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Introduction 

                 Gender is a multifaceted, construct, a complex phenomenon viewed differently in 

different societies. The most important impact that gender created in the society is the assigning 

or segregating the work load among the two dominant group the male and female. The relatively 

smaller group in population, the transgender is facing inequality and condemnation by this 

patriarchal society. Living as a transgender someone who identifies with a gender different than 

one assigned at birth is an experience filled with stress, strain and tensions. Transgender persons 

who are largely marginalized from the mainstream society because of the social stigma related to 

the gender identity. It is negatively affects their mental wellbeing. The social exclusion results the 

different types of discriminations towards this minority group.  

              The God’s own country, Kerala is the first state to introduce a transgender policy in 

2015. The State has passed the Transgender Bill in an attempt to bring them to the mainstream of 

social life. However, discrimination, exclusion, suppression and oppression against transgender 

persons still continue from all walks of life. Transgender suffer from the lack of continuity in 

their identity, lack of self esteem, over emphasized and unwanted distinctiveness and injustice at 

every turn. This study intended to expose sufferings, discrimination and marginalization of 

transgender and try to explain every day issues of transgender through the sociology of third 

gender.   

             Gender equality refers to people receiving equal opportunities to realize their full human 

potential according to their wish, irrespective of gender. This includes equality in opportunities 

to take part in social, economic, cultural and political developments and benefiting equally from 

the results. It can also refer to the equality in protection of human rights. People are not aware 

about the gender issues especially transgender problems in the present society. Our constitution 

is guaranteeing fundamental rights for all human beings. But we are creating variety of 

boundaries for the transgender.  
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 Methodology 

The objective of the study is to identify the major problems confronted by the 

transgender. Research design of the study is descriptive in nature.  Transgender people who are 

living in Kerala formed the Universe of the study. Fifty Samples are taken from the Thrissur 

district in Kerala. Snowball sampling method was used to collect the data. For this study, both 

primary and secondary sources of data are used. Primary data collected through interview 

schedule. Secondary data were collected from books, journals and internet.  

Discussion and Results 

           In the modern complex society transgender confronted a lot of problems. Discrimination, 

disrespect, inequality, rejection, unwanted attention are the major difficulties of their life. They 

have restricted access to education, health services, and public spaces. They are denied from the 

political, religious and recreational involvements with the public. The Constitution provides for 

the fundamental right to equality, and not allowed any discrimination on the grounds of sex, 

caste, creed or religion. The Constitution also guarantees political rights and other benefits to 

every citizen. But the third community continues to be oppressed. The analysis reveals the 

present conditions of the transgender in our society. 

              The study shows that 94% of the respondents are not satisfied with their present 

condition. Transgender faces avoidance in all spheres of life. People living together in a 

community make up a society, and anything connected to that group can be described 

as societal. Societal pressures are expectations that influence the entire community, especially 

the existing social stigmas effect negatively to the transgender. So they are not gratifying by 

the present condition. The analysis indicates nobody is happy with the attitude of society 

towards them. All of them are opined that the societal attitude is not favorable to them. It 

means society is not giving any consideration to the transgender. The study shows in Kerala 

people are more conservative in nature. Society have very negative attitude to these persons. It 

creates the adjustment problems in the life of transgender The study clearly revels that a great 

majority of the respondents openly said that people are more conservative and they have a 

negative attitude towards them. This situation creates discrimination and a lot of adjustment 

problems in the everyday life of Transgender. 

      In Kerala the transgender faces extreme type of avoidance from their fellow beings. This 

is mainly due to the conventional culture of gender binaries. A well proportion (90%) of the 
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respondents in this study feel that the society is  not considering them and always avoiding  

them.. This avoidance and negligence always pull them back from public spaces. Actually 

transgender are very talkative, enthusiastic and friendly in nature. But the people are not ready 

to communicate with them. The exclusion from the social interactions leads transgender people 

into several distresses, tribulation, deprivation which further limits their opportunities. It also 

denies their visibility in all major domains of society.  

           The study reveals that a little more than half (54%) of the respondents often face 

negative experiences from the society. The society considered the transgender as a social 

deviant who have certain psychological problems. There no acceptance from the family and 

their community. At present our society is not successful in providing the facilities for the 

transgender to get their livelihood requirements. Not only providing the opportunities but also 

blaming for their mistakes. 

             Equality is a fundamental human right. It guarantees in our constitution. The right of 

equality before law and equal protection of law is guaranteed under Article 14 and 21 of the 

Constitution. The right to chose one’s gender identity is an essential part to lead a life with 

dignity which again falls under the ambit of Article 21.The Court has given the people of India 

the right to gender identity. Further, they cannot be discriminated against on the ground of 

gender as it is violation of Articles 14, 15, 16 and 21. But transgender people are discriminated in 

our society in all walks of life. In public places like bus stands, railway stations, theatres, 

temples, educational institutions, offices, malls, beaches, playgrounds, even within the public 

toilets they are offended and insulted.  The society considers transgender are not normal as the 

other members of the society.  One of the largest reasons that transgender face inequality and feel 

inferior is due to the lack of public understanding of transgender people. This cause low self 

respect, self esteem self confidence and self acceptance within them. 

Table-1: Feelings of Respondents 

Feelings of respondents Number of   respondents Total 

Yes  No 

Self respect 12(24%) 38(76%) 50(100%) 

Self esteem 10(20%) 40(80%) 50(100%) 

Self confidence 18(36%) 32(64%) 50(100%) 

Self acceptance 13(26%) 37(74 %) 50(100%) 
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On respondents feelings about themselves shows that only one fourth (24%) have self 

respect, while about three fourths do not have any self respect. About one fifth only have self 

esteem, while a great majority does not have any self esteem. A little more than one third feels 

self confidence. While others (64%) do not have self confidence.  A little more than one fifth 

only accepted themselves. Self respect helps to fulfill our potential, develop healthy relationships. 

If we truly respect ourselves, then we can accept ourselves as well as others. The present study 

shows they have low level of self respect, self confidence and self esteem. Healthy self esteem 

originates in the environment found in the family, school, peer group, work place, and 

community. For healthy self esteem individuals need to receive nurturing from the people in their 

environment. Self control is the ability to regulate one’s emotions, thoughts, and behavior. The 

ability to control ourselves helps to boost our feeling of self esteem. Here the transgender persons 

are very poor in the self respect, self esteem, self confidence, self acceptance, and self control. 

Our society has a vital role in these personality traits. They feels the society is under valuating 

and under estimated them. This attitude of transgender itself acts as a barrier to uplift their life.  

Table-2: Types of Difficulties  

Types of difficulties  

 

Number of   respondents Total 

Yes  No 

Economic difficulties 46(92%) 4(8%) 50 (100%) 

Lack of family support 39(78%) 11(22%) 50 (100%) 

Difficulty with identity 38(76%) 12(24%) 50 (100%) 

Avoidance based on transgender  45(90%) 5(10 %) 50 (100%) 

Difficulties in social participation 48(96%) 2(4%) 50 (100%) 

Difficulties in political participation 49(98%) 1(2%) 50 (100%) 

Difficulties in religious functions 46(92%) 4(8%) 50 (100%) 

Difficulties while using public facilities 48(96%) 2(4%) 50 (100%) 

Difficulties in Education 47(94%) 3(6%) 50 (100%) 

  

The table 2 on distribution of Respondents by their difficulties in various life situations 

shows that  Except a few almost all suffer from various difficulties such as economic difficulties 

(92%), participation in social activities (96%),political participation (98%), religious participation 
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(92%) and   feel avoidance (90%). A more than three fourths (78%) are not getting any support 

from family and feel homelessness. Another three fourths (76%) feel identity crisis 

   We have to experience all kinds of difficulties throughout our lives. Everyone has 

problems in life. For the most part, we are able to quickly solve them without much trouble. 

Problems become more difficult it is impossible to lead a happy life. Here the table shows 

different types of difficulties faced by the transgender. The major difficulties faced by the 

transgender are the economic problems, absence of family support, identity crisis, different types 

of avoidance, and difficulties in social, political and religious participation. The mentality of the 

society is not strong enough to support the transgender as to accept them in the mainstream of the 

society. 

           Transgender experience discrimination in their everyday life. The major one is they 

have very limited employment opportunities. This study shows that 96 % respondents are say 

that government is not giving opportunities to them.4 percentage of the minority respondents 

are says that the government giving opportunities to them. In real life situations in any of the 

areas government is not taking any actions to support them. But The Transgender Persons 

(Protection of Rights) Bill 2016 was introduced in Lok Sabah on August2,2016 highlights a 

transgender person must obtain a certificate of identity as proof of recognition of identity as a 

transgender person and to invoke rights under the bill. The bill prohibits discrimination against 

a transgender person in areas such as education, employment, and healthcare. It directs the 

central and state governments to provide welfare schemes in these areas.  

           The study shows that 92%of respondents are believe that the new generation accepts the 

third identity. Teens are more broadminded persons and they accepting all changes in the 

society. They oppose the entire conservative and traditional outlook and believe. The study 

also reveals the other problems that are being faced by the transgender community are 

unemployment, lack of educational facilities, homelessness, and lack of medical facilities, 

depression, social exclusion and problems related to marriage.  

           The rule of law is supreme and everyone is equal in the eyes of law in India. Yet, the 

transgender community is in a constant battle as they have to fight oppression, abuse and 

discrimination from every part of the society, whether it’s their own family and friends or society 

at large. The life of transgender people is a daily battle as there is no acceptance anywhere and 

they are ostracized from the society and also ridiculed. 
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Implications of the study 

Transgender are constantly targeted for abuse. They suffer cruel, inhuman and degrading 

treatment, including a constant threat of violence that amounts to torture, forced disappearances 

and sexual violence. The International Protection for the Human Rights of Transgender 

guarantees all people are entitled to enjoy the protection afforded by international human rights 

law. Transgender are no exception. The non-discrimination principle, recognized in the UN 

Charter, the Universal Declaration of Human Rights, and other basic human rights treaties, 

including the International Covenant on Civil and Political Rights, mandates that the rights 

recognized in these treaties are ensured to all individuals, without any distinctions based on race, 

color, sex, national origin, religion or political opinion or other status. The “other status” clause 

invites the recognition of new grounds upon which discrimination is prohibited, such as sexual 

orientation and gender identity. It is now well-recognized that discrimination based on sexual 

orientation and gender identity violates the non-discrimination principle. The obligation to 

“respect” the right to equality prohibits any discrimination to “ensure” that right requires states 

parties to protect individuals from discrimination. This study recognized, affecting basic aspects 

of ordinary life such as work or housing, individuals are to be protected from discrimination 

within the article of right to equality. The right to personal security also obliges States parties to 

take appropriate measures in response to death threats against persons in the public sphere, and 

more generally to protect individuals from foreseeable threats to life. Unfortunately, Kerala has 

failed in this obligation. The high number of murders and other violent attacks against 

transgender individuals is stark evidence of the very hostile and violent environment for the 

transgender population that persists in Kerala. By failing to take adequate measures to protect 

transgender individuals from such attacks, Kerala is violating its positive obligations with respect 

to the rights to life and personal security under different Articles. 

Conclusion 

           In Kerala Transgender face discrimination within their own family units and schools, in 

employment and housing, within government settings, and under the justice and legal systems. 

The main problem in the society is that there is no proper awareness and understanding of the 

transgender community and many of them are not accepting even they are human beings. Support 

from family and society is very essential for their upliftment. The transgender are averse against 

the society when the basic respect is refused by the society and when they receive ill-treatment 
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from the society they expose their arrogant activities to safeguard themselves. Marginalization 

deprives the transgender from their maximum potential for prosperity and denies even in gender 

related opportunities. It is wrong to judge and discriminate the persons who are different from the 

stereotype, which is created by human beings. A radical change in the life of transgender people 

is possible only through powerful legislation. The transgender policy bill introduced by Kerala 

government shows light on transgender issues and further steps for the upliftment of transgender 

people. The urgency of the era is the inclusion strategies for overcoming discrimination, 

inequality and stigmatization. 
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Abstract:  
 

A work was carried out to study the diversity of medicinal plant at Annallur Kole lands of Chalakudy, Thrissur. The main aim of 
the study was to identify the medicinal plants of the kole land , their uses , wetland plant diversity, importance of wetlands and to create 
awareness about it. Work was done from the period of September to December 2019. Frequent field visit were made, plants were 
collected and identified with the help of standard flora and with the help of experts from the field of taxonomy. It was observed that the 
area is rich in plant diversity . We observed 53 plants  belonging to 25 families. The medicinal use of each plant were also examined and 
tabulated. In the present analysis of kole land flora, members of the family Asteraceae were predominant with Eight genus then 
Convolvulaceae followed by Fabaceae with five and four members respectively.. Then by Cyperaceae,Amaranthaceae, Onagraceae 
,Acanthaceae,Euphorbiaceae and  Malvaceae members were also there. The data compiled in this study highlights the diversity and 
abundance of plants with medicinal properties in this wetland system. This necessarily leads to create a better understanding of medicinal 
plants of kole lands to the present community. 
 
Index Terms – Wetland, medicinal plants, diversity, koleland, taxonomy. 

I. INTRODUCTION 
 Kole wetlands are a type of wetland which support varied spectrum of biodiversity. They form vital 
ecosystems providing response for the livelihood concerns of thousands of inhabitants in and around this area . Several species of 
aquatic and semi aquatic medicinal flora make use of the outstanding habitat Kole wetland ecosystem. The plants of this area are being 
used by local community for healing purposes. More than that the varying conditions due to anthropogenic activities these flora are 
very subtle to fluctuations in the normal physiochemical parameters of the wetland, results in the extirpation of these plants. This may 
lead to the ultimate end of the medicinal products. Considerable attempts have to be made to record the availability of medicinal plants 
and to spotlight the known therapeutic properties of the wetland plants of this important zone. It was reported that the local inhabitants 
have been using wetland plants against many diseases traditionally. We have to realize the importance of traditional medicine which 
provides about 80% of health service to world population to an extent that deserves (Marini, 1980). India, has greater potentials to 
increase its share in the world market, as having excellent traditional knowledge in the herbal medicine,. In the form of food, fodder 
and medicine, plants of kole wetland ecosystem played engrossing role in the life of humankind in earlier days. But the changed life 
style, reduced the worth of these wetland plants, and they are treated as weeds. Protection and conservation of wetland is a important 
matter 
     Inspite of forming the rich repositories of various plant species, attempts has not been undertaken to itemize the food 
values and medicinal uses of them. It is a matter of urgent need to record the present status of medicinal plants in this unique 
ecosystem for their conservation and utilization for sustainable development. In this context a preliminary study has been carried out 
for the documentation of availability and medicinal potential of plants that grow as weeds in Annallur Kole lands. 

II.LITERATURE REVIEW 
 
Many works were carried out by scientists from different part of the world on various aspects of wetland plant which clearly 

indicates the importance of wetland plant. In India, Kerala is having the largest area under wetlands (Nayar and Nayar, 1997). Using IRS 
satellite data Nair and Sankar (2002) recently mapped the wetland systems of Kerala and reported that the state has a total of 217 wetland 
units out of which only 157 units are having an area greater than 56.25ha. 

 
In the Kole land area moderate climatic conditions prevailed. A minimum temperature of 21o C and a maximum of 38o C has a 

recorded in this area. Air is humid (85-95% during June -September and 70% during January). The southwest and North-west Monsoons 
are the rainy seasons in Kole lands. 
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Kole lands are having  rich in floristic and faunal diversity than any other fresh water ecosystems.  All taxonomic groups 

including algae, mosses, ferns and flowering plants including many medicinal plants are represented in such areas.. Ecological status of 
an ecosystem can be evaluated with a knowledge of the major plant communities and their relative importance. depending on the 
availability of water many aquatic macrophytes grows either submerged or floating on the surface, continuously or periodically. They 
provides habitat and refuge of the aquatic communities and contribute biomass and nutrients to various trophic levels in the ecosystem, 
there by helping to maintain the structure and function of aquatic ecosystem. Changes in the community composition or alteration in the 
abundance of individual species provide valuable information on how and why an ecosystem might be changing (Scott et al., 2002). 
According to Kelly and Whitton, 1998 a progressive change in species composition can result in the eventual loss of species diversity due 
to eutrophication.  Beside this they also favour  periphytic growth, enrich various aquatic fauna and serve as a breeding ground for 
associated fauna (Mitra, 1997). 
Jayson and Sivaperuman (2005), stated that the Kole wetlands act as feeding, roosting and breeding ground for many species of migratory 
and resident birds and they reported 182 species of birds, 13 species of fishes from the Thrissur Kole wetlands. 
 
III.RESEARCH METHODOLOGY 
 
Study area 

The present study is based on the wetland plants collected from Annallur  Kole land. Collection was done during the period of 
September-December 2019.Annalur is a village of Thrissur District near Kottat, Chalakkudy. And this place is 6 km away from 
Chalakkudy National Highway. The factory Thomson Tiles is running near to this paddy field. The main cultivation of this area is paddy. 
And the non cultivated area is rich with plant diversity including both aquatic and terrestrial. In this study an attempt was carried out to 
explore wetland diversity of Annallur paddy field during post monsoon season. 
Collection of specimen 

The plants were collected from the Annallur Koleland and observed as well as the colour photographs were taken with the help 
of digital camera in their material habitat. The specific plants in that area were collected along with their flowers taken for further 
analysis and herbarium preparation. The specimens collected from the wetland were brought in to the laboratory for further    analysis. 
The plants were examined starting from stalk through the calyx corolla, androecium up to the tips of stigma using hand lens. Then record 
the observed characters in a note book. Flowers were sectioned with help of razor or sharp blade, one horizontally and the other down the 
middle, for know about placentation and to complete floral diagram and for understanding the   status.    
Preparation of field book  

During the collection, the specimens were collected and tagged within the field number. Filed observation such as habitat, flower 
colour   etc. were entered in the field book. The specimens of appropriate size with relevant parts were collected from the field for 
herbarium preparation. 
Identification of family  

On the basis of examined characters, the families of the specimens were identified .As well as the software “flowering plants of 
Kerala ver.2.0 (Dr.sasidharan , KFRI. Peechi), under biodiversity portal (India biodiversity.org.) and experts in the field of taxonomy 
were also helped in the identification of plant specimens. 
Preparation of herbarium  

The collected specimens, were cut or dug, and pressed as soon as possible. After that specimens placed carefully on a pressing 
sheet. (Newsprint sheet or a blotter) without no folding or overlapping of parts .After drying and pressing specimens were affixed on the 
herbarium sheet. Then the binomial, family, habitat etc. were recorded on the sheet. 
  

IV. RESULTS AND DISCUSSION 
  
 Kole lands in Annallur serve as an excellent habitat for numerous medicinal herbs which can be harvested for 
economic benefits. This investigation on the availability and abundance of medicinal herbs in the Annallur kole revealed the presence of 
44 species under 40 genera and 22 families (Table 1). In the present analysis of kole land flora, members of the family Asteraceae were 
predominant with Eight genus and Convolvulaceae followed by Fabaceae and convolvulaceae with five and four members respectively.. 
Then by Cyperaceae,Amaranthaceae, onagraceae ,Acanthaceae,Euphorbiaceae Malvaceae members are also there. Among this three ferns 
were also noticed during the study time. Ludwigia  octovalvis Ludwigia adscendens ,Merrimia hederacea ,M. tridentata ,Ipomea aquatic, 
Hygrophylla schulli ,Kyllinga squamulata Monochoria vaginalis, and Schoenoplectus articulatus are frequent in all seasons in the study 
area. The study area contains saline tolerant species like Acanthus ilicifolius with different medicinal values were also come across. The 
observed species were found to be used in in curation of gastrointestinal disorders, respiratory ailments, dermatological snags, 
urinogenital illnesses, cardiovascular problems and neuro disorders (Table 1). They were also used for different applications including 
decoction, extraction, infusion and paste preparation. It was also observed that methods of application of medicine like oral 
administration, local application, inhalation or smoking and massaging is in practice.   
 The data compiled in this study highlights the diversity and abundance of plants with medicinal properties in this 
wetland system. So it is necessary to create a better understanding of medicinal plants of kole lands to the present community. We can 
change the status of the plants from worst weed to useful medicines for mankind by providing basic information to the local community 
on the medicinal attributes of these plants. The economic importance of river vegetation of Kerala including both wetland species and 
bank species was analyzed Maya et al., (2003). A review on the utility of Indian wetland plant species as food and medicine by 
incorporating the traditional knowledge of local communities was made by Swapna et al., (2011).  
 People have open access to collect and utilize the aquatic medicinal plants in kolelands as most of them are grown in 
wild and them. Beside this the koleland plants  of the region can provide high income generating opportunities to local communities.  
 Almost all the medicinal plants found in Annallur kolelands are commonly seen in rivers, ponds and 
paddy fields all over Kerala, however, kolelands offer plenty of space for its feasible agriculture and sustainable exploitation. Some of the 
therapeutic usages of such species are very unique to the traditional medicinal knowledge system of the locality.  
 According to Kairo et al., 2000, major impediments in the protection of wetland resources are  the lack of community 
participations in management efforts, source of revenue, and dearth of awareness amongst decision makers on the exact values of 



www.ijcrt.org                                                                      © 2020 IJCRT | Volume 8, Issue 6 June 2020 | ISSN: 2320-2882 

IJCRT2006123 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 916 
 

wetland. Therefore in this kole wetland region for sustainable management a complete and comprehensive management strategy, based 
on ethnic, ecological and financial principles,  is need to be planned by the whole participation of local stakeholders    

Table 1-Table showing the name family and uses of plants reported from the Koleland area 
 

NO  NAME  FAMILY MEDICINAL USE 
1 Ludwigia  octovalvis Onagraceae Used in the treatment of diarrhoea, dysentery, nervous diseases 
2 Ludwigia adscendens Onagraceae A decoction of the aerial parts is used as a treatment for 

dysentery, fever, cough and ophthalmia. 
3 Ipomea alba Convolvulaceae The whole herb is used in treating snakebite 
4 Merrimia hederacea Convolvulaceae Juice of the leaves, used to heal cracks in the hands and feet 
5 Merrimia tridentata Convolvulaceae A decoction of the whole plant -various ophthalmias.  
6 Ipomea aquatica Convolvulaceae The young shoots used by diabetic patients 
7 Cuscuta chinensis Convolvulaceae A lotion  from the stems for sore heads and inflamed eyes.  
8 Ziziphus jujuba Rhamnaceae Used for improving muscular strength and weight, for 

preventing liver and bladder diseases and stress ulcers. 
9 Physalis minima Solanaceae Appetizing, tonic, diuretic, laxative, useful in inflammations, 

enlargement of the spleen and abdominal troubles. 
10 Polygonum pencilvanicum Polygonaceae For hair-blacking, liver and kidney-tonifying and anti-aging 

effects as well as low toxicity. 
11 Eicchhornia crassipes Pontederiaceae The weed biomass can be used for antimicrobial, antifungal  

activities 
12 Monochoria vaginalis Pontederiaceae Plant is considered alterative, tonic and cooling. Juice of leaves 

is applied to boils.  
13 Gomphrena decumbens Amaranthaceae Antiasthmatic, abti oxidant properties 
14 Alternanthera 

philoxeroides 

Amaranthaceae n extract of the plant is used medicinally in India to treat 'female 
diseases 

15 Lindernia diffusa Scropulariaceae Leaf paste with lemon juice is given orally to cure excess bile 
secretion; also applied externally on ringworm and boils. 

16 Urena lobata Malvaceae The leaves are diuretic, emollient, refrigerant, styptic, vulnerary 
17 Sida accuta Malvaceae  decoction of the whole plant is used as a treatment for 

feversThe juice of the plant is used to treat indigestion 
18 Commelina diffusa Commelinaceae The leaves are diuretic and febrifuge 

The crushed leaves and stems are used as a remedy for irregular 
menstruation 

19 Cleome viscosa Capparadaceae Anthelmintic, antimicrobial, analgesic, antiinflammatory, 
immunomodulatory, antipyretic and psychopharmacological, 
antidiarrheal  

20 Emelia sonchifolia Asteraceae A tea made from the leaves is used in the treatment of dysentery. 
21 Vernonia cinerea Asteraceae Seeds Cures diseases caused by roundworms and threadworms, 

coughs, flatulence, intestinal colic, and other chronic skin-
diseases. 

22 Sphagneticola trilobata Asteraceae A strong decoction of the whole plant is used to treat chest 
colds. Combined with Lantana camara, as a tea or syrup, as a 
remedy for colds 

23 Tridax procumbens Asteraceae  The leaves are antiseptic, haemostatic and parasiticide. 
24 Mikania  michrantha Asteraceae Juice of leaves is applied to boils.  
25 Sphaeranthus indicus Asteraceae widely used in Ayurvedic system of medicine to treat vitiated 

conditions of epilepsy, mental illness, hemicrania, jaundice, 
hepatopathy, diabetes, and skin diseases 

26 Phyllanthus amarus Euphorbiaceae Phyllanthus amarus is widely used as a medicinal plant and is 
considered to be a good tonic, diuretic and febrifuge 

27 Bridelia ovata Euphorbiaceae The leaves are purgative,Another report says that they are a mild 
laxative.  

28 Alysicarpus vaginalis Fabaceae  decoction of the roots is used as a treatment against coughs 
29 Senna tora Fabaceae The seeds are diuretic and purgative.The leaves are purgative 
30 Mimosa pudica Fabaceae The leaves are bitter, mildly sudorific, tonic.A leaf tincture is 

given by teetotallers to drunkards to remedy drunkenness 
31 Centrosema molle Fabaceae medicine as a toxic, alternative, diaphoretic, blood purifier, in 

rheumatism  
32 Setaria lucopila Poaceae The germinated seed of yellow-seeded cultivars is astringent, 

digestive, emollient and stomachic 
33 Eragrostis tenella Poaceae This Plant has an extensive property of acting as anticancerous, 

antimicrobial and antioxidant agents 

34 Ficus sps Moraceae Ficus species is used medicinally, mainly to cover and cure 
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wounds, boils and sores, but also as an antirheumatic 
35 Acanthus ilicifolius 

 

Acanthaceae Diuretic and is used as a cure for dropsy and bilious swellings.  

36 Hygrophylla schulli Acantahceae The plant is often used in traditional medicine, being valued 
especially as a diuretic.  

37 Kyllinga squamulata Cyperaceae The leaves, stems and rhizomes are analgesic, antiinflammatory, 
antimalarial, decongestant, diuretic, febrifuge and sudorific. 

38 Cyperus rotundus Cyperaceae Traditional herbal medicine used widely as analgesic, sedative, 
antispasmodic, antimalarial, stomach disorders and to relieve 
diarrhoea  

39 Schoenoplectus articulatus Cyperaceae Excellengt souirce of phenolic compounds and anti oxidants. 
40 Ichnocarpus frutescens Apocyanaceae Whole plant is used as tribal medicine in atrophy, bleeding 

gums, convulsions, cough, delirium, heamaturia etc., 
41 Corchorus olitorius Tiliaceae  Folk remedy for aches and pains, dysentery, enteritis, fever, 

pectoral pains, and tumors.  
42 Hydrolea zeylanicus Hydrophyllaceae The leaves, beaten into pulp and applied as a poultice, are 

considered to have a cleansing and healing effect on neglected 
and callous ulcers. 

43 Ceratopteris thalictroides Pteridaceae  In traditional medicine, the plant is used as a poultice for skin 
problems, as a styptic to stop bleeding.  

44 Pteris vittata Pteridaceae The leaves possess astringent properties, and a decoction of the 
fresh leaves is given in dysentery 

45 Salvinia molesta Salviniaceae Known for antioxidant properties,  flavonoids, free radicals and 
 phenolic compounds,  

46 Poa bulbosa                           Poaceae Good fodder for animals 
47 Leucas aspera                  Lamiaceae Antifungal, prostaglandin inhibitory, antioxidant, antimicrobial, 

antinociceptive and cytotoxic activities 
48 Hyptis suaveolens                     Lamiaceae Possess antifertility, antiinflammatory, and 

antiplasmodial properties. 

49 Ageratum conyzoides    Asteraceae Utilized for the treatment of various ailments, such as burns and 
wounds, headaches  

50 Synedrella nodiflora            Asteraceae  Synedrella nodiflora leaves can be used as Pregnant Mare 
Serum Gonadotrophin supplier in animal husbandry to improve 
reproductive parameters in females. 

51 Desmodium triflorum Fabaceae Analgesic and anti-inflammatory activities 

52 Nymphaea nouchali                     

 

Nymphaceae Used for the treatment of diabetes, liver disorders, urinary 
disorders, menorrhagia, blenorrhagia, menstruation problem 

53 Cyperus polystachyos Cyperaceae Rhizomes are considered astringent, diaphoretic, diuretic, 
sedative, stimulant, stomachic, vermifuge, tonic and 
antibacterial. T 

 

Photographs of plants reported from the study area 

                           
                 Ludwigia  octovalvis      Ludwigia adsc           Ipomea alba        Merrimia hederacea      Pteris vittata 

 

                        
      Ziziphus jujuba   Polygonum pencilvanicum  Physalis minima     Mikania michrantha Eicchhornia crassipes                     
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                  Gomphrena decumbens  Merrimia tridentata A. philoxeroides   Lindernia diffusa     Sida accuta           

               

                         
                    Commelina diffusa         Cleome viscosa      Urena lobata        Emelia sonchifolia   Vernonia cinerea                    

                     
                   Phyllanthus amarus       Ficus sps            Senna tora           Sphagneticola Trilobata     Tridax procumbens       
 
 
 
 
 
 
 
 
 
   

                                      
                Salvinia molesta   Schoenoplectus articulatus Kyllinga squamulata Cyperus rotundus     Eragrostis tenella                          
           

                     
           Ipomea aquatica   Sphaeranthus indicus  Alysicarpus vaginalis Ichnocarpus frutescens Corchorus olitorius           
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                 Mimosa pudica        Centrosema molle          Bridelia ovata         Hygrophylla schulli    Hydrolea zeylanicus                    
       

                      
               Monochoria vaginalis  Cuscuta chinensis       Setaria lucopila       Acanthus ilicifolius     Ceratopteris thalictroide                                        
                 

                           
                        Poabulbosa           Hyptis suaveolens            Leucas aspera                Ageratum conyzoides     

                                                                                                                 

                       

                      Synedrella nodiflora        Desmodium triflorum       Nymphaea noucha   Cyperus polystachyos 

 

V.CONCLUSION                             

As a conclusion we can say that this study is a preliminary step for the identification of valuable medicinal plants in the 
wetlands of Annallur area. Along with the  understanding of  the traditional medicines and beliefs we have to develop scientific 
awareness for protection and conservation of our wetlands, so this study was conducted. High value medicinal plants are in 
pressur and their biodiversity is in high risk due to huge demand for plant derived drugs. From this minor study 50 genus of 
wetland plants belonging to 25 families were recorded to be used by the traditional medicine practitioners. In developing 
countries increasing populations, urbanization and deforestation are contributing to species endangerment. Over exploitation and 
unsustainable development leads to the decrease or elimination of medicinal plants. These medicinal plants are easily accessible 
and affordable to rural community and such remedies have certain advantages also. The wetlands have a vast wealth of, of 
medicinal plants which are sources useful compounds. On the other hand loss of important floral diversity also leads to declining 
of it. Hence conservation of floral diversity will be important tool to sustain and carry such important knowledge to the future 
generation. The flora is the most important factor to maintain the biodiversity of an area. 
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ABSTRACT: Strobilanthes scopulicola, a new species from the collections of the high altitude montane grasslands of Nilgiri 
Biosphere Reserve in Western Ghats of India is described and illustrated. Photographs, details of phenology, distribution, pollen 
morphology and similarity with related species were also provided. 
 
KEY WORDS: Acanthaceae, India, pollen, Strobilanthes lanata, S. lawsonii, taxonomy, Wayanad, Western Ghats. 
  

INTRODUCTION 
 
The genus Strobilanthes Blume consists of ca. 450 

species (Mabberley, 2017) confined to the south and 
southeast of Asia and Melanesia (Carine and Scotland, 
1998; Carine and Scotland, 2002). In India, the genus 
includes ca. 150 species (Karthikeyan et al., 2009), of 
which more than 60 occur in south India alone (Carine and 
Scotland, 2002; Venu, 2006), however, recent findings 
suggest the unexplored diversity of Strobilanthes in south 
India (Scotland, 1998; Santhosh Kumar et al., 2002; 
Carine et al., 2004; Gopalan and Chithra, 2008; 
Mascarenhas and Janarthanam, 2013; Sasidharan et al., 
2016; Josekutty et al., 2016, 2018; Augustine et al., 2017; 
Biju et al., 2017; Thomas et al., 2018, 2019a, 2019b, 
2019c, 2020). During the systematic study of 
Strobilanthes from south India for the past twelve years, 
the authors collected specimen of Strobilanthes which 
grew along the open rocky cliffs in the high altitude 
montane grasslands of Nilgiri Biosphere Reserve. The 
plant possessed features such as ovate to lanceolate-ovate 
leaves, much elongated and uninterrupted to interrupted 
spikes with tawny indumentum, large, campanulate and 
deep blue corollas and apically pubescent ovaries. Closer 
examination of the specimen revealed similarity to S. 
lawsonii Gamble and S. lanata Nees. Furthermore, 
comparison of the specimens with herbarium specimens 
in India and abroad and critical study of relevant literature 
revealed that it did not match with any of the known 
species of Strobilanthes including S. lawsonii and S. 
lanata (Carine et al., 2004; Venu 2006). Therefore, we 
describe it as a new species. 

 

TAXONOMIC TREATMENT 
 

Strobilanthes scopulicola A.K. Pradeep, Sinj. Thomas, 
B. Mani & Britto, sp. nov.                   Fig. 1 

Type: INDIA. Nilgiri Biosphere Reserve, Kerala, 
Wayanad, Meppadi, 1750 m a.s.l., 11°29ʹ17ʺ N, 
76°06ʹ49ʺ, 15 December 2014, Pradeep A. K. & Bince 
Mani 68241 (holotype, RHT!). 

Diagnosis: Strobilanthes scopulicola is allied to S. 
lawsonii and S. lanata, but differs by ovate to lanceolate-
ovate leaves (not ovate or elliptic), pubescence on 
adaxial leaf surface (not glabrous), bracts with acute 
apex (not acuminate) and adaxial pubescence (not 
glabrous), widely elliptic corolla lobes (neither ovate nor 
triangular or orbicular), stamina with villous filaments 
(not sparse hairy), glabrous stigma (not pubescent) and 
subprolate pollen grains with two ribs completely 
encircling the grain (neither prolate nor all the ribs fused 
at poles). 

Description: Erect, isophyllous, semelparous shrubs, 
up to 2.5 m high; stem terete, lenticellate, profusely 
branched, covered with dense tawny hairs. Leaves 
opposite, slightly asymmetrical; petiole 10–35 mm long, 
slightly canaliculate, brown tomentose; lamina ovate to 
lance-ovate, 70–155 × 22–63 mm, coriaceous, base 
shortly decurrent, apex long acuminate, up to 50 mm 
long, margin entire, dense tawny woolly beneath, 
pubescent on veins above; lateral veins 8–13 pairs, 
impressed above, raised beneath. Inflorescences axillary 
or terminal, 65–110 × 4–5 mm, narrow uninterrupted to 
interrupted compound spikes; peduncle terete, branched, 
covered with dense tawny indumentum; bracts ovate, ca. 
7 × 4 mm, shorter than calyx at anthesis, base rounded, 
apex acute, margin entire, abaxial surface and margin 
with tawny woolly indumentum, adaxial surface 
pubescent; bracteoles ca. 6 × 1 mm, linear, brown woolly 
outside. Calyx 6–9 mm long, 5-lobed, tube 3–5 mm long, 
lobes ca. 3 × 1 mm, narrowly acute, unequal with two 
lobes shorter than the rest, woolly outside and pubescent 
inside, glandular pubescent in infructescence. Corolla 
blue, 27–32 mm long, slightly curved and widening from 
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Fig. 1: Strobilanthes scopulicola. A. Habit; B. Leaves: adaxial and abaxial view; C–D. Inflorescence; E. Bract: adaxial surface; F. Bract: 
abaxial surface; G. Bracteole and calyx; H. Corolla; I. Corolla split open showing the included stamens; J. Pistil (inset: ovary with apical 
pubescence); K. Infructescence; L. Young fruit; M. Seeds. 
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Table 1. Comparison of pollen characteristics of Strobilanthes scopulicola, S. lawsonii and S. lanata. 
  

Species Pollen type† Equatorial view P (μm) E (μm) P:E ratio Ribs (nos.) 
S. scopulicola 2 subprolate  43–45 34–36 1.25 21–23 
S. lawsonii† 1 prolate  54–61 40–47 1.30 21–27 
S. lanata† 1 prolate 72–76 43–50 1.70 24–28 
†Type 1: all ribs fuse at the poles; type 2: two or three ribs completely encircle the poles (Carine and Scotland, 1998). 
 
Table 2. Diagnostic characters of Strobilanthes scopulicola and allied taxa. 
 

Characters S. scopulicola S. lawsonii† S. lanata† 
Adaxial leaf indumentum pubescent glabrous glabrous  
Spikes at anthesis uninterrupted to interrupted interrupted  uninterrupted 
Bract apex acute  acuminate acuminate  
Calyx 6.0–8.5 mm long 5.6–6.5 mm long 7.1–13.0 mm long 
Corolla lobes shape widely elliptic ovate to broadly triangular ovate to sub-orbicular 
Filament pubescence dense villous throughout sparse white hairs for 0.7–0.8 of 

length 
pubescent below for more than 
half the length 

Pubescence on ovary apex long hairy pubescent glabrous sparsely pubescent 
Pubescence of style pubescent throughout sparsely pubescent sparsely pubescent 
Pubescence of stigma  glabrous pubescent pubescent 

†Carine et al. (2004). 
 

 
 

Fig. 2: SEM micrographs of pollen grain of Strobilanthes 
scopulicola (A–B), S. lawsonii (C–D) and S. lanata (E). 
 
basal tube, 5-lobed; tube 6–7 mm long, glabrous, white; 
throat campanulate, 16–18 mm long, deep blue, with 
dense short pubescence on outer surface and long white 
hairs on inner surface; lobes equal, 5–7 × 6–7 mm, widely 
elliptic, deep blue, apex rounded to obtuse, with dense 
pubescence on outer surface. Stamens 2, included, basally 
attached to corolla; filaments 10–11 mm long, villous 
throughout; anthers ca. 2 × 1 mm, bithecate. Ovary ca. 2 
× 1 mm, apex pubescent, 2-locular with two ovules per 
locule; style 18–20 mm long, filiform, pubescent 
throughout; stigma linear, ca. 2 mm long, simple, glabrous. 
Infructescence 100–200 × 10–20 mm, densely glandular 
hairy; capsule 20–23 × 7–8 mm, elliptic, glabrous. Seeds 
2, 5.0–6.5 × 5.0 mm, tawny lanate. 

Etymology: The specific epithet “scopulicola” refers 
to the habitat rock cliffs of high altitude montane 
grasslands where the new species is exclusively found. 

Phenology: Flowering November–January; seed 
dispersal from mid-April onwards. 

Habitat and distribution: Strobilanthes scopulicola 
grows along rocky cliffs in grasslands at an elevation of 
1600–2050 m a.s.l. in the northern part of the Nilgiri 
Biosphere Reserve. 

Pollen Morphology: Pollen grains are ellipsoid (Fig. 
2A–B), tricolporate and contain pseudocolpi. The pollen 
is subprolate in outline and exine divided into 
longitudinal ribs which are close, straight, tectate and 
two of them completely encircle the pollen. Other pollen 
features are also given for descriptive purposes (Table 1). 

Notes: The new species is closely related to S. 
lawsonii by similarities such as tawny indumentum on 
leaf, stem and inflorescence, leaves with acuminate apex, 
narrow uninterrupted or interrupted spikes, bracts being 
shorter than calyx, campanulate corolla and included 
stamens. The new taxon also shows relationships with S. 
lanata in characters such as entire leaves with dense 
tawny woolly abaxial indumentum, campanulate corolla 
and included stamens. However, the new species could 
easily be set apart from both taxa by several vegetative 
and floral features (Fig. 3; Table 2).  

The variability of pollen morphology in 
Strobilanthes is a potentially useful character to delimit 
taxa in this group (Carine and Scotland 1998, Deng et al. 
2006). The close allies of the new taxon, such as S. 
lawsonii and S. lanata belong to pollen type 1 (Carine 
and Scotland 1998) in which the ribs fuse at the poles 
and none of them completely encircle the pollen. The 
pollen of S. scopulicola belongs to type 2 in which some 
of the ribs completely encircle the poles. A comparison 
of pollen characteristics with the related taxa, S. lawsonii 
and S. lanata, is presented (Fig. 2 C–E, Table 1). 
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Fig. 3. Flowering branch of Strobilanthes scopulicola (A) and S. lanata (C) and image of the type specimen of S. lawsonii (© the Board 
of Trustees of the Royal Botanic Gardens, Kew) (B) 

 
Specimens examined: Strobilanthes scopulicola: INDIA. 

Nilgiri Biosphere Reserve, Kerala, Wayanad, Meppadi, 20 February 
2015, Pradeep A. K. 68242 (RHT! TAI!); 25 April 2015, Pradeep A. 
K. 68414 (RHT!). Strobilanthes lawsonii: INDIA. Tamilnadu, Nilgiri 
Distr., Sispara Ghat, November 1883, Gamble 13387 (K! lectotype); 
Sispara, June 1884, Gamble 14252 (K!); 19 November 1890, 
Anonymous s. n. (MH!); Coonoor, Sims Park, 16 April 1900, Bourne 
s. n. (K!). Strobilanthes lanata: India. Tamilnadu, Nilgiri Distr., 
Sispara, 25 April 1870, Beddome 119 (K!); Sispara Ghat, Anonymous 
s. n. (MH!); Botanic Garden Ooty, 15 April 1950, Curator s. n. (MH!). 
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Abstract
Endopogon  versicolor Wight,  previously  treated  as  a  synonym  of  Strobilanthes
cuspidata (Benth.) T. Anderson, is reinstated as a distinct species and a new name S.
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necessarily  proposed  here.  It  differs  from  S.  cuspidata  by  the  stem  and  leaf
indumentum, bract/calyx length ratio, corolla shape, pollen morphology, etc. Detailed
descriptions, illustrations, pollen morphology and comparison with similar species are
provided.
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Introduction

Strobilanthes  Blume (1) is the second largest genus
in  the  family  Acanthaceae.  It  consists  of
approximately  450  species  widely  distributed  in
tropical and subtropical regions of Asia (2). In the
past, there were disagreement on whether a broad
or narrow circumscription of  the genus  might  be
adopted. Nees (3) was the first to recognize several
genera  to  accommodate  the  species  of
Strobilanthinae.  Bremekamp  (4)  divided
Strobilanthinae into  54  genera,  but  the  recent
molecular phylogenetic studies rejected the division

proposed  by  Bremekamp  and  a  single  broad
circumscription for Strobilanthes has been accepted
(5-7).

The  genus  Endopogon was  established  by
Nees (3) as “Corolla bilabiata inflate, labio superiore
bifido  latiore,  intus  in  canali  pilis  cincto  stylum
recondente…..stamina  duo..spicae  bracteatae
floribus oppositis  solitaris” with  three species,  viz.
Endopogon amomum Nees,  Endopogon  hypoleucus
Nees including two unnamed varieties α and β, and
Endopogon consanguineus Nees. This  genus  is
characterized by its bilabiate corolla, two stamens
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and four-seeded  capsules.  Endopogon hypoleucus
Nees var. β differs from var. α by its campanulate
corolla and it was later described as a new species
by  Carine  et  al.  (8)  as  Strobilanthes  carnatica
Carine,  J.M.Alexander  &  Scotland.  Several  years
later  Nees  described  six  additional taxa  of
Endopogon including E. viscosus Arn. ex Nees from
Ceylon (Sri Lanka) with a variety viz. var.  humilis
Wight  from  Courtallum,  Tamil  Nadu based  on
Wight’s collections.

In  his  Icones  Plantarum  Indiae  Orientalis,
Wight  (9)  described  Endopogon  to possess  those
species  having  campanulate-infundibuliform
corolla, two stamens and capsules with four seeds.
Later,  the  diagnostic  features  of  bilabiate  vs.
campanulate corolla  caused taxonomic confusion.
Simultaneously,  Wight  (9)  described  and
illustrated  (t.  1497)  a  new  species,  E.  versicolor
from the Nilgiris, which has  campanulate corolla.
In  the  protologue,  Wight  compared  Endopogon
versicolor with  E. hypoleucus which  has bilabiate
and  ventricose  corolla.  Therefore, it  is  now
presumed that both Nees and Wight did not give
due weightage on the shape of the corolla while
preparing  the  description  of  these  species.
Furthermore,  the  material  (Wight  n.  1497,
Neilgherries)  used  by  him  has campanulate
corolla.  It  could  be  presumed  that  Wight  may
erroneously  labelled  the  material  when  he
described and  illustrated the species  E. versicolor
using  Wight  1498 and  hence  annotated
“Endopogon versicolor,  Icones 1498,  Neilgherries”
on that specimen. Later, Clarke (10) corrected it as
“Wight Ic. t. 1497”. It is now evident that the Icones
1498  is  E.  viscosus  Nees  var.  humilis  and  was
labelled  as  “Endopogon  viscosus  var.  humilis,  Ic.
1498,  Courtallum”.  The  latter is  totally  different
from  the  former and  the  illustration  and
description of  Icones  No.  1498 matches  with the
latter only.  Wight (11)  again published the same
illustration  of  E.  versicolor in  Illustrations  of
Indian Botany.

Anderson (12–13)  merged  Endopogon  with
Strobilanthes  and  treated  it  as  a  subgenus,
Strobilanthes subgen. Endopogon (Nees) Anderson,
and listed  E.  versicolor  under synonymy of  both
Strobilanthes cuspidatus  (Bentham) Anderson and
S.  viscosus  (Arnott  ex  Nees)  T.  Anderson.  He
considered that Wight’s description in the text of t.
1497  is referred  only  to  S.  cuspidatus  while  the
illustration  of  t. 1497  is identical with  S. viscosus
(13).  Accordingly,  E.  versicolor  was subsequently
reduced  to  S.  cuspidatus  by  Clarke  (10)  or  S.
viscosus  by Beddome (14). Clarke’s treatment was
followed by several authors (15–18).

Strobilanthes  cuspidatus  was  originally
described as  E. cuspidatus Bentham (19) based on
Hohenacker’s  meterial  (Hohenacker  1169,  K)
collected from Neilgherries (Nilgiris). It is similar
to  E.  hypoleucus  in  having  spicate  inflorescence,
bilabiate  corolla and four seeded capsules.  Since
then, it has been collected from different regions

of  the  Neilgherries  evidently  by  the  specimens
housed at K, E, OXF, BM, CAL, MH, and TBGT. After
perusal  of  specimens  and  digital  images,  it  is
confirmed  that  there  are  two  different
morphotypes  of  plants  involved  in  these
collections. One with campanulate corolla and the
others  with  bilabiate  corolla.  It  is  interesting  to
note that the  E. cuspidatus is  quite distinct by its
bilabiate  and  ventricose corolla,  whereas  E.
versicolor is having subequal corolla lobes.

In  his  Icones  Plantarum  Indiae Orientalis,
Beddome  (14)  provided  the  description  and
illustration  for  S.  cuspidatus and synonymized  E.
versicolor  under  S.  viscosus.  However,  the
illustration  he  provided  for  the  species  has  a
perfect match with E. versicolor. 

When Carine et al. (8) presented a detailed
account  on  S.  kunthiana (Nees)  T.  Anderson  ex
Benth.  group (Phlebophyllum  sensu Bremekamp),
they  adopted  the  treatment  of  Clarke  to treat  E.
versicolor as  the  synonym  of  S.  cuspidata.  They
also  stated  that  corolla  of  S.  cuspidata is
campanulate  to  subventricose  and  illustrated as
such.  It is apparent that they  examined materials
of  both  E.  versicolor and  E.  cuspidatus  for  the
description  provided.  They  also  pointed  out  that
Anderson  (12)  erroneously  treated illustration  of
E. versicolor (Wight t. 1497) as E. viscosus and they
considered  S.  cuspidata  to  be endemic  to  the
Nilgiris. 

In  the  present  paper,  we  revised  the
taxonomic  problems  on  S.  cuspidata  and  E.
versicolor on  the  basis  of  the  analysis  of  gross
vegetative  morphology  and  palynological
characters  using  fresh  specimens,  herbarium
materials  and  literature.  Pollen  grains  were
collected from fresh specimens of all the taxa. The
grains were washed in water  by sonication.  The
air  dried pollens were fixed to  aluminium stubs
and  sputter-coated  with  gold.  Morphological
observations  were  made  and  micrographs  were
then taken with JEOL (JSM-6390LV/JED-2300) SEM-
EDS.  The  variability  of  pollen  morphology  in
Strobilanthes is  potentially  a  useful  character  to
delimit taxa in this group (3, 6, 20–21). Endopogon
versicolor differs  from  S.  cuspidata by  its
campanulate  corolla  and  apiculate  pollen  grains
with  straight  ribs. Therefore,  E.  versicolor is
absolutely different from S. cuspidata and allied to
S.  carnatica  whereas  E.  cuspidatus is  allied to  S.
consanguinea as Bentham stated.

Accordingly, E. versicolor is reinstated here
as an independent species in  Strobilanthes.  Since
the name  S.  versicolor Diels  (22)  antedated for a
Chinese  species,  a  new  name  S.  benthamii is
proposed here to accommodate E. versicolor. 

Taxonomy

Strobilanthes benthamii B.  Mani,  Sinj.  Thomas,
Britto,  A.K.  Pradeep,  Y.F.  Deng  &  E.S.S.  Kumar,
nom. nov. (Fig. 1 & 2)
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Replaced name: Endopogon versicolor Wight, Icon.
P1. Ind. Orient. 4(3): 19, t. 1497 (1849).

– Phlebophyllum  versicolor  (Wight)  Bremek.  in
Verh.  Kon.  Ned.  Akad.  Wetensch.,  Afd.  Natuurk.,
Sect.  2,  41(1):  169  (1944), non  Strobilanthes
versicolor Diels (1912: 163).

Type: INDIA. Tamil Nadu: Neilgherries,  Wight s.n.
[1498] (lectotype designated  here, K000882933,
image!). Syntypes: INDIA. Peninsula Indiae, Wight
2206 (K000882934:  image!);  Tamil Nadu:
Neilgherries,  Wight  s.n. (K000882935:  image!);
Wight s.n. (K000882936: image!).
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Fig. 1. Strobilanthes benthamii. 1. Habit; 2. Inflorescence; 3. Bract; 4. Bracteole; 5. Calyx; 6. Corolla split opened; 7. Anther; 8. Pistil;
9. Ovary; 10. Ovary L.S.; 11. Ovary T.S.; 12. Fruit; 13. Seeds (RHT68803). Illustrated by Philominal Selvi.
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Shrubs,  up  to  2.5  m  high.  Stem
quadrangular  (young)  to  terete  (mature),  young
stem covered with dense sericeous  indumentum,

glandular hairy on uppermost sections at anthesis.
Leaves opposite, slightly asymmetrical; petioles to
7.0  cm  long,  tomentellous;  lamina  ovate–elliptic,
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Fig. 2. Field images of Strobilanthes benthamii.  1. Habit; 2. Inflorescence; 3. Bract; 4. Bracteole; 5. Calyx; 6. Corolla split opened;
7. Stamen; 8. Pistil; 9. Infructescence; 10. Seeds.
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3.0–13.2  × 1.8–8.6  cm,  shortly  decurrent  at  base,
slightly crenate along margins, acuminate–acute at
apex,  abaxilly  dense  white  sericeous,  adaxially
glabrous;  lateral  veins  7–12  pairs,  prominent
abaxially,  less  so  adaxially.  Inflorescence  of  an
uninterrupted  to  interrupted  spikes,  1.7–11.5  cm
long, 4–7 mm broad, glandular hairy (viscous); axis
glandular  pubescent;  flowers  in  opposite  pairs.
Bracts lanceolate, 11.0–12.5 × 2–3 mm, longer than
calyx  at  anthesis,  acuminate  at  apex,  often
recurved, glandular hairy along margins, abaxially
glandular hairy, adaxially glandular-hairy at apex.
Bracteoles  linear,  8–9  mm  long,  abaxially
glandular  hairy,  adaxially pubescent;  secondary
flower  buds  present.  Calyx  5-lobed;  two  lobes
shorter than other three, fused from base for ⅓–½
of  length  at  anthesis;  lobes  lanceolate,  9–11  mm
long,  acute  at  apex,  abaxially glandular-hairy,
adaxially  pubescent.  Corolla  bluish,  2.6–2.9  cm
long;  basal  tube  cylindrical;  tube  6–7  mm  long,
glabrous;  throat  campanulate,  14–16  mm  long,
densely fine pubescent  outside, inside long hairy
along adaxial side; lobes equal, widely elliptic, 5–
7.5  ×  ca.  6  mm,  overlapping,  fine  pubescent
outside,  glabrous  inside.  Stamens  2,  included,
basally attached with corolla; anthers 1.8–2.5 mm
long, thecae 2, violet, held parallel with filament;
filaments  8–10  mm  long,  long  white  hairs  for
proximal ¾ length; Ovary 1.5–2 mm long, sparsely
pubescent at apex, 2-locular;  2 ovules per locule;
style  18–19  mm  long,  filiform,  fine  pubescent
throughout;  stigma  2.5–3.0  mm  long,  sparsely
pubescent.  Infructescence  7.5–11.4  ×  0.8–1.0  cm,
glandular  hairy  (viscous);  calyx  covering  the
capsule. Capsule oblanceolate, 11.0–12.0 × 3.0–3.5
mm, apically pubescent. Seeds 4 (rarely 2), 2–3 × 2–
2.5  mm,  ovate–wide  elliptic,  truncate  at  base,
cuspidate at apex, densely pubescent.

Pollen  morphology:  Pollen  grains  are  ellipsoid,
tricolporate and contain pseudocolpi (Fig. 5.1). The
grains  are  prolate  in  outline  and  fusiform.  The
exine  divided  into  longitudinal  ribs  which  are
close,  straight  and  tectate.  Tectum  perforates.  A
comparison of pollen features with allied species
(Fig. 5.2) is given in Table 1.

Etymology:  The  species  is  named  after  George
Bentham  for  his  contributions  to  the  field  of
Botany.

Phenology:  Flowering  January–March;  seed
dispersal starts in April.

Habitat  and  distribution:  Strobilanthes
benthamii grows as patches under moist deciduous
forest and also on exposed slopes on hillsides at
elevations ranging from 1100–1400 m a.s.l. in the
eastern slopes of the Western Ghats.

Notes:  Strobilanthes benthamii, a Nilgiri endemic,
was wrongly treated by various authors (8, 13–14,
16–20) since 1864. It was suggested to be similar to
S.  cuspidata  in  the characters  of white  sericeous
indumentum  on  abaxial  surface  of  the  leaves,
often  uninterrupted  glandular-viscous  spikes,
recurved  bracts,  unequal  calyx  lobes,  included
stamens,  viscous  infructescence  and four  seeded
capsules. However, Strobilanthes benthamii can be
easily  distinguished  from  the  latter in  having
white  sericeous  indumentum  on  young  stem,
glabrous adaxial leaf surface, bracts exceeding the
calyx,  campanulate  corolla  with  equal  lobes,
elliptic anthers and prolate-apiculate pollen grain
with straight ribs (Fig. 5.1 & Table 1). Strobilanthes
benthamii  occurs in different parts of the Nilgiris
even though each population  has limited number
of individuals. 

Carine et al. 2004: 20 (8) indicated the type
to  be  “Neilgherries,  Wight  s.n.  (lectotype:  K!).”
However,  this  was  not  an  effective
lectotypification  because  they  failed  to  use  the
phrase  “designated  here”  (hic  designatus)  or  an
equivalent  that  required  by  Art.  7.11  of  the  ICN
(23).  Here, we  formally  designated  the  same
specimen  as  the  lectotype  using  the  phrase
“designated here”. 

Strobilanthes  benthamii  is  also allied to  S.
carnatica Carine  et  al. (8),  but  differs  by  robust
habit,  glandular  hairy  stem  at  anthesis,  ovate-
elliptic  leaves with  acuminate-acute  apex,  7–12
pairs  of  lateral  veins,  white  sericeous  abaxial

indumentum on leaves, often uninterrupted broad
spikes  which  are  viscous,  bracts  exceeding  the
calyx,  larger corolla,  widely elliptic corolla lobes,
prolate-apiculate  pollen  grains  with  moderately
wide  pseudocolpi  (Fig.  5.1  &  Table  1  &  2),
pubescent style and stigma and oblanceolate and
puberulent  capsules.  Moreover,  S.  carnatica is
distributed in the Eastern Ghats only (8).

Specimens examined: INDIA. Tamil Nadu: Nilgiri
district,  Sigur,  1800  m  a.s.l.,  Nov  1884,  Gamble
15670 (MH);  Nilgiris,  1500  m a.s.l.,  18  Feb  1972,
Sharma 39843 (MH); Nilgiris, 1800 m a.s.l., 29 Jan.
1972,  Vajravelu 39696 (MH); Nilgiris, 1650 m a.s.l.,
5 Jan 2017, Pradeep et al. 68493 (RHT); 1 Apr 2017,
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Table 1. Comparison of pollen features of S. benthamii, S. carnatica, S. cuspidata and S. consanguinea.

Species Pollen class Shape Pseudocolpi P (μm) E (μm) P:E ratio Ribs

S. benthamii Prolate Apiculate Moderately wide 70–81 51–55 1.40 32–36, straight

S. carnatica Subprolate Widely ovate Narrow 37–39 29–31 1.26 27, straight

S. cuspidata Prolate Terete Wide 47–52 31–34 1.50 16–18, spiral

S. consanguinea Perprolate Barrel Narrow 48–53 24–26 2.02 18–21, spiral
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Pradeep et al. 68596 (RHT); 16 Jan 2018, Pradeep et
al. 68803 (RHT); 12 Feb 2018,  Pradeep et al. 68804
(RHT); 11 Mar. 2018, Pradeep et al. 68805 (RHT).

Strobilanthes cuspidata  (Benth.) T. Anderson, J.
Linn. Soc., Bot. 9: 465 (1867). (Fig. 3 & 4)

Basionym:  Endopogon cuspidatus  Benth.,  Linnaea
24: 646 (1851).

Type:  INDIA.  Tamil  Nadu:  Nilgiris,  Hohenacker
1169 (lectotype designated  by  Carine  et  al.,
K000882938;  E00160838,  MPU018233,  images!,
U0000079  image!),  LECB0001800  image!,  JE
00002184 image!, JE 00002185 image!, JE 00002186
image!, HAL 0113941 image!).

Shrubs,  up  to  1.5  m  high.  Stem
quadrangular  to  terete;  young  stem  tawny
tomentose;  mature  stem  lenticellate.  Leaves
opposite,  symmetric;  petioles  3.5–7.0  cm  long,
tomentose;  blade ovate,  4.8–12.5  ×  2.5–7.6  cm,
shortly decurrent onto the petiole at base, entire or
slightly  crenate  along  margins,  acuminate–
cuspidate  at  apex,  densely  tawny  hairy on  both
surfaces when  young,  becoming  white  sericeous
abaxially and pubescent adaxially; lateral veins 6–
12  pairs,  prominent  on  both  surfaces,  raised
beneath.  Inflorescence  of  often  uninterrupetd
spikes, 3.2–9.0 × 0.7–0.8 mm at anthesis, glandular
hairy (viscous);  peduncle  covered with glandular
hairs; flowers in opposite pairs. Bracts lanceolate,
10–11 × 2.5–3.0 mm, shorter than calyx at anthesis
except  for  lowermost  ones,  acuminate  at  apex,
recurved,  abaxially glandular  hairy,  adaxially
glandular  hairy  on  upper  ½  portion.  Bracteoles
linear,  9–10  mm long,  abaxially glandular  hairy,
adaxially pubescent;  secondary  flower  buds
present.  Calyx  5-lobed;  two  lobes  shorter  than
other three, fused from base for ⅓–⅔ of length at
anthesis;  lobes  lanceolate,  1.1–1.2  cm  long,
acuminate  at  apex,  abaxially  densely  glandular
hairy, adaxially fine pubescent. Corolla bluish, 2.7–
2.9 cm long, inflated, basal tube cylindrical, 6.5–8.0
mm long,  glabrous;  throat  ventricose,  1.4–1.5  cm

long, fine pubescence outside, inner side with two
lines of long white hairs on the adaxial side; lobes
unequal,  folded  back,  two  adaxial  lobes  partly
fused and hooded, widely elliptic, 1.1–1.3 × 1.0–1.2
cm,  fine  pubescent  outside,  glabrous  inside.
Stamens 2,  included;  filaments  1.1–1.15  cm long,
glabrous  except  at  point  of  fusion  with  corolla;
anthers sagittate, 3.5–4.0 × ca. 1 mm, thecae 2, held
parallel  to  filament.  Ovary  2.5–3  mm  long,  apex

glandular pubescent; style ca. 1.7 cm long, filiform,
fine  hairs  present  on  lower  ¾  portion;  stigma
linear,  ca.  2.5  mm  long,  fine  pubescent.
Infructescence  4.0–14.0  ×  0.8–1.0  cm,  densely
glandular  hairy  (viscous).  Capsule  oblanceolate,
0.9–1.2 × 0.3–0.4 cm, hairy at apex. Seeds 4, 1.5–2.5
× 1.5–2 mm,  widely  elliptic–orbicular,  truncated–
semi-rounded  at  base,  rounded  at  apex,  densely
pubescent.

Pollen  morphology:  Pollen  grains  are  ellipsoid,
tricolporate  and have pseudocolpi  (Fig.  5.3).  The
outline  of  the  pollen  is  prolate  (cylindrical)  and
exine is  divided into longitudinal  ribs which are
thick, punctate, distant, spiral and tectate. Tectum
perforates.  Pollen  features  of  allied  species  (Fig.
5.4) are given in Table 1.

Phenology:  Flowering  January–March  and  it
follows a semelparous life history pattern; fruiting
April –May.

Habitat and Distribution: It grows as shola forest
undergrowth  at  elevations  ranging  from  1750–
2000 m a.s.l. in Nilgiris, Tamil Nadu.

Notes:  Strobilanthes cuspidata, a  species endemic
to Nilgiris with narrow distribution, has often been
confused  with  E.  versicolor by  many  authors.
Bentham  (19)  described  the  species  based  on
Hohenacker’s  collection without  providing  an
illustration.  Anderson,  Beddome  and  Clarke
wrongly  synonymised  E.  versicolor under  S.
cuspidata  and followed by others (8, 15–17). This
species is  definitely  distinguished  from  E.
versicolor (S. benthamii) by the characters of tawny
tomentum  on  young  stems,  leaves  with  adaxial
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Table  2. Comparison of morphological characters of S. benthamii and  S. cuspidata.

Characters S. benthamii S. cuspidata
Stem (young)

Indumentum Sericeous Tawny tomentose
Leaf blade

Shape Ovate to elliptic Ovate
Apex Acuminate to acute Acuminate to cuspidate 
Margin Slightly crenate Entire or slightly crenate
Adaxial indumentum Glabrous Pubescent 

Bract
Adaxial indumentum Glandular hairy at apex Glandular hairy at upper ½ part
Bract:calyx ratio Longer Shorter 

Corolla
Shape Campanulate Ventricose

Stamens
Filaments Long white hairs for proximal ¾ length Glabrous 
Anthers Elliptic Sagittate
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Fig. 3.  Strobilanthes cuspidata. 1. Habit; 2. Inflorescence; 3. Bract; 4. Bracteole; 5. Calyx; 6. Calyx split opened; 7. Corolla split
opened; 8. Anther; 9. Pistil; 10. Ovary; 11. Ovary L.S.; 12. Ovary T.S.;13. Fruit; 14. Seed (RHT68806). Illustrated by Philominal
Selvi.
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Fig. 4. Field images of Strobilanthes cuspidata. 1. Habit; 2. Inflorescence; 3. Pair of flowers; 4. Bract; 5. Bracteole; 6. Calyx; 7. Corolla
split opened; 8. Pistil; 9. Infructescence; 10. Seeds. 
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pubescence,  bracts  being  shorter  than  calyx,
ventricose  corolla  with  unequal  lobes  in  which
adaxial  lobes are hooded,  with sagittate anthers,
prolate-barrel  shaped  pollen  grains  with  spiral
ribs (Fig. 5.3 & Table 1 & 2). 

It  is  allied  to  S.  consanguinea (Nees)  T.
Anderson,  which  is  widely  distributed  in  the
Western  Ghats.  However,  it  can be  easily
distinguished  from  the  latter by  having  tawny
young  stem  (vs.  glabrous  or  rarely  pubescent
young stem),  strictly white sericeous abaxial  leaf
indumentum  (vs.  glabrous  or  rarely  white
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Fig.  5.  Scanning  electron  micrographs  (SEM)  of  pollen  grains  of  S. benthamii (1),  S. carnatica (2),  S. cuspidata (3)  
and S. consanguinea. 
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indumentum on abaxial leaf surface), broad spikes
(vs.  narrow  spikes)  strictly  glandular  hairy
(viscous)  floral  parts  such  as  peduncle,  bracts,
bracteoles  and  calyx  (vs.  glabrous  or  rarely
sparsely pubescent or glandular floral parts at the
time  of  anthesis),  bracts  shorter  than  calyx  (vs.
bracts equal to the calyx), presence of secondary
flower buds in the axis of bracteole (vs. absence of
secondary flower buds),  unequal  calyx  lobes (vs.
equal),  long  corolla  (vs.  short  corolla),  widely
elliptic  corolla  lobes  (vs.  narrowly  traingular),
included  stamens  (vs.  exserted),  sagittate  anther
(vs.  elliptic)  and  pubescent  style  (vs.  glabrous
style). 

The pollen morphology of S. cuspidata (Fig.
5.3) differs from that of  S.  consanguinea  (Fig. 5.4)
in having cylindrical pollen grains with only 16–18
ribs  which  are  wide  and  prominent  and  wide
pseudocolpi.  Therefore,  S.  cuspidata is  totally
different from  S.  consanguinea.  Moreover,  it also
ascertains that  this  enigmatic  taxon  has a  very
narrow  distribution  and  it might be  rarely found
the specimens in herbaria. 

Specimens examined: INDIA. Tamil Nadu: Nilgiri
District, Nilgiri, 10 Dec 1957,  Sebastine 4886 (MH);
15 Jan.  2018,  Pradeep et  al.  68806 (RHT);  30 Jan.
2018,  Pradeep  et  al.  68818 (RHT);  12  Feb.  2018,
Pradeep et al. 68807 (RHT); 11 Mar 2018, Pradeep et
al. 68808 (RHT).
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Hyperparameter Optimization and Regularization 
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Greeshma K V,  Sreekumar K 

Abstract—Nowadays the most exciting technology 
breakthrough has been the rise of the deep learning. In computer 
vision Convolutional Neural Networks (CNN or ConvNet) are the 
default deep learning model used for image classification 
problems.  In these deep network models, feature extraction is 
figure out by itself and these models tend to perform well with 
huge amount of samples. Herein we explore the impact of 
various Hyper-Parameter Optimization (HPO) methods and 
regularization techniques with deep neural networks on Fashion-
MNIST (F-MNIST) dataset which is proposed by Zalando 
Research.  We have proposed deep ConvNet architectures with 
Data Augmentation and explore the impact of this by configuring 
the hyperparameters and regularization methods. As deep 
learning requires a lots of data, the insufficiency of image 
samples can be expand through various data augmentation 
methods like Cropping, Rotation, Flipping, and Shifting. The 
experimental results show impressive results on this new 
benchmarking dataset F-MNIST. 

Keywords—Data Augmentation, Convolutional Neural 
Network (CNN), Hyperparameter Optimization, Deep Learning, 
Fashion-MNIST  

I. INTRODUCTION  

 Deep learning models have made a great breakthrough 
for the image classification tasks in computer vision. Deep 
learning often refers to some hidden elements as 
hyperparameters as they are one of the most crucial 
components of any deep learning applications. 
Hyperparameters are the fine tuning elements that live 
outside the model but that can heavily influence its behavior 
and the performance of the model immensely dependent on 
the selection of right hyperparameter. Within this paper a 
ConvNet model has built with various regularization 
methods and hyperparameter optimization techniques for 
recognizing images of fashion objects using the Fashion-
MNIST (F-MNIST) dataset. F-MNIST is a fashion products 
image dataset be made up of 60,000 training set and 10,000 
test set samples including 10 categories of 28x28 grayscale 
images. Figure 1 shows all the class labels, names and some 
images in F-MNIST.  

 
Fig. 1. Fashion-MNIST Dataset Images 

Revised Manuscript Received on July 15, 2019.  

Greeshma K V, Department of Computer Science & I.T., Amrita 
School of Arts & Sciences, Kochi Amrita Vishwa Vidyapeetham, India. 
      Sreekumar K, Department of Computer Science & I.T., Amrita School 
of Arts & Sciences, Kochi Amrita Vishwa Vidyapeetham, India. 
 

The regularization technologies like Batch normalization 
(BN) [8] and Dropout [18] are commonly used to ward off 
overfitting as regards insufficient training images. Data 
augmentation is a technique of producing new identical 
sample images to the training data, which can be considered 
as one sort of regularization method [14]. For the image 
classification problems, data augmentations are frequently 
used in the pioneer research works [17]. For preventing 
overfitting we have used many effective techniques such as 
data augmentation and dropout. Most common and the 
easiest technique to avoid overfitting on the image data is to 
artificially expand the training image samples. The recently-
introduced technique “dropout” [18] is regularization method 
for neural networks suggested by Srivastava, et al., (2014) 
where randomly selected neurons ignored or “dropped out” 
during training. 

II. BACKGROUND AND RELATED WORK 

In image classification different methods are used such as 
methods based on low-level image feature representation 
which consider image as a collection of low-level 
characteristics like texture, shape, size,  color, etc. and 
methods based on mid-level visual feature constructions for 
image classification tasks. Nowadays, usage of deep neural 
networks and neural-networks to obtain image 
representation is trending. Such architectures allows us to 
extract features from a specified layer of trained neural 
network and then use extracted feature maps as a numeric 
image representation. There are a large number of 
publications related to the image processing with neural 
networks. Our work is related to this type of research, where 
CNN are used for classifying images. Image classification in 
the fashion domain has numerous benefits and applications 
and has various research works have been presented about 
it. 

One among the previous studies has reviewed deep neural 
networks is able to attain record breaking outputs on very 
challenging dataset using supervised learning (Krizhevsky et 
al., (2012) [11]). Their network contains 5 CNN layers and 3 
fully-connected layers. They worked one among the largest 
ConvNets on the ImageNet dataset subsets and achieved 
best ever results reported on this. This neural network 
includes a number of novel and unusual features that 
increase the performance such as relu nonlinearity, 
overlapping pooling etc. and decrease the time for training. 
They have used various effective methods for reducing 
overfitting, which are data augmentation and dropout. 
Fashion-MNIST dataset has been presented by Zalando 
Research (Xiao et al., 2017 [19]). F-MNIST is proposed to 
intend for a direct drop-in substitute for the classical MNIST 
handwritten digits dataset which has been considered as the 
benchmark for machine learning techniques, as it contains 
the same structure, image 
format and size of train and 
test set splits. They have 
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provided some results of classification in this paper to form 
a benchmark on this dataset. All algorithms presented on 
that were repeated five times by shuffling the training data 
and the mean of the accuracy on the test data were reported 
on it. Dufourq et al., 2017 [4] suggest EDEN (Evolutionary 
DEep Networks), an effective neuro-evolutionary algorithm 
which includes the strengths of deep networks and genetic 
algorithms. The search area of the neural network model is 
explored by them by adding supplementary features like 
optimization of the embedding layers in their study. 

In latest research studies, ConvNets has been used for 
classifying images. In the work of S. Bhatnagar, D. Ghosal, 
and Kolekar M. H. (2017) [1], F-MNIST categorization is 
conducted to categorize groups of fashion article images. 
They have demonstrated 3 different ConvNet models and 
applied residual skip connections and batch normalization 
(BN) for ease and speed of the learning process. 

F-MNIST is a kind of more challenging task than 
classical MNIST dataset. Original MNIST dataset—
commonly used as the “Hello World” of machine learning 
applications in computer vision, is overused, too easy and 
cannot represent modern computer vision tasks. Researchers 
at Zalando company have developed a new image 
classification dataset called F-MNIST in hopes that it should 
be a substitute for original MNIST [13] dataset. This newly 
introduced dataset contains images of various products of 
clothing and accessories — such as t-shirts, coats, shoes, and 
other fashion items. Each image is a 28x28 grayscale 
fashion article image, related with a label from ten 
categories (t-shirt/top to ankle boots). F-MNIST is the most 
challenging dataset and gives us a lot more room for 
improving the model. Hence it could be a potential 
substitute for classical MNIST. 

III. PROPOSED METHODOLOGY 

Classification of images is used in various applications, 
ranging from facial recognition to self-driving cars. 
ConvNets are current state-of-the-art models for object 
classification. ConvNets are being used everywhere. For 
getting started with image classification the handwritten 
digits MNIST dataset is easier and mostly overused. 

We propose to classify fashion products images using 
hyperparameters optimization methods and regularization 
techniques implementing with CNN. Almost in all computer 
vision tasks ConvNets are being used. ConvNets mainly 
consists of three phases. In the first phase a convolution 
operation occurs in between filters or kernels and input 
image of very small size and a feature map is produced. 
Each kernel in a ConvNet learns different features of the 
image. The convolution operation in ConvNet is simply a 
mathematical operation i.e. multiplication of the filter and 
image matrix. The convolution function between a 2D filter 
Q and 2D image P is, 

 
                 

                

  

                                                     
It can also be expressed as, 

                 

          

  

                                                          
For a 3x3 filter size the equation becomes, 

                 

          

 

   

 

   

                                                          
   

The second phase of ConvNet model is Activation layer. 
Activation function introduces non-linearity to the model. 
Most prominent activation functions are ReLU (Rectified 
Linear Unit) [15], Tanh and Sigmoid. ReLU activation 
function is implemented in the proposed models. Usually, 
ReLU function is most popularly used in almost all the 
ConvNets.  

 

 
 

               
 

       
              
               

  

ReLU is best for hidden layers.      is zero when   is 
less than zero and      is equal to   when   is above or 
equal to zero. Other alternatives are sigmoid, tanh and other 
activation functions depending on the task. They are a 
crucial part of neural networks. The third phase is pooling 
function which is applied to resize the dimension of the 
input image to avoid overfitting. ConvNets often use 
pooling layers to decrease the size of the representation. 
Suppose we have a 4 x 4 input, and you want to apply a type 
of pooling called max pooling. And the output of this 
particular implementation of max pooling will be a 2 x 2 
output. To demonstrate, if 

   

    
    
    
    

  

then the result of this 2 x 2 max pooling operation will be  
          

  
  

  
 

In this work two different neural network architectures 
are proposed: 2 ConvNets and 4 ConvNets. The first one 
includes two convolutional layers. The last one is composed 
of 4 convolutional layers. These models with 
hyperparameters like epochs and batch size, optimizers and 
activation functions and regularization ways such as data 
augmentation and dropout 
usage allows us to achieve 
good results with this model 
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architecture compared with others.  
Current work the main focus is to classify fashion 

images in F-MNIST dataset which is a new challenging 
alternative to MNIST dataset. We show limitations and 
shortcomings of complex and simple methods. Therefore, 
we show necessity of hyperparameters and regularization 
techniques usage in this problem. Usage of a benchmarking 
dataset is the well-known and promising approach for 
classifying images. Herewith HPO and regularization 
approach are used and showing how we can utilize available 
knowledge from initial dataset to achieve significantly better 
performance. We show how to overcome the complexities 
we faced. In fully-supervised deep neural network 
architectures with limited training data will dramatically 
overfit the training data. Final classification model is built 
on joined methods that allow us to benefit both from using 
the HPO and regularization methods. 

A. Image Preprocessing 

The F-MNIST database contains 70000 images of 
dimension 28x28. These images and their corresponding 
labels are separated as training data and test data. To prepare 
the data for training, some processing have applied on the 
images like resizing images, normalizing the pixel values 
etc. After doing the necessary processing on the image 
information’s, the label data, we have converted it into 
categorical formats like label ‘5’ should be represented as a 
vector format of [0, 0, 0, 0, 0, 1, 0, 0, 0, 0] to build the 
model. 

 
Fig. 2. Some sample Images in Fashion-MNIST Dataset 

with their labels 

Each image has 28 x 28 resolutions. The CNN accepts 
image input shape in a specific format. So we have reshaped 
our input. All the images in our dataset are in grayscale. 
Normalization is applied on the input images for getting the 
dimensions in same scale. For that images are rescaled so 
that each pixel in image data lies in [0, 1] interval format 
instead of [0, 255]. Then we have applied the one-hot 
encoding technique for the labels. In this process the label 
which is an integer here is transformed into a vector which 
includes only one ‘1’ for corresponding label position and 
the rest of the elements will be ‘0’. 

B. Convolutional Neural Network (CNN or ConvNets) 

Among various deep learning architectures, ConvNets 
stands out for its unprecedented performance on computer 
vision. ConvNet is an Artificial Neural Network inspired by 

biological visual cortex and been successfully applied to 
image processing tasks. A special kind of artificial neural 
network is ConvNet which contains at least one 
convolutional layer. A typical ConvNet takes an input 
image, pass it through a set of layers convolution, non-linear 
activation, pooling (downsampling) and fully connected, 
and retrieve an output of classification labels. This output of 
this CNN layer is an activation map.  

The first ConvNets architecture of the model defined in 
this paper consists of 2 convolution layers succeeded by 
activation, pooling, fully connected and softmax layers 
respectively. Multiple filters are used at each ConvNet layer, 
for various types of feature extraction. In our first ConvNet 
layer 32 numbers of filters of the dimension (3, 3) is given 
and in the second layer 64 filters of (3, 3) is applied. In the 
second ConvNet model 4 convolution layers followed by 
Batch Normalization, relu, maxpooling and dropout. First 
two convolution layers contain 32 numbers of filters and 
next two with 64 filters. Each filter has the dimension of (3, 
3). 

C. Regularization Techniques 

1) Dropout 

In neural networks the regularization technique used to 
reduce overfitting by preventing co-adaptations on training 
data is dropout. While training neural network the technique 
dropout is used which randomly dropping out the neurons in 
the learning stage. After pooling layer and fully connected 
layer, dropout is introduced in this architecture to reduce 
over-fitting problem. In our model after pooling layer 
dropout ignored 25% of the neurons and disabled 50% of 
the neurons after fully connected layer. 
2) Data Augmentation 

When working with deep neural network models data 
preparation is required. Object recognition tasks are more 
complex and increasingly it requires data augmentation. The 
deep networks require very huge amount of sample data to 
attain the best performance. One technique to get more data 
for training is image augmentation; it artificially creates new 
training images by applying transformations on the data. To 
improve the performance of deep neural networks which is 
used for building a classifier of images using very little data, 
data augmentation technique can be applied. The method of 
artificially creating new images for training by applying 
transformations such as random rotations, shifts, shear, flips 
etc. is known as data augmentation. 

D. Hyperparameter Tuning 

1) Optimizers 

Optimization algorithms help us to minimize or maximize 
the objective function. Minimizing the loss by the training 
process is very important and has a main role in the 
operation of training of the neural network model. The two 
optimizers used in these architectures are Adam [9] and 
Adadelta [20] for optimization of the loss function. Adam 
work well across a wide range of deep learning 
architectures. Adam usually outperforms the rest followed 
very closely by the other adaptive learning rate methods, 
Adagrad and Adadelta. Adam optimizer can be calculated as 
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Adadelta is another popular gradient descent technique for 
optimization of loss function which is also used for the 
model parameters in our model. Adadelta prevents learning 
rate decay and it is an extension of Adagrad. The Adadelta 
rule is represented as  

      
 

         
                                

                                                     
2) Batch size and Number of Epochs 

Mini-batch is usually preferable in the learning process of 
ConvNets. A range of 16 to 128 batch size is a good choice 
to test with. ConvNet is sensitive to batch size. In this model 
we have used 64 and 128 as batch size for training images. 
Number of epochs is the number of complete pass through 
the entire training set. The number of epochs has increased 
until the difference of training and the test error is very 
small. Here, we have checked with 40 and 60 epochs. 
3) Activation Function 

Activation function is just a thing that should be added to 
the output at the end of any neural network. This is used to 
obtain the output of the neural network like yes or no. 
Depending upon the function it maps the resulting values in 
between -1 to 1 or 0 to 1 etc. ReLU is really popular in the 
last few years and it is used in this models. 

E. Other parameters 

To increase the training speed of the model Batch 
Normalization was done. To keep the dimensions to be same 
in the layers after convolution layer the batch normalization 
applied and it decrease the time for training obviously. The 
categorical cross entropy is used as loss function because the 
current problem is the classification of multi-class. This 
helps for calculating the fault rate value between the actual 
and predicted.  

 
Fig. 3. Model Loss per Epochs in CNN + HPO +Reg 

Method 

 

Fig. 4. Accuracy per Epochs in CNN + HPO +Reg Method 

 

 Overall comparing with base models, the CNN + 
HPO + Reg model has high accuracy and low loss in both 
test and training set as shown in Fig. 3 and Fig. 4. The 32 
filters generated in first convolution layer is shown in Fig. 5. 

 
Fig. 5. 32 learnable filters with 3x3 kernel size in first 

layer 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

A. Fashion-MNIST Dataset 

In this work, we use F-MNIST dataset, which contains 
of 60,000 images of training and 10,000 images of test. Each 
gray scale image has a dimension of 28-by-28 pixels and 
grouped into ten categories from T-shirt/top to Ankle boots 
as displayed in Fig. 1. Figure 6 shows that two sample 
images in F-MNIST dataset, pictures of T-Shirt and Sandal.  

  
Fig. 6. Two images from two classes of Fashion-MNIST 

Dataset 

 

We present some state-of-the-arts results to form a 
benchmark for F-MNIST. All neural network architecture 
results with several ConvNets models configuring 
hyperparameters and applying regularization are shown in 
below Table I. By comparing the results of best models 
published in the literatures [19], [4] and [1]. In literature 
[19], SVC (Support Vector Classifier) is applied. Table II 
Shows that these literature results with our best ConvNet 
performance. 

 

 

 

 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8 Issue-2, July 2019 

3717 
Retrieval Number: B3092078219/19©BEIESP 

DOI: 10.35940/ijrte.B3092.078219 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  

TABLE I. ACCURACY AND LOSS OF F-MNIST WITH OUR MODELS 

 

Model 

 

Parameter 

Accuracy Loss 

Train Test Train Test 

 

CNN2 

Adadelta, BS-128, Epochs – 40 

Epochs – 60 

0.9945 

0.9978 

0.9352 

0.9367 

0.0238 

0.0114 

0.2469 

0.2876 

 

CNN2  

Adam, BS-128, Epochs – 40 

Epochs – 60 

0.9982 

0.9993 

0.9319 

0.9302 

0.0092 

0.0045 

0.3098 

0.3372 
 
 
CNN2  

Adadelta, BS-64, Epochs – 40 
Epochs – 60 

0.9890 

0.9931 

0.9324 

0.9317 

0.0379 
 

0.0227 

0.2617 

0.3109 

 

CNN2 

Adam, BS-64, Epochs – 40 

Epochs – 60 

0.9961 

0.9990 

0.9275 

0.9334 

0.0157 

0.0047 

0.3147 

0.3670 

CNN4 + HPO + 
Reg 

Adam, BS-64, Epochs – 60 0.9594 0.9399 0.1100 0.2037 

 
CNN2 – 2 Convolutional Layers; CNN4 – 4 Convolutional Layers; HPO – 

Hyper Parameter Optimization;  
Reg – Regularization; BS – Batch Size; DA – Data Augmentation 

In the above table we can see that the accuracy and loss of 
testing and training set. We have achieved 99.90% training 
accuracy and 0.47% training loss when we have used Adam 
optimizer and 64 mini-batch size in 60epochs with 2 
ConvNet layers. We got the maximum testing accuracy of 
93.99% and minimum testing loss 20.37% with 
hyperparameter optimization and regularization techniques 
used with 4 ConvNet layers. In this model we have 
implemented Adam optimizer with batch size 64 and 
iterated the model till 60 epochs.  

TABLE II. ACCURACY RESULTS ON F-MNIST TEST DATA WITH 

LITERATURES 

Model Test Accuracy 

SVC [19] 0.8970 

EDEN [4] 0.9060 

CNN2 [1] 0.9117 

CNN2 + BN + Skip [1] 0.9254 

CNN4 + HPO + Reg 0.9399 

 
SVC – Support Vector Classifier; EDEN – Evolutionary DEep Networks; 

CNN2 – 2 Convolutional Layers;  
BN- Batch Normalization; Skip – Residual Skip Connections; CNN4 – 4 

Convolutional Layers 

  

Fig. 7. Precision-Recall Graph of 10 classes  

Comparing with the accuracy results on F-MNIST dataset 
test data results with various models in literature, the CNN4 
+ HPO + Reg model shows better accuracy results of 
93.99% with minimum loss. Figure 8 displays some of the 
accuracy and loss graphs when using various 
hyperparameter optimization and regularization techniques. 
These HPO techniques are varying with their batch size, 
epochs, optimizers, convolution layers etc. 
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Fig. 8. Accuracy and Loss Graphs using various HPO 

TABLE III. CLASSIFICATION REPORT 

Class Recall Precision F1 Score 

T-shirt/top 0.90 0.90 0.90 

Trouser 0.99 1.00 0.99 

Pullover 0.90 0.93 0.92 

Dress 0.93 0.94 0.94 

Coat 0.93 0.90 0.92 

Sandal 0.99 0.99 0.99 

Shirt 0.81 0.83 0.82 

Class Recall Precision F1 Score 

Sneaker 0.98 0.96 0.97 

Bag 1.00 0.98 0.99 

Ankle boot 0.95 0.99 0.97 

Overall 0.94 0.94 0.94 
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Generally used measures for tasks like image classification 
are Recall, Precision and F1 Score. These results for 10 
different categories are shown in Table III. When compared 
with other categories the scores of recall, precision and f1-
score are very less for Shirt and T-Shirt/top. Shirts, Pullover, 
T-Shirt/top and Coats also show low scores. Among other 
categories of images, these 4 categories are frequently 
misclassified. The reason for this low metrics score is its 
similarity in such small images of 28-by-28 pixels. In the 
below Table IV we can clearly see the different categories 
which are the major causes of error in predicting the correct 
image. The main sources of error in the proposed model are 
from Shirt and T-Shirt/Top class.  

TABLE IV. CONFUSION MATRIX : CNN4 + HPO + REG MODEL 

Class Label 0 1 2 3 4 5 6 7 8 9 

T-shirt/top 0 898 0 13 7 2 1 72 0 7 0 

Trouser 1 0 988 0 7 1 0 2 0 2 0 

Pullover 2 14 0 902 6 36 0 41 0 1 0 

Dress 3 15 1 10 932 12 0 29 0 1 0 

Coat 4 0 0 17 20 932 0 27 0 4 0 

Sandal 5 0 0 0 0 0 995 0 3 0 2 

Shirt 6 75 0 29 19 54 0 815 0 8 0 

Sneaker 7 0 0 0 0 0 6 0 984 1 9 

Bag 8 0 0 0 1 0 0 0 0 999 0 

Ankle boot 9 0 0 0 0 0 8 0 37 1 954 

 

V. CONCLUSION 

With hyperparameter optimization and regularization 
techniques used with four layer ConvNets we were capable 
of attain an accuracy of 93.99%. We can clearly see how by 
tuning various hyperparameters like optimizers, batch size, 
number of epochs and regularization methods such as image 
augmentation and dropout increase the overall performance 
and significantly decrease the training time. F-MNIST can be 
a best drop-in substitution for MNIST although it is more 
difficult than MNIST dataset. We can implement or serve 
these models with hyperparameter tuning and regularization 
techniques for various types of image classification tasks and 
this dataset should be very much challenging when doing 
machine learning tasks. Configuring hyperparameters needs 
years of experience and it is a black art, but tuning these 
parameters we can achieve magical results solving various 
computer vision tasks.  
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Abstract: Image recognition and classification plays an 

important role in many applications, like driverless cars and 

online shopping. We present the classification of Fashion-MNIST 

(F-MNIST) dataset using HOG (Histogram of Oriented Gradient) 

feature descriptor and multiclass SVM (Support Vector Machine). 

In this paper we explore the impact of one of the successful 

feature descriptor on Fashion products classification tasks. We 

have used one of the most simple and effective single feature 

descriptor HOG. The multiclass SVM which is one of the best 

machine learning classifier algorithms is used in this method to 

train the images. Selecting appropriate technique for feature 

extraction and choosing a best classifier algorithm remains a big 

challenging task for attaining good classification accuracy. 

However, the experimental results show that impressive results on 

this new benchmarking dataset F-MNIST. 

Index Terms: Fashion-MNIST, HOG features, Image 

Classification, SVM Classifier.  

I. INTRODUCTION 

  In computer vision one of the most popular applications are 
Object Recognition or Object Classification. In object 
classification the main aim is to extract features from the 
images and classify it into right classes using any one of the 
classifiers or classification methods. Object classification is 
an important problem in various computer vision 
applications, such as image retrieval, driverless car, and 
surveillance. For example, in a driverless car, we have to 
classify nearby objects as vehicles or pedestrians. For 
classifications of images or patterns one of the best 
classification methods is multiclass SVM (Support Vector 
Machine). HOG (Histogram of Oriented Gradient) is an 
efficient gradient based feature descriptor for data 
discrimination and its performance is excellent comparing 
with other feature sets. This work classified the fashion 
products in Fashion-MNIST dataset using HOG features with 
multiclass SVM classifier. Fashion-MNIST (F-MNIST) is a 
dataset of 70000 fashion articles developed by Zalando 
Research Company. Figure 1 shows some images in 
F-MNIST. 

II. BACKGROUND AND RELATED WORK 

In this work we propose to classify fashion products using 
HOG feature descriptors [5] and a multiclass SVM [6] 
classifier. In OCR (Optical Character Recognition) this type 
of classifications are used. HOG was first introduced by Dalal  
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Fig. 1. Fashion-MNIST Dataset Images 

and Triggs (2005) [5] for the human detection and it is one of 
the most popular and successful feature descriptors in pattern 
recognition and computer vision. In one of the research paper 
presented by Ebrahimzadeh and Jampour [2] shows that they 
have achieved very high accuracy on HDR (Automatic 
Handwritten Digits Recognition) using this efficient HOG 
descriptor with multiclass SVM. 

One of the previous works suggested by Khan, H. A. (2017) 
[4], a new MCS (Multiple-Cell Size) method is being 
introduced for make use of HOG features and multiclass SVM 
for performing Handwritten Digits classification efficiently. 
By performing HOG analysis and computing the HOG 
features with MCS approach, it has achieved best 
classification accuracy. Improvements based on Chain Code 
Histogram (CCH) for recognition of handwritten digits was 
proposed by Qian, Y. and Xichang (2013) [7] improves the 
speed of training and recognition and this reduces the feature 
dimension. 

III. PROPOSED METHODOLOGY 

A. Preprocessing and Feature Extraction 

The various features of the images are extracted in this 
phase and then they have used with SVM for classification of  
fashion objects in F-MNIST dataset. In advance of training a 
classifier and evaluating the test, a preprocessing task is  
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introduced to decrease noise artifacts produced while 
collecting samples of images. For training the classifiers by 
applying pre-processing, it provides better feature vectors. 
Preprocessing is very much important task because its 
efficient functioning reduces the misclassification and 
improves the recognition rate [8]. Herein HOG based feature 
extraction scheme for recognizing fashion products is used for 
the proposed work. Every fashion article image of dimension 
28x28 is used to extract HOG feature.   

B. Histogram of Oriented Gradients (HOG) 

One of the simple and effective feature extraction methods 
is HOG feature descriptor. It is a fast and efficient feature 
descriptor in compare to the SIFT and LBP due to the simple 
computations, it has been also shown that HOG features are 
successful descriptor for detection. Mainly it is used for 
object detection in image processing and computer vision. 
Using HOG the shape and appearance of the image can be 
described. It divides the image into small cells like 4-by-4 
which is used in this work and computes the edge directions. 
For improving the accuracy the histograms can be 
normalized.  

 
Fig. 2. Extracted features of an image in Fashion-MNIST Dataset 

In Figure 2 extracted HOG features of one image using 
three different cell sizes are shown. In this figure the 
visualization of cell size [2 2], [4 4] and [8 8] are shown. From 
that it is clearly understood that the cell size [2 2] contains 
more shape information than the cell size of [8 8] in their 
visualization. But in the latter case the dimensionality of 
feature vector using HOG increases comparing with the 
former. A good choice is the [4 4] cell size. By using this size 
the numbers of dimensions are limited and this helps to speed 
up the training process. Also it contains enough information 
to visualize the fashion image shape. For identifying the 
suitable parameter setting configuration of HOG parameters 
more training and testing processes using the classifier has to 
be performed.  

C. Support Vector Machine (SVM) 

In machine learning one of the most common and successful 
classifier in supervised learning is SVM which can be used for 
classification and regression tasks [6]. Supporting Vector 
Machine has been successfully applied in the field of pattern 
recognitions, like face recognition, text recognition and so on. 

It shows good performance in applications [8]. So this part we 
utilize SVM to train and test. This paper employed a 
multiclass SVM classifier as a classification tool of HOG 
feature space developed for a complete dataset of fashion 
images from F-MNIST database. The HOG feature of 
dimension 1x1296 for each individual fashion object have 
been arranged in the row wise to prepare complete feature 
space.  

IV. EXPERIMENTAL RESULTS 

A. Fashion-MNIST Dataset 

F-MNIST dataset is a collection of fashion objects in 
grayscale. It contains 4 files including the labels and images 
which are again subdivided into sets of training and test. The 
labels and images in training set consists of 60000 numbers 
and in the test set, it is 10000. F-MNIST contains 10 classes of 
images and the labels and description of each class is given in 
Table I.  

TABLE I.  CLASS NAMES AND LABELS OF F-MNIST DATASET 

Labels Description 

0 T-shirt/top 

1 Trouser 

2 Pullover 

3 Dress 

4 Coat 

5 Sandal 

6 Shirt 

7 Sneaker 

8 Bag 

9 Ankle boot 

B. Experiment Results and Analysis 

The presented work is implemented in MATLAB. HOG 
features of images are extracted from the 28 x 28 pixel 
training images of F-MNIST using the function in MATLAB. 
First of all in the training phase, extracting the features using 
HOG from the training images and then it will be used for 
making predictions using the classifier.  These extracted HOG 
features are used to train the classifier. The results are 
evaluated using the test set images, and for measuring the 
accuracy of the classifier a confusion matrix is produced. Cell 
size used here for hog feature is [4 4]. And then these features 
of 60000 images are given into multiclass SVM for training. 
Finally testing is conducted on 10000 images in test set. It 
achieves 86.53% accuracy on test images. Table II displays 
the confusion matrix of the classes in fashion image dataset 
where it is very clearly understood that the uncertainty took 
place in between the categories of ‘0’, ‘6’ and ‘4’, ‘2’ and ‘4’,  
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‘6’ and ‘2’, ‘6’ which are make sense because t-shirts and 
shirts, coat and pullover and coat and shirts are looking same 
and little bit confusing. 

TABLE II.  CONFUSION MATRIX OF HOG FEATURE 4 X 4 

Class Label 0 1 2 3 4 5 6 7 8 9 

T-shirt/ 

top 

0 835 2 14 26 4 1 109 0 9 0 

Trouser 1 2 963 2 27 1 0 5 0 0 0 

Pullover 2 15 1 765 9 113 0 92 0 5 0 

Dress 3 26 9 13 871 35 0 43 0 3 0 

Coat 4 2 1 95 37 796 0 68 0 1 0 

Sandal 5 0 1 0 0 0 950 0 38 1 10 

Shirt 6 148 0 84 35 110 0 612 0 11 0 

Sneaker 7 0 0 0 0 0 31 0 952 0 17 

Bag 8 2 1 5 7 6 3 10 1 965 0 

Ankle boot 9 0 0 0 0 0 13 1 42 0 944 

TABLE III.  ACCURACY RESULTS ON F-MNIST IN 
LITERATURES 

Method Accuracy 

SGD Classifier [1] 81.9 

Linear SVC [1] 83.6 

HOG + SVM 86.53 

 
SGD - Stochastic Gradient Descent; SVC – Support Vector Classifier;  
HOG - Histogram of Oriented Gradient; SVM – Support Vector Machine 
 
Comparing with the accuracy results on F-MNIST dataset 

test data results with various models in literature as shown in 
Table III, the HOG + SVM model shows better accuracy 
results of 86.53%. In Figure 3 it shows that the category-wise 
accuracy of images in F-MNIST dataset. From this figure it is 
very clear that the accuracy of class ‘shirts’, ‘pullover’ and 
‘coat’ are very low compared with other classes.   

V. CONCLUSION 

In general, proposed work presents an efficient system for 
the effective and accurate classification and recognition of the 
fashion products images.  After successful implementation of 
the proposed fashion articles classification system using HOG 
 

 
Fig. 3. Class-wise Accuracy of Fashion-MNIST Dataset 

feature space and multiclass SVM classifier, it has shown that 
the proposed system provides relatively good fashion object 
classification efficiency as compared to available literature 
works. In future, many modifications and improvements can 
be proposed on the preprocessing part and feature extraction 
and more combinations of features can be explored. We may 
modify the feature extraction and classification using many 
other techniques and can produce outstanding performance on 
fashion image classification. We can explore the other feature 
types for training the classifiers and analyze the effects of 
other machine learning algorithms for classifying fashion 
images. 
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Abstract-The T-X method for generating new distributions is an emerging area in 

recent statistical literature. As a result, new distributions have been developed and studied. 
This article is a continuation of the paper "A Review Study on T-X Family of Distributions" 
by Tomy and Jose (2018). It reviews some special members of T-X family of distributions 
such as, Kumaraswamy-Geometric distribution, T-Normal Family, Poisson-X family, T-
Transmuted family and Kumaraswamy-Marshall Olkin family of distributions. 

 
Keywords: Transmuted family, Marshall-Olkin distribution, T-X family, Truncated 

Poisson distribution, Method of Maximum Likelihood  
 

1.  INTRODUCTION 
In the present scenario of big data analytics, statistical modeling has got paramount 

importance. Researchers have started exploring innovative paths by introducing new 
distributions so as to fit the data in hand. 

Alzaatreh et al.[1] proposed a general method to generate new family of distributions 
called “Transformed-Transformer” method and the family is called T-X family of 
distributions. The generator T can be any continuous distribution. During  the milestones, the 
Beta generated method laid the first stone. In similar vein Kumaraswamy generated, Gamma 
generated, Kummer beta generalized and Generalized beta generated distributions paved the 
further path. The support of the generator in Beta-X and Kumaraswamy generated(Kw-G) 
family is 0 to 1, the transformed-transformer method overcomes this limitation and use any 
continuous distribution as a generator to generate distributions by using the function W[F(x)]. 
Many subfamilies of T-X family have been studied in the literature, some of them are Burr X 
family, T-Geometric family, T-Normal family, Half-Logistic generated, Poisson-X family, T-
Transmuted family, Beta Marshall-Olkin and Kumaraswamy Marshall-Olkin family of 
Distributions. This article is a continuation of the paper entitled "A Review Study on T-X 
Family of Distributions" by Tomy and Jose[2] discusses the distributions which paved the 
way for T-X family of distributions and some members of T-X family of distribution. 

The main aim of this review is to study and discriminate different subfamilies of T-X 
family of distributions and provide available literature on continuous and discrete families.  

The paper unfolds as follows: In section 2, we consider T-X Family of distributions. 
Section 3 discusses some special members of T-X family of distributions. Finally in Section 4 
we conclude paper.  

 
2.  THE T-X FAMILY OF DISTRIBUTIONS 

A large number of distributions can be generated by applying any two existing 
univariate distributions based on T-X method. Several known continuous and discrete 
distributions are found to be special cases of the first generated distributions. Let r(t) be the 
Probability Density Function(PDF) and R(t) be the Cumulative Density Function(CDF) of a 
random variable T ߳[ܽ,ܾ]  for −∞ < ܽ < ܾ < ∞ and let W[F(x)] be a function of the CDF 
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F(x) of some baseline continuous random variable X so that W[F(x)] satisfies the following 
conditions: 

W[F(x)]  ߳ [ܽ,ܾ] 
W[F(x)] is differentiable and monotonically non decreasing 
[(ݔ)ܨ]ܹ →a as ݔ → −∞ and ܹ[(ݔ)ܨ] → b as ݔ → ∞ 
The CDF of a new family of distributions is defined as  
(ݔ)ܩ  = ∫ ௐ[ி(௫)]ݐ݀(ݐ)ݎ

   (2.1) 
where W[F(x)] satisfies the above conditions. The CDF G(x) in equation(2.1) can be written 
as  

G(x) = R{W[F(x)]},   where R(t) is the CDF of the random variable T. If X is a 
continuous random variable the corresponding PDF is given by  

(ݔ)݃  = { ௗௗ௫ܹ[(ݔ)ܨ]}(2.2) {[(ݔ)ܨ]ܹ}ݎ 
If X is a discrete random variable, the T-X family, is a family of discrete distributions. The 
probability mass function (PMF) of the T-X family of discrete distributions may now be 
written as  

(ݔ)݃  = (ݔ)ܩ − ݔ)ܩ − 1) = −{[(ݔ)ܨ]ܹ}ܴ ݔ)ܨ]ܹ}ܴ − 1)]}. (2.3) 
The term “Transformed-Transformer” was used since the PDF r(t) in equation(2.1) is 
"Transformed" into a new PDF g(x) through the function W[F(x)], which act as a 
"transformer", that is, the random variable X is used to transform another random variable T. 
Different W(F(x)) will define based on the support of the random variable T.  
Table 1 lists the T-X families for different W[F(x)] function.  

