefully verified and updated so that the students 

shall receive totally apt and latest information. Audios, videos, 

animations, slides and appropriate images or graphics shall be included 

to improve the quality of e-content. In short, a good e-content should be 

authentic, modular, highly interactive structural multimedia enriched 

and easily navigated. Creating good e-content requires more attention 

and efforts from experts in the field of education. In the coming                      

days there are chances that the traditional classrooms may disappear  

and students will acquire knowledge of their own interest through                    

e-learning. 

Virtual classrooms and e-learning 

Like any other field, the field of education is also being subjected to 

tremendous changes. In the coming days there are chances that the 

traditional classrooms may disappear and e-learning is popularized. 

Students can choose what to study, when to study and from where to 

study. The present scenario requires the teachers to be more and more 

competent in their relevant field. If a teacher is an expert and if he has 

created good e-content the he will be much sought after. Creating good e-

content requires more attention and efforts. The online courses and virtual 

classrooms are increasing in a rapid rate so that the traditional classrooms 

may disappear in future.  

Importance of Research 

According to Kothari [4], research is the fountain of knowledge for 

the sake of knowledge and an important source of providing guidelines 
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for solving different business, governmental and social problems. It is a 

sort of formal training which enables one to understand the new 

developments in one’s field in a better way. Research inculcates scientific 

and inductive thinking and it promotes the development of logical habits 

of thinking and organization. The role of research in several fields of 

applied economics, whether related to business or to the economy as a 

whole, has greatly increased in modern times. The increasingly complex 

nature of business and government has focused attention on the use of 

research in solving operational problems. Research, as an aid to economic 

policy, has gained added importance, both for government and business. 

Education should focus on developing a research-oriented generation for 

the future times.  

Conclusion  

Teaching is a challenge. Learning is also a challenge. Evaluation is 

yet another challenge. Combining teaching, learning and evaluation 

effectively is a very big challenge. The advancement of teaching methods 

and tools is essential in the modern age. The teacher is not the only source 

of knowledge today, but one of many sources. So, a teacher should be 

competent enough in all aspects. E-learning and its platforms are being 

more and more popular day by day. So, teachers should adopt more 

innovative ideas and techniques in order to attract the interest of the 

students towards learning.  
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Abstract 
 

Despite, over three decades of systematic expansion of the banking 
infrastructure in the country, it is argued that informal sources of credit 
including usurious money lenders remain important, and often dominant and 
growing sources of credit for rural and agricultural households in the post 
reform period. It is true that the formal credit market in India has grown up 
rapidly since the reforms of 1991 with a variety of financial products. However, 
the informal market continues to be pervasive, catering to diverse credit 
requirements of rural India.  Bank reforms have led private banks to expand in 
the urban areas at the cost of poorer rural areas to ‘skim the cream’ without 
contributing to long-term growth. It was argued that the banking reforms in 
India, did not bring rural banking closer to poor, but to cut it back altogether 
and throw the entire structure of social and development banking over board. In 
this context, we studied the trends and patterns of rural indebtedness in India 
with reference to financial reforms. The analysis of trends and patterns of rural 
indebtedness reveals that the number of indebted households increased 
significantly in the post reform period. More importantly, the number of 
indebted households availing loans from non-institutional source of credit is 
higher than those with institutional source of credit. The increasing indebtedness 
is one of the challenges the rural masses, especially farmers, face in their 
livelihood security and it is a clear indication of the distress of farmers. From 
the discussion in the paper, we arrive at a conclusion that the proportion of 
indebted households is very large with a large share depending on even 
informal sources. It is seen that the debt outstanding has been accumulated over 
the years. The formal credit institutions in rural areas after 1991, showed a 
lethargic attitude towards the provision of credit. There has been a contraction 
in rural banking in general and priority lending to the poor in particular. The 
explicit reversal of the development policy of social banking with the 
implementation of financial liberalization has a drastic and potential disastrous 
effect on the debt portfolios of the income-poor. The study points to the fact that 
the indebtedness has its ramification on the agrarian crisis and the distress 
among the farmers. 
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1.  Introduction 

It is argued that despite strong presence of competitive financial 

institutions like banks and cooperatives in India, the rural farmer 

households depended on informal institutions including private money 

lenders for credit at exorbitant interest rates. In states where both private 

and public sector banks were present, the farmers had to avail loans from 

private money lenders which resulted in increase in rural indebtedness 

due to usurious interest rates charged by the professional money lenders. 

The belief that in the post reform period, formal sector would serve as a 

countervailing force to the exploitative informal credit market, was 

proved to be wrong. Rather competitiveness accentuated credit crunch 

and pushed farmers to the vicious circle of debt by professional money 

lenders in the post reform period. The credit flow to rural sector, especially 

to marginal and small farmers, have declined in the post reform period 

(Nagaraj, 2008). It is generally opined that lack of agricultural credit has 

forced the farmers to depend on informal credit in the post reform period 

resulting in agrarian distress and widespread suicides have become a 

phenomenon in rural India, especially in states where formal bank lending 

to farmers was meager. Many studies argued for a better rural credit 

structure through the expansion of rural institutional credit facilities to 

effectively release the agricultural sector from the clutches of deflation 

and indebtedness under the neo liberal regime (Banerjee, 2009; 

Chandrasekhar and Ghosh, 2004). As pointed out by Narayana (2000), in 

India, bank reforms have led private banks to expand in the urban areas at 

the cost of poorer rural areas to ‘skim the cream’ without contributing to 

long-term growth. Thus, it was argued that the reforms in the banking 
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sector were not attempts to bring rural banking closer to the poor, but to 

cut it back altogether and throw the entire structure of social and 

development banking over board (Shetty, 1997). 

In the recent times, the indebtedness of farmers has been widely 

debated in the context of declining rural credit, especially agricultural credit 

in India.  One of the reasons attributed to the indebtedness of farmers is the 

inadequacy of institutional credit. The dependence on informal money 

lenders (non-institutional sources) at heavy interest rate liability, in the 

absence of adequate provision for institutional credit, makes it difficult to 

repay such debt on time under their distress conditions. The cumulated 

liability with principal and compound interest rate accentuates the debt 

problem and forces them to mortgage or sell their land resulting in losing 

their only means of food security and livelihood asset. In many cases, the 

indebtedness and the inability to repay debt become the major reasons for 

farmer suicides. The post-1991 period could be characterised as period of 

suicides as over 250,000 farmers have ended their lives. More importantly 

between 1995—the year from which occupation-wise classification of 

suicides was available—to 2015, the farmer suicides in India witnessed a 

growth over 60 per cent. Studies that analysed the agricultural situation in 

general and farmers’ suicides in particular, authentically argued that the 

most prominent reason for distress is the indebtedness among rural 

households, especially farmer households (Assadi, 2000; Jeromi, 2007; 

Mishra, 2006; Mohanty, 2005). These studies pointed out that the farmers’ 

average debt holding is higher compared to other rural households. It is 

found that the farmer households, especially households where a member 

had committed suicide, had not received adequate institutional credit 
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(Dandekar et al, 2005). This has led farmers to depend on informal 

financial institutions which pushed them into debt trap (Chavan, 2005a; 

Mohan, 2006; RBI, 2014). Thus, the nature, extent and magnitude of 

indebtedness have serious implications on the agrarian crisis, distress and 

farmer suicides. In the context of increasing distress and suicides among 

farmers in India in the recent period, there are studies both in favour and 

against the success of financial reform policies. One stream of thought 

argues that even after financial liberalisation, the prevalence of incomplete 

information and imperfections in the rural credit market resulted in 

unequal accessibility of credit, indebtedness and distress of rural masses, 

especially farmers (Deshpande et al, 2005).  

In the Indian context, banking reforms in 1991 have produced 

undesirable consequences in the rural economy including the farm sector. 

As a result, by the early 2000's, the term 'financial inclusion' was being 

used in the Indian context to create accessibility for the rural masses to 

banking institutions. In 2004 the Khan Commission, created by 

the Reserve Bank of India, investigated the state of financial inclusion in 

India and laid out a series of recommendations.
 
 In response to the 

expressed concern regarding the exclusion of millions of rural populations 

from the formal financial system, the RBI urged banks to better align their 

existing practices with the objective of financial inclusion in both annual 

and midterm policy statements. The RBI has continued its efforts in 

conjunction with the Government of India to develop banking products, 

craft new regulations, and advocate for financial inclusion. Financial 

inclusion was adopted to extend financial services to those who typically 

lack access to financial sector (Beck et al, 2007). However, the policy of 
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2.  Rural Indebtedness in India 

2.1  Nature and Magnitude of Rural Indebtedness 

The All-India Debt and Investment Surveys by NSSO from 1961 to 

2012 in respect of the number of indebted households, incidence of 

indebtedness and outstanding debt per indebted household in rural areas 

are shown in table 1. The number of indebted households, in absolute 

terms, declined sharply from 43.1 million in 1961 to 31.8 million in 1971 

and further to 18.2 million in 1981. The steep decline during the period 

1961-1981 was due to the inflow of rural credit under social banking and 

nationalization that reduced the dependence of rural households on 

informal credit. Between 1981 and 1991, however, the trend got reversed. 

The number of indebted households increased significantly to 27.2 

million in 1991 and further to 39.2 million in 2003. The incidence of 

indebtedness also increased during this period to 23.4 per cent in 1991 

and 26.5 per cent in 2003.  As per 2012 estimates, the number of rural 

indebted households stands at a very high level of 43.8 million. The share 

of indebted household to total household has also witnessed a rise from 

1991 to 2012. From 23.4 per cent in 1991, it has reached 26.5 per cent in 

2003. But it has reached 31.44 per cent in 2012. The average debt                  

per indebted household also progressively increased from ` 647 in 1961  

to ` 103457 in 2012 in nominal terms (Table 1). The analysis shows  

that rural indebtedness has significantly increased in the post reform 

period. 
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Table 1: Number of Indebted Households and Outstanding Debt per 

Indebted Rural Households 

Year of 
Survey 

Number of 
indebted 
households  
(in Million) 

Incidence of 
Indebtedness 
(IOI) (Indebted 
HHs to Total) 

Average Debt per 
indebted 
household              
(in Rupees) 

1961 43.1 62.8 647 

1971 31.8 41.3 1180 

1981 18.2 19.4 3411 

1991 27.2 23.4 8166 

2003 39.2 26.5 28443 

2012 43.8 31.4 103457 

 Source: All India Debt and Investment Survey (AIDIS), NSSO (Various Rounds) 

The increase in debt burden of the rural households in the post 

reform period is clearer from the analysis of the number of households 

and the outstanding debt between institutional and non-institutional 

sources as given in table 2. It is seen that with the declining total number 

of indebted households from 1971 to 1981 and its reversal from 1991 to 

2002, the number of indebted households from non-institutional sources 

also declined from 1971 to 1981 but increased between 1991 and 2012. It 

shows that the number of borrowing households from institutional 

sources, though increased only from 7.6 million to 8.9 million in 1981, 

significantly rose sharply to 18.2 million in 1991 and further to 19.8 

million in 2003. Though decreased minimally compared to the year 2003, 

it is to be noted that in the decade ending 2012, it stood at the level of 

18.7 per cent. As against this, the number of borrowing households from 

non-institutional sources steeply declined from 24.2 million in 1971 to  

9.3 million in 1981, which, then increased to 11.4 million in 1991 and 

rose sharply to 22.9 million in 2003. And in 2012, it further increased to 
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25.1 per cent (Table 2). What stems from the analysis is that in the context 

of the declining number of institutional indebted households, the indebted 

households from non-institutional sources significantly increased in the post 

1991 period. 

 

Table 2:  Number of Indebted Households & Outstanding Household 

debt from institutional and non-institutional sources 

Credit 
Agency 

Number of Indebted Households 
(in Million) Outstanding Debt (Rs. in Crores) 

Year 1971 1981 1991 2003 2012 1971 1981 1991 2003 2012 

Institutional 
7.6 

(24.0) 

8.9 

(48.8) 

18.2 

(61.5) 

19.8 

(46.4) 

18.7 

(42.69) 

1094 

(31.7) 

3794 

(63.2) 

14215 

(65.2) 

63648 

(57.1) 

563912 

(56.0) 

Non-

Institutional 

24.2 

(76.0) 

9.3 

(51.2) 

11.4 

(38.5) 

22.9 

(53.6) 

25.1 

(57.31) 

2658 

(68.3) 

2399 

(36.8) 

7996 

(30.6) 

47820 

(42.9) 

443073 

(44.0) 

All 

Agencies 

31.8 

(100) 

18.2 

(100) 

29.6 

(100) 

39.2 

(100) 

43.8 

(100) 

3752 

(100) 

6193 

(100) 

22211 

(100) 

111468 

(100) 

1006985 

(100) 

Figures in the brackets indicates percentage to the total  

Source: Calculated from NSSO (various rounds) 
 

The dependence on non-institutional debt is reflected in the 

increased outstanding debt of households from non-institutional sources. 

The percentage share of outstanding debt of households borrowing from 

non-institutional sources in the total outstanding debt, though continued 

to decline up to 1991, however, met with sharp increase in the decades 

ending with 2003 and 2012. The outstanding debt of households 

borrowing from non-institutional sources in terms of percentage to the 

total outstanding debt was considerably higher than that of borrowing 

from institutional sources in 1971, which then declined significantly 

between 1971 and 1991. But after 1991, the trend reversed and the share 

of non-institutional sources has increased to 44 per cent in 2012 from 36 
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per cent in 1991 (table 2). This shows that in the post reform period 

households are forced to depend more on informal sources in the context 

of withdrawal of formal institutions from rural lending. 

2.2  Composition of Sources of Debt 

In table 3, we discuss the composition of different sources of debt 

from institutional and non-institutional sources. It shows that among the 

non-institutional sources, professional moneylenders are in the top 

position. Though the relative share of this category varies over the years, 

their grip over the rural credit market has not declined. According to the 

All-India Rural Credit Survey Committee (1954), the share of non-

institutional sources in the total rural credit was 92.7 per cent in 1951-52. 

The percentage has come down to 68.3 in 1971 (Table 3). This reduction 

in non-institutional sources occurred mainly due to the progress of 

commercial banks and cooperative banks during this period. Further, the 

nationalization of commercial banks and emergence of RRBs widened the 

branch network in rural areas thereby reducing the market share of non-

institutional sources to 36.8 per cent in the decade ending 1991. However, 

it has increased to a high level of 44 per cent in the decade ended-2012. 

The dominance of non-institutional agencies in rural credit market has 

thus remained as a factor to reckon with in the post 1991 period. This is 

also evident from the fact that though the share of formal credit increased 

from 31.7 per cent in 1971 to 66.3 per cent in 1991, the trend reversed to 

decline significantly to reach 56.0 per cent in 2012 (Table 3). In the post 

reform scenario, still around 44 per cent of the rural credit has to be 

sourced from non-institutional sources and as a result the performance of 



Academic Spectrum    Volume XI 
 

22  Centre for Formative and Operational Research, Sree Narayana College, Cherthala   ISSN: 2456-3056          

institutional agencies in rural credit market has attracted a lot of criticism 

from the planners, academicians and researchers.  

