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Abstract 
ZnSe Nanoparticles were synthesized by solvothermal method and the particle was characterized 
by Transmission Electron Microscopy. The polymer nanocomposite of 2% and 4% ZnSe/EVA was 
fabricated by direct sonicator method. The nanocomposites were characterized by UV-Vis-NIR and 
FT-IR spectroscopy. The thermal behaviour of the samples was also investigated and we found 
that the thermal stability of the composites increased with increasing the filler concentrations. 
The mechanical properties such as tensile strength, peel strength and refractive index of the sam-
ples were also studied and reported for the first. 

 
Keywords 
EVA, ZnSe, TG-DTA, Refractive Index, Peel Strength, Tensile Strength 

 
 

1. Introduction 
Thermoplastics and thermosetting plastics have been found useful for various applications in the field of elec-
tronic and electrical technology. Fabrication of nanostructures in polymer matrices has attracted researchers due 
to the advantages of readily tunable bandgaps, electroactivity, excellent flexibility and good processability com-
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pared with conventional materials [1]-[4]. The optical and electronic properties of the polymer matrices can be 
altered with judicious selection of nanomaterials [5] [6]. Polymer-semiconductor nanocomposites with non li-
near optical properties are used in fibre-optic communication systems such as optical storages, optical limiters 
and digital signal restoration [7]-[9].  

Poly Ethylene-co-Vinyl Acetate (EVA) is a commercial plastic with good low temperature flexibility and 
toughness. EVA exhibits rubbery property of enhanced elongation along with ease of processability of thermop-
lastics. Due to its surface gloss and impact strength, EVA copolymers find market in film manufacturing. The 
presence of vinyl acetate molecules in the polymer chain reduces the polymer regularity and crystallinity. EVA- 
clay nanocomposites are widely used in the manufacture of wires, cables and also in food packaging industry 
[10].  

The II-VI semiconducting materials show significant properties from the optoelectronic point of view [11]. 
Among the polymer -inorganic nanocomposites, SiO2, TiO2, ZnO and clay based filler systems have been wide-
ly investigated [12] [13]. In the bulk form and in the quantum dot form, these materials exhibit high density and 
quantum confinement. Zinc Selenide (ZnSe) is a n-type semiconductor material with wide band gap (2.58 - 2.72 
eV) [14] [15]. The band gap was found to increase as the particle size decreased. The mechanical, electrical and 
thermal properties of EVA-ZnSe nanocomposites were not studied. The incorporation of semiconducting ZnSe 
nanoparticles to the amorphous EVA structure was found to alter the properties of the polymer films. 

The present work mainly focused on the preparation of nanocomposite film based on EVA with varying ratio 
of ZnSe particles and studied the effect of ZnSe on the electrical, thermal and mechanical properties of EVA. 

2. Experimental 
2.1. Synthesis of ZnSe/EVA Nanocomposites 
The materials such as zinc acetate and sodium selenite used for the preparation of ZnSe nanopowder are Merck 
GR grade of purity ≥ 98% purity. Zinc acetate of 4.388 g was dissolved in 100 ml of direct Millipore water and 
0.519 g of sodium selenite (Na2SeO3) was dissolved in 30 ml of hydrazine hydrate (N2H4∙H2O). Both the pre-
pared solutions were mixed up under vigourous stirring with external heat energy. Then these solutions were 
transferred into teflon lined sealed stainless steel autoclave and heated at 240˚C for 5 hrs in a muffle furnace. It 
was washed two times using Millipore water for removing impurities. In essence, stringent symmetry of nano-
particles can be controlled by chemical concentration, reaction temperature and kinetic control. 

Ethylene Vinyl Acetate (EVA), copolymer used for the experiment was obtained from Exxon Mobil Chemi-
cals, Singapore. The vinyl acetate content of the copolymer used was 9.4 wt% (Density- 0.931 g/cm3, Melt Flow 
Index- 2.1 g/10 min @190˚C, 2.16 kg). The copolymer was first dissolved in toluene. Then synthesized ZnSe 
nanoparticles were dispersed in a sonication bath for 2 hours on the basis of the desired weight fraction (2% and 
4%) of ZnSe nanoparticle at room temperature. In order to make the resultant neat nanoparticles filled polymer 
samples, it was transfered to a teflon coated glass mould and spread with uniform thickness. Afterward, the 
mixture was heated at 40˚C for 18 hours in an air oven to evaporate the solvent completely and finally, a thin 
film of pure and ZnSe/EVA nanocomposites formed. 

2.2. Characterization 
ZnSe nanoparticles were analyzed using Hitachi H7500 TEM where the sample is irradiated with an electron 
beam of uniform current density with the electron energy of 100 keV. The Fourier transform infrared (FT-IR) 
spectra of the samples have been carried out in the wave number range 400 - 4000 cm−1 using a Thermo Nicolet 
Make Avatar 370 FTIR Spectrometer and for signal detection, DTGS detector is used. The refractive indices of 
the samples were determined using HIOKI 3532 - 50 LCR IMPEDANCE ANALYZER and program version 
4.03E was used to record the refractive indices of the samples by varying the frequencies from 100 Hz to 5 MHz. 
VARIAN CARY 5000 spectrophotometer is used to determine the optical absorption spectrum of the samples 
and recorded in the region of 200 to 2000 nm. The TGA and DTA analyses of ZnSe/EVA were carried out be-
tween 28 and 1300˚C at a heating rate of 20 K/min using the instrument NETSZCH STA 409C. The tensile 
properties of the virgin EVA and EVA nanocomposites were measured by an Instron 3366 universal testing 
machine according to ASTM D882. Peel strength was performed using an Instron tensile testing machine at a 
peel speed of 50 mm/min. Peel test with 180˚ stripping was carried out as per ASTM D 1876. Peel test involves 
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stripping away of substrate joined by the adhesive. The substrates (glass paper, cotton and polyester) were flexi-
ble enough to permit a 180˚ turn near the point of loading. Peel strength values are recorded in Newton per mil-
limeter (N/mm) of width of the bonded specimen. 

3. Results and Discussion 
3.1. TEM Analysis 
Transmission Electron Microscopy (TEM) is a vital characterization tool for directly imaging nanomaterials to 
obtain quantitative measures of grain size, size distribution, and morphology. TEM of ZnSe nanoparticles are 
shown in Figure 1. The image reveals that the shape of the particles is spherical and the average size of particles 
is about 80 nm. The dark images show that nanoparticles are solid in structure. 

3.2. FT-IR Spectroscopy 
The FTIR spectra of the ZnSe/EVA nanocomposites are shown in Figure 2. The comparison of pristine, 2% and 
4% ZnSe has been compared and the polymetric group identification with the effect of ZnSe in EVA could be 
established. The peaks due to the adsorbed acetate species cannot be clearly distinguished in the ZnSe/EVA 
spectra. This could be due to the presence of the EVA matrix in which the ZnSe nanopaiticles are dispersed. The 
peak at 1121.91 cm−1 observed on 4% ZnSe/EVA corresponds to the C-O group carboxylic derivates may be 
due to residue of Zinc acetate used in the reaction. The peak at 608 cm−1 represents the out of plane bending of 
C-H alkenes and the peak at 3434.72 cm−1 is the characteristics absorption peak of ZnSe, authenticates that the 
preparation technique is faithful. The stretching vibrations of C-H alkanes are contributed the transmittance 
peaks at 2920 cm−1 and 2850.28 cm−1. The changes in the relative intensities of the bands in the region 1464 
cm−1, 1427 cm−1 and 1121 cm−1 in composite can be due to the presence of absorbed species on the surface of 
the ZnSe nanoparticles. 

3.3. Refractive Index Studies 
The refractive index of EVA/ZnSe has been determined using the measurement of dielectric constant with the 
help of LCR Impedance analyzer, by Maxwell’s rule [16] [17]. 

( )r rn ε µ= ⋅                                       (3.1) 

where εr is the relative permittivity and µr is the relative permeability. µr is 1 for non-magnetic materials. The 
dielectric constant of the sample is calculated using the relation  

€r = Cd/€0A; where the nanocomposite acts as a dielectric with €0 the absolute permittivity, C is the 
capacitance, d is the thickness and A is the area (mm2) of the ZnSe/EVA composite. It is reported that EVA 
posses almost unchangeable index of refraction in entire electromagnetic region. In this study, we investigated the  

 

 
Figure 1. TEM image of ZnSe nanoparticles.                                          
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Figure 2. The comparison of FT-IR spectra of pure EVA, 2% ZnSe/EVA and 4% ZnSe/EVA nanocomposites.   
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variation refractive index by varying frequency from 100 Hz to 1 MHz. The results of the variation of refractive 
index as a function of frequency for samples of different ZnSe nanoparticle concentration dispersed in EVA po-
lymer matrix are shown in Figure 3. It is observed that the index value of pure EVA is 1.52 at room temperature 
and it increased to 2.28 as the concentration of ZnSe becomes 4%. Commonly, the micro-structured coating of 
EVA and ZnSe/EVA nanocomposites allow a rough approximation for uniform index value in entire varied fre-
quency region except for very low frequencies. It showed the value of index could go up to 5.7 below 500Hz. 
Figure 4 shows variation of refractive index with temperature. We examined the results using 4% ZnSe/EVA 
nanocomposite and showed that there should be a slight decrement in these values by increasing temperature. 
The calculations are carried out from room temperature to 353K and sample possessed reproducibility. 

In short, the average index profiles samples could be controlled from 1.52 to 2.28 by homogeneous dispersion 
of ZnSe nanoparticle in threshold concentration. The index difference of about 0.8 could be achieved easily 
from pristine matrix. By the inclusion of composites with different refractive indices, multi-layer anti-reflective 
coating and photovoltaic modules can be effectively modeled. 

 

 
Figure 3. Plot showing the variation of refractive index as a function of frequency.          

 

 
Figure 4. The graph of refractive index v/s log f for different temperatures.               



J. Sebastian et al. 
 

 
220 

3.4. Optical Absorption Studies 
The UV-Vis-NIR spectra of the ZnSe/EVA nanocomposites are recorded in the region 200 to 2000 nm are sho- 
wn in Figure 5. The bandgap of the prepared nanocomposites has been determined using the Tauc-relation [18] 

( ) 2nh K h Egα ν ν= −                                     (3.2) 

where hν is the photon energy, α is the absorption co-efficient, Eg is the band gap, A is a constant and n = 1 for 
the direct band gap [19]. For allowed direct transition, a graph between (αhν)2 and hν is plotted, extrapolation of 
the straight line to (αhν)2 = 0 axis gives the value of the band gap. It is shown in Figure 6. The estimated band 
gap of pure EVA and 2% and 4% ZnSe nanoparticles dispersed in EVA host matrix is found to be around 4.74 
eV, 4.44 eV and 4.08 eV respectively. The band gap of the prepared composites showed a marked decrement 
when the percentage of nanoparticles is increased. 

3.5. TG-DTA Analysis 
EVA undergoes both physical and chemical changes while heating so that a clear distinctive thermal analysis is 

 

 
Figure 5. UV-Vis-NIR Spectra of EVA and ZnSe/EVA nanocomposites.                    

 

 
Figure 6. The band gap variation of EVA along with ZnSe/EVA nanocomposites.          
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needed. The Thermogravimetric (TG) and Differential Thermal Analysis (DTA) on pure and composite EVA 
polymer are carried out between room temperature to 500˚C. The TG-DTA traces of pure and doped samples are 
shown in Figures 7(a)-(c). It seemed nearly same behaviour for three samples with two steps decomposition 
between 290˚C to 500˚C. It is clear that the Pure EVA is thermally stable up to 298˚C whereas 2% ZnSe and 4% 
ZnSe doped EVA is stable upto 309˚C and 315˚C respectively. Thus the thermal stability of the EVA nanocom-
posite increased with increasing the filler concentrations. 28.5% of weight lost in the first stage decomposition 
of Pure EVA, but once can easily found from the thermogram that the weight loss in the first stage decomposi-
tion decreases as filler concentration increases and found to be 17.3% and 14.2% for 2% and 4% ZnSe/EVA re-
spectively. 

3.6. Mechanical Properties 
The virgin EVA samples showed tensile strength in the range of 29 - 31 MPa, with 430% elongation. The effect 
of nano ZnSe on tensile strength and elongation at break is shown in Figure 8. The 2% addition of ZnSe nano-
particle found to reduce the tensile properties of the composite compared to the virgin compound. The reduction 
of tensile strength at higher ratio of nano loading was due to the stress concentration at the interface ZnSe par-
ticles agglomerates. As the loading level increases the effect of dispersion and distribution of nanomaterials gets 
reduced. Percentage stretch possible with the nanocomposite samples reduces with ZnSe loading. This pheno-
menon is already reported with polymer based nanocomposites as the matrix molecular orientation is negatively 
affected with the reinforcement particles [20].  

The peel strength increases for EVA-ZnSe composites on all substrates on 2% incorporation. The adhesion 
properties differs, based on the molecular interactions of the adhesive with the adherent. Figure 9 shows peel 
strength of the nanocomposite with different ratios of ZnSe. It is observed that the molecular flexibility of EVA 
is not affected by 2% of ZnSe on all substrates. The improvement in cohesive strength resulting from the pres-
ence of ZnSe might be responsible for the improvement in peel strength. The lack of distribution with increased 
amount of nano particles might be the underlying reason for the drastic reduction of peel strength at 4% loading. 
It can also be inferred that there is a maximum ratio (2%) for ZnSe, above which the inherent polymer property 
is adversely affected. 

 

 
(a) 
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(b) 

 
(c) 

Figure 7. (a) TG-DTA Curve of EVA co-polymer; (b)TG-DTA Curve of 2% ZnSe/EVA 
nanocomposite; (c)TG-DTA Curve of 4% ZnSe/EVA nanocomposite.                    
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Figure 8. Comparison of tensile strenth and % elongation with various 
concentration of ZnSe filler in EVA.                                  

 

 
Figure 9. Plot showing the peel strength of EVA/ZnSe nanocomposites 
on various substrate.                                                 

4. Conclusion 
A facile approach towards the synthesis of ZnSe nanoparticles and ZnSe/EVA nanocomposites was established. 
The synthesized particle’s size was estimated as 80 nm. FT-IR analysis confirmed the presence of polymetric 
group of EVA, compared with its composites and corroborated the presence of ZnSe particles. The value of in-
dex of refraction of the composite could be easily controlled by varying the amounts of dispersed ZnSe nanopar-
ticles. The band gaps of the pure, 2% and 4% ZnSe/EVA were found to be 4.74 eV, 4.44 eV and 4.08 eV re-
spectively, thereby increasing the conductivity of the EVA with increasing the filler concentrations. The thermal 
stability of the samples increases with increasing the filler concentrations. The mechanical properties of the 
samples were also studied. The tensile strength and peel strength of the nanocomposites increase initially and 
drop down with ZnSe filler loading. 
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Democracy can become real to the common people only when politics and administration

are conducted through the language they can understand. But this language, the mother tongue

Language is one of the most important of those human characteristic on the basis of

which people are not supposed to be discriminated against. Others are gender," race" and

religion. (Tove Skutnabb -Kangas) in (Ricento,2006:275).Language is closely related to culture

and therefore to the customs of the people. Besides, the massive spread of education and growth

of mass literacy can occur only through the medium of the mother-tongue.

Linguistic heterogeneity is a peculiar feature of Indian society. The language rights and

protection of linguistic minorities was a major concern since pre-independent period. The

denial of linguistic rights not only hampers the cultural development of a community, but is also

detrimental for the social and economic development of the minority and for the society as such

The problems of linguistic minorities have been the focus of research and planning for

educational and administrative reasons. An educational policy at the national level has

developed to ensure the mother tongue education through Three language formula. But still the

language maintenance and development is a concern of smaller language groups. This paper

seeks to explore scope of education in mother tongue for linguistic minorities and introduces

certain suggestions for their language development
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ubsurne 141

language are interrelated, Hence for acquiring knowledge in a better and ,__:....__.,pous way, the

mother tongue is the best medium. It has been scientifically proved that ass- racts is easier

through one's own language .. (Chand RajM K, 2011)
The Constitution of India today has 22 languages in its Eighth 5...-+..... .___

as Scheduled languages which constitute 93 mother tongues. The rest I

not in the Schedule are given nomenclature Non-scheduled languages

mother tongues.(Mallikarjun,2012). Indian constitution preserves polirica,

Mother tongue is the medium of one's own inner thoughts and coore-r:;:!.t!:riiJc:s-Thought and

Mother tongue of an individual has an undoubted importance in the _, - enance of the

culture and dignity of an individual even if he/she belongs to majority 0;- ~ ity language

group. Mother tongue can be defined narrowly or broadly according to Kh~t. ...~:=ni (2001: 4).

The narrow definition of mother tongue as a child's home language is exemp -;!d in the 1951

Census definition: "The language spoken from the cradle ...in the case of infazrs z:::.rl deaf mutes ...

the mother tongue of the mother" (Khubchandani 2001: 4)in (Cy nthia GrofL2 -:1...)

national languages. ( Manish Kumar Thakur,2002) .

tongues, minority languages, regional languages, scheduled languages. officiai :.mguages, and

In popular parlance the language categories of India are variously desig; ";00 as mother

Mother Tongue -Definition

tongue.

The immediate problem related with language after linguistic reorganisation was the

problems of linguistic minorities. This paper focuses on the rights of linguistic minorities

especially their educational safeguards to protect their identity by learning through mother

cannot be the medium of education, administration, or judicial activity unless a state is formed

on the basis of predominant language . Thus the reorganisation of states on me basis of

language, a major aspect of national integration and consolidation, came to the fore almost

immediately after Independence. But linguistic reorganistion did not of course. resolve all the

problems relating to linguistic conflicts.
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On defining 'Linguistic Minorities'

While the definition of linguistic minorities was not included in the Constitution,

a Supreme Court decision defined minority language as separate spoken language, not restricted

to languages using or having a separate script (Dua 1986: 134).Myron Weiner defines as

"Linguistic minorities include those who speak the language of a contiguous neighbouring state

and who are a minority by virtue in which the state boundaries have drawn" Generally linguistic

minorities in federal India are defined in relation to their State of residence, and the vast majority

of more than 120 million Indian citizens belonging to linguistic minorities are "relative

minorities": speaking one of the "scheduled languages", which is an official language in another

State of the Union, but not in their own State, as their mother tongue. Only 3% of India's total

population, about 30 million people, mostly tribal communities, speak "non-scheduled

languages" - India's less protected and often most threatened languages. They can be termed

"absolute minorities", as no kin-state or major speech community is taking care of their

protection. Most of these languages are not taught in any school, or recognized for any use in

public administration. Many of these languages have no script and thus are deprived of any

representation in modem culture and media. This fact does not mean that mere inclusion in the

The language scene in post-Independence India seems to be characterised by a definitive

hierarchy, at least in terms of official status ( Brass 1994: 175).For obvious reasons, Hindi and

English occupy top positions in the official hierarchy. Regional languages come next, having

been recognised as official languages in the linguistically reorganised states, may, the very basis

of their organisation, and also for having found a place in the coveted Eighth Schedule of the

Indian Constitution. At the third level are languages listed in the Eighth Schedule but having

been deprived of the luxury of territorial anchorage in particular provinces such as Sanskrit,

Sindhi and Nepali (Gorakhali). At the lowest level are those mother tongues which are not

recognised either as official languages of India or of any state and are not listed in the Eighth

Schedule which, in fact, constitute the bulk of minority languages. (Manish Kumar

Thakur,2002)

linguistic diversity by providing language rights to both majority and minority languages, the

vehicle of culture and dignity of citizens.

Hierarchy of Languages -Position of Linguistic Minorities
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..

(i) Where any language is spoken by 30 per cent or more of the population in any State or

district, the State or district would be recognized as bilingual and the minority language

The administrative safeguards for linguistic minorities in regard to the use of their languages

for official and allied purposes in Home Ministry's Memorandum in 1956 can be summarised as

follows: It constituted a landmark in inter-lingual adjustments and served as an all-India

code embodying the agreed minimum of safeguards for the smaller language groups in the

States and Union Territories.

The State Reorganisation Commission had foreseen clearly that none of the States could be

absolutely unilingual and that each State would have to tackle the question of linguistic

minorities within its territory in a manner that satisfied their legitimate aspirations. However,

it envisaged that a state could be unilingual where the speakers of a particular language

constituted 70% or more of the total population.

Linguistic minorities-provision under SRC

The framers of the Constitution of India recognized the importance of addressing "the

problem of the minorities," a universal issue in democracies, and they "had a firm faith that

healthy national consciousness would grow if the minorities are guaranteed liberty, equality,

fraternity and justice" (Kumar 1985: 9).Educational safeguards for minorities in the constitution

through specific safeguards guarantees learning through the medium of mother tongue. This is

introduced in article 350-A the most important safeguard for linguistic minorities.by the

recommendation of State Reorganisation Commission in 7th amendment Act 1956

"Linguistic rights should be considered basic human rights. The right to speak, to

learn, to educate and unfold all cultural activities in one's own mother tongue, in addition to

other official languages, is enshrined in many Constitutions of the world

Language rights

2013: 113)

8th Schedule of the Indian Constitution will be sufficient to solve all their problems( Benedicter
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The constitutional provision under Article 345 empowers the States to allow the use

of languages other than the official one, for purposes and areas to be specified, and does not

stipulate any percentage of population for the eligibility of a linguistic minority to concessions

or special protection. Once the provision of facilities, like the translation of gazettes, notices,

Provisions in the Constitution

In order to ensure proper implementation of these safeguards for linguistic minorities Union

Government, accordingly, came up with certain amendments to the Constitution, embodied in

the Constitution (Seventh Amendment) Act, 1956. It added Articles 350-A and 350-B to the

Constitution.

The State Governments have also been advised that where any cadre included in the

subordinate services is treated as a cadre for district, any language which has been recognized

as an official language in the district should also be recognized as a medium for the purposes of

competitive examination in the district. (SRC Report 1956,205)

(iii) The linguistic minorities have the right to represent to any officer or authority of the Union

or in the States as the case may be, in their own language even if that language is not

mentioned in the Eighth Schedule. Safeguards have also been provided to linguistic minorities

in regard to State services. These are two-fold; firstly no restrictions are to be imposed with

reference to the residence of candidates for recruitment to any branch or cadre of State

services; and, secondly, linguistic minorities who constitute 15 to 20 per cent or more of the

population of the State have been given the option to elect as medium of examination, in any

examination being conducted for recruitment to the State or the district services, their own

language. Subordinate services are not included. The test of proficiency in the State language

may, in the second category of cases, be held after selection but before the end of probation.

(ii) Where the linguistic minority constitutes 15 to 20 per cent of the population in any areas,

Government notices, rules, laws etc. will be reproduced in the language of the minority in that

particular area;

footing as the regional language for officialconcerned would be placed on the same

purposes.
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on religion or language.

a. In making any law providing for the compulsory acquisition of any property of any

educational institution established and administered by a minority, referred to in clause

(1), the State shall ensure that the amount fixed by or determined under such law for the

acquisition of such property is such as would not restrict or abrogate the right guaranteed

under that clause.

3. The State shall not, in granting aid to educational institutions, discriminate against any

educational institution on the ground that it is under the management of a minority, whether based

2.

1. All minorities, whether based on religion or language, shall have the right to establish and

administer educational institutions of their choice.

30. Right of minorities to establish and administer educational institutions.-

29. Protection of interests of minorities.-

1. Any section of the citizens residing in the territory of India or any part thereof having a distinct

language, script or culture of its own shall have the right to conserve the same.

2. No citizen shall be denied admission into any educational institution maintained by the State or

receiving aid out of State funds on grounds only of religion, race, caste, language or any of them.

14,15,16,19,20,2 L,22,23,24,25,26,27,28 in the chapter in the fundamental rights which are

applicable to all citizens including minorities. These confer equality. Besides special rights are

conferred to minorities under articles 29 and 30.While article 29 is applicable to all the citizens

of India, Article 30 is applicable only to religious and linguistic minorities.(Bhasha Sagar,

2008:34 )They provisions in the above articles are as follows;

,there are general rights enshrined in articlesspecial' preference'. At the outset

Several articles of the constitution adequately protect and provide

safeguards to the minorities. In this respect there are two opposing trends: 'equality' and

etc., the right to present applications, etc., in courts and government offices in one's mother

tongue, is agreed to in principle and acted upon by a State, they should automatically become

available to smaller concentrations as well, without any significant increase in expenditure or

addition of staff.
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In some regions, such as autonomous minority regions, a particular linguistic minority

may constitute the majority population and may have in place extensive provisions for the use

of its language as the dominant language of the region in administration, education and service

1. There shall be a Special Officer for linguistic minorities to be appointed by the President.

2. It shall be the duty of the Special Officer to investigate all matters relating to the

safeguards provided for linguistic minorities under this Constitution and report to the

President upon those matters at such intervals as the President may direct, and the

President shall cause all such reports to be laid before each House of Parliament, and sent

to the Governments of the States concerned.

350B. Special Officer for linguistic minorities-

It shall be the endeavour of every State and of every local authority within the State to provide

adequate facilities for instruction in the mother-tongue at the primary stage of education to

children belonging to linguistic minority groups; and the President may issue such directions to

any State as he considers necessary or proper for securing the provision of such facilities.

350A. Facilities for instruction in mother-tongue at primary stage.-

Every person shall be entitled to submit a representation for the redress of any grievance to any

officer or authority of the Union or a State in any of the languages used in the Union or in the

State, as the case may be.

350. Language to be used in representations for redress of grievances.-

Special Directives
Under Article 347, minorities enjoy even a political safeguard which allows other minority

languages for official use in any province under President's consent (Azam,1981:132) The

constitution itself provided adequate safeguards to linguistic minorities under its articles350,

350A, 350 B, which is as follows:
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Education 1968 recommended the inclusion of the TLF 'which includes the study of a modem

Indian language, preferably one of the Southern languages, apart from Hindi and English in the

Hindi speaking states, and of Hindi along with the regional language and English in the non

Hindi speaking states,' at the Secondary stage. This was reiterated in the Education Policy 1986

and was adopted as the Programme of Action by the Parliament in 1992. (mallikarjun,2004)

The National Policy onat the national, regional and local levels (Srivastava, 2007: 43)

.(Ramaswamy K,2001)

Three language formula is implemented to promote mother tongue education national

level. It is an educational strategy (three Language Formula) for communication between people

The founding fathers of the Indian Constitution wanted to ensure that the children

get their education through their mother tongue at least at the primary level. Patriotic fervor,

pragmatism, as well as the findings of "science" were the motivating factors for this desire .

Three Language Formula

Education of Linguistic Minorities

language group is involved, it remains the responsibility of states to provide for the educational

, and other needs of minorities in Public life.

Today significant challenges are faced by minorities in all regions who speak minority

languages and wish to maintain and use them in public and private life (Ishak Rita 2012:6-

7).Most important among that is their education in their mother tongue.

minoritydespite constituting a majority nationally.(lshak Rita 2012:8) . Whichever

provision. In such cases it is important to ensure the language rights of those belonging to other

communities who may find themselves de facto linguistic minorities in certain localities
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In independent India the demand for a general education system based on mother tongues

as media of instruction was associated with the cultural and political resurgence of the

"linguistically defined States", in addition to the democratic principle of ensuring equality of

opportunities through education.(Benedicter,2013:67). Restrictions on minority languages in the

field of education are particularly sensitive and can be the cause of grievances of linguistic

minorities. The 1992 Declaration on Minorities states that wherever possible minorities have the

right to learn or to have instruction in their mother tongue (art. 4, para. 3)
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Difficulties with the implementation of TLF

With the Three-Language Formula, those students whose mother tongue is not a regional

language end up learning four languages, and possibly three or four scripts since their mother

tongue is not the same as the state majority language. This has been seen as one drawback of the

policy. According to Annamalai (2001: 73) "this conflict has not yet been resolved politically

and pedagogically." Some have referred to the policy as being 3 plus or minus one (Ager 2001:

29), since Hindi speakers need only learn two languages and minority-language speakers end up

with four. Knowing four languages should certainly not be thought of as a disadvantage. Rather

children who are educated through the medium of an unfamiliar language face greater learning

challenges than their peers (Jhingran 2005).

While overall a broad consensus exists among states, implementation of the Three

Language Formula varies considerably. According to Ekbote (1984), difficulty in the

The multilingualism promoted in the Three-Language Formula springs in part from a

concern for maintaining the status of the official and regional languages. Concern continues in

India for the maintenance and spread of the official Indian languages. This includes a concern

that some Indians, especially the elite, feel the need only to learn English, minimizing the value

of learning Indian languages(Cynthia Groff,2007) Still parents see only the advantage in career

options that may be available to their children if they get educated through the medium of

English right from the beginning level of school education.(Ramaswamy K,2001)

(Source from Singh 2000: 193)

Languages to be 1N0 of years to taught Languages to be 1N0 of years to taught
taught under TLF taught under TLF
Mother tongue/ 10 years Mother tongue/ 10years
~egionallanguage Regional language
~fficial language ( 6 years (starting from Official language ( 6 years (starting from
Hindi/ English) lass V onwards) Hindi/ English) class Vonwards)
Modem Languages not 3 years minimum Modem Languages not 3 years minimum
~overed under the two covered under the two

The revised TLF proposed the length of contact years for languages as follows:
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Suggestions to promote minority languages

Language policies in the states of the Indian Union certainly protect the rights of the linguistic

minorities. However, it is important for the minorities that they learn the dominant language of

their state for their own social and career benefits. Because of this change in attitude (noticed

simultaneously also among the people who speak the dominant language of the state as their

mother tongue), the contours of Indian multilingualism are fast changing. There is a lack of

genuine desire to learn other Indian languages

The linguistic minorities themselves need to develop a better understanding of the overall

needs of their communities(J. C. Sharma:2001) Lack awareness of the linguistic safeguards

among linguistic minorities is directly related to their educational backwardness .Minorities

should develop a positive attitude towards their language and should have an awareness about

the needs and aspirations of the community

In the educational sector, lack of schools having minority language as

medium of instruction and unavailability of trained teachers and text books cause a major

problem. The vacancies of Tamil teachers are not filled up at primary, secondary and higher

secondary levels. Even when teachers are appointed they are not adequately trained. Delay in the

disbursement of salaries to teachers, lack of government programmes, etc., were some of the

issues raised by representatives of linguistic minority communities across the States. The lack of

text book at the beginning of the year is another issue. Lack of residential schools for minorities

is another problem. Educational backwardness in turn affects social awareness, job opportunities

and development of the linguistic minorities

implementation of the Three-Language Formula comes from the following factors: (a) the

"heavy language load in the school curriculum," (b) northern schools not being motivated to

teach south Indian language, (c) southern schools, especially in Tamil Nadu, resisting the

teaching of Hindi, and (d) the cost of arranging for instruction. The formula has been adapted by

the various states in various forms and in various contexts. Some stick to two languages, some

need four, some provide additional optional languages.

Other Issues in Educational sector
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Several States' domestic legislation

on minority rights is still half-hearted, incoherent and insufficient for this purpose. India, on the

contrary, conferred constitutional value on the right of minorities to protect their identity from

the very beginning. The Indian constitution is clear in its principles, but far less advanced in the

level and substance of the single rights seen as indispensable for cultural survival in the modem

world.(Benedicter,20 13; Even though linguistic rights are protected in Indian democracy by

CONCLUSION

10.A separate workshop should be held for the subject of use of minor languages in education
with a duration of two to three days so that the points can be discussed elaborately (ClM
Organisation, Conference On Minor languages,2007:12)

9. In the nomadic tribe areas, mobile schools should be set up. The persons from community
itself should be appointed as the teachers.

8. The provision for adequate number of language is a must. They should be properly trained for
the purpose of teaching the language. Mere knowledge of the language should not be considered
to be enough.

7. The modem tools like computers should be used to popularise and to teach the language.

6. For the the languages which do not have a recognised script at present, the script of the local
principal language should be adopted(with such modifications as may be necessary).

5. The text books for the language should be prepared and should be available at a nominal
cost.This would involve suitable financial assistance to the authors and the publishers.

4.The authors in the language concerned should be encouraged by the suitable incentives ,
rewards etc.

3. A proper and efficient machinery for the translation of the books from one language to
another must be set up to make available current knowledge in other languages.

2. A comprehensive dictionary with etymology would be essential for taking up the study of the
language.

In order to promote a language, compilation of a good grammar is a must so that the language
can be taught in a proper setting.
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There is no official inventory of languages spoken in India that reports all languages
recognised by linguists. The only source listing the languages is the official Indian

S.No language Family Number of Percentage on
languages total Population

1 Austro-Asian 14 1.13
2 Indo-European 17 22.53
3 Dravidian 20 75.30
4 Tibeto-BLirmese 62 0.97
5 Semito-Hamitic 1 0.1

The Indian language Families
Table-l: Indian language Families

The linguisticdiversity of India has so often stressed that only a brief recapitulation of the
main points will be sufficient to introduce the subject. India is, the only part of the world

where so many different human races having living together for centuries. These include the
Australoids, the Veddids,The Negritoids, the Melano Indians, the Mongoloids and the Aryans
(Minor languages report: 4)

India's linguistic landscape is shaped by four language families. They are, from north
to south: the Tibeto-Burmese, Indo-European (Indo-Aryan), Austro-Asiatic (Munda, Khasi)
and Dravidian family. There are also some isolated languages, such as Arbi (Arabic, thus
Hamito-semitic family), while Kusunda and Andamese are probably linked to the Indo-Pacific
family (Benedicter, 2013).

Dr. Stany Tho m as.! & Sheeja. Kuriy akose.?

Abstract: Reorganization of the geographical boundaries within the notion as linguistic
states was a major step in the management of multilingualism and such reorganization
empowered multilingualism further. Managing Indian Multilingualism formally got
underway with the nation's acceptance of its Constitution. It was in the form of
inclusion of select languages in the Eighth Schedule, recognition of some language/s as
official languages of the Union and providing for the States to do the same as their
official languages, acceptance of languages for different levels of judiciary, use in
parliament and state legislatures, and not recognizing any language/s as language/s for
education but recognizing the rights of different kinds of linguistic minorities. Since her
independence, India is managing multilingualism by protecting the language rights of
every linguistic group through policies and laws of language use in administration,
judiciary, education and other domains of public life. This paper discusses the status of
languages in Indian linguistic federalism and the provisions related with languages in
the constitution.

Linguistic Profile of India and the Constitutional Provisions
relating to Languages
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(CensusIndia, 2010-11)
In 1951, besides the 14 languages recognised in the Indian Constitution there were

also mentioned 23 major tribal languages and 24 other minority languages in several other
offiial documents, including the Census.Eachof these languages had over one lakh speakers.
However, in the later Census documents, the population figure of 10,000 was taken as a
bench mark.

There is a wide variation in the estimates or the languages in use in the country. The
1961 Census reports mentioned a total of 1,652 "mother tougues"out of which 184 had
more than 10,000 speakers. The encyclopedic people of India series of the Anthropological
Survey of India, identified 75 "major languages" out of a total 325 languages used in Indian
households (Minor languages report :7)

While the Indian Constitution does not define or use the word minor or minority
languages, (although there is a mention of linguistic minority), as per Censusof India -1961,
different categories of languages documented in the country are listed in Table- 3{Misra,

Number of
Personswho returned Per centage

LanguageFamilies Languages
the languagesas their to total

mother tongue population
1. Indo-European

(a) Indo-Aryan 21 790,627,060 76.86
(b) Iranian 2 22,774 0.00
(c) Germanic 1 226,449 0.02

2. Dravidian 17 214,172,874 20.82
3. Austro-Asiatic 14 11,442,029 1.11
4. Tibeto-Burmese 66 10,305,026 1.00
5. Semito-Hamitic 1 51,728 0.01

Total 122 1,026,847,940* 99.82*

census,1991(Benedicter,2013:12).1991 Census lists 216 mother tongues with a total number
of speakers10,000 or more at all India level, grouped into 116 languages of which 22
mentioned in the Constitution are called scheduled languages.(Mishra:2007;33) and 94 are
outside it. There are 'other languages', number unspecified, which have less than 10,000
speakers (Minor languages report: 80)

The 8th Schedule is "the most important language policy statement" in India .Iisted
in Schedule VIII, Articles 343-51 (Benedicter,2013:16). while those languages not included in
the scheduled twenty two are listed as "minority languages". A close examination clearly
shows that the criteria used to divide languages into "scheduled" and "non-scheduled"
(minority) languages fail to account for the status of languages in India (Pandharipandey,
2002: 3).

Some groups considered to be linguistic minorities since their language is not one of
the 22 official languages have populations of over 3 million (King 1997: 5) populations
exceeding those of some European countries. In 1981, eighty-seven of the non-scheduled
languages had more than 10,000 native speakers (Khubchandani 2001: 11). According to the
1991 census, groups speaking non-scheduled languages make up 4%of India's population
(Groff Cynthia, 2007:15-41).

TABLE-2GROUPINGBYFAMILYOFTHE122 SCHEDULEDAND NON-SCHEDULED
LANGUAGES-2001
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(Groff, 2003: 5)
5. Kannada 10. Punjabi

9.0riya4. Hindi
3. Gujarati 8. Marathi
2. Bengali 7. Malayalam

'on

recognition
omyand
38 other
to the

e Constituent
ast 60 years is
de Sindhi, Bill

Eighth Schedule (ES) [Articles 344 (1) and 351]
The Constitution of India adopted on November 26, b-9

Assembly listed 14 languages in the Eighth Schedule. The sa
amended thrice through Constitution Amendment Bill No.21 in
NO.71 in 1992 to include Konkani, Manipuri and Nepali and Arne
to include Bodo, Dogri, Maithili and Santali. Thus at present
Eighth Schedule. Inclusion in Eighth Schedule,provides formal a
to dominant regional languages in the spheres of administra .
social status (Sarangi, 2009: 27). As on today requests fr
languages are pending before the Government of In ia
Schedule.{Mallikarjun:2012,19)

TABLE- 4 Eight Schedule Languagesat the time of form .
1. Assamese 6. Kashmiri . Sa

Source. Census - 1961

S.No. Description No. of Mother Total No. of
Tongues Speakers

1.
No. of mother tongues returns of

1652 438,936,918the country.
No. of mother tongues attested in

2. Linguistic Surveyof India 572 436,224,545
classification

No. of mother tongues not traced in
3. Linguistic Survey of India but 400 426,076

tentatively classified
No. of mother tongues attested in

4 Linguistic Survey of India but 50 1,908,399
tentatively reclassified

5
No. of mother tongues considered

527 62,432unclassified.
6 Foreign mother tongues 103 315,466

TABLE-3:Languages/Mother Tongues in the Country

2007 32-33).The 1961 census recognised 1,652 mother tongues spoken by 438,936,918
people, counting all declarations made by any individual at the time when the census was
conducted.
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Source: Censusof India, 1991
,. Bodo, Dogri, Maithili and Santhali which were Non-scheduled languages in 1991 were

declared Scheduled languages in 2003 bysz" Amendment)

1. Assamese 13,079,696 1.55
2. Bengali 69,595,738 8.22
3. Bodo* 1,221,881 0.15
4. Dogri* 89,681 0.01
5. I Gujarati 40,673,814 4.81
6. Hindi 337,272,114 39.85
7. Kannada 32,753,676 3.87
8. I Kashmiri 56,693(outside J&K) N.A. (1991)

3,174,684 (1981 fig) 0.48% (1981)
9. Konkani 1,760,607 0.21
10. Malayalam 30,377,176 3.59
11. Manipuri 1,270,216 0.15
12. I Marathi 62,481,681 7.38
13. Maithili* 7,766,597 0.93
14. Nepali 2,076,645 0.25
15. Oriya 28,061,313 3.32
16. Punjabi 2,33,78,744 2.76
17. Sanskrit 49,736 0.01
18. Santhali* 5,216,325 0.62
19. Sindhi 2,122,848 0.25
20. Tamil 53,006,368 6.26
21. Telugu 66,017,615 7.80
22 I Urdu 43,406,932 5.13

(Government National Portal of India, 2010)

Details of the Eighth schedule languages together with the number of speakers of
each of these languages are given in Table -6

TABLE-6 Scheduled Languages in Indian Constitution and their Speakers

TABLE- 5 Present eighth schedule languages
1. Assamese 7. Kannada . 13. Marathi. 19. Sindhi.
2. Bengali 8. Kashmiri. 14. Nepali. 20. Tamil.
3. Bodo 9. Konkani. 15.0riya. 21. Telugu.
4. Dogri 10. Maithili. 16. Punjabi. 22. Urdu
5. Gujarati 11. Malayalam. 17. Sanskrit.
6. Hindi 12. Manipuri. 18. Santhali
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(Source Elangiyan, 2007: 104)

Multilingualism - States and Union Territories
India is divided into 24 States and 8 Union Territories as units of administration.

Originally such territorial divisions into provinces or states were done mostly for
administrative convenience during the British rule. Presidencies, states, or provinces came

English enjoys a special status even though

First Tier
it is an associate official language. In spite

(Official
of consistent efforts by the union to

Languagesof
Hindi and English replace Hindi as the pan India official

language. Evenafter 63 years of
the Union)

Independence English is still used in all
public domains.

State official languages
These languages are powerful in their
respective states/regions.

listed under ESe.g. Bengali, These languages in due course are the ones
Tamil, Kannada etc. and that enforce absolute compliance from all
Hindi due to its role as an

SecondTier official language in some
the other speech communities in their
region. These are the languages that

Northern States of India e.g. actually threaten the survival of theUttar Pradesh, Madhya languages that are mentioned in the fourth
Pradesh, Bihar etc. tier
Other language Eventhough these languages only come
communities in a state but second to the dominant state/regional
not the official state language they still enjoy a special status

Third Tier
languages because they and recognition from the State
have fewer speakers than Governments because the members of
the dominant state/regional these speech communities have better
languages. E.g.Tulu, Coorgi socioeconomic conditions and in some case
speakers in Karnataka state a considerable literary history.

These speech communities are generally
influenced by the dominant languagesand
cultures leading to bilingualism and

Indigenous Languages multilingualism.

Fourth Tier
spoken by the aboriginal The use of the mother tongue is generally
communities in India E.g restricted to fewer domains decreasing the
Naga, Ho etc. opportunities for speakers to use their own

mother tongue and gradually get
assimilated into dominant languages if
enough care is not taken by the state

Hierarchical ordering of Languages
Hierarchical ordering is a situation created by the inclusion of different languages in

ESand special provisions for the same.Elangiyan (2007: 104) gives a good description of the
kind of hierarchy that the E5has led to in India in the following table:
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S.No. Name of State / Main Language Minority Language
UT

Hindi, Assamese,
State Government claims that there no

1
Arunac at Adi, Apatani,

language has been recognised asPrades Bhoti, Champati
minority language.

and Nishi

2
Andaman&

Hindi
Bengali, Tamil, Telugu, Malayalam,

Nicobar Nicobari,Kurukh/Oraon

3 Assa Assamese Bengali, Sadri, Hindi,Manipuri, Mising,
Karbi, Garo, Bodo, Nepali, Hmar

4 Ana ra Pradesh Telugu Urdu, Hindi, Oriya, Tamil, Kannada,
Marati

5 Orissa Oriya
Hindi, Telugu, Santhali, Kui, Urdu,
Bengali, Gujarati

6 UP I Hindi Urdu, Punjabi, Sindhi
7 Uttarakhand Hindi Urdu, Panjabi, Nepali

8 Ka a a a Kannada
Urdu, Telugu, Tamil Malayalam, Marati,
Tulu, Lamani, Hindi, Konkani, Gujarati

9 Kerala Malayalam Tamil, Kannada, Konkani

10 Gujara Gujarati
Hindi, Marathi, Sindhi, Urdu, Telugu,
Malayalam, Oriya, Tamil

11 Goa Konkani Marathi, Hindi, Kannada, Urdu,
Malayalam

12 Chha isgarh Hindi
Bengali, Oriya, Telugu, Marathi, Gondi,
Kurukh, Halabi r Urdu

13 Jammu and Dodri, Kashmiri Urdu, Hindi, Punjabi, Ladakhi, BaltiKashmir

14 Jharkhand Hindi Bengali, Urdu, Santhali, Kharia, Mundari,
Ho, Kurukh, Oriya, Kurmali, Khortha

15 Tamilnadu Tamil
Telugu, Kannada, Urdu, Malayalam,
Hindi, Gujarati

16 Tripura Bengali
Hindi, Kokborok, Chakma, Mogh, Halam,
Manipuri, Vishnupriya Manipuri

17 West Bengal Bengali Hindi Santhali, Urdu, Nepali, Oriya,

into being even as more territories were acquired by the British through various means and
added to British India. As a result, the borders of such provinces cut across ethnic, religious,
social, and linguistic lines. Even with the linguistic re-organization of the Indian provinces
after the independence, most states remained multilingual as ever. However, in each of
these linguistically re-organized states, there is at least one dominant majority linguistic
group, often more than fifty percent of the total population of that state.

The table given below gives the main language and minority languages in every states
and Union territories in India

TABLE-7Linguistic Profile of the States and UTs
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Provisions relating to Languages in Indian Constitution
Provisions for languages in the constitution come der two categories, 'general'

and 'specific'. General provisions in the constitution enshri ed in articles 15,16,19, in the
chapter in the fundamental rights which are applicable 0 all languages including that of
minorities. These confer equality .In addition to that pream Ie, and fundamental duties also
form the provisions for speakers of all languages in the co sti ution. Specific rights for the
minorities constitute 29, 30, and Art.347, 350, 350A a d 3 B in the constitution are more
specific for linguistic minorities

The official language of the new nation was declared in Articles 343-344 to be Hindi,
written in the Devanagari script, with English as an auxiliary official language whose status

Source: Forty Second Report of the Commissioner Linguistic inorities (2003-2004)

Telugu

18 Punjab Punjabi, Hindi Urdu

19 Bihar Hindi Urdu, Bengali

20 MP Hindi
Bhili/Bhilodi , Gondi, Marathi, Urdu,
Oriya

21 Manipur Manipuri
Thado, Paiti, Tongkhul, Hamar, Mizo,
Hindi, Nepali, Mao, Kuki, Bengali

22 Maharashtra Marathi Urdu, Hindi, Gujatathi, Kannada,Telugu,
Bhili, Khandeshi

23 Mizoram Mizo Bengali, Tripuri, Nepali, Hindi, Hamar,
Pawai, Chakma

24 Meghalaya Garo, Khasi Assamese, Bengali, Hindi, Hajong, Nepali,
Koch, Rabha,Sinteng

25 Rajasthan Hindi urdu, Panjabi, Sindhi, Gujarathi,
Bhili/Bhilodi

26 Sikkim Nepali Lepcha, Limbu, Bhotia, Hindi, Sherpa,
Tamang, Newari,Gureng

27 Haryana Hindi Punjabi, Urdu
28 HP Hindi Punjabi

29 Chandigarh Hindi Punjabi

30 Daman Diu Gujarati Hindi, Marati

31
Dadra and Gujarati/ Hindi, MaratiNagar Haveli Konkani

32 Delhi Hindi Punjabi, Urdu, Sindhi, Telugu, Tamil,
Bengali

33 Nagaland Ao
Angami, Kuki, loth a, Sema,Chokri,
Koniya

34 Puducherry Tamil Hindi, Mala -alarn, French, Arabic, Telugu,
Sanskrit

35 Lakshadweep Malayalam/Mahl
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was to be reconsidered in fifteen years. Concerning the states, the Constitution allows for
choice of official language, an important concession that was demanded particularly in non
Hindi-speaking states. Also, Section - 3 of the Official Languages Act, 1963 passed by the
Parliament provides for the continued use of English along with Hindi even after 1965.

The Chapter XVII (Article 343 to 351) of the Constitution gives detailed information
about the official languages of the Union and the State. Also The Official Language Policy of
the Union has been thoroughly described under Article 120 (Part 5), Article 210 (Part 6),
Articles 343, 344 and from Article 348 to 357 of the Constitution. Language provisions in
PART XVII constitute Art.348 and Art.349. Art.348 provides for Language to be used in the
Supreme Court and in the High Courts and for Acts, Bills, etc. Art.348 Special procedure for
enactment of certain laws relating to language. and articles 344 (i) and 351 deal with the
provisions on VIII Schedule languages of Indian Constitution

All the 22 languages listed are represented on the Official LanguagesCommission of
India and the state is expected to take measures for the development of these languages.
This in itself was a step that crucified numerous tongues other than these 22 languages that
have managed to gain the patronage of the state and the law-makers. The rest of the 400-
odd minority languages face dominance of one or more of these 22 languages in terms of
language use in everyday life, in the administration, and in the education system ( SSrinivasa
Rao:2008: 9635)

Status of Minority languages
We find that the States in India have never been linguistically homogeneous (J. C.

Sharma: 2001).According to the Censusof India - 1961 no State/UT in India has fewer than
12 mother tongues. The number of mother tongues in different States/UT ranges from 12 -
410.Thus, we find that different States of India might have been declared uni- or bilingual for
political exigencies or administrative convenience, but basically each of them is a
multilingual and politically complex entity. Consequently, even if the State boundaries were
drawn rigidly on the principle of uni- or bilingual criteria, the problem of linguistic minorities
would remain unsolved.{Misra, 2007:33)

The debates of the Constituent Assembly of India reveal that Constitution makers
gave a serious thought to the protection of the rights of linguistic minorities, but they had
different viewpoints on the subject. Finally, Ambedkar succeeded in drafting the rights of
linguistic minorities in the broadest sense and gave them the status of fundamental rights.
As a result, the Constitution seeks to protect the rights of linguistic minorities with
preferential status under the constitution.

The legal safeguards for the linguistic minorities in India derive their authority from
three sources: the Constitution of India; the scheme of safeguards agreed to from time to
time; and judicial decisions.. (BhashaSagarJan 2008: 34)

A survey of rights of minorities as enshrined in the Constitution reveals that the
minorities derive their rights from four sources /The rights minorities are emphasised. and
supported by the following constitutional provisions: 1. The ideals and values unequivocally
declared in the Preamble of the Constitution. 2. Fundamental Rights as enshrined in part III.
3. Directive Principles of State Policy as enshrined in Part IV, and 4. Other provisions of the
Constitution include Fundamental duties article 350, 350A, 350B, 347 .and representation to
Anglo Indian community.

LPC Bulletin on Research, Vo!.7, No.1-July 2016



7_

national language,
. ority and regional
efits constitutional
ould be created .
contributes social

Centralized language policies may gi e
while decentralized policies can be more eff
languageusagepatterns and local conditions. "
provisions, judicial enactments an effective ega
Languagerights bring confidence to keep Ii
development of all languagespeakersin a co

Conclusion

ose languagesenjoys
issuing forms of public

languagesin Public

such as autonomous minority regions, a particular 5~ inority may constitute the
majority population and may have in placeextensi e wr . e useof its languageas
the dominant languageof the region in administra - ~ _~"'i..C'LIlJ'" and service provision. In
such cases it is important to ensure the lang ose belonging to other
communities who may find themselves de fact - ies in certain localities
despite constituting a majority nationally.(ls a districts where persons
speakingsuch languagesconstitute at least 60 are declared asco-official
language in the state by the President(CMC,196:: . -
of Official Language(s)Act(s) of different states,
decide about whether a language is a minori
spoken by more than 15% of the total po
considered as a minority language in that co
the benefits like the use of their languages
importance in minority language,service of 0
offices etc.

Special Directives
Under Article 347, minorities enjoy even a political safeguard which allows other

minority languages for official use in any province under President's consent (Azam,
1981:132).

The article 350 guarantees the linguistic minor" ies the right to use a languagethey
understand for redress of grievances. "Every person shall be entitled to submit a
representation for the redressof any grievance to any 0 cer or authority of the Union or a
State in any of the. languages used in the Union or i e State, as the case may be"
(Government National Portal of India, 2010). This ea s at a representation cannot be
rejected on the ground that it is not in the official la D age. Special provisions have also
been made under Articles 350A and 350B to pro' e 5 aller communities educational
opportunities in their mother tongue and to appoin a SDeCi2 officer for linguistic minorities:

Minority rights must also be considered in regi r local contexts. In some regions,

The provisions under Articles 29 and 30 are considered along with other provisions in
the Chapter of Fundamental Rights and elsewhere in the Constitution safeguarding the rights
of religious, linguistic and racial minorities, it becomes clear that the sole purpose of these
provisions is to give linguistic minorities the right to preserve and develop their language and
to facilitate teaching in mother tongue to their children in early ages.
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A Historical Survey of the Local Rulers of Poonjar 

Dr. James John 
Assistant Professor & Head of the Dept. of History 

St. Thomas College, Palai, Kottayam Dist. 

ABSTRACT 
After the fall of the Perumals of Mahodayapuram, Kerala was politically fragmented into many kingdoms 
and chiefdoms. Due to the political fragmentation and lack of a central authority many local chiefs and 
lesser rajas emerged. Poonjar was one among such chiefdoms. The rajas of Poonjar were believed to be 
the descendants of the Pandyas of Madurai. On account of continuous internal and external strives they 
had to flee from their homeland to Kerala where they purchased land from the rulers of Thekkumkur and 
lesser rajas of adjacent areas. With its annexation to Travancore by Marthanda Varma, the kingdom of 
Poonjar ceased to exist. The uniqueness of the Kingdom of Poonjar was that the kingdom was founded 
by not waging wars but by the purchase of land and that it was maintained with the help of the local 
aristocrats from various religious communities without the help of a standing army. 

INTRODUCTION 
The fall of the Perumals of Mahodayapuram in the beginning of the 12th Century AD, is a 

landmark in the history of Kerala. With this fall, Malabar (Present day Kerala) was politically fragmented 
into many small kingdoms under various local rulers. Various swaroopams, Kaimals and Naduvazhis 
took political power of the various localities. It remained so until the 20th century when the modern 
Kerala was formed. With the political disintegration of the twelfth century there occurred a lot of changes 
in the society, economy, culture and polity of Malabar. As a result of this political fragmentation due to the 
lack of a strong central authority, Malabar became an easily vulnerable area which attracted many 
aspiring with political dreams. Some of the rulers depending on their military power and influence extended 
their kingdoms and influence, created petty kingdoms and became powerful whereas some were groping 
in the dark. 

Taking into account this chaotic backdrop in Malabar, some of the rulers reached Malabar. 
Poonjar rulers were one among them. The kingdom of Poonjar was located on the Western Ghats in the 
hilly regions of Malabar. The area of the kingdom varied from time to time but during its zenith extended 
to areas East of Ampara, West of Dindugal comprising of areas up to Mangaladevi in the South and 
Munnar in the North totally comprising of an area of 4000 square mile. All these areas were in the 
remotest and hilly parts of Malabar that it did not have much external contacts due to its geographical 
position. As the kingdom did not have any sea ports, it did not have any foreign contacts also. As a result 
of this we do not find many references about Poonjar in the foreign sources. For example from among 
many Portuguese visitors only Jornada do Arcebispo mentions about the kingdom of Poonjar. 

The rulers of Poonjar are claimed to be the descendants of the Pandya dynasty of the Tamil 
Country. They had to flee from their homeland on account of various factors. One of the reasons for 
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their Diaspora was the defeat they had to face at the hands of the Cholas. 
There are certain factors which show their Pandya ancestry. This dynasty even now prepares 

Pongal which is a unique custom of Tamilnadu. Yet another evidence of the Tamil origin is the Meenakshi 
temple of Poonjar. In commemoration of the Meenakshi temple of Madurai, the Poonjar Rajas built a 
temple dedicated to the Meenakshi of Madurai close to their palace. It was from this connection that the 
river flowing through Poonjar was named as the River Meenachil which was a derivative of Meenakshi. 
The Devi idol of Poonjar is a Thevaram. It means that the Pandya rulers under Manavikrama during their 
exodus carried along with them the Thevarm of Meenakshi Devi along with them. Yet another evidence 
for their Pandya connection is the official royal seal and signature of the kings of Poonjar which inscribes 
Madhura Meenakshi Thuna (Madurai Meenakshi is the help). Still another evidence of the Pandya 
connection of the rulers of Poonjar is the existence of Karyalas who were appointed by the Raja of 
Poonjar in the Pandya Mandala. The descendants of these Karayalas are there in Pandyamandalam 
even today. In addition to that there is a special pooja in the Meenakshi temple at Madurai on the 
Chithrapournami of Kanni month for the well-being of the Kulasekhara Perumal and his descendants. 

The architectural style of the royal palace and the Meenakshi temple also portrays the Pandya 
connection. A close study of the pillars and the decorations on the sealing of the present royal palace also 
will reveal Pandya architectural style. 

There are so many people, in the Gudallur area of Tamilnadu where the Pandyas during their 
Diaspora had a sojourn, who even now obey them. A few years back also a few people from Gudallur 
area came for the blessings of the Raja of Poonjar so that they could get good rains in their area. All the 
above factors point to the fact that the Rajas of Poonjar were the descendants of the Pandya dynasty of 
Tamilnadu. 

The circumstances that led to the fleeing of the Pandya Royal family and their acculturation in 
Malabar are worth-mentioning. The Poonjar Royal family is believed to be the descendants of the Pandyas 
who migrated to Malabar under the leadership of Mana Vikrama Kulasekhara Perumal due to the incessant 
onslaughts in their homeland. Mana Vikrama who was defeated by the Chola kings, entrusted his 
kingdom to his brother Maravarman Sreevallabhan and left Madurai for Gudallur where he lived for quite 
sometime. Gudallur was made the capital of the territory comprising of areas between Periyakulam and 
Gudallur. Manvikraman, when he left Madurai had taken along with him the royal treasury also. 
Manavikraman might have the idea that the money could be used for buying land in Malabar. 

There are two traditions regarding the route and manner that the Pandya rulers reached Malabar. 
From Gudallur, according to a tradition, they wandered through Northern Kerala and at last reached the 
Raja of Edappaly who was very generous to help him. According to the tradition of the Poonjar royal 
family, they reached the Raja of Thekkumkur through the miraculous intercession of the Goddesses 
Meenakshi. The journey was through Kumaly, Vandiperiyar, Nallathanni, Kolahalamedu, Adukkam, 
Erattupetta, Palai, Kidangoor, Ettumanoor from where they proceeded to meet the Raja of Thekkumkur. 
Though we do not have any clear evidence as to the date of this migration, it is believed to have taken 
place in 1189 A.D. (364 K.E). The latter tradition seems to be more reliable. For, the passage to Malabar 
through the hilly regions of was easier than crossing over to Northern Malabar from Gudallur. In addition 
to that there is tradition about the existence of a mountainous route to Tamilnadu through the High 
Ranges of Kerala. 

According to the former tradition, after reaching Malabar, they wandered for quite some time 
enjoying the hospitality from various Rajas and Namboothiris. Later on they reached Edappalli, where 
Kulasekhara and his wife passed away entrusting their family members and kith and kin to the care and 
protection of the Raja of Edappally. The King of Edappaly helped them to settle down in an island of 
Cochin. 

Due to their interaction with the Malabar culture and the subsequent acculturation, these kings 
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gave up many of their Tamil cultural traits and adopted Kerala way of life. They adopted upanayana, 
Talikettukalyanam etc. Another important area which underwent change in their socio-cultural life is 
the mode of succession. The Pandya kings of Tamilnadu were following patriarchal system. Later on, in 
course of time, following the customs of the land, they also adopted the matrilineal system. 

They tried to increase their influence in Malabar through marriage alliances. There is reference 
to the marriage of one of the princesses of this dynasty with the Raja of Edappilly according to the laws 
and customs of sambandham. But after the death of the Raja, the new chief was unfriendly to her which 
in its turn led to her southward journey along with the members of her family. 

During their movement towards the south, they reached Vadakkumkur where they found favour 
with the Neyatttasseri Namboothiri and through him with the Vadkkumkur royal family. The Neyyattasseri 
Namboothiris became the patron of these fortune seekers. 

During the sojourn of Kulasekhara Perumal in Vadakkumkur, they got the news that the Poonjar 
area was available for purchase. Those areas were under the suzerainty of the Raja Tekkumkur. As was 
the custom in Malabar, a few Brhamins were sent as intermediaries by the Perumal to discuss the issue 
with the Raja of Tekkumkur. The matter was discussed by the people of the area who did not have any 
objection on this issue. The ministers of Thekkumkur and the Poonjar chief met subsequently to discuss 
the proposed deal and settled the terms of the transfer. Later on at a meeting of the Rajas of Thekkumkur 
and Poonjar, the territory of Poonjar was formally transferred to Manavikrama Kulasekhara Perumal 
with all rights and dignities and the transfer deed was engraved on a copper plate. A few important 
dignitaries like the Raja of Edappilly and some influential namboodiris were there to witness the deed. 
The coronation of the Poonjar Raja was subsequently done in Poonjar in the presence of the Raja of 
Thekkumkur. 

With a view to extending the kingdom, they purchased land from various lesser Rajas and chieftains 
like Thekkumkur, Erathodu Kaimal, Thazhathodu Kaimal, Arathott Kaimal etal.at various stages. Anjunadu 
and Kannan Devan Hill were acquired from the Keezhmalai Nadu in 1252. Thus with the purchase of 
Manjappara Hills from the Chengamanad Devaswom the kingdom was extended up to the Tamil region 
so as to get the area from Periyakulam to the boarders of Thekkumkur as an uninterrupted political unit. 
Thus by 1425, the Poonjar kingdom reached its zenith. 

Later on there said to have been a crisis in the Poonjar royal family. The original pandyan line of 
the royal family became extinct. As a result, the chiefs of Poonjar adopted the head of the Sarkara 
Kovilakom (A branch of the Cranganore Royal family) with the concurrence of the Raja of Thekkumkur. 

By 18th century, the Poonjar territory began to shrink due to various attacks. In 1758, Hyder Ali 
attacked the Pandyamandalam and captured places like Periyakulam, Theni, Cumbum fort etc. But with 
the help of Karthikathirunal of Travancore, those areas were recaptured. But Hyder Ali attacked again 
and conquered the Pandyamandalam up to Mangala Devi and even destroyed the Temple at Mangala 
Devi. As the king of Poonjar did not have a strong army, he had no other means than entering into an 
agreement with Hyder Ali. According to this agreement he gave back seven villages including 
Chiramanaloor, Panniyoor, and Gudallur. 

Following the death of Hyder Ali, Tippu Sultan attacked Pandyamandalam again. Joined with 
Travancore, the King of Poonjar took all precautions to face the attack of Tippu through Kumily side. 
When Tippu found that there was resistance he opted to pass to Malabar through the North. It has been 
said that the Poonjar and Travancore joined hands again to devise plans against Tippu. According to the 
tradition of the Poonjar royal family, the flood in the Periyar due to which Tippu had to regress was the 
creation of the above designs. It is said that the flood was due to the deliberate breaking of the 
Bhuthathankettu which was in the Kingdom of Poonjar. It was considered as a carefully designed project 
of Travancore and Poonjar. Thus the threat of Tippu was averted. 

But slowly the Pandymandalam of the Poonjar Raja were captured by the British and the British 
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were not ready to accept the ownership of the Raja of Poonjar over those areas. The Poonjar principality 
remained as a separate entity until the period of Marthanda Varma. Following the annexation of 
Vadakkumkur and Thekkumkur (1T49-51) Poonjar was also annexed to Travancore. By 1816, Poonjar 
was reduced to a chieftain under the Raja of Travancore. However, large tracts of lands in the High 
Ranges which the Raja of Poonjar had acquired in the fifteenth century, from Peermedu to Devikulam 
were under the possession of the Raja of Poonjar. It was from the Poonjar Raja that the English planters 
obtained large tracts in High Ranges for tea cultivation. The origin of the Kannan Devan Hill Plantation 
traces back to the agreement concluded between the Kerala Varma Valia Raja of Poonjar and John 
Daniel Monroe on July 11,1877. By 1900, Poonjar kingdom had become an edavaka only with 87 square 
mile. By 1957 these edavaka also disappeared. 

We do not get a genealogy of the Poonjar rulers as there are no mentions in the documents and 
deeds of the dynasty. Instead of the names, the deeds were signed with the traditional title of the king, 
that is, Poonjarudaya Kulasekhara Perumal Pandrakaryam. 

Though Poonjar was an independent kingdom, the suzerainty of the Raja of Thekkumkur was 
accepted by the rulers of Poonjar. For there are references to the permission obtained from the Raja of 
Thekkumkur by the Poonjar royal family on the occasion of the adoption of a heir from the Sarkara 
Kovilakom due to the extinction of a heir in Poonjar family. 

There was a council to advise the Raja on day-to-day affairs. In the council consisting of the 
influential people of the area the councillors were appointed irrespective of the religion. There is mention 
of a St. Thomas Christian in the council of the Raja of Poonjar during the sixteenth century. He was quite 
influential too. 

There was no freedom of religious conversions in Poonjar. Conversions were allowed only with 
the permission of the Raja of Poonjar who did not concede them easily. If it was not done with the prior 
permission of the Raja, their property could be confiscated. This was the general custom in Malabar 
during the medieval period. The Jornada do Arcebispo says that when the Portuguese wanted the 
conversion of the Malayarayas who were in the kingdom of Poonjar, they wanted the permission of the 
Raja of Poonjar in an ola lest the property of the converted should be confiscated by the king. To get the 
permission the Portuguese sought the help of the above mentioned influential St. Thomas Christian in the 
Council of the Raja. 

But this does not mean that the Rajas of Poonjar were intolerant to other religions. We find that 
the permission of the Raja was essential for building churches or other worshipping centres in the kingdom. 
They granted this permission abundantly. The land for building many Christian Churches including Poonj ar 
was given by the Rajas of Poonjar. 

One of the specialities of the kingdom of Poonjar was that it did not have a standing army till the 
later period of the dynasty. Unlike the general tendency there was no military involvement in the formation 
of the kingdom of Poonjar. The kingdom was purchased from various petty rulers and kaimals of Malabar. 
But there are references to some of the soldiers and police force that were there to maintain law and 
order in the empire. 

Another speciality of the rulers of the kingdom of Poonjar was that unlike many of the Rajas of 
Malabar, they were kshatriyas. For example the Zamorin of Calicut was a Nair. Caste restrictions 
were prevalent with full vigour in Poonjar. The King was not happy with the education of the lower 
castes. There are references in the descriptions of Rev. Henry Baker that the slaves who went to a 
school in between Mundakayam and Poonjar were given severe punishment so that they might abandon 
their Christian faith and education 

The land was entrusted with many jenmies who in their turn had to pay the land tax to the king. 
When the collection of tax became severe the jenmies were compelled either to sell or give the land on 
lease to individual cultivators1. In addition to that the royal family was willing to sell its land for the rich 
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cultivators. This opened new avenues of migrations and cultivation of land. Many influential and rich 
families purchased land from the above authorities. This led to the spread of agriculture and settlement of 
people from Meenachil and other areas to the hilly tracts of Poonjar. 

The main source of income for the Poonjar royal family was agriculture. As the kingdom did not 
have coastal lines, sea-bound commerce and foreign commerce were not there in Poonjar. But as the 
area had much hinterland, the only way to increase land revenue was the extension of cultivation. Cardamom 
was one of the principal cultivations of Poonjar high ranges and it was one of the much needed commodities 
from Poonjar. The Poonjar area, especially the mountainous tracts were apt for the cultivation of spices. 
There are mentions in some of the writers that the Poonjar area is best for the cultivation of cardamom. 
Therefore the only way for its economic stability was to increase agricultural activities. This led to the 
fragmentation of landed property in the area for the cultivators. 

The king had legislative, executive and judicial functions but it seems that the kingdom was not 
fully independent as we see the involvement of the Raja of Thekkumkur in the affairs of Poonjar. Yet 
another factor which indicates the same is that the kings of Poonjar never minted coins of their own. 
Instead they made use of the coins of Travancore in some of the transactions. Because of these factors 
the kingdom of Poonjar could be called as a petty kingdom administered by a petty ruler. 

This royal dynasty and kingdom continued till the 20th century perhaps specially on account of its 
Geographical position. But the kingdom began to shake due to the attack of the Muslim rulers like Hyder 
Ali and Tippu. Against such a backdrop Poonjar did not have any other option than joining hands with the 
Raja of Travancore. This alliance gave the final deathblow to the empire. 

Now the royal family is there in two thavazhis. One is Kanjiramattam Palace which now belongs 
to a Trust and the other is the old Poonjar Palace both of which are located in Poonjar. In short we can 
say that the kingdom of Poonjar was established by the Pandyas who had to flee from Madurai on 
account of the adverse condition in their homeland. One of the branches of the kingdom left for Pandalam 
and the other proceeded further to Poonjar. So they are considered to be the descendants of the Pandya 
dynasty. 

Secondly the manner of the acquisition of the kingdom is also worth mentioning that it was by 
way of purchase and there was no involvement of military action in this process. At the latter stage we 
find the presence of the forces in the kingdom which was mainly for the maintenance of peace and the 
security of the kingdom rather than the protection of the same. 

Thirdly the kingdom, may be because of its geographical position, did not have trade relations 
with foreign countries. But the hilly tract of Poonjar was one of the centres of cardamom production. 
Later on during the period of Manroe we find a shift towards the introduction of plantation industry 
especially that of tea in the hilly regions. So by this time we find two agricultural processes in Poonjar, viz. 
the fragmentation of the landed property for the cultivating migrants and the formation of plantation 
industries. 

As the kingdom was in the interiors and was protected by lofty mountain ranges, it did not have 
threat from the external powers. But the Tamil regions of Poonjar were quite vulnerable. Therefore the 
Raja of Poonjar paid great attention to the Tamil regions due to the potential attack of the Cholas, Malik 
Kaffir, Vijayanagara, the Naikas, Navab of Arkott, Hyderali, Tippu, the English and the French who were 
real threat in those areas. The Pandymandalam was attacked by Tippu and he conquered the areas from 
Dindugal up to Cumbum. But later on it was re-captured by Poonjar according to the instruction of Raja 
Kesava Das. 

Gradually Poonjar began to loose its territory and autonomy due to various invasions and alliances. 
When Marthanda Varma became the king, he conquered Chempakassery, Vadakkumkur and Thekkumkur. 
These rulers had acted against Marthanda Varma in the battle of Kayamkulam. He moved further and 
defeated Cochin. Later on they entered into a pact as result of which when Zamorin attacked Cochin he 

Media of Intellectual Reading and Research Of Researchers ̂ tiK^ 



MIRROR Vol.7 No.3-A December 2017 i^— 
Peer Refereed International Journal ISSN 2249-8117, UGC approved Journal (64272) 

was helped by Marthanda Varma. During the battle with Vadakkumkur and Thekkumkur, Poonjar helped 
Marthanda Varama. Pleased at this Thiruvithamkur maintained friendship with Poonjar. As a result even 
when Thekkumkur and Vadakkumkur were conquered Poonjar remained independent and in friendship 
with Marthanda Varma. 
CONCLUSION 

Thus Poonjar kingdom which came into being as a result of purchase of land remained as an 
independent kingdom for almost 600 years without much political and military turmoil mainly because of 
the geographical position of the empire. It had a unique administrative system of its own. The kingdom 
played a significant role in resisting the attack of Hyder Ali and Tippu. But in its attempt to survival it had 
to submit itself to the British and Travancore which ultimately led to the reduction of the king of Poonjar 
to a mere chieftain. 
BIBLIOGRAPHY 
Gon?alves, Diogo, S. J., Historia do Malavar (Hs. Goa 58 des Arch.Rom.S.I) edited by Josef Wicki S.J., Munster 

Westfalen, 1955 
Gopalakrishnan, P.K., Keralathinte Samskarika Charitram, Trivandrum, 1987 
Gouveia, Antonio de, Jornada do Arcebispo, Lisboa, 1988. (It was originally published from Coimbra in Portugal in 

1606) 
Menon , Sreedhara, A Survey of Kerala History, 
Menon, A. Sreedhara, ed., Kerala District Gazetteers: Kottayam, Trivandrum, 1975 
Menon, Padmanabha, Histoiy ofKerala, Vol.11, AES, New Dflhi, 1993, p. 86. 
Nellimukal, Samuel, Keralathile Samoohya Parivarthanam (Mai), Kottayam, 2003 
St. Mary's Forane Church Teekoy: Parish Directory 2005, Teekoy, 2005 
Valiyaraja, P. R. Ramavarma, Poonjar Rajakudumba Charitravalokanam, Kottayam, 1988 

Media of Intellectual Reading and Research Of Researchers ^tiK^ 



Globalization and the World
Social Forum: An Anti
Globalization Movement for the
Protection of Human Rights

- Sijo K. Manuel

74

































Aponogeton Undulatus Roxb.
(Aponogetonaceae), a new
addition to the flora of Kerala,
India

- Biju P., Josekutty E. J and
Jomy Augustine

90





Role of Women Workers in the
Plantation Sector of Kerala

- Sony Alias, James John

92











Historical Approach to the
Origin and Growth of Rubber
in the World with Special
Reference to the Cultural and
Archealogical factors.

- James John

97



l\l Hi LLLL̂LL 
Vol. 8 No.2 A - March 2018 ISSN 2249 - 8117 

Peer Refereed International Research 
Journal of Commerce, Management & Social Science 

UGC Approved Journal (No. 64272) 

Scholars Association of Kerala 
Ruby Villa, Kozha P.O. 

Kottayam Dist. Kerala-686640 



RROR Vol.8 No.2-A March 2018 — — 
Refereed International Journal ISSN 2249-8117, UGC approved Journal (64272) 

itorical Approach to the Origin and Growth of Rubber in the World 
with Special Reference to Cultural and Archaeological Factors 

Alias Mathew 
(Registration No. PH-D-CB - Jul 2014-0055) 

Research Scholar (History) 
Bharathiar University, Coimbatore Tamil Nadu 

E.mail aliasksta@gmail.com 

Dr. James John 
Research Guide in History 

(Guide ship No. HIS-GU 3135) 
Bharathiar University, Coimbatore Tamil Nadu 

(Asst. Professor, Department of History 
St. Thomas College, Pala, Kerala) 

ABSTRACT 
indispensability of rubber is undisputed in the contemporary world. The origin of the rubber plant 
be traced to be Brazilian Jungle. It was in 1770 that the first use of rubber was discovered, that can 

e led pencil marks. Hanissant and Manager, two French nationals paid more attention to the industrial 
of rubber. In Britain, Thomas Hancock is considered as the father of rubber based industry. Since 
D's development of rubber plantation industry has been very fast and in almost all the producing 
ltries. This articles gives more importance to the archaeological aspects of rubber in ancient American 
iisation. It also considers the aspects of civilisation through rubber in Kerala. 

INTRODUCTION 
Rubber is a tropical tree and its scientific name is 'Hevea brasiliensis'. It is a native of Amazon 

c in Brazil and adjoining countries, Ecuador and Colombia. The British scientist Joseph Priestlay is 
•edited with naming the Rubber of its attribute to erase pencil marks. It is a by-product of the cell 
abolism of many species of plants. It plays a vital role in the old and modern civilization. It was the 
overy of "vulcanization" in 1839 by the Good year that led to the greatly increased demand and the 
snsive exploitation of the wild Hevea trees in lower and upper Amazon. Hevea was taken from 
azon to south Asia (Sri Lanka) by the British Colonial office, where it was grown experimentally and 
r on as plantations, 
ly method of Processing Rubber 

Much of the Rubber going to Europe came from the Amazon basin of Brazil. It was harvested by 
:ing cuts in the bark of the main trunk with a small axe and collecting the latex which flowed from the 
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cut vessels. The latex was poured over a ball of coagulated Rubber from previous harvesting and them 
dried by smoking in what was already a well-appreciated technique for hardening and preserving Rubber. 
When the ball grew large enough from successive harvesting and smokings, it was sent to market. 
Rubber Industry 

First and foremost, the father of the Rubber industry was Thomas Hancock. He dissolved Rubber 
in turpentine and used the solution for coating cloth and other materials. But he found, as others had, that 
the solution left a sticky film of Rubber as it dried. Hancock had a baker's oven built to warm his 
masticated Rubber and pressed it into block of considerable size. 
Objectives of the study 

• To analyse and understand the origin and growth of rubber. 
• Understand the early methods of processing rubber. 
• To analyse the archaeological evidences of rubber. 
• Find out the place of rubber in ancient and modern life through beliefs and myths and how it 

changes the human life style. 
• Analyse the civilisation through rubber in Kerala 

History Culture and Archaeology 
Archaeology offers a unique perspective on human history and culture that has contributed 

greatly to our understanding of both the ancient and the recent past. Archaeology helps us understand not 
only were and when people lived on the earth, but also why and how they have lived. Archaeology allows 
us to travel far back into the time before written languages existed and to glimpse the lives of everyday 
people through analysis of things they made and left behind. Archaeology is the only field of study that 
covers all times period and all geographic regions inhabited by humans. 

Prehistoric archaeology focuses on past cultures that did not have written language and therefore 
relies primarily on excavation or data recovery to removal culture evidence. Historical archaeology is the 
study of cultures that existed during the period of recovered history several thousands of year in parts of 
the old world. 
Ancient Rubber and its Archaeological evidence 

Ancient Rubber was made from latex of the Rubber tree (Castilla dastica) which is indigenous to 
the tropical areas of Southern Mexico and Central America. Archaeological evidence indicates that 
Rubber was already in use in Mesoamerica by the Early Formative Period. A dozen balls were found and 
dated to roughly 1600 BCE. 3000 years later, Rubber was being exported from the tropical zones to sites 
all over Mesoamerica. Both Aztecs and the Maya culture, the Rubber latex that flowed from the tree 
represented blood and semen. Rubber was there fore symbolic of fertility and was often burned, buried 
(fortunately for archaeology) laid in a sacrificial pool as an offering to various deities. Various sizes of 
solid Rubber balls are used in Mesoamerican ball game. The exact sizes or weights of the balls actually 
used in the ball game are not known. The sizes varied according to the ball game version played ie hip-
ball, hand-ball, stick ball etc. Archaeologist Laura Filloy Nadal compiled the following details of the balls. 

Ball Struck with Ball Diameter Ball Weight 
Hip 20 cm 3-4 kg 
Heavy bat Unavailable 500-600g 
Forearm 11 cm 500g 
Heavy glove 8-10 cm 170-280 g 

It is therefore assumed by most researchers that the ancient hip-ball was roughly the size of a 
volley ball and weighed between 3-4 kg. So it is 15 times heavier than the air filled volley ball of now-a-
days. The images of skulls superimposed on balls found on several Maya artifacts have led several 
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researchers to suggest that skulls of the sacrificial victims are wrapped with Rubber to create hollow 
balls. Other than these images, however, there is no evidence to support such an assertion. 

Though the exact rules of the game are not known, it is generally believed that the game was 
played more or less like today's volleyball. Players wore helmets, pads and thick protective yokes around 
their mid-section and kept the ball in play by hitting it off their heps. The Mesoamerican ball game makes 
its first appearance among the Olmec around 1500 BC, in the Central Gulf Coast of Mexico, an area 
known at the time for latex production. Many balls have been discovered in the region as part of burials 
and as ritual offerings at shrines, suggesting the balls and other ball game account rements were sign of 
status or wealth. 

Ball game in ancient Mayan Civilization 
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Hosier, Tarkanian and former collegue Sandra Burkett had already discovered in 1999 how 
ancient civilizations such as the Maya and Olmec created Rubber by blending sap from local latex trees. 
They claim the Mesoamericans producing different Rubber for different products. According to them a 
three-to-one compound creates the most durable rubber, ideal for making sandals. Though no original 
sandals have ever been discovered in that time. There is also clear linguistic evidence. The Mexica used 
a compound word that combines the words for 'rubber' and 'sandals'. 
Aspects of civilization through rubber in Kerala 

The human culture changed in the primitive society with the emergence of agriculture. In the 
same way changes will happen in the society with the changes in the agricultural pattern and crops. 
Agricultural plugs a vital role in economy and the lives of people. 

Civilization through rubber is a wide subject to study. Here try to find out the cultural factors of 
rubber in Kerala perspective. In 1902 and 1903 the British started rubber plantations in different parts of 
Kerala. During the twentieth century rubber plantations were extended for wide Kerala, either in large 
scale or in small scale. In Travancore the banks of Periyar, Konny and Mundakkayam; in Kochi Palappilly 
and in Malabar Thamarassery became dominant on rubber cultivation in this period. 

According to the changes in farming the life style of the cultivators especially the tribes, also 
changed. These changes form an interesting aree of study. The Rubber Board conducted several 
programmes among the tribes to understand the importance of Rubber cultivation. From 1968 onwards 
Rubber cultivation is being undertaken in tribal settlements with the help of the Rubber Board. This 
scheme introduced in Kollam and Thiruvananthapuram districts were extended to other districts. It was 
started in the tribal settlements of Idukki during the year 1992. After the introduction of Rubber, the life 
style of the tribal community in Idukki has changed. The changes occurred in education, dress code, 
construction of houses and all other realms of life. No other community makes such a dramatic change 
in a short period by the cultivation of a crop. So the study about the magical effect of Rubber among the 
tribal settlements is more important. 

Not only in the tribal settlements but also the other areas of our state, the living style of people 
may changed. So many Rubber related industries flourished in the state. Now Rubber plantations from 
the most commercialized sub sector of the agricultural sector. Modern management techniques and 
practices are effective in plantation industry. Rubber is used as the basic raw material in many industries. 
Kerala producers as much as 94% of the total production of natural Rubber in the country, So the living 
style of Kerala Society is much indebted to the Rubber Plantations of the State. 
CONCLUSION 

Every society is undergoing endless changes. It mostly depends upon the economics status of 
the people. The economic uplift leads to social and cultural changes. The myths and beliefs may sometimes 
help the growth of the society. The archaeological evidences of rubber prove it. 
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ABSTRACT 
In Idukki agriculture is the main pursuit of the people. Beside this, the plantation like rubber, cardamom, 
coffee, tea and other cash crops enrich the economy and eco-tourism. The history of plantation in Idukki 
district begins with the advent of European planters. Kerala varma, the Raja of Poonjar sold 227 sq. 
miles of Kannan Devan hills to John Danial Monroe, a British planter. For the development of plantation 
in Idukki, planters started roads and other transport facilities were organized. Kannan Devan Hill Planters 
tea factory was started early in Idukki, following this, rubber plantation, cardamom plantation, coffee and 
tea plantation developed slowly. The plantation provides employment opportunities for a large number of 
people from various parts of Kerala and Tamil Nadu and also boosted the economy of the state. The 
state Agricultural Department's data shows that at any time, the price of any cash crops could tumble, 
pushing growers into deep social and financial crises. Idukki is one of the most nature rich areas of 
Kerala and also considered as a tourist paradise. Idukki offers diverse attraction like wildlife sanctuaries, 
hill stations, dams, spices plantation tour, mountain trek, elephant ride ect. Tourism in Idukki brings social, 
economic and cultural changes among the people. In further the eco-tourism in Idukki district very close 
to the plantation Industry, if the price falls of plantation crops causes for the decline of eco- tourism in 
Idukki. Due to the promotion of eco-tourism and plantation in Idukki district help for the cultural and 
economic exchange. 

INTRODUCTION 
India is a leading country in area and production of plantation crops. Kerala is legendary land of 

plantation and spice crops. Plantation sector has been a key sector in exporting earning and employment 
generation. The total share of export earnings in the plantation sector declined over the years even today. 
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As a tourist destination, Idukki offers diverse attractions like wildlife sanctuaries, hill stations, dams, 
spices plantation tours, elephant ride etc. The cool climate in the district also makes it popular among the 
tourists, both foreigners and local people. The crisis in the plantation sector affects the tourism in Idukki. 
Kerala's history is closely linked with its commerce, which in turn was wholly dependent until recent 
times on its spice trade. Kerala was known for its spice and travelers around the world journeyed here to 
trade and to gain control over the rich land. It is believed that the spice trade dates back to three thousand 
years. Pepper still remains the king of Kerala's spices but Idukki also has a very rich produce in cardamom, 
cinnamon, nutmeg, mace, ginger and turmeric. As in the past, Idukki continues to be the spice capital of 
the world. The plantation sector in Kerala particularly tea, cardamom etc. is undergoing one of the worst 
crisis in the recent times, caused by dwindling commodity price and rising cost of production. The price 
fall has hit the high range region in Idukki district in Kerala; affect both corporate plantations and individual 
planters. 

Objectives of the Study 
• To trace the development of plantation and eco-tourism in Idukki district 
• To understand the crisis in plantation affect the eco-tourism in Idukki 
• To identify the maj or problems faced by the plantation sector in Idukki 

Eco- Tourism In Idukki District 
Idukki one of the important tourist destination in the world. Compare to other district of Kerala 

Idukki is the front runner of eco-tourism probable. Number of factors distinct Idukki from other mainstream 
destinations. Firstly the position of the Sahya Ranges, the boundaries of this district covered with the 
highest peak mountains and the large area of forest land. Plenty of sanctuaries and national parks and 
most of them arrange tours, jungle walk and safari for tourist. In Idukki the spectacular view is the 
Munnar hill station, specialized dairy farm, lush green carpet of tea. The cool climate of this dstrict also 
influenced foreigners as well as the local people. It is an experience to traveling to Idukki, offers a great 
combination of traditional and modern comforts. The brightly coloured flowers and tall green trees with 
their thick foliage create a good experience for nature lovers. 
Major Problems Faced by the Plantation Sector in Idukki 

The major plantation crops of high range regions of Idukki district in Kerala is cardamom and 
tea. Today this sector faces severe threats to survival. The two main taluks like Peerumade and 
Udumbanchola lying at the south and north of Idukki district are tea areas. While the Udumbanchola 
taluk in the Middle East of the cardamom area. The present crisis greatly affected over a lakh of families 
of laboures, small agriculture farmers and planters etc. The major share of foreign exchange earnings of 
Kerala state contribution by the high range areas of Idukki. The plantation crops like pepper, cardamom, 
tea that grew in the high ranges. In pre-independence period Travancore rulers gave special attention to 
high ranges division and to ensure effective measures to the collection and marketing of spices. The 
current crisis had affected such a vast population including labourrs, traders, planters, tourist and all other 
section of the society. The important crises of plantation industry are. 
(1) Price Fall of Plantation Crops 

The immediate Manifestation of the crisis related to the price of these crops. The studies indicated 
that the integration with world market under globalization has resulted in drastic increase in the volatility 
in the price of these crops because of the instantaneous transmission of price in the world market to the 
domestic market. Under Free Trade Agreement is another cause for the price fall, it also led to strengthened 
international completion. The price of all the plantation crops under consideration has been a downward 
trend during the last four to five years. Global recession and Mullaperiyar issues took their role and 
international tourists in 2009 are estimated to have dropped down by 2%. 
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(2) Impact of climate changes 
The climate change is one of the most important factors influencing year to year plantation crop 

production in Idukki district. The effort were made to study the impact on macro and micro climate 
factors in cardamom ecosystem in the high range of Idukki. The impact of climate change in CHR 
comprising of Udumbanchola, Devikulam and Peermade Taluks for a period of two decades (1990-1999, 
2000-2009). The climate change influenced the cropping pattern of tea. World tea crop suggest that all 
the tea growing nations are experiencing adverse climate weather conditions resulting in lower production. 
Environmental factors like sunlight, moisture and temperature play a crucial role in the growth pattern of 
coffee. Even a slight deviation from the normal pattern can have great impact on the yields of coffee. 
(3) Issues of Plantation Worker's 

The working and living condition of the plantation worker's especially women with low wages. 
They live in one room line houses with no sanitation and basic facilities like drinking water. There are no 
medical facilities. Tue chemicals used in plantation estates which may affect their health. Proper education 
is not providing to the children. The absent of trade union to represent their problem to the management. 
Due to absent of trade union the management turned their estate in to mini empires. They denied the 
minimum wages and also default in the worker's payment. The Plantation Labour Act (PLA) 1951 
which regulates the working and living condition of worker's. It also prescribes standards for housing, 
health care and education regulates, working hours, overtime payment, child labour, paid leave and sickness 
of state to implement the Act. 
(4) Issue of Plantation Sector management 

Failure of Management is a big problem, they did not plough back a part of the profit they made 
during the boom years for replantation and modernization, nor did they set up reserve fund for the time of 
crisis. Often non- professional managers have failed to innovate, control cost or adhere to good practices 
like proper pruning, periodic uprooting and replanting. The crisis in the plantation sector is due to falling 
commodity price and other allied ills. Since the trade liberalization Indian industry has to compete with 
international market. 
(5) Shortages of Skilled and Unskilled Labours 

The plantation sector in Idukki district is experiencing a severe shortage of skilled and unskilled 
laborers. Those affected mainly the estate and unorganized farmers who depend on seasonal laborers 
especially for sowing and harvesting cash corps. Currently there is competition between estate for worker's 
when the harvesting season approaches and those who offer higher wages get the seasonal laborers. 
(6) Migrations of Labors 

Idukki has recorded the highest total work participation rate as per both 1991 and 2001 censuses. 
The wide spread implementation of various poverty alleviation programms like IRDP, JRY, TRYSEM, 
etc. Another crisis the traditional labors mostly from Tamilnadu, either returned to their village or migrated 
to neighboring district. The women labours are mainly employed for plucking tea leaves and harvesting 
cardamom, men workers are employed for pepper harvest and on coffee estate. The low production and 
low price for pepper cannot employ workers who demands over 150 a day. The severe shortages are the 
rise in the cost of living in the state compared to that in Tamilnadu. Now the labour quarters on the tea 
estates and in cardamom and coffee plantation are lying vacant. When the National Rural Employment 
Guarantee Programme (NREGP) was implemented many workers choose it reducing their number in 
the plantation sector. 
Proposals for the survival of plantation sector 
• Plantation crops to be given status of food crops or agriculture crops and note that of commercial 

crops. The current crisis of low price will be solved if people can carry it freely from Kerala to other 
state without any hindrances from tax officials. 
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• Electricity tariff of irrigation and drying is in the commercial rate. Subsidies rate should be implemented 
as in the case of other agricultural produces. 

• Promotion of new farming methods to reduce cost. Innovation in machinery, material and procedures 
to reduce the cost of plantation cultivation and promoted grants. Subsidies and incentives should be 
granted to individual and organization. 

• Eco - tourism to be promoted in well organized and professionally managed manner in plantation 
area to provide additional income to farmers. 

• Revisiting the structure and role of commodity board - establishment of commodity boards under the 
ministry of commerce for crops like tea, coffee, National rubber and spices with focus on export 
oriented or import substituting production could be considered as an appropriate institutional intervention 
at that point of time. 

• Subsidies and incentives to be given to be individual and organization in producing bio-fertilizers and 
pest control agents. Facilities for testing and certifying quality of such products should be provided 
with in the state. Agricultural university and research centers at universities and college must be 
entrusted with such work. 

• The crop insurance announced by GOI must be provided to all the farmers irrespective whether they 
have taken from bankers or not. The crop insurance shall be for each farmer's survey number. 

• The price stabilization fond should be enhanced and effectively made use of to support the growers 
when crashes. 

• It is proposed to have a separate agriculture budget in the parliament in the budget allocation for 
farmers and agriculture must be based on their population 55%. 

• Present schemes and incentives for poverty alleviation have to be relooked at by the state and the 
central government. In order to ensure supply of labour to the plantations. 

• Training, skill up- gradation and welfare measures for addressing man power shortage. 
• Strengthen extension wing of the commodity boards to disseminate the support and service at farm 

level. 
• There shall be adequate representation of grower's organization in the wage negotiating committee. 

In addition to the Proposals for the survival of plantation sector .1 know that some adequate 
measures implement in plantation sector such as. Higher position is always on spices production, insufficient 
storage facilities, lack of proper post - harvesting handling techniques, making of co-operative societies 
at village level, taluk level that will avoid involvement of middlemen, introduction of crop insurance 
facility, opening of processing units at village level. 
How to develop eco- tourism in idukki district 

• Transport Facility Air: Nearest airports are Kochi and Madurai. Rail: No railway track in Idukki. 
Road: Idukki is well connected by roads. There are six state highways passing through the 
district. 

• Accommodation Facilities in Idukki Accommodation facilities here include hotels and home stays. 
Hotels are run both by KTDC and private persons. 

• To provide livelihood opportunities to local community through their involvement in services delivery 
through ecotourism. 

• To facilitate the viability and performance of ecotourism enterprises and activities through effective 
marketing, education and training 

• Should have participation of the local stakeholders (host community). 
• Should be ecologically, socially, culturally and economically sustainable 
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CONCLUSION 
So plantation industry and eco- tourism co related, if the plantation industry face crisis it also affect 

the eco- tourism. So we must protect the environment and its natural resources for the future generation. 
The success of ecotourism in Idukki district only through the balance between environment and local 
people. Due to the price fall of plantation crops advisedly affect the eco-tourism in Idukki, for example 
Peermade is the famous plantation town otherwise known as Kerala's Own Ooty, the price fall causes 
for the decline of foreigner's visited this place for the last four years. That is why I conclude that the 
government takes initiative to maintained plantation industry for the development of eco-tourism in Idukki. 
REFERENCES 
Joshi, B. D., Marketing of Pepper in India, India Marketing and Inspection, Nagpur, 1968. 
Jain, N. K., Rahman, F., Baker Peter, Economic Crisis in Tea Industry, Published by Studium Press LLC, Houston, 

2008 
Nagoor, B. H., "Trade Aspect ofPlantation Sector of India, K.M., Impact ofFuture Markets on Prices of Plantation 

Crops the India Experience", Discussion Paper No.8, National Research Programme on Plantation 
Development(NRPPD), Published by Center for Development Studies, Thiruvananthapuram, 2010. 

Nair, K. N., Narayana, D., & Sivanandan, P., Ecology or Economic in Cardamom Development, Published by Oxford 
IBH Publishing Co. Pvt. Ltd & Centre for Development Studies, Thiruvananthapuram, 1989. 

Nampoothiri, K. U. K., Parthasarathy, V. A., Menon, A. R .S., & Khan, H. H., A Compendium ofPlantation Crops of 
Kerala Challenges and Option, Published by State Committee on Science Technology and Environment, 
Thiruvananthapuram, 1999. 

Rajasenan, D., "Livelihood and Employment of Work's in Rubber and Spices Plantation", Discussion Paper N0.6, 
National Research Programme on Plantation Development (NRPPD), Published by Center for Development 
Studies, Thiruvananthapuram, 2010. 

Singh, Jitendra, Spices and Plantation Crops, Aavishkar Publication, Jaipur, 2008. 
Shanmugavelu, K. G, Kumar, N., & Peter, K. V., Production Technology of Spices and Plantation Crops, AGKOBIOS 

Publishers, Jodhpur,2008. 
Singh, S. P., Production Management of Spices, Agrihortica publication, Gujarath, 2007 
Shivekumar, K. M., "Impact ofFuture Markets on Prices ofPlantation Crops the India Experience", Discussion 

Paper No.24, National Research Programme on Plantation Development (NRPPD), Published by Center for 
Development Studies, Ttvm., 2013. 

Viswanathan P.K., Shah Amita, Has Indian Plantation Sector Weathered the Crisis A Critical Assessment of Tea 
Plantation Industry in the Post Reforms context, Gujarath Institute of Development Research. Working 
Paper Series No.216, April 2013. 

Media of Intellectual Reading and Research Of Researchers 



Scope of Eco-Friendly Agro
Tourism in the Plantation
Sector with Special Reference
to Idukki District of Kerala

- Alias Mathew, James John

110



















Generalized Inference for the
Overlapping Coefficient of two
Pareto Distributions

- Sibil Jose, Seemon Thomas

119



 

 

 

International Journal of Computational and Theoretical Statistics  
ISSN (2210-1519)  

Int. J. Comp. Theo.  Stat. 5, No. 2 (Nov-2018)  
 

 

E-mail address: sibiljose60@yahoo.com, seemonpala@rediffmail.com 

http://journals.uob.edu.bh 

 

Generalized Inference for the Overlapping 

Coefficientof two Pareto Distributions 
 

Sibil Jose
1 
and

  
 Seemon Thomas

2 

 
                      1

Department of Statistics, St. George's College Aruvithura, Kottayam, Kerala, India. 
  2

Department of Statistics, St. Thomas College Pala, Kottayam, Kerala, India. 
 

Received March 2, 2018, Revised August 2, 2018, Accepted September 4, 2018. Published November 1, 2018 

 

 

Abstract: This paper introduces a new method, called GPQ method, for the computation of overlapping coefficient of two Pareto 

distributions. Expected lengths and coverage probabilities of the confidence intervals are also calculated using the generalized pivotal 

quantity. The comparison of the method is done with the best available method, that is, bootstrap percentile method. The general 

performance of the proposed method is better than the existing methods. An illustrative example is also presented. 

 

Keywords: Pareto distribution, Overlapping coefficient, Generalized pivotal quantity, Percentile bootstrap, Coverage probability. 

  

1. INTRODUCTION  

 Overlapping coefficient (OVL) is a statistical measure used to measure the degree of overlap between two statistical 

populations. It is the common area under two probability density functions. Reference [1] measured the overlap of 

income distributions of White and Negro families in the United States using the formula: 

                                     OVL=
1 2min{f (x),f (x)}dx  (1) 

where  f1(.) and f2(.) are the respective probability densities of the populations. Obviously, the value of OVL ranges 

from 0 to 1, where a value 0 indicates that there is no overlap or similarity and a value 1 indicates that the two 

populations are identical or coincident. If the characteristic under consideration is discrete in nature, the integral in (1) 

can be replaced with summation. In the literature one can find other measures of OVL, see for example, [2], [3], [4] and 

[5]. Reference [6] used the concept of OVL in testing the equality of two Pareto distributions. 

  

A researcher often wants to study the similarity of distribution of income in two populations. Pareto 

distribution is a heavy tailed distribution that is a good choice for modeling income above a threshold value. It is a good 

choice in insurance applications for modeling extreme loss.  Reference [7] summarises the distribution of top incomes 

in the UK using Pareto models.  

 

When the probability distribution under consideration contains two or more parameters conventional inference 

procedures may not be applicable as one cannot find a statistic that is free of these parameters. Usually, OVL is a 

function of two or more parameters and hence the statistic for OVL consists of nuisance parameters. So conventional 

methods based on sufficient statistics are not available and hence it is necessary to consider alternative methods to deal 

with the inference of OVL. In this study we apply the method of Generalized Pivotal Quantity (GPQ) proposed by [8] 

and [9] to obtain confidence interval for OVL of two Pareto distributions. Reference [10] constructed generalized 

confidence intervals for the OVL of two normal distributions with equal variance. Reference [11] constructed 

generalized lower confidence limit for the reliability function of two parameter exponential distribution.  

http://dx.doi.org/10.12785/ijcts/050205 
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2. OVL OF ONE-PARAMETER PARETO DISTRIBUTIONS 

Consider two Pareto distributions with the following probability density function: 

( 1 )
; 1, 0

( )
0;
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i i
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x x
f x

elsewhere

    
 


 

for i=1,2. Parameter i is the shape parameter (‘tail index’) describing the heaviness of the right tail of the distribution, 

with smaller values corresponding to greater tail heaviness. We shall denote the OVL defined in (1) by ρ and one can 

obtain the expression for ρ in this case as given below: 
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where r=/2. It is obvious that ρ= 1 if r=1. 

A. GPQ Method 

Let Xij, j=1,2,…,ni, i=1,2 be two independent random samples of sizes n1 and n2 taken from two independent 

Pareto populations with parameters  and  2  respectively. 
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for i=1,2. One can see that Ui’s are independent chi-square random variables with 2ni degrees of freedom, i=1,2. 

According to substitution method by [12], the corresponding GPQ for the parameter αi is the following: 
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; i=1,2.               (3) 

Note that (3) is independent of nuisance parameters and its observed value is the parameter itself. Thus the GPQ of the 

OVL, ρ can be obtained by substituting (3) in (2). 

B. Bootstrap Percentile Method 

In percentile bootstrap method we shall first generate b bootstrap samples, say X1*, …,Xb*. In the next 

step estimate OVL values 
*

1̂ , …, 
*ˆ

b . Then identify 100(α/2)
th   

and 100(1-(/2))
th
  percentiles of the ̂ *   

as 

the percentile points of ρ and those points are taken to be the respective lower and upper limits of a 100(1 -
α)% confidence interval for ρ. 

C. Simulation Study 

TABLE 1 gives the estimated coverage probabilities of the confidence intervals using the GPQ and the percentile 

bootstrap methods for the OVL of two Pareto distributions. The 95% nominal level confidence interval is constructed 

for different sample sizes and parameter values. Numerical results are obtained using 10,000 simulated samples and are 

computed using R codes. For each simulated sample, 10,000 values of the GPQ are generated in order to compute the 

confidence limits and for the bootstrap method 10,000 parametric bootstrap samples are generated. It can be observed 

that GPQ based confidence intervals provide much better coverage for most of the sample sizes. If the value of ρ is 

large, then the expected length of the GPQ intervals is found to be smaller than that of the percentile bootstrap intervals 

for almost all sample sizes.   
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TABLE 1.  COVERAGE PROBABILITIES AND EXPECTED LENGTHS IN ONE PARAMETER CASE 

3. OVL OF TWO PARAMETER PARETO DISTRIBUTIONS  

Let us consider two independent Pareto distributions with the following probability density function: 
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for i=1,2. The point of intersection of the two probability density functions is the following: 

1 21

2

1
( )

1 1
0

2 2

x

 



 

 

  
   

  
if   x0(max( 

Then the OVL of the two probability density functions can be expressed as follows: 

 

On simplification the final expression for ρ reduces to: 

 

Parameters (n1,n2) 

GPQ Method Bootstrap Percentile Method 

Coverage Length Coverage Length 

 (2,4) 0.9626 0.6590 0.9609 0.7183 

α1=1 (5,5) 0.9515 0.5195 0.9517 0.5196 

 (10,10) 0.9476 0.3628 0.9471 0.3628 

α2=10 (10,20) 0.9529 0.3080 0.9475 0.3227 

 (20,20) 0.9481 0.2515 0.9478 0.2516 

ρ = 0.3030 (20,30) 0.9460 0.2280 0.9445 0.2318 

 (50,50) 0.9488 0.1568 0.9495 0.1569 

 (50,100) 0.9523 0.1351 0.9507 0.1364 

 (100,100) 0.9505 0.1103 0.9506 0.1103 

 (100,200) 0.9543 0.0953 0.9499 0.0958 

 (2,4) 0.9765 0.7617 0.9937 0.7398 

α1=2 (5,5) 0.9751 0.5953 0.9749 0.5953 

 (10,10) 0.9514 0.4590 0.9464 0.4171 

α2=5 (10,20) 0.9625 0.4583 0.9742 0.5018 

 (20,20) 0.9483 0.3921 0.9479 0.3921 

ρ = 0.6743 (20,30) 0.9464 0.3635 0.9449 0.3637 

 (50,50) 0.9486 0.2590 0.9500 0.2590 

 (50,100) 0.9527 0.2244 0.9510 0.2253 

 (100,100) 0.9506 0.1834 0.9507 0.1834 

 (100,200) 0.9542 0.1589 0.9538 0.1592 

 (2,4) 0.9430 0.7399 0.9490 0.7311 

α1=4 (5,5) 0.9609 0.5831 0.9607 0.5835 

 (10,10) 0.9686 0.4358 0.9692 0.4380 

α2=5 (10,20) 0.9721 0.3916 0.9827 0.3814 

 (20,20) 0.9755 0.3288 0.9748 0.3239 

ρ = 0.9180 (20,30) 0.9742 0.3019 0.9798 0.2924 

 (50,50) 0.9753 0.2208 0.9763 0.2209 

 (50,100) 0.9762 0.1990 0.9743 0.2095 

 (100,100) 0.9743 0.1695 0.9706 0.1563 

 (100,200) 0.9765 0.1533 0.9804 0.1461 
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Let Xij, j=1,2,…,ni, i=1,2 be two independent random samples of sizes n1 and n2 taken from two independent Pareto 

populations. Let Xi(1) be the smallest observation in the i
th

 sample. Then the estimators of the parameters are the 

following (see [13]): 
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Note that Ui s are chi-square random variables with 2(ni− 1) degrees of freedom and Vi s are also chi-square random 

variables with 2 degrees of freedom. Then the GPQs of the parameters can be expressed as follows: 
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,  i= 1,2.                  (6)                                                        

Note that the probability distributions of (5) and (6) are free of nuisance parameters and their observed values are the 

respective parameters. Now the GPQ of ρ, say Tρ, is obtained by substituting (5) and (6) in (4) according as Tβ1 > Tβ2 or 

Tβ1 < Tβ2 as the case may be. Then the 100(α/2)
th   

and 100(1-(/2))
th
  percentile values of Tρ   will be the respective 

lower and upper limits of the 100(1 − α)% generalized confidence interval for ρ.  

A. Simulation Study 

TABLE 2 gives the results of a simulation study conducted to assess the performance of GPQ and percentile 

bootstrap methods in computing the coverage probabilities and expected length of the confidence intervals for  The 

study is conducted for two different values of ρ. For each simulated sample, 10,000 values of the GPQ are generated in 

order to compute the confidence limits and for the bootstrap method, 10,000 parametric bootstrap samples are 

generated. It can be observed that GPQ method provide confidence intervals having much better coverage for ρ and 

shortest expected length. 
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TABLE 2. COVERAGE PROBABILITIES AND EXPECTED LENGTHS IN TWO PARAMETER CASE 

Parameters (n1,n2) 

GPQ Method  Bootstrap perc. Method 

Tail Coverage  Tail Coverage  

Equal Left Right Length Equal Left Right Length 

α1=3,  β1=2 (20,20) 0.9674 0 0.0323 0.1782 0.9373 0.0046 0.0581 0.3245 

α2=2,  β2=1 (20,30) 0.9658 0 0.0342 0.1735 0.9246 0.0030 0.0724 0.2825 

 =0.2477  (50,50) 0.9591 0.0002 0.0407 0.1387 0.9386 0.0105 0.0509 0.2245 

  (50,100) 0.9658 0.0004 0.0338 0.1136 0.9406 0.0063 0.0531 0.1717 

  (100,100) 0.9521 0.0076 0.0403 0.1123 0.9480 0.0067 0.0453 0.1447 

=1, β1=1 (20,20) 0.9452 0.0002 0.0546 0.2227 0.9581 0.0270 0.0149 0.3324 

2, β2=2 (20,30) 0.9579 0.0012 0.0409 0.1825 0.9471 0.0411 0.0118 0.3323 

 =0.4375  (50,50) 0.9467 0.0072 0.0461 0.1118 0.9454 0.0246 0.030 0.2052 

 (50,100) 0.9555 0.0099 0.0346 0.0967 0.9457 0.0333 0.0210 0.1912 

 (100,100) 0.9484 0.0135 0.0381 0.0807 0.9433 0.0268 0.0299 0.1471 

4. EXAMPLE 

To illustrate the method let us consider the data on the district wise per capita income of two states in India, 

namely, Kerala and Uttarakhand, for the financial year 2013-14. The values of 14 districts in Kerala are 114495, 84900, 

104243, 104424, 114708 , 151210, 96647, 79552, 71727, 82243, 72909, 93906, 65216, 98246 and the values of 13 

districts in Uttarakhand are 59791, 90173, 85156, 122804, 91708, 69401, 79981, 86699, 105960, 68730 , 72922, 

122172, 115543. The Kolmogrov-Smirnov one sample test is used to check whether the data sets follow Pareto 

distribution. The maximum likelihood estimates of the parameters α1  and β1 of Pareto distribution for the first data set 

are 2.8129 and 65216 repectively.. The value of K-S test statistic is 0.2128 against the table value of 0.314 

corresponding to 5% level of significance. The maximum likelihood estimates of the parameters α2 and β2 for the second 

data set are 2.5964 and 59791 respectively. The value of K-S test statistic obtained in this case is 0.2224 and the table 

value is 0.325 corresponding to 5% level of significance. Thus both the data sets follow Pareto distribution. The 

estimated value of the OVL of the two distributions is 0.7966 and the 95% confidence interval based on GPQ is 

(0.5555, 0.9035). Of course, an economist can make several inferences about these two populations based on the value 

of OVL. 
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INTRODUCTION 
 
 
 
 

The genus Sonerila Roxb. is mostly distributed in the tropical 
Asia and represented by about 175 species (Lundin & 
Nordenstam, 2009, Deepikakumari & Pandurangan,2014
members are mostly herbaceous, and are found along the wet 
places in grasslands, streams, rocks before summer. In India 
the genus is represented by 52 species (Deepikakumari & 
Pandurangan, 2016) among which a good number are found in 
the Western Ghats. Recently a few species has been described 
newly from South India including S. raghaviana 
(2013).The species was so far collected only from two 
localities from the Thalacauvery Hills of Coorg District of 
Karnataka. In 2015, during an exploration trip to Paithalmala 
of Kannur District, Kerala, the authors collec
specimens from the grasslands. The detailed study confirmed it 
as S. raghaviana Ratheesh et al and is reported as addition to 
the flora of Kerala. 
 

Taxonomy 
 

Sonerila raghaviana Ratheesh, Sunil, Nandakumar &
Int. J. of Advanced Research 2:10 772-777. 2013.
 

Scapigerous herbs, c. 12 cm high. Rhizome  short, leaves 
radical, 3-5 per plant, orbicular, 3.5-6x 3.3-
acute, base cordate, margin serrate, pilose hispid above, 
glabrous except veins below, basally 7-nerved, impressed 
above, raised below, pinkish below; petiole 3
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                             A B S T R A C T  
 

Sonerila raghaviana a recently described species from the state of Karnataka is collected 
from Paithalmala, Kerala is reported as a new addition to the flora of Kerala. Brief 
description along with notes on habitat, distribution, conservation status are provided along 
with colour image. 

 
 

Roxb. is mostly distributed in the tropical 
Asia and represented by about 175 species (Lundin & 

Pandurangan,2014). The 
members are mostly herbaceous, and are found along the wet 

n grasslands, streams, rocks before summer. In India 
(Deepikakumari & 

Pandurangan, 2016) among which a good number are found in 
the Western Ghats. Recently a few species has been described 

S. raghaviana Ratheesh et al 
(2013).The species was so far collected only from two 
localities from the Thalacauvery Hills of Coorg District of 
Karnataka. In 2015, during an exploration trip to Paithalmala 
of Kannur District, Kerala, the authors collected Sonerila 
specimens from the grasslands. The detailed study confirmed it 

and is reported as addition to 

Ratheesh, Sunil, Nandakumar & Shaju, 
777. 2013. 

Scapigerous herbs, c. 12 cm high. Rhizome  short, leaves 
-5.5 cm, apex sub-

acute, base cordate, margin serrate, pilose hispid above, 
nerved, impressed 
3-5 cm long,  

sparsely hispid, pinkish. Scapes 1
tetragonous, glandular hispid, deep pink; flowers c.  1.8 cm 
across, in scorpioid cymes, 10-
long, thick, villous, terete. Hypanthium urn shap
glandular bristly, 3-5x2-3 mm, ridged, greenish pink; lobes 3, 
triangular c. 1x1.5 mm, apex acute, glandular hispid. Petals 3, 
obovate, 8-10x 6-7 mm, apex mucronate, glabrous above, 
midrib with few glandular bristles below, pinkish
Stamens 3, filaments 3-4 mm long, glabrous, p
2 mm long, bright yellow, base sagitate, acuminate. Ovary 
trilocular, placenta swollen axile, ovules many; style 5
long, glabrous; stigma capitate, deep purple, rugose. Capsules 
urn shaped, 4-6 mm long, prominently ridged, densely 
glandular bristly, greenish. Seeds many, ovate
brownish. 
 

Specimen examined: 1643, 29.08.2015, Paithalmala, Kannur 
District, Kerala, India, ±1060 m, coll. Josekutty & J. 
Augustine (deposited at St. Thomas College Herbarium, Pala, 
Kottayam (STCP) (Figure 1)  
 

Distribution: India: Karnataka
(present report); endemic to Western Ghats.
 

Habitat: Occasional in grasslands, usually around isolated 
rocks.  
 

Flowering and Fruiting: July-September
 

Notes 
 

Sonerila raghaviana Ratheesh 
Ghats and show highly restricted distribution. They are mostly 
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Sonerila raghaviana a recently described species from the state of Karnataka is collected 
from Paithalmala, Kerala is reported as a new addition to the flora of Kerala. Brief 

distribution, conservation status are provided along 

y hispid, pinkish. Scapes 1-3, 6-10 cm long, 
tetragonous, glandular hispid, deep pink; flowers c.  1.8 cm 

-14, pedicellate, pedicel c. 5 mm 
long, thick, villous, terete. Hypanthium urn shaped, dense 

mm, ridged, greenish pink; lobes 3, 
triangular c. 1x1.5 mm, apex acute, glandular hispid. Petals 3, 

7 mm, apex mucronate, glabrous above, 
midrib with few glandular bristles below, pinkish-rose. 

4 mm long, glabrous, pinkish; anther c. 
2 mm long, bright yellow, base sagitate, acuminate. Ovary 
trilocular, placenta swollen axile, ovules many; style 5-6 mm 
long, glabrous; stigma capitate, deep purple, rugose. Capsules 

mm long, prominently ridged, densely 
andular bristly, greenish. Seeds many, ovate-oblong, 

1643, 29.08.2015, Paithalmala, Kannur 
District, Kerala, India, ±1060 m, coll. Josekutty & J. 
Augustine (deposited at St. Thomas College Herbarium, Pala, 

India: Karnataka (Coorg District) & Kerala 
(present report); endemic to Western Ghats. 

Occasional in grasslands, usually around isolated 

September 

Ratheesh et al is endemic to Western 
Ghats and show highly restricted distribution. They are mostly 
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This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 



Sonerila Raghaviana Ratheesh Et Al (Melastomataceae)

 

found along Brahmagiri ranges at higher altitudes in Karnataka 
(Thalacauvery (Type locality), Thadiantamol) at altitudes 
above 1000 m a. s. l. The present collection 
montane grasslands 1000 m a. s. l. in Paithalmala, Kannur 
District, Kerala. The habitat is subject to anthropogenic 
wildfires in summer and the plants around the rock margins 
and crevices alone survive. Since the species has restricted 
distribution under vulnerable habitats, the species can be 
considered threatened and need further study to evaluate the 
IUCN Status. 
 

 

Figure 1 Sonerila raghaviana Ratheesh et al
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Abstract: In this paper, we explore the application of hidden Markov model (HMM) in the modeling of agricultural price data. 

Normal hidden Markov model is fitted and compared with univariate autoregressive moving average (ARMA) model. The 

parameters of the model are estimated using EM algorithm and the sequence of hidden states are obtained based on the best fitted 

model. 
 

Keywords: Markov Process, Transition Probability Matrix, Stationary Distribution, Decoding

1. INTRODUCTION  

Agricultural prices are highly volatile as they are largely influenced by so many unpredictable and irregular factors 

that are random in nature. Presently the agricultural prices are determined by the domestic and international market 

forces. Therefore price forecasting is a challenging and difficult task due to the stochastic and irregular form of the 

price.  

 The two data sets considered in this study are the global monthly average price of banana during the period 

January 2011 to December 2016 and local price of banana during January 2013 to December 2017. During the past few 

decades, one of the most important and widely used time series model for price forecasting is the ARMA model which 

is based on normal distribution. The time series data of global and local banana prices have kurtosis less than that of a 

normal distribution. In this situation, we explore the possibility of applying hidden Markov model (HMM) in the 

modeling of banana price and compare it with ARMA model, the most commonly used model for the analysis of price 

data.  

2. HIDDEN MARKOV MODEL  

An HMM is a stochastic model with an underlying Markov process that is not directly observable. But the process 

can be observable through another stochastic process that depends on hidden states constitute a sequence of 

observations. The theory of HMM was introduced by [1] as an extension to the first order Markov process. In the late 

1980s and early 1990s, HMMs were introduced to computational sequence analysis [3] and applied HMM in DNA 

sequence analysis. HMMs have been widely used in modern continuous speech recognition systems [5], biological 

sequence analysis [4], speech recognition [8], computational finance [7] , gene prediction [6] etc. A description of 

parameter estimation of HMMs can be found in [2]. An elaborate discussion of the theory, application and computation 

of the HMMs are available in [10].  

In an HMM, the states are not directly visible, but the output depends on hidden states is observable. Let 

1,2,...}=:{ tSt  represents the unobserved parameter process satisfying Markov property. Let 1,2,...}=:{ tZt  is 

the state-dependent process such that, when tS  is known, the distribution of tZ  depends only on current state tS  and 

not on previous states.  

 Let )(zpi  be the probability density function of tZ  if the Markov chain is in the current state i  at time t .  
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where ))(,),((=)( 1 tutut mu  is the initial distribution of the Markov chain, )(zP  is the diagonal matrix with 
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diagonal element )(zpi  and 1 = 1)(1 . If )(tu  is the initial distribution and )(= ijΓ  is the transition probability 
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 and 0ij . Then the distribution at time 1t  can be given as 

follows:  

 .)(=1)( Γuu tt   

 If the Markov chain has stationary distribution )...( 1 mδ , then δδΓ =1t
 for all Nt  and hence  

 '.)(=)=( 1δPP zzZt  

If nzzz ,,, 21   is the observation sequence generated by an HMM and δ  be the initial distribution which is 

assumed to be  the same as the stationary distribution implied by the transition probability matrix Γ , then the 

likelihood function is the following:  

 

 .)()()(= '

21 1ΓPΓPδΓP nzzzL                           (1)      

 A.  Normal-HMM 

 Consider an m-state HMM with a Markov chain having transition probability matrix Γ , stationary distribution δ  

and univariate normal state dependent distribution  
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and 0>i . The parameters are estimated using EM algorithm. A detailed description of the iterative procedure 

involved in EM algorithm is available in [10]. The appropriate number of states m  is decided on the basis of Akaike 

information criterion (AIC) and Bayesian information criterion (BIC) values. AIC and BIC are defined as follows:  

nlogpLBIC

pLAIC





log2=

2log2=
 

where logL  is the log-likelihood of the model, p  is the number of parameters and n is the total number of 

observations. The mean and variance of the distribution ip  is given below.  
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 Using Viterbi algorithm, a decoding algorithm for finding the most likely sequence of hidden states conceived by 

[9], one can find the best state sequence with respect to the sequence of observations which maximize the likelihood 

function (1).  

3. MODELING OF BANANA PRICE  

A.  Global Price 

The data given in Table I is the monthly average global price of banana per metric tonne in 

USDollar during the period January 2011 to December 2016. The data is available at 

MPBANSOPUSDseriesorgstlouisfedfredhttps //..//: . 

 
TABLE I.  GLOBAL BANANA PRICES FROM JANUARY 2011 TO DECEMBER 2016 IN  USD/METRIC TONNE. 

   

Year Jan Feb Mar Apr May Jun 

2011 949.42 1013.12 994.17 1013.47 1022.10 986.31 

2012 942.99 1045.12 1151.43 1029.33 955.44 956.33 

2013 933.82 925.41 938.57 912.23 908.00 911.60 

2014 928.42 946.13 966.85 945.50 916.00 926.07 

2015 911.60 966.85 1045.96 1059.14 946.79 929.18 

2016 1011.25 1052.35 1020.90 998.09 987.57 993.22 

 Jul Aug Sep Oct Nov Dec 

2011 964.22 960.25 945.50 956.33 959.32 946.76 

2012 966.85 954.84 966.85 959.04 937.34 945.80 

2013 925.41 937.60 939.23 936.82 922.13 925.41 

2014 930.82 961.59 925.41 922.41 904.70 908.60 

2015 938.33 956.66 951.78 933.58 932.32 932.32 

2016 1004.67 1051.53 1013.31 976.39 959.94 959.94 

 
The autocorrelation function (ACF) of the data given in Table 1 is given in Fig. 1. 

 
Figure 1. ACF of Global Price  

 

The banana price series has a kurtosis of 2.7021 which is less than that of a normal distribution. In addition, the 

price series shows serial correlation for the first lag. In this situation, we model the price data using normal mixture 

models, assuming both independent observations and Markov dependent mixture models, known as normal-HMM. Let 

us fit normal-HMM with two, three and four states and Box-Jenkin's ARMA model to the data. Fitting of a normal-
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HMM involves estimation of δ , μ  ,σ  and Γ  by maximising the likelihood function (1). AIC and BIC values of each 

fitted model are given in Table II.  
     

TABLE II.         COMPARISON OF FITTED MODELS BY AIC AND BIC. 
 

Model - log L AIC BIC 

2-state HMM 345.8483 701.6966 713.0799 

3-state HMM 332.8115 687.6230 712.6664 

4-state HMM 330.7309 699.4618 742.7185 

ARMA(1,1) 347.8700 703.7400 712.8400 

  

On comparing AIC and BIC values one can see that 3-state normal-HMM is the best fitted model. For the fitted 3-

state normal-HMM, the estimate of the transition probability matrix Γ  obtained is the following:  

  

 Γ  = 





















0.80390.19610.0000

0.11590.64910.2350

0.05680.11130.8319

 . 

 The corresponding estimates of δ  , μ  and σ  are shown in Table III. 

 

            TABLE III.       STATIONARY DISTRIBUTION AND PARAMETERS OF 3-STATE NORMAL-HMM. 
 

   Parameter   State 1   State 2   State 3 

 δ    0.4119   0.2946   0.2935  

μ    927.6933  956.1636  1020.9425 

σ    12.1558   7.8888   39.2086 

 

The mean and variance of 3-state normal-HMM computed using equations (2) are 963.4493 and 2042.8030 

respectively. Note that these values are very close to the sample mean 963.2601 and  sample variance 2040.2260 .  

 Prediction of the most likely sequence of Markov states given the observed data set (decoding) of 3-state normal-

HMM is done using Viterbi algorithm and is given in Table IV.  

  
TABLE IV.  THE MOST LIKELY SEQUENCE OF HIDDEN STATES OF 3-STATE NORMAL-HMM. 

 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2011 2 3 3 3 3 3 2 2 2 2 2 2 

2012 2 3 3 3 2 2 2 2 2 2 1 1 

2013 1 1 1 1 1 1 1 1 1 1 1 1 

2014 1 2 2 2 1 1 1 2 1 1 1 1 

2015 1 2 2 3 2 1 1 2 2 1 1 1 

2016 3 3 3 3 3 3 3 3 3 3 2 2 

 

The state predictions of banana prices in the months of the year 2017 based on 3-state normal-HMM is given in 

Table V.  

 
 

TABLE V.       STATE PREDICTION USING 3-STATE HMM: THE PROBABILITY THAT THEMARKOV CHAIN 

WILL BE IN A GIVEN STATE IN THE SPECIFIED MONTH OF 2017. 
  

 Year 2017  Jan  Feb  Mar  Apr  May  Jun  

State=1  0.2011  0.2997  0.3513  0.3795  0.3956  0.4051  

State=2  0.5888  0.4154  0.3362  0.2994  0.2818  0.2732  

State=3  0.2101  0.2849  0.3125  0.3211  0.3226  0.3217 
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  Jul  Aug  Sept  Oct  Nov  Dec  

State=1  0.4109  0.4150  0.4168  0.4183  0.4192  0.4198 

State=2  0.2688  0.2664  0.2651  0.2644  0.2639  0.2637 

State=3  0.3203  0.3191  0.3181  0.3173  0.3169  0.3165  

  

B.    Local Price 

 Let us consider the maximum of monthly banana prices per 100 kg of our own local market, namely Pala, during 

the period January 2013 to December 2017. The data is available at ingovagmarknethttp ..//:  and given in Table 

VI.  
 

TABLE VI.     LOCAL BANANA PRICES FROM JANUARY 2013 TO DECEMBER 2017 IN  RUPEES/100 KG. 

Year Jan Feb Mar Apr May Jun 

2013 4200 4200 4300 4200 3600 4600 

2014 4200 3400 3000 3400 3400 3400 

2015 4400 3800 3800 3200 3800 3800 

2016 3400 3600 3600 5400 5400 6400 

2017 5800 5800 4800 5200 4700 4700 

 Jul Aug Sep Oct Nov Dec 

2013 5400 5800 6000 5600 5400 4400 

2014 3800 6400 6800 6800 5000 4600 

2015 3800 5200 5400 4400 3800 3800 

2016 6800 7400 7400 4000 4400 4400 

2017 4400 6000 6800 5000 5000 4500 

 

The autocorrelation function (ACF) of the data given in Table 3.2.1 is given in Fig. 2.  

 
Figure 2. ACF of Local price  

 

Here also we fit normal-HMM with two, three and four states and Box-Jenkin's ARMA model. AIC and BIC values 

of the fitted models are given in Table VII.  

  
 TABLE VII.    COMPARISON OF FITTED MODELS BY AIC AND BIC. 

 

  Model   - log L   AIC   BIC  

 2-state HMM   488.8214   989.6428   1002.1145  

3-state HMM   474.1935   972.3870   997.5191  

4-state HMM   468.1055   976.2111   1018.0980  

ARMA(2,1)   483.5400   977.0900   987.5600  

  

 AIC value selects 3-state HMM whereas BIC selects ARMA model for the data. The transition probability matrix 

  for the fitted 3-state normal-HMM is the following:  

 



 

 

24  Joshni George & Seemon Thomas: Modeling of Agricultural Price Data Using Hidden Markov Model 

 

 

http://journals.uob.edu.bh 

 Γ  = 





















0.83760.16240.0000

0.11610.51480.3691

0.21010.00000.7899

 . 

 The corresponding estimates of δ , μ  and σ  are shown in Table VIII. 

 
TABLE VIII.            STATIONARY DISTRIBUTION AND PARAMETERS OF 3-STATE   NORMAL-HMM. 

 

Parameter State 1 State 2 State 3 

δ 0.3333 0.1667 0.5000 

μ 3569.791 4318.944 5630.15 

σ 239.6449 132.1290 885.4618 

 

The mean and standard deviation of 3-state normal-HMM computed using equation (2)  are 4724.854 and 1138.419 

respectively which are close to the sample mean 4733.333  and sample standard deviation 1135.956 . 

 Prediction of the most likely sequence of Markov states given the observed data set (decoding) of 3-state normal-

HMM is done using Viterbi algorithm and is given in Table IX.  

 
TABLE  IX.     THE MOST LIKELY SEQUENCE OF HIDDEN STATES OF 3-STATE NORMAL-HMM. 

   

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2013 2 2 2 2 1 3 3 3 3 3 3 2 

2014 2 1 1 1 1 1 1 3 3 3 3 3 

2015 2 1 1 1 1 1 1 3 3 2 1 1 

2016 1 1 1 1 3 3 3 3 3 2 2 2 

2017 3 3 3 3 3 3 3 3 3 3 3 3 

 

  The state predictions of banana prices in the months of the year 2018 based on 3-state normal-HMM is given in 

Table X.  

 
TABLE  X. STATE PREDICTION USING 3-STATE HMM: THE PROBABILITY THAT THE  MARKOV CHAIN WILL 

BE IN A GIVEN STATE IN THE SPECIFIED MONTH OF 2018. 

   

 Year 2018  Jan  Feb  Mar  Apr  May  Jun  

 State=1  0.1847  0.2646  0.3003  0.3168  0.3247  0.3287  

State=2  0.2690  0.2076  0.1830  0.1732  0.1693  0.1677  

State=3  0.5463  0.5278  0.5167  0.5100  0.5060  0.5036 

  Jul  Aug  Sept  Oct  Nov  Dec  

 State=1  0.3308  0.3319  0.3325  0.3328  0.3330  0.3332 

State=2  0.1671  0.1668  0.1667  0.1667  0.1667  0.1667 

State=3  0.5021  0.5013  0.5008  0.5005  0.5003  0.5001  

  

CONCLUSION 

  For the global banana price data, the best fitted model is found to be the 3-state normal-HMM having stationary 

distribution δ = (0.4119 0.2946 0.2935), state dependent mean vector μ = (927.6933 956.1636 1020.9425) and σ = 

(12.1558 7.8888 39.2086). On studying the Viterbi path of states of 3-state HMM in relation with the prices, it is found 

that state 1 corresponds to less than 940 USD, state 2 corresponds to price between 940 USD and 970 USD and state 3 

corresponds to more than 970 USD. From  Table V it can be seen that the probability that the Markov chain will be in 

state 2 is high for the months January and February and the probability is high for state 1 for the rest of the months.  

 The best fitted model for the local banana price is found to be the 3-state normal-HMM having stationary 

distribution δ = (0.3333 0.1667 0.5000), state dependent mean vector μ = (3569.7910 4318.9440 5630.15) and σ = 
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(239.6449 132.1290 885.4618). On studying the Viterbi path of states of 3-state HMM in relation with the local market 

prices, it is found that state 1 corresponds to less than 4000 rupees, state 2 corresponds to price between 4000 rupees 

and 4400 rupees and state 3 corresponds to more than 4400 rupees.  

 The present study reveals that HMMs can be effectively used to model and study the hidden factors (states) which 

affect the prices of agricultural commodities.   
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