 
Table  1: T-X families based on different W[F(x)]   

W[F(x)]  Range 
of T 

Members of T-X family  

 
 

F(x) 

 
 

[0, 1] 

Beta Generated (Eugene et al.[3])  
Kw-G (Cordeiro and de-Castro.[4]) 
Kummer Beta Generated(KBG) (Pescim et al.[5])  
McDonald Generated (Alexander et al.[6]) 
Poisson-X (Tahir et al.[7]) 
Kumaraswamy-geometric (Akinsete et al.[8]) 

(ݔ)ܨ
ܿ + (1− (ݔ)ܨ(ܿ  

[0,1] Beta Marshall Olkin (Alizadeh et al.[9]) 
Kumaraswamy Marshall Olkin (Alizadeh et al.[10]) 

- log [F(x)]  (0, ∞) Gamma generated (Ristic and Balakrishnan[11]) 
 
 
 
 
 
 
 
- log [1 - F(x)] 

 

 
 
 
 
 
 
 

(0, ∞) 

Gamma Generated(Zografos and Balakrishnan[12]) 
Weibull-X (Alzaatreh et al[1]) 
Weibull-Pareto(Alzaatreh et al.[13])  
Lomax-G (Cordeiro et al.[14]) 
Exponentiated Half-Logistic Generated (EHL-G)    
(Cordeiro et al.[15) 
Generalized Burr X family of distributions 
(Jamal and   Nasir[16]) 
Weibull-Lomax ( Alzaghal et al.[17]) 
ExponentiatedGompertz Generated 
(Cordeiro et al.[18]) 
Gamma-Pareto(Alzaatreh et al.[19]) 
Exponentiated Exponential-Geometric  
(Alzaatreh et al.[20]) 
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Weibull-Power Cauchy(Tahir et al.[21]) 
- log [1  Exponentiated T-X (Alzaghal et al.[22]) (∞ ,0) [(ݔ)ఈܨ−

(ݔ)ܨ
1−  (ݔ)ܨ

 
(0, ∞) 

 
Gamma Generated (Torabi and Hedesh[23]) 

 A New Weibull-Pareto (Tahir et al.[24]) 

 

−ቈ1݈݃−
(ݔ)ܨ

ܿ+ (1−  (ݔ)ܨ(ܿ

 
(0, ∞) 

 
T-Transmuted X Family (Jayakumar and Girish[25]) 

 
(ݔ)ܨ

1−  (ݔ)ܨ

 
 
 

(ݔ)ܨ
1−  (ݔ)ܨ

 
(0, ∞) 

 
 
 
 

(0, ∞) 

 
Weibull Rayleigh( Merovci and Elbatal[26])  
 

 
Burr X-G (BX-G) family of distributions 
( Yousof et al.[27]) 
Weibull-G (Bourguignon et al.[28]) 
Odd Log-Logistic-G(Cordeiro et al.[29]) 
Weibull-Exponential (Oguntunde et al.[30]) 
Weibull-Inverse Exponential  
(Chandrakant et al.[31]) 

(ݔ)ఉܨ
1− (ݔ)ఉܨ  

(0, ∞) Generalized Odd Gamma-G Family 
(Hosseini et al.[32]) 

}݈݃
(ݔ)ܨ

1−  Logistic-G (Torabi and Montazeri,[33]) (∞,∞-) {(ݔ)ܨ
Gumbel-Weibull(Al-Aqtash et al.[34]) 

1]݈݃−}݈݃  Logistic-X (Tahir et al.[35]) (∞,∞-) {[(ݔ)ܨ−
 

3.  SPECIAL SUBFAMILIES OF T-X FAMILY 
In this section, we discuss some special cases of T-X family of distributions and their 

literatures are provided, such as T-Normal Family of distributions, Poisson-X family of 
distributions, Kumaraswamy-Geometric distribution, T-Transmuted family and 
Kumaraswamy-Marshall Olkin family of distributions.  

 
3.1  T-NORMAL FAMILY OF DISTRIBUTIONS 

Aljarrah et al.[36] used W[F(x)] to be the quantile function of a random variable Y in 
T-X family and defined the T-X{Y} family for generating families of continuous probability 
distributions, the corresponding CDF is  

(ݔ)ܩ  = ∫ ொೊݐ݀(ݐ)ݎ  [ி(௫)]
 = ܴൣܳ൫(ݔ)ܨ൯൧ (3.1) 

where ܳ() is the quantile function of the random variable Y, 0 <  < 1.  
 ܳ() = (ݕ)ܨ:ܴܻ߳}݂݊݅ ≥  (3.2) (0,1)߳     ,{

If the function F is continuous and strictly monotonically increasing then ܳ =  ଵ. Theିܨ
above family is a family of continuous probability distributions then the PDF associated with 
equation(3.1) is  

(ݔ)݃  = (௫)
ೊ {ொೊ[ி(௫)]}ݎ{ܳ[(ݔ)ܨ]} (3.3) 

The quantile function of the random variable X with PDF g(x) is  
 ܳ() = ܳ ቀܨ൫்ܳ()൯ቁ (3.4) 

Where ܳ ቀܨ൫்ܳ()൯ቁ is quantile function of the random variable X with PDF f(x) with 
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 =   .൯()൫்ܳܨ
Some remarks are 
(a) If the random variables X and Y with PDF f(x) and f(y)are identically distributed 

then 
      G = R. 
(b) If the random variables T and Y are identically distributed then G = F. 
(c)Beta-X, Kw-G and Generalized Beta Generated Distributions are belong to  
    T-X{uniform} family.  

One of the main advantage of using the T-X{Y} framework is that one can keep one or more 
parameters from the distribution of Y. If the parameter is shape parameter which increase the 
flexibility of new distribution.  

Alzaatreh et al.[37] define the families of Generalized Normal(GN) distributions 
called T-Normal family which is a subfamily of T-X{Y} family of distribution. That is, X is 
a normal random variable with PDF ݂(ݔ) = (ݔ)ܨ and CDF (ݔ)߶ = (ݔ)ߔ , then the CDF of 
T-normal{Y} family of distributions as  

 
(ݔ)ܩ  = ∫ ொೊݐ݀(ݐ)ݎ  [ః(௫)]

 = ܴൣܳ൫(ݔ)ߔ൯൧ (3.5) 
 
 
The corresponding PDF is  

(ݔ)݃  = థ(௫)
ೊ {ொೊ[ః(௫)]}ݎ{ܳ[(ݔ)ߔ]} (3.6) 

Some special cases are 
(a)The beta normal, Kumaraswamy normal and generalized beta-generated normal are 
     belong to the  T-normal{standard uniform} family. 
(b)The gamma-normal distribution studied by Alzaatreh et al.[37] is a member of                                
     T- normal{standard exponential} family. 

The Hazard Rate Function (HRF) of the T-normal{Y} family is given by 

(ݔ) = థ(ݔ) (ொೊ(ః(௫))
ೊ(ொೊ(ః(௫))     where      థ(ݔ) = థ (௫)

ଵିః(௫) 
Some examples of GN families of distributions with different choices for the random 

variables Y and T are Weibull-N{exponential}, logistic-N{log-logistic}, exponential-N{log-
logistic}, exponentiated-exponential-N{uniform} and logistic-N{extreme value}.  

 
3.1.1  WEIBULL-N{EXPONENTIAL} DISTRIBUTION 

In this section, we define and study some properties of a member of the T-Normal 
family, the Weibull-N{Exponential} distribution introduced by Alzaatreh et al.[37]  
           If a random variable T follows the Weibull distribution with parameters c and ߚ with 
PDF  

;ݐ)ݎ  ܿ, (ߚ = ݁(ିଵ)(ߚ/ݐ)(ߚ/ܿ) ି(௧/ఉ), ݐ ≥ 0 ܿ> ߚ,0 > 0 
From equation(3.5), the CDF of Weibull-N{exponential} is defined as  

(ݔ)ܩ  = 1 −݁ {ି[ି(ଵ/ఉ)(ଵିః(௫))]} (3.7) 
 By using equation(3.6), the PDF of the Weibull-N{exponential} is given by  

;ݔ)݃  ܿ, (ߚ = 
ఉ

థ(௫)
ଵିః(௫){ି(ଵିః(௫))

ఉ }ିଵ݁ ି{[ష(భష( )ೣ)
ഁ

]},ܴ߳ݔ, ܿ > ߚ,0 > 0 (3.8) 
 
 Figure 1 gives the graph of PDF of Weibull-N{Exponential} distribution for various 

values of ߚ and c.  
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Figure  1:  PDF of Weibull-N{exponential} for Various Values of  ߚ and c.  
 
Some properties are 

(a)When c = 1, the Weibull-N{Exponential} reduces to the Exponential-Normal distribution 
with ߠ = ଵ

ఉ. 

(b) When c = 1 = ߚ, the Weibull-N{Exponential} reduces to the Normal distribution. 
(c) It is left skewed whenever ߚ > 1 and right skewed wheneverߚ < 1. For fixed  ߚ, the peak 
increases as c increases. 

The quantile function of the Weibull-N{exponential} distribution is given by  
 ܳ() = −ଵ{1ିߔ ݁ {ିఉ( ି(ଵି))భ/}} 

 
The shapes of GN distributions can be symmetric, skewed to the right, skewed to the left. 
This gives the families some flexibility in fitting real world data.  

In literature, Nasir et al.[38] introduced and studied the properties of the T-Burr 
family of distribution as a special case of the T-X{Y} family of distribution. Alzaatreh et 
al.[39] introduced T-Gamma family has been proposed using the T -X{Y} framework. 
Similarly Almeida et al.[40] and Alzaatreh.[41] proposed T-Weibull{Y} family and T-
Cauchy{Y} family. 

  
3.2  THE POISSON-X FAMILY OF DISTRIBUTIONS 

Tahir et al.[7] suggested the Poisson-X family of distributions which is a subfamily of 
T-X family of distribution but here T is not a Poisson random variable. The procedures used 
for obtaining the distribution of T are, Consider a company with N independent working 
systems and that each system consist of c parallel units. The random variables 
ܼଵ, ܼଶ, . . . ,ܼ,  i= 1,2, . . . ,N are the failure times of the parallel components of the ݅௧  
system, are independent and identically distributed standard uniform random variables and ܻ 
denote the failure time of the ݅௧  system. Also N is a random variable having a zero truncated 
Poisson distribution with PMF  

 ܲ(ܰ = ݊) = ఒ

!൫ഊିଵ൯ ,݊ = 1,2,3, . . . . , ߣ > 0 (3.9) 
The random variable T represents the time to failure of the first out of the N functioning 
systems ie, ܶ = ݉݅݊( ଵܻ, . . . , ேܻ). Based on the these situations the obtained conditional CDF 
of T is  

(ܰ|ݐ)ܴ  = 1 − (1  ) (3.10)ݐ−
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Then the CDF of T is,  
(ݐ)ܴ  = ∑ ܲ(ܰ = ∞(ܰ|ݐ)ܴ(݊

ୀଵ   

 = ∑ ఒ

!(ഊିଵ) 1− (1− )ݐ = ଵିషഊ

ଵିషഊ
∞
ୀଵ   (3.11) 

 The corresponding PDF is given by  
ߣ;ݐ)ݎ  ,ܿ) = ఒ

ଵିషഊ ݐ
ିଵ݁ିఒ௧; 0 ≤ ݐ ≤ ߣ,1 > 0,ܿ > 0 (3.12) 

 if ߣ = 1 then the ߣ;ݐ)ݎ ,ܿ) becomes  
;ݐ)ݎ  ܿ) = 

ଵିషభ ݐ
ିଵ݁ି௧; 0 ≤ ݐ ≤ 1,ܿ > 0 (3.13) 

The CDF of the Poisson-X family is  
(ݔ)ܩ  = ∫ ;ݐ)ݎ  ி(௫)ݐ݀(ܿ

 = (1− ݁ିଵ)ିଵ(1− ݁ [ିி(௫)]) (3.14) 
The corresponding PDF is  

;ݔ)݃  ܿ) = 
ଵିషభ݂(ݔ)(ݔ)ܨିଵ݁ [ିி(௫)]; ܿ > 0 (3.15) 

 
3.2.1  THE POISSON POWER CAUCHY DISTRIBUTION 

In this section, a member of the Poisson-X family namely the Poisson Power Cauchy 
Distribution(PPC) is considered and some of its structural properties are investigated. 

Rooks et al.[42] proposed a two-parameter Power-Cauchy (PC) distribution, a 
submodel of the transformed beta distribution. The CDF and PDF of the PC distribution with 
shape parameter ߙ and scale parameter ߪ is given by  

(ݔ)ܨ  = ఈ(ߪ/ݔ)ଵି݊ܽݐଵିߨ2  (3.16) 
 

,ߙ;ݔ)݂  (ߪ = ఈିଵ[1(ߪ/ݔ)(ߪ/ߙ)ଵିߨ2 + ݔ;ଶఈ]ିଵ(ߪ/ݔ) > ߙ,0 > ߪ,0 > 0 (3.17) 
from equation(3.14) the CDF of PPC is defined as  

(ݔ)ܩ  = ଵ
(ଵିషభ) (1− ݁ [ିଶగషభ௧షభ(௫/ఙ)ഀ]) (3.18) 

 By using equation(3.15), the PDF of the PPC is given by  
 

 ݃ ;ݔ) ܿ, ,ߙ (ߪ = ଶఈ(௫/ఙ)ഀషభ[ଶగషభ௧షభ(௫/ఙ)ഀ]షభ

ఙగ(ଵିషభ)[ଵା(௫/ఙ)మഀ] {݁ି[ଶగషభ௧షభ(௫/ఙ)ഀ]};ݔ > ߙ,0 ,ߪ, ܿ >
0 (3.19) 

 
 Figure 2 gives the graph of PDF of PPC distribution for various values of ߪ ,ߙ and c. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure  2:  PDF of PPC Distribution for Various Values of ߪ ,ߙ and c. 
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The PPC distribution is unimodal and its density function can be expressed as a linear 

representation of Exponentiated Power Cauchy (EPC) densities. The PPC density can 
produce various shapes such as left-skewed, right-skewed and reversed-J. 

The HRF h(x) is  
(ݔ) = ଶగషభ(ఈ/ఙ)(௫/ఙ)ഀషభ[ଵା(௫/ఙ)మഀ]షభ[ଶగషభ௧షభ(௫/ఙ)ഀ]

ଵିష{భష[మഏషభೌషభ(ೣ/)ഀ]}  (3.20) 
It has increasing failure rate (IFR), decreasing failure rate (DFR), UBT (upside-down-
bathtub) and BT (bathtub) shapes. 

Tahir et al.[7] discovered the mathematical properties of this family such as ordinary 
and incomplete moments, quantile and generating functions, modes, Bonferroni and Lorenz 
curves of Poisson-X family. Also discussed the estimation of the parameters using maximum 
likelihood method. The distribution is applied to three real data sets were fitted for the PPC 
and compared with four known distributions. The results showed that the PPC is a relatively 
better model to fit data than the other distributions.  

 
3.3  THE KUMARASWAMY-GEOMETRIC  DISTRIBUTION 

Akinsete et al.[8] proposed the Kumaraswamy-Geometric Distribution(KGD). It is 
obtained by taking T to be Kumaraswamy Distribution with CDF  

(ݐ)ܴ  = 1− ఉ0(ఈݐ−1) < ݐ < ߙ,1 ߚ, > 0 
The transformer random variable X to have the geometric distribution and W[F(x)] = F(x).  

The CDF of KGD is  
(ݔ)ܩ  = ∫ ி(௫)ݐ݀(ݐ)ݎ

  = 1− [1− (1−  ௫ାଵ)ఈ]ఉ (3.21)
 The corresponding PMF for the KGD  
,;ݔ)݃ ,ߙ (ߚ = [1 − (1− ௫)ఈ]ఉ − [1− (1− ݔ;௫ାଵ)ఈ]ఉ = 0,1,2, . . . ,0 <  < ߙ,1 ߚ, > 0 (3.22) 

 
 
 
 
 
 
 
 
 
 

 
Figure 3 gives the graph of PMF of KGD distribution for various values of α ,ߚ and p. 

 
 
 
 
 
 
 
 
 

 
 

Figure  3:  PMF of KGD for Various Values of ߚ, ߙ and p. 
 

                When ߙ = ߚ = 1, it gives  the geometric distribution, when ߙ = 1, it gives the 
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geometric distribution with parameter 1− ߚ ఉ and when = 1, it gives EEGD. Also KGD 
has a reversed J-shape with a unique mode. The KGD can also be derived by considering log-
Kumaraswamy distribution instead of Kumaraswamy distribution and taking W[F(x)]= - 
log(1 - F(x)).  

The associated HRF is  
(ݔ)  = { ଵି(ଵିೣ)ഀ

ଵି(ଵିೣశభ)ഀ}ఉ− 1 (3.23) 

The HRF of KGD, is increasing for ߙ > 1,decreasing for ߙ < 1 and at ߙ = 1 the HRF of 
KGD is constant.  

Akinsete et al.[8] studied the properties of this family such as moments, quantile and 
generating functions and Shannon entropy are obtained. Also discussed the estimation of the 
parameters using maximum likelihood method. The distribution is applied to model two real 
life data sets were fitted for the KGD and compared with generalized negative binomial 
distribution (GNBD) defined by Jain and Consul [43]and Exponentiated Exponential-
Geometric Distribution(EEGD). The results showed that the KGD is a relatively better model 
to fit data than the other distributions. Hamedani[44] studied the characterizations of KGD 
such as conditional expectation of certain function of the random variable and the reverse 
hazard rate function.  

 
3.4  THE T-TRANSMUTED X FAMILY OF DISTRIBUTIONS 

The Quadratic Transmuted Family of Distributions was proposed by Shaw and 
Buckley[45] with CDF  

(ݔ)ܨ  = (1 + (ݔ)ܬ൫(ߣ −  ൯(ݔ)ଶܬߣ
for [1,1−]߳ߣ, where J(x) is the CDF of the baseline distribution.  

Jayakumar and Girish[25] used W[F(x)] to be the −݈݃൫1 −  ൯ where F (x) is the(ݔ)ܨ
CDF of Quadratic Transmuted Family of Distributions, in T-X family of Distributions and 
declined the T-Transmuted X Family of Distributions for generating families of continuous 
probability distributions, 

The corresponding CDF is 

(ݔ)ܩ  = ∫ ൫ଵିி(௫)൯ିݐ݀(ݐ)ݎ
  = ∫ ݐ݀(ݐ)ݎ

ିቆଵି(௫)൬ଵାఒ(௫)൰ቇ

   

                                                      =ܴ{−݈݊ቆ1 − (ݔ)ܬ ൬1 +  ൰ቇ} (3.24)(ݔ)ܬߣ

where R(t) is the CDF of the random variable T with pdf r(t ). 
The PDF corresponding to the T-Transmuted X Family of Distributions in 

equation(3.24) is given by  

(ߣ;ݔ)݃  = (ݔ)′ܩ = (௫)[ଵାఒିଶ ఒ (௫)]

ଵି(௫)൬ଵାఒ(௫)൰
݈݊−}ݎ ቆ1− (ݔ)ܬ ൬1 +  ൰ቇ} (3.25)(ݔ)ܬߣ

Some properties on the T-Transmuted X Family of Distributions: 
(a) When ߣ = 0 the T-Transmuted X Family of Distributions reduces to T-X Family 

of Distributions with  ܹ [(ݔ)ܨ] = ൫1݈݃− −  .൯(ݔ)ܬ
(b)      The HRF of the T-Transmuted X family is given by, 
(ݔ)                = (௫)[ଵାఒିଶఒ(௫)]

ଵି(௫)(ଵାఒ(௫))
{ି(ଵି(௫)(ଵାఒ(௫)))}

ଵିோ{ ି(ଵି(௫)(ଵାఒ(௫)))}       

Some examples of T-Transmuted X Family of distributions with different choices for 
the random variables T and X are Exponential-Transmuted Weibull (ETW), Exponential-
Transmuted Rayleigh (ETR) distribution, Exponential-Transmuted Frechet (ETF) distribution 
and Lomax-Transmuted X Family of distributions.   
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3.4.1  EXPONENTIAL-TRANSMUTED EXPONENTIAL(ETE) 

DISTRIBUTION 
In this section, we define and study some properties of a member of the T-Transmuted 

X family, the Exponential-Transmuted Exponential distribution. Jayakumar and Girish[25] 
applied T-X method and introduced (ETE)distribution. 

Then ݃(ߣ;ݔ)  in equation(3.25) reduces to  

ߠ;ݔ)݃ (ߣ,ߚ, = ఏఉ௫ି݁ߚߠ ൫ଵିఒାଶఒషഁೣ൯
(ଵିఒାఒషഁೣ)భషഇ ݔ; > ߠ,0 ߚ, > ߳ߣ,0 [−1,1]                          

(3.26) 
When ߣ = 0, ETE distribution becomes  exponential distribution. 

Figure 4 gives the graph of PDF of ETE distribution for various values of ߣ,  ߠ and ߚ
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
                                       Figure  4:  PDF of ETE for Various Values of ߣ,  ߠ and ߚ

 
The CDF of the ETE distribution is 
(ݔ)ܩ = 1 −݁ିఏఉ௫(1− ߣ +  ఉ௫)ఏ (3.27)ି݁ߣ

 The HRF of ETE distribution is  
(ݔ)  = ߚߠ (ଵିఒାଶఒషഁೣ)

(ଵିఒାఒషഁೣ)  
 

The HRF is increasing if −1 < ߣ < 0 and decreasing if 0 < ߣ < 1. When ߣ = 0 and ߣ = 1 
the ETE distribution has a constant hazard rate. 

Jayakumar and Girish[25]discovered the mathematical properties of this family such 
as ordinary moments, quantile and generating functions, modes and entropy. Also discussed 
the estimation of the parameters using maximum likelihood method and used simulation 
study to check the performance of the maximum likelihood estimate. The distribution is 
applied to two real data sets were fitted for the ETE and compared with four known 
distributions. The results showed that the ETE is a relatively better model to fit data than the 
other distributions.  

In literature Clement and Girish[46] studied the further developments of T-
Transmuted X family of distribution. Chhetri et al.[47] proposed and studied the 
Kumaraswamy Transmuted Pareto distribution. Also Afify et al.[48] studied the Beta 
Transmuted-H distribution. Similarly Chhetri et al.[49] introduced the Beta Transmuted 
Pareto distribution.  

3.5  THE KUMARASWAMY MARSHALL-O LKIN FAMILY OF 
DISTRIBUTIONS 
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The Marshall-Olkin family of distributions was proposed by Marshall and Olkin[50] 
with CDF  

(ݔ)ܨ  = (௫)
ଵି(௫) 

for ܿ > 0, where J(x) is the CDF of the baseline distribution. 
Alizadeh et al.[10] used W[F(x)] to be the CDF Marshall-Olkin family of 

distributions and T to be the Kumaraswamy distribution in T-X family and declined the 
Kumaraswamy Marshall-Olkin family of distributions for generating distributions, the 
corresponding CDF is  

(ݔ)ܩ  = ∫ ݐ݀(ݐ)ݎ
 ( )ೣ

భష( )ೣ

  = 1 − {1− { (௫)
ଵି(௫)}ఈ}ఉ (3.28) 

where r(t) is the PDF of the Kumaraswamy distribution. 
The PDF corresponding to the Kumaraswamy Marshall-Olkin family of distributions 

in equation(3.28) is given by  
ߙ;ݔ)݃  ,ߚ, ܿ) = (ݔ)′ܩ = ఈఉ (௫)ഀషభ(௫)

[ଵି(௫)]ഀశభ {1− { (௫)
ଵି(௫)}ఈ}ఉିଵ;ߙ ,ߚ, ܿ > 0 (3.29) 

Some properties on the Kumaraswamy Marshall-Olkin family of distributions: 
(a) When ܿ = 1the Kumaraswamy Marshall-Olkin family of distributions reduces to 

T-X                   
Family of Distributions with ܹ [(ݔ)ܨ] = (ݔ)ܬ . 

(b) The HRF of the Kumaraswamy Marshall-Olkin family of distributions is given by  
 (ݔ) = ఈఉ (௫)ഀషభ(௫)

[ଵି(௫)] {[1− ఈ[(ݔ)ܬܿ −  {(ݔ)ఈܬ

Some examples of Kumaraswamy Marshall-Olkin family of distributions with 
different choices for the random variable X are Kumaraswamy Marshall-Olkin Exponential 
(KwMO-E), Kumaraswamy Marshall-Olkin Lomax (KwMO-L), Kumaraswamy Marshall-
OlkinFrechet (KwMO-Fr) and Kumaraswamy Marshall-OlkinWeibull(KwMO-W) 
Distribution. 

  
3.5.1   THE KUMARASWAMY MARSHALL-O LKIN LOG-LOGISTIC 

DISTRIBUTION 
In this section, we define and study some properties of a member of the 

Kumaraswamy Generalized Marshall family, the Kumaraswamy Marshall-Olkin Log-
Logistic Distribution. Cakmakyapan et al.[51] applied T-X method and introduced 
Kumaraswamy Marshall-Olkin Log-Logistic Distribution. 

   Then ݃(ߙ;ݔ   in equation(3.29) reduces to (ܿ,ߚ,
ߙ;ݔ)݃  ,ߚ, (ߛ,ߠ,ܿ = ఈఉఏം௫ംഀషభ

[௫ംାఏം] [1− ( ௫ം

௫ംାఏം)ఈ]ఉିଵ;ݔ > 0, ߚ,ߠ > ߙ,0 ,ߛ, ܿ > 0 (3.30) 
When ܿ = 1, The Kumaraswamy Marshall-Olkin Log-Logistic Distribution becomes the 
Kumaraswamy Log-Logistic Distribution. 

Figure 5 gives the graph of PDF of The Kumaraswamy Marshall-Olkin Log-Logistic 
Distribution for various values of ߙ  ߠ and ܿ,ߚ,ߛ,
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Figure  5:  PDF of the Kumaraswamy Marshall-Olkin Log-Logistic Distribution For Various 
Values of ߙ ,ߚ,ߛ,  ܿand ߠ.  

 
The CDF of the Kumaraswamy Marshall-Olkin Log-Logistic Distribution is  
(ݔ)ܩ  = 1 − [1− ( ௫ം

௫ംାఏം)ఈ]ఉ (3.31) 
 The HRF of Kumaraswamy Marshall-Olkin Log-Logistic distribution is  

(ݔ)  = ఈఉ(ఏ)ം௫ംഀషభ

[௫ംା(ఏ)ം] ( ௫ം

௫ംା(ఏ)ം)
ఈିଵ[1− ( ௫ം

௫ംାఏം)
ఈ]ିଵ 

The HRF has increasing, upside-down bathtub and bathtub shaped hazard rate function if 
−1 < ߣ < 0 and decreasing if 0 < ߣ < 1. 

Cakmakyapan et al.[51] discovered the mathematical properties of this family such as 
ordinary moments, quantile, generating functions, order statistics modes and Reliability. Also 
discussed the estimation of the parameters using maximum likelihood method. The 
distribution is applied to a real data sets were fitted for the Kumaraswamy Marshall-Olkin 
Log-Logistic distribution and compared with three known distributions. The results showed 
that the Kumaraswamy Marshall-Olkin Log-Logistic distribution is a relatively better model 
to fit data than the other distributions.  

In literature Handique and Chakraborty[52] introduced Beta generated Kumaraswamy 
Marshall-olkin-G family of distributions, Alizadeh et al.[9]proposed the Beta Marshall-Olkin 
family of distributions. Similarly Abid and Hassan[53] introduced the Beta Marshall-Olkin 
Extended Uniform distribution. 

4.  CONCLUSION 
This paper provides an overview of T-X family of distributions, except those 

discussed in Tomy and Jose[2]. These distributions provide flexible family in which new 
distributions can be defined and various existing distributions are special cases. Future 
research in this area is to generate more family of distributions, both continuous and discrete, 
and to develop their inferential procedures. For researchers and practitioners, we aspire, this 
review will give a summary of T-X method and associated references for further study in the 
theory and applications of statistical distributions. 
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1. Introduction
The quantum logic was first introduced by Birkhoff and von
Neumann [1] in connection with Quantum Mechanics. In Von
Neumann’s Hilbert space formalism of quantum mechanics
the behavior of a quantum mechanical system is described
by a closed subspace of a Hilbert space. Since the set of
closed subspaces of a Hilbert space is an orthomodular lattice,
Birkhoff and Von Neumann suggested to use orthomodular
lattice as the logic of quantum mechanics.
The quantum computational model of Finite Automata has
been introduced by multiple authors with two different defi-

nitions. The Measure once one way quantum finite automata
(MO-1QFA) proposed by Moore and Crutchfield [5] and the
Many measure one-way quantum finite automata(MM-1QFA)
proposed by Kondacs and Waltrous [2]. A lot of works were
done to study about the power of QFA. In this paper we define
a QFA with the help of quantum logic. This logical approach
helps to study about the properties of QFA in a different way.
The automata theory based on quantum logic was proposed
by Ying in [3]. In his work he introduced an orthomodular
lattice valued classical Automata and he discussed about its
properties. Many works were done on this line after his work,
like [4] In our QFA model using quantum logic, we used the
concept probability measurement in quantum logic. Detailed
study about probability measurement in orthomodular lattice
were done in [7] and [6].
The rest of the paper is organized as follows. In section 2 we
recall some definitions that we used in this paper. In section
3 we gave the definition of Quantum Finite Automata using
Quantum Logic. Then we give an example of a QFA using
Quantum logic. In section 5 we studied about the closure
properties of Quantum Regular Languages.

2. Preliminaries
In this section, we recall the definitions of two types of Quan-
tum Finite Automata. Then we discussed about the complete
orthomodular lattice which is called the quantum logic.
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Definition 2.1. A Measure Once Quantum Finite Automata
is defined as a 5-tuple

M = (Q,Σ,δ ,q0,Qacc)

where,
Q is the finite set of quantum states
Σ is the set of input symbols
q0 is the initial quantum state
Qacc is the set of accepting states
For each σ ∈ Σ, δσ is the unitary transformation defined on
the Hilbert space spanned by the states in Q
For a given input w = σ1σ2 · · ·σn automata starts from the
initial state q0. After reading the input σ1 unitary transfor-
mation δσ1 is applied to the state q0. This process contin-
ues until it reads the last input symbol and ends in the state
q= δσnδσn−1 · · ·δσ1q0. At the end a measurement is performed
on q and the accepting probability of the input w is
P(w) = ||Paq||2 where Pa is the projection on to the subspace
spanned by {q : q ∈ Qacc}

Definition 2.2. A Measure Many Quantum Finite Automata
is defined as a 6-tuple

M = (Q,Σ,δ ,q0,Qacc,Qre j)

where Q,σ ,δ ,q0,Qacc are same as those defined in the previ-
ous definition. Qre j ⊂ Q is the set of rejecting states.
For any input string w = σ1σ2 · · ·σn the procedure similar to
that of Measure Once Quantum Finite automata except that
after every transformation measurement is performed on the
resulting states. Here the projective measurement consists
of {Pa,Pr,Pn} where Pa,Pr and Pn are the projections on to
the sub spaces spanned by Qacc, Qre j and Qnon respectively
(Qnon = Q− (Qacc∪Qre j)). The accepting and rejecting prob-
abilities are given by
p(M accepts w) = ∑

l+1
k=0 ||Paδσn ∏

k−1
i=0 (Pnδσi)q0||2

p(M rejects w) = ∑
l+1
k=0 ||Prδσn ∏

k−1
i=0 (Pnδσi)q0||2

In this paper we will define a quantum finite automata
using quantum logic. So now we will give a brief introduction
of quantum logic.

2.1 Quantum Logic
The set of all closed subspace of a Hilbert space L(H) is a
lattice under ⊂. It is also an orthomodular lattice.The fun-
damental assumption in quantum physics is that the experi-
mental propositions form a logic which is isomorphic with
L(H) for some Hilbert space H. So the orthomodular lattice
is sometimes called quantum logic.

Definition 2.3. A 7-tuple (L,≤,∧,∨,⊥,0,1) is called a com-
plete orthomodular lattice if it satisfies the following condi-
tions:

1. (L,≤,∧,∨,⊥,0,1) is a complete lattice, 0 and 1 are
the least and the greatest elements of L. ≤ is the partial

ordering in L and for any M ⊆ L, ∧M and ∨M stands
for the greatest lower bound and least upper bound of
M respectively.

2. ⊥ is a unitary operation on L called orthocomplement
and it is required to satisfy the following conditions:
for any a,b ∈ L

(a) a∧a⊥ = 0, a∨a⊥ = 1

(b) a⊥⊥ = a

(c) a≤ b implies b⊥ ≤ a⊥

(d) a≥ b implies a∧ (a⊥∨b) = b

Definition 2.4. A mapping p : L→ [0,1] is called a probabil-
ity measure if

1. p(1) = 1

2. p(
∞

∨
i=1

ai) = ∑
∞
i=1 p(ai) whenever ai ≤ a j

⊥ for any dis-

tinct indexes i, j ∈N

3. Quantum Finite Automata using
quantum logic

Let (L,≤,∧,∨,⊥,0,1) be a complete orthomodular lattice.
Then a quntum finite automata is defined using L as follows.

Definition 3.1. A qantum finite automata using quantum logic
is defined as

M = (Q,Σ,δ ,q0,Qacc)

where,
Q is finite set of states
Σ finite set of input alphabets
q0 initial state
Qacc ⊂ Q is the set of accepting states
δ transition function,

δ : Q×Σ×Q→ l

If w = σ1σ2 · · ·σn then the lattice value of the word w is de-
fined as

lM(w)
de f
= ∨{δ (q0,σ1,q1)∧·· ·δ (qn−1,σn,qn) :

q0,q1, · · ·qn−1 ∈ Q,qn ∈ Qacc}

Then we measure this lM(w) using a probability measure
defined on L and denote it as p(w). Quantum finite automata
accepted a language L with probability λ if p(w)≥ λ for all
w in L. A language accepted by a QFA is called Quantum
Regular Language(QRL).

8



Quantum finite automata using quantum logic — 9/10

4. Example

Let⊗2C2 be the 2 qubit space , where C denote set of complex
numbers. The set of all closed subspaces of the Hilbert space
⊗2C2,l form an orthomodular lattice (l,≤,∧,∨,⊥,0,1). q0 =
|0 > |0 >, q1 = |0 > |1 >, q2 = |1 > |0 > and q3 = |1 > |1 >
are the basis states in the 2- qubit state space. The automata
is defined as M = (Q,Σ,δ ,q0,Qacc) where Q = {q0,q1,q2},
Σ = {a,b}, Qacc = {q2}. ai j = span{|i > | j >} denote the
closed subspace spanned by |i > | j >, i, j = 0,1.
δ (q0,a,q0) = a00, δ (q0,b,q2) = a11, δ (q0,a,q1) = a00,
δ (q1,b,q2) = a00

Now lM(w) =

a00, if w = anb, n > 0
a11, if w = b
0, otherwise


In this example we use the probability measure pφ : L→ [0,1]
where
pφ (S) = ||PSφ ||2 where PS is the projection operator corre-
sponding to the closed space S and φ is the initial state of the
QFA.
Now the language accepted by the QFA is
L(M) = {anb : n > 0} with probability 1.

5. Closure properties of quantum regular
language

Theorem 5.1. If A and B are quantum regular languages
with probability λ and µ respectively then A∩B is also a
quantum regular language with probability less than or equal
to min{λ ,µ}.

Proof. Let A be a QRL with accepting probability λ and B be
a QRL with accepting probability µ . That is there exist two
Quantum finite automata MA and MB such that L(MA) = A
and L(MB) = B. Now we construct a QFA, MC that accepts
A∪B. MC = (QC,Σ,δC,r0,FC) where
QC = QA×QB
FC = FA×FB
r0 = (q0,s0)
δC((p,q),a,(r,s)) = δA(p,a,r)∧δB(q,a,s)
Let x = a1a2 · · ·an ∈ A∩B. Then there exist a path q0q1 · · ·qn
in MA and a path s0s1 · · ·sn in MB labeled by x and whose
lattice value is greater than zero. Therefore there exist atleast
one path (q0,s0)(q1,s1) · · ·(qn,sn) which is labeled by x in
MC whose lattice value is greater than zero.
Since x ∈ A∩B pA(x)≥ λ and pB(x)≥ µ .

Now

pC(x) = p(lC(x))

lC(x) = ∨{δC((q0,s0),a1,(q1,s1))

∧δC((q1,s1),a2,(q2,s2))∧·· ·
∧δC((qn−1,sn−1),an,(qn,sn))}

= ∨{δA(q0,a1,q1)∧δB(s0,a1,s1)∧·· ·
∧δA(qn−1,an,qn)∧δB(sn−1,an,sn)}

≤ lA(x)∧ lB(x)

Therefore
pC(x) ≤ p(lA(x)∧ lB(x))

Since
lA(x)∧ lB(x) ≤ lA(x)and
lA(x)∧ lB(x) ≤ lA(x),

p(lA(x)∧ lB(x)) ≤ min{pA(x), pB(x)}

⇒ pC(x) ≤ min{λ ,µ}. Therefore A∩B is accepted by the
QFA MC with a probability less than or equal to min{λ ,µ}

Theorem 5.2. If A and B are Quantum Regular Languages
with accepting probability λ and µ respectively then their
union, A∪B is a QRL with probability greater than or equal
to max{λ ,µ} .

Proof. Let MA =(QA,Σ,δA,q0,FA) and MB =(QB,Σ,δB,s0,FB)
be the QFA’s accepting A and B. To prove the theorem we
will construct an automata MC which will accept the language
A∪B. MC = (QC,Σ,δC,r0,FC) where,
QC =QA∪QB∪{r0}, we takes the assumption that QA∩QB =
/0

δC(p,a,q) =

δA(p,a,q) if p,q ∈ QA
δB(p,a,q) if p,q ∈ QB

0 otherwise

 δC(r0,ε,q0) = 1

and δC(r0,ε,s0) = 1
FC = FA∪FB
Let x ∈ A∪B. Then there exist a path in MA or MB labeled by
x and whose lattice value is greater than zero. Therefore the
accepting probability of x in MC is greater than zero.
We know that

pC(x) = p(lC(x))

lC(x) = ∨{δC(r0,ε,r1)∧δC(r1,a1,r2) · · ·∧δC(rn−1,an,rn)}

Since δC(p,a,q) = 0 if p ∈ QA and q ∈ QB,

lC(x) = ∨{δA(q0,a1,q1)∧δA(q1,a1,q2)∧·· ·
∧δA(qn−1,a1,qn)}∨
{∨{δB(s0,a1,s1)∧δB(s1,a1,s2)∧·· ·
∧δB(sn−1,a1,sn)}}

= lA(x)∨ lB(x)

pC(x) = p(lA(x) ∨ lB(x)) ≥ max{λ ,µ} Therefore A ∪ B is
a QRL with accepting probability greater than or equal to
max{λ ,µ}.

9
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Theorem 5.3. If A and B are Quantum Regular languages
with accepting probability λ and µ respectively then their
concatenation, AB is also a QRL with probability less than or
equal to min{λ ,µ}.

Proof. Let MA =(QA,Σ,δA,q0,FA) and MB =(QB,Σ,δB,s0,FB)
be the QFA’s accepting the languages A and B. Now we will
construct a QFA, MC which accepts the language AB.
MC = (QC,Σ,δC,r0,FC) where,
QC = QA∪QB
r0 = q0
FC = FB

δC(p,a,q) =
{

δA(p,a,q) i f p,q ∈ QA
δB(p,a,q) i f p,q ∈ QB

}
δC(p,ε,s0) = 1 for every p ∈ FA
Let x ∈ AB. Then x = σ1σ2 where, σ1 ∈ A and σ2 ∈ B. There
is a path q0q1 · · ·qm in MA labeled by σ1 and a path s0s1 · · ·sn
in MB labeled by σ2 whose lattice values are greater than
zero. So q0q1 · · ·qms0s1 · · ·sn is a path in MC labeled by x
whose lattice value is greater than zero since δC(qm,ε,s0) = 1
(qm ∈ FA).
Let σ1 = a1 · · ·am and σ2 = b1 · · ·bn

pC(x) = p(lC(x))

lC(x) = ∨{δA(q0,a1,q1)∧·· ·∧δA(qm−1,am,qm)

∧δC(qm,ε,s0)∧δB(s0,b1,s1)∧·· ·
∧δB(sn−1,bn,sn)}

Suppose that the supremum over all paths labeled by x occur
along the path q0kq1k · · ·qmks0ks1k · · ·snk.
Then

lc(x) = δA(q0,a1,q1)∧·· ·δA(qm−1,am,qm)∧δC(qm,ε,s0)

∧δB(s0,b1,s1)∧·· ·
∧δB(sn−1,bn,sn)

≤ ∨{δA(q0,a1,q1)∧·· ·δA(qm−1,am,qm)}∧
∨{δB(s0,b1,s1)∧·· ·δB(sn−1,bn,sn)}

≤ lA(σ1)∧ lB(σ2)

pC(x) = p(lC(x))

≤ p(lA(σ1)∧ lB(σ2))

≤ min{λ ,µ}

Therefore the concatenation of the QRL’s A and B, AB is a
QRL with a probability less than or equal to min{λ ,µ}

Now we gives a pumping lemma for the Quantum Regular
Languages.

6. pumping lemma for
Quantum Regular Language

Theorem 6.1. Let L be an infinite Quantum Regular Lan-
guage. Then there exist some positive integer m such that
for any w ∈ L with |w| ≥ m can be decomposed as w = xyz
with |xy| ≤ m, |y| ≥ 1 such that wi = xyiz is also in L for all
i = 0,1, · · · . Also p(wi) = p(w).

Proof. The proof is similar to that in classical automata the-
ory.
If L is a QRL then there exist a QFA, M recognizing L. Let
{q0,q1, · · · ,qn} be the set of states of M. Now consider
the string w ∈ L such that |w| ≥ n+ 1. Now consider the
path through which M processes the string w. Let it be
p0, p1, · · · , p f , where p f ∈ Qacc. Since this sequence has ex-
actly |w|+1 states, atleast one state must be repeated. There-
fore the sequence is of the form p0, p1, · · · , pr, · · · , pr, · · · , p f .
Let p0, p1, · · · , pr be labeled by x; pr, · · · , pr be labeled by
y and pr, · · · , p f be labeled by z. Then |xy| ≤ n + 1 and
|y| ≥ 1. Let w = a1a2 · · ·an. Then l(w) = ∨{δ (p0,a1, p1)∧
δ (p1,a2, p2)∧·· ·∧δ (pn−1,an, pn)}
Let wi = xyiz. Then clearly l(wi) = l(w) from the above for-
mula. Therefore p(w) = p(wi)

7. Conclusion
In this paper we defined Quantum Finite Automata using
quantum logic and give an example of a QFA using quantum
logic. We also studied about some closure properties of QRL’s.
The quantum logic approach makes it easier to study about the
properties of Quantum Finite Automata. Also we introduced
a pumping lemma for the Quantum Regular Languages.
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 Abstract: Kavara is a scheduled caste and scheduled tribes community found settled in some regions of 

Palakad district and in the hilly areas of Thrissur district in Kerala. The Kavara community is culturally rich 

and have their own traditions. Today they are economically poor and struggling to earn their livelihood with 

their traditional jobs. The community is in the path of development and gives important to education. This 

paper is discussing  about the  heritage and culture of Kavara community. 

Index Terms : Kavara community, Kerala, Palakad.            

1.1 INTRODUCTION 

Tribes are clans with their own culture norms and practices who live in this huge world by strictly 

following their customs without any effect or invasion of external changes to them. They maintain their own 

way of living and livelihood. The need of preserving their culture and this customs had been essential in this 

era . At the same time the need to make people aware about these clans who are part of our humanity is also 

quite important. This paper is a study about a community called Kavara found in mid Kerala region that is 

of Palakad and Thrissur. They have their own traditions in marriage, death, birth, jobs,festivals and 

celebrations. This paper gives a descriptive study on the culture of this community people. 

1.2 KAVARA COMMUNITY 

Kavara community is one of the scheduled caste and tribes found in Kerala. They are mainly found 

settled in Kozhinjampara, Irattakulam, Vadakkumchery region of Palakad district and in the hilly areas of 

Thrissur district. They like to live together as a community. As per the survey of Kerala government, in 

1986 Kavaras are considered and included under the scheduled caste and scheduled tribe backward 

community. Some special information about the community is listed below: 

1. They are tribes found in the Palakad district. They are also known as Malayar. Making the basket 

and the bracelet are their main job. Have a dowry system in the institution of marriage and giving 

back this dowry is divorce in their culture. They build special hut for delivery. Drinking alcohol is a 

common habit among this community. 

         Keralasamskaracharithra nigandu'-Dr.S.K  vasanthan                                                                                                  
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     2.   Kavara  - a tribe trading with glass bracelets, basket etc (Gavariga)- Gundart Nighandu                                

     3.    Kavara – Kavarai (Tamil), Gavariga (Kannada), a community making the basket, bracelets.-

Shabdhatharavali-Sreekandeswaram 

The statement that Kavara community is also known as Malayan cannot be justified as the Malayar 

are group of tribal community found to be settled in the hilly areas of Kerala who are different from the 

Kavara community. They are various interpretation made on the name Gavariga given to the community 

which is mentioned above. But the name Kavarai in Tamil and Gavariga in Kannada are exactly the name 

referring to the Kavara community in those languages.   

1.3 CULTURE 

 A clear history of Kavara community is not available. However, there is mentioning and 

representation of Harijan people (the people belonging to the Kavara community were also represented and 

enacted by the Nair people in the folkdance form) in an art form called Kanyaarkali (a kind of folkdance 

form in which people belonging to the Nair community were only participated) which was celebrated about 

500 years back in the Palakad district of Kerala. 

Making different types of basket using the bamboo is the main work of Kavara community. Often 

they use to sell the forest products.The Kavarakotta (basket made by the community) and other items made 

by the community are the pure signs of the folk handicraft skills. Even though the Paraya community also 

make baskets using bamboo, there are clear difference to the baskets made by the Kavara community 

compared to the Paraya community. 

1.3.1 MARRIAGE 

They have their own identity and uniqueness in conventional rituals and practices. The elderly 

people claim that the new generation are misusing these pure norms. They have specific customs and 

practices for the birth, marriage and death ceremonies.  

More rituals and customs are in the institution of marriage. Girls are married before and after 

attaining the puberty. They used to marry the daughter of their maternal uncle.  When a young man 

approaches the marriageable age, his brother or uncle selects a suitable girl for him after the payment of two 

Panam to the parents of girl. By giving panam to the parents of girl, the marriage is fixed. In the past an 

amount of two Panam was given. In the event of willingness of the latter a formal agreement is made in the 

presence of few of their caste man and an auspicious day for wedding is also fixed. In the olden days a 

practice of paying the sum of 35 Panam to the girl’s parents for the expense of wedding was held. On that 

auspicious day the bride groom goes to bride’s house with two pieces of clothes, three measures of rice, a 

Tali and two coconuts. A Pooja to Ganapathi was performed before the function in the early days. There 

will be specially created temple in bride’s house for performing the marriage functions. The Tali is kept in a 

banana leaf near the lighted lamp. Along with that a bunch of bananas, Idangazhi (an vessel used for 
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measuring the paddy) of paddy, Nazhi rice (a measure of rice), Aval (pressed rice), Malar (popped rice) are 

arranged. Often the wedding cloth is also kept in the items. The Tali is handed to the bridegroom by an 

elderly person of the community. The bride groom ties it round the neck of girl. After that the brides moves 

in to wear the wedding cloth given by the bridegroom. The main part of the wedding is over by this. There 

will be a food fest for those who have accompanied them to wedding  

There is a practice called Enna thodeekal on the wedding day, this is done to avoid the cast an eye. 

The relatives praise the couples while they make entry to the house. It’s the uncle of who handover the girl 

to her bridegroom. The wedding night is in the bride’s house. The banquet of the married couples will be 

over within a week. The sweets like Velichennayappam( sweet made of rice flour and coconut oil), Murukku 

( a type of sweet food), Neyyappam ( a sweet made of ghee) a taken along with them on their first visit to 

the bridegrooms house. All the marriage related functions and customs should over within the same month. 

1.3.2 DELIVERY 

There are also various customs in the course of delivery too. A specially created hut called Petupura 

is created for the delivery. It will be near the house. One or two ladies will be staying there, who serves as 

the mid-wives. The delivered woman is taken to bath soon after her delivery. Either rice or the rice soup is 

given to the delivered women in a cycle. Other than that a medicinal drink made with the mixed powder of 

boiled pepper, turmeric, garlic and cumin (toddy is also added). The pollution is for 28 days. Some consider 

only for 15 days. On the 29th day after the delivery ,8 the lady is taken to a special bath, after whi ch the 

pollution is over. A food fest is done to the relatives on that day. The Peetupura is burnt on that day. On the 

sixth month after the delivery naming ceremony of the baby is held.  

1.3.3 PUBERTY 

There are also some special ceremonies held when a girl acquires puberty. The 7 days of the puberty 

is the ceremony held. In the first three days she is not allowed entry outside the room (except for the bathing 

ceremony). Used to keep an item made of iron metal when enter outside. This is done in the belief to avoid 

the attack by the ghosts. The most important in this ceremony is Thirandukalyanam. On the auspicious day 

the oiling and bathe of the girl is done by her aunt. Other woman relatives make howls on the occasion. All 

the relatives gather at the girl’s home on that day. After the oil bathe ceremony which is held in the nearby 

lake or pond, the girl is taken to her house with celebration. Some also mention about a custom of Veli 

nadathuka . In this custom the girl has to flow the Veli kept in the bark of banana tree towards the east 

direction in the river, after that she had to wet herself completely for three times in river, after that she 

should get out from the river without looking back. It is believed that all her sins will be removed by his 

custom. All the invitees are treated with food on the day. 

1.3.4 DEATH 

There are also strict and accurate norms foe death ceremonies in the community. The corpse is 

buried in the land. 15 days after the death is considered as pollution. After the ceremony held on the 16 th day 
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along with the death fete, the pollution is removed. Special prayers and ceremonies are done on these days 

for the goodness of the soul of dead one. The sons of dead one perform all this ceremonies. There is also a 

custom in which the daughters of the dead one used to sit in the Nizhalpaaya (death mat) on these days. 

They are not allowed to get out from the death mat, where a lighted lamp is also kept. 

1.3.5 OTHER CELEBRATIONS 

The festivals like Onam (a festival of flowers along with the concept of Mahabali king), Vishu (the 

festival of prosperity), Kaarthika (the festival of lights, especially for women and girls) and Sankraanthi (a 

festival on the last day of the month in the Malayalam calendar) are the time for celebrations and customs to 

the Kavara community. The first Onam to the married couples are quite important. The bride’s parents 

should bring the things like paddy, sugar, jagery, oil and clothes to the bridegroom’s house. This ceremony 

is done after the Atham (the 10 day before the Onam festival) and before the Onam festival. There are still 

some Kavara families who used to put the Pookalam (a design pattern made in front of the house using 

different flowers as a part of Onam festival) from Atham till the 28 days of festival. Thiruvona Sadya (the 

food fest held on behalf of Onam festival) is quite important in the community. The practice of Kanikaanal 

(the act of seeing the idol of lord Vishnu as the first sight of that day) and giving Kaineetam (the act of 

giving money to the young ones by the elderly ones) in the Vishu festival is also important custom in the 

community. 

On the day of Karkidaka Sankraanthi (the last day of last month in the Malayalam calendar) a fete is 

provided to the souls of forefathers. Food items like Chicken curry (kept in banana leaf), toddy and other 

several food items are arranged in the worshipping room as a part of this custom. On the previous day 

before of Sankraathi there is a custom of Pottiyattuka (the custom of moving the evil out of the house). As a 

part of this custom they keep a light in the broken piece of a pot and chant the following phrase aloud 

“moodevi.. poo…poo..shipoodhi….va…va…va”, along with clapping the hands. On following the custom 

they take a bath and clean the house and their surroundings. This is done in belief as a part of welcoming the 

goddesses of fortune to their houses. There was a tradition of building grave to the dead ones and 

worshipping them.  Today they are making a cultural transition from their nature worshipping to the 

worshipping culture of Aryans 

Kavara are patriarchal centred community. They follow the Makkathayam system (the system of 

inherence traced by the males). They maintain monogamy system. They also maintain a unity among their 

community. In the earlier days they maintained untouchable with other communities. The old people from 

the community say that they had their own barbers and launderer in their community. 

  Even though they are economically backward today, they are making necessary development in the 

field of education. Continuing their traditional job couldn’t meet their livelihood today, which make them 

shift to try and do new jobs. 
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1.4 CONCLUSION 

 Kavara are the scheduled caste and tribes who belongs to the backward class community in Kerala. 

They are struggling to maintain their tradition with the upcoming changes in the culture. Even though they 

are easily adapted to the changes in the society and mingle with the others there is a serious problem of 

unemployment to them which make them to skip their community job and move away in search of new one. 

They give importance to the education system which is making some good changes in their community. Still 

there should be more plans and schemes from the state to protect their welfare. 
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Abstract 

Nanocrystalline TiO2 photocatalysts with negative and near neutral surface charge were synthesised by adopting a low – 
temperature sol – gel method. These catalysts were characterised by powder X – ray diffraction FT – IR and UV – Vis 
absorption analyses. Selective photocatalytic efficiency of the synthesised catalysts was tested for the degradation of methylene 
blue and methyl orange aqueous dye mixture solution. A composite of negatively surface charged TiO2 and Degussa P25 (10 wt %) 
was synthesised and was tested for the selective photocatalytic degradation of methylene blue and methyl orange aqueous dye 
mixture solution. 
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1. Introduction  

Selective photocatalysis employing nanocrystalline TiO2 (NTO) has been reported for the selective degradation of 
the desired pollutant/s [1]. Selectivity is important when dealing with a mixture which contains compounds that we 
need to remove and other useful compounds [2,3]. Sometimes selectivity is important in a mixture containing highly 
toxic pollutants (in low concentrations) and comparatively less toxic substances (in high concentrations), where the 
latter pollutants can be removed by less expensive biological waste water treatments [3]. One of the key steps 
through which selectivity is achieved in NTO mediated photocatalytic degradations is by the preferential adsorption 
of the pollutants [1, 3 4]. The electrostatic force of attraction, between the surface charged NTO and the oppositely 
charged ionic pollutants, has successfully demonstrated for the selective removal of dyes in their aqueous mixture 
[3-9]. Low – temperature synthesised NTO photocatalysts with negative and near neutral surface charge were 
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demonstrated for the selective photocatalytic degradation of ionic dyes.   Methylene blue (MB) methyl orange (MO) 
and indigo carmine (IC) dyes were chosen for the present study. 

 
2.1. Catalyst synthesis 
 

The synthesis of TiO2 photocatalysts was carried out through an acid-stabilized sol-gel method, followed by base 
extraction.[10,11] NTO catalysts with negative (T9-60) and near neutral (T6-60) surface charge were precipitated 
from a TiO2 sol, containing 5% titanium tetra isopropoxide, 5% acetic acid and 1.4% hydrochloric acid using 
Na2CO3 solution into a final pH of  9 and 6 respectively. A composite of T9 with Degussa P25 (T9-P25) was also 
prepared by adding 10 wt % of Degussa P25 at the time of Na2CO3 extraction.  

 
2.2. Catalyst characterization 
 

The powder x-ray diffraction (XRD) analysis of catalysts was performed with Cu Kα1 (λ=0.15406nm) radiation 
on a Bruker AXS D8 Advance X-ray diffractometer. Diffraction patterns were taken over 2θ range of 10° – 70° at 
the scan speed of 0.1° sec-1. The crystallite size of prepared catalysts were determined from the characteristic peak 
of 2θ = 25.3° (101) for the anatase phase using the Sherrer formula, [12] with a shape factor (K) of 0.9;  

 
Crystallite size = K λ/W Cosθ  
 

where, W = Wb – Ws, Wb is the broadened profile width of experimental catalyst, Ws is the standard profile width of 
reference silicon sample. And λ is the wavelength of X-ray radiation. FT-IR spectroscopic analysis of the 
synthesized catalysts was carried out on a Perkin Elmer FT-IR spectrophotometer. The spectra were recorded in the 
range of 500 – 4000 cm-1. Band gap of synthesized TiO2 catalyst was determined using Shimadzu UV-1800 
spectrophotometer. Band gap (Eg) was then calculated from hc/λ. 
 
2.3. Photocatalytic reactor 
 

The custom made photocatalytic reactor used in this study is a UV chamber isolated from the open space by five 
sided opaque wooden walls, and with an openeable front wooden door. The UV source is a set of six 15W UV 
lamps located at the inner top of the chamber. The wavelength of irradiation was in the range 200 – 400 nm. Reactor 
contains a magnetic stirrer for the uniform stirring of the reaction mixture, provided with an ice bath for eliminating 
the effect of evaporation. The reaction mixture was withdrawn at required time intervals by using a syringe 
 
2.4. Adsorption studies 

 
Adsorption studies were conducted under dark by stirring 100 mL of 5 ppm MO (λmax = 466nm) and MB (λmax = 

662nm) dye mixture solution with 25 mg of T9-60, T6-60 and T9-P25 catalysts separately in a 250 mL beaker for 
30 minutes. The above adsorption studies were repeated with 100 mL of 5 ppm MO and IC dye mixture solution 
using T6-60 catalyst. Amount of adsorption of each dye was then determined from the decrease in the UV-Visible 
absorption of each dye, which was analyzed by a UV-Visible spectrophotometer. The catalyst powder was separated 
from the reaction mixture by centrifugation, before performing the UV-Visible absorption analysis.  

 
2.5. Photocatalytic experiments 

 
The selective photocatalytic activity of the catalysts was evaluated by measuring the decrease in concentration of 

dyes in the reaction mixture after UV illumination. All photo catalytic reactions were carried out with 100 mL of 5 
ppm MO and MB dye mixture solution and a catalyst concentration of 0.25 g L-1. The reaction mixture was stirred 
for 30 minute under dark, for the adsorption equilibrium to establish, before exposure to UV light and stirring was  
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Fig. 1. (a) Diagrammatic sketch of photocatalytic reactor; (b) FT-IR spectra of titania catalysts; (c) - (e) Powder XRD spectra of 
T9 - 60, T6 - 60 and T9 - P25; (f) UV-Vis absorption spectra of titania catalysts. 

throughout the reaction. Amount of degradation of each dye was then determined from the decrease in the UV-
Visible absorption of the dye, which was analyzed by a UV-Visible spectrophotometer. The catalyst powder was 
separated from the reaction mixture by centrifugation, before performing the UV-Visible absorption analysis. 
 
3. Results and Discussion 
3.1. Catalyst characterization 
The fundamental vibrations of TiO2 nanocrystals appeared in IR spectra as very intense bands (Figure 1b). The 
spectra showed the band at 500 - 650 cm-1 which corresponds to the including the stretching vibration of Ti - O 
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bonds. A broad IR band at 3225 – 3239 cm-1 range is due to stretching of –OH groups. All catalysts have an IR band 
at the 1634 - 1639 cm-1 range attributed to deformation vibrations of adsorbed water molecules. 

X-ray diffraction patterns obtained for all the synthesized NTO catalysts showed the characteristic anatase peak 
at 2 = 25.3 (Figure 1 c - e). The P25 incorporated T9-P25 catalyst recorded sharp and intense peaks indicating the 
composite formation with highly crystalline Degussa P25. The XRD spectrum of T9 - P25 consists of a small peak 
at 2 = 27o which further confirms the incorporation of P25 [13]. The calculated average anatase crystallite size for 
T9-60 and T6-60 was  6 nm, and on incorporation of Degussa P25 enlargement of these crystals (10.7 nm) took 
place. 
Band gap of all catalysts was determined by measuring their UV - Vis absorbing wavelength in aqueous dispersion 
(Figure 1f). The band gap was then calculated by using the formula E  hc and was found to be 3.2 eV. 
 
3.2. Adsorption studies 
 

NTO catalysts exhibited preferential adsorption of MB over MO. The highest adsorption of the cationic MB dye 
by T9-60 is attributed to the higher negative surface charge on the catalyst resulted during its precipitation from the 
sol ending in a basic pH. On the other hand, T9 - P25 showed a decrease in the rate of adsorption compared to that 
of T9 - 60. It was established that the preferential adsorption capacity of T9 - 60 towards MB decreases 
substantially, after incorporating Degussa P25, and was from 58 % to 13 %. In the case of the adsorption 
performance of T6 - 60 for MO - IC mixture, it showed preferential adsorption of IC over MO. T6 - 60 adsorbed 22 
% IC, where as the MO adsorption was insignificant. 

Incompletely saturated co-ordinances on the outermost atoms cause metal oxides to adsorb ions from the 
surroundings, which contribute to their surface charge. This depends on the pH and ionic composition of the 
medium. In the synthesis of T9 - 60, extraction of solid product from the acid stabilized sol with Na2CO3 solution (at 
a final pH of 9) caused the adsorption of OH- ions on the TiO2 surface and hence the resulting catalyst has a negative 
surface charge. While in the case of T6-60, isolation with Na2CO3 solution (at a final pH of 6) caused decrease in 
negative surface charge. MB, being a cationic dye, gets preferentially adsorbed by T9 - 60 and T6 - 60, which has a 
negative surface charge leaving MO intact in the solution. On the other hand due to decrease in surface negative 
charge, adsorption rate of T6 - 60 is reduced to half of T9 - 60. Between the anionic dyes IC and MO T6 – 60 
preferentially adsorbed IC (22 %) while leaving MO in the solution. This could be arising from the difference in the 
structure of IC and MO.      

 
3.3. Selective photocatalaysis  
 

NTO catalysts selectively degraded the cationic MB dye in the mixture of MO & MB, and MO in the solution 
remained intact under UV exposure (Figure 2). Selective degradation of the cationic MB dye by T9 - 60, T6 - 60 and 
T9 - P25 is ascribed to their negative surface charge, which resulted in the preferential adsorption of MB and its 
concomitant degradation. The rate of degradation of MB by T6 - 60 is less compared to that of T9 - 60 in a mixture 
of MO and MB. Also, complete selectivity in MB degradation is not observed with T6 - 60. This is quite interesting 
because both T9 - 60 and T6 - 60 showed identical properties in crystalline phase, size, and bandwidth. T6 - 60 has a 
near neutral negative surface charge while T9 - 60 has higher negative surface charge, which led to the increase in 
the rate of degradation by T9 - 60.  
P25 composite with T9 -60 was expected to increase the rate of MB degradation without losing the selectivity. 
However, MB degradation by T9 - P25 was slow although the selectivity was maintained (Figure 3). It is obvious 
from the figure 3b that T6 - 60 preferentially degraded IC over MO, which is in agreement with the adsorption 
results obtained for these dyes. 
 
4. Conclusion 
 
Low-temperature synthesized anatase nanocrystals, with negative surface charge, exhibited preferential adsorption 
and selective degradation of the cationic MB dye in an aqueous mixture of MO & MB. Near neutral surface charged 
catalyst (T6 – 60) also selectively degraded MB but with lower rate compared to T9 – 60. Incorporation of 10 wt % 
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Degussa P25 (T9 – P25) resulted in decrease in rate of MB degradation without losing selectivity. Near neutral 
surface charged catalyst T6 – 60 selectively degraded one of the anionic dyes IC preferentially over MO in an 
aqueous mixture. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          Fig. 2. Activity of (a) T9 - 60 and (b) T6 - 60 on degrading MO - MB dye mixture. 
 
 
 
 
 
 
 
 
 
 
            
 
 
 
 
 
 
Fig. 3. Activity of (a) T9 - P25 on degrading MO - MB dye mixture and (b) T6 - 60 on degrading MO - IC dye mixture. 
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A NEW SECTION (BEGONIA SECT. FLOCCIFERAE
SECT. NOV.) AND TWO NEW SPECIES

IN BEGONIACEAE FROM THE WESTERN
GHATS OF INDIA
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Two new species, Begonia bracteolata and Begonia keralensis, are described from the Western
Ghats of India. They are placed in the newly created Begonia sect. Flocciferae, along with B. albo-
coccinea Hook. and B. floccifera Bedd. Lectotypes are designated for three names within this
section. Colour photoplates, illustrations and an identification key to Begonia sect. Flocciferae are
also provided.

Keywords. Begonia albo-coccinea, Begonia floccifera, India, Kerala, lectotype, new section, new
species, sect. Flocciferae.

I N TRODUCT ION

Begonia L. is one of the largest pantropical genera in the world, comprising around 1950
species (Hughes et al., 2015–). It has 69 sections worldwide, of which 11 are found in India
(Moonlight et al., 2018). During their revisionary studies on the genus Begonia in India,
the authors came across two interesting rhizomatous begonias from the Western Ghats of
Kerala showing similarities to B. floccifera Bedd. in having stout, creeping rhizomes,
keeled stipules and fleshy leaves. Populations of these two plants were observed in the field
over three successive seasons, and specimens were grown at Calicut University Botanical
Garden. Based on the observations made, we concluded that both represent new taxa,
which are described and illustrated here.

At present, all the rhizomatous begonias of Peninsular India are included in Begonia sect.
Reichenheimia (Klotzsch) A.DC. The rhizomatous species from continental Southeast Asia
and China previously assigned to this section have been moved to a newly created section,
Begonia sect. Jackia M.Hughes (Moonlight et al., 2018). After the recent recircumscription
by Moonlight et al. (2018), sect. Reichenheimia contains 20 species, and the seven species
from the Indian region (Begonia albo-coccineaHook., B. floccifera, B. phrixophylla Blatt. &
McCann, B. subpeltata Wight, B. tenera Dryand., B. thwaitesii Hook. (Sri Lanka) and
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B. trichocarpa Dalzell) remaining in the section comprise both rhizomatous and tuberous
taxa. The two novel species are placed in a new section with the rhizomatous Begonia albo-
coccinea and B. floccifera, which were previously assigned to Begonia sect. Reichenheimia
(e.g. Doorenbos et al., 1998), named here as Begonia sect. FlocciferaeN.Krishna & Pradeep.
With the segregation of the two rhizomatous species to this new section, the residual section
Reichenheimia now includes only tuberous species and is more natural. A key for the
identification of the species of sect. Flocciferae is provided below.

MATER IALS AND METHODS

The revision and description of the two new taxa are based on living specimens collected
by the authors from various parts of India. The living collections maintained at Calicut
University Botanical Garden were also used to record phonological data. A comparison
was made of specimens at ASSAM, BSI, CALI, MH, SUK and TBGT. The taxonomic
keys provided by Uddin (2010), Camfield & Hughes (2018) and other relevant literature
dealing with the genus (Clarke, 1879; Gamble, 1919; Balakrishnan, 1981; Chauhan et al.,
1996; Hajra et al., 1996; Singh et al., 2000, 2002; Moonlight et al., 2018) were also
consulted. Typifications were made according to the provisions of the International Code
of Nomenclature for Algae, Fungi and Plants (Turland et al., 2018). Floral characters of
male and female flowers and fruits were observed using a Leica M80 Stereo Microscope
attached to a digital camera (Leica Microsystems, Wetzlar, Germany), and photographs in
the field were taken using Nikon D3300 and D750 DSLR cameras (Nikon, Tokyo, Japan).
IUCN categories were assigned according to the provisions of IUCN (IUCN Standards and
Petitions Subcommittee, 2017).

TAXONOM IC TREATMENT

Begonia sect. Flocciferae N.Krishna & Pradeep, sect. nov. – Type species: B. floccifera
Bedd.
Begonia sect. Flocciferae differs from the tuberous sect. Reichenheimia (Klotzsch)
A.DC. in having stout, creeping rhizomes and is distinguished from sect. Jackia
M.Hughes by its anthers, which are rounded at the apex (not retuse) and dehisce by
lateral slits (not unilaterally, i.e. on one side).

Acaulescent, rhizomatous, perennial, glabrous or tomentose herbs. Stipules asymmetrical,
keeled, apex acuminate, caudate or aristate, persistent. Leaves basifixed or peltate, lamina
symmetrical, subsymmetrical or asymmetrical, suborbicular, densely tomentose on both
surfaces especially when young, glabrescent when mature on adaxial surface, veins 8–10,
palmate to pinnate, margins subentire, undulate, distantly denticulate or dentate. Inflores-
cence bisexual, axillary, dichotomously branched at base, male flowers basal, protandrous,
female flowers distal; bracts broadly ovate to linear-lanceolate, persistent or caducous,
markedly conspicuous often with primary and secondary bracts, margins of primary bracts
entire or laciniate. Male flowers with 2 or 4 tepals, broadly ovate-orbicular to narrowly
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obovate; stamens 20–55; anthers broadly ovate, apex rounded, dehiscing through lateral slits.
Female flowers with 2–4 tepals, ovary with 3 equal to subequal wings, styles 3, connate at
base or fused up to halfway, bifid, stigmatic papillae in a wavy or spirally twisted band. Fruit a
3-winged capsule on a slender pedicel, papery, longer than broad, both ends rounded.

Distribution. Asia. Endemic to the Western Ghats of South India (Fig. 1).

Ecology. Occurs from 350 to 1500 m elevation, along wet evergreen forest margins, moist
rocks adjacent to streams and waterfalls, occasionally as an epiphyte on tree trunks close to
the ground.

Etymology. The sectional name Flocciferae is derived from the specific epithet of the type
species (Begonia floccifera). The term floccosus refers to the tufts of soft woolly hairs
present on the leaves and petioles of the members of this section.

F I G . 1 . Distribution of Begonia sect. Flocciferae N.Krishna & Pradeep in India.
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Species list: Begonia albo-coccinea Hook., B. bracteolata N.Krishna, Pradeep et B.Mani,
B. floccifera Bedd. and B. keralensis Pradeep, Sinj. Thomas et Britto.

Key to the species of Begonia sect. Flocciferae in India

1a. Leaves peltate; style hairy ______________________________ 1. B. albo-coccinea
1b. Leaves basifixed; style glabrous _________________________________________ 2

2a. Female tepals 4, ovate to elliptic, apex acute __________________ 3. B. floccifera
2b. Female tepals 2, reniform, apex rounded _________________________________ 3

3a. Primary bracts laciniate, deeply lobed, lobes 3–6; secondary bracts ovate to
elliptic, tepal-like; bracteoles 2 or 3, tepal-like, ovate to elliptic, rarely
obovate ________________________________________________ 2. B. bracteolata

3b. Primary bracts ovate, entire, unlobed; secondary bracts lanceolate; bracteoles 2,
filiform ________________________________________________ 4. B. keralensis

Species descriptions

1. Begonia albo-coccinea Hook., Bot. Mag. 71: t. 4172 (1845); A.DC., Prodr. XV, 389
(1864); C.B.Clarke in Hook.f., Fl. Brit. Ind. 2: 654 (1879); Gamble, Fl. Pres. Madras 1:
546 (1919).Mitscherlichia albo-coccinea (Hook.) Klotzsch, Abh. Königl. Akad. Wiss.
Berlin 1854: 193, t. 6 A (1855) – Type: Hort. Kew 1837, Hooker (lecto K
[K000739957], here designated; isolecto G-DC, Hooker, s.n.). Figs 2, 3.

Begonia grahamianaWight Ic. t. 1811 (1852);Mitscherlichia grahamiana (Wight) Hassk.
Hort. Bogor. Descr. 334 (1858). – Type: India. Tamil Nadu, Courtallum, viii 1835,
Wight (lecto E [E00179300], here designated).

Monoecious, acaulescent, rhizomatous, perennial herb; up to 40 cm tall including the
inflorescence. Rhizomes brown, stout, fleshy, 5–15 cm, nodes 5–18 mm apart, brown
tomentose on young parts, leaf scars prominent. Stipules 2 at each node, persistent,
asymmetrical, keeled, 2–4× 0.7–13 cm, reddish, base truncate, apex acuminate, margins
entire, abaxially sparsely tomentose, adaxially glabrous. Leaves: petioles 10–18 cm
long, reddish, angled, slightly grooved, densely tomentose; lamina peltate, rounded, 11–
15× 13–15 cm, apex rounded, green above, pale green below, margins dentate, densely
tomentose above when young, densely tomentose beneath; veins 8–10, palmate to pinnate,
greenish as in petioles. Inflorescence bisexual, axillary, dichotomous at base, male flowers
basal and female flowers distal; peduncles c.20–25 cm long, reddish, densely tomentose
when young; bracts persistent, broadly ovate to lanceolate, c.7× 3–4mm, brownish,
base truncate, apex acute, margins entire, sparsely tomentose. Male flowers: pedicels
1.4–2 cm long, reddish, densely tomentose; outer tepals 2, broadly ovate to rotund,
1.3–1.4 × 1.2–1.3 cm, abaxially reddish and adaxially white, base truncate, apex
rounded, margins entire, abaxially sparsely tomentose; inner tepals 2, narrowly obovate,
13–14× 8–9 mm, white, base truncate, apex rounded, margins entire, glabrous; androecium
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F I G . 2 . Lectotype of Begonia albo-coccinea Hook. (K000739957): the plant on the right side.
Copyright of the Board of Trustees of the Royal Botanic Gardens, Kew. © The Board of Trustees of
the Royal Botanic Gardens, Kew. Reproduced with the consent of the Royal Botanic Gardens, Kew.
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F I G . 3 . Begonia albo-coccinea Hook. A, Habit; B, male flower on young inflorescence; C and D,
female flower; E, male tepals (abaxial view); F, male tepals (adaxial view); G, female tepals (abaxial
view); H, androecium; I, stamens; J, style; K, mature fruit; L, ovary (transverse section).
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symmetrical, stamens up to 55, free, arranged on a reduced torus, filaments c.1.3–1.5 mm
long, yellow; anthers obovate, c.1 mm long, apex rounded, dehiscing through longitudinal
slits. Female flowers: pedicels c.1.5 cm long, reddish, tomentose; bracteoles 2, persistent,
narrowly ovate, 1.3–1.7× 0.5–0.7 mm, base truncate, apex acute, margins entire, sparsely
tomentose; outer tepals 2, broadly ovate to rounded, 1.4–1.5 × 1.4–1.5 cm, base and apex
rounded, margins entire, sparsely tomentose; inner tepals 1 or 2 (rarely 3), narrowly elliptic,
11–12 × 4–5 mm, base truncate, apex obtuse, margins entire, glabrous; ovary 1.4 cm long, 3-
winged, sparsely hairy with short yellow tomentum; wings subequal, 13–14 × 3–5 mm;
locules 3; placentae undivided, axile, styles 3, straight, 4–5 mm long, yellow, fused up to
halfway, pubescent with translucent branched hairs, each stylodium bifurcate at the stigmatic
region, stigmatic band not folded, twisted once. Fruit a capsule, pendent on slender pedicel,
wings 3, subequal, 16–18 × 6–7mm, longer than broad, papery with persistent bracteoles
and style, apex and base rounded, dehiscent on both sides of the wings; seeds numerous,
barrel-shaped, c.0.4 × 0.2 mm.

Distribution and ecology. This species is confined to South India, especially towards the
southernmost parts of Kerala and Tamil Nadu (see Fig. 1). It is found at forest margins,
usually growing as a lithophyte in areas exposed to direct sunlight.

IUCN category. Vulnerable (VU): B1 ab (i and iii). Although this species is within a
protected area, these populations are vulnerable and continue to decline in extent owing to
habitat destruction.

Phenology. Flowering and fruiting from December to March and up to May in the
greenhouse.

Additional specimens examined. INDIA. Kerala: Kollam District, Pandimotta, 650 m, 12 i 1994, E. S.
Santhosh Kumar 18274 (TBGT!); Tiruvananthapuram District, Bonacoud, 750 m, 21 xii 1987, N.
Mohanan 9038 (TBGT!); Tiruvananthapuram District, Chinichal, 25 ix 2008, C. G. Vishnu 64723
(TBGT!); Tiruvananthapuram District, Ponmudi, 5 xii 2013, G. Rajkumar & M. Alister 80403
(TBGT!). Tamil Nadu: Tirunelveli District, Kokka Aruvi, Courtallam, 400 m, 4 xii 2015, A.
Nasarudheen & M. Alister 88294 (TBGT!); Tirunelveli District, Mahendragiri, 28 ii 1989, N.
Mohanan 8018 (TBGT!); Tirunelveli District, Courtallum, 10 ii 2019, S. Reshmi & Nikhil Krishna
168417 (CALI!).

Begonia albo-coccinea is clearly distinguished from the other members of this section by
its peltate leaves and hairy styles. It has four tepals in male flowers and three or four (rarely
five) tepals in female flowers. It has been observed that plants of Begonia albo-coccinea
grown in greenhouses vary in the position of the petiole and the lamina, with leaves varying
from centrally peltate to shortly eccentrically peltate. Hooker (1845), when describing this
species, did not give any reference to a specimen in the protologue except for a note that
“our plants were raised in the Royal Botanical Gardens of Kew, from seeds sent from India
by Strachan, Esq., of Twickenham, Surrey”. There are two specimens evidently consulted
by Hooker while describing the species at G-DC (Hooker s.n.) and K (K000739957). Both
specimens apparently came from Kew. The Kew sheet with two specimens mounted is well
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preserved, and the specimen on the right side of the sheet bears an annotation in Hooker’s
own handwriting so was selected as the lectotype.

2. Begonia bracteolata N.Krishna, Pradeep & B.Mani, sp. nov.
Begonia bracteolata is closely similar to B. floccifera Bedd. but differs in having only
two reniform female tepals instead of four ovate to elliptic tepals, primary bracts
laciniate (not ovate) and secondary bracts ovate to oblong or elliptic and tepal-like
(versus lanceolate), bracteoles ovate to elliptic, rarely obovate (not filiform), tepal-like,
and fruits that are longer than broad. – Type: India, Kerala, Idukki District, Karimanal,
10°01′05.3′′N, 76°51′00.5′′E, 20 i 2018, Nikhil Krishna 148495 (holo CALI!; iso
MH!, CAL!). Figs 4, 5.

Monoecious, acaulescent, rhizomatous, perennial herb, 50–90 cm tall including inflores-
cence. Rhizome brown, stout, woody, 10–30 cm long, nodes 5–15 mm, leaf scars promi-
nent, axillary buds growing after leaf fall. Stipules 2 at each node, persistent, asymmetrical,
keeled, widely ovate to triangular, rarely obovate, 1.3–4.2 × 2.7–3.4 cm, brownish red,
base truncate, apex acute to cuspidate with 5–10 mm long arista, margins entire, abaxially
sparsely hairy with brown tomentum, adaxially glabrous. Leaves: petiole 7–28 cm long,
angular, slightly grooved, pale green with large reddish blotches, densely tomentose;
lamina thick, fleshy, 13–28 × 21–35 cm, green above and pale green to pale pink beneath,
suborbicular, base asymmetrically cordate, lower lobe overlapping, apex acute, margin
distantly denticulate, upper surface tomentose, lower surface densely tomentose when
young, sparsely tomentose when mature, leaves, 7- to 9-veined from base. Inflorescence
axillary, bisexual, dichotomously branched at base, 5–6 times branched, protandrous with
male flower basal and female flower distal; peduncle 40–85 cm long, angled, slightly
grooved, bulging towards the base, reddish to pale green with reddish blotches, with dense
white tomentum; primary bracts 2, caducous, pale green, laciniate, c.3.5 cm long, deeply
lobed; lobes 3–6, lanceolate to narrowly ovate with short triangular sublobes, apex
acuminate, base truncate, margins sparsely strigose; secondary bracts 3–5, caducous,
broadly ovate to oblong or elliptic, rarely with narrow lobes, 7–10 × 3–6 mm, apex
obtuse to acuminate, margins entire, glabrous. Male flowers: pedicel 1–1.7 cm long, pink
with reddish blotches, greenish at the base, sparsely tomentose; tepals 2, orbicular,
1–1.3 × 1.1–1.4 cm, white to pale pink, base and apex rounded, margins entire, abaxial
and adaxial surfaces glabrous; androecium symmetrical, stamens 37–49, monadelphous;
anthers broadly obovate, 3 mm long, apex rounded, dehiscing through longitudinal slits;
filaments c.2 mm long. Female flowers: nodding; bracteoles 2 or 3, caducous when mature,
tepal-like, ovate to elliptic, rarely obovate, 11–12 × 6–10 mm, white to pale pink, base
truncate, apex obtuse or with 3 small triangular lobes, margins entire; pedicel 9–12 mm
long, white to pink with reddish blotches, glabrous; tepals 2, persistent, reniform,
0.9–1 × 1–1.2 cm, white to pale pink, base rounded, apex, rounded, glabrous on both
surfaces; ovary white to pale pink, wings 3, equal, 11–32 × 3.5–5 mm, glabrous; locules 3,
placentae undivided, axile; styles 3, connate at base, bifid from about half of their height,
twisted once slightly at apex, stigmatic papillae a wavy band connecting the two stylar
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F I G . 4 . Begonia bracteolata N.Krishna, Pradeep & B.Mani, sp. nov. A, Habit; B, primary bracts;
C, secondary bracts; D, bracteoles; E, male flower; F, female flower bud; G, female flower; H, male
tepals; I, female tepals; J, androecium; K, stamen; L, style; M, mature fruit; N, ovary (transverse
section); O, seed. Drawn from Nikhil Krishna 148495.
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F I G . 5 . Begonia bracteolata N.Krishna, Pradeep & B.Mani, sp. nov. A and B, Habit; C and D,
inflorescence; E, primary bracts; F, secondary bracts; G, bracteoles; H, male flower; I, female flowers;
J, male tepals; K, female tepals; L, androecium; M, stamens; N, style; O, stylar branches (detached);
P, mature fruit; Q, ovary (transverse section).
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lobes. Fruit a capsule, pendent on slender pedicel, longer than broad, wings 3, equal,
c.1.5 × 0.7 cm, pale green to pale pink, dehiscent on both sides of the wings; seeds
numerous, oblong in outline, c.0.5 × 0.25 mm.

Distribution and ecology. Currently known only from Karimanal, Kerala, in South India
(see Fig. 1) at an elevation of 500 m. It is found on forest margins, where it usually grows
on moist rocks and adjacent wet areas exposed to direct sunlight, in association with
Pouzolzia pentandra (Roxb.) Benn. and Apluda mutica L.

IUCN category. Data Deficient (DD). Known only from the type locality; further
distribution information is needed.

Etymology. The specific epithet bracteolata refers to its tepal-like bracteoles in female
flowers.

Phenology. Flowering and fruiting from December to March and up to May in the
greenhouse.

Additional specimens examined. INDIA. Kerala: Idukki District, Karimanal, 17 ii 2016, S. J.
Britto, S. Thomas & B. Mani 67637 (RHT!); 13 i 2019, S. J. Britto, S. Thomas & B. Mani
68847 (RHT!).

3. Begonia floccifera Bedd. Icon. Pl. Ind. Or. 23, t. 111 (1874); C.B.Clarke in Hook.f.,
Fl. Brit. Ind. 2: 654 (1879); Gamble, Fl. Pres. Madras, 1: 546 (1919). – Type: India,
Tamil Nadu, Tirunelveli xii 1871, R. H. Beddome 217 (lecto K [K000761458], here
designated). Fig. 6.

Monoecious, acaulescent, rhizomatous, perennial herb; usually growing on rocks directly
exposed to sunlight, 50–70 cm tall including inflorescence. Rhizomes brown, stout, fleshy, 5–
30 cm, nodes 5–20mm apart, brown tomentose on young parts, leaf scars prominent.
Stipules persistent, symmetrical, oblong, keeled, c.5× 2 cm, reddish at keel, base truncate,
apex caudate, margins entire, abaxially sparsely tomentose, adaxially glabrous. Leaves
distichous; petioles 8–22 cm long, pale green to reddish brown, rarely with reddish blotches,
upper surface slightly grooved, densely tomentose when young, glabrous at maturity; lamina
basifixed, suborbicular, 17–28× 11–20 cm, broader than long, base asymmetrically cordate,
lamina lobes slightly overlapping, apex acute, obtuse when mature, dark green above, pale
green below, margins dentate to subentire, densely tomentose above when young, glabrous
or glabrescent at maturity, densely tomentose below; veins 8–10, palmate to pinnate.
Inflorescence bisexual, axillary, dichotomously branched at base, male flowers basal and
female flowers distal; peduncle terete, c.60 cm long, brownish red, densely tomentose;
primary bracts caducous, ovate, c.6× 4 mm, pale green, base truncate, apex acute to obtuse,
margins entire, sparsely tomentose; secondary bracts persistent, linear to lanceolate, c.2.5–
5.5× 0.4–1.2 mm, pale pink to pale green, base truncate, apex acuminate, margins entire,
sparsely tomentose.Male flowers: pedicels 8–10mm long, pale pink, with sparse tomentose
hairs; tepals 2, broadly ovate, c.8 × 7 mm, white, base rounded, apex acute, margins entire,
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F I G . 6 . Begonia floccifera Bedd. A, Habit; B, bracts; C, bracteole; D, inflorescence; E, infructes-
cence; F, male flowers; G, male tepals; H, female flower; I, female tepals; J, androecium; K, stamens;
L, mature fruit; M, ovary (transverse section).
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glabrous; androecium symmetrical, stamens up to 25, free, arranged on a torus, filaments
c.1 mm long, yellow; anthers broadly obovate in outline, c.1 mm long, apex rounded,
dehiscing through longitudinal slits. Female flowers: pedicels c.5 mm long, white to pale
pink, glabrous; bracteoles 2, filiform, c.2.7–3 × 0.4–0.5 mm, pale pink to greenish, base
truncate, apex acuminate, margins entire, sparsely tomentose to glabrous; tepals 4, ovate to
elliptic, 4–5× 2–3 mm, base truncate, apex acute, margins entire, glabrous; ovary c.1 cm
long, 3-winged; wings subequal, broadest at middle, c.10 × 5mm; locules 3; placentae
undivided, axile; styles 3, straight, c.3 mm long, yellow, one-third fused, each stylodium
bifurcate at the stigmatic region, stigmatic band wavy, not twisted. Fruit a capsule, pendent
on slender pedicel, wings 3, subequal, c.12× 5mm, papery with persistent tepals and style,
apex and base rounded, dehiscent on both sides of the wings; seeds numerous, obovoid,
c.0.37 × 0.21 mm.

Distribution and ecology. This species is endemic to the Western Ghats of Southern
Kerala and Tamil Nadu, India (see Fig. 1). It grows lithophytically in exposed
areas, occasionally as an epiphyte in primary rain forest between 350 and 1200 m above
sea level.

IUCN category. Vulnerable (VU): B1 ab (i and iii). This species is so far reported from
protected forests and forest margins in the southernmost parts of the Western Ghats. The
populations are severely fragmented and continuing to decline, as observed in the extent of
occurrence and the area and quality of the habitat.

Phenology. Flowering and fruiting from December to March in the field and up to May in
the greenhouse.

Additional specimens examined. INDIA. Kerala: Kollam District, Palaruvi, 19 viii 2016, Janeesha
& Nikhil Krishna 148436 (CALI!); Tiruvananthapuram District, Meenmutty Waterfalls, 12 ii
2019, Nikhil Krishna 168411 (CALI!); Tiruvananthapuram District, Near Bonacaud 13 ii 2019,
Nikhil Krishna 168412 (CALI!); Tamil Nadu: Tirunelveli District, Karayar, 350 m, 30 iii 2017,
G. Rajkumar 90730 (TBGT!); Tirunelveli District, Kannikatti, 5 vi 1901, C. A. Barber 3115
(MH!); ibid., 5 vi 1901, C. A. Barber 3116 (MH!); Tirunelveli District, Kappandi, Way to
Kannikathy, 350 m, 21 v 1988, R. Gopalan 88624 (MH!); Tirunelveli District, Way to Kannikatti,
29 viii 1963, A. N. Henry 16363 (MH!); Tirunelveli District, Sengaltheri, 18 ix 1967,Vajravelu
29109 (MH!); Kanyakumari District, Lower Kothayar, 340 m, 3 viii 1999, A. N. Henry 49587
(MH!).

R. H. Beddome (1874) did not cite any specimens when describing Begonia floccifera;
there is only an indirect reference in the protologue to two collection localities, Tirunelvelly
and Courtallum. There are five specimens available from the Travancore and Tirunelvelly
hills: one at K (K000761458); two at BM (BM000944668 and BM000944669), mounted
on a single sheet; and two at CAL (CAL0000015336 and CAL0000015337). K000761458
is a well-preserved specimen agreeing perfectly with the original description and evidently
consulted by Beddome (it bears labels apparently in Beddome’s handwriting). It is
therefore designated here as the lectotype.
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4. Begonia keralensis Pradeep, Sinj. Thomas & Britto, sp. nov.
Begonia keralensis is similar to B. bracteolata N.Krishna, Pradeep & B.Mani in habit
and leaf shape but differs in having ovate primary bracts (not laciniate), secondary
bracts that are lanceolate (not broadly ovate to oblong or elliptic and tepal-like) and
filiform bracteoles (not tepal-like, ovate to elliptic or obovate). – Type: India. Kerala,
Palakkad District, Nelliyampathy, 10°32′03.8′′N, 76°40′51.6′′E, 20 xii 2017, Nikhil
Krishna 168413 (holo CALI!; iso MH!, CALI!). Figs 7, 8.

Monoecious, acaulescent, rhizomatous, perennial herb; 30–70 cm tall (including inflores-
cence), acaulescent. Rhizomes brown, stout, fleshy, 7–80 cm, 13–30 mm thick, nodes
5–20mm apart, brown tomentose on young parts, lenticellate, leaf scars prominent. Stipules
2 at each node, persistent, asymmetrical, keeled, oblong to triangular, 0.8–4 × 0.6–2.3 cm,
pink to reddish brown, base truncate, apex acuminate to retuse with 6–12mm long arista,
margins entire, abaxially sparsely hairy with brown tomentum, adaxially glabrous. Leaves:
petiole terete, slightly grooved, 16–50 cm long, pale green to reddish brown with minute
white spots and streaks, dense brown tomentum when young, glabrescent at maturity; lamina
fleshy, green above and pale green beneath, suborbicular, 18–20 × 21–30 cm, base asym-
metrically cordate, lower lobe slightly overlapping, apex acute, margins undulate to
subentire, upper surface sparsely tomentose, glabrous when mature, lower surface densely
tomentose when young, sparser when mature, 8- to 11-veined, palmate to pinnate.
Inflorescence axillary, bisexual, dichotomously branched at base, 5–6 times branched,
protandrous with male flower basal and female flower distal; peduncle c.27–70 cm long,
terete, with dense brown tomentum, reddish to pale green; primary bracts caducous, ovate,
apex obtuse to acute, base truncate, margins entire, sparsely tomentose; secondary bracts
persistent 2.5–3 × 0.4–0.5 mm, lanceolate, pink to reddish brown, base truncate, apex acute
to acuminate, margins entire, abaxially sparsely tomentose. Male flowers: pedicel c.1 cm
long, pink, sparsely tomentose; tepals 2, orbicular, 0.9–1 × 1–1.3 cm, pink, base rounded,
apex rounded to obtuse, margins entire, abaxial and adaxial surfaces glabrous; androecium
symmetrical, stamens monadelphous, 25–30; anthers obovate, 2–3 mm long, connective not
produced beyond the thecae, apex rounded, dehiscence through longitudinal slits; filaments
c.7–1.5 mm long. Female flowers suberect; bracteoles 2, persistent, c.2× 0.5 mm, shorter
than ovary, filiform, reddish pink, base truncate, apex acute, margins entire, sparsely
tomentose as in pedicels; pedicel c.1–1.2 cm long, pink, sparsely tomentose; tepals 2,
reniform, 0.8–1 × 0.9–1.2 cm, pink, base rounded, apex acute to rounded, margins entire,
glabrous on both surfaces; ovary pink when young, wings 3, equal, glabrous; locules 3,
placenta undivided, ovules arranged on an axile placenta; styles 3, connate at base, bifid from
about half their length, stigmatic papillae forming a band connecting the two lobes. Fruit a
capsule, more or less erect, oblong, pink, wings 3, equal, c.1–1.5 × 0.7 cm, both ends
rounded, dehiscent on both sides of the wings; seeds numerous, ellipsoid, 0.36× 0.18mm.

Distribution and ecology. This species is distributed in the forests of Kerala, India, ranging
from Idukki to Kasaragod (see Fig. 1). It is usually found growing as a lithophyte in areas
directly exposed to sunlight at elevations between 400 and 1000 m.
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F I G . 7 . Begonia keralensis Pradeep, Sinj. Thomas & Britto, sp. nov. A, Habit; B, bracts; C,
bracteole; D, male flower; E, female flower; F, male tepals; G, female tepals; H, androecium;
I, stamens; J, style; K and L, fruits; M, ovary (transverse section); N, seed. Drawn from Nikhil
Krishna 168413 (A–I, K, M and N) and S.J. Britto, S. Thomas & B. Mani 67657 (J and L).
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F I G . 8 . Begonia keralensis Pradeep, S. Thomas & Britto, sp. nov. A, Habit; B, inflorescence;
C, bract; D, bracteole; E, male flowers; F, female flowers; G, male tepals; H, female tepals;
I, androecium; J, stamens; K, style; L, stylar branches (detached); M, dried fruits; N, ovary (transverse
section).
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IUCN category. Data Deficient (DD). Even though this species is placed under the Data
Deficient category, it is reported from five localities in addition to the type locality.

Etymology. The specific epithet keralensis is derived from the area of distribution of the
species, Kerala in India.

Phenology. Flowering and fruiting from December to March in the field and up to May in
the greenhouse.

Additional specimens examined. INDIA. Kerala: Thrissur District, Sholayar, 31 xii 2016, Nikhil
Krishna, Manu Philip & S. Reshmi 148466 (CALI!); Palakkad District, Nelliyambathi, 10 xii 2017,
Shinoj K. & Nikhil Krishna 14456 (CALI!); Palakkad District, Thippallikkayam, 12 i 2011,Manudev
K.M., A. K. Pradeep & Santhosh Nampy 4310 (DEV!); Idukki District, Vagamon, 3 xi 2016, S. J.
Britto, S. Thomas & B. Mani 67657 (RHT!); 15 xii 2018, S. J. Britto, S. Thomas & B. Mani 68845
(RHT!); Kottayam District, Mavadi, 13 i 2019, S.J. Britto, S. Thomas & B. Mani 68843 (RHT!).
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Abstract

Strobilanthes tricostata, a new species with semelparous life history strategy, is described from the Megamalai hills, Tamil 
Nadu. Pollen morphology, phenology, distribution, conservation status and notes on allied taxa are provided along with 
illustrations. 

Keywords: Acanthaceae, Strobilanthes, pollen, taxonomy

Introduction

The genus Strobilanthes Blume (1826: 781) consists of approximately 400 species confined to the south and southeast 
Asia and Melanesia (Mabberley 2017). About 150 species have been reported from India and among them 61 species 
were reported from south India alone (Carine & Scotland 2002, Venu 2006). The Western Ghats harbours a rich biological 
diversity and large number of new taxa has recently been reported from this phytogeographic region including species 
of Strobilanthes (Carine et al. 2004, Gopalan & Chithra 2008, UNESCO 2012, Sasidharan et al. 2016, Thomas et al. 
2018, 2019). The floristic exploration in the Megamalai hills of Tamil Nadu by the authors led to the collection of an 
interesting specimen of Strobilanthes could easily be distinguished by pubescent narrow spikes with 3-ribbed bracts. 
After comparing the collections with herbarium specimens in India and abroad and critical study of relevant literature, 
it was concluded that our collections do not match with any of the hitherto known species of Strobilanthes (Carine et 
al. 2004, Venu 2006). Additionally, pollen morphological characters were also studied to distinguish the species from 
allied species. The variability in pollen morphology is potentially useful in demarcating the species of Strobilanthes 
(Terao 1982, Carine & Scotland 1998, Deng et al. 2006).

Taxonomy

Strobilanthes tricostata S. Thomas, B. Mani, Britto & Pradeep, sp. nov. (Figs. 1 & 2)

The new species is allied to Strobilanthes carnatica Carine et al. (2004: 23), but differs in the stem tawny tomentulose 
(not glabrous), leaves elliptic (not ovate), apex cuspidate (not long acuminate), bracts lanceolate 3-ribbed (not ovate 
non-ribbed), spikes non-glandular hairy at anthesis (not glabrous or glandular hairy), calyx lobes narrowly triangular 
(not lanceolate), pollen grains prolate (not subprolate), style pubescent (not glabrous), capsule pubescent apically (not 
pubescent) and seeds broadly elliptic (not orbicular).
 Type:—INDIA.Tamil Nadu:Theni District, Megamalai, 1400 m, 5 December 2016, Pradeep A. K. et al. 68246 
(holotype RHT!, isotype RHT!).
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FIGURE 1. Strobilanthes tricostata sp. nov. A. Habit; B. Inflorescence; C. Bract; D. Bracteole; E. Calyx; F. Calyx 
split open; G & H. Corolla split open; I. Stamen; J. Pistil; K. Ovary longitudinal section; L. Ovary transverse section; 
M. Capsule; N. Seeds (RHT68246). Illustrated by Philominal Selvi.
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FIGURE 2. Strobilanthes tricostata sp. nov. A. Habit; B. Terete stem with tomentum and inflorescences;  
C. Campanulate corolla showing included stamens; D. Abaxial (left) and adaxial (right) view of leaf blade; E. Adaxial 
(left) and abaxial (right) surface of bracts; F. Bracteoles; G. Calyx; H. Corolla; I. Corolla split open showing the 
included stamens; J. Androecium (left) and Pistil (right); K. Young infructescence; L. Mature infructescence; M. 
Dehisced capsule with seeds; N. Seeds. 
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 Description:—Isophyllous semelparous shrub, 1–2 m high. Stem quadrangular when young, then becoming 
terete, lenticellate, green–brown, covered with dense short tawny tomentum. Leaves opposite, slightly asymmetrical; 
petioles 0.8–6.0 cm long, brown tomentulose; lamina elliptic, 4.8–12.5 × 1.9–8.5 cm, chartaceous, base shortly 
decurrent, margin entire and deflexed, apex cuspidate, abaxially densely covered with tawny indumentum on young 
leaves, white indumentum on mature leaves, adaxially hirsute, lateral veins 6–13 pairs, prominent on both surfaces, 
raised beneath. Inflorescences axillary or terminal, 3.5–9.4 × 0.4–0.5 cm, uninterrupted to interrupted narrow spikes; 
peduncle quadrangular, often unbranched, covered with short tawny tomentum. Bracts lanceolate, 6.0–8.0 × 2.0–2.5 
mm, 3-ribbed, entire, ciliate, round at base, narrowly acute at apex, shorter than calyx at anthesis, pubescent on both 
surfaces; bracteoles linear, 5.0–6.5 × ca. 1.0 mm, pubescent on both surface, margin ciliate, secondary flower buds 
present. Calyx 6.5–8.5 mm long, pubescent, tubular below, tube 3.0–4.5 mm long, lobes 5, 2.5–4.0 × 0.5–1.0 mm, 
narrowly triangular, 3 lobes equal, one lobe each longer and shorter than rest, margin ciliate, pubescent without, 
whitish pubescent within, glandular pubescent in infructescence. Corolla pale purple, 1.7–2.2 cm long, widening from 
tubular base; tube 4–5 mm long, glabrous, white; throat campanulate, 1.1–1.2 cm long, pale purple, densely fine 
pubescent on outer surfaces, inside long hairy except the abaxial part; lobes equal, triangular, 4.0–5.0 × ca. 3.5 mm, 
overlapping, pale purple, apex shortly cuspidate, fine pubescent outside, glabrous inside, margin ciliate. Stamens 2, 
included; filaments ca. 8 mm long, villous in the proximal ⅔ length; anthers ca. 2 × 1 mm, thecae two, held parallel 
with the filament. Pistil 2.0–2.1 cm long, ovary ca. 1.5 × 1.0 mm, apex pubescent, 2-locular, 2 ovules per locule; style 
1.6–1.7 cm long, filiform, pubescent throughout; stigma lanceolate, ca. 2 mm long, puberulent, curved. Infructescence 
7.5–11.4 × 0.8–1.0 cm, glandular hairy, calyx enclosing the capsule; capsule oblance-ovate, 11.0–12.0 × 3.0–3.5 mm, 
apically pubescent. Seeds 2 (rarely 1), ca. 3.5 × 3.0 mm, widely elliptic, base truncate, densely pubescent.
 Pollen morphology:—Pollen grains are ellipsoid (Fig. 3 A), tricolporate and contain pseudocolpi. The grains are 
prolate in outline. The exine divided into longitudinal ribs which are straight, tectate and aggregate to form a protuberance 
at poles. A comparison of pollen features of Strobilanthes tricostata with allied species are given in Table 1.

FIGURE 3. SEM micrographs of pollen grains of S. tricostata sp. nov. (A) and S. carnatica (B).

 Etymology:—The specific epithet is referred to the Latin "tri-”, meaning "three", and "costa”, meaning "rib", 
because this species can be easily distinguished from other species by its 3-ribbed bracts.
 Phenology:—Flowering December–January; seed dispersal starts on April.
 Habitat and distribution:—The new species grows as isolated plants in the banks of streams in the moist 
evergreen forest and also as undergrowth in the evergreen forest patches. It shows a narrow distribution and found at 
an elevation of 1400–1600 m towards the eastern slope of the Western Ghats.
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 Conservation status:—The extent of occurrence (EOO) is estimated to be less than 100 km2 (B1) and the area of 
occupancy (AOO) is less than 10 km2 (B2). It is found in only one location (B2a) and the number of mature individuals 
is less than 250 (C). The habitat is severely fragmented and decline observed in the area and quality of habitat (B2biii).
Based on above criterion it is assessed as critically endangered (CR) (IUCN Standards and Petitions Subcommittee 
2016).
 Notes:—Strobilanthes tricostata, an explicit plant still unknown to science, presently known only from the 
high altitude evergreen-shola mixed forest in the Megamalai hills. The new species is related to S. carnatica by the 
characteristics such as leaves with decurrent base, spicate inflorescence, presence of secondary flower bud in the axil 
of bracteoles, campanulate corolla with short tube, broadly triangular corolla lobes, included stamens and apically 
pubescent ovary (Carine et al. 2004). Although, the new species shares features with S. carnatica, but differs in the 
distribution pattern and different vegetative and floral characters. Strobilanthes carnatica grow in the dry to slightly 
moist soil at elevations below 900 m in the Eastern Ghats (Tamil Nadu, Karnataka and Andhra Pradesh), whereas 
the new species is confined to the evergreen forest at elevations above 1400 m in Megamalai hills which is part of 
the Western Ghats (Carine et al. 2004). The epidermal excrescence on the stem and leaves of the allied species is 
characterised by either glabrous or having long hairs as indumentum. The stem of the new species however has a tawny 
tomentulose epidermal excrescence, which is not observed in none of the allies. A detailed comparison between the 
new species and S. carnatica is given in Table 1 & 2.