Table 3:  Share of Institutional and Non-Institutional Agencies in Rural 

Credit 

 1971 1981 1991 2003 2012 
Government 7.1 3.9 5.7 5.3 1.2 

Cooperatives 22.0 29.9 23.6 27.3 24.8 

Commercial Banks 2.4 28.9 35.2 24.5 25.1 

Others 0.2 0.5 0.7 0.00 4.9 

Institutional Agencies 31.7 63.2 66.3 57.1 56.0 
Landlords 8.1 3.6 3.7 2.2 0.7 

Agricultural moneylenders 23.0 8.3 6.8 8.1 5.0 

Professional moneylenders 13.1 7.8 10.7 21.5 28.2 

Traders and Commission Agents 8.4 3.2 2.2 3.2 0.1 

Relatives and Friends 13.1 8.7 4.6 6.7 8.0 

Others 2.6 5.2 2.6 1.2 1.9 

Non-Institutional Agencies 68.3 36.8 33.7 42.9 44.0 
All Agencies 100.0 100.0 100.0 100.0 100.0 

Source: Compiled from NSSO, AIDIS, Various Rounds.   

Table 3 gives the distribution of outstanding debt of all rural 

households by source of credit. It is seen that the most remarkable 

performance was that of the commercial banks. It appears that the large 

number of branches opened by commercial banks in 1970s and the 

subsequent introduction of social banking policies and priority sector 

lending have helped the commercial banks to assume the role of principal 

credit supplier in rural areas. The share of commercial banks rose to             

35.2 per cent in 1991, after rising sharply to 28.9 per cent in 1981 from a 

meager 2.4 per cent in 1971. However, the post 1991 period witnessed 

declining importance of commercial banks with its share reaching to the low 

level of 25.1 per cent in 2012 from 35.2 per cent in 1991. Regarding 

cooperative banks, the share has gone up to 29.9 per cent in 1981 from 22 
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per cent in 1971. But later it declined to 23.6 per cent in 1991. Though it rose 

to 27.3 per cent in 2003, it got reversed to 24.8 per cent in 2012. On the face 

of the general decline in the institutional sources of banks and cooperatives, 

the non-institutional sources gained momentum with an increase from 33.7 

in 1991 to 44.0 per cent in 2012. Among the non-institutional agencies, the 

most significant increase was for the debt from professional money lenders 

from 10.7 per cent in 1991 to 21.5 per cent in 2003 and further to 28.2 per 

cent in 2012 (Table 3). An interesting point is that the share of the 

Government in the outstanding debt of rural households in recent years 

declined. In 1971, the share of debt from Government was 7.1 per cent. It 

then declined to 3.9 per cent in 1981 though it rose to 5.7 per cent in 1991. 

Though it remained somewhat stagnant during 1991-2003 period, in 2012, it 

reached a very low level of 1.2 per cent (Table 3).  

What emerges is that, as a whole, among the institutional sources, 

the co-operative banks and the commercial banks were the two most 

important categories in the rural sector. These two sources together, 

shared more than 90 per cent of the debt advanced by the institutional 

credit, accounted for 49.9 per cent of the outstanding cash debt, with                  

co-operative societies and banks accounting for a share of 24.8 per cent 

and 25.1 per cent respectively in 2012. However, our analysis shows that, 

in spite of a significant share by cooperatives and commercial banks in 

institutional credit, the gradual increase in the share of formal institutional 

credit in agriculture witnessed some reversal during 1991-2012, mainly 

because of a pull back by commercial banks. This disquieting trend is, in 

part, due to a contraction in rural branch network in the 1990s, and in part 
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due to the general rigidities in procedures and systems of institutional 

sources of credit (Subbarao, 2012).  

Against the decline in institutional sources, the non-institutional 

sources emerged to substitute the credit supply. Though the combined 

share of all the non-institutional credit agencies in the outstanding cash 

debt of rural households recorded a sharp decline of 32 percentage points 

during 1971-81 period, it got arrested in the 1980s with its level increased 

to 43 per cent in 2003 and further to 44 per cent in 2012. One important 

feature is the steep decline of agricultural money lenders whose overall 

share became 5 per cent in 2012 from about 23 per cent in 1971. Against 

this, the share of professional money lenders has jumped to about 21.5 per 

cent in 2003 and further to 25 per cent in 2012, after registering a fall to 8 

per cent in 1981 from a high level of 14 per cent in 1971. The share of 

‘Relatives and friends’ appears to be gradually losing their importance as 

a source of credit. From 14 per cent in 1971, their share fell to 9 per cent 

in 1981, and dipped further down to about 4.6 per cent in 1991. Though 

this category increased subsequently to 8 per cent in 2012, it remained 

well below the level in 1971. In general, among the non-institutional 

sources, professional money lenders were the main source of rural debt. A 

major reason for the increase in the overall household debt and the 

increase in the share of households is indebted to non-institutional sources 

between 1991 and 2012, especially professional money lenders. Having 

established the fact that post reform period witnessed increase in the 

dependence of households on non-institutional sources, we now turn to 

analyse the rural indebtedness between the urban and rural households.    
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2.3  Rural Indebtedness: Back to Money Lenders–Financial Reform 
Questioned 
The analysis of institutional lending to agriculture proved that 

reforms have failed to accelerate credit flow to the rural households. This is 

reflected in the changes in the composition of borrowing in rural areas 

since 1991. The data on the sources of credit reveals that the debt of 

households is on the rise with a significant amount emerging from the non-

institution (informal) sources. The relative share of institutional sources of 

credit declined from 66.3 per cent in 1991 to 56 per cent in 2012. The 

amount of rural credit from institutional sources is not impressive. 

However, when we compare the composition of the sources of credit for 

rural areas and urban areas, the contrast is striking since there is a sharp 

increase in the share of institutional agencies for the urban sector as 

compared to rural India. It is seen from table 4 that the share of institutional 

credit in the urban areas has witnessed a substantial increase from 62. 6 per 

cent in 1991 to 84.5 per cent in 2012. The conclusion is that though 

institutional sources of credit increased, its role is prominent in urban areas 

when compared to rural sector. 

Table 4: Share of institutional and non-institutional sources in cash 

borrowings (in per cent)  

Agency Rural Urban 
1991 2003 2012 1991 2003 2012 

Institutional Agencies 66.3 57.1 56.0 62.6 75.7 84.5 
Co-operative societies/bank 25.7 28 24.8 21.9 22 18.0 

Commercial banks 20.7 22.7 25.1 16.3 30.6 57.1 

Non-institutional agencies 33.7 42.9 44.0 37.4 24.3 15.5 
Land lord 3.9 0.6 0.7 0.3 0.2 0.1 

Agricultural Money lender 8.1 9.6 5.0 0.6 0.6 0.1 

Professional money lender 13.3 20.6 28.2 14 13.3 10.6 

Note: Subcategories will not be added to total since only main items are reported 

Source: NSSO, All India Debt and Investment Survey (AIDIS), NSS 59
th
 Round, 70

th
 round 
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The prominent bias of institutional credit to urban area is reflected 

in the heavy dependence of non-institutional sources by the rural sector. 

While the share of non-institutional credit has increased from 42.3 percent 

in 1991 to 44 percent in 2012, in the urban areas, non-institutional credit 

witnessed tremendous decline from 37.4 percent to 15.5 percent in 2012. 

The dependence on non-institutional sources by the rural sector becomes 

more disappointing when we examine the composition of non-

institutional sources of debt in rural sector. Regarding non-institutional 

credit (informal credit) it is seen that the share of professional money 

lenders in the rural sector has increased from 13.3 per cent in 1991 to 20.6 

in 2003 and 28.6 per cent in 2012. On the other hand, in the urban sector, 

it has declined from 14 per cent in 1991 to 10.6 percent in 2012. On the 

aggregate, while the share of informal credit has increased only 

marginally from 42.9 per cent in 1991 to 44 per cent in 2012, its share has 

gone down sharply in the urban sector (Table 4). The increase in non-

institutional credit in rural areas is thus contributed solely by the increase 

in professional money lenders. This suggests that in the rural credit 

scenario, the domination of non-institutional credit dominates with 

professional money lenders as an important source of rural households. 

The excessive dependence on professional money lenders, who generally 

lend at exorbitant interest rates, is a serious concern in the post reform 

period. The analysis lends credence to the fact that post financial reform 

period paves way to the re-emergence of the professional money lenders, 

which goes against the theoretical argument of financial liberalization that 

informal credit will wither away by eliminating the credit constraints and 

imperfections in the credit market. Now to shed light on whether the 
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increase in non-institutional sources is applicable generally in all areas of the 

country, we now attempt to study the inter-state variation in indebtedness 

from both formal and informal sources among rural households. 

2.4  Incidence of Indebtedness across States 

Table 5: Incidence of indebtedness (IOI) of rural households as to institutional 

and non-institutional credit agencies for selected states in 2012 

States Institutional Sources Non-institutional Sources 
Andhra Pradesh 35.2 32.2 

Assam 4.4 5.9 

Bihar 5.6 25.3 

Chhattisgarh 6.7 8.9 

Gujarat 14.6 13.0 

Harayana 13.2 14.8 

Jharkhand 6.1 13.4 

Karnataka 26.7 29.7 

Kerala 43.0 15.0 

Madhya Pradesh 11.0 15.6 

Maharashtra 24.4 11.6 

Odisha 15.4 14.4 

Punjab 15.4 22.3 

Rajasthan 13.2 29.1 

Tamil Nadu 26.6 21.3 

Telengana 38.9 38.6 

Uttar Pradesh 12.9 19.5 

West Bengal 13.2 13.0 

all-India 17.2 19.0 
Source: NSSO, AIDIS, 70th Round 

The Incidence of Indebtedness (IOI) measures the share of 

households indebted in total households. Table 5 gives the inter-state 

variation in indebtedness according institutional and non-institutional sources 

in rural areas. It is seen that except in Assam and Chattisgarh, in all other 

states, the incidence of indebtedness from informal sources is above                    

10 percent. IOI was more widespread in states like Andhra Pradesh, Uttar 

Pradesh, Telengana, Rajastan, Punjab, Bihar and Karnataka than the others. 
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In these states, the value of IOI ranged above, between 19.5 to                  

38.6 percent with Uttar Pradesh showing 19.5 percent and Telengana   

38.6 percent. In all these southern states, except Kerala, IOI for non-

institutional agencies varied in the range of 21 per cent to 39 per cent, 

while the all-India figure was 19 per cent. For non-institutional sources, 8 

states reported higher IOI than the national average (for rural areas), 

whereas for states like Assam and Chhattisgarh it was much less than the 

said national average. Another interesting observation is that except 

Kerala, Maharashtra and Tamil Nadu, for all other states the incidence of 

indebtedness from non-institutional agencies is either close to or much 

higher than the incidence of indebtedness from institutional agencies.  

Table 6:  Percentage share of institutional and non-institutional agencies 

in outstanding cash debt for selected states 

States Rural Urban 
1981 1991 2003 2012 1981 1991 2003 2012 

Andhra Pradesh 41 34 27 42 26 53 60 69 

Assam 31 66 58 72 77 97 83 89 

Bihar 47 73 37 22 61 67 65 71 

Chhattisgarh - - 85 66 - - 86 93 

Gujarat 70 75 67 64 86 59 74 92 

Haryana 76 73 50 52 66 81 56 94 

Jharkhand - - 71 51 - - 91 83 

Karnataka 78 78 67 50 54 85 83 73 

Kerala 79 92 81 78 77 75 83 89 

Madhya Pradesh 66 73 59 52 72 70 84 86 

Maharashtra 86 82 85 73 65 78 91 96 

Odisha 81 80 74 57 83 83 93 96 

Punjab 74 79 56 64 61 59 76 81 

Rajasthan 41 40 34 31 47 78 52 59 

Tamil Nadu 44 58 47 62 56 71 59 78 

Uttar Pradesh 55 69 56 57 59 65 58 90 

West Bengal 66 82 68 51 55 74 75 87 

all-India 61 64 57 56 60 72 75 85 
Source: NSSO, AIDIS, 37th, 48th, 59th and 70th rounds 
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The role of the institutional agencies, as judged from their share in 

the outstanding cash dues, varied from state to state as given in table 6. A 

snapshot of this variation in 2012 shows that in the rural areas, 

institutional credit agencies accounted for 70 per cent or more of the 

“total cash due” (TCD) in Assam (72 per cent), Maharashtra (73 per cent), 

Kerala (78 per cent). In the urban areas, the share of institutional agencies 

had been 70 per cent or more of the “total cash due” for all states except 

Andhra Pradesh and Rajasthan. Among them, the share was 90 per cent or 

more in six states (Chhattisgarh, Gujarat, Haryana, Maharashtra, Odisha 

and Uttar Pradesh). In contrast, not even 50 per cent of the debt was 

contracted through the institutional credit agencies in the rural areas of 

Andhra Pradesh (42 per cent), Telangana (32 per cent), Rajasthan (31per 

cent) and Bihar (22 per cent). In the urban areas, however, the least share 

of institutional agencies was recorded (59 per cent) in Rajasthan.   

During the period 1971 to 2012, the states do not reveal any 

uniform pattern in the share of institutional agencies in total debt. 

Compared to 2003, the picture had changed in some of the selected states. 

Of the 18 states in the rural, as many as 11 have shown a fall in the share 

of institutional agencies; notable among them are Bihar, Chhattisgarh, 

Jharkhand, Karnataka, Odisha, and West Bengal where the fall in 

percentage share from 2003 to 2012 values had been more than 15 

percentage points. On the other hand, in urban areas, all states (other than 

Jharkhand and Karnataka) had registered a rise in the share in institutional 

sources. The urban bias in the lending of banks is clear from this analysis. 

The rural indebtedness and its concentration among non-institutional 

sources are thus not surprising. The rural indebtedness in India also 
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reflects in the incidence of indebtedness of farmers from non-institutional 

sources as discussed in the next section. 

2.5 Incidence of Indebtedness of Farmers 

Table 7:  Incidence of Indebtedness (IOI) of rural cultivators from non-

institutional sources 

Year Incidence of debt (IOD) 
1971 46.1 

1981 22.3 

1991 25.9 

2003 57.2 

2012 45.9 

Source: All India Debt and Investment Survey, AIDIS, Various Rounds 

The agricultural indebtedness has historically been pointed out and 

debated by many scholars in India. The Deccan Riots Commission (1878) 

and the Famine Commission (1880) reported that one-third of the land 

holders were in deep debt. It was specifically noted by the Famine 

Commission that more than 80 per cent of the farmers were under debt trap. 

The Deccan Riots was the revolt of the Maharashtra peasants conducted 

in areas of Pune, Satara, and Ahmednagar districts against the acute 

agrarian distress of farmers in 1875. The revolt was particularly against 

the debt trap created by money lenders. Even in the post-independence 

period, the problem of the debt of farmers was existing. The measures like 

nationalization, norms of priority sector lending etc. introduced during 

1970s and early 1980s to increase the accessibility of rural credit, resulted 

in the reduction in the incidence of indebtedness of farmers in the country 

as evident from table 7. The proportion of indebted cultivators has come 

down from 46.1 per cent in 1971 to 22.3 per cent in 1981. However, the 
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1980s witnessed a reversal in the indebtedness with its level reaching 25.9 

per cent on 1991. Though banking reforms were introduced in 1991 to 

ensure credit flow to agriculture from the formal credit institutions, the 

proportion of indebted farmers alarmingly increased to reach 57.2 per cent 

in 2003. Even in 2012, its share is as high as 45.94 per cent (Table 7).  

