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Abstract 

The pandemic has changed the way in the people around the world in the field of digital banking. Most 

bank branches encourage customers not to visit their branches and make use of online banking wallets 

for ongoing day to day transaction. Online banking is the method of executing banking transactions 

over the internet. Online banking can be done without physically visiting the bank branch and it can 

make the transaction through an electronic basis, without the exchange of any tangible commodity by 

maintaining social distance. The present study is conducted to understand the perception of customers 

towards during Covid 19 pandemic, to identity the level of awareness of various online banking 

services, to identify the level of usage of various online banking services and to measure the level of 

satisfaction of customers towards online banking service. A sample of 120 college teachers is selected 

by using purposive sampling method. The study revealed that level of perception of customers reveals 

that customers have a moderate level of perception towards online banking service during Covid 19 

pandemic, and customers have high awareness towards fund transfer, payment of bills and shop and 

order. 
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I. Introduction 

Electronic banking is one of the truly extensive avatars of e-commerce the world over. In simple words, 

e-banking implies provision of banking products and services through electronic release channels. The 

facility of internet banking is provided through banks and the customer must be an account holder with 

any bank to get the available facility. E-Banking means the arrangement of banking and related 

assistance through extensive utilization of data innovation without direct plan of action to the bank by 

the client. Internet Banking is a convenient way to do banking from the comfort of home or office and 

avoid the queue or delays.  

Daniel defines E-banking as the delivery of banks information and service by banks to customers 

via different delivery. Platforms that can be used different terminal devices such as a personal computer 

and mobile. 

 

II. Significance of the Study 

Nowadays, a lot of changes happening in the banking sector and COVID 19 outbreak changed the 

shape of the banking industry. Internet banking emerged as a strategic resource for achieving higher 

efficiency control operation and reduction of cost by replacing paper based and labour intensive 

method with automated process, thus leading higher productivity and profitability. The perception of 

bank customers towards online banking needs to be studied and analyzed especially during the Covid 

19 pandemic period, as it will help the authorities to provide better services. It will further influence 

the satisfaction and loyalty of the customers. Hence, a study on perception towards online banking is 

significant and relevant. 

 

III. Research Problem 

During the Covid-19 pandemic period, there occurred an exorbitant increase in the online banking 

transactions.  Many customers prefer online banking services. In this context, the frequency of online 

mailto:aravindjayanthy@gmail.com
mailto:priyaaravind4u@gmail.com


 
Rabindra Bharati University Journal of Economics 

ISSN : 0975-802X  

Vol. : XXVII, No:5, 2023                                                                                                                  170 

 

transactions, the level of usage of customers and the level of awareness of customers with respect 

various online banking services needs to be checked. The customers may face various issues and 

challenges while using the online banking services. Customers may or may not be satisfied depending 

on the quality of online banking services provided. Hence a study is conducted Areekode Block 

Panchayath to address the issue of perception and satisfaction of customers towards online banking 

services. 

 

IV. Objectives of the Study 

The following are the objectives of the study: 

➢ To study the perception of customers towards during Covid 19 pandemic 

➢ To identity the level of awareness of various online banking services. 

➢ To identify the level of usage of various online banking services. 

➢ To measure the level of satisfaction of customers towards online banking service 

➢ To find out the issues and challenges faced by customers while using online banking services during 

Covid 19 pandemic. 

 

V. Research Hypotheses  

The following are the research hypotheses: 

➢ There is no significant difference between the mean ranks of the opinion of the customers as regard 

the factors influencing online banking service during Covid 19 pandemic. 

➢ There is no significant difference between mean scores of bank category as regard perception of 

customers towards online banking.  

➢ There is no significant difference between mean scores of bank category as regard the problem of 

online banking during Covid 19 pandemic.  

➢ There is no significant difference between the mean score of age as regard perception of customers. 

➢ There is no association between age and level of usage of online banking service.   

 

VI. Research Methodology 

The study is conducted in the Areekode block Panchayath   of Malappuram District of Kerala. The 

population of the study constitutes all the online banking users in Areekode Block Panchayath. Both 

primary and secondary data are used for the study. Primary data collected from online banking users 

in Areekode Block Panchayath and secondary data is collected from books, journals and internet. The 

sample size of the study is 110. The method of sampling is purposive sampling. Questionnaire method 

is used for collecting the primary data. The various tools used for analysis include percentage, mean, 

ranking, scaling etc. Graphs are also used to have more clarity. Hypotheses are tested by using chi-

square test, Mann Whitney U test and Kruskal Wallis H test. Perception is measured by using five 

point Likert scale. The five points are strongly disagree, disagree, neutral, agree and strongly disagree. 

Seven statements are used for measuring perception. The data analysis is done with SPSS (Version 

26). 

 

VII. Results and Discussion 

Table 1 Level of Perception 

Level Frequency Percentage 

Low 19 17.3 

Moderate 53 48.2 

High 38 34.5 

Total 110 100 

The analysis of the level of perception reveals that about 38% customers have high level, 53% have 

moderate and 19% have level of perception towards online banking. 
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Table 2 Awareness level as regards Online Banking Services 

 

Online Banking Services 

Level of Awareness 

High Medium Low 

Fund transfer related 85 21 4 

Account and Deposit related 38 38 34 

Cheque/DD related 43 46 21 

Payment of Bills 83 26 1 

Shop and Order 74 25 11 

Taxation related 21 44 45 

Other Services 22 45 43 

For analyzing awareness level, seven factors are considered such as Fund transfer related, Account 

and Deposit related, Cheque/DD related, Payment of Bills, Shop and Order, Taxation related and other 

services. Analysis of the Awareness level as regards Online Banking Services reveals that customers 

have high awareness towards fund transfer, payment of bills and shop and order. The awareness level 

of customers is comparatively low with respect to taxation, accounts and deposits and other services 

Table 3 Level as regards Online Banking Services 

 

Online Banking Services 

Level of Usage 

Very Rarely Rarely Sometimes Often Very Often 

Fund transfer related 0 6 9 32 63 

Account and Deposit related 16 15 28 31 20 

Cheque/DD related 27 19 31 26 7 

Payment of Bills 1 2 15 30 62 

Shop and Order 6 8 15 26 55 

Taxation related 33 27 27 18 5 

Other Services 34 20 32 19 5 

An attempt is made to know the usage level of various banking services. Analysis of the usage level 

as regards Online Banking Services reveals that customers’ usage level is high with respect to fund 

transfer, payment of bills and shop and order.   The usage level of customers is comparatively low with 

respect to taxation, accounts and deposits and other services. 

Table 4 Satisfaction level as regards Online Banking Services 

 

Online Banking Services 

Level of Satisfaction 

Highly 

Dissatisfied 

Dissatisfied Neutral Satisfied Highly 

Satisfied 

Fund transfer related 1 3 6 41 59 

Account and Deposit 

related 

2 2 52 37 17 

Cheque/DD related 4 5 57 34 10 

Payment of Bills 1 2 7 43 57 

Shop and Order 1 5 18 49 37 

Taxation related 5 5 64 27 9 

Other Services 5 7 62 25 11 

Analysis of the satisfaction level as regards Online Banking Services reveals that customers’ 

satisfaction level is high with respect to fund transfer, payment of bills and shop and order.   The 

satisfied level of customers is comparatively low with respect to taxation, accounts and deposits and 

other services. 

Table 5 Problems faced in Online Banking Service 

Problems Mean 
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Absence of personal contact 2.66 

Less reliable than branch banking 2.68 

More chance for fraudulent transactions 3.34 

Lack of trust and security 2.45 

Always interrupted by poor net connection 3.50 

The problems faced by customers during online banking service during reveals that the most serious 

problem is interruption due to poor net connection (3.50). The other problems are chance for fraudulent 

transactions (3.34), less reliable than branch banking an absence of personal contact. The 

comparatively least problem is lack of trust and security. 

Table 6 Results of Hypotheses Testing 

Research Hypothesis P Value Result 

There is no significant difference between the mean ranks of the 

opinion of customers as regards factors influencing online banking 

service during Covid 19 pandemic. 

<0.000 Ho rejected at 

1% 

There is no significant difference between the mean scores of bank 

category as regards perception of customers towards online 

banking. 

0.264 Ho accepted at 

5% 

There is no significant difference between the mean scores of bank 

category as regards problems of online banking service during 

Covid 19 pandemic 

0.410 Ho accepted at 

5% 

There is no significant difference between the mean scores of age 

as regards perception of customers towards online banking. 

0.853 Ho accepted at 

5% 

There is no association between age and level of usage of online 

banking 

<0.000 Ho rejected at 

1% 

 

VIII. Conclusion 

In the crisis of Covid-19, digital access to banking services has become essential. Though it is still 

possible to visit some bank branches, people opted to staying home and transacted payments through 

online which has resulted in an increase in digital banking usage. Online banking is useful to customers 

as well as banks and other organizations.    To increase efficiency, service quality of banks, safety, 

integrity, online banking can be used in a rightful way. The study has been conducted among 110 

customers who belong to both private banks and public bank customers. The overall analysis of 

customer perception reveals that perception level of customers towards online banking services is 

moderate. The level of usage, level of awareness and level of satisfaction is high with respect to fund 

transfer, payment of bills and shop and order. The analysis revealed that the most important factor 

which attracts online banking service is quality of services. 
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Abstract 

Health workers play a central and pivotal role in providing quality health care services.  Their services 

are available to ensure care and share feelings for 24 hours. Amidst the ongoing Covid-19 pandemic, 

nurses across the worldwide have turn up as the heroes of the unprecedented crisis. Nurses remain in 

the forefront to fight against the epidemics and pandemics. They provide primary care, treatment and 

provide vital medicines to patients on time. It is an unfeasible situation to win the battle against the 

virus without nurses as they are helping the doctors in the treatment of patients. The present study is 

conducted to measure the level of stress and burnout among nurses during Covid 19 pandemic, 

dimensions of burnout and also to identify the various measures for reducing stress and burnout. The 

study is conducted in the Manjeri Municipality. The analysis revealed that the nurses in Manjeri 

Municipality experience a moderate level of stress and burnout in their job. 

 

Keywords: Stress, Burnout, Dimensions, Nurses 

 

Introduction 

Nursing is generally perceived as a stressful and demanding profession. It is both physically 

and psychologically challenging as they deal with people who are suffering from major or minor health 

problems and life threatening situations (Bakker et.al, 2000). Nurses remain in the forefront to fight 

against the epidemics and pandemics. They provide primary care, treatment and provide vital 

medicines to patients on time. It is an unfeasible situation to win the battle against the virus without 

nurses as they are helping the doctors in the treatment of patients. Now they are the people inoculating 

Covid-19 vaccine to patients. In the successful management of any health crisis, nurses act as a crucial 

link between the patients and the rest of health care team. 

 

Significance of the Study 

Covid 19 pandemic has made it a topic of discussion that every nation should invest in nursing jobs, 

education and leadership to achieve universal health coverage. As India continuous its fight towards 

the pandemic, nurses are the front warriors against it by providing service to block the spread of virus. 

In that crucial time, India faces a shortage of prescribed strength of nurses. India has 1.7 nurses per 

1000 population, which is 43% less than the World Health Organization norm (3 per 1000).This 

shortage is due to improper rural-urban distribution. Another important reason for the shortage of 

nurses in the Indian medicinal sector are overworked, underpaid and often undervalued. These prompt 

thousands of them to migrate overseas every year in search of better-paying jobs for the security of 

their families. Since the beginning of the COVID-19 pandemic, healthcare workers have been under 

heavy workload conditions worldwide.  Limited resources, longer shifts, disruptions to sleep and 

work–life balance, and occupational hazards associated with exposure to patients with COVID-19 have 

contributed to adverse psychological outcomes among healthcare workers in terms of post-traumatic 

stress, insomnia, anxiety and depression. The COVID-19 pandemic may have also negatively impacted 

healthcare workers in terms of increased burn-out. Hence a study on burnout and stress among nurses 

is significant and important. 

 

Research Problem 

The study is proposed to be conducted in Manjeri Municipality.  By the second wave, Covid 19 

pandemic has resulted in an increased demand for healthcare services. On this situation, the Kerala 
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government has allowed the private hospitals for the consultation of Covid patients. The employees in 

many sectors had a working of 8 hours, but in the case of medical services, nurses should work for 24 

hours. In the conditions of Covid, increase in the Covid positive cases, emergency cases, quarantine 

stress and improper nurse patient ratio created a severe situation for the work life of nurses. As the 

demand for nurses and their services increases, stress level increases, this in turn may result in burnout. 

Hence, it becomes a problematic issue to make a study on the burnout and stress among nurses in 

Manjeri Municipality during Covid 19 pandemic.  

 

Scope of the Study 

The study is intended to measure the level of burnout and stress among nurses during Covid 19 

Pandemic. It will also identify the cause and consequences of stress and the dimensions of burnout. 

The area of the study is limited to IT employees in Calicut District.  

 

Research Objectives 

1. To measure the level of stress among nurses during Covid 19 pandemic 

2. To measure the level of burnout among nurses during Covid 19 pandemic 

3. To analyze the various dimensions of burnout  among nurses 

4. To identify various strategies for reducing stress and burnout. 

 

Research Hypotheses 

1. There is no significant difference between the mean ranks of the opinion of nurses as regards 

causes of stress. 
2. There is no association between hospital category and level of stress of nurses. 

3. There is no association between marital status and level of stress of nurses. 

4. There is no association between age and level of stress of nurses. 

5. There is no association between experience and level of stress of nurses. 

6. There is no significant difference between the mean scores of hospital category as regards level 

of burnout of nurses. 
7. There is no significant difference between the mean scores of gender as regards level of burnout 

of nurses. 
8. There is no significant difference between the mean scores of age as regards level of burnout of 

nurses. 
 

Research Methodology 

The study is conducted in the Manjeri Municipality. The population of the study constitutes all the 

nurses working in Manjeri Municipality. The study is partly descriptive and partly analytical in nature. 

Both primary and secondary data are used for the study. Primary data is collected from nurses working 

in Manjeri Municipality and secondary data is collected from books, journals and internet. The sample 

size of the study is 120. 60 nurses are selected from Govt hospitals and 60 are selected from private 

hospitals. The method of sampling is purposive sampling. Questionnaire method is used for collecting 

the primary data. Hypotheses are tested by using Chi-square test, Friedman test, Mann Whitney U test 

and Kruskal Wallis H test. Stress is measured by using five point Likert scale. Burnout level is 

measured by using Maslach Burnout Inventory (MBI). 

 

Results and Discussion 

                                                   Table 1 

                                             Level of Stress 

Level of Stress Frequency Percentage Cumulative  

Percentage 

Low 29 24 24 
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Moderate 53 44 68 

High 38 32 100 

Total 120.0 100.0 - 

 

The analysis of level of stress revealed that the nurses in Manjeri Municipality experience a 

moderate level of stress in their job. The analysis of 16 variables shows that 44% experience 

moderate level of stress and 32% experience high level of stress 

                                                  Table 2 

                            Level and Dimensions of Burnout 

Components Average Score Level 

Emotional Exhaustion  20 Moderate 

Depersonalization 18 Moderate 

Personal Achievement 26 Moderate 

Overall Level Moderate 

The level of burnout is measured by using Maslach Burnout Inventory (MBI). The study revealed 

that the level of burnout experienced by the nurses in Manjeri Municipality at the time of Covid 19 

pandemic is moderate. The study revealed that various dimensions of burnout are emotional 

exhaustion (Mean score -20), depersonalization (Mean score -18) and personal achievement (mean 

score -26). Level of all dimensions is identified as moderate and the overall burnout level is also 

moderate. 

Table 3 

Strategies for reducing Stress 

Coping Strategies Frequency 

Yoga /Meditation 57 

Physical exercises 62 

Connect with supportive people 62 

Enough sleep 65 

Breath therapy 40 

Nurses adopt various measures to reduce the stress and burnout in their job. The strategies are 

enough sleep (frequency of 65), physical exercise (62), connect to supportive people (62), yoga and 

meditation (57) and breath therapy (40). It shows that mostly preferred coping strategy is enough 

sleep for the nurses. 

Table 4 

Results of Hypotheses Testing 

Research Hypothesis P Value Result 

There is no significant difference between the mean ranks of the 

opinion of nurses as regards causes of stress. 
<0.000 Ho rejected at 

1% 

There is no association between hospital category and level of 

stress of nurses. 

<0.000 Ho rejected at 

1% 

There is no association between marital status and level of stress of 

nurses. 

<0.018 Ho rejected at 

5% 

There is no association between age and level of stress of nurses. <0.000 Ho rejected at 

1% 
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There is no association between experience and level of stress of 

nurses. 
<0.001 Ho rejected at 

1% 

There is no significant difference between the mean scores of 

hospital category as regards level of burnout of nurses. 
0.048 Ho rejected at 

5% 

There is no significant difference between the mean scores of 

gender as regards level of burnout of nurses. 
0.098 Ho accepted at 

5% 

There is no significant difference between the mean scores of age as 

regards level of burnout of nurses. 
0.016 Ho rejected at 

5% 

 

Conclusion 

Nurses are a group of workers subject to high degree of stress. The various factors which causes of 

stress were lack of professional knowledge and skills, work environment and workload. The study 

reveals that the stress and burnout faced by the nurses in Manjeri Municipality at the time of COVID 

19 pandemic were moderate and high. The major cause of stress was the lack of professional 

knowledge and skill of nurses. Other factors were workload, difficulty in getting leave, treatment of 

COVID patient, delayed and unfair remuneration and lack of job security. The nurses mainly adopt 

enough sleep, physical exercise and connect with supportive people as the coping strategies of stress. 