TABLE 1. Comparison of pollen characteristics of S. tricostata sp. nov. with allied taxon.
Species Outline Pseudocolpi P (μm) E (μm) P:E ratio Ribs
S. tricostata Prolate Moderately wide 47–49 31–32 1.50 27–30, straight
S. carnatica† Sub-prolate Narrow 37–39 29–31 1.26 27, straight

†Carine and Scotland 1998.

TABLE 2. Comparison of diagnostic characteristics among S. tricostata sp. nov. and allied species.

Characters S. tricostata S. carnatica†

Stem indumentum Dense tawny tomentum
Glabrous or with rarely sparse white 
indumentum on nodes

Lamina shape Elliptic Broadly to narrowly ovate
Lamina apex Cuspidate Long acuminate
Lamina margin Entire, deflexed Entire  to slightly dentate/serrate
Lamina veins 6–13 pairs 4–9 pairs

Abaxial leaf indumentum
Tawny indumentum on young leaves; white 
indumentum on mature leaves

White sericeous indumentum on young leaves; 
mature leaves glabrous

Adaxial leaf indumentum Hirsute Glabrous 
Inflorescence Uninterrupted to interrupted narrow spikes Interrupted narrow spikes
Axis pubescence at anthesis Tawny tomentulose Glabrous or sparsely glandular hairy
Bract Lanceolate, 3-ribbed Ovate or rarely obovate
Bract apex Narrowly acute Acuminate or rarely obtuse
Abaxial bract indumentum Pubescent Glandular-hairy or glabrous
Adaxial bract indumentum Pubescent Glabrous or few simple white hairs
Bract:calyx ratio Shorter  Shorter or rarely equal
Secondary buds in axils of bracteoles Present Present 
Calyx lobe shape Narrowly triangular Lanceolate
Equality of calyx lobes 3 lobes equal, 1 lobe each longer and shorter 2 or 3 shorter
Degree of calyx fusion at anthesis Ca. 0.5 0.4–0.6 
Corolla Campanulate Campanulate
Length of corolla tube 4–5 mm 2.1–4.5 mm 
Length of corolla throat 11–12 mm 9.2–11.3 mm

...continued on the next page
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TABLE 2. (Continued)
Characters S. tricostata S. carnatica†
Stamina filament pubescence Villous on proximal ⅔ length Few white long hairs  along most of the length
Pubescence of style Pubescent Glabrous
Stigma Ca. 2 mm long 1.7–2.6 mm long
Pubescence of stigma Puberulent Glabrous
Fruit shape Oblance-ovate Narrowly ovate
Pubescence of capsule Hairy at apex Glabrous
Seed number 2 4

†Carine et al. (2004).

 Specimens of Strobilanthes tricostata examined (Paratypes):—INDIA.Tamil Nadu: Theni District, Megamalai, 
1400 m, 5 Dec 2016, Pradeep A. K. et al. 68246 (RHT); 1500 m, 5 Dec 2016, Pradeep A. K. et al. 68247 (RHT); 1500 
m, 5 Dec 2016, Pradeep A. K. et al. 68416 (RHT); 1400 m, 5 March 2017, Pradeep A. K. et al. 68415 (RHT); 1400 m, 
4 Apr 2017, Pradeep A. K. et al. 68417 (RHT).
 Specimens of Strobilanthes carnatica examined:—INDIA. Tamil Nadu: Dharmapuri District, Denkanikotta, 
Javalagiri Reserve Forest, T. S. Jayaseelan 26509 (isotype RHT); Chitteri Hills, 17 March 1980, K. M. Matthew 
27088 (RHT); Karnataka, Chamarajanagar District, Kollegal, Ponnachi, 880 m, 6 Feb 1930, V. Narayanaswamy 78746 
(MH).

Acknowledgements

The authors are grateful to curators of K, P, C, CAL, CALI and MH for kind permission for herbarium analysis and 
providing digital images of the specimens. The authors are thankful to the staff of the Rapinat Herbarium, Tiruchirappalli 
for help rendered during the study.

References

Blume, C.L. (1826) Bijdragen tot de Flora van Nederlandsch Indie 14. Ter Lands Drukkerij, Batavia, pp.780–807.
 https://doi.org/10.5962/bhl.title.395
Carine, M.A. & Scotland, R.W. (1998) Pollen morphology of Strobilanthes Blume (Acanthaceae) from southern India and Sri Lanka. 

Review of Palaeobotany and Palynology 103: 143–165. 
 https://doi.org/10.1016/S0034-6667(98)00030-X
Carine M.A. & Scotland R.W. (2002) Classification of Strobilanthinae (Acanthaceae): trying to classify the unclassifiable? Taxon 51: 

259–279.
 https://doi.org/10.2307/1554897
Carine, M.A, Alexander, J.M. & Scotland, R.W. (2004) A revision of the Strobilanthes kunthiana-group (Phlebophyllum sensu Bremekamp) 

(Acanthaceae). Kew Bulletin 59: 1–25.
 https://doi.org/10.2307/4111071
Deng, Y.F., Wood J.R.I. & Scotland, R.W. (2006) New and reassessed species of Strobilanthes (Acanthaceae) in the flora of China. 

Botanical Journal of the linnean Society 150: 369–390.
 https://doi.org/10.1111/j.1095-8339.2006.00473.x
Gopalan, R. & Chithra, V. (2008) Strobilanthes pothigaiensis (Acanthaceae) - a new species from southern Western Ghats, India. Kew 

Bulletin 63: 499–501.
 https://doi.org/10.1007/s12225-008-9042-x
IUCN Standards and Petitions Subcommittee. (2016) Guidelines for using the IUCN red list categories and criteria, version 12. IUCN 

Species Survival Commission, 101 pp.
Mabberley, D.J. (2017) Mabberley’s Plant-book:A portable dictionary of plants, their classification and uses. 4th Ed. Cambridge University 

Press. Cambridge, UK, 1102 pp.
 https://doi.org/10.1017/9781316335581



THOMAS ET Al.250   •   Phytotaxa 413 (3) © 2019 Magnolia Press

Sasidharan, N., Sujanapal, P., Dantas, K.J. & Robi, A.J. (2016) An enigmatic new species, Strobilanthes agasthyamalana (Acanthaceae), 
from Agasthyamala Biosphere Reserve of Southern Western Ghats, India. Kew Bulletin 71: 51.

 https://doi.org/10.1007/s12225-016-9667-0
Terao, H. (1982) Observations on the echinulate pollen of Strobilanthes s.l. and its allies. Acta Phytotaxonomica et Geobotanica 33: 

371–379.
Thomas, S., Mani, B. & Britto, S.J. (2018) Strobilanthes orbiculata (Acanthaceae) a new species and notes on S. matthewiana from the 

southern Western Ghats, India. Phytotaxa 369: 47–55.
 https://doi.org/10.11646/phytotaxa.369.1.5
Thomas, S., Mani, B., Britto, S.J. & Pradeep, A.K. (2019) Strobilanthes mullayanagiriensis and S. bislei (Acanthaceae) - two new species 

from the Western Ghats, India. Plant Science Today 6: 46–53.
 https://doi.org/10.14719/pst.2019.6.1.465
UNESCO. (2012) Twenty-six new sites inscribed on UNESCO World Heritage List this year. Available from: http://whc.unesco.org/en/

news/903/ (accessed 1 August 2019)
Venu, P. (2006) Strobilanthes Blume (Acanthaceae) in Peninsular India. Botanical Survey of India, Kolkata, 216 pp.



Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tweb20

Webbia
Journal of Plant Taxonomy and Geography

ISSN: 0083-7792 (Print) 2169-4060 (Online) Journal homepage: https://www.tandfonline.com/loi/tweb20

Strobilanthes carmelensis (Acanthaceae), a new
species from the Western Ghats of India

Sinjumol Thomas, Bince Mani, S. John Britto & A. K. Pradeep

To cite this article: Sinjumol Thomas, Bince Mani, S. John Britto & A. K. Pradeep (2019)
Strobilanthes�carmelensis (Acanthaceae), a new species from the Western Ghats of India, Webbia,
74:2, 287-291, DOI: 10.1080/00837792.2019.1675956

To link to this article:  https://doi.org/10.1080/00837792.2019.1675956

Published online: 25 Oct 2019.

Submit your article to this journal 

Article views: 6

View related articles 

View Crossmark data



ARTICLE
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ABSTRACT
Strobilanthes carmelensis, a plietesial new species apparently ascribable to the Strobilanthes
kunthiana-group, is described for the flora of Western Ghats (India, Wayanad District, State of
Kerala). Pollen morphology, phenology, distribution, notes on allied species and key to the
species of the Strobilanthes kunthiana-group are provided along with photographic
illustration.
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Introduction

The Western Ghats range is known as one of the biodi-
versity and endemism hotspots in India. Endowed with
unique geographical features and biophysical and ecolo-
gical processes, this range harbours several endemic taxa
reflecting its singular habitat. Besides, theWestern Ghats
are home to large number of threatened taxa including
species of Strobilanthes Blume (UNESCO 2012). About
150 species of Strobilanthes have been reported from
India and among them 61 species are recorded from
Southern Western Ghats exclusively (Carine and
Scotland 2002; Venu 2006). Since many species are
inadequately known and seldom critically collected –
due to their plietesial flowering pattern – species delimi-
tation and nomenclature have remained problematic in
Strobilanthes (Wood and Scotland 2009). However,
recently researchers from India and abroad have col-
lected and described several new species and also circum-
scribed the taxonomic status of a few species from the
Western Ghats, which projects the latter as a unique
centre of Strobilanthes diversity (Carine et al. 2004;
Gopalan and Chithra 2008; Mascarenhas and
Janarthanam 2013; Josekutty et al. 2016; Sasidharan
et al. 2016; Augustine et al. 2017; Thomas et al. 2018,
2019a, 2019b).

While exploring the Wayanad area (district of
Kerala), the authors collected an interesting speci-
men of Strobilanthes. The plants grow as under-
growth in evergreen forests. They belong to the
S. kunthiana-group, an informal grouping repre-
sented by 14 distinct species (Carine et al. 2004;
Augustine et al. 2017; Thomas et al. 2019a, 2019b)
and two doubtful taxa (Gopalan and Chithra 2008;
Sasidharan et al. 2016) in which our specimen is
related to S. gamblei Carine, J. Alexander &

Scotland. The Strobilanthes kunthiana-group corre-
sponds to the genus Phlebophyllum Nees (Nees von
Esenbeck 1832) as circumscribed by Bremekamp
(1944) and is endemic to peninsular India. The
specimen was critically analysed, compared with
herbarium specimens in India and abroad, and sig-
nificant study of relevant literature revealed that our
collections do not match any of the recognised spe-
cies of Strobilanthes (Carine et al. 2004; Venu 2006).
Therefore, the authors establish and describe it as
a new species.

Taxonomic treatment

Strobilanthes carmelensis Sinj.Thomas, B.Mani,
Britto and A.K.Pradeep, sp. nov. Figure 1.

Type: INDIA, Kerala, Wayanad District, Vaduvanchal,
850 m asl, 28 November 2014, Pradeep A.K. et al. 68240
(holotype RHT!; isotype MH!, Acc. 76687).

Diagnosis

The new species is allied to S. gamblei, but differs by
having distinct ovate leaves with sericeous adaxial
indumentum, short and viscous spikes at anthesis,
diagnostic ovate bracts, absence of secondary flower
buds in the axil of bracteoles, anthers held parallel to
the filament, apically pubescent ovary and oval-shaped
pollen grains with straight ribs.

Description

Erect isophyllous shrub, up to 1.5 m tall, plietesial;
stem angled (young) to terete (mature), lenticellate,
young stem canaliculate, densely white-sericeous.
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Leaves opposite, symmetrical; petiole 1.3–6.5 cm long,
tomentose; lamina ovate, 5.5–13 × 2.1–7.5 cm, coriac-
eous, rounded at base, acuminate, entire, dense seric-
eous indumentum on abaxial surface, appressed white
hairs on adaxial surface; lateral nerves 5–11 pairs,
prominent on both surfaces, raised beneath.
Inflorescences axillary or terminal spikes, also from
lower regions of the stem, 25–70 × c. 4 mm, inter-
rupted, glandular hairy at anthesis; peduncle quadran-
gular, glandular hairy, covered with white
indumentum; bracts ovate, 5–5.5 × c. 2 mm, shorter
than calyx, acuminate, abaxial surface with glandular
hairs and white woolly indumentum, adaxial surface

pubescent; bracteoles 4–4.5 × ≤0.5 mm, linear, pubes-
cence same as on bracts, axillary secondary flower
buds absent. Calyx 6.5–7 mm long, tubular, 5-lobed,
tube c. 2 mm, lobes 4.5–5 × c. 1 mm, linear–lanceolate,
unequal with two lobes shorter than the rest, dense
white sericeous indumentum mixed with glandular
hairs on outer surface at anthesis, pubescent within.
Corolla blue, 21–24 mm long, widening from basal
tube, 5-lobed; tube 4–5 mm long, glabrous; throat
ventricose, 12–14 mm long, fine pubescence on the
outer surface, long white hairs present within on adax-
ial side; lobes unequal, two adaxial lobes partly fused,
4–6 × 2.5–4 mm, widely triangular, shortly cuspidate

Figure 1. Photographic illustration of Strobilanthes carmelensis. (a,b) Habit. (c) Adaxial and abaxial leaf indumentum. (d,e)
Inflorescence. (f) Bract. (g) Bracteole and calyx. (h) Flower: abaxial view (without calyx). (i) Corolla split open showing the
epipetalous stamens having anthers held parallel to the filament. (j) Pistil.
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at apex, fine pubescent outside, glabrous inside.
Stamens 2, exserted, basally attached to corolla tube;
filaments 11–12 mm long, villous in the proximal one-
quarter; anthers c. 2.5 × 1 mm, oblong, thecae two,
held parallel to filament. Pistil 23–24 mm long, ovary
c. 1.0 × 0.5 mm, pubescent towards tip, 2-locular, two
ovules per locules; style 19–20 mm long, filiform,
sparsely pubescent; stigma simple, slightly curved, c.
2 mm long, glabrous.

Etymology

The specific epithet refers to Carmel College in Kerala,
a reputed educational institution with active research
in the flora of the Western Ghats.

Pollen morphology

Pollen grains are ellipsoid (Figure 2(a)), tricolporate and
contain wide pseudocolpi. It is prolate in outline and
exine divided into longitudinal ribs, which are straight,
tectate and coalesce at poles. Tectum is perforate.
Comparison of pollen characteristics (Table 1) with the
related taxa, S. gamblei (Figure 2(b)), is also provided.

Phenology

Flowering October to December; fruiting January to
March.

Habitat and distribution

It grows as understorey in evergreen forest in Meppadi
and Vaduvanchal, Wayanad District in Kerala at an
elevation of 800–1000 m asl.

Taxonomic notes

Strobilanthes carmelensis and S. gamblei have narrow
spicate inflorescence with ventricose corolla and
exserted stamens. However, the new species could

readily be distinguished from the allied species by
the characteristics in addition to the diagnostic fea-
tures such as presence of sericeous indumentum on
stem, leaves and inflorescence (vs tawny or cream
indumentum in S. gamblei), lower bract:calyx ratio
(vs ≃1 or ≤1), much shorter floral parts such as bracts,
bracteoles, calyx and corolla tube, villous stamina fila-
ments (vs short hairs) and corolla lobes glabrous
inside (vs pubescent) Table 2.

The variability of pollenmorphology in Strobilanthes
is potentially a useful character to delimit taxa in this
group. The pollen morphology of south Indian and Sri
Lankan Strobilanthes is well documented and recog-
nised (Carine and Scotland 1998). The new species
has characteristic oval-shaped pollen with straight ribs.
None of the known species of Strobilanthes kunthiana-
group having a ventricose corolla possess pollen grains
with straight ribs except the proposed new species
(Figure 2(a)). However, species of Strobilanthes with
campanulate corolla predominantly have pollen with
straight ribs. Strobilanthes gamblei, the allied species,
possesses pollen grains with spiral ribs (Figure 2(b)).
Therefore, vegetative, floral and micro-morphological
features confirm S. carmelensis as a distinct species from
the Western Ghats of India.

Specimens analysed

Strobilanthes carmelensis: INDIA, Kerala, Wayanad
District, 850 m asl, 20 November 2014, Pradeep A.
K. et al. 68238 (RHT!); 880 m asl, 28 January 2015,
Pradeep A.K. et al. 68239 (RHT!).
Strobilanthes gamblei: INDIA, Kerala, Kozhikode
District, Tambracheri ghat, Wynaad, 21 January 1903,
Barber 5686 (K!); Kannur District, way to
Chandanathode, 27 February 1979, Ramachandran
133374 (MH!); Idukki District, Kakki dam area, 1000 m
asl, 10 October 1983, Pandurangan 152158 (MH!);
Murinjapuzha, 780 m asl, 25 December 2015, Pradeep
A.K. et al. 68243 (RHT!); Vagamon, 1170 m asl,
18 December 2016, Pradeep A.K. et al. 68248 (RHT!).

Figure 2. SEM images of pollen grains of Strobilanthes carmelensis (a) and S. gamblei (b).
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Key to the species of Strobilanthes kunthiana-
group

1. Corolla ventricose or subventricose, with two partly
fused adaxial lobes .................................................... 2

Corolla campanulate, lobes divided equally ......... 9

2. Corolla subventricose to ventricose, stamens
included within the throat of corolla ................... 3

Corolla ventricose, stamens exserted into the upper
lip of the corolla ........................................................ 4

3. Bracts lanceolate .................. .................. S. cuspidata

Bracts ovate. ....................... ....................... S. canarica

4. Abaxial leaf surface glabrous or sparsely pubescent,
leaf margins distinctly crenate or serrate. ............ 5

Abaxial leaf surface densely covered with white or
cream or tawny-coloured woolly indumentum, leaf
margins entire ........................................................... 6

5. Abaxial leaf surface glabrous or rarely with white
sericeous indumentum, leaf margins distinctly ser-
rate. .................................................... S. consanguinea

Abaxial leaf surface sparsely pubescent, leaf margins
crenate ...................................... S. mullayanagiriensis

6. Anthers held parallel to the filament .................... 7

Anthers held perpendicular to the filament ......... 8

7. Lamina membranous, spikes uninterrupted, pollen
grains with spiral ribs .................................... S. bislei

Lamina coriaceous, spikes often interrupted, pollen
grains with straight ribs .......... .......... S. carmelensis

8. Leaves long-petiolate, spikes often interrupted,
ovary apex pubescent ............... ............... S. gamblei

Leaves shortly petiolate, spikes uninterrupted, ovary
apex glabrous ............... ............... S. pushpangadanii

9. Stems, abaxial surface of leaves and inflorescences with
dense tawny-coloured woolly indumentum ............ 10

Stems and abaxial surface of leaves glabrous or if
pubescent, the hairs not tawny-coloured ........... 12

10. Inflorescence a narrow, often interrupted spike .. 11

Inflorescnce a broad, uninterrupted spike.. .............
........................................................................ S. lanata

11. Lamina with long acuminate apex, ovary apex
glabrous ......................... ......................... S. lawsonii

Lamina with cuspidate apex, ovary apex pubescent
.................................................................. S. tricostata

12. Leaves long-petiolate, abaxial surface of leaves
glabrous or rarely with sericeous indumentum 13

Leaves shortly petiolate, abaxial surface of leaves
pubescent ............................................................... 14

13. Bracts equal or longer than calyx, 1 calyx lobe
shorter than others, lamina pubescent on adaxial
surface .................................................. S. jeyporensis

Bracts equal or shorter than calyx, 2–3 calyx lobes
shorter than others, lamina glabrous on adaxial
surface .......................... .......................... S. carnatica

14. Lamina apex shortly acuminate, ovary apex pub-
escent .................................................... S. kunthiana

Lamina apex acute, ovary apex glabrous ..................
........................................................... S. sainthomiana
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Table 1. Comparison of pollen characteristics of Strobilanthes carmelensis and S. gamblei.
Species Outline Shape P(length of the polar axis) (μm) E(equatorial diameter) (μm) P:E ratio Ribs

S. carmelensis Prolate Oval 49.5–51 31.2–33 1.56 17–22, straight
S. gamblei Perprolate Terete 49–53 24–28 1.96 16–19, spiral

Table 2. Comparison of diagnostic characters of Strobilanthes carmelensis and S. gamblei.
Characters S. carmelensis S. gamblei

Leaf shape Ovate Ovate to elliptic
Adaxial leaf indumentum Sericeous Glabrous or covered with sparse short, stout hairs
Inflorescence Viscous Non-viscous
Bract shape Ovate Ovate–elliptic
Bract:calyx length ≪1 ≤1
Secondary buds in axils of bracteoles Absent Present
Corolla tube 4–5 mm, short 5–8 mm, long
Attachment of anther to filament Held parallel Held perpendicular
Pubescence at ovary apex Pubescent Glabrous
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Abstract

Strobilanthes mullayanagiriensis and S. bislei are plietesial species described for the flora of
Western Ghats of India from Karnataka state. Pollen morphology is used as a key character
for establishing these two species. Distribution and notes on its allied species are provided
along  with  photographis  for  facilitating  its  identification.  The  former  species  readily
distinguished from its allied species  S. consanguinea by  coriaceous and scabrous leaves
with  broadly  ovate  lamina,  crenate  margin  and  cuspidate  apex,  uninterrupted viscous
spikes, longer bract: calyx ratio, much shorter corolla and pollen grains with ribs meet at
the poles into two groups and one rib completely encircling the pollen. The latter species
definitely  distinguished  from the  allied  species  by  uninterrupted  viscous  inflorescence
with  sericeous  indumentum,  calyx  exceeds  the  bract,  anthers  are  held  parallel  to  the
filament and ellipsoid pollen grains with slightly twisted ribs.
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Introduction

The Western Ghats is one of the hotspots in India
known  for  high  level  of  biological  diversity  and
endemism.  It  is  a  home  to  a  large  number  of
threatened  taxa  including  several  species  of
Strobilanthes  Blume  (1).  About  150  species  of
Strobilanthes  have  been reported  from India  and
among  them,  61  species  are  recorded  for  the
Western  Ghats  (2–4).  During  explorations  by  the

authors  in  Karnataka,  interesting  specimens  of
Strobilanthes was  collected  from  Chikkamagaluru
and Hassan districts (Fig.  1).  The specimens were
critically  analysed,  compared  with  herbarium
specimens  in  India  and  abroad  and  significant
study  of  relevant  literature  has  revealed  that  the
collections  do  not  match  any  of  the  recognized
species  of  Strobilanthes  (3,5).  Therefore,  it  is
described as new to science. 
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Plant Science Today (2019) 6(1): 46-53
https://doi.org/10.14719/pst.2019.6.1.465



Plant Science Today (2019) 6(1): 46-53

Taxonomic treatment

Strobilanthes  mullayanagiriensis S. Thomas, B.
Mani, S.J. Britto & Pradeep A.K., sp. nov. (Fig. 2).

The new species is similar to Strobilanthes
consanguinea (Nees)  T.  Anderson  in  floral
morphology  such  as  spicate  inflorescence  with
ventricose corolla and exserted stamens. However,
it  differs  from  S.  consanguinea in  overall
vegetative  morphology  and having  pollen  grains
with ribs united in to two groups at poles and one
rib  completely  encircling  the  grain.  At  the  same
time,  the  new  species  shows  similarity  in
vegetative  morphology  to  S.  canarica Bedd.,  but
differs by overall floral morphology with regard to
viscous  uninterrupted  spikes,  bract  ovate  with
long  acuminate  apex,  bract  always  much  longer
than  calyx,  linear  calyx  lobes  terminate  with
acuminate  apex,  bi-lipped  corolla  glabrous  on
outer  surface,  corolla  lobes  unequal  and

triangular, stamens exserted, pubescence on ovary
apex and pollen grains with ribs united in to two
groups at poles and one rib completely encircling
the grain.

Type: INDIA. Karnataka: Chikkamagaluru District,
Manikyadhare  waterfalls,  1750  m  MSL.,  18
November  2018,  Pradeep  A.K.  &  B.  Mani  68840
(holotype RHT!; isotype MH!  RHT!).

Erect bushy shrubs,  up to 1 m tall;  young
shoot  angled,  canaliculated,  mature  terete,
lenticellate,  tomentose.  Leaves  opposite,
symmetrical,  broadly  ovate,  6.5–9  ×  3.6–5.6  cm,
coriaceous,  rounded  and  decurrent  at  base,
cuspidate at apex, crenate-serrate at margin, short
hairs  present on abaxial  surface,  adaxial  surface
scabrous,  tomentulose  on  mid-vein  and  lateral
veins; lateral nerves 7–9 pairs, prominent on both
surfaces,  raised  beneath;  petiole  0.5–5  cm  long,
brown  hairs  present  on  abaxial  surface  and

ISSN: 2348-1900           Horizon e-Publishing Group

Fig. 1. Distribution of Strobilanthes mullayanagiriensis ( ) and ⁎ S. bislei ( ).

Table 1: Comparison of pollen characteristics of new species and the allied taxa. 

Species Pollen class Shape Pseudocolpi P (μm) E (μm) P:E ratio Ribs

S. mullayanagiriensis Prolate Ellipsoid Wide 43–47 26–30 1.60 14–16

S. gamblei Per-prolate Terete Wide 49–53 24–28 1.96 16–19, spiral 

S. consanguinea Prolate Barrel Narrow 59–63 37–41 1.60 18–21, spiral

S. bislei Prolate Ellipsoid Wide 46–51 32–34 1.46 20–24, slightly twisted
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tomentose  on  adaxial  surface;  Inflorescences
axillary  or  terminal  or  lateral  uninterrupted
spikes,  30–65  ×  6–8  mm,  1–3  forked,  glandular

hairy  at  anthesis;  peduncle  tomentose;  bracts
ovate,  10–10.5  ×  ca.  2.5  mm,  acuminate  at  apex,
abaxial  surface  tawny tomentose  with  glandular

  Horizon e-Publishing Group             ISSN: 2348-1900
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Fig. 2. Strobilanthes mullayanagiriensis sp. nov. A–B. Habit, C. Inflorescence in lower sections, D. Leaves, E. Inflorescence,
F. Bracts, G. Bracteoles, H. Calyx, I. Corolla split open showing the epipetalous stamens having anthers held perpendicular
to the filament, J. Pistil, K. Young infructescence.
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hairs  and adaxial  surface  fine  hairy  throughout,
longer than calyx; bracteoles ca. 6 × 0.5 mm, linear,

indumentum same as in bracts, axillary secondary
flower buds absent. Calyx 6.5–7 mm long, tubular,

ISSN: 2348-1900           Horizon e-Publishing Group
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Fig.  3.  Strobilanthes bislei sp.  nov.  A.  Flowering twig,  B.  Leaves,  C.  Inflorescence,  D.  Flower,  E.  Bracts,  F.  Bracteoles,
G. Calyx, H. Corolla split open showing the epipetalous stamens having anthers held parallel to the filament, I. Pistil.
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5-lobed, tube ca. 3 mm long, lobes ca. 4mm long,
linear,  equal,  tomentose  on  the  outer  surface,
pubescent  inside.  Corolla  pale  pink,  14–15  mm
long, widening from the base, 5-lobed; tube ca. 2
mm  long,  glabrous  outside,  pubescent  inside;
throat ventricose, ca. 6 mm long, glabrous on the
outer  surface,  long  white  hairy  inside;  lobes
unequal, two adaxial lobes partly fused, ca. 3 × 2
mm, triangular, abaxial lobes recurved, ca. 5 × 2.5–
3  mm,  broadly  triangular.  Stamens  2,  exserted,
attached to the base of corolla tube; filaments ca. 6
mm long, villous on the proximal ¼; anthers ca. 1.5
× 1 mm, elliptic, thecae two, held perpendicular to
filament. Pistil 12.5–13 mm long, ovary ca. 1.0 × 0.5
mm,  pubescent  at  apex,  2-locular,  2  ovules  per

locule;  style  ca.  10  mm  long,  filiform,  glabrous;
stigma simple, ca. 1.5 mm long, glabrous.

Pollen  morphology:  Pollen  grains  are
ellipsoid (Fig. 4D–E), tricolporate and contain wide
pseudocolpi.  It  is  prolate  in  outline  and  exine
divided  into  longitudinal  ribs,  which  are  spiral,
tectate and coalesces at poles in to two groups. One
rib is  completely  encircling  the  grain.  Tectum is
perforate.  Comparison  of  pollen  characteristics
(Table  1)  with  the  related  taxa,  S.  consanguinea
(Fig. 4G–H) is also provided.

Etymology:  The  specific  epithet  refers  to
the Mullayanagiri peak which is the highest peak
in Baba Budan Giri Hill ranges to which the type
locality belongs.
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Fig.  4. Inflorescences  of  Strobilanthes  bislei  sp.  nov.  (A),  S.  consanguinea (B)  and  S.  gamblei (C).  SEM  images  of
Strobilanthes mullayanagiriensis sp. nov. (D–E), S. bislei sp. nov. (F), S. consanguinea (G–H) and S. gamblei (I).
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Phenology:  Flowers  during  November–
December.

Habitat and distribution:  It grows in the
open  rocky  cliffs  in  the  Baba  Budan  Giri  Hills,
Chikkamagaluru District in Karnataka at elevation
of 1600–1800 m MSL.

Taxonomic  notes:  Strobilanthes
mullayanagiriensis and  S.  consanguinea  possesses
spicate  inflorescence with ventricose corolla and
exserted stamens. However, the new species could
readily be distinguished from the allied species by
the characteristics such as bushy habit, coriaceous
and  scabrous  leaves  with  broadly  ovate  lamina,
crenate  margin  and  cuspidate  apex,  puberulent
abaxial  lamina  surface,  uninterrupted  viscous
spikes,  tawny  abaxial  bract  indumentum  and
longer  bract:  calyx  ratio,  calyx  lobes linear  with
acuminate  apex,  Etc.  A  detailed  comparison  of
vegetative and floral characters is given in Table 2.

The  variability  of  pollen  morphology  in
Strobilanthes is a useful character to delimit taxa

in  this  group  (6–7).  The  pollen  morphology  of
south  Indian  and  Sri  Lankan  Strobilanthes was
well  documented  and  recognised  (6).  The  new
species  and  S.  consanguinea have  prolate  pollen
with spiral ribs. The pollen of  S. consanguinea is
characterized  by  having  narrow  psudocolpi,
closely  packed  ribs,  tectum  is  present  on  entire
surface of the ribs and ribs coalesces at the poles
in one group. At the same time,  the pollen of  S.
mullayanagiriensis is distinguished by having wide
psudocolpi,  narrow  ribs  with  tectum  on  top
surface only  and the ribs meet at  the poles into
two groups and one rib completely encircling the
pollen.  Moreover,  the  present  and  previous  (6)
studies  have  revealed  that  the  pollen  of  S.
consanguinea belongs to type I class and that of S.
mullayanagiriensis is  belongs  to  type  II  class  (6).
Therefore, by the analysis of vegetative, floral and
micro  morphological  features  suggested  that  S.
mullayanagiriensis as  a  distinct  species  from  its
allied one.
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Table 2: Comparison of diagnostic characters of new species with allied taxa.

Characters S. mullayanagiriensis S. bislei S. gamblei S. consanguinea

Lamina

Shape Broadly ovate Ovate to elliptic Ovate to elliptic Ovate to broadly elliptic

Base Decurrent Slightly decurrent Decurrent Long decurrent

Apex Cuspidate Caudate-  acuminate Long acuminate Short to long acuminate

Margin Crenate-serrate Entire Entire Serrate 

Texture Coriaceous, scabrous Membranous Coriaceous Membranous

Veins 7–9 pairs 7–10 pairs 5–11 pairs 3–11 pairs

Abaxial 
indumentum

Short hairs present Sericeous Dense cream or 
tawny woolly

Often glabrous 

Inflorescence Uninterrupted viscous 
spikes

Uninterrupted viscous 
spikes

Interrupted non-
viscous spikes

Interrupted spikes, 
rarely viscous

Bract

Shape Ovate Ovate Ovate–elliptic Ovate

Apex Long acuminate Long acuminate Acute to acuminate Acuminate 

Abaxial 
indumentum

Tawny Sericeous Cream or tawny Often glabrous 

Bract: calyx ratio Longer Shorter Equal Equal 

Secondary buds in 
axils of bracteoles

Absent Present Present Absent

Calyx

Length ca. 7 mm 8–11 mm 5–9.5 mm 4.8–8.1 mm

Apex Acuminate Acuminate Acute Acute 

Abaxial 
indumentum

Tawny Sericeous Cream or tawny Often glabrous 

Lobes shape Linear Narrowly triangular Lanceolate Lanceolate 

Corolla

Colour Pink Blue Pink Pink

Tube ca. 2 mm 4–5 mm 5–8 mm 2.1–4.8 mm

Throat ca. 6 mm 11–12 mm 9.5–18 mm 7.4–14.8 mm

Lobes shape Triangular Triangular Broadly triangular Narrowly triangular

Attachment of anther
to filament

Held perpendicular Held parallel Held perpendicular Held perpendicular
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Strobilanthes bislei S. Thomas, B. Mani, S.J. Britto
& Pradeep A.K., sp. nov. (Fig. 3)

The new species is allied to S. consanguinea
and  S.  gamblei  Carine,  J.  Alexander  &  Scotland,
however  it  differs  from  the  allied  taxa  by
possessing  sericeous  stem,  leaves  and
inflorescence,  lamina  with  7–10  lateral  nerves,
uninterrupted viscous spikes, shorter bract: calyx
ratio,  larger  calyx  with  sericeous  indumentum,
narrowly  triangular  calyx  lobes  with  acuminate
apex  and  blue  corolla.  Moreover,  large  ellipsoid
pollen  grains  with  20–24  ribs  are  also  the
distinguishing feature of the new species.

Type:  INDIA.  Karnataka:  Hassan  District,  Bisle
Ghat, 800 m MSL., 19 November 2018, Pradeep A.K.
&  B.  Mani  68841 (holotype  RHT!;  isotype  MH!,
RHT!).

Erect shrubs, up to 2.5 m tall; young shoots
4-angled, canaliculated, densely sericeous, terete at
maturity, tomentose, lenticellate. Leaves opposite,
ovate to elliptic, 9.5–21 × 3–9.5 cm, membranous,
attenuate  at  base,  caudate-acuminate  at  apex,
margin entire, dense sericeous on abaxial surface,
young  leaves  with  sparse  sericeous  hairs  on
adaxial  surface,  mature  leaves  with  short  hairs
throughout on adaxial surface; lateral nerves 7–10
pairs, prominent on both surfaces, raised beneath;
petiole  4–11  cm  long,  sericeous.  Inflorescences
axillary, terminal or lateral uninterrupted spikes,
60–85 × 5–7 mm, 1–3 forked, dense sericeous and
glandular  hairy  at  anthesis;  peduncle
quadrangular,  sericeous  with  glandular  hairs;
bracts  ovate,  7.5–8.5  ×  ca.  2  mm,  shorter  than
calyx,  acuminate  at  apex,  abaxial  surface
glandular  hairy  and  sericeous,  adaxial  surface
glabrous;  bracteoles  6–7  ×  0.5–0.75  mm,  linear,
sericeous  with  glandular  hairs.  Calyx  10–11  mm
long,  tubular,  tube  3.5–4  mm,  5-lobed,  unequal,
two lobes shorter than the rest, shorter lobes 4.5–5
mm long,  longer  lobes 6.5–7 mm long,  narrowly
triangular,  acuminate  at  apex,  dense  sericeous
with  glandular  hairs  outside,  glabrous  inside.
Corolla blue,  19–23 mm long,  widening from the
base,  5-lobed;  tube 4–5mm long, glabrous;  throat
ventricose, 11–12 mm long, puberulent on outside,
long  white  hairy  inside;  lobes  unequal,  fine
pubescent  outside,  glabrous  inside,  two  adaxial
lobes  partly  fused,  ca.  3  ×  2–3  mm,  triangular,
abaxial lobes 4–5 × 3–4 mm. Stamens 2, exserted,
basally  attached  to  corolla  tube;  filaments  9–10
mm long, glabrous; anthers ca. 3 × 1mm, oblong,
thecae two, held parallel to the filament. Pistil 21–
23  mm  long,  ovary  ca.  2  ×  1  mm,  pubescent
towards apex, 2-locular, 2 ovules per locule; style
16–18 mm long, filiform, glabrous; stigma simple,
curved, ca. 3 mm long, glabrous.

Pollen  morphology:  Pollen  grains  are
ellipsoid  (Fig.  4F),  tricolporate  and contain  wide
pseudocolpi.  It  is  prolate  in  outline  and  exine
divided into longitudinal  ribs,  which  are slightly
spiral,  tectate  and coalesce at  poles.  None of  the

ribs is completely encircling the grain. Tectum is
perforate.  Comparison  of  pollen  characteristics
(Table  1)  with  the  related  taxa,  S.  consanguinea
(Fig. 4G–H) and S. gamblei (Fig. 4I) is also provided.

Etymology:  The  specific  epithet  refers  to
Bisle Ghat which harbours rich biodiversity and is
part  of  the  central  Western  Ghats.  The  Bisle
Reserve Forest of Gundia river basin, constitutes a
vital part of the Mysore Elephant Reserve. It covers
an  area  of  3,339  ha  with  annual  rainfall  in  the
range of 500–600 cm. The reserve mainly consists
of species rich evergreen forests have high degree
of Western Ghats endemism both among the trees
as  well  as  among  the  ground  vegetation.  It
connects  Pushpagiri  Wildlife  Sanctuary  in  the
south and Kempholé Reserve Forest in north. It is
an intrinsic and important part of the Mudumalai ‐
Nagarhollé  Brahmagiri  Muttodi Corridor (8). ‐ ‐

Phenology:  Flowering  on  October–
November.

Habitat and distribution: It grows on the
exposed rocks in the Bisle Ghat forest reserves in
Hassan  District  in  Karnataka  at  an  elevation  of
700–800 m a.s.l.

Taxonomic  notes:  Strobilanthes  bislei,  S.
consanguinea and  S.  gamblei  have  spicate
inflorescence with ventricose corolla and exserted
stamens. However, the new species could readily
be  distinguished  by  the  uninterrupted  viscous
inflorescence  with  sericeous  indumentum  (Fig.
4A–C).  Another  striking diagnostic  feature  of  the
new species from the allied taxa is the presence of
much longer calyx with narrowly triangular lobes
which exceeds the bract (Table 2). The corolla of S.
bislei is blue in colour whereas that of the allied
species is pink (Fig. 4A–C). Moreover, anthers are
held parallel to the filament in new taxon while it
is  held  perpendicular  in  S.  consanguinea and  S.
gamblei.   Finally,  ellipsoid  pollen  grains  with
slightly twisted ribs are characteristic in S. bislei. A
detailed  comparison  of  S.  bislei with  the  allied
species is given in Table 1 and Table 2. 

Competing interest

Authors  declare  that  we  have  no  competing
interest.

Authors’ contributions

All  authors  contributed  equally  to  the  present
work.

Acknowledgements

The authorities of Rapinat Herbarium, St. Thomas
College  Palai  and  Carmel  College  Mala  are
gratefully  acknowledged  for  providing  facilities.
The authors are grateful to curators of K, P, C, CAL,
CALI  and  MH  for  giving  kind  permission  for
herbarium analysis.

  Horizon e-Publishing Group             ISSN: 2348-1900

52



Plant Science Today (2019) 6(1): 46-53

References

1. UNESCO.  Twenty-six  new  sites  inscribed  on
UNESCO World  Heritage List  this  year.  Published
on the Internet; http://whc.unesco.org/en/news/903/
Retrieved 05 May 2018.

2. Carine  MA,  Scotland  RW.  Classification  of
Strobilanthinae (Acanthaceae): trying to classify the
unclassifiable?  Taxon  2002;  51:  259–279.
http://www.jstor.org/stable/1554926.

3. Venu  P.  Strobilanthes  Blume  (Acanthaceae)  in
Peninsular  India.  Botanical  Survey  of  India,
Kolkata, p.216. 2006.

4. Thomas  S,  Mani  B,  Britto  SJ.  Strobilanthes
orbiculata  (Acanthaceae) a new species and notes
on  S.  matthewiana  from  the  southern  Western
Ghats,  India.  Phytotaxa 2018;  369:  047–055.
http://doi.org/10.11646/phytotaxa.369.1.5

5. Carine MA, Alexander JM, Scotland RW. A revision
of  the  Strobilanthes  kunthiana-group

(Phlebophyllum  sensu Bremekamp) (Acanthaceae).
Kew Bull. 2004; 59: 1–25.

6. Carine  MA,  Scotland  RW.  Pollen  morphology  of
Strobilanthes  Blume (Acanthaceae)  from southern
India and Sri Lanka. Rev Palaeobot Palynol. 1998;
103:  143–165.  http://doi.org/10.1016/S0034-
6667(98)00030-X.

7. Deng  YF,  Wood  JRI,  Scotland  RW.  New  and
reassessed species of Strobilanthes (Acanthaceae) in
the flora of China. Bot J Linn Soc. 2006; 150: 369–
390.  https://doi.org/10.1111/j.1095-
8339.2006.00473.x

8. IISc.  Biodiversity,  Ecology  and  Socio-Economic
Aspects  of  Gundia  River  Basin  in  the  context  of
proposed  Mega  Hydro  Electric  Power  Project.
Published  on  the  Internet;
http://wgbis.ces.iisc.ernet.in/biodiversity/pubs/ces_t
r/TR122/index.htm Retrieved 03 January 2019.

ISSN: 2348-1900           Horizon e-Publishing Group

53



17ISSN: 2349-0217
Carmel Blaze Vol.11, Issue 1 ,July  2019ISSN: 2349-0218          Carmel Blaze    Vol 11, Issue 1, July 2019        17 

 

ROOT AND TUBER VEGETABLES – A NUTRIENT 
STUDY AND VITAMIN C ESTIMATION 

 VIDYA FRANCIS 

Asst. Professor, Dept. of Chemistry, Carmel College, Mala 
Email: vidyakf@gmail.com 

 

Introduction and literature review 
Vegetables are plants or parts of plants served with the main 

course of a meal. Apart from their nutritive value, vegetables 
probably do more than any other groups of foods to add appetizing 
color, texture and flavor to our daily food. With the wide choice of 
colour of vegetables, it is possible to select a vegetable with desired 
colour to heighten the appearance of a meal. Various parts of plants 
vary in their water, protein, vitamin, mineral and carbohydrate 
contents [1]. Detection of minerals in vegetables means detection 
of elements other than carbon, hydrogen and oxygen. 

The nutritive value of different vegetables varies sufficiently and 
it is wise to serve a variety of vegetables to ensure that all the 
necessary nutrients from the vegetables category are included in the 
diet. Vegetables, as a group, contribute in digestible fiber, minerals 
and vitamins to diet. Most vegetables, except those containing 
starch which provides a useful source of energy, are low in 
calories. The indigestible fiber content of vegetables contributes to 
the roughage promoting the mobility of the food through the 
intestine [2]. 
 
OBJECTIVES 

The main objective of this project is to the analyze the 
nutritional information of the selected samples such as Carrot, 
Chinese Potato, Colocasia, Potato, Tapioca, Yam which are  used 
in our day today life. This study also focuses on the determination 
of vitamin C content in these samples since adequate consumption 
of vegetables with high level of vitamin C can help in health 
improvement and thus reduce diseases such as diabetes, glaucoma, 
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atherosclerosis, stroke, heart diseases and cancer. Analysis of pH 
content was also determined. 
Materials and Methods 
Sample preparation: 5g of sample vegetable is weighed out and 
squeezed in a mortar.  10ml of distilled water was added and it is 
squeezed again. Repeat the procedure for 2-3 times and the solution 
is filtered into 100ml standard flask. The solution was made up into 
100ml.  

 
Chemicals used: Picric acid, , Ammonium hydroxide, 
Ammonium carbonate, Ammonium chloride, Hydrogen sulphide, 
Disodium hydrogen phosphate, Ammonium molybdate, 
Concentrated Hcl, Dilute H2SO4, Dilute KMnO4, Concentrated 
H2SO4,Copper sulphate, Acetic acid, Sodium hydroxide, Fehling’s 
solution A and B, Tollen’s, Benedict’s solution, Potassium iodide, 
Potassium iodate, Ascorbic acid, Starch solution. 
Analysis 
For the analysis of Root vegetables the following experiments were 
carried out: 

 Test for Potassium: To a little of the sample solution in a 
test tube add 2ml of picric acid solution and shake well. 
Formation of a yellow precipitate indicates the presence of 
potassium ions. 
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 Test for calcium: To a little of sample solution, ammonium 
hydroxide and excess of ammonium carbonate solutions are 
added. A white precipitate indicates the presence of 
calcium. 

 Test for Zinc: To a little of sample solution, ammonium 
chloride and excess of ammonium hydroxide solutions are 
added then hydrogen sulphide is passed through it. A white 
(or dirty white) precipitate indicates the presence of zinc. 

 Test for Magnesium: To a little of the sample solution in a 
test tube add NH4Cl, NH4OH and excess of disodium 
hydrogen phosphate solution. The inner sides of the test 
tube containing the above mixture are scratched using a 
glass rod. Formation of white precipitate indicates the 
presence of magnesium ions. 

 Test for Phosphate: A few drops of sample solution is 
mixed with1ml concentrated HNO3 heat and cool. Is then added 
to about 2ml of ammonium molybdate solution taken in a 
test tube and shaken well. Canary yellow precipitate 
confirms the presence of phosphate ions. 

 Test for Manganese: To a little of sample solution, 
ammonium chloride and excess of ammonium hydroxide 
solutions are added and then hydrogen sulphide is passed 
through it. A flesh colored precipitate. 

 Test for sodium: A little of sample solution is made a paste 
with concentrated hydrochloric acid and flame test is 
conducted with this paste. A golden yellow flame indicates 
the presence of sodium. 

 Test for Iron: a little of sample is acidified with dilute 
sulphuric acid and dilute potassium permanganate is added 
in drops. Color of potassium permanganate is discharged. 
This indicates the presence of iron. 

 Test for Carbohydrate (molisch’s test): A little of the 
sample solution taken in a test tube and add 2 drops of 1% 
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of alcoholic α- naphthol solution. Add about 1ml of 
conc.H2SO4 carefully along the sides of test tube. A violet 
ring at the junction of two layers shows the presence of 
carbohydrate. 

 Test for Glucose: Its presence is detected by the following 
tests: 
 Fehling’s solution test: A little of sample solution 

taken in a test tube and add few drops of Fehling’s 
solution at equal amount. The test tube is heated on a 
water bath for 10 minutes. Appearance of brown 
precipitate confirms the presence of glucose in root 
vegetables. 

 Tollen’s test: A little of the sample taken in a test 
tube and add 2ml of tollen’s reagent. The test tube is 
heated on a water bath for a few minutes. 
Appearance of silver mirror indicates the presence of 
glucose. 

 Benedict’s solution test: A little of sample taken in a 
test tube and add a few drops of         Benedict's 
reagent. The test tube was heated for a few seconds. 
Formation of reddish color confirms the presence of 
glucose. 

 Test for proteins: Biuret Test: Take about 1ml of dilute 
testing solution. Then add 3 drops of copper sulphate 
solution followed by about 1ml of 10 N ammonium 
hydroxide solutions. Mix the ingredients thoroughly and 
note the color. The production of purple to violet color 
indicates the presence of protein. 

 Test for steroids: 1g of the test substance (vegetable 
extracts) was dissolved in a few drops of acetic acid. It 
was gently warmed and cooled under the tap and a drop 
of concentrated sulphuricacid was added along the sides 
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of the test tube. Appearance of green color indicates the 
presence of steroids. 

 Test for tannins: The substance (extracts) mixed with 
basic lead acetate solution. Formation of white 
precipitate indicates the presence of tannins. 

 Test for flavonoids: Extract is treated with few drops 
of NaOH solution. Formation of intense yellow color 
indicates presence of flavonoids. 

 Test for saponins: The substance is shaken with water; 
foamy lather formation indicates the presence of 
saponins. 

 Test for quinines: To the test substance, sodium 
hydroxide was added. Blue green or red color indicates 
the presence of quinines. 

Determination of pH 
The pH root vegetable juices were measured with the help of 

calibrated pH meter (digital readouts). The vegetable juice samples 
were taken in a 100 ml beaker and the pH meter was immersed in 
it. The stabilized values are taken to find out the pH of the samples.      
Estimation of Vitamin C 
 Preparation of iodine solution: 5.00g potassium iodide (KI) 

and 0.268g potassium iodate (KIO3) where dissolved in to 
500ml beaker with 200ml distilled water. 30 ml of 3 M 
sulphuric acid was added in to the beaker and then diluted 
with distilled water until 500 ml solution. 

 Preparation of vitamin C standard solution: 0.250 g 
ascorbic acid was dissolved in the beaker with 100 ml 
distilled water. The solution was transferred 250 ml 
volumetric flask and diluted to the mark with distilled water. 

 Standardization of iodine solution: 20 ml of vitamin C 
solution was pipette in to a 125 ml Erlenmeyer flask. 4 drops 
of 1% starch solution were added and then titrated against 
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iodine solution until blue black color was observed. The 
titrations were repeated for concordant values. 

 Titration of vegetable juices: 20 ml of sample was pipette 
into a 125 ml Erlenmeyer flask. Followed by 20 drops of 1% 
starch solution and titrated against iodine solution until blue-
black was observed. Titrations were repeated three times and 
average values are taken. 

RESULTS AND DISCUSSIONS: 
Mineral Analysis 

Potassium-deficient people may also experience high blood 
pressure, pain in their intestines, swelling in their glands and 
diabetes as serious side effects of this deficiency. It was observed 
that all the selected root and tuber vegetables were rich in 
potassium so it gives yellow precipitate when treated with picric 
acid. Calcium is a mineral that is an essential part of bones and 
teeth. Aside from strengthening bones, calcium is also involved in 
many body functions such as muscle contraction, blood circulation, 
and nervous system relay activities. A calcium deficiency can lead 
to problems such as high blood pressure, cardiovascular disease, 
arthritis and osteoporosis.  

Zinc is called an “essential trace element” because very small 
amounts of zinc are necessary for human health. It is also used for 
boosting the immune system, treating the common cold and 
recurrent ear infections, and preventing lower respiratory 
infections. It was observed that carrot and yam contains zinc as it 
gives white precipitate for the zinc analysis. 

Magnesium deficiency, especially prevalent in older 
populations, is linked to insulin resistance, metabolic syndrome, 
coronary heart disease, and osteoporosis. It includes muscle aches 
or spasms, poor digestion, anxiety, and trouble sleeping. It was 
observed that all selected root and tuber vegetables except 
colocasia contains magnesium as it gives white precipitate in the 
magnesium analysis. 
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The most significant deficiency symptoms of phosphorus 
include weak bones and discomfort in various body joints. It was 
observed that all the selected root and tuber vegetables contains 
phosphate as it gives canary yellow precipitate in the phosphate 
analysis.   

Manganese is a mineral naturally occurring in our bodies in 
very small amounts. The symptoms of manganese deficiency 
include high blood pressure, heart ailments, muscular contraction, 
bone malformation, high cholesterol, and poor eyesight, hearing 
trouble, severe memory loss, shivers and tremors. It was observed 
that carrot, yam and Chinese potato contains manganese as it gives 
flesh coloured precipitate in the analysis of manganese. 

Sodium is an essential element for all animals and some plants. 
Sodium ions are the major cation in the extracellular fluid (ECF) and 
as such are the major contributor to the ECF osmotic pressure and 
ECF compartment volume. Loss of water from the ECF compartment 
increases the sodium concentration, a condition called hypernatremia.  

Iron deficiency may often cause severe fatigue, body 
weakness, and other related health ailments. People lacking it cannot 
perform normal functions in an optimal way. Furthermore, women 
and children need more iron than their male counterparts, and 
anemia strikes them particularly hard. It was observed that all the 
selected root and tuber vegetables contains iron as it discharge the 
colour of KMnO4 in the iron analysis. 
 Carbohydrates provide energy required for your daily 

activities. Diets rich in carbohydrates can be helpful in reducing 
weight and controlling muscle tones in sharp contrast with fad diets 
would like you to believe. It was observed that all the selected root 
and tuber vegetables contain carbohydrate as it gives a violet ring in 
the analysis of the carbohydrate. 

Glucose is not only needed to produce energy so you could 
do all the activity daily without the sign of exhaustion but glucose 
is also needed as part of the recovery.It was observed that all the 
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selected root and tuber vegetables contains glucose as it gives 
brown precipitate in the fehling’s test, silver mirror in the tollen’s 
test and reddish colour in the benedict’s test for the analysis of 
glucose. 

Consumption of adequate protein ensures strong immune 
defense, efficient signaling of nerves and impulses, healthy hair 
and maintenance of fluid balance in the body. It was observed that 
all selected root and tuber vegetables contains protein as it gives 
violet to purple colour in the analysis of protein. 
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Potassium ✔ ✔ ✔ ✔ ✔ ✔ 
Magnesium ✔ ✔ ✔ ✖ ✔ ✔ 
Phosphate ✔ ✔ ✔ ✔ ✔ ✔ 

Iron ✔ ✔ ✔ ✔ ✔ ✔ 
Carbohydrate ✔ ✔ ✔ ✔ ✔ ✔ 

Glucose ✔ ✔ ✔ ✔ ✔ ✔ 
Protein ✔ ✔ ✔ ✔ ✔ ✔ 
Sodium ✔ ✖ ✖ ✖ ✔ ✖ 

Zinc ✔ ✔ ✖ ✖ ✖ ✖ 
Calcium ✔ ✔ ✔ ✖ ✔ ✔ 

Manganese ✔ ✔ ✖ ✖ ✖ ✔ 
 

Test for Steroids, Tannins, Flavonoids, Saponins and Quinines 
The steroids can harm your central nervous system and you 

may be at high risk of psychosis. The body growth can be increased 
quickly with proper intake of steroids. The physical strength and 
stamina of person is increased to large extent. A person fells 
positive and more confident. It was observed that all the root and 
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tuber vegetables does not contains steroids as it does not give any 
green colour in the analysis of steroids. 

 

C
arrot 

Y
am

 

Potato 

C
olocasia 

Tapioca 

C
hinese 

potato 

Steroids ✖ ✖ ✖ ✖ ✖ ✖ 

Tannins ✔ ✔ ✔ ✔ ✔ ✔ 

Flavonoids ✔ ✔ ✔ ✖ ✖ ✔ 

Saponins ✔ ✔ ✔ ✔ ✔ ✔ 

Quinines ✖ ✔ ✖ ✖ ✖ ✔ 

 

  Most of the tannins fight cavities, diarrhea, and some even 
protect heart diseases and cancer. They disable bacteria in the mouth, 
which inhibits plaque formation. Tooth decay is also prevented. But 
they stain teeth. It was observed that all the selected root and tuber 
vegetables contains tannins as it gives white precipitate when treated 
with basic lead acetate solution. 

Flavonoids are best known for their antioxidant and anti-
inflammatory health benefits as well as the support of the 
cardiovascular and nervous systems. Risk of dietary deficiency for 
flavonoids is basically synonymous with low dietary intake of 
whole, natural foods, and in particular, low intake of vegetables 
and fruits. It was observed that all the root and tuber vegetables 
except colocasia and tapioca contains flavonoids as it gives intense 
yellow colour when treated with NaOH. 
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Saponins-group of chemicals with detergent-like properties 
that plants produce to help them resist microbial pathogen such as 
fungi and certain bacteria and viruses. Health benefits of saponins 
include control of blood cholesterol levels, bone health, cancer, and 
building up the immune system. It was observed that all the 
selected root and tuber vegetables contain saponins as it forms 
foamy lather when it is shaken well with water. 

Saponins are thought to bond with cholesterol and other 
pathogens in your body. This prevents them from being absorbed 
by your body, carrying them through your body’s digestive system 
instead, where they can be properly eliminated. It was observed 
that yam and Chinese potato contains quinines as it gives green 
colour when treated with NaOH solution. 

 

 

 

 
 

 

 

 

 

 

No Sample Observation Inference 

1. Carrot No 
precipitate 

Absence of 
quinines 

2. Yam Green color Presence of 
quinines 

3. Potato No 
precipitate 

Absence of 
quinines 

4. Colocasia No 
precipitate 

Absence of 
quinines 

5. Tapioca No 
precipitate 

Absence of 
quinines 

6. Chinese 
potato 

Green color Presence of 
quinines 
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Determination of pH: 

The pH of all selected root and tuber vegetables were found 
to be in the range 5.2-6.5. It clear that colocation is slightly acidic 
among the selected vegetables and tapioca and the Chinese potato 
are the least acidic vegetables. Whereas the all the other samples 
almost neutral.  

 
Vitamin C 

Vitamin C, also known as ascorbic acid and L-ascorbic acid, 
is a vitamin found in food and used as a dietary supplement. As a 
supplement it is used to treat and prevent scurvy [3]. Evidence does 
not support use in the general population for the prevention of 
the common cold [4] . It may be taken by mouth or by injection.[3]. 
It is generally well tolerated [3]. Large doses may cause 
gastrointestinal upset, headache, trouble sleeping, and flushing of 
the skin.[5] . Normal doses are safe during pregnancy [6]. Vitamin 
C is an essential nutrient involved in the repair of tissue [3].From 
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the above data it is found that highest vitamin C is found in yam 
having 4.4768mg/100g followed by Tapioca (3.936), Potato 
(3.165), Colocasia (2.933), Carrot (1.852) and Chinese Potato 
(0.2933). 

 
 
CONCLUSIONS 

 Our analysis provides that selected root and tuber vegetables 
such as carrot, Yam, Potato, Colocasia, Tapioca, And 
Chinese Potato are rich in potassium, phosphate, iron, 
carbohydrate, glucose, protein, tannins and saponins. 

 Calcium is present in all the selected samples except 
colocasia. 

 Among the samples zinc is present in carrot and yam 
whereas it is absent in potato, colocasia, tapioca and Chinese 
potato.  

 Magnesium is present among the all the selected samples 
except colocasia. 

 Among the samples manganese is present in carrot, yam and 
Chinese potato whereas it is absent in potato, colocasia and 
tapioca. 
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 Sodium is present in carrot and tapioca while it is absent in 
all the other selected samples. 

 Steroids are absent in all the selected root and tuber 
vegetables. 

 Among the samples flavonoids are present in carrot, yam, 
potato and Chinese potato whereas it is absent in colocasia 
and tapioca. 

 Quinines are present in yam and Chinese potato while it is 
absent in all the other samples. 

 The Moisture content value was found to be highest in 
Potato and least in Tapioca. 

 The pH of all selected vegetables juices was found to be in 
the range 5.2-6.5. Our analysis showed that selected 
vegetables juices are acidic in nature. The pH value was 
found to be highest in Tapioca (6.5) and Chinese potato 
(6.5) and least in Colocasia (4.3).    

 The ascorbic acid content of selected vegetables juices were 
determined iodometrically ,and the highest value of vitamin 
C is found in yam (4.48 mg/100g), followed by tapioca 
(3.94mg/100g), potato (3.17 mg/100g), colocasia (2.93 
mg/100g), carrot (1.85 mg/100g) and  Chinese potato 
(0.29mg/100g). 
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Abstract 
 
 From being an outcast, though only to a few, to the master of 
the manor,Wuthering Heights, the transition of Heathcliffe is 
tremendous. Heathcliffe, the dark horse, in every literal sense, waited 
for his day to dawn, to finally be the ruler, master of Wuthering 
Heights .Heathcliff's zeal for Catherine is so dark and ominous that he 
becomes hell-bent on destroying the happiness of her daughter and 
even his own son. Heathcliff’s departure after Catherine’s marriage 
shows his overwhelming mental anguish in realizing that Catherine 
shall never be his. Heathcliff’s frustration on never having the love of 
his life and Hindley torturing him in his young days makes him a 
discourteous and a scamp. 
Introduction 

The Earnshaws named the boy, whom Mr. Earnshaw brought 
from Liverpool, as Heathcliff. This was the name of a son who died in 
childhood, and it served him ever since, both for Christian and 
surname. (Bronte 29) 
 Catherine was the only accomplice Heathcliff had in 
Wuthering Heights. Hindley ostracized Heathcliff from childhood. 
Hindley always used to thrash Heathcliff. But Heathcliff never 
complained and endured Hindley's blows. 

He seemed a sullen, patient child, hardened, perhaps, to ill-
treatment: he would stand Hindley's blows without winking or 
shedding a tear, and my [Nelly] pinches moved him only to draw in a 
breath, and open his eyes as if he had hurt himself by accident, and 
nobody was to blame. This endurance made old Earnshaw furious 
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when he discovered his son persecuting the poor, fatherless child, as 
he called him (Bronte 30). 

 Mr.Earnshaw heeded Heathcliff more than his own two 
children, which made Hindley covetousand he saw his father as 
atyrant. 

So, from the very beginning, he bred bad feeling in the house; 
and at Mrs. Earnshaw's death which happened in less than two years 
after, the young master had learnt to regard his father as an oppressor 
rather than a friend, and Heathcliff as a usurper of his parent's 
affections and his privileges, and he grew bitter with brooding over 
these injuries. (Bronte 30)  

 Once Mr. Earnshaw purchased a couple of colts to Wuthering 
Heights. Heathcliff took the handsomest, but it illand Heathcliff 
wanted to exchange colts with Hindley. Unsurprisingly Hindley 
refused. Heathcliff said if Hindley won't give his colt then he will tell 
Mr. Earnshaw about the thrashings Hindley gave him. But Hindley did 
not heed his words. Instead Hindley cuffed Heathcliff over his ears 
and heavedan iron weight at Heathcliff. It hit Heathcliff's breast, and 
he got knocked down. Nelly was surprised to see Heathcliff getting up 
coolly like nothing happened. 

I was surprised to witness how coolly the child gathered himself 
up, and went on with his intention, exchanging saddles and all, and 
then sitting down on a bundle of hay to overcome the qualm which the 
violent blow occasioned, before he entered the house.” (Bronte 31)  

 When they were children Hindley used to harm Heathcliff a lot 
because his father had compassion for the “fatherless child”. And 
since his father's love moved to Heathcliff rather than him, Hindley 
grew into a disobedient and offensive son. His father sent him to 
college to end his enmity with Heathcliff and to bring about some 
changes in his conduct. 

Soon after Mr.Earnshaw dies, Hindley takes over Wuthering 
Heights. He allowed Heathcliff to stay, but only as a servant. But 
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Catherine and Heathcliff were very close friends. And Hindley was 
always worried about their friendship.  

Once Catherine and Heathcliff go off to Thrushcross Grange, 
where the Lintons lived. As a result ofa dog bite Catherine continues 
with the Lintons till her wound is nursed back to health. Afterward 
when she comes back to Wuthering Heights she initiallyasks for 
Heathcliff. Hindley becomes aggravated and asks Heathcliff to come 
and see Catherine like the other servants.  

Heathcliff, you may come forward. You may come and wish 
Miss Catherine welcome, like the other servants. (Bronte 41) 

 Catherine so journ with the Lintons makes her very intimate 
with Edgar Linton. This hurts Heathcliff. He wishes that he was like 
Edgar Linton so that Catherine would think highly of him, like she 
had a high regard for Edgar. 

I wish I had light hair and a fair skin, and was dressed and 
behaved as well, and had a chance of being as rich as he will be!” 
(Bronte 44) 

One day the Lintons visit Wuthering Heights. Heathcliff scrubs 
himself to look neat and tidy like Edgar. Mrs.Linton asks Hindley to 
keep that ‘naughty and swearing boy’ out of her children's sight. 
When Hindley sees Heathcliff clean and cheerful his anger amplifies. 

They met, and the master, irritated at seeing him clean and 
cheerful, or, perhaps, eager to keep his promise to Mrs.Linton, shoved 
him back with a sudden thrust, and angrily bade Joseph “keep the 
fellow out of the room-send him into the garret till diner is over. He'll 
be cramming his fingers in the tarts, and stealing the fruit, if left alone 
with them a minute. (Bronte 45) 

He shall have his share of my hand, if I catch him downstairs 
again till dark” cried Hindley. “Be gone, you vagabond! What! You 
are attempting the coxcomb, are you? Wait till I get hold of those 
elegant locks-see if I won't pull them a bit longer! (Bronte 45)  

When Edgar Linton taunts Heathcliff, about his locks, they get 
into a fight. Hindley comes and takes Heathcliff away and punches 
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him. While Heathcliff comes back he is red and breathless. Catherine 
dismisses her old playmate's quandary and pays attention to her new 
friends. All this builds revulsion and vengeancein Heathcliff towards 
Hindley. 

‘I'm trying to settle how I shall pay Hindley back. I don't care 
how long I wait, if I can only do it, at last. I hope he will not die 
before I do!’ 

 ‘For shame, Heathcliff!’ said I [Nelly] ‘It is for God to punish 
wicked people; we should learn to forgive.’  

‘No, God won't have the satisfaction that I shall,’he returned. ‘I 
only wish I the best way! Let me alone, and I’ll plan it out: while I'm 
thinking of that, I  don't feel pain.” (Bronte 47) 

The hatred and revenge towards his master, Hindley, grows 
fervent everyday in Heathcliff's mind. Usually in most of the stories 
about slaves we see that they will be devoted to their masters and will 
show high respect to their masters. Taking the example of Daniel 
Defoe's Robinson Crusoe, there is a slave called Friday. He is 
handsome yet looks savage. His master names him Friday. Friday 
obeys his master just fine. 

Friday believed that it was his duty to remain loyal and stanch to 
his master. He treasured his master though his master made him work 
like a dog. Friday neither complained nor wanted deliverance from his 
master. 

However Heathcliff is just the reverse. Unlike Friday, Heathcliff 
was adopted by Hindley's father to his family. As a result Heathcliff 
was moreover like a member of the family when Mr.Earnshaw was 
alive. Subsequently when Hindley took over Wuthering Heights 
everything changed. Heathcliff became a servant, who loathed his 
master.  

Along with him, grew his abhorrence towards his master. He 
waited for the day he would be able to take revenge on his master. 

 If old man Earnshaw's policies seem rather capricious, the next 
generation is clearly perverse. Hindley Earnshaw exercises power out 
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of class anger and fraternal rivalry. His aim is to obstruct legitimate 
desires, those to which one is entitled by nature rather than rank, and 
he succeeds in twisting Heathcliff's spontaneous desire for Catherine 
into a lust for vengeance. Hindley is portrayed in this novel as brutal 
degraded sort, strong in the desire to work all mischief, but impotent 
in his degradation. 

Heathcliff may be considered as the hero of Wuthering Heights, 
if a hero there be. He is an incarnation of evil qualities; implacable 
hate, ingratitude, cruelty; falsehood, selfishness and revenge. 

Catherine Earnshaw decides to marry Edgar Linton although she 
loves Heathcliff. But Catherine fears that she will be poor if she 
marries Heathcliff. 

“Nelly, I see now, you think me a selfish wretch, but, did it 
never strike you that if Heathcliff and I are married, we should be 
beggars? Whereas, if I marry Linton, I can aid Heathcliff to rise, and 
place him out of my brother's power.” (Bronte 63) 

After Hindley's wife's death Hindley is caught in a downward 
spiral of destructive behavior, and ruins the Earnshaw family by 
drinking and gambling in excess. 

Knowing that Catherine was going to marry Edgar, Heathcliff 
runs away. He later returns with lots of money. His master Hindley 
was in a state of loss. Hindley does not care about his life. He was 
always drunk and never cared for his son, Hareton. Hindley loses his 
mind by drinking. Heathcliff stays at Wuthering Heights and spends 
his time gambling with Hindley and teaching Hareton bad habits. 
Hindley dissipated his wealth and mortgaged his house to Heathcliff 
to pay his debts. Hindley later dies after a fight with Heathcliff. 
Heathcliff takes over Wuthering Heights and Hareton. He degrades 
and perverts Hareton. Heathcliff taught him vulgarities as a way of 
avenging himself on his father, Hindley. Hareton speaks with an 
accent similar to Joseph and works as a servant at Wuthering Heights, 
unaware of his true rights. 
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With no one to care and teach good lessons, Hareton grows up 
as a rude and rough man. Heathcliff makes Hareton work very hard 
Hareton toils night and day. Heathcliff thus takes revenge on Hindley, 
through his son, Hareton. He treats Hareton very badly. But Hareton 
remains loyal to him. 

When Heathcliff suffered from his master from his childhood 
days, he waited silently to take revenge. He also loathed Edgar Linton 
for marrying his love, Catherine Earnshaw. Heathcliff behaves bad to 
the second generation, Catherine [Edgar's daughter], Hareton and his 
son Linton. He makes Hareton suffer under him. He induces Catherine 
to marry Linton. Linton was a sick boy. When he became seriously ill, 
Heathcliff does not even send for the doctor, because he never loved 
his son, because he loathed his mother Isabella. 

The guest was now the master of Wuthering Heights: he held 
firm possession, and proved to the attorney, who, in his turn, proved it 
to Mr.Linton, that Earnshaw had mortgaged every yard of land he 
owned for cash to supply his mania for gaming; and he, Heathcliff, 
was the mortgagee. In that manner, Hareton who should now be the 
first gentleman in the neighbourhood, was reduced to a state of 
complete dependence on his father's inveterate enemy; and lives in his 
own house as a servant deprived of the advantage of wages, and quite 
unable to right himself, because of his friendlessness, and his 
ignorance that has been wronged. (Bronte 144) 

 His son Linton dies, making young Catherine a widow. His 
[Heathcliff] cruelty never ends. After Linton's death Catherine goes 
back to Thrush cross Grange. But he forces her to leave Thrush cross 
Grange and stay in Wuthering Heights. He hates young Catherine 
because she is the daughter of Edgar Linton. But seeing her often 
reminds him of her mother, Catherine Linton. Before his death 
Heathcliff was able to take revenge on his master, making his master's 
son, a slave under him, owning Wuthering Heights and Thrush cross 
Grange. Thus Heathcliff becomes the master and his master's son his 
slave. 
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Human Degradation in Wuthering Heights 

Wuthering Heights is aoutlandish story. There are evidences in 
each chapter of the natureof rugged power, an unconscious strength, 
which the possessor seems to never think of turning to the best 
advantage. The general effect is inexpressibly painful. The novel 
presents shocking pictures of the worst forms of humanity. 

 Wuthering Heights casts a gloom over the mind not easily to 
be dispelled. It is a sprawling story, carrying us, with no mitigation of 
anguish, through two generations of sufferers, though one presiding 
evil genius sheds a grim shadow over the whole and imparts a 
singleness of malignity to the somewhat disjointed tale. 

 Inconceivable as are the combinations of human degradation 
which are here to be found moving within the circle of a few miles. 
The reality of unreality has never been so aptly illustrated as in the 
scenes of almost savage life which Emily Bronte has brought so 
vividly before us.There is no single character which is not utterly 
hateful or thoroughly contemptible. If you do not detest the person, 
you despise him; and if you do not despise him, you detest him with 
your whole heart. 

 Hindley, the brutal, degraded sort, strong in the desire to work 
all mischief, but impotent in his degradation; Linton Heathcliff, the 
miserable, driveling coward in whom we see selfishness in its most 
abject form; and Heathcliff himself, the presiding evil genius of the 
piece, the tyrant father of an imbecile son, a creature in gigantic 
excess-form a group of deformities such as we have rarely seen 
gathered together on the same canvas. 

 There is selfishness, ferocity in the love of Heathcliff, which 
scarcely suffer it, in spite of its rugged constancy, to relieve the darker 
parts of his nature. Even the female characters excite something of 
loathing and much of contempt. 
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 Catherine the elder - wayward, impatient and impulsive - 
sacrifices herself and her lover to the pitiful ambition of becoming the 
wife of a gentleman of her place. Hence her own misery, her early 
death, and something of a brutal wickedness of Heathcliff's character 
and conduct; though we cannot persuade ourselves that even a happy 
love would have tamed down the natural ferocity of a tiger. 

 Catherine the younger is more sinned against than sinning, and 
in spite of her moral defects, we have some hope of her at the last. 

 The main characters have at least one bad behavioural trait in 
them- self-centeredness or edginess. 

Conclusion 

 The rivalry between Heathcliff and Hindley Earnshaw, as 
stated earlier, commenced from their childhood days. Hindley's 
qualms that one day Heathcliff will be the heir of his father's 
possessions and the way Mr.Earnshaw showed more love and care to 
Heathcliff are the motives behind Hindley's cruel behaviour towards 
Heathcliff. 

 Hindley was also frustrated by the intimacy of Catherine and 
Heathcliff. His fears came true. Catherine and Heathcliff were 
inseparable. Though for selfish gains, Catherine marries Edgar Linton. 

 Thoroughly at a loss, Heathcliff runs away from Wuthering 
Heights and comes back with lots of money. His return is the turning 
point in the novel, from where everything starts: Hindley's death, 
making Hareton his slave, Catherine's death and the taking over of 
Wuthering Heights. In the end it is seen that Heathcliff also takes over 
Thrushcross Grange. 

 Having Wuthering Heights and his master's son as his slave, 
Heathcliff calms down. He destroys many people's life including his 
Catherine's. Heathcliff spoils young Cathy's life by making her 
forcefully marry his son Linton. Linton dies and Cathy becomes a 
widow at a very young age. 
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 Heathcliff gains everything but there is a loss in his life: an 
eternal loss. He did not get his Catherine, and she dies very young. His 
love for her is so extreme that he even digs her grave to see her face 
again, just to believe that she is merely sleeping. 

 First Heathcliff is the slave and Hindley his master. Then later 
on, as time changes, Heathcliff becomes the master and Hindley's son, 
Hareton, becomes Heathcliff's slave.'Now my bonny lad, you are 
mine! And we'll see if one tree won't grow as crooked as another, with 
the same wind to twist it!'(Bronte 144) 

 His upbringing and his sufferings in his childhood days made 
Heathcliff's mind full of malicious thoughts and vicious things. 
Slavery made him hard and he built his mind to take vengeanceon his 
master. The paper endeavors to throw fresh light on the manner in 
which the so-called fiendish Heathcliff overcomes the fetters of 
slavery and takes over his master's chattels. 
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Abstract 

India today has made a mark in almost all spheres of national 
and international significance. More than the challenges faced by the 
country on the international front, the struggles within have been far 
more difficult to handle. With more and more nations gradually 
accepting a more democratic form of governmental operations, 
demands for autonomy, regionalism and the like have also become a 
phenomena frequently observed. Given such a background, diversity 
in India, is passing through a very turbulent phase. In numerous 
cases, it is becoming a cause for concern, given the recent conflicting 
views on the idea of nationalism and even more disturbingly the 
restrictions that are being imposed on certain sections of the society 
with regard to their choice of profession, food and the like. The irony 
is that it is happening in a country that is considered one of the largest 
democracies in the world. In its march forward as one of the powerful 
countries on the international front, India and its constitution is faced 
with an all new role of answering the all new interpretations and 
misinterpretations with regards to what had been originally 
conceptualised by the framers of the Indian constitution. Perhaps as a 
country India is facing a far more challenging situation today than it 
faced soon after independence. Only time will tell, how we will be able 
to overcome these problems. 

Keywords: - Nationalism, diversity, democracy, constitution, food, 
indianess 

India for ages has maintained its identity as a land of diversities, 
whether in religion, culture, food, language, festivals and so many 
other aspects of social, economic and political life. This variety has 
benefitted not only people within the country but also people from 
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around the world to come here and get a taste of this 
uniqueness.Indian dishes like kebabs, chicken tikka masala, biryani, 
and curries are immensely popular and available in places like UK, 
Canada, the Middle East, US and even China. The diversity of Indian 
cuisine makes catering to different palates easy. You could enjoy 
dishes from Goa, Punjab, South India, Rajasthan, Gujarat and even 
Parsifood.India is quite famous for its diverse multi cuisine available 
in a large number of restaurants and hotel resorts, which is reminiscent 
ofunityin 
versity.Bengali,Gujarati,Kashmiri,Mughlai,Punjabi,RajasthaniandSout
h Indian cuisines are evolving and gastronomically going places. The 
mention of varieties in cooking may make this article seem like one 
about Indian cuisine but what is to be discussed is a more fundamental 
and serious issue related to food and eating habits and choices. Unlike 
numerous foreign countries where the difference in cooking and 
eating is basically understood by the style in which it is cooked or the 
ingredients used, in India the broad classification is vegetarian and 
non-vegetarian. Though, in general it is just the difference in the 
ingredients used, inIndia, it speaks of many more differences such as 
cultural, regional and religious. On one hand, the unity in diversity 
gives us a sense of pride when we showcase ourselves in front of other 
countries of the world, within the country, this variety or difference 
has been the cause of more serious issues. Just as the spices have 
found their way to the tables of the most famous foreign eateries and 
hotels, the political ideologies or more appropriately, politicalagendas 
have found their way into determining what food one should or 
shouldn’t eat. The irony is that on one hand, the multiplicity of 
political parties gives the impression that we are accepting diversities 
of ideas and opinions but at the same time mob lynching of people 
who either consume meat of animals considered sacred by a particular 
community or have been doing the work of disposing off the waste or 
carcass of animals are treated as outcasts or untouchables. Another 
important aspect of this issue is that, in many a case, eating of the 
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forbidden meat or disposing of the remains is not by choice but the 
part of culture, tradition, occupation or merely accessibility. In states 
like Kerala, consumption of meat, especially red meat has cultural and 
traditional links while in states like Assam, it is a matter of availability 
and dietary requirements arising out of difference in climatic 
conditions. Though Punjab and Gujarat are both north-Indian states, 
while the former is well-known for both its vegetarian and even more 
for its non-vegetarian dishes, the latter is famous for its vegetarian 
dishes, so here it has more to do with cultural practices rather than 
regional practices. The results of viewing these distinct cultural, 
regional or communal practices with political propaganda and 
ideologies have unfortunately and dangerously resulted in the isolation 
of one of the largest minority community in India. The vested and 
venomous interests of certain fundamentalist anti-social groups to 
project India as a nation belonging to the so-called majority 
community, once in a while raises its head to threaten the very fabric 
of Indian democracy. Very often such useless debates tried to capture 
national attention but were pushed to the backseat due to various 
reasons. However, when the epicentre of debate shifted from 
nationalism to religious or communal issue, it assumed a more 
dangerous proportion.This act is being complemented by the silence 
of the political leadership on these incidences. Fundamentalist ideas 
are thus thriving under such conditions. While the accused side has 
taken it upon themselves as their duty to punish or suppress the meat-
eating evil-doers, the victims are at the mercy of the governmental and 
constitutional mechanisms to give them some relief. The worst hit are 
people belonging to the lower strata of society.The protection of cows, 
raising the spectre of a “pink revolution”, which is said to have 
originated in the native land of the present prime-minister aimed to 
protect the so called endangered cows and other cattle used for meat 
export. Violence connected with consumption or handling of the 
forbidden meat ranged from the most rural villages to the most 
advanced IITs too. However, a notable fact that remains is that, of the 
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victims, almost all of them belonged to the Dalit or the most 
downtrodden sections of the society.The rage and support over the 
issue spread like wild fire and in a very short period of time engulfed 
the entire country. What should have been left to the choice of an 
individual became a matter of prestige and ego of certain groups and 
communities. The irony of the situation was that citizens of the 
country especially those belonging to the minority communities began 
to wonder whether it was possible to deny rights and privileges, 
guaranteed by the constitution to one and all, at the whims and fancies 
of any dominant or majority group or groups of people. Even more 
disturbing is the fact that this issue is not the first of its kind. Though 
not based on eating habits or profession, the earlier issue was one 
affecting the people in general, namely the debate over the issue of 
showing respect to the National Anthem. Here again, the debate is 
over personal choices and decisions and whether such decisions can 
be dictated by a few to the rest or vice-versa. Nationalism is an 
emotional and psychological sentiment of oneness that every citizen is 
expected to share with every other citizen, uniting them under one 
common factor inspite of their inherent differences of religion, caste, 
class, language and the like. It is a sentiment that should come from 
within voluntarily and naturally and something that does not need to 
be imposed and whose non-compliance need not solicit legal action or 
punishment or any other kind of pressure for that matter. DuringWe 
witnessed the division of citizens into two groups, one supportive of 
such a development and another one which considered such a move to 
be an infringement on their personal freedom and choices and in many 
cases, an unnecessary doubt on their spirit of nationalism. However, 
the case of eating the forbidden meat or any kind of dealings 
connected to the bovine was of a more serious nature. On the one hand 
it was concerned with cultural and societal practices and freedoms of 
certain communities and groups; on the other hand, it was the question 
age-old profession and means of livelihood for many other 
communities and groups. The challenging part of the problem was that 



Carmel Blaze Vol.11 Issue 1 ,July  2019 74ISSN: 2349-0217
ISSN: 2349-0218          Carmel Blaze    Vol 11, Issue 1, July 2019        74 
 

the sections of society being affected by such a control and restriction 
were one of the most downtrodden and economically and socially 
backward people of the country. Initially what started as a restriction 
very soon turned out to be the reason behind the lynching of innocent 
people across the country. Anybody suspected of trading, transporting 
or consuming the forbidden meat, had to face the ire of vigilantes who 
were on the lookout for people who dared to go against this dictat. 
Unfortunately, all the violence against the people who were 
supposedly involved in the so called unholy meat-eating affair, largely 
belonged to the Muslim. Even more disturbing is the fact that for a 
huge number of people, it became an issue of livelihood, especially 
those who earned their daily bread by trading in meat or any remains. 
It was impossible for them to abandon something that they had been 
doing for ages and switch over any new trade or business, almost  
impossible, given their economic and social status. Initially, they 
underwent all the stigma and isolation but slowly they began to 
retaliate by refusing to do some of related jobs which had been carried 
out by certain communities for years together. The irony of the 
situation is that on one hand, they were ill-treated and victimised for 
they so called profession or trade, on the other hand, the perpetrators 
were unable to find a remedy or an alternative to the situation. 
Somebody had to clear dispose or remove the dead carcass, but who 
would do it, remained a big question. 

While this was the situation in the badly affected parts of India, 
there were states like Kerala that came down on such dictats in a much 
lighter yet firm way. Numerous groups and associations and the public 
in general expressed their opinion by organising beef-fest and 
distributing delicacies made of beef, freely all over the state and were 
on few counts faced with opposition too. Fortunately,the issue did not 
take a very serious turn here.Apart from this, there were states in 
India, especially in the north-east where the forbidden meat forms a 
major part of the daily diet of the majority of the people. There also, 
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perhaps the numbers made all the difference and violence in this 
matter was not heard of. 

Keeping aside, the degree of violence in the different parts of 
India, the underlying matter is that when a citizen’s rights and 
privileges are brought under the scanner by a group of people, 
assuming to be the majority, who could they seek help from? Since 
independence in the year 1947, it goes without saying that as citizens 
of India, we look up to the constitution of India to uphold and protect 
our rights. We are well aware of the fact that constitutional remedies 
act as a strong pillar of strength when citizens are faced with any kind 
of apprehensions regarding their rights and privileges, however, in this 
case, as all might have noticed that lynching has not so far been 
brought under the ambit of a criminal or punishable offense. Perhaps 
that is why it was able to remain unnoticed or unattended for a while 
till media took over and brought it to the limelight. Another worry is 
that we are not sure as to how many incidents have been reported out 
of the total happenings. 

On the global front, as we already discussed, through our variety 
delicacies and flavours, we are building a connect with all other 
nations. India is being acknowledged as an emerging super-power and 
its diversity being viewed as its biggest asset. It is admist such 
circumstances that the above said internal disturbances have to a very 
large extent marred the face of India. On the one hand while we are 
taking pride in the Indianisation of various international cuisines, 
within our own country, the very fabric of Indianness is at stake. We 
are now living a digital life and everything is on smart phones and 
people expect to see and believe rather than study. It also helps them 
to get a visual of the recipe process and this is very important. 
Sometimes we do mention things that help visibly more than the text 
format. That’s how the Indian cuisine was able to grab the attention of 
the international pallet. Over the ages we have survived the test of 
time by protecting and maintaining our uniqueness and difference but 
today that same difference is turning into a reason for fear. Quite 
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unexpectedly, food and eating habits have found an unexpected 
connection with the expression of nationalism. The very idea of 
nationalism is undergoing a sea change. The diversity that was once 
the cornerstone of our strength is now the cause of dissent. The 
difference in opinion further solidifies with the merging of religious, 
linguistic and other differences with issues of a much lighter nature. 
Killings in the name of personal choices are very scary phenomena.Of 
late, there have been many instances where constitutional provisions, 
rights and privileges guaranteed by the Indian constitution have been 
either forced on many citizens or been with-held from many others. 
The interpretation of the constitution on many instances has left 
citizens often confused about the actual meaning or substance of the 
constitution. The political shade or colour given to judicial decisions 
has often forced the citizens to become doubtful about their very 
position and presence in the country which they believe to be their 
homeland that would protect them against any kind of harm. Given the 
present state of affairs, there is a large section of people in India, who 
have started to feel unsafe in their own land of birth. India, one of the 
largest democracy in the world, needs to protect its diversity, since it’s 
this very diversity that makes this democracy very unique. Here, it is 
to be understood that like democracy, nationalism is also one of the 
strongest elements that unites the country and helps it to move 
forward. History tells us that India has come a long way starting from 
the time of colonial rule, princely states and provinces to states, re-
organization of states to the present form of states and union 
territories. One may argue that increase in the number of states and 
union territories is an indication of the fact that the very fabric of the 
nation is falling apart but in reality it is a sign of a more democratic 
process. However, any harm to the democratic fabric in the name of 
religion, culture, caste or opinions will cause such serious damage 
which might become almost impossible to heal. The reasons being 
that there is an evident absence of leaders who like during the time of 
freedom struggle were able to rise above all other differences to work 
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towards one nation. India, falling apart on such petty issues would 
destroy us forever so it is the duty of each and every citizen of India to 
ensure that India remains united at any cost.   
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Abstract 

Medicinal plants   have been discovered   and used   in  
traditional  medicinal  practices  since pre- historic   times. They 
synthesise   countless chemical compounds to  fight  against  insects,  
fungi,  bacteria  etc. With  an  aim  to explore  the  data  about  
medicinal  plants   of  Jewish  cemetery   Mala, which  is a   heritage  
site  of  Thrissur  district  , we  conducted  this  study during 
September to December. This area  is  rich  in  floral  diversity  .   
Collections were made once in a week along with survey of medicinal 
plants.  We analysed the floral characters   and made herbarium. We    
collected  27  medicinal  plants  from   this  area, which  are  famous  
for  their  usage  in  Ayurveda, Homeopathy    and  traditional  system   
for  curing    various   diseases.  This study reveals   that this area is a 
rich source of plant diversity and has to be protected. 

Key words: Medicinal plants, post monsoon, tradition, diversity 

 Introduction 

Plants  are  inevitable  components   for  the  survival  of   the  
other  life   forms. In this world   most regions are covered by green 
plants. All  plants  have  medicinal  values. Plants  are  distributed  by  
their  adaptation  to   environmental  changes. 

The  plant  resources  not  only  provide  us  nourishment, 
clothing, housing,  fuel  and  medicine  but  also  meet  our several 
other  requirements. Therefore  the  knowledge  about  plants  and  
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biodiversity  is  an   absolute  requirement  for  the  conservation  of  
our  natural  resources   and  is  impossible  to   conserve  plant  
diversity   without  a  basic  idea  of  plant   distribution. 

Medicinal  plants have curative  properties  due  to  the presence  
of  various  complex  chemical substances  of  different  composition , 
which  are  found  as  secondary  plant  metabolites   in  one or  more  
parts  of  these plants. These  plant  metabolites  according  to  their  
composition , are  grouped  as  alkaloids,  glycosides, corticosteroids , 
essential oils etc. 

Medicinal  plants  have  played  an important  role  in  
development  of  human culture  for  example   religions  and  
different  ceremonies. Many  medicines  are  produced  from  the  
medicinal  plants  indirectly  such  as  aspirin. Medicinal  plants  are  
resources  of  new  drugs. Studying  on medicinal plants  help  to  
understand  plant  toxicity  and  protect  human  and  animals  from  
natural  poisons. Preservation  and  identification of  medicinal  plants  
protect  its  biodiversity, for  example  metabolic  engineering  of  
plants. This  encyclopedia  deliberates  for  the  readers  its  uses  and  
relevance of  plants  as  sources  of  medicine. It  provides  illustration  
of   medicinal  plants,  as  well  as  an  understanding   of  their  
anatomy, morphology,  physiology  and  the  chemicals  present in  
them  which  make  them  valuable. It  is  designed  to  be 
comprehensive  reference  tool  for  health  authorities, scientists  and  
pharmacists  and  to  the  general  public. 

The  first  and  the  most  crucial  aspect  in   present  scenario  
of  traditional   medicine   system  is  to  conserve  our already  
depleted  resources , conservation  in   itself  i.e; a broad  field  which  
include  preservation, maintenance  of  sustainable  utilization,  
restoration  and  enhancement  of  the  natural  environment  is  
essential. Here an attempt has been made to study about the medicinal 
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plants of the Jewish cemetery during post monsoon season and to 
know their medicinal values. 

Materials And Methods 

Study area 

The present study is based on the medicinal plants collected 
from Jewish Cemetery Mala, Thrissur during the period of September-
December.2018. In this study an attempt was carried out to explore 
medicinal plants diversity of Jewish Cemetery, Mala during the post 
monsoon season. Mala is a multicultural society. Migrants from 
different parts of the world settled in Mala; especially noteworthy are 
the Jews from Palestine (Eretzisrael), Brahmins from the Konkan and 
Kudumbis and Konganis from Goa. Jewish Cemetery is a part of 
cultural heritage site of Kerala. 

 

Study area 

Climate and temperature 

The Jewish Cemetery Mala located in Thrissur district is a part 
of Western Ghats and receives comparatively a normal rate of South 
East and North East monsoon. The maximum average temperature of 
the area in the summer season is 35.70C , while the minimum 
temperature recorded is 210C.The winter season records a maximum 
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average of 32.3̊ C and minimum average of 180 ̊C .The mean relative 
humidity varies from 80. 90% during rain season and lowers to 65-70 
% in summer periods 
Methods 
Collection of specimen 

The plants were collected regularly in a week and observed as 
well as the color photographs were taken with the help of digital 
camera in their material habitat. The medicinal plants were collected 
along with their flowers taken for further analysis and herbarium 
preparation.      

Preparation of field book 

         During the collection, the specimens were collected and tagged 
within the field number. Field observation such as habitat, flower 
colour etc. were entered in the field book. The specimens of 
appropriate size with relevant parts were collected from the field for 
herbarium preparation. 

Examination of plant specimens 
Equipments needed for examination of plant specimens:  

Hand lens (10x and 15x),a sharp razor, blades, a pair of 
dissecting needles, a pair of forceps, collection bottles ,polythene and 
a good plant identification manual. 

The collected fresh specimens were brought in to the laboratory 
for further analysis. The plants were examined starting from flower 
stalk through the calyx, corolla, androecium up to the tips of stigma 
using hand lens. The observed characters were recorded in a note 
book. Flowers were sectioned with the help of razor or sharp blade, 
one horizontally and the other down the middle, for knowing about 
placentation and to complete floral diagram and for understanding the 
ovary status.  
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Identification of family    

On the basis of examined characters, the families of the 
specimens were identified by preparing suitable keys based on system 
followed by j.s.gamble, in his flora of presidency madras. As well as 
the software “flowering plants of kerala ver.2.0 (Dr.Sasidharan, 
KFRI.Peechi), under biodiversity portal (India biodiversity .org.) and 
experts in the field of taxonomy were also helped in the identification 
of plant specimens. 

Preparation of herbarium 

The collected specimens, after being cut or dug, were pressed as 
soon as possible. Then the specimens placed carefully on a pressing 
sheet. (news print sheet or a blotter) without no folding or overlapping 
of parts. After drying and pressing specimens were affixed on the 
herbarium sheet. Then the binomial, family, habitat etc. were recorded 
on the sheet. 

Results and discussion 

We observed 29 medicinally important plants during the course 
of our study. The description of each member is given below. 
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Table 1 : List of medicinal plants and their uses collected from the 
study area 

No. Plant 
Name 

Family Habit Parts 
used 

Medicinal uses 

1 Acalyphain
dica 

Euphorbia
ceae 

H Whole 
plant 

Worm infestation, 
burns, cough, 
constipation, skin 
eruptions, ulcers, 
bronchitis, ear and 
urinary diseases.  
 

2 Achrassap
ota 

Sappotacea
e 

T Bark, 
fruits 

Rich in dietary fiber, 
vitamins A and B, and C, the 
sapota is also packed with 
anti-oxidants 

3 Aervalanat
a 

Amarantha
ceae 

S Whole 
plant  

Urinary obstructions, 
bladder stones and 
haemorrhages 
associated with 
pregnancy  

4 Anacardiu
moccident
ale 

Anacardiac
eae 

 
T 

Fruits, 
Seeds, 
 Roots 
and 
Bark  

Diabetes, poisoning and 
ulcers.  

5 Biophytum
sensitivum 

Oxalidacea
e 

H Whole 
plant 

Urinary calculi, 
hyperdipsia, bilious 
fevers, wounds, asthma, 
stomachalgia, snakebite 
and insomnia.  
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6 Briza 
minor 

 

Poaceae 
 

H Whole 
plant 

Antiviral –anti microbial 
properties. It is used for 
the treatment of urinary 
tract infection .,syphilis 
and dysentery.Used as a 
good fodder for cattles. 

7 Centrosem
amolle 

Fabaceae C Seeds Scorpion and snake 
bites. Antimicrobial and 
Wound Healing  
 

8 Chromolae
naodorata 

Asteraceae H Leaves Cuts and wounds to stop 
bleeding  

9 Cynadond
actylon 

Poaceae C Whole 
plant 

Used for the treatment of 
urinary tract infection, 
syphilis and dysentery. 

10 Emilia 
sonchifolia 

Asteraceae H Whole 
plant 

Diarrhoea, cuts and 
wounds, intermittent 
fevers, asthma, eyesores 
and night blindness. 
 

11 Euphorbia 
hirta 

Euphorbia
ceae 

H Whole 
plant 

Hypotensive, 
anticancerous , 
anxiolytic, analgesic, 
antimalarial, 
antiasthmatic, 
antidiarrheal, 
antioxidant,    
antiamoebic, anti-
inflammatory, 
antifungal, antibacterial, 
antiamoebic, 
antispasmodic etc 

12 Glycosmis
pentaphyll
a 

Rutaceae S Leaves 
and 
stem 

Used for cough, jaundice, 
inflammation, rheumatism 
and anemia. 
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13 Hyptissuov
eolens 

Lamiaceae H Whole 
plant 

Worm infestation, 
wounds and 
inflammations of the 
navel of the newborn 
and also emetic.  
 

14 Leucasasp
era 

Lamiaceae H Whole 
plant 

Worm problems, fever, 
cough, jaundice, 
psoriasis, respiratory, 
intestinal and skin 
diseases.  

15 Macarandr
apeltata 

Euphorbia
ceae 

T Root 
,leaves 
and 
bark 

As a decoction, to treat 
stomach-ache, dysentery, 
haemoptysis, cough and 
fever. 

16 Mikaniama
crantha 

Asteraceae C Leaves Snake bites, eliminating 
discomfort of hornet, 
bee and ant stings 
antimicrobial activity 
from the leaves  
 

17 Mitracarp
oushirtus 

Rubiaceae H Whole 
plant 

Used to treat 
ringworm,andeczema,freshc
uts,wounds and ulcer 

18 Murreyako
enigii 

Rutaceae S Leaves  Used in skin 
diseases,hemopathy,wormtr
oubles,neurosis and poisons 

19 Ocimum 
sanctum 

Lamiaceae H Whole 
plant 

Cough, cold, bronchitis, 
dysentery, improves 
appetite, skin diseases, 
itches, ringworm, 
leprosy, intestinal 
worms, ulcers, 
poisonous affections 
and specific for all kinds 
of fevers.  
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20 Phyllanthu
sniruri 

Euphorbia
ceae 

H Whole 
plant 

Jaundice, cough, chronic 
dysentery, dyspepsia, 
indigestion, diabetes, 
urinary tract and skin 
diseases  
 

21 Ruelliapro
stata 

Acanthace
ae 

H Whole 
plant 

Used in bladder stones and 
in bronchitis. Paste of leaves 
is also used for skin diseases 
and boils 

22 Setariaviri
dis 

 
 

Poaceae H Whole 
plant 

The seed is diuretic, 
emollient, febrifuge, 
refrigerant and tonic. The 
plant is crushed and mixed 
with water then used as an 
external application in the 
treatment of bruises 

23 Scopariad
ulsis 

Scrophular
iaceae 

H Leaves
, root, 
stem 

Digestive problems, 
pulmonary condition, 
fever,skin disorders 
,hypertension,hemorrhoids,d
i-
arrhea,dysentery,insectsbites
,anemia,albuminuria,diabete
s,herpes 

24 Sidaacuta Malvaceae S Root, 
leaves 

Dermatopathy, diarrhoea, 
tuberculosis, leucorrhoea, 
and burning sensation 

25 Sidacordif
olia 

Malvaceae S Root, 
leaves 

Dysentery rheumatism, 
neurological disorders, 
headache, tuberculosis 
and ophthalmia.  
 

26 Synedrella
nodiflora 

Asteraceae H Leaves Antidiarrhoel agent along 
with its hypoglycaemic 
potentialities. It has 
antiseptic, antipyretic , 
antimicrobial, analgesic, and 
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 We have found out that during the course of study there were 29 
medicinally importnant plant in the study area. The Asteraceae family 
was represented by 8 genus, then Euphorbiaceae with 4 genus, 
followed by lamiaceae with 3 genus. Malvaceae, Rutaceae were 
represented by 2 members. Poaceaewith 3 members.While Fabaceae, 
Sappotaceae, Scrophulariaceae, Acanthaceae, Amaranthaceae 
Anacardiaceaoxalidaceae were monospecies. Majority members of 
medicinal plants were herbs with a percentage of 55 followed by 
shrub 19%, trees 15% and climbers 11%. 

 
 

antioxidant 
27 Tridaxproc

umbens 
Asteraceae H  Leaves Dysentery, diarrhoea, 

haemorrhages from 
cuts, bruises and 
wounds  
 

28 Vernoniaci
nera 

Asteraceae H Whole 
plant 

Malaria, fever, 
leucorrhoea, excessive 
bleeding, chronic skin 
diseases, dysuria, 
bladder stones, piles, 
worms and 
haematological 
disorders.  

29 Zizipusoen
oplia 

Rhamnace
ae 

S Leaves 
and 
bark 

Effective in stomach ache, 
wounds, acid refluxe, 
anemia, bronchitis, ascaris, 
diarrhea. It have 
antispasmodic , analgesic, 
anti microbial,antiseptic 
activities. 
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Pie diagram indicating the quantity of shrub, herb, trees and 
climbers in the study area. 
 
 

 

Discussion 

Ancient way for insitu conservation of genetic diversity is full 
filling through such isolated areas. They are also pertaining the role of 
conserving the depleting resource elements like medicinal plants. 
Actually they are the treasure house of important plants and dispersal 
areas of plants. Natural vegetation of a region is present in such areas. 
Ravi prasadet al .,in 2011 reported that over expolitation and 
unscientific uses of plants from groved will result in their ultimate 
lose. Similarly in this study area overgrazing is the problem for the 
existence these plants 

Deepaetal.,2016 reported the presence of Mikaniamicrantha and 
Centrosemamolle which are important climbers and used for snake 
bites, in the sacred grooves also. Absence of proper compound walls 
soil errosion severely affected this area especially during the flood 
time. Induchoodan in 1998 reported that water is playing important 
role in soil erosion. Chromolaenaodorata and Mikaniamicranthaare 

Herb

shrub

trees

climbers
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invasive species. According to Mandal and Joshy 2015 establishment 
of invasive species causes changes in propagule pressure, availability 
of nutrients and light and not exclusively on habitat richness. 

Summary And Conclusion 

 An   attempt   was made to   study the medicinal  plants and their 
importance    in  Jewish Cemetery which is a part of heritage site of 
Kerala, during the post monsoon season . For this purpose many 
plants   were collected and analyzed.Of these many of them were 
medicinal.  A  systematic  analysis   of   morphological   characteres 
were  done   and  preparation   of  herbarium    was  also  carried  out.  
This study shows that natural vegetation is maintained inside the 
cemetry and rich diversity of medicinal plants. Here the percentages 
of herb species are large compared to shrubs, trees and climbers. 
Local level control is essential for to the protection of such isolated 
areas. Such areas are the last refuge of many plants. So they should be 
considered as natural gifts and can be conserved for requirement of 
society and also help in education and research. From this  study   it  
was  clear  that  Jewish   Cemetery  contains  many  medicinal  plants 
and proper  care  should  be  given   to  protect  this  area  as  a  source  
of   biodiversity. A more systematic and continous study of plants in 
this area will lead to get a clear cut idea about the various plants of 
this area. In this circumstance suitable management measures and 
awareness programmes about medicinal plants inside the Jewish 
cemetry is necessary for sustainable utilization of the valuable 
bioresources.  
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Abstract 

  Leafy vegetables are generally good sources of nutrients. They 
are rich in vitamins C and K and the minerals iron and calcium. 
They are important protective foods and highly beneficial for the 
maintenance of health and prevention of diseases as they contain 
valuable food ingredients which can be utilized to build up and 
repair the body. The main protective action of vegetables has 
been attributed to the antioxidants present in them. Vitamin C is a 
water soluble antioxidant which is found in variablequantities in 
vegetables. An antioxidant vitamin like ascorbic acid is important 
in human food since they function as an anticancer agent. 
Vitamin C cannot synthesized through body cells, nor does it 
store it. It is therefore important to include plenty of vitamin C-
containing foods in daily diet. The objective of the study was to 
determine quantitatively the vitamin C content of selected leafy 
vegetables of our locality. Since it is a poor man’s vegetable, our 
aim was to compare the vitamin C content of these leafy 
vegetables and make some recommendations for their intake. 