3.  Conclusion 

Financial Liberalisation creates new institutional structure which is 

market oriented and driven on profitability. Despite over three decades of 

systematic expansion of the banking infrastructure in the country, the study 

indicates that the informal sources of credit—including  usurious money 

lenders—remain important, and often dominant and growing sources of 

credit for rural and agricultural households in the post reform period. The 

increasing indebtedness is one of the challenges rural population, especially 

farmers, face in their livelihood security and it is a clear indication of the 

distress of farmers. From the discussion we have carried out, we arrive at a 

conclusion that the proportion of indebted households is very large with a 

large share depending on even informal sources. It is seen that the debt 

outstanding has been accumulated over the years.  

It is true that the formal credit market in India has grown up rapidly 

since the reforms of 1991 with a variety of financial products. However, 

the informal market continues to be pervasive, catering to diverse credit 

requirements of rural India.  The formal credit institutions in the rural 

areas, after 1991, showed a lethargic attitude towards the provision of 

credit. There has been a contraction in rural banking in general and 

priority lending to the poor in particular. The explicit reversal of the 
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development policy of social banking with the implementation of 

financial liberalisation has a drastic and potential disastrous effect on the 

debt portfolios of the income-poor. As the formal sector withdraws, the 

informal sector ushers in to occupy the space it had vacated. The formal 

sector dominated by banks, does not provide sufficient finance as the 

rural masses are generally the landless, devoid of any collateral to offer. 

As a consequence, the informal credit filled the gap in this demand-

supply mismatch. The comparative advantages the informal sector enjoys 

in terms of information gathering, transaction costs, risk management etc., 

might have given them a distinct edge over the formal sector in rural 

areas. The shrink in formal credit forced the farmers to borrow from 

private money lenders at usurious interest rates and become heavily 

indebted. This argument suggests a scope to study the interaction between 

financial liberalisation with declining agricultural credit, rising rural 

indebtedness and suicides of farmers to shed light on the economic 

context within which the rural credit market in the country operate.  
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Abstract 
 

Mathematics is called the queen of sciences, because no science can exist 
on its own without the support of mathematics. The scientific explanation 
of any theory may trace its roots to some branch of mathematics. A 
complete survey of applications of mathematics in other branches of 
science may require more than a human lifespan. Here, my attempt is to 
discuss some applications of algebraic methods and algebraic structures 
in some branches of science. Any field of mathematics involve its own 
special algebraic structures. Therefore, the study of algebraic structures 
is important in the study of any special branch of mathematics.  
 
 

 

Introduction 

The name “algebra” comes from the title of the book Hisab al-jabr 

w’al-muqabala by Abu Ja’far Muhammad ibn Musa Al-Khwarizmi, a 

Persian mathematician who lived in Baghdad early in the Islamic era. He 

was interested in solving various algebraic equations and his method 

involves applying a transformation to the equation to put it into a standard 

form for which the solution method is known. Algebra may be broadly 

classified into two: Linear Algebra and Abstract Algebra. Both the 
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branches are equally important and has a lot of applications in many other 

areas.  

The study of Algebra involves the study of structures on sets.  A set 

is a well-defined collection of objects. A structure consists of one or more 

binary operations on the set, which obey certain rules, also called axioms. 

Addition is an example of a binary operation. There are a lot of basic 

algebraic structures such as monoid, semi group, group, ring, field, 

modules and vector spaces. Apart from this, a lot of algebraic structures 

are being defined based on these structures to fulfil particular needs from 

time to time. A clear understanding of algebraic structures requires 

understanding the basic facts and peculiarities of the domain in which we 

are working. For example, we cannot factor x
2
 + 1 in the field of reals but 

can be factorised in the field of complex numbers as x
2
 + 1 = (x - i)(x + i) 

where  i
2
 = -1. 

Algebra as a solution provider 

Almost all sciences use algebraic methods to obtain solutions to 

various types of problems, which occur in their way. For this reason, a 

strong base of mathematics is essential for the study of any branch of 

science. The problems related to distance and time in physics are solved 

using algebraic methods. The velocity and acceleration of a particle are 

represented by vectors in 3-dimensional Euclidean space R
3
. The eigenvalues 

of a matrix are determined by solving the characteristic equation of the 

matrix, which has a lot of applications in spectral analysis. Similarly, 

chemistry and computer science use algebraic methods excessively for 

solving various types of problems. 
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As an example, we may consider the determination of the number of 

atoms in a chemical equation. 

_KMnO4 + _HCl → _MnCl2 + _KCl + _Cl2 + _H2O 

Initially, we supply alphabets as the number of variables. 

aKMnO4 + bHCl → cMnCl2 + dKCl + eCl2 + fH2O 

The law of Conservation of Mass tells us that the total number of 

atoms of each element must be the same on both sides. Thus, we can 

write algebraic rules for each element as follows: 

K: a = d, Mn: a = c, O: 4a = f, H: b = 2f, Cl: b = 2c + d + 2e 

Solving the equations algebraically and substituting the values in 

the equation we get  

2KMnO4 + 16HCl → 2MnCl2 + 2KCl + 5Cl2 + 8H2O 

Sometimes, we may also require the rules of relevant branches of 

science in solving an algebraic equation. Consider the example of an 

equation which uses the principle of conservation of charges:  _IO3 + _I
–

 + _H
+
 → _I2 + _H2O 

Since oxygen appears once on each side of the equation we 

write ‘a’ in front of IO3 and 3a in front of H2O:  aIO3 + _I
–
 + _H

+
 → 

_I2 + 3aH2O 

Hydrogen also appears once on each side of the equation, and if there 

is 3a in H2O, there must be 6a H
+
 ions on the LHS: aIO3 + _I

–
 + 6aH

+
 → 

_I2 + 3aH2O 
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Now we consider iodine. If we put b in front of I2 on the RHS, then 

the total number of atoms of iodine on the RHS is 2b and the total number 

of iodine atoms on the LHS (applying the Conservation of Mass) must 

be 2b -a (a being the number of atoms present in IO3): 

aIO3 + 2b-aI
–
 + 6aH

+
 → bI2 + 3aH2O 

By the principle of the Conservation of Charge, since the RHS has 

no net charge, the LHS also must have no net charge. That means that the 

coefficient in front of I
–
 and H

+
 must be equal. Thus we get 2b-a = 6a, 

2b = 7a, hence a = 2 and b = 7. Substituting these values gives the 

balanced equation:  2IO3 + 12I
–
 + 12H

+
 → 7I2 + 6H2O 

Application of algebraic structures 

  Algebraic structures have a lot of applications in other sciences. 

Among these, Groups are of prime importance. A Group [1] is a set 

together with an associative binary operation containing the identity 

element and inverses of each element. If the elements commute with 

respect to the operation, then it is called an abelian group and if all 

elements can be obtained by repeated application of a single element to 

itself, it is called a cyclic group.  Almost all structures in abstract algebra 

may be considered as special cases of groups. For example, Rings [1] can 

be viewed as abelian groups with respect to addition, together with a 

second operation multiplication. A Field [1] is an additive abelian group, 

while the non-zero elements of a field form a multiplicative group. Even 

a Vector space [1] is an abelian group, with the operation being addition. 

A Point Group describes all the symmetry operations that can be 

performed on a molecule that results in a conformation indistinguishable 
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from the original. Point groups are used to determine properties such as a 

molecule's molecular orbitals. There are only two one-dimensional point 

groups, the identity group and the reflection group.  

The concept of symmetry is very important in researches related to 

chemistry, physics and biology. Symmetry and asymmetry directly affect 

how molecules respond to light waves, form bonds and operate biologically. 

Group theory can provide methods to determine how symmetry of a 

molecule is related to physical properties of molecules, such as energy levels 

of the orbitals, transitions between energy levels and even details of 

bonds. The Cayley's Theorem [1] states that every group is the subgroup 

of some Symmetry group. That is, every group is a permutation group. 

This motivated the study of algebraic combinatorics. Group actions [2] 

are used to study symmetries or automorphisms of mathematical objects. 

Informally, a group action is a dynamical process on an object, which 

partitions its members into sets which we call orbits. The study of the 

structure and quantity of these orbits yields important combinatorial 

results. The Dihedral group is the automorphism group of the Cycle 

graph. A permutation is a one-to-one, onto function defined from a set A 

to itself. A permutation is actually a rearrangement of the elements. It is 

proved that the set of all permutations defined on a set forms a group, 

called the permutation group. There are n! permutations defined on a set 

of n elements forming the symmetric group Sn.  

For example, if a set A has three elements, say A = {1, 2, 3} then there 

are 3! =6 permutations. They are  �1 2 3
1 2 3�,  �1 2 3

1 3 2�, �1 2 3
2 1 3�, 
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 �1 2 3
2 3 1�, �1 2 3

3 1 2� and  �1 2 3
3 2 1� among which �1 2 3

1 2 3� is the 

identity element. The Collection of these six elements is known as the 

group of symmetries of a triangle.  

Symmetry has a very big role in the study of molecular chemistry. 

The identity operation (E) is leaving the molecule as it is. This is 

equivalent to any number of full rotations around any axis. Rotation 

around an axis (Cn) consists of rotating the molecule around a specific 

axis by a specific angle. For example, if a water molecule is rotated 180° 

around the axis, it is in the same configuration as it started. Other 

symmetry operations are: reflection, inversion and improper rotation 

(rotation followed by reflection). A symmetrical molecule is one whose 

appearance does not change if you turn it about an axis of symmetry. i.e., 

original and rotated states are indistinguishable from one another.  

Symmetry was studied mathematically with reference to crystal 

symmetry. If you rotate a crystal by certain angles about certain axes, or 

reflect it in certain planes, you find equivalent faces in equivalent places. 

The branch Spatial symmetry, [7] deals with operations that keep one 

point fixed, which constitute point groups. The collection of symmetry 

operations, form a group. For example, the Ammonia molecule (NH3) is 

composed of one nitrogen atom and three hydrogen atoms, has 

C3v symmetry (which is isomorphic to the symmetric group S3 of 6 

elements) and all of the properties contained in the C3v character table are 

relevant to an ammonia molecule. It is also estimated that the ammonia 

molecule has 6 vibrational transitions. Let us suppose that symmetry 

elements of ammonia molecule are E, C3, C3
2
, σ, σ', σ". If we denote the 
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original symmetry plane by σ, then rotations carry this plane into equivalent 

symmetry planes σ' and σ". A general point P is carried into the other two 

solid points by rotations, and into the open points by reflections in the three 

symmetry planes. Now, we may consider interactions between the rotations 

and reflections in this group. Suppose we reflect P in σ, then rotate 

clockwise by C3, and finally reflect again in σ. The result is the same as 

rotating anticlockwise by C3
2
. Algebraically, we can write σ

-1
 C3σ = C3

2
. 

The associated members of a group form a class. The members of same class 

are similar in nature. The algebraic approaches of quantum chemistry mainly 

use two alternative algebraic structures: the fundamental group of reaction 

mechanisms, based on the energy-dependent topology of potential energy 

surfaces, and the interrelations among point symmetry groups for various 

distorted nuclear arrangements of molecules. These two, distinct algebraic 

structures provide interesting interrelations, which can be exploited in actual 

studies of molecular conformational and reaction processes. 

In theoretical organic chemistry, the algebraic structure count is 

introduced as the difference between the number of even and odd Kekule 

structures (named after the famous German organic chemist August 

Kekule) [7] of a conjugated molecule. Precisely, algebraic structure count 

(ASC-value) of the bipartite graph G corresponding to the skeleton of a 

conjugated hydrocarbon is defined using the adjacency matrix of G. In the 

case of bipartite planar graphs containing only circuits of the length of 

the form 4s+2 (s=1,2,...) (the case of benzenoid hydrocarbons), this 

number is equal to the number of the perfect matchings (K-value) of G. 

There are algebraic formulae due to a Serbian chemist and 

mathematician, Ivan Gutman, for finding the algebraic structure count. 
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The recurrence formula for the number of perfect matchings is given by 

K{G}=K{G−e}+K{G−(e)} where (G−e is the subgraph obtained from the 

graph G by deleting the edge e and G−(e) is the subgraph obtained 

from G by deleting both the edge e and its terminal vertices).  

The Role of Algebra in Physics 

Researchers in Physics use group representations [4] to obtain 

information from symmetries. Representations of a group are in some 

sense a concrete realization of the group in the form of matrices acting on 

a vector space. It allows certain members of the space to be created that 

are symmetrical, and which can be classified by their symmetry. It is 

found that all the observed spectroscopic states of atoms and molecules 

correspond to such symmetrical functions, and can be classified 

accordingly. Vector spaces, as an abstract algebraic structure, was first 

defined by the Italian mathematician Giuseppe Peano in 1888. The 

importance of vector spaces is that nearly everything in mathematical 

modeling is a vector in one way or another, and frequently the vector 

space operations are to be applied. A Vector space (also called a linear 

space) is a collection of objects called vectors, which may be added 

together and multiplied by scalars. The operations of vector addition and 

scalar multiplication must satisfy the specified axioms. A subspace is 

a vector space inside a vector space. A plane through the origin of R
3 

forms a subspace of R
3
. This is evident geometrically as follows: Let W 

be any plane through the origin and let u and v be any vectors in W other 

than the zero vector. Then u + v must lie in W because it is the diagonal 

of the parallelogram determined by u and v, and ku must lie in W for any 
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scalar k because ku lies on a line through u. Thus, W is closed under 

addition and scalar multiplication, so it is a subspace of R
3
. 

Let us now generate some representations of the group. We can set 

up rectangular coordinates x,y,z, perhaps with z along the symmetry axis 

and x along one of the symmetry planes, with y making a right-handed 

system. Then point P can be expressed as (x,y,z). Any symmetry operation 

will take these coordinates into (x',y',z') which are linear functions of the 

original coordinates. Explicitly, the transformation can be expressed as 3 x 3 

matrices acting on 3-dimensional column vectors. There will be six matrices, 

and E will correspond to the identity matrix. The matrices are easily found 

from the formulas for rotation of coordinates. We notice that z is not 

affected. It is multiplied by 1 in each transformation and the values of x,y are 

never mixed in. Therefore, z is the basis of a representation all by itself, the 

unit representation where each member corresponds to 1. The values of x 

and y do get mixed under the transformations, and it is easy to see that no 

choice of coordinates could ever change this. They form the basis of a two-

dimensional matrix representation. The representation in terms of (x,y,z) is 

said to be reducible to the two smaller representations, and each of these 

is irreducible to smaller representations. It is the irreducible representations 

that give the essential information and a 1-dimensional representation is 

naturally irreducible. 

Any representation changes its explicit form if we make a different 

choice of basis. Choosing a different basis is a linear transformation                 

y = Ax, under which the matrices R of a representation change into                

R' = A
-1

RA. This is called a similarity transformation [6]. The diagonal 
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sum or trace of the matrix R is invariant under such a transformation and 

this trace is called the character of the member in the representation. If the 

characters of two representations are the same, then the representations 

are equivalent and two equivalent representations differ only in the choice 

of basis functions used to express them explicitly. 

The characters of matrices representing the members of a class will 

be the same, as we know that the members of a class are related by 

similarity transformations. The number of irreducible representations of a 

group is equal to the number of classes. We can construct tables showing 

the characters of its irreducible representations. As an example, the states 

of an isolated atom are classified by the total angular momentum J, and 

belong to irreducible representations of the rotation group in three 

dimensions with dimension 2J + 1. As long as there is spherical 

symmetry, all these states have exactly the same energy. When a 

magnetic field is applied, then the 2J + 1 levels now acquire different 

energies, and Group theory can determine these states in advance. 

