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A B S T R A C T

Kolkata is one of the cities located in the eastern parts of India and experiences rapid urban

growth. Because of the rapid urbanization, land use and land cover are changing very rapidly in

which impacts on the local land resources and the surface temperature of Kolkata are much higher

than its surroundings. In this study, an effort has been done to find out how the vegetation cover is

affected by urban growth and how the built up area grew over time. Except this, the attempt has

also been made to scrutinize the trends of surface temperature in Kolkata city. This study was done

between 2005 and 2019. To find out the vegetation cover and built up area of Kolkata city,

Normalized Difference Vegetation Index and Normalized Difference Built up Area Index and

Landsat satellite images between the year 2005 and 2019 have been used. This study reveals that

vegetation area is declining towards the city core areas and percentages of built up areas are

increased towards the urban area. Surface temperature is high in the city core areas which records

41 �C temperature in 2019. This study will throw new light in case of urban heat island studies.

1. Introduction

Urbanization means the process of an area to be urbanized. Urbanization is very rapid in the case of developing countries and it

decreases towards developed countries. In the case of developing countries, metropolitan cities have been playing a vital role in the high

growth rate of urbanization. According to various researchers, urbanization has been categorized as a process of urbanization (He et al.,

2006; Wang et al., 2014; Song et al., 2012; Shahbaz et al., 2014). Many International Organizations like the United Nations, FAO have

been tried to project future populations. According to the report of the United Nations (2019), global population will be increased by 8.5

billion in 2030, 9.7 billion in 2050 and 10.9 billion in 2100. According to the latest report of the United Nations (2018), 55% percentage

of the population will be lived in urban areas which will be 68 percent in 2050. The population of India will be increased by 273 million

between 2019 and 2050 (United Nations, 2019). Urbanization means the expansion of urban area (Seto et al., 2011). Angel et al. (2011)

makes an attempt for the projection of urban area which was 3,00,000 km2 in 2000and will be increased into 1,200,000 km2 in 2050.

Types of urbanization in the world vary from country to country (Pannell, 2002) and they also cause threat to resources and envi-

ronmental issues among the many countries like China (Fang, 2009). It also leads to the problems of soil erosion, desertification, scarcity

of water resources, etc. (Wang & Fang, 2011). It also threatens to natural and semi natural habitats because of the indirect impacts of

urbanization (Ruppert et al., 2012).

With the rates of urban expansion urban land use and land cover pattern hugely change with the time. The environmental impacts of
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land use change are the results of the urbanization process (Carlson & Traci Arthur, 2000; Xiao et al., 2006). According to the various

researchers, urban area occupies only four per cent of the total land surface but it impacts on the physical environment and social

environment (Tang, 2011, Van Delm & Gulinck, 2011; Su et al., 2014, Lee & Choe, 2011). The urban expansion also causes habitat

destruction, resource destruction, loss of biodiversity and fragmentation of landscape (Sala et al., 2000; Song, 2014; Song & Liu, 2014;

Batisani& Yarnal, 2009; Rebele, 2009; Su et al., 2011; Seto et al., 2012). Extreme impact of urban expansion leads to the scarcity of the

water resources (Guttikunda et al., 2003; Wang et al., 2013) and bad impact on public health (Khoo et al., 2003).

1.1. Urbanization and land use change

The population has been playing a dominant role in the process of urbanization from the beginning of civilization (Seto et al., 2011).

Food, clothing and human employment are the basic requirements of human life. Urban areas are the hub of these things. People of the

surrounding areas want to settle down in urban areas to fulfill their essential requirements. These are the causes of the process of ur-

banization. Tremendous demand for land in urban areas creates a huge problem for the city officials as the supply of the land is limited.

TheLack of open space and overpopulation of cities createsan adverse impact on the environment (Wei, 2015).

Fig. 1. The study area.
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1.2. Increase in land surface temperature

Decrease in vegetation and an increase in the urban area or built up area increases the surface temperature of the area. Temperature

is high in the central areas of the city which gradually decreases towards the peripheral areas. It creates serious causes to the global

biosphere (Turner et al., 1994). It is also responsible for the local climate, habitat destruction and loss of biodiversity (Foly et al., 2005;

Kalnay and Cai, 2003). The magnitude of UHI is particularly enhanced in China, which has experienced a rapid urbanization during the

last three decades (Sun et al., 2016; Zhou et al., 2016).Yao et al. examined the impacts of urbanization on the vegetation coverage of 59

large cities in Africa, and vegetation decreased significantly in 44 of the 59 cities.At present, India and China experience high rates of

urban land expansion in the last 30 years (Bai et al., 2014; Seto et al., 2011).

Land surface temperature can be estimated both in the day time and in night time. According to the Jusuf et al. (2007), surface

temperature is relatively high in the commercial and airport areas than the other areas. Bokaie et al. (2019) opined that there is a

significant relationship between the land surface temperature and land use-land cover change of an area. Van and Bao (2010) also

showed that surface temperature will be high in the industrial and urban areas than the other urban vegetative areas. According to (Oke,

1981, 1982; Nunez & Oke, 1977) geometry of the urban areas also regulate temperature of the surface by absorbing incoming solar

radiation. Chow (2006); Lan and Zhan (2017) opined that building geometry also controlled the temperature of the area i.e. dense

building structure reduce the temperature by shading effect but it increases temperature during the nighttime. Lan and Zhan (2017) also

suggested that high rise buildings may reduce the temperature in day time, but it increases temperature in nighttime.

Recently, Kolkata city has been experienced with rapid destruction of vegetation cover and increase in the built up area within a

shorter period. So, in this study, an effort has been done to investigate the nature of vegetation cover and increase of built up area in

Kolkata. From the field visit, it has also been done that the surface temperature of Kolkata city has been increasing day by day. The

person inhabited in the surroundings of Kolkata enjoys better weather than the people in the city core area. So, in this study, an effort has

been done to measure the land surface temperature of Kolkata. The objective of this study is as follows-

1.3. Objectives

The objective of this study is to investigate the vegetation cover and built up area of Kolkata city between 2005 and 2019. Except this

effort has also been done to find out the surface temperature of Kolkata city between these periods.

2. Study sites

Kolkata is one of the oldest metropolitan cities in India which is located in the eastern part of India over a large alluvial plain. It is

situated over the moribund delta of the Hooghly river. From the topographical sheet or from the geological map of Kolkata it has been

found that the height of Kolkata ranges from 1.5 to 9 m from mean sea level. Kolkata is under the jurisdiction of Kolkata Municipal

Corporation. The total number of wards in Kolkata is 144 which aresubdivided into 16 boroughs. This study has been done after the

addition of 2 g panchayats with KMC. For this study, the area of Kolkata Metropolitan Area has been considered which is delineated by

Kolkata Metropolitan Development Authority or KMDA. Kolkata city recently has experienced a negative growth rate of population

between 2001 and 2011. Six districts partially are under Kolkata those are likely Kolkata, Howrah, North 24 Parganas, Hooghly, South

24 Parganas and Nadia. Among them, only the entire Kolkata district is under KMDA (Fig. 1).

Among the total areas of KMA, Kolkata district covers 10.78 per cent of the total area, whereas Hooghly, Howrah, Nadia, North 24

Parganas and South 24 Parganas district covers 19.13 per cent, 14.67 per cent, 6.90 per cent, 25.63 per cent and 22.89 per cent of the

total area. Among the total population of KMA, Kolkata comprises 28.66 per cent of the total population. Hooghly, Howrah, Nadia,

North 24 Parganas and South 24 Parganas district covers 12.83 per cent, 16.12 per cent, 1.79 per cent, 30.14 per cent, 10.46 per cent of

the total population. According to the latest census, population growth of Kolkata city is quite high which experiences 10.30 percent.