The hospital managements and authorities should take the initiatives to overcome the employee’s 

problems. A high productive unit of nurses can improve the hospital efficiency from the present level. 
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Abstract 

Organizational citizenship behaviour can be said as employee's interest, voluntary commitment and 

willingness to go above and beyond their contractual tasks in the workplace by performing positive 

actions that benefit their business as well as co-workers even though they are not in their job 

description. Employees’ exhibit organizational citizenship behaviour voluntarily will support their co-

workers and this type of behaviour is always very much expected from all workers working in the 

organization. There are several factors to take into account that influence organizational citizenship 

behaviour of an employee. Investigating and examining these would definitely contribute to enhance 

the organizational effectiveness. The present study is intended to identify the dimensions and level of 

organizational citizenship behaviour and the level job satisfaction among bank in Manjeri 

Municipality. A sample of 120 employees, 60 from public sector and 60 from private sector banks, is 

selected by using purposive sampling method.         The study reveals that 50.8% of employees have 

moderate level of organization citizenship behaviour. 

Keywords: Organizational Citizenship Behaviour, Dimensions, Job Satisfaction 

 

I. Introduction 

 Organization Citizenship Behaviours are individual, discretionary actions by employees that 

are outside their formal job description. OCB refers to the behaviours of employees or individuals that 

promote effectiveness in organizational functioning. OCB is a term that encompasses anything positive 

and constructive that employees do perform of their own choice which supports the co-workers and 

benefits the company. Volunteering for extra work, cooperating with colleagues and sharing ideas are 

some examples of OCB. 

Dennis Organ defines organizational citizenship behaviour is defined as work-related factors that are 

discretionary, not related to the formal organizational reward system, and, in aggregate, promote the 

effective functioning of the organization. 

In Indian banking sector, there are several indicators for measuring effectiveness of the organization 

such as competition from foreign banks and non-banking financial institutions, bureaucratization, 

increasing political pressure, maintaining asset quality and losses in rural branches. 

 

II. Significance of the Study 

Organization citizenship can boost the morale of bank employees. It enhances the people's level of 

work meaningfulness. It is important for improving employee productivity. In point of fact, researches 

show that organizational citizenship behaviour positively predicts performance. It creates better social 

associations between employees. An organization with a positive and enabling culture helps employees 

feel that they have some level of role and ownership over the organizational operations. Moreover, 

organizational citizenship behaviour is considered as an inseparable element of performance 

management these days and it is considered for the evaluation of various organizational aspects.  

Banking has become more competitive in respect of the pricing of bank products and the location of 

point of sale. It has been reported that organizational citizenship behavior (OCB) is related to 

organizational performance. It is also noted that the concepts of OCB and service quality are related. 

Hence a study about organizational citizenship behaviour in banks helps to identify and analyze the 

role of organization citizenship behaviour in improving profitability of banks, customer creation and 

retention. . Hence a study about organizational citizenship behaviour in among bank employees is 

found significant and relevant which helps to identify and analyze the role of organization citizenship 

behaviour in improving profitability of banks, customer creation and retention.  
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III. Research Problem 

One of the most important factors that influence the dynamics of organizational life is the employees 

working in that organization. Organization citizenship behaviour includes voluntary and gratuitous 

contributions by the employees to the organization that employ them. Former studies regarding the 

antecedents of organization citizenship behavior focus on submission, employee attitudes and leader 

supportiveness. But recently it is examined that there are several other variables to determine the 

antecedents of organization citizenship behaviour such as job satisfaction, perceptions of 

organizational justice, personality task and characteristics, organization commitment and leadership 

behaviour. When the workers feel that they have some kind of acceptance and recognition, they will 

exhibit a readiness to contribute to the organization beyond contractual obligation. Organization 

having employees highly engaged in organization citizenship behaviour would strengthen managerial 

efficiency and organizational effectiveness. In banking industry, the organization citizenship 

behaviour is such an important factor as its productivity is measured on customer creation and 

retention. Customer creation is highly based on service provision and it is based on employee 

behaviour. Hence the study intends to identify the level of organization citizenship behaviour bank 

employees in Manjeri Municipality and to test whether the level of organization citizenship behaviour 

has any association with demographic variables. 

 

IV. Scope of the Study 

The present study is conducted to identify the level of organization citizenship behaviour among bank 

employees. The area of the study is Manjeri Municipality and all the banks employees working in 

Manjeri Municipality is considered for the study. The private and public sector commercial banks in 

Manjeri Municipality are considered and cooperative banks are excluded. The study aims to find 

various determinants of organization citizenship behaviour, dimensions of organization citizenship 

behaviour and determine the level of organization citizenship behaviour exhibited by the bank 

employees. 

 

V. Objectives of the Study 

The following are the objectives of the study: 

➢ To identify the dimensions of Organization Citizenship Behaviour among bank employees. 

➢ To determine the level of Organization Citizenship Behaviour exhibited by bank employees. 

➢ To measure the level of satisfaction of bank employees. 

➢ To know whether there is any association between level of Organization Citizenship Behaviour 

and demographic variables. 

 

VI. Research Hypotheses  

The following are the research hypotheses: 

➢ There is no significant difference between the mean ranks of the opinion of bank employees as 

regards factors inspiring to visit bank branch. 

➢ There is no association between bank category and level of organization citizenship behaviour. 

➢ There is no association between marital status and level of organization citizenship behaviour. 

➢ There is no association between age and level of organization citizenship behaviour. 

➢ There is no association between bank category and level of job satisfaction. 

➢ There is no association between marital status and level of job satisfaction. 

➢ There is no association between age and level of job satisfaction. 

➢ There is no significant difference between the mean scores of bank category as regards level 

of organization citizenship behaviour. 

➢ There is no significant difference between the mean scores of bank category as regards level 

of job satisfaction. 
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VII. Research Methodology 

The study is conducted in the Manjeri Municipality of Malappuram District. The population of the 

study constitutes all the bank employees working in Manjeri Municipality. Both primary and 

secondary data are used for the study. Primary data is collected from bank employees working in 

Manjeri Municipality and secondary data is collected from books, journals and internet.           The 

sample size of the study is 120. 60 bank employees are selected from public sector banks and 60 are 

selected from private sector banks. The method of sampling is purposive sampling. Questionnaire 

method is used for collecting the primary data. The various tools used for analysis include percentage, 

mean, standard deviation, ranking, scaling etc. Graphs are also used to have more clarity. Hypotheses 

are tested by using Chi-square test, Friedman test, and Mann Whitney U test. Kolmogorov-Smirnov 

Test (K-S Test) and Shapiro-Wilk Test (S-W Test) are used for testing the normality of data. Reliability 

Analysis is done with Cronbach’s Alpha. Data analysis is done by using SPSS (Version 26). 

 

VIII. Results and Discussion 

Table 1 

Level of Organization Citizenship Behaviour 

Level Frequency Percentage 

Low 30 25 

Moderate 61 50.8 

High 29 24.2 

Total 120 100 

The analysis of the level of organization citizenship behaviour reveals that 50.8% of employees have 

moderate level of organization citizenship behaviour. 25% have low and 24.2% have high organization 

citizenship behaviour. 

Table 2 

Dimensions of Organization Citizenship Behaviour 

Dimensions Mean S.D 

Altruism 4.56 0.541 

Conscientiousness 4.56 0.564 

Civic Virtue 4.48 0.61 

Sportsmanship  4.33 0.595 

Courtesy 4.16 0.63 

The five dimensions of organizational citizenship behaviour are identified from the study.        The 

analysis reveals that the most important dimensions are Altruism and Conscientiousness (mean value 

with 4.56) and the dimension with least mean value is Courtesy. 

Table 3 

Level of Job Satisfaction 

Level Frequency Percentage 

Low 41 34.2 

Moderate 24 20 

High 55 45.8 

Total 120 100 
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An attempt is made to determine the level of job satisfaction among bank employees.               The 

analysis reveals that 45.8% of employees have high level of job satisfaction. 20% have moderate and 

34.2% have low level of level of job satisfaction.  

Table 4 

Results of Hypotheses Testing 

Research Hypothesis P Value Result 

There is no significant difference between the mean ranks of the 

opinion of bank employees as regards factors inspiring to visit bank 

branch 

<0.000 Ho rejected at 

1% 

There is no association between bank category and level of 

organization citizenship behaviour 

0.975 Ho accepted at 

5% 

There is no association between marital status and level of 

organization citizenship behaviour. 

0.845 Ho accepted at 

5% 

There is no association between age and level of organization 

citizenship behaviour. 

0.562 Ho accepted at 

5% 

There is no association between bank category and level of job 

satisfaction 

0.000 Ho rejected at 

1% 

There is no association between marital status and level of job 

satisfaction 

0.011 Ho rejected at 

5% 

There is no association between age and level of job satisfaction. 0.043 Ho rejected at 

5% 

There is no significant difference between the mean scores of bank 

category as regards level of organization citizenship behaviour. 

0.825 Ho accepted at 

5% 

There is no significant difference between the mean scores of bank 

category as regards level of job satisfaction. 

0.000 Ho accepted at 

5% 

 

IX. Conclusion 

The present study covers organization citizenship behaviour and job satisfaction of bank employees in 

Manjeri Municipality. The study identifies five dimensions of organization citizenship behaviour. The 

most important among them are Altruism and Conscientiousness. There is a moderate level of 

organization citizenship behaviour and a high level of job satisfaction existing among bank employees 

in Manjeri Municipality. Job satisfaction is high with respect to several factors except training and 

development. The bank should focus, assess and overcome the shortcomings mentioned and work on 

the suggestions put forward by the study so as to improve the present level of organization citizenship 

behaviour among bank employees and also to have a better organizational life and job satisfaction for 

the employees.  
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Abstract: Megaliths are mainly the burial or commemorative monuments of Iron Age and Early Historic 

periods of peninsular India in general and Kerala, in particular. The studies on megaliths in India started 

with the antiquarian research of J Babington at Chattaparamba, near Farook, Calicut, in 1819. The report 

of this excavation was published in 1823 as “Description of the Pandoo Coolies in Malabar: with four 

drawings,” in Transactions of the Literary Society of Bombay, (1823: 3:324-330). Babington did not term 

the monument as Megalith, instead he called it as Pandoo Coolies, probably the anglicised version of local 

traditions such as Pandu Kuzhi or Pandavar Kuzhi. The present paper attempts to critically analyse the 

nature of megalithic studies in Kerala for the last two centuries (1813-2023) and argues that it is still 

remaining in some sort of antiquarian stage. 
 

 

Keywords: Babington, Pandoo Coolies, Megaliths, Iron Age, Early Historic, Excavation, 

Archaeology 
 

 

Introduction 
Generally, the megaliths are considered as the burial or commemorative monuments of 

the Iron Age and Early historic (c.1000 BCE – 500 CE) periods. They are the foremost 

material evidence for the study of the historic period also. The term Megalith is derived 

from two Greek words; mega lithos means big stone (Herbert 1847, 2010). Megaliths of 

Kerala are mainly made with laterite, granite and terracotta. The megaliths in laterite 

include Umbrella stone (Kodakkal), Capstone (Toppikal), Rock-cut sepulcher and stone 

circle. These typologies are unique in Kerala and mainly distributed in its northern 

districts include Thrissur, Palakkad, Malappuram, Kozhikode, Kannur and Kasaragod. 

The megaliths in granite include Cist, Dolmen, stone circle, menhir etc. found almost 

all parts of Kerala. The Urn and Sarcophagi were made in terracotta and had no lithic 

association. Since its size is huge, it is termed as megaliths. Many scholars hesitated to 

use the term megaliths to denote all typologies made in stone and terracotta; instead, 

they termed it as Iron Age burial monuments (Lashnik 1974, Gurukkal et.al 1999).  
 

Since the Megaliths were not confined to Iron Age only and continued from Iron Age 

to early historic and historic periods, the term Megalith will be more apt to denote the 



ISSN 2347 – 5463 Heritage: Journal of Multidisciplinary Studies in Archaeology 11.2: 2023-24 (2024) 
 

302 

monument as well as its cultural period.  There is no consensus regarding the 

chronology of the megaliths of Kerala. Based on the Porkkalam and Mangadu 

excavations, a period between 4th -3rd century BCE and 1st century CE is ascribed 

(Thapar 1952:6, Satyamurti 1992:9) to the Kerala Megaliths.  Roughly, a period between 

1000 BCE to 500 CE is generally considered as the period of Kerala Megaliths 

(Gurukkal et.al 1999:127-128). There were two types of megalithic burials; Primary or 

Extended burial in which the full body of the dead was buried along with his/her 

belongings and the another one was secondary or fractional burial in which the bone 

fragments collected from the cremated or exposed contexts were buried in the 

monument. The secondary type of megaliths was discovered so far from Kerala. The 

grave goods enclosed in the burials can be classified into four; (1) Potteries- Black and 

Red ware, Red Slipped Ware, Black Ware, Russet Coated Painted Ware etc.; (2) Metal 

objects and tools- Iron spear head, knife, dagger, arrow head, sword, chisel, trident, axe, 

ploughshare, sickle, hanging lamp, tripod etc.- Bronze utensils- Gold ornaments (only 

from Arippa and Naduvil sites); (3) Beads- semi-precious stone beads – carnelian, 

etched carnelian, quartz, amethyst, steatite, beryl etc. and glass beads from very few 

sites like Peringathur (Kannur district); (4) bone fragments.    
 

J Babington, a British antiquarian, initiated the study of Megaliths in India in 1819 with 

the excavation of a cluster of burials which he called Pandoo Coolies in colonial Malabar 

and its report was published in 1823. Many explorations, excavations and salvage 

operations have been carried out in Kerala, after the publication of Babington, by 

various academicians and institutions during the colonial and post -colonial periods. 

The present paper tries to revisit such reports and the historical and archaeological 

studies on megaliths in Kerala for the last 200 years after the publication of Babington’s 

Pandoo Coolies. The paper has three parts; the first part discusses the importance of 

Babington’s Pandoo Coolies and how this report was used by the later scholars for 

their study; the second part discusses the megalithic excavations and salvage 

operations in Kerala from 1823 to the present; the last part critically evaluates how the 

academicians were utilised the information related to Megaliths for the study of Iron 

Age and Early historic society of Kerala.   
 

Part- I- Babington’s Pandoo Coolies 
The site excavated by Babington was Chataperambah, literally meaning the field of 

dead, in November 1819 and read the report at the meeting of the Literary Society of 

Bombay on 26th December, 1820. It was published in the Transactions of the Literary 

Society of Bombay in 1823. Babington excavated cap stones and opened a few umbrella 

stones. He termed these monuments as Pandoo Koolies / Pandoo Coolies and did not 

use the term Megaliths. Later William Logan incorporated the drawings of Babington 

in his Malabar Manual and he used the term megalithic to designate these monuments. 
 

According to the Report, the site was situated on a hill rising abruptly from the 

southern bank of the Beypoor river and about five miles to the eastward of the Beypoor 

village (Babington 1823: 326). The site was revisited by SB Darsana and almost 
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relocated the site at Chattanparambu (Lat 11 ̊12'.1”; Long 75˚ 50’ 24.2”), near Farook, 

Calicut district (Darsana 2007: 106). Babington’s Pandoo Coolies, has at least three 

significances in historical and archaeological perspectives; typological observation; 

presentation of local myths on the monument; description and drawings of 

monuments and grave goods. 
 

Typological Observations: Babington’s report indicated that he was familiar with four 

typologies of Pandoo coolies (megaliths); 
 

o The large Chatty of baked clay or Earthen pot (Urn/ Nannangadi) 

o Topie Kull (Capstone) 

o Kodey Kulls (Umbrella Stone) 

o Cave ? at Neelcaperamba (Rock cut chamber) 
 

The report indicates that Babington was confused with the local names of Kodey Kulls 

(Kudakkal) and Topie Kull (Toppikkal). The drawings and report shows that he 

actually opened the Topie Kull (capstone), but he used Kodey Kull to designate the 

monument. He begins his report with the observation regarding the landscape of the 

monument. Accordingly, “Kodey Kulls, Topie Kulls or Pandoo Koolies are generally to 

be found on the top of eminences, or on the sloping side of such hills in Malabar as are 

not wooded. They seem to vary in their shape according to the nature of soil or rock on 

which they are constructed.” 
 

The Presentation of Local Myths: As an antiquarian, Babington incorporated all 

existing local myths and traditions of the natives associated with the monuments in his 

report. Accordingly, the natives believed that the monuments were the works of the 

Punduvars (Pandavar) and some others believed that the monument was the creation 

of gods or genii. He also quoted another myth as follows; “One very absurd  origin is 

given to them, and is the most generally credited; it is, that at some very early period of 

the world men did not die, but after increasing in stature gradually for a number of 

years, they dwindled to pygmies of a few inches in length, when they ceased to eat and 

drink, , or to perform most of the other functions of animal life, and were in this state 

of doubtful existence inclosed in these tombs, with the implements and arms they had 

used when in the enjoyment of their faculties!” (1823: 326). 
 

Why did Babington use the term Pandoo Coolies? Locally, the megalithic typologies 

are known variously as Pandavar Kuda, Pandavar Kuzhi, Pandavar Para and so on. 

According to such local traditions, the gigantic monuments made of laterite or granite 

were built by the Puranic heroes Pandavars. This myth survives in almost all parts of 

Kerala even now. As we know, Kerala was part of Tamizhakam in the early historic 

period and the language was predominantly Tamil. In Tamil, the term ‘Mandavar’ 

means the ‘dead persons.’ The megaliths were locally known as Madavar Kuzhi for a 

long period in South India. Then naturally a question may arise; how Mandavar kuzhi 

transformed into Pandavar Kuzhi? It can be logically answered. If one goes through 

the language of the inscriptions 9th to 12th century CE will recognize the continuity of 
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the Tamil influence in Kerala society. This period also witnessed the growth of Temple 

and temple art forms in Sanskrit traditions in Kerala through which the Puranic stories 

assimilated into the social memory of Kerala. The growth of Malayalam literature 

during the medieval times (after 13th century CE) led to the degeneration of Tamil 

influence.  Thus the Malayali memory replaced the Mandavar with Pandavar. In other 

words, Mandavar must have erroneously been termed as Pandavar (Rajesh 2014a: 17). 

Babington must have used this local tradition to denote the burial monument and give 

title as Padoo coolies of Malabar. 
 

Description and Drawings of Monuments and Grave Goods: The very first report of 

Babington on megaliths furnished a detailed description of tombs and grave goods 

with precise drawings. The grave goods unearthed from the tomb includes trisulam 

(trident), the large jar, iron tripod, iron lamp, the highly glazed chattis (pottery), 

various types of iron implements, stone beads in different colours and shapes, bone 

fragments etc. The drawings of the grave goods show that Babington’s collections 

included Black ware, Black and Red Ware, Red Slipped Ware, Legged jar, ritual 

potteries, Russet Coated painted ware, pottery lids and stands, semi-precious stone 

beads; seem to be etched carnelian, quartz and beryl. The iron implements like spears, 

swords, knives and axes were referred to in the report (1823:330). Besides the drawings 

of the grave goods, the sketches of Kodey Kulls or umbrella stone (which he termed as 

Topie Kull) and the excavated Topie Kull or capstone (which he termed as Kodey 

Kull), were also attached in the report. 
 

  
Figure 1: Babington’s Drawings on Chataperambah site and Grave goods 

(Babington 1823: 330) 
 

Wrong Citation of Babington’s Site in Later Studies: A serious mistake occurred in 

the citation of Babington’s site Chetapparambah in the existing dominant 

archaeological and historiographical studies in Kerala. In many works Babington’s site 

is wrongly cited as Banglamottapparamba in Kannur district (Chedambath 1997, RK 

Mohanty & Selvakumar 2002: 313, Gurukkal & Raghava Varier 1999:104, Rajendran 

2018: xii, Gurukkal & Raghava Varier 2018:43). The mistake was noticed by S Darsana 

who revisited Babington's site in 2006 (Darsana 2007: 100-108). In fact, the rock cult 
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cave at Banglamottapparamba was opened and salvaged by William Logan. The only 

available details on that site is a drawing of the top plan of that cave in Malabar Manual. 

The Babington site is rightly quoted in the appendix of the work Iron Age in Kerala 

(Satyamurthy 1992: 30). However, even after 200 years, the effort of Babington to study 

the Megaliths is not recognized or cited by the archaeologists and historians properly. 

Many of the academic works are not even reviewed the original archaeological report 

of Babington and the reports after Babington. The following part briefly surveys the 

nature of megalithic studies after Babington. 
 

Part II- Megaliths After Babington 
The history of Megalithic studies in Kerala has been started from the Colonial period. 

Robert Sewell has done the pioneer attempt to document the archaeological relics of 

Madras Presidency. His List of the Antiquarian remains in the presidency of Madras 

furnished a Taluk wise distribution list of archaeological remnants including 

megalithic monuments, inscriptions, archaic shrines etc. (Sewell, 1882: 238-261). 
 

A Multi-Chambered Rock cut cell accidently found while the laterite cutting was 

progressing at the plot Challil Kurinyoli of Patinyatumuri Amsam Desam of colonial 

Calicut Taluk in 1879. William Logan, the Collector of colonial Malabar, immediately 

excavated the cave and salvaged the burial assemblages with the help of Mr. Kelappan, 

the Deputy Tahsildar of Taliparamba. It was a four-chambered rock cut cave with a 

long passage. “All four cells were found to be about half filled with earth and on 

clearing them out a large number of earthenware pots, a billhook of Iron, a number of 

small iron chisels, scraper of iron which had formed portions of other bill hooks or 

weapons, and a double iron hook for suspending a lamp or some other purpose were 

found buried in the earth”. The cells did not contain bone fragments, at the same time 

Logan found two pots with white substance. Hence, he stated that dead bodies may 

have been burned and placed the ashes only in the cell. Then he confirmed that the cell 

was a sepulcher (Logan 1984 [1879]:309-311). William Logan opened another rock cut 

cave at Banglamottaparamba in Trichambaram Desam, Taliparamba Amsam of 

Chirakkal Taluk of Colonial period, which is now part of Kannur district (Logan 1887 

[2010]:178-181). As mentioned earlier, this site is wrongly quoted as the site excavated 

by J Babington in many archaeological and historical works (Gurukkal and Raghva 

Varier 1999, 2018, Selvakumar and Mohanty 2002, P Rajendran). Logan has given the 

drawings of the ground plan, elevation and the unearthed burial assemblages in his 

work Malabar Manual.  
 

F. Fawcett examined the structural features of the rock cut cave and the burial goods 

unearthed from Calicut. He gave special attention to trace the structural differences of 

the excavated caves (Fawcett 1890:371-373).  Alexander Rea excavated a prehistoric 

cave at Perungalam in Tellicherry and furnished a catalogue of antiquities. This site 

yielded iron swords, hatchet, trident, tripod, Black and Red ware and Red wares (Rea 

1910-11: 10-13). L A Cammiade examined the urn burials of Wayanad and furnished a 

list of burial sites (Cammiade 1930). 
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A. Aiyappan excavated two rock cut cave toms found in a plot locally known as 

Chenapparamba at Feroke. Prof. Jouveau- Dubreuil discovered the Feoke site in 1931. 

In the same year, based on his writings, Aiyappan excavated the site. Dubreuil opened 

the first cave and recovered the material remains. The second cave was opened by 

Aiyappan. It yielded various types of potteries included a large pyriform urn and lid of 

coarse half-baked clay, a sarcophagus (Aiyappan describe it as a large oblong bath-tub 

like vessel with twelve small solid legs) which contained a few etched tabular carnelian 

beads, four four-legged potteries, twelve red potteries with  “marks” (graffiti) and 

fifteen small potteries.  The Iron implements consisted of one tripod and one dagger. 

Aiyappan furnished a note on the importance of pottery marks by citing the viewpoint 

of Yazdani who studied potteries of Madras Museum and argued that the pottery 

marks had resemblances with the early Brahmi script. Aiyappan (2007: 12-29) said that 

the Feoke pottery marks have shown their distribution in the Malabar area too.  
 

After Independence 
B.K. Thapar excavated an Urn burial at Porkalam in Thrissur district in 1948. A cluster 

of burial types consists of a rock cut cave, dolmen, porthole cist within stone circles and 

urns. Excluding the urn, all other types were found disturbed. The remaining pyriform 

urn, which was placed in a pit, was excavated and unearthed typical megalithic 

remains include seven pots and their lids and stands, bone fragments, three iron 

implements and forty-eight etched carnelian beads. Thapar made a comparative 

analysis of the Porkalam artefacts with other south Indian burial assemblages.  Based 

on the comparative analysis between the artefacts of Porkalam and various sites of 

Tamilnadu and Karnataka, he concluded that Porkalam belonged to a period ranging 

from third century BCE to first century CE. (Thapar 1952:3-16). 
 

K.J. John has examined one of the thirteen rock-cut caves at Citrari in Cannanore 

district, which was opened by the local people, and salvaged potteries consisting of 

black ware and red ware having the shape of vase and bowls. Few terracotta lids were 

also found. About thirteen potteries were collected and two of them contained charred 

bone fragments.  Another important find from the site was a Neolithic pinkish ware. 

John has discovered similar pottery from a rock cut cave at Karaparamba village of 

Pariyaram in Tellicherry taluk of Cannanore district. He said, A Sundara has agreed 

that these finds were similar to the pottery shreds discovered at T.Narsipur. Another 

interesting find from Citrari was a trapezium-like pit found to the south of the rock cut 

cave. John assumed that “probably it was used by the builders of the cave tombs for 

exposing the dead body in order to collect the relics to be placed in the ritualistic and to 

be preserved in the cave tomb”. An unfinished cave to the north of this cave also 

pointed to the method of cave carving adopted by the megalithic builders. Finally, John 

stated that the rock-cut cave tomb builders were essentially ancestor worshippers 

(John, 1974:383-86). 
 

A cluster of cist burials surrounded by stone circles made of granite blocks excavated 

at Machad and Pazhayannur in Trichur district by R.N. Mehta and K.M. George. The 
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excavated monuments yielded many antiquities like pottery, beads, metal objects, bone 

fragments etc. The pottery includes Black and Red Ware, red ware and black ware. 

About forty-six pieces were discovered that include bowls, dishes, lids, pots in small 

and big size and pot stands. Graffiti marks occurred on the potteries. The site yielded 

eleven iron objects consisting of daggers, chisels, hooks and nails and they unrevealed 

the method of iron metallurgy. About hundred and seventy-five beads of semi-

precious stones include agate, carnelian, cherty-jasper, crystal and orthoclase feldspar. 

They were made in various shapes like barrel, cylindrical, faceted, spherical, oblate and 

rectangular bicones. There were hundred and twenty-six etched carnelian beads and 

seven metal pendants. Interestingly, a grinding stone, which shed light on the bead 

manufacture, was also found. The bones from the burials include the charred human 

bones fragments like skull, radius and ulna. A period ranging from circa second 

century BC to second century AD is ascribed to the excavated burials (Mehta & K M 

George 1978). 
 

 
Figure 2: Umbrella stone at Kodakuthiparamba of Pythoth near Perambra 

 

K.J. John excavated one umbrella stone (Kodakkal) at Kodakuthiparamba of Pythoth 

near Perambra in 1979 and unearthed burial goods (Fig.2). It includes a pyriform jar of 

dull red ware with a lid and small red ware, a highly polished bronze-vase, and iron 

objects like tripod, lamp and double-edged dagger. Both Babington and Logan, who 

wrongly identified Topikkal as Kodakkal, believed that this type was a monument not a 

sepulcher. However, the investigation of John confirmed the sepulcher nature of the 

Kodakkal (John 1982:148-153). 
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M.R. Raghava Varier and Y Subbarayalu examined a Cist burial at Kuppakkolli in 

Wayanad in 1987 and unearthed black bowl, legged jar, red dishes, wares etc. The most 

important evidence from this site was an iron ploughshare (Varier 2021: 49-51). 
 

The Madras Circle of Archaeological Survey of India excavated a cluster of megaliths 

including capstones, multiple hood stones, umbrella stones etc. at Cheramanparamba 

in Thrissur district in 1990, which is now under the protection of their Thrissur Circle. 

The hood stone yielded a pyriform burial urn covered by laterite lid that contained 

Black and Red Ware bowls, Red Ware vase, Russet Coated white painted ware bowl, 

Iron object and bone fragments. An Umbrella stone (wrongly identified it as Toppikkal) 

was opened and it contained no burial goods. A granite capstone with an urn interred 

in a pit was excavated and unearthed eleven red potteries and bones. Three pit burials 

excavated in a stone circle. The first pit had a burial urn with a granite stone lid. The 

Urn contained iron objects like four arrowheads, two lamps with hooks, two tripods, a 

hook, knife, sickle and rod and a copper bowl. Pit two was similar to pit one. The urn 

unearthed four rods, three ring stands, two arrowheads, two lamps with hooks and a 

sickle, all made of Iron and a copper bowl. The pit three also had a big urn yielded two 

tripods, a knife, a lamp with handle, a carved rode and a copper bowl. All these goods 

deposited over a sand bed at the bottom of the urn.  As the Kodakkal and multiple 

hood stone circles did not yield any burial assemblage, it is argued that they were the 

symbolic burials. 
 

K.J. John excavated a cluster of stone circles with rock cut caves at Nendravattom of 

Naduvil 1990, near Taliparamba in Kannur district. It yielded a fragile bronze vase, 

unidentified bronze equipment, iron sword, iron dagger, tridents, knives, chisels, iron 

saucer lamps, iron tripod, a crystal bead, a quartz bead, earthen vases, ring stands and 

pot rests (John 1990. Poyil 2006: 94-95). 
 

About twelve burial urns were excavated at Mangadu in Kollam district in 1992 

(Satyamurthy 1992). According to Satyamurthy, Mangadu may be the corrupt form of 

Tamil Ema-Kadu, ema meaning funeral and kadu denoting sudukadu (plot for cremation) 

or Idukadu (plot for exposure) (Ibid: 11). These entire urns were handmade dull red 

ware without a lid. They yielded pottery, iron objects, beads and bones. The pottery 

included three categories; the huge urns, the medium sized jars and the associated 

burial pots. The urns and jars were handmade red pottery and the associated potteries 

are wheel made Black and Red ware and Red wares. The Iron implements included 

wedges, long cutting knives, sickles, tanged knives and blades. The absence of war 

weapons is conspicuous to this site. The beads included carnelian with and without 

etched marks. Based on Carbon 14 tests it is suggested that the Mangadu urns 

belonged to a period ranging from 1000 BC to 800 BC. This excavation proved that the 

Iron Age of Kerala commenced from 1000 BC. 
 

Two cist burials excavated at Arippa in Kollam district by P Rajendran in 1993and 

unearthed ceramic types like red ware, Black and red ware, black slipped ware, red 

slipped ware, grey ware etc. Iron implements included dagger, sickles, hoes, rods and 
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knifes and gold ornaments consisted of three slotted ear rings and a copper bangle. The 

bone fragments of adult and child human beings and animals along with food grains 

were also reported from here (Rajendran 1995:684, 2021: 62-64). 
 

The excavation of Iron Age burials at Kurumassery (1997) yielded about hundred and 

thirty-six beads of various shades and dimensions made of carnelian, jasper, glassware, 

bone, horn and quartz crystal. The remains of rice husks from this site had more 

significance (Chedampath 1997). 
 

Thrissur Circle of Archaeological Survey of India has conducted an extensive rock cut 

cave sepulcher excavation at Ummichipoyil in Kasargod district in 2001 (Ramamurti 

2002). About seven sepulchers were excavated and unearthed burial assemblages like 

various types of red wares, red-legged potteries, black wares, black and red wares and 

iron objects. Among the pottery the channel-spouted vessel, typical of the Neolithic in 

dull red ware, were found. This may be valuable information on the continuity of 

Neolithic tradition in the period of Megalithic builders (Jaysree Nair 2007:118-136, 

2008:13-29). 
 

The State Archaeology Department of Kerala excavated a rock cut cave sepulcher at 

Kuruvattur in Calicut district in 2006. It yielded megalithic burial pots and iron 

implements. The iron implement included sword, chisel, wedges, tripod, tanged knife, 

ploughshare and tweezers (Krishnaraj 2015: 14-15).     
 

The State Archaeology Department of Kerala excavated a rock cut cave sepulcher 

found at Cheliya near Koyilandy in Calicut district in 2008. This site unearthed burial 

potteries, a small sarcophagus of terracotta and iron objects (Krishnaraj 2015: 14-15). 
 

Three cist burials were excavated at Kadanad by the Thrissur circle of Archaeological 

Survey of India in 2008. They were located at three localities namely Mattathil Para, 

Inchukavu and Kurumannu (Nambirajan and C Kumaran 2011:123-128). The burial 

goods unearthed from the cist burial included black and red ware, red ware and black 

ware. The types include bowls, shallow dishes, vases, carinated pots, ring stands, 

miniature pots and lids. Kadanadu yielded a rich deposit of iron implements. The cist 1 

unearthed one dagger, chisels, hoes, leaf shaped knife, sword and an object with a 

hilted handle on one end and carved projection on the other end, a long spear. The cist 

2 yielded twelve iron implements like chisel, battle-axe, dagger knife, ladle, a long 

spear type implement and two implements having edges on four sides. The semi-

precious beads from this site consisted of quartz, chert, jasper and etched carnelian. A 

gold leaf was also discovered from this site. Based on the study of burial typology and 

burial assemblages a period between 300 BC and 200 BC is ascribed to the Kadanad 

cists (Nambirajan and C Kumaran: 123-128).   
 

The School of Social Science, Mahatma Gandhi University Kottayam carried out two 

season excavations at Anakkara in Palakkad district in 2008 and 2009 and unearthed 

typical burial assemblages from a cluster of Iron Age burials. The excavated 
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monuments included a stone circle with three urns, another one with three rock cut 

cave chambers, an umbrella stone containing burial assemblages and two urns. The 

burial assemblages included Black and Red Ware, Red Slipped Ware, Russet Coated 

Painted Ware, Black Burnished ware, black ware, Iron objects like tripods, trident, 

arrowheads, dagger, sword, lamps, an unidentified corroded copper object, etched 

carnelian and steatite beads with steatite pendants and bone fragments. The charred 

bone and the exposed bone fragments were discovered from the urns (2008). All the 

burial goods were placed above the yellowish sand bed filled in the bottom part of the 

pyriform urns (2008).  A number of post holes in a circle in the laterite plateau located 

very close to the stone circle (2009) were another important feature of this site. The 

purpose of the post holes is not clear, as it is located very close to stone circles it may 

not be used as settlement hut. Most probably, it must have been used as a plot for a 

post burial ritual. The 2008 excavation provided supplementary evidence about the 

pre-iron age settlement of the region. A trial trench laid out close to the excavated 

umbrella stone and stone circle yielded about 24 Mesolithic implements made of 

quartz below the Iron Age layer. Interestingly a layer of Chalcolithic phase between the 

Iron Age and Stone Age layers was absent in this trench. This evidence sheds light on 

the distribution of Stone Age settlements in the region and also emphasises on the need 

of such archaeological investigations in Kerala (Shajan et.al 2013-2014: 25-51). 
 

The State Archaeology Department of Kerala retrieved a small-legged sarcophagus 

from a rock cut cave sepulcher found accidently at Kodakal near Atholi in Calicut 

district in 2014. A pillared rock cut sepulcher excavated at Kakkodi in Calicut district 

and yielded ninety-six burial potteries, hundred and twenty-five semi-precious beads 

of carnelian, agate and crystal and pendant and also the iron implements (Krishnaraj 

2015: 16-17). 
 

The State Archaeology Department of Kerala excavated, following an accidental 

discovery of the local people, a rock cut chamber having double chamber with single 

entrance at Marakkara in Malappuram district in 2015. The cave unearthed about 

twelve potteries including bowls, ring stand, pot, vessels and lid in both black and red 

colours. About twenty-four iron implements found from the sepulcher consisted of 

dagger, arrowheads, knife, sickle, chisels, rods, blades etc. The cave also yielded about 

thirteen etched carnelian stone beads and one quartz stone bead. 
 

A pillared rock cut cave sepulcher found at Patyam near Koothuparamba in Kannur 

district. It yielded black and red ware and red ware potteries, broken pieces of iron 

knife, sickle, dagger etc. and few bone fragments. The local people also opened this 

cave and therefore most of the evidence was lost. The Archaeology department made a 

salvage operation in both sites and recovered the remaining artefacts (Krishnaraj 2015: 

28-78). 
 

A cist burial excavated at Niramakulam Pathanamthitta district and unearthed the 

potteries included Black and Red Ware, Red Ware, Grey Ware, Black Slipped Ware, 

Black Polished Ware, a chocolate coloured ware, 7 Iron implements included sickles 
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and knives and 15 carnelian beads (Ajitkumar et.al 2014: 166-171). The department of 

History, Government Arts and Science College Meenchanda, Calicut conducted an 

archaeology workshop and trial excavation of a cluster of burial urns at Kinalur in 

Calicut district in 2016 and unearthed typical megalithic burial goods. The remains of a 

Mesolithic industry below the Iron Age layer are the most striking discovery from the 

site (Selvakumar 2020: 171-180).  
 

Table 1: Megalithic excavations and Salvage operations after 1954-2022  

Sl. No. Site Name Excavated By Typology Grave Goods/ 

Remarks 

1 Porkkalam B K Thapar 

1948 

A rock cut cave, 

dolmen, port 

hole cist within 

a stone circles 

and urns 

7 pots and their lids 

and stands, bone 

fragments, three 

iron implements 

and 48 etched 

carnelian beads 

2 Citrari, Kannur K.J. John 1971 A cluster of 

rock-cut cave 

tombs.  

An unfinished 

cave 

Pottery- BRW, Red 

Ware 

3 Machad & 

Pazhayannurtrichur 

R.N. Mehta & 

K.M. George 

1974 

Cist Burials  Pottery (BRW etc.), 

beads (agate, 

carnelian, cherty-

jasper, etc.), metal 

objects, bone 

fragments  

4 Kodakuthiparamba 

Pythoth Perambra  

KJ John 1979 Umbrella Stone A pyriform jar of 

dull red ware with a 

lid , small red ware, 

a highly polished 

bronze-vase, and 

iron tripod, lamp 

and double-edged 

dagger 

5 Kuppakkolli  

Waynad  

M.R. Raghava 

Varier & Y 

Subbarayalu, 

1990 

Cist burial at  Black bowl, legged 

jar, red dishes, 

wares, Iron Plough 

share 

6 Cheramanangad 

Trissur 

The Madras 

Circle of 

Archaeological 

Survey of 

A cluster of 

megaliths 

include 

capstones, 

Black and Red Ware 

bowls, Red Ware 

vase, Russet Coated 

white painted ware 
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India 1990 multiple hood 

stones, umbrella 

stones etc.  

bowl, Iron object 

and bone 

fragments, copper 

objects etc. 

7 Nendravattom 

Naduvil, 

Taliparamba 

Kannur 

K.J. John 1990 A cluster of 

stone circle with 

rock cut caves at  

Bronze vase, iron 

sword, dagger, 

tridents, knives, 

chisels, iron saucer 

lamps, iron tripod, a 

crystal bead, a 

quartz bead, 

earthen vases, ring 

stands and pot rests  

8 Mangadu Kollam T Satyamurthy 

1992 

Twelve burial 

Urns  

Urn were 

handmade dull red 

ware without lid. 

Pottery, iron objects, 

beads and bones.  

1000 BC to 800 BC 

9 Arippa, Kollam P Rajendran 

1993 

Two Cist burials Red ware, BRW, 

Black slipped Ware, 

Red slipped ware, 

Grey ware etc, Iron 

dagger, sickles, 

hoes, rods and 

knifes and gold 

ornaments 

consisted of three 

slotted ear rings and 

a copper bangle.  

10 Ummichipoyil 

Kasaragod 

ASI Trissur 

Circle 

2002 

Rock cut cave 

sepulchers 

Red wares, Red-

Legged potteries, 

black wares, BRW 

and iron objects. 

The channel-

spouted vessel 

typical of the 

Neolithic in dull red 

ware 

11 Kuruvattur 

Kozhikode  

The Kerala 

State 

Archaeology 

Department 

Rock cut cave 

sepulcher  

Potteries, Iron 

sword, chisel, 

wedges, tripod, 

tanged knife, 
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2006 ploughshare and 

tweezers  

12 Cheliya, koyilandy, 

calicut.  

The Kerala 

State 

Archaeology 

Department 

2008 

Rock cut cave 

sepulcher 

Potteries, A small 

sarcophagus of 

terracotta and iron 

objects  

13 Kadanadu 

Mattathilpara, 

Inchukavu and 

Kurumannu, 

Kottayam 

ASI Trissur 

Circle 

Nambirajan 

&C Kumaran 

Three cist 

burials 

300 BC and 200 

BC 

BRW, Red ware, 

Black ware. A rich 

deposit of iron 

implements- 

dagger, chisels, 

hoes, leaf shaped 

knife, sword, semi-

precious beads- 

quartz, chert, jasper 

and etched 

carnelian. A gold 

leaf  

14 Anakkara 

Palakkad 

Rajan 

Gurukkal, K P 

Shajan, V 

Selvakumar 

2008-09 

Umbrella Stone, 

Urns 

Stone Circles 

Mesolithic Tools 

BRW, Red Ware, 

Black Ware, RCPW, 

Iron Tripod, Lamps, 

tridents, sword, 

dagger, arrow 

heads, bone 

fragments  

15 Oliyani 

Kottayam 

P Rajendran 

2005 

Two Cist Burials Red Ware, BRW, 

Pottery with Stand, 

lid, Iron sickle, 

Dagger, Sword, 

Spearhead, iron 

spoon, charcoal 

pieces 

16 Kudakkal Atholi  

Kozhikode  

The Kerala 

State 

Archaeology 

Department 

2014 

Rock Cut Cave Sarcophagus, 

legged Jars 

17 Kakkodi 

Kozhikode 

The Kerala 

State 

Archaeology 

Department 

2014 

Rock Cut Cave 

with round 

Pillar 

96 potteries, 125 

beads of Carnelian, 

Agate, Crystal, iron 

implements, Iron 

hook fixed on the 
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roof of cave 

18 Marakkara  

Malappuram 

The Kerala 

State 

Archaeology 

Department  

2014 

Rock cut with 

two chambers 

inside 

Pottery, pottery 

stand, Carnelian 

beads, iron arrow 

head, Iron Dagger, 

Chisel, Sickle, rode, 

hook, nails etc. 

19 Patyam, near 

Thalasseri 

Kannur 

The Kerala 

State 

Archaeology 

Department 

2014 

Rock Cut 

Chamber with 

Pillar 

Pottery, three 

hearth stones, 

chisel, knife, sickle, 

hooks, bone 

fragments  

20 Niramakulam 

Pathanamthitta 

Ajit Kumar & 

Ambily CS 

2014 

Cist burial BRW, Red Ware, 

Grey Ware, Black 

Slipped Ware, Black 

Polished Ware, a 

chocolate coloured 

ware, 7 Iron 

implements 

included sickles and 

knives, 15 carnelian 

beads 

21 Murugappara, 

Marayur 

Idukki 

Nihildas 2014: 

132-140 

Dolmen Red Ware, 

Black/Gray 

Ware, Black and 

Red Ware, Red 

Ware, Black/Gray 

Ware etc. 

22 Kinalur 

Calicut 

The Kerala 

State 

Archaeology 

Department 

2015 

Urn Burials 

Microliths 

BRW, Etched 

Carnelian Beads,  

23 Thriprangode 

Kodakkal 

Malappuram 

The Kerala 

State 

Archaeology 

Department 

2020 

Rock Cut Cave Pottery, Iron 

implements, Iron 

Tripod, Swords,   

24 Kuttikkol 

Kasaragod  

Archaeology 

Dept. 

University of 

Kerala 2020 

Rock Cut 

Chamber 

Pottery shreds of 

BRW, Legged Jar 

25 Enadimangalam Archaeology Double Pottery, Iron objects 



Rajesh 2023-24 (2024): 301-323 

315 

Pathanamthitta Dept. 

University of 

Kerala 2021 

Chambered Cist 

26 Kudallur, near 

Anakkara 

Palakkad  

The Kerala 

State 

Archaeology 

Department 

2022 

Rock cut with 

three chambers 

RCP, Red Ware, 

Pottery Lid, Iron 

implements, Bone 

fragments  

 

The table 1 shows that the number of excavations and salvage operations so far 

conducted in Kerala discovered only a minimum number of megalithic burials. Many 

of these sites were accidentally discovered by the local people. The number of 

excavation with the involvement of Archaeological Survey of India is again too 

minimum. Among the excavated or salvaged burial types, the rock cut chamber, 

mainly distributed in the northern districts of Kerala, are the largest number. Out of 26 

sites, 13 sites are Rock cut chambers, which shows that much excavated or salvaged 

sites were reported from the northern parts of Kerala.    
 

It does not mean that the distribution of megaliths in the central and southern part of 

Kerala are scanty. Recent researches carried out Anjunad valley of Idukki district 

(Nihildas 2014), Pamba river basins of Pathanamthitta district (Ambily 2017), Periyar 

basins of central Kerala (Krishnan 2017), upper Bharathapuzha basin (Stephen 2017), 

lower Bharathapuzha basin (Sujatha 2018), Megaliths of Thrissur district (2022) etc. 

have shown the wide distribution of megaliths and the need of more systematic field 

surveys and documentations in central and southern part of Kerala.  Recently many 

sites have been systematically explored and reported by the students of archaeology of 

the department of Archaeology University of Kerala. Almost all these sites unearthed 

the evidences of burial practices of the megalithic builders.  However, the 

archaeologists could not find any solid proof about the habitation-cum burial sites of 

megalithic period from Kerala. At the same time recent excavations of Pattanam, an 

early historic urban settlement with internal and external overseas trade contact, 

yielded a few black and red ware shreds from the Iron Age and early historic transition 

layer. These evidences have illuminated the possible spread of Iron Age settlements in 

the west coast of Kerala (Shajan et.al 2003: 30-37, Selvakumar et.al 2003:38-45, Cherian 

et.al, 2007-2015). It is hinted at the need of an extensive archaeological exploration and 

excavation for locating the Iron Age and early historic habitation in the surrounding 

locale of the Megaliths. 
 

Part III 
This part discusses the nature of interpretative studies based on megalithic evidence. 

Probably, William Logan is the pioneer scholar who tried to observe the connection of 

the megaliths with the religion and death rituals of colonial Malabar. He has identified 

megalith as part of the ancestral worship and believes in life after death of Hindus in 

Malabar. According to him, “Persons who caused sorrow and trouble in life were after 
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death supposed to be the cause of further unhappiness, and as such they had to be 

propitiated with gifts which they would have appreciated when alive. They had to be 

supplied with the weapons, the cooking pots, the oil receptacles, the lamps, the 

ornaments, the water jars and the implements which they used during life” (Logan 

1887:178-79). He tried to link the megalithic traditions to the death customs of Nayar, 

Tiyas and the artisan classes of Malabar. Logan has chronologically classified the 

burials of Malabar into four categories: (1) Megalithic remains (2). Excavated Caves (3) 

Caves with massive urns (Kudakkallu) and Massive Sepulcher urns without caves and 

(4) Modern sepulcher urns of small size. Thus, he attempted to trace a historical link 

between the megalithic remains and the death rituals of the previously mentioned 

caste groups of Hindus of the modern period (Logan 1887:178-181). 
 

L A Krishna Iyer, the earliest social anthropologist of Kerala who studied the life of the 

megaliths builders based on megalithic evidence and the ethnographic survey among 

the living tribes of Kerala like Malapantaram, Malayarayan, Kadar, Paniyar, 

Muthuvan, Urali, Malapulayar, Kurumbar, Cherumar, Kurichiyar etc. He observed the 

survival of burial rituals among the living tribes and tried to correlate it with the 

megalithic tradition. According to him, “Megalithism prevails to some extent among 

certain of these tribes. The Malayarayan tract is strewn with a large number of 

dolmens, which formed the graves of their chieftains. They now erect miniature 

dolmens when a man dies an unnatural death. The Malapulayas plant a stone at the 

head, feet, and breast of the deceased. The Nayadis make stone representations of the 

departed, and they are planted in a circle.”   
 

K Damodaran made a serious attempt to corroborate the megaliths with the burial 

practices of early Tamizhakam based on the references in the Sangam literatures. He 

treated the megaliths as the archaeological evidence of Iron Age and early historic 

society (Damodaran 1967). A Sreedara Menon has given a fine opening to various 

types of Megaliths of Kerala and explained the sepulcher nature of Cists, Dolmen and 

Rock cut caves exhaustively. He said, “The megalithic builders who chose rock ground 

for burials also dug irrigation tanks in the alluvial plains, indicating that they were not 

only settled people but also practical agriculturists”. By quoting H D Sankalia’s view, 

Menon stated that the megaliths represented “a fairly well-established and prosperous 

social organisation” (Menon, 2003 [1967]: 50-56).       
 

B.K. Gururaja Rao has given a detailed survey of the megaliths of Kerala (1971: 42-

62).  K.J. John has studied the Megaliths and described different typologies of the burial 

of Kerala 1991:9-19). T. Satyamurthy argued, “the occurrence of large numbers of 

agricultural implements and the location of the monuments overlooking arable land 

show that the builders of these megaliths were primarily agriculturalists” (1992: 21). 

Rajan Chedampath’s doctoral thesis on the megaliths of Periyar and Ponnani river 

basin of Kerala extended the socio-economic milieu of the megaliths and early historic 

period. The study argued that the megalithic early history society was based on 

agricultural production in the wet, garden and hillock region (1997).  
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As a collective scholastic effort Rajan Gurukkal and Raghava Varier edited a work 

entitled Cultural History of Kerala and gave an updated information regarding the 

Megaliths of Kerala (1999:101-156). This work characterised the Megalithic culture as 

the ‘Iron Age Culture’ and showed the overlapping of the megaliths in the Iron Age 

and Early historic period. They have pointed out that megalithic tradition reached 

Kerala probably around the mid-first millennium B.C and continued until mid-first 

millennium A.D.  The chapter on Iron Age described all megalithic typology and its 

distribution in Kerala. Based on the megalithic distribution of Kerala, where the Iron 

Age habitation remains are absent, they ascribed a ‘dispersed settlement pattern’ to the 

Iron Age society. Accordingly, the Iron Age society involved in mixed means of 

subsistence includes hunting and gathering, animal husbandry, agriculture and craft 

production. The Iron Age society was familiar with metal, craft and ceramic 

technologies. The burial monuments have shown that they had architectural 

knowledge. “The use of pillar and door-jambs in the rock cut caves shows the rock-cut 

architecture to be the prototype of what has been evolved in wooden architecture” 

(141). The inter-regional and intra-regional exchanges, the nature of social organisation, 

the political power and the belief system and ideology of the Iron Age period has been 

examined in this work. 
 

Jenee Peter has examined the distribution of Iron Age burials of central Kerala (2002). 

Peter observed the diversity in the typology of monuments in Central Kerala as an 

indication of cultural diversity. ‘The presence of agrarian tools, the distribution of sites 

in the Midlands and the Lowlands, which are ideal for rice cultivation and the presence 

of paddy husk from one site, indicates that agriculture was a major form of subsistence 

during this period’. 
 

Ajit Kumar studied the ethno- archaeology of the Cholanaikans of Nilambur, 

Malappuram district and explored the survival of megalithic tradition among 

them.  He observed the survival of the megalithic beliefs in life after death in the 

contemporary burial practice of the Cholanaikans, who practised primary extended 

burial.  He stated that the Cholanaikans put all belongings of the deceased in the burial 

pit and there are little changes in the burial forms of men, women and children. For the 

deceased man they put iron axe, knife and other objects related to his life, for women 

they placed dresses and vessels containing food and prepare a hearth in the left side of 

the dead body and left burning after burial, which shows that women are the 

responsible person in the cooking even in the otherworld.  For a deceased child they 

put dresses on the parents and placed milk, toys and all other things used by the child. 

Thus, he argues that the Cholanaikans still believed in the soul and its rebirth. Ajit 

Kumar also made an excellent justification about the absence of the primary burials in 

the megaliths of Kerala based on landscape archaeological perspective.  According to 

him, “primary burials rarely have been found in the megalithic burials excavated in 

Kerala. Land use may be a factor for such a dichotomy. In a hunting gathering 

economy of the forest where land is in plenty, scattered extended burial practices could 

be practised without any hindrance. In midlands and plains, where there are 
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constraints for usable agricultural land, pastoral lands megalithic builders opted for 

cremations, group or collective burials and symbolic burials centred around relatively 

unproductive areas.” It shows that the fractional burials seem to have represented a 

populace agrarian settlement of Iron Age and early historic society in Kerala (Kumar 

2007:87-99).  
 

Manjula Poyil has attempted to study the mortuary practices of the tribal population of 

north Kerala and found the survival of megalithic traditions in their burial practices. 

She argued that there is a striking parallel between the megalithic cultural traits and 

the burial practices of the present day tribes of Kerala. The tribes practised the erection 

of commemorative stones and believed in the life after death and therefore they 

enclosed all belongings of the deceased in the grave (2006, 2007:109-125). 
 

Jaysree Nair accentuated the importance of the micro level inquiry of the Megaliths in 

Kerala through her research on the Megaliths of Kasaragod. According to Jaysree Nair, 

Megalithic people practised a combination of several means of subsistence like pastoral 

agricultural, crafts manufacturing like pot making and iron working. She stated that, 

“a full time nomad cannot construct monuments but this could be credited with a 

sedentary community, which structured the principal economy in all ways to whom 

the idea of a fixed place was visually drawn out establishing the relationship between 

people and land through the construction of these monuments”. Her case study on 

Ummichipoyil sepulchers furnished new insights on the survivals of the Neolithic in 

the megalithic culture and traced the transformation of a particular area from a 

Neolithic stage to the megalithic phase (Jayasree Nair 2007).  V.P. Devadas has 

surveyed the megaliths of Eranad as part of his doctoral thesis and also other extensive 

field surveys being part of his Major Research Project of UGC, which still remain 

unpublished. The present author has also made a study on the cognitive aspects of the 

Iron Age burials of Malabar as part of the UGC Minor research project in 2016 

(Rajesh.2016).   
 

Conclusion 
Megaliths are the largest tangible archaeological evidence for the study of the ancient 

past of Kerala. They were found in almost all districts of Kerala. Many of the sites have 

been discovered accidentally by the local people and in most cases such sites were 

destroyed shortly after the discovery. The number of efforts for documenting such sites 

and grave goods are too meagre. The above discussion proves that after 200 years, the 

institutional approach on Megaliths still remains in the antiquarian stage. Unlike the 

other parts of south India, the institutional attempt to conduct excavations and the 

publication of the reports are too inadequate in Kerala. The nature of megalithic 

studies in Kerala after 200 years of Babington’s excavation reveals the urgent need of a 

serious academic involvement to document the existing megalithic burial monument 

and also demand institutional initiatives to find possibilities for documenting and 

protecting such sites with the cooperation of local people. Since the Megaliths belonged 

to the Iron Age and Early historic period, the early Tamil literatures, early Tamil 
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epigraphs, coins etc. can be used for a corroborative analysis of the megalithic society. 

Recently few studies on ancient Kerala have attempted to corroborate the 

archaeological data of Iron Age and early historic times with the contemporary literary 

and epigraphical data (Rajesh 2017: 486-506, Krishnan 2017, Nair 2020: 44-125). Thus 

the discussion made in this essay also demands a revisit to the past of ancient Kerala 

based on available archaeological reports and other contemporary historical data. 
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Abstract 

Kottarathil Sankunni’s Aithihyamala is the most celebrated collection of legends, among Malayalies.  

This work contains 126 legends that centre upon themes like traditional beliefs’, customs sacred places 

and lives of supra human beings.  A rational evaluation of these legends brings out that they contain 

elements of social truth.  Having been orally handed down from generations to generations, legends 

present a clearer reflection of society than other literary forms do. 

The legends of Yakshies are very significant among the popular folklore of Kerala.  Most of the legends 

are intimately associated with charismatic tales regarding the acts of black and white magic.  

Kottarathil Sankunny has collected six such legends in his master piece, Aithihyamala.  Childless 

women who die young resurrect themselves and these spirits are believed to be yakshies.  But contrary 

to this common belief, the Yakshies of Aithihyamala are strange creature who are invoked by strong 

magical incantation and later enslaved by the magicians.  Yakshies who wear a sweet external and get 

along well with human reveal their real form at times.  They turn out to be horrible witches with 

cannibalistic   tendencies.  There are quiet and noble yakshees who never exhibit the thirst for blood.  

The legends of Aithihyamala centre round both these types.  In this paper the author intends to reveal 

the real concept of yakshi from all sorts of adjectives and other fables and to assess the real concept. 

.  

Keywords:  

Myth, Folklore, Fairytale, Yakshi, Aithihyamala, Kerala 

 

The study of social history will be incomplete without the references of myths, legends, belief systems 

or the ideological subsistence of culture. They include the religious beliefs, values, mythological 

stories, rituals, fine arts, customs, folktales etc. A rational evaluation of these legends brings out that 

they contain elements of social facts and a clearer picture of the society. The religious beliefs and the 

myths of the people play key role in shaping the society [Dundes, 1984]. Indian has a very rich 

mythology in which the chief characters include gods and goddesses, heroes and heroines, kings, 

mountains, tress and animals, nagas, earth, moon etc. the yakshas and yakshees are charismatic heroes 

and heroines of the mythological as well as folk stories that are popular throughout India with slight 

regional differences in presentation. The content and the context of the stories are somewhat same and 

this similarity points out the fact that these tutelary gods were the folk deities of the original inhabitants 

of the land and worshiped throughout India before the beginning of aryanization and in course of time 

they were accommodated to the new religious sects originated in India.  References about the yakshas 

and yakshees are found in the puranic literature and in the Jaina Agamas. The folk stories and the 

myths are made correlating the epic heroes, legendary heroes, Buddha, Mahaveera etc with the yaksha 

and yakshees. 

The earliest reference of yakshi was found in Mahabharatha. The yakshi temples of Kurukshetra and 

Rajagir are mentioned in it. In the vanaparva, Panchali is supposed to be a yakshi. In the story of Nala 

and Damayanti, Damayanti is also compared to a yakshi. The yakshees are mostly depicted as beautiful 

and voluptuous, with wide hips, narrow waist, broad shoulders and exaggerated, hemispherical breasts. 

The tantra raja tantra, says that these beings are givers of whatever is desired. They look after the 

earthy pleasures and resemble fairies. The Deedarganj yakshi is a fine example of the above concept. 

Almost 2000 years old, it is an exquisite carving and almost true to life. She stands in the tribhanga 

pose, bending at neck, waist and hip to form a gentle 'S' shape, the quintessence of feminine beauty. 

In south India, especially in Kerala, yakshees are not considered as benevolent beings, they are reputed 

to way, lay men with their beauty and drink their blood. Yakshi in Kerala folklore is actually a blood 

thirsty woman who can take the form of a lovely lady with fantastic figure and lure you into her arms. 
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She is accompanied with the fragrance of jasmine or paala flowers, sometimes for stimulating the 

male senses. Kerala has a lot of such stories in which the yakshees enchanting the male victims and 

feasting on human flesh and blood. Aithihyamala [Sankunni, 2011], a celebrated collection of legends 

combined by Kottarathil Sankunni mentions about six yakshi stories - five of them are connected with 

Namboodiri brahmins who are proficient in magic and tantrism and the one is connected with the 

celebrated legendary hero Kadamuttathu Kathanar. The popularity of these legendary stories reveals 

the fact that the yakshi and the cult had influenced the culture and the religious life of the people of 

Kerala.  

A common belief about the yakshi is that a childless woman who dies young will resurrect themselves 

as yakshees. Another variation of the story projects 'a wronged women motive, the women after death 

turning into a revenge seeking yakshi full of blood and lust'.  

The most famous yakshi, ferocious, unstoppable and all powerful was Kalliyankaattu Neeli. The 

famous ballad, thekkan pattukal describes the story of Neeli as the rebirth of a poor devadasi girl who 

was cheated by her lover, the priest of a nearby temple. The story is taking place in a village called 

Pazhakanelloor- situated in the Kerala Tamil Nadu border- now it is identified as Palukal. Neeli the 

daughter of a devadasi had sincere love with the priest of the nearby temple, the Nambi. The Nambi 

had been welcomed by the devadasi and was provided with all pleasures if life. The Nambi who 

maintained a strong relation with the devadasi daughter presented all his wealth and soon became 

bankrupt. The unscrupulous mother expelled him from their house while the daughter who had a 

sincere love with the Nambi went in search of him and joined with him after apologizing for the 

treacherous deeds of her mother. After a compromise, the poor girl fell asleep by keeping her head in 

his lap. But Nambi, who had vengeance and hatred to her mother, had killed her by striking a stone on 

her forehead and took away all her ornaments.  

 However, fate was waiting for him in the form of a serpent. While trying to have some 

water from a well, the serpent bit him and he died in the spot itself leaving the pouch of ornaments. 

Neeli's brother who came in search of her committed suicide by striking the same stone on his head 

with which the Nambi killed his sister. Neeli, the priest and her brother had their rebirth. Neeli and her 

brother as twin children of the Chola king and Nambi as a merchant in the Kaveri Poompattanam. Here 

starts the second part of the story. Neeli, using her supernatural powers managed to get out of the 

palace and reached Pazhaka Nelloor. The Nambi who had his birth as a merchant reached 

pazhakanelloor as a part of his business, there Neeli was eagerly waiting for him. She disguised herself 

as the wife of the businessman and reached the urusabha and complained that the merchant had 

deserted his wife. She had taken the branch of the cactus plant which witnessed her murder and 

transformed it into a child. The uruvar who were so convinced with her planning, asked the merchant 

to be with his wife and child in that night. In the presence of the cactus plant, the only witness for her 

death, she fulfilled her vengeance. She did not spare the uravars. Disguised herself as the mother-in-

law of the dead merchant and appeared before the sabha accusing them for the responsibility for killing 

her son in law and plundering the wealth she had with him. The uravar made a huge fire and committed 

suicide by jumping into the fire. Thus Neeli was not pacified by fulfilling her vengeance and punished 

even innocent uravars. It was the beginning of her hunt for the human flesh and blood.  

 It is doubtful whether the Kalliyankattu Neeli herself is the Panchavankattu Neeli. The 

famous historic novelist CV Raman Pillai has mentioned this in his novel Marthanda Varma. It is 

believed that the novelist who was familiar with the thekkan paattukal might have introduced the 

yakshi with slight modifications.  Panchavankaadu is a bushy forest full of palm trees, pala, ilanji etc. 

In this background, the yakshi character suited very much to the theme. The novelist introduces her as 

the rebirth of a poor orphan girl who was betrayed by a Tamil Brahmin. When she was conceived, the 

Brahmin took her to Panchavankaadu and killed her by striking her head with a stone. The unnatural 

death made her yakshi years after the Brahmin happened to be in Panchavankaadu on his way to 

Padmanaabhapuram. The yakshi appeared before as a beautiful woman and by provoking him, she led 

him to the spot of her death. She regained her monstrous appearance and killed him. But after 

vengeance the yakshi continued to be there. If any unfortunate victim crossed to the forest, he would 

definitely be a delicious food for the yakshi.   
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 In the Aithihyamala, Kottarathil Sankunni presents the yakshi characters contrary to the 

common beliefs of resurrection and vengeance. They are strange female being with strong sexual 

instinct and wander in search of male counterparts. They wear a sweet external and get along well with 

humans and reveal their real forms at times. They turn out to be horrible witches with cannibalistic 

tenancies. They are evoked by strong magical incantation and are enslaved by tantric scholars or 

magicians. They are terrified by iron nails and holy books. So if one held up a nail, he was saved. The 

iron nail is a reminiscent of nails used to nail truant men to the stake from the ancient times. The use 

of holy books may be an adaptation from the Shaktism or from tantrism or sometimes from the 

missionary activities.  

 The yakshi character Panchavankaattu Neeli is associated with the christian clergy 

Kadamattathu Kathanaar who is famous for his ritual magic. Panchavankaattu Neeli killed many 

people. She is even continued to provoke people in the day time also. People approached the clergy 

asking to protect them from her vicious circle. Kathanaar influenced the yakshi and brought her under 

his control, by piercing a nail on forehead. Soon he took her to his relative family where an old lady 

accidentally pulled away the nail from her forehead. When Kathanaar knew this, the yakshi had 

already left the place after becoming invisible. Kathanaar followed her and using his magic he brought 

her again under his control. Then the Kathanaar asked her to be seated in the Badhrakaali temple at 

Panayannar kaavu. Then he asked her to be seated without disturbing the innocent victims. Otherwise, 

he threatened her to be made into ashes. Yakshi agreed to sit in the temple as a pacified goddess without 

causing any disturbance to the people. In the later days, she came to be known as Parumala yakshi or 

Panayannarkaavu yakshi.  

 Another legend is connecting yakshi to the famous magician Soorya Kalady. The 

Bhattathiri of this illam and his friend were on their way to Thrishivaperoor to see the pooram festival. 

On their way, they were bewitched by two extra ordinary beautiful women and they were enchanted 

and solicited to their home. They decided to cancel the pooram programme and spend the night with 

the beautiful women in a house shown by themselves. Both of them were engaged by each woman. 

Unfortunately, the Bhattathiri had not kept Devimahathmyam with him and he was devoured by the 

yakshi who had disguised herself as his sexual partner for that night. The other Namboodiri had the 

sacred text book with him and did not listen to the repeated request of the woman to keep away the 

text book. Next morning, when the Namboodiri woke up he was surprised to see himself seated on a 

tall palm tree and his friend was killed by the other yakshi. 

 Bhattathiri's wife was pregnant at that time and she gave birth to a son. Knowing 

everything from his mother, he practiced ritual magic and severe penance, for giving strength to avenge 

the death of his father. After attaining proficiency in the ritual magic, he conducted a sacrifice in which 

all the yakshees were evoked and enslaved as he was unaware of the particular yakshi who was behind 

his father's death. He spared all the yakshees except the culprit and she was turned into ashes with his 

magic. Thus, the Brahmin boy avenged the death of his father by sacrificing his own life for the yakshi 

cursed him to have a suffocated death within 41 days of her destruction. Accordingly, the Sooryakaladi 

met with his death at Thiruvallor temple.  

 Another legend is connected with the Venmani illam and Thrishivaperoor temple. It is 

told that the Venmani namboodiries are descendent of a Brahmin who was blessed by a yakshi. The 

legend describes her as a lustful yakshi who evoked herself to a beautiful mural painting on the walls 

of the Vadakumnadha temple. She used to visit the youthful male inhabitants of the locality to satisfy 

her sexual instinct, those who were not strong enough to satisfy her sexuality were found dead in the 

morning. At the same time the strong and brave used to enjoy her divine sex by inviting her to spend 

a night with him, as she was ready to visit anybody who came in front of the picture and invited her. 

 A Brahmin youth from Venmani illam had a sexual union with the yakshi and she was 

pleased with him and used to visit him daily. This relation continued even after the Namboodiri had 

his marriage with an antharjanam. The tragic episode of the legend happened when the yakshi 

participated in upanayana ceremony of his son, disguising herself as an antharjanam. The socially 

approved wife and her relatives insulted the yakshi by throwing out the gathering and she decided 

herself to fire. The illam is famous for versatile generous and it is believed that the blessings of yakshi 
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was with the next generation also. 

 Vayaskara illam is also connected with a legendary yakshi. The famous magician of this 

illam Chathurvedi Bhattathiri fell in love with a yakshi during his visit to the Zamorin of Calicut. Both 

the Bhattathiri and yakshi had conjugal life for several years and they had a girl child also. After the 

birth of the child, yakshi returned to her aboard. Still now a yakshi is worshiped and propitiated in this 

illam by conducting kalampattu considering her as the daughter of Chathurvedi Bhattathiri. 

 Another Namboodiri family of Kumaramangalam is also connected with a yakshi. The 

Namboodiri of this illam was proficient in tantric rituals, met a cruel cannibalistic yakshi on his way 

to illam after a pilgrimage. Using his tantric knowledge, he enslaved the yakshi and made her confined 

to the illam by piercing a magic nail on her head. The yakshi managed to escape by persuading his 

wife, but the Namboodiri brought her back and nailed her to a palm tree and put her to death.  

 A close analysis of these legends points out some social facts that help us to reconstruct 

the social structure of medieval Kerala. The story of Neeli [Prasad, 2006] is occurring in the society 

where femininity was considering as innocent, loving, and trustworthy, but if cheated she turns to be 

cruel and revengeful. It should be noted that the culprits belonged to a higher cast, especially a Brahmin 

and he was punished by the serpent bite. The snake is a non-Brahmin element and a non-brahmin 

representation of the society is the punishment to the unscrupulous deeds of the Brahmin. The serpent 

is an element of fear to the Brahmins. The Parasurama legend mentions that the first settlers of 

Brahmins went back fearing the serpents and in the second phase, they started worshiping the serpents. 

There is a reflection of the Brahmins establishing supremacy in the name of temples, receiving charity 

and gifts, leading to the development of feudal system and the beginning of landlord tenant 

relationship. The devadasi mother and trustworthy daughter and the trustworthy daughter are the two 

sides of femininity - a treacherous woman and a trustworthy wife dedicating herself to the husband. 

The story is referring to the deteriorated position of devadasi to mere prostitution. The origin of the 

institution was related with the devotional cult and the devadasis enjoyed a higher esteem in the society 

at that time. With the subjugation of the primitive and the other rivals of the society, the institution was 

neglected. The Namboodiri Brahmins were enjoying a higher esteem in the society, with all pleasures 

of life, receiving dhaana and dhakshina of the society for serving the religious duties. Wandering from 

temple to temple, they made marriage relations with the women in the locality, especially a Nair or 

Ambalavaasi women. The Brahmin used to maintain that relation until he left that locality. The 

sambhandham system of marriage and the matriarchal system of inheritance are the result of this 

Brahmin supremacy. All these social customs and traditions are reflecting in the theme of the legend. 

 It is very strange and amazing that the yakshees of the legends mentioned in the 

Aithihyamala were crazy about the Brahmin nobility alone. And the encounters are between the 

Brahmins and the yakshees. In the climax of the legend, the Brahmanis are enslaving the yakshi, a way 

of surrendering without any resistance. It should also be noted that the yakshi killed the Sooryakaladi 

Bhattathiri as he had not taken the holy book of Devimahathmyam and his son destroyed the culprit 

yakshi by attaining proficiency in magic and tantrism. The worship of Soorya is a form of tantric cult 

which was followed by the Brahmin boy. The social background of this legend can be connected with 

the spreading of tantric cult in Kerala. The same thing is found in Vayaskara legend, as the yakshi is 

asking the magician to keep the sacred book away. Hence, this legend also might have been incepted 

during the same period. The tantric cult included the worship of Shiva or Shakthi, Soorya, Ganesha 

etc. and the sacred book Devimahathmyam is connected to the tantric cult. 

 The magician of Kumaramngalam is also enslaving a yakshi using his power in ritual 

magic. The other side of the legend reflects a social perspective. It should be noted that all the yakshees 

are approaching the Namboodiri pilgrims with an uncontrolled sexual instinct or as a woman who is 

bold enough to express her desire for a conjugal life. The Namboodiri Brahmins were easily trapped 

and in some cases the yakshees killed them after satisfying her biological need. This can be taken as 

evidence for the existence of concubine and prostitution. The yakshees provoking travelers and inviting 

them for the sexual union may be a public woman or a prostitute. The background of the legends is 

nearby trade centers or towns like Calicut, Thrishivaperoor or Thiruvananthapuram. Probably being 

trade centers or port cities, the prostitution and the plundering might have occurred. At times, the 
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travelers may be provoked and led to lonely places and put to death for plundering wealth. The yakshi 

of Thrishivaperoor temple who used to visit the youths of the locality may be a public woman or a 

devadasi who utilized her beautiful appearance for plundering purpose.  

 The Namboodiri's being luxurious and pleasure-seeking nobility were leading a loose morality. 

The Namboodiri characters of the legends were keeping the yakshees as their subservience or 

concubines. The two different faces of femininity is found parallel in the society. The suppressed 

femininity- the private women who is confined to the four walls of the haram while the most expressive 

and outspoken femininity- the public woman labeled as yakshi. [Dundes, 1980] 

 Black magic and mesmerism were a common feature of the society. The Namboodiri from 

Kumaramangalam illam and Kadamattathu Kathanar are told to have enslaved the yakshi by piercing 

iron nail on her head. Both the Kathanaar and Kumaramangalam might have practiced mesmerism 

with which they made the public woman believed to have a nail pierced on her forehead. The only 

difference was that the Namboodiri was keeping yakshi with his family itself while the Kathanaar kept 

her with his relatives. In both cases, the yakshi is escaping from the mesmeric effect but brought back 

by threatening to be burned into ashes. Namboodiri is nailing the yakshi to a palm tree while Kathanaar 

is rehabilitating her in the river side near Panayannar Kaavu after compelling her to lead a peaceful 

life. The social aspects behind these legends are common. The women when disobeyed the Namboodiri 

and escaped from the illam with the help of his socially approved wife might have been brought back 

and punished severely by fastening to the palm tree and sometimes might have been put to death. It 

should be remembered that in the western medieval societies also, there were references for burning 

outspoken and expressive women to ashes considering them as witches. The legend of Kadamattathu 

Kathanaar some resemblance with the biblical character Magdalena Miriam who was rescued from 

the public attack by Jesus Christ and persuaded to be a worthy woman. 

 The yakshees are still worshiped in Kerala in association with Kavus, structural temples etc. 

Their worship is closely related with the trees like pala, ilanji, kanjiram, chembakam and palm trees 

that are grown plenty in the forests and hillsides of Kerala. Each of these trees have some peculiarities 

worthy to be noticed. The fragrance of pala, ilanji, chembakam etc is highly stimulating and provoking. 

The fruit of kanjiram is like golden balls hanging from the branches. Similarly, the flowers of palm 

tree are hanging down as the lone beautiful and lustrous hair of a woman. The primitive people of the 

land might have noticed all these peculiarities and considered sacred as the abode of the tree spirit. 

Yakshees may be tree spirits worshiped by the ancient native society. This sort of worship was common 

all over the world and traces of this kind of worship still can be seen. The belief that the arrival of the 

yakshi is intimated by the fragrance of the above-mentioned tree flowers itself strengthen the argument 

connected with the yakshi as tree spirit. This beautiful concept associated with the fragrant flowering 

trees should never be ferocious or cannibalistic or blood thirsty. The nature of the tree has some 

connection with the deity associated with it. For example, naga yakshi is commonly associated with 

the kanjiram, the roots of kanjiram having poisonous effects and its fruits and leaves are biter in taste. 

Hence it may infer that the tree spirit associated with the beautiful fragrant flowering trees may be 

good natured and sweet faced.  

 The transformation of sweet-faced tree spirit to a blood thirsty witch reflects the secret design 

of the intelligent intruders who gradually encircled the existing inhabitants. It was the sign of 

dominance of the elite classes through assimilation and absorption and trying to maintain the social 

structure stable. At the same time, the Jaina and Buddha intrusion never tried to degrade the religious 

beliefs or the worshiping deities. During the hay days of Jainism, the yakshas and the yakshees were 

worshiped as shaasana devadaas. In course of time, the shaasana devadaas were lifted to a position 

of goddesses due to the introduction of tantrism. A number of factors were responsible for this 

assimilation and accommodation of primitive deities of Jaina order. The changed socioeconomic 

conditions compelled the Jaina monks to change the norms of their religious order. The adoption of 

idolatry temple cult settled life of the monks etc helped the Jaina monks to penetrate into the core of 

the society and bringing them into closer contact with the lower strata of the society and with their 

mode of worship and religious practices. It was a mere absorption and assimilation for propagating 

their faith among laymen. But the Brahmin settlement aimed at the subjugation and establishment of 
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supremacy over the inhabitants as well as other existing religious sects. The transformation of yakshees 

into ferocious and cannibalistic demons was a purposeful attempt of establishing religious supremacy 

over the land and for gaining the cooperation of the toiling class for the forest clearing and farming.  

  The yakshi story elaborates according to the view points and perspectives of A. K. Ramanujan 

“as a travelling metaphor” [Ramanujan, 1999] which derives new dimensions and new meaning in 

each retelling. The oral narratives forms interpreted, reinterpreted, extrapolated and enriched through 

each retelling. The narrator is diseased, forgotten or vanished but his contribution – that is the narrative 

still alive and it passes through generations, continues as time passes. 
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Notes 

Yakshi- female ghost  

Illam – upper cast households in Kerala 

Bhattathiri – learned upper cast Malayali Brahmin 

Mantrikan – magician, sorcerers (considered good as opposed to black magicians) 

Utchatanam – elaborate ritualistic practice of exorcising the ghost. It involves chanting mantras and 

colorfully lit ambience.  

Namboodiri – Kerala Brahmin caste (the term also refers to a male member of the caste) 

Kathanar – Syrian Christian clergy 

Bhadrakali – mother goddess of Kerala. 

Upanayana – initiation ceremony of a Kerala Brahmin boy. 

Devimahatmyam – the ritualistic holy book of Hindu pantheon  

Pooram - an annual Hindu temple festival held in Kerala.  

Devadasi – a girl considered who is given in marriage to God. 

Nambi – temple priest of south India 
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A B S T R A C T   

Controlled release of fertilizers using hydrogels is one of the sustainable methods for increasing the effectiveness 
of chemical fertilizers and reducing their adverse effects on the environment. Here, we report an eco-friendly 
hydrogel based on polyvinyl alcohol (PVA) and soy-protein isolate (SPI) crosslinked with citric acid (CA) for 
the controlled release of fertilizer. Initially, PVA-SPI blends (PS) were prepared by solvent casting method and 
studied their physiochemical properties. The optimized blend (PS 8/2) was crosslinked with various weight 
percentages (5– 30%) of citric acid (CA). Hydrogels with 20% CA exhibited optimum properties which were then 
loaded with urea to prepare controlled release fertilizer hydrogel (CRFH). Spectrophotometry studies showed 
that 74.1% of urea was released by the samples in 28 days. Additionally, the soy-protein matrix released the 
nutrients along with urea, which can be considered an added benefit. Kinetics study revealed that the release of 
nutrients followed the Ritger-Peppas model. The water retention study indicated that the samples could retain 
water for up to 30 days with an increase in gel content. Plant growth performance, germination and drought 
resistance study were evaluated using amaranthus and pea seedlings as model plants. The results indicated a 
significant improvement in the growth performance of the plants. Also, a degradation rate of 65% was attained 
for hydrogel samples when it was buried in the soil for 100 days. The prepared hydrogels can therefore be 
regarded as a potential candidate for sustainable agriculture due to their controlled-dual release properties, 
water-retaining capacity, affordability, non-toxicity, and environmental friendliness.   

1. Introduction 

Sustainable agriculture aims to provide a constant production of food 
while maintaining natural resources, environment, and global climate 
(Anderson et al., 2016; Scott et al., 2018). Effective fertilization is 
essential for agricultural production in order to satisfy the needs of the 
booming population which is forecasted to hit 10 billion by 2050 (Scott 
et al., 2018). Unsustainable agricultural practices like excessive appli
cation of conventional fertilisers result in low fertilizer efficiency and 
serious environmental problems such as eutrophication, groundwater 
contamination and even ozone layer depletion (Gil-Ortiz et al., 2020; 
Messiga et al., 2020; Savci, 2012). Controlled release fertilizer (CRF) is 
considered as a possible solution to mitigate these dilemmas. As per the 
European Standardisation Committee (CEN) Task Force’s criteria of 
CRF, no more than 15% of the nutrients may be released in 24 h, no more 
than 75% may be released in 28 days and at least 75% of the nutrients 

must be released within the designated release period (Trenkel, 2010). 
CRF allows the sustainable release of nutrients by its slow diffusion to 
the soil. Also, it saves time, money, and labour because only a single 
application is needed. On the other hand, water is a key factor that af
fects agricultural productivity, which is expected to decrease by 18% by 
2050. Hence controlled-release fertilizer hydrogel (CRFH), a combina
tion of CRF and hydrogel became the latest trend in the hydrogel 
research area since it can not only deliver nutrients in synchrony with 
the plant’s needs but also can hold a lot of water and release it under 
water-limited conditions (Zhang et al., 2014). Thus, it is treated as a 
mini reservoir for plant species (Saruchi et al., 2015). 

Polymer-incorporated CRFHs appear potential for broad usage in 
agriculture due to their ability to be tailored to release nutrients in a 
more regulated manner. However, the majority of commercially avail
able CRFHs are nonbiodegradable and cause serious environmental 
problems. Since green chemistry and environmental sustainability are 
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key concerns, the use of renewable biobased materials have received 
much attention. Polyvinyl alcohol (PVA), is the most widely produced 
synthetic, biocompatible, polymer in the world which is employed in 
agriculture due to its hydrophilicity, gel-forming ability, biodegrad
ability, nontoxicity, cost-effectiveness, and ease of processing (Kumar 
et al.; Hendrawan et al., 2016a). Recently, polyvinyl alcohol-poly lactic 
acid core-shell fibers have been employed to induce the controlled 
release of NPK fertiliser at a rate of about 80% for 28 days (Nooeaid 
et al., 2021a). In another work, PVA hydrogel was formed by the 
crosslinking of poly (ethylene glycol) and sodium sulphate for the urea 
release and uptake of Fe (III). PVA is often combined with natural 
polymers like alginate, starch, cellulose etc. Recently, a combination of 
alginate-cellulose-pva hydrogel has been used for the controlled release 
of NPK fertilizer (Liu et al., 2021) whereas the gradual release of Cu–Zn 
and carbon nanofibrils as nutrients are achieved by a pva-starch blend 
(Kumar et al., 2018). Soy protein isolate (SPI) a plentiful source of plant 
protein, is produced as a byproduct in enormous quantities by the soy
bean oil industry. Owing to its abundance, sustainability, affordability, 
biocompatibility, and good biodegradability it could be processed into 
gels, films and sponges. It is widely employed for biomedical and 
packaging applications (Las Heras et al., 2020; Tian et al., 2010). 
However, only a few works were reported on the application of SPI in 
the agriculture field (Calabria et al., 2012; Wang et al., 2022). SPI 
hydrogel films generally offer poor mechanical performance and greater 
moisture sensitivity which can be ascribed to the innate hydrophilicity 
of natural proteins. This problem could be resolved by blending it with a 
synthetic polymer like PVA. Furthermore, soy protein is substantially 
more affordable than PVA, which broadened the application of this 
“green blend’’ into various fields like tissue engineering (Zhao et al., 
2022), wound dressing (Varshney et al., 2022), packaging etc (Gautam 
et al., 2021). To the best of our knowledge, the PVA-SPI blend system 
has ot yet been used in the agricultural sector. Since both polymers have 
a hydrophilic nature, PVA- SPI based CRF results in an immediate 
release of nutrients. To decrease their hydrophilicity and to offer 
long-term usage, crosslinkers can be used to customise the polymer 
network structure (Nooeaid et al., 2021b). Citrus fruits contain sub
stantial amounts of citric acid (CA), which has recently acquired popu
larity as a green crosslinker due to its non-toxicity and cost-effectiveness 
(Durpekova et al., 2020). 

Taking into account the favourable characteristics of PVA, SPI and 
citric acid, we attempt to develop a novel citric acid crosslinked PVA-SPI 
controlled release fertiliser hydrogel (CRFH) having dual properties – 
urea and matrix nutrients releaser as a promising candidate for sus
tainable agriculture. The term ’matrix nutrient’ refers to the protein 
released from soy protein isolate, which is an abundant source of the 

most important macronutrient nitrogen. The Investigation includes the 
chemical and physical characteristics of the fabricated films, the effect of 
crosslinking, nutrient release ability in soil and water, and biodegra
dation study. Finally, field experiments are used to study the impact of 
CRFH on the growth of potted vegetables and compared it with the 
performance of conventional fertilisers. This study will pave the way for 
the usage of CRFH in the agricultural industry. 

2. Materials and methods 

2.1. Materials 

Polyvinyl alcohol (PVA) (Mol. Wt. 14000) and citric acid mono
hydrate (CA) were obtained from SD Fine Chemicals, India. Soy protein 
isolate (SPI) (90% protein content, ProFoods brand) was purchased from 
a nearby market. Sodium hydroxide pellets (reagent grade 97%) were 
supplied by Qualigens. Urea (reagent grade, 99%) was provided by SRL 
Pvt.Ltd., India. 

Distilled water was employed for the entire study. All the chemicals 
were used without further purification. 

2.2. Preparation of controlled-release fertilizer hydrogel (CRFH) 

PS blend films were prepared using the solvent casting method based 
on a reported method with slight modifications. Initially, 10% (w/v) 
PVA solution was prepared in distilled water by heating it in an oil bath 
at 90 ◦C while stirring it continuously at 300 rpm for 2 h. 5% (w/v) SPI 
solution was also made in distilled water, and its pH was then brought to 
10 by adding 2 molL-1 NaOH solution at 70 ◦C by continuously stirring at 
200 rpm for 2 h. Then the prepared PVA and SPI solutions were blended 
in various volume ratios (PVA/SPI) such as 10/0, 8/2, 6/4, 4/6, 2/8, and 
0/10 under stirring at 400 rpm for 1 h and were coded as shown in 
Table 1. A petri dish with a specified diameter was filled with the same 
volume of this homogeneous solution to obtain uniform film thickness, 
and it was dried for 5 h in a hot air oven at 40 ◦C. Then the resulting films 
were analysed by various characterization techniques. For the synthesis 
of CA crosslinked hydrogel films (PSC), different weight ratios of CA 
ranging from 5 to 30% based on PVA were added to the chosen blend 
ratio of the PS solution and were abbreviated as displayed in Table 2. For 
the crosslinking of PVA, this solution was subjected to heat at 80 ◦C and 
stirred at 200 rpm for 30 min. Citric acid addition changed the colour of 
the solution from pale yellow to off-white which can be considered as a 
visual confirmation for the crosslinking reaction. The obtained homo
geneous solution was cast as before and allowed to dry at 40 ◦C for 6 h. 
The optimum cross-linking percentage has been found based on swelling 
and tensile strength studies. To the optimised CA crosslinked PS solu
tion, 1g urea was added and agitated for 15 min at 100 rpm and poured 
into the petri dish to form controlled release fertilizer hydrogel (CRFH). 

2.3. Characterization 

To investigate the interaction and bonding in PS blend films and PSC 
hydrogel samples FTIR Nicolet 5700 was employed and the spectra were 
recorded in the range of 400–4000 cm− 1in ATR mode. The surface 
morphology of blend films was analysed using a field emission scanning 
electron microscope FESEM Hitachi 6600. Environmental scanning 
electron microscopy (ESEM) FEI Quanta 200 was used to study hydrogel 
samples. Using a Universal Testing machine (Shimadzu Autograph, AG- 
X plus series) and an applied load of 10N, the tensile strength of the 
samples with a dimension of 0.5×5 cm was investigated. Mitutoyo 
Digimatic Micrometer (precise to 0.001 mm) was used to quantify 
sample thicknesses. The measurements were made three times, and 
average values were computed. The average thickness of the PS blend 
films was found to be 0.15 mm whereas that of controlled release fer
tilizer hydrogel film was 0.2 mm. 

Table 1 
Formulation of PS blend films based on volume (ml).  

Sl.No. Composition Sample Code 

10% PVA 5% SPI 

1 10 0 100% PVA 
2 8 2 PS 8/2 (selected) 
3 6 4 PS 6/4 
4 4 6 PS 4/6 
5 2 8 PS 2/8 
6 0 10 100% SPI  

Table 2 
Formulation of PSC hydrogel.  

Sl.no Selected PS blend Citric acid (wt%) Sample code 

1 PS 8/2 5 PSC-5 
2 PS 8/2 10 PSC-10 
3 PS 8/2 20 PSC-20 
4 PS 8/2 30 PSC-30  
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2.4. Swelling study in water 

Swelling studies were performed by immersing the pre-weighed 
rectangular dry sample (Wd) of dimension 2 cm × 2 cm in 50 ml 
distilled water at 25 ◦C and allowed to swell. The swollen samples were 
taken out at predetermined intervals, the excess water was wiped out 
using tissue paper, and the wet sample (Ws) was weighed gravimetri
cally using the following equation. 

Swelling ratio=
(Ws − Wd)

Wd
× 100 (1)  

2.5. Controlled release study of CRFH 

To ascertain the nutrient release in soil and water following experi
ments were performed.  

i) Release in soil − 100g of field soil was collected, sieved and dried 
to get constant weight. CRFH was placed 5 cm beneath the soil 
surface, and 50 ml water was added. The leachate from the soil 
was collected and the concentration of urea was quantitatively 
estimated using UV–Visible spectrophotometer (Shimadzu 
Spectrophotometer-1800) by employing para-Dimethyl amino 
benzaldehyde (p-DMAB) complexing agent at λmax= 420 nm 
(Indriana et al., 2019). Protein release from the soy protein 
isolate was analysed using the Kjeldal method (Jiang et al., 2014) 
The cumulative release was determined using Equation (2). 

Cumulative release (%)=
Mt

M∞
× 100 (2)  

Where Mt indicates the amount of nutrient released at any time t 
and M∞ indicates its initial concentration. Organic N from the soil 
was neglected in this study. All of the fertilizer release measure
ments were done in triplicate.  

ii) Release in water- Nutrient leaching in water was also found by 
following the above procedure. 1g of the prepared CRFH was 
placed in a beaker. 50 ml of water was poured into it, serving as 
the releasing media. It was kept overnight and then filtered. 
Filtrate was collected and at the same time, an equal amount of 
fresh water was added to serve as the releasing media for the next 
measurement and tested for fertilizer release as before.  

iii) Kinetics of release 
Four mathematic models, namely zero-order kinetics, first-order ki
netics, the Higuchi model, and the Ritger-Peppas model were used to 
obtain insight into the slow-release mechanism and kinetics. 
Zero-order kinetics model: 

Mt

M∞
=K0t (3)  

First-order release kinetics model: 

ln
(

1 −
Mt

M∞

)

= − K1t (4)  

Higuchi model: 

Mt

M∞
=KHt1/2 (5)  

Ritger-Peppas model: 

Mt

M∞
=KHtn (6)  

where Mt
M∞ 

was the fraction of fertilizer released at any time t. K0, K1, 
KH, and K represent the rate constants of release for zero order, first 
order, Higuchi and Ritger- Peppas models respectively. The release 

exponent, n, provides information on the mechanism of fertilizer 
release. 

2.6. Measurements of largest water holding capacity and water retention 
of soil 

The largest water-holding capacity was assessed to examine the 
impact of CRFH on soil’s water holding capacity of soil. Initially, the soil 
was dried and sieved. 100 g of soil was mixed with 2, 4 and 6 g of CRFH 
and placed in three different PVC tubes. A nonwoven fabric was used to 
seal the bottom and weighed (W1). Water was slowly poured onto the 
soil sample from the top of the tube till water leaked from the bottom. 
When no water leaked at the bottom, the weight of the tube was noted 
once again (W2). The control experiment (without CRFH) was also 
performed. From equation (7), the largest soil water holding capacity 
(WHC %) was determined (Zhang et al., 2014). 

WHC %=
(W2 − W1)

W1
× 100 (7) 

To assess the water retention behaviour of CRFH, the soil samples 
were stored in a glass beaker and their weight was recorded (W0). The 
soil was gradually saturated with a suitable amount of tap water (the 
greatest WHC was identified in the previous phase). The beaker was then 
weighed once more (W1). The beakers were positioned in the lab at 
ambient temperature, weighed every three days (Wn), and the obser
vation was made for up to 30 days. Meanwhile, a control experiment was 
also conducted. The following equation was used to compute the water 
retention ratio of soil (WR %): 

WR ​ % =

(
Wn − W0

W1 − W0

)

× 100 (8)  

2.7. Plant performance assessment 

Plant growth assessment was done by applying different amounts of 
CRFH in comparison to bare soil (without any fertilizer), and traditional 
urea fertilizer. To ensure the acceptance of the produced CRFH, the 
green Amaranth plant (Amaranthus Viridis), a common vegetable in 
many parts of the world was used. Experiments were conducted during 
the months of February to March 2023. All the plants were kept under 
similar environmental conditions. The daytime temperature was around 
29 ◦C and humidity was 70%. The tests were run in triplicate for each 
experiment. At first, seeds were sown in bare soil. After seed germina
tion, healthy seedlingswith four leaves and a height of two inches were 
selected and transplanted to pots containing an equal amount of soil 
with five different treatments: 

(i) Bare soil without any fertilizer as control (BS) 
(ii) 1g traditional urea fertilizer (TU-1) 
(iii) CRFH containing 1g traditional urea (CRFH-1) 
(iv) 2g traditional urea fertilizer (TU-2) 
(v) CRFH containing 2g traditional urea (CRFH-2) 
The plants were initially irrigated with equal water, and the growth 

was monitored up to 30 days after transplanting. At the end of the 
experiment, a visual assessment of the test species growth performance 
was made using digital pictures. The harvested plants were separated 
and the growth was evaluated by counting the number of leaves, 
measuring the leaf area, plant height, dry weight, stem diameter chlo
rophyll and nitrogen content in leaves. Chlorophyll content in the plants 
was estimated using Arnon’s method (Banu, 2013) while nitrogen con
tent was determined using the Kjeldal method. 

2.8. Seed germination and seedling growth under water-stressed 
circumstances 

To examine the impact of developed fertilizer hydrogel on the 
germination efficiency, early growth and survival rate under water- 
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limited conditions pea seeds were used. The seeds were sawed in 
different pots containing bare soil (control), soil with traditional urea 
fertilizer, soil with CRFH containing 1g urea and CRFH with 2g urea. 
Water was applied to completely saturate the soil. The emergence of the 
radicle was considered as a sign of seed germination. By counting the 
seeds that germinated for a week, germination was calculated based on 
the following equation. 

Germination (%)= (Gn /T) × 100 (9)  

Where Gn is the total number of seeds that have germinated on the day n 
following sowing and T is the total count of seeds sown. 

The seedlings were allowed to grow and watered on 7th day after 
sowing. No water was supplied for the next 7 days. The study was 
completed 14 days after the seeds were sown and the survival rate was 
calculated using the equation given below: 

Survival rate (%)= [(1 – (Wn /T)] × 100 (10)  

Where Wn represents the number of seedlings that were wilted on the nth 

day and T represents the total amount of seedlings that were produced. 

2.9. Biodegradability of CRFH 

CRFH was buried 10 cm below the soil surface for biodegradability 
evaluation. It was fished out once every ten days, washed repeatedly 
with water, and dried at 50 ◦C to a consistent weight. The CRFH was 
weighed again and its rate of degradation was estimated using Equation 
(11). The biodegradation of the hydrogel films was monitored for 100 
days. 

Degradation (%)=
(Wb − Wa)

Wb
(11)  

Wb indicates the weight of dried CRFH before burial in the soil whereas 
Wa indicates the weight after the soil burial. 

3. Results and discussion 

3.1. Formation of PS blends and CRFH 

The schematic representation for the fabrication of PS blend films 
and CRFH is shown in Fig. 1. The prepared PVA and SPI solutions were 
blended in various ratios via solvent casting method under stirring for 1 

Fig. 1. Schematic diagram for the preparation of PS blends and CRFH.  

Fig. 2. (a) FTIR spectra of PSC hydrogel (b) Schematic representation of crosslinking between PVA and citric acid (c) Schematic diagram representing the formation 
of semi-interpenetrating polymer network (semi-IPN). 
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h. Then a petri dish was filled with the same volume of this homoge
neous solution and dried for 5 h in a hot air oven at 40 ◦C. Then the 
resulting PS blend films were analysed by various characterization 
techniques and are given in supplementary material. For the synthesis of 
CA cross-linked hydrogel films (PSC), citric acid was added to the chosen 
PS solution. To the optimised CA crosslinked PS solution, 1g urea was 
added and agitated for 15 min and poured into the petri dish to form 
controlled release fertilizer hydrogel (CRFH). 

Among the various blends prepared PS 8/2 exhibited optimum 
thermal, mechanical, hydrophilicity, and swelling properties. Hence it 
was crosslinked with various weight percentages of citric acid to form 
PSC hydrogel and the following analyses were performed. 

3.2. FTIR spectra 

FTIR spectra CA crosslinked PSC hydrogels are displayed in Fig. 2a. It 
can be inferred from the spectra that, as compared to PS 8/2 blend new 
peaks at 1724 and 1225 cm− 1 have emerged in the hydrogels. The ab
sorption band at 1724 cm− 1 corresponds to the carbonyl group which 
indicates the esterification reaction took place between PVA and CA 
which confirms the crosslinking (Fig. 2b). This can be further proved by 
the C–O–C stretching of an ester at 1225 cm− 1. Moreover, the carbonyl 
and C–O–C vibration intensity increased as CA increased from 5 to 30%. 
This is an excellent evidence that CA concentration played a significant 
role in hydrogel formation and the esterification degree increases with 
an increase in the peak intensity. Here only PVA is cross-linked by the 
tricarboxylic functional group of citric acid. Hence it forms a semi- 
interpenetrating polymer network (semi-IPN) (Fig. 2c) 

3.3. Surface morphology analysis 

It was observed that all the hydrogel films were water insoluble and 
demonstrated great enlargement after being submerged in water in 
contrast to PS blend films, which indicated the crosslinking of the 
sample. Hydrogel film was white in colour and had a similar macro
scopical appearance. The surface of the films was smooth and easily 
peelable from the petri dish except for PSC-30 since it had a relatively 
high gelly nature. Environmental Scanning Electron Microscopy (ESEM) 
studies were conducted to obtain a better insight into the structure of the 

hydrogel. Fig. 3a (i) shows the SEM image of the PS 8/2 blend while 
Fig. 3a (ii)-(iv) illustrates ESEM images of the chosen hydrogel blend 
films (PSC-20) with different magnifications. It is evident from the fig
ures that compared to the blend surface, the hydrogel revealed a 
continuous gel matrix network with wave like appearance. More bulges 
were visible at higher magnifications whereas the PS blend surface was 
plane and almost uniform. This difference was caused by substantial 
cross-linking between the CA and PVA molecules. 

3.4. Tensile strength 

The impact of citric acid content on the tensile strength of the blends 
was investigated (Fig. 3b). Initially PS 8/2 blend had a tensile strength of 
14.25 MPa. When it was crosslinked with 5–20% of citric acid its tensile 
strength enhanced. This is due to the fact that citric acid develops a rigid 
three-dimensional hydrogel crosslinked network which contributes to 
its increasing mechanical strength. This further confirms the cross
linking. The least strength displayed by PSC-5 hydrogel might be related 
to the crosslinking produced by the minimal amount of CA. The tensile 
strength of the samples decreased when the crosslinking percentage 
increased beyond 20%. The film was too gelly, brittle and thus difficult 
to handle. This might be due to the fact that as the percentage of CA 
increased, the residual crosslinker in the blends functioned as a plasti
cizer, reducing interactions between macromolecules and causing a 
decrease in tensile strength (Shi et al., 2008). Hence PSC-20 displayed 
optimum tensile strength. 

3.5. Swelling study in water 

The swelling capacity of a hydrogel is a crucial aspect of its 
controlled-release applications. In the current investigation, the effect of 
crosslinker on the swelling ratio of PSC hydrogels was studied (Fig. 3c). 
It was observed that as the percentage of CA crosslinker increased from 5 
to 30% swelling of hydrogel decreased. This may be explained by the 
fact that when CA concentrations in the gel increased, a greater amount 
of hydroxyl groups in PVA were consumed by converting hydroxyl 
groups to esters in the crosslinking reaction. Consequently, the cross- 
linked PVA has a lower number of OH groups to establish hydrogen 
bonds with water molecules, which reduces the degree of swelling of the 

Fig. 3. (a) (i) SEM image of PS 8/2 blend, (ii)-(iv) ESEM images of PSC-20 hydrogel with different magnifications (b) Tensile strength of PSC hydrogel (c) Swelling 
study of PSC hydrogel in water. 
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gel as PVA reacts with citric acid (Khan and Ranjha, 2014) Also, the 
swelling was too low when the CA concentration increased beyond 20%. 
This can be ascribed to the higher crosslinking density. That is, an in
crease in the crosslinker content led to a higher crosslinking density and 
reduced the space between polymer chains. As a result, the resulting 
rigid, heavily cross-linked structure could not expand and hold a sig
nificant amount of water. These outcomes were consistent with Flory’s 
network theory (Flory, 1953). 

In this study, when the crosslinking was lower than 5% the three- 
dimensional network required for superabsorbent could not form 
correctly, resulting in the existence of non-cross-linked polymer chains. 
When we increased the CA up to 30%, the swelling decreased due to the 
formation of a highly crosslinked network. The swelling of PSC-5 and 
PSC-10 was almost comparable whereas PSC-20 exhibited an optimum 
swelling. Hence the hydrogel coded as PSC-20 which demonstrated 
optimum crosslinking, swelling and strength was selected for further 
investigation. 

3.6. Controlled release fertilizer hydrogel (CRFH) 

The optimised PSC-20 hydrogel was loaded with 1g urea to develop 
CRFH and the following studies were performed. 

3.6.1. Controlled release study 

3.6.1.1. In soil. In order to accurately assess the potential use of CRFH 
in agriculture, the controlled release behaviour in soil was studied. The 
percentage of urea released against time for untreated traditional urea 
fertilizer, urea from CRFH are depicted in Fig. 4a. The release of protein 
from CRFH is depicted in Fig. 4b. It can be observed that within 24 h, 
more than 97% of the nutrients in untreated urea were released, which is 
similar to the previously reported works (Xie et al., 2012). It is because 
when a water-soluble compound fertiliser is put in the soil, it will 
dissolve quickly in the soil solution, and the nutrient will be swiftly 

exhausted since there is no barrier between fertilizer and soil. There was 
a dramatic drop in the urea release rate from the CRFH compared to the 
untreated urea. After 1, 14, 28 and 40 days, the release from the core 
was around 14.3%, 66.8 %, 74.1 % and 81.5 %, respectively, implying 
its excellent controlled release property. The initial high release (0–4 
days) is due to the fact that polymer hydrogel absorbs the water and 
swells after adding it to the soil. As the swelling continues, urea 
embedded in the matrix dissolves rapidly, increasing the network’s os
motic pressure. Through a dynamic exchange between the free water in 
the hydrogel network and the water in the soil, the urea would subse
quently diffuse out from the swollen polymer (Xie et al., 2012; Wang 
et al., 2012; Wen et al., 2016). After 4 days, the release rate slowed 
down. This was mostly due to the drop in osmotic pressure inside the 
hydrogel matrix brought on by the decreased concentration of urea in 
the matrix over time. Meanwhile, the hydrogel might take in more ions 
and particles in the soil. These particles along with the matrix served as a 
physical barrier and induced steric effects on nutrients. Consequently, 
the swelling was less in the soil, which made it harder for soluble urea to 
diffuse. This also contributes to the controlled release of nutrients (Wang 
et al., 2012). 

Along with the release of urea from the hydrogel fertilizer, a small 
amount of protein also was released. When the urea release was at its 
peak on the 40th day the release of protein was only about 41.2%. This 
indicates that even after the controlled release of urea from the CRFH, it 
can contribute protein to the soil and thus enhance the nutrient avail
ability of soil for the next plant growth period too. No one has explored 
the dual property of the protein in conjunction with a controlled release 
hydrogel fertilizer. Thanks to the protein matrix for its contribution to 
the successful development of controlled release fertilizer hydrogel cum 
nutrient reservoir, which ensures the nutrients availability instead of 
simple degradation is an added benefit. 

3.6.1.2. In water. The release of urea and protein in water was also 
studied. Fig. 5a shows the plots of the percentage release of urea against 

Fig. 4. Release study in soil (a) urea (b) protein.  

Fig. 5. Release study in water (a) urea (b) protein.  
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time whereas Fig. 5b displays the percentage release of protein. The 
curve demonstrated a typical sustained release pattern, with a gradual 
release at first and followed by a plateau. Urea was slowly released in 
water for around 8 days. Following that, the sample reached 87.5% of 

the total release. Similar results had been reported in the literature 
(Zhang et al., 2014), but the release was so fast (within minutes). In 
contrast, we got sustained release for up to 10 days. Besides urea release, 
the release of protein also happened which was observed to be faster in 

Table 3 
Kinetic parameters from various models.  

Mathematical models 

Release medium Nutrients Released Zero-order First order Higuchi Ritger-Peppas 

R2 K R2 K R2 K R2 K n 

Soil Urea 0.913 0.023 0.889 0.277 0.946 0.107 0.981 0.143 0.590 
Protein 0.878 0.122 0.780 0.036 0.913 0.145 0.972 0.115 0.754 

Water Urea 0.905 0.165 0.861 0.001 0.787 0.193 0.958 0.134 0.610 
Protein 0.887 0.184 0.941 0.003 0.918 0.262 0.960 0.125 0.884  

Fig. 6. (a) Water absorption (b) Swelling (c) Release of urea and protein by diffusion.  

Fig. 7. (a) Water holding capacity of soil with different treatments of CRFH (b) Water retention of soil with different treatments of CRFH.  

Fig. 8. Photograph of plant growth performance of Amaranthus Viridis after transplanting for 30 days (a) with bare soil (BS), (b) with TU-1 (c) with CRFH-1 (d) with 
TU-2 (e) with CRFH- 2 treatments. 
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water than in the soil. About 55% of the protein was released in 10 days. 
Therefore, it may be inferred that CRFH is a promising fertilizer for 
hydroponics applications as well. 

3.6.1.3. Kinetics of release. The collected data were fitted into four 
distinct models namely zero order, first order, Higuchi and Ritger- 
Peppas in order to analyse the fertilizer release mechanism. The corre
lation coefficients (R2), kinetic constants (K), and release exponent (n) of 
the sample in different release media were computed and tabulated in 
Table 3. According to the R2 values, the release was found to be well- 
fitted to the Ritger-Peppas model. The release exponent(n) from the 

linear regression of the Ritger-Peppas plot reveals how fertilizer diffuses 
from the hydrogel. 

Depending on the value of n, the release mechanism could be cat
egorised as either a Fickian model (Case I) or a Non-Fickian model (Case 
II, Anomalous Case, and Super Case II) (Wang et al., 2021; Lawrencia 
et al., 2021). When n = 0.5, the model is said to be Fickian (Case I), the 
release is controlled by diffusion, which is significantly more important 
than polymeric chain relaxation. The release is controlled by either 
swelling or relaxation of polymeric chains when n = 1, and the model is 
said to be non-Fickian (Case II) and approaches zero-order kinetics. It 
follows non-Fickian (Anomalous Case) when 0.5 < n < 1 and the rate of 

Fig. 9. Effect of CRFH treatment on vegetative growth of the plant (a) number of leaves (b) leaf area (c) height (d) stem diameter (e) cumulative yield (f) nitrogen 
content (g) chlorophyll content (one-way ANOVA, Tukey’s post-hoc test, p < 0.05). 
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release is controlled by both diffusion and swelling. When n > 1 denotes 
a severe scenario (Super Case II model) in which polymer chains are 
broken during the process. For the CRFH, the n value in all the cases fell 
between 0.5 and 1, confirming that diffusion through swelling of the 
hydrogel is the primary mechanism for the release. 

A schematic representation of the mechanism of relaese of urean and 
protein from CRFH is given in Fig. 6. 

3.6.2. Water holding capacity and water retention of soil with CRFH 
In addition to its controlled release capability, another crucial 

quality of CRFH was its water holding capacity. In this aspect, the ability 
of the soil to hold water was tested using hydrogel. Fig. 7a illustrates the 
water holding capacity with application rates of 0, 2, 4, and 6 g of CRFH. 
The soil’s maximum water holding capacity was 35.3%, 45.1%, 55.5%, 
and 59.8%, respectively. From that, we may infer that adding CRFH to 
soil could boost the soil’s ability to hold water, and the water content 
nurtured as the amount of CRFH in the soil increased. In light of this it 
can be concluded that, when irrigation is on or it rains, the soil with 
CRFH can hold significantly more water than the soil without it, effec
tively lowering the amount of irrigation water needed and hence the 
labour cost. 

Besides water holding capacity, water retention is a vital property of 
hydrogel. As we can see from Fig. 7b, the soil with the CRFH had 
considerably better water retention than the soil without it. Moreover, 

this improvement developed as its amount in the soil increased. The 
water retention ratio of bare soil was zero on the 15th day. However, the 
water retention ratios were 24.8, 41.6, and 59.0 wt% on the 15th day and 
4.6, 11.2 and 27.4 wt % after 25 days for the samples containing 2,4, and 
6 g of CRFH per 100 g of soil respectively. The sample with 6 g of CRFH 
still had a water retention ratio of 9.5 wt% on the 30th day. Taking into 
account these results, it is possible to draw the following conclusion: 
CRFH can significantly increase the water retention capacity and this is 
incredibly important in locations that frequently experience droughts 
since there is an insufficient water supply. 

3.6.3. Plant growth assessment 
Field experiments are necessary to evaluate the performance of 

plants in response to the CRFH. Amaranthus Viridis was used to test the 
effects of urea loaded hydrogel on plant growth for 30 days after 
planting and compared to a control treatment with no extra fertiliser and 
the corresponding amount of conventional urea. The studied plants 
showed no signs of harm, as shown by the assessment in Fig. 8 indicating 
that the developed controlled release fertilizer hydrogel was not detri
mental to the plants. The plants that received the addition of CRFH were 
bigger than the controls. This emphasizes the timely delivery of nutri
ents during the plant growth cycle. Furthermore, compared to the bare 
soil and conventional urea the usage of CRFH loaded fertilizer effec
tively promoted superior plant quality in terms of vegetative growth 
parameters. 

To verify the plant growth development as noticed by visual in
spection, the vegetative growth parameters like plant height, plant 
weight, number of leaves, leaf area, stem diameter as well as nitrogen 
and chlorophyll content of leaves were presented in Fig. 9. The vege
tative development of potted Amaranthus plants was more vigorous 
under the influence of CRFH than the control and conventional fertilizer. 
Specifically, plants treated with CRFH-2 produced the highest number of 
leaves compared to those grown in corresponding traditional urea fer
tilizer and bare soil (Figs. 8e and 9a). As the CRFH content was increased 
thick growth of leaves were observed. Moreover, with increased CRFH 
application rate, the cumulative leave area grew significantly with 
CRFH-2 treatment having the greatest value again. That is, when 
compared to the control leaf area increased to 61% for CRFH-2 whereas 
that for TU-2 was 26% only (Fig. 9b). However, in comparison to TU 
treatments, CRFH treatment had no appreciable impact on the plant’s 
height but of course, it was higher than the control (Fig. 9c). The plants 
grown in CRFH amended soil manifested a substantial increase in stem 
diameter and dry weight (Fig. 9d and e). This might be due to the 
accumulation of nutrients in plants indicating that the amounts of nu
trients provided at these rates were adequate for producing enough 
yield. 

Fig. 9f illustrates the nitrogen content in leaves with different 
treatments. It is obvious from the figure that nitrogen is highest in the 
plant leaves that are treated with CRFH-2 whereas it was least in control 
pots. The lack of nitrogen in control pots may have contributed to 
stunted growth even after the growth period. When compared to the 
control there was a 58% increase in the nitrogen content for CRFH-2, 
whereas with TU-2 32% enhancement was observed. It is evident that 
compared to traditional urea fertilizer, nitrogen content in leaves almost 
doubled, indicating the nutrient utilization efficiency of developed fer
tilizer. This could be attributed to the synchronicity of the time and rate 
of the nutrient released by the synergistic controlled release action of 
CRFH and protein matrix that could successfully satisfy the nutrient 
need for the plant growth phase and minimize the loss of fertilizer nu
trients even with a single application of CRFH. Consequently, CRFH-2 
with sufficient nitrogen content might have experienced the highest 
photosynthesis rate and hence vigorous plant growth. 

The effect of CRFH treatments on the chlorophyll content of Amar
anthus plants was also studied. It was found that the use of CRFH 
boosted the chlorophyll content of leaves. Fig. 9g represents the chlo
rophyll a, chlorophyll b and total chlorophyll content in leaves. The 

Fig. 10. Seed germination of pea plants after 7 days (a) in bare soil (b) with 
traditional urea (c) with CRFH-1 (d) with CRFH-2. 

Table 4 
Germination and survival rate of pea seedlings in the presence of CRFH.  

Treatment Germination rate (%) Survival rate (%) 

Day 5 Day 7 Day 10 Day 14 

Bare soil 50 100 20 0 
Traditional urea 60 100 20 0 
CRFH-1 90 100 90 80 
CRFH-2 100 100 100 100  

Fig. 11. Survival performance of pea seedlings under water-stressed circum
stances after 14 days (a) in bare soil (b) with traditional urea (c) with CRFH-1 
(d) with CRFH-2. 
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plants that were grown in soil without any fertilizer had the least 
chlorophyll content. This is evident from the visual assessment also since 
the plants with BS treatments exhibited a pale-yellow colour (Fig. 8a). 
Compared to traditional urea treatment TU-2, there was a 38% increase 

in chlorophyll content of CRFH-2. The results are in agreement with 
nitrogen content data as it is a major constituent of chlorophyll. 

Fig. 12. Degradation rate and surface morphology of CRFH films (a) day 1 (b) day 10 (c) day 20 (d) day 30 (e) day 40 (f) day 50 (g) day 60 (h) day 70 (i) day 80 (j) 
day 90 (k) day 100. 

Table 5 
Comparison of PVA-SPI CRFH (present work) with other controlled release fertilizers.  

Material Method of preparation Crosslinker/ 
modifiers 

Release duration Matrix nutrient 
releasing 
property 

Remarks Ref. 

PVA-Alginate Copolymerization & 
crosslinking 

Glutaraldehyde 69% in 12 days No Low fertilizer release duration, 
toxic chemicals are involved 

Khoerunnisa 
et al. (2016) 

PVA-Poly ethylene 
glycol (PEG) 

Crosslinking PEG, sulphate 15–20% release during 
initial days, sustained 
delivery up to 6 days 

No Low release duration Sarkar and Sen 
(2018) 

Chitosan Crosslinking Salicylaldehyde 75% in 11 days No Low release duration Iftime et al. 
(2019) 

Sulfonated- 
carboxymethyl 
cellulose 

In-situ graft 
polymerization 

N, N′-methylene 
bisacrylamide 

75.3 in 30 days No Toxic chemicals are involved Olad et al. 
(2018) 

Cellulose nanocrystals- 
PVA 

Fluidised bed technique —— >80% in 20 days No Expensive equipment, poor 
performance 

Kassem et al. 
(2021) 

2- hydroxyethyl 
methacrylate, acrylic 
acid, acrylamide 

Free radical 
polymerization, 
crosslinking 

N, N′-methylene 
bisacrylamide 

35% in 19 days No Not readily biodegradable, 
complex preparation process, 
toxic chemicals are involved 

Dhanapal et al. 
(2021) 

PVA-SPI (present 
work) 

Crosslinking Citric acid 74.1% in 28 days Yes Biodegradable, easily scaled, 
low cost, controlled release 
fertilizer hydrogels   
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3.6.4. Seed germination and seedling growth under water-stressed 
circumstances 

The impact of CRFH on seed germination was also investigated 
(Fig. 10). The seeds sown in the soil with CRFH-2 were fully germinated 
on day 5 whereas that sown in bare soil and traditional fertilizer 
exhibited around 50% germination only (Table 4). As the amount of 
fertilizer hydrogel applied to the seeds decreased there was a slight 
decline in the germination rate too. That is only 90% of the seeds treated 
with CRFH-1 germinated on the 5th day. However, when compared to 
the seeds cultivated in bare soil and with conventional fertilizer this 
growth is really significant where the entire germination took place by 7 
days only. It was also noticed that seedling growth was accelerated in 
the presence of the hydrogel fertiliser. This might be due to the timely 
delivery of nutrients and water during the germination period. 

The availability of moisture is essential for the effective development 
of agricultural crops, and inadequate soil moisture conditions are 
frequently a barrier, especially in dry and semi-arid areas. The effect of 
CRFH on the growth of the seedling under water-limited conditions was 
also studied. It was found that the wilting of pea seedlings was delayed 
by the addition of fertilizer hydrogel to the potting soil (Fig. 11). All 
seedlings sown in soil containing CRFH-2 survived up to 14 days after 
sowing with only a single addition of water. Compared to others, 
seedlings were healthy with six leafed stages. The survival rate on the 
14th day was found to be 100%. Though the survival rate of seedlings 
was decreased with lower loading of hydrogel in the soil, this develop
ment is incredibly notable as compared to the seedlings cultivated in 
bare soil and with conventional fertilizer, since 80% of them wilted on 
day 10 and none of them survived on 14th day. This can be ascribed to 
the fact that the hydrogel fertilizer retained the water content in the gel 
network during irrigation, declined the moisture loss of soil and supplied 
the water when plant demands along with the nutrients which delayed 
the seedlings wilting. Hence it is obvious that developed fertilizer gel 
can successfully employ in drought prone areas too. 

3.6.5. Biodegradation 
The degradation rate and surface morphologies of CRFH film during 

degradation are illustrated in Fig. 12. Initially, the surface of the film 
was rather clean and smooth as shown in Fig. 12 (a), except for a few 
casting-related scratches. But after 10 days, the surface was covered in 
numerous swirls and disfigurement. Around 5.1% degradation occurred 
during this time. This could be attributable to the partial degradation of 
microorganisms on SPI and PVA molecules (Su et al., 2007). After 30 
days, cracks and minute holes popped up on the surface of the hydrogel. 
About 25% degradation occurred in 50 days. During this time, hydrogel 
film experienced random disintegration, accelerating the emergence of a 
rough surface with shallow fissures and pits. This might be due to the 
fracture of the macromolecular skeleton to less complicated molecules. 
With a rise in burial time more and more deep holes appeared. At the 
end of 100 days, the whole film was covered in additional holes and the 
degradation rate was found to be 65.18%. Furthermore, numerous 
nearby holes are fused together to create even bigger holes. Thus, the 
hydrogel film exhibited a gradual rise in surface roughness, cracks and 
wrinkles which is an indication of excellent biodegradability. 

A comprehensive comparison of present work with other controlled 
release fertilizers reported during the past few years is given in Table 5. 

4. Conclusions 

We have developed an environmentally safe, cost-effective, easily 
scaled-up controlled release fertiliser hydrogel that could supply nutri
ents for a long time. Initially, PVA-SPI blends were prepared and the 
optimised blend PS 8/2 was crosslinked by employing the green cross
linker citric acid to form a semi-IPN hydrogel network. Among the 
produced hydrogel, 20% CA was found to be the optimum crosslinking 
percentage. It was loaded with 1g urea to investigate its release property 
in both soil and water. The developed hydrogel fertilizer could 

successfully meet the criteria for controlled-release fertilizer since 74% 
of urea was released in 28 days. Besides, the soy protein isolate could act 
as a nutrient reservoir matrix release that could ensure the nitrogen 
availability of soil even during degradation. Additionally, CRFH 
exhibited excellent water retention properties and thus ensuring a 
promising material for drought-prone agricultural land. The most 
common vegetable Amaranthus Viridis was selected to investigate the 
impact of CRFH on the vegetative growth of the plant and pea seeds for 
germination and drought-resistant studies. It was observed that CRFH-2 
demonstrated a significant enhancement in plant growth performance. 
Moreover, the design of CRFH doesn’t involve any toxic chemicals, 
auxiliary solvents, unwanted byproducts, and high energy and time 
consumption. Consequently, it can be bravely claimed to be a "green 
hydrogel fertilizer" as it abides by almost all sustainable chemistry 
principles. 
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