The electric dipole moment is a vector, and corresponds to the 

irreducible representation J = 1 of the rotation group. Operating on a state of 

angular momentum J, it gives representations corresponding to J + 1, J, and J 

- 1. The other state involved must have one of these values of J, or the result 

will not contain the unit representation J = 0. Therefore, we have the 

selection rule that J changes only by ±1 or 0 in an electric dipole transition. 

Lie groups [3] were introduced to model the continuous symmetries 

of differential equations, in the same way that finite groups are used 

in Galois theory [1] to model the discrete symmetries of algebraic 
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equations. A Continuous group is a group having continuous group 

operations. The rotation group O3 is an example of a continuous group. 

For O3, we could use the two angles specifying the orientation of the axis 

of rotation, and the angle of rotation about this axis. 

Angular momentum operators Jx, Jy and Jz satisfy the relation [Jx, Jy] 

= iJz, where the [] is the commutator of the two operators: [a,b] = ab - ba. 

The J operators form a Lie Algebra closed under the [] operation. The 

members of O3, are the generators of the group in the sense that D(α) = (1 

+ iαJz) is the operator for a rotation through an infinitesimal angle α about 

the z-axis. A finite rotation can be expressed as D(α) = exp(iαJz). The Lie 

algebra expresses the structure of the group in a concise and usable form. 

The conservation of angular momentum is a consequence of the 

O3 symmetry. In general, any continuous symmetry may be considered to 

be associated with a conservation law. Linear momentum is similarly 

related to symmetry under displacement of the system in space, and 

energy to displacement in time. Finite symmetries are not associated with 

conserved quantities. Two important symmetries in quantum mechanics 

are inversion symmetry or parity, and time reversal symmetry.  

Applications of Algebra in Computer science  

Discrete mathematics [9] and Boolean Algebra [8] form the 

foundation for Computer science and coding theory. Finite groups are 

used based on multiplication of integers in asymmetric encryption 

schemes [3] such as RSA (Rivest-Shamir-Adleman - algorithm used by 

modern computers to encrypt and decrypt messages) in cryptography. The 

error correction codes [3] like Reed-Solomon codes and Chinese 
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remainder codes use the ideas of Rings and Ideals. Algebraic concepts 

and structures are used in algorithms and functions [5] in computer 

programming. For example, when the “%” remainder function is used, we 

are considering a cyclic group with respect to modulo operation.    

Finite fields, especially Galois fields play a very important role in 

Computer science. A field F is an algebraic system with two operations, 

namely addition and multiplication. A field K is said to be an Extension Field 

of a field F, if F is a sub-field of K. For example, the field of Complex 

Numbers is an extension of the field of Real Numbers. A theorem due to 

Kronecker [1] states that if F is a field and let f(x) is a non-constant 

polynomial in F[x], then there is an extension field E of F and an element α 

in E such that f (α) = 0. If we have a finite field and an irreducible 

polynomial over the field, then we can construct a finite field using the root 

of the irreducible polynomial lying in an extension field. For example, p(x) = 

x
2
+x+1 is irreducible over Z2. Then there is an extension field E of Z2 

containing a zero α of p(x). Then Z2(α)={b0+b1α /bi ∈ Z2}. That is, Z2(α)={0, 

1, α, 1+α}. Thus, we have a new finite field of four elements. The field of 

Complex numbers is algebraically closed. That is every non-constant 

polynomial f(x) in C[x] has a zero in C. We can construct a polynomial with 

real coefficients (for example p(x) = x
2
+1) having no zero in R. But this is 

impossible in C. In other words, C may be considered as complete or perfect. 

Algebraic structures like semigroups and monoids are used excessively 

in automata theory and coding theory. Cayley Graphs [2] are used in 

designing communication architectures for parallel and distributed 

computation, in which each vertex represents a separate processor and 

each edge represents a communication link between two processors. 
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Maximization of the number of processors, given a fixed number of links 

per processor, finding effective transmission schemes that minimize traffic 

congestion are typical research topics. Polya enumeration theory [3] studies 

the number of distinct colourings or automorphisms of groups such as 

rotations of 3D objects. Constraint satisfaction problems involving 

homomorphisms of relational structures arise frequently in artificial 

intelligence which are solved using algebraic techniques. 

Algebra and algebraic geometry are the basis of nearly all modern 

cryptographic works. Data mining theory uses mappings between 

monoids and semiring structures. Grobner Basis to solve simultaneous 

multivariable polynomial equations use the theory of Rings and Ideals. 

Another important abstract structure used in computer science is lattice[8], 

consisting of a partially ordered set in which every two elements have a 

unique supremum (also called a least upper bound or join) and a 

unique infimum (also called a greatest lower bound or meet). The set 

of  natural numbers is an example of lattice, partially ordered by divisibility, 

for which the unique supremum is the least common multiple and the unique 

infimum is the greatest common divisor. Lattices can also be characterized 

as algebraic structures satisfying certain axiomatic identities. Because meet 

and join both commute and associate, a lattice can be viewed as consisting of 

two commutative semigroups. Lattice theory was mixed with Topology to 

develop continuous lattices, which are continuous as posits and formed the 

foundations for Denotational Semantics, which is an approach of 

formalizing the meanings of programming languages by constructing 

mathematical objects (called denotations) that describe the meanings of 

expressions from the languages. 
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Conclusion 

Algebra, in all its forms, is used excessively in numerous branches 

of science. Apart from the areas discussed here, Algebra has applications 

in Economics, Commerce, Molecular biology, Botany, Zoology, Geology, 

Information Technology and a lot of other sciences. It may not be an 

exaggeration to say that Algebra provides a strong foundation to almost 

all the sciences. This relevance may be the reason for considering 

mathematics as the crest of peacock among sciences in ancient India. 
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Abstract 
 

The pseudostem of banana is usually treated as crop waste after 
harvesting the fruit. The present study is aimed to explore the nutritional 
information of pseudostem of two popular banana cultivars from Kerala 
viz. Red banana (AAA) and Rasakadali (AB). The biochemical estimation 
of the total carbohydrates, protein, dietary fibre, the total phenolics and 
the mineral analysis of the two cultivars were carried out. The results 
showed that Red banana contained the maximum amount of dietary fiber 
(96.06 ± 4.5) and phenolic compounds (46.23 ±2.5), while Rasakadali 
showed the maximum amount of carbohydrate (70 ± 3.5) when compared 
to that of Red banana (29 ± 2.8). The protein content was similar in both 
varieties. Mineral analysis showed that, the Sodium concentration in the 
sample was higher than the concentration of other elements. The 
maximum concentration of sodium was there in Rasakadali (600±25.6 
mg/100g) and the minimum in Red banana (400±18.9 mg/100g). 
Potassium, Calcium and Magnesium contents were significantly higher in 
Rasakadali than those of Red banana. Iron and Zinc contents were 
significantly higher in Red banana. The study also indicates the 
significance of genetic diversity for the identification of the best cultivar 
and its potential application.  

Keywords:  Banana Pseudostem, Red banana, Rasakadali, Biochemical 

analysis, Mineral analysis. 
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1.  Introduction 

Bananas are the fourth most important food crop in developing 

countries after rice, wheat and maize (INIBAP 2000). Over thousands of 

banana cultivars or land races have been recognized and cultivated in 

tropical and subtropical regions of the world. The banana plants almost 

resemble trees but they are actually perennial herbs, the region that 

appears to be the trunk is actually a false stem or a pseudostem. A 

pseudostem is a compact mass of overlapping and spirally arranged leaf 

sheaths, most of the ‘true’ stem lies inside it. The fruit, leaves, pseudostem 

and inflorescence have many useful applications such as serving as food and 

feed, useful for packaging, for pharmaceutical, industrial uses etc. Banana 

pseudostem is a waste product from banana plants after harvesting, it 

contains high quality starch and reduces the risk of heart attack and maintain 

blood pressure (Shantha and Siddappa,1970), is also used for making 

handicrafts, fabrics, ropes, baskets papers etc. In many parts of India pseudo 

stem is an edible part which is used as a food after boiling. Towards the 

potential application of pseudostem as a healthy food, a detailed study of its 

nutritional value needs to be carried out and this also helps to find out the 

significance of cultivar differences.  The present study was designed to 

assess the biochemical composition of Pseudostem of two popular cultivars 

of Kerala such as Red Banana (AAA) and Rasakadali (AB).  

2.  Materials and Methods 

Samples 

The pseudostem of two banana varieties (Red banana and 

Rasakadali) were collected after harvesting of the banana from the well-
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maintained fields of Thiruvananthapuram district of Kerala. The 

specimens were identified by the Department of Horticulture, Kerala 

Agricultural College, Thiruvananthapuram. Pseudostems were manually 

peeled off their outer layers and the central core region was used for the 

biochemical analysis. The central core region is cut into smaller pieces 

and dried in an oven at 400C, this was pulverized, using a homogenizer 

and further stored at 4°C until use. 

3.  Methodology 

The total carbohydrates in each sample were estimated by Anthrone 

method (Hedge and Hofreiter, 1962). The amount of carbohydrate was 

expressed in percentage. The total proteins in each sample were estimated 

by Kjeldahl method (Kjeldahl,1883). Maynard method was used for 

estimating the total dietary fibers in each sample (Maynard,1970). The 

total Phenolic compounds in each sample of pseudostem was estimated 

by Folin-ciocalteu method. 

Mineral Analysis 

The mineral contents like Sodium (Na), Potassium (K), Calcium 

(Ca), Magnesium (Mg), Iron (Fe), Manganese (Mn) and Zinc (Zn) in            

the pseudostem samples were determined by Atomic Absorption 

Spectrophotometer (Perkin Elmer, USA). The digestion method involves 

the use of reverse aqua regia, HNO3-HCl (3:1) for 2g sample with 45 

minutes ultrasonification at 60°C followed by hotplate treatment for 45 

minutes. All the standards were further measured by atomic absorption 

spectrophotometer using sodium, potassium, calcium, magnesium, iron, 

manganese, and zinc hollow cathode lamp at a wavelength 589nm, 



Academic Spectrum    Volume XI 

 

52  Centre for Formative and Operational Research, Sree Narayana College, Cherthala   ISSN: 2456-3056          

766.5nm, 422.7nm, 285.2nm, 248.3nm, 279.5nm, 213.9nm respectively 

using air acetylene flame. The treatment for each sample was repeated 

three times and the readings were taken in mg/100g. 

Statistical Analysis 

All the data were expressed as mean ± standard deviation (n = 3). 

The results were determined using one-way analysis of variance 

(ANOVA), followed by Duncan’s multiple range test using SPSS 

Software (version 21.0, Chicago, USA). The results were considered as 

statistically significant if the P< 0.05. 

4.  Results 

The biochemical composition of the Pseudostem of the two 

cultivars were measured and presented in Table.1. In the current analysis, 

there is a significant cultivar difference observed in the biochemical 

contents of both cultivars.  

The maximum carbohydrate content was found in Redbanana 

pseudostem (70±3.5%) and the minimum carbohydrate content in 

Rasakadali pseudostem (29±2.8%). There is a significant difference 

between these two varieties in the amount of carbohydrate. Therefore, we 

can say that Red banana is more useful as a carbohydrate rich source of 

food. Haslinda et al., 2009 reported that banana pulp consists of 81.83% 

of total carbohydrate content.  

The protein content in both the varieties of banana was very low 

(0.9±0.03% in Red banana and 0.9±0.026 in Rasakadali) when compared 

to carbohydrate content. This study is supported by another researcher, 
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Onyema et al., (2016) who reported the presence of moderate amount of 

protein in banana pseudostem. 

Red banana pseudostem possesses (46.23±2.5 mg/g) and Rasakadali 

pseudostem contains (30.02±3.2mg/g) total Dietary fiber. According to 

Bhaskar et al.,2012, the amount of total dietary fiber in Musa variety 

Elakki bale (AB) is 28.8 mg/g, which is similar to the present study 

report. So Red banana pseudostem is useful as dietary fiber rich source 

than Rasakadali. A diet comprising of high dietary fiber reduces risk 

towards the development of gastric ulcers, facilitates digestion as well as 

elimination of wastes and also prevents constipation. The maximum 

phenol content was found in Red banana pseudostem (96.06±4.5 mg/g) 

and the minimum in Rasakadali pseudostem (78.03±3.73mg/g). The 

difference in phenol content may be attributed to the phenol metabolism 

influenced by the varietal differences (Sulaiman et al., 2011). 

Table 1. Biochemical composition of Red banana and Rasakadali Pseudostem 

Parameters Rasakadali (AB) Red Banana (AAA) 

Carbohydrate (%) 70 ± 3.5 
b
 29 ± 2.8 

a
 

Total Protein  0.9 ± 0.03
a
 0.9 ±0.026

a
 

Total phenol  78.03 ± 3.73
a
 96.06 ± 4.5

b
 

Total Dietary Fiber (mg/g) 30.02± 3.2
a
 46.23 ±2.5

b
 

 

Mineral analysis 

Mineral analysis in Redbanana and Rasakadali pseudostem are 

represented in Table 2. In the mineral analysis, there is high difference in 

mineral content seen in between these two cultivars. The results showed 
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that the Sodium concentration in the sample was higher than the 

concentration of other elements. The maximum concentration of sodium 

is seen in Rasakadali (600±25.6 mg/100g) and the minimum is in Redbanana 

(400±18.9 mg/100g). So, Rasakadali is more useful to a person who has a 

deficiency in sodium. The potassium content is higher in Rasakadali 

(400±14.36 mg/100g) and lower in Redbanana (200±10.43mg/100g). The 

calcium concentration is maximum in Rasakadali (21.78±3.90mg/100g) 

and minimum in Redbanana (10±1.32mg/100g). So, Rasakadali is more 

preferable as a good source of calcium than Red banana. The concentration 

of magnesium is higher in Rasakadali (26.4±5.63mg/100g) and lower in 

Redbanana (11.3±4.05mg/100g) .  

According to Hendricks, (1998) the macro-elements, such as Na, K, 

Ca, and Mg are essential for our daily diet due to their involvement in 

neural conduction and muscle contraction.  

Table 2. Mineral analysis in Pseudostem of Red banana and Rasakadali. 

Parameters Rasakadali Pseudostem 
(AB) 

Red Banana Pseudostem 
(AAA) 

Sodium as Na 600±25.6mg/100g
b
 400 ±18.9mg/100g

a
 

Potassium as K 400±14.36mg/100g
b
 200± 10.43mg/100g

a
 

Calcium as Ca 21.78±3.90 mg/100g
b
 10 ±1.32mg/100g

a
 

Magnesium as Mg 26.4±5.63 mg/100g
b
 11.3±4.05 mg/100g

a
 

Iron as Fe 1.29±0.02 mg/100g
b
 1.68± 0.06mg/100g

a
 

Manganese as Mn 0.43±0.0019 mg/100g BDL (Below Detecting Limit) 

Zinc as Zn 0.18 ±0.0012mg/100g
 a
 0.33± 0.0016mg/100g

b 
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5.  Conclusion 

In the present study, it suggests that introducing banana pseudostem 

into the human diet could have a significant nutritive impact, especially 

Rasakadali, which is an excellent source of minerals such as Na, K, Ca, Mg 

compared to red banana, while Red banana is a rich source of total 

carbohydrate, dietary fiber and phenolics, so these two varieties can be 

incorporated into food. The study also indicates the significance of 

genetic diversity for the identification of best cultivar and its potential 

application. 
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Abstract 

Vembanad Lake, one of the three Ramsar sites in Kerala, is the largest 
estuarine system in the south west coast of India. The present 
investigation is aimed to study the physico-chemical characteristics of the 
selected stations in Kuttanad area of Vembanad Lake. The water samples 
were collected from 10 stations in the Kuttanad area every month from 
May 2012 to August 2013. The temperatures observed in different stations 
in different months did not exhibit much wider variations. Most of the 
time in all stations, pH remained slightly acidic. The other parameters 
such as salinity, dissolved oxygen, transparency and total dissolved solids 
exhibited seasonal variation. The physico-chemical properties of an 
aquatic ecosystem are directly related and controlled by many natural 
regulatory mechanisms.  

Key Words: Vembanad Lake, physico-chemical, salinity, pH, Kuttanad. 

 

1.  Introduction 

Vembanad Lake provides hydrological and ecological services, 

fosters high biological diversity, and also supports livelihoods of a huge 

rural population. This area is more affected by monsoons which results in 

pronounced seasonal variations in the environmental parameters. Changes 

in the environmental parameters and primary production are also caused 

by the fresh water influx, nutrients distribution, agricultural practices, and 
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species composition. The fishery resource of this area also depends on the 

magnitude of primary and secondary production and is influenced by 

various physical, chemical and biological factors.  

Variation in water temperature, dissolved oxygen, pH, salinity, etc. 

affects distribution, metabolic activities, growth, feeding, reproduction, and 

migratory behaviours of aquatic organisms (Lagler et al., 1977; Alabaster 

and Lloyd, 1980; Suski et al., 2006; Gupta et al., 2008; Abowei, 2010; 

Palpandi, 2011). Chandramohan (1990) assessed the pre pollution status of 

the Vasishta Godavari estuary, east coast of India by analyzing the 

physico-chemical characteristics.  Devi (1993) made a study on the 

ecological condition of coconut husk retting in Cochin backwater and its 

effects on fish seed availability. Radhika et al. (2004) delineated the 

abiotic parameters of a tropical fresh water lake, Vellayani Lake, in Kerala. 

Nirmalkumar et al. (2009) assessed the spatial and temporal fluctuations in 

water quality of a tropical permanent estuarine system, Tapi.  

In an aquatic ecosystem the studies on water quality parameters 

play an important role in understanding the productivity of the ecosystem, 

and other biological processes such as growth, physiology, reproduction, 

etc. of the organisms inhabiting in it. This determines the health of the 

ecosystem and its pollution status.  The physico-chemical parameters such 

as water temperature, pH, salinity, dissolved oxygen, transparency, 

nutrients, etc. and biological parameters such as microbial population, fish 

diversity, etc. are of profound biological significance and are often used 

as health indicators of an aquatic ecosystem. The objective of the present 

investigation is to study physico-chemical characteristics of the selected 

stations in Vembanad Lake. 
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2.  Materials and methods   

The water samples were collected from Kuttanad area of the 

Vembanad Lake every month from May 2012 to August 2013. The 

following sampling stations—Pallathuruthy, C Block, Marthandam, 

Chithira, R Block, Rajapuram, Kavalam, Pulimkunnu, Moncombu and 

Kainakari, which are interconnected by the paddy fields and inland water 

channels of Kuttanad, were fixed for the study. 

The water samples were collected for the estimation of various 

physicochemical parameters like temperature, salinity, pH, dissolved 

oxygen, and total dissolved solids.  Temperature and pH were recorded at 

the time of sample collection using Eutech portable water analyser.  While 

other parameters such as salinity, dissolved oxygen, and total dissolved 

solids were estimated in the laboratory by using standard methods (APHA, 

1998). Transparency was measured by using Secchi disc.  

3.  Results and discussion 

The physico-chemical properties of any aquatic ecosystem and the 

nature and distribution of its biota are directly related to and influenced by 

each other and controlled by a multiplicity of natural regulatory mechanisms.  

In an aquatic system, various parameters such as temperature, alkalinity, 

salinity, dissolved oxygen, electrical conductivity etc. affect the chemical 

and biological reactions such as solubility of oxygen, increase in 

metabolic rate and physiological reactions of organisms, etc (Suski et al., 

2006; Gupta et al., 2008).  

The physico-chemical analysis of Vembanad Lake exhibited 

variation.  Temperature exhibited variation between 26°C and 33.9°C.  
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The temperature values for the entire period of observation reflect a 

certain extent of climatic variations. But the temperatures observed in 

different stations in different months did not exhibit much wider 

variations.  There was a gradual increase in temperature from March to 

May, followed by a fall during June to August. Temperature is a major 

factor controlling oxygen saturation in water.  Solubility of oxygen in 

water is inversely proportional to temperature (Carpenter, 1966).  

Salinity is considered as an important factor among the environmental 

variables in the aquatic ecosystem which influences the dynamic situation by 

the fresh water inflow and the prevailing temperature. Salinity appeared to be 

a more or less constant water parameter in the study area. The operation of 

the salinity barrier at Thanneermukkom plays a major role in the 

distribution of salinity in Kuttanad waters.  The effect of monsoon could 

be easily seen from the decreased salinity gradient in the entire backwater 

area during June to August. An increase in salinity was observed from 

March to May (11.34 ppt) and in the remaining months it was closer to 

zero or zero. The higher values in summer could be attributed to a high 

degree of evaporation with decreased fresh water inflow, mixing of saline 

water and land drainage.  The decrease in salinity during monsoon may 

perhaps be due to heavy showers and consecutive flood water inflow from 

the rivers.  Salinity acts as a limiting factor in the distribution of living 

organisms, and is most likely to influence the fauna in the intertidal zone 

(Gibson, 1982). Salinity regimes are often recorded as one of the major 

habitat parameters that affect the distribution and physiological 

performances of aquatic organisms (Chapman and Wang, 2001; Palpandi, 

2011). 
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The pH is an important hydrological feature indicating the level of 

dissolved carbon dioxide in the water which may in turn reflect the 

activity of phytoplankton and the level of dissolved oxygen.  During the 

study, the lowest pH value (3.75) was observed in May. But in January 

the pH was very high (9.13). Most of the time, in all stations, the pH 

remained slightly acidic. Alabaster and Lloyd (1980) stated that higher 

pH levels are not as great a threat to aquatic organisms as low pH levels. 

Increased pH is however important as it creates more favorable conditions 

for algal blooms, increased aquatic weed growth and is thus a concern in 

areas with nutrient enrichment. Lusher (1984) states that for maintenance 

of aquatic life, pH should lie within the range of 7.3-8.6. According to 

Abowei (2010) a pH higher than 7 but lower than 8.5 is ideal for 

biological productivity, but pH less than 4 is detrimental to aquatic life.  

Dissolved oxygen is the most valuable water quality parameter in 

assessing water pollution as it serves as an indicator of the physical, 

chemical and biological activities prevailing in the water body.  The 

dissolved oxygen is very essential for the respiratory metabolism of all 

aquatic animals and it favours the solubility and availability of many 

nutrients to the animals, therefore, increasing the productivity of aquatic 

ecosystem (Wetzel, 1983). Dissolved oxygen showed a distinct pattern of 

seasonal fluctuations in the entire area.  Comparatively high values were 

found during monsoon season (June-August). The higher oxygen 

concentration during this period can be due to the higher primary 

production occurring in the surface layers.  The lowest value of dissolved 

oxygen was recorded at Pallathuruthy during November (2.09 mg l
-1

) and 

the highest value at Kainakary in July (14.4 mg l
-1

). The highest oxygen 
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value may be because of the high turbulence in the sampling site. In 

general, the higher values were recorded during monsoon period, the 

lower during pre-monsoon season. The low dissolved oxygen 

concentration observed during summer may be attributed to the higher 

salinity of water, high temperature and less inflow of freshwater coupled 

with biological processes during summer (Gupta et al., 2008). The 

dissolved oxygen content depends upon the photosynthetic activities, 

monsoonal floods, the turbulence caused by the wind, and also on the 

amount of waste added (USDA, 1992; Soundarapandyan, et al., 2009).  

Solar radiation is the major source of light energy in an aquatic system, 

governing the primary productivity. Transparency is a characteristic of water 

that varies with the combined effect of colour and turbidity. Turbidity or total 

suspended solids is the material in water that affects the transparency or light 

scattering of the water.  Some of the study area was transparent owing to its 

shallowness. The highest secchi disc transparency value (160.5 cm) was 

observed in October. The Total Dissolved Solids (TDS) values during the 

study ranged from 57.17 ppm in November to 18.04 ppt in May. TDS can be 

influenced by changes in pH.  Changes in the pH cause some of the solutes 

to precipitate or affect the solubility of the suspended matter 

(Saravanakumar, 2008). Effluent that is high in degradable organic matter 

will rapidly use up the dissolved oxygen resources, which is essential for 

aquatic life (Palange and Zavala, 1987). Suspended and dissolved solids 

impart a turbid appearance and resist light penetration that leads to oxygen 

deficiency with deleterious effect on aquatic life. Thus, it can be concluded 

that the water quality parameters of an aquatic ecosystem are very important 

for the distribution and survival of its biota. 
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{ÉªÉÉÇ´É®úhÉ nùÉä ¶É¤nùÉå � {ÉÊ®ú �� +É´É®úhÉ ºÉä Ê¨É±ÉEò®ú ¤ÉxÉÉ ½èþ, ÊVÉºÉEòÉ +lÉÇ 

½èþ, {ÉÊ®ú � SÉÉ®úÉå iÉ®ú¡ò, +É´É®úhÉ � PÉä®úÉ, ªÉÉÊxÉ |ÉEÞòÊiÉ ¨Éå VÉÉä ¦ÉÒ ½þ¨ÉÉ®äú SÉÉ®úÉå 

+Éä®ú {ÉÊ®ú±ÉÊIÉiÉ ½þÉäiÉÉ ½èþ - ´ÉÉªÉÖ, VÉ±É, {Éäb÷-{ÉÉèvÉä, |ÉÉhÉÒ +ÉÊnù ºÉ¦ÉÒ {ÉªÉÉḈ É®úhÉ Eäò 

+ÆMÉ ½èþ +Éè®ú <x½þÓ ºÉä {ÉªÉÉÇ´É®úhÉ EòÒ ®úSÉxÉÉ ½þÉäiÉÒ ½èþ* 

¨ÉÉxÉ´É EòÉ +ÎºiÉi´É |ÉEÞòÊiÉ {É®ú ÊxÉ¦ÉÇ®ú ½èþ* |ÉÉEÞòÊiÉEò ºÉÆºÉÉvÉxÉÉå ºÉä ±ÉÉ¦ÉÉÎx´ÉiÉ 

½þÉäiÉä ½ÖþB |ÉEÞòÊiÉ EòÒ ½þÒ MÉÉänù ¨Éå ¨ÉÉxÉ´É +{ÉxÉä EòÉä ºÉÖ®úÊIÉiÉ ¨É½þºÉÚºÉ Eò®úiÉÉ ½èþ* 

|ÉÉ®Æú¦É EòÉ±É ºÉä ±ÉäEò®ú ¨ÉÉxÉ´É ¨Éå |ÉEÞòÊiÉ Eäò |ÉÊiÉ ºÉÆ´ÉänùxÉ ¶ÉÒ±ÉiÉÉ +Éè®ú ÊVÉYÉÉºÉÉ 

´ÉÞÊkÉ {ÉÊ®ú±ÉÊIÉiÉ ½èþ* +{ÉxÉä ¦ÉÉ´ÉÉå EòÒ |ÉÊiÉSUôÉªÉÉ EòÉ +É¦ÉÉºÉ ¨ÉÉxÉ´É, |ÉEÞòÊiÉ ¨Éå 

fÚÄøføxÉä ±ÉMÉÉ* |ÉEÞòÊiÉ ºÉä iÉÉnùÉi¨ªÉ EòÒ ªÉ½þ +xÉÖ¦ÉÚÊiÉ =ºÉEäò ¨ÉxÉ ¨Éå ºÉÚI¨É ºÉÆ´ÉänùxÉÉ+Éå 

EòÉä VÉx¨É ÊnùªÉÉ* |ÉEÞòÊiÉ ºÉÉèxnùªÉÇ iÉlÉÉ +ÉEò¹ÉÇhÉ ºÉä +Ê¦É¦ÉÚiÉ ¨ÉÉxÉ´É +{ÉxÉÒ <xÉ 

ºÉǼ ÉänùxÉÉ+Éå EòÉä ´ÉÉhÉÒ ¤Érù Eò®úEäò =ºÉä BEò xÉªÉÉ +ÉEòÉ®ú |ÉnùÉxÉ ÊEòªÉÉ VÉÉä 

ºÉÉÊ½þiªÉ xÉÉ¨É ºÉä +Ê¦ÉÊ½þiÉ ÊEòªÉÉ MÉªÉÉ* 

¦ÉÉ®úiÉ ¨Éå |ÉSÉÊ±ÉiÉ ±ÉÉäEò EòlÉÉBÄ, ´ÉèÊnùEò ºÉÉÊ½þiªÉ, ®úÉ¨ÉÉªÉhÉ, ¨É½þÉ¦ÉÉ®úiÉ B´ÉÆ 

400 <Ç.{ÉÚ Eäò {É½þ±Éä ®úSÉä MÉB iÉÊ¨É±É ´ªÉÉEò®úhÉ "iÉÉä±EòÉÎ{{ÉªÉ¨É' ¨Éå ¦ÉÒ ¨ÉÉxÉ´É B´ÉÆ 

|ÉEÞòÊiÉ Eäò ¤ÉÒSÉ EòÉ {ÉÊ´ÉjÉ ´É oùgø ºÉÆ¤ÉÆvÉ pù¹]õ´ªÉ ½èþ* ªÉ½þ Eäò´É±É OÉxlÉ Eäò °ü{É ¨Éå 

xÉ½þÓ ¤ÉÎ±Eò <ºÉ¨Éå ÊxÉiªÉ VÉÒ´ÉxÉ ¶Éè±ÉÒ EòÒ ZÉÉÄEòÒ Ê¨É±ÉiÉÒ ½èþ* ½þ¨ÉÉ®äú {ÉÚ´ÉÉÇSÉÉªÉÇ 

¦ÉÉ®úiÉÒªÉ ºÉÆºEÞòÊiÉ Eäò +xÉxªÉ ={ÉÉºÉEò ®ú½äþ ½éþ* ´Éä {ÉÞl´ÉÒ {É®ú {ÉÉnù º{É¶ÉÇ Eò®úxÉä Eäò 

{ÉÚ´ÉÇ ""{ÉÉnùº{É¶ÉÇ¨ÉÂ IÉ¨Éº´É¨Éä'' EòÒ |ÉÉlÉÇxÉÉ Eò®úiÉä lÉä +Éè®ú {ÉÉèvÉÉå EòÒ ¶ÉÉJÉÉBÄ EòÉ]õxÉä 

ºÉä {É½þ±Éä ""<¹Éäi´ÉÉäVÉæi´ÉÉ'' Eò½þEò®ú =ºÉºÉä ¨ÉÉ¡òÒ ¨ÉÉÄMÉiÉä lÉä* +lÉ´ÉÇ´Éänù ¨Éå ªÉÉå Ê±ÉJÉÉ ½èþ- 
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 "ªÉkÉÉä ¦ÉÚ¨Éä Ê´ÉJÉxÉÉÊ¨É 