The rate of land use change is very high in Kolkata city and the rate of land use change is relatively high towards the peripheral areas of

the city.

3. Data and methods

3.1. Collection of data (images and information)

This study is based on satellite images. Satellite images have been collected from the United States Global Survey on various dates.

Table 1 shows detailed information about the satellite images used for this study. For the analysis cloud, free images of the same time

Table 1

Detailed information about satellite images.

Acquisition Date Sensor Spatial Resolution Projection

08-03-2019 OLI-TIRS 30m WGS 84 UTM 45 N

21-01-2010 TM 30m WGS 84 UTM 45 N

17-11-2005 TM 30m WGS 84 UTM 45 N

14-11-2000 TM 30m WGS 84 UTM 45 N
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period have been chosen to minimize the errors. For the analysis, ground verification has been done for some ground truth information.

Some information regarding the growth and development of Kolkata city and its surrounding information has been collected from the

various offices like Kolkata Municipal Corporation, Kolkata Municipal Development Authority etc. This study has been done after the

addition of several rural mouzas with Kolkata Municipal Corporation.

3.2. Image processing

For the analysis, both the remote sensing and GIS techniques have been used. For mapping purposes, various cartographic techniques

have been used. For the mapping purposes, Arc GIS 10.3 and Erdas Imagine 2014 software have been used. To scrutinize the de-

mographic growth and surface temperature prediction, statistical analysis has been done. For the calculation of NDVI and NDBI index,

Erdas Imagine 2014 software has been used. For the mapping of land surface temperature,Arc GIS 10.3 software has been used.

3.3. NDVI index

NDVIIndex (Normalized Difference Vegetation Index) is a graphical indicator of satellite images, mainly used for the remote sensing

measurements especially vegetation mapping. Mainly two bands have been used for the calculation of NDVI Index. Those are Near

Infrared (which vegetation reflects) and Red Band (which vegetation absorbs most). It always ranges from �1 to þ1.

NDVI Index¼
NIR� RED

NIRþ RED

It is mainly used to measure healthy vegetation where a positive value indicates healthy vegetation and vice versa. NDVI can also be

used for farmland mapping (Majumdar, 2019). Table 2 showing index values for NDVI in Kolkata city.

3.4. NDBI index

NDBI Index is another graphical indicator, used for measuring the urban areas specially built up areas or artificial structure areas.

Mainly, two bands are used for the NDBI mapping purposes, those are likely Short wave Infrared and Infrared Band. Like NDVI and other

indices, it also ranges from �1 to þ1.

NDVI Index¼
SWIR� NIR

SWIRþ NIR

This index is mainly used for the built up index mapping where a positive value indicates the presence of artificial structure or built

up areas and the lower value indicates the availability of physical features. Table 3 showing values of NDBI index in Kolkata city.

3.5. Land surface temperature

For the analysis, Landsat satellite images (Landsat 5 TM and 8 OLI) of 2005, 2010, 2015 and 2019 have been used (same period). For

the surface temperature analysis at the time of layer stacking thermal bands were stacked. For measuring the LST and Normalized

Difference Built up Area Index (NDBI), various statistics have been used. For the LSTmapping, first radiance values have been calculated

using this formula.

CVR1¼
LMAXλ� LMAXλ

ðQCALMAX � QCALMINÞ*ðQCAL� QCALMINÞ
ðFor Landsat 5 TMÞ

Table 2

Index values for NDVI.

Categories Values

Low �0.51–0.00

Medium 0.01–0.25

High 0.26–0.50

Very High 0.51–0.75

Table 3

Index values for NDBI.

Categories Values

Very Low �0.60–�0.30

Low �0.30–0.00

Medium 0.01–0.30

High 0.31–0.60
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Fig. 2. Normalized difference vegetation index of Kolkata city.
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Where, CVR1 indicates cell value as radiance, QCAL is the Digital Number, LMIN indicates Spectral radiance scales to QCALMIN, LMAX

indicates Spectral radiance scales to QCALMAX, QCALMIN ¼ the minimum quantized calibrated pixel value of the images and

QCALMAX is the maximum quantized calibrated pixel value of the images. From the radiance value of the temperature of the image of

the Kolkata,the city has been measured.

Lλ ¼ MLQcal þ AL � 0i ðFor Landsat OLI 8Þ

Where, Lλ ¼ TOA spectral radiance (Watts/(m2 � srad � μm)), ML ¼ Band-specific multiplicative rescalingfactor from the metadata

(RADIANCE_MULT_BAND_x, where x is the band number), AL ¼ Band-specific additive rescaling factor from the metadata (RADI-

ANCE_ADD_BAND_x, where x is the band number), QCal ¼ Quantized and calibrated standard product pixel values (DN) and is the

correction for band 10. From the radiance value, LST has been collected applying these statistics (Mallick and Bharath, 2008; Barsi et al.,

2014). LST has been calculated in degree Celsius.

3.6. Mapping techniques and Software's

For the analysis, both the remote sensing and GIS techniques have been used For the mapping purposes, various cartographic

techniques have been used. For the mapping purposes, Arc GIS 10.3 and Erdas Imagine 2014 software have been used. To scrutinize the

demographic growth and surface temperature prediction statistical analysis has been done. For the calculation of NDBI and NDVI

indices, Erdas Imagine 2014 has been used. For the mapping of land surface temperature, Arc GIS 10.3 software has been used. For the

future prediction of the surface temperature, Microsoft Excel 2019 has been used.

4. Results and analysis

4.1. Changes in vegetation and built up area

Among the natural Land Use and Land Cover (LULC), vegetation and water body are the major features in KMA. Among these two

LULC types, vegetation is more dynamic in nature. Vegetation is mainly high in the peripheral areas of the city which gradually de-

creases towards the central part of Kolkata city.

To investigate the nature and patterns of vegetation cover in Kolkata city, NDVI indices have been done (Fig. 2). NDVI indices have

been done over the years 2005, 2010, 2015 and 2019. Table 4 showing NDVI values for Kolkata. Table 4 shows the distribution of

theNDVI index in Kolkata between 2005 and 2019. In 2005, 29.17 percent of the total KMA experiences very low NDVI values and 25.64

percent experiences very high NDVI values. In 2010, because of the destruction of vegetation cover areas of high vegetation cover

completely disappears. Both in the years 2015 and 2019, vegetation cover hugely decreased. In 2019, only 16.73 per cent of the area is

under good vegetation cover and nearly 70 percent of the area experiences low density of vegetation which createsan adverse impact on

vegetation (Fig. 3).

From the NDVI images of Kolkata city of 2005, it has been found that values for NDVI ranges from þ0.71 to �0.89. In 2005, the-

amount of vegetation is very low in the Central Business part of the area which isslightly high in the northern parts of KMA i.e. towards

Kalyani city, but it experiences very high in the western parts (rural blocks of Hooghly district) and northern parts (rural blocks of Nadia

district). Percentage of vegetation cover in this area is comparatively higher than the other areas. In 2010, the percentage of vegetation

cover is very less in the CBD areas. These areas are totally vegetation less areas. The percentage of vegetation cover is also slightly high in

the northern and eastern peripheral areas of the city. In 2010, the values of NDVI in Kolkata city ranges from þ0.61 to �0.59. In 2015,

values of NDVI in Kolkata city ranges from þ0.54 to �0.57. In this time period,the percentage of vegetation cover was also very less in

the CBD areas, Central Kolkata areas and Dharmatala areas. Between this time period, thepercentage of vegetation cover in the northern

parts slightly decreased, but the percentage of vegetation cover was also high in the western parts of KMA. In 2019, the values of

vegetation indices ranges fromþ0.43 to �0.51. Vegetation cover is very less in the CBD, Central Kolkata area and Esplanade area and it

was high in the western parts of Kolkata. Table 5 showing NDVI values in the different parts of KMA.

Among the cultural features of LULC types, built up area is one of the important features which can be used as a parameter to measure

the pace of the urbanization and the process of urbanization of an area. In this study, NDBI indices have been used to find out the growth

of urban areas or built upareas. For this study, any type of concrete structures, artificial surfaces, buildings, houses have been considered

as a built up area.

Table 4

NDVI values for Kolkata.

Index Values 2005 2010 2015 2019

Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent

Very Low 537 29.17 616 33.46 658 35.74 687 37.32

Low 456 24.77 527 28.63 578 31.40 613 33.30

Medium 103 5.59 69 3.75 54 2.93 49 2.66

High 273 14.83 226 12.28 198 10.76 184 9.99

Very High 472 25.64 403 21.89 353 19.17 308 16.73
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Fig. 3. Normalized difference built up area index of Kolkata city.

U. Chatterjee, S. Majumdar Journal of Urban Management 11 (2022) 59–71

65



Table 6 shows the values of NDBI in Kolkata from 2005 to 2019. From the NDBI indices, it has been found that the percentage of

urban areas hugely increased between this time period. The percentage of the built up area or urban core area increases from 17.54

percent into 28.25 per cent of the area, where other areas hugely decreased between this time period.

In 2005, the values of the NDBI index ranges from 0.42 to�0.76. The lowest values of the NDBI index can be found in the rural blocks

of Hooghly and Nadia districts as most of the lands in this area are agricultural lands and vegetation areas. So, NDBI value experiences

low in this area. In 2005, NDBI values are high in the CBD areas, Northern Kolkata and Central Kolkata areas. In 2010, NDBI values are

low in the villages of Hooghly and Nadia district and high towards the Kolkata city areas. Values of NDBI in this time period ranges

between þ0.48 and �0.61. In 2015, NDBI value slightly increases in the south and south eastern part and north eastern part of Kolkata.

Between this time period, it ranges between þ0.53 and �0.52. In 2019, the values of NDBI index ranges between þ0.59 and �0.43.

From the overview of the NDBI indices between 2005 and 2019, it has been found that NDBI value increases towards the city area which

gradually decreases towards the peripheral areas like CBD area, Dharmatala area, Rajabazar area, Garia, Santoshpur, Baghbazar etc. The

values of this index is very high throughout the time period (Table 7).

Table 8 and Table 9 showing changes in NDVI and NDBI values of Kolkata city. From the NDVI values of Kolkata from 2005 to 2019 it

has been found that the areas of very low indices have been increased very fast and very high indices decrease very rapidly between

2005 and 2010which indicates the vegetation cover of Kolkata decreasing very rapidly between this time period. Between 2010 to 2015

and 2015 to 2019, very high indices have been decreasing very faster than the very low indices. This tendency indicates the vegetation

Table 5

NDVI values in KMA.

Index

Values

2005 2010 2015 2019

Location Location Location Location

Low CBD areas, South

Kolkata i.e. Garia,

Tollygunge

CBD Areas, Central Kolkata area,

South Kolkata i.e. Garia,

Tollygunge, North Kolkata i.e.

Hatibagan, Baghbazar

CBD Areas, Central Kolkata area,

Dharmatala area, South Kolkata i.e.

Garia, Tollygunge, North Kolkata i.e.

Hatibagan, Baghbazar, Eastern Kolkata

CBD Areas, Central Kolkata area,

Dharmatala area, Esplanade adjacent area,

South Kolkata i.e. Garia, Tollygunge, North

Kolkata i.e. Hatibagan, Baghbazar, Eastern

Kolkata

Medium Howrah Municipal

Corporation Area

Howrah Municipal Corporation

Area and Western Kolkata and

South Kolkata

Howrah Municipal Corporation Area

and Western Kolkata and South Kolkata

Howrah Municipal Corporation Area and

Western Kolkata and South Kolkata, North

Eastern part of Kolkata

High Northern part of

KMA towards

Kalyani area

Northern part of KMA towards

Kalyani area

Northern part of KMA towards Kalyani

area and Western parts of KMA i.e.

western bank of Hooghly river

Northern part of KMA towards Kalyani area

and Western parts of KMA i.e. western bank

of Hooghly river

Very

High

Rural Blocks of

Hooghly District and

Nadia District

Rural Blocks of Hooghly District

and Nadia District

Rural Blocks of Hooghly District Rural Blocks of Hooghly District

Table 6

NDBI values for Kolkata.

Index Values 2005 2010 2015 2019

Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent

Very Low 732 39.76 657 35.69 616 33.46 563 30.58

Low 630 34.22 587 31.88 533 28.95 491 26.67

Medium 156 8.47 199 10.81 235 12.76 267 14.50

High 323 17.54 398 21.62 457 24.82 520 28.25

Table 7

NDBI values in KMA.

Index

Values

2005 2010 2015 2019

Location Location Location Location

Very

Low

Rural Blocks of Hooghly

District and Nadia District

Rural Blocks of Hooghly District and

Nadia District

Rural Blocks of Hooghly

District

Rural Blocks of Hooghly District

Low Howrah Municipal

Corporation Area and

Western Kolkata and South

Kolkata

Howrah Municipal Corporation Area

and Western Kolkata and South

Kolkata, North Eastern part of

Kolkata

South Eastern part (Sonarpur

area) South Kolkata i.e.

Santoshpur, Garia, Tollygunge

South Eastern part (Sonarpur area),

South Kolkata i.e. Garia, Tollygunge,

North Kolkata i.e. Hatibagan,

Baghbazar

Medium South Eastern Part of Kolkata South Eastern Part of Kolkata South Eastern and North

Eastern Part of Kolkata

South Eastern, South western, North

Eastern, Part of Kolkata

High CBD areas, Central Kolkata,

North Kolkata

CBD Areas, Central Kolkata area,

North Kolkata

CBD Areas, Central Kolkata

area, Dharmatala area

CBD Areas, Central Kolkata area,

Dharmatala area, Esplanade adjacent

area
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cover of Kolkata has been transforming into other land cover types very rapidly which possessesa serious threat to natural ecosystems.

By overviewing the NDBI values of KMA, it has been found that high and very low indices experience very high between 2005 and 2010,

as both experience high percentage of changes between this time period. But after this time period, the areas with high NDBI values

rapidly increased than the other categories. This tendency indicates that the demand for open space or vacant land in Kolkata city has

been increasing very fast which accelerates the growth of built up area.

4.2. Increase in land surface temperature

From the field verification, it has been found that the surface temperature in the core areas of Kolkata city is quite higher than the

other peripheral areas. In this study, Landsat satellite images have been used to scrutinize the land surface temperature of the area.

Fig. 4 shows the surface temperature of Kolkata city between 2005 and 2019. From the surface temperature image of 2005, it has

been found that maximum and minimum temperature during that time period are 26 �C and 14 �C. By analyzing this image, it has been

found that temperature is higher in the city core areas than in the peripheral areas. In 2019, maximum and minimum temperatures

experienceare 41 �C and 23 �C. By analyzing the surface temperature between these four time period, it has been found that the average

temperature of this city has been increased nearly 20 �C and 32 �C between 2005 and 2019. For this reason, Kolkata city has been

suffered from heat island like situation.