1. Introduction 
Nature has provided different life forms on which humans 

survive on Earth. Primitive humans ate all types of fruits, leaves 
and roots of plants collecting from wild, before he learnt to grow 
useful plants. Vegetables are the fresh and edible portions of 
herbaceous plants, which can be eaten raw or cooked. They are 
valued mainly for their high carbohydrate, vitamin and mineral 
contents. Vegetables may be edible roots, stems, leaves, fruits or 
seeds. Each group contributes to diet in its own way. Vegetables 
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supply the body with minerals, vitamins, certain hormone 
precursors as well as proteins and energy. They can provide 
appreciable amounts of nutritive minerals. Vegetables are valuable 
in maintaining alkaline reserve of the body. Vegetables also act as 
buffering agents for acidic substances produced during the 
digestion process. Consumption of fruits and vegetables in diet has 
been reported to protect the human body from degenerative 
diseases. 

Many leafy vegetables especially, amaranth and spinach have 
attained commercial status and its cultivation is wide spread in 
India. Because of their low production cost and high yield, leafy 
vegetables are considered to be one of the cheapest vegetables in 
the market and it could be rightly described as ‘poor man’s 
vegetables.  

The main protective action of vegetables has been attributed to 
the antioxidants present in them. The oxidative stress experienced 
by a tissue, organelle or organ results from the balance between 
the production and removal of potentially damaging reactive 
oxygen species. Antioxidants can prevent the chemical damage 
caused by reactive oxygen species such as free radicals that are 
generated by a variety of sources including pesticides, tobacco 
smoke, exhaust fumes, certain pollutants and organic solvents. The 
potential cancer inducing oxidative damage might be prevented or 
limited by dietary antioxidants found in fruits and vegetables. An 
antioxidant vitamin like ascorbic acid is important in human food 
since they function as an anticancer agent.  Vitamin C also known 
as ascorbic acid is a water soluble antioxidant which is found in 
variablequantities in fruits and vegetables and has been thus 
making them more motile found to prevent tissue damage. Several 
doctors routinely prescribe vitamin C to aid recovery in several 
ailments and diseases including cold, cough, influenza, sores, 
wounds, gingivitis, skin diseases, diarrhoea, malaria and bacterial 
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infections.  The increased knowledge of the role of vitamin C has 
necessitated the development of accurate and specific methods for 
its determination. 

2. Materials And Methods 
Leafy vegetables namely Coriandrum Sativum (Coriander 

leaves), Sauropus (Velicheera), Brassica Oleracea (Cabbage), 
Spinacia Oleracea NaadanCheera), Talinum Fruticosum 
(SambarCheera), Amaranthus Dubius (Red Cheera) &Mintha 
Spicata (Mint Leaves) were collected from home & local market. 
The leaves were removed from the stem and damaged ones 
excluded. These were then washed thoroughly with water &dried. 
Blend a 5 g sample with 50 ml of distilled water. Stain the 
mixture. Add 10 mL portions of distilled water several times while 
grinding the sample, each time decanting off the liquid extract into 
a 100 mL volumetric flask. Finally, strain the ground pulp through 
cheesecloth, rinsing the pulp with a few 10 mL portions of water 
and collecting all filtrate and washing in the volumetric flask. 
Make the extracted solution up to 100 mL with distilled water. 

 
    

                                

                       
Coriandrum                                    Sativum Sauropus 
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Brassica Oleracea                                       SpinaciaOleracea 
 

                          
 
TalinumFruticosum                                AmaranthusDubius 
 

 
 
MinthaSpicata 

The amount of ascorbic acid can be determined by acid-base 
reaction or oxidation-reduction reaction. The redox reaction is better 
than an acid-base titration since there are additional acids in a juice, 
but few of them interfere with the oxidation of ascorbic acid by 
iodine. Vitamin C is a weak acid and a good reducing agent. Iodine is 
a weak oxidizing agent, so that it will not oxidize substances other 
than the ascorbic acid in the sample of fruit juice. As a strong reducing 
agent, vitamin C will reduce I2 to I- very easily. The excess of iodine  
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react the starch as indicator to perform the amount of vitamin C is 
finishing in redox reaction. In this reaction, the ascorbic acid molecule 
gains oxygen (in the form of OH groups). Each iodine atom in the I2 
molecule accepts an electron and become a negatively charge o form 
iodide ion. Thus that, the ascorbic acid molecule was oxidized and the 
iodine molecule was reduced.  

 
C6H8O6 + I2 + 2H2O → C6H10O8 + 2I - + 2H+ 

 
Excess iodine reacts with iodide ions (I-) to form triiodide ion (I3-) 
which forms a very intense blue color when it reacts starch. This color 
is due to incorporation of the ions within the molecular structure of the 
starch.  
 

I2 + I- → I3- 

 

To detect the end point, starch must be added at the beginning of the 
titration in the conical flask. When all ascorbic acids have finished, 
the excess of iodine solution will react the starch to form blue-black 
color in the solution.  
 

I3- + starch → starch (I3-) 
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3. Results and Discussion 
The result of the average value of vitamin C in each leafy 

samples selected under the specified condition are tabulated in Table 
below.  

No  

Leafy Vegetables 

 

Condition 

 

Temperature 

Total 
Vitamin 

C(mg/5g) 

1 CoriandrumSativ
um   (Coriander 

leaves) 

Fresh 320C 28.6 

2 Sauropus(VeliCh
eera) 

Fresh 320C 64.8 

3 Brassica 
Oleracea 

(Cabbage) 

Fresh 320C 11.6 

4 SpinaciaOleracea 
(NaadanCheera) 

Fresh 320C 35.9 

5 TalinumFruticos
um 

(SambarCheera), 

Fresh 320C 21.8 

6 AmaranthusDubi
us 

  (Red Cheera) 

Fresh 320C 31.7 

7 MinthaSpicata(M
int Leaves) 

Fresh 320C 43.5 
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It showed the highest concentration of vitamin C found in 

Velicheera, hitting 64.8 mg /5g, the lowest level was found in 

Cabbage, when it reached 11.6mg /5 g of extract. However 

Coriandrum Sativum (Coriander leaves)-(28.6mg/5g),Amaranthus 

Spinosus (Naadan Cheera)-(35.9mg/5g), Talinum Triangular 

(SambarCheera) - (21.8mg/5g), Amaranthus Ceuentus (Red Cheera)-

(31.7mg/5g) & Mentha (Mint Leaves)-(43.5mg/5g) were also found to 

be rich in vitamin C. 

 

 
 

4. Analysis of Nutrients 
 Our analysis also showed the presence of Iron, Magnesium and 
Potassium in all of our selected samples. Iron is an essential mineral 
used to transport oxygen to all parts of our body. Iron is an important 
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component of hemoglobin, the substance in red blood cells that carries 
oxygen from our lungs to transport it throughout our body.Iron has 
other important functions too, “iron is also necessary to maintain 
healthy cells, skin, hair and nails. A slight deficiency of iron causes 
anemia and a chronic deficiency can lead to organ failure. 
Conversely,too much iron leads to production of harmful free radicals 
and interferes with metabolism causing damage to organs like the 
heart and liver. Iron which comes from leafy vegetables is well 
regulated by the body, so over dose is rare &usually only occurs when 
people take supplements. Potassium is a mineral necessary for the 
proper function of many of your body systems; it's also often referred 
to as one of the key electrolytes in your body. A deficiency in 
potassium causes fatigue, irritability & hypertension. Magnesium is a 
mineral found in the body & is essential for regulation of muscle 
function, nerve activity, bone strength, heart rhythm, immune system, 
blood pressure, blood sugar & metabolism. Eating foods high in 
magnesium can help to maintain the proper levels of important 
minerals. Except MinthaSpicata (Mint Leaves)all other samples 
showed the presence of calcium. Calcium is absolutely essential 
mineral that helps support development of healthy teeth, bones, 
muscles, & much more. Calcium plays an integral role in the secretion 
of a number of hormones & enzymes that are vital for your body 
function efficiently. However, calcium is needed by the body for 
much more & calcium deficiency can cause more problems than weak 
bones and teeth 
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5. Conclusion 

 Leafy vegetables are important as food both from economic 
and nutritional stand point. Their nutritive significance is their 
richness in minerals and vitamins which is essential in the 
maintenance of human health. The importance and awareness of 
nutrition has resulted in the increased demand of knowledge of 
the biochemical nutrients of foods. 

N
o 

L
ea

fy
 v

eg
et

ab
le

 

 P
ro

te
in

s 

F
la

vo
no

id
s 

C
ar

bo
hy

dr
at

es
 

 St
ar

ch
 

F
e2+

 

C
a2+

 

K
+  

M
g2+

 

1 
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a) 
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sum 
(SambarCheera)
, 

        

6 AmaranthusDub
ius        (Red 
Cheera) 

        

7 MinthaSpicata(
Mint Leaves)         
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The ascorbic acid content of seven leafy vegetables 
Coriandrum Sativum (Coriander leaves), Sauropus (Velicheera), 
Brassica Oleracea (Cabbage), Spinacia Oleracea (Nadan cheera), 
TalinumFruticosum (Sambarcheera), Amaranthus Dubius (Red 
cheera), Mintha Spicata (Mint leaves) were determined 
iodometrically in order to know which leafy vegetable would 
best supply the ascorbic acid need for the body. It showed the 
highest concentration of vitamin C found in Velicheera, hitting 
64.8 mg /5g, the lowest level was found in Cabbage, when it 
reached 11.6mg /5 g of extract. However Coriandrum Sativum 
(Coriander leaves)- (28.6mg/5g), Spinacia Oleracea (Naadan 
Cheera)- (35.9mg/5g), Talinum Fruticosum (Sambar Cheera) - 
(21.8mg/5g), Amaranthus Dubius (Red Cheera)- (31.7mg/5g) 
&Mintha Spicata (Mint Leaves)-(43.5mg/5g) were also found to 
be rich in vitamin C. Vitamin C exist in the form of drugs as 
swallow tablets, chewing tablets, swallow capsules, solvents and 
injection. We can had access to the handling of the 
recommended amount of vitamin C easily through alternative 
medicine but the damage will be limited in the short term if they 
are to stop dealing dose, therefore preferred experts dealt 
vitamins by natural eating and drinking, and not to rely on 
synthetic substitutes. Through this paper we makes some 
suggestions for the preferential intake of leafy vegetables.  

Our analysis also showed the presence of Proteins, 
reducing sugar, Flavonoids, Calcium, Magnesium and iron. The 
result suggest that the vegetables if consume in sufficient amount 
would contribute greatly towards meeting human nutritional 
requirement for normal growth and adequate protection against 
diseases arising from malnutrition. Adequate consumption of the 
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vegetables with high vitamin C content will result in improved 
health. 
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Introduction 
 
Despite of some biological advantages in the 
field of agriculture Helminthis are known for 
its expanded infection and disease spreading 
abilities. Therefore, it is crucial to improve 
efficient control agents against them (Cabardo 
and Portugaliza, 2017).  
 
Trematodes, the causal agents of 
schistosomiasis an important parasites of 
economic and public health implications. 
Schistosomiasis affects over 240 million 
people worldwide, with up to 700 million 
individuals living at risk of infection (Cala et 
al., 2012). The disease caused up to 250,000 
deaths per year in the last decade 

(Kumarasingha et al., 2016). Similarly, 
Helminthis infection causes huge revenue in 
agro farming. There have been several 
synthetic chemical compounds and 
nanoparticles proven their anti helminthis 
activity. However, it is also observed that 
these compounds are mostly toxic to the 
environment. In this juncture it is essential to 
develop suitable ethnobotanical agents against 
this threat (Khan et al., 2018). 
 
Alangium salvifolium Wang. belongs to the 
family Alangiaceae and is commonly known 
as sage leaved Alangium. It is a well-known 
traditionally used medicinal plant in India and 
it is also one of the most versatile medicinal 
plant having a wide spectrum of biological 
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The present study was intended to delineate the Anti Helminthis activity of Ankolam leaf 
extract. The crude extract was obtained by the employment of Soxhlet extraction method. 
The extract was used to screen the antagonistic activity in vitro by taking Pheretima 
posthumous as the study subject. B y the employment of molecular sequencing the identity 
of plant was confirmed as Alangium salviifolium. The results obtained proved the 
capability of extract to down regulate the biological activities of subject. Mortality was 
induced by varying concentrations (100-1000 ppm/ml). Interestingly the antagonistic 
activity was in direct proportional with the extract administrated. The analysis of phyto-
constituents revealed that the extract is composed of polyphenols, Saponins, Flavonoids 
etc. Therefore, it is assumed that the biological activities are complimented by the phyto-
components. The results obtained from the current studies can be further exploited in the 
field pharmaceuticals. 
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activities like antidiabetic, antiulcer, analgesic, 
anti-inflammatory, antimicrobial, antioxidant, 
anti-arthritic, diuretic, antifertility, 
anthelmintic, antiepileptic and antifungal 
(Shravya et al., 2017). A. salvifolium is a tall 
thorny tree and the genus contains 17 species 
of small trees, shrubs and lianas. Alangium 
name has been derived from the Malayalam 
word Alangi. Almost all the parts (root, bark, 
leaves, seeds and fruits) are known to have 
important therapeutic uses and are extensively 
used for different purposes in the indigenous 
herbal medicines (Saraswathy et al., 2010). 
 
A. salvifolium is widely distributed in South 
East Asia, from India to China, Thailand, 
Philippines, Indonesia and Papua New 
Guinea. It is also found in Africa, Madagascar, 
Southern and Eastern Asia, tropical Australia, 
the western Pacific Ocean islands and New 
Caledonia. In India, it is found throughout the 
Hyderabad forests and Sitamata wildlife 
sanctuary, Rajasthan (Singh Tanwer and 
Vijayvergia, 2014) 
 
Materials and Methods 
 
Plant collection, identification and extract 

preparation  
 
The leaf of Ankolam were collected from 
Botanical garden of St. Mary’s College, 
Thrissur and the identity of plant was 
confirmed by molecular sequencing (Zhang et 
al., 2016). The dried leaves were ground to a 
course powder and 50g of the powdered plant 
materials is subjected to extraction by using 
Soxhlet apparatus using 95% ethanol as the 
solvent.  
 
The filtrate is collected after 72 hours. It is 
twice filtered using Whatman no.1 filter paper 
and extracts were concentrated by evaporation 
at room temperature. The dried residue is kept 
in refrigerator for further studies (Vadakkan et 
al., 2018). 

Collection of study subjects  
 
Pheretima posthumous were collected from 
vermicomposting unit of St. Mary’s College, 
Thrissur, Kerala and washed with normal 
saline to remove all fecal matter which was 
brought to Laboratory. The identity of 
collected organisms was confirmed by the 
help of Dr. Dalie Domnic, Head of the 
department, Department of Zoology, St. 
Mary’s College, Thrissur, Kerala. Study 
subjects were acclimatized in aquaria for a 
minimum period of four days in holding tanks 
containing aerated, de-chlorinated tap water 
and washed sand. 
 
Screening of anthelmintic activity  
 
Test samples of plant extract was prepared at 
the concentrations 100 - 1000 ppm/ml in 10 
ml of distilled water and five worms of 
approximately equal size (same type), about 3 
g weight were placed in each petridish 
containing 10 ml of above test solution of 
extracts. All the test solutions were prepared 
freshly before starting the experiments. 
Observations were made for the time taken for 
paralysis was noted when no movement of any 
sort could be observed except when the worms 
were shaken vigorously. Time for death of 
treating worms were recorded after 
ascertaining that worms neither moved when 
shaken vigorously nor when dipped in warm 
water. Standard drug Albendazole is taken as 
control for comparison (Jacob, 2018). 
 
Phytochemical analysis of plant extract 
 
Phytochemical screening was carried out to 
assess the qualitative chemical composition of 
crude ethanolic extracts of Alangium 
salviifolium. Standard screening tests using 
conventional protocol, procedure, and reagents 
were conducted using standard procedures to 
identify the constituents as described 
previously (Belemlilga et al., 2016). 
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Results and Discussion  

 
Identification of source plant 

 
By the employment of rbcL gene sequencing 
and phylogenetic tree construction it was 
evident that the source plant is Alangium 
salviifolium (Figure 1).  
 
The BLAST results suggested that source 
plant is showing maximum similarity that with 
Alangium salviifolium ribulose-1,5-
bisphosphate carboxylase/oxygenase large 
subunit (rbcL) gene, partial cds; chloroplast 
which is submitted under the accession 
number JF308648.1 and Alangium 
kurziiribulose 1,5-bisphosphate carboxylase 
large subunit (rbcL) gene, partial cds; 
chloroplast gene which is submitted under the 
accession number AF384108.1. Molecular 
characterization is used as a successful tool for 

the identification of plants (Vadlapudi and 
Kaladhar, 2012). 
 
Effect of plant extract in causing death and 

paralysis in Pheretima posthumous  
 
Ethanolic extract of Alangium salviifolium 
possess dose dependent anthelmintic action. 
At higher concentrations, it produces paralytic 
effect much earlier and the time to death at 
higher doses, the plant extract induces 100% 
mortality (Figure 2). It was observed that time 
required for inducing paralysis and causing 
death is in directly proportional that with the 
concentration of extract administrated.  
 
Time taken for inducing paralysis was only 19 
minutes when the concentration was 1000 
ppm/ml whereas the time of survival was 
prolonged to 67 minutes in lower 
concentration of antagonist. 

 

Fig.1 Phylogenetic tree of Alangium salviifolium source plant 
 

 
 

Fig.2 Antihelmintic activity of extract in varying concentration 
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A similar kind of activity was reported in 
aqueous leaf extract of Annonamuricata L. 
(Annonaceae) against Haemonchus contortus 
from sheep (Ferreira et al., 2013). Similarly 
plant extracts from Brazilian savanna also 
possessed Anthelmintic activity(Oliveira et 
al., 2017). Generally, Albendazole eliminate 
worm chiefly by inducing flaccid paralysis 
interestingly plant extract also showed same 
clinical symptoms therefore we assume that 
the mechanism of plant extract is similar to 
that of Albendazole (Haque et al., 1993). 
 
Phytochemical analysis of plant extract  
 
Phytochemical screening of ethanolic extract 
of Alangium salviifolium showed the presence 
of alkaloids, coumarins, terpenoids, 
cardioglycosides, flavonoids, saponins, 
quinine and phenols as major chemical 
constituents. Among these, poly phenols, 
flavonoids are said to have anthelmintic 
activity (Nayak et al., 2012). Therefore, it is 
assumed that the activity is contributed by the 
presence of the polyphenols and flavonoids. 
From the results, it is evident that ethanolic 
extract of Alangium salviifoliumpossess 
anthelmintic properties in a dose dependent 
way. Alangium salviifolium extract kills the 
worm even in low concentrations within short 
duration of time compared to standard drug 
Albendazole. It justifies the claims of its 
potential anthelmintic property.  
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1. Introduction

Electric power networks must be monitored continuously and this can be ac-
complished efficiently by placing phasor measurement units (PMUs) at selected
network locations. The power domination problem, as introduced in [2], is to find
the minimum number of PMUs needed to monitor a given electric power system.
This problem has been formulated as a graph theoretic problem by Haynes et al.
[10]. The additional propagational behaviour in power domination is due to the
use of Kirchhoff’s laws in an electrical network [1].

Let G be a graph and S ⊆ V (G). The open neighbourhood of a vertex v of G,
denoted by NG(v), is the set of vertices adjacent to v. The closed neighbourhood

of v is NG[v] = NG(v) ∪ {v}. For a subset S of vertices, the open (respectively
closed) neighbourhood NG(S) (respectively NG[S]) of S is the union of the open
(respectively closed) neighbourhoods of its elements. A vertex v in a graph G is
said to dominate its closed neighbourhood NG[v]. A subset S ⊆ V (G) of vertices
is a dominating set if NG[S] = V (G). The minimum cardinality among dominat-
ing sets ofG is called its domination number, denoted by γ(G). The propagational
behaviour of the set of monitored vertices distinguishes power domination from
the standard domination in the following way.

The set monitored by S, denoted by M(S), is defined algorithmically as
follows:

• (domination) M(S)← S ∪N(S),

• (propagation) as long as there exists v ∈ M(S) such that N(v) ∩ (V (G) \
M(S)) = {w}, set M(S)←M(S) ∪ {w} .

Equivalently, the set M(S) of vertices monitored by the set S is obtained
from S as follows. The set of vertices monitored by a set S, denoted by M(S),
initially consists of all vertices in NG[S]. This step is called the domination step.
Then this set is iteratively extended by including all vertices w ∈ V (G) that have
a neighbour v in M(S) such that all the other neighbours of v, except w, are
already in M(S). This second part is called the propagation step. This step is
continued until no such vertex w exists, at which stage the set monitored by S
has been constructed. The set S is called a power dominating set (PDS) of G if
M(S) = V (G). The power domination number of a graph G, denoted by γP(G),
is the minimum cardinality among power dominating sets of G.

Later, the definition of M(S) was formally described with the following sets
definition, where P i

G,1 is the set of vertices monitored after i propagation rounds.
This definition was first introduced by Aazami in [1] and then Chang et al. gen-
eralized this definition in [4] to introduce k-power domination for a nonnegative
integer k. The corresponding definition for the monitored set, M(S), is obtained
by replacing k by 1 in the following.
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Definition 1.1 (Monitored vertices). Let k ∈ N0 : = {0, 1, . . .}. If G is a graph
and S ⊆ V (G), then the sets

(
P i
G,k(S)

)

i∈N0
of vertices monitored by S at step i

are as follows:

P0
G,k(S) = NG[S], (domination step) and

P i+1
G,k (S) =

⋃
{

NG[v] : v ∈ P
i
G,k(S),

∣
∣NG[v] \ P

i
G,k(S)

∣
∣ ≤ k

}

(propagation steps).

We remark that for i ≥ 0 we have P i
G,k(S) ⊆ P

i+1
G,k (S). Furthermore, every

time a vertex of the set P i
G,k(S) has at most k neighbours outside the set, we add

its neighbours to the next generation P i+1
G,k (S). If P i0+1

G,k (S) = P i0
G,k(S) for some

i0, then P
j
G,k(S) = P

i0
G,k(S) for every j ≥ i0. We thus define P∞

G,k(S) = P
i0
G,k(S).

When the graph G is clear from the context, we will simplify the notations to
P i
k(S) and P

∞

k (S).

Definition 1.2 [4]. A k-power dominating set of G (k-PDS) is a set S ⊆ V (G)
such that P∞

G,k(S) = V (G). The k-power domination number of G, denoted by
γP,k(G), is the minimum cardinality among k-power dominating sets of G.

Clearly, γP,0(G) = γ(G) and γP,1(G) = γP(G). Upper bounds for the power
domination number are studied in [10, 19]. The power domination problem for
various products of graphs is studied in [7, 8, 18] and exact values are determined
for some product graphs. The generalized power domination is further studied
in [5, 6]. In [6], the authors introduced the k-propagation radius of a graph G,
motivated from the studies in [1], as a way to measure the efficiency of a minimum
k-PDS. It gives the minimum number of propagation steps needed to monitor the
entire graph G over all minimum k-PDS. The k-power domination number and
propagation radius of Sierpiński graphs (cf. [14]) are determined in [6].

Definition 1.3 [6]. The radius of a k-PDS is defined by

radP,k(G,S) = 1 +min
{
i : P i

G,k(S) = V (G)
}
.

The k-propagation radius of the graph can be expressed as

radP,k(G) = min {radP,k(G,S) : S is a k-PDS of G, |S| = γP,k(G)} .

Knödel graphs W∆,2ν (0 ≤ ∆− 1 ≤ ⌊log2(ν)⌋) have been introduced by
Knödel in [15] as the network topology underlying an optimal-time algorithm
for gossiping among n nodes. They have been widely studied as interconnection
networks mainly because of their favourable properties in terms of broadcast-
ing and gossiping [3]. Wr,2r is one of the three nonisomorphic infinite graph
families known to be minimum broadcast and gossip graphs. The other two fam-
ilies are the hypercube of dimension r, Hr [16] and the recursive circulant graph
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G(2r, 4) [17]. Vertex transitivity as a Cayley graph [11], high vertex and edge
connectivity, dimensionality and embedding properties [9] make the Knödel graph
a suitable candidate for a network topology and an appropriate architecture for
parallel computing. For a survey about the Knödel graphs, see [9].

We will use the notations Nt := {t, t + 1, . . .} ⊆ N0, [t] := {1, . . . , t} ⊆ N1,
and [t]0 := {0, . . . , t− 1} ⊆ N0, t ∈ N0, in the sequel; note that |[t]0| = t = |[t]|.

Definition 1.4 [9]. The Knödel graph on 2ν vertices, where ν ∈ N1, and of
maximum degree ∆ ∈ [1+ ⌊log2(ν)⌋] is denoted by W∆,2ν . The vertices of W∆,2ν

are the pairs (i, j) with i ∈ [2] and j ∈ [ν]0. For every such j, there is an edge
between vertex (1, j) and any vertex (2, j + 2ℓ − 1mod ν) with ℓ ∈ [∆]0.

Figure 1. The graph W3,16.

An edge of W∆,2ν which connects a vertex (1, j) with the vertex (2, j + 2ℓ −
1mod ν) is called an edge in dimension ℓ; cf. Figure 1.

The Tower of Hanoi (TH) problem, invented by the French number theorist
É. Lucas in 1883, has presented a challenge in mathematics as well as in com-
puter science and psychology. The classical problem consists of three pegs and
is thoroughly studied in [12]. On the other hand, as soon as there are at least
four pegs, the problem turned into a notorious open question. The general TH
problem has p ∈ N3 pegs and n ∈ N0 discs of mutually different size. A legal

move is a transfer of the topmost disc from one peg to another peg, no disc being
placed onto a smaller one. Initially, all discs lie on one peg in small-on-large
ordering, that is, in a perfect state. The objective is to transfer all the discs from
one perfect state to another in the minimum number of legal moves. A state
(= distribution of discs on pegs) is called regular if on every peg the discs lie in
the small-on-large ordering. The Hanoi graphs Hn

p form a natural mathematical
model for the TH problem. Each graph is constructed with all regular states as
vertices, and two states are adjacent whenever one is obtained from the other
by a legal move. For any n ∈ N0, H

n
1 is the graph K1. For two pegs, only the

smallest disc can be moved in any regular state. Hence, for n ∈ N1, H
n
2 is the

disjoint union of 2n−1 copies of K2, i.e., H
n
2
∼= W1,2n . Many properties of Hanoi

graphs have been studied in [13] and literature therein.
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Definition 1.5 [13]. The Hanoi graphs Hn
p for base p ∈ N3 and exponent n ∈ N0

are defined as follows.

V (Hn
p ) = {sn · · · s1 : sd ∈ [p]0 for d ∈ [n]},

E(Hn
p ) =

{
{sis, sjs} : i, j ∈ [p]0, i 6= j, s ∈ [p]n−d

0 , s ∈ ([p]0\{i, j})
d−1, d ∈ [n]

}
.

The edge sets of Hanoi graphs can also be expressed in a recursive definition
(cf. Figure 2).

E(H0
p ) = ∅,

∀n ∈ N0 : E(H1+n
p ) =

{
{ir, is} : i ∈ [p]0, {r, s} ∈ E(Hn

p )
}

∪
{
{ir, jr} : i, j ∈ [p]0, i 6= j, r ∈ ([p]0\{i, j})

n
}
.

Figure 2. The graph H2
4 .

The vertices of the form in :=

n times
︷ ︸︸ ︷

i . . . i are called extreme vertices of Hn
p .

In this paper, we study the power domination problem in Knödel graphs and
Hanoi graphs. We determine the power domination number of W3,2ν and provide
an upper bound for the power domination number of Wr+1,2r+1 for r ∈ N3. We
also compute the k-power domination number and k-propagation radius of H2

p .

2. Power Domination in Knödel Graphs

In this section, we study the power domination number of Knödel graphs. For
∆ = 1,W1,2ν consists of ν disjoint copies of K2 and therefore γP(W1,2ν) = ν. For



68 S. Varghese, A. Vijayakumar and A.M. Hinz

ν ∈ N2 and ∆ = 2,W2,2ν is a cycle on 2ν vertices and clearly γP(W2,2ν) = 1. We
have the following theorem for the case ∆ = 3, if ν ∈ N4.

Theorem 2.1. For ν ∈ N4, γP(W3,2ν) = 2.

Proof. We prove that the set S = {(1, 0), (2, 2)} is a PDS of W3,2ν . Clearly,
P0
1 (S) = {(i, j) : i ∈ [2], j ∈ [3]0}∪{(1, ν−1), (2, 3)}. For ν = 4, S is a dominating

set of W3,8 and for ν = 5, 6, we can easily observe that all vertices of W3,2ν get
monitored after stage 1 and therefore S is a PDS. Let ν ∈ N7. Depending on
whether ν is odd or even, we write ν = 2m− 1 or ν = 2m, m ∈ N4, respectively.
Then for i ∈ [m− 3],

P i
1(S) =

(
{(1, j) : j ∈ [i+ 3]0} ∪ {(1, ν − j) : j ∈ [i+ 2]}

)

∪
(
{(2, j) : j ∈ [i+ 5]0} ∪ {(2, ν − j) : j ∈ [i]}

)
.

We get that Pm−3
1 (S) = V (W3,2ν), if ν is odd, and Pm−2

1 (S) =Pm−3
1 (S)∪ {(1,m),

(2,m+2)} = V (W3,2ν), if ν is even. Hence, in both cases we see that every vertex
of W3,2ν gets monitored after stage

⌊
ν
2

⌋
− 2 and therefore S is a PDS of W3,2ν .

To prove that γP(W3,2ν) ≥ 2, let us assume that {v} is a PDS of W3,2ν . Then,
since W3,2ν is bipartite, after the domination step, each of the neighbours of v
has exactly two unmonitored neighbours which prevents the further propagation.
Hence γP(W3,2ν) = 2.

We now focus on the family of Knödel graphs Wr+1,2r+1 . In the next theorem,
we prove that the power domination number of Wr+1,2r+1 is at most 2r−2. For
that, we construct a PDS of cardinality 2r−2 in Wr+1,2r+1 . One can easily check
that S′ = {(1, 1), (2, 6)} is a PDS of W4,16. It is proved in [9] that Wr+1,2r+1 can
be constructed by taking two copies of Wr,2r and linking the vertices of each copy
by a certain perfect matching. Therefore, in order to construct a PDS for W5,32,
we take two copies of the set S′, each from a copy of W4,16 that lies in W5,32

and then prove that the new set is a PDS of W5,32. We now extend the same
idea to construct a PDS of Wr+1,2r+1 for larger values of r. In the proof of the
following theorem, we first produce a set S and then give the set of vertices that
are dominated by P0

1 (S). After that we give the elements in P1
1 (S) and P2

1 (S),
the sets of vertices that get monitored at the first and second propagation step,
respectively. We obtain that the entire graph gets monitored in two propagation
steps and thus S is a PDS of Wr+1,2r+1 .

Theorem 2.2. For r ∈ N3, γP(Wr+1,2r+1) ≤ 2r−2.

Proof. Let ν = 2r and S = {(1, 2r−3+ j), (2, 7 ·2r−3−1+ j) : j ∈ [2r−3]0}. Then

P0
1 (S) = S ∪ {(1, 7 · 2r−3 + j − 2ℓmod ν), (2, 2r−3 + j + 2ℓ − 1mod ν) :

j ∈ [2r−3]0, ℓ = r − 3, r − 2, r − 1, r}.
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For r = 3, the vertex (1, 2j + 1) monitors (2, 2j + 1) for every j ∈ [3] and the
vertex (2, 2j) monitors (1, 2j) for every j ∈ [3]0. Thus we get P1

1 (S) = V (W4,16).
Assume now that r ∈ N4. Then, for each j and ℓ, where j ∈ [2r−4]0, ℓ =
r − 2, r − 1, r, the vertices in the set {(1, 7 · 2r−3 + j − 2ℓmod ν)} monitor the
vertices in the set {(2, 8 · 2r−3+ j− 2ℓ− 1mod ν)} by propagation. Also, for each
j and ℓ, where 2r−4 ≤ j ≤ 2r−3 − 1, ℓ = r − 2, r − 1, r, the vertices in the set
{(2, 2r−3 + j + 2ℓ − 1mod ν)} monitor the vertices in the set {(1, j + 2ℓmod ν)}
by propagation. Hence the set of vertices monitored at stage 1 is given by

P1
1 (S) = {(1, j + 2ℓmod ν) : 2r−4 ≤ j ≤ 2r−3 − 1, ℓ = r − 2, r − 1, r}

∪ {(2, 8 · 2r−3+ j− 2ℓ −1mod ν) : j ∈ [2r−4]0, ℓ = r − 2, r − 1, r} ∪ P0
1 (S).

Again following the propagation rule, for each j and ℓ, where 2r−4 ≤ j ≤
2r−3−1, ℓ = r−2, r−1, r, the vertices in the set {(1, 7·2r−3+j−2ℓmod ν)}monitor
the vertices in the set {(2, 8 ·2r−3+ j−2ℓ−1mod ν)} and for each j and ℓ, where
j ∈ [2r−4]0, ℓ = r−2, r−1, r, the vertices in the set {(2, 2r−3+ j+2ℓ−1mod ν)}
monitor the vertices in the set {(1, j + 2ℓmod ν)}. Hence the set of vertices
monitored at stage 2 is given by

P2
1 (S) = {(1, j + 2ℓmod ν) : j ∈ [2r−4]0, ℓ = r − 2, r − 1, r}

∪ {(2, 8 · 2r−3+ j − 2ℓ− 1mod ν) : 2r−4≤ j ≤ 2r−3− 1, ℓ = r − 2, r − 1, r}

∪ P1
1 (S) = V (Wr+1,2r+1).

Therefore every vertex of Wr+1,2r+1 gets monitored after stage 2 and hence S is
a PDS of Wr+1,2r+1 and γP(Wr+1,2r+1) ≤ |S| = 2r−2.

For r = 3, any singleton set {v}, v ∈W4,16, cannot itself power dominate the
entire graph, as each of the neighbours of v will have exactly three unmonitored
neighbours after the domination step. Hence the bound in Theorem 2.2 is sharp
for r = 3. We further illustrate Theorem 2.2 for the graph W5,32. The vertices of
the set S as defined in the theorem are coloured black in Figure 3.

Figure 3. A power dominating set in the graph W5,32.

In Figure 4, the set of dominated vertices, P0
1 (S), is coloured black and the

remaining vertices are white.
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Figure 4. Neighbourhood is monitored.

The black vertices in Figure 5 and Figure 6 represent the sets P1
1 (S) and P

2
1 (S),

respectively.

Figure 5. Propagation occurs.

Figure 6. End of propagation.

The directed edges in the figures indicate the direction in which the propagation
occurs at each stage. For instance, the directed edge [(2, 2), (1, 1)] in Figure 5
indicates that (2, 2) monitors (1, 1) in the first propagation step. We observe that
all the vertices get monitored by stage 2 and therefore S is a PDS of W5,32.

However, we found that for r = 5, W6,64 has a power dominating set of
cardinality 6, namely S = {(1, 1), (1, 2), (1, 11), (2, 22), (2, 27), (2, 31)}. Therefore
γP(W6,64) < 23. Hence the bound in Theorem 2.2 is not sharp for r = 5. This
has to be compared with a conjecture stated in [5]. This conjecture says that,
for k ∈ N1 and r ∈ N2, if G 6= Kr+1,r+1 is a connected r + 1-regular graph of
order n, then γP,k(G) ≤ n

r+2
. In the present example this means, for k = 1,

γP(W6,64) ≤ 9.
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3. Generalized Power Domination in H2
p

In this section, we study the behaviour of power domination in H2
p . The cases

p ∈ [2] are trivial with γP,k(H
2
1 ) = γP,k(K1) = 1 and γP,k(H

2
2 ) = 2 = γP,k(W1,4),

respectively, for all k.

Recall that for p ∈ N3 and n = 2, V (H2
p ) = {s2s1 : s1, s2 ∈ [p]0} and E(H2

p ) ={
{ri, rj}, {iℓ, jℓ} : r, i, j ∈ [p]0, i 6= j, ℓ ∈ [p]0\{i, j}

}
.

Note that the extreme vertices are of degree p− 1 and all the other vertices
are of degree 2p− 3 in H2

p . It is easy to observe that γ(H2
p ) = p. Indeed, any set

containing a vertex from each of the p cliques in H2
p forms a dominating set of

H2
p . Since each of the p cliques contains an extreme vertex, any dominating set

of H2
p must contain at least p vertices and hence γ(H2

p ) = p.

For p = 3, Hn
3 is isomorphic to the Sierpiński graph Sn

3 ; see [13, p. 143 ff].
It is proved in [6] that

γP,k(S
n
3 ) =







1, n = 1 or k ∈ N2;

2, n = 2 and k = 1;

3n−2, n ∈ N3 and k = 1.

Therefore γP,1(H
2
3 ) = 2 and γP,k(H

2
3 ) = 1 for k ∈ N2.

For p ∈ N4, the Hanoi graphs do not contain perfect codes for n ∈ N3 [13,
p. 195]. The domination number of these graphs is not known. Therefore we
concentrate on n = 2. (For n = 1, H1

p
∼= Kp

∼= S1
p .)

Theorem 3.1. Let k ∈ N1 and p ∈ N4. Then

γP,k(H
2
p ) =

{

1, k ∈ Np−2;

p− k − 1, k ∈ [p− 3].

Proof. Case 1. k ∈ Np−2. Let v be an arbitrary vertex of H2
p . Let K

i
p denote the

subgraph induced by the vertices {ij : j ∈ [p]0}. Assume that v ∈ Ki
p for some i.

Let S = {v}. Then V (Ki
p) ⊆ P

0
k(S). Since each vertex in Ki

p other than the

vertex ii has p−2 neighbours outside Ki
p, for any j 6= i, V (Kj

p)\{jj, ji} ⊆ P1
k(S).

Hence any vertex jℓ in Kj
p , ℓ 6= i, j, will have two unmonitored neighbours,

namely jj and ji. Since k ≥ p − 2 ≥ 2, these vertices will get monitored by
propagation, i.e., V (Kj

p) ⊆ P2
k(S). Since this is true for any j 6= i, S is a k-PDS

of H2
p .

Case 2. k ∈ [p−3]. We first prove that γP,k(H
2
p ) ≤ p−k−1. Let S be the set

of vertices {i(i−1) : i ∈ [p−k−2]}∪{0(p−k−2)}. Then P0
k(S) =

⋃
{V (Ki

p) : i ∈
[p−k−1]0}∪{ij : p−k−1 ≤ i ≤ p−1, j ∈ [p−k−2]0}∪{i(p−k−2) : p−k−1 ≤
i ≤ p−1}. Let Y be the set of vertices {ij : i ∈ [p−k−1]0, p−k−1 ≤ j ≤ p−1}.
Then any vertex v = i′j′ in Y has exactly k unmonitored neighbours given by
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{ℓj′ : p − k − 1 ≤ ℓ ≤ p − 1, ℓ 6= j′} which will get monitored by propagation.
Therefore, the remaining set of unmonitored vertices is given by {jj : V (Kj

p)∩ S
= ∅}, which will then get monitored by propagation by its neighbours in Kj

p .
Thus S is a k-PDS of H2

p , which implies γP,k(H
2
p ) ≤ p− k − 1.

We next prove that γP,k(H
2
p ) ≥ p− k− 1. Let S be a k-PDS of H2

p . Suppose
on the contrary that γP,k(H

2
p ) ≤ p − k − 2. Assume first that S has exactly

one vertex in p-cliques Ki
p for i ∈ {i1, . . . , ip−k−2}. Let {i1j1, . . . , ip−k−2jp−k−2}

be the set of p − k − 2 vertices in S. Then S ∩ V (Ki′

p ) = ∅ for any i′ ∈ I ′ =

[p]0\{i1, . . . , ip−k−2}. Let X = {i′j1, . . . , i
′jp−k−2}. Then P0

k(S) ∩ V (Ki′

p ) ⊆ X.
This holds for any i′ ∈ I ′. Let J ′ = [p]0\{j1, . . . , jp−k−2}. Then the set of vertices
{i′j′ : i′ ∈ I ′, j′ ∈ J ′} has an empty intersection with P0

k(S). Since every vertex in
H2

p has either no or more than k neighbours in this set, no vertex from this set can
get monitored later on, a contradiction. Assume next that |S| < p−k−2 or that
S intersects some Ki

p in more than one vertex. Then we can conclude analogously

that not all vertices of Ki′

p will be monitored and hence γP,k(H
2
p ) ≥ p− k− 1.

It is obtained in [6] that γP,k(S
2
p) =

{

1, k ∈ Np−1;

p− k, k ∈ [p− 2].

We can observe that for p ∈ N4, γP,k(S
2
p) − γP,k(H

2
p ) = 1 if and only if

k ∈ [p− 2] and for k ∈ Np−1, the two values coincide.

We now compute the propagation radius of H2
p . For p = 3, it is proved in [6]

that radP,1(H
2
3 ) = 2 and radP,k(H

n
3 ) = 3 for k ∈ N2.

Theorem 3.2. Let k ∈ N1 and p ∈ N4. Then radP,k(H
2
p ) = 3.

Proof. For k ∈ Np−2, γP,k(H
2
p ) = 1 and let S = {ij} be a k-PDS of H2

p . If
i 6= j, we prove that the vertices ji and jj do not belong to P1

k(S). Clearly,
ji, jj /∈ P0

k(S). Also none of the neighbours of ji and jj belongs to P0
k(S).

Therefore, ji and jj cannot be monitored in stage 1. For i = j, we can similarly
prove that the vertices ℓi and ℓℓ, for ℓ 6= i, do not belong to P1

k(S) and hence
radP,k(H

2
p ) ≥ 3. To prove the upper bound, consider the set S = {ii}. Then,

P0
k(S) = V (Ki

p),

P1
k(S) = P

0
k(S) ∪

⋃{

V (Kℓ
p)\{ℓi, ℓℓ} : ℓ ∈ [p]0 \ {i}

}

,

P2
k(S) = P

1
k(S) ∪ {ℓi, ℓℓ : ℓ ∈ [p]0 \ {i}} = V (H2

p ).

Hence radP,k(H
2
p ) ≤ radP,k(G,S) = 3.

Suppose that k ∈ [p − 3] and let S be a minimum k-PDS of H2
p . Then

γP,k(H
2
p ) = p − k − 1 and thus there exist at least k + 1 p-cliques Ki

p not con-

taining any vertex of S. Let Ki′

p be an arbitrary such clique. We prove that
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the vertex i′i′ is not in P1
k(S). Clearly, the vertex i′i′ does not belong to P0

k(S).
Moreover, |V (Ki′

p ) ∩ P
0
k(S)| ≤ p − k − 1 and therefore |V (Ki′

p )\P
0
k(S)| ≥ k + 1.

Hence any neighbour of i′i′ has more than k unmonitored vertices preventing any
propagation to this vertex on that step. Thus i′i′ is not in P1

k(S). To prove the
upper bound, consider the set S = {i(i − 1) : i ∈ [p − k − 2]} ∪ {0(p − k − 2)}.
Then,

P0
k(S) = {V (Ki

p) : i ∈ [p− k − 1]0} ∪ {ij : p− k −1≤ i ≤ p− 1, j ∈ [p− k−1]0},

P1
k(S) =P

0
k(S) ∪ {ij : p− k − 1 ≤ i, j ≤ p− 1, i 6= j},

P2
k(S) =P

1
k(S) ∪ {ii : p− k − 1 ≤ i ≤ p− 1} = V (H2

p ).

This completes the proof.
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(2004) 173–195.
doi:10.1016/S0166-218X(03)00260-9

[10] T.W. Haynes, S.M. Hedetniemi, S.T. Hedetniemi and M.A. Henning, Domination

in graphs applied to electric power networks, SIAM J. Discrete Math. 15 (2002)
519–529.
doi:10.1137/S0895480100375831
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Strobilanthes orbiculata (Acanthaceae) a new species and notes on S. matthewiana 
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Abstract

A new species Strobilanthes orbiculata is described from the southern parts of the Western Ghats, India. It is a semelparous 
species found in the shola forests in Vattavada and Kundala in Idukki district of Kerala. Notes on pollen morphology, distri-
bution, phenology, conservation status and photographic illustrations are given. Moreover, a short note on a narrow endemic 
taxon Strobilanthes matthewiana is also provided.

Keywords: Endangered, Palni hills, pollen grain, rhombic, scaberulous, S. adenophora

Introduction

Strobilanthes Blume (1826: 781), the diverse and widespread genus in the family Acanthaceae, consists of approximately 
450 species confined to the south and Southeast Asia, Melanesia (Carine & Scotland 1998, Carine & Scotland 2002). 
About 150 species have been reported from India and among them 61 species are reported to be from South India alone 
(Carine & Scotland 2002, Venu 2006, Karthikeyan et al. 2009). Species delimitation and nomenclature have remained 
problematic in Strobilanthes, since many species are poorly known and rarely collected, owing to their plietesial 
flowering pattern (Wood & Scotland 2009). 
 During the botanical exploration in Vattavada and Kundala, Kerala which border the southernmost parts of the 
Palni hills, an exceptionally distinguishing new species of Strobilanthes was found in the shola forests. It is very distinct 
from the related species by large orbicular leaves with cuspidate apex and two seeded capsules. While comparing 
the collections with herbarium specimens in India and abroad and also after critical study of relevant literature we 
observed that our collections do not match with any of the known species of Strobilanthes (Matthew 1999, Venu 2006). 
Therefore, it is described below as a new species. 

Strobilanthes orbiculata S. Thomas, B. Mani & S. J. Brittto, sp. nov. (Fig. 1 & 2)
Diagnosis:—The new species is allied to Strobilanthes pulneyensis Clarke (1884: 438), but differs in having large orbicular leaves with 

cuspidate apices, leaf blade with 8–11 pairs of secondary veins, head inflorescence with only fertile bracts, narrowly triangular to 
triangular calyx lobes, oblong corolla lobes, 5-cryptoaperturate pollen grains and two seeded rhombic capsules.

Type:—INDIA. Kerala: Idukki district, Vattavada, 1950 m a.s.l., 2 October 2016, Pradeep A. K. RHT68162 (holotype RHT!; isotypes 
MH!, RHT!).



THOMAS ET Al.48   •   Phytotaxa 369 (1) © 2018 Magnolia Press

FIGURE 1. Strobilanthes orbiculata. A. Flowering branch; B–C. Inflorescences; D. Bract: abaxial (left), adaxial surfaces (right); E. 
Bracteole; F. Calyx; G. Corolla with stamens and pistil; H. Corolla split open showing the included stamens; I. Stamens; J. Pistil; K. 
Infructescence; L. Fruit; M. Dehisced fruit; N. Seeds. Illustrated by Philominal Selvi.
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FIGURE 2. Strobilanthes orbiculata. A. Habit; B. Flowering branches; C. Leaves adaxial and abaxial view; D. Inflorescence with a pair 
of flowers; E. Bract: abaxial (upper), adaxial surfaces (lower); F. Bracteole; G. Calyx; H. Corolla with stamens and pistil; I. Corolla split 
open showing the included stamens; J. Androecium; K. Pistil, L. Infructescence; M. Separated fruit; N. Dehisced fruit with seeds; O. 
Seeds. Photo credit: Pradeep A. K.
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Description

Large semelparous anisophyllous shrub, to 3.5 m tall. Stem terete, scabrous; branchlets long, nodes distant. Leaves 
symmetric, opposite, decussate; lamina orbicular, 85–220 × 70–150 mm, coriaceous, base rounded, margin crenate, 
apex cuspidate, lateral nerves 8–11 pairs, abaxial surface hirsute and adaxial surface scaberulous; petioles 25–100 
mm long, scaberulous. Inflorescence of small subsessile–pedunculate heads, terminal or axillary, peduncle 3–45 mm 
long; heads solitary on each peduncle, 7–15 mm long, composed of 8–16 bracts. Bracts overlapping, all possess flower 
buds, the outermost foliaceous, 9–35 × 5–25 mm, obovate–oblance-ovate, base cuneate, margin crenate, apex obtuse, 
base sheathing and whitish creamy, upper leafy part green and recurved, hirsute throughout; bracteoles 6–8 × ca. 1 
mm, oblanceolate, distal ⅔ hirsute on both surfaces. Calyx 7–9 mm long at anthesis, tubular, tube 3.0–4.0 mm long, 
glabrous, lobed to about half way down, lobes narrowly triangular–triangular, 2–3 lobes slightly shorter than the rest, 
hirsute. Corolla 25–29 mm long, white–pale blue, delicate, sparsely fine pubescent outside, tube 8–9 mm long, throat 
11–13 mm long, villous inside, the lobes oblong, 7–8 × 4–5 mm, pubescent on outer surface, inside glabrous except 
abaxial lobes. Stamens 4, didynamous, all fertile, filaments connate and united with ⅔ length of throat, villous, not 
exceeding corolla, short and long stamens have nearly equal length, filaments sparsely long hairy pubescent, the two 
longer filaments 8–9 mm long, the two shorter ones 6.5–7.5 mm long; anthers oblong, ca. 2 × 1 mm. Ovary ca. 2 × 
1 mm, pubescent on apex, locules two with 2 ovules each; style 22–24 mm long, linear, sparsely hairy; stigma ca. 2 
mm long, linear, glabrous. Infructescence 15–20 × 12–14 mm, non-glandular hairy; capsules ca. 10 × 5 mm, rhombic, 
glabrous, 2-seeded; seeds orbicular, apex shortly cuspidate, glabrous. 
 Pollen morphology:—Pollen grains are spheroidal and echinulate and base of the spines are slightly thickened. 
Each pollen has five apertures which are equatorial. The ectoapertures are not apparent (cryptoaperturate) and the 
endoapertures are circular. Exine composed of small densely packed columellae forming a solid continuous tectum 
with granular appearance. Small, evenly spaced spines present on slightly raised areas of tectum. The raised area of 
tectum around each spine is micro-reticulate (Fig. 3 B–C). 
 Etymology:—The specific epithet ‘orbiculata’ indicates the “orbicular leaves” which is a diagnostic feature of the 
new taxon.
 Phenology:—The new species is known to flower in October to January and to fruit in February–May. The 
flowering periodicity is unknown.
 Habitat and distribution:—The new species is found to be an undergrowth in the shola forests in and around 
Vattavada and Kundala. It also shows a narrow distribution and occurs at an elevation of 1775–2000 m a.s.l. 
 Conservation status:—It is assessed as endangered (EN, B1, B2a, C, C2a, D) according to IUCN guidelines 
(IUCN Standards and Petitions Subcommittee 2016). The extent of occurrence is estimated to be less than 100 km2 and 
the area of occupancy is less than 10 km2. The species is found only in five locations and the number of individuals 
is less than 2500 with 100% mature individuals in each population. The restricted area of occupancy with a plausible 
future threat could drive the taxon to CR category (IUCN Standards and Petitions Subcommittee 2016).
 Additional specimens examined (paratypes):—INDIA. Kerala: Idukki district, Vattavada, 1950 m a.s.l., 02 
October 2016, Pradeep A. K. RHT68163 (RHT!); 15 October 2016, Pradeep A. K. RHT68194 (RHT); Kundala, 1775 
m a.s.l., 15 October 2016, Pradeep A. K. RHT68193 (RHT).
 Taxonomic notes:—Strobilanthes orbiculata is morphologically allied to S. pulneyensis in having peduncled head 
inflorescence, non-glandular bracts in the infructescence, ventricose corolla, four stamens in didynamous condition 
and glabrous seeds. However, it differs from the latter by the upright habit (not straggling), terete and scabrous stem 
(not quadrangular and hispid), large and orbicular leaves with crenate margin and cuspidate apex (not ovate-lanceolate 
or elliptic leaves with serrate margin and acuminate apex), scaberulous adaxial leaf pubescence (not bulbous-based 
hairy), lamina with 8–11 pairs of secondary veins (not 6–7 pairs of secondary veins), scaberulous petiole (not simple 
hairs), absence of sterile bracts (not presence of leafy bracts), obovate to oblance-ovate bracts with obtuse apex (not 
ovate–spatulate bracts with acute apex), oblanceolate bracteoles (not linear–lanceolate), short calyx which is split 
only up to half way down (not calyx which is split up to ⅔ down ), narrowly triangular to triangular calyx lobes 
which is non-glandular hairy (not narrowly linear calyx lobes which is glandular hairy), oblong corolla lobes (not 
orbicular), stamina sheath fused with ⅔ length of the corolla throat (not fusion of only ⅓ length), short and long 
stamens having almost equal length (not up to 5 mm difference in length), stamens not exceeding the corolla (not long 
stamens exceeding corolla), long hairy stamina filaments (not glabrous), rhombic 2-seeded capsules (not 4-seeded 
oblong–obovate capsules) and shortly cuspidate seeds (not non-cuspidate). A detailed comparison between the two 
taxa is enumerated in Table 1. S. pulneyensis is a straggling shrub widely distributed in the peninsular India, whereas 
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the new species is an upright large shrub plausibly restricted to Vattavada and Kundala region. The new taxon is well 
distinguished from S. pulneyensis by the inflorescence without sterile (foliar) bracts, whereas the presence of a pair of 
foliar bracts is a distinguishing feature of S. pulneyensis. In addition the heads are strictly depressed in S. orbiculata, 
but it is depressed to strobilate in S. pulneyensis (Matthew 1995) (Fig. 3A). Although, both taxa have four stamens 
in didynamous condition, stamens are not exceeding the corolla in new species, whereas the long stamens exceed the 
corolla in S. pulneyensis. Furthermore, the difference in length between the long and short stamens are ca 2 mm in new 
species but it is ca 5 mm in S. pulneyensis. A striking difference could also be observed in the fruit morphology and 
number of seeds between the two taxa. In S. orbiculata capsules are rhombic in shape and produce only two viable 
seeds which are develop from the upper ovules in each locule whereas the capsules are oblong-obovate and possess 
four seeds in S. pulneyensis. Moreover, the vegetative characters especially the leaf morphology of the new taxon is 
totally different from its close relative S. pulneyensis (Table 1). 

TABLE 1. Comparison between Strobilanthes orbiculata and S. pulneyensis.
Characters S. orbiculata S. pulneyensis†
Habit Large erect shrub Straggling shrub
Stem Terete Quadrangular
Pubescence on stem Scabrous Hispid 
Lamina dimension 85–220 × 70–150 mm ca. 120 × 60 mm
Lamina shape Orbicular Ovate-lanceolate or elliptic
Lamina base Rounded Rounded or broadly ovate
Lamina margin Crenate Serrate 
Lamina apex Cuspidate Acuminate 
Lamina pubescence Scaberulous Bulbous-based hairy
Secondary veins 8–11 pairs 6–7 pairs
Petiole length 25–100 mm ca. 50 mm
Pubescence of petiole Scaberulous Hairy
Inflorescence Head Heads to strobilate
Foliar bract (Sterile) Absent Present
Bract shape Obovate–oblance-ovate Ovate–spatulate
Bract apex Obtuse Acute 
Bracteole shape Oblanceolate Linear–lanceolate 
Calyx tube ½ length from base ⅓ length from base
Calyx lobes 2–3 lobes slightly shorter, Equal 
Calyx lobe shape Narrowly triangular–triangular Narrowly linear
Calyx pubescence Non-glandular pubescent Glandular pubescent
Corolla tube Shorter than throat As long as throat
Corolla lobes shape Oblong Orbicular 
Stamens Connate and united with ⅔ length of throat, 

not exceeding corolla
Connate and united with ⅓ length of throat, 
long stamens exceeding corolla

Stamina filament length (short) 6.5–7.5 mm ca. 3 mm
Stamina filament length (long) 8–9 mm ca. 8 mm
Pubescence of stamina filament Sparsely long hairy Glabrous
Pollen grain 5-aperturate 3-aperturate††
Style length 22–24 mm ca. 15 mm
Capsule Rhombic Oblong–obovate
Seeds 2, orbicular, apex shortly cuspidate 4, orbicular, apex rounded

† Venu (2006); †† Carine & Scotland (1998).

 The variability in pollen morphology is potentially useful to differentiate the species of Strobilanthes (Bremekamp 
1944, Terao 1982, Carine & Scotland 1998, Deng et al. 2006). Based on shape there are two classes of pollen 
(spheroidal and ellipsoidal) recognised among the south Indian and Sri Lankan Strobilanthes. The spheroidal pollens 
are distinguished by sexine structure and the number, distribution and type of aperture (Carine & Scotland 1998). Carine 
& Scotland (1998) recognised 16 pollen types in spheroidal class which again fall into two distinct morphological 
classes based on structure of sexine (pollen types 7–13 & 14–22). By pollen morphology the new species is allied to 
S. adenophora Nees (1847: 182) in addition to S. pulneyensis, all have spherical echinulate (spheroidal) pollen grains 



THOMAS ET Al.52   •   Phytotaxa 369 (1) © 2018 Magnolia Press

with cryptoapertures. The former belongs to pollen type 10 characterised by 5-cryptoaperturate pollens whereas the 
latter coming under type 8 characterised by 3-cryptoaperturate pollens. In both of the allied taxa sexine structure is 
similar in the following features: (i) the sexine of prominently raised areas only being supported by columellae (ii) the 
tectum around the raised areas is prominently reticulated. Moreover, the spines are placed very close in both species 
(Carine & Scotland 1998). However, the spine length is 3–3.5 μm in S. pulneyensis whereas that of S. adenophora is 
3–6 μm. 
 Strobilanthes orbiculata, the new species, has 5-cryptoaperturate pollens as in S. adenophora. However, S. 
orbiculata has sexine features distinct from allied species by having columellae forming a solid and continuous tectum 
with granular appearance and terminating into well spaced short spines. In addition, spines have a length of ≤3 μm 
and the tectum around the spines are feebly reticulated in S. orbiculata (Fig. 3 B–C). Based on pollen morphology, S. 
orbiculata differs from S. pulneyensis and related to S. adenophora only in the number of apertures in pollen grains. 
S. adenophora is a Sri Lankan endemic sub-shrub species distributed along the banks of streams at an elevation of 
50–200 m. There are other vegetative and floral features which distinguish between S. orbiculata and S. adenophora 
(Wood 1995, Wood 1998). Finally, the pollen of new species therefore is assigned for placement as a new pollen type 
distinct from pollen type 8 and 10 because of the differences in sexine structure and spine length.

FIGURE 3. Inflorescence of S. pulneyensis (A) and SEM images of pollen grains of S. orbiculata (B–C) and S. matthewiana (D).
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Strobilanthes matthewiana R.W. Scotland (1998: 204) (Fig. 4)
Type:—INDIA. Tamilnadu: Dindigul, Kodaikanal, Thoppithookkiparai–Periyur path, 16 Aug 1987, K.M. Matthew & K.T. Mathew 

RHT50266 (holotype K; isotypes RHT, SHC, MH).

FIGURE 4. S. matthewiana. A. Habit; B. Flowering branch; C. Inflorescence; D. Bracts (outermost); E. Bracteoles; F. Calyx; G. Corolla 
split open; H. Androecium; I. Pistil. Photo credit: Pradeep A. K.
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Description 

Large semelparous anisophyllous shrub, to 4 m tall. Stem terete, cottony above with pilose glandular and eglandular 
hairs, lenticellate below. Leaves symmetric, opposite, decussate; lamina ovate, 50–116 × 10–85 mm, coriaceous, 
base slightly cordate or rounded, margin dentate to crenate, apex acute, lateral nerves 6–11 pairs, adaxial surface 
hirsute, abaxial surface pubescent with eglandular and glandular hairs throughout; petioles 15–50 mm long, pubescent 
with glandular and eglandular hairs. Inflorescence subsessile–pedunculate heads, axillary and terminal, 1– 4 heads 
per node, peduncle 2–18 mm long; heads solitary on each peduncle, 10–25 mm long, composed of 6–12 bracts. 
Bracts overlapping, 10–25 mm long, all possess flower buds, outermost foliaceous, with more or less parallel sided to 
urceolate long bases with ovate crenate apices, innermost lanceolate with ovate crenate apices, apex recurved, hirsute 
except adaxial surface of base; bracteoles 6–9 mm long, linear to lanceolate, pubescent except inside of base, apex 
often recurved. Calyx 9–13 mm long at anthesis, tubular, tube 6–9 mm long, glabrous, lobed to ⅓, lobes triangular, one 
lobe each slightly longer and shorter than the rest, long white hairs present throughout. Corolla 18–35 mm long, pale 
violet, glabrous outside, tube 10–13 mm long, throat 10–15 mm long, campanulate, inside of corolla with small tuft of 
hairs at same height as longer stamens, lobes round, 5–7 × 5–7 mm, glabrous. Stamens 4, didynamous, included, all 
fertile, longer stamens 9–11 mm with ciliate filaments, shorter stamens 4–5 mm, filaments glabrous, anthers elliptic, 
ca. 2 × 1 mm. Ovary ca. 2 × 1.5 mm, glabrous, ovules four; style 16–32 mm long, linear, sparsely hairy for two thirds 
length; stigma ca. 2.5 mm long, curved, glabrous. Capsule ca. 1.4–1.7 × 5 mm, oblong to elliptic, apiculate, glabrous, 
2-seeded; seeds orbicular, ca. 4.5 × 3 mm, areolate with hygroscopic hairs.
 Pollen morphology:—The pollen grains are ellipsoidal and 3-colporate. It is prolate in equatorial view and 
circular in polar view. Ectoapertures fusiform, whereas endoapertures circular. Exine is divided into longitudinal ribs, 
which are straight and narrow and pseudocolpi present between them. The number of ribs is 18–19 and the tectum is 
micro-reticulate (Fig. 3D).
 Phenology:—It flowers during November 2016 to January 2017 and to fruit in March–May.
 Habitat and distribution:—Distributed in the southern part of the Palni hills at an elevation of 2000–2300 m 
a.s.l. It grows as a gregarious shrub bordering the shola forests. 
 Conservation status:—It is assessed as endangered (EN, B1, B2a, C, C2ai, D) according to IUCN guidelines. It 
is estimated that the extent of occurrence is less than 100 km2 and the area of occupancy is less than 10 km2. The habitat 
is severely fragmented and located in few places. The number of individuals is less than 2500 with 100% mature 
individuals in each population. The restricted area of occupancy with a plausible future threat and pletesial life cycle 
pattern could drive the taxon to CR category (IUCN Standards and Petitions Subcommittee 2016).
 Taxonomic notes:—S. matthewiana a narrow restricted endemic species distributed in the high altitude shola 
margins of the Palni hills. Scotland (1998) established this species based on the collections of Matthew and Mathew 
(RHT50266) from upper Palni hills in 1987. The flowering periodicity of the plant is so far unknown. The present 
collections are closer to the Top Station, Tamilnadu. Interestingly, our collection is 30 years after the collections of 
K. M. Matthew and K. T. Mathew. Therefore, the flowering periodicity of the plant may be either 10 or 15 years. Our 
study has also revealed the extent of occurrence of this species to the south of the Palni hills bordering the state of 
Kerala and its distribution is at an elevation of 2000 m a.s.l.  
 Specimens examined:—INDIA. Tamilnadu: Dindigul, Kodaikanal, Thoppithookkiparai–Periyur path, August 
1987, K.M. Matthew & K.T. Mathew RHT50266 (RHT); Kathirikkai Odei, Marion shola, along the Kodaikanal–Munnar 
road, 2000 m a.s.l., April 1988, K.M. Matthew & K.T. Mathew RHT52759 (RHT); Theni,Top Station, 20 December 
2016, Pradeep A. K. RHT68249 (RHT); Pradeep A. K. RHT68250 (RHT). 
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Abstract

Impatiens saulierea and I. josephia, two new species, are described from the Western Ghats, India. The former is collected 
from Kakkayam, Kozhikode and the latter from Idukki, Kerala. A detailed description of both taxa along with diagnostic 
characters between allied species, conservation status, pollen morphology and colour photographs are provided.

Keywords: Impatiens aliciae, I. diversifolia, saccate, SEM, stipule
 

Introduction

Balsaminaceae comprises over 1,000 species in two genera, the monotypic Hydrocera Blume (1825: 241) ex Wight & 
Arnott (1834: 140) and Impatiens Linnaeus (1753: 937), the diverse and large genus (Stevens 2012) mainly distributed 
in the Old World tropics and subtropics, with only a few species found in northern temperate regions (Grey-Wilson 
1980a; Yuan et al. 2004; Janssens et al. 2009). Hydrocera is native to the Indo-Malayan region, where it occurs as 
a semi-aquatic plant in stagnant water, including India, Thailand, Cambodia, Malaysia, Sri Lanka, Laos, Vietnam, 
Indonesia and southern China. Impatiens occurs chiefly in montane forests of the tropics and subtropics of the Old 
World with five diversity centres: tropical Africa, Madagascar, South India and Sri Lanka, Sino-Himalaya and Southeast 
Asia (Grey-Wilson 1980b; Ramadevi & Narayana 1990). Several species of Impatiens are popular ornamental plants 
and are characterized by spurred zygomorphic flowers with fused stamens surrounding the pistil (Bhaskar 2012; 
Ruchisansakun et al. 2015).
 Impatiens is represented by more than 210 taxa in India and is mostly distributed in the Eastern Himalayas and the 
Western Ghats (Bhaskar 2012). Among these, more than 106 species of Impatiens are endemic to the Western Ghats, 
of which more than 80% are endangered (Bhaskar 2012). Moreover, several possibly endemic new taxa have been 
recently reported from various parts of the Western Ghats (Hareesh et al. 2015, Prabhukumar et al. 2015, Chhabra et 
al. 2016).
 While working on the diversity of Impatiens in Kerala, the authors collected two interesting specimens of 
Impatiens from the wet rocky habitats in the evergreen forest in Kakkayam, Kozhikode district and Idukki, Idukki 
district, which are allied to Impatiens diversifolia Wall. ex Wight & Arn. (1834: 139) and I. aliciae C.E.C. Fisch. (1934: 
389) respectively. The former has diagnostic upright and stiff stems, axillary 2–3-flowered fascicled inflorescences and 
saccate lips with a straight spur; the latter has a strictly upright habit, 3–5-flowered axillary fascicled inflorescences, 
pink and long pedicellate flowers, and boat-shaped lips with orange blotches at the centre. Detailed taxonomic studies 
with a review of the pertinent literature (Bhaskar 2012, Dessai & Janarthanam 2011, Prabhukumar et al. 2015; 
Ramasubbu et al 2015) showed these taxa are hitherto undescribed species. Hence, both are described and illustrated 
here as new species.
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Taxonomy

Impatiens saulierea B. Mani, S. Thomas & S. J. Britto sp. nov. (Fig. 1)

The proposed new species is morphologically allied to Impatiens diversifolia, but differs in having upright and stiff stems, salmon-red and 
forked stipules, linear leaves, 2–3-flowered axillary fascicles, pink flowers, 5–6 mm long falcate lateral sepals, saccate lips without a 
yellow blotch, a straight spur which is longer than the wing (lateral united) petals, widely elliptic and pubescent standard petals, non-
stipitate and obovate dorsal lobes of wing petals, an obovate basal lobe of the wing petals, a yellow dorsal auricle, terete pollen grains 
with more than 4-colpi and with an irregularly baculate pollen reticulum, long and fusiform capsules, and sub-globose seeds.

Type:—INDIA. Kerala: Kozhikode District, Kakkayam, 680–720 m, 11 October 2016, Mani et al. 68152 (holotype RHT!, isotypes MH!, 
RHT!).

Description
Terrestrial, slender, erect annual herb, 40–70 cm tall, branched; stem angled–terete, green, salmon-red tinged, glabrous, 
nodes slightly swollen. Leaves opposite, decussate, petiolate, stipulate; stipules persistent, salmon-red, forked; petiole 
2–4 mm long; lamina 4.5–8 cm long, 5–9 mm wide, linear, base rounded, margin serrate, narrowly acute at apex, lower 
surface whitish-green, glabrous, upper surface green, pubescent, midrib distinct, lateral veins obscure. Inflorescence 
2–3 flowered in axillary fascicles. Flowers 1.6–1.8 cm across; bract basal, ca. 2 × 0.5 mm, narrowly triangular, 
salmon-red; pedicel 2.3–3.5 cm long, salmon-red, pubescent along one side. Lateral sepals 2, 5–6 × 0.5–1 mm, falcate, 
glabrous, pink, apex ca. 1 mm long, mucronate; lower sepal 6–7 × 3–3.5 mm, saccate, glabrous, pale pink, 1 mm 
long, mucronate at apex, spur 1.8–2.3 cm long, pale pink, straight, glabrous; dorsal petal 5–5.5 × 6.5–7.5 mm, widely 
elliptic, pubescent, pink, mid-vein green-tinged, apex obtuse, 1 mm long, mucronate; lateral united petals 12–16 × 
6.5–9.5 mm, bilobed, pink, basal lobe 2–3 × 1–1.5 mm, obovate, much smaller than distal lobe, distal lobe 10–14 × 
6.5–9.5 mm, obovate, glabrous, auricle short, rotund, yellow. Stamens 5, cohering above pistil, column ca. 3 × 2 mm, 
slightly curved; filaments 5, pink, narrow and free at base, broad and connate towards apex, ventral filaments shorter; 
anther ca. 0.5 × 0.25 mm, pollen pink, terete. Pistil ca. 2.5 × 1.5 mm, lanceovate, glabrous, carpels 5, ovules 4 in 3–4 
locules and 3 in 1–2 locules, on axile placentae; style rudimentary; stigma 5-toothed. Capsule 12–24 × 4–5.5 mm, 
fusiform, ridged, glabrous–sparsely pubescent, green–salmon-red, scar present at base of dorsal side; pedicel 3.2–4.0 
cm long, horizontal–reclined in fruit, seeds 16–19 in number, ca. 2 × 1.25 mm, sub-globose, caruncle present, glabrous, 
black, shining.
 Etymology:—Impatiens saulierea is named in honour of Fr. Sauliere who botanised in the Anglade Institute of 
Natural History (AINH), Shembaganur, Kodaikanal, a hill laboratory of RHT.
 Phenology:—Flowering and fruiting just after the southwest monsoon season, September–October.
 Habitat and distribution:—Grows along with Impatiens gardneriana Wight (1846: 1050) on wet and dripping 
open rocky slopes in the ever green forests at elevation of 680–720 m a.s.l. The new species is known only from the 
hill ranges of Kakkayam, Kozhikkode district in Kerala.
 Preliminary conservation status:—The present study made known that Impatiens saulierea shows an extent of 
occurrence of less than 100 km2, the area of occupancy is less than 10 km2, number of mature individuals are less than 
250 and the number of mature individuals in each subpopulation is less than 50 (IUCN 2016). By following IUCN 
criteria for assessing the conservation status, I. saulierea is assessed as belonging to the Endangered (EN) category.
 Taxonomic notes:—Impatiens saulierea shows similarity to I. diversifolia, but differs from the latter by various 
morphological characteristics which are depicted in Table 1. I. diversifolia prefers to grow in marsh habitats around or 
above 1000 m a.s.l. and often grows as a diffuse annual or perennial herb. On the other hand, the new species grows on 
wet and dripping rocky slopes and the plants are upright and strict annual herbs. Again, I. diversifolia is characterised 
by the presence of a yellow eye (blotch) in the lip, with an often curved or S-shaped and forked spur which is equal 
to the length of the wing (lateral united) petals and a stipitate dorsal lobe of the wing petals. Conversely, a lip without 
eye (blotch), straight and unforked spur which is longer than the wing petals, and a non-stipitate dorsal lobe of the 
wing (lateral united) petals are also key diagnostic characteristics of I. saulierea. Moreover, petiolate and linear leaves, 
round leaf bases, dorsally pubescent laminas, a pedicel being shorter than subtending leaves, and a long, fusiform 
capsule with 16–19 seeds are also important morphological characters useful to discriminate it from allied species.
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FIGURE 1. Impatiens saulierea (A–R) and I. diversifolia (S–T). A. Habit; B. Flowering branch; C. Node region shows petiolate leaves, 
forked stipules & bracts; D. Single flower; E. Flower: front view; F. Flower: ventro-lateral view; G. Lateral sepals; H. Lower sepal with 
straight spur; I. Saccate lower sepal; J. Dorsal petal: lateral view; K. Standard petal: dorsal view; L. Lateral united petals (inset: yellow 
dorsal auricle); M. Androecium (inset: pistil); N. Fruit; O. Fruit: dehisced; P. Seeds; Q. Scanning electron micrographs (SEM) of entire 
terete pollen; R. Reticulate sexine under high magnification; S. Flower with S-shaped spur; T. Flower: front view shows stipitate lateral 
united petals and yellow eye on lower sepal.
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TABlE 1. Comparison of morphological characteristics of Impatiens saulierea sp. nov. with I. diversifolia. 
Characters I. saulierea I. diversifolia† 

Habitat Wet rocky slopes Marshy area

Habit Upright annual herbs Diffuse annual or perennial herbs

Height 40–70 cm 30 cm or more 

Stem Angled–terete, stiff, salmon-red tinged Quadrangular, succulent or flaccid below, reddish

Stipule Two-forked Non-forked

Leaves 2–4 mm long petiolate Sessile or shortly petiolate

Lamina shape Linear Elliptic or oblong, often boat shaped

Lamina apex Narrowly acute Obtuse or acute

Lamina base Rounded Cordate

Lamina dorsal surface Pubescent Glabrous

Inflorescence Axillary 2–3-flowered fascicle Solitary

Flowers 1.6–1.8 cm across 1.7 –2.2 cm across

Flower colour Pink Pink–reddish 

Pedicel Shorter than leaf Longer than or same as leaf

Pedicel in fruit Horizontal–reclined in fruit Deflexed

Lateral sepals Falcate, apex 1 mm long mucronate, pink Linear, acuminate, red

Lower sepal Saccate, yellow eye absent Saccate, yellow eye at centre

Spur 1.8–2.3 cm long, straight, longer than wing 
petals

1.5–1.8 cm, S-shaped, tip often forked, same as the 
length of wing

Standard petal Widely elliptic, pink, pubescent Round, red, glabrous

Lateral united petals 1.2–1.6 cm long, pink 1.5–1.8 cm long, red

Dorsal lobe Obovate, non-stipitate Broadly semi-obovate, 5 mm long stipitate

Basal lobe Obovate Linear or conical 

Dorsal auricle Short, rotund, yellow Short, spiniform or rotund, red/pink 

Pollen grain Pink, terete, more than 4 colpate, sexine 
reticulate, reticulum 0.6–3µ × 0.6–1.2 µ, 
irregularly baculate, muri 0.5 µ thick, dupli-
columellate

Orange, rectangular, 4-colpate, sexine reticulate, 
reticulum ca 6 × 4 µ, muri 0.9 µ thick, dupli-
columellate

Capsule 1.2–2.4 cm long, fusiform 8 mm long, ovate–ellipsoid

Seeds 16–19 in number, sub-globose Many, globose

†Bhaskar 2012

Impatiens josephia S. Thomas, B. Mani & S. J. Britto sp. nov. (Fig. 2)
The proposed new species is morphologically allied to Impatiens aliciae, but differs in having erect, quadrangular and stiff stems, salmon-

red stipules, linear leaves, 3–5 flowered axillary fascicled inflorescences, falcate and pubescent (mid-vein) lateral sepals, a boat-
shaped lip with an orange blotch at the centre, a widely obovate dorsal lobe of the wing petals, a short dorsal auricle which is ¼ 
the length of the wing (lateral united) petals, rod-shaped pollen grains with polar colpi, fusiform and long pedicellate capsules, and 
slightly reniform–discoid seeds.

Type:—INDIA. Kerala: Idukki District, Idukki, 940–1000 m, 08 October 2016, Thomas et al. 68212 (holotype RHT!, isotypes MH!, 
RHT!).



TWO NEW SPECIES OF IMPATIENS FROM INDIA Phytotaxa 334 (3) © 2018 Magnolia Press   •   237

FIGURE 2.  Impatiens josephia. A. Habit; B. Flowering and fruiting branch; C. Node region shows petiolate leaves, salmon-red stipules 
& fascicled inflorescence; D. Lateral sepals; E. Lower sepal (inset: orange blotch at centre); F. Standard petal: lateral view; G. Standard 
petal: dorsal view; H–J. Lateral united petals; K. Androecium; L. Pistil; M. Fruit; N–O. Seeds; P. SEM micrographs of entire pollen grain; 
Q. Reticulate sexine under high magnification.
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TABlE 2. Diagnostic morphological characters of Impatiens josephia sp. nov. and I. aliciae.
Characters I. josephia I. aliciae†

Habit Annual herbs, upright Annual herbs, often procumbent

Height 30–55 cm 20–35 cm

Root stock Absent Horizontal, short, woody

Stipule Salmon red Green 

Leaves Linear Narrowly elliptic–oblong 

Lamina apex Narrowly acute Apiculate 

Lamina base Rounded Acute

Inflorescence Axillary, 3–5 flowered fascicle Axillary, 1 or 2-nate

Flower colour Pink Deep pink or white with purple streak

Pedicel 2.5–4.0 cm long To 2.4 cm long

Pedicel in fruit 3.0–4.8 cm long, inclined–descending To 2.5 cm, deflexed

Lateral sepals Falcate, 0.25 mm mucronate, puberulent Linear, acute

Lower sepal Boat-shaped, apex cuspidate, orange blotch at the centre Cymbiform, subacute, blotch absent

Spur ca. 3.5 mm long, tubular, straight, pink, yellow towards 
apex

2–3 mm, tubular–saccate, straight or slightly 
curved, pink 

Standard petal Orbicular, apex retuse Orbicular, cuspidate

Dorsal auricle ca. 2.5 mm long, ¼ th length of wing,  filiform, edge not 
folded 

Half as long as wing (5.5 mm), strap-shaped, 
edge folded to form a tube

Pollen grains Rod-shaped, 4-colpate, colpi polar, sexine reticulate, 
reticulum small, sparsely baculate, dupli-columellate

Bilateral, 4-aperturate, more or less pleura 
goniotreme (angulaperturate), sexine reticulate, 
lumina small, baculate, faintly dupli-
columellate

Capsule 12–15 mm long, fusiform 10–11 mm long, ellipsoid

Seeds 11–15 in number, slightly reniform–discoid 10–20 in number, sub-globose

†Bhaskar 2012

Description
Terrestrial, upright, annual herb, 30–55 cm tall, branched, branches erect; stem quadrangular, pale green, glabrous. 
Leaves opposite, decussate, stipulate, stipule salmon-red, ca. 2 mm long, petiolate; lamina 4.8–7.4 cm long, 4.5–5 
mm wide, linear, base rounded, margin serrate, narrowly acute at apex, upper surface green, pubescent, lower surface 
whitish-green, glabrous, midrib distinct, lateral veins obscure. Inflorescence 3–5 flowered in axillary fascicles. Flowers 
8–10.5 mm across; bract ca. 1 × 0.5 mm, narrowly triangular, caducous, pale green, situated at base of pedicel; pedicel 
2.5–4 cm long, pale green, sparsely red-tinged, pubescent along one side. Lateral sepals 2, 4–5 × ca. 0.5 mm, falcate, 
mid-vein puberulent, pink, green towards apex, apex ca. 0.25 mm long, mucronate; lower sepal 4.5–5 × ca. 2.5 mm, 
boat-shaped, glabrous, white–pale pink with a prominent orange blotch at the centre, apex cuspidate, spur ca. 3.5 × 1 
mm, tubular, straight, glabrous, pink, yellow towards apex, shorter than the wing (lateral united petals) petals; dorsal 
petal 4–4.5 × 4–4.5 mm, orbicular, mid-vein pubescent, pink, dorsally keeled, apex retuse, ca. 0.5 mm long mucronate; 
lateral united petals 9–10 × ca. 5 mm, bilobed, pink, basal lobe ca. 3 × 1.5 mm, falcate, much smaller than distal lobe, 
distal lobe 7–7.5 × ca. 5 mm, widely obovate, glabrous, auricle prominent, 2.5 mm long, filiform, purple, ¼ the length 
of the wing. Stamens 5, cohering above pistil, column ca. 2 × 1.25 mm, slightly curved; filaments 5, white, narrow and 
free up to ⅔ their length, broad and connate at apex, ventral filaments shorter; anther ca. 0.5 × 0.25 mm, pollen white, 
rod-shaped. Pistil ca. 1.5 × 0.5 mm, narrowly oblong, glabrous, slightly curved, pale green, ovules 3–4 in each locule, 
on axile placentae; style rudimentary; stigma 5-toothed. Capsule 12–15 × ca. 4 mm, fusiform, asymmetrical, glabrous, 
green, scar present at base of dorsal side; pedicel 3.0–4.8 cm long, horizontal–reclined in fruit,  seeds 11–15 in number, 
ca. 1.75 × 1 mm, slightly reniform–discoid, glabrous, black, shining, with caruncle present.
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 Etymology:—The name I. josephia has been chosen in accolade of St. Joseph’s College, Tiruchirappalli, which 
is one of the pioneer and foremost educational institutions in India.
 Phenology:—Flowering starts from end of August and lasts up to October. Fruits matured during September–
November.
 Distribution and preliminary conservation status:—The new species is known only from the hill ranges of 
Idukki, Idukki district in Kerala. It grows on wet and dripping rocky slopes in the evergreen forests at an elevation 
of 940–1000 m a.s.l. Impatiens josephia shows an extent of occurrence that is estimated to be less than 100 km2, the 
area of occupancy is less than 10 km2, with a continuing decline observed in the quality of habitat, the number of 
mature individuals are less than 250 with an observed continuing decline and the number of mature individuals in 
each subpopulation is less than 50 (IUCN 2016). By following IUCN criteria for assessing the conservation status, I. 
josephia is assessed as belonging to the Endangered (EN) category.
 Taxonomic notes:—Impatiens josephia resembles I. aliciae in its herbaceous habit, shortly petiolate and serrate 
leaves, lamina with indistinct lateral veins, axillary flowers, pedicel pubescence, small flowers, and orbicular standard 
petal. However, it differs from the latter by various morphological characteristics (Table 1). I. aliciae, an annual herb, 
often grows as a procumbent plant characterised by having a short root stock, narrowly elliptic-oblong leaves, axillary 
1 or 2-nate flowers, cymbiform lower sepal (lip), 2–3 mm long spur, obovate dorsal lobe of wing petals, 5.5 mm long 
dorsal auricle which is half as long as the wing (lateral united) petal, bilateral pollen grains, ellipsoid capsules and 
sub-globose seeds. Alternatively, I. josephia is an upright plant with stiff and quadrangular stems, salmon-red stipules, 
linear and dorsally pubescent leaves, 3–5-flowered axillary fascicled inflorescences, long pedicellate flowers, falcate 
lateral sepals with pubescence on mid-veins, boat-shaped lips with an orange blotch, ca. 3.5 mm long spur, widely 
obovate dorsal lobe of wing petals, a ca. 2.5 mm long dorsal auricle which is only ¼ as long as the wing (lateral united) 
petal, rod-shaped pollen grains, fusiform capsules and slightly reniform–discoid seeds. 
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  ABSTRACT This paper examines about the north and south regions of Malabar through the inland water way 
and configure the market system of interior parts by interconnecting with major ports near to Malabar. The 
hydrological elements used as an imperial policy in the west coast of Malabar in Madras presidency of British India.  
However, as an impact of the integration of the natural inlets like rivers, backwaters and estuaries it brings out an 
uninterrupted line of inland waterway. This study also analysis the reach ability of the canal to fulfill the imperial 
purpose and relocation of market system of west coast of south India, leads the market reorientation in early 20 th 
century. The canal policy of British was a prime motive of imperial power that took up the natural water bodies 
especially rivers, backwaters and estuaries to join with artificial ways. 
 

Keywords:  
 

In Indian subcontinent, the implementation of colonial dominance was executed through the political as 
well as economic spheres. The process of colonialism initially referred as a political ascendency then it 
further rooted in the territory through the economic policies.  The economic intervention was considered as 
the actual arbitration of British.As a part of the political and economic strategic policies British tried to 
enact Treaty of Seringapatanam in 1792 and Treaty of Powney in 1790with Malabar and Cochin as a part of 
political ascendancy and it tries to merge the individual principalities with Bombay presidency. So, the 
English East India Company (EEIC) became an initial form of colonialism maintained their economic policies 
through acquisition of territories. 

 Since 19th century the inland navigation system was a part of the imperial policy of British. They 
were much known to the water resources and its mobilization facilities from the remote areas of the 
regions. So, British gave emphasis on making water navigational channels throughout the accessible 
regions, witnessed to spurt irrigational works occurred during the period of 1836 to 1866 in British 
India.Here, British tried to attempt realigning land and water policies in terms of systematic alteration of 
British India’s great drainage networks. In fact, the period witnessed the systematic proliferation of ‘control’ 
of society and nature that combined through hydraulic interventions of colonialism.i The construction of 
canal with the geographical affluence paved the integration of both the colony and colonial power at greater 
extent. The hydraulic as well as mercantile policies were brought to bear in parallel and created some 
transitions in the economic as well as political sphere of Malabar. That they primarily engaged with the local 
marts where the imposition of transit and town duties by EIC led to segmentation and contraction of the 
ancient markets. 

In the case of inland navigation British thoroughly understood about the geographical features of 
their equipped region, like the possibilities of navigational channels, satellite ports and interlinking with 
natural harbors etc. however these navigational prospects of Malabar along with natural advancement were 
first enunciated by H.S. Graeme, who identified the continuity of water channel from Hodsurg to Chetuvai   
around 150 miles distance. It can be better used during monsoons when the sea is impassable. ii Further, the 
interlinking plan of natural water bodies facilitates an unbreaking water navigation system in Malabar. The 
first connection of this system was the construction of a canal named as Pyolee canal to link Korapuzhain 
the north and Beypoor in the south which was initiated by Malabar collector H.V.Conolly (1840-1848) and 
canal became popularly known as Conolly Canal in the history of Kerala.  

The original anicut of the canal starts from the northern part of Malabar that is, Pyolee canal of 3 
miles in length that connecting 30 to 40 miles of the natural navigation. The second stretch of the canal was 
the 6 miles that connects 40 miles of river and natural backwater carriage to the south of Calicut which 
named as Calicut canal. The third stretch of the canal named as Tanur canal was occurred in the 
Kadalundyriver, about 8 miles cut through from the high ground of pooraparambawhich stretch up to 
Tiroorangadi. The final stretch was the interconnection between Ponnani and Chetuvai backwater with the 
artificial channel of Veliangode - Orumanayur canal, which finally conjoins with the harbor of Cochin. So, 
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these artificial channels primarily connecting the waterways like Beypoor, Kadalundy, Ponnani, Chetuvai 
backwater, Karuvannurriver with the backwaters of Cochin.iii 

Here, the canal mainly accessed for the navigation and transportation purpose, which definitely 
shows the upward and downward commutation of men and material. For instance, the cultivation of grains 
in the northern part of Calicut was lower than the south Malabar, so they exported the grains from south to 
north. And the chief articles like sappanwood, arrowroot, pepper, bettlenut etc. for exporting to foreign and 
asiatic bottoms from the Malabar ports were collected from the interior parts with the accessibility of the 
artificial channels.The transportation facilities further progressed by the navigation of boats that 
transported both the commodities and men from one place to another. And here, the canal was only easy 
and convenient means of communication between the north to southern stretch, which facilitated very large 
number of travelers through this route.ivGradually, British tried to impose toll levies and taxes to the 
transportation facilities of the channel. By this the ferries of the Malabar district, were classified to four 
classes and also categorized the navigable boats into big boats, smaller, passenger and miscellaneous based 
on the service accessibility of river and canal. The ferry levies were in the amount of 6 pies, exempted in 
some cases. Whereas, the toll levies were implied on both the rivers and canal channels which become more 
convenient in the transportation of both commodities and people.v In fact, it clearly points that the artificial 
channel of west coast were imperially taken by British, who directly controlled the entire water bodies. 

Although Malabar was an emporium of trade and commerce since 19th century which had a vast 
market network near to the old port cities of Ponnani, Calicut, Chetuvai and chavakkad.Here the market was 
mainly existed as in the form of angadis and chanda which primarily connects with port that gave more 
accessibility to the transaction of goods through water channels. The port cities were linked with the 
adjacent market centers had been transported the important commodities from these regions. The Calicut 
and Ponnaniports were connected with the north and south section of Malabar regions, where the major 
market depots for the timber products. The Chetuvai and Chavakkad port, played a pivotal role since ancient 
period, connected with the interior parts and exported rice and other grains which linked with the small 
bazaars of the region. The accessibility of canal led to the easy flow of commodities from the remote areas to 
the port cities. That the pepper, cardamom, dry ginger, bettlenut etc. were grown in the eastern part of 
Malabar which brought by the rivers like Kuttiyadi and Korapuzha, further moved through the canal 
channels to Calicut port.  There is some evident form of inland channel that used for the commercial 
purpose, likevaliyangadi or bigbazaar, which was commonly known as Bazaar canal or Robinson canal, 
actually lies between the Calicut railway station and Kallairiver. These portions were now transformed into 
the premises of Calicut railway station and used these channels for the drainage and sanitation purposes. 
Another inland communication was connected to Calicut the areas of Areekod, Edavanna and Nilambur 
where rice, paddy and timber was busy with large paddy boats thatched in with a semi-circular roof of 
leaves carried 1 to 4 tons of cargo to Calicut port. Most of these paddy boats belonged to the wealthy 
merchants of the city.viThe ports were developed due to the advancement of canal navigation system and it 
transported the grains, manufactured iron from palakkad, sappan wood, arrowroot, coconut, copra and oil 
etc. were the exportation articles from north to south were then carried through the canal system.vii 

In fact, the imperial discussion between the officials evidently shows the integration of inland 
network for the commercial purposes. The configuration of regional networks of Malabar prominently 
connected with the navigation system by which, it conjoins the inland parts of Malabar and British Cochin in 
south wards.The accessibility of the direct navigation through inland waterways strategically paved the way 
for depreciating the importance of the subordinate ports. For instance, the Chetuvai port, a subordinate 
declined because of the systematic plan of the company was to create a direct navigation via northern to 
southern end. The records of export and import value indicate steady increase in the exports rather than 
import.viii 

TABLE 1: EXPORT AND IMPORT FROM CHETUVAI PORT DURING THE YEAR 1848-1857. 
 

Year  Import  Export  

1848 293 91114 

1849 5046 13453 

1850 7622 92424 

1851 - 71443 

1852 10787 115505 

1853 1798 110757 
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1854 12316 102755 

1855 17926 105057 

1856 58047 74949 

1857 24322 94432 

Total  1,38,157 971,889 

Average  13,815 97,189 
 

So, British tried to develop the dam near Chetuvai along with the improvement of Eddathiruthy and 
Chavakkadchannels which directly brought the commercial goods to Chavakkad, then directly exported 
from chavakkad direct to an exit seaward at Cochin. Here onwards the imperial forecast about the 
importance of Cochin port which explicitly seen in the official communications. According to H.V.Conolly, 
Cochin port is rising graduallyan importance and it was much frequented with British and foreign vessels, 
as well as steamers and country craft looking at the tonnage account, the average number of vessels of the 
description which are hereafter contribute to the customs, amount to more than 500 and then tonnage to 
4500 a year, the traffic with free Indian ports is also considerable.ix 

Apparently, British brought a new scheme of trading system, the looping trade system that is port to 
port trade within the madras presidency through the Act VI of 1848. As per the Act, the trade from port to 
port should be left free and unrestricted and take this opportunity as a modifying or abolishing the duties 
on articles used for the purpose of manufacture .x In the case of Malabar, the company targeted to the Cochin 
port as a port to port trading system, which was affluent with sea trade activities within the madras 
presidency.By the survey of the company with the sea ports like Tanjore, Ganjam, Calicut and Cochin, the 
number of foreign vessels and tonnage of goods passed through Cochin was commendable.xi 

 

TABLE 2: FOREIGN VESSELS PASSES THROUGH MAJOR PORTS IN SOUTH INDIA 1845-47. 
Year Port of Ganjam Port of Tanjore Port of Cochin Port of Quilon Port of Calicut  

 Vessels Tonnage Vessels Tonnage Vessels Tonnage vessels Tonnage Vessels Tonnage 

  1845 3 118 3 607 15 2536 -  4 398 

1846 11 1068 1 151 12 2296 1 81 2 87 

1847 4 422 2 196 6 2294 -  1 33 

TOTAL 18 1068 6 954 33 7126 1 81 7 518 

 
The advancements of Cochin port paved the way for the diminishing the necessity of other ports in 

the west coast. So, as a mercantile policy the company planned to maximize the  utilization of accessibility of 
the Cochin port by connecting it with the inland areas, linked with the of artificial channel of Conolly 
canalwith the natural watercourse of the region brings out the southward relation. 

In fact, it washydrological perspective with mercantile policy of British that actually configured 
hierarchies of ports as well as the market centers. The mercantile policy of Malabar certainly shaped 
through the treaty of 1865, popularly known as Inter- Portal Trade Convention. The treaty signed with 
Travancore and Cochin princely states, to transport the whole products of these southern states through the 
port of British Cochin. According to the treaty, these states were liable to pay duty for import and exporting 
commodities from their ports and taken away the monopoly of pepper, cardamom and tobaccos. Whereas, 
as per the Act of 1848 port to port treaty, port of British Cochin was exempted from the liable duties and 
government viewed other ports as like foreign except British ports. By the strong support of both these 
treaties the mercantile policy of company established in the western coast of Malabar region. So, the market 
hierarchies now orientated towards British Cochin that trading system moved more to south.The market 
centers of different regions as from the northern part or southern part, all of them magnetized towards the 
Cochin harbor, that owned by British. The perceptions of treaty basically a theory to grabbing the major 
market position with it root, from the interior section, through the inland waterways and channelized the 
market towards the British commercial port. The provision of the treaty itself clarifies that the 
improvements made in Malabar would materially increase the trade of British Cochin.xii So, the 
reorientation becomes complete through Inter Portal Convention Treaty in 1865. 

 The transition in the orientation of market centers and port towns during the period of 
second half of 19th century, also witnessed the emergence of new locale for the local marts. Earlier times, 
the centers of market existed along with the passes and major ports which were geographically inclined 
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areas for the transaction of trading system.  The period later half of 19th and first half of 20th century, 
explicitly shows that the reorientation of the market system that primarily become more interior and 
remote in its character. The impact of Conolly canal for the emergence of new marts at considerable extent, 
which the canal stretches more closely related to these regional markets and by the introduction of these 
navigation facilities the economy underwent great transformation. Due to the emergence of new market 
centers nearly to the inland areas where the major center of agro products namely coconut oil, oil cake, 
coprah and coir led to the reorientation of the commodities of the transaction through channel. Since 19th 
century the coconut commodities became major product for the exportation from the west coast. So, the 
articles of coconut like coprah, coir goods and oil also considered as the important products of this period 
before that, these products were shown undistinguished under the ‘fruits and vegetables’ of  other sorts but 
under the instruction of government orders, the product separately shown in the trade accounts. The total 
quantity exported was valued at 21lakh of which 15 lakh were from Malabar.xiii 
The study concludes that the penetration of British to Malabar region mainly through the mercantile and 
hydrological policies. In the hydrological aspects, British tried to bridging regional networks by connecting 
natural waterways with the possible artificial channels of canals.  It was mainly 4 parts; Pyolee, Ellathur to 
Beypoor, Tanur to Calicut, Ponnani to Chetuvai, unconnected parts of west coast division. Above all, the 
canal construction policies were also played a pivotal role in the transition in the system of market as well 
as port hierarchy in the region.And this waterway became inevitable and forms practically sole means of 
communication between the southern parts, especially British Cochin, one of the flourishing port of British 
Empire. 
 
1RohanD’souza, ‘Water in British India:  Making of a Colonial Hydrology’, History Compass, Vol.4, No.10, UK: 
Blackwell, pp.621-628. 
1 Letter from H.V.Conolly to F.C.Cotton, civil engineer of 7th division, Ootacamund, dt.21st July 1845, Calicut. 
1 Map-1.Rivers and backwaters map with conolly canal. 
1 Letter from Thahasildars of Ponnani to Revenue Divisional Officer, Palakkad, 28th August, 1909, Dispatch 
Abstract Regarding Improvements of West Coast Canal from Ponnani to Chetuvai, Calicut Regional Archives. 
1Correspondence Relating to Introduction of Canal and Ferry Act in Malabar from 1874 to 1880, Vol.1, Calicut 
Regional Archives. 
1Routes in Madras Presidency, Madras, October 1879,p.508. 
1Letter from H.V.Conolly, collector of Malabar to F.C.Cotton civil engineer of 7th division, dt.21st July, 1845, 
Calicut. Madras record office si.no.7177, correspondence relating west coast canal project, 1856-1859, 3rd 
volume. Calicut regional archives. 
1Correspondence relating west coast canal project, 1845-1855, 2nd volume.Calicut regional archives. 
1Letter from H.V.Conolly to Esq. Pycroft, secretary of Board of Revenue, fort st. George, dt.23rd June 1848, 
proceedings of Board of Revenue (sea custom) vol.107.Madras Archives. 
1Letter from W.E.Underwood, Collector of Madras Sea Customs to H.V.Conolly, Collector of Malabar,dt.6 th 
April,1848.Proceedings of Board of Revenue (Sea Custom) Vol.106.Madras Archives. 
1Administrative report of madras 1845-57. 
1Letter from P.Grant, collector of Malabar to F.N.Maltby, resident of Travancore and Cochin, dt.31st august 
1860.c/107, Cochin regional archives. 
1Administrative report of madras 1880-81.p.128. 
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ABSTRACT 
In the present study, physicochemical and biological 
quality of soil in industrial area of Angamaly, in 
Ernakulam District, Kerala, India was carried out. 
Dumping of industrial wastes and discharge of 
industrial effluent without proper treatment enhances 
the infiltration of harmful compounds to the ground 
water. Physicochemical parameters of soil and water 
like pH, Total Hardness, Magnesium Hardness, 
Calcium Hardness, Chloride content, Dissolved 
Oxygen, Chemical Oxygen Demand (COD) and Total 
Dissolved solids(TDS) were determined to find the 
extend of pollution  and the reasons for the ground 
water problems in the selected area. The water quality 
parameters were found to be within the permissible 
limits specified by BIS standards.

 

KEY WORDS: Soil quality, Ground water , pH, 
Total Dissolved Solids, Ca Hardness, Mg Hardness, 
Total Hardness, Chloride Content, Dissolved Oxygen, 
Chemical Oxygen Demand  

 

INTRODUCTION 
Soil fertility is the inherent capacity of the soil to 
provide the essential plant nutrients in adequate 
amounts and in proper proportions for the plant growth 
(Rajan Kumar Basak., 2012). Soil characterization of a 
region is an important aspect in relation to sustainable 
agricultural production. The macronutrients and 
micronutrients are important soil elements that control 
its fertility and enhance the yield of crops (R. P. Singh, 
Mishra. , 2012;  R. P. Singh, et al (2012)). Soil quality 

may include a capacity for water retention, carbon 
sequestration, plant productivity, waste remediation, 
and other functions, or it may be defined more 
narrowly (SS Kekane ETAL 2015; Ku Smita Tale et 
al, 2015). 
But nowadays, groundwater pollution has emerged as 
one of the most significant environmental problem. In 
modern economies there are a large number of 
industries functioning across the world. With the 
advancement of it’s functioning the environment is 
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getting more vulnerable to pollution. Dumping of 
industrial wastes containing large amount of various 
chemicals enhance the infiltration of harmful 
compounds to the ground water. Landfills, use of 
fertilizers, discharge of industrial effluent without 
proper treatment into nearby water bodies etc. are 
some human activities threatening the ground water.  

Rapid determination of pollutants penetrating 
into the water is necessary for adequate measures to 
restrict environmental damages. Hence, there is an 
immediate need to identify potential water quality and 
devise appropriate methodologies for long term 
sustainability. Good quality of water resources depend 
on large number of physicochemical parameters , the 
magnitude and source of any pollution  load ; and to 
assess that monitoring of these parameters is essential. 
Parameters for drinking water qualities are chemical, 
physical and microbiological. Physical parameters 
include Total Dissolved Solids, Color, Odor etc. ; 
chemical parameters include pH, Dissolved 
Oxygen(DO), Total Hardness, Calcium Hardness, 
Magnesium Hardness, Chemical Oxygen 
Demand(COD), Oxalate Content, Chloride Content, 
Fluoride Content, Phosphate Content, Sulphate 
Content, Heavy metals  etc. and Microbiological 
parameters include  Biological Oxygen Demand(BOD) 
MPN index etc. (RanjanaAgrawal 2009, Rajan Kumar 
Basak., (2012), Sadhana Chaurasia etal 2014  ). 

OBJECTIVES 
 To become familiar with the texture of soil in 

industrial areas.  

 Comparison of different soil and water 
quality parameters in industrial areas. 

 Determination of physicochemical parameters 
of soil and water like pH, acidity, alkalinity, 
Total Hardness, Magnesium Hardness, 
Calcium Hardness, Chloride content, 
Dissolved Oxygen, Chemical Oxygen 
Demand (COD) and Total Dissolved 
solids(TDS) 

MATERIALS AND METHODS 
Study area 

The selected area for our study is industrial 
area of Angamaly, in Ernakulam District, which is 
located in Kerala State, India. Angamaly has many 
industries like Silver Star Plastic Industry, K K 
Industries, Kathir Food Products, Alpha Paints, 
Associated Rubber Chemicals (Kochi) Private 
Limited,  Malabar Anhydrous Ammonia Industry, 
Surya Metals Industry, Boxer Company, Thettayil 
Thread Rubber Industry, Luciya Paper Board Industry 
etc.   In the present study, 20 samples were collected 
from  5 sampling stations. Manual sampling with a 
plastic container in acquiescence with established 
standard norms was adopted. Labels were used to 
prevent sample misidentification. Sample preservation 

was done in tune with minimum possible time lapse 
between collection and analysis.   
Methods for the Determination of Quality 
Parameters 

The standard techniques and methods were 
followed for different chemical analysis of samples (R. 
Gopalan etal, 2008; Leo M.L. etal, 2013; Sirkar A G 
etal, 2007). TDS was determined by gravimetric 
evaporation method. pH of the water samples are 
determined with the help of pH meter. Electrical 
conductance was measured using conductivity meter. 
The chemical parameters such as Chloride content, 
Dissolved oxygen, Hardness and Chemical oxygen 
demand were computed by Argentometry, Winkler’s 
titration method, Complexometry and back titration 
respectively. 

pH of the water samples are determined with 
the help of pH meter. The chemical parameters such as 
Acidity, Alkalinity, Chloride content, Dissolved 
oxygen, Hardness and Chemical oxygen demand were 
computed by acidimetry, alkalimetry, Argentometry, 
Winkler’s titration method, Complexometry and back 
titration respectively. 

RESULTS AND DISCUSSION 
The collected samples were analysed for various 

physico -chemical  parameters like total dissolved 
solids, pH, acidity , alkalinity , calcium hardness , 
magnesium hardness , total hardness , dissolved 
oxygen, chloride and COD .The chemicals and 
reagents used for analysis were of analar grade. All the 
measurements were carried out in the temperature of 
300C and are expressed in the unit of mg/l. The results 
are  given in Table I.  

pH value of the samples vary between 6.1 to 7.6 
and is shown in the figure 1. From the table and figure, 
it is clear that the pH of the water samples were found 
to be within the permissible limits of 6 to 8.5. 

The total dissolved solids of the samples vary 
between 70.99 – 255.74 mg/l and were also within the 
permissible limits of less than 500mg/l . TDS value is 
an indication amount of soluble salts. This data is 
supported by the electrical conductance measurement 
whose value lies between 0.11 -0.79 dSm-1 and shown 
in  figures 2 and 3 respectively. Sample 5 shows 
higher conductance value which contains more 
dissolved ions than the permissible limit. 

Hardness of the samples were determined by 
complexometric titrations which vary between 43.95 – 
223.6 mg/l and is shown in figure 4. The maximum 
permissible limits of Ca and Mg hardness is 100 mg/l  
and 30mg/l  respectively. All the samples except 
sample 5 showed hardness within the limits set by BIS 
as well as WHO standards.  But hardness of sample 5 
exceeds the permissible limit which in turn showed 
that the water is hard and can't be used for washing 
purpose. It can be used after softening process. 
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Chloride content of all samples never found to be 
exceeding the permissible limit of 250mg/l in the study 
area and vary between 12.4 – 189.65 mg/l as shown in 
the figure 5. 

Dissolved oxygen levels indicates the ability of 
water to purify itself through biochemical process.  
The permissible levels of DO according to BIS as well 
as WHO standards is 4-6mg/l. DO of the samples are 
shown in figure 6 and vary from 2.83 – 4.62 mg/l was 
less than the permissible levels except for sample 1 
and sample 5. The low amount of dissolved oxygen in 
water indicates the presence of high amount of 
impurities. In the view of DO, sample1 and sample 5 
are polluted.  

COD determination is reliable and fast for the 
determination of organic pollutants as well as for the 
assessment of the quality of water. The COD of good 
and palatable drinking water should not be more   than   
20mg/l. COD of samples vary between 2 -6 mg/l as 

shown in the figure 7 and is within the permissible 
limit.  

CONCLUSION 
In this work,  we assessed the quality of soil 

and water in the industrial area of Angamaly. From the 
study, it can be concluded that all the parameters such 
as pH , TDS, and Chloride content of all samples were 
within the permissible limits set by BIS as well as 
WHO standards. But sample 5 and sample 1 have low 
dissolved oxygen content and diminutive COD value. 
Electrical conductance and hardness of sample 5 is 
also high. So these need some water treatments before 
it is used for drinking for reducing health risks. Overall 
study shows that, from the collected water samples  of 
the studied area, sample 3 is of good quality since all 
the water quality parameters are within the permissible 
limits. 

 

 
TABLES & FIGURES 

Table 1 Physico – chemical quality parameters 
SampleNo. pH TDS 

(mg/l) 
Electrical 

conductance 
(dSm-1) 

Calcium 
Hardness 

(mg/l) 

Magnesium 
Hardness 

(mg/l) 

Total 
Hardness 

(mg/l) 

Dissolved 
Oxygen 
( mg/l) 

Chloride 
(mg/l) 

COD 
(mg/l) 

1 6.1 70.99 0.11 39.83 4.12 43.95 2.83 12.4 4 
2 7.5 203.94 0.54 48.94 5.91 54.85 4.62 159.17 6 
3 7.3 129.23 0.25 43.25 5.52 48.77 4.18 14.33 2 
4 7.6 165.97 0.48 51.22 6.21 57.43 4.55 43.98 3.8 
5 7.6 255.74 0.79 202.94 20.72 223.66 3.63 189.65 3.5 

IS 10500: 
desirable 

limit 

6-
8.5 

500 0.5 100 30 300- 600 4-6 250 20 

 

 
Figure 1 pH of samples 
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Figure 2 TDS of samples 

 

 

 

Figure 3 Electrical conductance of samples 
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Figure 4 Hardness of samples 

 

 

 

Figure 5 Chloride content of samples 
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Figure 6   Dissolved oxygen of samples 

 

 

Figure 7      COD of samples 
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PRELIMINARY APPROACH TO CLADOGRAM 
PREPARATION USING SELECTED TAXA OF 

BICARPELLATE
Bindhu.K.B, Department of Botany, Carmel College, Mala

Abstract 

Phylogenetic systematics (cladistics) is a theory of phylogeny recon-
struction and classification widely used in zoology. Taxa are grouped 
hierarchically by the sharing of derived (advanced) characters. The 
information is expressed in a cladogram, a best estimate of a phylog-
eny. Cladistics has recently evolved as a method of more precisely 
achieving these goals.  Here we tried to construct a cladogram by 
using selected members of bicarpellate. It is concluded that cladistic 
analysis  presents the best estimate of the natural hierarchy of organ-
isms, and should be adopted by plant systematists in their assessment 
of plant interrelationships. . We recommend the routine practise of 
cladistics in revisionary studies or in any other type of investigation 
which focuses on the development of phylogenetic trees. This pres-
ents certain advantages over inferring phylogeny by the convention-
al method, the most important of which is to facilitate discussion by 
a clear presentation of procedures and evolutionary assumptions

Key words: Cladogram, bicarpellata, phylogeny, systematic, primi-
tive

Introduction

  The angiosperms, or flowering plants, are one of the major 
groups of extant seed plants and arguably the most diverse major 
extant plant group on the planet, with at least 260,000 living species 
classified in 453 families (Judd et al., 2002; APG II, 2003; Soltis et 
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al., 2005). Despite their diversity, angiosperms are clearly united by 
a suite of synapomorphies (i.e., shared, derived features) including 
1) ovules that are enclosed within a carpel, that is, a structure that 
is made up of an ovary, which encloses the ovules, and the stigma, 
a structure where pollen germination takes place, 2) double fertil-
ization, which leads to the formation of an endosperm (a nutritive 
tissue within the seed that feeds the developing plant embryo), 3) 
stamens with two pairs of pollen sacs, 4) features of gametophyte 
structure and development, and 5) phloem tissue composed of sieve 
tubes and companion cells (see Doyle and Donoghue, 1986; Judd et 
al. 2002; P. Soltis et al., 2004; and D. Soltis et al., 2005, for further 
discussion). All available evidence strongly rejects hypotheses of 
more than one evolutionary origin of extant angiosperms. Although 
any of the described methods are potentially help- ful in this way, 
Hennig (1966a) proposes a formal method, especially for ranking. 

Phylogenetic Classification
  A classification is an orderly arrangement of organisms (as 
taxa) or objects in a hierarchical series. The kind of relationships re-
vealed in a classification depends on the criteria or characters used in 
its construction. If characters are quantified and statistically assessed 
on the basis of overall similarity, the relationships are called phenet-
ic. Ingroup analysis uses only the characters of the immediate group 
under study and assumes that the frequency of a given character state 
is correlated with its polarity (ancestral vs. derived state). Ingroup 
analysis may be useful in determining similarities within a group, 
but is generally unsatisfactory for phylogenetic classifications be-
cause of its failure to account for character polarity.

 The principal method used for assessing polarity is out-
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group analysis. Outgroup analysis typically involves the group un-
der study (ingroup) and one or more groups that are more distantly 
related. The character states for each taxon needs to be documented 
before the analysis can be made. For a given character, the states for 
each of the taxa are determined. If the same character state is found 
in the outgroup and some members of the ingroup, then that charac-
ter state is ancestral (plesiomorphic) and the other state is derived 
(apomorphic). In outgroup analysis, phylogenetic relationships are 
determined by the shared derived characters (synapomorphies). In 
the following example, there are two taxa (A and B) and two charac-
ter states (a and a’) of a single character. Without any further infor-
mation it is impossible to know which character state is derived and 
which is ancestral.

 Cladistics is a method commonly used to determine phylog-
enies or  ancestordescendant relationships in monophyletic group-
ings of taxa using outgroup comparisons. The term is derived from 
clade, which refers to a monophyletic group. A branching pattern 
(cladogram), which depicts the divergence of the taxa based on the 
distribution of shared derived character states, may be constructed.

 To carry out the cladistic method, the following need to be ac-
complished: establish monophyly for the study group, document the 
character variation for the study group, recognize the most closely 
related groups (sister groups or outgroups) and document the charac-
ters in those groups, and determine character polarity by comparison 
of outgroups with the study group. After the character polarities can 
be determined, branching patterns of a cladogram can be construct-
ed.  If several outgroups are used, and several cladograms are con-
structed, the parts of the cladograms that are similar or congruent are 
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considered to be the most reliable. In modern computer programs 
designed to facilitate analysis of complex data sets, a branching net-
work, or unrooted tree, is first constructed based on the data from the 
ingroup and outgroup simultaneously. Then the tree is ‘rooted’ along 
the branch connecting the outgroup(s) to the rest of the tree. Because 
our knowledge of characters is rarely, if ever, complete, we need to 
remember that all classifications remain hypotheses of relationships.

Review of literature

Since the publication of Darwin’s On the Origin of Species 
by Means of Natu- ral Selection (1859), interest among systematists 
has developed toward un- derstanding the evolutionary histories of 
organisms. This interest has continued and intensified until, at the 
present time, attempts to recon- struct phylogenies are regarded 
by most workers as a necessary and important part of systematic 
investigations. Some critics, in fact (e.g., Sokal and Sneath, 1963; 
Colless, 1967) have suggested that phylogenetic evaluations be left 
apart from attempts to achieve m-ax- imally predictive classifica-
tions. This viewpoint has led to the well-known and useful area of 
“numerical taxonomy,” which already has made many important 
contributions to systematic biology (cf. Sneath and Sokal, 1973, for 
a review). Other workers have focused on the logical and philosoph- 
ical aspects of phylogenetic systematics (e.g., Buck and Hull, 1966; 
Hull, 1967, 1974). 

 These later attempts to de- termine more clearly the phy-
logeny of organisms, and in particular their evolutionary branching 
patterns, have been given the label “cladistics” (Mayr, 1965, 1969). 
Different cladistic approaches have been developed over the past 20 
years, and one of the earliest and most influential was that of Hen-
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nig (1950, 1966a). His ideas, although difficult to follow, provided 
a strong basis for future work. At about the same time, a method 
was developed by Wagner at the University of Michigan in the late 
1950’s, which has now become known as the Wagner Groundplan/
Divergence meth- od (Wagner, 1961, 1966). From these two initial 
approaches have come several others, most of which can be viewed 
as belonging to two basic types (Estabrook, this volume): (1) Parsi-
mony, and (2) Character Compatibility. These two approaches rep-
resent the principal options available at the present time which are 
most useful for the plant system- atist. 

 The relative position of character-state transitions determines branch 
lengths—effectively, the amount of evolution between the specia-
tion events encompassed by the cladogram. This allows measure-
ment of the phylogenetic distance among analyzed taxa as disparity 
(the number of characters separating taxa through their most recent 
shared divergence point) rather than as raw similarity (Bateman 
1998, Briggst  et al 199 Foote M. 1994), The enhanced ability to 
understand character evolution is at least as valuable as recognizing 
clades, particularly where the analysis includes morphological data 
(Bateman 1994, 96,98). In contrast, the adaptive model (DiMichele 
et al. 1992, Donoghue1989) assumes that the accumulation of de-
velopmentally independent character states in response to selection 
pressures is gradual, and probably involves phylogenetically inter-
mediate species absent from the sampled terminal taxa (either de-
liberately excluded or not yet known to science). These have proved 
especially valuable for comparing taxa that are early land plants 279 
highly morphologically divergent, plesiomorphically simple, or sec-
ondarily simplified by reduction (and hence have insufficient clearly 
homologous structures)and for elucidating cases of parallel evolu-
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tion (Bateman 1996.) Often, nonmolecular characters are “mapped” 
across molecular phylogenies rather than included in the parsimony 
analysis (Givnisliand , Sytsma KJ,1997); this approach is prefera-
ble for ecological and continuously variable phenotypic characters 
but is a suboptimal way of analyzing discrete phenotypic characters( 
Bateman 1996).

Material and Methods

          Choice of the taxa  :In this study we selected five medicinally 
important plants of  Bicarpellate belonging to different families. The 
plants selected were Andrographis paniculata, Leucas aspera, Calot-
ropis gigantea,Catharanthus roseus and Solanum torvum . These 
plants were considered as taxa for ingroup. At the same time Emilia 
sonchifolia was selected as outgroup.

Determination of  the characters: Features of the taxa were  exam-
ined  each to determine the character states to decide whether each 
taxon does or does not have each character. Floral analysis was done 
for all the selected plants. Illustration was also made. The various 
characters selected were  presence of latex, habit, type of fruit, inflo-
rescence, placentation (apomorpies)

Determination of  the polarity of characters:  It was also exam-
ined whether each character state is original or derived in each tax-
on. Examining the character states in outgroups  to the taxa helped 
to determine the polarity

Grouping taxa by synapomorphies: Then the taxa were grouped 
based on the shared derived characteristics. 

Cladogram construction: A cladogram was constructed with all 
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taxa go on the endpoints of the cladogram, never at nodes.All clado-
gram nodes have a list of synapomorphies which are common to all 
taxa above the node .All synapomorphies appear on the cladogram 
only once unless the character state was derived separately by evo-
lutionary parallelism

Results and Discussion

 The proper cladogram was formed after four steps. In the first step an 
unresolved cladogram was formed with one outgroup and all other 
ingroup members considered to be originated from single ancestor. 

 In the second step Calotropis and Catharanthus were grouped 
as parellels based on the presence of latex follicle and marginal pla-
centation (synapomorphies). The others (Solanum, Andrographis 
and Leucas) were grouped into one on the basis of absence of latex, 
follicle and marginal placentation (synapomorphies). 

 In the third step Calotropis and Catharanthus were got divert-
ed by considering the habit and inflorescense nature. The former is 
having the shrubby nature and racemose inflorescence , while later 
is herb and have cyme.

 The fourth step Solanum and Andrographis were separat-
ed on the basis of habit, inflorescence and fruit. Solanum is shruby 
with racemose inflorescence and berry , while Andrographis is herb 
with cymose inflorescense and capsule. The one left behind, Leucas 
go parallel with herbaceous habit , verticellaster  inflorescence and 
carcerulus fruit(autapomorphic). 

                 In this study the ingroups were separated on the basis of 
several selected characters. It is also assumed that all these taxa were 
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originated from a common ancestor, and later due to different mor-
phological adaptations they were separated or grouped. Calotropis 
and Catharanthus shared common characters and grouped into one, 
even then they were again separated on considering the habit and 
inflorescence. Solanum and Andrographis were separated due to dif-
ferent habit, fruit and inflorescence. Leucas was separated from the 
Solanum and Andrographis by the characters like inflorescence and 
fruit. Parallel evolutionary trend was noted in all the cases.

                 Perhaps the most important feature of cladistic is its use in 
testing long-standing hypotheses about adaptation. It is also possible 
to compare the descendants of a single ancestor to look at patterns of 
origin and extinction in these groups, or to look at relative size and 
diversity of the groups. As with any other system in science, a model 
is most useful when it not only describes what has been observed, 
but when it predicts that which has not yet been observed. Cladistics 
produces hypotheses about the relationships of organisms in a way 
that, unlike other systems, predicts properties of the organisms
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Table 1 showing the selected taxa and derived characters

P l a n t s 
selected

Characters selected 

Habit Presence of 
latex

I n f l o r e s -
cence

Placenta-
tion

Type 

of fruit

C a t h a -
ranthus 
roseus

Herb Present Cymose Marginal Follicle

C a l o t -
ropis gi-
gantea

Shrub Present Racemose Marginal Follicle

Solanum 
torvum

Shrub Absent Racemose Axial Capsule

Androg-
r a p h i s 
panicu-
lata

Herb Absent Panicle Axial Berry

L e u c a s 
aspera

Herb Absent Ve r t i c e l -
laster

Axial Carce-
rulus

E m i l i a 
s o n c h i -
folis(Out 
group)

Herb Absent Head Basal Cypcel-
la
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Andrographis paniculata

                   Habit                                   Flower

 

    

          Calyx          Corolla          Androecium    Gynoecium
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Ovary C.S.             Flower L.S.              Floral Diagram

        calyx  

FF:Br,ᴓOK(5)C(5)A2G(2)_

                                          
Andrographis  
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Solanum torvum

                         Habit                                      

                                                                  Flower

Calyx          Corolla          Androecium           Gynoecium



13ISSN: 2349-0217
Carmel Blaze Vol.10, Issue 1 ,July  2018

                                        

Ovary C.S.             Flower L.S.              Floral Diagram                        

               

FF:     K(5)C(5)A5G(2)_
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Catharanthus roseus

 Habit                                       

                                  Flower      
Calyx         Corolla tube opened Androecium    Gynoecium           
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Ovary C.S.     Flower L.S.                   Floral Diagram     

                                            

FF: K5C(5)A5G2_
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Leucas aspera

Habit

 Flower

Calyx          Androecium   Gynoecium   Ovary C.S.

                                                                       

Flower L.S.                         Floral Diagram
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FF: Br,ᴓ,   K(5)C(2/3)A 2+2G(2)_

Calotropis gigantea

Habit

               Flower 
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Calyx               Corolla     Corona    Gynostegium   Pollinia

Ovary C.S.              Flower L.S. 
Floral Diagram

FF:    K(5)C(5)A(5)G2_
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Emilia sonchifolia

Habit

Head               Single flower

 

Corolla tube opened    Androecium   Gynoecium    Ovary C.S.

Flower L.S.                                          Floral diagram
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13 
 

 

Step 1                                                                

Unresolved cladogram Step 2 

 

 

  

                                                        

Step 3                                                                                                                                       Step 4 

 

 

   

 

 

 

 

 

Leucas 

 

                                        

Calotropis      

Catharanthus     

                                           
Andrographis   

Solanum 

 

Out group 

Absence of latex 

                                        
Calotropis      

Catharanthus     

 

Out group 

Solanum 

 

                                          
Andrographis   

Leucas 

 

Presence of Latex  

Out group 

                                        
Calotropis      

Catharanthus     

 

                                          
Solanum 

                                          
Andrographis   

Leucas 

 

Presence of Latex  

Absence of latex Shrub, racemose 

 

Herb , cymose 

 

Out group 

                                        
Calotropis      

Catharanthus     

 

                                          
Solanum 

                                          
Andrographis   

Leucas 

 
Shrub, berry 

 

Presence of Latex  

Herb, capsule 

 

Absence of latex 
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14 
 

 

 

Resolved Cladogram 
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Andrographis   

Leucas 
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Herb, verticellaster, 
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Shrub, racemose 

 

Herb , 
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Herb, 
capsule 
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FF: Br, Brl,  ,   ,K pappus, C(5),A(5),G1_

 SUMMARY AND CONCLUSION

  An attempt was made to construct cladogram using select-
ed members of Bicarpellate. For this purpose five taxa namely  An-
drographis paniculata, Leucas aspera, Calotropis gigantea,Catha-
ranthus roseus and Solanum torvum were selected as ingroup and 
Emilia sonchifolia as out group. Apomorphic and synapomorphic 
characters were selected. Based on this cladogram was constructed 
in step by step process. Here the ingroups were separated on the basis 
of several selected characters. It is also assumed that all these taxa 
were originated from a common ancestor, and later due to different 
morphological adaptations they were separated or grouped. Calotro-
pis and Catharanthus shared common characters and grouped into 
one, even then they were again separated on considering the habit 
and inflorescence. Solanum and Andrographis were separated due to 
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different habit, fruit and inflorescence. Leucas was separated from 
the Solanum and Andrographis by the characters like inflorescence 
and fruit. Parellel evolutionary trend was noted in all the cases.

                         It is concluded that cladistic methodology can and 
should be used to estimate phylogenies of the land plants. Objec-
tions to using the methodology are based on misunderstandings of 
the methods and their goals. A cladogram itself is not a phylogeny; 
it is a hierarchical expression of interrelationships based on levels 
of generality of attributes observed in nature. But, it may be taken 
as the current best estimate of the single real phylogeny on the as-
sumption that nature itself is structured hierarchically as a result of 
the genealogical process. It is also tested by the discovery of addi-
tional derived characters; therefore, a given cladogram is potentially 
rejectable in favour of another that new data show to be more parsi-
monious. Current traditional attempts at reconstructing phylogenies, 
like all taxonomic schemes, zoological and botanical, dependent on 
a concept of overall similarity, lack refutibility, rigorous definitions 
of groups, and precise statements about the nature of group interre-
lationships.
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Abstract

 Many people consume fruit juices on a daily basis. Fruit juic-
es are a convenient way for people to receive the benefits of various 
fruits. However, they may also have high sugar content. Although 
the sugar is natural, it may not be healthy in high quantities. It was 
suggested that too much sugar could pose harmful health effects, 
as people could develop diabetes, obesity, heart disease, and other 
complications from excess consumption.

1.  INTRODUCTION AND LITERATURE SURVEY

Fruits contain many beneficial qualities to one’s health; they 
provide an abundance of vitamins, minerals, anti- oxidants and fi-
bers, which are all essential for the human diet. The variety of fruit 
juices available on any supermarket shelf (and even in some tiny 
convenience stores) is staggering. It is now common to get juices in 
all sorts of different combinations, including exotic tropical fruits 
such as mango, guava and more. Some juices, such as pomegranate, 
advertise additional health benefits from the antioxidants present in 
the fruit. And although many of these juices do contain a healthy 
amount of vitamins and minerals, almost all of them also have an 
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abundance of calories and sugar.  

One glass of guava or orange juice can more than adequately 
provide your daily requirement of vitamin C. Most 100% fruit juices 
are also an excellent source of potassium (which is helpful in main-
taining healthy blood pressure) and folic acid (which is recommend-
ed for all women of childbearing age as it prevents birth defects and 
is good for heart health).

Just a single 4-ounce glass of 100% fruit juice counts as one 
full serving of fruit, so if your busy schedule does not allow you to 
peel and eat an orange, you can grab a glass of juice. Although fruit 
juice does not contain the healthy fiber that whole fruits do, it is still 
better to drink some juice rather than get no fruit at all.

Enjoy the benefits of antioxidants and phytonutrients – Com-
pounds such as lycopene, lutein, quercetin and resveratrol are im-
portant phytonutrients contained in many fruits that boost your im-
mune system and protect against disease. The antioxidants that juice 
contains destroy the free radicals that contribute to the development 
of cancer and the aging of our skin and organs.

The high rate of sugar consumption in the typical Western 
diet has been implicated as one of the major contributors to the in-
creasing rates of obesity plaguing the Western world. Children who 
are overweight drink 65 percent more sugary juices than children of 
normal weight, according to one study. Even sweetened soft drinks 
have less sugar than some fruit juices. For instance, grape juice con-
tains 50 percent more sugar than Coca Cola.

One study found that drinking orange juice for only 5 days 
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was enough to reduce the hardness of tooth enamel by as much as 84 
percent. Scientists believe that other juices may be just as bad, as the 
acidity they contain is similar. Dentists are increasingly seeing cav-
ities and tooth decay in children as young as two or three years old, 
and they blame the increased intake of fruit juice as a major cause. 
The combination of acid and sugar create the perfect conditions for 
tooth decay. Dentists advise that children drink fruit juice no more 
than once daily, and drink more milk or water. If your child must 
drink fruit juice, it should be watered down to dilute the concentra-
tion of acid.

 This study mainly focuses to detect the amount of reducing 
sugar in some natural and synthetic fruit juices used in daily life such 
as apple, pineapple, grape, orange and lemon. Analysis of elements 
was also done as it has influence in determining the quality of fruit 
juices. The pH values of selected samples were also determined. 
This study is mainly focused on the comparison of pH values and 
amount of reducing sugar present in selected samples.

 2. MATERIALS METHODS

1. Sample preparation: 5g of sample is grinded in mortar. The extract 
is collected and filtered using a cloth. The filtered solution is trans-
ferred into the beaker.

 2.Chemicals used: Diluted nitric acid, Concentrated nitric acid,  Con-
centrared  hydrochloric acid, Diluted hydrochloric acid, Diluted sul-
phuric acid, Concentrated sulphuric acid, Copper sulphate, Ammo-
nium molybdate, Acetic acid, Picric acid, Pottasium permanganate, 
Ammonium Chloride, Ammonium hydroxide, Hydrogen sulphide, 
Disodium hydrogen phosphate, Cobalt nitrate, Maganeson reagent, 
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Fehling’s solution, Tollen’s reagent, Pottassium ferricyanide, Potta-
sium ferrocyanide, Ammonium thiocyanide.

Analysis

For the analysis of natural and synthetic fruit juices the following 
experiments were carried out. 

1.Test for Potassium: A little of sample take in a test tube and add 
2 ml of picric acid solution Shake for some times. Formation of a 
yellow precipitate indicates the presence of potassium ions.

2. Test for magnesium: A little of sample take in a test tube and add 
NH4Cl, NH4OH and excess of disodium hydrogen phosphate solu-
tion. Scratch the sides of the test tube with a glass rod. Formation of 
white precipitate indicates the presence of magnesium ions.

3. Test for phosphate: A little of sample taken in a test tube and add 
1 ml of conc.HNO3 and ammonium molybdate solution to it. The 
solution is heated and canary yellow colour of precipitate confirms 
the presence of phosphate ions.

4. Test for iron: A little of sample taken in a test tube and add 2 
drops of conc.HNO3. Heat for one minutes and then cool. Add 2 
drops of ammonium thiocyanide solution. A blood red colour indi-
cates the presence of iron.

5. Test for carbohydrate: A little of sample taken in a test tube and 
add 2 drops of 1% of alcoholic α-naphthol solution. Add about 1ml 
concentrated sulphuric acid carefully along the sides of the test 
tube. A violet ring at the junction of the two layers shows the pres-
ence of carbohydrate.
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6. Test for glucose: Its presence is detected by the following test:

A. Fehling’s solution test: A little of sample taken in a test tube and 
add few drops of Fehling’s solution at equal amount. The test tube 
is heated in a water bath for 10 minutes. Appearance of brown pre-
cipitate confirms the presence of glucose in health drinks.

B. Tollen’s test: A little of sample taken in a test tube and add 2 
ml of Tollen’s reagent. The test tube is heated in a water bath for a 
few minutes. Appearance of silver mirror confirms the presence of 
glucose.C.Benedict’s solution test: A little of sample taken in a test 
tube and add a few drops of Benedict’s reagent. The test tube was 
heated for a few seconds. Formation of reddish colour confirms the 
presence of glucose.

D. Osazone formation: Dissolve a little of sample in 1ml of                                                              
water. Add 2ml of freshly prepared phenyl hydrazine reagent, shake 
well and heat on a boiling water bath for about 10 minutes. Orange 
yellow crystals indicate the presence of glucose.

 7. Test for proteins: A little of sample taken in a test tube and add 
NH4OH add a drops of copper sulphate. Formation of bluish violet 
colour confirms the presence of protein.

8. Test for sodium: To a little of sample is made a paste with conc. 
HCl and   flame test is conducted with this paste.

9. Test for zinc: To a little of sample ammonium chloride and excess 
of  ammonium hydroxide solutions are added and then hydrogen 
sulphide passed through it. White (or dirty white) precipitate indi-
cates the presence of zinc.
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10. Test for copper: To a little of sample diluted hydrochloric acid 
is added and hydrogen sulphide is then passed through it. Black 
precipitate is indicate the presence of copper.

Determination of pH

pH, is a measure of acidity or alkalinity of water soluble sub-
stances. The pH of fruit juices were measured with the help of cal-
ibrated pH meter. The pH meter was placed in a beaker containing 
the buffer solution of Ph – 7. The root fruit juice samples were taken 
in a 100 ml beaker and the pH meter was immersed in it. The stabi-
lized values are taken to find out the pH  of the samples.     

Estimation of Reducing Sugar

The amount of glucose in health drinks can be found out 
quantitatively by titrating with Fehling’s solution is a mixture of two 
solutions A and B. Solution A is copper sulphate whereas B is sodium 
potassium tartrate and NaOH. On mixing A and B, cupric hydroxide 
is first formed dissolves producing copper complex, where copper 
is in cupric state. Glucose reduces Fehling’s solution giving yellow 
to red precipitate of Cu2O. The colur depending on the particle size. 
A disadvantage of this reaction is that it must take place under basic 
conditions where Cu2+  tends to form on insoluble precipitate with 
hydroxide ions. In order to prevent this precipitation, tartrate ions are 
added to solution in order to form a soluble complex with Cu2+, iso-
lating it from hydroxide. The oxidation-reduction reaction between 
Cu2+ and aldehyde portion of glucose is shown below.

R-CHO(aq) + 2Cu2+  +5OH− ----> RCOO- (aq) + Cu2O + 
H2O
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The reaction is self indication as the disappearance of the 
deep blue copper(II)- tartrate complex and appearance of Cu2+  in the solu-
tion decreases, however, it becomes difficult to see the actual equivalence 
point accurately. This leads to only a poorly reproducible, qualitative de-
termination of amount of sugar present in the titrant. To compensate for 
this, after most of the blue from the Cu2+ complex is gone, the indicator 
Methylene blue is added to the solution.    

3. RESULTS AND DISCUSSION

Mineral Analysis

 The table showing the presence of various minerals is shown 
below.

Orange Grape Pinapple Apple Lemon

Natu-
ral

Syn-
thetic

Nat-
ural

Syn-
thetic

Nat-
ural

Syn-
thetic

Natu-
ral

Syn-
thetic

Nat-
ural

Syn-
thetic

Potassium ✔ ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✖

Magne-
sium

✔ ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖

Phosphate ✔ ✖ ✔ ✖ ✖ ✔ ✔ ✔ ✔ ✔

Iron ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Carbohy-
drate

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Glucose ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Protein ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Sodium ✔ ✖ ✔ ✖ ✔ ✔ ✖ ✖ ✖ ✖

Zinc ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖

Copper ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖ ✖
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 Potassium ions are necessary for the function of all living 
cells. The transfer of potassium ions through nerve cell membranes 
is necessary for normal nerve transmission; potassium deficiency 
and excess can each result in numerous abnormalities, including an 
abnormal heart rhythm and various ECG abnormalities. Fresh fruits 
and vegetables are good dietary sources of potassium. The body 
responds to the influx of dietary potassium, which raises serum po-
tassium levels, with a shift of potassium from outside to inside cells 
and an increase in potassium excretion by the kidneys.

Magnesium is the eleventh most abundant element by mass 
in the human body and is essential to all cells and some 300 en-
zymes. Magnesium ions interact with polyphosphate compounds 
such as ATP, DNA, and RNA. Hundreds of enzymes require mag-
nesium ions to function. Magnesium compounds are used medici-
nally as common laxatives, antacids (e.g., milk of magnesia), and to 
stabilize abnormal nerve excitation or blood vessel spasm in such 
conditions as eclampsia. 

Many natural foods also contain relatively high levels of 
phosphate. It is important to be aware of them and depending on the 
level of phosphate-sensitivity, to consume them in small quantities. 
We recommend eliminating all phosphate-rich foods from the diet 
for three to four weeks to see if there is an improvement in health. 
Then the foods below can be reintroduced into the diet, one at a 
time. Some of these foods may be tolerated by a sensitive person, 
providing they are consumed in small quantities.

Iron plays an important role in biology, forming complexes 
with molecular oxygen in hemoglobin and myoglobin; these two 
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compounds are common oxygen transport proteins in vertebrates. 
Iron is also the metal at the active site of many important redoxen-
zymes dealing with cellular respiration and oxidation and reduction 
in plants and animals. A human male of average height has about 
4 grams of iron in his body, a female about 3.5 grams. This iron is 
distributed throughout the body in hemoglobin, tissues, muscles, 
bone marrow, blood proteins, enzymes, ferritin, hemosiderin and 
transport in plasma.

 Carbohydrate are main source of energy, they help fuel of 
brain muscels and central nervous system. Fiber is a carbohydrates 
that aids in digestion, helps feel full and keeps blood cholesterol 
levels in check. Fiber also helps heart diseases under control. Lack 
of carbohydrate can cause low blood sugar ketosis.

Proteins form the very basis of life. They regulate a variety 
of activities in all known organisms, from replication of the genetic 
code to transporting oxygen, and are generally responsible for reg-
ulating the cellular machinery and determining the phenotype of an 
organism. Proteins accomplish their tasks in the body by three-di-
mensional tertiary and quaternary interactions between various sub-
strates.

Sodium is an essential element for all animals and some 
plants. Sodium ions are the major cation in the extracellular fluid 
(ECF) and as such are the major contributor to the ECF osmotic 
pressure and ECF compartment volume. Loss of water from the 
ECF compartment increases the sodium concentration, a condition 
called hypernatremia. Isotonic loss of water and sodium from the 
ECF compartment decreases the size of that compartment in a con-
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dition called ECF hypovolemia.

By means of the sodium-potassium pump, living human cells 
pump three sodium ions out of the cell in exchange for two potas-
sium ions pumped in; comparing ion concentrations across the cell 
membrane, inside to outside, potassium measures about 40:1, and 
sodium, about 1:10. In nerve cells, the electrical charge across the 
cell membrane enables transmission of the nerve impulse an action 
potential when the charge is dissipated; sodium plays a key role in 
that activity.

Zinc is an essential mineral, including to prenatal and post-
natal development. Zinc deficiency affects about two billion people 
in the developing world and is associated with many diseases. In 
children, deficiency causes growth retardation, delayed sexual mat-
uration, infection susceptibility, and diarrhea. Enzymes with a zinc 
atom in the reactive center are widespread in biochemistry, such as 
alcohol dehydrogenase in humans. Consumption of excess zinc can 
cause ataxia, lethargy and copper deficiency.

Copper is essential to all living organisms as a trace dietary 
mineral because it is a key constituent of the respiratory enzyme 
complex cytochrome oxidase. In molluscs and crustaceans, copper 
is a constituent of the blood pigment hemocyanin, replaced by the 
iron-complexed hemoglobin in fish and other vertebrates. In hu-
mans, copper is found mainly in the liver, muscle, and bone. The 
adult body contains between 1.4 and 2.1 mg of copper per kilogram 
of body weight.
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pH values 

pH, quantitative measure of the acidity or basicity of aqueous 
or other liquid solutions. A solution with a pH less than 7 is considered 
acidic; a solution with a pH greater than 7 is considered basic, or alkaline.

Sample Synthetic juice Natural juice

Orange 2.8 3.8

Grape 2.6 3.3

Pineapple 3.2 3.8

Apple 3.2 4.6

Lemon 2.9 2.6

Natural Juice

Synthetic Juice:

Synthetic fruit juices of Orange, Grape, Pineapple and Apple 
has more acidic value than natural fruit juices. But in the case of 
Lemon, the synthetic sample has the pH 2.9 and for natural sample 
has the pH of 2.6.

Reducing Sugar:

Sample Natural Synthetic

Orange 6.1101g 10.2951g

Grape 9.1654g 9.2656g
Pineapple 5.0913g 5.1475g

Apple 6.1101g 4.2112g

Lemon 0.2235g 6.1770g
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The amount of reducing sugar is higher in synthetic juices 
than natural juices except for apple. The natural juice gives the re-
quired energy for the metabolism of the body. Among the synthetic 
juices, sugar content is highest in orange sample followed by grape, 
pineapple, apple and lemon.

 The high rate of sugar consumption in the typical Western 
diet has been implicated as one of the major contributors to the in-
creasing rates of obesity plaguing the Western world. Children who 
are overweight drink 65 percent more sugary juices than children of 
normal weight, according to one study. Even sweetened soft drinks 
have less sugar than some fruit juices. For instance, grape juice con-
tains 50 percent more sugar than Coca Cola.

 CONCLUSIONS

1. All the samples contain reducing sugar. Synthetic fruit juices of 
Orange, Grape, Pineapple and Lemon contains more amount of sug-
ar than natural fruit juices.

2. In the case of apple, the amount of reducing sugar in natural juice 
is higher than synthetic juice.

3.  All the samples contain iron and protein.

4.  Potassium is present in all the natural samples except Lemon. But 
it is absent in synthetic samples of Pineapple and Lemon.

5.  Magnesium is present only in natural sample of Orange. But it is 
absent in all synthetic samples.

6.  Phosphate is present in all natural samples. But it is absent in 
synthetic samples o Orange and Grape.



Carmel Blaze Vol.10, Issue 1 ,July  2018 38ISSN: 2349-0217

7.  None of the sample contains Copper and Zinc.

8.  Sodium is absent in natural samples of Apple and Lemon. But it 
is present in synthetic sample of Pineapple.

9.  Synthetic fruit juices of Orange, Grape, Pineapple and Apple has 
more acidic value than natural fruit juices. But in the case of Lemon, 
the synthetic sample has the pH 2.9 and for natural sample has the 
pH of 2.6
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GLOBAL TRENDS IN EDUCATIONAL 

TECHNOLOGY ADOPTION

Introduction 

  This paper explores some of the recent global trends in te-
cholgy adoption in the field of higher education and also identify 
the advantages and opportunities these approaches and tools offer 
to the field of higher education. As NMC Horizon Report “The role 
of educators continues to change due to the vast resources that are 
accessible to students via the Internet. Education paradigms are 
shifting to include online learning, hybrid learning, and collabora-
tive models” (NMC Horizon Report, 2013). The role of educators 
continues to change due to the vast resources that are accessible to 
students via the Internet. Education paradigms are shifting to include 
online learning, hybrid learning, and collaborative models (NMC 
Horizon Report, 2013) Prior studies relating to technology adop-
tion and diffusion have emphasized the importance of collaboration, 
mentorship, and communities of practice in influencing the level of 
technology acceptance. Research in social networks has also shown 
that key actors within a network can assist with the dissemination 
of information (Mirriahi, Dawson, & Hoven, 2012) Factors that af-
fect utilization and integration of electronic technologies comprise 
limited availability of the technologies; unreliability of the available 
technologies due to related issues like power outages and poor re-
ception; lack of training; lack of technical, pedagogical and admin-
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istrative support; and lack of faculty involvement in decision making 
relating to electronic technologies (Nyirongo, 2009). 

 I.  Emergence of MOOCs as an alternative model for tradi-
tional education  

            A massive open online course (MOOC) is a model for deliver-
ing learning content online to any person who wants to take a course, 
with no limit on attendance. A massive open online course (MOOC) 
is an online course aimed at unlimited participation and open access 
via the web. In addition to traditional course materials such as filmed 
lectures, readings, and problem sets, many MOOCs provide interac-
tive user forums to support community interactions among students, 
professors, and teaching assistants (TAs). MOOCs are a recent and 
widely researched development in distance education which were first 
introduced in 2006 and emerged as a popular mode of learning in 2012. 
Early MOOCs often emphasized open-access features, such as open 
licensing of content, structure and learning goals, to promote the reuse 
and remixing of resources. Some later MOOCs use closed licenses 
for their course materials while maintaining free access for students. 

Benefits 

	Improving access to Higher Education 

	Providing an affordable alternative to 
formal education 

	Sustainable Development Goals 

Coursera, EdX, Udacity, FutureLearn etc are the some of the notable 
MOOC providers. learners enjoy tremendous amount of flexibility in 
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terms of decisions on what to learn and when courses are delivered 
by world class faculty members and universities. 

Coursera 

Coursera is a one of the popular MOOC provider with wide vari-
ety of subject with different courses and specializations. It provides 
Courses, Specializations and Online Degrees 

 

Figure 1: Coursera Home Page 

a) Courses 

Every course on Coursera is taught by top instructors from the 
world’s best universities and educational institutions. Courses in-
clude recorded video lectures, auto-graded and peer-reviewed as-
signments, and community discussion forums. When you complete 
a course, you’ll receive a sharable electronic Course Certificate. 
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• Online and open to everyone 
• Learn a new skill in 4-6 weeks 
• Priced at about $29-$99 
• Earn a Course Certificate 

b) Specializations 

If you want to master a specific career skill, consider joining a 
Specialization. You’ll complete a series of rigorous courses, tack-
le hands-on projects based on real business challenges, and earn a 
Specialization Certificate to share with your professional network 
and potential employers. 

• Online and open to everyone 
• Learn a new skill in 4-6 months 
• Priced at $39-$79 per month 
• Earn a Specialization Certificate 
 

c) Online Degrees 

Real career transformation sometimes requires a university-recog-
nized degree. Coursera believes that transformation should be acces-
sible to everyone, so we’ve worked with our university partners to 
offer flexible, affordable online degree programs in business, com-
puter science, and data science. 

• All online - admission required 
• 1-3 years of study 
• Currently priced at $15-$25,000 
• Earn an accredited master’s degree 

  

 II.Learning Management Systems 

Learning Management System (LMS) is powerful software com-
bined with digital frameworks for managing curriculum, training 
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materials, and evaluation tools. It allows any organization to devop 
electronic coursework, deliver it with unprecedented reach and flex-
ibility, and manage its continued use over time. Moodle is the one 
of the most popular, widely used, open source and free LMS in the 
world. 

 

Figure 3:Moodle Home Page 

Moodle is an open source web application used to create interactive 
online learning sites. Moodle that is the acronym for Modular Ob-
ject-Oriented Dynamic Learning Environment. It runs on almost all 
platform, supporting a lot of useful function and customization. It 
has a  modular structure. it’s available in 78 languages. It is used all 
over the world by teachers and educators and it’s probably the best 
E-Learning tool in the net. 
What Teachers can do with Moodle 

•	 Create online courses 
•	 Open forums 
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•	 Divide students into classes 
•	 Upload files and lessons 
•	 Create online tests and examinations  
•	 Chat sessions 

What Students can do with Moodle 

•	 Follow the lessons 
•	 Upload their homework and test 
•	 Chat sessions 
•	 Take part into forums 

III.  Google Class Room 

  Google Classroom is available to schools and college with a Google 
Apps for Education (GAfE) domain. Classroom is a way to get all of 
your student in one place and allows you to easily assign work and 
for students to turn it in. Home base for google drive. Helps teachers 
create and collect assignments paperless. Includes time-saving fea-
tures (i.e. make a copy of a Google Document for each student). 
Creates Drive folders for each assignment & student Students can 
keep track of what’s due on the Assignments page and begin work-
ing with just a click. Teachers can quickly see who has or hasn’t 
completed the work, and provide direct, real-time feedback and 
marks from within Classroom. 
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Figure 4: Google Class Room

 

Conclusion 

These technologies promise to open up higher education by pro-
viding accessible, flexible, affordable and fast-track completion of 
universities courses for free or at a low cost for learners who are in-
terested in learning. The popularity of MOOCs has attracted a great 
deal of attention from HE institutions and private investors around 
the world seeking to build their brands and to enter the education 
market. Institutions will need to look more closely at and learn from 
the different initiatives outside traditional institutions that are devel-
oping new business, financial and revenue models to meet the dif-
ferent needs of new groups of learners in an open HE marketplace. 
Open education brings new opportunities for innovation in higher 
education that will allow institutions and academics to explore new 
online learning models and innovative practices in teaching and 
learning. At a national and international level, new frameworks for 
HE funding structures, quality insurance and accreditation to support 
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different approaches and models for delivering higher education will 
be required. Implications of technology adoptions are:  

	Shift from teacher-centered to learner-centered pedago-
gy 

	Aligning usage of digital tools with clear learning out-
comes 

	Ongoing training and support to the faculty members to 
embrace technology 

	Investment in technology infrastructure 
	Developing a robust LMS 
	Integrating technology adoption into the institutional 

strategy 
	Institutional policy for leveraging opportunities like 

MOOCs 
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Abstract

 Nowadays ground water pollution has emerged as one of 
the most significant environmental problem. The study of Physi-
co-Chemical parameters such as pH, Acidity, Alkalinity, Total Dis-
solved Solids, Ca Hardness, Mg Hardness, Total Hardness, Chlo-
ride Content, Dissolved Oxygen, Chemical Oxygen Demand etc. 
determine the behaviour and quality of water. The present study was 
based on the assessment of drinking water quality of the industrial 
area of Angamaly. The water samples were collected from the wells 
situated at the premises of the five different industries of Angama-
ly and compared for the Physico-Chemical parameters. This result 
helps to found out the extent and the reason for the ground water 
pollution in the studied area.

Keywords: Total Dissolved Solids, Total Hardness, Chloride Con-
tent, Dissolved   Oxygen,     

                    Chemical Oxygen Demand

Introduction

        Water is the most essential component of life. Fresh potable 
water is available only to the extent of about 1% in rivers, lakes and 
as ground water. In India and other developing countries, ground 
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water is the main source of water required for human consumption, 
agriculture and other needs. It is generally believed that ground wa-
ter is pure and safe to drink . But nowadays, groundwater pollution 
has emerged as one of the most significant environmental problem. 
In modern economies there are a large number of industries func-
tioning across the world. With the advancement of its functioning, 
the environment is getting more vulnerable to pollution. Dumping 
of industrial wastes containing large amount of various chemicals 
enhance the infiltration of harmful compounds to the ground water. 
Landfills, use of fertilizers, discharge of industrial effluent without 
proper treatment into nearby water bodies etc. are some human ac-
tivities threatening the ground water.The basic monitoring on water 
quality has been necessitated to observe the demand and pollution 
level of water. Environmental security and monitoring of natural wa-
ter is an imperative problem.

 Drinking water, or potable water, is defined as having ac-
ceptable quality in terms of its physical, chemical, bacteriological 
parameters so that it can be safely used for drinking and cooking 
(WHO, 2004).WHO defines drinking water to be safe if and only if 
there is no significant health risks during its life span of the scheme 
and when it is consumed [1] .Good quality of water resources de-
pend on large number of physico-chemical parameters, the magni-
tude and source of any pollution load. Parameters for drinking water 
qualities are chemical, physical and microbiological. Physical pa-
rameters include Total Dissolved Solids, color, odor etc.; chemical 
parameters comprise pH, Dissolved Oxygen(DO) ,Total Hardness , 
Calcium Hardness , Magnesium Hardness , Chemical Oxygen De-
mand(COD), ,Oxalate Content , Chloride Content ,Fluoride ,Phos-
phate Content, Sulphate Content ,Heavy metals  etc. and Microbio-
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logical parameters include  Biological Oxygen Demand(BOD) and 
MPN index[2-8].

Materials and Methods

 The selected area for study is the Industrial area of Angam-
aly, Ernakulam District, which is located in Kerala state. Different 
samples were collected from the wells situated at the premises of 
five different industries located at Angamaly. Manual sampling with 
a plastic container in acquiescence with established standard norms 
was adopted. Labels were used to prevent sample misidentification. 
Sample preservation was done in tune with Ground Water Board 
guidelines with minimum possible time lapse between collection and 
analysis. Different methods of analysis have been done for the forti-
tude of quality of drinking water in this area. Physical analysis was 
done on the basis of TDS. pH of the water samples are determined 
with the help of pH meter. The chemical parameters such as Chloride 
content, Dissolved oxygen, Hardness and Chemical oxygen demand 
were computed by Argentometry, Winkler’s titration method, Com-
plexometry and back titration respectively [8-12].

Results and Discussion

The collected samples were analyzed on various physico -chemical  
parameters analysis include total dissolved solids, pH, calcium hard-
ness, magnesium hardness, total hardness, dissolved oxygen, chlo-
ride and COD. The chemicals and reagents used for analysis were 
of annular grade. All the measurements were carried out in the tem-
perature of 350C and are expressed in the unit of mg/l. The results 
are given in Table I. 
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Table I.- Physico -Chemical  parameters of water.

Sample 
No. pH

TDS

(mg/l)

Calcium

Hardness 
(mg/l)

Magnesium

Hardness 
(mg/l)

Total 
Hardness 

(mg/l)

Dis-
solved 

Oxygen

( mg/l)

Chloride

(mg/l)

COD

(mg/l)

1 6.1 70.99 39.83 4.12 43.95 2.83 12.4 4

2 7.5 203.94 48.94 5.91 54.85 4.62 159.17 6

3 7.3 129.232 43.25 5.52 48.77 4.18 14.33 2

4 7.6 165.979 51.22 6.21 57.43 4.55 43.98 3.8

5 7.6 255.74 202.94 20.72 223.66 3.63 189.65 3.5

IS 10500: 
desirable 

limit
6-8.5 500 100 30 300- 600 4-6 250 20

From the table it is clear that the pH of the water samples were found 
to be within the BIS range of 6 to 8.5.The total dissolved solids of the 
water samples were also within the permissible limits of 500mg/l. 
The value is maximum for sample 5 followed by sample 2, sample 4, 
sample 3 and sample 1. High TDS value attributed to higher amount 
of soluble salts in water. Hardness of water samples are determined 
by complexometric titrations. The maximum permissible limits of 
Ca and Mg hardness that need not any softening process is 100mg/l 
and 30mg/l respectively. All the samples except sample 5 showed 
hardness within the limits set by BIS as well as WHO standards. 
But sample 5 has hardness of 203.94, which exceeds the permissible 
limit which in turn showed that the water is hard and can’t be used 
for washing purpose. It can be used after softening process. Chloride 
content indicates heavy pollution. Average chloride concentrations 
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of all samples never found to be exceeded the permissible limit of 
250mg/l (BIS &WHO) in the study area.

Dissolved oxygen levels indicate the ability of water to purify itself 
through biochemical process.The permissible levels of DO accord-
ing to BIS as well as WHO standards is 4-6mg/l. DO of the samples 
was never less than the permissible levels except for sample 1 and 
sample 5 (2.83 and 3.63) . The low amount of dissolved oxygen in 
water indicates the presence of high amount soluble salts and impu-
rities. In the view of DO, sample1 and sample 5 are of least quality.
COD determination is reliable and fast for the determination of or-
ganic pollutants as well as for the assessment of the quality of water. 
The COD of good and palatable drinking water should not be more   
than   20mg/l. COD of all samples were within the permissible limit. 
The graphical representation of the results is given below.     

    

      

 Figure 1:variation of (a) pH (b) Hardness (c) Total Dissolved Sol-
ids(TDS) (d) Choride content (e) Dissolved Oxygen(DO) and (f) 
Chemical Oxygen Demand(COD) of the tested water samples.
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In this work assessed the quality of drinking water in the industrial area of Angamaly was 

assessed. From the forgoing study, it can be concluded that the ground water in the study area 

is of fair quality and is palatable since all the parameters such as pH, TDS, & Chloride content 

of all water samples were within the permissible limits set by BIS as well as WHO standards. 

But sample 5 and sample 1 have low dissolved oxygen content and diminutive COD value. 

So these need some water treatments before used for drinking. This will helps in reducing 

health risks. The water sample 5 is hard also; so it can't be used for washing unless it is 
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Conclusion

In this work assessed the quality of drinking water in the industrial 
area of Angamaly was assessed. From the forgoing study, it can be 
concluded that the ground water in the study area is of fair quality 
and is palatable since all the parameters such as pH, TDS, & Chloride 
content of all water samples were within the permissible limits set by 
BIS as well as WHO standards. But sample 5 and sample 1 have low 
dissolved oxygen content and diminutive COD value. So these need 
some water treatments before used for drinking. This will helps in 
reducing health risks. The water sample 5 is hard also; so it can’t be 
used for washing unless it is submitted to water softening otherwise 
there is wastage of soaps.

Overall study shows that, from the collected water samples of the 
studied area, sample 3 is of good quality since all the water quality 
parameters within the permissible limits.
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Tessy jose, Department of Chemistry, Carmel College, mala.
tessyj822@gmail.com

Abstract

Rubber compounds are reinforced with fillers such as carbon black 
and silica. A comparative study on the effect of two types of rub-
ber-grade fillers on the rheological and mechanical properties of 
natural rubber compound was investigated. High abrasion furnace 
(N330) and intermediate super abrasion furnace (N220) carbon 
black fillers are used for the entire study. It is suggested that the sur-
face area of carbon blacks strongly affects the physical properties of 
natural rubber/carbon black composites. Curing kinetics is studied 
by rheometer and the results indicate that the curing characteristics 
are influenced by combination of surface area, particle size and po-
rosity of carbon black filler. The reinforcing nature of the carbon 
black is assessed from mechanical measurements such as hardness, 
elongation, tensile strength, modulus etc.

Keywords:  carbon black, cure characteristics, mechanical properties

  Introduction

Elastomers are presently used in wide areas of application, such as 
wires, cables and automobiles, due to their light weight, hydropho-
bicity, and easy maintenance and processing. Rubber composites 
have been developed to meet several industrial requirements, such 
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as the need for easier processing and broadening the range of prop-
erties, either by varying the type, relative content or the morphology 
of each component [1].Nowadays, considerable research interest is 
focused on new enhancement for rubbery materials obtained by ad-
dition a various types of fillers. The major feature of such process 
is improved processing characteristics and the mechanical proper-
ties [2]. Reinforcing fillers include carbon blacks, silica and resins, 
which increase the strength of vulcanized rubber more than tenfold 
[2]. Carbon black plays key role in the alteration of the rubber com-
pound properties to suit the end product requirements for hysteresis, 
stiffness, hardness, compression set etc. Carbon blacks have reac-
tive organic groups on the surface that cause affinity to rubber [3].  
Filling carbon blacks in elastomers and plastics also reduces the cost 
of the end product and modifies the electrical and optical properties 
of the polymer matrix [4]. Reinforcement of rubber by carbon blacks 
has been intensively studied [5–7]. It is generally accepted that the 
reinforcement of elastomers and the improvement of other proper-
ties, to a large extent, are associated with the chemical and physical 
interactions between the polymer matrix and carbon blacks [8–12]. 
The ultimate aim of the present work is to study the Variations in me-
chanical properties of natural rubber with and without the addition o 
two different carbon black filler.

Experimental 

Three Rubber compounds of following formulations were prepared 
at 30-45oC for about half an hour with the help of a two roller ma-
chine. About 8g of the each compound has been taken for finding 
out cure characteristics. Cure characteristics were obtained using os-
cillating disk rheometer at 140oC. From this cure time has been cal-
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culated. Button and slab were molded in a hydraulic press at 140oC. 
Slab was again cut into dumbbell shape of standard ASTM. Hard-
ness was tested with the help of a shore A Mitutoyo hardness tes-
ter (durometer) followed by ASTM D2240.  Using universal testing 
machine following ASTM D412, tensile strength and elongation at 
break of each sample has been determined. Densimeter was used for 
the determination of specific gravity.

Table 1: formulations

Ingredients
Loading(phr)

Compound 1 Compound 2 Compound 3
ISNR-20

ZnO

Stearic acid 

CBS

TMTD

RGS

HAF

ISAF

100

4

0.5

0.75

0.25

0.5

-

-

100

4

0.5

0.75

0.25

0.5

10

-

100

4

0.5

0.75

0.25

0.5

-

10

Result and discussion

In table 2 shows the cure characteristics of each three compounds. 
It is obvious from the figure that the scorch time and optimum cure 
time decreases by the addition of filler. This may be due to the fact 
that there must be an increase in surface area after the addition of 
carbon black. Whereas comparing compound 2 and 3 there is only 
a smaller difference in scorch time and optimum cure time between 
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compound 1 and 2. HAF carbon black has a particle size of 28-36nm 
were as ISAF carbon black has a lower (24-33nm) particle size. 
While the surface area of HAF and ISAF are 80m2/g and 120m2/g 
respectively [13-14]. That is cure time and scorch time is reduced 
with increase in surface area and decrease in particle size.

In table 3 shows the physical characteristics of all the three com-
pounds. All the physical properties show a drastic increase by the 
addition of carbon black filler. While comparing compound 2 and 
3, the compound containing low particle size ISAF filler shows an 
increase in the properties like elongation, tensile strength, specific 
gravity and hardness. Whereas, with decreasing particle size modu-
lus of the compound increases to the maximum and then decreases.

Table 2: Rheological properties

MH Ts1 Ts2 T90
Optimum 

cure
Compound 1

Compound 2

Compound 3

56.44

54.22

53.11

3.65

3.18

3.4

3.92

3.37

3.67

6.47

5.62

5.78

52.22

49.97

49
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Table 3: mechanical properties

Mechanical 
properties

Compound 1 Compound 2 Compound 3

Hardness

Tensile 
strength

Elongation 
break

MD 100%

MD 200%

MD 300%

Specific gravity

32

19.35

1267.252

0.5496

0.8728

1.2234

0.947

37

20.04

977.2113

0.7074

1.2405

1.9528

.987

39

20.19

1048.1727

0.6135

1.1283

1.788

0.990

Conclusion

Preparation of rubber compounds with and without addition of filler 
represents effect of filler on the mechanical and rheological proper-
ties. It is seen that by the addition of carbon black fillers compounds 
show a large variation in their properties which is explained in terms 
of particle size and surface area of added fillers. 
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COMPARATIVE STUDY OF VARIOUS 
BRANDS OF

 TEA POWDER MARKETED IN KERALA
Dr. Princy K. G., Associate Professor,  Department of Chemistry, 

Carmel College, Mala

Abstract  

This research paper attempts an analysis of the content and the vari-
ous properties of different brands of tea marketed in Kerala. Quality 
parameters like pH, colour absorbance, bulk density, caffeine con-
tent, acid content and calcium tannate content was determined and 
compared for eight different samples. Each measurement was re-
peated thrice and the average value is reported. It was found that the 
aqueous solutions of tea powders are acidic and the caffeine content 
and colour absorbance is lowest in green tea. Bulk density of the 
samples vary from 0.258 – 0.614 g/cm3.

Keywords:  Tea powders, pH, colour absorbance, bulk density, 
caffeine content, acid content and calcium tannate content

Introduction

India is the largest producer of tea powder in the world with an-
nual production of over 900 million kgs, representing over 28% of 
the world production of 3.2 billion kg. Tea is made from the young 
leaves and buds of the tea plant. Tea leaves are rich in caffeine(alka-
loid).Besides caffeine, tea leaves also contain tannic acid and colour-
ing matter, such as polyphenolic compounds. The relative amounts 
of these substances are different in different varieties of tea leaves, 
which is why, their tastes and flavours are different. 
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 Tea promotes health but at the same time it causes health 
problems due to its caffeine content. Thus, to get the benefits of tea, 
but at the same time minimizing the adverse effects  of caffeine, we 
have to consume the  lowest possible amount of caffeine. Many tea 
brands are present  now a days but all are not similar, it differs based 
upon the availability, colour , texture, quality  and cost. The caffeine 
levels are also different in individual tea powders.

 Tea is one of the most popular beverages worldwide due to 
its taste, aroma, and health effects.  Young shoots of tea bushes are 
mainly processed into black tea, green tea, and oolong tea. Among 
these, green tea is most beneficial to human health. Recently report-
ed pharmacological properties, e.g., antioxidant, anti- inflammatory, 
antimutagenic, and anticarcinogenic effects also served to increase 
the popularity of green tea.Green tea powder, known as matcha, is 
an important tea product. It has also become a popular additive in 
the production of beverages, chocolates, candies, cakes, pastries, 
cookies, puddings, ice creams, etc.. Green tea powder is made from 
young shoots of tea bushes that have been shaded for a few weeks, 
which enriches the  free amino  acids content (e.g., theanine). In this 
manner, green tea becomes flavor-rich before it is hand-harvested. 
Shading leads to greener, tastier, and less astringent tea leaves and, 
thereby, attracts the consumer. After harvest, the young shoots are 
processed into green tea powder by series of processing steps: steam-
ing; drying; removing of stems, midribs,  and  veins; and  fine stone 
milling.

There are reported studies on green tea powder related to milling 
methods, particle characteristics and foaming properties. Catechin 
contents were also studied in green tea powder.
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Experiments And Discussion 

Different Brands of Tea Powders like Kannan Devan, Green tea, 
AVT, Premium, Kannamali, Sports tea, Koorq and Navaratna were 
selected for the study. The sample packets were used as they are 
purchased. The chemicals and reagents used were of analar grade.

 Caffeine content was estimated by extracting the caffeine from the 
tea powder by boiling with water; precipitated using 10% lead ace-
tate solution, followed by extraction with Chloroform. The percent-
age of Caffeine is calculated by using following formula-

Percentage of Caffeine = Weight of substance Obtained     X   100

      Weight of Tea powder Taken

Acid content was estimated by the titration method using standard 
NaOH solution. pH of the 5% aqueous solution was measured us-
ing a pH meter. Calcium tannate content was determine by the pre-
cipitation method using calcium carbonate. Colour absorbance was 
measured using a colorimeter.

Results And Discussion1.Percentage of Caffeine 

The results of caffeine estimation in different brands of tea powder 
samples are tabulated in Table1. A glance at this table indicates the 
presence of wide variation from 1.4 – 4.26 % in caffeine content 
between different sets of tea powder samples studied. The  lowest 
caffeine content was seen in Green Tea, which had only 1.4g. Since 
variability of caffeine content depends on factors such as variety 
of tea, location, time of plucking, age of leaves, the particles size 
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and other agro-climatic conditions of tea plantation, it is therefore 
reasonable to pressure that the above factors might account for the 
observed variation in the caffeine content in different groups of tea 
samples. 

(Table 1)

Sl.

No

Percent-
age of 

caffeine

Acid 
con-
tent

pH Weight of 
Calcium 
tannate 

(g )

Bulk 
density

(g/cm3)

Colour 
absor-
bance

1 1.84 2.3 5.1 0.540 0.554 0.48

2 1.4 2.4 5.4 0.37 0.258 0.17

3 1.96 3.2 5.5 0.339 0.528 0.45

4 1.6 2.2 5.2 0.323 0.614 0.50

5 1.52 2.6 5.0 0.372 0.500 0.42

6 1.66 1.8 4.9 0.337 0.420 0.68

7 4.26 2.2 5.7 0.301 0.310 0.34

8 2.02 3.0 5.3 0.328 0.543 0.37

2. Acid Content 

The results of estimation of acid content in different brands of tea 
powder samples are shown in Figure 2. The acidic substances are 
more in sample 3 and the consumption of more tea is not good for 
health and will lead to acidity.

3 . Determination of pH

pH of different brands of tea powder samples are shown in figure 3. 
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The pH of the samples ranges from 4.9- 5.7. Sample 7 with a pH of 
4.9, had a  bitter taste that lingered on the tongue. And all other tea 
powders tasted only mildly bitter, which could be explained by their 
higher pH .  

4. Estimation of the Percentage Composition of Calcium Tannate 

The results of estimation of calcium tannate in different brands of tea 
powder samples are shown in Figure 4. The amount of tannic acid in 
tea leaves is proportional to the weight of calcium tannate  precipi-
tated. The amount of tannic acid is highest  for sample 1 and sample 
7 has the least. Tannic acid gives the tea to become more darker and 
also it has antimicrobial properties: effective against many bacteria, 
fungi and virus.  But higher quantity may cause speeding of blood 
clotting, reduction of blood pressure and effect on the liver and im-
mune system.

5. Analysis of Bulk Density

The results of bulk density of different brands of tea powder sam-
ples are shown in Figure 5. Bulk density is less for sample 2. So the 
weight of its consumption will be less.

6. Colour Absorbance

The brownish colour  of the tea is due to the presence of polyphe-
nolic compounds and some inorganic ions like manganese ion and 
ferric ion etc. From our analysis, we can see that sample 6 has high 
absorbance value and sample 2 has least in black teas, Green tea 
(sample 2) has the least value than all. 
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CONCLUSIONS

•	 Major content of tea powder is caffeine that vary from 1.4 
– 4.26 % in the selected samples. Sample 7 contain more amount 
of caffeine than actually needed.

•	 pH of the samples vary from 4.9 to 5.7. From our analysis 
we can see that all tea powder samples are mildly acidic. 

•	 Among the different samples Sample 1 contain high amount 
of  tannic  acid

•	 Bulk density of the samples vary from 0.258 – 0.614 g/cm3.

•	 Among the colour absorbance of different samples, sample 
6 has higher  absorbance  value  which  directly  says  small  of  
amount  of its powder makes tea darker. So it is more profitable 
than other tea powders.
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Introduction 

The genus Hedychium, an ornamental and ethnomedi-
cinal plant comprises about 90 species, mostly 
distributed from India to South-East Asia (Raj et al., 
2005; Thomas et al., 2015). Hedychium species are a good 
source of various essential oil compounds having 
medicinal and other industrial applications (Sakha-
nokho et al., 2013). The essential oil obtained from 
leaves of H. coronarium constituted ǃ-pinene as the 
major compound (Raj et al., 2013), whereas ǃ-ocimene 
and linalool as the major constituents in its flower oil 
(Báez et al., 2011) and 1,8 cineole as the major 
compound in rhizome oil (Joy et al., 2007).  

Leaf and flower essential oils of H. gardnarianum 
reported the presence of ǂ and ǃ-pinenes as the major 
components (Medeiros et al., 2003). H. flavum was 
characterized by 1,8 cineole  and linalool as major 
compounds in the essential oil obtained from the 

inflorescence (Báez et al., 2011). Rhizome oil of H. 
larsenii was dominated by linalool (Raj et al., 2005), 
whereas leaf and inflorescence oil dominated by ar-
curcumin and p-cymene, respectively (Raj et al., 2013). 
It has been reported that rhizome oil of H. thyrsiforme, 
H. flavum and H. bousigonianum were dominated by 1,8 
cineole, whereas linalool was the major constituent in 
H. forrestii and H. coccineum. ǃ-Pinene was also found to 
be the major rhizome oil component in H. elatum and H. 
flavescens (Sakhanokho et al., 2013).  

Essential oils obtained from H. spicatum, H. aurantiacum, 
H. coronarium and H. ellipticum exhibited good anti-
oxidant potentials by quenching DPPH radicals and 
moderate to good Fe2+ chelating activity and may 
perhaps afford protection against oxidative damage 
(Joshi et al., 2008). Flower and leaf oils of H. 
gardnerianum showed good antimicrobial activity 
against Staphylococcus aureus and Staphylococcus 
epidermidis (Medeiros et al., 2003). The rhizome essential 
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Abstract 
Essential oils are known for their medicinal value since time immemorial and 
continue to be of vital importance until the present day. The present study 
describes the composition, antibacterial and anti-oxidant potential of rhizome 
oil of Hedychium matthewii. Thirty-five constituents of the oil were identified 
to account for 82.7%, of which 85.7% was monoterpes and the rest were 
sesquiterpnes. Most of the major constituents were alcohols and linalool was 
the prominent one (45.7%). The antibacterial assay showed the bactericidal 
effect of the essential oil and the most susceptible organism was Streptococcus 
hemolyticus with a zone of inhibition of 33.8 ± 1.7 mm. The reducing power 
and nitric oxide scavenging activity of the essential oil was far exceeding the 
reference compound ascorbic acid and it could be the sign of the potential anti
-oxidant power of the oil isolated. The present study also revealed the 
prospective of H. matthewii as a new natural source of linalool, which has 
medicinal and various industrial applications. 
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oil and solvent extracts of H. flavescens, H. venustum, H. 
ellipticum, H. aurantiacum and H. coronarium showed a 
broad spectrum antimicrobial activity (Joshi et al., 2008; 
Joy et al., 2007; Sabulal et al., 2007). Essential oil of H. 
spicatum is reported to possess antimicrobial and anti-
oxidant activity (Bisht et al., 2006; Joshi et al., 2008). 
Therefore, Hedychium species not only have ornamental 
value but also have medicinal and industrial value. 

Hedychium matthewii, a recently reported taxon, is 
known only from Idukki, Kerala (Thomas et al., 2015). 
There are no reports available on the essential oil 
composition and their biological property of this 
species. Therefore, the present study aimed at analyses 
the composition, antibacterial and anti-oxidant 
potential of the essential oil isolated from rhizomes of 
this least studied taxon.  

 

Materials and Methods 

Plant material 

The rhizomes of H. matthewii were collected from two 
populations at Idukki and brought to the laboratory 
and washed to remove adhering soil and dust particles. 
The rhizomes were cut into pieces and dried at room 
temperature. A voucher specimen (RHT65200) deposi-
ted in The Rapinat Herbarium (RHT), St. Joseph’s 
College, Tiruchirappalli, Tamilnadu. 

Chemicals 

1, 1- Diphenyl-2-picrylhydrazyl (DPPH), sodium nitrite, 
sulfanilamide and ascorbic acid (AA) were purchased 
from Sigma chemical co. (USA). Potassium ferricyanide, 
trichloroacetic acid (TCA), sodium nitroprusside, ǂ-
napthyl-ethylenediamine and ferric chloride were 
purchased from Merck chemical supplies (Germany). 
All the chemicals used including the solvents, were of 
analytical grade. 

Essential oil extraction 

The dried rhizomes (25 g) were ground and hydro-
distilled for 3 hours using a Clevenger-type apparatus. 
The distillate was dried over anhydrous sodium sulfate 
and stored in tightly closed vials at 4°C for analysis. 
The essential oil content was determined as a 
percentage on dry weight basis as an average of three 
independent extractions of each sample. 

Characterization and identification of essential oil 
constituents 

GC/MS analyses were performed using Shimadzu GC-
2010 gas chromatograph (GC-FID) equipped with QP 
2010 mass spectrometer (MS). Approximately 0.1 µL of 
pure oil sample was subjected to gas chromatography 
(GC) and gas chromatography/mass spectrometry 
(GC/MS) analysis. The column used was DB-5. The 

oven temperature was programmed as follows; 70°C for 
5 min and then increased to 110°C at the rate of 5°C/
min, then up to 200°C at the rate of 3°C/min and again 
up to 220°C at the rate of 5°C/min, at which the column 
was maintained for 5 min; injector temperature of 250°
C. Helium was used as carrier gas at a flow rate of 1 
mL/min. Identification of the individual components 
was made by matching their recorded mass spectra and 
linear retention indices with the library (NIST and 
Wiley) provided by the instrument software, online 
database (http://webbook.nist.gov/chemistry; http://
www.flavornet.org) and by comparing their calculated 
retention indices with literature value (Adams, 2009). 

Test microorganisms 

The bacterial strains used in the study were three gram 
positive, namely, Streptococcus haemolyticus (MTCC442), 
Bacillus cereus (MTCC430) and Staphylococcus aureus 
(MTCC87) and nine gram negative, namely, Vibrio 
parahaemolyticus (MTCC451),  Vibrio cholerae 
(MTCC3904), Salmonella paratyphi (MTCC735), 
Enterobacter aerogens (MTCC111), Escherichia coli 
(MTCC433), Klebsiella pneumoniae (MTCC3384), Proteus 
vulgaris (MTCC426), Salmonella typhi (MTCC733) and 
Pseudomonas aeruginosa (MTCC741). All the tested 
strains are reference strains, and were collected from 
Microbial Type Culture Collection and Gene Bank, 
Institute of Microbial Technology, Sector 39-A, Chandi-
garh 160036, India.  

Antibacterial activity test 

The antibacterial activity of essential oil was carried out 
by disc diffusion method (Bauer, 1966), recommended 
by clinical and laboratory standards institute (CLSI), 
using 25 μL of standardized suspension of test bacteria 
(1.5*108 CFU/mL) spread on Mueller-Hinton agar 
(MHA, pH 7.3 ± 0.1) plates. The discs (6 mm in 
diameter) were impregnated with 20 μL of essential oil, 
followed by air-drying and were placed on seeded agar 
plates. Amoxicillin (30 μg/disc) was used as positive 
control to determine the sensitivity of bacterial strain. 
The plates were incubated at 37°C for 24 hours. 
Antimicrobial activity was evaluated by measuring the 
zones of inhibition against the tested bacteria. Each 
assay was carried out in triplicate. 

Determination of reducing power 

The reducing power of the essential oil was measured 
by making use of the method described by Yen and 
Duh (1993) with some modifications. Various 
concentrations (10, 20, 30, 40 and 50 μL/mL) of essential 
oil in methanol were taken separately and mixed with 
2.5 mL of 0.2 M sodium phosphate buffer (pH 6.6). The 
dilute sample was then mixed with 5.0 mL of 1% 
potassium ferricyanide and the mixture was incubated 
at 50°C for 20 min 5.0 mL of 10% trichloroacetic acid 
was added to the mixture and was centrifuged at 3000 

174 Bangladesh J Pharmacol 2017; 12: 173-79                                                                



 

rpm for 10 min 5.0 mL of the supernatant solution was 
mixed with 5.0 mL of distilled water and 1.0 mL of 
ferric chloride (1%). The absorbance was measured 
spectrophotometrically at 700 nm (Shimadzu, UV-150-
02). The ascorbic acid standard was used for 
comparison. 

DPPH radical scavenging activity 

The free radical scavenging activity of essential oil was 
measured using the stable DPPH radical, according to 
the method of Blois (Mani and Thomas, 2014) with 
minor modifications. Briefly, 0.1 mM solution of DPPH 
in methanol was prepared and this solution (1 mL) was 
added to essential oil in methanol (3 mL) at 
concentrations ranging from 10-50 μL/mL. The mixture 
was shaken well and left to stand for 30 min in the dark 
and the absorbance was then measured at 517 nm. The 
capability to scavenge the DPPH radical was calculated 
using the following formula: 

 (%) = ((A0− A1)/A0) × 100    (1) 

Where, A0 and A1 are absorbance of the control and of 
the sample, respectively. Ascorbic acid was used as 
reference. 

Nitric oxide (NO) scavenging activity 

Nitric oxide scavenging effect was determined 
according to Griess Illosvoy reaction (Johnson, 1964) 
with slight modification. The reaction mixture contain-
ed: 10 mM SNP in 0.5 M phosphate buffer (pH 7.4) and 
various doses (10–50 μL/mL) of the essential oil in a 
final volume of 3 mL. After incubation for 60 min at 37°
C, Griess reagent (0.1% ǂ-napthyl-ethylenediamine in 
distilled water and 1% sulphanilamide in 5% H3PO4) 
was added. The pink chromophore generated during 
diazotization of nitrite ions with sulphanilamide and 
subsequent coupling with ǂ-napthyl-ethylenediamine 
was measured spectrophotometrically at 540 nm. 
Ascorbic acid was used as a positive control. Nitric 
oxide scavenging ability (%) was calculated by using 
the equation (1).  

Statistical analysis 

Experimental results were expressed as the mean ± 
standard deviation (SD) of the number of experiments 
indicated in the legends. Statistical significance was 
tested using a one way analysis of variance (ANOVA) 
followed by an LSD test, where p<0.05 was considered 
significant.  

 

Results 

Essential oil characterization 

The dried rhizomes were hydrodistilled to obtain a 
pleasant smelling, pale yellow oil at a yield of 2.6%. The 
gas chromatogram (GC) of the rhizome essential oil of 

H. matthewii is shown in Figure 1. The GC profile 
indicates the presence of more than 50 compounds, of 
which 35 were identified by comparing and matching 
the mass spectra and GC retention index (RI) of the 
compounds with those of reference. 

Table I depicts the volatile components indentified and 
those 35 compounds accounting for 82.7% of the oil 
hydrodistilled from the dried rhizome. 85.7% of the oil 
consisted of monoterpenes whereas rests (14.3%) 
accounted for sesquiterpenes. The constituents indenti-
fied consisted of fourteen monoterpene hydrocarbons 
(40%), sixteen oxygenated monoterpenes (45.7%), two 
sesquiterpene hydrocarbons (5.7%) and three oxygena-
ted sesquiterpenes (8.6%). The analyzed oil contained 
esters, oxides, alcohols, phenols, aldehydes and 
ketones. The majority of essential oil constituents were 
found in the monoterpene class where the most 
prominent compounds were linalool (45.6%) followed 
by ǃ-pinene (6.5%), borneol (6.3%), 4-terpineol (5.6%), 
camphene (3.3%) and ǂ-pinene (2.5%).  

Antibacterial assay 

The results of the antibacterial studies, of the essential 
oil obtained, by the disc diffusion technique are given 
in Table II. By analyzing the antibacterial activity of 
essential oil, we observed that all the bacteria tested 
were susceptible and the essential oil showed hopeful 
antibacterial activity. A volume of 20 µL of essential oil 
showed nearly equal and effective inhibition against all 
the strains used in the present study. The most 
susceptible bacterium tested was Streptococcus 
haemolyticus with a zone of inhibition of 33.8 ± 1.7 mm. 
The bacteria such as S. haemolyticus and Vibrio cholerae 
were more susceptible towards essential oil than 

Figure 1: Total ion chromatogram (TIC) of the volatile com-
pounds from the dried rhizomes of two populations (A and B) 
of H. matthewii 
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antibiotic tested. The results also showed that the 
essential oil was found to be effective antibacterial 

agent as the standard antibiotic used in the study. 
Moreover, the essential oil inhibited the growth of both 
gram positive and gram negative bacteria; consequently 
it may be used as a broad spectrum natural antibacterial 
agent. 

Anti-oxidant assay 

Reducing power: The reducing power of a compound 
or extract was related to its electron transfer ability and 
might, therefore, served as an indicator of its potential 
anti-oxidant activity. The reducing power of the 
essential oil and ascorbic acid increased with the 
concentration (Figure 2). The oil exhibited significantly 
higher activity than the standard ascorbic acid. The 
results of the present study suggest that essential oil 
isolated from H. matthewii has potent reducing power 
and promising anti-oxidant activity.  

DPPH radical scavenging 

DPPH radical scavenging assay, commonly used for 
analyzing the radical scavenging ability of a compound 
or extract, is simple and highly sensitive (Miguel, 2010). 
The anti-oxidant potential of the essential oil obtained 
from H. matthewii was studied by analyzing the radical 
scavenging capacity and electron donating ability of the 
constituents in the essential oil. The DPPH radical 
scavenging activity of the essential oil and standard anti
-oxidative compound (ascorbic acid) is shown in Table 
III. The result showed a dose-dependent inhibition of 
DPHH radical by both oil and the standard and there 
was no significant difference exists between the 

Table I 

Chemical composition of the essential oil from  
H. matthewii  

SL. 
No. 

Component RIa RIb Composition 
(%) 

1 ǂ-Thujene 930 931 0.4 ± 0.1 

2 ǂ-Pinene 938 939 2.5 ± 0.5 

3 Camphene 953 953 3.3 ± 0.9 

4 Sabinene 972 972 1.2 ± 0.5 

5 ǃ-Pinene 981 980 6.5 ± 0.8 

6 ǃ-Myrcene 992 992 0.5 ± 0.04 

7 ǂ-Phellandrene 1007 1005 0.5 ± 0.2 

8 3-Careen 1111 1011 0.2 ± 0.1 

9 ǂ-Terpinene 1012 1012 0.4 ± 0.05 

10 o-Cymene 1026 1027 1.4 ± 0.1 

11 D-Limonene 1031 1031 1.2 ± 0.03 

12 1,8-Cineole 1033 1033 0.1 ± 0.02 

13 trans-ǃ-Ocimene 1050 1050 0.1 ± 0.1 

14 Ǆ-Terpinene 1059 1059 1.2 ± 0.1 

15 ǂ-Terpinolene 1063 1063 0.5 ± 0.2 

16 trans-Linalool 
oxide 

1065 1065 0.7 ± 0.5 

17 Linalool 1098 1098 45.6 ± 3.9 

18 Fenchol 1112 1112 0.02 ± 0.0 

19 p-Menth-2-en-1-ol 1120 1121 0.2 ± 0.05 

20 L-Camphor 1140 1139 0.1 ± 0.01 

21 Borneol 1163 1162 6.3 ± 1.7 

22 4-Terpineol 1180 1180 5.6 ± 1.5 

23 ǂ-Terpineol 1189 1189 0.7 ± 0.1 

24 Myrtenal 1190 1190 0.2 ± 0.03 

25 ǂ-Phellandrene 
epoxide 

1192 1192 0.1 ± 0.1 

26 Piperitol 1199 1198 0.2 ± 0.1 

27 Bornyl fomate 1232 1232 0.1 ± 0.01 

28 Bornyl acetate 1283 1283 1.1 ± 1.0 

29 Thymol 1284 1284 0.1 ± 0.02 

30 ǂ-Terpinyl acetate 1352 1352 0.03 ± 0.0 

31 ǃ-Caryophyllene 1418 1418 0.1 ± 0.1 

32 ǂ-Cedrene 1433 1433 0.2 ± 0.1 

33 Caryophyllene 
oxide 

1583 1583 0.1 ± 0.1 

34 Guaiol 1597 1597 0.5 ± 0.2 

35 10-epi-Ǆ-
Eudesmol 

1619 1619 0.5 ± 0.2 

Values are mean ± SD of two samples (n = 2); RIa and RIb: Experimental 
and reference retention indices 

Table II 

Antibacterial activity of the essential oil from  
H. matthewii 

Species  Zone of inhibition (mm) 

Essential 
oil 

Amoxicillin 

Gram positive   

Bacillus cereus  19.3 ± 0.9 28.3 ± 0.6 

Staphylococcus aureus  29.2 ± 0.8 30.2 ± 0.3 

Streptococcus hemolyticus  33.8 ± 1.7 31.5 ± 0.9 

Gram negative   

Enterobacter aerogens  20.6 ± 1.5 27.8 ± 0.3 

Salmonella paratyphi  23.8 ± 1.2 30.5 ± 0.5 

Vibrio cholerae  30.6 ± 1.04 27.8 ± 0.3 

Salmonella typhii  28.0 ± 1.7 34.3 ± 0.8 

Escherichia coli  21.0 ± 1.0 30.5 ± 0.9 

Vibrio parahaemolyticus  26.3 ± 1.5 32.3 ± 0.6 

Proteus vulgaris  28.2 ± 1.7 32.2 ± 0.3 

Klebsiella pneumoniae  24.2 ± 1.04 26.0 ± 0.9 

Pseudomonas aeruginosa  26.2 ± 1.6 28.3 ± 0.6 

Values are presented as mean ± SD of triplicate experiments 
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scavenging activity of the oil and the reference 
compound ascorbic acid. Concentration at which the oil 
decreased DPPH radical by 50% (IC50 value) was 31.5 
µL/mL. Correspondingly, IC50 value for ascorbic acid, 
used as a standard, was 30.5 µg/mL.  

Nitric oxide (NO) scavenging activity  

Anti-oxidant activity of the essential oil was further 
determined by inhibition of nitric oxide radicals is 
shown in Table III. The nitric oxide scavenging capacity 
of extracts and the reference compound ascorbic acid 
was increased with increasing concentration. The 
results of the study showed that a significant difference 
(p<0.05) was observed between the two experimental 
conditions. A total of 50% (IC50) of the nitric oxide 
radicals was scavenged by essential oil at a 
concentration of 27.5 µL/mL, whereas that of the 
ascorbate was 48 µg/mL. The experimental analysis 
showed that, the essential oil of H. matthewii had good 
nitric oxide scavenging effect. 

 

Discussion 

The antibacterial activities of essential oils are well- 
known. Recently, the antibacterial activity of essential 
oils of Buddleja asiatica, Caesalpinia bonducella, Ginkgo 
biloba and Ligustrum lucidum are reported (Bajpai et al, 

2015; Bajpai et al, 2016; Khan et al., 2015; Shukla et al, 
2016). Previous studies showed that multiplication of 
pathogenic Salmonella spp., Escherichia coli (O157:H7), 
Listeria monocytogenes, Helicobacter pylori and Myco-
plasma pneumoniae were inhibited by essential oils (Burt, 
2004). Monoterpenes are good antibacterial and 
antifungal agent (Jirovetz et al., 2005; Soković et al., 
2010) in particular the oxygenated compounds (Kotan et 
al., 2007). The major component in the essential oil of H. 
matthewii was linalool an oxygenated monoterpene, 
followed by 4-terpineol, ǃ-pinene, camphene, borneol 
and ǂ-pinene, together constitute 73% of the essential 
oil isolated. The earlier studies showed that linalool, ǃ-
pinene and 4-terpineol were found to be possessing 
good antibacterial properties against several 
microorganisms (Barel et al., 1991; Kotan et al., 2007; 
Park et al., 2012; Soković et al., 2010). Essential oil of H. 
matthewii showed a promising antibacterial activity 
might be attributed to these major constituents. Hence, 
essential oil from rhizomes of this plant can be used in 
the antibacterial formulations, which in turn broadens 
its applications in the pharmaceutical and other 
industries. Moreover, the broad-spectrum antibacterial 
activity of the essential oil of H. matthewii may perhaps 
due to the liposolubility of its constituents. It is a good 
indication of the antiseptic power of the essential oil 
isolated (Marino et al., 1999; Porter and Wilkins, 1999).  

The anti-oxidant activity of essential oils is another 
biological property of great interest because they may 
have various industrial applications (Aruoma, 1998; 
Kamatou and Viljoen, 2010; Maestri et al., 2006). 
Reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) are the two major classes of free radicals 
which oxidize various biomolecules and in turn lead to 
cellular damages and being responsible for diverse 
diseases even though they have important role in host 
defence mechanisms (Miguel, 2010). Again, the 
damaging effects are being increased by generating the 
peroxinitrite anion (ONOO-) after reacting with the 
superoxide anion radicals (Gomes et al., 2008; Kostka, 
1995; Miyasaka and Hirata, 1997; Nagano, 1999). 
Therefore, molecules or agents which can inhibit the 
generation of NO have potential applications in the 

Table III 

DPPH radical and nitric oxide scavenging activityof rhizome oil of H. matthewii  

 Concentration (μL/mL) 

10 20 30 40 50 

DPPH radical      

Ascorbic acid (µg/mL) 12.6 ± 0.1a 30.4 ± 0.1a 49.2 ± 0.1a 72.5 ± 0.1a 97.4 ± 0.1a 

Essential oil (µL/mL) 10.8 ± 0.1a 27.5 ± 0.2a 46.7 ± 0.1a 70.1 ± 0.2a 91.7 ± 0.1a 

Nitric oxide      

Ascorbic acid (µg/mL) 10.3 ± 0.2a 21.2 ± 0.1a 32.6 ± 0.1a 41.1 ± 0.2a 52.2 ± 0.1a 

Essential oil (µL/mL) 16.8 ± 0.1b 35.3 ± 0.1b 54.1 ± 0.1b 72.8 ± 0.1b 94.3 ± 0.3b 

Values are mean ± SD of two samples analyzed individually in triplicate. Superscripts with the same letters within each column are not significantly 
different at p<0.05 

Figure 2: Reducing power of rhizome oil of H. matthewii and 
reference compound ascorbic acid (Values are mean ± SD of two 
samples analyzed individually in triplicate) 
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pharmaceutical industry.  

Present investigation showed that the essential oil 
isolated from H. matthewii is a potent inhibitor and/or 
scavenger of DPPH and NO radicals. Linalool, a 
monoterpenoid possessing biological properties such as 
antibacterial and anti-oxidant activities (Liu et al., 2012), 
might be the major active molecule present in the oil of 
H. matthewii. Earlier studies showed that, linalool found 
to be a potent scavenger of DPPH radical, inhibit the 
production of NO radical and also showed bactericidal 
activities (Liu et al., 2012; Peana et al., 2006). 

Anti-oxidant properties of essential oils such as 
reducing power, scavenging of free radicals, lipid 
peroxidation, chelating metal ions etc. are often come 
from their monoterpene hydrocarbons, oxygenated 
monoterpenes and sesquiterpenes (Loizzo et al., 2010; 
Tepe et al., 2005), hence the strong anti-oxidant activity 
of essential oil isolated from the rhizomes of H. 
matthewii may not only be related to linalool but also 
the sum of the effects of constituents in the essential oil. 
Therefore, the high anti-oxidant activity of this essential 
oil strengthens their application for possible use as 
natural anti-oxidants.  
 

Conclusion 

Analysis of the essential oil isolated from the dried 
rhizomes of H. matthewii revealed the presence of good 
amounts of monoterpenes especially oxygenated 
compounds. The antimicrobial and anti-oxidant 
properties of the oil recommend its use in 
pharmaceutical and other industrial products. The 
study helped in identifying, H. matthewii, a hitherto 
unexplored aromatic plant, as a novel natural source of 
linalool (45%). 
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ABSTRACT: Celastrus paniculatus Willd. ssp. angladeanus S.J. Britto, B. Mani and S. Thomas  new subspecies from the Palni 
hills, Western Ghats of Tamilnadu, South India is described and illustrated. The new ssp. is similar to Celastrus paniculatus ssp. 
aggregatus but differs in flame-coloured branchlets, terminal, erect and stiff panicles exceeding leaves, prominent gibbous and 
oblique capsules, flowers polygamous but predominantly pistillate and 3-seeded capsules. 
 
KEY WORDS: Celastrus paniculatus ssp. angladeanus, India, New subspecies, Palnil hills. 
  
INTRODUCTION  
 

The genus Celastrus L. with ca. 31 species is mostly 
seen in (sub) tropical to warm temperate areas of Eastern 
Asia, India, N. America, New Caledonia, Australia, 
Madagascar and Sri Lanka (Wadhwa, 1996; Mabberley, 
2008). In India it is represented by three species (Hou, 
1962) namely C. paniculatus Willd., C. hindsii Benth., 
and C. stylosus Wall. ssp. stylosus. Earlier Hou (1955) 
had described 3 subspecies for Celastrus paniculatus 
based on the dimensions of leaves and geographical 
distribution but in his later revision of Celastraceae for 
the Flora Malesiana (1962) withdrew the above 
subspecies. Matthew (1996 & 1999) distinguished a 
subspecies and named it Celastrus paniculatus Willd. ssp. 
aggregatus K. T. Mathew. 

During the floristic explorations of the Western 
Ghats of Tamilnadu, India, authors came across 
specimens of Celastrus paniculatus from the Palni hills 
that differed from the known Celastrus paniculatus ssp. 
aggregatus. C. paniculatus ssp. paniculatus is always 
characterised by inflorescence on terminal shoots 
diagnostically pendent, with flowers > 150 per cluster 
while ssp. aggregatus is with inflorescence on lateral 
shoots, flowers, < 25 per cluster. After critical 
examination of the new ssp. and comparison with 
specimens from other herbaria, it was concluded that the 
specimen deserves to be described as a new subspecies. 
 
TAXONOMIC TREATMENTS 
 
Celastrus paniculatus Willd. ssp. angladeanus S.J. 
Britto, B. Mani & S. Thomas, ssp. nov.        Fig. 1 

Type: India, Tamilnadu, Dindigul district, Palni 
hills, Thandikudi RF., 78°90′ N, 11°41′ E, alt. 1200 m, 

15 Jan. 2008 Britto sub RHT 56086 (holotype RHT; 
isotype MH). 

Celastrus paniculatus ssp. angladeanus is similar to 
ssp. aggregatus but differs in flame-coloured branchlets, 
terminal, erect and stiff panicles exceeding leaves, 
prominent gibbous and oblique and 3-seeded capsules, 
flowers polygamous but predominantly pistillate. 

A woody climber up to 5 m high. Stem erect, 
pubescent and densely so at apices, characteristically 
flame coloured with prominent linear lenticels. Leaves 
variable but more often elliptic to broadly elliptic to 
suborbicular at time obovate, pubescent on both 
surfaces, 5.7 ‒ 18 × 3.5 ‒ 13.7 cm, base obtuse, 
sometimes cuneate, margin subserrate to subcrenate 
occasionally dentate, apex significantly and abruptly 
cuspidate at times acute or rounded. Inflorescence 
always terminal characteristically stiff, turgid and erect, 
pubescent, twice or more exceeding leaves. Bracts leafy, 
elongate, linear to 1.5 × 0.5 cm deciduous to semi 
persistent. Flowers 30 ‒ 110, polygamous but mostly 
pistillate, 6 ‒ 9 × 4.5 mm. Pistillate flower: Calyx 
cupular. Sepals semi-orbicular or broadly ovate, 2-2.2 × 
c. 05 mm, ciliate imbricate, pale green to cream. Petals 
ovate, pale yellow, 3.1 ‒ 3.4 × 1.7 ‒ 2.0 mm, reflexed. 
Disk cupular with wavy margins. Stamens absent. 
Staminodes 5. Ovary ovoid, 3 × 1.5 mm, 3-celled with 
2 ovules per cell; stigma distinctly and unequally 
3-lobed, each lobe minutely 2-lobed, reflexed. Fruit 
stalk articulate at lower half but near to middle. 
Capsule obliquely globose to obovoid, very gibbous 
distally at the apex, asymmetrical, 6 ‒ 9 × 7 ‒ 8 mm, 
3-valved, bright yellow becoming pale orange when 
mature, usually 3-seeded, one smaller in size. Seeds 
ellipsoid, unequal 3.5 ‒ 7 × 2 ‒ 3 mm, bright and 
distinctly reddish; aril orange. 
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Table 1. Comparison of key morphological characters of Celastrus paniculatus ssp. angladeanus with other subspecies. 
 

Characters Celastrus paniculatus ssp. 
paniculatus 

Celastrus paniculatus ssp. 
aggregatus 

Celastrus paniculatus ssp. 
angladeanus 

Branchlet Scandent, glabrous or pubescent Scandent, glabrous Erect, pubescent 
Branchlet colour Pale brown brown Flame coloured 
Branchlet 
lenticels 

Prominent or obscure, elliptic  Prominent, elliptic 

Petiole 6‒16 mm long, pubescent Up to 10 mm long, glabrous 10‒19 cm long, pubescent 
Leaf blade 5‒10 × 2.5‒5 cm, polymorphic 

(elliptic, oblong, rectangular, ovate, 
obovate to suborbicular), glabrous 

2‒9 × 1‒4.5 cm, broadly elliptic, elliptic 
to obovate, glabrous 

5.7‒18 × 3.5‒13.7 cm, elliptic to widely 
elliptic, rarely obovate, pubescent on 
both surface 

Leaf base Cuneate Obtuse Cuneate to obtuse 
Leaf apex Mucronate to acuminate Abruptly acute to retuse Cuspidate to acute 
Leaf margin Serrate Shallowly crenulate Serrate  
Lateral veins 5‒7 pairs 7‒8 pairs 4‒7 pairs 
Inflorescence Terminal on terminal shoots, twice or 

more as long as the leaves, pendent 
Terminal on lateral shoots, not 
exceeding the leaves, straight 

Terminal, pubescent, exceeding the 
leaves, erect 

Bracts Deciduous; caducous Deciduous; caducous Leafy, elongate, deciduous to quasi 
persistent 

Flowers 2‒3 × 1.2‒1.8 mm, polygamous 5‒6 × 4‒5 mm, polygamous 6‒9 × 4‒5 mm, polygamous, 
predominantly pistillate 

Sepals c. 2 × 0.5 mm, semiorbicular, ciliate, 
imbricate, pale green 

Calyx cupular, c. 2 × 0.5 mm, 
suborbicular, pale green 

Calyx cupular, 2‒2.2 × c. 0.5 mm, 
ciliate, imbricate, green, semiorbicular 

Petals 2.1‒2.4 × c. 3 mm, oblong to 
obovate-rectangular, pale yellow 

c. 2.5 × 3 mm, ovate to oblong, 
reflexed, pale yellow 

3.1‒3.4 × 1.7‒2 mm, ovate, pale 
yellow, reflexed 

Disk Cupular, membraneous, slightly 
5-lobed 

Concave, 5-lobed Cupular, margin wavy 

Stamen c. 3 mm, inserted on the margin of 
the disk  
Staminate: stamen 1.4 mm 
Bisexual: stamen 0.6 mm 

inserted on the margin of the disk  
 
Staminate: Stamen 1.6 mm Bisexual: 
stamen 0.7 mm 

Pistillate: Stamens absent.  
 
Staminode 0.9 mm 

Ovary c. 3 × 1.5 mm, globose 3–3.5 × 1.5 mm, ovoid, 3-celled, 2 
ovules per cell 

c. 3 × 1.5 mm, ovoid, 3-celled, 2 
ovules per locule 

Stigma Obscurely 3-lobed 2 or 3- lobed 3-lobed, each lobe minutely 2-lobed or 
bifid. 

Fruit stalk 5‒8 mm long, glabrous 5‒7 mm long, glabrous 5‒10 mm long, pubescent 
Articulation on 
fruit stalk 

Lower half, close to the rachis Lower half, close to the rachis Lower half but near to middle 

Capsule 1‒1.3 cm in diam., globose, 
3-valved, bright yellow, 3-6 seeded 

1.2 × 1.1 cm, 1‒ (2‒4) (‒6) seeded 6‒9 × 7‒8 mm, globose, 3-valved, 
bright yellow, usually 3-seeded 

Seeds 3.5‒5.5 × 2‒5 mm, elliptic, yellowish 
to reddish brown 

6‒7 × c. 4 mm, broadly ellipsoid, 
brownish 

3.5‒7 × 2‒3 mm, elliptic, reddish 

Aril Orange-red Deep orange Orange  

Flowering April‒June  June‒July April‒May 

Fruiting June–September August–December  September 

Habitat  At low altitudes 800‒1300 m At high altitudes (1200) 1700‒2200 m In altitudes below 1300 m in shola 
border  

 
Flowering and fruiting: June‒December. 
Distribution: Palni hills of Tamilnadu in shola periphery. 
Etymology : The subspecies is named after Fr. 

Aloysius Anglade an eminent naturalist who contributed 
significantly to the flora and fauna of the Palni hills. 

Conservation status: The subspecies population has 
been spotted in the Palni hills in the one locality only 
and the habitat is under severe anthropogenic pressure. 
It can be provisionally categorised as Data Deficient 
(DD) as per IUCN 3.1 version (IUCN, 2012). 
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Fig. 1: Celastrus paniculatus Willd. ssp. angladeanus SJ. Britto, B. Mani & S. Thomas. A: Habit with young fruits. B: Habit with 
inflorescence. C: Leaf with cusp. D: Leaf with acute tip. E: Stem with lenticels. F: Leaf margin. G: Pistillate flower. H: Calyx. I: Calyx, 
spread out. J: Petals. K: Pistil with staminodes. L: Staminodes. M: Pistil with Stigma enlarged. N: Ovary, l.s. O: Ovary c.s. P: An 
infructescence. Q: Cluster of capsules. R: Capsule, enlarged. 
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Fig. 2: Celastrus paniculatus Willd. ssp. angladeanus SJ. Britto, B. Mani & S. Thomas. A: The plant habit with young fruits. B: 
Flowering branchlets. C: Close-up of flowers. D: An Inflorescence with bracts. E: An Infructescence. F: Close-up of a capsule. G: 
Capsule with seeds. 
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Hedychium J. Koenig includes approximately 97 
species with the centre of diversity in Southeast Asia.  
The diversity centres are the high altitude humid climatic 
zones in India, China, Vietnam, Indonesia, Myanmar 
and Malaysia.  Forty-five taxa are reported from India 
and are primarily distributed in the northeast region 
(Thomas et al. 2015; World Checklist of Selected Plant 
Families 2016).  Among the 45 taxa, only five [Hedychium 
coronarium J. Koenig, H. flavescens Carey ex Roscoe, H. 
cernuum Wight (=H. venustum Wight), H. forrestii var. 
palaniense Sanoj & M. Sabu and H. matthewii S. Thomas, 
B. Mani & S.J. Britto] are known from the Western Ghats, 
which is a biodiversity centre in southern India (Thomas 
et al. 2015).  

During field surveys across different geographic and 
climatic zones in the Western Ghats, which is one of the 

Abstract: Hedychium forrestii Diels and H. spicatum Sm. (Zingiberaceae) 
are new distribution records from the Western Ghats, India, extending 
their range up to southern India.  Detailed taxonomic descriptions are 
provided for the species along with photographs.

Keywords: Hedychium forrestii, H. spicatum, H. cernuum, labellum, 
southern India, Western Ghats.

renowned hotspots, the authors collected interesting 
specimens such as Hedychium forrestii Diels and H. 
spicatum Sm. from Sholayar, and Idukki and Periyavarai 
regions, respectively.  As a result, the present work 
establishes two new distribution records of Hedychium 
from southern India in general and Western Ghats in 
particular. 

Hedychium forrestii Diels
Notes Roy. Bot. Gard. Edinburgh 5: 304. 1912 (Images 

1 & 3)
Type: China, Yunnan, Dali Valley, July 1906, Forrest 

00211031 (Royal Botanic Garden Edinburgh, E!).
Rhizomatous perennial herbs; rhizome 3–3.8 cm 

in diameter, aromatic, covered by brown scales. Leafy 
shoots: 90–160 cm long, robust, semi-slanting, with 14–
16 leaves; leaf sheath green, pubescent externally; ligule 
2.8–4.6 × 1.8–2.2 cm, oblong, pubescent on the outer 
surface, pale green when young, papery brown on older 
shoots, apex entire; lamina sessile, 26–48 × 6–10.5 cm, 
narrowly elliptic, glabrous above, sparsely hairy below, 
base cuneate, apex caudate, twisted. Inflorescence: 16–
24 cm long, lax, cylindrical, erect, composed of 22–41 
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bractts; rachfis green, pubescentt; bractts 4.8–5.1 × 1.8–2.1 

cm,  lanceolatte-ovatte,  lax,  green,  leatthery,  pubescentt 

on  tthe  outter  surfface,  finvolutte,  cfincfinnus  ttwo-  tto  ffour-

lowered;  bractteoles  1.6–2.0  ×  1.4–1.6  cm,  ovatte,  pale 

green, pubescentt extternally, apex ttwo lobed, non-ttubular.  

Flowers:  12.4–13.2  cm  long,  whfitte,  slfighttly  ffragrantt, 

spreadfing; calyx 3.7–4.1 cm long, ttubular, shortter tthan 

bractt, pale green, pubescentt extternally, unfilatterally splfitt 

up  tto  0.9–1.2  cm,  shorttly  ttwo-tthree  ttootthed  att  apex; 

loral ttube 6.5–6.8 cm long, whfitte, glabrous extternally, 

finner wfitth dense and fine hafirs tthroughoutt, apfical end 

c.  3  mm  dfiametter;  corolla  lobes  lfinear,  whfitte,  margfins 

finlexed,  droopfing  ffrom  lower,  dorsal  corolla  lobe 

4.6–4.9  ×  c.  0.5  cm,  apex  mucronatte,  c.4  mm,  latteral 

corolla lobes 4.1–4.4 × c. 0.5 cm, mucro absentt; latteral 

sttamfinodes  3.3–3.6  ×  1.1–1.3  cm,  oblanceolatte-ovatte, 

whfitte,  relexed  back;  labellum  orbficular,  pale  yellow 

blottch att centtre, 3.5–3.8 cm long wfitth dfisfinctt basal claw 

c. 5 mm long, claw 3–4 mm wfide, whfitte, apex 3.2–3.5 

×  3.4–3.7  cm,  orbficular,  emargfinatted  wfitth  fincfisfion  6–7 

mm;  sttamens  5.3–5.5  cm  long,  whfitte,  exceedfing  tthe 

labellum; filamentt 4.1–4.4 × c. 0.15 cm, whfitte, glabrous, 

sttrafightt, attached c. 3 mm above tthe base off dorsal sfide 

off tthe antther; antther 1.3–1.4 × c. 0.20 cm, lfinear, creamy 

whfitte,  connecfive  whfitte,  glabrous,  connatte,  antther 

sutture  pale  orange;  ovary  c.  4  ×  3  mm,  pale  green, 

puberulous,  ttrfilocular,  ovules  many,  placenttafion  axfile; 

sttyle filfifform, whfitte, pubescentt ttowards apex; sfigma c. 

1  mm  wfide,  green,  densely  pubescentt,  osfiole  round, 

ffacfing  fforward;  epfigynous  glands  ttwo,  3–4  ×  1–2  mm, 

Image 1. Hedychfium fforresfifi Dfiels.
A - Habfitt; B - Inlorescence; C - Sfingle 
lower; D - Bractt (d

1
), bractteole 

(d
2
) and calyx ttube (d

3
); E - Corolla- 

loral ttube (e
1
), dorsal lobe (e

3
) and 

latteral lobes (e
2
 & e

4
); F - Latteral 

sttamfinodes (ff
1
 & ff

3
), labellum (ff

2
) 

sttamen (ff
4
) and pfisfil (ff

5
).

© S. Thomas
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oblong, yellow. Fruits: loculicidal capsule, 3–3.4 × c. 1.5 
cm, terete; seeds red, glabrous, brown when dry, aril 
red, lacerate.

Flowering and fruiting: August–November.
Habitat: It grows on thin soil over exposed wet rocks 

in evergreen montane forests at an elevation of 950–
1,200 m.

Distribution: China, Laos, Myanmar, Thailand, 
northern Vietnam, India and Nepal.  In India it is reported 
only from the east Khasi Hills and Jaintia Hills, districts 
of Meghalaya.  Presently it is recorded for the first time 
from the Western Ghats in Idukki and Thrissur (Sholayar) 
districts of Kerala. 

Specimens examined: China: 1908 Cavalerie 00211021 
(E!); 1912 Forrest 00211015 (E!); Forrest 000574525 
(The Natural History Museum London, BM!). Nepal: 
1821 Wallich 000574704 (BM!). India: 5463, southern 
India, Western Ghats, Kerala, Sholayar, coll. Sasidaran 
(University of Calicut Kerala, CALI!); 65146, 10.30154444 
N & 76.75944444 E, 15.viii.2013, coll. Thomas and Britto 
(Rapinat herbarium Tiruchirapalli, RHT!); 66461 (RHT), 
Sholayar 10.30154444 N & 76.75944444 E, 02.ix.2014, 
coll. Thomas and Britto; 70106, Kerala, Idukki  07.ii.1981, 
coll. Nair (Madras Herbarium Coimbatore, MH!); 
65490 (RHT), Idukki, 9.81603889 N & 77.02777778 E, 
28.vii.2013, coll. Thomas and Britto.

Hedychium spicatum Sm.
A. Rees, Cycl. 17: 8. 1811 (Images 2 & 4)
Type: Nepal, 1806, Buchanan Cat. No.8/27 (Linnean 

Society of London, LINN-HS!) (probably type collection).
Homotypic synonym (Govaerts 2004): Gandasulium 

spicatum (Sm.) Kuntze, Revis. Gen. Pl. 2: 690 (1891). 
Heterotypic synonym (Govaerts 2004): Hedychium 

acuminatum Roscoe, Monandr. Pl. Scitam.: t. 47 (1824); 
Hedychium trilobum Wall. ex Roscoe, Monandr. Pl. 
Scitam.: t. 48 (1826); Hedychium flavescens Lodd. ex 
Lindl., J. Hort. Soc. London 7: 281 (1852), nom. illeg.; 
Hedychium album Buch.-Ham. ex Wall., Hooker’s J. Bot. 
Kew Gard. Misc. 5: 325 (1853); Hedychium sieboldii Wall., 
Hooker’s J. Bot. Kew Gard. Misc. 5: 371 (1853); Hedychium 
spicatum var. acuminatum (Roscoe) Wall., Hooker’s J. 
Bot. Kew Gard. Misc. 5: 328 (1853); Hedychium spicatum 
var. trilobum (Wall. ex Roscoe) Wall., Hooker’s J. Bot. 
Kew Gard. Misc. 5: 328 (1853); Hedychium tavoyanum 
Horan., Prodr. Monogr. Scitam.: 26 (1862); Gandasulium 
sieboldii (Wall.) Kuntze, Revis. Gen. Pl. 2: 690 (1891); 
Hedychium spicatum var. khasianum C.B.Clarke ex Baker 
in J. D. Hooker, Fl. Brit. India 6: 227 (1892).

Rhizomatous perennial herbs; rhizome 3.2–3.6 cm 
in diameter, creamy white internally, aromatic, covered 

with brown scales.  Leafy shoots: 95–112 cm long, 
green, pink tinged, slender, slanting, with 10–12 leaves; 
leaf sheath green, pink tinged, pubescent externally, 
margin membranous; ligule 1.4–1.5 × 1.3–1.5 cm, widely 
elliptic-orbicular, pink tinged when young, papery brown 
on older shoots, pubescent externally, apex entire; 
lamina sessile, 31.7–37.5 × 9.7–10.8 cm, narrowly 
elliptic to lanceolate, green, glabrous above, pubescent 
below, base cuneate, apex long caudate, twisted.  
Inflorescence: 12–32 cm, lax, erect, composed of 16–62 
bracts; rachis green, glabrous; bracts 2.6–4.7 × 0.9–1.5 
cm, subulate, lax, green, involute, coriaceous, glabrous, 
apex hairy, cincinnus strictly 1–flowered; bracteoles 1.8–
2.2 × c. 1.0 cm, tubular, pale yellow, glabrous, apex hairy, 
bilobed.  Flowers: 10.6–12 cm long, spreading, slightly 
fragrant; calyx 3.4–3.6 cm long, tubular, glabrous, pale 
green, unilaterally split up to 6–7 mm, shortly three-
lobed at apex; floral tube 5.3–5.6 cm long, pale yellow, 
red tinged towards apical end, outer surface glabrous, 
pubescent internally; corolla lobes linear, yellow, red 
tinged towards base, drooping from flower, margins 
inflexed, dorsal corolla lobe 3.8–4.4 × c. 0.5 cm, apex 
mucronate c.3mm, lateral corolla lobes 3.6–4.2 × c. 
0.4 cm, mucro absent; lateral staminodes 4.6–5.1 × c. 
0.3 cm, linear, creamy white, red tinged towards base, 
glabrous, apex retuse; labellum obovate, 4.9–5.4 cm 
long with distinct basal claw 9–12 mm long, claw 3–5 
mm wide, pale red, apex 3.8–4.3 × 1.1–1.7 cm, obovate, 
creamy white, red tinged towards claw, deeply clefted 
with 2–3.7 cm incision; lobes narrowly acute to acute; 
stamen 3.2–3.6 cm long, red, shorter than labellum, 
bend at above the middle; filament 2.1–2.3 × c. 0.15 cm, 
red, glabrous, bend at apex, attached c. 2mm above the 
base of dorsal side of the anther; anther 13–14 × c. 2 
mm, thecae red, straight, tuft of cilia present along the 
anther suture, minutely spurred at base, connective red, 
glabrous, emarginated with incision 3–8 mm; ovary 4–5 
× c. 2 mm, pale green, glabrous, trilocular, ovules many, 
placentation axile; style filiform, pale yellow, glabrous; 
stigma c. 2mm wide, yellow, pubescent throughout, 
protruding from the centre of the anther, ostiole round, 
facing forward; epigynous glands two, 3–4 × 1–2 mm, 
oblong, yellow, bifid.  Fruits: loculicidal capsule, 1.3–1.6 
× 1–1.5 cm, sub-globose, glabrous; seeds 5–6 × c. 4 mm, 
clavate, red, base yellow, aril red, lacerate.

Flowering and fruiting: June–September.
Habitat: Moist and shady places under shola forests 

at an altitude of 1,500–1,600 m.
Distribution: It is largely distributed in northern 

India, Nepal, Bhutan, Myanmar, China and northern 
Thailand. It shows an extensive distribution in the 
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easttern Hfimalaya.  Presenttly, fitt fis recorded ffor tthe firstt 

fime ffrom tthe Westtern Ghatts. 

Specfimens  examfined:  Nepal:  1819,  Wallfich 

000574705  (BM!);  1819,  Wallfich  000574708  (BM!). 

INDIA: Sfikkfim, 1887, Hooker 72407 (MH!); Khasfia, 1887, 

Hooker 72408 (MH!); Meghalaya, Shfillong, 03.vfififi.1885, 

Clarke 000574460 (BM!); 65121 (RHT!), soutthern Indfia, 

Westtern  Ghatts,  Kerala,  Munnar,  10.11299167  N  & 

77.05805556  E,  16.vfifi.2012,  coll.  Thomas  and  Brfitto; 

65122 (RHT!), Munnar, 10.11299167 N & 77.05805556 

E,  03.vfifi.2013,  coll.  Thomas  and  Brfitto;  655015  (RHT!), 

Munnar, 10.11299167 N & 77.05805556 E, 15.vfifi.2014, 

coll.  Thomas  and  Brfitto;  67225  (RHT!),  Munnar, 

10.11299167  N  &  77.05805556  E,  28.vfifi.2015,  coll. 

Thomas and Brfitto.

Nottes: The  presentt  sttudy  enumeratted  ttwo 

dfisttrfibufional  records  off Hedychfium  ffrom  tthe  Westtern 

Ghatts off Indfia, such as H. spficattum Sm. and H. fforresfifi 

Dfiels.  Whfile analysfing tthe varfious herbarfia fin Indfia and 

abroad, we could nott find any specfimen fidenfified as H. 

fforresfifi Dfiels ffrom soutth Indfia and tthere may nott be any 

records fin tthe lfitteratture ffor tthe occurrence off tthfis ttaxon 

ffrom tthe same geographfical regfion.  We could however 

dfisfingufish  herbarfium  specfimens  off H. fforresfifi  ffrom 

Sholayar (CALI!) and Idukkfi (MH!) and ffound tthatt fitt had 

been mfisfidenfified as H. lavescens and H. coronarfium, 

respecfively.    In  tthe  presentt  sttudy,  we  collectted H. 

fforresfifi  Dfiels  ffrom  Sholayar  and  Idukkfi,  whfich  are  tthe 

ttwo  mofistt  and  humfid  clfimafic  regfions  off  tthe  Westtern 

Ghatts,  Indfia. H.  fforresfifi  fillusttratted  here  showed  slfightt 

Image 2. Hedychfium spficattum 
Sm.
A - Habfitt; B - Inlorescence; 
C - Sfingle lower (finsett: dorsal 
vfiew); D - Floral partts: bractt 
(d
1
), bractteole (d

2
), calyx ttube 

(d
3
), loral ttube (d

4
), dorsal 

corolla lobe (d
5
), latteral corolla 

lobes (d
6-7
), latteral sttamfinodes 

(d
8-9
), labellum (d

10
), sttamen 

(d
11
) and pfisfil (d

12
).

© S. Thomas
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Table 1. Dfiagnosfic morphologfical charactters off Hedychfium fforresfifi 
Dfiels and H. fforresfifi var. palanfiense Sanoj & Sabu.

Charactters
H. fforresfifi Dfiels 
(soutthern Indfia)

†H. fforresfifi Dfiels 
(norttheasttern 
Indfia)

†H. fforresfifi var. 
palanfiense

Leaffy shoott 90–160 cm hfigh 100–200 cm hfigh, 108–110 cm hfigh

Leaves 14–16 fin number 12–18 fin number 10–13 fin number

Lfigule
2.8–4.6 × 1.8–2.2 
cm, oblong

3–5.2 × 2–2.3 cm, 
oblong

4–4.7 × c. 2 cm, 
ovatte

Lamfina
26–48 × 6–10.5 
cm, narrowly 
ellfipfic

34–55 × 6–13.3 
cm, ellfipfic-
lanceolatte

38.8–43 × 8.5–7.7 
cm, ellfipfic

Inlorescence16–24 cm, lax
15–27.6 cm long,
moderattely lax

16.5–23.2 cm 
long, lax

Bractts
4.8–5.1 × 1.8–2.1 
cm, lanceolatte-
ovatte

4.8–5 × 2.5–2.7 
cm, obovatte

4.5–4.7 × 1.8–2 
cm, lanceolatte

Cfincfinnus 2–4 -lowered 2–5 -lowered c. 3-lowered

Bractteoles
1.6–2.0 × 1.4–1.6 
cm, ovatte

3–3.7 × 2.1–2.3 
cm, ovatte

2.1–2.8 × 1.2–2 
cm, ovatte

Flower 12.4–13.2 cm long 10–12.2 cm long 15–15.2 cm long

Calyx
3.7–4.1 cm long, 
ttubular, shortter 
tthan bractts

4.2–4.3 cm long, 
shortter tthan bractts

4.8–5.1 cm long, 
equal or slfighttly 
longer tthan bractts

Floral ttube 6.5–6.8 cm long 5–7.1 cm long 9.2–9.4 cm long

Corolla lobes

lfinear, whfitte; 
dorsal lobe 4.6–4.9 
× c. 0.5 cm, apex 
mucronatte c. 4 
mm; latteral lobes 
4.1–4.4 × c. 0.5 cm, 
mucro absentt

oblanceolatte, 
whfitte; dorsal lobe 
4.7–4.8
× c. 0.6 cm, apex 
mucronatte 5–6 
mm; latteral lobes 
4.2–4.3 × c. 0.5 cm, 
mucro absentt

oblong, whfitte, 
dorsal lobe 4.8–5 
× c. 0.65 cm, apex 
mucronatte 3.5–4 
mm; latteral lobes 
4.5–4.7 × c. 0.65 
cm, mucro absentt

Latteral 
sttamfinodes

3.3–3.6 × 1.1–1.3 
cm, oblanceolatte-
ovatte

3.4–3.7 × 0.8–1.4 
cm, ellfipfic-
oblanceolatte

4.1–4.4 × 1.9–2 
cm, ellfipfic

Labellum

3.5–3.8 × 3.4–3.7 
cm, orbficular, apex 
6–7 mm shallowly 
emargfinatted 

3.5–3.8 × 3.1–3.5 
cm, wfidely ovatte-
orbficular, apex 
1.2–1.7 cm deeply 
emargfinatted

4.3–4.6 × 4–4.2 
cm, wfidely 
depressed 
ovatte, apex 
1.9–2.1 cm deeply 
emargfinatted

Sttamen

5.3–5.5 cm long, 
exceedfing tthe 
labellum; filamentt 
4.1–4.4 cm long; 
antther 1.3–1.4 × c. 
0.20 cm, lfinear

5–5.5 cm long,
longer tthan 
labellum; filamentt 
4–4.5 cm long; 
antther 1.1–1.3 × c.
0.25 cm, oblong

5.6–6 cm long, 
longer tthan 
labellum; filamentt
4.4–4.5 cm long; 
antther 1.3–1.4 × c. 
3 cm, ellfipfic

Ovary c. 4 × 3 mm 4.5–5 × 3–3.5 mm 4–4.5 × 3.5–4 mm

† Sanoj ett al. 2010

dfifferences  ffrom  tthe  ttype  specfimens  especfially  by  fitts 

sparsely  pubescentt  lamfina,  large  loral  partts  and  2–4 

lowered cfincfinnus (Shu 2000).  Moreover, recenttly a new 

varfietty off H. fforresfifi such as H. fforresfifi var. palanfiense 

Sanoj & Sabu was reportted ffrom tthe Palanfi hfills off tthe 

Westtern Ghatts, Indfia (Sanoj ett al. 2010).  The specfimen 

descrfibed  here,  however,  fis  allfied  tto H. fforresfifi  Dfiels 

tthan var. palanfiense Sanoj & Sabu (Table 1).

Hedychfium spficattum fis common fin tthe norttheasttern 

regfion off Indfia, whereas tthfis may be tthe firstt valfid reportt 

off H. spficattum ffrom tthe Westtern Ghatts.  Whfile searchfing 

tthe major herbarfia fin Indfia and dfigfittal herbarfia abroad we 

ffound tthatt tthere was no specfimen sfimfilar tto H. spficattum 

descrfibed here ffrom soutthern Indfia.  H. cernuum Wfightt 

(=H. venusttum Wfightt), tthe sfistter specfies off H. spficattum, 

fis  wfidely  dfisttrfibutted  fin  tthe  Westtern  Ghatts  (Thomas  ett 

al.  2015).    Occasfionally, H. cernuum  fis  mfisfidenfified 

as H.  spficattum  ffrom  tthe  Westtern  Ghatts  (Sabu  2000).  

Whereas, ffurtther sttudfies revealed tthatt tthose specfimens 

dfiffer  ffrom H.  spficattum  and  resemble H. cernuum fin 

all  ffeattures.   H.  spficattum  could  easfily  be  dfisfingufished 

ffrom H. cernuum by  fitts  pfink  finged  and  slender  leaffy 

shoott,  comparafively  small  lowers,  sttrficttly  1–lowered 

cfincfinnfifi,  sessfile  leaves,  narrow  labellum,  shortter  and 

bend  sttamen  and  spurred  tthecae.    The  green  leaffy 

shoott, 1–3 lowered cfincfinnfifi, broad labellum, long and 

archfing sttamen (equal or slfighttly shortter tthan labellum), 

non-spurred  tthecae  are  tthe  dfiagnosfic  ffeattures  off H. 

cernuum.

Prevfious sttudfies showed tthatt H. spficattum showed fitts 

dfisttrfibufion  fin  Chfina,  Assam,  Nepal,  easttern  Hfimalaya, 

Vfiettnam, Myanmar and Thafiland (Govaertts 2004).  The 

presentt  sttudy  reveals  tthe  exttentt  off  occurrence  off H. 

spficattum  fin  soutthern  Indfia. H.  spficattum wfitth  sfimfilar 

morpho-fforms,  as  tthe  ttype  specfimen  (Lfinn.),  ffrom 

Image 3. Scanned herbarfium specfimen off Hedychfium fforresfifi Dfiels.
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Image 4. Scanned herbarfium specfimen off Hedychfium spficattum Sm.

dfifferentt  localfifies  and  varfiantts  off  ttype  specfimen  were 

ttreatted  as  separatte  ttaxa  such  as  varfiefies,  specfies 

and  even  genus  (Govaertts  2004).    R.  Govaertts  (2004), 

however,  ttreatted  tthose  epfitthetts  as  synonyms  off H. 

spficattum  Sm.    Lfikewfise, H. spficattum  descrfibed  here 

shows  sfimfilarfitty  wfitth H.  spficattum var. acumfinattum 

(Roscoe)  Wall.  fin  charactterfisfics  such  as  tthe  shape  off 

tthe labellum and lengtth and shape off tthe sttamen.  We, 

however, ttreatted fitt as H. spficattum Sm.

Ffinally,  fitt  fis  concluded  tthatt  tthe  presentt  sttudy 

esttablfished ttwo new dfisttrfibufion records ffor tthe lora off 

tthe Westtern Ghatts and tto soutthern Indfia.
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Abstract: Modern society has overburden feeling of ageing. Our society blessed with 
long life expectancy for female which becomes a curse due to the inability to 
incorporate this into modern atmosphere. Kerala is not an exception to this. Objective 
of this study is the major factors lead elderly to social exclusion. In this context 
descriptive method was undertaken. Analysis was based on primary and secondary 
data. Primary data is collected through structured interview schedule. Samples were 
selected with random sampling method from Thiruvananthapuram district. 100 
samples selected from Thiruvananthapuram district, 50 are from home and 50 from 
old age home. To identify the factors which lead them to social exclusion, researcher 
asked questions in connection with it. According to their answer they are categorised. 
Based on the ranks given by the respondents to each factor a ranking analysis was 
carried out. Through this study researcher understood that the severity of the factors 
are different among elderly residing in home and old age home. Any one problem 
alone can acts as a leading factor for elderly to social exclusion. Several factors are 
together work hard to make an easy entrance to social exclusion. As age increases, 
the severity of the economic factor decreases among members residing in home and 
old age home. 
Keywords: Elderly, Ageing, Social exclusion. 

INTRODUCTION 
The multidimensional word „social exclusion‟, 

indicates the existing inequalities in society. Social 
exclusion is the by-product of poverty, unemployment 
etc. It relates not simply to a lack of material resources, 
but also to matters like inadequate social participation, 
lack of cultural and educational capital, inadequate 
access to services and lack of power. Social exclusion 
relates to the complexity of powerlessness in modern 
society. It is the failure of society to provide certain 
individuals and groups with those rights and benefits 
normally available to its members, such as employment, 
adequate housing, health care, education and training 
etc. In the social world, whether one is heartily 
welcomed or not is the outcome of collection of social 
practices. So we can say that social exclusion is the 
creation of society whether it is appreciable or not. 
Social exclusion is social disadvantage and relegation to 
the fringe of society. Whenever our attention focused on 
elderly population, it throws some light on their 
alienation in society. 

 
In this computerised era, demographic 

structure leads to kaleidoscopic changes in society. One 
of the major issues recognised by demographers is 
ageing of population. Ageing has become increasingly 
recognised as an important issue facing individuals, 
families, communities and nations. Increasing age is 

related to long-term health conditions, higher rates of 
disability and poorer reported health status. As Indian 
society is based on patriarchal theories, it favours men. 
In this modern era several initiatives have been taken to 
bring social  inclusion in the society, still women are 
facing social exclusion in different walks of life, and be 
it social, political, economic etc. „Greying population‟ 
and „demographic feminization in ageing‟ are the two 
major challenges faced by the twenty first century. Our 
Society concentrated on the negative impact of these 
factors. Society‟s major concentration on negative 
impact of greying population made elderly population 
in utter confusion and alienation. In this context 
descriptive method was undertaken to explore the 
factors of social exclusion of elderly women. Analysis 
was based on primary data collected through structured 
interview schedule. Samples were selected with random 
sampling method from Thiruvananthapuram ditrict. 

 
Social exclusion in old age is one of the most 

common issues that are affecting older women 
constantly. In this industrialised era, social exclusion 
faced by elderly women is mainly because of the 
complexity of powerlessness in modern society. Older 
women, who are still living with their sons/daughters 
and grand-children are also suffering from emotional 
exclusion. Due to fast changing socio-economic 
scenario of the country, fast paced modern life style and 
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rapid urbanization across the country younger 
generations hardy interact with their elderly family 
members. Popularity of nuclear family system has 
virtually crushed strong traditional bond between grand-
children and grandmothers. Longitudinal explosion of 
knowledge and transfer of economic authority made this 
alienation more severely and pathetically. 
 
REVIEW OF LITERATURE 

A literature review is a text of a scholarly 
paper, which includes the current knowledge including 
substantive findings, as well as theoretical and 
methodological contributions to a particular topic. 
Literature reviews are a staple for research in nearly 
every academic field. Literature reviews are used as 
secondary sources.  In the article, “On being old and 
female: some issues in quality of life of elderly women 
in India” by Indira Jai Prakash [1] analyses the socio-
economic effect of ageing. Though ageing is a universal 
phenomenon, all aged persons are not alike. Ageing 
process is different for different persons. This is 
confirmed in this article. Some of the factors which 
affect the quality of life are race, gender, social status 
and marital status. In these, gender is most powerful 
factor. Due to low social status, poor reproductive 
health care, economic dependence, malnutrition and 
domestic violence women‟s wellbeing is adversely 
affected. „Gender ageing‟ increases the intensity of 
poverty. In countries like India, with a predominantly 
patriarchal ethos, older women face triple jeopardy-that 
of being female, of being old and of being poor. The 
factors which affect the quality of life of ageing women 
are marital status, living condition, and health status, 
socio-economic and political status. Chronic illness 
increases with age. Older women have more factors 
with activities of daily living. Probable widowhood is 
one of the after effects of prolonged life. Widowhood 
much lowers the socio-economic status of the women. 
This brings not only loneliness and depression but also 
economic dependence. Social and political power is 
achieved by active involvement in public and 
community life. In general older women do not 
participate in community activities. Rural elderly 
engage in agricultural work which has no retirement age 
as such. In the west „grey power‟ has become visible 
and viable. Older people go themselves organized to 
fight for their rights. They could achieve increased 
participation of women in labour force, policies of 
reservation for women in the political process and in 
decision making bodies. “Increased awareness 
regarding the demographic changes, improvements in 
the medical field that help control age related 
disabilities and more awareness on the part of the older 
people themselves could create a better society for older 
women of the next millennium”. 
 

H.S. Srivastava [2] analyzes the socio-
economic effect of ageing along with health factors in 
his book, „Managing Age‟. There are three independent 
facts of age-physical age, mental age and moral age. 

They have remote relationship. A carefree or care-
shackled attitude of mind bears a direct relationship 
with ageing. Individual could be considered as old, 
when he is unable to perform his normal duties. Ageing 
is undoubtedly a normal biological process and there is 
no way of avoiding it, though there are many viable 
ways for slowing the process. Many changes that occur 
in old age are mainly due to disease and physical 
distress and the social and economic consequences of 
growing old. The loss of power   and authority is a great 
disconcerting thing to happen and the individual 
suddenly finds himself at a loss to understand the 
phenomenon. The individuals in old age find it very 
hard to accept this situation when they are no more in 
power or authority. They feel as if adversity has caught 
them completely the characteristics which imbibe in 
young age tend to become more acute and compulsive 
in old age. A religious person can turn into a fanatic, a 
liar into a damn liar, a fastidious person into a cynic and 
so on. Life has become firefighting operation 
punctuated all the way by unanticipated emergencies. 
To the individual in old-age condition the long 
cherished values seem overturned. The things which old 
generations find as avoidable extravagance, the younger 
generations considered it as an unavoidable necessity.  
 

In the book „The ageing world‟ which is 
written by Anil Bagchi [3], the socio-economic status of 
elderly examined. According to the author, elderly 
become out of step with the economic environment and 
the changing technology. The old get cast off from the 
mainstream of life. Social interaction with younger 
people becomes infrequent. Thus society makes the 
person old. The conventional definition of old age 
definition is not realistic. It leads to excessive 
depressing forecasts. In this changing social 
circumstances, even centenarians, show mental acuity 
comparable to those who are decades younger. 
According to the author, mental senility is a creation of 
society. Thus ageing cannot be considered as a 
physiological process wholly. It has some social factors 
also. Some people   live their old age excellently and to 
some purpose. Fast living people are likely to age faster 
and die earlier‟. It is not a disease. It is the consequence 
of normal course of living. It is not the mischief of any 
foreign body. It is not due to any aberrant cell. The 
wealth difference existing between the nations is due to 
the difference in knowledge of sociology, science and 
technology. The increased wealth leads to the beginning 
of the formation of greater proportion of old age 
people—the greying of the developed countries. Thus 
there is a strong correlation between knowledge, wealth 
and greying. Wealth and culture among nations and 
communities are the important factors of grey 
dynamics. The less modern countries are now young. 
The traditional dependence of the elderly index is the 
number of the people above 65 divided by the number 
of people in the age group 18 to 64. Responsibility of 
elderly is considered as a national burden. In future, as 
the younger generation keeps growing wealthier than 
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their parents and grandparents, inheritance will have 
less than the all-important role that it plays today. This 
will have an effect on the inter-generational 
dependence. This leads to the independence of different 
generation. Some constraints associated with greying 
like political and security issues, ethical considerations 
are human creations and are therefore amenable to some 
extent. Within the boundary conditions we must look 
for solutions to the factors of our future. This book 
reveals the importance of sociological study in ageing. 
 

Vijay Prakash Sharma [4], in his paper, „Tribal 
Aging in Jharkhand Health Perspective‟ analyzed 
elderly in traditional region. The old have traditionally 
been honoured and respected. Those who neglected 
their old parents earned social disrespect and were 
ridiculed. Government of Jharkhand in its new health 
policy-2004 has announced that provisions for care of 
aged will be made. In 2002-03 Govt. of Jharkhand 
reported construction of two old age homes for elderly. 
This gave an idea about the involvement of State for the 
wellbeing of old. 
 

In the paper,`Status and Role of Elderly 
Persons in Tribal Communities of Chotanagpur (With 
Special Reference To Chik Baraik Of Jharkhand) by 
Karma Oraon and Pravin Kumar Jha [5] analyzed the 
social role performed by elderly. Changing pattern of 
family life brought repercussions on elderly folk. 
Elderly lead a happy life since time immemorial. One of 
the values of our society is the respect for elderly. They 
create a strong bond of union among the family 
members. Now the tribal family structure undergoes 
changes. This may be due to the impact of urbanization, 
industrialization, education, globalization and 
modernization. This paper gives the indication of 
factors which affect the elderly. According to the 
authors both generations have to make compromises 
and the failure to compromise leads to breakage of the 
family. Migration of children prompted older generation 
to migrate as well. But they don‟t get any engagements 
and are friendless. Thus they left for their village in 
despair and frustration. Their guardianship vanished. 
Educated younger generations are reluctant to respect 
them. Now a days, modernization leads to various 
attitudinal clashes. Elderly have to compromise to their 
fate. If this trend continues. India will lose her cultural 
glory.  
 

However, an ongoing criticism of the social 
scientific study of ageing is that it lacks “theoretical 
rigor” and tend towards the descriptive. Thus research 
on ageing being primarily factor-driven rather than 
theory-driven. Kerala‟s elderly female folk are 
heterogeneous group. Factors of social exclusion of 
elderly women are different. We have to find out those 
factors which lead them to social exclusion.  
 
 
 

METHODOLOGY  
In Kerala as per 2011 census, the percentage of 

60+ was 11.7 per cent and is projected to be 15.6 per 
cent in 2021. The elderly women represent the fastest 
growing age group in the population of Kerala. The 
threat of population ageing is more severe in Kerala 
than the rest of the country. Gender dimension of 
ageing is very significant in Kerala and female 
population predominates at all the stages of older ages. 
Population ageing could have profound implication for 
the economies as well as the societies. Thus the 
dependency ratio is greater. 
 

A large number of elderly females are in the 
status of widowhood, illiterates, and non-working and 
belong to lower and or no income brackets. All these 
finding leads to the conclusion that the aged females are 
the vulnerable within vulnerable. Their miserable status 
makes them to appear more aged than actually what 
they are.`World Health Organisation Report ‟states that 
the percentage of the   aged women who are 60+is 
going to be doubled within two decades. But so far no 
specific study has been done to elevate their status. 
There will be lesser and lesser people taking care of the 
elderly as the decades roll by. Traditional life guards of 
family care are dwindling due to industrialization, our 
migration, dual career, female job participation and 
growing consumerism. All these make the well-being of 
the elderly, a growing challenge of the 21st century. A 
significant aspect of challenge comprises the depressed 
elderly along with society who are unwilling to accept 
them. 
 

An overview of available studies revealed the 
fact that the majority of researches concentrated on the 
factors faced by the elderly women. A study based on 
the Social Exclusion Faced by Elderly Women has not 
been done. So the present study is undertaken with a 
view to explore information to fill the existing research 
gap. It is hoped that such a study would be helpful to 
the policy makers and society. 

 
The scope of study is limited to the elderly 

women (60 years and above) residing in 
Thiruvananthapuram district, Kerala. The study on 
factors which lead them to social exclusion was being 
primarily problem-driven. Kerala elderly womankind is 
a heterogeneous group. They have to face a lot of 
factors of social exclusion during their existence. So 
this analysis is based on these factors. A single theory 
cannot explain all these factors. Various factors deeply 
intertwined to each of it.  Descriptive research design 
has been adopted for this study. The purpose of this 
research design is to explore the factors which lead 
elderly women to social exclusion and elicit new 
information about the elderly women residing in old age 
homes in Kerala. 
 

The objective of this study is to find out major 
factors lead elderly to social exclusion. The design uses 
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primary and secondary data. The primary data about the 
elderly for the study have been collected through 
structured interview schedule among elderly women in 
Thiruvananthapuram district. Two questionnaires are 
used for it. One is for members residing in home and 
the other is for members belonging in old age home. 
The secondary data are derived from books, journals, 
reports, newspapers and online media on the 
subject.100 subjects from Thiruvananthapuram district 
is selected on simple random method. In the 100 
elements, 50 residing in home and the remaining 50 
from old age home. Data collected through structured 
interview schedule were analysed with SPSS. 
 
OBJECTIVE 

To explore the factors of social exclusion of 
elderly women. 
 

DISCUSSIONS AND ANALYSIS 
In this study 100 samples selected from 

Thiruvananthapuram district are considered as samples 
with the help of simple random sampling. Based on 
earlier studies the factors lead elderly to social 
exclusion are as: economic, familial, social, health, 
psychological and cultural. To identify the factors 
which lead them to social exclusion, researcher asked 
question in connection with it. According to their 
answer they are categorised. Based on the ranks given 
by the respondents to each factor a ranking analysis was 
carried out. Through this study researcher understood 
that the severity of the factors are different among 
elderly residing in home and old age home. Any one 
problem alone can acts as a leading factor for elderly to 
social exclusion. Several factors are together work hard 
to make an easy entrance to social exclusion. 

 
Table-1: Rank Given by Elderly Women to the Factors of Social Exclusion 

     Major factors of elderly                 
Rank             Home                        Rank Old Age Home 

1 Health factors 1 Social factors 
2 Economic factors 2 Economic factors 
3 Family factors 3 Family factors 
4 Social factors 4 Cultural factors 
5 Psychological factors 5 Health factors 
6 Cultural factors 6 Psychological factors 

 
Old age is one of the stages in lifecycle. It is 

natural. In this stage they have to face life‟s most 
stressful experience [6]. In the above table (No.1) rank 
of the major factors of social exclusion of elderly 
residing in home and old age home are analysed. Major 
factors of social exclusion of elderly women are social, 
economic, familial, cultural, health and psychological. 
All factors are more severe in old age home. All these 
factors are faced by elderly residing in home, but not in 
a severe form. From this researcher found out that 
ranking of factors of elderly women residing in home 
and old age home are different. Elderly women residing 
in home give first rank to health factors while elderly 
residing in old age home give fifth rank to it. For 
elderly women residing in old age home, social factors 
are considered to occupy in the first rank. For both of 
them, economic factors have second rank and familial 
factors have third rank. Social factors have fourth place 
in ranking analysis for elderly in home. Psychological 

factors have fifth rank and cultural factors have sixth 
rank for elderly residing in home. Cultural factors have 
fourth place in ranking analysis for elderly in old age 
home. Health factors have fifth rank and psychological 
factors have sixth rank for elderly residing in old age 
home. Elderly residing in old age home are in a 
deteriorated position due to the high intensity of factors 
like, economic, familial, social, health and 
psychological. From this researcher found out that 
elderly residing in old age home are in a deteriorated 
position due to the high intensity of factors like, 
economic, familial, social, health and psychological. 
They are vulnerable within the vulnerable. Elderly 
residing in home have factors but their percent is very 
minute and the order of intensity is different. Number of 
elderly in home have high level factors are very meagre. 
Then the social, economic and familial factors analysed 
separately based on the independent variable. 

 
Table-2: Age and Social Factor 

Age 
Social Factor 

Total Home Old Age Home 
Low Medium High Total Low Medium High Total 

60-69 73    29     85
 50   4      12

 50     1    3 68  34 100 --- --- 39 19    100
 38 19100 

53   53  100 

70-79 20      8      67
 50     4      33 --- 24  12 100 --- --- 45   22     100

 44 22100 
34    34  100 

>80 7         3     75
 --- 50    1  25

 8    4  100 --- 100   1     11 16     8     89
 18   9100 

13   13  100 

Total 100  40   80 
100  8     16 

100   2   4 
100 50100 --- 100   1      2 

100  49   98 
10050  100

 100  100 100 

 



  
 
Romio Mulakkal & Licy AD., Sch. J. Arts. Humanit. Soc. Sci., Dec 2017; 5(12A): 1817-1824 

Available online:  http://saspjournals.com/sjahss  1821 
 

The table no.2 analyses age with social factor. 
Out of 100 elderly 53 percent belong to young old, 34 
percent to medium old and 13 percent to old old. Out of 
50 elderly residing in home, 80 percent (40) have low 
social factor, 16 percent (8) medium factor and 4 
percent (2) high factor.  Out of 50 elderly residing in 

old age home, 2 percent (1) have medium factor and 98 
percent (49) high factor. Based on the above table 
(No.2) researcher found out that as age increases, the 
social exclusion also increases in home but in old age 
home as age increases, the significance of social factor 
in social exclusion decreases. 

 
Table-3: Education and Social Factor 

                                                                                     Social Factor    
Total                              Home                               Old Age Home                            

Education    Low Medium High Total Low Medium  High  Total                       
Illiterate   8   3  100

     ---     ---   6    3 100   ---     --- 3316  100
  32   16 100 19  19  100 

Primary 57 20   71
  74    8    27

  1002   2
  60 30  100   --- 1001     1  5929    99

  60   30 100 
60   60  100 

Secondary 2913 100  
     ---     --- 26 13  100   ---     --- 6     3  100

    6     3 100 
16 16   100 

Degree  4    3 100
      ---      ---   6  3  100    ---     --- 2   1   100

    2    1 100 
  4   4   100 

>Degree  2   1  100      ----      ----   2  1  100    ---     ---   ---        ---  1     1  100 

Total 100 4080 
100  8     16 

1002  4 
100 50 100   --- 100  1      2 

10049  98 
100 50  100 

100100 100 

  
Table no.3 analyses education and social 

factor. Out of 50 elderly residing in home, 80 percent 
(40) belong to low factor category, 16 percent (8) to 
medium and 4 percent (2) to high. Out of 50 elderly 
residing in old age home, 2 percent (8) belong to 
medium and 98 percent (49) to high. From the above 

table (No.3) researcher found out that major share of 
elderly residing in home have low level factors 
irrespective of their educational qualification. But the 
major share of elderly residing in old age home have 
high level social factors which lead to social exclusion 
irrespective of their educational qualification. 

 
Table-4: Marital Status and Social Factor 

                                            Social Factor    
Total                                   Home                           Old Age Home    

Marital status  Low Medium   High Total Low Medium     High Total                       
Married 6827 96

   12     1     4     --- 5628100   ---       ---   2     1    100
   2    1100 

29 29 100 

Widow 301260
   88     7    35

 50  1    5 4020100  ---       --- 76    37   100
  74 37100 

57 57 100 

Separated   ---      --- 50   1 100
   2   1100  ---       ---  4      2    100

   4   2 100  3   3  100 

Unmarried 2  1    32
       ---    ---  2    1 100 --- 100   1      5 18       9       95

  2010 100 
11 11  100 

 Total 10040 80 
100    8    16 

100 2  4 
10050100   --- 100  1      2 

100 49   98 
10050100 

100100100 

 
Table no.4 analyses marital status with social 

factor. Out of 100 elderly 29 percent (29) belong to 
married, 57 percent (57) to widows, 3 percent (3) to 
separated and 11 perecnt (11) to unmarried. From this 
researcher found out that there is relationship existed 
between marital status and social factor. There is very 
meagre percent have high level social factor residing in 

home. In the high level category widows and separated 
are included. This indicates the importance of marital 
status. In old age home the situation is different. Marital 
status has no significance in old age home. Majority of 
them belong to very high social factor. The atmosphere 
is horrible there.  

 
Table-5: Region and Social Factor 

                                                          Social Factor             
 Total                              Home       Old Age Home     

Region    Low    Medium   High Total Low Medium     High Total 
 Rural 88    35  76

 75   6     22
  100  2     2 86  43 100   --- 1001      1  95  47     99

   96    48 100  91   91100 

Urban  12       5  74
 25     2    26

         ---- 14    7  100   ---     ---   5   2     100
    4        2 100 

   9     9 100 

Total 100 40   80 
100  8     16 

100  2   4 
100 50 100   --- 100 1      2 

100  49   98 
100 50 100 

100 100  100 

 
Table no.5 analyses region and social factor. 

Out of 43 rural elderly residing in home 76 perecnt (35) 
belong to low social factor, 22 percent (6) to medium 
and 2 percent (2) to high. Out of 48 rural elderly 
residing in old age home 1 percent (1) belong to 
medium and 99 percent (47) to high. Village is 
considered as the basic unit of social policy. The 

inhabitants of the village had intimate social and 
economic relationship regulated by age old traditions 
and institutions [7]. From this researcher found out that 
there is more deteriorated position observed among 
rural elderly residing in home. But in old age home the 
urban elderly is more deteriorated. 
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Table-6: Income and Social Factor 
                                                                                       Social Factor             

Total                              Home                        Old Age Home    
Income   Low  Medium  High Total  Low Medium  High Total                       
Nil 72 29 94

 25  2     6     --  62  31100   ---   --- 9746  100
   92  46 100 

77 77 100 

<500  3   1   50
         -- 501   50

   4    2100   ---    ---  1  1   100
     2   1 100 

3    3  100     
500-1000 5   2 100

         --     --   4    2 100   ---    ---  1   1  100
     2   1 100   3  3 100 

1000-2000    --         --     --      --   ---    ---    ---       ---   --- 
>2000 20 8     53

  75  6     40
  501     7 30   15 100    -- 100 1     50

 1   1    50
    4   2  100 17 17 100 

Total 10040  80 
100  8     16 

1002  4 
100 50 100   --- 100  1      2 

10049  98 
100  50 100 

100100 100 

 
Out of 100 elderly, 77 percent (77) belong to 

non-income class, 3 percent (3) to less than 500 rupees 
category 3 percent (3) to 500-1000 rupees category and 
17 percent (17) to above 2000 rupees category. From 
this researcher found out that income has not much 
influence in social factor. Among high level factor 

holders equal number of elderly have less than 500 
rupees category along with above 2000 rupees category. 
But the situation in old age home is entirely different. 
There major share has high level factors irrespective of 
their income. Their situation is very poor. They are 
vulnerable within the vulnerable. 

 
Table-7: Age and Economic Factor 

 
  Age 

                                                   Economic factor               
Total                           Home                     Old Age Home 

Low    Medium    High Total   Low Medium  High Total 
60-69  72 13  38

 66   19   56
 67    2     6 

68  34 100   ---     --- 40 19  100
   38 19 100 

53  53  100 

70-79  22   4   34
 24     7    58

 33   1      8  24   12 100 
 100 1     5 44  21   95

  44  22 100 
34   34 100 

>80   6    1   25
 10     3   75

     ---  8    4  100 
1001 11

      --- 16     8    89
   18   9 100 

13  13 100 

Total 10018  36 
100 29    58 

100   3    6 
100 50 100 

100 1  2 
100 1  2 

100 48   96 
100 50 100 

100100 100 

 
The table no.7 analyses age and economic 

factor of elderly. Out of 50 elderly residing in home 68 
percent (34) belong to young old, 24 percent (12) to 
medium old and 8 percent (4) to old old. Out of 50 
elderly residing in old age home 38 percent (19) belong 
to young old, 44 percent (22) to medium old and 18 

percent (9) to old old. From this researcher found out 
that members residing in old age home have severe 
economic factor than the members in home. By 
analysing the above (Table No. 7) researcher found out 
that as age increases the severity of the factor decreases 
among members residing in home and old age home. 

 
Table-8: Education and Economic factor 

 Economic Factor 
Total Home Old Age Home 

Education Low Medium High Total Low Medium High Total 
Illiterate --- --- 100 3100 6    3 100 --- --- 3316 100

 32 16 100 
19  19 100 

Primary 30   6   20
 83    24     80 --- 60  30 100 --- 100  1   3 6129    97

 60 30 100 
60   60 100 

Secondary 50   8    62 17       5     38 --- 26  13 100 --- --- 6  3  100
 6   3 100 

16   16 100 

Degree 15   3 100
 --- --- 6    3 100 

1001100
 --- --- 2   1  100 

4      4 100 

>Degree 5    1 100
 ---- ---- 2   1 100 --- --- --- --- 1     1 100 

Total 10018 36 
100  29    58 

1003   6 
100 50 100 

1001 2 
100  1  2 

10048 96 
100  50  100 

100100100 
 
The table no.8 analyses education and 

economic factor of elderly. Out of 100 elderly 19 
percent (19) belong to illiterate, 60 percent (60) to 
primary, 16 percent (16) to secondary, 4 percent (4) to 
degree and 1 percent (1) to above degree. From the 
above table (No.8) researcher found out that as 
education increases the severity of economic factor 
decreases in home, but this kind of relationship is 
absent in old age home.  Among low factor holders 
residing in home, a gradual increase is observed as 

education increases. This gives an indication about the 
importance of education in economic factor. Among 
elderly residing in old age home, majority of them have 
high economic factor without any exception of any 
educational levels. Knowledge explosion and 
industrialization made a gigantic change to society. This 
upset socio-economic set up of society. Transfer of 
economic authority from father to son made a social 
conflict. 
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Table-9: Marital Status and Economic Factor 

 Economic Factor 
Total Home Old Age Home 

Marital status Low Medium High Total Low Medium High Total 
Married 33   6 21

 76  22    79
 --- 5628 100 --- --- 2    1    100

 2   1 100 
29  29 100 

Widow 61 1155
 24     7    35

 67 2      10
 4020 100 --- 100  1   3 75  36      97

 74 37 100 
57  57 100 

Separated 6    1 100
 --- --- 2  1 100 --- --- 4     2    100

 4    2 100 
3   3 100 

Unmarried ----- --- 331    100
 2   1 100 

100 110
 --- 19     9      90

 20  10 100 
11  11 100 

Total 10018  36 
10029   58 

100  3    6 
10050100 

100 1  2 
100  1  2 

100 48   96 
10050 100 

100100 100 

 
Table number 9 is analysed marital status with 

economic factor of elderly. Among high factor 
category, 67 percent (2) belong to widows and 33 
percent (1) to unmarried. From the above table (No.9), 
researcher found out that marital status has significance 
in homely atmosphere and not in old age home. 

Absence of married members residing in home in high 
factor category may be considered as the importance of 
marital status. The deteriorated position of elderly 
women residing in old age home is also confirmed 
through this table. 

 
Table-10: Region and Economic Factor 

 Economic Factor  
Home Old Age Home Total 

Region Low Medium High Total Low Medium High Total  
Rural 7814 33

 97   28     65
 33   1    2 86  43 100 

1001   2 --- 95  47    98
 96    48 100 

91  91 100 

Urban 22   4 57
 3      1    14

 67  2     29
 14   7 100 --- 100  1     50

 5       1  50
 4        2 100 

9      9 100 

Total 10018 36 
100 29    58 

100 3    6 
10050100 

1001  2 
100  1  2 

100 48   96 
100 50 100 

100 100 100 

 
Table no.10 analyses region and economic 

factor. Among high factor category, 33 percent (1) 
belong to rural and 67 percent (2) to urban. Among high 
factor category, 95 percent (47) belong to rural and 5 
percent (1) to urban. From this researcher found out that 

rural elderly residing in home have less complicated 
economic factors than urban elderly. But the situation is 
entirely reversed among elderly residing in old age 
home. There rural elderly have more complicated 
economic factor for their social exclusion.  

 
Table-11: Income and Economic Factor 

 Economic Factor 
Total Home Old Age Home 

Income Low Medium High Total Low Medium High Total 
Nil 6     1     3 93   27     87

 1003  10
 6231100 --- --- 98  46  100

 92 46100 
77   77  100 

<500 6     1  50
 6    1     50

 -- 4  2 100 --- --- 1.4     1  100
 2  1 100 

3      3  100 
500-1000 6     1   50

 3     1     50
 -- 4 2 100 --- --- 0.6     1  100

 2  1 100 
3      3  100 

1000-2000 --- --- -- -- --- --- -- --- --- 
>2000 82   15  100

 -- -- 3015100 
1001 50

 100 1     50
 -- 4   2 100 

17 17  100 

Total 100 18  36 
100 29    58 

1003  6 
10050100 

1001 2 
1001   2 

10048  96 
10050100 

100100 100 

 
The table no.11 analyses income and economic 

factor. Out of 100 elderly 77 percent (77) to non-
income class, 3 percent (3) to less than 500 rupees 
category,  3 percent (3) 500-1000 rupees category and 
17 percent (17) to above 2000 rupees category. From 
this researcher found out that economic factor highly 
influenced by income among elderly residing in old age 
home but the influence is very much limited among 
elderly residing in home. As income increases, the 
severity of factor decreases. 
 
CONCLUSION 

The dawn of twenty first century presents a 
new demographic structure to society. „Ageing 
population‟ and „Feminization among elderly‟ are the 
major ingredients of this presentation. More awareness 
about the negative consequences of these makes the 

elderly female folk in utter confusion and misery which 
lead them to social exclusion. They struggle hard to 
acquire adequate spaces in society and majority of them 
fail to achieve. Objective of this study is major factors 
lead elderly to social exclusion. The design uses 
primary and secondary data. Primary data collected 
through structured interview schedule. Secondary data 
collected from books, journals, reports, newspapers and 
online media on the subject. Out of 100 samples from 
Thiruvananthapuram, 50 are from home and 50 from 
old age home. Collected data were analysed with SPSS.  
 
Major findings of the present study are 
 The rank order of factors of social exclusion of 

elderly women residing in home and old age home 
are different. Elderly women residing in home give 
first rank to health factor while elderly residing in 
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old age home give fifth rank to it. For elderly 
women residing in old age home, social factors are 
considered to occupy in the first rank. 

 From this researcher found out that elderly residing 
in old age home are in a deteriorated position due 
to the high intensity of factors like, economic, 
familial, social, health and psychological.  

 As age increases, the social exclusion also 
increases in home but in old age home as age 
increases, the significance of social factor in social 
exclusion decreases. 

 Marital status has significance in social exclusion 
only for elderly residing in home but not in old age 
home. 

 Researcher found out that there is more 
deteriorated position observed among rural elderly 
residing in home. But in old age home the urban 
elderly is more troubled. 

 As age increases the severity of the economic 
factor in social exclusion decreases among 
members residing in home and old age home. 

 As education increases the severity of economic 
factor decreases in home, but this kind of 
relationship is absent in old age home.  

 When consider economic factor, researcher found 
out that marital status has significance in homely 
atmosphere and not in old age home.  

 Rural elderly residing in home have less 
complicated economic factors than urban elderly.  

 From this researcher found out that economic 
factor highly influenced by income among elderly 
residing in old age home but the influence is very 
much limited among elderly residing in home.  

 
SUGGESTIONS 
 Take necessary steps to increase awareness among 

elderly and society about their significant role have 
to play in old age. 

 Make adequate action plans to increase their power 
and economic status. 

 Steps should be taken to strengthen our familial and 
social bonds. 

 Take necessary steps to increase the educational 
skills which help them an easy living in new 
advanced era and transferring this to increase 
income 

 Help them to develop necessary precautions for 
managing their ageing process 

 Should modify their communicative skills to 
prevent social exclusion 

 Take necessary steps to increase their income. 
 Make awareness among society    members and 

elderly themselves about the importance of elderly. 
 In this consumer world elderly must have 

contribute something to society.  
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ABSTRACT 

A preliminary experiment was conducted to study the antibacterial 
effect of selected medicinal plants namely Azadiracta indica, Adhatoda 
vasica, The selected plants were brought to the lab after cleaning well 
with tap water. The extract was prepared by using methanol and 
water. Agar well diffusion method was performed. Positive control 
used was gentamycin. The bacteria used were Stephylococcus aureus 
and Pseudomonas aeruginosa. Agar well diffusion method was 
conducted. After incubation for 24 hrs the inhibition zone was 
measured and antibacterial activity was confirmed. It was found out 
that during the experiment time all the four selected plants are with 
antibacterial effect however, Azadiracta showed more activity against 
Pseudomonas. The study showed that these plants were more 
powerful in the methanolic extract while compared with the water 
extract. The activities of both water and methanol extracts of 
Azadiracta indica, Adhatoda vasica, bacterial pathogens as revealed 
in this study support the local uses of these plants in traditional 
therapy for various diseases. 

Key words:  Azadiracta indica, Adhatoda vasica, pathogen, 
antibacterial effect 
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Introduction 
The plant kingdom is a treasure house of potential drugs and 

in recent years there has been an increasing awareness about the 
importance of medicinal plants. Drugs from the plants are easily 
available, less expensive, safe, and efficient and rarely have side 
effects. Medicinal plants constitute an effective source of 
antimicrobial natural products. The use of medicinal plants all over 
the world predates the introduction of antibiotics and other modern 
drugs into Africa continent (Haslam et al., 1989). Plants have been 
used in traditional medicine for many centuries as arbotifacients, 
contraceptives, for menstrual regulation, fertility control, as well 
for the treatment of ailments of both microbial and non-microbial 
origins (Gill and Akinwunmi, 1986). The Nigeria flora is rich in 
medicinal plants which are usually exploited by herbal doctors 
otherwise called ´´native doctor´´. The indigenous population in 
Southwest, Nigeria for example has developed a vast knowledge 
on the use of plants as traditional remedies (Ekundayo, 1986). 
Some of the plants collections are used against a variety of 
diseases such as typhoid fever gastroenteritis, dysentery, malaria and 
others which are typical diseases of tropical countries (Sofowora, 
1993). 

Herbal remedies are known to treat many infectious diseases 
throughout the history of mankind. Plant material continues to play 
a major role in the primary health care as therapeutic remedies in 
many developing countries. Thus, the discovery of medicinal plants 
as antimicrobial agents is useful in expanding the wide varieties of 
antibiotics available (Zaidan et al., 2005).  
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There are several reports on the antimicrobial activity of 
different herbal extracts in different regions of the world (De Boer 
2005). Worldwide, infectious disease is the number one cause of 
death accounting for approximately one-half of all deaths in tropical 
countries. Perhaps it is not surprising, but what may be remarkable 
is that infectious disease mortality rates are actually increasing in 
developed countries, such as the United states (Pinner et al 1996). 

Azadirachta Indica (A. Indica) belongs to the family Meliaceae, 
commonly known as neem. It is used in traditional medicine as a 
source of many therapeutic agents. A. indica (leaf, bark and seed) 
are known to contain antibacterial, antifungal activities against 
different pathogenic microorganisms and antiviral activity against 
vaccinia, chikungunya, measles and coxsackie B viruses (Biswas 
K et al., 2002). Different parts of neem (leaf, bark and seed oil) 
have been shown to exhibit wide pharmacological activities 
including; antioxidant, antimalarial, antimutagenic, anticarcinogenic, 
anti-inflammatory, antihyperglycaemic, antiulcer and anti-diabetic 
properties (Talwar et al., 1997). The biological activities are attributed 
to the presence of many bioactive compounds in different parts. 

 Adhatoda vasica (Acanthaceae) commonly known as vasaka 
distributed throughout India up to an attitude of 1300m. the leaves, 
flowers, fruit, and roots are extensively used for treating cold 
cough, whooping cough, chronic bronchitis and asthma as sedative, 
expectorant and antispasmodic. The study aims at making a 
qualitative and quantitative analysis of certain chemicals in 
Adhatoda vasica (Panthi and Chaudhary, 2006). The plant is 
recommended for a variety of ailements such as bronchitis, asthma, 
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fever, jaundice etc. The leaves & roots are efficacious in coughs, 
arthritis, diarrhoea and dysentery and have the best chemostatic 
quality. Leaves are anti-inflammatory, analgesic effective in skin 
dis orders, cardiotonic. This is one of the most potent anti 
tuberculosis drug. Vasicine is also reported for its anthelmintic and 
weak hypertensive activity (Ilango et al 20094). 

The agar diffusion test is a test of the antibiotic sensitivity of 
bacteria. It uses antibiotic-impregnated wafers to test the extent to 
which bacteria are affected by those antibiotics. In this test, wafers 
containing antibiotics are placed on an agar plate where bacteria 
have been placed, and the plate is left to incubate. If an antibiotic 
stops the bacteria from growing or kills the bacteria, there will be an 
area around the wafer where the bacteria have not grown enough to 
be visible. This is called a zone of inhibitionto the development of 
synthetic drugs. The size of this zone depends on how effective the 
antibiotic is at stopping the growth of the bacterium. A stronger 
antibiotic will create a larger zone, because a lower concentration of 
the antibiotic is enough to stop growth. 

Staphylococcus of spherical, Gram-positive bacteria that 
generally occur in irregular clusters or short chains: the pathogenic 
species (esp. S. aureus) and include causative agents of various 
diseases (as skin infections, food poisoning, and endocarditis) 
cause of pus formation in boils, abscesses etc. Bacteria in the             
genus Staphylococcus are pathogens of man and other mammals. 
Pseudomonas is a genus of gram-negative, strictly aerobic, motile, 
straight or curved rod-shaped bacteria. Most species are saprophytic, 
but some are pathogenic for plants and animals Pseudomonas 
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infections are diseases caused by a bacterium from the genus 
Pseudomonas. The bacteria are found widely in the environment, 
such as in soil, water, and plants. They usually do not cause 
infections in healthy people. If an infection does occur in a healthy 
person, it is generally mild. Pseudomonas aeruginosa is a common 
Gram-negative, rod-shaped bacterium that can cause disease in 
plants and animals, including humans. A species of considerable 
medical importance, P. aeruginosa is a multidrug resistant pathogen 
recognised for its ubiquity, its intrinsically advanced antibiotic 
resistance mechanisms, and its association with serious illnesses – 
especially hospital-acquired infections such as ventilator-associated 
pneumonia and various sepsis syndromes. 

The present study was undertaken to explore the anti bacterial 
activity of four selected plants against the above mentioned bacteria 
by the agar well diffusion method. 

Review of Literature  
There is evidence of herbs having been used in the treatment 

of diseases and for revitalizing body systems in Indian, the 
Egyptian, the Chinese, the Greek and the Roman civilizations. 
Plants have a vast potential for their use as curative medicine. In 
India, medicinal plants are widely used by all sections of people 
both directly as folk medicines in different indigenous systems of 
medicine like Siddha, Ayurveda and Unani and indirectly in the 
pharmaceutical preparations. India has about 4.5 million plant 
species and among them, several thousands have been claimed to 
possess medicinal properties against human diseases. Although 
traditional medicinal healers have used medicinal plants for treatment 
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of ailments for hundreds of years, there has always been a lingering 
question in scientific circles about their therapeutic efficacy. As a 
consequence, the pharmacological activity of many medicinal plants 
has been studied, even though the vast majority of medicinal plants 
remain to be studied for their phytochemical components and 
pharmacological effects. 

Microorganisms are closely associated with the health and 
welfare of human beings. Some are beneficial and some are 
detrimental. Plants are used as medicines since time immemorial. 
Reported for its anthelmintic and weak hypotensive activity. India has 
rich heritage of using medicinal plants in traditional medicines such as 
siddha, ayurvedha, and unnani.. Antibacterial properties of various 
plant parts like leaves, seeds, and fruits have been well documented for 
some of the medicinal plants for the past two decades. Antibiotic 
principles are the distributed widely among angiosperm plants. A 
variety of compounds is accumulated in plant parts accounting for their 
constitutive antimicrobial activities (Vlietinck and Lindsay 1995). 

Azadirachta indica is a wonder plant with valuable economic 
and health significance attached to all its parts. In fact,it is a well 
know versatile medicinal plants with wide spectrum of biological 
activities (Siddique et al., 2004). For example, its leaf, back,             
roots, fruit coat, seed and flowers have been demonstrated to  
exhibit immunomodulatory (Haque et al., 2006), anti-inflammatory 
(Akihisa et al., 2011), anti-hyperglycaemic and antidiabetic, antiulcer 
(Chattopadhyay et al., 2004), antimalarial (Isah et al.,2003), 
antifungal (Natarajan et al., 2003), antibacterial (Thakurta et al., 
2007), antiviral (Parida et al., 2002) anticarcinogenic (Kumar et al., 
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2006) and spermicidal (Khillare and Shrivastav, 2003) properties 
and antifertility agent ( Gbotolorun et al., 2008). 

Adhatoda vasica nees (Acanthaceae) commonly known as 
vasaka distributed throughout India up to an attitude of 1300m. the 
leaves, flowers, fruit, and roots are extensively used for treating cold 
cough, whooping cough, chronic bronchitis and asthma as sedative, 
expectorant and antispasmodic. The study aims at making a qualitative 
and quantitative analysis of certain chemicals in Adhatoda vasica 
(Panthi MP and Chaudhary RP, 2006). Antifedent and toxic activity 
damaging potential, photosynthetic activities of A. vasica is available. 
The study aims at making qualitative and quantitative analysis of 
certain chemicals in Adhatoda vasica to quantify the phytochemical 
variation in different season of the year, to establish the fact that there 
is annual post rotation in adhatoda altering the quality of the active 
ingredients and to study the damaging potential of the various insect, 
pests in different seasons (Maikhuri and Gangwar 1993).The plant is 
recommended for a variety of ailements such as bronchitis, asthma, 
fever, jaundice etc. The leaves &roots are efficacious in coughs, 
arthritis, diarrhoea and dysentery and have the best chemostatic 
quality. Leaves are anti-inflammatory, analgesic effective in skin dis 
orders, cardiotonic. This is one of the most potent anti tuberculosis 
drug. Vasicine is also reported for its anthelmintic and weak 
hypertensive activity (Ilango et al 2009). 

Materials and Method 

Collection of Raw Materials and Preparation of Extracts 

Four plants namely, Azadiracta indica, and Adhatoda vasica, 
i were selected for the experiment. They were collected from the 
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Carmel College campus and washed thoroughly with tap water and 
removed the traces of water. Water and methanol extract were made 
by using 5 gram of sample and 5 gram of water and methanol 
respectively and grinding well with the help of motor and pestle. 

Bacterial Strains 

Bacterial strains used for testing included Staphylococcus 
aureus), Pseudomonas aeruginosa. These were collected from Poly 
clinic laboratory, Thrissur. 

Antibacterial Activity 

Antibacterial activity of the water and methanolic extract of 
the selected plants were studied using agar well diffusion method. 
Petridishes were sterilized thoroughly and 10 ml of Muller Hinton 
agar medium were prepared and poured into the pertridish after 
sterilization, wells were made in the agar medium using sterile tips 
of micropipettes. The bacteria cultured in the nutrient broth and was 
inoculated in the medium. There was 5 wells in each pertidish, one 
was inoculated with water extract and other one with methanol 
extract, third one with control ie, gentamycin as  positive , fourth 
and fifth were water and methanol as negative control. Then they 
were inoculated with for 24 hrs at 37oC. For each plant two 
bacterial strains were tested. The assessment of antibacterial activity 
was based on the measurement of zone of inhibition observed 
around the well. After the incubation period, each plate was 
examined. If there is the resulting zone of inhibition, uniformly 
circular zone of inhibition will be formed. The diameters of 
complete zone inhibition were measured to the nearest whole 
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millimeter by using a ruler. The results of the measurement were 
recorded and the pictures of the plates were taken. 

Results and Discussion 
 For the plants there was inhibition zone for the methanol 

extract. That for water extract was present in all except Azadiracta. 
The measurement of inhibition zone formed against Staphylococcus 
is given in Table 1. Against Staphylococcus Azadiracta showed the 
greatest zone of inhibition (28mm), followed by  Adhatoda (10mm) 
in the Methanol Extract. Pictures are given in Plate 1 and 2.  

Against Pseudomonas the inhibition zone formed in methanol 
extract by Azadiracta was more (22 mm), it was followed by 
Adhatoda (14mm ). Water Extract of Adhatoda was similar (8mm) 
Table1 and  2 

In short Azadiracta showed more activity against Pseudomonas. 
Graphical representation giving a comparative account of the 
antimicrobial activities of various extracts of these selected plants 
against Staphylococcus and Pseudomonas is given in Figure 1 and 2 
respectively. 

The results of the antibacterial sensitivity test showed that the 
antimicrobial potential of the extracts in methanol was more 
effective than water extraction solutions herein studied. The 
antibacterial properties of Azadirachta indica leaves in this study is 
in line with the report by Faiza aslam et al. (2009). In accordance 
with the present findings, Kapur et al. (1995), had reported 
Azadirachta indica in the treatment of vaginal infections. Similarly, 
in a 2-week double-blind, placebo-controlled clinical trial of 55 
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women with abnormal vaginal discharge due to bacterial vaginosis, 
treatment with Azadirachta indica oil was reported to cure the 
symptoms of the infection (Chinnasamy et al., 1993). Also, 
Azadirachta indica leaves has been reported to possessed good anti 
bacterial activity and this lead to conclude it confirmation as a great 
potential of bioactive compounds and is useful for rationalizing the 
use of this plant in primary health care Vlietinck AJ and Lindsay S, 
1995.   

Josephin Sheeba.B and Selva Mohan in the year 2012 
reported that Adhatoda vasica showed the antimicrobial activity 
against Staphylococcus aureus, Streptococcus pyogens, Escherichia 
coli, Pseudomonas aeruginosa, Proteus vulgaris and Klebsiella 
pneumoniae which also exhibited the highest activity in methanol 
extract than the aqueous extract. 

Our present study conformed with these previous findings. 
Antibiotic resistance is a major concern and development of new 
agents from plants could be useful in meeting the demand for new 
antimicrobial agents with improved safety and efficacy (Srivastava 
et al 2000). In this study, we have shown that the methanol extracts 
of the four plant leaves exhibited highest antimicrobial activity 
com-pared with the water extract. The the antimicrobial efficacy 
could be due to variable distribution of phytochemical compounds 
in different parts. Newer antimicro-bials from plant extracts could 
also be useful in food, dairy and pharmaceutical industries to 
prevent contamination by limiting the microbial growth. 
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Table 1  Showing the inhibition zone of selected plants on Staphylococcus 
in mm 

Name of 
the plant 

Name of the bacteria 
Pseudomonas 

 Methanol 
Extract 

Water 
Extract 

Positive 
control 

Water Methanol 

Azadiracta 22 0 34 0 0 
Adhatoda 14 8 24 0 0 

 
Table 2 Showing the inhibition zone of selected plants on Pseudomonas 

in mm 
Name of the 
plant 

Name of the bacteria 
Staphylococcus 

 Methanol 
Extract 

Water 
Extract 

Positive 
control 

Water Methanol 

Azadiracta 20 0 22 0 0 
Adhatoda 10 0 16 0 0 

       
 

  
  Plate 1. Inhibition zones of Adhatoda 

a. Inhibition zones of Adhatoda against Staphylococcus                         
b. Inhibition zones of Adhatoda against Pseudomonas c and  

(a) (b) 
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 Plate 2.  Inhibition zones of Azadiracta  

c. Inhibition zones of Azadiracta against Staphylococcus               
d. Inhibition zones of Azadiracta against Pseudomonas 

Summary and Conclusion 
In the present experiment the preliminary study on antimicrobial 

activities of four selected plants namely Azadiracta indica, Adhatoda 
vasica, Elephantopus scaber and Phyllanthus niruri were studied by 
busing the water and methanol extract in agar well diffusion 
method. Both positive and negative control was used. Each plant 
extract was tested for two bacteria namely Staphylococcus aureus 
and Pseudomonas aeruginosa. Intensity of activity was measured 
against the size of the inhibition zone formed after incubation 
period. The study showed that these plants were more powerful in 
the methanolic extract while compared with the water extract. It 
was also concluded that this antimicrobial activity may be due to 
the phytochemicals present in them. 

The activities of both water and methanol extracts of Azadiracta 
indica, Adhatoda vasica, Elephantopus scaber and Phyllanthus neruri 
on bacterial pathogens as revealed in this study support the local uses 
of these plants in traditional therapy for gastroenteritis. Some of the 

(c) (d) 
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phytochemical compounds in these plants extracts may be responsible 
for the antibacterial activity observed and thus justifying their 
traditional use as medicinal plants for the treatment of bacterial 
gastroenteritis. It is essential to carry out the detailed study of the 
extracts in order to determine the exact antibacterial compound(s) 
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ABSTRACT 

Mangroves are the evergreen tidal forest that grows only in tropical 
and subtropical countries. They regarded as the one of the most 
productive and biodiverse wetland forest group on earth. The 
present work was carried on the diversity of mangrove ecosystem in 
Mala, Thrissur Dist. Three mangrove stations under Mala Grama 
panchayath were selected for this study. During this study five true 
mangroves and ten associated mangroves were observed from the 
study area.  Acrostichum aureum, L and Avicennia officinalis, L are 
the major type of true mangroves. The associated mangroves varied 
in their distribution in three stations.    Line transect method was 
adopted to study of plant diversity. Also 15 genus of plank tonic 
microalgae were identified. Station 1 and station 2 posses more 
plant and algal diversity than station 3, because these stations were 
situated in a non-polluted area. This also reveals that the pollution 
is one of the major reasons for decreasing the diversity of mangrove 
ecosystem. 

Keywords: True mangroves, microalgae, pollution 
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Introducion 

Mangroves are the ecological group of evergreen and salt 
tolerant plant groups. They play an important role in replenishing 
the fertility of the coastal regions and thus supporting the coastal 
inhabitants socio-economically.  This ecosystem is also considered 
as most productive and biodiversity providing significant functions 
in the coastal zones as buffer against erosion, storms and tsunami. 
Mangroves act as filters for upland runoff; it also serves as habitat 
for many marine organisms and other invertebrates and wildlife 
such as birds and reptiles. The diversity of mangrove plants mainly 
depend on many hydrological parameters like salinity, alkalinity, 
pH, nitrate and dissolved oxygen etc .Of this Salinity was the main 
factor which determine the diversity of true mangroves. Improper 
anthropogenic activities also influence the mangrove diversity 
adversely. 

Materials and Methods 

The study area is located in Mala Grama Panchayath in 
Thrissur district. It is s located between north latitude of 10°15’0” N 
and east longitude of 76°1’0” E. The mangroves of Mala were 
mainly distributed in 3 regions i.e., Karingachira, Neithakudy and 
Mala chaal. Plant collections made at the natural habit and 
identified taxonomically with the help of Flora of the Presidency of 
Madras (Gamble)1. Plant diversity analysis was done by line 
transect method. The quantitative analysis was conducted on the 
basis of Frequency, Density and Abundance. The water samples are 
collected for identification of microalgae and take photograph with 
the help of research microscope. 
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Results & Discussion 

Mangroves flora of mala comprises 5 true mangrove species 
from 5 families. List of true mangroves collected from the study area 
are shown in Table 1. They were Acanthus ilicifolius, L, Acrostichum 
aureum, L, Aegiceras corniculatum, Blanoco, Avicennia officinalis,  
L and Excoecaria agallocha,L. But in station 3 Acanthus ilicifolius, 
L and Aegiceras corniculatum, Blanoco were totally absent. There 
werealso  10 mangrove associated species from 8 families, mainly 
Bacopa monnieri, Linn, Cayratia carnosa, Gagnep, Clerodendron 
inerme, Gaertn., Cyperus rotundus, Linn, Derris uliginosa, Benth, 
Eclipta postrata, Hassk, Fimbristylis ferruginea, Vahl, Mariscus 
javanicus, Houtt, Passiflora foetida, Linn and Waltheria indica, 
Linn.  These plants were also reported in Poyya back water2 ( sheela 
2013) except Waltheria, Passiflora and Eclipta. Which was never 
reported from any other mangroves areas. 

15 genus of planktonic microalgae were also identified during 
the study. Class Bacillariophyceae was the dominant group among the 
mangrove planktonic algae. Diatoms were represented by 10 genus 
(67%), green algae by 3 genus (20%) and blue green algae were 
represented by 2 genus (13%). The genus were Rhizoclonium, 
Trentepohlia, Spirogyra, Fragilaria, Eunotia, Achnanthes, Navicula, 
Anomoeoneis, Caloneis, Pleursosigma, Scoliopleura, Cymbella, 
Nitzschia, Microcystis and Oscillatoria. These algae were also reported 
in the study of   Kodungallur brackish water. In station 3 Trentepohlia, 
Fragilaria, Anomoeoneis and Scoliopleura were totally absent and 
also there was an increased presence of Cyanophycea. This high 
amount of blue green algae indicates   the presence of pollution in 
station 3. 
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                    List of true mangroves collected from the study area 
    No Scientific name Family Locality 

1 Acanthus ilicifolius,L Acanthaceae KA, NK 
2 Acrostichum aureum,L Pteridaceae KA, NK & MC 
3 Aegiceras corniculatum, Blanoco. Myrsinaceae  KA, NK 
4 Avicennia officinalis,L Avicenniaceae KA, NK & MC 
5 Excoecaria agallocha,L. Euphorbiaceae KA, NK & MC 

 

             List of associated mangroves collected from the study area 
No Scientific name Family Locality 
1 Bacopa monnieri,Linn Scrophulariaceae KA , MC 
2 Cayratia  carnosa, Gagnep. Vitaceae KC, NK ,MC 
3 Clerodendron inerme, Gaertn. Verbenaceae NK 
4 Cyperus rotundus, Linn. Cyperaceae KA, NK , MC 
5 Derris uliginosa, Benth. Papilionaceae KA, NK , MC 
6 Eclipta postrata, Hassk. Asteraceae KA , MC 
7 Fimbristylis ferruginea, Vahl. Cyperaceae KA, NK ,MC 
8 Mariscus javanicus, Houtt. Cyperaceae NK ,MC 
9 Passiflora foetida, Linn. Passifloraceae KA ,MC 

10 Waltheria indica, Linn. Sterculiaceae KA, NK ,MC 
 

KA:   Karingachira, NK: Neithakudy, MC: Mala chaal 
Plant diversity analysis result:  
1. Density,  2. Abundance, 3. Frequency 
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Summary & Conclusion   

The present study reveals the current state of mangroves and 
associated micro flora in Mala.The quantitative analysis of these 
mangroves gives an idea about their distribution. They include 5 
true mangrove species and ten associated mangroves. Acrostichum 
aureum,L and Avicennia officinalis,L were the most abundant true 
mangroves. The distribution of associated mangroves varied from 
station to station. But comparatively its rate was less in station 
3.The plank tonic microalgae identified included 15 genus from 
three major divisions. Class Bacillariophyceae was the dominant 
group among the planktonic algae . In station 3 there were large 
amount of Blue green algae, which indicates the presence of high 
pollution. This study also reveals   how the human activities like 
land encroachment, organic and plastic waste deposition in 
mangrove areas affect the diversity of mangrove ecosystem. So we 
should conserve our mangroves for the sake of our next generation 
and also for maintaining the ecological balance of the nature. 

Reference 
[1] Gamble,J.S1915.Flora of Presidency of Madras 
[2] Sheela Franasis.K 2013 Identification of mangroves and mangrove 

associates of Thrissur, Dist. Kerala, their adaptive biology, 
germination study and nutritive value. 
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True  Mangroves Collected From the Study Sites: 
 

 
1                                                  2 

 
                    3                                                    4 

 
5 

1.Acanthus ilicifolius,L., 2. Acrostichum aureum L., 3. Aegiceras 
corniculatum, Blanoco., 4. Avicennia officinalis, L, 5. Excoecaria 
agallocha , L 
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Associated Mangroves Collected From the Study Sites 

 
                     1                                    2                                   3 

 
                    4                                  5                                      6 

   
                                      7                                     8 

 
                                    9                                    10 
 1.Bacopa monnieri,Linn, 2.Cayratia carnosa, Gagnep, 3.Clerodendron 
inerme, Gaertn, 4. Cyperus rotundus, Linn, 5. Derris uliginosa, Benth, 6. 
Eclipta postrata,Hassk. 7. Fimbristylis ferruginea, Vahl, 8. Mariscus 
javanicus, Houtt.9. Passiflora foetida, Linn., 10. Waltheria indica, Linn. 
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ABSTRACT 

The physico-chemical study of soil is based on various parameters like 
Moisture content, pH value, Soluble salts/ Electrical conductivity, 
Gypsum Requirement, CaCO3/Lime Requirement, Nitrogen content, 
Phosphorus content etc. Soil fertility identification of a region plays an 
important role in the context of sustainable agricultural production. 
The proper proportions of nutrients present in the soil represents the 
fertility status which helps to control the yield of crops. The Mala 
Block Panchayat of Thrissur district of Kerala was selected for the 
study. The soil samples(depth 0-15cm) were collected randomly and 
compared for their physico-chemical properties. These results help 
agronomists, agriculture engineers and farmers for finding the 
problems related to soil, nature and nutrient status and improve the 
sustainable agricultural production. 
 

Keywords: Moisture content, pH value, Electrical conductivity, 
Gypsum Requirement, CaCO3/Lime Requirement, Nitrogen 
content, Phosphorus content 

Introduction 
Soil fertility is the inherent capacity of the soil to provide the 

essential plant nutrients in adequate amounts and in proper proportions 
for the plant growth [1]. Soil characterization of a region is an 



25 ISSN: 2349-0217                                Carmel Blaze Vol. 9, Issue 1, July 2017 

important aspect in relation to sustainable agricultural production. 
The macronutrients and micronutrients are important soil elements 
that control its fertility and enhance the yield of crops [2]. If we fail 
to supply the proper nutrients in the proper concentrations, the plant 
function is affected. 

All agricultural productions and development depends upon 
physico-chemical parameters of the soil used for it. Straight off a 
day’s need of soil testing is increased due to interest of the public in 
the caliber of products obtained from it and different practices 
carried for their output. The soil quality analysis includes an analysis 
of parameters and processes which effects on soil to operate 
efficiently as a component of a sound ecosystem. Soil quality may 
include a capacity for water retention, carbon sequestration, plant 
productivity, waste remediation, and other functions, or it may be 
defined more narrowly [3-4]. 

Materials and Methods 

Collection of Soil Samples  

The selected area for our study is Mala Block Panchayath, 
Thrissur District, which is located in Kerala State. Sample 1 was 
collected from the paddy field at Ashtamichira where there is no 
cultivation for long time. Sample 2 was collected from nearby lands 
of Pigments India Ltd. at Kannikkara. Sample 3 was collected from 
the poultry farm area at Kombodinjamakkal. Sample 4 was 
collected from plastic and other waste dumping area at Mala. 
Sample 5 was collected from Nita Gelatin Company (NGIL), at 
Kathikudam. Sample 6 was collected from the paddy field at Poyya 
where there is no cultivation for long time. 
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The collected samples were subjected to different processes 
like Sieving, Drying, Grinding, Mixing, Coning, Quartering and 
Storing. Soil samples were collected in polythene bags and were 
labeled carefully. 

Physico-Chemical Analysis of Soil  

The soil samples were dried in oven to 1050C for about 24 
hours and grinded more finely. The samples were tested for, 
Moisture content, pH value, Soluble salts/ Electrical conductivity, 
Gypsum Requirement, CaCO3/Lime Requirement, Nitrogen 
content, Phosphorus content etc. Each of the analysis was 
performed in triplicates. The standard techniques and methods were 
followed for physical and chemical analysis of soil samples[5]. 

Results and Discussion  
 

The comparative trend of the data is both tabulated and 
plotted (figures 1-7). 
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Soil Ph 

The pH of the soil provides information regarding the potency 
of toxic substances present[6-8]. pH of the soil samples vary from 
5.7-7.2. The pH range of 6.8 to 8.0 has been recommended 
optimum for plant’s growth[9,10]. One of the samples are acidic, 
three of them were slighty acidic and two of them were neutral. Soil 
sample 5 is not good for cultivation of crops. The variation in pH of 
the soil samples is graphically represented in Figure 2. 

Electrical Conductivity 

Low value of EC is found to be appropriate for growth of 
plants indicating higher fertility.Proper amount of pH and EC leads 
to the maximum availability of the nutrients, reduced accessibility 
of the toxic elements and increased activity of micro-organisms 
[10]. The electrical conductivity of soil samples varied from 0.15 -
1.34dSm-1. The electrical conductivity may be ascribed to the 
leaching of salts to lower horizons[2]. Most of the soil samples 
except sample 5 have low conductivity. This low EC values indicate 
that the area is not prone to salinity threats and the soils will support 
many crops; but sample 5is not good for cultivation. The variation 
in conductivity of the soil samples is graphically represented in 
Figure 2. 
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ABSTRACT 

Civilized man does not eat at all, the food as it available in nature. 
He cuts, Crushes, Cooks, processes and modifies in many ways 
before consuming, adding variety to the diet. To maintain good 
health, ingesting a diet is one which contains nutrients in correct 
amount. Sometimes we are forgetting that some herbal leaves are 
used for cooking which gives double benefits in our daily diet. This 
project mainly focuses to analyze the nutritional information of 
some herbal leaves used in cooking such as Curry leaves, Tulasi, 
Celery, Mint leaves, Wheat grass and Aoe Vera. This study is 
mainly focused on mineral analysis and vitamin C estimation. The 
PH and moisture content of selected samples were also determined. 
 

Introduction and Literature Survey 
Leaves are the manufacturing organs of plants where the life-

giving process of photosynthetic takes place. Generally green leafy 
vegetables are good source of vitamins and minerals. Green leafy 
vegetables contain vitamin C and can be used as substitute for fruits 
if needed.  Green leafy vegetables are also rich in iron content. 
Some leaves contribute calcium in our diet. The availability of 
calcium and iron to the body is limited as green also contains oxalic 
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acid. Greens are generally are high in moisture and easily withered 
and need to preserve properly. Herbs have a variety of uses including 
culinary, medicinal, and in some cases spiritual. General usage of the 
term “herb” differs between culinary herbs and medicinal herbs.  

This study is mainly focused on herbal leaves used in cooking 
such that curry leaves, Tulasi, Celery, Mint leaves, Wheat grass and 
Aoe Vera. Many research shows that curry leaves have properties 
that can help in lowering one's blood cholesterol levels. Packed with 
antioxidants, curry leaves prevent the oxidation of cholesterol that 
forms LDL cholesterol (bad cholesterol). This in turn helps in 
increasing the amount of good cholesterol (HDL) and protects your 
body from conditions like heart disease and atherosclerosis. It is also 
very effective in treating damaged hair, adding bounce to limp hair, 
strengthening the shaft of thin hair, hair fall and treats dandruff. 

Celery is often incorrectly thought to be a "negative-calorie 
food," the digestion of which burns more calories than the body can 
obtain. In fact, eating celery provides positive net calories, with 
digestion consuming only a small proportion of the calories taken in 
[1]. Celery is among a small group of foods that appear to provoke 
the most severe allergic reactions; for people with celery allergy, 
exposure can cause potentially fatal anaphylactic shock [2]. 

Wheatgrass is also a source of protein. Adding other foods 
with complementary amino profiles to this food may yield a more 
complete protein source and improve the quality of some types of 
restrictive diets [3].  

Aloe Vera is a plant species of the genus Aloe. It grows wild 
in tropical climates around the world and is cultivated for 
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agricultural and medicinal uses. Aloe is also used for decorative 
purposes and grows successfully indoors as a potted plant.[4] 

Tulasi is considered to be an adaptive [5] balancing different 
processes in the body, and helpful for adapting to stress [6]. Marked 
by its strong aroma and astringent taste, it is regarded in Ayurveda 
as a kind of "elixir of life" and believed to promote longevity [7]. 

There are various foods that are rich in vitamin C, including: 
Citrus fruits like oranges, grapefruit, limes and lemons, berries such as 
blackcurrants, strawberries, raspberries, blueberries and cranberries, 
vegetables such as spinach, green and red peppers, tomatoes, 
cauliflower, cabbage, broccoli, Brussels sprouts and potatoes. Certain 
foods such as cereals are fortified with vitamin C, which means that 
they have vitamin C added to them. Vitamin C is also found in fresh 
milk, fish and offal such as liver and kidney. Persistent lacks of 
vitamin C in your diet can lead to a condition called scurvy. 
Symptoms of scurvy include easy bruising, easy bleeding and joint 
and muscle pains. Vitamin C deficiency can be treated with 
supplements of vitamin C and a diet rich in vitamin C. 

Deficiency, or a lack, of vitamin C in your body happens 
because of a lack of sufficient amounts of vitamin C in your diet. 
Over time, a lack of vitamin C means that new collagen cannot be 
formed. This causes various tissues in your body to start to break 
down and the health and repair of your body become affected. 
Persistent vitamin C deficiency, usually over a period of around 
three months or more, can lead to an illness known as scurvy. 

Vitamin C deficiency can be prevented by making sure that 
you have a healthy, balanced diet that contains plenty of fruit and 
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vegetables including those high in vitamin C that are listed above. If 
not diagnosed and treated, vitamin C deficiency can also lead to 
shortness of breath, nerve problems, high temperature (fever) and 
fits. Bleeding inside the brain and around the heart can cause death 
in some people with untreated vitamin C deficiency. However, this 
is extremely rare. 

Materials Methods 
1) Sample preparation: 5g of sample is grinded in mortar 

with 50 ml of water. The extracted is collected and filtered 
using a cloth. The filtered solution is made up to 100 ml in 
a standard flask. 

2) Chemicals used: Dilute Sulphuric acid, Sodium hydroxide, 
concentrated Nitricacid, Concentrated Sulphuric acid, 
Ammonium molybdate, Potassium permanganate, Manganese 
dioxide, Tollen’s reagent, Lead acetate, Accetic acid, 
Ammonium thiocynate, Ammonium chloride, Ammonium 
hydroxide, Hydrogen sulphide, Fehling’s solution, Tartaric 
acid, concentrated Hydrochloric acid, Disodium hydrogen 
phosphate, Potassium iodate, Potassiumiodide and Ascorbic 
acid. 

Analysis 
For the analysis of herbal juice the following experiments 

were carried out: 

1. Test for Potassium: Take little of the sample solution in test 
tube and add 2 ml of picric acid solution, shake for some time. 
Formation of yellow precipitates indicates the presence of 
potassium ion. 
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2. Test for Magnesium: Take a little of sample solution in a test 
tube and add NH4Cl, NH4OH and excess of disodium 
hydrogen phosphate solution. Scratch the sides of the test tube 
with glass rod.Formation of white precipitate indicates the 
presence of magnesium. 

3. Test for Phosphate : A little of sample solution is taken in a 
test tube and add 1 ml of con.HNO3   heat and cool. Add one 
drop of this solution to ammonium molybdate solution. Canary 
yellow precipitateconfirms the presence of phosphate ions. 

4. Test for Iron: Take a little of the sample solution in a test 
tube and add con HNO3and heat and coolthen treat with 
ammonium thiocynate.A little of sample is acidified with 
dilH2SO4 and dil KMnO4is added drop wise. Colorof KMnO4 
is discharged. This indicates the presence of iron. 

5. Test of Sodium: The mixture is made up a paste with con.HCl 
on a watch glass. A little of paste is taken at the end of a 
platinum loop and shown near the flame. To one portion an 
equal volume of potassium pyroantimonate solution is added and 
shakes well. Inner side of the test tube below the liquid level is 
scratched. White precipitate shows the presence of sodium. 

6. Test of Calcium: To a little of sample, ammoniumchloride, 
ammonium hydroxide and excess of ammonium carbonate 
solutions are added. White precipitates indicate the presence 
of calcium. 

7. Test for Tannins: The substance (plant extract) mixed with 
sodium hydroxide and lead acetate solution. Formation of 
white precipitate indicates the presence of Tannins. 



35 ISSN: 2349-0217                                Carmel Blaze Vol. 9, Issue 1, July 2017 

8. Test for Saponins: The substance (plant extract) is shaken 
with water. Foam or lather formation indicates saponins. 

9. Test for Quinines: To test the substance sodium hydroxide 
was added. Blue, green, or red color indicates the presence of 
Quinones. 

10. Test for Carbohydrate: Molisch’s test: To an aqueous 
solution of the compound add two drops of 1%alcoholic alpha 
napthol solution add about 1 ml con.H2SO4carefully along the 
sides of the test tube  until the dense separate layer collects 
the bottom. 

 Benedict’s test: Prepare the first Benedict solution dissolve 
86.5 gram of sodium citrate and 50 gram of sodium carbonate 
in about 400 ml of warm water. Filter the solution mean while 
dissolve 8.5 g of copper sulphate in about 500 ml of water. 
Add this solution to the first solution slowly with continuous 
stirring. Make up the total volume up to 500 ml. This solutions 
hold well before use.   

 A little of the sample taken in a test tube and add a few drops 
of Benedict’s reagent. The test tube was heated in a water 
bath for a few seconds. Appearance of rust brown color 
indicates the presence of reducing sugar.    

11. Test for Protein: Action with con HNO3: About 2 ml of 
concentrated aqueous solution of the compound adds to about 
0.75 ml of Concentrated Nitric acid. A white crystalline 
precipitate indicates the presence of protein. 
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Determination of moisture content 

 The method is used for the quantitative determination of 
moisture in herbal leafs. Moisture in this method refers to the 
amount of free water and volatile substances that are lost by drying 
the leaves under controlled temperature in an air oven. It is 
expressed in g/5g of sample. Place cruciblewith sample in the air 
oven preheated to 1000C for 2-3 hours. Transfer the container with 
the dried samples into a desiccator, cool for 30 min and weigh. 

Moisture (g/100g)   ×100 

Determination of Ph Content 

 PH is a measure of acidity or alkalinity of water soluble 
substances. The PH of the leaf extract was measured with the help of 
calibrated PH meter. Digital read out have the advantages of 
exactness. The PH meter was placed in the beaker containing buffer 
solution PH -7. The herbal juice samples were taken in 100 ml 
beaker and the meter was immersed in it. The stabilized values of 
the PH are taken to find out the PH of the sample. 

Estimation of Vitamin C 

1 Preparation of iodine solution: 5.00g potassium iodide (KI) 
and 0.268g potassium iodate (KIO3) where dissolved in to 
500ml beaker with 200ml distilled water. 30 ml of 3 M 
sulphuric acid was added in to the beaker and then diluted 
with distilled water until 500 ml solution. 

2 Preparation of vitamin C standard solution: 0.250 g 
ascorbic acid was dissolved in the beaker with 100 ml 
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distilled water. The solution was transferred to 250 ml 
volumetric flask and diluted to the mark with distilled water. 

3 Standardization of iodine solution: 20 ml of vitamin C 
solution was pipetted into a 125 ml Erlenmeyer flask. 4 drops 
of 1% starch solution were added and then titrated against 
iodine solution until blue black color was observed. The 
titrations were repeated for concordant values. 

4 Titration of herbal juices: 20 ml of sample was pipette into a 
125 ml Erlenmeyer flask. Followed by 20 drops of 1% starch 
solution and titrated against iodine solution until blue-black 
was observed. Titrations were repeated three times and 
average values are taken. 

Results and Discussion 
Mineral Analysis 

The table showing the presence of various minerals is shown below. 
 Wheat 

grass 
Aloe 
Vera 

Celery Tulasi Mint 
leafs 

Curry 
leafs 

Potassium ✔ ✔ ✔ ✔ ✔ ✔ 
Magnesium ✔ ✔ ✔ ✔ ✔ ✔ 
Phosphate ✔ ✖ ✔ ✔ ✔ ✔ 
Iron ✔ ✔ ✔ ✔ ✔ ✔ 
Calcium ✔ ✔ ✔ ✔ ✔ ✔ 
Carbohydrate ✖ ✔ ✖ ✖ ✔ ✔ 
Protein ✔ ✖ ✔ ✔ ✔ ✔ 
Tannins ✔ ✔ ✖ ✔ ✔ ✔ 
Flavonoids ✖ ✔ ✔ ✔ ✔ ✔ 
Saponins ✔ ✔ ✔ ✔ ✔ ✔ 
Quinines ✔ ✔ ✔ ✖ ✔ ✔ 
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Potassium is an essential mineral micronutrient and is the 
main intracellular ion for all types of cells. It is important in 
maintaining fluid and electrolyte balance in the body. It is found in 
especially high concentration with in plant cells. A severe shortage 
of potassium in body fluids may cause a potentially fatal condition 
known as hypokalemia. Hypokalemia   typically results from loss of 
potassium through diarrhea, dieresis, or vomiting. From the table it 
is clear that potassium is present in all the samples. 

Magnesium is the central element in chlorophyll and the 
basis of early life on the planet. Magnesium ions regulate over               
300 biochemical reactions in the body through their role as enzyme 
co-factors. They also play a vital role in the reactions that generate 
and use ATP, the fundamental unit of energy within the body’s 
cells. It was observed that all the sample contain magnesium.  

An important occurrence of phosphates in biological systems 
is as the structural material of bone and teeth. Energy production 
and storage in the body depend upon phosphorylated compounds 
such as adenosine tri –phosphate (ATP). Phosphate compounds are 
also important body buffers for controlling acid- base balance (Ph). 
Phosphorus plays an important role in keeping the kidneys healthy. 
Phosphorus deficiency may cause bone diseases such as rickets in 
children and osteomalacia in adults. The table showed that except 
Aloe Vera all the elements contain phosphate. 

The health benefit of iron is related to the proper growth of 
human body. Iron is a vital element for muscle health. It is present 
in the muscle tissue and helps to provide the supply of oxygen 
required for contraction of muscles. Iron deficiency may often cause 
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severe fatigue, body weakness and other related health ailments. 
Iron deficiency may include brittle nails swelling or soreness of the 
tongue cracks in the sides of the mouth. Anemia also cause 
shortness of breath, dizziness, headache, coldness in your hands and 
feet pale skin etc. Table shows that all the samples contain iron. 

Calcium is an essential macronutrient for humans. The 
average adult body contains in total approximately 1 kg, 99% in the 
skeleton in the form of calcium phosphate. Calcium stabilizes blood 
pressure and builds strong bones and teeth. Calcium deficiencies 
can affect all part of the body, resulting in weak and muscle 
contraction. Calcium deficiency can eventually lead to thinning of 
bones and osteoporosis when the calcium stores in the bones are not 
replaced. Muscle cramps are initial symptoms of calcium deficiencies. 
Calcium is present in all samples. 

Carbohydrate are main source of energy, they help fuel of 
brain muscles and central nervous system. Fiber is a carbohydrate 
that aids in digestion, helps feel full and keeps blood cholesterol 
levels in check. Fiber also helps heart diseases under control. Lack 
of carbohydrate can cause low blood sugar and ketosis. 
Carbohydrate is present in all samples, except wheat grass, celery 
and Tulasi. 

Protein is an important building block of bones, muscles, 
cartilage, skin and blood. It includes production and smooth 
functioning of enzymes and hormones and provides cellular and 
muscular health. It facilitates molecular transportation. Cell repair 
and regeneration and provides mechanical and structural support to 
the bones and skin. Protein deficiency is a disorder that increases 
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the risk of developing abnormal blood clots the condition can be 
mild or sever. Protein deficiency leads to arthritis, and muscle 
deterioration as well as heart problems. Except Aloe Vera all other 
samples contain protein. 

Tannins are water-soluble polyphones that are present in 
many plant foods. They have been reported to be responsible for 
decreases in feed intake, growth rate, feed efficiency, net 
metabolizable energy, and protein digestibility in experimental 
animals. Therefore, foods rich in tannins are considered to be of low 
nutritional value. Recent findings indicate that the major effect of 
tannins was not due to their inhibition on food consumption or 
digestion but rather the decreased efficiency in converting the 
absorbed nutrients to new body substances. Tannins are present in 
all samples except celery. 

Flavonoids have an antioxidant power that provides important 
health benefits.  Diets rich in flavonoids have been associated with 
reduced risk of variety of diseases. It has an anti inflammatory 
activity, antiviral activity. Flavonoids are present in all samples 
except wheat grass. 

Saponins, affect the immune system in ways that help to 
protect the human body against cancers, and also lower cholesterol 
levels. It decreases the developing of certain form of cancer to 
tumors. Saponins are present in all samples 

Quinine is a bitter chemical present in the bark of the 
cinchona tree. The chemical has some important medical benefits.  
It is used as a prescription medicine for malaria. Common side 
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effects include headache, ringing in the ears, trouble seeing, and 
sweating. More severe side effects include low blood platelets, 
irregular heartbeat. Quinine is present in all samples except Tulasi. 

Moisture Test 

Water content is used in a wide range of scientific and 
technical areas, and is expressed as a ratio, which can range from 0 
to the value of the materials' porosity at saturation. From the table it 
is clear that the moisture content is highest for in the case of sample 
Aloe-Vera and the minimum in the case of curry leaves. 

 

PH values 

 The term pH refers to the concentration of hydrogen ions in 
a solution. The hydrogen ion concentration can be determined 
empirically and expressed as the PH. From the graph it is clear that 
slightly acidic nature is for the Aloe Vera and basic nature is for the 
Wheat Grass. 
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Vitamin C 
No Sample Vitamin C(mg/5g) 
1. Wheat grass 0.586 
2. Aloe Vera 0.262 
3. Celery 0.463 
4. Tulasi 0.841 
5. Mint leaves 0.555 
6. Curry leaves 0.041 

 
Vitamin C is the enolic form of 3-oxo-Lgulofuranolactone 

also known as ascorbic acid. It is powerful water-soluble 
antioxidant that boosts the immune system and helps to  prevent 
cancer and heart disease. To enhance the antioxidant properties, it 
will be best to take it with the other antioxidants, as there is strong 
evidence of synergy between all of them. The human body cannot 
produce ascorbic acid, and so it must be obtained entirely through 
one’s diet. Results showed that the highest value of vitamin C is in 
Tulasi (0.8413) followed by Wheat grass (0.586), Mint leave 
(0.555), Celery (0.463), Aloe Vera (0.262) and Curry leave (0.041). 
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Conclusions 

 All the samples contain calcium, potassium, magnesium, 
iron and saponins. 

 Phosphate and protein is present in all the samples except 
Aloe Vera. 

 Aloe Vera, mint leave and curry leaves show the presence 
of carbohydrate. 

 Tannis is present in all samples except Celery  

 All the samples contain flavanoid except Wheat grass. 

 Quinine is present in all samples except Tulasi . 

 Results showed that the highest value of vitamin C  is in 
Tulasi (0.8413) followed by Wheat grass (0.586), Mint 
leave (0.555), Celery (0.463), Aloe Vera (0.262) and 
Curry leave(0.041). 

 Moisture content is found to be maximum for Aloe Vera 
and minimum for Curry leave. 

 Aloe vera is slightly acidic while all other samples are 
almost neutral. 
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Helene Cixous exhorts women to “write,” breaking the 

silence: “Woman must write her self: must write about women and 
bring women to writing, from which they have been driven away so 
violently as from their bodies – for the same reasons, by the same 
law, with the same fatal goal. Woman must put herself into the text 
as into the world and into history – by her own movement…” 
(Marks, 245). Cixous means that woman must put her body as the 
text to find a place in the canons and annals of history. In other 
words, the textual politics of ecriture feminine incorporates the 
politics of the female body as a text as well as a site of resistance. 
The resistance to patriarchy is articulated through writing.  

The problematic interrelationship between creativity and 
sexuality is illustrated through women’s fictional writings. The 
present study gives insights to psychological factors that qualify the 
woman character-writer’s life, how the female writer-protagonist’s 
psychic conflicts related to her gender and sexuality turn out to be 
artistically productive, offering a new dimension to women’s 
writings. This study examines women writing on writing women’s 
responses to male domination in sexuality and creativity. It is an 
attempt to find out how women have created spaces of resistance to 
the dominant discourses of patriarchy. These women writers strive 
to recontextualise, recreate and rewrite the past in their writings 
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with a view to retrieving the submerged female identity and moving 
to the centre from their marginalized positions. They articulate their 
voices of dissent and resentment towards multiple oppressions in 
patriarchal, capitalist and racist society. The reading of selected 
novels of women writing on writing women gives a kaleidoscopic 
view of woman’s predicament in different cultures. 

Sylvia Plath’s only novel, The Bell Jar portrayed the traumatic 
experiences of suicide and depression through the character of 
Esther Greenwood. This makes The Bell Jar one of the most 
haunting and captivating novels about nervous breakdown. It gives 
an account of Esther’s misandrinism, neurosis and creativity. The 
Bell Jar describes Plath’s own predicament: the inability to combat 
self-destruction and neurosis through creativity. The novel also 
reflects the conflicts between domesticity and self-reliance she 
experienced as an extra-ordinarily talented woman. The Bell Jar is 
the story of a successful suicide maniac writer who wrote the story 
of an unsuccessful suicide maniac writer unsuccessful in writing 
about a writer. It is the novel written by Sylvia Plath about an 
adolescent writer suffering from writer’s block, Esther Greenwood, 
who is unable to write about Elaine, her character-writer. So The 
Bell Jar has the structure of a story-within-a-story-within-a-story. 
The novel explores how the conflicting views of sexuality, 
creativity and neurosis intersect in the life of a woman writer and 
her created character. 

The embedded Esther-doubles and their double experiences in 
the novel provide information about sexuality, creativity and 
insanity in the American society of the 1950’s. Plath has successfully 
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portrayed the different categories of sexuality through multiple 
voices in the novel. She enhances the quality of objectivity by the 
creation of multiple voices of the protagonist. The multiple voices 
bring in polyphony to the text. The novel’s themes like female 
sexuality, marriage, motherhood and madness are represented 
through the images of fragmentation, alienation, purgation, colours, 
seasons, landscape and animals. Self-expression is a sort of 
empowerment for Esther. By writing a novel about herself she finds 
a voice and identity in her society. As she is suppressed by the 
societal norms, she has to find some way to reveal her repressed 
emotions. She finds writing as the most suitable way to express her 
suppressed feelings. As Elaine is the mouthpiece of Esther, Esther 
herself is the voice of Sylvia Plath who reveals the double standard 
of ethics, values and aesthetics followed by the patriarchal society. 

Doris Lessing’s The Golden Notebook analyses the life of the 
writer, Anna Wulf, the protagonist, through her creative acts. She is 
a divorced mother of a young daughter and a once-successful writer 
experiencing writer’s block. She has spent years unable to write a 
sequel to her one novel, a wartime story that was commercially and 
critically successful. The novel comprises of the four notebooks – 
black, red, yellow and blue -  in which Anna keeps the record of her 
life, and her attempt to tie them all together in a fifth, the golden 
notebook. Each notebook is revisited four times, combined with 
episodes from Free Women, creating non-chronological, overlapping 
sections that intersect with one another. The last book puts an end to 
the fragmentation. The collaborative work by Anna and her 
American lover, Saul Green leads to her recovery and reintegration 
from her fragmented self.  
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Doris Lessing lays bare the confused and depressed psyche of 
Anna Wolf who always dreams freedom within the structure. She 
has given voice to her experience through the written word. At 
times, the resistance is even overt and vocal. The text focuses on the 
different aspects of creativity and their relation with the 
unconscious, especially the psychic energies diffused as neurosis 
and self-destruction. Through the portrayal of Anna Wulf, Lessing 
discusses many issues like gender, creativity, sexuality, neurosis, 
Marxism and fictional process. The novel has set new conventions 
by discussing female sexuality from the female point of view.   

The Canadian writer Margaret Laurence’s The Diviners is the 
culmination and completion of her celebrated Manawaka novels. 
The epic novel is dense with themes including mother-daughter 
relationships and dispossession, besides creativity, sexuality and 
resistance. This is the powerful story of an independent middle-aged 
writer, Morag Gunn, who lives in a farmhouse on the Canadian 
prairies. 

The Diviners, written in the 1970’s, portrays the obstacles a 
woman writer faces in achieving her goals. It is narrated through the 
memories of Morag Gunn, an independent single-mother, who 
struggles to understand the loneliness of her eighteen-year-old 
daughter, Pique. Morag, with all her strengths and weaknesses, 
searches for her identity. It gives the picture of the aging writer 
concluding her very last novel by digging up her past through a 
sequence of “Memory Bank Movies.” Throughout these movies we 
gain knowledge of Morag’s rough and hard rearing in Manawaka 
and her pursuit of individuality, knowledge and true home through 
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the subsequent years. Morag, though beaten down many times, has 
a goal and vision, and she has repudiated to let things impede her 
from getting there. Laurence, the writer, has created a woman-
writer, Morag Gunn, whose experience is that of all dispossessed 
people in search of their birthright and who stands as a motivating 
representation of bravery and survival. The creator-writer, Margaret 
Laurence as well as the created writer, Morag Gunn offers a  
resistance that is an exercise of power against the oppression and 
injustice of power structures which degrade them to the point of 
objectification and commodification. The novel seeks to locate the 
manifestations of a woman writer’s attempt to find a room of her 
own. 

The Indian writer Shashi Deshpande’s The Binding Vine, 
deals with the different aspects of woman’s life like motherhood, 
sisterhood, creativity, sexuality, resistance and identity. Urmi in 
Deshpande’s novel is educated, sensitive and middleclass. After the 
death of her one-year-old daughter, she finds solace and strength in 
Mira, her dead mother-in-law’s writings. Mira takes writing as a 
means of her redemption from all sorts of oppression. Resistance to 
hegemony exists in her writings. She has transmitted it through her 
poems. The title of the novel has been taken from one of the poems 
of Mira which is about creation and binding love. The potential for 
resistance to power is through strategies like “manipulations within 
the domestic sphere, the subversions of religious and cultural 
resources and the deployment of sexuality” (Sunder Rajan, 161). 
Her covert resistance emerges from a craving to construct identity. 
Mira’s existence had been a sort of internal colonization on the one 
hand, and a double colonization on the other. Her identity as a Third 
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World woman intensifies her oppression. By writing about the doll-
like existence of herself, she could find a voice to express her anger 
and disgust against the patriarchal society.  

The Third World women experience a different and more 
intense kind of oppression than that of men. The Third World 
women are the gendered subalterns with a stifled voice. Her 
predicament is appropriately expressed by Gayatri Chakravorthy 
Spivak: “…if the subaltern has no history and cannot speak, the 
subaltern female is even more deeply in shadow” (296). For Spivak, 
the silenced subaltern women are like shadowy figures due to their 
non-representation in the colonial discourses. She exhorts women 
writers to retrieve the authentic voices of the female subaltern from 
their mute condition and to rediscover their history in the subaltern 
consciousness.  In the novel, The Binding Vine, Urmi makes an 
effort to resurrect the works of her mother-in-law by publishing 
them and giving them voice. Kalpana, a subaltern rape victim, has 
to live under conditions of fear, anxiety and violence. Urmi shows 
the guts to maintain and retain Kalpana’s dignity as a woman, as a 
human being, by giving her moral support. Through the portrayal of 
Urmi and Mira, Deshpande has given a powerful note of resistance 
and self-assertion to reclaim the female self of the subaltern. 

The Latin American writer Julia Alvarez’s Saving the World, 
shows how different narrators in different narrative contexts              
can highlight transvocalisation in the novel. Alma Huebner, a 
contemporary Dominican-American writer suffering from writer’s 
block, instead of working on a Dominican family saga novel, 
spends her time reading about Dona Isabel Gomez who helped             
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Dr. Francisco Balmis, the leader of the Spanish Royal Philanthropic 
Expedition of 1803, to vaccinate twenty three orphans with cowpox 
and bring them as live carriers from Spain to Central America to 
save the world from smallpox epidemics. Alma’s husband, Richard 
Huebner, an American, is involved in a project of testing a new 
vaccine in the Dominican Republic to save the world from AIDS in 
the twenty first century. These two stories, seemingly so different, 
begin to speak to each other through the narrators, Alma and Isabel, 
thus saving them from the world of depression. 

Through the writer-protagonist, Alma Heubner, Julia Alvarez, 
the writer, is making an attempt to reconstruct their histories and 
reclaim their voices from double colonization of race and gender. 
Their dreams and aspirations become part of a wider struggle to 
change the material and social reality. Articulation is an inevitable 
consequence of struggle and it offers resistance by exhibiting 
dissent against the oppressive dominant discourses. Alma is of the 
impression that a writer will lose her freedom by succumbing to the 
glamour of the book-biz world. Her bitterness and disenchantment 
with the book-biz world and her self-conscious ethnicity reflect the 
attitude of the writer Alvarez. The writer-character thus becomes 
the voice of her writer-creator, Alvarez. 

The Japanese American writer Ruth Ozeki’s A Tale for the 
Time Being (2013), portrays the creative symbiotic relationship 
between the writer and the reader jettisoning geographical barriers. 
In a world of digital surveillance, Ozeki depicts the dilemma of a 
depressed teenaged girl Nao, who wishes to write a memoir on her 
104-year-old great-grandmother, a Zen nun and feminist novelist, as 
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her extended suicide note. Ozeki worries herself about writing 
women and their predicament. Through her twin women-
writer/reader characters—Ruth, the blocked writer and Nao, the 
diarist—Ruth Ozeki, the writer-creator, has made women the 
subject of ‘her story’ unveiling her/their search for self.   The text(s) 
within the text A Tale for the Time Being could be read as a 
narrative(s) of woman learning to speak and to act for herself.   

Women’s writing on writing women is therefore a female body 
evolved from female sexuality and aestheticised in a reinvented 
female centered language. It is definitely a march towards action 
from speech, to assertion from silence. The modes of resistance 
shown by these characters in these fictional texts create new forms 
of resistance discourses. They raise the questions of oppression, 
marginalization and objectification in a convincing manner through 
their writer-protagonists. Their writings resist the forces of multiple 
oppressions in contemporary society. They deconstruct the 
mystique perpetuated around female body, female sexuality and 
female creativity. They have evolved a new politics of sexuality and 
a new aesthetic of body in their writings.  

A close reading of select fictional texts by women writers on 
writing women reveals the various strategies women novelists 
adopt to articulate resistance and to assess the impact of specific socio-
cultural and historical contexts on the authors’ conceptualization of 
resistance. The ambivalence created by the binary division, the 
public/ private sphere develops into an artistically productive 
conflict and gets manifested in the form of resistance in their 
works. The lives of the female writer-characters certainly become 



94 Carmel Blaze Vol. 9, Issue 1, July 2017                               ISSN: 2349-0217                     

instrumental in creating a change in the social psyche, the collective 
unconscious of the readers, especially women readers. 
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Ê½þxnùÒ +Éè®ú Ê´ÉYÉÉ{ÉxÉ EòÒ nÖùÊxÉªÉÉ 
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Ê´É·É¦É®ú ¨Éå Ê½þxnùÒ ¦ÉÉ¹ÉÉ EòÉ ¨É½þi´É ÊxÉ®úxiÉ®ú  ¤ÉføiÉÉ VÉÉ ®ú½þÉ ½èþ* Ê½þxnùÒ {ÉÚ®äú 

¦ÉÉ®úiÉ´É¹ÉÇ EòÒ ¦ÉÉ¹ÉÉ ¤ÉxÉ MÉªÉÒ ½èþ* ®úÉ¹]Åõ¦ÉÉ¹ÉÉ +ÉÊnù ={ÉÉÊvÉªÉÉå ºÉä ¦ÉÒ ¤ÉgøEò®ú Ê½þxnùÒ 

+ÉVÉ ´ªÉÉ´É½þÉÊ®úEò VÉÒ´ÉxÉ EòÒ ¦ÉÉ¹ÉÉ ¤ÉxÉ MÉªÉÒ ½èþ* ºÉÆ{ÉÚhÉÇ ¦ÉÉ®úiÉ ¨Éå Ê½þxnùÒ ½þÒ BEò¨ÉÉjÉ 

¦ÉÉ¹ÉÉ ½èþ VÉÉä Ê´ÉÊ´ÉvÉ VÉxÉÊ´É¦ÉÉMÉå EòÉä, ºÉÆºEÞòÊiÉªÉÉå EòÉä BEòºÉÚjÉiÉÉ ¨Éå ¤ÉÉÄvÉiÉÒ ½èþ* Ê½þxnùÒ 

EòÉ |ÉªÉÉäMÉ +ÉVÉ VÉÒ´ÉxÉ Eäò Ê´ÉÊ´ÉvÉ ºiÉ®úÉå ¨Éå ½þÉäiÉÉ VÉÉ ®ú½þÉ ½èþ* Ê½þxnùÒ +ÉVÉ Eäò´É±É 

Ê´ÉSÉÉ®ú Ê´ÉÊxÉ¨ÉªÉ EòÒ ¦ÉÉ¹ÉÉ Eäò ºiÉ®ú ºÉä ¦ÉÒ >ð{É®ú = ö̀Eò®ú "õVÉÒ´ÉxÉ ={ÉªÉÉäMÉÒ ¦ÉÉ¹ÉÉ' ¤ÉxÉ 

MÉªÉÒ ½èþ* Ê½þxnùÒ +ÉVÉ ¤ÉÉä±ÉSÉÉ±É EòÒ ¦ÉÉ¹ÉÉ ½þÒ xÉ½þÓ, ¤ÉÎ±Eò EòÉªÉÉÇ±ÉªÉ, Ê´ÉYÉÉxÉ, ´ÉÉÊhÉVªÉ, 

´ªÉ´ÉºÉÉªÉ +Éè®ú Ê´ÉYÉÉ{ÉxÉ EòÉ ¦ÉÒ ¦ÉÉ¹ÉÉ ½èþ* <ºÉ xÉªÉÒ {É½þ±ÉÚ+Éå ºÉä MÉWÉ®úEò®ú Ê½þxnùÒ ¦ÉÉ¹ÉÉ 

EòÉ føÉÄSÉÉ ¦ÉÒ vÉÒ®äú-vÉÒ®äú ¤Énù±ÉxÉä ±ÉMÉÒ ½èþþ* Ê½þxnùÒ ¨Éå +ÉVÉ <xÉ |ÉªÉÉäMÉÉå Eäò EòÉ®úhÉ xÉªÉÒä 

¶É¤nù, xÉªÉÒ ¶Éèè±ÉÒ +É MÉªÉÒ ½èþ VÉÉä VªÉÉnùÉ Ênù±ÉSÉº{ÉÒ Ê´É¹ÉªÉ ½èþ* EòÉªÉÉÇ±ÉªÉÒ ºÉxnù¦ÉÇ ¨Éå, 

Ê´ÉYÉÉxÉ +Éè®ú ºÉÚSÉxÉÉ |ÉÉèvªÉþÉäÊMÉEòÒ ºÉxnù¦ÉÇ ¨Éå Ê½þxnùÒ ¨Éå xÉªÉÉ-xÉªÉÉ {ÉÊ®ú´ÉiÉÇxÉ ÊnùxÉÉåÊnùxÉ ½þÉäiÉÉ 

VÉÉ ®ú½þÉ ½èþ* ´ªÉÉ{ÉÉ®ú +Éè®ú ´ÉÉÊhÉVªÉ ¨Éå |ÉªÉÖHò ½þÉäxÉä́ ÉÉ±ÉÒ Ê½þxnùÒ EòÉ °ü{É ¦ÉÒ ÊxÉ®úxiÉ®ú 

¤Énùø±ÉiÉÒ VÉÉ ®ú½þÒ ½èþ* <ºÉ IÉäjÉ ¨Éå Ê´ÉYÉÉ{ÉxÉÉå EòÉ ªÉÉäMÉnùÉxÉ WªÉÉnùÉ ºÉ®úÉ½þiÉÒªÉ ½Æèþ* 

Ê½þxnùÒ ¦ÉÉ¹ÉÉ EòÉ |ÉSÉ±ÉxÉ Eò®úxÉä ¨Éå Ê´ÉYÉÉ{ÉxÉÉå EòÉ ¨É½þi´É{ÉÚhÉÇ ªÉÉäMÉnùÉxÉ ½èþ* 

]äõÊ±ÉÊ´ÉWÉxÉ +Éè®ú +xªÉ ºÉÆSÉÉ®ú ¨ÉÉvªÉ¨ÉÉå ¨Éå ÊxÉ®úxiÉ®ú Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉ +ÉiÉä ½éþ* VÉÉä 

+Ê½þxnùÒ |Énäù¶ÉÉå Eäò ºÉxnù¦ÉÇ ¨Éå ¦ÉÒ ±ÉÉMÉÚ ½éþ* Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå Eäò nÂù́ ÉÉ®úÉ Ê½þxnùÒ ¨Éå VÉÉä 

xÉªÉä |ÉªÉÉäMÉ +ÉiÉä ½éþ, WªÉÉnùÉ +ÉEò¹ÉÇEò ±ÉMÉiÉä ½éþ* 

Ê´ÉYÉÉ{ÉxÉÉå ¨Éå Ê½þxnùÒ EòÉ °ü{É CªÉÉ ½èþ +Éè®ú =ºÉEòÉ |ÉªÉÉäMÉ ºÉÆSÉÉ®ú ¨ÉÉvªÉ¨ÉÉå ¨Éå 

ÊEòºÉ |ÉEòÉ®ú ½þÉäiÉÉ ½èþ VÉèºÉÒ ¨ÉÚnÂùnùÉå {É®ú vªÉÉxÉ nùäxÉÉ +ÊxÉ´ÉÉªÉÇ ½èþ* <ºÉEäò {É½þ±Éä Ê´ÉYÉÉ{ÉxÉÉå 

EòÒ ¦ÉÉ¹ÉÉ Eäò ¤ÉÉ®äú ¨Éå SÉSÉÉÇ Eò®úxÉÉ ½þÉäMÉÉ* "Ê´ÉYÉÉ{ÉxÉ ´É½þÒ ºÉ¨ÉlÉÇ ½èþ VÉÉä ±ÉÉäMÉÉå EòÉä 

=i{ÉÉnùÉå EòÒ +Éä®ú ±Éä VÉÉiÉÉ ½èþè'þ* ®äúÊb÷ªÉÉä, ]äõÊ±ÉÊ´ÉWÉxÉ, ºÉ¨ÉÉSÉÉ®ú-{ÉjÉ +Éè®ú xÉ´É 
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<±ÉC]ÅõÉäÊxÉEò ¨ÉÉvªÉ¨ÉÉå ¨Éå Ê´ÉYÉÉ{ÉxÉ +ÉiÉä ®ú½þiÉä ½éþþ* Ê´ÉYÉÉ{ÉxÉÉå Eäò ¨ÉÉvªÉ¨É ºÉä =i{ÉÉnùEò 

+{ÉxÉä =i{ÉÉnù EòÉä nÚùºÉ®úÉå Eäò =i{ÉÉnù ºÉä ¤Éä½þiÉ®ú ºlÉÉÊ{ÉiÉ Eò®úiÉä ½éþ* <ºÉÒ EòÉ®úhÉ 

Ê´ÉYÉÉ{ÉxÉÉå EòÉ ÊxÉ¨ÉÉÇhÉ Eäò +´ÉºÉ®ú {É®ú +xÉäEò ¤ÉÉiÉÉå {É®ú vªÉÉxÉ näùxÉÉ WÉ°ü®úÒ ½éþ* 

Ê´ÉYÉÉ{ÉxÉÉå EòÒ ¦ÉÉ¹ÉÉ Eò±ÉÉi¨ÉEò +Éè®ú ´ªÉÉ´ÉºÉÉÊªÉEò fÆøMÉù ºÉä ½þÉäxÉÉ ½èþ, ÊVÉºÉºÉä ºÉÖxÉxÉä́ ÉÉ±Éä 

ªÉÉ näùJÉxÉä́ ÉÉ±Éä EòÉ ½þÞnùªÉ JÉÓSÉ ºÉEäò* <ºÉÒ EòÉ®úhÉ +ÉEò¹ÉÇhÉÒªÉiÉÉ ¤ÉføÉxÉä Eäò Ê±ÉB ¦ÉÉ¹ÉÉ 

EòÒ BEònù̈ É +±ÉMÉ °ü{É <ºiÉä̈ ÉÉ±É ÊEòªÉÉ VÉÉiÉÉ ½èþ* ¦ÉÉ¹ÉÉ<Ç ºiÉ®ú {É®ú Ê´ÉYÉÉ{ÉxÉÉå ¨Éå 

BEònù¨É EòÉªÉÉ{É±É]õ EòÒ ÎºlÉÊiÉ ±ÉÉªÉÒ MÉªÉÒ ½èþ* Ê´ÉYÉÉ{ÉxÉ iÉ¦ÉÒ +ÉEò¹ÉÇEò ¤ÉxÉiÉä ½èþ VÉ¤É 

=ºÉ¨Éå iÉÉ±É ½þÉä, où¶ªÉÉi¨ÉEòiÉÉ ½þÉä, +Éè®ú ºÉ®ú±ÉiÉÉ ½þÉä* ¦ÉÉ¹ÉÉ<Ç ´ªÉÉEò®úhÉ EòÉä =iÉxÉÉ 

ºlÉÉxÉ xÉ½þÓ ÊnùªÉÉ VÉÉiÉÉ ÊVÉiÉxÉÉ où¶ªÉ ºÉÉèxnùªÉÇ EòÉä ÊnùªÉÉ VÉÉiÉÉ ½èþ* ¦ÉÉ¹ÉÉ WªÉÉnùÉ 

+ÉEò¹ÉÇEò +Éè®ú ¤ÉÉävÉMÉ¨ªÉ ½þÉä, +Éè®ú ºÉ¤ÉºÉä +ÊvÉEò ±ÉÉäMÉÉ ºÉ¨ÉZÉ ºÉEòxÉä́ ÉÉ±ÉÉ ½þÉä, ªÉ½þÒ 

¶ÉiÉÇ Ê´ÉYÉÉ{ÉxÉ Eäò ºÉxnù¦ÉÇ ¨Éå =±±ÉäJÉÊxÉªÉ ½èþ* BäºÉÒ ÎºlÉÊiÉ ¨Éå Ê½þxnùÒ EòÉ ºlÉÉxÉ ¦ÉÉ®úiÉ 

¨Éå ºÉ¤ÉºÉä >ð{É®ú +É VÉÉiÉÒ ½èþ* Ê´ÉYÉÉ{ÉxÉÉå ¨Éå ºÉ¤ÉºÉä WªÉÉnùÉ |ÉªÉÉäMÉ ½þÉäxÉä́ ÉÉ±ÉÒ ¦ÉÉ¹ÉÉ Eäò 

°ü{É ¨Éå Ê½þxnùÒ EòÉ ºlÉÉxÉ +ÊuùùiÉÒªÉ ½Æèþ* 

+ÉVÉ ¦ÉÉ®úiÉ ¨Éå ´ÉÉÊhÉVªÉ, ´ªÉ´ÉºªÉÉªÉ, º´ÉÉºlªÉ VÉèºÉÒ +xÉäEò IÉäjÉÉå ¨Éå Ê½þxnùÒ EòÉ 

½þÒ |ÉªÉÉäMÉ Ê´ÉYÉÉ{ÉxÉÉå ¨Éå Eäò Ê±ÉB =ÊSÉiÉ ¨ÉÉxÉÉ VÉÉiÉÉ ½èþ* <ºÉEäòÊ±ÉB Eò<Ç EòÉ®úhÉ ½éþÆþ* 

VÉÉä ÊxÉ¨xÉÊ±ÉÊJÉiÉ ½èþ, 

 Ê½þxnùÒ ¦ÉÉ¹ÉÉ ¦ÉÉ®úiÉ ¨Éå ºÉ¤ÉºÉä WªÉÉnùÉ ºÉ¨ÉZÉä VÉÉiÉä ½éþ* 

 Ê½þxnùÒ ¦ÉÉ®úiÉÒªÉ ºÉÆºEÞòÊiÉ ºÉä VÉÖb÷Ò ½Öþ<Ç ¦ÉÉ¹ÉÉ ½èþ* 

 Ê½þxnùÒ ®úÉ¹]ÅõÒªÉ - BEòiÉÉ EòÉ ¤ÉÉävÉ Eò®úÉiÉÒ ½èþ* 

 Ê½þxnùÒ ºÉ®ú±É ¦ÉÉ¹ÉÉ ½èþ* 
 Ê½þxnùÒ ºÉÆMÉÒiÉÉi¨ÉEò ¦ÉÉ¹ÉÉ ½èþ* 

Ê½þxnùÒ EòÉ |ÉSÉ±ÉxÉ +Éè®ú Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉ 

 nÚù®únù¶ÉÇxÉ EòÉ +ÉÊ´É¦ÉÉḈ É Ê½þxnùÒ |ÉSÉ±ÉxÉ ¨Éå ¨É½þi´É{ÉÚhÉÇ Eònù̈ É ½èþ* ÊVÉºÉºÉä 

Ê½þxnùÒ |É¶xÉÉå ¨Éå Ê½þxnùÒ +{ÉxÉÉ ºlÉÉxÉ ¤É®úEò®úÉ®ú ®úJÉxÉä ¨Éå EòÉÊ¨ÉªÉÉ¤É ½Öþ<Ç* +Ê½þxnùÒ 
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|Énäù¶ÉÉå ¨Éå Ê´ÉYÉÉ{ÉxÉÉå uùÉ®úÉ Ê½þxnùÒ EòÉä VÉÉä ¡èò±ÉÉ´É Ê¨É±ÉÒ ½èþ, ´É½þ ¤É½ÖþiÉ ´ªÉÉ{ÉEò ½èþ* 

Ê¡ò±¨ÉÉå Eäò ¨ÉÉvªÉ¨É ºÉä Ê½þxnùÒ EòÉä VÉÉä VÉxÉÊ|ÉªÉiÉÉ Ê¨É±ÉÒ ½èþ, =iÉxÉÒ ½þnù iÉEò Ê½þxnùÒ 

Ê´ÉYÉÉ{ÉxÉÉå ºÉä ¦ÉÒ ªÉÉäMÉnùÉxÉ |ÉÉ{iÉ ½Öþ<Ç ½èþ* +ÉVÉ |ÉÉnäùÊ¶ÉEò SÉäxÉ±ÉÉå EòÉ ¦É®ú¨ÉÉ®ú ½èþ Ê¡ò®ú 

¦ÉÒ ]äõÊ±ÉÊ´ÉWÉxÉ {É®ú Ê½þxnùÒ EòÉªÉÇGò¨ÉÉå EòÉ +Éº´ÉÉnùxÉ Eò®úxÉä ¨Éå ±ÉÉäMÉ Ê½þSÉEòiÉä xÉ½þÓ* <xÉ 

EòÉªÉÇGò¨ÉÉå Eäò ¤ÉÒSÉÉå-¤ÉÒSÉ VÉÉä Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉ +ÉiÉä ½èþÆ, ºÉ¤ÉEäò ¨ÉxÉ EòÉä ¤É½þEòÉiÉÉ ½èþ* 

Ê´ÉYÉÉ{ÉxÉÉå EòÉ °ü{É - ºÉVÉÉ´É]õ ºÉä ¨ÉÉjÉ +ÉEòÌ¹ÉiÉ ½þÉäiÉÉ ½èþ BäºÉÉ Eò½þxÉÉ `öÒEò xÉ½þÓ 

½þÉäMÉÉ* +{ÉxÉÒ ¦ÉÉ¹ÉÉ ¨Éå ºÉÖxÉxÉä +Éè®ú näùJÉxÉä ¨Éå VÉÉä ºÉÖJÉ +Éè®ú SÉèxÉ Ê¨É±ÉiÉÒ ½èþ, ªÉ½þ ¦ÉÒ 

Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå EòÒ VÉxÉÊ|ÉªÉiÉÉ Eäò EòÉ®úhÉ ¤ÉxÉÒ ½èþ* Ê½þxnùÒ ¨Éå VÉ¤É Ê´ÉYÉÉ{ÉxÉ ¤ÉxÉiÉä ½èþ 

´É½þ BEònù̈ É SÉÖºiÉ +Éè®ú ºÉÖb÷Éè±É ¤ÉxÉiÉä ½èþÆ, =ºÉ¨Éå ºÉÆMÉÒiÉÉi¨ÉEò ¤ÉxÉxÉä EòÒ +{ÉxÉÒ ¶ÉÊHò 

¦ÉÒ ½þÉäiÉÒ ½èþ* =nùÉ½þ®úhÉ Eäò °ü{É ¨Éå ´ÉÉÌ¹ÉMÉ {ÉÉ>ðb÷®ú ÊxÉ®ú¨ÉÉ EòÉ Ê´ÉYÉÉ{ÉxÉ näùÊJÉB, 

 "´ÉÉË¹ÉÉMÉ {ÉÉ>ðb÷®ú ÊxÉ®ú¨ÉÉ 

 ´ÉÉË¹ÉMÉ {ÉÉ>ðb÷®ú ÊxÉ®ú¨ÉÉ 

  nÚùvÉ ºÉÒ ºÉ¡äònùÒ 

  ÊxÉ®ú¨ÉÉ ºÉä +ÉªÉÒ 

  ®ÆúMÉÒxÉ Eò{Ébä÷ ¦ÉÒ 

  ÊJÉ±É ÊJÉ±É VÉÉªÉä 

  ºÉ¤ÉEòÒ {ÉºÉxnù ÊxÉ®ú¨ÉÉ 

  ´ÉÉË¹ÉMÉ {ÉÉ>ðb÷®ú ÊxÉ®ú¨ÉÉ 
   ÊxÉ®ú¨ÉÉ' 

Ê´ÉYÉÉ{ÉxÉÉå ¨Éå ¦ÉÉ®úiÉÒªÉiÉÉ EòÉ {ÉÊ®úoù¶ªÉ 

 Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå Eäò ¨ÉÉvªÉ¨ÉÉå ºÉä ¦ÉÉ®úiÉÒªÉ ºÉÆºEÞòÊiÉ EòÉ +ºÉ®únùÉ®ú |ÉªÉÉäMÉ ¦ÉÒ 

Ê´ÉYÉÉ{ÉxÉEòiÉÉÇ Eò®ú ®ú½äþ ½éþ* Ê½þxnùÒ ¦ÉÉ®úiÉ EòÒ ºÉÉÆºEÞòÊiÉEò ¤ÉÉävÉ-ºÉÒ VÉÖb÷Ò ½Öþ<Ç ¦ÉÉ¹ÉÉ ½èþ* 

¦ÉÉ®úiÉÒªÉ ºÉÆºEÞòÊiÉ EòÉä ºÉ½þÒ ¨ÉÉ<ÇxÉä ¨Éå |ÉºiÉÖiÉ Eò®úxÉä ªÉÉäMªÉ +Éè®ú EòÉä<Ç EòÉ ½þÉäxÉÉ xÉ Eäò 

¤É®úÉ¤É®ú ½èþ* ¦ÉÉ®úiÉÒªÉ ºÉÆºEÞòÊiÉ ºÉä VÉÖbä÷ Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉ Eäò Ê±ÉB ‘AIR DECAAN’ EòÉ 
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Ê´ÉYÉÉ{ÉxÉ |ÉÊºÉrù ½èþ ÊVÉºÉ¨Éå Ê{ÉiÉÉ - {ÉÖjÉ ºÉÆ¤ÉxvÉ EòÉä ¨ÉxÉÉä½þ®ú fÆøMÉ ºÉä |ÉºiÉÖiÉ ÊEòªÉÉ ½èþ* 

"ºÉÉ<ÇÊEò±É ¥ÉÉxbä÷ +MÉ®ú¤ÉÊjÉªÉÉÄ Eäò Ê´ÉYÉÉ{ÉxÉ ¨Éå ªÉ½þ ÊxÉººÉxnäù½þ Eò½þiÉä ½éþ ÊEò <Ç¶É´É®ú ½èþ, 

+Éè®ú |ÉÉlÉÇxÉÉ Eäò Ê±ÉB ºÉ¤ÉEòÉä BEò EòÉ®úhÉ ½þÉäiÉä ½éþ* BäºÉÒ Ê´ÉYÉÉ{ÉxÉ VÉ¤É Ê½þxnùÒ ¨Éå +ÉiÉÒ 

½èþ, iÉÉä ´É½þ WªÉÉnùÉ |É¦ÉÉ´ÉÒ ½þÉäiÉä ½éþ* 

¦ÉÉ®úiÉÒªÉ ºÉ®úEòÉ®ú EòÒ +Éä®ú ºÉä VÉÉä Ê´ÉYÉÉ{ÉxÉ +ÉiÉä ½éþ Ê½þxnùÒ ¨Éå ½þÒ +ÉiÉä ½éþ* 

ÊVÉºÉEòÉ EòÉ®úhÉ Ê½þxnùÒ EòÉ ®úÉ¹]Åõ¦ÉÉ¹ÉÉ ½þÉäxÉÉ ªÉÉ ®úÉVÉ¦ÉÉ¹ÉÉ ½þÉäxÉä EòÉ ¨ÉÉjÉ xÉ½þÓ ¤ÉÎ±Eò 

´É½þ ½þ¨ÉÉ®úÒ BEòiÉÉ EòÒ, ºÉÆºEÞòÊiÉ, ºÉ¨ÉZÉ EòÒ ¦ÉÉ¹ÉÉ ½þÉäxÉä ºÉä ½éþ* ®úÉ¹]ÅõÒªÉ ºÉÉIÉ®úiÉÉ 

Ê¨É¶ÉxÉ EòÉ Ê´ÉYÉÉ{ÉxÉ º´ÉÉºlªÉ ºÉ¤ÉxvÉÒ Ê´ÉYÉÉ{ÉxÉ, º´ÉSUô ¦ÉÉ®úiÉ Ê¨É¶ÉxÉ EòÉ Ê´ÉYÉÉ{ÉxÉ, 

+ÉªÉEò®ú Ê´É¦ÉÉMÉ EòÒ Ê´ÉYÉÉ{ÉxÉ ªÉ½þ  ºÉ¤É Ê½þxnùÒ ¨Éå ½þÒ +ÉiÉä ½éþ* Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå Eäò 

|ÉªÉÉäMÉ ºÉä ½þ®ú xÉÉMÉÊ®úEò Eäò ¨ÉxÉ ¨Éå Eò½þÓ xÉ Eò½þÓ ¦ÉÉ®úiÉÒªÉ ½þÉäxÉä EòÉ MÉ´ÉÇ +Éè®ú ¦ÉÉ®úiÉÒªÉ 

BEòiÉÉ EòÉ ¤ÉÉävÉ VÉÉMÉÞiÉ ½þÉäiÉÉ ½èþ* 

|É¦ÉÉ´ÉÉi¨ÉEò ¦ÉÉ¹ÉÉ Eäò °ü{É ¨Éå Ê½þxiÉÒ 

>ð{É®ú Eò½äþ MÉªÉä ºÉ¦ÉÒ EòÉ®úhÉÉå Eäò ¤ÉVÉÉªÉ <ºÉ ¤ÉÉiÉ {É®ú vªÉÉxÉ näùxÉÉ ½þÉäMÉÉ ÊEò 

Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå ¨Éå ´ÉÉCªÉÉå EòÉ VÉÉä |ÉªÉÉäMÉ ½þÉäiÉÉ ½èþ ´É½þ Ê½þxnùÒ ¦ÉÉ¹ÉÉ - ºÉÆ¤ÉxvÉÒ MÉÖhÉÉå Eäò 

EòÉ®úhÉ WªÉÉnùÉ +ºÉ®únùÉ®ú ºlÉÉÊ{ÉiÉ ½þÉäiÉÉ ½èþ* Ê½þxnùÒ ¨Éå ¶É¤nùÉå Eäò ¤ÉÒSÉ iÉÉ±ÉÉi¨ÉEò 

ºÉÆ¤ÉxvÉ, +Éè®ú ºÉÉèxnùªÉÉÇi¨ÉEò ºÉÆ¤ÉxvÉ ºlÉÉÊ{ÉiÉ Eò®úxÉÉ ºÉ®ú±É ±ÉMÉiÉä ½éþ* ±ÉÉäMÉÉå Eäò VÉ¤ÉÉxÉ 

{É®ú ÊxÉ®úxiÉ®ú Ê´ÉYÉÉ{ÉxÉ SÉ±ÉiÉä ®ú½þiÉä ½éþ, =ºÉä ªÉÉnù Eò®úiÉä ½éþ* +Éè®ú ´É½þÒ |ÉÉäb÷C]õ ±ÉäxÉä EòÉä 

=ºÉä ¤ÉÉvªÉ Eò®úÉiÉä ½éþ* <ºÉEäòÊ±ÉB Eò<Ç =nùÉ½þ®úhÉ Ê¨É±É ºÉEòiÉä ½éþ, 

 "±ÉÉ<¡ò¤ÉÉìªÉ ½èþ VÉ½þÉÄ iÉÆnù̄ ûºiÉÒ ½èþ ´É½þÉÄ', ±ÉÉ<¡ò¤ÉÉìªÉ  

 SÉÖc÷EòÒ ¨Éå ÊUô{ÉEòÉªÉå - Feriquicks 
 WÉ®úÉ ºÉÒ ½þºÉÒ VÉ®úÉ ºÉÒ nÖù±ÉÉ®ú - Amul the taste of India 

+ÉVÉ Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå ¨Éå ¶ÉÖrù Ê½þxnùÒ EòÉ ¨ÉÉjÉ |ÉªÉÉäMÉ xÉ Eò®úEäò "Ë½þMÉÊ±É¶É' EòÉ 

|ÉªÉÉäMÉ VªÉÉnùÉ ½þÉä ®ú½þÉ ½èþ* ªÉ½þ Ê½þxnùÒ ¦ÉÉ¹ÉÉ Eäò Ê±ÉB JÉiÉ®úxÉÉEò ½þÉä ºÉEòiÉ ½èþ, BäºÉä 

ºÉÉäSÉxÉä́ ÉÉ±Éä ½éþ* +ºÉ±É ¨Éå Ê½þxnùÒ ¦ÉÉ¹ÉÉ EòÒ VÉxÉÊ|ÉªÉiÉÉ ºÉä +ÆOÉäWÉÒ Eäò {ÉIÉ ¨Éå ®ú½þxÉä́ ÉÉ±Éä 
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Ê´ÉYÉÉ{ÉxÉ EòiÉÉÇ+Éå EòÉä ¦ÉÒ ºÉ½þ¨ÉiÉ ½þÉäxÉÉ {Éc÷iÉÉ ½èþ* ´Éä VÉÉxÉiÉä ½èþ ÊEò Ê½þxnùÒ EòÉ |ÉªÉÉäMÉ 

Eò®úxÉä ºÉä ½þÒ Ê´ÉYÉÉ{ÉxÉ |É¦ÉÉ´ÉnùÉªÉEò ½þÉäiÉä ½Æèþ* BEò Ê´ÉYÉÉ{ÉxÉ näùÊJÉB* 

Shopping le Jana, meri duty 

School ka dabba meri duty 

Prayers Sikhana meri duty 

Aur Cervical cancer Se protect Karna 

meri sabse badi duty 

Meri Beti 

Meri Duty 

ªÉ½þ Ê´ÉYÉÉ{ÉxÉ MSD EÆò{ÉxÉÒ EòÉ ½èþ, ÊVÉx½þÉåxÉä Ê½þxnùÒ ¦ÉÉ¹ÉÉ EòÉä +ÆOÉäWÉÒ ¨ÉÆä Ê±ÉJÉÉ ½èþ* 

ÊVÉx½åþ +ÆOÉäWÉÒ EòÉ |ÉªÉÉäMÉ Eò®úxÉä ¨Éå Ênù±ÉSÉ{ºÉÒ ½èþ, ±ÉäÊEòxÉ ´É½þ VÉÉxÉiÉä ½èþ ÊEò +ÆOÉäWÉÒ 

VÉÉxÉxÉä́ ÉÉ±ÉÉå Eäò ¤ÉÒSÉ ¨Éå ¦ÉÒ Ê½þxnùÒ VªÉÉnùÉ |É¦ÉÉ´ÉÒ ¦ÉÉ¹ÉÉ ½èþ* <ºÉÊ±ÉB =xÉEòÉä 

‘Translitation’ Eò®úxÉÉ {Éb÷É ½èþ* ‘My daughter is my duty’ ºÉä ¦ÉÒ WªÉÉnùÉ 
|É¦ÉÉ´ÉÉi¨ÉEò |ÉªÉÉäMÉ ‘Meri Beti Meri Duty’ ½þÒ ½èþ* <ºÉ |ÉEòÉ® +{ÉxÉä Ê´ÉYÉÉ{ÉxÉÉå EòÉ 

WªÉÉnùÉ +ºÉ®únùÉ®ú ¤ÉxÉÉxÉä Eäò Ê±ÉB "Ë½þMÉÊ±É¶É' EòÉ |ÉªÉÉäMÉ WªÉÉnùÉ ½þÉä ®ú½þÉ ½èþ, VÉèºÉä, 

"ªÉ½þ Ênù±É ¨ÉÉÄMÉä ¨ÉÉä®ú' 

"xÉÉä =±±ÉÚ ¤ÉxÉÉË´ÉMÉ' 

"º´ÉÉnù ¨Éå ¤Éäº]õ - ¨É¨¨ÉÒ +Éè®ú B´É®äúº]õ' 

"ªÉ½þÒ ½èþ ®úÉ<Ç]õ S´ÉÉ<Ç¶É ¤Éä¤Éä' 
"½þ¨Éå Ê±ÉJÉ ¦ÉäÊVÉB ®úÉ<Ç]õ xÉÉ>ð' 

Ë½þMÉÊ±É¶É Ê´ÉYÉÉ{ÉxÉÉå EòÉ ÊxÉ¨ÉÉÇhÉ +ÉVÉ ÊxÉ®úxiÉ®ú ½þÉäiÉä ®ú½þiÉä ½Æèþ Ê¡ò®ú ¦ÉÒ +xÉäEò 

BäºÉä Ê´ÉYÉÉ{ÉxÉ ½Æèþ VÉÉä Ê½þxnùÒ ¨Éå ¤ÉxÉÉªÉä ½ÖþB ½Æèþ* ºÉ®ú±É Ê½þxnùÒ ¨Éå ¦ÉÒ |É¦ÉÉ´ÉÒ Ê´ÉYÉÉ{ÉxÉ 

+ÉºÉÉxÉÒ ºÉä ¤ÉxÉÉªÉÉ VÉÉ ºÉEòiÉÉ ½èþ* ¶ÉÖrù Ê½þxnùÒ ¨Éå ¤ÉxÉä MÉÚÊMÉ±É EòÉ Ê´ÉYÉÉ{ÉxÉ <ºÉEòÉ 

=nùÉ½þ®úhÉ ½èþ* ºÉǼ ÉÉnù +Éè®ú ºÉÆMÉÒiÉ EòÒ oùÎ¹]õ Ê½þxnùÒ ¨Éå ¤ÉxÉä Ê´ÉYÉÉ{ÉxÉ |É¦ÉÉ´ÉÒ ¤ÉxÉ {Éc÷É 

½èþ*  
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=nùÉ½þ®úhÉ näùÊJÉB, 

 ""VÉÉä®ú ±ÉMÉÉEäò ½þÉ<ºÉÉ 

 ¶ÉÉä®ú ±ÉMÉÉEäò ½þÉ<ºÉÉ 

  ]Úõ]äõMÉÉ xÉ½þÓ 

  ¡äòÊ´ÉEòÉ±É EòÉ EòÉ¨É ½èþ.'' 

 ""+xÉÉäJÉÒ ¶ÉÖrùiÉÉ 

 +xÉÉäJÉÉ +ºÉ®ú - vÉÉ®úÉ PÉÒ'' 

  ""lÉÉäc÷÷Ò lÉÉäbÃ÷Ò ¦ÉÉ®úÒ 

  lÉÉäc÷÷Ò lÉÉäbÃ÷Ò ½þ±EòÒ 

  lÉÉäc÷÷Ò ºÉÒ {Éä]õ{ÉÚVÉÉ - EòÉb÷¤É®úÒºÉ'' 

  ""½þ®ú PÉ®ú 

  +¨ÉÚ±É PÉ®ú'' 

  ""º´ÉºlÉ JÉÉ+Éä 

  iÉxÉ ¨ÉxÉ Eäò JÉÉ+Éä - ]õÉ<ÇMÉ®ú Ê¤ÉºEÞò]õ÷'' 

 Ê½þxnùÒ ¨Éå ¤ÉxÉä ºÉÆMÉÒiÉÉi¨ÉEò Ê´ÉYÉÉ{ÉxÉ Eäò Ê±ÉB =nùÉ½þ®úhÉ näùÊJÉB* 

 ""EÖòUô JÉÉºÉ ½èþ 

 ½þ¨É ºÉ¦ÉÒ ¨Éå 

 EÖòUô ¤ÉÉiÉ ½èþ 

 ½þ¨É ºÉ¦ÉÒ ¨Éå 

 ¤ÉÉiÉ ½èþ, JÉÉºÉ ½èþ 

 EÖòUô º´ÉÉnù ½èþ, CªÉÉ º´ÉÉnù ½èþ ÊWÉxnùMÉÒ ¨Éå  

  "EòÉb÷¤É®úÒºÉ b÷ÉªÉ®úÒ Ê¨É±Eò' 
  +ºÉ±ÉÒ º´ÉÉnù ÊWÉxnùMÉÒ EòÉ-' 

Ê½þxnùÒ ¦ÉÉ¹ÉÉ EòÉ Ê´ÉEòÉºÉ +Éè®ú Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå EòÒ ºÉÆ¦ÉÉ´ÉxÉÉ+Éå EòÉä {É®úJÉiÉä 

ªÉ½þ YÉÉiÉ´ªÉ ½þÉäiÉÉ ½èþ ÊEò Ê½þxnùÒ ¦ÉÉ¹ÉÉ EòÉä WªÉÉnùÉ +ÉäVÉº´ÉÒ +Éè®ú |É´ÉÉ½þ¨ÉªÉÒ ¤ÉxÉÉxÉä ¨Éå 
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Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå EòÉ ¨É½þi´É{ÉÚhÉÇ ªÉÉäMÉnùÉxÉ ½èþ* +ÉVÉ Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉÉå EòÉä WªÉÉnùÉ 

VÉxÉÊ|ÉªÉiÉÉ Ê¨É±ÉiÉÒ ½èþ +Éè®ú +ÊvÉEò º´ÉÒEòÉªÉÇ ½þÉä MÉªÉÒ ½èþ* +{ÉxÉä =i{ÉÉnù EòÉä Ê½þxnùÒ 

Ê´ÉYÉÉ{ÉxÉÉå Eäò ¨ÉÉvªÉ¨É ºÉä |ÉºiÉÖiÉ Eò®úxÉä ºÉä Ê´ÉYÉÉ{ÉxÉ EòiÉÉÇ EòÉä ¦ÉÒ ±ÉÉ¦É ½èþ* +xÉäEò 

¦ÉÉ¹ÉÉ+Éå ¨Éå b÷Ï¤¤ÉMÉ Eò®úxÉä EòÉ JÉSÉÇ ºÉä ´É½þ ¤ÉSÉ VÉÉiÉÉ ½èþ* Ê´ÉYÉÉ{ÉxÉÉå ¨Éå +É¨É ¤ÉÉä±ÉSÉÉ±É 

EòÒ Ê½þxnùÒ EòÉ |ÉªÉÃÉäMÉ Eò®úEäò Ê´ÉYÉÉ{ÉxÉÉå EòÉä ºÉ®ú±É +Éè®ú ¤ÉÉävÉMÉ¨ªÉ ¦ÉÒ ¤ÉxÉÉiÉä VÉÉ ®ú½äþ ½éþ* 

¦ÉÉ®úiÉ EòÒ ºÉÉÆºEÞòÊiÉEò VÉÒ´ÉxÉ EòÉä |ÉºiÉÖiÉ Eò®úxÉä ¨Éå Ê½þxnùÒ Ê´ÉYÉÉ{ÉxÉ VªÉÉnùÉ ºÉIÉ¨É 

ºlÉÉÊ{ÉiÉ ½ÖþB ½Æèþ* Ê½þxnùÒ ¦ÉÉ¹ÉÉ EòÉä ºÉ¶ÉHò ¤ÉxÉÉxÉä +Éè®ú xÉ<Ç føùÉ±É ¨Éå b÷É±ÉxÉä EòÒ Ê½þxnùÒ 

Ê´ÉYÉÉ{ÉxÉÉå EòÉ ªÉÉäMÉnùÉxÉ ÊxÉ®úxiÉ®ú ½þÉäiÉÉ ®ú½äþMÉÉ* 

  ú        
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Abstract 

 
The Singleton has emerged as a distinct social category in the rapidly changing Kerala society.  

The present study attempts to show the change from Spinster to Singleton and the generation 

differentials of single women in Kerala, India. The study also made an attempt to find out the 

factors that led women of Kerala to singlehood they have in their unique life style.  

The focus of the study is single women of two generations, 225 spinsters and 225 singletons. 

Single women from three districts- Thiruvanathapuram, Ernakulam and Kozhikode 

constituted the sample for the study. The different aspects of the singlehood were collected with 

the help of Interview schedule and the scale developed was used for measuring adjustment of 

the single women. The economic theory of Marx, Women’s economic empowerment theory of 

Blumberg, Dramaturgical model of role theorists, Becker’s labelling theory of deviance, 

Michalo’s Multiple-discrepancy theory are the theoretical framework of the study. 

The analysis of the study reveals that there is difference between spinsters and singletons in all 

background variables and dependent variables. The findings of the study shows that the 

motivational factors-chance and choice of single women in two generations.  Single women, 

who selected singlehood by their own choice and singletons with high expectations, have low 

level of life satisfaction, even though they have high adjustability in their life. 
 

KEYWORDS: Single Women, Spinsters, Singletons, Generation Differentials.  

 

Introduction 

One of the most prominent characteristics of the developed and technological advanced 

societies of the present age is a high rate of mobility and fast social change. The great 

cultural diversity makes a range of life styles more possible. The young people of today 

especially in the urban higher economic sector want more freedom and no strings.  

Singleness is more prevalent in Europe and the United States and has increased over the last 

decades. Even in western countries single men have higher social status than women. In 

single women‟s experience, there is still a societal inclination to wonder if there is something 

„wrong‟ with women who have not married (Kramarae Cheris, 2000). 

Singleness among women is more typical in the west, but has increased elsewhere as well. 

This may be due to modernization or to a breakdown of social patterns. Spinster is an old 

fashioned word for women who never marry. To many, this word has a negative 

connotation. However, many also believe a woman who never marries is a woman on her 

own-a person who is independent and self-sufficient. A new stereotype has developed of a 

city single-“Singleton”, who does not „want‟ a man and is single through choice. 

From there, the Indian unmarried women had faced many problems in every sphere of the 

life and faced low status in the society. The recent years have brought about a great change 



     

  Research Paper  ISSN-2455-0736    (Print) 

Peer Reviewed Journal     ISSN-2456-4052 (Online) 

PESQUISA- International Journal of Research                       Vol.2, Issue-1, November 2016  8 

in the life of women in Kerala, influencing their attitudes, values and aspirations. Educated, 

young malayalee women in the twenty first century are career oriented, happy and are 

remaining single- all by choice. The percentage of these single women is very small, but the 

growing economic independence of women as well as gradual changes in patterns of life 

style, may affect these rates, in the future. Higher education enables a girl to become aware 

of alternatives to marriage. Legally speaking the traditional idea of marriage has been 

replaced with a set of new ideas in which marriage is no longer a group concern. It is purely 

a personal affair leading a man and women to seek social, psychological and economic 

happiness by pursuing their own free will. The most conspicuous innovation is the women‟s 

achievement of an alternative-singleton to the once indispensable end in life-marriage. 

Young people of today especially in the urban higher economic sector are well informed 

independent. But the single status of women has yet not been socially recognized as a 

legitimate status for women. This paper tried to find out how Kerala singletons are surviving 

and what are the factors that leads them to singlehood.  

OBJECTIVE: 

1. To understand the factors leading to singlehood. 

Concept clarification 

Singleton: Singleton is used here for those urban modern career oriented women who 

remain unmarried after the age of thirty-five. It means that they remain single by their own 

choice or by chance. 

Modern singletons were expected to be found in urban areas. For the purpose of this study, 

researcher has collected the primary data from the Urban Kerala – Thiruvanathapuram, 

Ernakulum and Calicut. It was not possible to get a clear statistical record of the singletons 

in Kerala as they were grouped along with all unmarried women like religious people in the 

last census report. So in this study snow- ball sampling is used to identify the respondent. 

225 samples were located from younger generations (35-50). A multi- dimensional interview 

schedule was used to collect data and available literature on singletons was extensively used 

to understand the factors of singlehood. The major variables used in this study are education, 

occupation and religion 

Analysis and findings: 

An analysis was made about the social and economic background of the singletons. This 

would help us to get a clear picture of the singletons in our study and aid in understanding 

how their backgrounds are related to the factors leading to singlehood. Kerala is a multy- 

religious society and religion is inextricably woven into the entire phenomenon in the 

society. It is a dominant factor in the life of the people and has its own code in matters 

relating to birth, marriage and death. Actually, this situation is increasing the rate of 

singletons in our society. Our study also supports this idea. That is, the Christian singleton 

rate is high compare to Hindu singletons.  

Theodorson‟s (1968) study among Indians, Burmese and Chinese female college students in 

Singapore, points out that in all cultures motivation to marry was traditionally supported by 

strong sanctions. Krishnakumary (1987) also found in her study that family circumstances, 

financial constraints and a combination of several factors influenced a large number of 

females to remain single. However, she indicated that very few girls remain single out of 
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their own choice. In the study of singlehood, the motivational factor which motivates them to 

become single is very important. Many educated employed women who give importance to 

career and advancement prefer to remain single. Blumberg (2005) says that economic 

independence allows single women to „life options,‟ allowing her to choose her own life 

style whether married or single. In Kerala not much study has been done in the field of 

„singlehood‟, or to find whether girls deliberately decide not to marry or whether their 

marriage is deferred due to circumstances. So an attempt is made to find out the factors that 

made them single. The objective of the study is to find out the factors that motivated women 

in Kerala to singlehood. Analysis of earlier studies shows that the motivational factors can 

be grouped into chance factors and choice factors.  

A.   Factors in connection with their own choice 

 1) Freedom  and independence        2) Unhappy married life of others 

 3) Did not meet the right person      4) Failure in love affair 

5) Social Service 

B.   Factors in connection with chance 

1)  Financial       2) No one to take care 

3) Horoscope Problems  4) Physical appearance 

5)   Dislike sex life and opposite sex 

These are inter connected multiple reasons for singlehood. All these factors were given in 

the interview schedule and the respondents were asked to rank these factors, according to 

their situation. Based on the nature of their motivation (chance/ choice), the respondents 

were grouped into two groups- chance group and choice group as shown in the Table No.1. 

They belong to the section (A or B) where they got more score. 

Table No:1  Motivational factors 

Generation 

Motivational factor 
Singletons 

Chance 
99  

44 

Choice 
126  

56 

Total 
225  

100 

Out of 225 respondents, 56 per cent of them revealed that „choice‟ led them to become 

single. At the same time, 44 per cent of them pointed out that their singlehood is connected 

with circumstantial or chance factors because the parents were unable to arrange the 

marriage of their daughter or other related factors. This rate is low in this study.  The 

findings of the study is supported by Merchant (1935) in his work, “Changing Views on 

marriage and the family” which states that among the educated urban college students at 

Madras, majority (78 per cent) of them favoured life style by their own choice. That is, the 

term life style by choice means that they expected more freedom to marry or not to marry.  
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Based on the ranks given by the respondents to each factor a ranking analysis was carried 

out. The rank analysis as shown in table No: 2 shows that the factors that motivated  

singletons to singlehood are different. 

Table No: 2 Rank given by singletons to the factors of singlehood 

Rank                   Singletons 

1 Freedom and independence 

2 Financial 

3 Unhappy married life of others 

4 Did not meet the right person 

5 No one to take care 

6 Failure in love affairs 

7 Social service 

8 Horoscope problems 

9 Physical appearance 

10 Dislike opposite sex and sex life 

1.  Freedom and Independence 

The term „independence‟ usually refers to financial independence but sometimes it also 

refers to independence from the ties of marriage and family responsibilities. Modern society, 

give a golden chance to girls to enjoy the freedom and independence as equal to boys. This 

leads single women to thirst for more freedom and independence. With the passage of time, 

and of the advent of education the attitude of women changed immensely. The education and 

the employment of women, in turn, change her attitudes and opinions on the social aspects of 

various institutions such as marriage, family etc. Modern girls realize that marriage is a 

barrier for freedom and it is enslavement for women. Through modern singlehood, they try 

to attain, what Marx said for women emancipation, the female solidarity and group 

consciousness. So they avoid marriage. In the present study, „freedom and independence‟ 

factor is considered the most important factor t for singletons and  led them to singlehood. 

Economic power gives women substantial “life options”. The “life options” mainly deals 

with two things; “Voice and Vote” in marriage (whether, when and with whom) and relative 

freedom of movement. Here, these highly educated and employed singletons enjoyed 

economical power as well as social status in the society. So, it can be inferred that their 

economic power is the fundamental reason for their singlehood life style. The growing 

economic independence of women, as well as gradual changes in patterns of mate selection, 

may affect these rates in the future. 

2. Financial Factor 

The analysis of the earlier studies compelled the researcher to find out how far the financial 

factor influenced the decision about singlehood. In the study, financial factor included all the 

financial aspects such as dowry, lack of economic security and poor economic back ground 

of single women‟s family and their salary as the sole income of the family. Financial 
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constraints are considered a very important factor for singlehood in our society. The rank 

analysis shows that this is second most important factor for singletons.  

Unemployed women are settled earlier by their parents, but when their daughters are 

employed, parents become more selective and this tends to postpone marriage ( Muriken 

1975). Under present circumstances, an employed daughter is no longer able to help her 

parents once she gets married, but is expected to give her salary to her husband. So, her 

marriage may be postponed indefinitely (Blumberg and Dwaraki 1980). It seems that a 

highly educated daughter may now be considered eligible to take the son‟s place in 

supporting parents and younger siblings.  

3.  Unhappy Married Life and Divorce 

In the past, most of the couples enjoyed their married life. But now the condition has 

changed. The number of unhappy married couple‟s rate is increasing and it is giving a 

negative picture about marriage to the younger generation. It can be said that modern single 

women give more preference to happy life of singletons than unhappy married life. 

4.  Did not meet the Right Person 

Educated employed girls would not get educated boys. Table No: 2 show that this is the 

fourth factor for singletons. Singletons are economically independent and highly educated. 

So it is very difficult to find a suitable person for educated girls. They prefer to stay single 

than to suffer with a wrong guy. This might be the reason for them to remain single by 

choice. 

5.  No one to take Enough Care   

In India, neighbors, relatives, friends as well as professional match makers may be involved 

in arranging marriages. Here, girls won‟t take personal interest for this. Among the single 

women, some of them indicated their singlehood is the result of lack of responsible person to 

arrange the marriage.  

6. Failure in Love Affairs 

Love is very common feeling and without love and romance, marriages do not take place in 

the western countries. But, in Indian continent arranged marriages are supported by all and 

even now, love marriages are not encouraged. The present study found that for the singletons 

this is the sixth important factor.  

7.   Social Service 

In the present study from table No: 2, it can be seen that it is only the seventh factor for 

singletons. It indicates that there is a general assumption that modern youngsters are more 

individualistic and not social service minded. From the analysis, it can be seen some women 

remained single to perform social services but this rate is decreasing gradually. 

8. Horoscope Problems 

According to Jethani (1994) single women‟s desire to remain unmarried has nothing to do 

with religion but with horoscope problems especially in Hindu religion. Table No: 2 depict 

this factor. It is still practiced in our society and its importance is not decreasing. To 

singletons this is the eighth one. 
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9. Physical Appearance 

Pandey (2002) found in her study that the majority of Indian women who have chosen 

careers instead of marriage have done so because they are physically less attractive than 

others. The table No: 2 shows that this is not a significant factor to young generation. That is, 

this is the ninth one for current singletons.  

10. Dislike sex life and opposite sex  

Respondents were not willing to reveal their sexual experiences to others. Their ranking 

procedure indicates that this factor is the last one. That Based on the rank analysis itself it 

can be seen that the factors that induced them to singlehood is different.  

Conclusion    

The lifelong singlehood has been a significant alternative to marriage throughout the history. 

In this chapter an attempt is made to find out whether these single women deliberately 

embraced it or whether, it was forced upon them. It was found that the factors for singlehood 

aroused by familial as well as personal specialties. One of the objectives of the study is to 

find out what motivated women in Kerala to singlehood. Based on the earlier studies the 

motivational factors were grouped into chance factors and choice factors. A rank analysis 

was carried out based on the ranks given by the respondents. While, it was freedom and 

independence that made the singletons to choose singlehood.  
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Abstract 
In the present ultra-modern computerized era, society work hard to outnumber the elderly 

with the old-age homes as a false part of social security. Certainly there is tremendous changes 

occurred in our society as an after effect of industrialization, individualization, modernization 

etc. These evolutionary changes molded social being into an individually oriented secluded 

person. The glorious position of elderly false steeply and we all have to pass through this phase. 

We have to explore their existing life skills which make them capable to live happily and 

prestigiously in their later age as this is an age of harvesting. In this context descriptive method 

was undertaken to explore their life skills. Analysis was based on primary data collected 

through structured interview schedule. Samples were selected with random sampling method 

from Thrissur district. 

Introduction 

According to WHO life skills are “abilities for adaptive and positive behaviour that enable 

individuals to deal effectively with the demands and challenges of everyday life”. “Life 

skills” refers to the skills usually associated with managing and living a better quality of life. 

They help us to accomplish our ambitions and live to our full potential. There is no definitive 

list of skills necessary for human being. Life skills are behaviours used appropriately and 

responsibly in the management of personal affairs. They are set of human skills acquired 

through learning or direct experience that are used to handle problems and questions 

commonly encountered in daily human life. These vary greatly depending on social norms 

and community expectations. We all want to accomplish anything in life. For that we should 

realize our full potential. Mastering certain skills is very important for this. Life skills are 

learned ones and mindfully incorporated in our behaviour.  

All over the world the population of aged is increasing. Subtle examination of demographic 

structure stresses two points-ageing population and feminization in elderly. Old age is 

visualized as diminished physical and psychic activity and a plethora of problems. India is 

not exempted from this. Among Indian states, Kerala has the largest proportion of elderly 

population and the growth rate among the aged is increasing. Life skills has significant role 

to execute the daily activities in everyone‟s life especially for elderly. Inter personal 

communication has been described as a critical tool for life adjustment, linking people to 

their environment. People use communication to perform many functions in their day-to-day 

activities, including employment, social and leisure activities, community involvement, 
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personal relationships, and meeting needs for daily living. Many of these functions change 

with typical aging. People retire from careers. Their social circles and personal relationships 

may change as they adjust their life roles and change their activity patterns. Social skills help 

elderly to communicate and interact with each other, both verbally and non-verbally. 

Review  of  Literature  

Compton (2009) in his book „The indispensable book of practical life skills‟ states that all 

those skills that you never quite managed to learn but that older generations seem to know 

intuitively will suddenly be at your fingertips-whether it be skinning an animal, making 

compost or mending a hem. This guide is utterly indispensable. Terry Herley, in his article 

„Cognitive activities for the elderly‟ described that there are a number of elderly people that 

never show any signs of an age-related decline in cognitive functions‟. According to Herley, 

cognitive skills are the mental capabilities that a person has which allow them to process all 

the information they receive from their senses. According to Yorkston, Bourgeois and 

Baylor (2011), interpersonal communication has been described as a critical tool for life 

adjustment, linking people to their environment. In „Becoming Human the Origins and 

Development of Women‟s Human Rights‟, Fraser (2003) states that the original contributors 

to women‟s human rights were those who first taught women to read and thus to explore the 

world outside the home and immediate community. The prerequisites for development and 

implementation of women‟s human rights are education. 

Chakrabarti (2006), in „Aged Artisans in Tribal Society a Note on Creative Talents of the 

Aged Tribal‟, states that among artisans in tribal society the old persons are not treated as 

liabilities but assets for their family and society. Attaining old hood is valuable for hem as 

the aged are regarded as the storehouse of the experience and knowledge. The tradition of 

crafting the objects or depicting sketches, painting follows a definite indigenous technique 

that is transmitted by the aged skilled experienced craftsman to younger generation through 

oral tradition. So the tribal aged experienced artisans are more respected by the fellowmen as 

they transmit the cultural heritage of the community. 

Early theories of ageing, appeared in the1960s. Modernization theory argued that the 

Industrial Revolution and the development of nations had negative consequences for the old 

(Burgess 1960). Influenced  by functional and development perspectives, disengagement 

theory (Cumming and Henry, 1961) argued that both the ageing individual and society 

benefit from the withdrawal of older persons from aspects of social life, particularly from the 

labour force. According to disengagement theory, decreased interaction between aging 

individuals and society was assumed to be a universal process that relieves older individuals 

of the pressures of adhering to societal norms and eases the transition to death. However, an 

ongoing criticism of the social scientific study of ageing is that it lacks  “theoretical rigor” 

and tend towards the descriptive. Thus research on ageing being primarily problem-driven 

rather than theory-driven. Kerala‟s elderly female folk are hete-   rogeneous group. Their 

socio-economic status deeply intertwined with religious cultural patriarchal factors. Other 

than this there are some other factors which should not appear to our eye sight may also 

come into play. We have to find out these factors which play among the elderly.   

Methodology 

In Kerala as per 2001 census, the percentage of 60+ was 10.48, and it is 11.7 per cent in 

2011 and is projected to be 15.6 per cent in 2021. The elderly women represent the fastest 
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growing age group in the population of Kerala. The threat of population ageing is more 

severe in Kerala than the rest of the country. Gender dimension of ageing is very significant 

in Kerala and female population predominates at all the stages of older ages. A large number 

of elderly females are in the status of widowhood, illiterates, non-working and belong to 

lower and or no income brackets. All these finding leads to the conclusion that the aged 

females are the most deprived among the deprived. Their miserable status makes them to 

appear more aged than actually what they are. „World Health Organization Report‟ states 

that the percentage of the   aged women who are 60+ is going to be doubled within two 

decades. But so far no specific study has been done to elevate their status. There will be 

lesser and lesser people taking care of the elderly as the decades roll by. Traditional life 

guards of family care are dwindling due to industrialization, our migration, dual career, 

female job participation and growing consumerism. All these make the well-being of the 

elderly, a growing challenge of the 21st century. A significant aspect of challenge comprises 

the unawareness of life skills. 

An overview of available studies revealed the fact that the majority of researches 

concentrated on the health problems faced by the elderly women. A study based on the 

Importance of ‘Life Skills’ in Elderly Woman’s life has not been done. So the present 

study “Importance of `Life Skills’ in Elderly Woman’s life With Special Reference to 

Elderly Women Residing in Thrissur” is undertaken with a view to explore information to 

fill the existing research gap. It is hoped that such a study would be helpful to the policy 

makers and planners. In turn it is benefited by our society. 

Scope of the study is limited to the elderly women (60 years and above) residing in Thrissur. 

The study on life skill of elderly woman was being primarily problem-driven. Kerala elderly 

womankind is a heterogeneous group. They have to face a lot of problems during their 

existence. So this analysis is based on these problems. A single theory cannot explain all 

these problems. Various factors deeply intertwined to each of it.   Descriptive research 

design has been adopted for this study. The purpose of this research design is to explore the 

life skills of elderly women and elicit new information about the elderly women residing in 

family atmosphere and in old age homes in Thrissur. The design uses primary and secondary 

data. The primary data about the elderly for the study have been collected through survey 

conducted among elderly women in Thrissur district with a structured schedule. Two 

questionnaires are used for it. One is for members residing in home and the other for 

members belonging in old age home. The secondary data are derived from books, journals, 

reports, newspapers and online media on the subject. These are already recorded for some 

other purposes but used with particular study project.100 subjects from Thrissur district is 

selected on simple random method. In the 100 element, 50 residing in home and the 

remaining 50 from old age home. Data collected through structured interview schedule were 

analyzed with SPSS. 

Objectives 

1.  To explore the  life skills of the elderly women  

Results 
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Table.1.  Age structure of elderly women residing in home. 

   Age Own home     Old-age home     Total 

   60-69    66  33  
65 

        36 18  
35 

  51   51  
100 

   70-79    28  14  
39 

        44  22  
61 

   36    36  
100 

    >80      6     3  
23

         20  10  
77 

   13    13  
100 

    Total    100 50 
100 

      100 50  
100 

 100   100 
100 

 

In the above table out of 50 women residing in own home, 66 percentage (33) belongs to 

young-old elderly. 28 percentage (14) belongs to 70-79yrs age group. 6 percentage (3) in 

oldest-old section. Out of 50 elderly residing in old-age home 36 percentage (18) belong to 

young-old and middle-age group 44 percentage (22) and 20 percentage (10) in the last 

section. From the present study, researcher found out that as they are getting old, the chance 

for admission to old age home increases. As they getting aged the dependence—both 

physical and economical, may increase. Thus age has crucial role in assigning their socio-

economic status in their own house. This factor is so powerful as to exclude from their home. 

Table. 2. Age and marital Status 

Age 

Marital Status 

         Own home              Old-age home 

Married Widow Unmarried Separated Total Married Widow Unmarried Total 

60-69 87  20  
  61 

48  11 33 
33  1     3 

100  1     3 
66 33 

100 
 29    8  44 

48  10     56 3618 100 

70-79   9     2  
  14 

43  10 72 
67   2     14  

28 14 100 
100 1 

    5 
46 13 59  38    8     36 

4422 
100 
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> 80   4     1 
   33 

  9     2 67   
  6   3 100  25    7

  70 
14     3     30 

2010 100 

Total 100 23  
46 

100
 
23

46   
100  3     6 

100  1    2 
100 50 100 

100 1  
2 

100 28 56 100  21  42 
10050

100 

The above table no.2 deals with the marital status of elderly along with their age. As the age 

increases married members percentage decreased steeply. Chronic illness increases with age. 

Older women have more problems with activities of daily living. Widowhood is one of the 

after effects of prolonged life. Widowhood lowers the socio-economic status of the women. 

This brings not only loneliness and depression but also economic dependence. Living 

arrangements influences the amount and type of care a person receives, social support, help 

they need during emergency and long term care. Very meager percentage of married females 

present in old-age home.   

Table.3. Education and occupation of elderly residing in home and old-age home 

 Occupation                 

                                   Home                          Old-age  home          

Education Household Unskilled Manual 

Labour 

Govt.Employee Total Household Unskilled Manual 

Labour 

Total 

Illiterate 14    4    67 
18      2      
33 

  12    6 
100 

14   4        
27 

20     1     
6 

63 10  
67 

3015
100 

Primary 

level 
76  22

      69 
73      8    
25 

100  1   
3
 

11        1          
3 

64  32 
100 

79 23
       70 

80     4    
12 

37    6  
18

 
6633

100 

Secondary 

Level 

10   3     37 
  9       1   
13 

 45         4        50 
16    8  
100 

  7   2   
100 

   4   2 100 

Degree    22         2
          100 

   4     2  
100 
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Relationship of education and occupation of elderly residing in home and old-age home 

analyzed in the table no.3. Among the illiterates residing in home, 67 percentage (4) engaged 

with household activities and remaining 33 percentage (2) engaged with unskilled jobs. 

Among the illiterates residing in old-age home, 27 percentage (4) belong to household, 6 

percentage (1) to unskilled and remaining 67 percentage (10) to manual labour. Among 

elderly, major share contributed by primary levels. From the present study it is found out that 

elderly do not possess high educational skill. This is further decreased in old-age home. We 

have to achieve more to enhance their happy living. 

Table.4. Occupation and income of elderly residing in home and old-age home 

                                                   Home                  Old-age home 

Occupation Nil <500 500-

1000 

1000-

2000 

>2000 Total Nil <500 >2000 Total 

Household 78 21 73 
86  6 21 

25  1    3  9 1       3 58 29 100 
5927  93    100 2    7 5829

100 

Unskilled 22  6  55 
14   1  9 

75  3   27 
100  1     9 

 22 11 100 
 8     4  8 0 

50 1
20 

 10 5
100 

Manual 

Labour 
    9  1    100  2   1 

100 
33   15

94 
50 1  6 

 3216
100 

Govt. 

Service 
    829    

  100 
18  9 100 

    

Total 10027
54 

1007
14 

1004  
8 

1001 
2 

10011 
22 

10050 
100 

100 46
92 

100 2 
4 

100 2 
4 

10050
100 

Member‟s occupation and income were analyzed in the previous table. Majority of the 

members residing in home belong to household activities and do not possess any income. 

Above 

degree 
   22         2

          100 
   4   2  
100 

    

Total 100 29 58 
100 11 22 

100 1  2 
100     9        
18 

100 50 
100 

100  29  58   100  5   
10 

10016 
32 

10050
100 
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Majority of the current elderly in India are illiterate, their living conditions mostly depend 

upon their co-residence with children and their ability to work beyond the official designated 

retirement age. This study confirms their pitiable condition in the case of income. Their law 

educational and occupational skills along with patriarchal condition of society yield them to 

this.        

Table.5. Region of elderly residing in home and old-age home 

Region     Home Old-age home      Total 

Rural 88    44   
48

       94   47    
52 

 91  91    
100

    

Urban 12       6   
67

       6     3     
33 

  9     9    
100

 

Total 100   50   
50

    100      50    
50 

100 100  
100 

In the above table (No.5) region of elderly were analyzed. Major share from rural area in 

this. Xhakraborti and Ray (2006) stated that there are significant socio-economic differences 

between the urban and rural elderly in India.  

        Table. 6. Importance of education in co-operation among elderly  

 

Education 

                                               Co-operation                                

Home Old-age home 

Good Satisfactory Bad Total Good Satisfactory Bad Total 

Illiterate 10    2 
34 

8         2     
33

 33 2 
33 

12    6 
100 

   
 

29    8    
53

 78 7 
47 

3015
100 

Primary 

level 
65 13 

41 
64    16  

    50 
60  3  

9 
64 32 

100 
10013

39 
71     20

      61 
 6633

100 
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Secondary 

Level 
20   4  

50 
16        4    

50 
 16    8 

100 
  22 2 

100 
 4   2

100 

Degree  5     1 
50

      4        1     
50

       4     2 
100 

    

Above 

degree 
      8         2   

100
       4     2 

100 
    

Total 10020
40 

100 25 
50 

1005
10 

10050
100 

10013
26 

100 28 
56 

100 9 
18 

10050
100 

In the table (6), importance of education in co-operation skill is analyzed. As the education 

levels increased, co-operation skills increased. The present study found out that elderly 

residing in home were more co-operative than their counter parts hailing in old-age home. 

Table. 7. Importance of education in participation in domestic responsibility  

                                    Home                           Old-age home 

Education Participated Not 

participated 

Total Participated Not participated Total 

Illiterate 13    6      100  12    6   100 37   7       47 
26      8        

53
                  30 15 100 

Primary level 62 29        91 
100     3        9 

64 32  100 
63 12       36 

68      21 
      64     66 33 100 

Secondary 

Level 
17    8      100  16   8  100           6        2   

  100   4 2 100 

Degree   4    2      100    4   2  100    

Above degree   4    2      100    4    2   100    

Total 100 47  94 
100   3   6    10050 100 

100 19  38 
100  31  62 

10050
100 
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The participation of elderly in domestic responsibility in association with their education is 

analyzed in the table (no.7). Among the elderly residing in home, participation in domestic 

responsibility is very much greater than their counterparts. 100 percentage members (50) 

residing in home other than the primary levels participated in domestic responsibility. 91 

percentage (29) of primary levels participated in the same. But in old-age home, 47 

percentage (7) illiterates and 36 percentage (12) primary levels participated in domestic 

responsibility. The present study also stresses the informal care giving work of elderly 

women.    

          Table. 8. Leisure time activity (Home and old-age home) 

Have leisure 

activity 

            Home   Old age home  Total 

          Yes             100     50  51    96   48      49    98   98      100 

          No         4     2     100 
      2     2      100 

       Total            100    50  100  100   50     100  100   100     100 

100 percentage (50) members living in home have leisure time activity. According to the 

above table members hailing in old-age home also have the same. It is much more 

behavioural reflex in the way of the life of mankind and the group as well. Socio-economic 

factors have much in influencing leisure and leisure use. By analyzing the above table, we 

get information about their enjoining. This is unavoidable in this later stage. 

      Table. 9. Communication skill (Home and old-age home) 

Communication 

skill 

Home   Old-age home      Total 

Good      98
    

49    55      80    40    
45

      80    89    
100

 

With difficulty       2    1     10
     18     9   90     18   10   100 

Very poor           2    1
      100 

        2     1
     100 



     

  Research Paper  ISSN-2455-0736    (Print) 

Peer Reviewed Journal     ISSN-2456-4052 (Online) 

PESQUISA- International Journal of Research                       Vol.2, Issue-1, November 2016  22 

Total     100   50     50 
    100   50     50 

  100   100   100
 

Major share in home, 98 percentage (49) have good ability in communication. In old-age 

home, 80 percentage (40) good ability in communication, 18 percentage (9) have some 

difficulty and remaining 2 percentage (1) were very poor in conversation. By analyzing the 

above table, one is confirmed that majority of elderly residing both in home and old-age 

home have good ability in communication. Thus they can adjust their present situation by 

linking people to their environment. Thus they can perform a social role and occupy 

significant status.  

   Table. 10. Frustration among elderly (home and old-age home) 

Frustration     Home  Old-age home  Total 

Yes  38    19 
    61 

 24   12  
39 

  31    31  
100 

No  62    31    
45 

 76    38  
55

     69    69  
100

   

Total 100   50    
50 

100   50    
50 

100  100 
100 

Majority of elderly residing in home have no frustration in their situation. According to the 

study majority of them do not frustrated. This indicates their life skills which achieved 

through their experience. 

             Table. 11. Loneliness among elderly (home and old-age home) 

Loneliness Home   Old-age home  Total 

Yes   38   19  
66

         20     10    
34 

  29   29   
100

  

No   62   31  
44 

      80     40    
56 

  71  71   
100 

Total 100   50  
50

       100      50    
50

 100100  
100 
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 Majority of elderly residing in home do not feel loneliness in their situation.  

Table. 12. Capacity to manage money, telephone possessions 

Capacity to manage 

belongings 
   Home                  Old-age home     Total 

Dependent    8      4   
40 

  12      6    
60 

   10      10  
 100        

Partially dependent 
     8     4    

11 
  62    31    

89   35      35   100       

Not dependent   84   42    
76 

  26    13    
24

     55     55    
100 

Total 100   50    
50   

100    50    
50  

100   100  
  100        

By analyzing above table, it is clear that the elderly residing in old-age home were more 

dependent than their counter parts residing in home. May be this is one of the reason for 

admitting them in old-age home. 

Conclusion 

Ageing occurs due to biological, physical and psychological decay. Through this study we 

can understand elderly present condition which can be modified through systematic effort. 

From the present study, researcher comes into conclusion that as they are getting old, the 

chance for admission to old age home increases. Through the present study researcher comes 

into conclusion that their marital status have crucial role in deciding their social status. 

Relationship of education and occupation of elderly residing in home and old-age home 

analysis revealed that majority of them did not possess enough educational qualification 

which compels them to bind with unorganized unsecured sections. Due to this majority of 

them did not acquire enough financial support. This study also proclaims that elderly possess 

less occupational skill. According to this study elderly residing in home were more co-

operative than their counter parts hailing in old-age home. Educational level positively 

affected to their co-operative skills but this has no effect on their household activities. They 

are not depending members, but they are dependable members of society. When we caged 

them in old-age home this situation is changed. Co-operative skills and participation in 

domestic responsibilities fluctuated. Majority of them possess enough skills for active 

participation in leisure time activity. Major share in home (98 percentage) have good ability 

in communication. According to the study majority of them do not frustrated. This indicates 

their life skills which achieved through their experience. Majority of elderly residing in 

home and old-age home do not feel loneliness in their situation. It is clear that the elderly 

residing in old-age home were more dependent than their counter parts residing in home. 
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According to the present work, it is capsulated that we should cultivate enough mindset to 

elevate life skills of elderly. 
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REGENERATION IN KAEMPFERIA GALANGA L FROM LEAF-SHEATH EXPLANTS 
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Abstract: Kaempferia galanga Linn. of Zingiberaceae is a rhizomatous handsome herb.It is a valuable and 
highly medicinal plant. It is cultivated for its aromatic rhizomes and is used extensively as spice throughout 
tropical Asia. Taxonomic and phylogenetic studies of South Indian Zingiberaceae revealed that Kaempferia 

galanga has become endangered, due to indiscriminate collection from natural habitat for ayurvedic 
preparation, deforestation and conversion of forest land to plantation crops. Tissue culture provides efficient 
techniques for rapid and large scale propagation and conservation of germplasm. The present study intends to 
establish an efficient protocol for direct somatic embryogenesis and plant regeneration in Kaempferia galanga. 

Leaf-sheath explants produced proliferative burst in the epidermis and the beginning of cellular segregation on 
20

th
 day of culture in the medium supplemented with BAP (0.1-2.0 mg/l) and NAA (0.1-2.5 mg/l) . Somatic 

embryos formed directly at the upper surface of the leaf-sheath when subcultured on the same medium .   
Highest frequency (80%) with average number of somatic embryos (22.34 ± 1.58 ) were formed at NAA (2.0 
mg/l) and BAP (0.5 mg/l. Matured embryos were transferred to half MS medium containing BAP (1.0 mg/l) and 
NAA (0.4 mg/l) or KN (1.0 mg/l) and NAA (0.4 mg/l) for germination. From the fourth to fifth week up to 60% 
of somatic embryos germinated with the emergence of shoot first, then the roots. The germinated plantlets 
were hardened and transplanted in the soil. 
 
Keywords: Kaempferia galanga , Micropropagation, Somatic embyos 

 
Introduction: Kampfeia galanga is used extensively 
as a spice throughout tropical Asia and has a long 
history of medicinal use.  It is a reputed remedy for 
respiratory ailments like cough, bronchitis and 
asthma. The powder extracted from the rhizome is 
mixed with honey and given for coughs and pectoral 
affections. The tuber is boiled in oil and applied 
externally for blocking of nasal tract (Kirtikar and 
Basu, 1935). The rhizome is chewed and ingested. The 
rhizomes are considered stimulating, expectorant, 
carminative and diuretic. They are used in the 
preparation of gargles and administered with honey 
in cough and pectoral affections (Wealth of India, 
1959, 1992). Rhizome possesses camphoraceous 
odour, and a decoction of the rhizome is used for 
dyspepsia, headache and malaria.  Rhizome extract is 
useful to cure skin diseases, wounds and spleen 
disorders (Kirtikar and Basu, 1997) and is useful to 
relieve irritation produced by stinging caterpillars 
(Bhattacharjee, 2000). Roasted rhizomes are applied 
hot in rheumatism and for festering tumours. Mixed 
with oil, the rhizomes are used as a cicatrizant 
(Chithra et al., 2005).  
Conventional propagation of this species is through 
rhizomes and there is no seed setting under natural 
conditions. Conservation of this medicinal plant and 
the capability to utilize them in a sustained manner 
are essential for the well being and continued survival 
of man. Taxonomic and phylogenetic studies of South 
Indian Zingiberaceae revealed that Kaempferia 
galanga has become endangered, due to 
indiscriminate collection from natural habitat for 
ayurvedic preparation, deforestation and conversion 

of forest land to plantation crops (Sabu, 1991). 
Amalraj et al. (1991) included K. galanga under the 
category endangered species as per IUCN norms 
since it has been never seen in wild habitat.  
To overcome these problems, development of rapid 
propagation techniques and conservation of 
germplasm are the most urgent measures to be taken 
to protect this plant from extinction. Tissue culture 
provides efficient techniques for rapid and large scale 
propagation and conservation of germplasm. Tissue 
culture studies on medicinal plant had already 
resulted in a spectrum of various technologies 
ranging from micropropagation and somatic 
embryogenesis to the production of artificial seeds. 
The present study intends to establish an efficient 
protocol for direct somatic embryogenesis and plant 
regeneration in Kaempferia galanga.   
Materials and Methods: Healthy plants and fresh 
rhizomes of Kaempferia galanga L. were procured 
from the herbal garden of Kerala agricultural 
university, Vellanikkara, Trichur Dt., Kerala. The 
plants were identified at Rapinat Herbarium and 
Centre for Molecular Systematics, St. Joseph’s 
College, Tiruchirappalli, South India. Leaf and leaf-
sheath collected from in vivo and in vitro raised 
seedling were used for preset investigation. 
The medium consisted of semi-solid MS medium 
consisting of MS mineral salt, vitamins, 0.6% agar, 
30g/l sucrose, auxins and cytokinines. The pH was 
adjusted to 5.8 before autoclaving at 1210C for 20 min. 
Leaves were cut into 1.2-1.5 cm squares, leaf-sheath 
ware cut into 1cm long segments in sterile petri 
dishes. 
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Figure 1.Habit of Kaempferia galanga 

 
 
 
a. Kaempferia galanga with smaller leaves 
b. Kaempferia galanga with larger leaves 
c. Flowers 
d Kaempferia galanga  with medium sized leaves 
e. & f.  Kaempferia galanga showing roots, rhizomes and leaves 
g. Leaves  ,      
h. Rhizome 
 
 
The explants were placed in 25 × 150 mm tubes 
containing 15 ml semisolid MS medium. The cultures 
were kept in dark for one week. After two weeks of 
incubation, the cultures were transferred to fresh 
media with the same composition. 
For embryo development, embryogenic tissues were 
sub cultured on half strength MS medium containing 
NAA (0.1 mg/l) + BAP/KN (0.1-2.5 mg/l). Different 
stages such as globular, club, and banana shaped 
embryos were observed. Finally mature embryos were 

washed with hormone free proliferation medium and 
transferred to semi solid medium. Embryos at 
different stages of development were separated 
manually. Mature embryos, which were obtained in 
28 days on the semi solid medium and then they were 
placed in germination medium. Samples were 
photographed at different stages during growth 
period.  
Mature embryos were placed in culture tubes 
containing half MS basal medium 3% (w/v) sucrose, 
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BAP (1.0 mg/l) KN (1.0 mg/l) and GA3 (0.5 mg/l) 
individually or in combination with NAA (0.1 - 1.0 
mg/l). Embryos were incubated at 25 ± 2

0
C 80µE m

-2
 

S
-1

light intensity. After root shoot elongation, the 
plantlets were transferred to plastic cups containing 
1:1 mixture of river sand and garden soil and later 
established in pots. 
Results  : Plantlets regenerated in vitro were found 
most suitable for explants sources. Among all the 
explants tested, only leaf-sheath explants produced 
proliferative burst in the epidermis and the beginning 
of cellular segregation on 20

th
 day of culture in the 

medium supplemented with BAP (0.1-2.0 mg/l) and 
NAA (0.1-2.5 mg/l) (Fig.1. a). Somatic embryos formed 
directly at the upper surface of the leaf-sheath when 
subcultured on the same medium (Fig.1. b & c).   
Highest frequency (80%) with average number of 
somatic embryos (22.34 ± 1.58 ) were formed at NAA 
(2.0 mg/l) and BAP (0.5 mg/l) (Table 1.). Embryos 
were white or green, small and globular appearing 
individually or in clusters (Fig.1. d). 
Somatic embryos proliferated into larger embryo 
masses by producing secondary embryos when 
subcultured in the same fresh medium. Matured 
embryos were transferred to half MS medium 
containing BAP (1.0 mg/l) and NAA (0.4 mg/l) or KN 
(1.0 mg/l) and NAA (0.4 mg/l) for germination. From 
the fourth to fifth week up to 60% of somatic 
embryos germinated with the emergence of shoot 
first, then the roots. Plantlets developed from somatic 
embryos with shoots and roots were easily separated 
into individual seedlings (Fig.1. f). The germinated 
plantlets were hardened and transplanted in the soil 
(Fig.1.h). 
Discussion: Regeneration of Onidium through direct 
somatic embryogenesis has been achieved using 
young leaf explants (Chen et al., 1999). Young leaves 
have high regeneration capacity and may provide 
large number of embryos and plantlets in a short 
period of time. Direct embryo formation on leaf 
explants was retarded by exogenous auxin, but 
promoted exogenous cytokinin (Chen and Chang, 
2000). In the present investigation leaf-sheath 
explants produced embryos in the surface of the 
explants directly and this feature corresponds to 
previous works. 
Induction of somatic embryogenesis was achieved on 
MS medium supplemented with NAA (5.37 µM) and 
BA (0.44 µM) from leaf explants of Ostericum 
koreanum (Cho et al., 2003). In Synogonium 

podophyllum petiole explants produced somatic 
embryos when cultured on MS medium containing 
2.5 mg/l TDS with 0.5 mg/l NAA (Zhang et al., 2006). 
In Cicer arietinum somatic embryos were induced 

from immature cotyledon on MS medium 
supplemented with 2, 4, 5 -T or NAA in combination 
with BA or KN (Kiran et al., 2010). In the present 
investigation NAA (0.5 mg/l) with BAP (2.0 mg/l) 
induced high frequency of (80.0%) with maximum 
number of somatic embryos (22.34±1.58) directly from 
the leaf-sheath explants. This is in agreement with 
the previous work where the hormone combination 
induced successful somatic embryos. 
In many plant species cytokinins individually or in 
combination with auxins were used for the 
maturation of the somatic embryos (Choi et al., 1999; 
Kaur and Kothrari, 2004). Regeneration through the 
direct somatic embryogenesis could be potential 
solution to minimize the variation. Somatic embryos 
that were germinated on half strength MS medium 
supplemented with 0.01 mg/l BAP and 0.25 mg/l ABA 
promoted maturation and germination of somatic 
embryos of Accacia arabica (Nanda and Rout, 2003). 
Similar observations have been made in some crop 
plants (Das et al., 1997 and Ortiz et al., 2000). This is 
in contrast to the present study where best plant 
conversion frequency (80%) was obtained with 
cultured embryos on half strength MS solid medium 
containing BAP (1.0 mg/l) + NAA (0.4 mg/l). These 
results colloborate the previous fining of Zhang et al. 
(2006) where 85% somatic embryos germinated 5-10 
weeks after transferring on to medium containing 2.0 
mg/l BAP and 0.2 mg/l NAA. Tiny plantlets were 
transferred to the greenhouse for further 
development.  
Conclusion: Direct somatic embryogenesis avoids 
the passage through callus and thus avoids the 
genetic instability often associated with somatic 
embryos obtained indirectly from callus. In the 
present study, a protocol was developed for induction 
of somatic embryogenesis directly from leaf-sheath 
and indirectly using rhizome bud explants. Successful 
regeneration of plants from leaf-sheath, via. direct 
somatic embryogenesis has been reported for the first 
time. 
Table - 1 
Influence of different concentrations of auxin (NAA) 
alone in combination with cytokinins  
(BAP or KN) on induction of direct somatic 
embryogenesis from leaf sheath explants of 
Kaempferia galanga 
Total number of explants taken for observation =35 
(each treatment consists of at least 7 explants and the 
experiments were repeated five times). 
Mean value within column having the same alphabet 
are not statistically significant (P=0.05) according to 
New Duncan’s Multiple Range Test. 
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Figure 2. Somatic embryos obtained  from  leaf sheath explants 

.  

Plant Growth 

Regulators (mg/l) 

No. of explants 

responded 

Percentage of culture 

responded 

Mean no. of somatic embryos 

harvested per explants 

NAA    

0.1 16 45.7
ef

 9.57±0.61
ef

 

0.5 18 51.4
de

 10.67±1.14
e
 

1.0 20 57.1
bc

 13.72±0.98
cd

 

1.5 21 60.0
b
 14.08±1.15

c
 

2.0 27 77.1
a
 19.24±0.87

a
 

2.5 19 54.2
cd

 16.71±2.81
b
 

NAA+BAP    

2.0+0.1 14 40.0
de

 11.48±1.18
d
 

2.0+0.2 17 48.5
bc

 21.57±1.81
ab

 

2.0+0.5 28 80.0
a
 22.34±1.58

a
 

2.0+1.0 19 54.2
b
 14.08±2.15

c
 

2.0+1.5 15 42.8
cd

 10.88±0.60
de

 

2.0+2.0 13 37.1
ef

 10.35±0.40
ef

 

NAA+KN    

2.0+0.1 19 54.2
b
 9.42±0.82

d
 

2.0+0.2 23 65.7
a
 15.17±1.88

a
 

2.0+0.5 15 42.8
c
 13.14±1.13

b
 

2.0+1.0 13 37.1
cd

 12.14±1.20
bc

 

2.0+1.5 12 34.2
de

 8.42±0.94
de

 

2.0+2.0 11 31.4
ef

 7.87±0.77
ef
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A-H  :Small, round globular somatic embryos directly produced from leaf sheath surface. 
I, J&K  :Mature embryos, dividing stage  
M,N,O,&P :Scutellar shaped somatic embryos established in cell suspension culture 
Q,R,S&T :Banana and club shaped somatic embryos. 
 

Figure 3. Direct somatic embryogenesis and plant regeneration from leaf  sheath explants. 

 
 
A: Early globular embryos formed at cut ends of the leaf sheath explant in 20 days on induction medium 

(BAP 0.5 mg/l and NAA 1.0 mg/l).   
B, C &D: Matured globular embryos on MS medium with BAP 0.5 mg/l and NAA 1.0 mg/l .  
E, F &G: In vitro germination of somatic embryos on germination medium.  
H: Regenerated plantlet acclimatized to green house conditions with river sand, garden soil  and 

farmyard manure in the ratio of 1:2:1, after 6 weeks. 
 
References: 
 
1. Amalraj, V.A., Velaudhan, K.C. and Abraham, Z. 

(1991). Threatened medicinal plants of Western 
Ghats. In Karunakaran, C.K. (ed.) The proceedings 
or the symposium on Rare, Endangered and 
Endemic plants of the Western Ghats. Kerala 
Books and Publication Society. Kochi, Pp. 215-220. 

2. Bhattacharjee, S.K. (2000). Handbook of Aromatic 
plant. Pointer publisher’s. Pp. 1-544. 

3. S. D. Ramteke, K. D. Ahire, Impact of Gibberellic 
Acid on Gas Exchange; Life Sciences International 
Research Journal , ISSN 2347-8691, Volume 1 Issue 
1 (2014): Pg 61-64 

4. Chen, J.T., Chang, C. and Chang, W.C. (1999). 
Direct Somatic embryogenesis on leaf explants of 
Oncidium Gower Ramsey and subsequent plant 
regeneration. Plant Cell Rep. 19: 143-149.  

5. Khursheed Ahmad, Observations on Status, 
Distribution, Habitat Use And Food Habits of 
Asiatic Black Bear (Ursus Thibetanus) in 
Dachigam National Park, Kashmir, India. ; Life 
Sciences International Research Journal , ISSN 
2347-8691, Volume 2  Spl Issue (2015): Pg 15-24 

6. Chen, J.T. and Chang, W.C. (2000). Plant 
regeneration via., embryo and shoot bud 
formation from flower-stalk explants of Oncidium 
‘sweet sugar’. Plant Cell, Tiss. and Org. Cult. 62: 
95-100. 

7. Chithra, M., Martin, K.P., Sunandakumari, C. and 
Madhusoodanan, P.V. (2005). Protocol for rapid 
propagation, and to overcome delayed rhizome 
formation in field established in vitro derived 



Life Sciences International Research Journal  : Volume 3 Spl Issue (2016)                                               ISSN 2347-8691 

 

 

ISBN 978-93-84124-84-7

 

plantlets of Kaempferia galanga L. Scientra 

Horticulturae. 104: 113-120. 
8. Cho, D.Y., Lee, E.K., Lee, S., Chung, W. and Soh, 

W.Y. (2003). Enhanced somatic embryogenesis 
and plant regeneration in leaf explant cultures of 
Ostericum koreanum on medium of varying pH. 
Plant Cell, Tiss. and Org. Cult. 75: 215-222. 

9. Choi, Y.E., Kim, J.W. and Yoon, E.S. (1999). High 
frequency of plant production via Somatic 
embryogenesis from callus or cell suspension 
cultures in Eleuthero-coccus senticosus. Ann. Bot. 
83: 309-314. 

10. Dr. Shehla Ishaque, Durre Shahwar, Ranjana 
Vasundriya, Dr. Saroj Vikram Ratnakar, Dental 
Fluorosis in Ground Water of Jamanghati Village ; 
Life Sciences international Research Journal , ISSN 
2347-8691, Volume 2 Issue 1 (2015), Pg 336-339 

11. Das, P., Samantaray, S., Roberts, A.V. and Rout, 
G.R. (1997). In vitro somatic embryogenesis of 
Dalbergia sissoo Roxb. – a multipurpose timber 
yielding tree. Plant Cell Rep. 16: 578-582. 

12. Kaur, P. and Kothari, S.L. (2004). In vitro culture 
of millet: influence of 2, 4-D and picloram in  
combination with Kinetin on callus initiation and 
regeneration. Plant Cell, Tiss. and Org, Cult. 77: 73-
79. 

13. Shweta S. Patil, Nasir R. Shaikh, Studies on 
Production and Characterization of Alkaline 
Lipase From Bacteria and Application in 
Detergent; Life Sciences International Research 
Journal , ISSN 2347-8691, Volume 2  Spl Issue 
(2015): Pg 62-68 

14. Kiran Ghanti, S., Sujatha, K.G., Srinath Rao, M. 
and Kavikishor, P.B. (2010). Direct Somatic 
embryogenesis and plant regeneration from 
immature explants of Chickpea. Biol. Plantarum. 
54 (1): 121-125. 

15. A.K. Verma, S.D. Parhe, Kunj Chandra, A.R.Mali, 
Assesment of Variability and Correlation ; Life 
Sciences international Research Journal , ISSN 
2347-8691, Volume 2 Issue 1 (2015), Pg 340-342 

16. Kirtikar, K.R. and Basu, B.D. (1935). Indian 
Medicinal Plants. M/S Bishen Singh Mahendra Pal 
Singh, New Delhi, India. 4: 426-427. 

17. Kirtikar, K.R. and Basu, B.D. (1997). Indian 
Medicinal Plants, Vol. VI. Bishen Singh Mahendra 
Pal Singh, Dehradun, India. 

18. Nanda, R.M. and Rout, G.R. (2003). In vitro 
somatic embryogenesis and plant regeneration in 
Acacia arabica. Plant Cell, Tiss. and Org. Cult. 73: 
131-135. 

19. Ortiz, B.O.C., Reyes, M.E.P. and Baleb, E.P.M. 
(2000). Somatic embryogenesis and plant 
regeneration in Acacia farnesiana and A. 

schaffneri. In vitro Cell. Dev. Biol. Pl. 36: 268-272. 
20. Sabu, M. (1991). A Taxonomic and Phylogenetic 

study of south Indian Zingiberaceae. Ph.D. Thesis 
submitted to the University of Calicut. 

21. Shalu Kumar, Harendra Singh Chauhan, 

Weldegerima Kide, A. J. Mayekar, Socio-Economic 
Profile of Goat Farmers in Western Uttar Pradesh 
(India) ; Life Sciences International Research 
Journal , ISSN 2347-8691, Volume 2 Issue 2 (2015):  
Pg 43-46 

22. Wealth of India. (1959). The Wealth of India. Raw 
material. Vol.: V. Council Scientific and Industrial 
Research, New Delhi. 

23. Nandi, Us Pavanashree, PSP Gupta, Mohamed 

Farman, V. Girish Kumar, Biochemical 

Composition of Caprine Follicular Fluid S; Life 

Sciences International Research Journal , ISSN 

2347-8691, Volume 1 Issue 1 (2014): Pg 56-60 

24. Wealth of India. (1992). The useful plants of India. 
Publication and Information directorates. Council 
Scientific and Industrial Research. New Delhi. Pp. 
1-307. 

25. Zhang, Q., Chen, J. and Henny, R.J. (2006). 
Regeneration of Syngonium podophyllum 
“variegatum” through Direct Somatic 
embryogenesis. Plant Cell, Tiss. and Org. Cult. 84: 
181-188 

26. Hanchinamani, C. N., Ravinaik K.,Imamsaheb S. J, 

“Screening of Dolichos Genotypes (Dolichos 
Lablab L) For Quality, Anthracnose Disease and 
Pod Borer infestation Under Northern Transition 
Zone of Karnataka; Life Sciences International 
Research Journal , ISSN 2347-8691, Volume 2  Spl 
Issue (2015): Pg 55-57 

 
 
 

Kochuthressia K.P
 

Department of Botany, Carmel College Mala, Thrissur,  Kerala- 680732, India. 
S. John Britto 

Rapinat Herbarium and Centre for Molecular Systematics, St. Josephs college , 
Triruchirappalli, Tamil Nadu ,South India 

 
 
 

 









































































































































































































































































































































































 

 

 

Year of Publication 

2015-2016 



 

~ 882 ~ 

 
ISSN Print: 2394-7500 
ISSN Online: 2394-5869 
Impact Factor: 5.2 
IJAR 2015; 1(12): 882-890 
www.allresearchjournal.com 
Received: 19-10-2015 
Accepted: 20-11-2015 
 
Dr. LICY.A.D  
Associate Professor, Head, 
Dept.of Sociology, Carmel 
College, Mala-680732, Thrissur 
(Dt), Kerala, India. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Correspondence 
Dr. LICY.A.D  
Associate Professor, Head, 
Dept.of Sociology, Carmel 
College, Mala-680732, Thrissur 
(Dt), Kerala, India. 
 

 
The support system of single women 

 
LICY.A.D 
 
Abstract 
The Singleton has emerged as a distinct social category in the rapidly changing Kerala society.  The 
present study attempts to show the change from Spinster to Singleton and the generation differentials of 
single women in Kerala, India. The study also made an attempt to find out the support systems of the 
single women of Kerala.  
The focus of the study is single women of two generations, 225 spinsters and 225 singletons. Single 
women from three districts- Thiruvanathapuram, Ernakulam and Kozhikode constituted the sample for 
the study. The different aspects of the singlehood were collected with the help of Interview schedule 
and the scale developed was used for measuring support systems of the single women. The economic 
theory of Marx, Women’s economic empowerment theory of Blumberg, Dramaturgical model of role 
theorists, Becker’s labelling theory of deviance, Michalo’s Multiple-discrepancy theory are the 
theoretical framework of the study. 
The analysis of the study reveals that there is difference between spinsters and singletons in all 
background variables and dependent variables. The findings of the study shows that the major support 
systems considered in this study are family, employment, friends, social participation, and leisure. 
There is significant difference between spinsters and singletons on each sub-section of support system 
and in each sub-section of support system, singletons have better score showing that they have better 
support system than the spinsters. The study shows that single women of Kerala have good support 
system from their family. Majority single women consider friendship as a strong support system to 
them and in the case of singletons this rate is very high.  
 
Keywords: Single Women, Spinsters, Singletons, Generation Differentials 
 
Introduction 
Family and marriage are considered to be the oldest and the most basic and fundamental 
institutions in the sub-systems of the society. Both are important for the existence and 
functioning not only of society, but also for the sustenance and continuation of human being. 
The concept of marriage varies in degree from community to community and nation to 
nation. According to Horton and Hunt (1964: 206) [13], “Marriage is the approved social 
pattern, whereby two or more persons establish a family”. Marriage as a socially sanctioned 
union of male and female, is an institution devised by society to sanction the union and 
mating of male and female for purposes of (a) establishing a household (b) entering into sex 
relations, (c) procreating and (d) providing care for the offspring. 
 
Singlehood 
In ancient time, the unmarried women were severely condemned and had no place in society. 
Under Roman law, an unmarried woman was considered a burden. That is, ‘unmarried 
status’ was not positively accepted by society. Single women were never free from the 
dominance of male people. In America spinsterhood came to be seen as a sexually as well as 
socially deviant state. The legacy of single blessedness fostered emphasis on marriage or 
singlehood as a choice for women in the middle and upper classes (Adams 1976) [1]. Recent 
years have brought about a great change in the life of women all over the world. This 
increase in single Americans can be attributed to a number of social and economic trends: the 
postponement of marriage, the rise in the divorce rate, career break-through for women and 
the easing of credit discrimination against them and the growing independence of young 
people from their parents.   
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Singlehood in India  
Unlike West, in India, an analysis of the position and status 
of single women during the Vedic times reveals that they 
enjoyed a high status. A girl in Vedic India waited until she 
could find the right partner for marriage, failing which she 
could even decide to remain unmarried. During the post 
Vedic age the position of single women slowly began to 
decline. As marriage came to be considered as a goal for 
women, the chastity of single women was doubted and hence 
she came to be looked down upon. Manu supported the 
male’s domination and compelled women who stayed in the 
solitude of temple, to demonstrate their art in public, by 
dancing before the God and they were converted as 
‘Devadasis’ and Nagarwadhus. One of the most striking 
changes is the increasing number of people who live on their 
own. The women of new generation are growing up with a 
belief that whatever their fate be i.e., be it remaining single, 
they must be partly or fully self-supporting. The 
emancipation changed their life style, their roles, their status 
and life patterns 
 
Singlehood in Kerala  
In Kerala society, Singlehood is not a new phenomenon. 
From ancient times, many girls from Namboothiri families 
remained single. They were restricted by endogamy. That is, 
they were allowed to marry only from their on caste. Among 
the Christians, especially in the catholic families existed a 
peculiar custom, one daughter remain single for taking the 
care of old parents and younger ones. These single women 
helped the head of the family to manage the family 
administration and financial matters.  
Today singleness is not at all incompatible with the ideal of 
womanhood. The new singletons’- carefree city singles bring 
in a more positive picture than the old maid spinster. They 
believe that singlehood will provide more freedom, 
independence and more life satisfaction than married life. 
Today a new and positive stereotype is applied for modern 
single women. A modern singleton is seen as urban, highly 
educated, relatively young, ambitious, single minded, 
determined, active and a career woman. By rejecting 
marriage and children she has made a conscious choice to be 
single. This study presents the support system of this new 
global sociological phenomenon of the Twenty first century 
and traces the generation differentials of single women in 
two generations – the Spinsters and Singletons. 
 
Review of Literature 
Ahuja says that the self-image, self-esteem and adjustment of 
single women in life depend upon the emotional support they 
get from different sources. A ‘support’ is defined as “any 
object or action that the receiver and / or the giver define as 
necessary or helpful in maintaining a life-style” (Ahuja 
1996:6) [2]. The relationships between individuals are seldom 
static and essentially dynamic in nature (Hinde 1979) [12]. 
Communication is the backbone in assessing family 
relationships and dynamics. Effective and right types of 
communication bring family members together emotionally 
and make family functioning more meaningful and sound 
(Khasgiwala 1993) [20].  
Kraisonswasdi (1986) [21] says that the standard of living of a 
particular family is conditioned by a number of variables, 
like value system, occupational background, education, 
income, locality etc. However, the economic factors play 
very pertinent role in determining the standard of living of 
the family. Family has monopolized caring, security, sharing, 

trust and intimacy. The varied situations generate a different 
atmosphere and create a varied family picture. These 
structural aspects have an important bearing on the quality 
and kind of relationships existing between parents and 
children; the distribution of rights and duties. How single 
women should behave towards the family members and 
society is determined by the conventions and formal 
definitions of the organization in which she is working/ 
where she is staying (Hinde 1979) [12]. 
Rani (1976) [30] states that in past, the family became largely 
responsible for attending to the mental health and emotional 
adjustment of single women. But now, the practice of single 
women living and working in the family is declining. That is, 
the social structure has completely changed. The importance 
of relatives for companionship and support has diminished. 
Each Individual’s life is blossomed with the help of many 
support systems. In the case of single women also, their life 
is blossomed with support system like parents, relatives and 
friends. Ratra (2006) [31] reveals that single women, usually 
develop a sense of family that differs from others. 
Friendships are very important to singles. Many of them 
acquire a social network that provides the kind of emotional 
and psychological support found among other family types. 
Singles participate in a variety of groups that provide social 
support and recreation. Academic activities and free choice 
activities are the main hobbies of the single women. They are 
not isolated especially the modern singletons. Thornton 
(1989) [37], opinioned that singles had a lot of connections 
with others. 
In the view of Stain (1976) [36], the lack of support for single 
life-styles undercuts the personal and social identity of the 
never-married contributing to the feelings of guilt and 
embarrassment, fear of loneliness and psychological 
weariness from initiating and sustaining a life-style which 
lacks a supportive ideology in the larger culture. 
Kanter’s (1978) [19] study of fifty young (24-34 years of age) 
and of medium socio-economic level never-married women 
living alone in an urban area found that they were “not 
relatively isolated.” They had networks of individuals who 
had ‘a deep and genuine concern for their well-being’ and 
they “were involved in intimate relations with others”. They 
had created homes for themselves with a comfortable and 
nurturing atmosphere which pleased them. It gave them a 
sense of ownership. Even with the change in the social 
fabric, single women have not given up their culture and 
values, and still believe and participate in many religious 
activities, which gives greater emotional support to them and 
it determines their life satisfaction. 
 
Objective 
(1) To identify the support system of single women 
 
Hypothesis  
(1)  There is generation differential among single women of 
Kerala with regard to the support system 
 
Clarification of the Concepts 
Single women: Single women are those who have crossed 
the marriageable age (35) and are yet not married. In the 
present study single women belonging to two generations are 
studied, that is, 65 to 80 and 35 to 50. 
 
Generation Differentials: According to Developmental 
theory, the generation differentials are considered as 
‘generation gap.’ In this study, generation differentials mean 
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a relative difference in the ideas of single women belonging 
to two generations, that is, single women of the age group of 
65 to 80 and 35 to 50.  
 
Spinster: Single women who are not married and do not 
belong to any religious organizations, and who belong to the 
age group of 65 to 80 are referred as spinsters. 
 
Singleton: Single women who are not married and do not 
belong to any religious organizations, and who belong to the 
age group of 35 to 50, are referred as singletons.  
 
Support System: Support system is a multidimensional 
construct that consists of all types of supports enjoyed by 
single women in two generations from other sources.  
Age, education, occupation, religion, region and place of 
living are considered as independent variables. Support 
system is the dependent variables. The present research work 
is designed to study the life of single women. So an 
analytical cum comparative design is adopted. The Universe 
of the study comprises of unmarried single women. The total 
sample of the study consists of 450 women selected from the 
unmarried single women in Thiruvanathapuram, Ernakulam 
and Calicut districts for getting the socio-cultural and 
geographical representation of the north, south and central 
parts of the Kerala, with 225 spinsters and 225 singletons. 
From each district 75 spinsters and 75 singletons, and thus 
150 samples are collected from one district. Because of lack 
of statistical documents/reports about the single women in 
Kerala, researcher used snow ball sampling. The Pilot study 
was conducted in Ernakulam district, as it was easy to get 
both urban and rural single women. The data collection was 
mainly based on primary and secondary data. In this present 
study secondary data was collected from census reports, 
seminar reports, pamphlets, journals, periodicals, books, 
newspapers, reports and publications of various associations, 
and various publications of the central, state and local 
governments. Primary data is collected from younger and 
older generation of single women. For collecting the primary 
data, the researcher developed Interview schedule and three 
scales as tools. Interview schedule was used to collect all 
relevant information. One scale was developed for measuring 
the Support System of single women. A total of 100 single 
women fifty spinsters and fifty singletons were interviewed 
for Pre-test. Regarding the interviews, initially it was very 
difficult to convince the respondents about the purpose of the 
study. A qualitative cum quantitative approach on data 
analysis has been adopted. The statistical analysis has been 
done with the help of Statistical Package for the Social 
Science (SPSS). The major limitation of the study is the 
inadequacy of the availability of recorded material, which 
forced the researcher to use, the Snow ball sampling, which 
has its own limitation.  
 
Support System 
Support system is a multidimensional construct that consists 
of different types of supports including emotional support, 
integration, tangible help, and information support (Krausu 
and Markides 1990) [23]. The human existence depends upon 
support systems which one begets through inheritance, 
employment, family, friendship, religion, formal institutional 
support from outside family and kin network. Informal 
contacts and frequent interactions help for the development 
of intimate and close relationships. The degree of closeness 

of the relationship depends upon the quantity and the quality 
of the interactions. These interactions lead them to maintain 
strong support systems. Pearlin and Johnson (1981) [29] have 
observed that supportive and helping relations between 
people are not limited to marriage. Unmarried people often 
establish interpersonal ties that serve as a partial functional 
alternative to marriage. Cockrum and White (1985) [7] 
advocate the similar idea. They suggest that supportive 
family, friends, co-workers and others play an important part 
in the life and happiness of single adults by validating 
singlehood as an acceptable adult status. At the same time, a 
negative concept exists in our society. Schaefer (2001) [33] in 
his book, ‘Sociology’ explains that to remain single 
represents a clear departure from societal expectations. A 
single adult must confront the inaccurate view that she is 
always lonely and isolated. He adds that to overcome these 
societal expectations, singles have formed numerous support 
groups. 
One of the objectives of the present study is to explore the 
content and quality of support systems of the single women. 
Relationships are considered the backbone of the support 
system. Life-long deprivation arising out of singlehood 
necessitates support system at several levels of existence. To 
measure the level of support system, a ‘Support System scale 
for Single Women’ was developed. The scale dealt with five 
aspects of single women’s life. The major support systems of 
single women considered in this study are pictured with the 
help of a diagram, that is, family, friendship, employment, 
social participation and leisure. 
 

 
 
In a society that values individuality and self-fulfillment, the 
modern single life style can offer certain freedom that older 
single women may not enjoy. So with regard to support 
system also generation differentials are studied. The 
variables in the support system scale for single women are 
given below:  
Familial support is an important variable for measuring the 
support system of singlehood. It is related to ties with family 
members, level of support from the family etc. The low score 
means that ‘not so good relationship’ with the familial 
atmosphere. The high score means ‘good relationship’ with 
familial atmosphere. In the ‘Support System scale for Single 
Women,’ the variable employment support is related to co-
operation with co-workers, happiness in the working 
conditions, social status, mental relaxation, economic 
freedom etc. The low score indicates employment is not a 
high support system for single women. High score indicates 
single women consider employment as a support system. In 
the ‘Support System scale for Single Women’ an attempt is 
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made to measure the relationship tie with friends, financial 
and mental support from them, their encouragement and 
level of sharing capacity with friends. The low score 
indicates the support from friends is not high. Whereas, high 
score indicates friends are a strong support system. 
Social Participation is also considered as a support system 
and it measures the ability to talk with others, the readiness 
to participate in social activities, social commitment, social 
relationship, how far they forget their sorrows because of 
social relation, social awareness etc. Low score indicates low 
social participation; high score indicates high social 

participation. Leisure, the sub-scale, measures how far the 
single women are interested in leisure activities/games. 
Indirectly it measures the mental happiness of the 
individuals. Low score indicates individuals’ are not 
involved in recreational activities where as high score 
indicates individuals have good participation in leisure 
activities. The total support system score is divided into three 
groups equally; high, moderate and low groups. Here high 
means a score between 220-162, moderate between 161-103 
and low between 102-44.  

 
Table 1: Frequency and Mean of the Support system scores of Single women 

 

Spinsters 
 High Moderate Low Total Mean 

Total 38 16.9 80 35.6 107 47.6 225 114.3 
Familial 44 19.6 103 45.8 78 34.7 225 24.4 

Employment 70 31.1 15 6.7 4 1.8 225 40.9 
Friends 92 40.9 82 36.4 51 22.7 225 29.2 

Social Participation 59 26.2 44 19.6 122 54.2 225 23.4 
Leisure 24 10.7 164 72.9 37 16.4 225 8.2 

Singletons 
Total 104 46.2 83 36.9 38 16.9 225 151.2 

Familial 131 58.2 75 33.3 19 8.4 225 33.2 
Employment 119 52.9 36 16.0 11 4.9 225 38.9 

Friends 148 65.8 58 25.8 19 8.4 225 35.4 
Social Participation 114 50.7 60 26.7 51 22.7 225 30.8 

Leisure 56 24.9 145 64.4 24 10.7 225 7.4 
 

   
 

Fig 1: Support system scores of Single Women 
 

The above table shows that spinsters and singletons differ on 
the basis of their support system. Out of 225 spinsters, only 
16.9 per cent of them have good support system. But 46.2 
per cent of singletons enjoy good support system in their life. 
Obviously it indicates that modern life situations of majority 
of singletons allow them to establish a close relationship with 
others, which is not the case with spinsters. To get a further 
insight into the relationship and its action as the support 
system each sub system of the support system scale is 
analysed. Kachru (2006) [18] says that in India the family 
system does provide some support and so it becomes natural 
for single women to make use of this support system from 
family. Many single women live within their family and its 
barriers, because there are hardly any emotional and 
economic support structure available outside for them. At the 
same time, Bhatnagar (1989) [4] indicates single women, as 
an ideal sister, wants nothing from her brother but she 
showers her love and kindness to her brother. These studies 
inspired to make an attempt to find out how far is the family, 
a support system to the single women of Kerala. 

From the table 1 it can be observed that out of 450 
respondents, only 21.6 per cent of them belong to low 
familial support group. Majority of them belong to high and 
moderate groups. It shows that single women of Kerala have 
good support system from their family. Findings of the 
present study are supported by Gordon (1994) [10]. In young 
age, more emotional support was provided by parents, 
siblings and friends. This variation may be because of 
singleton’s economic security. Among the high familial 
support group, majority (74.9 per cent) belongs to singletons 
group and out of total singletons, 58.2 per cent of them came 
under high familial support group and only 8.4 per cent 
singletons belong to low familial support group That is, this 
percentage difference indicates that there is a significant 
difference between spinsters and singletons on their familial 
support. 
Roy (2004) [32] in her study indicates that many singles prefer 
to live with their families. Here, the percentage analysis 
proved that even now, single women consider family as a 
great support system in their life and it influenced their total 
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support systems; especially for singleton. In their case, the 
parents are alive and they like to live with them but spinster’s 
case is not the same. Compared to spinsters, singletons are 
more economically independent. That is, if they are 
economically secure, family members are interested in 
supporting and caring them. As a part of our culture, even 
now these single women are enjoying the protection and care 
of family members. 
To Marx (1844), work - the production of goods and services 
- holds the key to human happiness and fulfillment. Work is 
the most important primary human activity. He believed that 
work provided the most important and vital means for man to 
fulfill his basic needs, his individuality and his humanity. 
Single women work both for contributing to her family’s 
economy and supporting herself (Tilly and Scott 1978). They 
also had a feeling that economic independence gives them 
personal esteem (Darrington et al. 2005) [8]. Earlier studies 
have shown that employment is a strong support system to 
women as well as single women.  
Here, the discussion will be focused on the employment 
support network consisting of all those people and groups 
who provide support to the single women. Out of the total 
single women, 238 (52.88 per cent) of them were found 
engaged in jobs while among them 8 (3.36 per cent) were 
self – employed. Study shows that out of these respondents, 
majority (75.2 per cent) consider employment as a great 
support system to them. Only 4.2 per cent of them do not 
consider employment as a support system in their life. It can 
be generalised that in both generations, majority consider 
employment as a high support system in their life. Employed 
singletons number is high compared to spinsters. The 
favourable familial atmosphere and attitudes of family 
members allow single women to enjoy their employment and 
led them to it compared to spinsters. Analysing the 
motivation to work, the study revealed that in majority of 
cases single women work or seeks employment because of 
the need for money but some of the single women do work 
for non-economic reasons too. Ranjan (1993) supports this 
opinion and says that most of the unmarried women had 
strong attachment to their occupation. The main income of 
the modern singletons is from employment. So, they have 
certain type of social status and social contacts in the society. 
This employment gives them certain type of secure feeling in 
their life and it allows them to look to the future without fear.  
A general concept existing in our society in connection with 
single women is that they are isolated and silent personalities 
of the society. Many social taboos also exist in our society. 
Smith says, “Single woman is isolated and frustrated and 
therefore forever incomplete” (Smith 1951:127). But many 
studies indicate that it is not true. Ball et al. (2004) [3] reveals 
that friends are more supportive and less discriminating of 
women. A woman generally has a stronger sense of the need 
for a personal bond than man. Friends play a positive role in 
the development of single women’s support system. Friends 
are more supportive than parents and relatives. Some feelings 
cannot be shared with everyone, many a times not even with 
parents or close relatives. Such feelings can be precisely 
described as “secrets” of life. Single women have more of 
such problems, as they have to live an isolated life. Even if 
they live with their parents or in a joint family, many times 
they find a big gap in their closeness with the family 
members. Darrington et al. (2005) [8] says that friendships 
helped to ease the burden of the mental struggles and created 
a supportive network of individual’s who were experiencing 

virtually the same thing at the same time. Bott (1971) [6] 
claims that each individual before marriage has a social 
network- a number of women with whom they interacts with 
on a fairly regular basis. But after marriage, these 
connections will lose its importance. Here, we know, singles 
can continue these connections life long and their friendship 
relationships score is always high. Sousa and Lyubomirsky 
(2001) explain women tend to provide greater and more 
meaningful support as friend than men. That is, both men 
and women say their friendships with women are intimate, 
nurturing and supportive than their friendships with men. 
Friendship is considered as a strong support system in the 
life of single women. In modern times their life situations are 
favourable to establish relationships with friends.  
The table (1) shows that out of total single women, 53.3 per 
cent of them belong to high friendship support group and 
among them 61.7 per cent of them come under singleton 
group. Compared to spinsters (22.7 per cent), very few of 
singletons (8.4 per cent) belong to low friendship support 
group. From the analysis it can be generalised that majority 
single women consider friendship as a strong support system 
and in the case of singletons this rate is very high. The reason 
is that majority singletons are employed and their job 
situations led them to high friendship relationship score. The 
present study is supported by Jethani (1994) [16]. In her study, 
she found that professionals had more friends and more 
singletons are employed. She also pointed out in her study 
that the friendship ties are strong when women are single, 
marriage weakens such ties. A person likes the company of 
other persons who are like herself, and with whom secrets 
and feelings can be shared. Darrington et al. (2005) [8] found 
that most of the single friends were supportive of their 
friend’s single status. Again, she adds that the support from 
friends often helped singles to counterbalance the pressure 
they felt from their family and work place. For Shostak 
(1987) [34] a supportive group of friends are necessary to deal 
with issues of loneliness among single adults. He note that 
socialisation with other singles play a critical role in the 
development of a positive single experience because it 
allows single adults to share experience; offer emotional 
support; provide a listening ear for single life 
discouragement and delights; and share common perceptions 
of life, love and being single.  
Interest in social field is not a new sphere for women, though 
the magnitude might have increased or decreased with time. 
Woman manifests desirable and favourable social attitudes 
which facilitate her acceptance into the group. An 
assumption existing in our society is that unmarried women 
are more involved in voluntary organizations than the 
married ones. Smith (2005) [35] points out that single people 
actually show more evidence of being socially active than 
married people. It is these studies that made the researcher to 
study the social participation support system in the life of 
single women. The percentage analysis shows that most of 
the single women consider social participation as a support 
system in their life. That is, present study reveals that single 
women have relations with others and they are not isolated 
and frustrated in the society.  
Out of total respondents (450), 38.4 per cent of them 
consider social participation as highly supportive of them 
while the same percentage (38.4 per cent) considers it as a 
low level support. Among the spinsters group, only 26.2 per 
cent of them belong to high support group but the singleton’s 
(50.7 percent) rate is very high. Contradictory to this, among 
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the low supportive group, 54.2 per cent of them are spinsters 
and only 22.7 per cent are singletons. It can be inferred that 
there is significant difference between spinsters and 
singletons on their support system level. That is, spinsters do 
not consider social participation as a strong supportive 
element in their life. This idea is supported by Anjali Roy. 
According to Roy (2004) [32] in traditional countries, like 
India, where social arrangements are less gender-integrated, 
traditional female ties seem to provide professional elite 
women with a support system that they lack in more 
modernized societies.  
Leisure is a must in everyone’s life to regain the energy lost 
in work and to maintain a healthy life by avoiding overstrain 
of self. Havighurst (1970) [11] defines leisure activities as 
those in which a person may indulge on his own free will 
either to rest, to amuse himself, to add to his knowledge, to 
improve his skills without increasing his earning power, or to 
maintain his voluntary participation in the life of the 
community. Leisure is a support system to human beings. 
Haralambos (2004) reveals that family has lost a number of 
its functions in modern industrial society. In the earlier joint 
families, each member can recreate within the family 
atmosphere, which is impossible in the present nuclear 
families. If they recreate within the family, single women 
will get a lot of chance to communicate with other family 
members and can establish close relationship with family 
members. It will produce more mental satisfaction to them. 
But in the modern industrialised society, the importance of 
family ties are decreasing and leisure facilities are not 
available inside the family. Single women, too, should have 
leisure activities to relax and to overcome their strains 
(Jethani 1994) [16]. Leisure is very essential in the life of 
single women especially for working single women. Now 
different types of leisure facilities are available outside the 
family. So singles always participate in these leisure facilities 
with their close friends. Automatically, these friendship 
relations become more intimate and closer.  
The earlier studies show that leisure activities are an essential 
support system for single women in their life. So here, an 
attempt is made to identify how far single women consider 
this variable in their life as a support system and whether 
there is any difference between single women of two 
generations. Out of the total (450) respondents majority 
consider leisure as only a moderate role to play as support 
system. 
The above percentage analysis shows that there is difference 
between two generations in the support system. To prove the 
hypothesis that there is difference in the support system of 
single women in two generations, the total support system 
levels of the single women belonging to the two generations 
were classified and then the Mean and S.D were calculated. 
The difference between total relationships levels of two 
generations were tested for significance by finding the 
Critical Ratio (C.R). The results are shown in the table 7.2 
given below. Here the standard deviation is high, so we use 
Mann-Whitney test for testing the equality of means of Total 
support system.  
 
Table 2: Mann-Whitney Test on Support System of Single Women 

 

 
Generations 

Spinsters Singletons 
Mean 114.25 151.15 

SD 41.79 40.29 
Critical Ratio 8.76 

‘p’ value P<0.001 

The statistical calculations proved that the difference 
between the spinsters and singletons in the case of their 
support system is significant. Thus it can be concluded that 
the two groups differ significantly with respect to the level of 
support system. So the hypothesis there is generation 
differentials among single women of Kerala, with regard to 
their support system is accepted. The finding of the present 
study is supported by the study of Glan and Weaver (1988). 
According to them, young people no longer view that they 
are isolated persons, they have strong support system in their 
life and they are very happy in their new life style. It can be 
concluded that compared to spinsters, singleton’s support 
system is too strong and the level of support system is high.  
 
7.1  Factors that Influences the Support system 
Above analysis proved that life of single women are enriched 
by various support systems. The role of these support 
systems varies depending on their education, employment, 
income, place of living and religion. That is, the level of 
support system can vary according to the independent 
variables. So, a further analysis is made to find out the 
difference in the role of support systems between the 
different groups based on these variables.  
Education is a great instrument for establishing good 
relationship with others. It helps to understand others more 
clearly and builds strong bonds with others. One way 
ANOVA is used to see whether the spinsters and singletons 
of different educational standards vary in their support 
system.  
 

Table 3: One Way ANOVA on Education and Support System of 
Single Women 

 

Spinsters 

Education N* Mean SD F 
value P value 

P.G and other 
higher studies 90 140.33 40.69 

39.625 0.0001** College education 55 99.91 31.39 
School education 80 94.76 33.33 

Total 225 114.25 41.79 
Singletons 

P.G and other 
higher studies 190 138.80 38.58 

6.467 0.002** College education 25 126.20 38.88 
School education 10 155.08 39.44 

Total 225 151.15 40.29 
* Indicates number, ** statistically significant 
 
The analysis of the support system Mean Score indicates that 
there is significant variation in the support system on the 
basis of their educational background. In the case of 
spinsters, those single women who have higher education 
have greatest support as it can be seen from the Mean score 
(140.33). But in the case of singletons, school educated has 
high support system compared to higher educated singletons. 
Miller and Form (1980) present this idea and they have 
labeled the top professionals as a highly self-conscious 
group. The top working single women are not only self- 
conscious but conscious of their ‘self-importance’. Their 
ethno centrism leads them to believe that they have special 
gifts and attributes not generally shared by the commoners. 
This makes educated singletons keep a distance from the 
outsiders.  
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Employment is a means for livelihood as well as a means to 
communicate with others. The level of support system can 
vary according to the employment or unemployment 
especially with regard to the single women. To find this 
variation a One Way ANOVA is done. 
 
Table 4: One Way ANOVA on Employment and Support System 

of Single Women 
 

Spinsters 
Employment level N* Mean SD F value P value 
Employed/ retired 90 146.73 36.95 

 
151.52 

 
0.0001** Unemployed 135 92.59 28.84 

Total 225 114.25 41.79 
Singletons 

Employed/ retired 148 166.97 32.42 
 

94.611 
 

0.0001** Unemployed 77 120.73 36.42 
Total 225 151.15 40.29 

 * Indicates Number, ** statistically significant 
 
The support system of both spinsters and singletons of 
different employed status groups are significantly varying. 
The observations of the support system Mean score indicate 
that employed and retired groups have high support system 
than the unemployed groups.  
Income is an important element for establishing good 
relationship with others. It is considered by all, as a strong 
variable for varying the level of support system. That is, 
income also influences the relationship ties of the single 
women in both generations. The statistical tool, One Way 
ANOVA is used to see whether the spinsters and singletons 
of different income group’s show variation in their support 
system. 
 
Table 5: One Way ANOVA on Income level and Support System 

of Single Women 
 

Spinsters 
Income level N* Mean SD F value P value 

Very high 9 159.56 45.80 

1.905 0.136 
High 32 155.50 31.57 

Moderate 34 148.32 35.07 
Low 8 123.88 37.48 
Total 83 147.78 35.82 

Singletons 
Very high 62 177.50 27.14 

5.01. 0.002** 
High 48 163.60 30.83 

Moderate 30 153.67 39.32 
Low 8 151.25 30.24 
Total 148 166.74 32.53 

* Indicates the Number, ** statistically significant 
 
To both single women group, their support system Mean 
score is increasing according to their income level. As their 
economical condition increases, their support system also 
increases. In the case of spinsters, test is not significant at 
0.136 levels and income has not made any variation on 
support system. Blumberg (1984) [5] argues that as economic 
independence increases single women’s support system level 
is also increasing. 
The natures of community we belong decide the level of 
support system in the life of single women. Here an attempt 
is made to find out the variation in the support system level 
on the basis of place of residence of single women in two 
generation, with the help of One Way ANOVA. 
 

Table 6: One Way ANOVA on Place of Residence and Support 
System 

 

Spinsters 
Place of residence N* Mean SD F value P value 

Rural 87 98.66 35.68 
21.561 0.0001** Urban 138 124.08 42.48 

Total 225 114.25 41.79 
Singletons 

Rural 88 132.68 39.55 
34.955 0.0001** Urban 137 163.01 36.21 

Total 225 151.15 40.29 
 
* Indicate Number, ** statistically significant 
The above One Way ANOVA result shows a significant 
variation on support system level by the place of residence in 
both generations. Urban single women have high support 
system Mean score than the rural single women. The high 
Mean score of urban single women of both generations 
shows that urban single women have better support system 
compared to ruralites. 
Religion is an influential element for shaping the behaviour 
of the individuals. Its rules and regulations mould the 
structure of the society. Religion gives instructions to 
establish good relationship with others. It advises people in 
each and every aspect of their life. So religion is considered 
as a great instrument in their support system. An attempt is 
made to find out whether support system level of single 
women varies according to their religious groups.  
 

Table 7: One Way ANOVA on Religion and Support System of 
Single Women 

 

Spinsters 
Religions N Mean SD F value P value 

Hindus 118 110.56 41.32 
 

1.824 
 

0.164 
Christians 98 119.91 41.21 
Muslims 9 101.00 50.58 

Total 225 114.25 41.79 
Singletons 

Hindus 105 153.85 38.65 
 

1.036 
 

0.357 
Christians 86 151.30 41.26 
Muslims 34 142.41 42.73 

Total 225 151.15 40.29 
 
There is no significant variation in their support system level 
on the basis of their religion. It can be concluded that 
religion is not a strong variable in influencing the level of 
support system in the life of single women. Even then, the 
observation of the support system Means score indicate that 
among the spinsters, Christians have better support system 
than the other two religious groups. Among singletons, 
Hindus have better support system compared to Christians 
and Muslims. 
 
Summary  
The human existence depends upon different support systems 
such as employment, family, friendship, religion etc. The 
major support systems considered in this study are family, 
employment, friends, social participation, and leisure. With 
the help of ‘Support System scale for Single Women’, it is 
found that only 16.9 per cent of the spinsters have good 
support system, while 46.2 per cent of singletons enjoy good 
support system in their life. There is significant difference 
between spinsters and singletons on each sub-section of 
support system and in each sub-section of support system, 
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singletons have better score showing that they have better 
support system than the spinsters.  
The study shows that single women of Kerala have good 
support system from their family. The traditional structure of 
the family system in Kerala is the reason for this fact. 
Majority (75.2 per cent) single women consider employment 
as a great support system to them. Only 4.2 per cent of them 
do not consider employment as a support system in their life. 
That is, in both generations, majority consider employment 
as a great support system in their life. Majority single women 
consider friendship as a strong support system to them and in 
the case of singletons this rate is very high. Since majority 
singletons are employed and their job situations lead them to 
high level of friendship relationships. The analysis of the 
study shows that most of the single women consider social 
participation as a support system in their life. Single women 
have relations with others and they are not isolated and 
frustrated in the society. Among the spinsters group, only 
26.2 per cent of them have high social participation score but 
in the case of singleton’s it is 50.7 per cent. Out of the total 
respondents, majority consider leisure has only a moderate 
role to play as support system. Here the rate of singletons is 
higher than the spinsters. Singletons, who enjoyed high 
status employment, are interested in leisure activities for 
relieving their job tensions. One important hypothesis of the 
study is tested and proved in this chapter. With the help of 
Mann-Whitney test, which revealed that the level of support 
system is different in two generations.  
With the help of statistical test ANOVA, it is found that the 
support system varies according to the independent variables, 
education, employment, place of residence and income. The 
spinster’s income level does not create any variation on their 
support system. 
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1. Introduction 
The changes in the last few decades are so rapid and far reaching that many thinkers look upon this as a new era in human history. The 
processes of industrialisation, urbanisation and secularisation have brought about many socio- psychological changes in the attitudes 
and values of the people. The most striking one is the emancipation of women from their traditional bound ethos challenging the 
institution of marriage and family.  
 In Kerala society, Singlehood is not a new phenomenon. From ancient times, many girls from Namboothiri families remained single. 
They were restricted by endogamy. That is, they were allowed to marry only from their on caste. The eldest son in the family had the 
right to marry from the same caste. All other Namboothiri males were allowed to establish relation or “sambantham” from other caste 
people. This prevented many Namboothiri girls the chance of marriage. Keralites never overlooked them but had a sympathetic eye 
and respect. They were very beautiful, healthy and showed interest in various fields of art and knowledge. Many modern singletons 
believe that the stereotype of an old maid –spinster is becoming a thing of the past. The single women have emerged as a distinct 
social category in rapidly changing urban India. We have a number of successful unmarried women who enjoy high status in the fields 
of various professions, services and social works. Today a new and positive stereotype is applied for modern single women. A modern 
singleton is seen as urban, highly educated, relatively young, ambitious, single minded, determined, active and a career woman. By 
rejecting marriage and children she has made a conscious choice to be single. This study presents the emergence of singletons as a 
new global sociological phenomenon of the Twenty first century and traces the generation differentials of single women in two 
generations – the Spinsters and Singletons. 
 
2. Methodology 
 
2.1. Objectives 
To analyse the intergenerational difference in the level of life satisfaction of single women. 
 

Dr. Licy A. D. 
Associate Professor, HOD, Department of Sociology, Carmel College, Mala, Thrissur, Kerala, India 

Abstract: 
Feminism means movements towards creating a new order of society that ensures women’s full self determined life for 
women. Feminism is a force that is generated out of women’s unity. This force led to create new social atmosphere in Kerala 
society. The singleton has emerged as a distinct social category in the rapidly changing Kerala society. This paper examines 
the life satisfaction level of the singletons, in Kerala. It focuses on the Life satisfaction is a subjective assessment of the 
quality of one’s life. So an attempt is made in this paper to analyse the life satisfaction level of single women with the help of 
a ten point scale. It included three aspects- general, social and personal life satisfaction. The result proves that most single 
women are satisfied with their life. The high expectations of singletons negatively affect their life satisfaction level. The life 
satisfaction is varying according to their education, employment, income and place of residence. It is found that religion has 
no influence in the level of life satisfaction of single women. Life satisfaction level of spinsters varies more on the basis of 
education than singletons. In both generations, higher education reduced their life satisfaction level. The employment, 
income and place of residence made more variation in singletons life satisfaction compared to spinsters. There is a 
significant association between stress and life satisfaction of single women and it indicated that high stress lead to high life 
satisfaction. Single women’s support system and life satisfaction are associated and single women, who have high support 
system, they have high expectations in their life. If they can’t fulfill this expectation, their life satisfaction level will decrease. 
The life satisfaction level of single women on the basis of motivational factors- chance and choice, indicated that there is 
difference between chance group and choice group in their life satisfaction level and the life satisfaction is always varying 
according to their motivational factors. High expectations of choice group of single women led them to low level of life 
satisfaction.  
 
Keywords: Single women, spinster, Singleton and life satisfaction 
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2.2. Hypotheses  
The two broad hypotheses that may be formulated are:  
(1) There is generation differential among single women of Kerala with regard to Life satisfaction. 
(2) The motivational factors-chance or choice determine women and the life satisfaction level of single   women. 
 
2.3. Clarification of the Concepts 
 
2.3.1. Single Women 
Single women are those who have crossed the marriageable age (35) and are yet not married. In the present study single women belonging to 
two generations are studied, that is, 65 to 80 and 35 to 50. 
 
2.3.2. Generation Differentials 
According to Developmental theory, the generation differentials are considered as ‘generation gap.’ In this study, generation 
differentials mean a relative difference in the ideas of single women belonging to two generations, that is, single women of the age 
group of 65 to 80 and 35 to 50.  
 
2.3.3. Spinster 
Single women who are not married and do not belong to any religious organizations, and who belong to the age group of 65 to 80 are 
referred as spinsters. 
 
2.3.4. Singleton 
Single women who are not married and do not belong to any religious organizations, and who belong to the age group of 35 to 50, are 
referred as singletons.  
 
2.3.5. Life Satisfaction 
It refers to the overall well-being of the single women in two generations and a retrospective evaluation of their satisfaction of life 
through self-judgments. 
Age, education, occupation, religion, region and place of living are considered as independent variables. life satisfaction is the 
dependent variable. The interplay of these variables are analysed in this article. The present research work is designed to study the life 
of single women. So an analytical cum comparative design is adopted- discovering, ‘what is happening’, analysing, ‘what has 
happened’, inferring, ‘why it is so’ and suggesting ‘what can be done about it’. The Universe of the study comprises of unmarried 
single women, not belonging to any religious organisation, of Kerala. The total sample of the study consists of 450 women selected 
from the unmarried single women in Thiruvanathapuram, Ernakulam and Calicut districts for getting the socio-cultural and 
geographical representation of the north, south and central parts of the Kerala, with 225 spinsters and 225 singletons. From each 
district 75 spinsters and 75 singletons, and thus 150 samples are collected from one district. Because of lack of statistical 
documents/reports about the single women in Kerala, researcher used snowball sampling. The Pilot study was conducted in 
Ernakulam district, as it was easy to get both urban and rural single women. The data collection was mainly based on primary and 
secondary data. Secondary data refers to that ‘already recorded for some other purpose but used in the particular research project’. In 
this present study secondary data was collected from census reports, seminar reports, pamphlets, journals, periodicals, books, news 
papers, reports and publications of various associations, and various publications of the central, state and local governments. Primary 
data is collected from younger and older generation of single women. For collecting the primary data, the researcher developed 
Interview schedule and a ten point scale. The major limitation of the study is the inadequacy of the availability of recorded material, 
which forced the researcher to use, the Snow ball sampling, which has its own limitation. 
 
3. Life Satisfaction 
Life satisfaction is considered to be the cognitive or judgmental component of subjective well- being. It manifests itself in confidence, 
sociability, feeling of competence and happiness. It can be assumed that life satisfaction implies qualities such as positive mental 
health, good temperament and low alienation. Life satisfaction reflects individual’s global assessment of their present quality of life 
based on personally chosen criteria. Every individual performs a sum total of a variety of roles and the competence and success 
depends upon how one fulfills all these roles. If the roles are performed according to the expectations of the society, the individual is 
regarded as a socially competent person. It raises one’s own image and enhances the self-esteem as a worthy person. In other words, if 
the role is not according to the societal norms, the self-image will decrease and he would not be considered as a worthy person. 
Loewenstein (1981) found that life satisfaction is significantly correlated to factors such as good health, not being lonely, living as 
couples, having friends and being engaged in work. She adds that life satisfaction level does not vary by sexual needs. Sousa and 
Lyubomirsky (2001) say that the greater the gender equality within a culture, the greater life satisfaction. The negative attitude 
of the society and family members always affect unfavorably the level of their life satisfaction. In ‘women issues’, Misra (1992) 
reveals that this satisfaction level of single woman depends upon the attitude of society towards them. In general, all the single 
women agree on the point that the disadvantages of remaining unmarried over-ride the advantages, especially in a country like 
India. Frijters (2000) viewed that health is a major determinant of life satisfaction and poor health is associated with a decline in 
latent life satisfaction. Baily and Miller (1998) have related life satisfaction to job satisfaction, interpersonal relationships, 



The International Journal Of Humanities & Social Studies  (ISSN  2321 - 9203)     www.theijhss.com                
 

329                                                       Vol 3 Issue 8                                                 August, 2015 
 

 

socio-economic status, education, family background, and many other variables. All these relationships indicate that life 
satisfaction is a multidimensional concept. Warren (2006) in her study “Women” deals with the aspects of retirement for older 
men and women in Australia. She found that life satisfaction was higher for retired people with a spouse or partner than it was 
for single retirees. Single women expected to retire at a later age than partnered women. 
One of the goals of this study is to analyse the life satisfaction level of the single women. Since life satisfaction is an individual 
evaluation, the respondents are asked to evaluate themselves on a ten point scale. Here, the term life satisfaction includes 
personal life satisfaction, social life satisfaction and general life satisfaction levels of single women. It is the retrospective 
evaluation of life, happiness through self- judgments referring to the overall well being of them. The ten point scale was 
classified into three degrees, that is, those who evaluate themselves between 21-30 are considered to have high life satisfaction, 
those who belong to 12-20 as moderate and those who belong to 3-11 as low life satisfaction level. Table below shows the self 
report of the single women about their life satisfaction level.  
 

 High Moderate Low Total 

Spinsters 105        46.7 
64.0 

80       35.6 
54.1 

40       17.8 
29.0 

225     100 
50 

Singletons 59         26.2 
36.0 

68        30.2 
45.9 

98        43.6 
71.0 

225     100 
50 

Total 164        36.4 
100 

148       32.9 
100 

138       30.7 
100 

450     100 
100 

Table 1: Frequency of the Life satisfaction level of Single Women 
 

 
Figure 1: Life satisfaction level of Single Women 

 
Out of total respondents (450), 36.4 percent have life satisfaction and only 30.7  percent of single women have low life satisfaction. 
Spinsters’ indicated better life satisfaction and only 17.8 percent come under low life satisfaction. Ratra (2006) says, the popular belief 
that an old person who has never married will face an unhappy, lonely old age is not true. The present study proves this. But 
singletons rate of life satisfaction is very low. Present study compels us to analyse why more singleton’s come under the low life 
satisfaction category than spinsters. 
In traditional Indian culture, old age is considered as one of the stages of human developments that is highly respected and is 
authoritative in the family. Elderly people enjoy good respect in the society because of their rich worldly experience. The situation is 
fast changing because of the effect of rapid industrialisation, modernisation and the changing pattern of family. Sometimes, there is no 
one to look after them due to different reasons (Gowri et al. 2003). This situation may affect the life satisfaction level of spinsters and 
reduce the level of life satisfaction. But the present study found that singletons are better adjusted, less stressed, highly supportive, but 
less satisfied with their life. Michalos’ Multiple-Discrepancy Theory (1986) is relevant here. According to this theory, satisfaction is 
determined by one’s perception of “how things are” vs. “how they should be”. Small discrepancies among these areas result in greater 
life satisfaction. Large discrepancies among these areas result in smaller life satisfaction. In the case of singletons, they have high 
expectation and they couldn’t reach their expectation. Thus the gap between their expectations and reality is very high. So 
automatically their life satisfaction level decreases in proportion to their expectation. 
To prove this hypothesis, Mann-Whitney Test is used. The Life satisfaction of the single women belonging to the two generations is 
classified and then the Mean and S.D were calculated. The differences are tested for significance by finding the Critical Ratio (C.R). 
The result is given in the table 2. 
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  Generations 
Spinsters Singletons 

Mean 17.94 13.62 
SD 6.51 7.01 

Critical Ratio 6.61 
‘p’ value P<0.001 

Table 2: Mann-Whitney test on Life satisfaction of Single Women 
 

Since the calculated Mean of spinsters is high compared to singletons, it can be said that the life satisfaction level of spinsters is high 
compared to singletons. The Critical ratio 6.61 is highly significant at 0.001 levels which prove that difference between the singletons 
and spinsters, with respect to the life satisfaction is significant. The study indicated that the Multiple discrepancy theory is relevant. 
This study reveals that life satisfaction level is high for spinsters because their gap between the reality and expectation is very low 
compared to singletons. Thus the hypothesis, there is a significant difference between spinster and singleton on their life satisfaction 
level is proved. 
The discussions about the life satisfaction level of single women in two generations inspire us to analyse the degree of their happiness 
and the degree of their singlehood enjoyment. To get data for this researcher included some direct questions in the interview schedule. 
 
3.1. Life Satisfaction and Happiness of Single Women 
In the book, ‘City of God’, Varro (2002) reveals that the happiness of people would be one way of measuring the level of life 
satisfaction. If the person enjoys happiness in life, the life satisfaction level would be very high. The earlier studies pointed out that 
these two factors are closely related. Trimberger (2005) in his study ‘The new single women’ found that modern singles are happy 
with their life and the prospect of remaining single. At the same time, contradictory opinions are also reported by other social 
scientists. During the time of interview, one of the respondents revealed that an unmarried girl can lead a happy life provided she is 
employed, because she will be occupied, independent and could not brood over it. The new role has given women a new confidence 
and freedom. Most of the working women are generally happy because they have a sense of identity instead of being known in other’s 
label. Now society appreciates her for economic contribution or takes note the creative work they do. This is the reason, why working 
women seem to be happier than non-working. Single women having high life satisfaction is expected to have better adjustment with 
her life situation and vice- versa. Earlier, in the present study, it was found out that most of the singletons became single mainly for 
freedom and independence. That is, the spirit of freedom allows them to enjoy more happiness in their life.  
The discussions about single women’s happiness, reflects that many studies have been done on this subject, but these studies have not 
related the stage of happiness with life satisfaction. So an attempt is made to assess the influence of happiness on the level of life 
satisfaction. For this respondents were asked whether they are happy in their state of singlehood. The responses are presented in the 
table 8.7. 
 

Spinsters 
 High Moderate Low Total 

Yes 25        53.2 19       40.4 3           6.4 47       100 
71.4      15.4 4.5 20.9 

Somewhat 8        15.4 37       71.2 7           13. 5 52       100 
22.9 30.1 10.4 23.1 

No 2         1.6 67       53.2 57          45. 2 126    100 
5.7 54.5 85.1 56.0 

Total 35       15.6 123      54.7 67          29.8 225 
100 100 100 100     100 

Singletons 
Yes 88       68.2 34       26.4 7           5.4 129      100 

88      37.8 20      57.3 
Somewhat 5        15.2 25       75.8 3           9.1 33       100 

5 27.8 8.6 14.7 
No 7        11.1 31       49.2 25          39.7 63       100 

7 34.4 71.4 28.0 
Total 100      44.4 90       40.0 35          15.6 225      100 

100 100 100 100 
Table 3: Life Satisfaction and Happiness of Single Women 

 
The findings of the present study indicate that in both generations, those who enjoyed more happiness in their life have high life 
satisfaction. The responses reveal that while only 21 percent of the spinsters are happy with their singlehood life, 57 percent of the 
singletons are happy. Further analysis of the association between state of happiness and life satisfaction shows that 68.2 percent 
singletons who said they are happy are those who have high life satisfaction. The discussion about the degree of happiness is not 
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favourable to the findings of the statistical analysis of the life satisfaction level of single women. Here we see a contradiction 
that singletons are better but in the case of life satisfaction, spinsters are better than singletons. It may be because of 
unawareness of their life style condition. Other wise, they are not willing to reveal the exact condition of their life. Because 
of their prejudice, a lot of bias crept into the data which was collected through direct questions from Interview schedule. But 
life satisfaction scale provides a good picture of the exact satisfactory level. Here they couldn’t hide about themselves. 
 
4. Factors that Influence the Life Satisfaction 
Life satisfaction depends on the expectations of what one is capable of accomplishing, one’s past circumstances, one’s ideals, what 
one feels he deserves, what one minimally requires to be content, and what one ultimately believes. Generally it is believed that the 
life satisfaction level of single women is based on the whole aspects of their life; their education, employment, income, place of 
residence, religion and motivational factors. So an attempt is made to find out how far these factors influence the level of life 
satisfaction of single women. 
Every human beings life history indicates that their ideas and attitudes directly influence their life satisfaction level. Education gives 
not only a modern outlook and rational perspective, but it also liberates women from their invisible enslaved chains. Moreover, 
education fosters a sense of independence and self-sufficiency in women (Desai 1967). The attitudes and values propagated by 
education play a significant role in building the personality, individuality and the entire mental makeup of an individual. Education is 
a means to women for economic security and it allows her to overcome her personality defects. Education help women to 
empowerment and raise their social status in the society. Education may also provide access to greater occupational and income 
opportunities, which may additionally influence life satisfaction. It is assumed that educated women enjoy higher status in the society 
than the uneducated women and based on their educational qualifications the life satisfaction level of the single women may vary. A 
One Way ANOVA was done to find out the difference between different educational groups and life satisfaction level. The results of 
the One Way ANOVA is presented in the table No.4. 
  

Spinsters 
Educational Level N* Mean SD F value P value 

P.G and other higher 
studies 

90 14.30 6.27 34.374 0.0001** 

College education 55 18.72 5.70 
School education 80 21.51 5.03 

Total 225 17.94 6.51 
Singletons 

P.G and other higher 
studies 

190 12.27 6.24 28.97 0.0001** 

College education 25 20.28 6.59 
School education 10 22.70 6.07 

Total 225 13.62 7.01 
Table 4: One Way ANOVA on Education and Life Satisfaction of Single Women 

*indicates number, ** statistically significant at 0.001 level 
 

The statistical analysis shows that different educational qualifications made variations in the level of life satisfaction of single women. 
The variation is significant but the interesting point that can be mentioned is that the highest mean score in life satisfaction is found 
among lower educated single women both among spinsters and singletons. The mean score indicates that higher educated groups have 
lower life satisfaction level. Campbell (1976) conceptualised life satisfaction as the difference between what one wants and what one 
has – essentially a comparison between reality and the ideal. The distance between these two determine the level of life satisfaction of 
a person. In the case single women, they have their own desires about ideal life. But the real life is far away from it. For singletons’ 
this gap is too wide. The findings of the present study are supported by Campbell and his colleagues. Lounsbury (2004) in her study 
‘personality and satisfaction’, found that career satisfaction and life satisfaction were significantly correlated. Employment increases 
the quality and degree of life satisfaction. Single women’s sense of self and identity are more strongly tied to their occupational status 
than it is for ordinary women. “Money and Power” are not still appropriate goals for women in the work place. Instead, creativity and 
self-fulfillment are considered more appropriate roles in these single women’s definitions of themselves as ‘career women’. Some 
single professional women seem satisfied or even ecstatic with their freedom. Carroll (2005) explains interestingly for both men and 
women the longer the unemployment history the greater the probability of reporting low life satisfaction. So an attempt is made to find 
out whether life satisfaction varies on the basis of their employment. 
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Spinsters 

Employed status N* Mean SD F value P value 
Employed/ retired 90 13.59 6.08 95.424 0.0001** 

Unemployed 135 20.85 5.01 
Total 225 17.94 6.51 

Singletons 
Employed/ retired 148 10.51 5.34 137.266 0.0001** 

Unemployed 77 19.61 5.88 
Total 225 13.62 7.01 

Table 5: One Way ANOVA on Employment and Life Satisfaction 
*indicates number ** statistically significant at 0.001 level 

 
Here the Mean score indicates that unemployed single women have high life satisfaction level than the employed. The reason behind 
this fact is that the employed single women’s expectations are very high and they couldn’t achieve their expectations. But in the case 
of unemployed single women, they do not have much expectation. So the life satisfaction level of the employed single women is lower 
than the unemployed single women. Another interesting observation is that, compared to spinsters, singletons life satisfaction Mean 
Score are lower. In contemporary socio-economic structure, income is one of the most important bases of social differentiation and of 
distribution of power, prestige and privileges in society (Ranjan 1993). Sousa and Lyubomirsky (2001) say that there is a high 
relationship between life satisfaction level and the income level of individuals. He added that income appears to be a better predictor 
of life satisfaction than level of education. That is, the economic aspect of the single women actually determined the level of their life 
satisfaction. 
According to Engels and Marx (1848), women employment and economic security would largely free women from economic 
dependence upon man. Blumberg (1984) argues that the key factor that determines the status of women in the world’s societies is their 
level of economic power. Where women’s economic power is high women are able to translate their power into relatively high status. They 
again say that there is a high relationship between life satisfaction level and the income level of individuals and the poorer singles obtain 
greater satisfaction from life because the achievement surpasses their expectations of what is attainable. This relationship is a very 
complicated one. In modern times, women’s economic security and self-sufficiency inspire them to become single. A social dictum exists in 
our society is that single women are a burden to others and their life as malcolony. Economic freedom changed this situation and raised their 
status. Blumberg again says that single hood is a result of their economic independence and self-sufficiency. That is, income is a strong 
instrument for influencing the level of life satisfaction. So a One Way ANOVA is used to find out the variation in life satisfaction in relation 
to their income. 

 
Spinsters 

Income level N* Mean SD F value P value 
Very High 9 11.88 7.13 9.769 0.0001** 

High 32 11.25 4.77 
Moderate 34 13.94 4.69 

Low 8 21.75 4.53 
Total 83 13.43 5.76 

Singletons 
Very High 62 8.56 2.55 16.280 0.0001** 

High 48 10.08 4.76 
Moderate 30 12.47 6.69 

Low 8 19.50 5.26 
Total 148 10.44 5.19 

Table 6: One Way ANOVA on Income and Life Satisfaction 
*indicates number, ** statistically significant at 0.001 level 

 
The statistical analysis indicates that there is significant variation in the different income groups of single women in two generations. 
When income level increases, life satisfaction level decrease, and vise versa. That is, the life satisfaction mean score indicate that low 
income group of single women have high life satisfaction level. In the case of income also Michalo’s (1986) theory is very relevant. 
Here also the gap between the expectation and reality of singleton is very wide. So singletons life satisfaction level is below the 
spinsters. The attitudes and behaviours of individuals vary according to their society and region. The attitudes of individuals around 
them determine the single women’s level of life satisfaction. . So the level of life satisfaction varies in relation to their place of 
residence or region. One Way ANOVA is used to see whether the life satisfaction level of spinster and singleton vary according to 
places of residence. 
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Spinsters 
Place of 

residence 
N* Mean SD F value P value 

Rural 87 20.34 5.74 20.936 0.0001** 
Urban 138 16.43 6.54 
Total 225 17.94 6.51 

Singletons 
Rural 88 17.75 6.88 64.194 0.0001** 
Urban 137 10.97 5.71 
Total 225 13.62 7.01 

Table 7: One Way ANOVA on Place of Residence and Life Satisfaction of Single Women 
*indicates number, ** statistically significant at 0.001 level 

 
The table indicates that there is difference between single women belonging to different region in their life satisfaction level. 
Singleton’s regional variation is higher than spinsters. The analysis pointed out that the rural singles have high life satisfaction level 
than the urban single women. Here also it can be observed the relevance of Multiple Discrepancy theory. The living circumstances 
inspired the urban women to expect more from the life. But they couldn’t achieve it. So their life satisfaction level is lesser than their 
rural counter parts.  
In the life of single women religion is a guiding factor. Their life style inspires them to adhere with religious practices and enjoy 
mental relaxation. A good number of single women spend time in reflection of the Scripture and worship. Ahuja (1996) says that 
single women may get emotional support by engaging themselves in religious activities or talking to their spiritual friends and it is a 
good support more than any other source. It is quite natural that older single women are more religious minded than the younger 
singles. So their religious influence on life satisfaction is very high. Keeping in view the above ideas, researcher tried to find out 
whether there is any variation in life satisfaction level on the bases of their religion. 
           

Spinsters 
Religions N* Mean SD F value P value 
Hindus 118 18.26 6.60 2.571 0.079 

Christians 98 17.19 6.35 
Muslims 9 22.00 5.98 

Total 225 17.94 6.51 
Singletons 

Hindus 105 13.73 7.05 1.753 0.176 
Christians 86 12.72 6.78 
Muslims 34 15.41 7.30 

Total 225 13.62 7.01 
Table 8: One Way ANOVA on Religion and Life Satisfaction of Single Women 

* indicates Number 
 

The statistical analysis shows that there is no significant variation on life satisfaction level of single women in both generations on the 
basis of their religion. The Mean score observes that in both generations, Muslim single women have better life satisfaction than the 
other two religious groups and the spinsters have better Mean Score than singletons indicating that religion has more influence in the 
life of spinsters because of their value system attained during their childhood days. Our findings are supported by Sandhya and 
Jethani. Jethani (1994) pointed out that unmarried women of old age believe more in religious rituals and they become the prime 
promoters of religious beliefs. They divert their attention from worldly problems by concentrating more on religious activities. 
Through religion they extended their relationship networks and life satisfaction. 
All these analyses prove that there is generation gap in the two category of women. That is, there is difference between spinsters and 
singletons with regard to their life satisfaction. The life satisfaction varies significantly on the basis of education, employment, income 
and region. That is when single women are better educated, employed, have good income and are residing in urban area, they have 
less life satisfaction. Religion is found to be having no role in the life satisfaction level of single women. 
 
5. Life Satisfaction and Adjustment Level of Single Women 
Adjustment is the satisfactory relation of an organism to its environment. It is a gradual process in day to day life. Schneiders (1960) 
in his study ‘Personal adjustment and mental health’ defined that adjustment is simply an organism’s individual, peculiar way of 
reacting to inner demands. In some instances, this reaction is efficient, satisfying and we say that it is good adjustment. When the 
reaction is inefficient and unsatisfactory; we call it a bad adjustment. Good adjustment always lead us to life satisfaction. Keeping 
these ideas in mind, an attempt has been made here to find out the how far adjustments influence the level of life satisfaction. 
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 High life 
Satisfaction  

Moderate 
Satisfaction 

Low 
Satisfaction 

Total 
Satisfaction 

High 
adjustment  

16     10.2 46      29.3 95     60.5 157    100 
   9.8    31.1    68.8 34.9 

Moderate 
adjustment 

93     42.7 86      39.4 39     17.9 218     100 
   56.7    58.1     28.3     48.4   

Low 
adjustment 

55     73.3 16      21.3 4       5.3 75      100 
   33.5     10.8     2.9      16.7 

Total 
adjustment 

164    36.4 148     32.9 138     30.7 450    100 
   100     100      100       100 
Table 9: Life Satisfaction and Adjustment 

X2 = 139, 42 P<0.001, statistically significant 
 

The chi-square analysis shows that there is association between adjustment and life satisfaction. However, interestingly the percentage 
analysis shows that while only 10.2 percent of highly adjusted singles have high life satisfaction, 60  percent of them have low life 
satisfaction. In the case of low adjustment it is otherwise. Seventy three  percent low adjusted single women have high life satisfaction. It is 
because single women are generally adjusted with the life but they are not totally satisfied to their status of singlehood.  
 
6. Life Satisfaction and Stress level of Single Women 
It is generally believed that there is an inverse relationship between life satisfaction and stress level of single women. Earlier studies 
pointed out that stress of the single women is an obstacle for their satisfaction in life. So here, an attempt is made to find out whether 
stress is an obstacle in the life satisfaction of single women of Kerala. 
 

 High  Moderate Low Total 
High stress 25      55.6 

15.2 
12      26.7 

8.1 
8      17.8 

5.8 
45     100 

10.0 
Moderate 101     55.5 

61.6 
56      30.8 

37.8 
25     13.7 

18.1 
182     100 

40.4 
Low 38      17.0 

23.2 
80      35.9 

54.1 
105    47.1 

76.1 
223    100 

49.6 
Total 164    36.4 

100 
148     32.9 

100 
138     30.7 

100 
450    100 

100 
Table 10: Life Satisfaction and Stress 

X2 = 86.11, P<0.001, statistically significant 
 

The Chi-square analysis indicates that there is a significant association between life satisfaction and stress. The percentage analysis 
shows that 55.6 percent of the high stress single women have high life satisfaction and among the low stress single women only 17.0  
percent of them have high life satisfaction. Hence stress is a positive catalyst for life satisfaction. Achievement of the life goals raised 
the single women in the ladder of their life satisfaction. In the case of single women of Kerala, stress is not an obstacle in their life 
satisfaction. The table shows that high stress need not always lead to low life satisfaction. 
 
7. Life Satisfaction and Support System Level of Single Women 
Several studies have examined the relationship between social support and life satisfaction among the single women. Most of these 
literatures have indicated a positive relationship between social support and life satisfaction. Many studies found that social support 
was significantly related to life satisfaction. From the earlier studies, we can realise that in a women’s life, relationships with others 
are very crucial for life satisfaction. So an attempt is made to know whether there is any association between single women’s life 
satisfaction and support systems in Kerala. 
 

Support 
System 

High life 
Satisfaction 

Moderate life 
Satisfaction 

Low life 
Satisfaction 

Total 

High support 
system  

16       11.3 
9.8 

44       31.0 
29.7 

82      57.7 
59.4 

142    100 
31.6 

Moderate 
support system 

50       30.7 
30.5 

66       40.5 
44.6 

47      28.8 
34.1 

163     100 
36.2 

Low support 
system 

98       67.6 
59.8 

38       26.2 
25.7 

9       6.2 
6.5 

145     100 
32.2 

Total 164      36.4 
100 

148      32.9 
100 

138    30.7 
100 

450    100 
100 

Table 11: Life Satisfaction and Support System 
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X2=132.18, P<0.001, statistically significant 
 

The Chi-square analysis of the life satisfaction and support system of the single women yields a highly significant value. Here also the 
inverse relationship between life satisfaction and support system is observed. The percentage analysis indicates that while only 11.3  
percent of these who have high support system have high life satisfaction, 57.7  percent of them have only low life satisfaction. It is 
because single women, who have high support system, have high expectations also in their life. When they can’t fulfill this 
expectation, their life satisfaction level will decrease. 
 
8. Life Satisfaction and Motivational Factor of Single Women 
Erikson (1964) says, ability to make ones own decisions and to take responsibility for ones own actions are all implied in 
independence. Earlier studies pointed out that the motivational factor is a strong element to determine the life satisfaction level. On the 
basis of this fundamental factor, an attempt is made to examine how the motivational factors influence the life satisfaction of single 
women of two generations. 
    

 High Moderate Low Total 
Spinsters 

By chance 102    57.6 
97.1 

66      37.3 
82.5 

9       5.1 
22.5 

177    ( 100) 
78.7 

By Choice 3      6.3 
2.9 

14       29.2 
17.5 

31     64.6 
77.5 

48     (100) 
21.3 

Total 105    46.7 
100 

80       35.6 
100 

40     17.8 
100 

225    (100) 
100 

Singletons 
By chance 57     57.6 

96.6 
36       36.4 

52.9 
6      6.1 

6.1 
99    (100) 

44 
By Choice 2      1.6 

3.4 
32       25.4 

47.1 
92     73.0 

93.9 
126    (100) 

56 
Total 59     26.2 

100 
68       30.2 

100 
98     43.6 

100 
225    (100) 

100 
 Table 12: Life satisfaction and Motivational factor of the Single Women 

 

  
Figure 2:  Life satisfaction and Motivational factor of the Single Women. 

 
 In both generations, chance group have high life satisfaction than the choice group. It is noticed that age could not make any 
difference between the association of motivational factor and life satisfaction. The table shows that even among singletons, who 
became single by their own choice, life satisfaction is very low compared to those who became single by the chance. The findings of 
the present study is contradictory to the findings of Kachru. Kachru (2006) revealed that single woman, who by conscious choice has 
decided to live without a partner, enjoyed their life and there is no bitterness and frustrations in their life. In earlier analysis of life 
satisfaction the same trend is found. The choice group single women’s life satisfaction is very low because their life expectations are 
high which they could not achieve. But the chance group singles do not have that much expectations in their life. So the gap between 
the reality and expectations of chance group single women are not too wide. Thus their life satisfaction is high compared to choice 
group. 
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One of the hypothesis of the study is that the motivational factors-chance and choice determine the level of life satisfaction of single 
women in both generations. Before proving the hypothesis an attempt is made to find out the difference between chance group and 
choice group on their life satisfaction level. The total single women belonging to the two major motivational factors were classified as 
chance group and choice group. Then the Mean and S.D were calculated. The difference between total life satisfaction levels of two 
groups were tested for significance by finding the Critical Ratio (C.R). The results are shown in table 8.14. Here the standard 
deviation is high, so Mann-Whitney test for testing the equality of means of Total support system is applied.  

 
   Motivational Factors 

Chance Group  Choice Group 
Number  276 174 

Mean 6.63 3.25 
SD 1.94 1.39 

       Critical Ratio 14.79 
‘p’ value P<0.001 

Table 13: Mann-Whitney Test on Life Satisfaction and Motivational factors 
 
The statistical calculations indicate that the difference between the chance group and choice group in the case of their life satisfaction 
is significant. The Mean Score of the choice group single women life satisfaction level is around half of the Mean Score of life 
satisfaction level of the chance group single women. It indicates that motivational factors of singlehood are strong to determinants in 
the level of life satisfaction single women. 
A One Way ANOVA is used to find whether the spinsters and singletons of different motivational groups vary in life satisfaction 
level. 

 
Spinsters 

Motivational factors N* Mean SD F value P value 
Chance 177 19.97 5.39 124.367 0.0001** 
Choice 48 10.48 4.56 
Total 225 17.95 6.51 

Singletons 
Chance  99 19.47 5.91 272.155 0.0001** 
Choice 126 9.02 3.51 
Total 225 13.62 7.01 

Table 14: One Way ANOVA on Motivational factors and Life Satisfaction of Single Women 
*indicates number, ** statistically significant at 0.001 level 

 
The analysis shows that there is significant variation on life satisfaction level of single women by motivational factors in both 
generations. In both generations, majority of single women who come under ‘chance’ group, belongs to high life satisfaction level and 
those who belong to ‘choice’ group; their life satisfaction level is low. Motivational factors made variation in life satisfaction to a 
higher extent in the chance group than in the choice group in both generations. Here also the same trend already found in earlier 
analysis is seeing, that is, choice group singles have high motivation or ambitions in their life. But as couldn’t achieve these goals, 
their life satisfaction level became very low compared to the chance group. The hypothesis of the study, the motivational factors- 
chance and choice determine the life satisfaction level of single women has been proved. 
 
9. Conclusion  
Life satisfaction is a subjective assessment of the quality of one’s life. So an attempt is made in this chapter to analyse the life 
satisfaction level of single women with the help of a ten point scale. It included three aspects- general, social and personal life 
satisfaction. The result proves that most single women are satisfied with their life. Only 30.7 percentage of single women have low life 
satisfaction, spinsters revealed they have better life satisfaction, only 17.8  percent of spinsters come under low life satisfaction 
section. But 43.6 percentage of singletons revealed that they have low life satisfaction. Singletons’ Mean score is also low compared 
to spinsters. The high expectations of singletons negatively affect their life satisfaction level. The statistical tool, Mann Whitney test 
proved that the hypothesis, there is a significant difference between spinsters and singletons in their life satisfaction level. 
The analysis found that the level of life satisfaction is varying according to their education, employment, income and place of 
residence. It is found that religion has no influence in the level of life satisfaction of single women. It is found life satisfaction level of 
spinsters varies more on the basis of education than singletons. In both generations, higher education reduced their life satisfaction 
level. The employment, income and place of residence made more variation in singletons life satisfaction compared to spinsters. The 
percentage distribution and Chi-square analysis found that there is significant relationship between the dependent variables 
adjustment, stress and support system and life satisfaction level of single women. It is found that the adjustment and life satisfaction 
are highly associated. The study found, the high stress need not always lead them to low life satisfaction. There is a significant 
association between stress and life satisfaction of single women and it indicated that high stress lead to high life satisfaction. Single 
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women’s support system and life satisfaction are associated and single women, who have high support system, they have high 
expectations in their life. If they can’t fulfill this expectation, their life satisfaction level will decrease. 
The analysis of the life satisfaction level of single women on the basis of motivational factors- chance and choice, indicated that there 
is difference between chance group and choice group in their life satisfaction level and the life satisfaction is always varying according 
to their motivational factors. With the help of statistical analysis, the hypothesis the motivational factors –chance and choice 
determines the life satisfaction level of single women has been proved significantly. The findings of the present study pointed out that 
the Mean score of life satisfaction of the choice group is lesser than the chance group. High expectations of choice group of single 
women led them to low level of life satisfaction. However, with the help of statistical analysis of ANOVA found that the level of life 
satisfaction is varying according to their motivational factors-chance and choice. 
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Abstract— Computational chemistry uses methods of 
theoretical chemistry, incorporated into efficient computer 
programs, to calculate the structures and properties of 
molecules and solids. Ab-initio methods are based entirely on 
quantum mechanics and basic physical constants. The study 
was designed to calculate the zero point energy of the 
conformers of cyclohexane by using geometry optimization 
method. Compare the energies obtained from optimization 
methods with the experimental values. Then  elicit the effect 
of different basis sets on the energies of these conformers. 

 
Keywords — Ab-initio, guassian03, basis sets, zero point 

energy. 

I.  INTRODUCTION 
Computational chemistry simulates chemical structures 

and reactions numerically, based in full or in part on the 
fundamental laws of physics. It allows chemists to study 
chemical phenomena by running calculations on the 
computers rather than by examining reactions and 
compounds experimentally[1]. Computational chemistry is 
therefore both an independent research area and vital 
adjunct to experimental studies . Quantum-mechanical 
methods of treating molecules are classified as Ab-initio or 
semiempirical. The aim of Ab-initio molecular orbital 
theory is to predict the properties of atoms and molecules. 
It is based on the fundamental laws of quantum mechanics . 
Different mathematical transformations and approximation 
techniques are necessary to solve the equations that build 
up this theory. 

II.  GEOMETRICAL OPTIMIZATION OF 
CONFORMERS OF CYCLOHEXANE 

   Geometry optimization methods are used to compute 
the equilibrium configuration of molecules and solids. 
Stable states of molecular systems correspond to global and 
local minima on their potential energy surface[2]. Starting 
from a non-equilibrium molecular geometry, energy 
minimization employs the mathematical procedure of 
optimization to move atoms so as to reduce the net forces 
(the gradients of potential energy) on the atoms until they 
become negligible. A well established algorithm of energy 

minimization can be an efficient tool for molecular 
structure optimization. 

A.  Guassian 03 

      Starting from the basic laws of quantum mechanics, 
Guassian predicts the energies, molecular structures, and 
vibrational frequencies of molecular systems along with 
numerous molecular properties derived from these basic 
computation types. It can be used to study molecules and 
reactions under a wide range of conditions including both 
stable species and compounds which are difficult or 
impossible to observe experimentally such as short-lived 
intermediates and transition structures.[3] 

 B.Basis set effects 

       A basis set is the mathematical description of the 
orbitals within a system used to perform the theoretical 
calculation.[4] The basis set can be interpreted as 
restricting each electron to a particular region of space. The 
basis set is a set of atomic functions used to construct 
LCAO-MOs. A complete set of basis functions must be 
used to represent spin orbitals exactly. 

 C.Preparing input for Geometry optimization 

             The opt keyword in the route section requests a 
geometry optimization, using the basis set and level of 
theory specified by the other keywords. In Gaussian, the 
molecule specification for geometry optimization can be 
given in any format desired: Cartesian coordinates, z-
matrix, mixed coordinates. The geometry optimization job 
will produce the optimized structure of the system as its 
output . 
Here is the input file for an optimization of chair and boat 
conformers of cyclohexane .[5] 
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Cyclohexane chair form                                                                                              

# RHF/6-31G(d,p) Opt Freq T 

X1 
X2 1 r1 
C5 1 r2 2 ac1 
C6 2 r2 1 ac1 3 60.0 
C9 1 r2 2 ac1 3 120.0 
C10 2 r2 1 ac1 3 180.0 
C7 1 r2 2 ac1 3 -120.0 
C8 2 r2 1 ac1 3 -60.0 
H3 3 r3 1 ah1 2 0.0 
H3 3 r3 1 ah2 2 0.0 
H5 5 r3 1 ah1 2 0.0 
H5 5 r3 1 ah2 2 0.0 
H7 7 r3 1 ah1 2 0.0 
H7 7 r3 1 ah2 2 0.0 
H4 4 r3 2 ah1 1 0.0 
H4 4 r3 2 ah2 1 0.0 
H6 6 r3 2 ah1 1 0.0 
H6 6 r3 2 ah2 1 0.0 
H8 8 r3 2 ah1 1 0.0 
H8 8 r3 2 ah2 1 0.0 
r1=0.5          r2=1.4          r3=1.1 
ah1=170.0  ac1=90.0          ah2=90.0 

 
 

Cyclohexane boat form 

# RHF/6-31G(d) Opt Freq T 
X1 
X2 1 1.0 
X3 1 1.0 2 90.0 
X4 1 1.0 3 90.0 2 180.0 
C1 1 r2 2 ac1 3 0.0 
C2 1 r2 2 ac2 3 60.0 
C3 1 r2 2 ac2 3 120.0 
C4 1 r2 2 ac1 3 180.0 
C5 1 r2 2 ac2 3 -120.0 
C6 1 r2 2 ac2 3 -60.0 
H2 6 r3 1 ah1 4 0.0 
H3 7 r3 1 ah1 4 0.0 
H5 9 r3 1 ah1 4 0.0 
H6 10 r3 1 ah1 4 0.0 
H2 6 r3 1 ah1 2 0.0 
H3 7 r3 1 ah1 2 0.0 
H5 9 r3 1 ah1 2 0.0 
H6 10 r3 1 ah1 2 0.0 
H1 5 r3 1 ah2 2 0.0 
H1 5 r3 1 ah3 4 0.0 
H4 8 r3 1 ah2 2 0.0 
H4 8 r3 1 ah3 4 0.0 
r2=1.4  r3=1.1      ac1=60.0   ac2=90.0  
 ah1=110.0   ah2=110.0    ah3=140.0 
 

The above inputs for the optimizations of chair and boat 
forms were done by using the basis set 6-31G(d),it’s 
description is that it adds polarization functions to heavy 
atoms:[6] use for most jobs on up to medium/large sized 

systems.(This basis set uses the 6-component type 
functions). Similarly we use the other basis sets such as 6-
31G(d,p) which adds polarization functions to the hydrogen 
as well: use when the hydrogens are the site of interest and 
for final accurate energy calculations and the other basis set 
6-311G(d,p) which is a triple zeta basis set and it adds extra 
valence functions(3 sizes of s and p functions)[7]. 

III   RESULTS AND DISCUSSION 

When the optimization converges, it knows that the current 
structure is the final one, and accordingly ends the 
calculation at that point.  The final structure and summary 
of conformers of cyclohexane from the output file is given 
in the following pages. Summary file contains the 
calculation type, calculation method, basis set, imaginary 
frequency, dipole moment, and the processing time. 
Frequencies are also obtained from the output files. 
Frequency calculations can serve to find out the transition 
states. Imaginary frequencies are listed in the output of a 
frequency calculation as negative numbers. By definition, a 
structure which has n imaginary frequencies is an nth order 
saddle point. Thus ordinary transition structures are usually 
characterized by one imaginary frequency since they are 
first- order saddle points. 

                The  boat conformation is a good deal less stable 
than the chair conformation. It is believed to lie, not at an 
energy minimum, but at an energy maximum; it is thus not 
a conformer, but a transition state between two conformers. 
Frequency calculations retrieve that boat conformer 
contains an imaginary frequency and thus it is a transition 
state. The final structure and summary of conformers of 
cyclohexane from the output file is given below. 

 

 

 

 

 

 

 

 

 

 

 

 
    Cyclohexane chair form 

 

 

Calculation type  -   FREQ         Calculation method  -   RHF 
    Basis set   -   6-31G(d)  Imaginary frequency  -   0 

   Dipolemoment  -   0 Debye   Point group  -   D3d 

  Time     -  1 minutes 14 seconds 
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Table 3:- Comparison of processing time in conformers of 
cyclohaxane using different basis sets. 

 

 

We ran geometry optimizations of cyclohexane conformers 
using both the 6-31G(d), 6-31G(d,p) and 6-311G(d,p) basis 
sets in order to determine the effects of zero point 
energieson the predicted structures. 
 

Table1:- Effects of basis sets on the zero point energy of 
cyclohexane conformers. ( Energies in hartrees/particle) 

 

Table 2:- Comparison of the Zero point energies with 
experimental values. 

 

 

IV CONCLUSION 

       We conclude that our results from geometry 
optimizations of cyclohexane conformers agree with the 
following statements. “In the conformers of cyclohexane 
 the chair being a global minimum (ground state) and the 
boat conformation is a transition state, allowing the inter 
conversion between two different twist-boat conformations. 
Thus the conformations involve following order of stability 
chair form>boat form.” From the effects of basis sets on 
the energies of cyclohexane conformers we obtained that 
the minimal basis set 6-31G(d) gives the energy values 
which are more comparable with the experimental values. 
And also the other basis sets are more time consuming than 
6-31G(d) basis set. 6-31G(d) thus appears to achieve the 
basis set limit for this model chemistry. 
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Different basis sets  Chair form Boat form 

6-31G(d) 1 minutes 14 
seconds 

1 minutes 38 seconds 

6-31G(d,p) 2 minutes 55 
seconds 

3 minutes 40 seconds 

6-311G(d,p) 6 minutes 38 
seconds 

8 minutes 16 seconds 

Different basis sets Chair form 

 

Boat form 

 

6-31G(d) -234.025567 -234.013298 

6-31G(d,p) -234.044890 -234.032588 

6-311G(d,p) -234.083368 -234.070943 

Different 
conformers of 
cyclohexane 

 

6-
31G(d) 

6-31G(d,p) 6-
311G(d,p) 

Experime
ntal value. 

Chair form  0   0 0 0 
Boat form 7.698K

cal/mol 
7.719Kcal/

mol 
7.796Kcal/

mol 
6.8 

Kcal/mol 

              

  
                Cyclohexane boat form 
Calculation type  -  FREQ Calculation method -  RHF 
 Basis set  –  6-31G(d)  Imaginary frequency -  1 

 Dipolemoment -  0.0272 Debye   Point group – C2v 

Time- 1 minutes 38 seconds 
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Abstract

Noni, Morinda citrifolia L. (Rubiaceae), is a small,fruit-bearing, evergreen shrub or tree that now grows throughout the tropics. It
is a traditional source of medicine, dye, and food for indigenous peoples, and it recently has been marketed internationally as a
dietary supplement. Seed propagation takes more time for germination and also variation in fruits, whereas, stem cuttings can be
rooted early and with no variations in fruits. In order to overcome the problem with seeds, vegetative propagation could be tried
as potential means of propagation of quality planting stock. Cutting is a method to propagate Noni by the use of detached plant
parts which when placed under favourable conditions develop into a complete plant resembling in all characteristics to the parent
from which it was taken. A study was conducted at Carmel College Botanical Garden to develop a standard vegetative
propagation technique through cuttings. Among the different types (Tip, Semi hard wood and Hard wood cutting) with different
number of nodes (2, 3 and 4), Hard wood cuttings with 4 nodes performs better and gives more success percentage and healthy
planting material.

Keywords: Morinda citrifolia, tip cutting, semi hard wood, hard wood,propagation

Introduction

Noni is a wonder crop expecting our respect to
become a commercial orchard crop under cultivation.
Noni, commonly – Indian Mulberry and scientifically
Morinda citrifolia L. belongs to the coffee family
Rubiaceae  . The production of large number of
saplings from the limited elite pedigree tree could be
possible within a short period and could meet growing
demand by the farmers. The true to the pedigree plants
thus produced in the country can enhance the foreign
exchange earning capacity.    Though it has greater
demand hitherto, no efforts on its propagation have
been made owing to its hollow nature of stem. Its
domestication is possible only by standardizing the
propagation techniques. The Noni seeds have a
problem of seed dormancy/hard seed coat (water
repellant) thus limiting its commercial cultivation.
The primary disadvantage of seed propagation is that
it takes more time for germination and also variation
in fruits, whereas, stem cuttings can be rooted early

and with no variations in fruits. In order to overcome
the problem with seeds, vegetative propagation could
be tried as potential means of propagation of quality
planting stock. The goal of vegetative propagation is
to get the best planting stock with highest genetic
quality material (Wright, 1975). For making plants
through cuttings, it is essential to know the proper
techniques for vegetative propagation of this crop.
Cuttings are the very common, easy and cheapest
method of vegetative propagation .Healthy parent
plant, part of stem, size of the stem, length of cuttings,
number of nodes, rooting media, growing structure are
considered to influence success percentage and
production of healthy plantlets. In this experiment we
mainly considered types of cuttings and number of
nodes.

Morinda citrifolia is reputed to have antibacterial,
antiviral, antifungal, antitumor, anti tubercular effect,

SOI: http://s-o-i.org/ 1.15/ijarbs-2-12-7
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analgesic activity, immunological activity, mental
health and improve high frequency, antihelminthic,
analgesic, hypotensive, anti inflammatory, immune
enhancing etc., due to its beneficial effects, the fruit
juice of M. citrifolia is widely distributed throughout
the world as nutraceutical dietary supplement. The leaf
of this plant is directly used on skin for ulcerations and

for minor infections ( Duke, et al., 2002).. The present
study is focused on mass multiplication of Morinda
citrifolia (noni): Here an attempt was made to find out
specific type of stem cutting and  number of nodes per
cutting required    for mass multiplication  of Morinda
citrifolia (Noni).

Fig.1 Morinda citrifolia –Habit

Morinda citrifolia flowers and fruits

Materials and Methods

In order to find specific type of stem cutting and
number of nodes per cutting required, a field
experiment was conducted at Carmel College, Mala.

Preparation of cuttings :
Cuttings of 15-20 cm length with uniform pencil
thickness were selected and prepared from an ideal

mother plant  from  Thiruthipuram.. Selected cuttings
were carefully prepared by giving a slanting cut (45°)
at the bottom to expose more cambial area to absorb
more moisture and form roots. Bottom cuts were given
just immediate to the nodes and planted in slanting
position.
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Rooting media and growing condition :

Using a mixture of sand and vermicompost (1:1)
raised beds were prepared under 50% shade net with
poly tunnels.

Planting of cuttings :

Prepared cuttings were planted at 10-15 cm apart with
half portion of cutting inside the soil and taken care
that the lower buds were not damaged. The soil was
thoroughly pressed around the cuttings and watered
regularly to keep it moist.

Experimental design :

Experimental design followed was Completely
Randomized Block Design (CRBD). There were nine
treatments with three replications. Each treatment was
with 30 numbers of cuttings.

Treatment details :

Three different types of cuttings with 3 different node
numbers were used. The treatment details are
presented in Table 1.

Table 1. Details of treatment

Treatments Type of cutting Number of nodes
T1 Tip cutting 2
T2 Tip cutting 3

T3 Tip cutting 4

T4 Semi hard wood 2
T5 Semi hard wood 3

T6 Semi hard wood 4

T7 Hard wood 2

T8 Hard wood 3

T9 Hard wood 4

Results and Discussion

The results on success percentage in relation to type of
cuttings and number of nodes revealed significant
differences among treatments (Table 1). It was
observed that the success percentage was maximum

(83%) in T 9 (Hardwood cuttings with 4 nodes) and
the minimum (2%) in T 1 (Tip cuttings with 2 nodes).
Type of cuttings influenced more effectively than
number of nodes.

Table 2. Percentage of success in different treatments

Treatments Days after planting
Transplanted

successfully in polybags
(%)

10 20 30 40 45
T1 15 10 7 2 2 --
T2 14 13 9 5 3 --
T3 15 13 11 7 4 --
T4 20 14 14 12 10 33

T5 23 20 18 17 16 53

T6 20 18 17 17 17 56
T7 23 21 20 20 20 66
T8 25 24 23 23 23 76

T9 28 26 25 25 25 83
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.Fig 2 Mass multiplication of Morinda citrifolia

Type of cuttings are influenced by the factors like
nutritional status of stem, age of the plant, etc . Hard
wood stems with high amount of carbohydrate and
less Nitrogen lead to better success. According to
Kumar (2000) factors influencing shoot and root
growth in cuttings are food supply (ratio of
carbohydrate to nitrogen in the stems), age of the
plant, type of cuttings and environmental conditions
(water, temperature, relative humidity, light and
rooting media). Noni is the perennial plant, in which

stored energy is more in hard wood stem than in other
parts. This is the plant with typical hollow stem, which
is weaker and with less cambial tissue wherever the
stem is not well matured. Cambium is the primary
tissue for the development of vascular tissue and root
system. So the hard wood stem is with less hollow and
with more cambial tissue when compared to soft wood
and tip cuttings. Stored energy is more in hard wood
cuttings to enhance shoot sprout and root initiation.
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Gill et al. (1998) reported that very common type of
cutting propagation in perennial plant is hard wood
cutting. Hard wood cuttings are prepared from the
trees when tissues are fully mature. The shoots of
about one year old or more can easily be used for
preparing hard woodcuttings. It is now recognized that
the nutrition–status of stock plants exerts a strong
influence on the  development of roots and shoots
from the cutting. Cuttings from plants with high C/N
ratio produce more roots but feeble shoots as against
those containing ample carbohydrate and higher
nitrogen that produce fewer roots but stronger shoots.
Cuttings from succulent stems with very low
carbohydrate and high nitrogen do not succeed (Singh,
2000).The type of stem cutting is arbitrary, but 20 to
40 cm cuttings are manageable and effective in Noni
(Nelson, 2003).The results of the above study revealed
that the hard wood cuttings with four nodes are the
best method to propagate Noni through cuttings. This
can be applied at field level for mass multiplication of
ideal true to type plants through stem cuttings.

Summary and Conclusion

The fruit juice of M. citrifolia L. is in high demand in
alternative medicine for various  illnesses, such as
arthritis, diabetes, high blood pressure, muscle aches
and pains, menstrual  difficulties, headaches, heart
disease, Acquired Immune Deficiency Syndrome
(AIDS),  cancer, gastric ulcers, sprains, mental
depression, senility, poor digestion, atherosclerosis,
blood vessel problems and drug addiction.

The Noni seeds have a problem of seed
dormancy/hard seed coat (water repellant) thus
limiting its commercial cultivation. Seed propagation
takes more time for germination and also variation in
fruits .The results of the above study revealed that the
hard wood cuttings with four nodes are the best
method to propagate Noni through cuttings. Hard
wood stems with high amount of carbohydrate and
less Nitrogen lead to better success. Noni is the
perennial plant, in which stored energy is more in hard
wood stem than in other parts. Cambium is the
primary tissue for the development of vascular tissue
and root system. So the hard wood stem is with less
hollow and with more cambial tissue when compared
to soft wood and tip cuttings. Stored energy is more in
hard wood cuttings to enhance shoot sprout and root
initiation. Hard wood cuttings can be applied at field
level for mass multiplication of ideal true to type
plants through stem cuttings.
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INTRODUCTION 
 
Kaempferia galangal belongs to Zingiberaceae 
common name “kacholam” in Malayalam and “black thorn” in 
English. It is a rhizomatous medicinal plant
medicine for its volatile oil and aromatic compounds It is very 
important because the rhizome is having the carminative, 
diuretic properties and widely used in manufacturing of 
medicines for cough, stoppage of nasal, block etc...The 
common method of reproduction is vegetative reproduction 
through the rhizomes, but there is susceptibi
slow growth. More than that the demand of this plan
increased day by day and the price is also high. Because of 
these reasons it is necessary to find another method for the 
rapid propagation of these plants. Invitro propagation is most 
suitable for this. Rhizomatous plants like ginger, curcuma etc. 
can be grown by this method so invitropropagation to this 
plant is also important. A lot of invitropropagation methods 
were develop for zingiberaceae plants by using rhizome. 
Khatun et al., 2003,  methods of culture initiation and multiple 
shoot regeneration Z. officinale and almost similar protocol is 
effectively used for Curcuma species (Tyagi 
et al., 2010).  A study on in vitro multiplication and rhizome 
formation for Z. officinale. Was conucted uner the effect of  of 
different growth regulators and culture condit
studied by Rout et al. (2001). A major problem in rhizomatous 
plants during initiation and successful establishment of aseptic 
cultures is contamination (Borthakur et al., 1999
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ABSTRACT 

A protocol was standardized for the rapid propagation Kaempferia galanga 
medium used was MS medium with auxin (IAA, IBA) and cytokinin (BA).  Of these maximum 
shoots were produced when cultured with MS medium containing 1.0mg/l BA and 0.
Maximum shoots were produced by sub culturing in two weeks of sub culturing in the same medium
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The time of collection is important regarding the responding 
percentage and the contamination rate in 
Zingiber species. Rainy season, is the most favorable time for 
initiation of culture because the buds are in actively growing 
state adventitious shoots developed from 80
and rate of contamination was also less. Stanly and Keng 
reported in vitro seasonal effect on bud growth in 
and Curcuma zedoaria and Curguligo orchioides
Jasrai 2003).  A widely used as a standard carbon source for 
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explants. We are also aiming to develop a fast and large scale 
multiplication of the plant by using the same explants. 
 

MATERIALS AND METHODS 
 
Rhizome explants were collected from the field grown plants 
from various places of Thrissur District Kerala. They were 
brought to the laboratory and surface sterilization was 
performed by excising the rhizome, washing it thoroughly 
under running water, for 20 minutes, then with Teepol for 20 
minutes and again with Bavistine (Fungicide) for 20 minutes 
and then with distilled water for 10 minutes. Then they were 
taken to the laminar air flow chamber and treated with .01% 
HgCl2 for 3 minutes and rinsed with water for 5 times to 
remove the traces of HgCl2. After surface sterilization the 
rhizome were trimmed into appropriate size and inoculated in 
the MS medium for shoot multiplication. The basal medium 
used was Murasige and Skoog medioum containing all salt and 
vitamins, 30 g/l sucrose, 8g/l Agar. The media were variously 
supplemented with Benzyl amine individually and in 
combination with  Indole 3 Acetic Acid (IAA) and Indole- 3 
butric acid  (IBA). Regenerated micro shoots were placed in 
rooting medium containing half strength MS supplemented 
with various concentration of auxins (IAA,IBA) singly for 
rooting. PH of the medium was adjusted to 5.7+ 1before adding 
the agar and autoclaved 1.1 Kg cm-2 for 20 minutes at 1200 C. 
Cultures were incubated at 25±1 0C with a photoperiod of 16 
hours with photon flux density of about 70 µmol m-2 provided 
with a white fluorescent light. 
 

RESULTS AND DISCUSSION 
 

Shoot proliferation 
 
In order to find out an optimum culture medium for the  
maximum multiple shoot production from the rhizome of 
Kaempferia galanga a number of experiments were conducted.  
 

 
 

Initial stage of inoculation 

 
 

 
 

  Shoot proliferation from the rhizomes 
 
Multiple shoot development was there in all combinations of 
growth hormones but maximum was observed with Ms +1 
mg/l BA+0.1 mg/l IAA. Multiple shoots were initiated in four 
week old culture. Number of shoots per culture was 
19.36±1.25 and average length of shoot per culture was 
6.35±0.25. Similar effect was reported in Alpinia calcarata by 
Amin et al in 2001. The effect of various concentration of BA 
on shoot initiation and proliferation was also studied here. Best 
response for shoot proliferation was in 1.0mg/l BA +0.1mg/l 
IAA supplemented MS medium almost 96% explants showed 
shoot proliferation at this concentration. Similar results 
obtained for ginger and turmeric by Blachandran et al  (1990) 
and M.M. Rahman et al in Kaempferia galanga  (2005) 
 

Rooting of shoots 
 

Rooting was induced by placing them in half strength MS 
medium supplemeted with various concentration of IAA, IBA 
ranging from 01 -1.0 mg/l. The best performance was for 0.2 
mg/l of IBA with 905 root at 6th week. These findings are in 
agreement with the result obtained by Amin et al in 2001 for 
Alpinia calcarata and Blachandran et al  (1990) for ginger and 
turmeric and M.M. Rahman et al in Kaempferia galanga 
(2005). 
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Establishment under exvitro condition 
 

The invitro generated plants were transfered to the soil by 
making their root agar free by continuous flashing of tap water. 
Then these plants were slowly transfreerd to ice cream pots 
containing sand,  gareden soil and compost in 1:1:1 ratio. 85% 
of survival was noticed .   
 

Summary and Conclusion 
 

A protocol was developed for invitro propagation of 
Kaempferia galanga using MS medium for shoot 
multiplication. The basal medium used was Murashigue and 
Skoog medium containing all salt and vitamins, 30 g/l sucrose, 
8g/l Agar which was were variously supplemented with  
Benzyl amine individually and in combination with  Indole 3 
Acetic Acid (IAA) and Indole- 3 butric acid  (IBA). Rooting 
was induced by  placing in rooting medium containing half 
strength MS supplemented with various concentration of 
auxins (IAA, IBA) singly for rooting. We can conserve the red 
listed medicinal plant Kaempheria galanga by in vitro 
propagation method. It is very effective, fast and easy method 
to produce such plants in mass. For this the rzhizome can be 
used for the best result and MS medium supplemented with 1.0 
mg/l BA and 0.1 mg/l IAA is more suitable to provide large 
number of multiple shoots. 
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Abstract: A protocol for micro propagation of bael [Aegle marmelos (L.) Corr.] was developed. The nodal explants of trees were used to 
initiate cultures. Two cytokinins, viz., 6-benzylaminopurine (BAP) and kinetin (Kn) were used in varied concentration (0.1–2 mg/l) for 
shoot multiplication. BAP (2 mg/l) was found better than Kn, where a 3-fold increase in the number of shoots was recorded in 4 weeks. A 
synergistic influence of cytokinin and auxin was also observed in the present study. A combination of 0.5 mg/l BAP and 0.1 mg/l IAA 
induced the formation of maximum number (4.5) of shoots (2.5 cm). For rooting of in vitro shoots, different auxins, namely, NAA, IAA 
and IBA (0.1–2 mg/l) were tested. IAA (0.01 mg/l) was found better than NAA and IBA. It was concluded that elite cultivars of bael can 
be micropropagated, without undergoing callus phase, using the BAP (0.5 mg/l) plus IAA (0.1 mg/l) for shoot multiplication and IAA 
(0.1 mg/l) for rooting, to produce true-to-type in vitro plants. The in vitro raised plantlets were acclimatized with 60% success. 
 
Keywords: invitro, explants, sterilization, shooting, bael 
 
1. Introduction  
 
Aegle marmelos is a medicinal plant widely used in Indian 
system of medicines for many diseases. It belongs to the 
family rutaceae. It is medium sized tree, commonly known 
as bael tree. In pharmacology all parts including root is 
used for many purposes. The fruit pulp marmalosin is a 
patented drug in India as it is used as laxative and diuretic. 
In Siddha and Unani, its suggested as a plant of unique 
healing powers. It also contains number of 
phytochemicals. In Charaka Samhita, it prescribed that the 
tender fruits of Aegle mermelos with buttermilk is good for 
diarrhoea. In case of diarrhoea with blood, it is prescribed 
as tender fruits mixed with jaggery, honey and oil. We find 
many such references in ancient and in most recent works 
proving the importance of this red listed tree. This tree has 
the wonderful capacity to acts as a potent anti-helminthic, 
hypoglycaemic, cardiac stimulant, anti-diarrhoeal and 
antiviral agent (Khare, 2004) [18]. All parts of this tree all 
used as ingredients in many ayurvedic preperations like 
Bilva Taila, asamoolaarishta, Gangaadharab Choorna, 
Amritaarishta, Mahaanaaraayana taila, Chyawana praasa, 
Pushyaarvuga choorna. The root of this tree being the 
major medicinally useful part, afforestration causes a 
serious threat for its survival in nature. The timber is good 
for furniture. Seed and root propagation is very slow and 
the progeny formed is not uniform also. Conventional 
methods of propagation are very slow. It is season bound 
also. So in vitro propagation is suitable for rapid 
multiplication.  
 
2. Review of Literature 
 
This tree is cited as one of the red-listed medicinal species 
of South India (Ravi kumar & Ved, 2000)[30]. Many 
workers namely Arya et al, (1981)[5], Arya & Shekhawat 
(1986)[4] Hossain et al, (1993, 1994, 1994a)[9,10] Islam et 
al. (1993, 1994, 1995, 1996a, 1996b)[11], Arumugam & 
Rao (1996, 2000)[2,3], Ling & Iwamasa (1997)[20], Ajith 
kumar & Seeni (1998)[1], Islam (2006)[12], Prematilake et al 
(2006)[24],Pranati & Behera (2007)[23], Raghu et al, 
(2007)[27], Das et al (2008)[7], Rajesh Pati et al, (2008)[28], 
Neha et al. (2010)[22], Rekha Warrier et al (2010)[31], 

Ramanathan et al (2011)[29], Puspasree & 
Thirunavoukkasu (2011)[26], Kuldeep & Narendra 
(2011)[19]etc attempted to raise this hardy tree through in 
vitro techniques In the current report, efforts were made to 
find out, which is the best suitable explant material and 
best media formulation for rapid clonal propagation of 
Aegle marmelos. Bhajaj (1997)[6], conducted an 
experiment in this plant and proved that the nodal explants 
are very in growth and proliferation . Kuldeep & Narendra 
(2011)[19], explained the importance of the position of nods 
is important in shoot initiation. Raghu et al. (2007)[27], 
Rajesh Pati et al. (2008)[28], also conducted such works. 
Arya & Shekhawat (1986), Ajithkumar & Seeni (1998), 
conducted in vitro propagation works and stressed the 
importance of auxin and cytokinine for proliferation. Islam 
et al. (2007), generated callus using different 
concentrations and combinations of BAP with 2, 4- D, 
NAA and IBA while culturing node. As per Raghu et al. 
(2007)[7], low concentrations (0.1- 1 mg/L) of BAP and 
KN phytohormones can induce multiple shoots from nodal 
segments. Multiple shoots formation was induced by Das 
et al. (2008) by using combination treatments of BAP + 
NAA . Neha et al. (2010), successfully cultured nodal 
segment on MS media with many plant growth regulators 
to attain the multiple shoot-lets. MS medium with different 
concentrations of BA, KN and GA3 either individually or 
in combination is better for shoot proliferation in the view 
of Puspashree et al. (2012)[26]. 
 

3. Materials and Methods 
 
Plants were selected from different parts of Thrissur 
District. Explants were selected from healthy twigs 
collected and cut it as pieces of 10 cm length. Leaf, 
internode, nodal segments were taken as taken as explants. 
Explants were washed thoroughly with tap water then by 
teepol for 10 minutes and then with bavistine and again 
with distilled water. Then it was taken in to the laminar air 
flow chamber there it was treated with 0.1% mercuric 
chloride for 2 minutes and then with distilled water. Then 
the explants were inoculated in MS medium fortified with 
Kinetin and IAA(2.0 -1 mg/l) each. Different media 
concentrations were used. Then they were incubated in 
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culture room. Rooting hormones were provided for root 
initiation. It was ½ strength MS+IBA 10.0 mg/l and IAA 
1.0 mg/l. 
 
All these growth regulators were taken in different 
concentrations of BAP alone in 05t0 3mg/l BAP in 0.5, 1 
and 2mg/l concentration along with IAA in 0.1, 0.2, 03, 
0.5 mg/L each. We were also evaluated explants for 
responses. In total, 20 combination treatments were tested 
for explants establishment purpose. Again Kinetin and 
IAA combination was there. Kinetin in three concentration 
(0.5, 1 and 2mg/l) each concentration combined with 0.1, 
0.2, 03, 0.5 mg/L concentration of IAA. 
 
Maintenance of cultures: All the cultures were maintained 
under 12 hr light and 12 hr dark cycle in a culture room at 
23 ± 20 C with 55 ± 5 % relative humidity. White cool 
fluorescent lights controlled by a timer were used to 
provide about 1000 Lux intensity light for obtaining 
morphogenesis. Cultures were regularly monitored for 
callusing, direct or indirect differentiation of shoots/roots 
at regular intervals. 
 
4. Results 
 
Of the different explants used, the nodal explants 
produced, it was direct morphogenesis in most of the 
cases, though indirect morphogenesis interfered sometimes 
in the presence of some strong callus inducing growth 
regulator. In case of explants like, leaf bits, internode it 
was indirect morphogenesis, and also poor growth. After 
25 days multiple shoot proliferation was noticed in 
medium. Maximum proliferation was noticed for the nodal 
explants in medium containing Kinetin 2.0 mg/l +IAA 
1.0mg/l. This treatment produced 8.98 micro shoots and 
maximum leaves/ explants. After shoot formation rooting 
medium was applied and While more number of roots 
(2.33 and 2.0), root length (4.8.0and 3.33 cm) were 
recorded with MS +IBA 10 +IAA 1.0 mg/l. Then they 
were transferred to the small pots in the green house and 
after 4 weeks to large field pots. 
 
5. Discussion 
 

Due to low shoot proliferation, basal callusing, 
vitrification and difficulty in rooting the in vitro 
propagation of Aegle marmelos is a challenging task. 
Different explants materials were used to test the 
regeneration potential of each of them following tissue 
culture methods. Of the various explants used, nodal 
explants proved to be the best suited material for the fast 
adventitious plantlets development. Bhajaj (1997)[6], 
pointed out that the nodal explants are very in growth and 
proliferation. Kuldeep & Narendra (2011)[19], mentioned 
that the explants from 4-8th nodal segments are the best 
ones for the shoot initiation and not the terminal tender 
ones. Raghu et al. (2007)[27], Rajesh Pati et al. (2008)[28], 
also conducted such works. All these result are also in 
agreement with this work. Arya & Shekhawat (1986)[4], 
Ajithkumar & Seeni (1998)[1], conducted in vitro 
propagation works and stressed the importance of auxin 
and cytokinine for proliferation. Islam et al. (2007)[13], 
derived callus to regenerate plantlets using different 

concentrations and combinations of BAP with 2, 4- D, 
NAA and IBA while culturing node. Raghu et al. 
(2007)[27], used low concentrations (0.1- 1 mg/L) of BAP 
and KN phytohormones to induce multiple shoots 
development from nodal segments. Multiple shoots 
formation was induced by Das et al. (2008) by using 
combination treatments of BAP + NAA and attained about 
22.7 multiple shoots. Neha et al. (2010)[22], successfully 
cultured nodal segment on MS media provided a range of 
plant growth regulators to attain the multiple shoot-lets. 
According to Puspashree et al. (2012)[26] MS medium with 
different concentrations of BA, KN and GA3 either 
individually or in combination is better for shoot 
proliferation. 
 
Rooting hormones were provided for root initiation .It was 
½ strength MS+IBA 10.0 mg/l and IAA 1.0 mg/l. After 
initiation of root, rooted plantlets were successful 
acclimatized to the in vivo conditions following suitable 
measures. Arya & Shekhawat (1986), Ajithkumar & Seeni 
(1998), Pranati & Behera (2007), Rajesh Pati et al. (2008), 
Hossain etal. (1994a), Kuldeep & Narendra (2011), 
Puspasree & Thirunavoukkarasu (2011) etc were also 
used½ strength MS media supplemented with IBA in 
different concentrations. From these the results, it appears 
½ strength liquid MS medium fortified with different 
concentrations of IBA and IAA is good for root initiation. 
 

Table1: Growth rate of various explants on different 
concentrations of growth hormones 

Growth 
regulators 

% of explant 
showing 

proliferation 

No of shoot 
per culture 

Average 
length of 
shoot per 
culture 

BAP    
0.5 30 3.1±0.35 1.33±0.32 
1.0 32 3.25±0.38 2.11±0.36 
1.5 36 3.32±0.62 2.58±0.16 
2.0 38 3.75±0.28 3.28±0.24 
2.5 38 3.99±0.45 3.64±0.58 
3 31 3.02±0.39 3.22±0.14 

BAP+IAA    
0.5+0.1 31 3.13±0.54 1.21±0.12 
0.5+0.2 35 3.34±0.22 2.22±0.32 
0.5+0.3 38 3.36±0.24 2.61±0.34 
0.5+0.5 38 3.86±0.06 2.25±0.38 
1.0+0.1 41 5.36±1.47 4.41.±0.36 

1.0+0.2 42 5.32±0.66 4.46±0.43 

1.0+0.3 42 5.26±0.78 4.28±0.82 
1.0+0.5 34 4.5±0.48 3.44±0.68 
2.0+0.1 32 4.23±0.89 3.22±0.24 
2.0+0.2 30 3.16±0.36 2.24±0.38 
2.0+0.2 30 3.36±0.62 2.13±0.28 
2.0+0.5 28 2.82±0.55 1.89±0.54 

KINETIN+IAA    

0.5+0.1 32 3.28±0.38 2.26±0.12 
0.5+0.2 32 2.98±0.33 2.49±0.44 
0.5+0.3 32 2.69±0.28 2.26±0.42 
0.5+0.5 32 2.38±0.44 2.34±0.88 
1.0+0.1 34 3.23±0.22 2.50±0.18 
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1.0+0.2 34 3.56±0.26 2.78±0.14 

1.0+0.3 34 3.58±0.23 2.88±0.16 
1.0+0.5 36 3.62±0.18 2.98±0.34 
2.0+0.1 40 3.62±0.26 3.26±0.24 

2.0+0.2 34 3.16±0.18 3.14±0.24 
2.0+0.2 32 2.54±0.22 1.69±0.22 

2.0+0.5 28 2.24±0.16 1.98±0.24 

 

6. Conclusion 
 
In conclusion we can say that even though the in vitro 
propagation is a tedious task due to many reasons the 
successful propagation of Aegle marmelos can be achieved 
through the nodal explants by using MS medium fortified 
with Kinetin and IAA(2 -1 mg/l) each.  
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