 ÊIÉ|ÉÆ iÉnùÊ{É ®úÉä½þiÉÖ* 

 ¨ÉÉ iÉä ¨É¨ÉÇ Ê´É¨ÉÞM´ÉÊ®ú 

 ¨ÉÉ iÉä ¾þnùªÉ ¨ÉÐ{{ÉiÉ¨ÉÂ**' 

 +lÉÉÇiÉ ¨Éé iÉÖ̈ É ºÉä VÉÉä JÉÊxÉVÉ ±ÉäiÉÉ ½ÚÄþ, ´É½þ {ÉÖxÉ& iÉÖ¨É ¨Éå ¦É®ú VÉÉB* ¨Éé VÉÉä 

IÉÊiÉ iÉÖ̈ ½åþ näùiÉÉ ½ÚÄþ, ´É½þ iÉÖ¨½þÉ®úÒ ªÉÉnùÉå +Éè®ú ¾þnùªÉ iÉEò xÉ {É½ÚÄþSÉ ä* +iÉ& ¦ÉÉ®úiÉÒªÉ 

ºÉÆºEÞòÊiÉ ½þ¨Éä¶ÉÉ {ÉªÉÉḈ É®úhÉ ºÉÆ®úIÉhÉ EòÉ ºÉÆnäù¶Éù näùiÉÒ ®ú½þÒ ½èþ* 

 {ÉÉ¶SÉÉiªÉ ={ÉÊxÉ´Éä¶É´ÉÉnù B´ÉÆ <ÇºÉÉ<Ç vÉ¨ÉÇ |ÉSÉÉ®ú Eäò ¡ò±Éº´É°ü{É ¨ÉxÉÖ¹ªÉ 

EäòÎxpùiÉ ºÉ¨ÉÉVÉ EòÉ +ÉÊ´É¦ÉÉḈ É ½Öþ+É* <ºÉEäò +xÉÖºÉÉ®ú ¨ÉxÉÖ¹ªÉ ½þÒ ºÉ´ÉÇ|ÉlÉ¨É ½èþ, {ÉÞl´ÉÒ 

+Éè®ú {ÉÞl´ÉÒ EòÒ ºÉÉ®úÒ SÉÒWÉå ¨ÉxÉÖ¹ªÉ Eäò ={É¦ÉÉäMÉ EäòÊ±ÉB ½éþ* |ÉEÞòÊiÉ EòÉä  

¦ÉªÉ-¦ÉÊHò Eäò ºÉÉlÉ +É®úÉvÉxÉÉ Eò®úxÉä´ÉÉ±ÉÉ ¨ÉÉxÉ´É +{ÉxÉÒ +É´É¶ªÉEòiÉÉ+Éå EòÒ {ÉÚÌiÉ 

EòÒ ¦ÉÉäMÉ ´ÉºiÉÖ Eäò °ü{É ¨Éå |ÉEÞòÊiÉ EòÉä näùJÉ ®ú½þÉ ½èþ* +®hªÉ ºÉÆºEÞòÊiÉ ={É¦ÉÉäMÉ 

ºÉÆºEÞòÊiÉ ¨Éå ¤Énù±É MÉªÉÒ ½èþ* ½þ¨É ÊVÉºÉ {ÉªÉÉḈ É®úhÉ ¨Éå VÉÒ´ÉxÉ-ªÉÉ{ÉxÉ Eò®ú ®ú½åþ =ºÉä 

½þ¨É +{ÉÉ®ú IÉÊiÉ {É½ÚÄþSÉÉ ®ú½äþ ½éþ* {ÉªÉÉḈ É®úhÉ EòÒ Ê¤ÉMÉb÷iÉÒ ½Öþ<Ç ºÉ¨ÉºªÉÉ ½þ¨ÉÉ®äú Ê±ÉB 

PÉÉiÉEò ÊºÉrù ½þÉä ºÉEòiÉÉ ½èþ* ½þ¨ÉÉ®úÉ Ênù¨ÉÉMÉ Eäò´É±É ´ÉèYÉÉÊxÉEò |ÉMÉÊiÉ EòÒ +Éä®ú 

+ÉEÞò¹]õ ½èþ* ¡ò±ÉiÉ& ½þ¨É |ÉEÞòÊiÉ EòÉ nùÉä½þxÉ Eò®úiÉä VÉÉ ®ú½äþ ½éþ* ÊEòxiÉÖ ½þ¨Éå |ÉEÞòÊiÉ 

EòÉ ºÉÆiÉÖ±ÉxÉ {É®ú ¦ÉÒ Ê´ÉSÉÉ®ú Eò®úxÉÉ SÉÉÊ½þB* |ÉEÞòÊiÉ EòÉ ºÉÆiÉÖ±ÉxÉ ½þ¨ÉÉ®äú VÉÒ´ÉxÉ EòÉ 

ºÉÆiÉÖ±ÉxÉ ½èþ* ªÉÊnù |ÉEÞòÊiÉ +ºÉxiÉÖÊ±ÉiÉ ½þÉä VÉÉªÉäMÉÒ iÉÉä vÉ®úiÉÒ {É®ú VÉÒ´ÉxÉ ¦ÉÒ 

nÖù±ÉÇ¦É ½þÉä VÉÉªÉäMÉÉ* ¸ÉÒ +Éä¨É|ÉEòÉ¶É Ê¨É¸É Eäò +xÉÖºÉÉ®ú ""¦ÉÉèÊiÉEò ºÉÖJÉÉå EòÒ |ÉÉÎ{iÉ 

¨Éå ½þ¨É <ºÉ |ÉEòÉ®ú ºÉÆ±ÉMxÉ ½èþ ÊEò ½þ¨Éå Eäò´É±É +{ÉxÉÒ ºÉÖÊ´ÉvÉÉBÄ xÉWÉ®ú +É ®ú½þÒ ½éþ 

CªÉÉåÊEò +{ÉxÉÒ ºÉÖÊ´ÉvÉÉ+Éå EòÒ iÉ±ÉÉ¶É ¨Éå ½þ¨É |ÉEÞòÊiÉ EòÉä IÉÊiÉ {É½ÚÄþSÉÉB VÉÉ ®ú½äþ 

½éþ*''(1) 

                                                           
1 +Éä̈ É|ÉEòÉ¶É Ê¨É¸É - +ÉvÉÖÊxÉEò Ê½þxnùÒ ÊxÉ¤ÉxvÉ {ÉÞ¹]õ : 284 
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{ÉªÉÉÇ´É®úhÉ ºÉÆiÉÖ±ÉxÉ EòÉä vªÉÉxÉ ¨Éå ®úJÉiÉä ªÉÊnù ½þ¨É ºÉÉäSÉä iÉÉä ¨ÉÉxÉ´É VÉÒ´ÉxÉ ¨Éå 

{ÉÊIÉªÉÉå EòÉ ¤É½ÖþiÉ ¤Éb÷É ¨É½þi´É ½èþ* +ÉEòÉ¶É ¨Éå =b÷iÉä ½ÖþB ªÉä {ÉIÉÒ {ÉªÉÉḈ É®úhÉ EòÒ 

ºÉ¡òÉ<Ç Eäò ¤É½ÖþiÉ ¤Ébä÷ |ÉÉEÞòÊiÉEò ºÉÉvÉxÉ ½èþ* ÊMÉrù, SÉÒ±Éå, EòÉèB +Éè®ú <xÉEäò 

+ÊiÉÊ®úHò Eò<Ç {É¶ÉÖ-{ÉIÉÒ ¦ÉÒ ½þ¨ÉÉ®äú Ê±ÉB |ÉEÞòÊiÉ EòÒ BäºÉÒ näùxÉ ½éþ, VÉÉä ºÉ¨ÉºiÉ 

EòÒ]õÉå, VÉÒ´ÉÉå iÉlÉÉ |ÉnÚù¹ÉhÉ ¡èò±ÉÉxÉä́ ÉÉ±ÉÒ ´ÉºiÉÖ+Éå EòÉ ºÉ¡òÉ<Ç Eò®úiÉä ®ú½þiÉä ½èþ, VÉÉä 

vÉ®úiÉÒ {É®ú ¨ÉÉxÉ´É VÉÒ´ÉxÉ Eäò Ê±ÉB JÉiÉ®úÉ =i{ÉzÉ Eò®ú ºÉEòiÉä ½éþ* ÊEòiÉxÉä ½þÒ {É¶ÉÖ-

{ÉIÉÒ ¦ÉÒ ½þ¨ÉÉ®äú Ê±ÉB |ÉEÞòÊiÉ EòÒ BäºÉÒ näùxÉ ½èþ, VÉÉä ºÉ¨ÉºiÉ EòÒ]õÉå, VÉÒ´ÉÉå iÉlÉÉ 

|ÉnÚù¹ÉhÉ ¡èò±ÉÉxÉä́ ÉÉ±ÉÒ ´ÉºiÉÖ+Éå EòÉä JÉÉEò®ú ¨ÉÉxÉ´É VÉÒ´ÉxÉ EäòÊ±ÉB ={ÉªÉÉäMÉÒ 

´ÉxÉº{ÉÊiÉªÉÉå EòÒ ®úIÉÉ Eò®úiÉä ½éþ* BäºÉä {É¶ÉÖ-{ÉÊIÉªÉÉå EòÉ xÉ ®ú½þxÉÉ +lÉ´ÉÉ ±ÉÖ{iÉ ½þÉä 

VÉÉxÉÉ ¨ÉxÉÖ¹ªÉ EäòÊ±ÉB ¤É½ÖþiÉ +ÊvÉEò ½þÉÊxÉEòÉ®ú ½èþ* ±ÉäÊEòxÉ <xÉ ¨ÉÉºÉÚ̈ É VÉÒ´ÉÉå Eäò 

{ÉÒUäô ¦ÉÒ ¨ÉÞiªÉÖ {Éb÷Ò ®ú½þiÉÒ ½èþ* VÉMÉ½þ-VÉMÉ½þ <x½åþ {ÉEòb÷É ªÉÉ ¨ÉÉ®úÉ VÉÉiÉÉ ½èþ +Éè®ú 

<xÉEòÉ ´ªÉÉ{ÉÉ®ú ÊEòªÉÉ VÉÉiÉÉ ½èþ* "+xÉ¤ÉÒiÉÉ ´ªÉiÉÒiÉ' ={ÉxªÉÉºÉ ¨Éå +iªÉxiÉ ¨ÉÉºÉÚ̈ É 

´ÉxªÉ VÉÒ´É B´ÉÆ {ÉÊIÉªÉÉå EòÒ {ÉÒb÷É iÉlÉÉ =xÉEäò VÉÒ´ÉxÉ EòÉä ºÉÆEò]õ¨ÉªÉ Eò®úxÉä´ÉÉ±Éä B´ÉÆ 

=xÉEäò ºÉÆ½þÉ®ú EòÉä ½þÒ +{ÉxÉÒ VÉÒÊ´ÉEòÉ EòÉ ºÉÉvÉxÉ ¤ÉxÉÉxÉä´ÉÉ±Éä ´ªÉÊHòªÉÉå +Éè®ú 

{ÉÊ®úÎºlÉÊiÉªÉÉå Eäò Eò]Öõ ªÉlÉÉlÉÇ EòÉä =nÂùPÉÉÊ]õiÉ Eò®úxÉä EòÉ |ÉªÉixÉ ÊEòªÉÉ MÉªÉÉ ½èþ* 

|ÉEòÊiÉ ¨Éå iÉ®ú½þ iÉ®ú½þ Eäò VÉÒ´É ½èþ-<xÉ¨Éå ºÉä ºÉ¤ÉºÉä ¨ÉÉºÉÚ¨É +Éè®ú ºÉÖxnù®ú ½èþ ´Éä 

{ÉÆUôÒ VÉÉä ½þ¨ÉÉ®úÒ ´ÉxªÉ-ºÉÆºEÞòÊiÉ EòÒ ºÉÆ{ÉnùÉ ¦ÉÒ ½èþ* +{ÉxÉÒ ¨ÉJÉ¨É±ÉÒ {ÉÆJÉÉå EòÉä 

±É½þ®úÉiÉä, +{ÉxÉÒ ¨ÉvÉÖ®ú +É´ÉÉWÉÉå ºÉä ºÉÆMÉÒiÉ {ÉènùÉ Eò®úiÉä, ªÉä {ÉÆUôÒ ¤É®úºÉÉå-¤É®úºÉ ¨ÉxÉ 

EòÒ ¶ÉÉÆiÉÒ EòÉä VÉÒ´ÉxÉ näùiÉä ½éþ* +Éè®ú <x½þÓ {ÉÆÊUôªÉÉå ¨Éå +É Ê¨É±ÉiÉä ½éþ, ´Éä {É®únäùºÉÒ 

{ÉÆUôÒ, VÉÉä ºÉÌnùªÉÉå ¨Éå ºÉÉªÉ¤ÉäÊ®úªÉÉ +Éè®ú =kÉ®úÒ MÉÉä±ÉÉrÇù ºÉä =b÷Eò®ú  ½þ®ú ´É¹ÉÇ ¦ÉÉ®úiÉ 

+ÉiÉä ½éþ* ªÉ½þÉÄ ¤ÉºÉä®úÉ Eò®úiÉä ½éþ* ªÉä ºÉÖxnù®ú +Éè®ú ¨ÉÉºÉÚ¨É {ÉÆUôÒ ½þVÉÉ®úÉå ¨ÉÒ±É EòÉ 

ºÉ¡ò®ú iÉªÉ Eò®úiÉä ½éþèþ* Ê½þ¨ÉÉ±ÉªÉ EòÉä {ÉÉ®ú Eò®úiÉä ½éþ +Éè®ú ºÉÌnùªÉÉå ¨Éå ¦ÉÉ®úiÉ EòÉä 

+{ÉxÉÉ PÉ®ú ¤ÉxÉÉ ±ÉäiÉä ½éþ* ±ÉäÊEòxÉ <xÉ ¨ÉÉºÉÚ¨É {ÉÆÊUôªÉÉå Eäò {ÉÒUäô ¦ÉÒ ¨ÉÞiªÉÖ {Éb÷Ò ®ú½þiÉÒ 

½èþ VÉMÉ½þ VÉMÉ½þ <x½åþ {ÉEòb÷É ªÉÉ ¨ÉÉ®úÉ VÉÉiÉÉ ½èþ, +Éè®ú =xÉEòÉ ´ªÉÉ{ÉÉ®ú ÊEòªÉÉ 

VÉÉiÉÉ ½èþ* 
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"+xÉ¤ÉÒiÉÉ ´ªÉiÉÒiÉ' Ê½þxnùÒ EòÉ BäºÉÉ BEò ¸Éä¹`ö ={ÉxªÉÉºÉ ½èþ ÊVÉºÉ¨Éå {ÉIÉÒ |Éä¨É 

+Éè®ú {ÉªÉÉḈ É®úhÉ EòÒ ºÉ¨ÉºªÉÉ EòÉä Eäòxpù ¨Éå ®úJÉEò®ú ¨ÉÉxÉ´ÉÒªÉ Eò¯ûhÉÉ, nùªÉÉ +Éè®ú |Éä̈ É 

EòÒ ¦ÉÉ´ÉxÉÉ EòÉä =¦ÉÉ®úÉ MÉªÉÉ ½èþ* ºÉ¨ÉÒ®úÉ, Ênù´ªÉÉ, ¨É½þÉ®úÉxÉÒ ®úÉVÉ±ÉI¨ÉÒ, MÉÉèiÉ¨É 

+ÉÊnù {ÉÉjÉÉå Eäò ¨ÉÉvªÉ¨É ºÉä |ÉEÞòÊiÉ +Éè®ú VÉÒ´É-VÉxiÉÖ+Éå Eäò |ÉÊiÉ MÉ½þxÉ |Éä̈ É EòÉä 

=¦ÉÉ®úÉ MÉªÉÉ ½èþ* 

"+xÉ¤ÉÒiÉÉ ´ªÉiÉÒiÉ' ={ÉxªÉÉºÉ Eäò {ÉÉjÉ ¨É½þÉ®úÉxÉÒ ®úÉVÉ±ÉI¨ÉÒ Eäò ¨ÉxÉ ¨Éå {É¶ÉÖ-

{ÉÊIÉªÉÉå Eäò |ÉÊiÉ MÉ½þxÉ |Éä̈ É lÉÉ* ¨É½þÉ®úÉVÉ ºÉÖ®äúxpù ËºÉ½þ Eäò {É¶ÉÖ-{ÉÊIÉªÉÉå EòÉ Ê¶ÉEòÉ®ú 

Eò®úxÉä ºÉä ®úÉxÉÒ ¨ÉÉÄ ½þ¨Éä¶ÉÉ Ê´É®úÉävÉ Eò®úiÉÒ lÉÒ* +{ÉxÉä EòÉEòÉiÉÖ+Éå EòÒ ½þiªÉÉ Eò®úxÉä 

{É®ú ®úÉxÉÒ ¨ÉÉÄ ¨É½þÉ®úÉVÉ ºÉä Eò½þiÉÒ ½èþ ""¨É½þÉ®úÉVÉ, ÊEòºÉÒ EòÒ ¦ÉÒ VÉÉxÉ ±ÉäxÉÉ iÉÉä 

¤É½ÖþiÉ +ÉºÉÉxÉ ½èþ, ±ÉäÊEòxÉ ¨ÉÖÎ¶Eò±É ½èþ ÊEòºÉÒ EòÉä ÊVÉxnùMÉÒ näùxÉÉ''(2) |ÉEÞòÊiÉ +Éè®ú 

{É¶ÉÖ-{ÉÊIÉªÉÉå Eäò ºÉÉlÉ ºÉ½þ +ÎºiÉi´É EòÒ ¦ÉÉ´ÉxÉÉ Eäò ºÉ¨ÉlÉÇEò ½èþ, ¨É½þÉ®úÉxÉÒ 

®úÉVÉ±ÉI¨ÉÒ* 

¨É½þÉ®úÉxÉÒ ®úÉVÉ±ÉI¨ÉÒ Eäò ºÉ¨ÉÉxÉ ½þÒ =xÉEòÒ xÉÉÊiÉxÉ ºÉ¨ÉÒ®úÉ ½èþ VÉÉä <ºÉ 

={ÉxªÉÉºÉ EòÒ xÉÉÊªÉEòÉ ½èþ, =ºÉEäò ¨ÉxÉ ¨Éå ¦ÉÒ {ÉÊIÉªÉÉå Eäò |ÉÊiÉ ¤Éä½þnù {ªÉÉ®ú ½èþ* 

xÉÒ±ÉÒ ZÉÒ±É ¨Éå VÉÉEò®ú {ÉÊIÉªÉÉå EòÉ ÊxÉ®úÒIÉhÉ Eò®úxÉÉ =ºÉEòÉ ¶ÉÉèEò ½èþ* ¤ÉÒ¨ÉÉ®ú {É¶ÉÖ-

{ÉIÉÒ EòÉä näùJÉiÉÒ iÉÉä =ºÉä =`öÉ Eò®ú +{ÉxÉä ¨É½þ±É ¨Éå ±Éä +ÉiÉÒ lÉÒ* +Éè®ú =xÉEòÉ 

={ÉSÉÉ®ú Eò®úiÉÒ lÉÒ* ºÉ¨ÉÒ®úÉ Eäò {ÉIÉÒ |Éä¨É Eäò ºÉ¤ÉºÉä ¤Éb÷Ò vÉ¨ÉEòÒ =ºÉÒ Eäò ®úÉVÉ 

{ÉÊ®ú´ÉÉ®ú ºÉä +ÉiÉÒ ½èþ* ®úÉVÉ{ÉÊ®ú´ÉÉ®ú Eäò ±ÉÉäMÉ >ð¤ÉEò®ú ½þÒ ºÉ¨ÉÒ®úÉ EòÉ Ê´É´ÉÉ½þ 

®úiÉxÉ{ÉÖ®ú Eäò ªÉÖ´É®úÉVÉ VÉªÉËºÉ½þ ºÉä Eò®ú näùiÉä ½èþ* ±ÉäÊEòxÉ ¶ÉÉnùÒ Eäò ºÉÉ±É ¦É®ú Eäò ¤ÉÉnù 

½þÒ =ºÉä YÉÉiÉ ½Öþ+É ÊEò =ºÉEòÉ {ÉÊiÉ {ÉÊIÉªÉÉå EòÉä ¨ÉÉ®úEò®ú =xÉEäò SÉ¨Ébä÷ Eäò +xnù®ú 

¦ÉÚºÉÉ +ÉÊnù ¦É®úEò®ú ÊxÉªÉÉÇiÉ Eò®úiÉÉ ½èþ, iÉÉä ºÉ¨ÉÒ®úÉ ±ÉÉSÉÉ®ú ½þÉä VÉÉiÉÒ ½èþ* +xiÉ ¨Éå 

=ºÉEäò {ÉÊiÉ xÉä ½þÒ =ºÉä MÉÉä±ÉÒ ¨ÉÉ®úEò®ú ½þiªÉÉ Eò®ú nùÒ* ºÉ¨ÉÒ®úÉ VÉÒ´ÉxÉ {ÉªÉÇxiÉ {É¶ÉÖ-

{ÉÊIÉªÉÉå Eäò |ÉÉEÞòÊiÉEò +ÊvÉEòÉ®ú EòÒ ±Éb÷É<Ç ±Éb÷iÉÒ ®ú½þÒ* ´É½þ SÉÉ½þiÉÒ lÉÒ ÊEò 

                                                           
2 Eò¨É±Éä·É®ú - +xÉ¤ÉÒiÉÉ ´ªÉiÉÒiÉ ({ÉÞ¹]õ : 27) 
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®úÉVÉÉ-¨É½þÉ®úÉVÉÉ, ®úÉVÉEÖò¨ÉÉ®úÒ, ®úÉVÉEÖò¨ÉÉ®ú ºÉ¤É +Ë½þºÉÉ EòÉä +{ÉxÉÉ {É®ú¨É vÉ¨ÉÇ ¨ÉÉxÉå 

+Éè®ú |ÉVÉÉ EòÒ ®úIÉÉ Eäò ºÉ¨ÉÉxÉ ½þÒ nÚùºÉ®äú VÉÒ´É-VÉxiÉÖ+Éå EòÒ ®úIÉÉ ¦ÉÒ Eò®åú* 

ºÉ¨ÉÒ®úÉ EòÒ iÉ®ú½þ, xÉÉªÉEò MÉÉèiÉ¨É ¦ÉÒ |ÉEÞòÊiÉ B´ÉÆ VÉÒ´É-VÉxiÉÖ+Éå EòÉ |Éä̈ ÉÒ ½èþ* 

{ÉªÉÇ]õxÉ Eäò xÉÉ¨É {É®ú |ÉEÞòÊiÉ Eäò ºÉÆiÉÖ±ÉxÉ EòÉä Ê¤ÉMÉÉb÷xÉä ªÉÉ +xvÉÉvÉÖxvÉ {É¶ÉÖ-{ÉÊIÉªÉÉå 

EòÒ ½þiªÉÉ Eò®úEäò =xÉEòÉ ¨ÉÉÆºÉ {É®úÉäºÉEò®ú ]ÚùÊ®úV¨É ¤ÉføÉxÉä EòÉ ´É½þ {ÉIÉ{ÉÉÊiÉ xÉ½þÓ ½èþ* 

ªÉ½þ =xÉEäò +xÉÖºÉÉ®ú xÉÒSÉ +Éè®ú +¨ÉÉxÉ´ÉÒªÉ ½èþ* MÉÉèiÉ¨É {ÉÊIÉªÉÉå EòÉä <iÉxÉÉ {ªÉÉ®ú 

Eò®úiÉÉ ½èþ ÊEò =ºÉxÉä xÉÒ±ÉÒ ZÉÒ±É JÉ®úÒnùEò®ú {ÉÊIÉªÉÉå EòÉä Ê¶ÉEòÉ®úÉå Eäò ½þÉlÉÉå ºÉä ¤ÉSÉÉ 

Ê±ÉªÉÉ* 

{ÉÊIÉªÉÉå Eäò ºÉÉ¨ÉÚÊ½þEò Eò±É®ú´É ¨Éå +ÉEæòº]ÅõÉ EòÉ ºÉÆMÉÒiÉ {ÉÖ]õiÉÉ ½èþ, VÉÉä ±ÉÉäMÉ 

<ºÉä ºÉÖxÉEò®ú +ÉxÉÆÊnùiÉ ½þÉäiÉä ½éþ, ´Éä ºÉÉè¦ÉÉMªÉ¶ÉÉ±ÉÒ ½éþ* VÉÉä {É¶ÉÖ-{ÉÊIÉªÉÉå EòÉä ¨ÉÉ®úEò®ú 

vÉxÉ Eò¨ÉÉxÉä ¨Éå ºÉÆ±ÉMxÉ ½èþ, =xÉEäò Ê´É¯ûrù VÉxÉ¨ÉÉxÉºÉ EòÉä =kÉäÊVÉiÉ Eò®úxÉä EòÉ EòÉ¨É 

<ºÉ ={ÉxªÉÉºÉ Eäò uùÉ®úÉ ºÉÆ{ÉzÉ ½þÉäiÉÉ ½èþ* <ºÉ ={ÉxªÉÉºÉ Eäò {ÉÉjÉ +{ÉxÉä ºÉÖJÉ - nÖùJÉ 

EäòÊ±ÉB ºÉÆPÉ¹ÉÇ xÉ½þÓ Eò®úiÉä, ¤ÉÎ±Eò {ÉÊIÉªÉÉå EòÒ ¨ÉÖÊHò iÉlÉÉ =xÉEäò |ÉÉEÞòÊiÉEò 

+ÊvÉEòÉ®ú EäòÊ±ÉB ºÉÆPÉ¹ÉÇ Eò®úiÉä ½éþ* ¤ÉÉWÉÉ®ú´ÉÉnù iÉlÉÉ ´ªÉÉ´ÉºÉÉÊªÉEòiÉÉ ºÉä +ÉGòÉxiÉ 

¨ÉxÉÖ¹ªÉ EòÉä <ºÉ¨Éå +ÉMÉÉ½þ ÊEòªÉÉ MÉªÉÉ ½èþ ÊEò ºÉ¨ÉªÉ ®ú½þiÉä ªÉÊnù ´É½þ {ÉªÉÉÇ´É®úhÉ Eäò 

|ÉÊiÉ ºÉSÉä¹]õ xÉ½þÓ ½þÉäMÉÉ iÉÉä =ºÉEòÉ VÉÒxÉÉ nÚù¦É®ú ½þÉä VÉÉªÉäMÉÉ* Ê´ÉnäùÊ¶ÉªÉÉå EòÒ xÉEò±É 

{É®ú ¦ÉÉ®úiÉ ¨Éå {ÉªÉÇ]õxÉ =tÉäMÉ EòÉä Ê´ÉEòÊºÉiÉ Eò®úxÉÉ =ÊSÉiÉ xÉ½þÓ ½èþ* ¦ÉÉ®úiÉÒªÉ 

=tÉäMÉ ¨Éå |ÉEÞòÊiÉ B´ÉÆ {É¶ÉÖ-{ÉÊIÉªÉÉå Eäò |ÉÊiÉ +Ë½þºÉÉ EòÉ ¦ÉÉ´É ½þÉäxÉÉ +É´É¶ªÉEò ½èþ* 

Eò¨É±Éä·É®ú EòÉ +{ÉxªÉÉºÉ "+xÉ¤ÉÒiÉÉ ´ªÉiÉÒiÉ' {ÉªÉÉḈ É®úhÉ {É®ú {Ébä÷ PÉÉiÉEò B´ÉÆ 

+ºÉÆiÉÖÊ±ÉiÉ +É´ÉºlÉÉ EòÉä ½þ]õÉxÉä EòÉ ºÉÆnäù¶É näùiÉä ½éþ* ¦ÉÉ®úiÉÒªÉ ºÉÆºÉEÞòÊiÉ EòÉ ¨ÉÚ±É-

¨ÉÆjÉ ½þÒ ={ÉxªÉÉºÉEòÉ®ú EòÉ ¨ÉÉMÉÇ nùÒ{É ½èþ* <ºÉ |É{ÉÆSÉ ¨Éå ¨ÉxÉÖ¹ªÉ Eäò ºÉ¨ÉÉxÉ {É¶ÉÖ-

{ÉÊIÉªÉÉå EòÉä ¦ÉÒ VÉÒxÉä EòÒ {ÉÚ®úÉ EòÉ {ÉÚ®úÉ +ÊvÉEòÉ®ú ½èþ* +iÉ& =x½åþ ¨ÉÉ®ú b÷É±ÉxÉÉ 

+vÉ¨ÉÇ +Éè®ú {ÉÉ{É ½èþ* ¨ÉxÉÖ¹ªÉ +Éè®ú |ÉEÞòÊiÉ Eäò ºÉ½þ +ÎºiÉi´É ºÉä ½þÒ ½þ¨ÉÉ®úÉ ¦ÉÊ´É¹ªÉ 

¨ÉÆMÉ±É¨ÉªÉ ½þÉä ºÉEäòMÉÉ* 
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<ºÉ |ÉEòÉ®ú näùJÉÉ VÉÉ ºÉEòiÉÉ ½èþ ÊEò ªÉ½þ ={ÉxªÉÉºÉ +É¨É ±ÉÉäMÉÉå Eäò ¨ÉxÉ ¨Éå 

{ÉÉÊ®úÎºlÉÊiÉEò ¤ÉÉävÉ {ÉènùÉ Eò®úxÉä ¨Éå ºÉIÉ¨É ½éþ, ºÉÉlÉ ½þÒ |ÉEÞòÊiÉ EòÒ +Éä®ú {ÉÖxÉ:ô ±ÉÉè]õ 

+ÉxÉä EòÒ |Éä®úhÉÉ ¦ÉÒ näùiÉä ½éþ* 

¨̈ÉÚ±É OÉxlÉ 

1. +xÉ¤ÉÒiÉÉ ´ªÉiÉÒiÉ - Eò¨É±Éä·É®ú 

   ±ÉÉäEò¦ÉÉ®úiÉÒ |ÉEòÉ¶ÉxÉ, <±ÉÉ½þ¤ÉÉnù - 
1, 2009 

ºÉ½þÉªÉEò OÉxlÉ 

1. +ÉvÉÖÊxÉEò Ê½þxnùÒ ÊxÉ¤ÉxvÉ - +Éä̈ É |ÉEòÉ¶É Ê¨É¸É 

   ´ÉÉä½þ®úÉ {ÉÎ¤±É¶ÉºÉÇ, +±ÉÉä{ÉÒ ¤ÉÉMÉ, 

<±ÉÉ½þÉ¤ÉÉnù - 2011 

2. +ÉvÉÖÊxÉEò Ê½þxnùÒ ºÉÉÊ½þiªÉ EòÉ <ÊiÉ½þÉºÉ - ¤ÉSSÉxÉ ËºÉ½þ 

   ±ÉÉäEò¦ÉÉ®úiÉÒ |ÉEòÉ¶ÉxÉ, ¨É½þÉi¨ÉÉMÉÉÆvÉÒ 

¨ÉÉMÉÇ, <±ÉÉ½þ¤ÉÉnù - 1, 2009 

3. {É®úÉḈ É®úhÉ +Éè®ú VÉÒ´É |É¨ÉÉxÉxnù SÉxnùÉä±ÉÉ, Ê½þ¨ÉÉSÉ±É {ÉÖºiÉEò 

¦Éhb÷É®ú, ¨É½þÉ´ÉÒ®ú SÉÉèEò MÉÉxvÉÒxÉMÉ®ú 

Ênù±±ÉÒ - 31, 1984 
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Abstract 

Odonata constitutes a small well-known order of insects that are widely 
distributed all over the world. A preliminary survey on the dragonfly 
diversity was carried out at Cherthala and Muhamma regions of 
Alappuzha Dist. during August 2018 to October 2018. Observation of 
dragonflies was done during early morning and midday near water 
bodies.  The study reported a total of 14 species belonging to the family 
Libellulidae. The most abundant species reported was Libellula luctuosa 
and the other common ones include Libellula vibrance and Neurothermis 
tullia. The study reported rich dragonfly diversity in Cherthala and 
Muhamma regions where there are plenty of water bodies.  

Keywords: Diversity, Odonates, dragonflies, Alappuzha  

 

1.  Introduction  

The order Odonata comprises of dragonflies and damselflies are 

believed to have evolved some 250 million years ago (Subramanian 

2005). They are prominent and colourful insects in tropical landscapes 

and are considered an integral component of freshwater ecosystem. 

Globally around 5,952 species of Odonates have been described so far; of 
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which 503 species have been reported within the geographic limits of 

India (Joshi et al., 2017). Among the Odonates, dragonflies are one of the 

most common insects seen in forests, fields, meadows, ponds and rivers. 

Habitat specificity and prey abundance plays a major role in their 

distribution and ecology. They lay their eggs in a wide range of aquatic 

habitats ranging from small tanks to rivers. They are mostly active during 

the midday while some are nocturnal. Dragonflies as predators play a 

significant role in biological control of insect pests. In addition to 

providing aesthetic pleasure, studying them gives a valuable insight about 

ecosystem health, especially of wetlands (Subramanian, 2005). 

The distribution of various groups and species of dragonflies is 

highly variable. Some genera and species are widespread while others are 

highly local in their distribution. Some families are restricted to cool 

streams or rivers, others to ponds or still clear waters, and some to marshy 

places. The presence of dragonflies and damselflies may be taken as an 

indication of good ecosystem quality. The greatest numbers of species are 

found at sites that offer a wide variety of microhabitats, though 

dragonflies tend to be much more sensitive to pollution than are 

damselflies. Many ecological factors affect the distribution of these 

species like the acidity of the water, the amount and type of aquatic 

vegetation, temperature and whether the water is stationary or flowing. 

The major objective of the study was to prepare a preliminary checklist of 

dragonfly species in Cherthala and Muhamma regions and to evaluate 

their species diversity and abundance in the study area.  
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2.  Materials and methods 

Study area 

The study was mainly carried out along Cherthala and Muhamma, 

Alapppuzha district, Kerala. It is located at 9.6741
o 

N latitude and 

76.3401
o 

E longitude, 9.6006
o 

N latitude and 76.3579
o 

E longitude 

respectively. 

Observation and survey 

The survey was carried out by frequent field visits during the 

months of August 2018 to October 2018. Capturing pictures and 

documentation methods were used for studying dragonflies. Observation 

of dragonflies were done during early morning and midday near water 

bodies as they are most active during these times. Individual species were 

photo documented and the images were cross checked with standard 

references and field guides on Odonates such as Subramanian (2009) and 

Kiran and Raju (2013).  

3. Results and Discussion  

During the present study a total of 14 species of dragonflies were 

found in the area under study (Table 1). The species reported were 

identified as Libellula vibrance, Aethriamanta brevipennis Brachydiplax 

chalybea, Libellula needhami, Crocothemis servilla, Pachydiplax 

longipennis, Brachythemis leucosticte, Trithemis aurora, Tholymis tillarga, 

Pantala flavescens, Libellula luctuosa, Brachythemis contaminate, 

Neurothemis tullia and Crocothemis erythraea (Fig. 1 & 2). All the species 

of dragonflies reported in this study belonged to a single family Libellulidae. 

The dominant species reported was Libellula luctuosa both from 
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Cherthala and Muhamma. Other common ones include Libellula vibrance 

and Neurothermis tullia.  

As cited in the present survey, family Libellulidae was also widely 

represented in surveys elsewhere locally and globally (Sreejamole et al., 

2014; Kalita et al., 2014). The abundance of Libellulidae (Anisoptera) in 

the present study could be due to their shorter life cycle and widespread 

distribution (Norma-Rashid et al., 2001) and their tolerance to wide range 

of habitats (Samways, 1989). Species richness and diversity of Odonata 

are also influenced by the size of the temporary water bodies. 

Commendable species richness and abundance at both regions (Cherthala 

& Muhamma) could be attributed to the size of the water body and less 

pollution. 

Table 1:  List of dragonflies reported from Cherthala and Muhamma 

regions of Alappuzha  
 

Sl 
No. Scientific name  Common name  Family  No. of 

species  
1. Libellula vibrance Great blue skimmer Libellulidae 5 

2. Aethriamanta brevipennis Scarlet marsh hawk “ 2 

3. Brachydiplax chalybea Blue dasher “ 2 

4. Libellula needhami Needham’s skimmer “ 3 

5. Crocothemis servilla Scarlet skimmer “ 1 

6. Pachydiplax longipennis Rare blue dragonfly “ 1 

7. Brachythemis leucosticta Banded groundling “ 4 

8. Trithemis aurora Crimson marsh glider “ 2 

9. Tholymis tillarga Evening skimmer “ 1 

10. Pantala flavescens Globe skimmer “ 4 

11. Libellula luctuosa Widow skimmer “ 6 

12. Brachythemis contaminate Ditch jewel “ 3 

13. Neurothemis tullia Pied paddy skimmer “ 4 

14. Crocothemis erythraea Scarlet darter “ 2 
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Figure 1: Images of dragonflies recorded during the study 
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Figure 2: Images of dragonflies recorded during the study 

 
 

Odonates are dominant aquatic insects and often referred to as the 

bio indicators of the aquatic ecosystem. They are also authentic 

indicators of human impact on freshwater ecosystem. Biological 

monitoring methods using aquatic insects have been developed and 
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reliably tested in both temperate and tropical aquatic systems. 

Dragonflies play a major ecological role as key predators in water, the 

adults scourge on gnats and midges in the aquatic realm. Hence, they 

serve as a natural means of controlling mosquito-borne diseases, and 

their population reduction could have an adverse effect on both 

terrestrial and aquatic food webs.  
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Hypothyroidism is believed to be sporadic, but less than 10% of hypothyroid 
conditions are hereditary. The actual reasons behind familial and 
sporadic hypothyroidism are to be identified. Hence the present study was 
under taken to evaluate genetic instabilities in familial hypothyroidism and 
compared with sporadic hypothyroid and healthy control subjects. Thirty-
eight subjects with varying degrees of familial hypothyroidism, twenty 
subjects with sporadic hypothyroidism and twenty healthy control 
subjects were selected to evaluate the familial hypothyroidism, mutagen 
induced chromosome sensitivity analysis. Laboratory investigations like 
T3, T4 and TSH were also evaluated and correlated with mean b/c value. 
Subjects with familial hypothyroidism showed statistically significant 
elevation in mean b/c value compared to sporadic hypothyroid subjects 
and control subjects. The present study revealed that subjects with 
elevated TSH levels showed high mean b/c value whereas subjects with 
reduced T3 and T4 showed increased mean b/c values.  
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rarely, from their decreased action at a tissue level. Virtually every tissue 

in the body is affected to a greater or lesser extent by thyroid hormone 

deficiency. Hypothyroidism occurs most frequently in women, the sex 

ratio of symptomatic hypothyroidism being about 10:1. Although the 

disease can occur at any age, most patients present between 30 and 60 

years. (Bagcchi, 2014) 

Most of the cases of hypothyroidism are thought to be sporadic, but 

some are hereditary. The earlier study revealed that <10% of hypothyroid 

conditions are arising from familial cases (Mimuoni et al, 1996). Familial 

hypothyroidism is the condition in which any of the first- or second-

degree relatives have hypothyroidism. The actual reason behind the 

familial hypothyroidism is yet to be identified. 

The pathophysiology of thyroid dysgenesis remains unclear and 

until recently, this disorder was generally regarded as sporadic. However, 

a small (2%), but significant proportion of familial cases have been 

identified through the study of subjects with congenital hypothyroidism, 

and a more recent work revealed that higher proportions of familial 

thyroid dysgenesis are reported in both symptomatic and asymptomatic 

individuals. 

Even though there are familial cases, the root cause of this 

hereditary pattern is unclear. Thus, the current study is on the basis of 

endocrinological and genetic aspects to unveil the familial mode of 

transmission of hypothyroid disorder using DNA repair mechanism. 
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2. Methodology 

Thirty-eight subjects (Group A) suffering from various degrees 

of hypothyroid with family history (familial subjects) and twenty 

subjects (Group B) suffering from hypothyroid without family history 

(sporadic subjects) and twenty control subjects (Group C) were 

selected for the study. In the present study most of the study subjects 

were of the age group 41-60 in both familial as well as sporadic               

groups. Among the study subjects majority were females. They were 

referred from various hospitals to a research lab at Thiruvananthapuram. 

2-3 ml of peripheral blood was aseptically collected in sodium 

heparinised vaccutainers by vein puncture for evaluating DNA repair 

mechanism. 

 . Mutagen Induced Chromosome Sensitivity Analysis was done for 

evaluating DNA repair mechanism (Hsu et al, 1987). For this analysis the 

mean number of breaks/cell (b/c) were calculated. 

Serum tri-iodo thyronine & tetra-iodo thyronine was determined 

by competitive immuno assay using chemiluminescence technique. 

Serum thyroid stimulating hormone was determined by two-site 

sandwich immunoassay using direct chemiluminescence technique. For 

carrying out these tests, 2ml of blood was collected and allowed to 

clot. The serum formed was used for the analysis. For both the assays, 

blood samples were collected after getting informed consent. The data 

collected were subjected to “Students t-test” (Zar, 1974). 
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3. Results 

The present study was conducted in 38 subjects with family history 

of hypothyroidism (Group A) and 20 subjects having hypothyroidism but 

with no family history (sporadic) (Group B) and 20 subjects as control 

(Group C). The thyroid stimulating hormone (TSH) levels were very high 

in study subjects (Group A & B). The T3 and T4 were observed below 

normal ranges.   

The study subjects were grouped according to their T3 values, two 

ranges were taken for the study, such as ≤80 and >80 ng/dl. The data 

obtained showed that 31 (81%) familial and 16 (80%) sporadic belongs to 

≤80 ng/dl which was under the normal range (Table 1). The mean b/c 

value of familial was 0.8500 and it was 0.8060 in sporadic subjects. 

Among the two study groups, (Group A & B) familial group showed 

much higher mean b/c values than the sporadic subjects. The study was 

statistically significant with t value -8.98766; p value <0.00001 in familial 

and control subjects. The result is significant at p < .05. 

 

Table 1. Distribution of mean b/c value according to T3 

Variable Category 
Number of 
familial 
subjects 

Mean b/c 
value of 
familial 
subjects 

Number 
of 
sporadic 
subjects 

Mean b/c 
value of 
sporadic 
subjects 

T3 (ng/dl) 
≤80 31 (81%) 0.85 16 (80%) 0.806 

>80 7 (19%) 0.81 4 (20%) 0.741 

 

The study subjects were grouped according to their T4 values, two 

ranges were taken for the study, such as ≤4 and >4 μg/dl. The data 
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obtained showed that 29 (76%) familial and 17 (85%) sporadic belongs to 

≤4 μg/dl which was under the normal range. The mean b/c value of 

familial was 0.8300 and it was 0.7900 in sporadic subjects. Among the 

two study groups, familial group recorded much higher mean b/c values 

than the sporadic subjects (Table 2). The study was statistically 

significant with t value -7.76504; p value <0.00001 in familial and control 

subjects. The result is significant at p < .05. 

Table 2 Distribution of mean b/c value according to T4 

Variable Category 
Number 
of familial 
subjects 

Mean b/c 
value of 
familial 
subjects 

Number 
of 
sporadic 
subjects 

Mean b/c 
value of 
sporadic 
subjects 

T4 (μg/dl) 
≤4 29 (76%) 0.83 17 (85%) 0.79 

>4 9 (24%) 0.81 3 (15%) 0.71 

 

The level of Thyroid Stimulating Hormone (TSH) was estimated 

and grouped into three as <8, 8-12 and >12 mlu/L. The three ranges 

were taken higher than the normal range. In all the three categories 

familial subjects showed increased mean b/c value than sporadic 

subjects. In familial, the highest mean b/c value was 0.895 (Table 3) 

and in sporadic it was 0.8560, both were in the category >12mlu/L. 

The study was statistically significant with t value 6.79945; p value 

<0.00001 in familial and control subjects. The result is significant at            

p < .05. 
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Table 3 Distribution of mean b/c value according to TSH 

Variable Category 

Number 
of 
familial 
subjects 

Mean b/c 
value of 
familial 
subjects 

Number of 
sporadic 
subjects 

Mean b/c 
value of 
sporadic 
subjects 

TSH 
(mlu/L) 

<8 22 (57%) 0.805 10 (50%) 0.7327 

8-12 11 (29%) 0.8251 9 (45%) 0.802 

>12 5 (14%) 0.895 1 (5%) 0.856 

 

4. Discussion 

The present study identifies hypothyroidism as familial as much as 

sporadic. The hereditary pattern of hypothyroidism was found to be in 

association with DNA repairing efficiency of the subjects. Helfend and 

Redfern, (1998) reported that thyroid diseases are very common in middle 

aged and older adults. Vanderpump et al, (2005) reported that thyroid 

disease is much more prevalent in women than men. According to 

Godfrey et al, (2007) approximately 1 out of every 7 women develop 

thyroid disease, and its prevalence increases with age. These findings 

suggest that hypothyroidism is much more prevalent in the female 

population and it increases with increasing age. The results obtained in 

the present study is in accordance with the earlier reports. Most of the 

study subjects belonged to the age group 41-60 in both familial as well as 

sporadic subjects and majority were females. The present study revealed 

that subjects with elevated TSH levels showed high mean b/c value 

whereas subjects with reduced T3 and T4 showed increased mean b/c 

values.  
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5. Conclusion 

The present study indicated that hypothyroid conditions were 

occurring familial as much as sporadic and the subjects with both these 

types of hypothyroidism showed increased mean b/c value than control 

subjects. Thus, DNA repairing capacity of study subjects were much less 

than that of control subjects.  Subjects with elevated TSH levels showed 

high mean b/c value whereas subjects with reduced T3 and T4 showed 

increased mean b/c values. Familial as well as sporadic hypothyroid 

patients who were directed to take thyroxine for hormone balancing 

should keep their daily doses for a long time as there is no effective 

treatment.  
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