Table 10 shows the distribution of surface temperature in Kolkata city between 2005 and 2019. From the temperature distribution in

Kolkata city, it has been found that in 2005, nearly 1780 sq. Km. ofthe area is under the 11 �C and 25 �Cwhich experiences nearly 96 per

cent of the area. Only 3 per cent of the area has been experienced with high surface temperature i.e. 26 0 C and 40 �C. From 2005, the

area of low surface temperature has been decreased very rapidly and high temperature increases very fast which converts Kolkata into

heat island like situation. In 2019, the temperature in the core areas of Kolkata (CBD area, Central Kolkata area etc.) has been reached

into 41 �C which may be causes of concern among the environment researchers and urban planners. Table 11 shows the distribution of

surface temperature in Kolkata city.

Table 12 showing changes in LST values in Kolkata. From the table, it has been found that the area with low temperature has been

decreased and the area between 26 �C and 40 �C has been increasing very rapidly which creates lots of problem to the urban planners

and decision makers.

4.3. The relationship among NDVI, NDBI and LST values

From the overview of the NDVI, NDBI and LST maps, it has been found that Kolkata city high NDVI values are declining very fast and

NDBI values are increasing very fast which accelerates the increase in surface temperature. The highest temperature estimated in

Kolkata city has found that it records 41 �C in 2019. Fig. 5 shows the projection of surface temperature in Kolkata city up to 2030. From

this analysis, it has been found that the temperature of Kolkata city will be increased up to 53 �C in 2030. Because of the high tem-

perature increase in Kolkata city, the inhabitants of Kolkata city will face lots of problems. To solve this problem, policy makers and

decision makers will formulate new policies to minimize the surface temperature of Kolkata city.

5. Discussion

Kolkata is one of the metro cities in the eastern parts of India. Kolkata city has been developingvery fast because of the influx of

refugees from the former East Pakistan and migration from the rural areas because of the employment facilities, good healthcare

Table 8

Changes in NDVI values.

Index Values 2005–2010 2010–2015 2015–2019

Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent

Very Low 79 4.29 42 2.28 29 1.58

Low 71 3.86 51 2.77 35 1.90

Medium �34 �1.85 �15 �0.81 �5 �0.27

High �47 �2.55 �28 �1.52 �14 �0.76

Very High �69 �3.75 �50 �2.72 �45 �2.44

Table 9

Changes in NDBI values.

Index Values 2005–2010 2010–2015 2015–2019

Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent

Very Low �75 �4.07 �41 �2.23 �53 �2.88

Low �43 �2.34 �54 �2.93 �42 �2.28

Medium 43 2.34 36 1.96 32 1.74

High 75 4.07 59 3.20 63 3.42
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Fig. 4. Land surface temperature of Kolkata city from 2005 to 2019.
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facilities etc. Presently, Kolkata city has been growing in a south-easterly and south-westerly direction from the city core area as it has

been found during the analysis of the satellite images (Majumdar, 2019). The demand for the land of Kolkata city is very high in recent

decades. To meet the needs vegetation area has been declining very fast and built up area has been increased a lot which is also the main

reason for increasing land surface temperature (Majumdar, 2019).

From the overview of the analysis, it has been found that the temperature of Kolkata city has been increasing very fast. Temperature

is high in the central city or city core areas. From the field verification, it has been found that most of the agricultural lands, vegetation

areas, water body areas have been converted into the urban area or built up area. The transformation of land i.e. non urban area or semi

urban area to an urban area is high in the peripheral areas than the city areas as the availability of land is very high in those areas. Low

prices of land are also another factor behind the rapid transformation of land in Kolkata city.

Table 10

Land surface temperature of Kolkata city.

Temperature in Celsius 2005 2010 2015 2019

Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent

11 to 25 1780 96.69 1535 83.38 1384 75.18 1237 67.19

26 to 40 61 3.31 306 16.62 457 24.82 568 30.85

41 to 55 N.A. N.A. N.A. N.A. N.A. N.A. 36 1.96

Table 11

Land surface temperature in KMA.

Temperature in

Celsius

2005 2010 2015 2019

Location Location Location Location

11 to 25 The whole part

of KMA

Whole part of KMA Whole part of KMA Whole part of KMA

26 to 40 CBD areas CBD areas, Central

Kolkata, North Kolkata

CBD areas, Central Kolkata,

North Kolkata, Howrah

CBD areas, Central Kolkata, North Kolkata, South,

Kolkata and Howrah

41 to 55 N.A. N.A N.A CBD areas, Central Kolkata, North Kolkata, South,

Kolkata, Eastern Kolkata and Howrah

Table 12

Changes in LST values.

Temperature in Celsius 2005–2010 2010–2015 2015–2019

Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent

11 to 25 �245 �13.31 �151 �8.20 �147 �7.98

26 to 40 245 13.31 151 8.20 111 6.03

41 to 55 N.A. N.A. N.A. N.A. N.A. N.A.

Fig. 5. Surface temperature prediction of Kolkata city.
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6. Recommendations

The temperature of Kolkata city has been increasing very fast. To minimize these problemsurban planners should formulate policies

for the reduction of temperature. The policy makers should formulate new laws or regulations to stop the illegal or unplanned con-

version of land. Awareness among the people should be increased to combat with this problem. There is no master plan for Kolkata city.

To minimize this problem, new master plan should be developed. Another noticeable fact is that there is no coordination among the

developmental agencies (Like KMDA, KMC, KIT etc.).Coordination among the agencies should be increased to eradicate this problem.

7. Conclusion

Kolkata is one of the cities with 15.89 million people with the coordination of various constituent units like Municipal Corporations,

Municipalities, Census Towns, Outgrowths and Rural areas. The total number of the constituent unitsis 594. From the study, it has been

found that vegetation in Kolkata city has been decreased very fast with the rapid increase in the urban area. NDVI maps show that

vegetation area is high in the peripheral areas than the city areas or urban areas. Encroachments of the urban area over the vegetation

area are high in the outer peripheral areas. On the other hand, NDBI index is higher towards the city areas than the outwards of Kolkata

city. The temperature in the central part is very high than in the other areas. To minimize these problems city authorities should take

immediate measures. This research work will not only help the city authorities but also the decision makers and policy planners for the

construction of new policies. This study which has been done over Kolkata, can be performed in any other cities in India. This study will

throw new light over the urban heat island studies.
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Abstract: Compared to other grasses, flowering in bamboo is quite divergent, yet complex with

respect to time to flower, number of individual culms in a population that have been induced at a

time (sporadic vs. gregarious), nature of monocarpy, morphology of inflorescences (solitary spikelet

vs. pseudospikelet), biology of pollen and nature of genetic compatibility. Wide diversity exists

even across species and genotypes. However, due to the rarity of flowering and inaccessibility, few

studies have been done to systematically analyse diverse aspects of the reproductive behaviour of

bamboo. In this study, four recurrently occurring, sporadic flowering populations of Bambusa tulda

have been closely observed over the last seven years. Detailed inflorescence and floral morphology

and development of reproductive organs have been studied. Pollen viability was assessed by staining

and in vitro germination. Self and cross pollination experiments were performed in a plantation site

to assess the genetic nature of pollen-pistil interaction. The study identifies interesting reproductive

features, that are not common in other grasses. A few important observations include the early

appearance of a solitary spikelet vs. late appearance of a pseudospikelet in the flowering cycle,

low rate of pollen germination, protandry, self-incompatibility and higher rate of seed setting by

the pseudospikelet as compared to the solitary spikelet. The findings will not only be useful to

understand the reproductive behaviour of this non-woody timber plant, but will also be useful for

forest management and sustainable use of bamboo bioresources.

Keywords: bamboo; sporadic flowering; protandry; pollen germination; cross pollination; self

incompatibility; seed setting

1. Introduction

Bamboos belong to the monocotyledonous plant family Poaceae and subfamily Bam-
busoideae. They are globally distributed from 51◦ North to 47◦ South except in the polar
regions [1]. There are ~125 genera and 1670 species of bamboos identified so far [1,2].
Herbaceous bamboos are found in Brazil, Mexico, Paraguay and West Indies; paleotropical
woody bamboos are distributed in Africa, India, Japan, Madagascar, Oceania, South China
and Sri Lanka; neotropical woody bamboos are found in Argentina, Chile, Southern Mexico
and West Indies; whereas north temperate woody bamboos are observed in Africa, India,
Madagascar and Sri Lanka [2]. With respect to species diversity, Asia is at the top, followed
by South America and Africa [3]. Among Asian countries, China contains ~6.01 million
hectares of bamboo vegetation [4], followed by India having with ~160,037 sq km (India
State of Forest Report 2019, https://fsi.nic.in/forest-report-2019?pgID=forest-report-2019
accessed between the period of October 2017 to February 2018). Worldwide ethnic popula-
tions are heavily dependent on bamboo bioresources, due to their various uses, such as
food and beverage, fodder, medicine, fishing gear, handicrafts and artefacts [5–8].
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The flowering behaviour of bamboo is distinctive. Four diverse flowering types have
been identified in bamboos. They are (i) sporadic, (ii) massively synchronised (gregarious),
(iii) sporadic followed by massively synchronised, and (iv) partial [9,10]. The sporadic
flowering events occur in few culms of a population and have been observed in Bambusa
bambos [11], Bambusa pallida [12], B. tulda [13], Dendrocalamus asper [14], and Dendrocalamus
longispathus [15]. In contrast, gregarious flowering happens in a synchronised manner
in almost every culm growing over a large geographical area and had been observed in
many species, such as Bambusa nutans [16], B. tulda [12,17–22], Dendrocalamus racemosa [22],
Melocanna baccifera [21], Thamnocalamus spathiflorus [23] and Thamnocalamus aristatus [24].
Quite often, sporadic events may be followed by mass flowering in subsequent years
and are defined as sporadic-massively synchronised flowering. It has been observed in B.
tulda [23], Chusquea culeou, Chusquea montana, M. baccifera, Phyllostachys heteroclada, Phyl-
lostachys reticulata and Sasa cernua [10]. Partial flowering events take place in small, discrete
populations, and it is neither extended like gregarious, nor restricted like the sporadic type
concerning the number of culms flowered. It had been observed in Pleioblastus simonii [10].
The flowering time varies between 1–120 years across different species [10]. Another com-
plexity of bamboo flowering is related to the nature of monocarpy, which differs between
sporadic and gregarious flowering types. Mass death of the entire population takes place
in cases of gregarious flowering, which is not common for sporadic and partial flowering.

Studies of bamboo flowering have traditionally been focused on ecological as-
pects [2,25–27], which have recently moved towards molecular and genetic aspects [28–31].
In contrast, very few studies have focused on understanding the reproductive behaviour
and specialities of bamboo [32–35]. More studies need to be conducted to understand the
reproductive diversity adopted by different bamboo species. In this study, B. tulda was
selected for many reasons, such as their enormous economic importance, wide distribution,
occurrence of diverse flowering types and woody habitats. Four recurrent and sporadically
flowering populations of B. tulda were observed for seven years to analyse diverse aspects
of reproductive development, such as types of inflorescences observed in a flowering
cycle, development of reproductive organs, rate of pollen germination, nature of genetic
compatibility and amount of seed set.

2. Results

2.1. Observations on Recurrent, Sporadic Flowering Cycle of B. tulda for Seven Years

The number of flowering clumps (=genet) varied from 1–4 among four studied popu-
lations (Table 1; Figure 1). Similarly, the number of flowering culms (=ramet) also varied
among the clumps. For instance, 1–8 out of 33–59 culms flowered sporadically for four
consecutive years in the case of SHYM7. Whereas, it was 2–8 out of 24–41 culms in SHYM16,
1–17 out of 43–93 culms in BNDL23 and 6–11 out of 29–84 culms in the case of BNDL24
(Table 1).

All these populations were closely observed for seven years to study the flowering
cycle. During the initiation of the flowering cycle in spring (February to March, Light 11 h:
Dark 13 h), solitary spikelets started emerging in only a few culms of each population
(Figure 2). However, by summer, i.e., from April to May (Light 13 h: Dark 11 h), the number
of solitary spikelets increased and pseudospikelets started emerging. The maximum
number of pseudospikelets emerged from the nodes of flowering branches during July
(Figure 2). Subsequently, from August, both solitary and pseudospikelets decreased in
numbers and withered by October (Figure 2). Flowering was always followed by the
death of the flowered branches, but the flowering culm remained alive until 2-3 recurrent
flowering cycles and subsequently underwent senescence.

However, rhizomes of the flowering clump remained active and young culms sprouted
from the rhizomes. These sprouted culms attained maximum height before winter (Figure 2).
New leaves, as well as branches emerged from old culms from August to October.
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Table 1. Comparison between numbers of flowering vs. non-flowering clump and culm observed for

seven years in four populations of B. tulda studied. Absence of flowering was indicated by (–).

Population
Number

Duration
of Flower-

ing
Clump and Culm

Year
1

Year
2

Year
3

Year
4

Year
5

Year
6

Year
7

SHYM7 2013–16

Number of
flowering clumps

1 1 2 1 0 – –

Total culm number
in a flowering

clump
42 45 59 33 – – –

Number of
flowering culms

3 5 8 1 – – –

Number of
withered culms

0 1 2 7 – – –

SHYM16 2016–19

Number of
flowering clumps

2 2 2 1 0 – –

Total culm number
in a flowering

clump
38 41 40 24 – – –

Number of
flowering culms

7 8 5 2 – – –

Number of
withered culms

0 0 5 9 – – –

BNDL23 2013–19

Number of
flowering clumps

4 4 3 3 3 3 1

Total culm number
in a flowering

clump
77 93 86 87 79 55 43

Number of
flowering culms

11 14 17 15 6 5 1

Number of
withered culms

2 5 9 6 11 12 8

BNDL24 2017–to
date

Number of
flowering clumps

1 1 2 1 2 – –

Total culm number
in a flowering

clump
31 33 71 29 84 – –

Number of
flowering culms

6 10 9 8 11 – –

Number of
withered culms

1 0 5 2 1 – –

2.2. Macro- and Micro-Morphology of Solitary Spikelet and Pseudospikelet

Solitary spikelets were observed either on top of the young growing branches or tillers
arising from the rhizome of the flowering culm (Figure 3A–D). It was initially bright green
in colour and became pale, straw-coloured on withering, 4.5–9.3 cm long, 0.5–1 cm wide.
Each solitary spikelet was subtended by a flag leaf, which was smaller in size than other
vegetative leaves (Figure 3A,C). They usually developed in a basipetal manner. Mature
inflorescences were observed at the top, whereas young ones were located at the base and
remained covered by the leaf sheath. The SEM analysis of inflorescence bud revealed a
single apical inflorescence meristem (IM, Figure 3D). In contrast, pseudospikelets grew in
clusters on the nodes of flowering branches and were devoid of flag leaves (Figure 3E–H).
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They were 4.3–9.5 cm in diameter and comprised of ~3–34 spikelet units. Here, each
inflorescence unit develops on an axis (rachis), which may bear secondary axes (rachilla;
Figure 3G). Rachilla bears several bracts. The basal bracts subtended multiple inflores-
cence buds, while the bracts in the upper region of the rachilla subtended single spikelet
units (Figure 3G). The SEM analysis of inflorescence bud revealed multiple inflorescence
meristems arranged in a capitate manner (Figure 3H).

Figure 1. Gregarious and sporadic flowering incidents of B. tulda previously reported from different

regions of India and the study sites used in these analyses. Data sources for Map: Esri, Maxer,

GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN and the GIS user

Community. Blue bubbles represent gregarious flowering, and green bubbles represents sporadic

flowering events (Troup, 1921; Perry, 1931; Mohan Ram and Gopal, 1981; Rawat, 1987; Gupta, 1987;

Naithani, 1993; Bhattacharya et al., 2006; Sarma et al., 2010; Naithani et al., 2013). Those with a

flowering cycle that continued until June, 2021, have been marked with asterisks. Flowering year

marked in red font identified in this study.
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Figure 2. Induction of sporadic flowering and seasonal effect on emergence of solitary spikelet and pseudospikelet in

B. tulda. Abbreviations used: SB—Senesced flowering branch, SL—Solitary spikelets, PSL—Pseudospikelets, NL—New leaf,

DFC—Dead flowering culm.

Both solitary spikelets and pseudospikelets were composed of indistinguishable
spikelet units, which were subtended by 17–50 mm long, distichous, shining, chaffy bracts.
The lower most 2–4 florets were reduced to empty glumes, whereas 4–18 fertile florets were
located on the top (Figure 4A).

2.3. Morphology of Florets and Micro Morphology of Floral Bracts

In a spikelet unit, florets matured in an acropetal manner. Florets were bisexual,
15–19 mm long and 4.5–7 mm broad at the base (Figure 4A–H). Lemmas were broadly
acuminate, mucronate, concave, glabrous, many nerved, bright green, 14.5–21.5 mm long
and 4.5–6.5 mm broad (Figure 4B). They were overlapping with paleas. Paleas were
membranous, penicillate, 2-keeled, 5–7 nerved, 9–14 mm long, 3–5 mm broad at the base
and ciliated at the top (Figure 4C). Lodicules were three in numbers, 1.5–2.5 mm long and
fleshy. It was they were pale green, waxy, cuneate, oblong, hyaline at the base and whitish
fimbriate at the apex (Figure 4D).
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Figure 3. Morphological observation and Scanning electron microscopy (SEM) of the inflorescence of B. tulda. (A) Solitary

spikelet from the lateral branch. (B) Organisation of a solitary spikelet. (C) Solitary spikelet from a rhizome as a tiller. (D)

SEM images of spikelet with single inflorescence meristem. (E) Pseudospikelet. (F) Pseudospikelet in a capitate form. (G)

Rachis (RCS) and rachilla (RCL) of pseudospikelet. (H) SEM images of pseudospikelet with multiple inflorescence meristem.

Abbreviations used: FL—Flag leaf, IM—Inflorescence meristem.

Since palea and lemma contain many species diagnostic characters, SEM analyses
were performed. The abaxial surface of paleas contained dumbbell-shaped silica cells
(SC, Figure 4I) and long cells (LC) with dense prickles in between (Figure 4J). In the
middle part of the palea, prickles were higher in number than were SC. On the contrary,
SC were dominant in margins (Figure 4K). However, the abaxial surface of the lemma
was comparatively smoother. LC were observed, and prickles were lower in abundance
(Figure 4K). Both lemma and palea contained trichome-like macro hairs on the margin
(Figure 4L). Also, stomatal guard cells were observed in both lemma and palea.

Mature florets of B. tulda contained six stamens. Anthers were basifixed, purple or
yellow at maturity (Figure 4E). Each anther had two lobes, and the tip of the anther lobes
were emarginated (Figure 4E). At the apical part of an anther, a pore-like linear dehiscence
suture was observed (Figure 4F). Anther filaments were thread-like and attained 10–17 mm
length during anthesis. The ovary was pear-shaped, 2–2.6 mm long; style 2–3 mm long,
hairy. Stigma was trifid, 2–3 mm long, having whitish stigmatic papillae (Figure 4G,H).

Studies on developing florets (F1–F9) within a spikelet revealed different rates of
developmental progression between androecium and gynoecium (Figure 5A–H). Initially,
androecium and gynoecium primordia grew simultaneously in the most immature floret
(F1, Figure 5B). Subsequently, differentiation of androecium primordia was initiated in
the floret F2 (Figure 5C), while the gynoecium differentiation started in the F3 (Figure 5D).
Eventually, the mature anthers protruded ~3 h earlier than gynoecium (F6, Figure 5G).
In contrast, gynoecium attained maturity after completion of anthesis and subsequent
senescence of anthers (F9, Figure 5H).
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Figure 4. Morphological observation of different floral parts of B. tulda and Scanning electron microscope (SEM) images

of the abaxial epidermis of palea and lemma; (A) Single floret with six basifixed anthers. (B) Dorsal view of a lemma. (C)

Dorsal view of a palea. (D) Lodicule. (E) Anther showing two lobes. (F) Apical suture of the anther. (G) Gynoecium with

trifid stigma. (H) Longitudinal section of ovary. (I) Presence of prickles (P) and silica cells (SC). (J) Presence of macro hair

(MH) and long cells (LC; magnified view inset). (K) Presence of SC and LC, (LC; magnified view inset). (L) Presence of

macro hairs (MH). Abbreviations used: F—Floret, G—Glume, AL—Anther lobes, AS—Apical suture, DL—Dehiscence line,

OV—Ovary, O—Ovule, MH—Macro hair, LC—Long cells, SC—Silica cells, P—Prickles.

2.4. Morphology, Cytology and Germination of Pollen Grains

Microscopic observations revealed that pollen grains were globose, mono-ulcerate and
their diameter ranged from 22.37–43.2 µm (Figure 6A). SEM analyses revealed that pollen
grains were monoporate, with a distinct annulus and granular exine with regulated ridges
(Figure 6A). Cytological studies revealed that the dividing microspores exhibited various
meiotic stages that included metaphase I, late anaphase I, late telophase I, metaphase
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II, anaphase II and late telophase II (Figure S1). In many instances, microspores having
multiple nuclei were observed. However, no meiotic abnormalities were recorded. To
assess the viability of pollen grains, a 2,3,5 triphenyl tetrazolium chloride (TTC) assay
was performed. Viable pollen grains appeared red, whereas non-viable ones remained
unstained (Figure 6B). Among 2460 pollen grains obtained from B. tulda, 602 were viable,
and the rate of viability varied from 23.94 ± 4.28% to 25.35 ± 1.87%. This finding was
further supported by an in vitro pollen germination assay, although the absolute values
were lower in in vitro germination than the TTC assay (Figure 6C–D). This could be due to
a higher false positivity rate for the TTC assay. The maximum percentage (14.29 ± 0.8%)
of pollen germination was observed in Brewbaker and Kwack’s medium supplemented
with 15% sucrose [Table S1]. Among 396 pollen grains, 57 germinated and the germination
percentage varied from 13.48 ± 4.05% to 15.16 ± 5.49% across B. tulda populations.

Figure 5. Developmental progression of androecium and gynoecium in florets of B. tulda. Floret numbers are marked

from apex to base in order of maturity (F1—youngest, F7—oldest floret). (A) Arrangement of florets in a spikelet. (B–E)

Developmental stages of androecium and gynoecium primordia. (F) Unopened flower with matured anthers and immature

gynoecium. (G) Open floret with matured anthers and immature stigma. (H) Floret with anther filaments and developed

stigma. Abbreviations used: AP—Androecium primordia, GP—Gynoecium primordia, A—Androecium, G—Gynoecium,

MA—Mature anther, AF—Anther filament, S—Stigma.

2.5. Self-Incompatibility in B. tulda

To understand the nature of genetic interaction between pollen and pistil, the pollen-
pistil interaction was studied in vivo in two geographically distant (BNDL 23, BNDL 24;
~340 m) populations of B. tulda (Figure 7A–C). The florets started opening at 6:00 a.m.,
and the maximum number of open florets were observed at 10:00 a.m. AM (Figure 7B).
The florets remained open for at least 4 h after anthesis, and the frequency of open florets
gradually declined. The rate of pollen germination was almost equal among the four
different times investigated. Maximum pollen germination was observed within 2 h post-
pollination. Therefore, 10:00 a.m. was selected as the optimum time to perform the self vs.
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cross pollination experiments. Pollinated stigmas were stained, and attached pollen grains
obtained blue colour, whereas the germinated pollen tubes were hyaline (Figure 7D–G).
In the case of self pollination, the number of pollen grains germinated was 62 out of 834;
whereas, it was 300 out of 802 for cross pollination. Therefore, the percentage of pollen
germination was significantly higher (p < 0.000) in the case of cross pollination (32.9–41.3%)
than self pollination (4.2–8.6%; Figure 7F).

Figure 6. Studies on pollen morphology and viability. (A) SEM image of a monoporate pollen having granular exine.

(B) Pollen grains stained using 2,3,5 triphenyl tetrazolium chloride (TTC) and (C) Germinated pollen grain. (D) Bargraph of

the pollen viability based on TTC staining (black bar) and germination assay (grey bar). Pearson’s chi-squared test revealed

that the differences in proportion were statistically not significant across B. tulda populations for both TTC and germination

assay. Abbreviations used: AN—Annulus, NP—Non-viable pollen, VP—Viable pollen, PT—Pollen tube.

2.6. Higher Rate of Seed Setting in Pseudospikelet Compared to Solitary Spikelet Inflorescences

To understand the importance of two different types of inflorescences and their impact
on overall seed setting, the total number seeds of obtained from solitary spikelets and
pseudospikelets were counted and compared (Figure 8A–C). To avoid any confounding
effect, due to the different number of spikelet units present in solitary vs. pseudospikelets
on the number of total seeds observed, single spikelet units having 7–9 florets were selected
from each inflorescence type. The percentage of seed settings in pseudospikelet was
significantly higher at p < 0.050 (17.3–25.7%) than solitary spikelets (3.2–9.6%; Figure 8D).
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Figure 7. Experimental design and microscopic observation to study in vivo pollen-pistil interaction

in B. tulda. (A) Time course experiment was conducted to identify the optimum time point for

pollination. (B) Line graph demonstrating the optimum time point for opening of the B. tulda flower.

(C) Schematic representation of the experimental set up. (D) Magnified view of stained stigma after

self pollination. Pollen tubes are marked by an arrow. (E) Magnified view of stained stigma after

cross pollination. Pollen tubes are marked by an arrow. (F) Histogram demonstrating the relative

abundance of self vs. crossed pollination in two populations of B. tulda. Two-sample approximate z-

test was performed to test statistical significance at p < 0.000. While performing the test of significance,

data for cross pollination obtained from BNDL23 and BNDL24 were pooled and compared to the

pooled data obtained for self pollination. (G) Scanning electron microscopic (SEM) image of stigma

after cross pollination. Abbreviations used: h—Hour, S—Stigma, PT—Pollen tube, P—Pollen.
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Figure 8. Studies on the rate of seed setting between solitary spikelets and pseudospikelets. (A) Soli-

tary spikelet inflorescence with single seed-bearing floret. (B) Pseudospikelet inflorescence with

multiple seed-bearing florets. Seeds are marked by an arrow. (C) Newly emerged young seedling.

(D) Histogram demonstrating differential seed set observed between solitary spikelets vs. pseu-

dospikelets. Two-sample two-sided t-test was performed to test statistical significance at p < 0.050.

While performing the test of significance, data for pseudospikelets obtained from the three popula-

tions were pooled and compared to the pooled data obtained for solitary spikelets.

3. Discussion

3.1. Flowering Time, Cycle and Inflorescence Types: Why So Much Diversity?

In B. tulda three kinds of flowering cycles, such as (i) gregarious (massively synchro-
nised), (ii) sporadic, and (iii) sporadic-massively synchronised, had been observed [9,10].
This indicates that even within one species, wide diversity exists with respect to flowering
time, which may be regulated by genotype, as well as environment [10,36]. Gregarious
flowering generally extends over a large area, while sporadic remain restricted in a few
culms. Sporadic events may or may not be followed by mass flowering. When a sporadic
cycle is converted into gregarious in subsequent years, it is referred to as sporadic-massively
synchronised. This study identified seven sporadic flowering incidents of B. tulda over
the last seven years (Table 1 and Table S2). In addition, noticeable differences were also
observed with respect to the rate of seed setting and senescence patterns between spo-
radic and mass flowering [33,37,38]. In mass flowering, the rate of seed production is
usually higher, and flowering culms wither after each cycle, which was not the case for
sporadic flowering. Since the ecological impact of gregarious flowering is huge, studies
have been conducted, and many hypotheses put forward, such as habitat modification,
seed predator and resource allocation [26,39]. In contrast, much less attention has been
paid to sporadic flowering, and it has mostly been considered an early indicator of future
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large scale flowering [40]. Our study indicates that sporadic flowering is more frequent
in smaller, fragmented populations, and may not necessarily be followed by synchronous
flowering.

Apart from the diverse extent of synchrony in flowering time, B. tulda also demonstrates
diversity in inflorescence morphology and appearance in sporadic flowering (Figure 2). In
this study, two types of inflorescences, referred to as solitary spikelet and pseudospikelet,
have been identified in B. tulda (Figure 3A–H). Although such types of inflorescences were
also reported from Guadua inermis, Phyllostachys aurea, Dendrocalamus menghanensis [41–43],
no studies have aimed to understand their relative abundance in a flowering cycle, par-
ticularly with reference to seasonal changes. This study identified that solitary spikelets
were more abundant during the early stages of the flowering cycle (March–May) in B. tulda,
whereas pseudospikelets were more abundant in the later stage (May–July; Figure 2). The
differential rate of inflorescence abundance might have occurred, due to the following
reasons- firstly, solitary spikelets developed from the apical meristem of a flowering branch,
and after their senescence, pseudospikelets emerged in clusters from axillary meristems
(Figure 3D,H). Secondly, during the late stage of flowering, the culm initiated to shed off
vegetative leaves and mobilised stored photosynthate towards reproductive growth.

3.2. Fragmented Flowering Population, Low Pollen Viability and Dispersal Lead to Reduced Seed
Setting

The rate of pollen viability was apparently low in B. tulda, as evidenced by TTC and
the in vitro pollen germination assay. These are effective, yet sensitive methods, which
can be affected by many factors, such as temperature, humidity, time of pollen collection,
maturity of the florets and composition of assay medium [44–47]. Although sufficient
precautions were undertaken to employ optimum conditions during pollen collection and
assay, there could have been issues like time to transport them to the laboratory and small
populations frequently subjected to anthropogenic impact, which might also have affected
overall pollen quality. Nevertheless, in Bambusa vulgaris, pollen germination was only
4.5%, which was linked to chromosomal abnormalities [48]. However, in B. tulda no such
chromosomal aberrations were observed (Figure S1). In contrast, a very high rate of pollen
viability (85%) was observed in M. baccifera [48]. Other than viability, successful dispersal
of pollen from the anther is also required for efficient dispersal. Also, population size
and physical distance between populations are other important factors that determine
mating success [35]. All the three populations used in this study were small, consisting
of approximately 10–50 clumps and each clump comprising of 7–52 culms. Moreover,
anthers of B. tulda display narrow apical suture, causing limited liberation of pollen grains
(Figure 4F). The optimum mating distance was ~0–50 m for Dendrocalamus membranaceus
and 0–1500 m for Dendrocalamus sinicus [35]. It has been observed that the optimum distance
for horizontal dispersal of pollen was ~55 m, and maximum dispersion could be up to
~370 m in maise [49]. The relatively long spatial separation between flowering populations
of B. tulda (BNDL23, BNDL24; ~340 m) might have resulted in a lower abundance of pollen
grains required for successful cross pollination (Figure 7C).

Other factors, such as the activity and abundance of pollinators, also influence the
pollination process [33]. In D. membranaceus and D. sinicus, mating success was not only
dependent on clump density, but also on pollinator abundance [33,37,50]. In this study,
few insect visitors were observed, suggesting wind pollination as the primary mode of
pollen dispersal in B. tulda. This is in accordance with previous observations made in
Arundinaria gigantea, Ochlandra travancorica, Phyllostachys pubescens, D. membranaceus,
D. sinicus and Dendrocalamus strictus [33,51–54]. However, insect pollination has been
observed in few bamboo species, such as D. membranaceus, D. sinicus, Phyllostachys nidularia,
Guadua paniculata and G. inermis [33,34,55]. The size of pollen grains also influences the rate
of pollen dispersal by air. The pollen of B. tulda falls into category 3, which includes small
pollen having sizes ranging from 33.1–43.9 µm [56], conferring higher buoyancy. Although
most grass pollen are known to be air-borne and allergenic, no such observations have
been reported for bamboo [57].
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A higher rate of seed setting was found to be correlated with flowering area in Sasa
senanensis, Sasa kurilensis and Sasa palmata, where the main determining factor was the
availability of sufficient pollen [32]. A larger flowering area implies a higher capacity
for pollen dispersal. The small size of a population, due to fragmentation is significantly
associated with a low seed set [Morgan, 1999]. Availability of pollen grains and pollinators
were two primary reasons behind higher amounts of seed setting, due to gregarious
flowering in D. membranaceus [37] and Schizostachyum zollingeri [58]. In contrast, this study
and others have recorded a very low amount of seeds in B. tulda (Figure 8A,D; [13]). Since
the studied populations (BNDL23, BNDL24 and SHYM7) were small and isolated, low
availability of pollen might be associated with low seed setting. This reduced seed setting
can also be linked to low pollen viability [59]. Similar findings were observed in B. vulgaris,
where a low rate of pollen viability was responsible for the lack of seed set [44].

Although the total amount of seeds produced, due to sporadic flowering, is low,
and their relative abundance is different between solitary spikelets and pseudospikelets
(Figure 8B,D). Pseudospikelets were more predominant during the later phase of the
flowering cycle, i.e., from May to July, which was right before the promotion of vegetative
growth. Therefore, it could be an adaptive strategy for B. tulda to ensure reproductive
success by maximising seed production preceding the monsoon season.

3.3. Protandry and High Rate of Genetic Incompatibility to Ensure Genetic Variability

Since flowering time is unusually extended in bamboo, the occurrence of genetic vari-
ability, due to sexual reproduction is less frequent. Therefore, the plant group may adopt
diverse morphological and reproductive mechanisms to promote self-incompatibility over
self-compatibility. Differential development of reproductive organs, known as protandry
and protogyny, increases the possibility of cross pollination. This study identified protandry
in B. tulda, where the androecium matured before the gynoecium, promoting the primarily
outcrossing nature of the plant (Figure 5A–H). This observation was similar to findings
in G. paniculata, G. inermis and Aulonemia aristulata [34]. Similarly, protogyny, i.e., earlier
development of the gynoecium than the androecium has been observed in other bamboos,
such as D. membranaceus, D. sinicus, Dendrocalamus sikkimensis, P. nidularia, P. heteroclada
and Phyllostachys nuda [33,55,60]. Even in some rare instances, e.g., in M. baccifera, both
protandrous and protogynous flowers have been observed [48].

Another strategy to ensure genetic variability is by maintaining a high rate of cross
pollination. In this study, the in vivo pollination experiment performed on two populations
of B. tulda (BNDL23, BNDL24; ~340 m) suggested predominance of cross pollination over
self pollination (Figure 7C–F). Wide variations exist across bamboo species with respect
to the predominance of self vs. cross pollination. For example, M. baccifera is primarily
a cross pollinated species [48]. In contrast, S. senanensis, S. kurilensis, S. palmata, S. cernua
and Phyllostachys edulis and P. pubescens are primarily self pollinated [32,61,62]. A few
others, e.g., D. membranaceus and D. sinicus, are predominantly cross pollinated, but may
undergo self pollination in unusual situations, such as spatial separation of flowering
culms and abundance of pollinators [35]. Consequently, the rate of self pollination is higher
in sporadic flowering, whereas it is much less in the case of gregarious one [63,64].

In grasses, the Gametophytic Self Incompatibility (GSI; [65]) is maintained by the two
unlinked, multiallelic loci S and Z, whereas in dicotyledonous plants, it is regulated by
the single S locus [66]. Since both S and Z loci are multiallelic, their allelic diversity can
be an important factor that determines the interaction between pollen and pistil during a
compatibility reaction [65,67]. In the case of cross pollinated species, self pollination may
occur, due to the unavailability of compatible pollen grains. This may result in the rejection
of majority pollen, due to lower allelic diversity during their interaction with the pistil.
This may lead to a lower rate of fertilisation, and consequently, low seed set. Although the
two loci based gametophytic SI (GSI) is known in grasses, molecular information regarding
the genes and their regulation are scanty, and in Bambusoideae they are even rarer. Since
diverse mating behaviour is observed in bamboos and an individual species can determine
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its mating nature based on the availability of pollen grains, pollinators and environmental
factors, it would be interesting to know if the S-Z loci based GSI system exists in bamboo.

3.4. Semelparous Gregarious Flowering vs. Iteroparous Sporadic Flowering: Ecological Benefits
and Costs

Most bamboos are monocarpic, and therefore, culm death is followed by flowering.
This has been corroborated by observing the induction of programmed cell death-related
genes in Bambusa arundinacea [68]. However, the extent of semelparity varies between
sporadic vs. gregarious types and even among populations. For example, in the case of
gregarious flowering, a single flowering cycle generally persists for two to three years,
which is followed by the death of whole flowering populations [14]. This reflects the
semelparous nature of gregarious flowering [38]. In contrast, sporadic flowering is predom-
inantly iteroparous, i.e., multiple flowering cycles may recur in a single flowering culm
until death [38]. Our observations on sporadic flowering in B. tulda revealed that rhizomes
of the flowering clump usually remained alive, and new culms may emerge every season
(Table 1, Figure 2). In contrast, the death of both culm and rhizome takes place in the case
of gregarious flowering, but is compensated by enormous production of seeds. Such mass
death causes a sudden decline in forest populations, leading to drastic changes in forest
dynamics [69–71], due to increased availability of light, deposition of extra organic matters,
interactions among species for survival of seedlings (Figure 8C) [69,72–75]. For example,
drastic changes in light intensity after mass death of bamboo culm results in quick growth
of new bamboo seedlings along with many tall tree species.

Sporadic flowering may or may not be followed by mass flowering events. Recurrent
death of only a limited number of clumps may have much less impact on population
dynamics. Yet, it may still cause habitat loss for several endangered species, particularly
in fragmented forest areas [26,70]. Additionally, solely sporadic events in D. strictus and
D. membranaceus revealed the consistently low frequency of seed setting [37,60]. However,
sporadic events, which resulted in gregarious flowering (sporadic-massive synchronised
type), may have a much more severe impact on forest populations [10]. One such study
revealed that high rates of seed setting in initial sporadic cycles before the onset of mass
flowering potentially initiated regeneration of bamboo population before mass death in
Sasa veitchii var. hirsuta [76]. