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Abstract 

The larvicidal potential of the essential oil extracted from the leaves of four species of Pogostemon were evaluated against 

the fourth instar larvae of Aedes albopictus Skuse, the chikun gunya vector. The larvicidal activity of the essential oil at 

seven different concentrations (5, 10, 20, 25, 50, 100 and 200 ppm) was evaluated. GC-MS analysis of the test essential 

oils was also done. All the essential oils showed high larvicidal activity in 24 h exposure tests. Mortality rates were dosage 

dependent. Among the four species studied,   Pogostemon deccanensis showed maximum activity with an LC90 of 21.72 

ppm and LC50 of 6.00 ppm. This was followed by P. heyneanus and P. benghalensis. Considerable activity was also shown 

by P. auricularius, but was low when compared to the other three. Thus, the essential oils of all the four Pogostemon 

species used in this study seem to have potential larvicidal activity.   

© 2013 Universal Research Publications. All rights reserved 

Keywords: Lamiaceae; Pogostemon; essential oil; GC-MS; mosquito larvicidal 

1. Introduction 

In the last two decades, the use of chemical insecticides in 

mosquito control programmes has resulted in the instability 

of the environment, mosquito resistance, mosquito 

resurgences and are toxic to non-target organisms including 

natural enemies in the agriculture ecosystem [1]. This 

necessitates the development of an alternative method 

which involves the use of potential biocontrol agents or 

compounds isolated from the biological world. 

Botanical pesticides and essential oils are the essential 

alternatives for chemicals as they possess an array of 

chemicals that includes larvicidal, adulticidal and 

repellency activities against medically important vectors 

that transmit disease to humans [2]. 

Mosquitoes are one of the most important groups of insect 

vectors causing diseases to human beings. These organisms 

cause several diseases including dengue fever, filariasis, 

encephalitis, yellow fever and malaria. The most important 

pest and vector species belong to the genera Anopheles, 

Culex and Aedes. 

Aedes species are important vectors of yellow fever, 

dengue, encephalitis viruses and many other arboviruses. 

Dengue fever is an epidemic afflicting millions of people 

and causing thousands of deaths annually which is 

transmitted by Aedes species such as A. aegypti, A. 

albopictus etc. Aedes albopictus Skuse (Diptera: Culicidae) 

is an epidemiologically important vector for the 

transmission of many viral pathogens, including the West 

Nile virus, yellow fever virus, dengue virus, and 

chikungunya virus, as well as several filarial nematodes 

such as Dirofilaria immitis.
 
Aedes albopictus has proven to 

be very difficult to suppress and control due to their 

remarkable ability to adapt to various environments, their 

close contact with humans, and their effective reproductive 

biology.
 

Plant-derived products are extensively used as biologically 

active compounds. Recent research on insecticidal action of 

plant materials especially secondary metabolites and 

essential oils showed that they are eco-friendly, 

biodegradable and species specific [3, 4, 5, 6, 7]. Essential 

oils are natural volatile substances found in a variety of 

plants [8]. Essential oils can be used as an alternative to 

synthetic insecticides for vector control programmes.  

Several researchers have shown that plants belonging to the 

family Lamiaceae have larvicidal activities. Ethanol 

extracts of the aerial parts from five Labiatae (Lamiaceae) 

species showed considerable larvicidal activity when 

compared to the organophosphorus insecticide, temephos, 
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against the third and fourth instar larvae of Culex pipiens 

[9]. 

Cetin and Yanikoglu [10] investigated the insecticidal 

activity of essential oils from Origanum onites and O.  

minutiflorum against third and fourth instar larvae of Culex 

pipiens and they attributed this potential to carvacrol, the 

major constituent of these oils. 

The insecticidal properties of the essential oils of Mentha, 

Melissa and Salvia were screened on Culex pipiens larvae 

and the constituent piperitenone oxide was found to be 

highly active [11]. 

The toxicity of the plant Moschosma polystachyum was 

evaluated against early third instar larvae of Culex 

quinquefasciatus [12].  

Abbassy et al. [13] evaluated the insecticidal activity of the 

essential oil from leaves of Majorana hortensis oil, against 

the fourth instar larvae of Spodoptera littoralis and the 

adults of Aphis fabae. They found that the oil showed a 

remarkable toxic effect against S. littoralis larvae and A. 

fabae adults. 

Kovendan et al. [14] reported the potential of ethanolic 

extracts of Leucas aspera for controlling the malarial 

vector, A. stephensi. The repellent activities of the essential 

oils of Thymus and Mentha species against Ochlerotatus 

caspius were evaluated by Koc et al. [15]. 

The larvicidal potential of Pogostemon cablin was reported 

by Trongtokit et al [16]. The present investigation was 

carried out to evaluate the larvicidal efficacy of four 

species of Pogostemon (P. auricularius, P. benghalensis, P. 

heyneanus and P. deccanensis).  

2. Materials and Methods 

2.1. Collection of plant materials 
Four species of Pogostemon were used in this study viz., P. 

auricularius, P. benghalensis, P. heyneanus and P. 

deccanensis. The plant specimens were collected from 

Wayanad, Kannur and Kozhikode districts of Kerala. 

Botanical identity of these samples was confirmed by Dr A. 

K. Pradeep, Assistant Professor, Department of Botany, 

University of Calicut. Voucher specimens (CALI 123731, 

CALI 123730, CALI 123733 and CALI 123732) were 

deposited in Calicut University Herbarium (CALI).  

2.2. Extraction of essential oil 

Fresh leaves of the above four plants were separated and 

shade dried. To extract the volatile oil, a weight of 250 g 

each was separately subjected to hydro-distillation for 4 h 

at 60° C using a Clevenger apparatus. The essential oil was 

extracted with diethyl ether and was dried over anhydrous 

sodium sulphate, which was then stored at 4°C in amber 

coloured bottles. 

2.3. GC-MS analysis of the essential oil 

GC-MS analysis of the essential oils were carried on a 

Hewlett Packard (HP) 6890 GC interfaced with a Hewlett 

Packard 5973 Mass Selective Detector (MSD) system at 75 

eV at 250°C, equipped with a splitless injector. GC column 

used was a cross linked 5% phenyl methyl siloxane column 

HP-5 (DB5) and the carrier gas was Helium at a flow rate 

1.4 ml/min. Temperature programme  was set initially at 

60°C for  1 min and then heated at the rate of 3°C/ min to 

246°C. Runtime was 62 min. Quantification was performed 

using percentage peak area calculations and the 

identification of individual compounds was done using the 

NIST MS Search and literature survey. The relative 

concentration of each compound in essential oil was 

quantified based on the peak area integrated by the analysis 

program. 

2.4. Mosquito larvicidal assay 

The test organism was the fourth instar larvae of the 

mosquito Aedes albopictus, commonly called as tiger 

mosquito. These were reared in a dish containing water 

which was kept open. Decaying leaves and yeast granules 

were added to this. The dish was kept open until mosquito 

larvae appeared. Excess food was avoided to prevent the 

non specific death of the test organism. Larvae appeared in 

10-15 days and the dish was covered with a net to prevent 

the escape of adult mosquitoes. The silvery patch on the 

back of mesotonum serves to identify Aedes albopictus 

larvae from among others. These were collected and reared 

separately and all others were selectively destroyed. This 

yielded fourth instar larvae in 15-20 days which was used 

for the present study. 

The larvicidal activity of the oil was evaluated as per the 

method recommended by WHO [17]. A stock solution (10 

mg/ml of acetone) of each essential oil was prepared. The 

test concentrations were 200, 100, 50, 25, 20, 10 and 5 ppm 

of the essential oil, which were prepared by diluting the 

stocks with distilled water. Two controls were kept, one of 

acetone alone and one with distilled water alone. 

The fourth instar larvae were collected and introduced into 

the test solutions of varying concentrations (5-200 ppm) as 

well as to the controls. A minimum of ten larvae/ 

concentration were used for all the experiments, which 

were replicated five times.  The larval mortality was 

recorded after 24 hrs. The larvae were considered dead if 

they do not respond to gentle prodding with a fine needle.    

Mortality was  reported as LC50 and LC90, representing the 

concentrations in ppm with 50% and 90% larval mortality 

rate in 24h, respectively. The percentage mortality was 

calculated using the formula, 

Percentage of mortality =
Number of dead larvae

Number of larvae introduced
× 100 

2.5. Statistical analysis 

All data were subjected to statistical analyses using SPSS 

version 20. Data from mortality experiments were 

subjected to one way analysis of variance (ANOVA). LC50 

and LC90 values were determined using probit analysis. 

Results with P<0.05 were considered to be statistically 

significant. 

3. Results and discussion 

3.1. GC-MS analysis of the leaf essential oils 

Analysis of the essential oil from the above four species of 

Pogostemon revealed a complex mixture of constituents 

(Table 1). The oils represent mainly a mixture of 

monoterpenes and sesquiterpenes. The essential oil 

obtained from the leaves of P. auricularius had the 

sesquiterpene, valeranone as the major volatile component 

(57.7%), followed by the diterpene, cembrene, which 

constituted 11.1%. The essential oil also showed the 

presence of  sesquiterpenes like carypohyllene (3.0%), 

trans-nerolidol (2.28%) and  β-elemene (2.29%) and two 

sesquiterpene alcohols, α-cadinol (8.24%) and α-bisabolol  
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Table I. Constituents of the leaf essential oil of the four test plant species (GC-MS analysis) 

No Constituent RT 

Concentration (%) 

P
. 

a
u

ri
cu

la
ri

u
s 

P
.b

en
g
h

a
le

n
si

s 

P
.d

ec
ca

n
en

si
s 

P
.h

ey
n

ea
n

u
s 

1  -Terpinene 5.292 - 0.91 - - 

2 β –Cymene 5.829 - 1.02 - - 

3 β- Pinene 4.670 - - - 25.51 

4 Acetophenone 7.060 - - - 48.28 

5 β –Linalool 8.151 - 0.32 - - 

6 Borneol 10.371 - 0.50 - - 

7 L- Bornyl acetate 15.195 - 4.04 - - 

8  - Elemene 17.031 - 0.22 - - 

9 Di-epi-α- cedrene epoxide 19.242 - 0.39 - - 

10 Caryophyllene 20.228 3.0 2.27 6.84 2.85 

11 Bergamotene 21.031 - 1.13 - - 

12 Cedrene 21.344 - 1.11 - - 

13 α– Caryophyllene 21.534 - - 2.48 - 

14 β -cis-Farnesene 22.215 - 6.11 - - 

15  -Cadinene 23.002 - 11.17 10.05 - 

16 Di epi alpha cedrene 23.479 - 2.62 - - 

17 β- Bisabolene 24.219 - 8.40 - - 

18 δ –Cadinene 24.351 - - 4.01 - 

19 β-Sesquiphyllandrene 24.710 - 4.12 - - 

20 Trans- nerolidol 26.080 2.28 - - 18.07 

21 α-Cadinol 26.465 8.24 3.45 - - 

22 Caryophyllene oxide 26.486 - 1.62 3.85 - 

23 Cubenol 27.733 - - 2.23 - 

24 

1,5,6,7- 

Tetramethylbicyclo[3.2.0]hept-6-

en-3-one 

 

28.321 

 

8.51 

 

- 

 

- 

 

- 

25 τ- Cadinol 28.727 - - 30.33 - 

26 δ- Cadinol 29.040 - 23.06 - - 

27 Patchouli alcohol 29.07 - - - 3.68 

28 Valeranone 30.042 57.70 - - - 

29 α- Bisabolol 30.410 4.38 11.46 - - 

30 

2,4,6,7,8,8a—hexahydro 3,8-

dimethyl-4-(1-methylethylidene)-, 

(8S-cis)-5(1H)-azulenone 

 

 

30.748 

 

 

- 

 

 

4.92 

 

 

- 

 

 

1.61 

31 Dehydranone 31.577 - 26.66 - - 

32 

1,5-dimethyl-3-hydroxy-8-(1-

ethylene-2 hydroxyethyl-1)-

bicyclo[4.4.0] dec-5-ene 

 

 

32.309 

 

 

- 

 

 

4.42 

 

 

- 

 

 

- 

33 

4-(3,3-Dimethyl- 

but-1-ynyl)-4-hydroxy-2,6,6- 

trimethylcyclo 

hex-2-enone 

 

 

34.148 

 

 

- 

 

 

2.40 

 

 

- 

 

 

- 

34 Phytone 36.026 - - 2.99 - 

35 
3-Oxo-10(14) -epoxyguai-11(13)-en-

6,12-olide 
36.707 - 0.28 - - 

36 

2,2,7,7-Tetramethyl 

tricyclo[6.2.1.0(1,6)] undec-4-en-3-

one 

 

37.049 

 

- 

 

1.80 

 

- 

 

- 

37 

2-(4a,8-Dimethyl-2,3,4,4a,5,6-hexa 

hydro-naphthalen-2-yl) -prop-2-en-

1-ol 

 

38.326 

 

- 

 

0.30 

 

- 

 

- 
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38 Cembrene 38.546 11.10 - - - 

39 

3-hydroxy-6-isopropenyl-4,8a-

dimethyl-1,2,3,5,6,7,8, 8a-

octahydro naphthalen-2-yl 

acetic acid 

 

 

 

  38.698 

 

 

 

- 

 

 

 

- 

 

 

 

- 

 

 

 

- 

40 β – Elemene 39.400 2.29 - - - 

41 Trans-nuciferol 39.493 - 0.17 - - 

42 α –Terpinene 40.906 2.50 - - - 

43 
Tetrakis(1-methyl ethylidiene) 

cyclobutane 

 

41.062 

 

- 

 

1.07 

 

- 

 

- 

44 Geranyl linalool 41.819 - - 3.34 - 

45 Phytol 44.365 - 0.12 - - 

46 Sclareol 48.428 - - 7.22 - 

Table II. Lethal concentrations (with the corresponding 95% lower and upper confidence intervals) of the essential oils of 

four  Pogostemon species against the fourth instar larvae of A. albopictus. 

 

Plant 
LC50 

Confidence Limits 
LC90 

Confidence Limits Regression 

equation 
χ2 

Lower Upper Lower Upper 

P. auricularius 24.89 21.87 28.27 138.67 111.67 181.09 y= 7.92+ 0.10x 1.500 

P. deccanensis 6.00 4.77 7.15 21.72 18.31 27.11 y=18.45+ 0.05x 3.097 

P. benghalensis 9.35 8.03 10.64 37.09 31.64 45.24 y=15.33+0.06x 1.692 

P. heyneanus 7.53 6.52 8.50 23.92 20.83 28.40 y=17.26+0.05x 0.172 

Table III.  Mortalities (with standard error) caused by different concentrations of essential oils of the four Pogostemon 

species 

Plant 200ppm 100ppm 50ppm 25ppm 20ppm 10ppm 5ppm 

P. auricularius 23+2.23a 22.4+2.17a 18.4+2.15a 11.6+1.64a 8.8+1.37a 5.8+1.2a 4.2+1.38a 

P. deccanensis 25.0+0 b 25.0+0b 25.0+0b 24.6+2.23c 19.0+2.05c 17.4+2.21c 11.6+1.66c 

P. benghalensis 25.0+0b 25.0+0 b 25.0+0b 20.8+2.12b 15.8+2.10 b 13.6+2.11b 9.2+1.43b 

P. heyneanus 25.0+0b 25.0+0b 24.8+2.25b 23.8+2.21c 20.0+2.06 c 14.2+1.79bc 9.4+1.39bc 

Within columns, means followed by the same letter(s) are not significantly different at 5% level (P<0.05) by DMRT 

(4.38%). A monoterpene compound, α-terpinene (2.50%) 

and a ketone derivative, 1,5,6,7-tetramethylbicyclo [3.2.0] 

hept-6-en-3-one (8.51%) were also present. 

The essential oil analysis of P. benghalensis revealed the 

predominance of δ-cadinol (23.06%), followed by α-

bisabolol (11.46%) and -cadinene (11.17%). Other major 

sesquiterpenes in the leaf essential oil of P. benghalensis 

were β-cis-farnesene (6.11%), β-bisabolene (8.4%), β-

sesquiphyllandrene (4.12%), α-cadinol (3.45%), 

caryophyllene (2.27%), di epi α- cedrene (2.62%), 

caryophyllene oxide (1.62%), bergamotene (1.13%), 

cedrene (1.11%) and -elemene (0.22%). A diterpene 

alcohol, phytol was also present in trace amounts (0.12%). 

Monoterpenes were also present, though in small amounts. 

These include -terpinene (0.91%), β- cymene (1.02%), β-

linalool (0.32%) and borneol (0.5%). 

Sesquiterpenes like trans-nerolidol (18.07%), patchouli 

alcohol (3.68%) and caryophyllene (2.85%) and the 

monoterpene, β-pinene (25.51%) were the major 

constituents of P. heyneanus leaf essential oil.   

GC-MS analysis of P. deccanensis leaf essential oil showed 

the presence of sesquiterpenes such as caryophyllene 

(6.84%), α –caryophyllene (2.48%), - cadinene (10.05%), 

δ-cadinene (4.01%), caryophyllene oxide (3.85%), cubenol 

(2.23%), τ-cadenol (30.33%) and the diterpene alcohol, 

sclareol (7.22%).   

3.2. Effect of the test essential oils against Aedes 

albopictus larvae 

All the essential oils evaluated in this study were found to 

be effective against the fourth instar larvae of Aedes 

albopictus. The mean larval mortality rates (+ SE) induced 

by the different test concentrations are shown in Table 3. 

The effect on larval mortality was concentration dependent 

(Figure 1).  

 
Figure 1. Percentage of mortalities observed in Aedes 

albopictus larvae after treatment with essential oils from 

four species of Pogostemon 

The essential oils of all the four species induced 100% 

mortality at concentrations of 200 and 100 ppm and 
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therefore mortality rates were examined at lower 

concentrations of 50, 25, 20, 10 and 5 ppm. 

Even at   low   concentrations,   the essential  oil  from  P. 

 deccanensis showed high mortality rates with an LC50 of 

6.00 ppm and LC90, 21.72 ppm.  This was followed by P. 

heyneanus (LC50 7.53 ppm and LC90 23.92 ppm) and P. 

benghalensis (LC50, 9.35 ppm and LC90, 37.09 ppm). LC50 

and LC90 of P. auricularius were 24.89 ppm and 138.67 

ppm respectively. The LC50 and LC90 values, along with the 

regression equations are given in Table 2.  

The essential oil of P. deccanensis was the most effective, 

inducing 100 % mortality at 200, 100 and 50 ppm. At 25 

ppm, 98.4% mortality was observed. The mortality 

percentages at 20, 10 and 5 ppm were 76, 69.6 and 46.64% 

respectively. 

P. benghalensis also induced 100% mortality at 200 and 

100 ppm. At 50 ppm the mortality percentage was 96.8% 

which was further reduced to 83.2% at 25 ppm and 63.2% 

at 20 ppm. 54.4% and 36.8% larvae were killed at 

concentrations of 10 and 5 ppm respectively. 

100% larval mortality was induced at concentrations 200 

and 100 ppm of the essential oil of P. heyneanus. At 50 

ppm the mortality was reduced to a negligible extent 

(99.2%). At 25 ppm and 20 ppm, the larval mortalities 

observed were 83.2 and 80 %. This was considerably 

reduced to 56.8 and 37.6% at 10 ppm and 5 ppm 

respectively.  

P. auricularius showed the least larvicidal potential among 

the four species studied. At 200 ppm, it caused 92 % larval 

mortality and a mortality percentage of 89.6 was observed 

at 100 ppm. The concentrations 50 ppm and 25 ppm caused 

a mortality of 73.6% and 46.4% respectively. The mortality 

percentages were very low at 20, 10 and 5 ppm (35.2%, 

23.2% and 16.8% respectively).  

4. Conclusions 

The essential oils obtained from the above four species of 

Pogostemon can be considered as effective larvicidal 

agents against the larvae of A. albopictus.  

 The larval mortality rates were dosage dependent, in all 

cases. All the species tested were found to be highly 

effective against the fourth instar larvae of Aedes 

albopictus, with P. deccanensis inducing the highest 

mortality followed by P. heyneanus and P. benghalensis 

which possessed nearly equal LC50 and LC90 values. 

Considerable activity was shown by P. auricularius also, 

but was low when compared to the other three. 

At 200, 100 and 50 ppm, P. deccanensis, P. benghalensis 

and P. heyneanus showed equivalent activity, but the 

activity of P. auricularius was significantly different. At 25 

and 20 ppm, P. deccanensis and P. heyneanus had no 

significant difference in their larvicidal potential whereas 

P. auricularius and P. benghalensis differed significantly. 

 For the concentration of 10 ppm, larvicidal activity was 

highest for P. deccanensis, whereas P. benghalensis and P. 

heyneanus showed no significant difference in their 

activities, but the mortality caused by P. auricularius was 

significantly lesser (at P<0.05). 

Analysis of the activity of these plants at 5ppm showed that 

P. auricularius had significantly lower values than the 

other three. The highest value was shown by P. 

deccanensis, which was the most effective in this 

concentration also. In the case of P. heyneanus, the values 

did not differ significantly from P. benghalensis and P. 

deccanensis. 

The differences in the toxicity of essential oils of these 

species against A. albopictus were due to both qualitative 

and quantitative variations of the components. Terpenoid 

compounds dominate the essential oil isolated from all 

these four Pogostemon species. Among these, 

sesquiterpenes occupy the major portion; therefore the 

larvicidal effect may be due to higher amount of 

sesquiterpenes. Several studies have shown that 

sesquiterpenoids possess significant larvicidal activity 

against A. albopictus [18, 19, 20]. 

The essential oils extracted from these plants constitute a 

rich source of bioactive compounds and thus may be 

considered as a safe alternative source for mosquito larval 

control agents in integrated management programmes. 

They are also valuable in the sense that they are 

biodegradable into nontoxic products and are thus 

environment-friendly. 
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ABSTRACT 
Pogostemon auricularius is an aromatic herb belonging to the family Lamiaceae. Objectives: In the present study we have utilized the Allium cepa root tip 

meristem model to evaluate the cytotoxic and antimitotic potential of P. auricularius. Methods: The roots of Allium cepa were exposed to different concentrations of 
the aqueous leaf extracts (0.01%, 0.05%, 0.1% and 0.5%), for four different time durations, using distilled water as the control. Results: Chromosome anomalies 
including formation of sticky chromosomes, chromosome bridges and several other metaphasic and anaphasic disorders were induced by all the extract 
concentrations. Conclusions: Mitotic index was found to be decreasing, which was concentration dependent. All the extracts induced lowering of the mitotic index 
when compared to the distilled water control. 
Keywords: Pogostemon auricularius, cytotoxicity, Allium cepa assay, aberrations, mitotic index. 
 
 
INTRODUCTION 

Medicinal plants continue to play an important role in the 

healthcare system of a significant portion of world 

population. There are several medicinal plants which are 

being widely used in the traditional systems of medicine for 

the prevention and treatment of diseases like cancer. Several 

plant derived compounds have been found to play 

significant role in the development of clinically useful anti-

cancer agents. 

Herbs have always been the principal form of medicine in 

India. In recent years the use of complimentary medicines has 

increased. Moreover, about 50% of all modern clinical drugs 

are derived from natural products. Some plants contain anti-

tumour compounds and such plant derived compounds can be 

used for the development of chemo-preventive agents 

against cancer. Plant substances continue to be a valuable 

source of drugs for the world population and several plant  

 

based drugs are in extensive clinical use. Agents capable of 

inhibiting cell proliferation, including apoptosis modulating 

signal transduction are currently used for the treatment of 

cancer (1). 

An assessment of cytotoxic and antimutagenic activity is 

necessary to understand their antiproliferative activity. 

Recent reports have suggested the use of several plant 

derived compounds as antitumour agents.  

Allium test is a sensitive test that has often been used for the 

determination of cytotoxic and/or genotoxic effects of 

various substances (2, 3).  Allium assay has been shown to have 

correlation with tests in other living systems and serve as an 

indicator of toxicity of the tested material (4). Allium cepa 

root tip meristems have been widely used for the evaluation 

of cytotoxicity, anti-mitotic activity, and genotoxicity, by 

employing the growing roots of A. cepa. Root meristematic 
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cells of A. cepa have been used extensively in screening of 

drugs to evaluate their antimitotic activity. 

The use of plant tissues, primarily root tip for studying the 

induction of chromosomal aberration is one of the oldest, 

simplest, most reliable and inexpensive method (5). The 

assessment of anti mitotic activity using A. cepa root 

meristematic cells has been used extensively in the screening 

of drugs with antimitotic activity. The division in these cells is 

similar to normal human cells and cancer cell division. Hence, 

these meristematic cells can be used for screening of drugs 

with potential human anticancer activity (6). 

Several authors have reported the cytotoxic activities of 

different medicinal plants (7-9). The cytotoxic potential of 

Pogostemon quadrifolius was evaluated by Ancy and Thoppil 
(10).   

P. auricularius is an aromatic herb and an oil rich taxon of the 

family Lamiaceae. There are no previous reports regarding 

the cytotoxic activities of this plant. The present study was 

therefore aimed at investigating the cytotoxic effects of the 

aqueous leaf extracts of the above said species using A. 

cepa root tip assay. 

MATERIALS AND METHODS 

Collection of plant materials 

An aromatic species of Pogostemon viz., P. auricularius, was 

used for the present investigation. The plants were collected 

from Wayanad district of Kerala. The identification and 

verification of the plants were done by Dr A. K. Pradeep, 

Assistant Professor, Department of Botany, University of 

Calicut. Voucher specimen was deposited at Calicut 

University Herbarium (CALI 123731).  

Preparation of leaf extracts 

The fresh leaves were collected and washed thoroughly with 

tap water and air dried at room temperature. It was then 

powdered and extracted with hot water by boiling for 30 

minutes to get the aqueous extract. This was then filtered to 

remove particulate matter. Distilled water was used as 

medium for dilution. 

Allium cepa assay 

The antimitotic activity of the test plant extract was screened 

using Allium cepa root tip meristematic cells which have been 

used extensively in the screening of drugs with antimitotic 

activity. The bulbs were germinated over water before 

being transferred to each of the test plant extracts. When 

the roots were about 5 mm long, the bulbs were placed on 

beakers containing the leaf extracts of four different 

concentrations (0.5%, 0.1%, 0.05% and 0.01%), such that 

the roots were immersed in the extracts. The duration of 

treatments for each extract was 2h, 1h and 30 minutes. The 

sprouted roots were also treated with distilled water, which 

served as control. The experimental set up had five 

replicates. 

The root tips were harvested after the treatment duration 

and fixed in Carnoy’s fluid (1 part of glacial acetic acid: 2 

parts of absolute alcohol). The root tips were hydrolysed in 

1N HCL for 5 minutes. The squashing was done over 2% 

aceto - orcein stain. The slides were then scanned under Leica 

DM 1000 trinocular research microscope and 

photomicrographs were taken.   

The numbers of cells, dividing and non- dividing, were 

recorded. Incidence of chromosome aberrations was 

calculated by expressing the number of aberrant cells as a 

percentage of total dividing cells for each treatment. Mitotic 

index was calculated by expressing the number of dividing 

cells as a percentage of total cells counted for each of the 

treatments and the control.                  
             Number of dividing cell   

Mitotic Index = --------------------------------- x 100 

                             Total number of cells 

 

Statistical Analysis  

The data were subjected to statistical analysis using analysis 

of variance followed by appropriate post-hoc tests. The 

means, with 95% confidence limits and the standard errors 

for results of the root inhibition and chromosome aberrations 

of each concentration of the extracts were calculated. Data 

were expressed as Mean ± Standard Error of Mean (SEM). 

P< 0.05 was considered to be statistically significant. All 

statistical analyses were carried out using SPSS 17.0 

statistical package. 

RESULTS AND DISCUSSION 

The results showed that the aqueous extract of the P. 

auricularius had excellent cytotoxic activity. Clastogenic 

abnormalities including nuclear lesions, chromosome bridges, 

and non clastogenic aberrations like ball metaphase, 

binucleate cell formation, stellate anaphase, chromosome 

laggards, equatorial separation, shift in microtubular  
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Fig. 1 Chromosomal aberrations caused by aqueous leaf extracts of P. auricularius A)Ball Metaphase B) Binucleate cell with 
one showing lesion C) Binucleate cell showing sticky Anaphase and Metaphase D)Chromosome bridges at Anaphase E) 
Chromosome gaps at Anaphase F) Chromosome laggards at Anaphase G) Cytoplasmic heteropyknosis H) Equatorial 
separation at Anaphase I) Heterochromasia J) Shift in MTOC at Cytokinesis K) Stathmo-Anaphase L) Stellate Anaphase M) 
Unequal grouping at Metaphase N) Unilateral Anaphase O) Multiple nuclear lesions in a giant cell 
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organizing centres, unilateral anaphase and stathmo 

anaphase were observed. Table 1 shows the data on the 

mitotic indices and the percentage of chromosome 

aberrations observed in A. cepa root tip cells treated with 

the aqueous leaf extracts of the test plant material. The 

mitotic indices of all the extract treated roots were 

significantly lower than that of the control. Also, the mitotic 

index values were observed to be decreasing with increasing 

concentrations of the extracts. The number of aberrant cells 

was also observed to be increasing with the concentration of 

extract. Cell division was normal in the root tips kept as 

control. A one way ANOVA showed that there was a 

significant effect of treatment on mitotic activity. Post-hoc 

analysis using Duncan’s multiple range test showed that the 

activity of all the different extracts were significant when 

compared with that of control. 

The chromosomal aberrations induced in the treated onion 

root cells were definitely caused by the chemical ingredients 

in the aqueous leaf extracts of the tested plant species, since 

such aberrations were not observed in the control. The 

observation of cells with laggards, chromosome gaps, and 

giant cells in the treated onion cells is an indication that the 

extract, especially at high concentrations, is capable of 

causing changes in chromosome number and structure. The 

reduction of the mitotic index might be explained as being 

due to the obstruction of the onset of prophase, the arrest of 

one or more mitotic phases, or the slowing of the rate of cell 

progression through mitosis (11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Earlier reports suggest that the presence of nuclear lesions 

and nuclear dissolution offer cytological evidence for the 

inhibitory action on DNA biosynthesis (12, 13). Ball metaphase 

results from the complete destruction of spindle fibres and a 

subsequent clumping of chromosomes into a tight ball. 

Separation of daughter chromosomes parallel to the equator 

rather than towards the poles is an acute aberrant condition 

that arises as a result of errors in mitotic spindle assembly 

and dynamics (14).  Chromosome bridges may be caused by 

stickiness of chromosomes which make their separation and 

free movements incomplete and thus they remain connected 

by bridges (15). 

Inhibition of cytokinesis following telophase is responsible for 

binucleated cell formation (16). The occurrence of lagging 

chromosomes was attributed to the hindrance of pro-

metaphase movement accompanied by adhesion of 

centromere to the nuclear membrane or to the surrounding 

surface of plasma membrane (17).  Chromosome bridges may 

arise due to stickiness or due to the formation of dicentric 

chromosomes by breakage and reunion (18). Stathmo-

anaphase may be due to the abnormal functioning of the 

spindle fibres (19).  

CONCLUSIONS  

Mitotic index is an acceptable measure of cytotoxicity in all 

living organisms (3). The cytotoxicity level can be determined 

by the decreased rate of mitotic index. Mitotic index was 

found to be decreasing with increasing extract concentration 

and duration of treatment.  Mitotic index observed in the 

Table 1: Effect of varying concentrations of P. auricularius leaf extracts on the mitotic index of Allium cepa root meristems 

and the percentage of chromosomal aberrations observed 

 

Concentration 

          

Mitotic index (+ SE) 

 

% of aberrant cells (+ SE) 

½ hr 1 hr 2 hr ½ hr 1 hr 2hr 

Control 24.25 + 0.25a 26.10 + 0.34a 27.56 + 0.05a 0a 0a 0a 

0.01 % 15.74 + 1.02b 15.06 + 0.30b 14.58 + 0.41b 39.16+1.32bc 41.81+0.56b 46.07+1.30b 

0.05 % 14.03 + 0.52bc 13.40+ 0.38bc 12.89 + 0.60c 36.03+0.75b 43.64+1.82bc 48.14+0.93bc 

0.1 % 12.74 + 0.79c 12.63 + 1.01bc 12.49 + 0.33c 39.50+1.86bc 48.32+1.61c 51.60+2.61c 

0.5 % 12.27+ 0.21c 12.06+ 0.46c 11.88 + 0.47c 42.88+2.88c 47.98+3.07c 62.85+1.91d 

Figures with different superscripts are statistically significant (p<0.05) (Duncan’s multiple range test) 
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treated root tip meristems were significantly different from 

the control group. Significant difference in the percentage of 

chromosomal aberrations was also observed in the test 

samples, when compared to the distilled water control. 

The decreased mitotic index values in the treated onion roots 

may be an indication of the presence of cytotoxic substances 

in the aqueous leaf extracts, which causes inhibition of mitotic 

activities, while the aberrant cells in the treated onion root 

tip meristems indicates genotoxic effects of the leaf extract 
(20). Reduction in the mitotic activity could be due to inhibition 

of DNA synthesis or a blocking in the G2 phase of the cell 

cycle, preventing the cell from entering mitosis (21). 

Chromosome aberrations were observed in all stages of 

mitosis. The abnormalities of chromosomes could be due to 

the blockage of DNA synthesis or inhibition of spindle 

formation. The cells of A. cepa root tips after treatment with 

extracts of P. auricularius showed decreased mitotic index 

with increasing extract concentration. The results of the 

present investigation suggest the potential use of P.  

auricularius as a therapeutic agent. The mitodepressive 

effects induced by this plant extract suggest that it has some 

effect on the cell division of A. cepa which may be due to the 

conditions induced by the chemical components of the 

extracts. These results also suggest that, although the plant 

has beneficial effects as medicinal herbs, it can cause harm 

and damage on cells if not used in appropriate dose and 

period. 

Further studies are required to isolate the compounds, 

responsible for the cytotoxic activity, from this plant and 

establish the antitumor activity of the isolated compounds in 

vivo and in vitro with different human cancer cell lines. More 

works are also essential to prove the specificity of this plant 

to be used as an anticancer agent. 
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ABSTRACT  

Objective: To investigate the genotoxic effects of two food additives, baking powder (BKP) and monosodium glutamate (MSG) using Allium cepa root 
tip cells as a test system.  

Methods: Roots of A. cepa were treated with four concentrations (0.01%, 0.05%, 0.1% and 0.5%) of these additives for different time durations (½h, 
1h, 2h and 3h).  

Results: Exposure to different concentrations of these chemicals showed an inhibitory effect on cell division in root tips of A. cepa and caused a 
general decline in mitotic index values. Additionally, a wide range of abnormal mitotic stages, both clastogenic and non-clastogenic were detected in 
treated cells when compared to the control. The total percentage of aberrations generally increased in a dose and time dependent manner. Among 
these, frequently observed chromosomal abnormalities were stickiness, chromosome fragments, polyploidy, disturbed meta and anaphases, 
laggards, ring chromosomes, chromosome bridges, multipolar anaphases, vagrant chromosomes etc.  

Conclusion: The results of the present study clearly prove the sensitivity of Allium test and hence substantiate its use as a cytogenetic assay to assess 
the genotoxic effects of chemicals that are consumed as food additives or preservatives. 

Keywords: Allium cepa, Baking powder, Chromosomal aberrations, Food additives, Monosodium glutamate, Mitotic index. 

 

INTRODUCTION 

Food additives are a large group of substances that are added to 
foods directly or indirectly either during the storage or processing of 
foods [1]. Diverse types of food additives serve different purposes 
such as preservatives, nutritional additives, flavouring agents, 
colouring agents, texturing agents etc. Baking powder (BKP) and 
Monosodium glutamate (MSG) are two widespread and regularly 
used food additives in a range of foods. MSG, known as a flavour 
enhancer, is commonly used particularly in West African and 
traditional Asian cuisine [2] and BKP, a texturing agent, is 
indispensable in baked foods and so is extensively used worldwide.  

MSG can be defined as the monosodium salt of the naturally 
occurring L-form of glutamic acid, produced by the hydrolysis of 
vegetable proteins. It elicits a unique fifth basic taste that is quite 
distinct from the tastes of sweet, bitter, salt and sour, referred to as 
‘umami’ [3]. The optimum concentration used is from 0.2 to 0.5% in 
normally salted food. Some of its names used in trade are Ajinomoto 
(most common), Glutacyl, RL-50, Vetsin, Chinese seasoning, Accent, 
Zest, Glutavene etc. Generally, MSG is accepted as a safe food 
additive that needs no specified average daily intake or an upper 
limit intake [4]. Ingestion of even large quantity of MSG did not 
present any adverse effect when taken with food [5]. There are 
however, divergent reports on the safety of the use of MSG in 
humans since there are many other studies that reveal MSG-induced 
toxicity as well [6-9]. An experimental study by Burde et al. [10] 
demonstrated that both subcutaneous injection and oral 
administration of MSG to immature rats and mice could damage the 
nerve cells of the hypothalamus. Mohammed [11] investigated the 
possible effects of MSG on the histology and ultra-structure of testes 
of the adult rats and found that MSG could induce severe damage in 
long term treatment. So the question of whether MSG is a harmless 
food additive remains highly controversial even now. 

BKP, used as a leavening agent, lightens the texture and increases 
the volume of baked foods. Most commercially available baking 
powders are made up of an alkaline component (sodium 
bicarbonate, also known as baking soda), one or more acid salts 
(either sodium aluminium sulphate or sodium aluminium 
phosphate) and an inert starch (corn starch mostly or potato starch). 
There are no significant reports on any toxicological evaluations of 
BKP recently. Baking powders have so far been found to be safe for 

consumption and no definitive correlation has scientifically been 
proved regarding the health problems arising from regular intake of 
BKP.  

The human population is continuously been exposed to a plethora of 
diverse chemicals, and this long term exposure can cause several 
deleterious effects on specific biomolecules. Among them, DNA 
alterations are known to be the early signs of damage in the affected 
organisms [12]. Though a considerable volume of work has been 
carried out in the past investigating the possible effects of MSG and 
BKP on humans and experimental animals, only limited information 
is available on the effects of these food additives on sensitive plant 
systems. A. cepa assay is now considered as one of the most efficient 
and cost effective approaches to determine the toxic potential of 
chemical compounds in the environment because of its high 
sensitivity and good correlation with the results of mammalian test 
systems [13]. Study of the effect of several chemicals on plant 
mitosis may provide valuable information in relation to possible 
genotoxicity in mammals and especially in humans [14]. So the 
present study was designed to investigate the effects of BKP and 
MSG on the mitotic index and the frequencies of chromosomal 
abnormalities in the root tip cells of A. cepa L., with a view to detect 
their mutagenic potential. 

MATERIALS AND METHODS 

Samples of BKP, MSG used were well known commercial products 
purchased from a local super market. They were dissolved in 
distilled water and diluted to obtain different concentrations           
(0.01%, 0.05%, 0.1% and 0.5%) of test solutions. Onion bulbs 
weighing 15-30 g were purchased freshly from local markets. The 
bulbs were carefully unscaled and the old roots were removed. They 
were then placed on top of small jars containing distilled water and 
were allowed to germinate for 36 hours at room temperature 
(25±2˚C). When the emerged roots were 1-2 cms long, the bulbs 
were treated with the series of concentrations of the two test 
substances for ½, 1, 2 and 3 h. The control group was treated with 
distilled water. 

After each treatment, a few healthy root tips excised from each bulb 
were fixed in ethanol/glacial acetic acid (2:1) fixative for 1 h. After 
hydrolysis in 1N HCl for 15 min at room temperature, mitotic squash 
preparations were made with improved techniques [15] using 2% 
acetocarmine. Two slides were made for each treatment and scoring 
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was done from five sites that were randomly selected from these 
slides to determine the mitotic index and the percentage of 
chromosomal aberrations. The mitotic index was calculated for each 
treatment as the number of cells in mitosis/total number of cells 
counted and expressed as percentage. The cells were also scored for 
cytological abnormalities and the percentage of chromosomal 
aberrations was measured as the ratio of number of aberrant cells to 
total number of cells observed. The relative frequency of the 
different aberrations at each dose was calculated. Preparations were 
scanned under Leica ICC 50 integrated camera attached to Leica DM 
500 research microscope. The most frequent abnormalities are 
shown in photomicrographs (Fig. 1).  

Statistical Analysis 

The data of mitotic index (MI) and chromosomal aberrations (CA) 
are represented in percentage mean±SE of five scorings. For 
statistical analysis, one-way analysis of variance (ANOVA) and 
Duncan’s multiple range test (DMR) [16] were used. All statistical 
analyses were performed by using the computer software SPSS 20.0 
for Windows. Results with P < 0.05 were considered to be 
statistically significant. 

RESULTS 

Exposure to different concentrations (0.01%, 0.05%, 0.1% and 
0.5%) of the food additives significantly and dose dependently 
inhibited the mitotic index (Tables 1 and 2) in the root tip cells of    
A. cepa. There were significant differences in the mitotic index 
values as compared to the control (P< 0.5) at all treatments right 
from the lowest dose. The highest concentration of BKP (0.5%) at 
the 3 h treatment could bring about a considerable reduction in 
mitotic index (54.38%), whereas the same concentration of MSG 
caused a decrease of mitotic index to 37.12%. 

The tables 1 and 2 also show the exponential relationship between 
the percentage of aberrations and the concentrations of the test 
compounds. Both the chemicals could significantly increase the 
percentages of chromosomal aberrations at all concentrations more 
or less in a dose dependent manner. The frequency of mitotic 
aberrations was significantly increased when exposure time was 
increased from ½ to 3 h. The highest number of mitotic aberrations 
was recorded in root tips subjected to 3 h treatment in 0.5% BKP 
(46.48%) whereas MSG could induce 27.38% aberrations at the 
same dose and duration of treatment. 

 

Table 1: Mitotic index and chromosomal aberrations in Allium cepa root tip cells exposed to increasing concentrations of BKP for 
different periods. 

Treatment duration (h) Concentrations (%) Mitotic index (mean±S. E.) (%)Abnormalities (mean±S. E.) 
 
½ 

Control 
0.01 
0.05 
0.1 
0.5 

24.74±0.23a 
22.64±0.77a 
18.31±0.15b 
13.21±0.38c 
13.56±2.15c 

0.00a 

10.5±0.80b 

13.46±0.21c 

12.84±0.23c 

18.83±0.55d 

 
1 

Control 
0.01 
0.05 
0.1 
0.5 

23.48±0.28a 

21.77±0.93ab 

20.19±0.18b 

17.39±0.18c 

13.09±0.21d 

0.00a 

16.46±1.08b 

15.62±0.68b 

15.94±0.71c 

21.33±0.24c 

 
2 

Control 
0.01 
0.05 
0.1 
0.5 

25.09±0.19a 

19.48±2.09b 

15.3±0.36c 

16.25±0.46c 

13.88±0.30c 

0.00a 

13.69±0.94b 

23.79±0.47c 

28.5±0.66d 

34.81±1.27e 

 
 
3 

Control 
0.01 
0.05 
0.1 
0.5 

24.92±0.12a 

20.07±1.20b 

15.52±2.25c 

14.7±0.18cd 

11.37±0.39d 

0.00a 

29.52±0.42b 

37.57±0.46c 

42.08±1.19d 

46.48±0.63e 

Each value (mean ± S. E.) represents mean of five replicates. 

Means in a column followed by the same superscript letters are not significantly different (P < 0.05, one-way ANOVA, DMR test) 

Table 2: Mitotic index and chromosomal aberrations in Allium cepa root tip cells exposed to increasing concentrations of MSG for 
different periods. 

Treatment duration (h) Concentrations (%) Mitotic index (mean±S. E.) (%) Abnormalities (mean±S. E.) 
 
½ 

Control 
0.01 
0.05 
0.1 
0.5 

24.74± 0.23a 
23.59 ± 1.27ab 
22.51±0.12ab 
18.13 ± 1.82c 
20.32 ± 0.63bc 

0.00a 

6.56 ±0.48b 

10.30 ±0.13c 

13.76 ±0.43d 

15.38 ±0.80e 

 
1 

Control 
0.01 
0.05 
0.1 
0.5 

23.48±0.28a 

23.84 ±0.26a 

21.31 ± 1.00b 

19.54 ±0.37bc 

18.77 ±0.54c 

0.00a 

8.60 ± 0.35b 

13.38 ±0.16c 

17.74± 1.12d 

19.07 ± 1.89d 

 
2 

Control 
0.01 
0.05 
0.1 
0.5 

25.09±0.19a 

20.71 ± 0.51b 

17.02 ± 1.38c 

16.43 ±0.12c 

16.23 ±0.47c 

0.00a 

5.13 ± 1.15b 

14.89±0.51c 

19.90 ± 2.10d 

22.19 ±1.03d 

 
3 

Control 
0.01 
0.05 
0.1 
0.5 

24.92±0.12a 

18.66 ± 0.24b 

16.40 ± 0.87c 

17.16 ±0.60bc 

15.67±0.89c 

0.00a 

9.14 ±0.92b 

15.68 ± 2.15c 

21.39 ± 0.94d 

27.38± 1.90e 

Each value (mean ± S. E.) represents mean of five replicates. 

Means in a column followed by the same superscript letters are not significantly different (P < 0.05, one-way ANOVA, DMR test) 
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A wide spectrum of both clastogenic and non-clastogenic 
aberrations (Fig. 1) were observed in the treated meristematic cells. 
The results regarding the type and frequency of chromosomal 
abnormalities induced by different concentrations of the test 
compounds are shown in Fig. 2. More or less similar types of 
aberrations were noticed in response to both the chemicals used. 
The most common clastogenic abnormalities noted were 
chromosome stickiness, pulverization, ring chromosomes, 
chromosome bridges, fragments, binucleate cells, polyploidy etc. The 
major non-clastogenic aberrations found were disturbed 

meta/anaphases, binucleate cells, laggards, vagrants, diagonal 
orientation etc. Stickiness, chromosome fragments, vagrants and 
disturbed metaphase and anaphase were the most frequently 
recorded aberrations in all treatments with both the test compounds 
(Fig. 2). In addition to that, a very high frequency of ring 
chromosomes, stickiness and laggards were noted in response to 
BKP, while MSG caused a high incidence of binucleate cells and 
fragmented chromosomes. Significant increase in the frequency of 
mitotic abnormalities was observed after 2 and 3 h of exposure to 
BKP treatments at all doses (Table 1). 

[ 

 

Fig. 1: Different Chromosomal aberrations induced by BKP and MSG in root tip cells of Allium cepa. 

a) Diagonal ball anaphase, b) Broken chromosome bridge at anaphase, c) Centromeric attraction at anaphase, d) Chromosome bridges at anaphase, 
e) Chromosome fragments at anaphase, f) Chomosome laggards at Anaphase, g) Diagonal sticky anaphase with a laggard, h) Equatorial separation at 
anaphase, i) Hyperchromasia, j) Hypoploid cell showing cytostasis at metaphase, k) Lesions in a binucleate cell at interphase, l) Multipolar 
anaphase, m) Disturbed pole to pole arrangement of chromosomes at metaphase, n) Polyploid cell at metaphase, o) Ring chromosomes in disturbed 
metaphase in a polyploid cell, p) Sticky anaphase, q) Unipolar anaphase, r) vagrant chromosomes at metaphase. 

Bar represents 5μm. 
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Fig. 2: Relative frequency of different chromosomal aberrations in root meristematic cells of Allium cepa following treatments with 
different concentrations of the food additives. 

BMA – Ball meta and anaphases, CB – Chromosome bridge, DMA – Disturbed meta and anaphases, ES – Equatorial separation, Frg – Fragments, Ppd 
– Polyploidy, Stk – Stickiness, MP – Multipolar anaphases, Vg – Vagrant chromosomes, Hpc – Hyperchromasia, Mis –Misorientation, RC – Ring 
chromosomes, NL – Nuclear lesions, Bn – Binucleate cells, Lg –Lagging chromosomes. 

DISCUSSION 

The results of the present study demonstrated clear evidence of the 
genotoxic potential of the tested food additives. The wide range of 
observed abnormalities proved that even short term exposure to 
relatively small doses of BKP and MSG significantly affects the 
mitotic index and chromosome structure and disturbs mitotic 
spindle formation. The cytotoxic effects of BKP and MSG are seen to 
be dependent more on their concentration than the time period, 
with even the low doses causing a significant rate of decrease of 
mitotic index and increase in percentage of mitotic abnormalities. 

The lowering of mitotic index in the treated root tips could be due to 
inhibition of DNA synthesis [17], arrest of one or more mitotic 
phases [18] or blocking of G2 phase in the cell cycle [19] preventing 
the cell from entering mitosis. The reduction in mitotic activity with 
increasing concentrations clearly demonstrates the ability of the 
food additives to inhibit DNA synthesis. Significant genotoxicity 
observed at the highest concentrations (0.1% and 0.5%) can be 
another probable reason for the lower mitotic index scores noted at 
these doses. 

The decrease in mitotic activity was accompanied by several 
clastogenic and non-clastogenic aberrations (Figs 1a – 1r). The two 
food additives are found to have more or less similar effects on the 
chromosomes. The most noticeable cytological aberrations detected 
in treatments were stickiness, fragments, bridges, multipolarity, 
disturbed meta and anaphase, polyploidy, vagrants etc. 

BKP treatments showed a high incidence of spindle abnormalities 
like disturbed meta and anaphases, multipolar anaphases, 
polyploidy, binucleate cells, laggards, vagrants, diagonal 
orientation, unequal separation, unipolar movement, stellate 
anaphase etc., demonstrating its acute damaging effects on the 
mitotic spindle. Apart from these, many clastogenic abnormalities 
like stickiness, ring chromosomes, fragmentation, bridges, ball 
meta and anaphases etc. were observed indicating its direct 
destructive effects on the chromosomes also. Most of the 
commercial baking powders contain aluminium and cytotoxicity of 
aluminium on meristematic cells of A. cepa and Zea mays has 
previously been reported [20]. Aluminium has been found to affect 
the control mechanisms of the microtubule cytoskeleton 
organization and also the normal chromosome movements 
through the spindle [21], leading to the occurrence of laggards, 
polyploidy and other physiological aberrations.  

The aberrations induced by MSG are more or less comparable to those 
caused by BKP showing considerable cytotoxic effect. But the frequency 
of chromosomal aberrations induced was lesser. A high frequency of 
binucleate cells and chromosome fragments could be noted in response 
to MSG whereas BKP was found to be more cytotoxic which is evident 
from the remarkably high proportion of polyploid cells, fragments, 
stickiness and ring chromosomes it could induce. 

Stickiness of chromosomes (Figs 1p, 1g) is one of the major 
abnormalities noted in the present study. We could observe 
different degrees of stickiness in all the treatments. Stickiness might 
have been caused by the physical adhesion of chromosomal proteins 
[22] or due to the disturbances in the nucleic acid metabolism of the 
cell or the dissolution of protein covering of DNA in chromosomes 
[23]. It is suggested that stickiness reflects a highly toxic and usually 
irreversible condition that probably leads to cell death [19, 24, 25]. 
Disturbed meta and anaphases (Figs 1m, 1o) are another most 
frequently observed abnormality noted in the treated cells. It may be 
caused by the loss of activity of microtubules in spindle fibres 
leading to complete inhibition of spindle formation [26]. Mitotic 
bridges (Figs 1b, 1d) are another commonly observed abnormality 
probably formed by the breakage and fusion of chromosomes [27-
29]. Double and multiple bridges were also common. Chromosome 
bridges and fragments are signs of extreme lethal clastogenic effects 
resulting from chromosome and chromatid breaks [30]. Fragments 
(Fig. 1e) may arise due to stretching of chromosomes at metaphase 
followed by breakage at these fragile sites [31]. The induction of ring 
chromosomes (Fig. 1o) suggests the possibility of two breaks that 
occur in the same chromosome or may result from telomeric losses. 
According to Hall and Garcia [32], presence of ring chromosomes is a 
condition which is highly lethal to the cell. 

High frequency of polyploid cells (Figs 1n, 1o) was observed 
especially in treatments with BKP. Polyploidy has been attributed to 
the inhibition of complete disturbance of spindle mechanism [33]. 
Another important chromosomal aberration noted was presence of 
binucleate cells (Fig. 1k). The occurrence of binucleated cells was the 
result of inhibition of cytokinesis or cell plate formation [34, 35]. 
Lagging chromosomes (Figs 1f, 1g) also have been a regular feature 
of all the treatments of the present study. Occurrence of lagging 
chromosomes might be due to the hindrance of pro-metaphase 
movement of chromosomes, accompanied by adhesion of 
centromere to the nuclear membrane [36]. Ball anaphases (Fig. 1a) 
and ball metaphases observed in almost all the treatments with the 
food additives might be caused by the localized activity of the 
spindle apparatus at the centre. A considerable proportion of 
nuclear lesions (Fig. 1k) also could be recorded in most of the 
treatments which may be due to the disintegration of portion of 
nuclear material by the action of plant extracts. 

Hypoploid cells (Fig. 1j) noted in the treatments might be due to the 
occurrence of multipolar mitosis or lagging chromosomes producing 
two hypoploid daughter cells [37]. Multipolar movement of 
chromosomes (Fig. 1l) observed is another major abnormality that 
results from severe disturbances in the spindle mechanism [33].  

Abnormal pole to pole orientation of chromosomes (Fig. 1m) at 
metaphase leading to equatorial separation of chromosomes at 
anaphase (Fig. 1h) is an acute aberrant condition that arises as a 
result of irregular pathways of spindle assembly and abnormal 
spindle activity [38, 39]. Diagonal orientation (Figs 1a, 1g) was a 
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frequent abnormality that may be due to a slight tilt in the spindle 
apparatus. Scattering of chromosomes could be attributed to the 
interference of the food additives with the polymerization of the 
microtubular subunits [40]. Hyperchromasia (Fig. 1i) is one of the 
most distinguishable states of aberration which is an extremely 
condensed and deeply staining state of nucleus caused by the 
influence of toxic chemicals or during incompatible conditions. 
Gernand et al. [41] has suggested that hyperchromasia could be 
caused by gradual heterochromatinization in response to stress. 

It is suggested that compounds shown to be reactive with DNA in 
one species, have the potential to produce similar effects in other 
species also [42]. The Significant reduction in mitotic index reported 
in the present study indicates that the food additives used are 
having clear antimitotic effects and so should be regarded as having 
strong cytotoxic potential. The chemicals could disturb nucleic acid 
metabolism and possibly inhibit the enzymes concerned with 
spindle production, assembly and orientation which is apparent 
from the vast array of abnormalities induced. According to Fiskesjo 
[43], a positive result in Allium test should be taken to indicate a 
potential biological hazard and thus the occurrence of the wide 
variety of abnormalities is an indication of the high mutagenic 
potentials of the food additive compounds tested.  

CONCLUSION 

The results of the current study points out that MSG and BKP that 
are frequently being used in the food industry possess high 
genotoxic risks. Both the chemicals could produce a very clear mito-
depressive effect in onion root tips. The occurrence of cytological 
abnormalities like stickiness, breaks, bridges, multipolar anaphases 
and laggards in high frequencies clearly shows that BKP and MSG 
are potent clastogens and are having severe damaging effects on the 
mitotic spindle too.  

The outcome of the present investigation suggests that attention 
should be paid to estimate the toxic potential of the regularly used 
food additives and other chemicals in consumable items and that A. 
cepa assay can be recommended as a practical and reliable 
cytogenetic assay for such toxicity assessments. 
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ABSTRACT 

Kinetic studies of the oxidation of benzhydrol and some of its para-substituted derivatives using phase transferred per- 
manganate in organic solvents that are immiscible with water have been carried out. The products of oxidation were the 
corresponding benzophenones. Kinetically first order dependence on the concentrations of substrate as well as the oxi- 
dant has been observed. The reaction rate was found to decrease with an increase in the dielectric constant of the or- 
ganic solvent employed. The electronic effects of the substituents were found to be interesting. Both electron with- 
drawing and electron releasing groups at the para position of benzhydrol increased rate of the oxidation. The effects of 
different phase transfer catalysts (PTC) were also compared. The activation parameters have been evaluated and a 
mechanism consistent with the kinetic results has been proposed. 
 
Keywords: Phase Transfer Catalysis; Kinetics; Oxidation; Benzhydrols; Permanganate 

1. Introduction 

Permanganate is an inexpensive oxidant being widely 
used in organic synthesis. It is not soluble in organic sol- 
vents and hence, oxidations have traditionally been con- 
ducted in the aqueous medium. The discovery that mate- 
rials known as phase transfer catalysts such as crown 
ethers or quaternary ammonium salts can transport per- 
manganate ions into organic solvents across the aqueous- 
organic solvent boundary helped to extend its use in or- 
ganic syntheses to a great extent when the organic sub- 
strates are soluble in organic solvents only [1,2]. Kinetics 
of the permanganate oxidation of some other organic 
compounds, have been investigated under phase transfer 
catalysis and the results reported elsewhere [3-5]. We 
have reported the kinetics of the monochromate oxida- 
tion of benzhydrols in non-polar media [6]. In the present 
kinetic study, we report the results of the kinetic study of 
the PTC catalysed oxidation of benzhydrols with per- 
manganate along with its p-chloro, p-methyl and p-me- 
thoxy derivatives in benzene, chlorobenzene, chloroform 
and methylene chloride as the organic solvents used. 

2. Experimental 

Benzhydrol (BH), para-chlorobenzhydrol p-(ClBH), para- 
mthylbenzhydrol (p-MeBH) and para-methoxy-benzhydrol 
(p-MeOBH) used were Lancaster make. The organic sol- 
vents were purified by methods known and refluxed with 
PTC and KMnO4 for three hours and then distilled be- 
fore use. Analar grade potassium permanganate (Fluka) 
was used and its solution was prepared in doubly distilled 
water. Tetrabutylammonium bromide (TBAB) and tetra- 
butylammoniumhydrogen sulphate (TBAHS) were SRL 
make and tetrabutylphosphonium bromide (TBPB) was 
Merck quality and were used as such without further pu- 
rification. 

Solutions of permanganate ions in organic solvents 
were prepared by shaking an aqueous solution of KMnO4 
(0.005 M) with an equal volume of PTC solution (0.01 M) 
in the organic solvent. Transports of the permanganate 
ions were almost quantitative. The organic layer was se- 
parated and dried over anhydrous Na2SO4 and the con- 
centration of the ions ascertained. 

The stoichiometry of the reaction was determined by 
treating a known amount of benzhydrol with a known *Corresponding author. 
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excess of phase transferred permanganate and by estimat- 
ing the permanganate remaining after completion of the 
reaction. Formation of benzophenone as the only product 
was qualitatively and quantitatively ascertained by its con- 
version into the 2, 4-DNP derivative. 

Kinetic measurements were carried out under pseudo- 
first order conditions where, [substrate]  [oxidant] at 
all the four different temperatures employed. Progress of 
the reaction was monitored through spectral measure- 
ments at definite intervals of time by measuring the ab- 
sorbance (OD) at 528 nm using the Systronics double 
beam uv-vis spectrophotometer (model 2201). The pseu- 
do-first order rate constants, kobs, were calculated from 
the slope of the linear plots of log Absorbance versus time. 
The second order rate constant, k2 was obtained from the 
relation. 



4

–
2OH 2H O

+Q MnO

MnO

k2 = kobs/[substrate]. Successive scan of the absorp- 
tion spectra taken at definite time intervals yielded isos- 
bestic points at 498 nm and 582 nm. Experiments were 
carried out at various concentrations of oxidant and sub- 
strate, at different temperatures and in various organic 
solvents. Different PTCs were also used. 

3. Results and Discussion 

The stoichiometry of the oxidation was found to be in the 
molar ratio benzhydrol: permanganate as 3:2. The reac- 
tion may be represented by the equation: 

+
2

2 2

3Ph CHOH 2Q MnO

3Ph CO 2MnO 2Q







  
 

The successive scans of the absorption spectra which 
showed isosbestic points at 498 nm and 582 nm, suggests 
formation of a single product. This oxidation reaction fai- 
led to induce any polymerization of added acrylonitrile, 
which rules out involvement of any radical intermediate 
during the course of the reaction (Q+ represents the quar- 
ternary ammonium cation). 

The values of rate constants determined at different 
substrate concentrations and oxidant concentrations are 
given in Table 1. The plots of log absorbance due to the 
[oxidant] versus time were linear, indicating first order 
dependence on the [oxidant]. This is further supported by 
the fact that kobs values are constant for different initial 
concentrations of 4  when the substrate concen- 
tration was fixed. The second order rate constant, k2 va- 
lues are reasonably constant indicating first order depen- 
dence on the [substrate] also. This is further supported by 
the linearity of the log kobs versus log [substrate] plots 
with a slope of almost unity (slope = 0.9113) and good 
correlation coefficient (r = 0.9960). 

The rates of oxidation of benzhydrol in different or- 
ganic solvents were found to decrease with increase in 
the dielectric constant (D) of the medium (Table 2). The 

plot of log k2 vs 1/D is linear. The decrease in rate of 
oxidation in solvents with high dielectric constant can be 
attributed to larger stabilization by solvation extended to 
the organic part of the quaternary catalyst-oxidant moiety. 
Moreover, solvents with low dielectric constant exert lar- 
ger relative desolvation effect on the inorganic 4

  
ion part and make it more reactive so that the reaction 
proceeds faster in solvents with lower D-values. 

The experimental activation energy for the oxidation 
of benzhydrol in chlorobenzene using TBAB as PTC has 
been found to be 44.04 kJ·mol−1, that with TBPB is 38.26 
kJ·mol−1 and that with TBAHS is 32.5 kJ·mol−1. The other 
thermo dynamical parameters such as enthalpy, entropy 
and free energy of activation values for these different ca- 
talysts are given (Table 3). The entropies of activation 
values being largely negative suggests formation of an 
ordered transition state, possibly with involvement of in- 
ternal bonding, both inter nuclear and intra-nuclear. The 
free energies of activation values remain practically con- 
stant at 86 kJ·mol−1 which is indicative of the operation 
of similar mechanistic modes for the oxidations. 

The same trend is kept up with the oxidation of the 
para substituted derivatives also (Table 4). 
 
Table 1. Effect of change in [oxidant] and [substrate] on the 
rate of oxidation of benzhydrol. 

4Q MnO [BH] × 102

(mol·dm−3)
   

× 104 (mol·dm−3)
kobs × 104 s−1 

k2  
× 103 dm3·mol−1·s−1

5.00 3.75 2.207 4.414 

5.00 5.00 2.240 4.480 

5.00 6.25 2.147 4.294 

5.00 7.50 2.222 4.444 

3.75 7.50 1.735 4.627 

5.00 7.50 2.222 4.444 

6.25 7.50 2.633 4.213 

7.50 7.50 3.263 4.351 

Solvent: Chlorobenzene; PTC: TBAB; Temperature: 298 K. 

 
Table 2. Effect of dielectric constant (D) of the medium on 
the rate of oxidation of BH by . Q MnO-

4

Solvent D k2 × 103 dm3·mol−1·s−1 

Benzene 2.3 6.056 

Chloroform 4.8 4.738 

Chlorobenzene 5.6 4.444 

Methylene chloride 8.9 4.202 

4Q MnO   × 104 = 7.5 mol·dm−3 [BH] × 102 = 5.0 mol·dm−3; PTC: TBAB; 

Temperature: 298 K. 
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Table 3. Activation parameters for the oxidation of BH 
by  assisted by different PTCs in chloroben- 

zene. 

Q MnO-
4

 k2 × 103 dm3·mol−1·s−1 
Activation  

parameters at 298 K 

PTC     ^H# ^S# ^G# 

 293 K 298 K 303 K 308 K kJ·mol−1 JK−1·mol−1 kJ·mol−1

TBAB 3.360 4.444 5.924 8.116 41.53 −150.64 86.42

TBPB 4.352 5.464 7.204 9.278 35.77 −168.25 85.91

TBAHS 5.042 6.188 7.759 9.618 29.99 −186.6 85.60

4Q MnO  

Q MnO-
4

 × 104 = 7.5 mol·dm−3; [BH] × 102 = 5.00 mol·dm−3. 

 
Table 4. Reaction rates at different temperatures and ac- 
tivation parameters for the oxidation of parasubstituted 
benzhydrols by  in chlorobenzene. 

 103 k2 dm3·mol−1·s−1 
Activation  

parameters at 298 K 

Substrate     ^H# ^S# ^G# 

 293 K 298 K 303 K 308 K kJ·mol−1 JK−1·mol−1 kJ·mol−1

BH 3.360 4.444 5.924 8.116 41.53 −150.64 86.42

4-ClBH 4.798 6.276 8.064 10.27 35.61 −16.61 85.55

4-MeBH 4.302 5.456 6.958 9.702 37.76 −161.58 85.91

4-MeOBH 5.164 6.840 8.650 10.80 34.32 −171.26 85.35

4Q MnO  

+Q MnO

HSO

MnO

 × 104 = 7.5 mol·dm−3; [Substituent] × 102 = 5.0 mol·dm−3; 

PTC: TBAB. 

 
The rates of oxidation of BH at different temperatures 

were determined using 4 , phase transferred us-
ing different PTCs, and the activation parameters were 
computed (Table 3). The efficiency of different PTCs 
were found to be in the order TBAHS > TBPB > TBAB. 

The higher rate with TBPB in comparison with TBAB 
may be due to the stronger cation-anion interaction of the 
ion-pair with TBAB which makes the anion less avail- 
able for oxidation. The higher rate with TBAHS com- 
pared to TBPB may be attributed to the easy ion-pair for- 
mation between catalyst cation and reagent nucleophile 
in non-polar solvent. Moreover, the 4  anion of 
TBAHS is highly hydrophilic compared to bromide and 
readily get partitioned into the aqueous phase, making 
the transfer of 4  ions into the organic phase with 
better ease. Further, the values of AG# are very close to 
each other (~85 kJ·mol−1) indicating that same mecha- 
nism operates with different PTCs. 

Study of the effect of substituents at the para position 
of one of the benzene rings showed that, both electron 
donating and electron withdrawing groups enhance the 
rate (Table 4). 

The log k2 vs σ plot is non-linear which was concave 
upwards. The activation enthalpies and entropies are li- 
nearly related. The linear isokinetic correlation implies 
that all the substituted benzhydrols under investigation 
are oxidised by the same mechanism. This is further con- 
firmed by the in AG# values. 

According to the Frontier Molecular orbital approach 
the reaction would be initiated by an interaction of the 
HOMO of the substrate (an oxygen 2P-orbital containing 
a lone pair of electrons) with the LUMO of the oxidant 
(an antibonding orbital located primarily on Mn) result- 
ing in the formation of a permanganate ester [7]. This is 
followed by the rate limiting slow decomposition of the 
ester via a five membered cyclic transition state. The large 
negative entropy of activation is consistent with the for- 
mation of a transition state having greater degree of order 
in its structure. 
 

 
 

A rate expression consistent with the above mecha- 
nism can be given from the equilibrium, [C] = Keq [A] 
[B] 

    
     

Keqrate 2 2 A  B

kobs B When A B .

k C k 

 
 

In the rate determining slow decomposition of the per- 
manganate ester, breaking away of the αC–H bond and 
formation of the carbon-oxygen double occurs. It is pro- 
bable that electron donating groups enhance the rate by 
facilitating the cleavage of αC–H bond, while electron 
withdrawing groups enhance the rate by facilitating the 
formation of carbon-oxygen double bond. 

4. Conclusion 

The kinetics of the permanganate oxidation of benzydrols 
under PTC in water immiscible organic solvents have 
been made. The oxidation proceeds faster in solvents 
with low dielectric constants. Of the three catalysts used 
TBAHS gave maximum rate. It was interesting to see 
that both electron donating and electron withdrawing sub- 
stituents increased the rate. The mechanism explained with 
necessary kinetic parameters. 
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ABSTRACT 

The transport behavior of EPDM/PVC composites has been investigated using the three halogenated hydrocarbons; 
methylene chloride, chloroform and carbon tetrachloride, which are part of the homologous series of the chloromethanes, as 
probe molecules. Sulphur and peroxide were used for crosslinking the matrix. The dependence of the transport property on 
crosslink density, nature of penetrants and type of crosslinking system was studied. A peculiarity can be seen among the 
group of chloromethanes, i.e. sorption increases with increasing number of chlorine atoms or molar volume, as it would be 
predicted from simple solubility parameter considerations. The mechanism of transport was found to be deviated slightly 
from Fickian trend. The differences in the equilibrium uptake can be explained on the basis of morphological changes.  

Key words: Swelling, Diffusion, Crosslinking, Composites. 

INTRODUCTION 

Long-term stability and performance of polymeric membranes in solvent and mixed solvent media 
can be reduced due to sorption and swelling of the membrane matrix. For this reason quantification of 
sorption and swelling is of major importance for the development of future applications of membrane 
processes in solvent and mixed solvent media. It is important to understand phenomena like swelling and 
sorption that contribute to a reduction of the life-time of the membrane. The transport phenomenon is a 
complex process with a variety of industrial applications. Solvent sorption and diffusion are the limiting 
factors of polymer end-use applications because these processes might change the mechanical properties and 
sometimes cause destruction in polymer structures. An investigation of the causes of such phenomena 
requires a thorough knowledge of the solvent-transport characteristics. Polymer composites have attracted in 
recent years a great deal of interest. In most cases, fillers are used as additives for improving the behavior of 
the host polymeric matrix1.  

Reports on the transport of small molecules into selected polymer membranes are available in the 
literature2-9. The sorption equilibria and kinetics of three volatile organic compounds (VOCs) -benzene, 
chloroform, and acetone- in a newly developed divinyl-terminated poly (dimethylsiloxane) (PDMSvi) -oligo 
polymer were studied10. The sorption uptake of each VOC by the polymer was measured gravimetrically at 
different VOC partial pressures at a constant temperature and at different temperatures between 24 and 50°C. 
The rate of VOC sorption was monitored until equilibrium was established. Jacob et al.11, evaluated the water 
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absorption characteristics of the natural rubber composites with reference to fiber loading. The influence of 
temperature on water sorption of the composites is also analyzed. Moisture uptake was found to be dependent 
on the properties of the biofibers. The mechanism of diffusion in the gum sample was found to be Fickian in 
nature, while in the loaded composites, it was non-Fickian. Sisal and oil palm fibers were subjected to different 
treatments such as mercerization and silanation. The effect of chemical modification on moisture uptake was 
also analyzed. Chemical modification was seen to decrease the water uptake in the composites. 

EXPERIMENTAL 

Ethylene propylene diene monomer (EPDM) with an E/P ratio of 62/32 and a diene content of 
3.92% was obtained from Herdilla Unimers, New Mumbai. Poly vinyl chloride (PVC) was obtained from 
Sigma Aldrich. The additives such as sulphur, dicumyl peroxide, zinc oxide, stearic acid, and mercapto 
benzothiazyl disulphide (MBTS) used were of commercial grade. The fuels were of commercial grade. 

The composites EPDM/PVC with different PVC loading and crosslink systems were prepared on a 
two roll mixing mill (150 x 300 mm), with a nip gap of 1.3 mm and a friction ratio 1 : 1.4. The compounding 
formulations are given in Table 1. The different crosslinking systems in the study were sulphur (S) and 
peroxide (DCP). The cure characteristics of the compounds were determined according to ASTM d 2084 by 
using Zwick rheometer model ODR at 160oC. The composite membranes were compression moulded at 160 
degree for optimum cure time using a hydraulic press having electrically heated platens, under a load of 30 
tones. 

Table 1: Formulation of Mixes (phr) 

Vulcanizing system 
Ingredient 

Sulphur DCP 

EPDM 100 100 

PVC (varying amount) (0, 2.5, 5, 7.5, 10) (0, 2.5, 5, 7.5, 10) 

Zinc oxide 4 - 

Stearic acid 2 - 

MBTS 1.5 - 

Sulphur (varying amount) 2,3 - 

Dicumyl peroxide - 4 

Examination of sorption characteristics 

For diffusion experiments, circular samples of diameter 19.6 mm and 2 mm thickness were punched 
out from the vulcanized sheets and were dried in vacuum desiccators over anhydrous CaCl2 at room 
temperature for about 24 hours. The original weights and thickness of the samples were measured before 
sorption experiments. They were then immersed in solvents (15-20 mL) in closed diffusion bottles, kept at 
constant temperature in an air oven. The samples were removed from the bottles at periodic intervals of            
30 minutes, dried for 5-10 s between filter papers to remove the excess solvent on their surfaces and 
weighed immediately using an electronic balance (Shimadzu, Libror AEU-210, Japan) that measured 
reproducibly within ± 0.0001 g. They were then placed back into the respective test bottles. The process was 
continued until equilibrium swelling was achieved. Since the weighing was done within 40 s, the error 
associated with the evaporation of solvents is negligible. The experiments were duplicates or triplicates in most 
cases and the deviation was within ± 0.08 to 0.1 mole percentage. The results of the sorption experiments have 
been expressed as moles of solvent taken by 0.1 Kg of the polymer blend sample, Qt (mol %). 
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Qt = 
samplepolymer  of Mass

solvent of massar sorbed/Molsolvent  of Mass
 x 100 

Morphology 

The samples for Field Emission Scanning Electron Microscopy (FESEM) were prepared by 
cryogenically fracturing them in liquid nitrogen. They were sputter coated with gold and morphology 
examination were performed on a scanning electron microscope (JEOL-JS IN-T330-A-SEM; ISS Group, 
Whittington, Manchester, U.K). 

RESULTS AND DISCUSSION 

Effect of PVC Loading 

Fig. 1 shows the amount of carbon tetrachloride sorbed throughs pure EPDM and EPDM/PVC 
systems. It has been observed from the figure that pure EPDM shows higher sorptrion than the PVC loaded 
system due to the flexible nature of the chains that creates more free volume in the matrix. Adding rigid 
PVC to EPDM phase improves the barrier property due to the reduction in free volume or microvoids. 
Increase in PVC content also restricts the macromolecular chain mobility resulting in a tortuous path for the 
diffusion of the penetrants. 
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Fig. 1: Mole % uptake of CCl4 in dynamically vulcanized EPDM/PVC composites:                                
(a) 100/0 EPDM/PVC, (b) 100/2.5 EPDM/PVC, (c) 100/5 EPDM/PVC,                                            

(d) 100/7.5 EPDM/PVC and (e) 100/10 EPDM/PVC 

Effect of penetrants 

Fig. 2  shows the effect of penrtrant size on the sorption and diffusion of three chloromethanes  
through sulphur cured 100/5 EPDM/PVC composite It follows from the graph that the trend is in the order: 
carbon tetrachloride > chloroform > methylene chloride i.e., a systematic trend with penetrant size was not 
observed. The unusual behavior can be explained as follows: 

The permeation through any matrix is a combination of sorption and diffusion. The kinetics of 
diffusion depends on the molecular mass of the solvent whereas sorption depends on the difference in the 
solubility parameter values12. The highest uptake exhibited by carbon tetrachloride is due to the dominance 
of the solubility parameter over the molecular mass of the solvent during transport. The smaller the 
difference in solubility parameter, the greater is the affinity of polymer towards the solvent. The Qt value of 
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methylene chloride is very low as solubility parameter value is far from EPDM. It exceeds size effect of 
methylene chloride on sorption. Between chloroform and carbon tetrachloride upto four hours, CCl4 shows 
low Qt value due to the fact that the diffusion of the larger carbon tetrachloride has a retarding influence 
compared with chloroform13. When the sorption rate increases after that, the size effect is exceeded by 
solubility product i.e., sorption increases with increasing number of chlorine atoms or molar volume, as it 
would be predicted from simple solubility parameter considerations. So in chlorinated hydrocarbons, the 
main deciding factor is solubility parameter. A similar trend has been observed for poly (ethylene-co-vinyl 
acetate) membranes for aliphatic hydrocarbons14. 
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Fig. 2: Mole % uptake of chloromethanes in (sulphur cured) dynamically vulcanised                              
100/5 EPDM/PVC composite 

Effect of type of vulcanization  

Fig. 3 shows the effect of the type of vulcanization techniques on the sorption behavior of 
EPDM/PVC membranes, using carbon tetra chloride as penetrant. It is observed that dynamically vulcanized 
samples showed a lower swelling compared to the corresponding statically vulcanized one. The dynamic 
vulcanization produces a fine dispersion15 of the rigid PVC particles in EPDM matrix as shown in Fig. 4. 
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Fig. 3: Effect of type of vulcanization on CCl4 uptake in sulphur cured                                           
100/5 EPDM/PVC composite 
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(a)

        

(b)

      

Fig. 4: Scanning electron micrographs of sulphur cured 100/7.5 EPDM/PVC composites;                          
(a) Statically vulcanized (b) Dynamically vulcanized. 

Swelling mechanism 

In order to investigate the type of transport mechanism, the sorption results were fitted to the 
following Equation: 

Log Qt/Q∞ = log K+ n log t 

where Qt and Q∞ are the mole percent monomer uptake at time t and at equilibrium. k is a constant, which 
depends both on interaction between  solvent  and polymer and on the structure of the polymer. The value of 
n determines the mode of diffusion mechanisms16. The values of n and K are given in Tables 2 and 3. Plots 
of log (Qt/Q∞) versus log t showed that the values of n were between 0.5 and 1 and this suggested that the 
mechanism of transport slightly deviates from normal Fickian behavior observed for conventional 
elastomers. There is no systematic variation in the value of ‘n’ with respect to PVC loading. 

Table 2: Values of n and K for different PVC loading       

EPDM/PVC n K x 102 (g/g min2) 

100/0 0.661 2.32 

100/2.5 0.697 1.99 

100/5 0.613 3.04 

100/7.5 0.636 2.76 

100/10 0.578 3.65 

Effect of concentration of sulphur 

The Qt decreases with increase in sulphur concentration. This is due to crosslinking of rubber phase 
and thereby exerting greater resistance to the flow of solvent. Fig. 5 shows the effect of sulphur 
concentration on sorption values of EPDM/PVC composite. The crosslink density increases with increase in 
sulphur concentration. 

Effect of crosslinking system  

It can be seen that the solvent uptake is higher in sulphur vulcanized system than peroxide cured 
system. This can be explained by the difference in the nature of the networks possible using sulphur and 
peroxide systems as can be seen from the Fig. 6. The mono, di and polysulphidic linkages in sulphur system 
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impart high chain flexibility to the polymer network when compared to the DCP system where only rigid        
C-C linkages are present. 
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Fig. 5: Effect of sulphur concentration on CCl4 uptake in 100/5 EPDM/PVC composite 

(a)
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Fig. 6: Structure of networks formed by different vulcanization techniques;                                       
(a) sulphur (b) peroxide 

CONCLUSION 

The transport characteristics of EPDM/PVC composites were studied using carbon tetrachloride, 
chloroform and methylene chloride as penetrants, with special reference to filler loading, crosslinking 
systems, concentration of sulphur and penetrant’s nature. The diffusion of halogenated hydrocarbon solvents 
through EPDM/PVC composites revealed that the diffusion was found to decrease with an increase in PVC 
content, which was attributed to the rigid nature of PVC particles. The sample crosslinked by DCP showed 
the lowest equilibrium uptake compared to the sample with sulphur vulcanization mode. This can be 
explained in terms of the differences in the nature and distribution ofcrosslinks in the network. A peculiarity 
can be seen among the group of chloromethanes, i.e. methylene chloride, chloroform and carbon 
tetrachloride. Sorption increases with increasing number of chlorine atoms or molar volume, as it would be 
predicted from simple solubility parameter considerations. The values of n suggest that the mechanism of 
transport is anomalous. 
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Abstract  

 The absence of secured land ownership right is one of the main causes of unsustainable land 

management practices and land degradation. Ethiopian government is trying to certify land 

owners under its “land registration and certification program”. This research aims to evaluate 

the impact of this program on soil conservation practices. For this study household- and plot-

level survey was conducted in Estie Woreda, Amhara Region, Ethiopia. Propensity score 

matching technique is used to control for program and self selection bias.  Sensitivity test has 

been used to check how the outcome variables are sensitive to endogenous variables. The result 

shows that certified land owners worked more on stone terrace, soil bund, and stone-soil terrace 

compared to uncertified farmers.  

 

Key words: Land degradation, Land certification, Propensity score matching, investment on soil 

conservation practices. 
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1. Background and Justification of the Problem 

 Agriculture, which depends mainly on land, is the back bone of an economy for developing 

countries. In Ethiopia, agriculture takes the largest share in terms of its contribution to gross 

domestic product (GDP), generation of employment opportunities, export earnings, supplies of 

raw material for agro-based domestic industries and  national food security (Abegaz and Bekure, 

2009; Tenaw et al., 2009). Inspite of this fact, agricultural production has declined in many 

developing countries because of degradation of agricultural land (Kabubo-Mariara, 2006). 

With reference to developing countries like Ethiopia agricultural production is declaiming due to 

land degradation which leads to food insecurity and makes the countries highly dependent on 

food aid (Kassie et al., 2011; Shiferaw and Holden, 2000; Tesfaye, 2008). 

  

The problem of degradation of the soil stock and loss of production potential is severe in the 

highlands of Ethiopia that affects 88% and 75% of the human and livestock populations 

respectively (Shiferaw and Holden, 1999). It is estimated that, the annual average rates of soil 

erosion on croplands at national level is 42 t/ha and the annual average soil erosion induced 

productivity decline is 2.2% (Hurni, 1993). 

Some evidences show that, lack of secure land ownership right becomes one of the main causes 

for this unsustainable land management practices and thereby to land degradation problem (Giri, 

2010; Knox and Meinzen, 1999; Tenaw et al., 2009). However, there are also other research 

findings which disprove the importance of land security to sustainable use of land (Kahsay, 

2011; Tesfay, 2008). 

 

 Recently, Ethiopian government has realized that lack of land security has been affecting 

sustainable land management practices and it has been trying to promote land conservation by 

granting certificate to land holders in the country (Tesfaye, 2008; Adenew and Abdi, 2005).  

Checking the impact of this program on land management practices calls a research. This paper 

takes a step toward filling this gap by evaluating the improvement gains on the adoption of soil 

conservation practices associated with the program.  
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2. Literature review 

Theoretical Review 

Deininger (2003) and Besley (1995) briefly explained that property rights affect economic 

growth in different ways. First, formalized land use rights enhance tenure security which 

promotes long-term investment in land. Farm households' investment that enhances the long-

term viability of agricultural production depends significantly on the expectations regarding the 

length of time over which the farmers might enjoy the benefits which mostly are long-term 

(Ghebru and Holden, 2008). Second, land entitlement may reduce an ownership uncertainty 

which improves smooth functioning of the land market. This ultimately increases farm level 

efficiency as factor-ratio adjustment can now be channeled through land markets. And third, it 

facilitates access to (informal) credit or informal collateral arrangement which may remove 

liquidity constraints and enable farmers to use the appropriate variable inputs that increase farm 

level efficiency. 

 

Empirical Review 

Kabubo-Mariara (2006), Tefera and Holden (no date), Mwakubo (2002), and Birungi and Hassan 

(no date), Holden, Deininger and Ghebru (no date) are some of the researchers who conducted 

researches to investigate the link between land security and land management practices. Their 

findings show that security of tenure is indeed important for the adoption of land conservation 

practices. 

On the contrary some studies have shown that tenure security (land certification) has not 

significant impact on soil conservation practices. Kahsay (2011) and Tesfay (2008) conducted a 

research to investigate the effects of land tenure system on soil conservation practice. Their 

studies proved that land tenure security (certification) is not a factor in farm households’ 

decisions to adopt soil conservation practices.  

Despite the theory, evidences from those researches indicate that the link between tenure security 

and investment on soil conservation activities are contradictory and inconclusive.  
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3. Research methodology 

Sampling Methods  

The first step in the sampling procedure involved selecting study villages based on purposive 

sampling so as to get relatively large number of uncertified household sample size. The second 

step involved selecting the sample households randomly from the two purposely selected villages 

to arrive at the total number of households which were visited. Finally, 250 households, with 921 

plots, were selected in these two villages. 

 

Data Collection Methods  

The main data collection method is questionnaire survey. Structured questionnaires were used to 

collect household and plot level primary data from the sampled households and their plots. The 

questionnaires were designed to fit into the objectives of the study. Before finalizing a 

questionnaire, discussion was done with a local supervisor so as to refine them.  Pre-testing of 

the questionnaire was conducted in order to check its reliability and validity.  

 

Methods of Data Analysis 

 Propensity score matching techniques were used to construct a matched control sample of 

uncertified farms that are very similar to the certified farms in terms of observable 

characteristics. The impact of certification on soil conservation practice is the difference of the 

average value of investment on soil conservation practice between certified and the matched 

uncertified plots. This can be presented by the following equation.   

 

Let  denotes the dummy variable such that  if the h
th

 house hold is certified and  

if the h
th 

household is uncertified. And let and   represents the values of 

long run investment on soil conservation for certified and uncertified households. X represents a 

set of observable characteristics believed to affect both program participation and the outcome. 

Then the mean impact on the treated; Average Treatment effect on the Treated (ATT) can be 

written as;  
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However, only the average outcomes of the treated conditional on being in a 

treated area, and , the average outcomes of the untreated, conditional on not 

being in a treated area, are observed. The missing data here relates to the counterfactual 

mean, .We use the mean outcome of the untreated 

as a proxy for the above counterfactual mean. 

 

Different methods are used to match the certified and the uncertified land on the basis of the 

propensity score. In this paper, stratification and kernel matching methods were used. To check 

whether the mean difference in propensity score and covariates in each block have been 

eliminated, the paper used the balancing test. 

 

If there are unobserved variables that simultaneously affect the decision to obtain the 

certification and the outcome variable, a selection or hidden bias problem due to unobserved 

variables might arise. In this study Rosenbaum bounds were calculated to check the sensitivity of 

our results to the failure of the assumption of endogeneity is not a problem (Kassie, Zikhali, 

Pender, and Köhlin, 2011). 

 

Specification of Variables 

The variables of this study can be categorized in to dependent variables (outcome variable), 

treatment variable and independent variables (observable characteristics). The dependent 

variables are soil conservation practices which include stone terrace, soil bund, stone-soil bund, 

cutoff drain and tree plantation. The treatment variable is certification and the independent 

variables include factors which are expected to affect both the probability of getting the 

treatment (certification) and investment on soil conservation practice. 

 



                IJPSS            Volume 3, Issue 10            ISSN: 2249-5894 
__________________________________________________________  

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Physical and Social Sciences 

http://www.ijmra.us 

 
171 

October 

2013 

 
4.  Result and discussion 

Estimation of the Propensity Scores and balance tests 

The basic reason behind using propensity score matching (PSM) is to match certified plots with 

uncertified ones to create two identical groups of plots. It shows that the balancing property 

between these two groups is satisfied. 

Existence of good common support must also be satisfied for validity of PSM. The graph shown 

proves the existence of this good common support.  

 

.2 .4 .6 .8 1
Propensity Score

Untreated Treated

 

 Using different matching techniques, the following sections estimate the average difference of 

investment on soil conservation practices between the treatment group and the matched control 

group. 

 

Impacts of Land Certification on Stone-Terrace  

The result of stratification matching method shows that land certification does have a significant 

positive impact on stone-terrace investment. The average effect of the treatment on stone terrace 

is 21.4 percent.  Positive impact of certification on stone terrace at one percent level of 

significance was obtained by Kernel matching method. There is 18 percent increase in soil 

terrace investment due to certification (table 1). 
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Table 1. ATT estimation with Different Matching Methods for Stone-Terrace 

Matching method No. of 

certified plots 

No. of 

uncertified plots 

ATT Std. 

Err. 

t 

Stratification Matching 655 266 0.214 0.029 7.257 

Kernel Matching 655 266 0.180 0.038 4.666 

Impacts of Land Certification on Soil Bund  

Using the previous matching methods the average treatment effect on soil bund has been 

estimated. The result of stratification method indicates that certification significantly increase 

this conservation practice at 1 percent significance. The lever of soil bund practice is 12.5 

percent higher for certified plots. Like other matching method the result of kernel matching also 

shows significant positive impact of certification at 1 percent significance. Certified households 

makes 12.5 percent higher soil bund investment on their plot (table 2). 

Table 2. ATT estimation with Different Matching Methods for Soil Bund 

Matching method No. certified 

plots 

No. uncertified  

plots 

ATT Std. 

Err. 

t 

Stratification Matching 655 266 0.125 0.017 7.188 

Kernel Matching 655 266 0.125 0.016 8.034 

 

Impact of Land Certification on Stone-Soil Terrace 

Stone-soil terrace is one of the commonly used soil conservation techniques. The results of 

different estimators show that ATT is positive and significant at 1% level of significance. 

Investment on stone- soil terrace is 13.2 percent and 12.1 percent higher among certified using 

stratified and kernel matching methods, respectively(table 3).  

Table 3. ATT estimation with Different Matching Methods for Stone-Soil Terrace 

Matching method No. of certified 

plots 

No. of 

uncertified plots  

ATT Std. 

Err. 

t 

Stratification method 655 266 0.132 0.082 4.751 

Kernel method   655 266 0.121 0.029 4.188 

 

Impacts of Land Certification on Cutoff Drain 
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The regression result shows that land certification does not have significant impact on cutoff 

drain practice in both matching method (table 4).  

 

 

 

Table 4. ATT estimation with Different Matching Methods for Cutoff Drain 

Matching method No. of certified 

plots 

No. of 

uncertified plots 

ATT Std. Err.   t 

Stratification method 655 266 -0.028 0.104 -0.266 

Kernel method   655 266 0.022 0.042 0.512 

 

Impact of Land Certification on Tree Plantation  

Tree plantation is one of soil conservation methods practiced by farmers. To evaluate the impact 

of land certification on tree plantation, the researcher follows similar matching methods. The 

result of the t- statistics shows that certification has insignificant impact on tree plantation (table 

5).  

Table 5. ATT estimation with Different Matching Methods for Tree Plantation 

Matching method No. of 

certified plots 

No. of 

uncertified plots 

ATT Std. 

Err. 

t 

Stratification method 655 266 0.024 0.022 1.067 

Kernel method   655 266 -0.003 0.035 -0.096 

 

Sensitivity Test  

The sensitivity test results of Mantel-Haenszel’s bound (mhbounds) show that endogeneity is 

unlikely to change the ATT for stone terrace, soil bund, stone-soil terrace and tree plantation, but 

it is likely to change results for cutoff drain practice. 
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5. Conclusion 

The findings of this research proved that certification significantly increases soil conservation 

investment on stone-terrace, soil-bund, and stone-soil terrace and it has insignificant impact on 

tree plantation. However, it is difficult to make a correlation between certification and cut of 

drain practice.  Because, the sensitivity test shows that cutoff drain practice is sensitive to 

unobservable factors. 
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 “Democracy works when people claim it as their own” it is said. Dr. Shirin Ebadi, the 2003 
recipient of the Nobel Peace Prize had risen quickly to become the first female judge in Iran. But 
when the religious authorities declared women unfit to serve as judges, she was demoted to the rank 
of clerk in the very courtroom in which she once had presided. She eventually fought her way back as 
a human rights lawyer. Dr. Ebadi is a passionate campaigner for human rights, democracy, and 
freedom of speech, especially those of women and children. In Iran Awakening, she writes about Iran 
from within Iran and speaks eloquently about her deep disillusionment with the 1979 Islamic 
Revolution and of direction that Iran has taken under the guidance of the mullahs. She defends 
individuals and groups who had fallen victims to a powerful politico- legal system that has been 
legitimized through an inhumane interpretation of Islam. Her memoir is a grueling account of how a 
government can forcibly hinder the primary rights of a citizen and filter media or even internet sites. 
This paper deals with analysis of her views on the repressiveness during the fundamentalist regime in 
Iran and also she believes that it is up to the Iranian people, who in their own way must transition to a 
democratic government that is representative of their needs. That belief, along with the conviction 
that change in Iran must come peacefully and from within, had underpinned all her work. 
 

Democracy is a form of political organization in which all people, through consensus, direct 
referendum, or elected representatives exercise equal control over the matters which affect their 
interests. The term comes from the Greek: dēmokratía "rule of the people", which was coined from 
dêmos "people" and Kratos "power", in the middle of the 5th-4th century BC to denote the political 
systems then existing in some Greek city-states. Equality and freedom have been identified as 
important characteristics of democracy since ancient times. All citizens are equal before the law and 
have equal access to power. Democracy is not only a political system. It is an ideal, an aspiration  
really, intimately connected to and dependent upon a picture of what it is to be human—of what it is a 
human should be - to be fully human. Radical democracy is based on the idea that there are 
hierarchical and oppressive power relations that exist in society. Democracy's role is to make visible 
and challenge those relations by allowing for difference, dissent and antagonisms in decision making 
processes. 

Today Iran is mostly in the headlines. It embodies 21st-century world politics: a geriatric, 
Islamic, post-revolutionary, nuclear state amidst a youthful, idea-hungry, proto-democratic, 
networked society. Reputed to be developing nuclear weapons, the future of Iraq's next-door neighbor 
is a matter of grave concern both for the stability of the region and for the safety of the global 
community. President Bush had labeled it as part of the "Axis of Evil," and like all his western 
counterparts rails against the country's authoritarian leadership. Though the present events trumpet 
the spread of democracy throughout the Middle East, its interesting to note that Iran has one of the 
longest-running experiences with democracy in the region.  

Few countries today appear as erratic and unknowable as Iran, where Islamist president 
Ahmadinejad's increasingly striking pronouncements keep leaders awake at night from Washington to 
Paris. It is widely believed that the spread of democracy will sweep away intolerance in the Muslim 
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world. The present government system of Iran and its ascent represented a sharp popular rebuke to 
the republic's clerical establishment.  

Dr. Shirin Ebadi, the 2003 recipient of the Nobel Peace Prize had risen quickly to become the 
first female judge in Iran. But when the religious authorities declared a compulsion on wearing of 
head scarves and also that women were unfit to serve as judges, then began a slow corroding decline. 
She was demoted to the rank of clerk in the very courtroom in which she once had presided. She 
eventually fought her way back as a human rights lawyer. Dr. Ebadi is a passionate campaigner for 
human rights, democracy, and freedom of speech, especially those of women and children. 

“Democracy works when people claim it as their own” it is said. Shirin Ebadi asserts that in 
many regards, there is more progress toward democracy in Iran than in any other country in the 
Middle East, perhaps with the exception of Turkey," which would be highly suspect even if one 
accepted the Iranian position that Israel does not exist. In the election of Ahmadinejad's government, 
reformers and liberals had largely boycotted the vote. Ebadi’s Memoir offers a revealing glimpse into 
the paths that democratic ideas have traveled in Iran both before and after the 1979 revolution. 

How has the Islamic Republic developed ideologically since the revolution of 1979? What are 
the best ways of comprehending the country at this critical juncture in its history? In her book, Shirin 
Ebadi combines her beliefs and lived experience to explain the social milieu and domestic politics of 
both pre and post-revolutionary Iran. She guides the reader in her memoir through the country's 
complex identity and actions from the nuclear issue to Iran's perpetual political standoff with the 
United States, from the future of Iranian democracy to Iranian-Arab relations, from American 
neoconservatism to Islamic utopian-romanticism, and from Avicenna to Ayatollah Khomeini. She 
shows a unique empathy towards the understanding of Iran’s cultural turfs. 
 

Ebadi sketches her childhood during the reign of Shah. Despite economical growth, there was 
much opposition against the Mohammad Reza Shah. He had used the secret police the Savak, to 
control the country. With strong Shi'i opposition against the Shah, Iran came close to a situation of 
civil war. The opposition was lead by Ayatollah Khomeini, who lived in exile in Iraq and later in 
France. On January 16 1979, the Shah left Iran. This was the beginning of Iranian revolution Ebadi 
does describe vividly how even she and her colleagues had briefly been thrilled like fellow Iranians 
about the impending change. She felt she had more in common with ‘the opposition led by mullahs’ 
than ‘the officials who cavorted with American starlets at parties soaked in expensive French 
champagne.’ Her self righteous patriotism reaches its height when she says that ‘I’d rather be a free 
Iranian than an enslaved attorney.’ 

Shapour Bakhtiar as Shah’s new prime minister with the help of Supreme Army Councils 
couldn't control the civil situation anymore. Ayatollah Khomeini returned to Iran. Processes against 
the supporters of the Shah started, and hundreds were executed. On April 1, after a landslide victory 
in a national referendum in which only one choice was offered (Islamic Republic: Yes or No), 
Ayatollah Khomeini declared Iran an Islamic republic with a new Constitution reflecting his ideals of 
Islamic government.  Ayatollah Khomeini became supreme spiritual leader (Valy-e-Faqih) of Iran.  

Subsequently many demonstrations were held in protest to the new rules like extreme 
regulations on women's code of dress. In November, the republic's first Prime Minister Mehdi 
Bazargan resigned. In 1980 Abolhassan Beni Sadr was elected for president. Initially there was a 
period of euphoria like during the months of ‘Allaho akbar’ when Khomeini had played skillfully on 
the religious emotionalism of the masses in his campaign against the Shah. But soon things changed. 
Multiple centers of authority emerged within the government. 

It was a government that controlled neither the country nor even its own bureaucratic 
apparatus. Central authority had broken down. Hundreds of semi-independent revolutionary 
committees, not answerable to central authority, were performing a variety of functions in major 
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cities and towns across the country. Factory workers, civil servants, white-collar employees, and 
students were often in control, demanding a say in running their organizations and choosing their 
chiefs. Governors, military commanders, and other officials appointed by the prime minister were 
frequently rejected by the lower ranks or local inhabitants.  

Ebadi’s inspiring memoir Iran Awakening offers a first-hand look at her remarkable life and 
Iran’s human rights struggle. She was forced to resign as Iran’s first female judge when the 
revolutionaries decided that women were unfit for such roles. As a result of their protest they 
promoted all former female judges to the position of "experts" in the Justice Department. Unable to 
tolerate the situation any longer she put in a request for early retirement and it was duly accepted. The 
Bar Association had remained closed for some time since the revolution and was being managed by 
the Judiciary, so her application for practising law was turned down and ended up housebound for 
many years. Finally in 1992 she succeeded in obtaining a lawyer's licence and set up practice. She 
turned her law practice into a base for rights campaigning, taking cases of dissident writers, 
intellectuals and pro-democracy activists that other lawyers deemed far too dangerous. She juggled 
motherhood and a career and at a time when “intellectuals are turning up dead all over the country.”  

In Iran Awakening, she writes about Iran from within Iran and speaks eloquently about her 
deep disillusionment with the 1979 Islamic Revolution and of direction that Iran has taken under the 
guidance of the mullahs. She defends individuals and groups who had fallen victims to a powerful 
politico- legal system that has been legitimized through an inhumane interpretation of Islam. Her 
memoir is a grueling account of how a government can forcibly hinder the primary rights of a citizen 
and filter media or even internet sites. 

On September 22: Iraq massively invaded Iran, in the belief that Iran is too weak military to 
fight back. Iraq was claiming territories inhabited by Arabs like the Southwestern oil-producing 
province of Iran called Khouzestan, as well as Iraq's right over Shatt el-Arab. Some battles were won 
in the favor of Iraq, but a supposedly weakened Iranian army achieved surprising defensive success. 
What followed was a sporadic unstable form of power that could hardly be called as ‘Democratic 
Governments’ who were too frail to stand for stable and long periods. In July 1981, Beni Sadr was 
removed from power by Ayatollah Khomeini and former Prime Minister Mohammad Ali Rajai was 
elected president but in August President Rajai and his prime minister were killed in a bombing. In 
October, Seyed Ali Khamenei was elected president. He was one of the founders of the Islamic 
Republican Party, which dominated the Majlis (the national legislature) after the 1979 revolution. 

By summer of 1982, Iraq's initial territorial gains had been recaptured by Iranian troops that 
were stiffened with Revolutionary Guards. The Iraqi forces were driven out of Iran. The war extended 
to shooting of boats in the Persian Gulf, in an attempt to hurt the other country's oil exports. On 20 
August 1988, a cease fire was signed between Iran and Iraq.  
 Following Ayatollah Khomeini's death in 1989 of a heart attack, Khamenei assumed the role 
of supreme spiritual leader and Hashemi Rafsanjani, speaker of the Majlis (parliament) was elected as 
a president. In 1990-1991 Iran condemned both Iraq's invasion in Kuwait and the allied forces actions 
against Iraq. Rafsanjani was re-elected in 1993 but stepped down in 1997. From 1995 there was total 
ban on trade with Iran by USA. In 1997 Mohammad Khatami was elected president by gaining 
almost 70 percent of the votes cast. He pursued political reform and opposed censorship. He was a 
reformist towards democratisation of Iran's society and willing to normalize the relation with west 
and reduce tensions in the region. Although popular among much of the Iranian public, these policies 
met considerable opposition from conservatives who controlled the legislature and judiciary. It is 
interesting that Khatami was again re-elected as president in 2001 election by greater mandate 
(almost 78%) of Iranian people. In 2005 Dr. Mahmoud Ahmadinejad was elected as Iran's sixth 
president. 
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Ebadi, a committed Muslim, during all this turmoil has battled for an interpretation of her 
faith that is compatible with democracy, convinced “that change in Iran must come peacefully and 
from within”. For her efforts she has been imprisoned and threatened with death by those who 
denounce her as an apostate “for daring to suggest that Islam can look forward, and denounced 
outside the country by secular critics of the Islamic republic, whose attitudes are no less dogmatic”. 
But she is far from a lone, friendless voice in Iran and has many allies and supporters.  

After receiving the Nobel Peace Prize in 2003 Ebadi was greeted at Tehran airport by a joyous 
crowd numbering “hundreds of thousands”. Among her admirers was the granddaughter of Ayatollah 
Khomeini, who placed a garland of orchids around her neck. Iranian society is riddled with such 
bizarre paradoxes “Janus-like traits which puzzle, bemuse, and infuriate the outsider.” Yet with 
headlines across the Western world screaming of a new era of international history in which Cold 
War rivalry has been replaced by a fundamental clash of civilisations, we cannot pander to 
ambiguities. Her Iran, and everything I had assumed about it, was dissolving before her eyes.  

Her narrative reminds us how modern Iran, with its glowering visage of Khomeini once, is a 
now pale similitude of the days when Persia was the intellectual treasury of the world, and its culture 
a model of sophistication. Shirin Ebadi is earnest when she says that “…nothing useful and lasting 
can emerge from violence.” Her writing reminds us of “the long reach of history in the Persian 
psyche” and of an ancient gripe by its people of “having been misrepresented to the world”.  

She writes how resentment at the regime’s broken promises it was difficult not to suppose the 
whole country was disillusioned and weary and resentful and simmering. Democracy’s a very fragile 
thing. Extreme care of democracy should be taken. As soon as one stops being responsible to it and 
allow it to turn into scare tactics, it’s no longer democracy. It may be an inch away from 
totalitarianism.  

Modern democracies have to make their system work much better than it does currently. That 
means making democratic decision-making effective, reintegrating constitutional liberalism into the 
practice of democracy, rebuilding broken political institutions and civic associations. Perhaps most 
difficult of all, it requires that those with immense power in our societies embrace their 
responsibilities, lead, and set standards that are not only legal, but moral. Without this inner stuffing, 
democracy will become an empty shell, not simply inadequate but potentially dangerous, bringing 
with it the erosion of liberty, the manipulation of freedom, and the decay of a common life.  
Conclusion 

The memoir reveals that the Iranian experience is far ahead of would-be Islamist states; they 
understood the limitations of theocratic rule better than any other Islamic nations, and the continuing 
debates on the nature of ruler ship were probably the world’s most intellectually sophisticated. Every 
factor was in place for its evolution, which it would be a pity to usurp. She reminds us that it’s much 
easier to wage war than to solve the challenges of peace. As proof of her against her so called Pro 
American allegiance at a press conference last month in Paris, Ebadi defended Iran's right to nuclear 
energy, and addressing the prospect of a U.S-led war against Iran was quoted as saying, "We will not 
allow an American soldier to set foot (in Iran). We will defend our country till the last drop of blood."  

This paper is an analysis of her views on the repressiveness during the fundamentalist regime 
in Iran and also she believes that it is up to the Iranian people, who in their own way must transition 
to a democratic government that is representative of their needs. Regarding oppression of women in 
Iranian society she had always interpreted one refrain: an interpretation of Islam that is in harmony 
with equality and democracy is an authentic expression of faith. It is not religion that binds women 
but the selective dictates of those who wish them cloistered. That belief, along with the conviction 
that change in Iran must come peacefully and from within, had underpinned all her work. She says in 
her memoir “When I heard the statement of the Nobel prize read aloud, heard my religion mentioned 
specifically alongside my work defending Iranian’s rights, I knew at that moment what was being 
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recognized: the belief in a positive interpretation of Islam, and the power of that belief to aid Iranians 
who aspire to peacefully transform their country.” 

A woman who was ‘sidelined by the Islamic Revolution but stayed in Iran and carved out a 
professional and political role in the forbidding theocracy that emerged.’ She feels that the ‘cold 
antagonism between the United States and Iran made communication between the two societies more 
urgent than ever.’ It is impossible to impose democracy on a country through military force. In the 
past, it has been movements for freedom from within tyrannical regimes that have led to flourishing 
democracies; movements that continue today. This doesn’t mean abandoning one’s values and ideals; 
It is Ebadi’s interest to help foster democracy through the diplomatic and economic resources at our 
disposal. The institutions of democracy – free markets, a free press, a strong civil society – cannot be 
built overnight and they cannot be built at the end of a barrel of a gun. The freedom from want and 
freedom from fear are only realized once the personal and material security of a people is ensured as 
well.  

Shirin Ebadi in her Epilogue says ‘Iran, for its part, must peacefully transition to a democratic 
government that represents the will of the majority of Iranians…. Iranians are too tired of blood 
letting and violence. Many are willing to go to prison or risk their lives for their dissent, but I don’t 
see Iran today as a country where people are ready to pick up weapons against their government.’  
 Ms Ebadi makes her stand very clear when she says that “The threat of regime change by 
military force endangers nearly all of the efforts democracy minded Iranians have made in these 
recent years.’ The Iranians overlook their resentment of the regime and move behind their unpopular 
leaders out of defensive nationalism. She feels that she cannot relax and in the near future be ready to 
retire because people like her are needed to protect Iranians from their government. Revealing the 
truth about Iran as it is today, with a brief look at its past, was one of her incentives for writing Iran 
Awakening. 
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The literary world of the twentieth century saw a revolutionary rise in fiction-writing,

sidelining poetry the once acclaimed genre. However, with the onset of the new millennium and

the phenomenal spread and popularity of social networking sites, poetry writing and reading has

gained renewed impetus.  This one-time ‘endangered species’ which was limited to the syllabi of

schools, colleges, universities, and probably to the few die-hard fans of poetry has found a

productive platform on cyberspace,  reclaiming its fading glory.  A number of poets have

stamped their marks with a repertoire of excellent poetry in the rising number of online poetry

groups and literary hubs. Such groups also stand witness to some mediocre stuff, but, what

remains significant is that poetry is now read, enjoyed and critiqued like never before.

One of the most prominent poetic voices acclaimed and acknowledged by academicians,

writers and laymen alike is Dr. Ampat Koshy an Indian writer in English. He is one

contemporary writer who has carved a niche for himself in the literary world of networking sites

with his prolific outpour of poetry and a commendable collection of prose works.    His

published collections of poetry include Soul Resuscitation and 2 Phases 50 Poems.   His book A

Treatise on Poetry for Beginners as the name suggests is a delightful discourse on the nuances of

verses and verse-writing, and was chosen by Butterfly and the Bee as one of the best reads in

India in 2012. His monograph of essays called Wrighteings: In Media Res and his doctoral thesis

Beckett’s English Poetry: Transcending the Roots of Resistance in Language, both published

works are proof enough of his astounding scholarship and erudition. A short story collection

awaits publication by Lifi and his poem “A Shayira of Sorts” was nominated for the Pushcart

Prize for Poetry for 2012. His poems have also found prominence in many poetry journals,

magazines, e-zines and anthologies in different parts of the world like USA, UK, Canada and

India. He regularly contributes to The Camel Saloon where three of his poems have become
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editor’s picks, including “Africa” and “Hurt”. He is presently teaching English Language and

Literature in Faculty of Arts, Jazan University, Saudi Arabia as an Assistant Professor.  A

versatile genius, he dabbles in art, music and literary criticism as well.

Writing is the quintessence of his existence and this passion for writing is well

articulated when he states: “I write, therefore I am. When I am no more, I won’t write anymore,

of course, but when I stop writing, even if I am, I am no more” (terrestrian).  Though he has

experimented with various genres and has excelled in probably all of them, it is his poetry that

has attracted a wider readership. His verses are marked by a rare elegance that results from a

blend of unmatched scholarship and eloquent simplicity. The poetic themes are variegated and

are the products of a highly complex personality.  His poetry also showcases experimentation in

form and structure. Most of his poems deal with love, family, death, alienation, existential angst,

meta-poetry and social issues. But mostly it is about a ‘quest’ for something: probably a quest for

the self, a search for wholeness,   an insatiable desire for perfection both in art and life or an

attempt to relocate his roots through memories  from the past that probably provide him

anchorage in foreign lands despite  his rootless identity. The most intense of his verses spring

mostly from his solitary life abroad, far from family and friends. This partly self-imposed exile

and its ramifications find expression in most poems of Dr. Koshy. The title and the opening line

of the poem “I do not know what I seek” speaks volumes of his sense of nostalgia and his

passionate yearning to be with his loved ones so as to add meaning to his exile:

I do not know what I seek.

In the midst of my island

This spreading pool of loneliness

widens

engulfing every green thing

on this auspicious day,

overflowing its borders.

His sense of longing is triggered by his inability to belong and the resultant attempt to

find meaning in a converging experience defines his sense of being. The overflowing ‘pool of

loneliness’ and its consumption of ‘every green thing’ evokes in the readers poignant images of
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seclusion and emptiness.  The image of the lone rock jutting out like an ugly tooth emphasizes

the dilemma of the diaspora on alien shores. The recurring images of nostalgia and dislocation

that reverberate through his poetry are also indications of his ambivalent identity. Again, the

poet’s attempts to escape or seek respite in fleeting ties are actually thwarted by his firm bonds

of permanence that form the basis of his essence:

The fish too escape.

Only a lone rock remains

jutting out like an ugly tooth

splashed by black waves

in the dying rays of the setting sun.

It’s another love I spay.

The poet’s identity is marked by his multicultural exposure. The series of poems

published in Brian Wrixon’s anthology Tripping on Words: a Literary Atlas” is a mosaic of his

variegated experiences that lie scattered over differing points in the space schema. The long

poem is an attempt to recreate meaning out of a disjointed, disintegrated and dilemmatic life and

personality. Each poem acts as a fragment of a coherent whole and at the same time exhibits an

identity of its own.  This poetry of assimilation is an exercise in the process of acculturation,

integration and identity formation.

The section “Trivandrum” takes the readers to the by-lanes and alleys of his childhood

and adolescence. Memories of immaculate nature and a non-corrupt world remain etched in his

“mnemonic memory’s cartography” (ToW 112). A world of smells and tastes haunts the poet

who is still on the lookout for “the elusive answer” to a question that he never framed, that has

none (loc.cit.).

The section “India” (ibid. 113) is the product of his indisputable love for his homeland –

‘Kafka’s father,’ as he states. The ambivalent attitude that he displays in the poem is the

objective outcome of his deep love that comes from an insider viewing his world with an
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outsider’s lens. The reference to Kafka is also an exercise in intertextuality, probably indicating

the poet’s quest for the Kafkaesque womb!

“Bangalore” (ibid. 112-113) for him does not offer the idyllic charm of the Trivandrum

mapped in his memories. It is only a world marked by disparities where the poet enjoys watching

and critiquing the “rich lap up luxuries,” though he admits that he too was at times lured by the

glitz and glamour of the ‘jaded metropolis’, when he states: “at such times/ you were the lover/ I

wanted/ to rape/ surreptitiously.” “Jeddah” (ibid. 113-114) recounts the love-hate relationship

with the royal port city. The ambivalence is marked probably by the ordeals of his professional

life there and the brief hiatus of measured happiness in the company of his family and friends.

“Al Khums” (ibid. 114) is a poem where the poet calls to mind his dear and near ones even in

moments of extreme happiness, anticipating them to partake in his joy in absentia.

Stuart Hall points out in his essay “Cultural Identity and Diaspora” that cultural identity

in the diasporic existence “undergoes constant transformation” (435). Consciously or

unconsciously the poet’s self too undergoes constant transformations, and that is probably the

reason why the poet appears more composed and stoic in the section on Jazan. Perhaps the

theme of longing here harps on the desire for change and movement. The eponymous city Jazan

provides him with more hope:

…maybe you will be

my Alexandria

in Arabia Asia,

you let me wander your crevices

the why yet to be revealed

amidst your minarets and muezzin calls

as if I’m waiting for my Damascus

The last line of his poem “Hope” from Soul Resuscitation sums it all up: “Hope is what

we live on.” These different fractions of poems fit in like the pieces of a jigsaw puzzle, framing

the ‘whole’ of the poetic persona where the joints bear   reserves of some elusive meaning. These
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series both in texture and structure reflect the fragmented self and its attempt to attain

completeness through unification or the multiples selves that seek to converge into a single

purpose of existence. The scattered presences of the ‘self’ without belonging to any particular

place interrogate his sense of being. It is striking to note that his idea of being and becoming is

rooted in the quest for meaning underlying the very fluid nature of his existence where the only

waterfront seems to be love and duty. These fractions also assert the poet’s liminality as a

diaspora and his endeavour to assimilate his present and past; his host and home; the conscious

and the unconscious and his self and the other. It is in these liminal spaces that the poet

undergoes the individuation process of self-realization, i.e, “the process of strengthening,

differentiation and assimilation (integration) into consciousness of the various non-egoic parts of

the psyche…” (Fiumara 178). The unified structure of this poetic montage is also a metaphoric

assertion of the fact that “Individuation begins with a withdrawal from normal modes of

socialisation, epitomized by the breakdown of the persona...liminality”(207)..

The cultural plurality of his homeland reflects in the expansive use of his language and

expresses itself in the sublime and grotesque array of words. The poem peppered with abuses

strongly underlines his frustration and inability to coerce with the new cultural ethos.

Simultaneously a part of him is sensitive to the changes and makes a constant effort to fit in.

Self-imposed or not, displacement does act as a stimulant to Koshy, as some of his best verses

spring from his diasporic sensibilities.

The lines from the poem “Birds” again emphasize the intensity of the poet’s sense of

nostalgia and grief at the thought of his separation from his beloved ones:

I never knew the face of death

has lips one longs to kiss

give death a miss!

and,

next year die of surfeit never stop

even an instant to think

of how those faces that face
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you lost are tearing you up

The reader may be taken in to believe that the poet actually seeks to forget those bonds from

which he finds no escape by indulging in the ‘cup’ of copiousness. But it is again his ‘childhood

dreams,’ the ‘blue sky’ and ‘white clouds’ that he seeks solace in. A deep sense of hiraeth

marks his poetry and the poet in fact tries to brace  up his ties by embracing his pain and anguish

that keep his dreams and memories animated: “sleep and dream/ and mayhap find peace.” The

poem redirects us to childhood memories and questions of being that the poet is now conscious

of and inspired by.

“(After Rilke): An Explanation” the first poem by Koshy in Soul Resuscitation is one of

his best and as the connection to the German poet implies, is a fine exercise in “impassioned

monologue.” The obvious take off is Rilke’s first Duino elegy which takes Koshy’s theme of

alienation and isolation to existential dimensions, attempting to make occasional penetrations

into the phenomenon of existence. The poem which abounds in symbolisms and allusions is

characterized by an ontological chase creating meaning out of residues nonentities.

In the poem, memory and past images accentuate the poet’s solitude and it is his sensitive

consciousness that compels him to seek answers to his existential dilemma. His philosophy of

living is rooted in love and faith and this forms the essence of his being:

you are that being

each atom beyond grasp

unexpected sweetness pierces him

occasionally

when he passes a window

and hears them play “in summertime”

The allusions to Bob Dylan’s “Covenant Woman” and “In the Summertime,” in fact,

unveils man’s desperation to achieve anchorage through the sublimity of love which he often

feels eludes him. The mystery and elusiveness of love is as obscure as the phenomenon of

existence itself. The oxymoron “murderously sweet” reminds one of Yeats’ “terrible beauty”

which again is highly eloquent in Rilke’s line from his first elegy- “beauty is nothing but the

beginning of terror.”  Love for the poet does not rest in the magnetism of physical forms of

elegance but is something transcendental, a sublime entity that may even find expression in little
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acts of kindness and unstinting commitment to causes as the men in Yeats’ poem. It is through

this medium that he aims to find answers to his ontological quest and connect to the Unknown.

On an autobiographical note, it could be argued that the poet’s self- imposed exile which

may partly be pecuniary in disposition, something not driven wholly out of materialistic

ambitions, and as the introduction to 2 poets 50 poems suggests, is something nobler: “His

greatest desire is to build a village for people having autism where all their needs are met. He

runs an NGO called “Autism for Help Village Project” with his wife for this dream to come

true.” The poetic persona waits for the Lord to “rebuild” him and “fill him up” so as to save him

from the vacuity of a purposeless life. The line separating his becoming and being seems to grow

fainter at times. The idea is elaborated in the poem “When I consider how my life is spent” from

the anthology 2 Phases 50 Poems:

I beat my wings against a pane of glass

behind it the light that would kill me of

this is living death. I neither die nor live

only one thing is clear. there is nothing called love.

To begin with, the pun on the word ‘spent’ is striking and antithetical. The idea of spending

one’s life points directly to questions of ontology and the meaning of spent when taken as

‘wastes away’ reflects on the possibilities of damnation. The paradoxical nature of existence is

conveyed by the clever play on words.

Again, in the poem “(After Rilke): An Explanation” physical beauty is merely transient

and lacks essence as the hair that “false/falls across your face,” just a symbol of terror that points

to the pseudo existence that mankind generally indulges in.  The war images of “a cobbled street

full of dead bodies” and the “small white wild flowers” littering the street take the readers to

world of futility and terror. Man is obsessed with self-love and such narcissistic tendencies

propel him to revel in a sense of false security, which eventually culminates in his own

destruction –both physical and spiritual:

it only wants security to establish what one calls love

this is the secret

fear rules the city and her

and me and him (After Rilke)
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Death and destruction leave man with residues of meaning to rebuild and reform his

sense of being. The poet, probably see in ‘nothingness’ and ‘void’ the rationale of reformation

that may carry one to the metaphysical realms of purpose and being. But man is yet to come to

terms with the essence of his existence and penetrate into the secret of eternal happiness:

the little robin red-breast sings outside her wings

each and every atom of hers

is still beyond his reach (After Rilke)

The speaking persona, unable to comprehend the selfless song of the robin red-breast

cries out in existential angst:

why do you love when such terror inhabits the world

of objects

that horrify  us with their longevity? (After Rilke)

The bird is reminiscent of Hardy’s “Darkling Thrush” with its   “full-hearted evensong/

Of joy illimited.” For both the birds, hope in humanity and love forms the basis of their living.

The resilience of the birds, not altered by corrupt thoughts is contrasted with the “crumbling”

humanity which disintegrates into a state of nothingness. Koshy demeans human life and

diagnoses the limitations of mankind by the contradictory images of the selfless bird and self-

obsessed man. The references to Kahlo and Diego implicate the ‘false’ notions of love as

perceived by the ordinary. Kahlo’s liaisons with Josephine Baker (Hubpages) and Diego’s

infamous and incestuous relationship with Kahlo’s sister Christina (Fridakahlo fans) reinforces

the images of Eliot’s moral wasteland where love is mechanical, vacant and transient. Man’s

inability to find real love, to move beyond superficial sexual gratification and his obsession with

momentary indulgences are congruous to the dissolution of his very essence, his purpose of life

and his sense of being. The ethical degradation and moral decay prevent man from attaining

ubermensch or ‘superman’ status. Violence, war and power are all consequences of man’s self-

oriented objectives that further belittle his existence, forcing him to degenerate from nothingness

to nothing:

like kahlo

outcast other killed forever voices stilled
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gone under the earth forever

will mine too?

In addition to the theme of existential angst, this poem can also be taken to be an artist’s

hunt for meanings, his/her attempts to trap “abstractions” in the permanence of his/her art and

his/her urge to be heard. The bird mentioned earlier is as mortal as the speaking persona but it is

its song that becomes the insignia of its essence and permanence. Perhaps the poet’s intentions in

alluding to Kahlo are manifold. As writing is living for Koshy, painting was Kahlo’s essence.

She states: “…I am happy to be alive as long as I paint” and “The only thing I know … is that I

paint because I need to” (Fridakahlo fans). The act of painting and writing can be translated as

the essential media for achieving what is ‘beyond their reach’ (After Rilke).

The poem “Son and father” is yet another poem that borders on the quest for ideal love.

The poem set in a conversational mode begins with a question posed by the father: “why does

your heart ache, my son?” The failure of the son to meet his soul mate is deftly drawn in the

son’s answer:

I longed to meet someone

in the journey who’d make me blossom

and someone I’d do the same for

I still haven’t come across such a one.

The title is fraught with biblical connotations and definitely, on a more sublime level deals with

the discord and disparity that mankind is doomed to be in. The mistrust, guile, deceit and

treachery behind the crucifixion, now operate at a wider level and the poem ends on a note of

dystopia. The same theme is extended in his poem “Nirbhaya” but his philosophy of life rooted

in Christian existentialism is more hopeful of the consequences:

then what a good thing

heaven and hell are separate

and a great gulf is fixed in between

His poem“Yekaterina: A Russian folk story retold in verse,” at the outset, comes across

as the poetic adaptation of a simple Russian folklore. The poem recounts the tale of a poor girl

who was alienated by her stepparents and given asylum by the moon. The moon which acts as a
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saviour in this poem is shorn of its mask in the sequel poem “the girl in the moon.” The ‘moon’

here functions as the metaphoric representation of the illusory gleam offered by his life abroad:

till later her laughter

suffused

by the orange

of a rising sun, changed to sorrow

Loveless reality on alien shores dawns on the persona as the ‘moon’ finally melts away “hiding

in the sky’s forests.” Even though he finds respite in divine faith, it is not done at the sacrifice of

his worldly duties. It is love, duty and conscientiousness that form the core of his existence. As

he sings in the poem “O Rumi”:

O Rumi

intoxication with the divine

is not the only way

O Ghalib

the way of the senses

is not the only one

It not sensual love either, but a love of a higher order, borne out his sense of trust and

responsibility that opens the “unending vistas / of Keen Delight.”

The poem “Hunger” is powerfully intense in its portrayal of the poet’s sense of exile and

solitude. The reference to Marcel is noteworthy, especially in the context of this study. The

allusion to the Christian existentialist and philosopher is obvious. “What defines man are his

exigencies” claims Marcel (34) and the poems of Koshy as portrayed are the products of his

ontological exigencies. If the first name is to be considered, the ‘Marcel’ in question may be a

reference to the French novelist and critic Marcel Proust. This leads one to the intertextual

conclusion that the indication may be to his famous work In Search of Lost Time (previously

translated as Remembrance of Things Past) which recapitulates certain past events as an attempt

to anchor on to  memories, which, again is a recurrent theme in Koshy’s poems.

The process of rememoration found in many of his poems often functions as an antidote

to his sense of isolation and aids in his strong urge for belonging. It is in his sense of belonging

that he finds meaning. In addition to his endeavour to accommodate change and movement, he
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also makes an attempt to come to terms with his hybrid sensibilities – postmodern, diasporic,

Indian and sometimes even feminist. Milton Singer had remarked about A.K. Ramanujam’s

poems as having “double self” composed with the components of Eastern and Western

epistemologies (Singer xiii), but Koshy’s poetry points to the “multiple selves” that compose a

complex personality. In spite of his sense of diaspora, it is not the physical places that matter to

him but the “Real Spaces of the Mind” (ToW 114) where “places become driftwood” and

residual experiences shape his being. “I did not find you in mandir or masjid” (2 Phases 30) is

yet another poem that explores the inconsequentiality of physical spaces.

While most of his poems are retrospective in nature, the poem “Heart” is introspective

and reflects on the desertion within. While his physical form experiences a floating existence, it

is his heart that chains him to a ‘shape’ and this probably alludes to his love, his roots, his past,

his God, his ideals or even his ideology. The ambivalence reflected in the line “I hate you for

chaining me to a shape” echoes his heightened sense of existential angst. The dialectic of being

and belonging is seen to run through most of his poems, sometimes explicit and at times

implicitly woven.

Koshy’s is a voice resonant with the anguish of living and loving. In an interview to

Copyleftwebjournal he states : “I bleed red tears on to paper, mainly, and they become words

and birds and fly away.” The flight of his imagination and poetry is triggered by the politics of

his identity, pain of separation and the recurring memories of a past that provide leverage to a

conflicting present. It also marks a consciousness that is in constant struggle with the self and the

external world where he tries to spin meaning out of the ensuing pain, anguish and dilemma.

The adroit use of arresting allusions and images also points to the multi-layered nature of his

verses and the possibility for further exploration of themes and forms. Borrowing the words of

another noted poet and author of Ekalavya Prathap Kamath, it can also be said that Koshy’s

works are “the products of a mind that is restless and vibrant, with a micro-fine sensibility, down

to earth humility despite its mind boggling scholarship and an eye that sees a detail always left

unnoticed by others.” He is definitely a distinctive and potent voice in the sprawling FB

literaryscape. His postmodern sensibilities, adept use of English language, ever expanding

intellect and sensitive approach to life put him across as a writer of extraordinary calibre.
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The temple entry movement of the 1920s and ’30s in Kerala, South India, has become a landmark in the 
history of social reform and nationalist movements for its uniqueness and sweeping success. Popular his- 
tory has presented the episode as an integral part of the Nationalist Movement and the Gandhian Con- 
structive Programme mainly because the temple-entry issue was endorsed by the Kerala State Congress 
Committee and the agitation was concluded under its auspices. But this popular and idealist impression of 
the movement has been challenged from various quarters. It is pointed out that there have been very little 
attempts at linking the event with the advancing civic rights movement led by the lower caste people for 
freedom of worship and social equality which was gaining a radical turn by the 20s and 30s; the pressure 
exerted by the untouchables to achieve civic freedom even at the cost of renouncing Hinduism had created 
an alarming situation which no caste-Hindu could ignore. Even more surprising is the absence of aca- 
demic attempts to link the agitation with the Malabar Rebellion of 1921; in fact the Rebellion had chal- 
lenged the very survival of the Congress organization in Kerala; this factor forced them to retreat from the 
earlier secular plane to a religious idiom of politics for which the question of temple-entry served their 
purpose. The Temple entry movement, therefore, has to be studied in the light of the antipathy shown by 
the Congress towards popular and radical agitations and in the context of its growing tendency to incline 
towards Hindu symbols in politics as a means to escape addressing vital and burning social issues. 
 
Keywords: Temple-Entry; Constructive Program; Vaikam Satyagraha; 1921 Rebellion; Religious  

Conversion; Indian National Congress 

Introduction 

Social reform movements of early twentieth century Kerala 
differed from their north Indian counterparts in certain basic 
features. Firstly, they overlooked individualistic and usually 
female-oriented reform programs and confronted inequalities 
among Hindu castes, which were more glaring in Kerala than 
anywhere else in India. At the early stages of the all-India re- 
form movements the “evils” of society, mostly inflicted upon 
women-sati, the prohibition on remarriage of young widows, 
purdah, the custom of early marriage, and lack of educational 
opportunities for them-engaged the reformers’ attention, and 
crusades for laws to protect (mostly high-caste) women and the 
founding of institutions to support and educate them defined the 
practical reform programs (Heimsath, 1978: pp. 24-26). In Ker- 
ala, women’s causes never caught on1; Kerala’s social evil was 
caste. Secondly, they were all caste/community movements; 

preoccupation with community-subjects marked their social 
presence. The process of the “construction of Hinduism” (Mu- 
raleedharan, 1996; Viswanathan, 2003), which was one of the 
focal points of the early social reform movements of North 
India, both as a desperate resistance against colonialism (“Re- 
sistant Hinduism” against “Renascent Hinduism”, Young, 1981) 
and as a prospective nationalist program, was only a succeeding 
agenda for the reformers of Kerala2. In other words, what was 
at stake was primarily the status relationship between commu- 
nities; the formation of a unified Hindu religious community, 
by forging a symbolic unity of castes through the portal of the 
temple3, was not taken up seriously till the early 1920s. Thirdly, 

2The Renaissance intellectuals focused mainly on relieving Indian religion 
of the features most attacked by Christian missionaries and to remodel 
Hindu religion in accordance with the Judeo-Christian conceptions of 
monotheism and anti-idolatry. This process of shaping Hindu religion ac-
cording to a totally alien concept is termed as “Construction of Hinduism”.
3“Hinduism… does not meet the fundamental requirements of a historical 
religion of being a coherent system; but its distinct religious entities do. 
They are indeed religions; while Hinduism is not” (Stietencron, 1989: p. 20)
The lower caste Hindus had their own shrines (kavu), the belief system and 
ritual practices of which were basically different from that of the Brahma-
nical temples. The Izhava social reform movement was a campaign to “san-
skritize” their social customs, rituals and ceremonies: Aryan gods to replace 
primitive deities (“to obtain high gods for lower castes”, Lemercinier, 1984:
p. 248), learning of Sanskrit and founding of school for Vedanta and the 
congregation of monks. 

1Mainly for the reason that society had been impregnated with mother-right 
cultural norms and thus women—except in Nambutiri Brahmin and some 
Muslim households—were already liberated. Customs like Sati, female in-
fanticide, and the disfigurement of widows which so enraged Indian social 
reformers, failed to emerge from the mother-right culture of Kerala. Widow 
remarriage, a highly charged issue throughout India, caused no ripples ei-
ther, because most low caste and Nair widows freely remarried. Among the 
Nambutiris mature marriage was the norm, not child marriage, and so wid-
owhood could not claim major attention among their reformers. Infant mar-
riages among all communities were rare.
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these movements played a very insignificant part in the anti- 
British nationalist opposition (Houtart & Lemercinier, 1978: p. 
5). The outstanding enemies here were internal, and the British 
colonist appeared to the depressed communities as an element 
favorable to their emancipation, since it was he who had been 
responsible for the abolition of slavery and for so many liberal 
reforms. For the upper castes too the British offered opportuni- 
ties for emancipation, since educational progress and changes 
in marriage rules were largely dependent on their consent. In 
general, thus, the attitude of the caste associations towards the 
emerging nationalist movement was one of distrust and caution. 

Against this background, my attempt here is to discuss how 
the temple-entry movement of the 1920s and ’30s signified the 
above mentioned features and determined the nature and gen- 
eral course of nationalist politics in Kerala. It rejects the na- 
tionalist proposition of the temple-entry movement as a great 
humanitarian and philanthropic endeavor mediated by the Gan- 
dhian programme of social upliftment (Pilla, 1986: pp. 357-368; 
409-415; Chandra, 1989: pp. 224-234; Menon, 2001: pp. 141- 
163; 316-331; Menon, 1997: pp. 74, 82) towards creating a 
“community of equals” and places it against deep social pres- 
sures from below. In fact the episode of temple entry agitation 
represented a conclusive act of the movement for civil rights 
led by the untouchable castes from the early nineteenth century 
(Jeffrey, 1978a: pp. 136-169). But the Congress involvement in 
the struggle in the 1920s, and even later, should be examined 
from two political standpoints—a shrewd drive to pacify lower 
caste radicalism (Aloysius, 2010: p. 181) (which was aggra- 
vated by religious conversions) and to find a quick deliverance 
from the moral setback inflicted by the Rebellion of 1921 
(which in fact threatened to destroy the very foundations of the 
Congress in Kerala). The highly complicated socio-political en- 
vironment brought about by the rebellion problematized both 
the future course of nationalist political action and the status 
quo of existing community and class relationships upon which 
nationalist politics had laid its roots. 

This paper, apart from examining the role of lower caste ra- 
dicalism in engendering the temple-entry movement, examines 
the hitherto unexplored story of the impact of the 1921 Rebel- 
lion in putting pressure on the Congress to deviate from its 
earlier secular stance to an apparent Hindu idiom of politics. 
Historians have noted this point earlier (Jeffrey, 1978a; Menon, 
1994) but a serious effort to develop it into a polemic has not 
been undertaken. My attempt here is to create a counter-narra- 
tive, not by depending on any new sets of empirical data, but 
through a re-reading of the existing texts, which are, however, 
mostly of elite origin. Sources having subaltern inclination are 
rare, but those that are available from the part of both the Izha- 
vas and the Mappilas are certainly made use of; the missionary 
and colonial records are treated with care as they represent an- 
other set of elite sources. The paper would first trace out the so- 
cial situation of nineteenth century Kerala, the long history of 
the movement for civil liberties and the politics of rising na-
tionalism, and then proceed on to discuss how the temple entry 
agitation reflected the concerns of the caste Hindus about the 
growing lower caste radicalism and attempted at addressing it 
through social reform measures.  

Historiography 

Though there are plenty of literature on the civil liberties 
movement, the nationalist struggle and the 1921 Rebellion, and 

a few attempts at connecting the temple entry movement with 
the conversion issue, there are practically no attempts at linking 
it with the 1921 rebellion. The Census Reports of Travancore 
and Cochin from 1871 to 1941 as well as the manuals of Tra-
vancore (Aiya, 1906; Pilla, 1940) and Cochin (Menon, 1911) 
contain rich data on the condition of the untouchable castes. 
The two manuals of Malabar (Logan, 1887; Innes, 1908) dis- 
cussed the role of the colonial state as instrumental in emanci- 
pating the downtrodden. Some of the anthropological studies 
taken up during this period (Thurston, 1909; Iyer, 1909, 1939) 
discussed the social condition and inter-caste relationships to 
analyze how customs and traditions stood to counter the en- 
gagement with modernity. We have three important pieces of 
missionary literature (Day, 1863; Mateer, 1871, 1883) which 
looked down at the “primitive” and “superstitious” customs and 
systems of the people of the land and placed Christianity as a 
great redeeming force. Two recent studies also have tried to 
locate missionary intervention and the presence of a powerful 
Christian community as decisive factors in the modernization of 
Kerala society (Kawashima, 1988; Onwerkerk, 1994). 

Academic studies on the social and religious reform move- 
ments of Kerala in general and the Izhava reform movement in 
particular placed them against the existing “context” (of caste, 
social evils, deprivation) and the impending forces of moder- 
nity (new education, missionary activity, colonial agency and 
the rising middle class consciousness) and analyzed the varied 
factors which helped or obstructed the potential of different 
social groups to appropriate reformism as a means to overcome 
their state of deprivation. (Rao, 1979; Isaac & Tharakan, 1988; 
Jeffrey, 1994). There were also attempts at examining the fac- 
tors for the radicalization of the Izhava caste movement and its 
later inclination towards left-wing ideology (Jeffrey, 1978b). 
Some scholars considered missionary presence as instrumental 
in the gradual radicalization of the Izhava movement and the 
slow expansion of its emancipation agenda (Pulapilly, 1976). 
There were also attempts at analyzing the ideological founda- 
tions of the reform movements and to identify the unique fea- 
tures of the “Kerala Renaissance” (Houtart & Lemercinier, 1978; 
Heimsath, 1978, 1982).  

On the Malabar Rebellion we have an unending series of lit- 
erature belonging to diverse ideological streams ranging from 
colonial to nationalist and Marxist to subaltern. Discussion on 
the Rebellion has generally been focused on whether they were 
communal or agrarian uprisings, or whether they were moti- 
vated by economic or religious imperatives. Despite “fanatical 
outbreak” being the predominantly shared official version of 
the uprisings, agrarian grievances as a possible factor did not 
remain totally unnoticed. Two early exponents of the religious 
interpretation (Conolly, Strange), while recognizing the poverty 
and destitution of the Mappila “fanatics”, rejected them as a 
reason for the “outbreaks”. In contrast, Logan identified agrar- 
ian discontent as the main causative factor, but underlined the 
turbulence and fanatical character of the Mappilas (Logan, 1887). 
The government held that Mappila religiosity exacerbated by 
nationalist politics was the prime moving force behind the re- 
bellion of 1921 (Tottenham, 1922; Nair, 1923; Hitchcock, 1925). 
More recent studies have attempted to interpret the militancy of 
the Mappilas as a means of defending the frontier of Mappila 
society-internal frontier was with the Hindu society dominated 
by landholding Brahmins and the external frontier with the Eu- 
ropeans, from Portuguese to the British. The nineteenth century 
uprisings were jihads to defend the internal Islamic frontier. 

Copyright © 2013 SciRes. 58 
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The rebellion of 1921 was different in that it was directed to- 
wards an identifiable political goal, i.e., establishment of an Is- 
lamic kingdom (Dale, 1980). The nationalist version is repre- 
sented mainly by the autobiographical sketches of the Congress 
leaders which, while justifying the decision of the Congress to 
uphold the Khilafat issue, found fault with the government po- 
licy of repression and the irrationality and intense religiosity of 
the Mappilas (Nambutiripad, 1965; Nair, 1971; Menon, 1986). 
A dominant section of left wing historians followed an essen- 
tially economic interpretation, treating agrarian discontent as 
the prime factor with religion as a means of mobilization (Nam- 
butiripad, 1952; Hardgrave, 1977; Dhanagare, 1977; Wood, 1987; 
Gangadharan, 1989; Panikkar, 1989). Among them Panikkar’s 
study stood different in that it treated the context (anti-British 
feeling and the urge to free from the exploitation of the proper-
tied classes) and ideology (religion translated discontent into 
action and provided the vision of an alternate society) equally 
decisive. A recent study examined the uprisings from a subal- 
tern perspective and placed the Mappila insurgency along sub- 
alternity and religiosity, which are specific to premodern con- 
sciousness, in order to exonerate it from the alleged blemish of 
“communalism” and “jihadism” (Ansari, 2005).  

For a survey of the nationalist movement in Kerala we have 
several studies, both panegyric and critical. Studies which fol- 
lowed the official Congress view (Pilla, 1986; Menon, 1997; 
Menon, 2001) perceived the shifting strands of nationalist posi-
tion with reference to its primary (anti-colonial) preferences 
and its (umbrella-type) all-class and secular character. The dis- 
position of the Congress in taking up the internal issues affect- 
ing class/caste relations on a secondary footing has been justi- 
fied on this premise but it is further argued that the constructive 
program was actually devised to serve this purpose—to sup- 
plement political action through social and humanitarian work 
(including efforts to eradicate untouchability)—which aimed at 
cleansing the nation of blots which stood against true and ideal 
nationhood. The nationalist reading of the temple-entry move- 
ment followed such a glossy picture: uplift of the depressed 
sections of Hindu community through constructive program 
was an integral part of the work of the Indian National Con- 
gress in Kerala (Menon, 2001: pp. 141-163; 316-331). That the 
dual task taken up by the Congress, to build the nation and to 
construct a solid Hindu community, was not a mistaken strat- 
egy; in the context of the predominantly Hindu majority na- 
tion-state, the appropriation of Hindu religious symbolism was 
not incongruous (Chandra, 1989: pp. 230-234). A critical stream 
against the nationalist position came from various quarters, 
especially the left and the subaltern-dalit groups. The left per- 
ceived the nationalist movement as having had an implicit class 
agenda which got reflected in its ideology and method of po- 
litical action and argued that the constructive programme was 
devised to establish Congress hegemony over low castes and 
untouchables and to pacify the mounting “pressures from be- 
low” which threatened to offset the interests of the dominant 
social groups who were steering the movement (Nambutiripad, 
1952: pp. 131-132; Sarkar, 1990: p. 230). An article on Guru- 
vayur satyagraha, while treating it as a part of the nationalist 
movement, analyzed the role of factionalism within the Con- 
gress as a possible reason for diverting the Civil Disobedience 
Movement (CDM) into a social struggle and attributed the fail- 
ure of the struggle to the basic limitations of the Congress atti- 
tude towards untouchability (Gopalankutty, 1981). The Dalit 
perspective blamed Gandhi for perceiving untouchability sim- 

ply as a religious issue, not as a question of civil right, and 
hence in practice, it appeared to counter their own idea and 
struggles for emancipation (Aloysius, 2010: p. 181; Ravindran, 
1988). 

Two studies have tried to link the temple-entry agitation with 
the struggle for civil rights and the inner politics of the nation- 
alist movement (Jeffrey, 1978a; Menon, 1994). While the for- 
mer identified the “modernizing” impact of colonialism and the 
“civilizing” impact of missionary work as decisive in the crea- 
tion of a powerful middle class and a congenial ideological 
environment leading to radicalization of the reform process, the 
latter discussed the difference in the degree of power and dep- 
rivation among hierarchically arranged social groups in the 
traditional social order and presented the nature of their re- 
sponse to colonialism/nationalism on the basis of the degree to 
which the changes which took place under the colonial system 
favored their emancipation/retention of privileged position. 

The Social Spectrum of Kerala 

The caste structure of colonial Kerala stood different from 
the pan-Indian scenario. The existing varna and jati system 
varied from the ideal four-fold model with the total absence of 
the Vaishyas and a very marginal Kshatriya presence; the tradi- 
tional trading and commercial functions were by and large the 
preserve of the non-Hindu communities like the Jews, Muslims 
and Syrian Christians and the ruling lineages of medieval Ker- 
ala were substantially drawn from Sudra-Nair caste who how- 
ever were gradually elevated to Kshatriya-Samanta status. 
Brahmins (including the Kerala Brahmins called Nambutiris 
and the immigrant Tamil and Kannada groups) constituted a 
mere 1% of the population of the land but they occupied the 
upper echelons of ritual hierarchy and owned substantial landed 
properties. The populous, martial and matrilineal caste of the 
Nairs, who were the ruling class and constituted a substantial 
portion of the military force in the pre-British era, were ac- 
corded higher status for being “clean sudras” which led the 
Brahmins to enter into alliance with them by arranging liaisons 
with their women4 and by entrusting them with the manage-  
ment of their landed estates and temples. All of the above 
groups along with the several tiny castes of temple-servants 
called Ambalavasis constituted the elite Hindus (savarna). All 
the castes below the Nairs were avarnas (untouchables) and in- 
cluded, in terms of hierarchy, the Izhavas, Pulayas, Cherumas, 
Parayas and Nayadis. In addition there were the fishing and 
tribal communities. Pulayas, Parayas and Cherumas served as 
agrestic laborers and occupied very low social position and eco- 
nomic power tantamount to serfs. Defilement practices consist- 
ing of untouchability, unapproachability and even un-seeability 
determined inter-caste relations and was apparently influenced 
by the notion of hierarchy. The savarna-avarna divide medi- 
ated by socioeconomic and political inequalities hardened and 
dehumanized relationships between social groups. 

An examination of the position of the Izhavas in the tradi- 
tional social structure reveals the range and magnitude of di- 
verse kinds of relative deprivation. They are an ethnic category, 
found all over South India (Izhavas and Shannars in South Tra- 

4Such conjugal alliances were called sambandham in which the male part-
ners were just “visiting husbands” and the wives along with their children 
lived in matrilineal extended households maintained by impartible joint 
property. This practice was popular among matrilineal castes like the Nairs, 
Kshatriyas and Ambalavasis who had liaisons with the Brahmins. 
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vancore, Chovans in North and Central Travancore and Cochin, 
Tiya in Malabar, Billava in Tulunad, Nadar in Tamil Nadu and 
Idiga in Mysore) and the various cognate castes in Kerala con- 
stitute a large ethnic bloc. The most popular theory is that the 
Izhavas were migrants from Ceylon (Aiya, 1906: pp. 398-402; 
Thurston, 1909: pp. 292-418; Innes, 1908: pp. 124-125; Logan, 
1887: p. 80) and were Buddhists by faith (Kunhuraman, 1925; 
Aiyappan, 1965: p. 119). The occupation of the Izhavas in the 
traditional caste order was coconut plucking and toddy-tapping, 
though they were engaged as tenant cultivators, agricultural la- 
borers, weavers and coir workers. They also practiced ayurveda 
and astrology and had a tradition of military service (Iyer, 1909: 
p. 298). The Izhavas ranked lower than the Nairs and above the 
Cherumas/Pulayas in the caste hierarchy. Though the Izhavas 
were at the top of the category of castes who caused distance 
pollution, they had to keep a distance of 36 feet from the Nam- 
butiri Brahmins and were not allowed to enter temples managed 
by the upper castes. They also did not have the right to use 
public roads and wells of the upper castes (Aiyappan, 1944: p. 
39) and were denied admission in caste Hindu schools and gov- 
ernment jobs. Their women were not allowed to wear upper 
garments or any ornaments. The Nairs often demanded unpaid 
labour (uzhiyam) from them (Mateer, 1871: p. 43; Day, 1863: p. 
322). Under the existing three-tier agrarian social structure, 
most Izhavas occupied the position of sub-tenants or agricul- 
tural laborers. Most of the janmis were Nambutiris, Kshatriyas 
or aristocratic Nairs. Kanam tenants who held the lease for a 
period of twelve years (but sub-leased them) were mainly Nairs. 
Verumpattam was the lease for a three year tenure and Izhavas 
and Mappilas were the prominent sub-tenants. Agricultural la- 
borers formed an important category, and this consisted of the 
Izhavas, Pulayas and Cherumas. 

The political attitude of the Mappila community of Malabar 
represented a more complex pattern. Mappilas (or Moplahs), 
the Muslims of Malabar, traditionally trace their origins to the 
ninth century, when Arab traders brought Islam to the west 
coast of India (Miller, 1992: pp. 40-45). By 1921, they consti- 
tuted the largest—and the fastest growing—community of Ma- 
labar. With a population of one million, 32 percent of that of 
Malabar as a whole, the Mappilas were concentrated in south 
Malabar, i.e., in the Ernad, Valluvanad and Ponnani taluks of 
the erstwhile British Malabar described in colonial records as 
“fanatical zone” (Innes, 1908: p. 89). In Ernad taluk, the center 
of the rebellion, they formed nearly 60 percent of the popula- 
tion and in Walluvanad, 35 percent. The community has been 
characterized as consisting of pure Arab settlers, of the descen- 
dants of the Arab traders and women of the country, and of 
converts to Islam from the lower Hindu castes (Innes, 1908: p. 
26). The Mappilas were a mercantile community concentrated 
along the coast in urban centers. Segregated from the Hindu 
population in separate settlements, they had considerable auto- 
nomy, and under the Zamorin of Calicut, they enjoyed prestige 
as well as economic power (Zaynu’d-Din, 1942). From the six- 
teenth century, with the rise of Portuguese power in challenge 
to Mappila commercial interests, the greater portion of the 
community moved into the interior of Malabar and increasingly 
came to be agricultural tenants, low in status and desperately 
poor (Dale, 1980: pp. 54-82). In sharp contrast to the general 
prosperity enjoyed by the Mappilas of the North (where early 
converts included propertied classes of the high castes), the 
Mappilas of South Malabar were principally converted from the 

lower Tiyya, Cheruman and Mukkuva castes, for whom “the 
honor of Islam” brought freedom from the disabilities of ritual 
pollution. It was in these inland areas of the south and among 
the poorest sections of the population that the Mappila commu- 
nity expanded most rapidly (Hitchcock, 1925: p. 9). 

During the successive invasion of Hyder Ali and Tipu Sultan, 
in the late eighteenth century, Malabar was thrown into social 
turmoil. The Mappilas tried to reap political and economic 
gains from it by declaring their proprietorship rights over their 
tenurial lands and by remitting land tax directly to the govern- 
ment defying caste-Hindu landowners (Dale, 1976; Miller, 
1992: p. 81; Menon, 1999). The caste Hindus responded to this 
hopeless situation by fleeing from Malabar and seeking refuge 
in the self-proclaimed Hindu state of Travancore after either 
disposing of their property or deserting them to the Mappilas 
(Narayanan & Kesavan, 1983: p. 275). The situation was also 
significant in that large number of lower caste Hindus utilized 
the opportunity to enhance their social prestige by embracing 
the religion of the new rulers (Kunju, 1989: p. 79). The defeat 
of Tipu and the subsequent British land settlement policies in 
Malabar, leading to the restoration of the social and economic 
position of the dominant castes, severely affected the position 
of the Mappilas in South Malabar—by imposing enormous 
amount of rent and by fixing heavy renewal fees on tenurial 
contracts (melcharth) (Panikkar, 1989: pp. 1-48), they were op- 
pressed in particular. Reduced to insecure tenancy, vulnerable 
to rack renting and eviction at the hands of Hindu janmis sus- 
tained by British courts, the Mappilas responded in a series of 
outbreaks5. During the course of these nineteenth century out- 
breaks, the number of conversions to Islam heightened dra- 
matically. In converting to Islam, those of lower castes were not 
only freed from the traditional social disabilities of the outcaste, 
but they joined a community of resistance wherein their protest 
against janmi tyranny was supported by their fellow Muslims 
(Hardgrave, 1977: p. 62)6. The recurrent Mappila riots of the 
19th century were, to a large extent, in spite of their predomi- 
nant religious character (Dale, 1975), defensive responses to, or 
retaliatory acts against, such tyrannical acts and in that sense 
were essentially economic phenomena (Gough, 1968-1969). The 
sweeping militancy of the Mappilas and the exceptional enthu- 
siasm they expressed in violating traditional caste dharma com- 
bined with the rise in their demographic strength intensified the 

5The term “outrage” was used by the British to refer to those outbreaks of 
Mappilla violence in which the attack usually against a nambutiri or Nair 
landlord; sometimes against a European official or a convert who had 
slipped back into the Hindu fold and thus threatened community solidarity
was followed climactically by the religious suicide of all involved, in the 
secure knowledge that by their martyrdom they would attain the houri bliss 
of Paradise. The incidents in which the mappillas “sought actively their own 
death”, 29 in number between 1836 and 1919, were normally suppressed in 
a few days and involved in each case a relatively small number of people. 
Only in eight of the outbreaks did more than ten Mappillas become martyrs 
(or shahids) (Hardgrave, 1977: p. 62). 
6The Census of India, Madras (1871: p. 7) noted that the Cherumas “have to 
a large extent embraced Mohammedanism, and in so doing have raised 
themselves and their successors in the social scale. The tyranny of caste no 
longer affects the Mussalman converts and under these circumstances it is 
no cause for surprise that the Mussalman population on the Western Coast 
should be fast increasing”. Subsequent Census Reports recorded the contin-
ued Mappila increases and actual declines in the number of Cherumas re-
ported. Between 1871 and 1881, the Mappila population of Malabar in-
creased by 12.3 per cent, compared to only 3.4 per cent of non-Mappilas 
(Census of India, Madras, 1881: pp. 39-40). Between 1881 and 1891, Map-
pilas increased by 18 per cent, in comparison to a 10 per cent increase for 
Hindus (Census of India, Madras, 1891: p. 67). 
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social distance between the Mappilas and the high caste Hindus 
(Miller, 1992: p. 98). The setback inflicted on the material in- 
terests of the dominant groups had started to articulate slowly in 
the form of religious polarization and in widening the commu- 
nal divide. 

In 1852, a special commission, headed by T. L. Strange, was 
appointed to investigate the causes of the outbreaks. Strange 
rejected the view that the disturbances had their origin in agrar- 
ian discontent or poverty and attributed it to religious fanati- 
cism stirred by the teachings of ambitious priests. He recom- 
mended a repressive policy, enacted into law in the Moplah 
outrages Act, XXIII and XXIV of 1854. A special force of 
police was raised in Ernad to enforce these measures (Logan, 
1887: pp. 570-571). The failure to quell the outbreaks despite 
strong police measures persuaded the government to appoint 
William Logan, the District Collector, as Special Commission- 
aire, in 1881, to enquire into land tenures and tenant rights in 
Malabar. Logan believed the problem to be rooted fundamen- 
tally in the early British misunderstanding of the traditional re- 
lationship of the janmi to the land. Rather than seeing the janmi 
as one of several agricultural classes with rights to the land and 
its produce, British officials viewed him as rather like an Eng- 
lish landlord to be protected with the force of Law (Logan, 
1887: p. 584). However, the government refused to implement 
his recommendations which is evident from the statement of 
District Collector Innes who writing at the turn of the century 
attributed the outbreaks to “three main causes, poverty, agrarian 
discontent and fanaticism, of which the last is probably the 
chief” (Innes, 1908: p. 89).  

The establishment of British rule marked the beginning of a 
social transformation. A notable feature was the consolidation 
of diverse political units into larger administrative ones. By 
1793 the whole of Malabar came into the hands of the British 
and became a district of the Madras presidency. Travancore and 
Cochin continued under princely rule but as subordinate allies 
of the British and guided by a British officer called Resident in 
administration. The consolidation of power in the British hands 
led to the introduction of a uniformity in basic legislation. 
Slavery was abolished in Malabar in 1843 by the British and 
through Royal Proclamations in Travancore and Cochin in 
1853 and 1854 respectively (Basu, 2008: pp. 57, 62-63). But in 
the realm of land tenure and educational progress law and cus- 
tom stood opposite to each other. In 1793 the British recog- 
nized the janmi as the owner of the land and kanakkar as the 
lease, holding a mortgage. Thus the verumpattakar tenants were 
dependent on their lords and if they revolted against the land- 
lord, they were evicted. From the beginning of the nineteenth 
century, large number of schools was started by the Christian 
missionaries to impart education to the converted people. Tak- 
ing queue from them, the governments of Travancore, Cochin 
and Malabar opened schools, but it benefitted the Nairs and the 
Syrian Christians. As untouchables, the Izhavas could not profit 
from them but the mission schools provided them openings for 
education. The strong anti-British attitude of the Mappilas kept 
them away from English education for a long time. The Tiyyas 
of Malabar and the Muslims of Travancore fared well and did 
not face much deprivation; under direct British rule, the Tiyyas 
could prosper educationally and socially and as traders and 
landowners, the Muslims of the princely states could make use 
of the possibilities opened up by modernity (Logan, 1887: p. 
144; Iyer, 1909: p. 283).  

The Civil Rights Movement 

Kerala began to experience the impact of colonial modernity 
from the early decades of the nineteenth century, the ramifica- 
tions of which were felt in the public sphere in different times 
and in different degrees. One of the most important impact was 
felt in the social realm, in the form of efforts at reforming cus- 
toms and democratizing social relationships. It was the (Protes- 
tant) Christian missionaries (such as the London Mission Soci- 
ety (L.M.S) in Southern Kerala, Church Mission Society 
(C.M.S) in Central Kerala and Basel Evangelical Mission Soci- 
ety (B.E.M.S) in Northern Kerala) who took the pioneering 
steps in promoting social reforms; they actively engaged in 
spreading the message of reform by imparting modern educa- 
tion to the untouchables and encouraging the new converts to 
openly question symbols of caste oppression and rules of ritual 
pollution (Aiya, 1906, I: p. 525; Manavalan, 1990: p. 120). The 
revolt of the Christian converted Shannar/Nadar women of Sou- 
thern Travancore to get their right to wear upper garments 
really shook southern Travancore in the first half of the nine- 
teenth century (Hardgrave, 1968)7. Similarly, the activities of 
the missionaries and the pressure exerted by them played a 
decisive role in coercing the governments to abolish slavery in 
both Travancore and Malabar in the middle of the nineteenth 
century (Basu, 2008: p. 74). The missionaries were also the first 
to introduce print-culture in Kerala. They utilized the print me- 
dia to oppose customs and practices which had contradicted 
with modern outlook and human reason (Anderson, 1983: pp. 
41-49)8. The efforts of the missionaries had had its desired ef- 
fect, especially among the lower castes, and large mass of such 
people became converts to Christianity. But missionary appeal 
failed to much impress the upper or middle level caste groups; 
even the untouchable caste of the Izhavas took advantage of the 
new opportunity and the newly acquired knowledge to attain 
upward social mobility within the existing Hindu social order 
through radical social reform (Sahodaran, 1920: pp. 290-294; 
Jeffrey, 1974: p. 48)9. 

Early attempts at social reform were followed by organized 
struggle for social change which also had its genesis in the 
princely state of Travancore. Though being conservative and 
very vigilant in protecting the old social order, the government 
had started “modernizing” the state by founding schools, roads, 
law courts, and efficient bureaucracy. Meanwhile, a powerful 
middle class, which had been developing among the untouch- 
able caste of the Izhavas, grew more and more frustrated over 
the state policy of keeping them away from government schools 
and service. In 1896 the Izhavas of Travancore submitted a 
huge memorandum (signed by 13176 men known as Izhava 
Memorial) calling upon the government to open public schools 
and services to them (Rao, 1979: p. 34). The failure of such 

7The struggle is examined from various viewpoints. While some people 
from within the caste see it as part of an epic struggle to free the lower 
classes from feudal domination (Yesudas, 1975), the missionary perception 
take it as the triumph of decency and Christian values (Mateer, 1883: 
Ch.XXXIV). Hardgrave regards it as part of a wider movement within the 
caste order of south India for the Nadars to raise their status in the social 
hierarchy (Hardgrave, 1969). 
8Anderson attributes the success of European Reformation to print-capital-
ism and stresses the coalition between Protestantism and print-capitalism. 
9Sahodaran, the magazine published by the radical Tiyya lawyer C. Krish-
nan from Calicut, urged the Izhavas to concentrate on reforming Hinduism 
from within as no other religion was so liberal and tolerant. Jeffrey added 
that as large number of Izhavas prospered, they were able cautiously to 
imitate the manners of Nairs.

Copyright © 2013 SciRes. 61 



M. R. MANMATHAN 

early steps persuaded them to turn towards more radical meas- 
ures under a strong organization, that is, the S.N.D.P. Yogam 
under the powerful leadership of Sri Narayana Guru. The Yo- 
gam took up a two-pronged struggle—the fight for social equa- 
lity and freedom of worship and the internal reform of the Iz- 
hava caste to make it a model community (Pulappilly, 1976: pp. 
35-39). The radical demands raised by the S.N.D.P. in Travan- 
core, such as the freedom to use public roads and temple-entry 
and representation in government jobs and legislatures, and the 
strategy of mass struggle they adopted to achieve their demands, 
clearly reflected their resolve to transform—not merely to re- 
form—the existing social structure (Heimsath, 1982: p. 33). In 
British Malabar, the state did not adhere to caste rules and hence 
the lower castes could get recruited into even higher govern- 
ment posts (Menon, 1901: p. 182; Kesavan, 1968: pp. 263-270). 
Thus the Tiyyas in Malabar were not as deprived as their Izhava 
counterparts in Cochin or Travancore and hence militant lower 
caste social reform movements failed to take roots in Malabar. 

By the 1920s the movement for civil liberties was taking new 
proportions. As already noted, the lower caste untouchables had 
expressed their resolve to better their social position through 
mass conversion (to Christianity in southern and central Kerala 
and to Islam in northern Kerala) and to distance themselves 
with the politics of nationalism since the Indian National Con- 
gress was identified to represent upper caste interests and to 
perceive the colonial master as a potential ally in the path to 
social emancipation. But the middle level caste of the Izhavas 
who till then refused to experiment the possibilities of the poli- 
tics of religious conversion and worked to occupy a “respected 
place in Hindu society” than to satisfy with a “doubtful Chris- 
tian role between contemptuous Syrians and polluting Pulaya 
converts” (Jeffrey, 1974: p. 48), now began to seriously think 
of renouncing Hinduism for getting a more honorable status in 
the civil society. The Congress decision to uphold the cause of 
temple-entry stemmed from this predicament, because religious 
conversion was slowly growing into a vital social issue capable 
of subverting the existing social equilibrium solidly rooted in 
birth rights and hereditary social privileges. 

The Nationalist Politics 

The nature of political awakening in Kerala differed in the 
three political regions in accordance with the prevailing politi- 
cal climate—while in Malabar where direct colonial rule ex- 
isted, nationalist movement had made deep inroads by the be- 
ginning of the Gandhian era but in the princely states of Tra- 
vancore and Cochin they were at low ebb. In Travancore and 
Cochin, political condition of the princely state weakened the 
possibilities of the spread of a strong nationalist movement and 
hence the rising middle class of both the upper and lower castes 
concentrated on promoting community interests (Kesavan, 1968: 
pp. 356-357). This was the background of the Izhava memorial, 
and the Abstention Movement of the 1930s, in which various 
deprived groups formed a coalition forum called Joint Political 
Congress to press forward their middle class demands for re- 
served representation in government jobs and legislatures in 
accordance with population strength against the huge monopoly 
of the Nairs and Brahmins. The non-cooperation or civil dis- 
obedience movements of the 1920s and 30s did not make any 
political effects here; politics of the princely states evolved 
around social issues, skillfully masterminded by caste/commu- 
nity organizations.  

The nationalist movement came relatively late to “sleeping 
Malabar”. While a District Congress Committee had been 
formed in 1908, it was not until 1916, with the beginning of the 
Home Rule Movement that Malabar began to awaken politi-
cally. The fifth Malabar District Conference was held at Man-
jeri in 1920 with Annie Basent in chair in which the extremist 
group could pass a resolution in favour of tenancy reforms 
against the moderate stand who under Basent boycotted the 
proceedings. The demands for tenancy reform came principally 
from the class of kanakkar, substantial tenants who were large- 
ly intermediaries between janmis and the vulnerable verumpat- 
takkar, tenants-at-will. The janmis were mostly Nambutiri 
Brahmins, the kanakkar were disproportionately Nairs and the 
verumpattakkar were overwhelmingly drawn from the Mappila 
community and from Tiyyas, Cheruman and other depressed 
Hindu castes. The Nair Kanakkar, prosperous and articulate in 
defense of their interests, had long been active before govern- 
ment commissions and in the Madras legislative assembly in 
efforts to secure more favorable tenancy rights for themselves. 
But it was not until 1920, in linking the tenancy issue with the 
Congress-Khilafat struggle for Swaraj, that the tenancy move- 
ment gained momentum. The Congress was still a predomi- 
nantly Hindu organization, dominated largely by Nair lawyers 
from the kanakkar class. The rise of the Khilafat issue10 and 
Gandhi’s decision to link it with the noncooperation movement 
fundamentally transformed the character of the Congress (Nam- 
butiripad, 2005: p. 42)11. 

Non-cooperation was formally launched on August 1, 1920, 
and on the 18th of that month Gandhi and Shaukath Ali visited 
Calicut to bring its message. Khilafat committees began to 
sprout in Malabar and official reports revealed that Mappilas of 
Ernad were more interested in the tenant cause and only on up- 
holding that issue the agitators could make any advance (Tot- 
tenham, 1922: p. 4). Agrarian tension increased in the light of 
the rumor of an impending tenancy reforms in Malabar and 
while landlords increasingly evicted tenants, Nair leaders of the 
Congress sought to mobilize the active support of the Mappila 
cultivators—both for tenancy reforms and in the name of 
Khilafat. Intense campaigning for Khilafat scared the official 
circles, in the light of “fanatic outbreaks” of the past, and igno- 
rance and backwardness of the Mappilas, which led them to ban 
public meetings (Madras Mail, 1921, Feb. 8: 9; Ap. 27: 8); ex- 
pansion of the tenancy movement under Congress auspices 
spread alarm among landlords and officials alike. In the context 
of all these the All Kerala Provincial Congress was held at Ot- 
tappalam on 26 April 1921, in which large number of Khilafat 
volunteers in uniform attended (Panikkar, 1989: p. 132) and an 
ulema conference exhorted all Muslims to support the Khilafat 
as a religious duty and to join the Congress to fight for the 
Khilaft through the struggle for swaraj. A tenants’ conference 
convened at Ottappalam strongly supported resistance to land-

10The Khilafat movement sought to preserve the integrity of the Ottoman 
Empire and the Turkish Sultan as the Caliph. The movement beginning in 
1919, protested against British support for the dismemberment of the Otto-
man Empire and the abolition of the Caliphate. The Indian movement was 
led by the Ali Brothers (Shoukath and Muhammad) but Congress soon 
supported the issue as Gandhi saw in it a golden opportunity to weld Hindu-
Muslim unity and combine anti-British issue of Khilafat with the movement 
for Swaraj through non-violent noncooperation. 
11E.M.S. wrote that a striking solidarity had developed between the Mappi-
las and the class of lawyers, journalists and politicians (i.e., Congressmen) 
who brought them into nationalist politics; both were lured by tenant inter-
ests, and looked forward to get a tenancy legislation passed. 
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lords and Government in the form of noncooperation (Hard- 
grave, 1977: p. 70). Congress leaders like K. P. Kesava Menon 
and K. Kelappan addressed several Khiafat conferences (Me- 
non, 1986: pp. 82-83). The “wonderful” organization of the Khi- 
lafat movement (Madras Mail, Aug. 8, 1921: p. 6) and the tra- 
ditional system of communication among the Mappilas (Hitch-
cock, 1925: p. 3), along with the official anxiety over the Map- 
pilas utilizing the newly forged solidarity to redress their im- 
mediate grievances (Tottenham, 1922: p. 26) forced the gov- 
ernment to take strong punitive measures against them which, 
within a few days, led to the eruption of a violent uprising. 

The rebellion actually started with the Tirurangadi incident in 
which nine Mappilas were killed in police firing while a group 
of 2000 people marched to the police station demanding the 
release of their fellowmen taken into custody during a police 
action at the Mambram mosque in search of some Khilafat vo- 
lunteers (Hitchcock, 1925: pp. 31-34). Thereafter violence 
erupted which was marked by widespread attack on symbols of 
government authority, such as police stations, courts and record 
offices and cutting of railway and telegraph lines. Landlords- 
Nambutiris and Nairs—were the principal victims of the attacks, 
several of whom fled from the area to the nearby towns of 
Calicut or Trichur. At the earliest stages, Hindus were clearly 
involved, but with time and growing violence (and with the 
proclamation of the Khilafat kingdom in south Malabar), their 
numbers rapidly diminished (Hardgrave, 1977: p. 83), which 
imparted a communal color to the rebellion. For almost six 
months the “Mappila zone” was under the control of the rebel 
leaders. The government soon resorted to reinforcements which 
led the rebels to retire into safe areas and to fight a guerilla war. 
There were frequent reports of rebel atrocities, sporadic inci- 
dence of violence against Hindus and cases of forced conver- 
sions to Islam (Nair, 1923: pp. 76-79)12. This has been attrib- 
uted primarily to two factors: the impression among many re- 
bels of the movement leading to the establishment of an Islamic  
state and to the widespread suspicion of Hindus acting as in- 
formants for the government (Panikkar, 1989: pp. 179, 198). By 
the beginning of 1922 the rebellion was crushed causing heavy 
casualties on the rebel side and all the leaders were soon ar- 
rested or shot dead13. Panikkar identified at least three patterns 
of rebel activity in the whole course of the rebellion. The initial 
political mobilization was effected by the Khilafat and Con- 
gress activists who were soon rendered ineffective and the ac- 
tual course of the revolt thereafter developed outside the politi- 
cal movement in which it had initially developed. In this second, 
but short-lived, stage the locally influential leaders took over 
the direction of the rebel proceedings but ceased to be effective 
when the army operations began. In the third and crucial stage, 
the insurrection was now conducted by the rural poor them- 
selves, either under grass-root level leadership or without any 
recognizable leadership at all. The pattern of rebel proceedings 
underlined a consciousness primarily rooted in an opposition to 

the landlord and the colonial state. Against the selective and 
limited nature of rebel violence (against the janmis and their 
servants) of the nineteenth century, in 1921 a distinction was 
made between the lenient and exacting landlords (although atti- 
tude towards Europeans was uniformly hostile); several of the 
latter category were executed and murders and physical assaults 
on others were largely punitive actions against collaborators 
and informers of the British army (Panikkar, 1989: pp. 198- 
199). 

In the context of the eruption of violence and the evolution of 
the revolt into a communal outbreak the Congress withdraw its 
support to their earlier ally, the Mappilas. The Congress leaders 
were in fact taken by surprise at the unexpected developments. 
But their activity was confined to the two trips they made to the 
rebel area in the early stage of the rebellion; afterwards they 
remained passive spectators-partly because they could not ap- 
prove of the rebel action and partly because of their lack of 
confidence in being able to influence the rebels (Panikkar, 1989: 
pp. 149-151). The attitude of the Congressmen drove the Map- 
pilas to identify the Congress with the Hindus (Panikkar, 1989: 
p. 189). The relief and reconstruction measures undertaken after 
the rebellion also underlined the communal divide—the Con- 
gress was active only among the Hindu refugees. The years that 
followed the suppression of the Rebellion and the withdrawal 
of the non-cooperation movement made it extremely difficult 
for the Congress organization to function in Malabar. K. P. Ke- 
sava Menon, the Congress leader, described the situation thus: 
“For a long time after the rebellion no public activity was possi- 
ble in Malabar. Enmity towards the Congress was evident eve- 
rywhere. The authorities stated that the Congress had brought 
down calamity on the country through participation in the Khi- 
lafat agitation. They even wanted all the Congressmen in Mala- 
bar to be imprisoned. The Muslims complained that those who 
had induced them to join abandoned them when police oppres- 
sion and firing by the troops started” (Menon, 1986: p. 128). 
The caste-Hindus who were opposed to the Congress, on the 
other hand, denounced them for supporting the “foolish” and 
“fanatic” Mappilas and for inciting them to plunge into a vio- 
lent action (Yogakshemam, 1921, 11: 47, 2). The Congress 
leadership sadly realized that the first political struggle it un- 
dertook in Kerala ended in tragedy and the alliance with the 
Mappilas proved self-annihilating as they not only not refused 
to adhere to Gandhian ahimsa but advanced it into a class and 
community struggle. More disturbing was the sense of unity 
evinced by the Mappilas and their resolve to sacrifice for a 
cause which was alien to the Hindu tradition and hence incom- 
patible to “national” interests.  

The Congress could not recover from the fatal blow inflicted 
on its morale by the rebellion for long; it could not think of 
political campaigning—even to summon a Congress meeting. It 
tried to overcome this political lethargy by focusing on the 
social front and by drifting towards political journalism. This 
was the background of the birth of the nationalist newspaper 
Mathrubhumi and the launching of the Vaikam satyagraha (Me- 
non, 1986: pp. 139-149; Gangadharan, 2008: p. 248; Nambu- 
tiripad, 2005: pp. 65-68)14. The temple entry movement in fact 

12The pro-British Madras Mail was in the forefront in this venture. The anti-
Mappila reaction was presented by the Mail in its daily reporting and in a 
(later) series on “The Moplah Rebellion”. It referred to the “innate charac-
teristics” of the Mappila as “his mad fanatical fury, his murderous spirit and 
his reckless disregard for life” (Madras Mail, 1921, Nov. 14: 5; Nov. 15: 7). 
Gopalan Nair’s Malabar Rebellion devotes 21 pages to atrocities allegedly 
committed by the Mappilas against the Hindus (Nair, 1923: pp. 52-72). 
13Official figures recorded 2339 rebels killed, 1652 wounded and 5955 
captured. K.P. Kesava Menon estimated that as many as 10,000 may have 
lost their life in the rebellion (Menon, 1986: p. 116). 

14Mathrubhumi Daily was started in 1923 from Calicut with K. P. Kesava 
Menon as its founder editor. Congress leaders and people sympathetic to the 
nationalist movement helped to raise the necessary funds. It consciously 
tried to propagate nationalist and patriotic sentiments as well as a spirit of 
Hindu unity.
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provided the Malabar Congressmen with a programme, and a 
lease of life, as it opened before them a safe field of activism; it 
shifted the centre of activity to further south where Mappilas 
were absent and furnished with a fine opportunity to compen- 
sate for the earlier “disastrous” alliance with the Mappilas by 
fighting for a Hindu cause (Jeffrey, 1978a: pp. 153-154)15. The 
Congress was turning more Hindu and more rightist; communi- 
ties of foreign religious affiliation were increasingly identified 
as external to the national self and as threatening “national” in- 
terests.  

The Temple-Entry Movement 

The political and social atmosphere of Kerala in the 1920s 
and 30s grew tense with the Indian National Congress uphold- 
ing the cause of temple entry. In 1924 the Congress organized 
the vigorous 20 month long satyagraha at the Vaikam temple 
with the simple aim of securing the right to use the approach 
roads of the temple for the untouchables. While the upper 
castes and non-Hindus including Christians and Muslims freely 
used the temple roads, the untouchables like the Izhavas and 
Pulayas were forbidden to pass through them. The Izhavas were 
on the verge of a revolt over the question of caste pollution and 
viewed it as an obvious act of social injustice and open viola- 
tion of human rights. The S.N.D.P. Yogam was seriously dis- 
cussing the means to overcome this social stigma. Since the 
Izhavas had their own temples in which they themselves acted 
as officiating priests, their eagerness to get access to savarna 
temples was more a matter of civil rights than a question of 
freedom of worship. T. K. Madhavan, the prominent leader of 
the S.N.D.P. Yogam and the true spirit behind the satyagraha, 
managed to get a resolution passed at the Congress session in 
1923 at Kakinada on the question of the removal of untouch- 
ability. The Kerala Pradesh Congress Committee (KPCC) de- 
cided to launch a satyagraha at Vaikam on this basis (Menon, 
1986: pp. 160-164). Gandhi blessed the satyagraha but cau- 
tioned against non-Hindu participation and non-savarna leader- 
ship in it as it was strictly a Hindu cause and a golden opportu- 
nity for caste-Hindus to atone for a heinous sin (Young India, 
1925: p. 135; Proceedings, 1925). The satyagraha attracted 
countrywide attention and people from all over India reached 
Vaikam to support the struggle. The savarna-jatha (upper caste 
march) organized under the leadership of Mannath Padmanab- 
han to the capital Trivandrum, to impress upon the king of the 
urgency of the demand, truly reflected this spirit. The pro- 
longed campaign and the direct involvement of Gandhi forced 
the authorities to come to a settlement according to which all 
the approach roads, except the eastern one, of the temple were 
thrown open to all people irrespective of caste and community. 
The modalities of the agreement was a subject of intense debate 
and the Congress was blamed for deserting the struggle halfway 
and for effecting the agreement only to the Vaikam temple (Ra- 
vindran, 1988: pp. 144-149). Due to this reason, several similar 
struggles had to be waged for the same purpose subsequently. 
As a result, in 1928, approach roads to all temples in Travan- 
core were thrown open to all people (Menon, 1984: p. 327). 

The second satyagraha struggle under the K.P.C.C. against 
caste based pollution, but now to get the temple open to all 

Hindus, was organized in 1931-32, in the course of the C.D.M, 
at the Guruvayur temple in Malabar. While the struggle at Vai- 
kam was a social reform measure divorced from any political 
movements, at Guruvayur it was integral to a political program 
(Gopalankutty, 1981). Nevertheless, in Kerala, the zeal for so- 
cial reform overshadowed the rising countrywide political en- 
thusiasm; for the K.P.C.C. the temple-entry issue was more 
important than the C.D.M. and leaders like Kelappan concen- 
trated heavily on the question of untouchability (Mathrubhumi, 
1931, Ap. 6, June. 21, July. 29, July. 31 & Sep. 10; 1932, March. 
5, March. 27 & Aug. 4). Gandhi also asked the satyagrahis to 
detach the struggle from all its political affiliations and from the 
organizational links of the Congress in order to rescue it from 
government repression and to ensure its success. Though the 
temple-entry agitation was perceived as tantamount to the 
“struggle against imperialism” by some of its leaders (Gopalan, 
1973: p. 28) as it kept vigil against disunity and factionalism, 
what really prompted the Congress to confine the struggle to 
temple-entry was the bitter experiences of 192116. The Zamorin, 
who was the trustee of the temple, however, refused to step 
down to negotiate a settlement which led Kelappan to start a 
fast unto death which, however, was withdrawn under the ad- 
vice of Gandhiji (Mathrubhumi, 22 Sep. & 4 Oct. 1932). The 
satyagraha as a whole was finally terminated before achieving 
any of its declared objectives. A period of three months was 
given to the Zamorin to effect temple-entry, failing which 
Gandhi would himself offer satyagraha; but it was postponed 
and did not take place at all. A referendum was held among the 
caste Hindus of Ponnani taluk, where the temple was situated, 
which revealed that 70% of them supported the cause of temple 
entry (Mathrubhumi Weekly Temple Entry Special Issue, 16 
Nov. 1937). N.P. Damodaran, one of the leaders of the satya- 
graha, later recollected that though the agitation failed to meet 
its immediate objective, it created a climate in favour of temple 
entry (Damodaran, 1981). The movement for temple entry reg- 
istered its crowning victory when the Travancore government 
made the temple entry proclamation in 1936 by which all tem- 
ples in Travancore were thrown open to all Hindus (Menon, 
1984: pp. 327-328). Nevertheless, the temples of Cochin and 
Malabar remained closed before the avarnas till 1947. 

Politics of the Temple-Entry  
Movement 

The temple-entry movement was important for several rea- 
sons. Firstly, it was a conscious effort on the part of the Con- 
gress to integrate the various castes and communities under the 
Hindu fold through social and religious reform, which repre- 
sented a powerful domain of the nationalist movement. Temple 
could rally diverse sections together without dislodging the 
existing power relations and a symbolic unity could pacify 
lower caste radicalism. The Congress decision to take up the 
issue in Kerala was certainly in the context of the inclusion of 
the removal of untouchability as part of the Gandhian construc- 
tive program and its decision to fight out social evils in accor- 
dance with the nation-building project, but the constructive 
16The fear of the Mappilas loomed large even in the 30’s and during the salt 
march it is reported that salt law had been broken all over Malabar except in 
the erstwhile “rebel” areas. Moreover, the procession on foot from Payyan-
nur, heading for the Guruvayur satyagraha stopped short of the “rebel” area. 
The marchers took a train from Feroke to Tirur “because of a rumor that the 
Mappilas would prevent them from moving into Ernad” (Menon, 1994: pp. 
103-104). 

15In an interview K. P. Kesava Menon revealed that for the Congressmen from 
Malabar district, the temple-entry campaign gave an opportunity to revive 
interest—at a safe distance—in a Congress that had suffered a severe setback
with the Mappila rebellion of 1921 (cited in Jeffrey, 1978a: pp. 153-154).
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programme itself betrayed its elitist character (Kooiman, 1995: 
p. 45; Onwerkerk, 1994: p. 56). Writings of Gandhi in the early 
twenties, and even later, revealed how the Congress leadership 
was getting seriously troubled by lower caste radicalism and the 
increasing volume of religious conversions (Young India, 27.10. 
1920: 135; 04.06.1925: 135; 19.01.1921: 6; 04.05.1921: 3; 27. 
04.1921: 5; 22.09.1921: 11; 29.09.1921: 12; 13.10.1921: 13; 
Harijan, 11.02.1933; 31.10.1936)17. Of equal importance was 
the basic limitation of the anti-untouchability program: it 
searched for a moral solution to repair inequalities to recast the 
nation but without dislodging the basic social structure18. The 
Congress leadership in Kerala also refused to address the eco- 
nomic content or power relationships rooted in it but rather took 
it as a question of equality within religion and an unfortunate 
aberration from scriptural injunctions. 

Secondly, the heated debates unleashed by the Izhava middle 
class on religious conversion was acquiring political and eco- 
nomic dimensions. C.V. Kunhuraman, the firebrand leader of 
the S.N.D.P. and the editor of Kerala Kaumudi had made the 
alarm signal by urging the Izhavas to renounce Hinduism if the 
upper castes did not support their cause of temple entry (Kun- 
huraman, 1936). A section of the Izhavas enthusiastically wel- 
comed the suggestion. Though there were differences of opin- 
ion as to which religion they should opt—whether Christianity, 
Islam or Buddhism—the challenge fell like a bombshell on the 
savarna groups. Although conversions had been taking place 
among the untouchables from very early times and its pace had 
considerably increased by the nineteenth and early twentieth 
centuries, the ‘20s and ‘30s were special because now the chal- 
lenge came from the Izhavas who though “are avarnas are rich 
and educated” (Kelappan, 1925). The loss of the middle class 
was exceptionally harmful as they could threaten—as in the 
case of the Christian middle class of central Travancore (Jeffrey, 
1978a: pp. 153-154)—the material pursuits of the upper caste 
Hindus. A powerful section within the S.N.D.P—including Ku- 
maran Asan, T. K. Madhavan and A. Ayyappan, and of course 
Sri Narayana Guru too—stood for a reformed Hinduism (Ke- 
savan, 1968: pp. 274-276). But radicals held fast to the idea of 
conversion; preferably to Buddhism against the Sri Lankan 
background of the Izhavas (Kunhuraman, 1925); this had lent 

space to speculations, that the conversion issue was a pressure 
tactic to enforce a reform of customs. However, it had its de- 
sired effect: caste Hindus increasingly began to realize the need 
of ritual reform which is evident in the rhetoric against conver- 
sions with a stress on the innate quality of Hinduism (Thampan, 
1932; Nambutiripad, 1932). The Nair aristocracy fanned Nair 
communal passions against the Christian capitalists who were 
buying up their land and prestige (Isaac & Tharakan, 1988: p. 
166). Leaders like “Mannam, who was not a Gandhian and was 
in general opposed to the Congress”, participated in the Vaikam 
Satyagraha for his concern over the loss to Hinduism of con- 
verts to Christianity (Onwerkerk, 1994: p. 59). The temple en- 
try movement under the leadership of the Congress thus repre- 
sented an attempt at forging a consolidated Hindu identity and 
to discourage conversions which was engendered by disabilities 
enforced by the caste system. Religious conversion could cause 
trouble to the caste Hindus because “it reduced their rhetorical 
constituency” (Jeffrey, 1978a: p. 143). The writings of Kelap- 
pan clearly demonstrated how the temple-entry movement was 
directly linked to the threat posed by religious conversions (Ke- 
lappan, 1925; 1932a; 1932b)19.  

Thirdly, the Congress interest in the temple-entry struggle 
was an attempt to offset the damage caused to its prestige and 
honor by the incidents of 1921. Congress leadership tried to 
escape from the initial shock by expressing its “firm convic- 
tion” that the non-cooperation and Khilafat movements were in 
no way responsible for the outbreak. The Congress view was 
recorded in the resolution of the Working Committee in Sep- 
tember 1921, expressing a “sense of deep regret over the deeds 
of violence done by the Mappilas in certain areas of Malabar” 
and resolved that the rebellion was not caused by the Khilafat 
or Non-cooperation movements, and that the causes of the re- 
bellion had nothing to do with these movements (Sitaramayya, 
1946: p. 216). Prominent Congress leaders in Kerala shared this 
view as is understood from Kesava Menon’s comment that “it 
was wrong to have connected the Khilafat problem with the 
Nationalist Movement” (Menon, 1977: p. 48). Congressmen in 
Kerala were under siege for upholding the Khilafat issue and 
forging an alliance with the “fanatic” Mappilas which brought 
about “great hardships to the Hindus and dishonor to the land”. 
The committees appointed by the Congress failed to make a 
comprehensive and objective enquiry into the cause of the re- 
bellion, which led to develop controversies with strong political 
and communal overtones. K. Moidu Maulavi, Khilafat leader 
and staunch nationalist, reiterated his firm conviction that the 
rebellion was a struggle for freedom, it started as an anti-impe- 
rialist rising, although “in the end the British authorities had 
succeeded to an extent in degrading it into a communal con- 
flict” (Maulavi, 1981: pp. 136-141; 152-154). But Kesava Me- 
non stated (later) that it would not be correct to consider the 
“Mappila Rebellion” as part of the Nationalist movement be- 
cause the rebels “were motivated more by religious zeal and 

17In a series of articles entitled “The Removal of Untouchability” wrote in 
Young India and Harijan, Gandhi viewed conversion rather more inspired
by the desire for material benefits than for spiritual needs. The lower caste 
people were getting converted because of untouchability which has to be 
eliminated not only to cleanse Hinduism of its evils but to attain swaraj also. 
Foreign rule in India is a divine punishment for following this curse which 
“is a crime against god and humanity”. In fact untouchability was not a part 
of original Hinduism and hence those who threaten to abandon Hinduism 
are deceiving their religion. He consoled the untouchables that their low 
social stature is not due to their fault and urged the savarna people to take 
up the removal of untouchability as an act of atonement before they were 
too late to do so. 
18“Untouchability was both a moral and political problem: the former be-
cause its eradication involved undermining its moral legitimacy and chang-
ing, or at least softening, Hindu attitudes; the latter because it was deeply 
rooted in the highly unequal structure of power relationship between the 
upper castes and the harijans and could not be removed without restructur-
ing it. It had therefore to be fought at both levels. Gandhi’s campaign was 
conducted only at the moral and religious level. Hence he concentrated on 
caste Hindus…, appealed to their sense of duty and honor, mobilized their 
feelings of shame and guilt, and succeeded in achieving his initial objective 
of discrediting untouchability and raising the level of the Hindu… con-
sciousness. Since he did not organize and politicize the harijans, stress their 
rights and fight for a radical reconstruction of the established social and 
economic order, Gandhi’s campaign was unable to go further” (Parekh, 
1989: pp. 245-246). 

19K. Kelappan, the great Gandhian Congressman and the foremost cham-
pion of the temple-entry movement in Kerala, in his article on the Vaikam 
Satyagraha (1925: pp. 42-45), justified the struggle in the context of the 
increasing tendency of the lower castes, especially Izhavas, to renounce 
Hinduism. In another article written around the time of the Guruvayur Sat-
yagraha, he expressed great concern over the harms caused by conversions. 
This article is specially noted for his attitude of the Muslim “other”; they are 
perceived as a threat to the nation and national unity; mainly because of 
their solidarity and stress on international brotherhood (1932a: pp. 7-8). He 
also suggested a “secular” programme the government should follow to 
curb the growth of (Muslim) communalism (1932b: pp. 4-5, 10). 
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interest in the Khilafat than by true national consciousness” 
(Menon, 1977: p. 48). In their highly illuminating accounts of 
the event, two other prominent Congress leaders—K. Madha- 
van Nair and Mozhikunnath Brahmadathan Nambutiripad— 
traced the origin of the rebellion back to the high-handed Brit- 
ish policy of repression (Nair, 2002; Nambutiripad, 1965). By 
attributing the violence of 1921 to the official atrocities, they 
justified the decision of the Congress to ally with the Mappilas 
but regretted for associating with a group still unfit for a mod- 
ern and secular political struggle—and thus justified the official 
Congress position rejecting the struggle as a part of the national 
movement. They also shared the colonial perception of the up- 
rising as nothing but a “riot” and treated the Mappilas as “wild” 
and “fanatic” people who could not be trusted or easily tamed. 

Neither did the rebellion confine its impact to Malabar poli- 
tics alone. The widespread propaganda recounting awesome 
details of the “Hindu suffering” at the hands of the Mappila 
rebels gave birth to an aggressive Hindu campaign, at first 
against the “cruel Mappilas” and later against Muslims in gen- 
eral. On the other hand, the sufferings of the Mappilas deeply 
moved Muslims all over India. Frantic appeals for helping them 
received generous response from the North. All these affected 
the relationship between the Hindus and Muslims all over India. 
“The exaggerated tales (about the rebellion)… inflamed feel- 
ings. The cry of Hinduism in danger was raised and movements 
of Shuddhi (reconversion) and Sanghathan (organization) plan- 
ned. A vicious cycle of accusation and counter-accusation was 
set up which created the heat in which the tender plant of 
Hindu-Muslim unity began to wither” (Chand, 1972: p. 497). 
The “communal antagonisms generated by the Malabar Rebel- 
lion” (Brown, 1972: p. 329) and the steadily advancing nation- 
alist discourse centered on religious and cultural nationalism 
greatly strengthened the concept of the Muslim “other” to the 
extent that even the great Izhava reformer and poet Kumaran 
Asan wrote a tale of the Rebellion villainizing the Mappilas in 
which he told the tale of a Nambutiri girl thrown desolate by 
the “cruel Muhammedans” during the revolt of 1921 (Asan, 
1969). Similarly, in his “statement” attached to the 1970 edition 
of K. Madhavan Nair’s Malabar Rebellion, K. Kelappan shared 
the concern of the Congress leadership towards the “minority 
Hindus of Ernad” against the “illiterate”, “ignorant” and hence 
“rude” Mappilas (Nair, 2002: ix-xii)20. 

The fear of the Mappilas for their “lack of civility”, the wide- 
spread concern over the hardships of the (upper caste) Hindus 
who had escaped from the affected areas to take shelter in the 
nearby town of Calicut or in the princely states of Travancore 
and Cochin, the cooperation extended by Congress to the relief 
measures undertaken by the Arya Samaj, which was also very 
active in reconverting the Hindus who were converted to Islam, 
(Ansari, 2005: p. 64) the total breakdown of the organizational 
structure of the Congress and its inability to carry on even nor- 
mal political activity in the face of official retribution and 

popular distrust in its programs, all forced the Congress to re- 
treat to a Hindu idiom of politics (Menon, 1994: p. 78). Gan- 
dhi’s statement—“The Moplahs are Muslims”—reveals the 
stereotypical character-construct of the Muslim (Ansari, 2005: 
p. 73). The leadership of the Congress in Kerala could not get 
out of the shock inflicted by the events of the rebellion, espe- 
cially the attack of the Mappila rebels on caste Hindus. This 
was not surprising because in Malabar caste system conformed 
to a kind of class order: the caste Hindus were the landlords or 
the prominent leaseholders of the area while the Mappilas were 
the sub-tenants under them (Panikkar, 1984). Among the higher 
castes in particular, it is observed, the attitude towards Islam 
was coloured by the way in which Islam impinged upon their 
interests (Misra, 2004: p. 20). That the lower caste tenants re-
fused to rebel against their upper caste lords in Malabar clearly 
revealed the manner by which caste hierarchy and the mode of 
class response got enmeshed. The higher castes could realize 
that the threat posed by conversion to their interests could only 
be countered by bringing various caste groups together on some 
common issue and by reforming social practices which seg- 
mented them; efforts to forge a symbolic unity among Hindu 
communities around the question of temple-entry appeared a 
useful weapon to discourage the untouchable castes to get at-
tracted to religions which promised to emancipate them. For the 
dominant groups, religion offers the necessary ideological justi- 
fication for existing social divisions, makes these divisions 
appear non-antagonistic and holds together a potentially di- 
vided society into a single whole (Chatterjee, 1989: p. 172).  

Thus, the championing of the temple-entry cause (mainly at 
Vaikam) provided the Congress with a big lease of life: it gave 
a platform for action with a strictly non-political program; it 
saved them from official surveillance as the centre of activity 
was shifted to the safe environs of the princely state of Travan- 
core; it eschewed the fear of communal tension because the 
Mappila factor was absent in Travancore (Menon, 1994: pp. 
103-104) and above all, it provided the Congress with an op- 
portunity to expiate for the “sin” of allying with the “danger- 
ous” Mappilas by upholding a “Hindu” cause. Congressmen 
played the role of an arbiter between various Hindu castes, 
which in fact signaled a retreat from secular political activity, 
but it opened before them a program of action after the “Map- 
pila” rebellion (Menon, 1994: p. 80). 

Conclusion 

The temple-entry movement decided the future course of 
politics in Kerala at least in three respects. Firstly, it provided a 
conclusive end to the civil rights movement undertaken by the 
untouchable castes leading to the attainment of the right of 
universal temple-entry. The questions of religious disability and 
freedom of worship slowly subsided to become less and less 
powerful to command the discourse of civic life and political 
culture. The debates centered on religious conversion as a 
means of social emancipation also faded out altogether (Isaac & 
Tharakan, 1988: p. 168; Narayanan, 2011). The (upper caste) 
leadership of the Congress was able to coerce the caste-Hindus 
to compromise on the question of temple-entry as the only vi- 
able means to ward off religious conversion which challenged 
the very survival of the Hindu community. Secondly, with the 
success of the temple-entry agitation the conversion movement 
certainly began to wane in Kerala, but it greatly undermined the 
secular image of the Congress for its propagandist role in dis- 

20Chatterjee (1995: p. 126) writes that the fact that Indian nationalism is 
synonymous with “Hindu nationalism” is an entirely modern, rationalist and 
historicist idea. The notion of “Hinduness” is not defined by any religious 
criteria at all. There are no specific beliefs or practices which characterize 
this “Hindu” and the many doctrinal or sectarian differences among Hindus 
are indifferent to this concept. Even anti-Vedic and anti-brahmanical relig-
ions as Buddhism and Jainism count here as “Hindu”. Clearly excluded 
from this jati are religions like Christianity and Islam. The criterion for 
inclusion and exclusion is determined by their historical origin. Buddhism 
and Jainism are ‘Hindu’ because they originated in India while Islam and 
Christianity originated outside and are, therefore, foreign. 
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seminating the so-called “Essentials of Hinduism” and in seek- 
ing to forge a (Hindu) “community of equals” (Menon, 1994: p. 
80) through a common bond of religiosity and uniformity of 
religious worship around temples. In that sense the temple- 
entry movement marked a definite stage in the process of the 
disjunction of folk religion and other currents of religion. Re-
ligion is no longer divided into lower religion and higher relig-
ion, but into religion and superstition (Sontheimer, 1995: p. 
396). Hence it was a shuddhi movement—to cleanse religion of 
blots identified incompatible with modernity and the essentials 
of nationhood. The temple-entry satyagraha attains significance 
against the dual task taken up by the Indian National Congress 
—to construct a modern nation-state and to mould a national 
(Hindu) religion. But it had its disastrous consequences—in 
driving religious minorities away from the organizational fold 
and ideological appeal of the Congress. The bitter experiences 
of 1921 followed by the conscious involvement of the Congress 
in the affairs of religious nationalism forced the Mappilas to 
keep away from nationalist politics and slowly drift towards a 
marked sectarian identity. The slow but steady drift of the Map- 
pilas into communal politics became inevitable (Panikkar, 1989: 
p. 190). Thirdly, the struggle for temple-entry helped in deliv- 
ering the Congress from the moral setback it faced after the 
Malabar rebellion, but in the unique social context of Kerala 
where reform movements had succeeded in shaping an ideo- 
logical environment in favor of social equality, its withdrawal 
from direct politics to engage with socio-religious issues, dis- 
regarding more important questions of material deprivation and 
class disparities, transcending caste/religious affiliations, re- 
duced its political constituency and created a fertile ground for 
the proliferation of left political ideology in subsequent times. 
Moreover, in the 1930s, the strong communal and caste con- 
sciousness let loose by the agitation against caste disabilities 
could lead the poor towards class consciousness (as caste 
roughly coincided with class in Kerala). With the Temple entry 
Proclamation in Travancore in 1936—“the final act in the em- 
bourgeoisment of society” as Nambutiripad saw it (Jeffrey, 
1978: p. 82)—the middle class members were accorded the 
right to use temples and abruptly lost interest in the poor of 
their own caste. But the political excitement awakened among 
the poor and low caste could not be made to go away; it lay 
ready to be developed into class consciousness. 
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I. Introduction 
The classical theory of statistical inference deals with the sample spaces and parameter spaces as finite 

dimensional Euclidian spaces or subsets of it. The observations are assumed to be n independent and identical 

realizations of a random vector. Much of the inference methodologies can be said to be likelihood based. A first 

step in solving such a problem is the calculation of the likelihood function. The assumption that the samples are 

from Rk is not true in general. Sometimes the data may be curves or in general, elements from some abstract 

spaces. Since most of the methods in classical inference are likelihood based, any attempts to extend classical 
method of interest should start with the determination of the likelihood function. A major difficulty is that in the 

spaces of interest, there is no natural invariant Lebesgue measure which plays an important role in classical 

inference. However, fortunately in the abstract spaces, Radon-Nikodym derivative of one hypothetical measure 

with respect to another plays the role of the likelihood. Likelihood based inferences in abstract spaces have been 

discussed in the literature with considerable depth. “Statistical inference for stochastic process” by Basava and 

Prakasa Rao (1980) contains good account of this exposition.  

            There are instance, for example, in inference for stochastic process where both sample space and 

parameter space are abstract. Here also the first step involved is the calculation of the likelihood. But even after 

obtaining the likelihood, the estimation is not straight forward. In most of the cases likelihood function will be 

unbounded. [See for example, Grenander (1981, P.395), Karr (1987), Beder (1987, 88)]. One possible approach 

to overcome this difficulty is to apply the method of sieves systematical exposition by Grenander (1981). 
Adopting Grenander’s approach some authors have already studied estimation for stochastic processes. Works 

of Mckeague (1986), Beder (1987, 88), Karr (1987), Lesbow and Rozanski (1989) can be mentioned in this 

context. 

             In this paper we will define an optimality criterion for a Hilbert space valued parameter through the 

notations of estimating sequence. The criterion so developed is then applied to obtain an optimal estimating 

sequence for the mean of a Gaussian process’ 

 

II. An optimality criterion for a sequence of parameters 
We begin with certain optimality results available in simultaneous estimation of several parameters. 

Let x1,x2,…,xn be random sample of size n from a population characterized by the probability density function 

f(x, θ) θ ∈ Ω Ϲ𝑅𝑚   where Rm being m dimensional Euclidian space. Suppose we are interested in k functions 

Ψ(θ) =  (Ψ1  𝜃 , Ψ2  𝜃 ,… , Ψ𝑘  𝜃 ) 𝑇. A vector of statistics T = (T1,T2
, …,Tk)

𝑇 is unbiased for Ψ(θ). If Eθ(Ti) = 

Ψi (θ) for all θ ∈ Ω for every i = 1,2,…,k. We would also say T is marginally unbiased for Ψ(θ) . For any two 

estimators T and S define 

MT = E(T – E(T))(T – E(T))T 

 And   MTS  = E(T – E(T))(S – E(S))T 

Let Uψ denote the class of all unbiased estimators of ψ. 

Definition 2.1 

The estimator T⃰ ∈ Uψ is M- optimal for Ψ if MT − 𝑀𝑇∗ is nonnegative definite for all θ ∈ Ω. 

        A necessary and sufficient condition that T ⃰ ∈ Uψ is M- optimal is that MT ⃰ U = MU T ⃰ = 0 for all θ ∈ Ω, u ∈ 
U0

(k) where U0
(k) is the class of all k-dimentional statistics that are unbiased for 0 = (0,0,…,0)T. This is known as 

klebenov- Linnik- Rukhin theorem. 

 

Definition 2.2 

An estimator 𝑇∗ =  (𝑇1
∗ , 𝑇2

∗… ,𝑇𝑘
∗) is marginally optimal for ψ provided Ti

⃰ is MVUE 
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 for ψi, i = 1,2,…,k.  

     By an application of klebenov- Linnik- Rukhin theorem one conclude that an estimator is M – optimal if and 

only if it is marginally optimal. Some other equivalent optimality criteria are D-optimality, T- optimality and E- 
optimality. See B.K. Kale (1999) for a fairly good discussion. 

     A natural question that can arise is, can we consider a more general abstract parameter space and derive a 

similar optimality criteria. As an immediate generalization suppose that the parameter space Ω is a real 

separable Hilbert space. Then there exists a countable orthonormal basis {ei} such that any θ ∈ Ω can be written 

as Θ = Σψi ei , where ψi = (θ,ei) where (.,.) is the inner product associated with the Hilbert space Ω. Thus 

estimation of θ reduces to that of estimating ψi , 1,2,…. It is also well known that  

Σψi
2
 < ∞ …………(2.1) 

Notice that practically one cannot estimate all ψi’s simultaneously. But the condition (2.1) tells us that ψi → 0 as 

i → ∞. Thus one take ψi = 0 after a stage say I  d and estimate θ. This is precisely method of sieves suggested by 

Grenander (1981). Instead of resorting  to method of sieves we will consider an estimating sequence and 

formulate an optimality criteria for an estimating sequence {Ti}.  
 

 Definition 2.3   

        A sequence of estimators T={Ti}is called an unbiased estimating sequence for ψ={ψi}if        Eθ(Ti) = ψi for 

all θ ∈ Ω, I =1,2,…….. Now we define three optimality criteria and establish their equivalence. 

 

Definition 2.4 

        An unbiased estimating sequence T={Ti}is sequential M-optimal for Ψ={ψi} if (T1,T2…..Tk)‛ is M-

opti∈∈mal for (ψ1, ψ2,….. ψk)’for every K=1,2,… 

 

Definition 2.5 
         An unbiased estimating sequence {Ti}is marginally optimal if Ti is MVUE for ψi , for all i = 1,2,3…. 

       For an estimating sequence {Ti}, consider the linear functional   l iψi
∞
𝑖=1  , such that   l i

2∞
𝑖=1  < ∞. 

 

Definition 2.6 

      An unbiased estimating sequence {Ti} is functionally optimal if   l iTi
∞
𝑖=1  is MVUE for  

  l iψi
∞
𝑖=1  for all {li} satisfying    l i

2∞
𝑖=1  < ∞. 

           Theorem 2.1  

              Let U0 be the set of all unbiased estimators of 0 ,that is U0 = {u, Eθ(u) = 0, for all θ ∈ Ω}, then an 

estimating sequence 𝑇∗ = {Ti
⃰} is functionally optimal if Eθ((Σ li Ti

⃰) u)  = 0 for all u ∈ U0 and all θ ∈ Ω 

        Proof 

             Suppose the condition 𝐸𝜃  ((𝛴 𝑙𝑖  𝑇𝑖
∗)𝑢)  = 0 for all u ∈ U0 consider the estimator   

      Σ li Ti
⃰ - Σ li Ti where {Ti}is any other unbiased estimating sequence. Then, 

  𝑬𝜽 (𝜮 𝒍𝒊 𝑻 𝒊
∗ −  𝜮 𝒍𝒊 𝑻𝒊)  =  𝟎 and so 𝑬 𝜽(𝜮 𝒍𝒊 𝑻 𝒊

∗) ( 𝜮 𝒍𝒊 𝑻𝒊
∗ −  𝜮 𝒍𝒊 𝑻𝒊 )   =  𝟎 which implies  

𝑬 𝜽(𝜮 𝒍𝒊 𝑻𝒊
∗)𝟐 =   𝑬 𝜽 𝜮 𝒍𝒊 𝑻𝒊

∗  (𝜮 𝒍𝒊 𝑻𝒊)  

≤ 𝑬 𝜽
𝟏𝒍𝟐(𝜮 𝒍𝒊 𝑻𝒊

∗)𝟐   𝑬 𝜽
𝟏𝒍𝟐(𝜮 𝒍𝒊 𝑻𝒊)

𝟐  
Hence 

  𝑬𝜽 (𝜮 𝒍𝒊 𝑻𝒊
∗)𝟐   ≤ 𝑬𝜽 (𝜮 𝒍𝒊 𝑻𝒊)

𝟐  
Or          𝑽𝒂𝒓 𝜽 (𝜮 𝒍𝒊 𝑻𝒊

∗) ≤ 𝑽𝒂𝒓 𝜽(𝜮 𝒍𝒊 𝑻𝒊) 

Proving that   l i
∞
𝑖=1 Ti

⃰  is MVUE for    𝑙𝑖 𝜓𝑖∞
𝑖=1 . Conversely suppose   l i

∞
𝑖=1 𝑇𝑖

∗ is MVUE and if possible 

suppose 𝐸𝜃0
 ((  l i

∞
𝑖=1 Ti

⃰ )u0) ≠ 0 for some given choice of θ = θ0 and u0 ∈ U0  

Define  

λ = 
−𝑬𝜽𝟎

  𝜮𝒍𝒊 𝑻𝒊 ⃰ 𝒖𝟎 

𝑬𝜽𝟎
(𝒖𝟎

𝟐)
 

Then      

                              𝑬𝜽𝟎
( 𝒍𝒊 𝑻𝒊

∗ + 𝝀𝒖𝟎)𝟐 = 𝑬𝜽𝟎
 ( 𝒍𝒊 𝑻𝒊

∗)𝟐 + 𝝀𝟐 𝑬𝜽𝟎
 𝒖𝟎

𝟐 − 𝟐𝑬𝜽𝟎
(( 𝒍𝒊 𝑻𝒊

∗)𝒖𝟎)
𝑬𝜽 ( 𝒍𝒊 𝑻𝒊

∗)𝒖𝟎

𝑬𝜽𝟎
 𝒖𝟎

𝟐 
  

=  𝑬𝜽( 𝒍𝒊 𝑻𝒊
∗)𝟐 − 

𝑬𝜽𝟎
𝟐(( 𝒍𝒊 𝑻𝒊

∗)𝒖𝟎

𝑬𝜽𝟎
 𝒖𝟎

𝟐 
 

<  𝑬𝜽𝟎
( 𝒍𝒊 𝑻𝒊

∗)𝟐  

Hence  

                              𝒗𝒂𝒓𝜽𝟎(( 𝒍𝒊 𝑻𝒊
∗)  < 𝒗𝒂𝒓𝜽𝟎( 𝒍𝒊 𝑻𝒊

∗ + 𝝀𝒖𝟎)   

This is a contradiction to the assumption that  𝑙𝑖  𝑇𝑖
∗  is MVUE for   𝑙𝑖𝜓𝑖

∞
𝑖=1  this proves the theorem, 

Theorem 2.2 

An estimating sequence {Ti} is marginally optimal if and only if it is functionally optimal, 
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Proof 

 Suppose {Ti} is functionally optimal. Then   l iTi
∞
𝑖=1  is MVUE for   𝑙𝑖𝜓𝑖

∞
𝑖=1 . Choose li = 0, i≠ 𝑘 and lk = 1, 

then Tk is MVUE for Ψk , k = 1,2,… Thus {Ti} is marginally optimal. Conversely suppose {Ti} is marginally 

optimal. Then   

                  𝑬𝜽 𝑻𝒊 𝒖 = 𝟎, ∀ 𝜽 𝝐 𝜴, 𝒖 𝝐 𝑼𝟎 

Hence                                  

 𝑬𝜽(  𝒍𝒊 𝑻𝒊) 𝒖  =  𝒍𝒊 𝑬𝜽
∞
𝟏  (𝑻𝒊 𝒖) = 0 

   Thus by theorem 2.1 {Ti} is functionally optimal.   

Theorem 2.3 

                  The estimating sequence {Ti} is sequentially M-optimal if and only if it is marginally optimal 

Proof 

                    Let 𝑇𝑘  = [𝑇𝑖 , … . . 𝑇𝑘𝑖]
𝑇  and  

                         𝑈(𝑘) = [𝑢𝑖 …… . 𝑢𝑘 ]𝑇, where  𝑢𝑖  ∈  𝑈0 . 
The proof immediately follows from the following observations 

                               Eθ(Ti Uj) for all j,θ, I =1,2,…. If and only if 𝐸 (𝑇(𝐾)𝑈(𝑘)𝑇 ) = 0, for all   𝑢(𝑘) ∈ 𝑈0
𝑘   and for 

every θ if and  only if  

                          Cov(T
K
,U

K
)=0,For all u(k) ∈ U0

K and all θ 

Remark 

   The last two theorems tells us that all the optimality criteria are one and the same . later on we simply say the 

estimating sequence is optimal if it satisfy any one of the criteria discussed above. 

  We now proceed to illustrate the criteria in the estimation of mean of a Gaussian process 

 

III. Gaussian process 
                 Let {x(t),t ∈ T} be a stochastic process defined on (Ω, ₣) where T is some general index set. Let V be 

the set of all finite linear combinations of the form   𝑛
𝑖=1 ci x(ti). Let P be a probability measure attached to the 

measurable space (Ω, ₣). Then under the probability measure P,VP – the set of all P – equivalent classes of 

elements of V becomes a vector space. We say that the process is  Gaussian under P, if each element of Vp is a 

normal random variable. In this case VP Ϲ L2(Ω, ₣, p) and its completion Hp consist of only normal random 

variables. We denote the norm and inner product in Hp by || . ||p and ( . , .)p respectively 

where (x, y)p = covp(x , y) for x , y ∈ Hp the space Hp is usually called Gaussian space. The process {x(t),t ∈ T} 
is called a Gaussian process. 

The function m(t)=EP(x(t)) is called mean function of Gaussian process and R( s, t)= Cov(x(s),x(t)) is called 

covariance function . We now introduce the concept of reproducing kernel Hilbert space with kernel R, for 

every t ∈ T  

Definition 3.1 

(a) R (. , t) ∈  K (R,T) and 

(b)  For every f ∈ K(R,T) 

< f , R(. , t) > = f ( t ) 
Where < . , . > denote inner product on K( R , T ) 

Example 

Let T=[o,b], b <∞ and R (s,t)=min (s,t)  for s , t  ∈ [o,b]. define 

K (R,T) = { 𝒇 ∶  𝒇 ( 𝒕 ) =  𝒇𝑰(𝒖)𝒅𝒖,𝒇𝑰 ∈  𝑳𝟐(𝑻)
𝒕

𝟎
} 

Where L2(T) is the set of all square integrable functions defined on T and f I is the derivative of f. if we define  

                < f , g > = 𝐟𝐈 ( 𝐮) 𝐠𝐈 (𝐮) 𝐝𝐮
𝒃

𝟎   , for f , g ∈ k (R,T),then k (R,T) is a Hilbert space 

To see this observe that  R(s,t)= Min (s,t) =  𝐼 0,𝑡  𝑢 𝑑𝑢
𝑠

0
 

Therefore   R(.,t) ∈ K(R,T) as I[0,t] ∈ L2(T) 

Also < f, R (. , t) > = f ′(s) 
𝑏

0
I [0,t] (s) ds =  f ′(t) dt 

𝑡

0
 = f(t) 

The following lemma from Becker (1987) gives a Fourier type expansion for the covariance function R 

Lemma 3.1      

               Let {ek, K ∈ A} be complete orthonormal set in K (R,T),then we have R(s,t) = ∑k∈A ek(s)ek(t) For all (s, 

t)∈  T x T and that the set 𝐴′ = {k ∈ A: ek(s) ek(t) ≠ 0} is atmost countable . The isomorphic isomorphism 

between HP and K(R, T) is established through the next lemma. 

Lemma 3.2 

                 Let {x (t),t ∈ T} be a centered Gaussian process (that is E(x(t)=0) define on (Ω, ₣,P)and R(s,t)be the 

covariance function of the process then the following holds: 

(a) The R.K.H.S.  k(R,T) is given by  { f : f(t) = (x(t),yf) for a unique yf ∈ HP} with inner product 

 < f , g  > = ( yf,yg) the map given by ᴧ (yf) = f is an isomorphism of HP onto K(R,T). 
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(b) For each t, x(t)=   ek(t)(Uk) 𝑘∈𝐴  where Uk = 𝛬−1(ek), k ∈ A are iid N(0,1) variables . Further the 

series ∑k∈A ek(t)ek(UK) converges almost surely. The map 𝛬 (yf)=f is called Loeve map.  

       Let {x(t),t ∈ T} be a Gaussian process define on (Ω,π,P)  with mean function m(t) = Ep(x(t))  
and covarience function R(s,t) = Covp( x (s) , x (t)). Let P0 be a another Gaussian measure set . Ep0(x(x))=0  and  

covp(x ( t ),x (s))= R (s,t).assume that the RKHS  K(R,T) generated by R is complete so that an orthonormal 

basis {ek}is always countable Chatterji,S.P. and Handrekar,V.(1978)  has shown that P0 and p are equivalent if 

and only if  m ∈ k(R , T) assume that m ∈ k(R , T). since {ek}is a complete orthonormal basis for k(R , T) and m 

∈ k(R , T),m=∑k=1
∞ ak ek where ak ∈ l2 ,the set of square summable sequence. From elementary Hilbert space 

theory {ak}is unique to m. notice that  

                                             𝑬𝑷
(𝑿 𝒕 )

 = 𝒎(𝒕)  = (𝒙(𝒕) , 𝒚𝒎)𝒑𝟎  

                                           Where Y = 𝛬−1 (m). since Uk= 𝛬−1 (ek) 

𝑬𝑷  𝑼𝒌 =   𝑼𝒌 , 𝒀𝒎 𝒑𝟎    

= (𝛬−1 𝒆𝒌 , 𝛬−1 𝒆𝒌 )𝒑𝟎   

=< 𝒆𝒌 ,𝒎 > =  𝒂𝒌 
And                                     𝑪𝒐𝒗𝒑  𝑼𝒌, 𝑼𝒍 =  (𝛬−1 𝒆𝒌 , 𝛬−1 𝒆𝒍 )𝒑𝟎 

=   < 𝒆𝒌, 𝒆𝒍 > 
=  𝜹𝒌𝒍 

Thus Uk
’s are independent N(ak,1) random variable under the probability measure P. 

Finally the Radon Nikodym derivative of P with respect to P0 is given by  
𝒅𝒑

𝒅𝒑𝟎
= 𝒆𝒙𝒑{ (𝒂𝒌 𝑼𝒌  −

𝒂𝒌
𝟐

𝟐
)∞

𝒌=𝟏 }         (see Beder (1987) 

Example 3.1 

                   Let= [0,b] and R is any continuous Covarience function defined on T X T. Define the integral 

operator with kernel R as 

     𝑹(𝒇(𝒔))  =  𝑹(𝒔, 𝒕) 𝒇(𝒕) 𝒅𝒕

𝒃

𝟎

 

                 Then R is an operator on L2 with countable system of eigen values {λk}and eigen functions {φk}. We 

use R for the operator as well as Kernel ) and we have  

                               𝑹(𝒔, 𝒕) =   𝝀𝒌 𝒆𝒌(𝒔)𝒆𝒌(𝒕)𝒌                 (C.F. Ash and Gardner(1975) p 37) 
Let  k(R,T)  be the space spanned by {φk}and define the inner product on K(R,T) as follows. For 

f=  𝑎𝑘𝜑𝑘𝑘   and g = ∑bk φk, define . 

                                          < f , g > =    𝒂𝒋 𝒃𝒋  
𝝋𝒋 (𝒕)𝝋𝒌(𝒕) 

√𝝀𝒌 𝝀𝒋 
𝒅𝒕 

                                                        =   
𝒂𝒌 𝒃𝒌 

𝝀𝒌
𝒌   

Set    ek=√λk ek, then {ek}is a complete orthonormal basis for k(R,T)  

                            R(s,t) =  𝒆𝒌 𝒔 𝒆𝒌(𝒕)𝒌           &          < 𝑹  . , 𝒕 , 𝒇 > = <   𝒆𝒌 𝒕 𝒆𝒌 ,   𝒂𝒋 𝒆𝒌 > 

            =   𝒂𝒌 𝒆 𝒌 𝒕 =  𝐟 (𝐭)  

 Thus  k(R,T) is a R.K.H.S. of  x(t) is Gaussian process with mean function     m ∈ k (R,T) and covariance 

function R then m admits the decomposition. M=∑ ak ek and   x(t)= Uk  ek  (t) 𝑘  where  ak = < m , ek  > and 

𝑼𝒌  =
 𝟏

𝝀𝒌
    𝒙 (𝒕) 𝒆𝒌(𝒕) 𝒅𝒕

𝒃

𝟎
        (C.F. Ash and Gardner(1975)) 

Example 3.2  (wiener process)                                                                                                        

                            Let x(t) be a wiener process defined on [0,b] with mean m (.) and covariance function 

R(s,t)=Min (s,t). 

 since R(s,t)= Min (s,t) the integral equation  𝑹(𝒔, 𝒕) 𝝋(𝒕) 𝒅𝒕
𝒃

𝟎
 =  𝝀 𝝋(s)   becomes  

                                                𝒕 𝝋(𝒕) 𝒅𝒕

𝒔

𝟎

    +     𝒔 𝝋(𝒕)𝒅𝒕 

𝒃

𝒔

=   𝝀 𝝋(𝒔)     → (𝟑. 𝟏)  

On differentiating (3.1) with respect to S we have  

                                               𝑺 𝝋(𝒔)   +  𝝋(𝒕)𝒅𝒕

𝒃

𝒔

   −  𝒔 𝝋(𝒔)   = 𝝀 𝝋𝑰(𝒔) 

                                                    𝒊. 𝒆.     𝝋(𝒕)𝒅𝒕
𝒃

𝒔
  = 𝝀 𝝋 𝑰 (𝒔)      → (𝟑. 𝟐) 

Differentiating again we get  

-φ(s)  =  λ φ 
II
(s) 
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If  λ = 0 then φ (s)=0 and so λ = 0 is not an eigen value. Putting s = 0 in (3.1) we get  

                                                                     λ φ (0) = 0      →  𝝋 (𝟎)  =  𝟎 
Putting s= b in (3.2) we get                             0 = λ φ

I
 (b) → φ

I
 (b) = 0 

Thus  {φ , λ} satisfies  

                                                         φ II  +  λ
-1

 φ = 0  with φ (0)= φ
I 
(b) = 0 

solving the above differential equation after putting    𝜆−1 = 𝛽2  we get  

     𝝋𝒌 𝒕 =  
𝟐

𝒃
 

𝟏
𝟐

 𝑺𝒊𝒏 𝜷𝒌 𝒕 ,    𝒌 ∈  𝒛+ 

with eigen  values  λk   =  𝛽𝑘
−2, where βk = (k - 

1

 2
) π/b 

thus the function ek(t)= √λk φk(t) = βk
-1 (2/b)1/2 sin βk(t) is a completely orthonormal basis for  k (R , T ) and  

      𝑼𝒌  =  𝜷𝒌 (𝟐/𝒃)𝟏/𝟐   𝒙 𝒕 𝒔𝒊𝒏 𝜷𝒌 𝒕 𝒅𝒕 

𝒃

𝟎

  

Estimation problem  

Let {xi (t) , t ∈ T } , i = 1,2,……..n consist of n iid  sample of observations of the process x(t) defined on the 

probability space (Ω, ₣,p) with mean function m(t) = Ep (x(t)) and covariance function R(s,t) = covp(x(s),x(t)) as 

before take 𝑃0  as Gaussian measure  so that 𝐸𝑝0
x(t)) = 0 and 𝑐𝑜𝑣𝑝0

  (x(s), x(t)) = R (s , t) assume that m ∈ 

k(R,T) then the Radon Nikodym derivative of P with respect to P0  in the product sample space is  

       
𝒅𝒑 𝒏Θ 

𝒅𝒑𝟎
𝒏Θ =   𝒆𝒙𝒑

𝒏

𝒊=𝟏

  { (𝒂𝒌𝑼𝒌𝒊
 –
𝟏

𝟐
 𝒂𝒌

𝟐

)

∞

𝒌=𝟏

} 

      = 𝐞𝐱𝐩{   (𝒂𝒌𝑼𝒌𝒊
 –
𝒂𝒌
𝟐

𝟐
 )

∞

𝒌=𝟏

𝒏

𝒊=𝟏

} 

       =  𝒆𝒙𝒑 {𝒏 (𝒂𝒌 𝑼𝒌
    –

𝒂𝒌
𝟐

𝟐
 )

∞

𝒌=𝟏

} 

where  𝑈𝑘
      =1/n  𝑈𝑘𝑖

 .𝑛
𝑖=1   Since m(t) =  (𝑎𝑘𝑒𝑘  (𝑡)∞

𝑘=1 , estimation of m can be carried out by estimating 

 {ak}. For the estimation purpose the above Radom Nikodym derivative can be used as the likelihood function . 

Berder (1987) observed that the above likelihood function is unbounced in {ak} and a direct maximum 

likelihood method cannot be adopted. He introduced a sieve based on orthogonal projection to derive a 

consistant estimator Subramanyam, A and U. N. NaikNimbalkar (1990) has shown that  (𝑤𝑘𝑛(𝑈𝑘
    − 𝑎𝑘

∞
𝑘=1 )𝑒𝑘 

in an optimal estimating function for estimating the mean function m . Solving the equation  

                                              (𝒘𝒌𝒏 (𝒖𝒌    − 𝒂𝒌
∞
𝒌=𝟏 )𝒆𝒌 = 𝟎 

We get  𝑎𝑘  =  𝑈𝑘
    ,  k=1,2,… 

Theorem 3.1 

               The estimating sequence {𝑎𝑘  = 𝑈𝑘
     } is an optimal estimating sequence 

Proof 

Since E (𝑼𝒌𝒊
) = ak 

E(𝑼𝒌
    )=

𝟏

𝒏
∑

n
i=1 𝑼𝒌𝒊

 = ak 

thus {𝑈𝑘
    } is an unbiased estimating sequence. Again since Uk1,………Ukn and iid observations from N(ak,1) 

further ( Uk1,………Ukn) and Ul1,………Uln are independent. Therefore 𝑈𝑘
     is a complete sufficient statistic for ak 

and hence it is MVDE for ak. Thus we consider that {𝑈𝑘
    }is marginally optimal for {ak}. This proves the 

theorem. 

 

IV. Conclusion 
                  A limitation for the estimating sequence is that usually it can not be directly used as an estimator of 

the infinite dimensional parameter (Anilkumar (1994), Subramanian & Naik Nimbalkar(1990). Some 
modifications is to be made on the estimator so that range of the modified estimator falls in the parameter space. 

Method of sieves is one such approach (Beder (1988, 1989). Sometimes a Bayes procedure is useful in picking 

up a suitable estimator (Anilkumar (1994)). But in such modification, one has to sacrifice the optimality 

property enjoyed by the estimating sequence and has to be satisfied by asymptotic properties. However in all 

such situations optimal estimating sequence is a right point to start.  
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Refining Measure of Central Tendency and Dispersion 
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Abstract:  A unified approach is attempted to bring the descriptive statistics in to a more refined frame work. 

Different measure of central tendencies such as arithmetic mean, median, mode, geometric mean and harmonic 

mean are derived from a generalized notion of a measure of central tendency developed through an optimality 

criteria. This generalized notion is extended to introduce the concept of an interval of central tendency. 

Retaining the spirit of this notion, measure of central tendency may be called point of central tendency. The 
same notion is further extended to obtain confidence interval for population mean in a finite population model 

and confidence interval for probability of success in Bernoulli population. 

Key words: Point of central tendency, Interval of central tendency, Metric space, Confidence  coefficient. 

 

I. Introduction 
Descriptive statistics or Elementary data analysis is used to describe the basic features of the data 

gathered from an experimental study, a survey or from a similar situation. Here no assumption is made on the 

nature of the population and hence there is no explicit mention of a parameter. Usually we try to extract some 

characteristic features of the available data and use them for comparative and other purposes. A fairly good 

account of exploratory data analysis can be found in (Tukey, J.W.[4]). Two fundamental characteristics of the 

data frequently used in practice are measures of central tendency and measures of dispersion. A measure of 

central tendency is a point around which majority of the observations are clustered. Arithmetic mean, Median, 
Geometric mean and Harmonic mean is important measures of central tendencies used in practice. A limitation 

of a measure of central tendency is that the loss of information in condensing the whole data in to a single point 

is substantial.  

This loss is partially recovered by supplementing it with a measure of dispersion. Our aim in this note 

is to suitably combine these two measures in to a pair of related entities, one representing a measure of central 

tendency and the other representing dispersion. 

. 

II. Measures of central tendencies 
Arithmetic mean is probably the most commonly taught and encountered statistic today, appearing in 

numerous everyday contexts. Given n observations x1 , x2 , . . . , xn  it has the interesting property that the sum of 

the squared deviations taken about a point A given by 

 D1(A) =   ∑ (xi – A)2,   is minimum at A = x̅ (AM)                                                                                (1) 

The square root of the average of this minimum squared deviation is called standard deviation. Thus we can say 

arithmetic mean and standard deviations are a related pair of measures. Similarly 

D2(A) =   ∑ | xi – A |,   is minimum at A = Median = M                                                                          (2) 

The quantity 
1

𝑛
𝛴| 𝑥𝑖 − 𝑀 |  is called mean deviation. Again median and mean deviation are related pairs. Again 

D3(A) =   ∑ (log xi – log A)2,   is minimum at A = Geometric mean = GM                                             (3) 

And Antilog 
1

𝑛
  𝛴(𝑙𝑜𝑔 (

𝑥𝑖

𝐺𝑀
)2)1/2 is the measure of dispersion associated with GM. This measure finds use in 

averaging ratios where it is desired to give each ratio equal weight, and in averaging percent changes, discussion  

of which are found in Croxton, Couden and Klein [5].  Finally  

 𝐷4   𝐴 = 𝛴(1/𝑥𝑖 − 1/𝐴)2,   is minimum at A =𝑛/(𝛴 1/𝑥𝑖)   =  Harmonic mean =   HM                     (4) 

It is occasionally used when dealing with averaging rates.  And the reciprocal of the quantity 

  (1/n ∑1/xi – 1/A)2)1/2 is the measure of dispersion associated with HM. 

Motivated by the different measures of central tendencies we are going to have a unified definition for measure 
of central tendencies. First a suitable metric ’d’ is defied on the data space. Let our data set be {x1, x2 , , ,xn}  

With frequencies f1 , f2 , . . , fn ,with fi = N. For convenience we use S to denote the data set 

 {(x1 , f1 ), (x2 , f2 ), . . . , (xn , fn )}. In general x1 , x2 , . . . , xn need not be real numbers. They can be elements of 

any metric space. Now define a deviation from a point A to the data set S by 

D(S,A) = ∑ρ(d(xi , A) φ (fi)                                                                                                                       (5) 

Where ρ is an increasing function and φ is again a suitable nonnegative non decreasing function. In general a 

point of central tendency is defined as the value of A that minimizes D(S, A). Different measures of central 

tendencies are defined by choosing an appropriate metric d, function ρ and φ. 

Example 1:- Let X = R, d(x, y) = | x − y |, ρ(t) = t2 , φ(t) = t (identity function) Then D(S,A) =   =   ∑ (xi – A)2 fi 
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, is minimized at the mean = 1/n ∑ (xi fi. = X̅ 

 Example 2:- In the above example put ρ(t) = t, the identity function Then D(S, A) = ∑ | (xi − A) | fi and is 

minimized at the sample median M. 
 Example 3:- In the example 1 if we choose d(x, y) = | log x – log y | then D(S, A) = ∑ ( log xi −  log A)2 fi  and 

is minimized at the  G M. 

Example 4:-Choosing, d(x, y) = |1/x – 1/y |, in example 1 Then D(S ,A) =   ∑ (1/xi – 1/A)2 fi ,attains minimum 

at A = HM 

Example5:- Mode is the value that occurs most frequently in a data set or a frequency distribution. Mode is in 

general different from mean and median especially for skewed distributions. In the example 1 choose φ(fi ) as 

φ(fi )  = 1    if  fi=  Max fi , 0 otherwise then D(S, A) will be minimized at the mode. 

 

III. Interval of central tendency 
Now we see how the notion of point of central tendency can be extended to derive interval of central 

tendency. The idea is initiated by defining a distance from a point to an interval. Naturally the distance from a 

point x to an interval is defned as d(x, I) = inf y {d(x, y), y ∈ I} 

In particular if we choose the interval of length l in the form  𝐼𝑎
𝑙  = (a – l, a) and d(x, y) = | x – y |, then 

  

d(x, Ia )  =        

0  𝑖𝑓   a −  l ≤  𝑥  ≤  𝑎,

  a –  l –  x      if   x ≤  (𝑎 –  𝑙)

 x –  a  , if x  ≥  𝑎

                                                                         (6) 

Now use the above definition to arrive at an aggregate deviation from a data set to the interval Ia
l 

, minimize it with respect to a. If a∗ is the optimum choice of a, (a∗ − l, a∗) is the desired interval.  

Using this procedure the interval of central tendency associated with arithmetic mean, Median, Geometric mean 
and Harmonic mean are obtained by minimizing 

 

𝐷1 𝑆, 𝐼𝑎 
𝑙   =     ( (𝑎 −  𝑙) –  𝑥𝑖)2 𝑓𝑖

𝑥𝑖<𝑎−𝑙

 +   (𝑥𝑖 –  𝑎)2 𝑓𝑖
𝑥𝑖>𝑎

  

𝐷2 𝑆, 𝐼𝑎 
𝑙   =       ∣ (𝑎 −  𝑙) –  𝑥𝑖 ∣  𝑓𝑖

𝑥𝑖<𝑎−𝑙

 +   ∣ 𝑥𝑖 –  𝑎 ∣  𝑓𝑖
𝑥𝑖>𝑎

  

 𝐷3   𝑆, 𝐼𝑎 
𝑙  =       ( 𝑙𝑜𝑔(𝑎 −  𝑙) – 𝑙𝑜𝑔  𝑥𝑖)2  𝑓𝑖

𝑥𝑖<𝑎−𝑙

 +  (𝑙𝑜𝑔  𝑥𝑖  −   𝑙𝑜𝑔 𝑎)2 𝑓𝑖
𝑥𝑖>𝑎

  

  𝐷4   𝑆, 𝐼𝑎 
𝑙  =       (

1

𝑥𝑖
−

1

𝑎 − 𝑙
)2   𝑓𝑖

𝑥𝑖<𝑎−𝑙

 +   (
1

𝑥𝑖
−

1

𝑎
)2   𝑓𝑖

𝑥𝑖>𝑎

 

respectively. Now the question of fixing the length of the interval is to be addressed.  This can be done 

incorporating it with a confidence measure. As there is no probability measure defined on the sample space we 

should be satisfied by crude measure of confidence governed by the data. The ratio of the number of 

observations falling in the estimated interval to the total number of observations in the data set can be chosen as 

a confidence measure. Clearly the above measure varies from 0 to 1 as the length of the interval varies from 0 to 

the range of the data set. Another confidence measure is obtained in the following way. For the optimum 

interval of length l chosen say  la∗
l   define confidence measure by 

µ(𝑙)  =  1 – {𝐷 (𝑆, 𝑙𝑎∗
𝑙  ) ÷  𝐷(𝑆,  𝐴∗)}                                                                                                                (7) 

where A* is the associated measure of central tendency and a* is the estimated value of a. A graph can be 

plotted taking the length of the interval along X axis and confidence measure on Y axis. The shape of this graph 

will shed more light in to the nature of the data. 

 

IV. Simulation studies 
Twenty five values are simulated from Lognormal distribution. Interval of central tendency associated 

for arithmetic mean and Geometric mean are estimated and their confidence calculated. The results are 

displayed in the table (1).The table values clearly show that the interval of central tendency of given length 

associated with GM captures more observations than the interval of central tendency associated with AM of that 

length. Thus we can say that GM is a better measure of central tendency to represent the above data than AM. In 

general different intervals of central tendencies can be compared to choose an appropriate measure of central   

tendency for a given data. 
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Table (1):  Confidence coefficient associated with GM and AM 

Length 20          40 60           

80 

100          

120 

140        

160 

 180       

200      

250       

500 

CC GM 0.12       

0.20 

0.32      

0.44 

0.52        

0.56 

0.56       

0.64 

0.64       

0.64 

0.68        

0.84 

CC AM 0.04       
0.04 

0.04       
0.08 

0.12        
0.12 

0.12        
0.12 

0.12        
0.16 

0.32        
0.40 

 

Twenty five values are simulated from N(5,1) and from N (5,5). Interval of central tendency associated with 

arithmetic mean is computed for various lengths and their confidence coefficients are graphically displayed in 

thefigure (1). It shows how the dispersion of the data is reflected in the nature of the graph. 

 

 

figure(1) Confidence for samples of different standard deviations 

 

V. Finite population situations 
The method of constructing interval of central tendency described in this paper can be used to construct  

confidence interval for population mean in a finite population model. In a finite population situation even 

though there is no specific model assumption on the nature of the population, the statistical investigation is 

targeted towards one or two parameters. The parameters of interest are usually population mean, population total 

etc. In the present case we confine our attention to the population mean Y̅ = 
 1

𝑁
𝛴𝑌𝑖 , where Y1 , Y2 , . . . , YN are 

unknown population observations. We can consider Y̅, as the value ’A’ that minimizes 𝛴(𝑦𝑖 − 𝐴)2. Based on the 

sample y1, y2, …,yn  an estimate of Y is supposed as  the quantity a that minimizes Σ  𝑦𝑖 − 𝐴 2. Clearly the 
estimator is y̅, the sample mean. One can extend the same optimality criteria to arrive at a confidence interval 

for Y . The answer coincides with the interval of central tendency associated with arithmetic mean discussed in 

the last section. But it lacks a method of evaluating the confidence coefficient. The following indirect method 

may be used in practice. Use asymptotic normality to construct a confidence interval of required confidence 

coefficient Choose the length of that interval and construct the interval of central tendency of that length. What 

is the real advantage? Since no probability model is involved we cannot make a comparison but we can say that 

the new method is based on an optimality principle. 

 

VI. Statistical inference on population proportion 
In the statistical inference concerning proportion, the under laying model is Bernoulli distribution and 

the parameter of interest is the probability of success. The data is always the number of successes x in n trials. If 

we look at individual data x , they are either 0 or 1 with  Σ xi = x. Thus there are x ones and n-x zeroes. Since 

E(xi ) = p, xi is an unbiased estimator of p. For every point p in the parameter space consider the distance  

d(p, xi ) = | p − xi |, clearly d(p, xi ) is either p or 1-p according as x is 0 or 1.Define the aggregate deviation  

from the point p to the data set S = {x1,x2,….,xn} as 

D(p,S) = Σ (p – xi)
2 = x(1-p)2 + (n - x)p2.                                                                                                             (8) 

 It is immediate to see that D(p, S) is minimized at p = x/n which is also MLE of p. A confidence interval for p 

is usually obtained using asymptotic normality. We now see how a confidence interval for p can be obtained 

using the method described in this paper. As before consider an interval of length of length l as la 
l= (a – l, a), 

then 

 
Therefore 
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D(  𝑙𝑎
𝑙 , S) = Σ (d(  𝑙𝑎

𝑙  , xi ))
2 = (n – x) (a – l)2 + x(1 –a)2 

Consequently D((  𝑙𝑎
𝑙  , S) is minimized at 𝑎 = 

𝑥

𝑛
+ 𝑙(1 −

𝑥

𝑛
). Hence confidence interval is  

  𝑎ᵔ − 𝑙, 𝑎 = (
𝑥

𝑛
−

𝑥

𝑛
𝑙,
𝑥

𝑛
+  1 −

𝑥

𝑛
 𝑙. The performance of this estimator is compared with the interval suggested 

using asymptotic normality using simulation. Samples of different sizes are generated with various success 

probability p = 0.2,0.3, …,0.8. In each case 95% confidence intervals are constructed using asymptotic 

Normality. Then interval of same length is obtained using the present approach. Exact confidence coefficient of 

both intervals are evaluated using the frequency approach based on 5000 simulations. The results are reported 

for comparison. In the table (2) CC1 denote estimated confidence coefficient using asymptotic normality and 
CC2 denote the confidence coefficient based on the new approach. 

Table(2) Confidence for p using Normal approximation and New method 

p Size 20 

CC1                 CC2 

Size 30 
CC1         CC2 

Size 10 

CC1       CC2 

0.2 0.90                  0. 90 0.93                        0.79 0.92                     0.89             

0.3 0.94                  0.96 0.95                        0.92 0.94                     0  94 

0.4 0.92                  0.97                             0.94                        0.98 0.95                     0.98 

0.5 0.93                  0.98    0.95                        0.98 0.91                     0.98 

0.6 0.93                  0.99                         0.93                        0.98 0.95                     0.98 

0.7 0.94                  0.98 0.95                        0.96 0.94                     0.95 

0.8 0.91                  0 .91 0.95                        0.84 0.92                     0.85 

 

The result clearly shows that the new method has better confidence level than the interval based on asymptotic  

Normality. In particular the new estimator shows substantially improved performance when p is close to 0.5. 

 

VII. Concluding Remarks 
In classical inference point estimators as well as the interval estimators suggested are based on 

optimality principle (cf. G. Casella, R.L.Berger [1]). The situations are also not different in a Bayesian set up 

(cf. Berger.J.O. [2]). But various measures suggested in elementary data analysis generally lacks any optimality 

criteria behind it. Our aim through this paper is to bring the elementary data analysis to that level by introducing 
suitable optimality criteria. It is also found that optimality principle used here has also its natural extension in 

classical inference. For example, the estimation of the population proportion discussed in this paper is closely 

associated with the concept of U – statistics (cf. Serfling R.J.[3]). But we had gone a step further by suggesting 

new optimality criteria for deriving confidence interval for the parameter. This idea can be found a further 

exposition in a forth coming paper. 
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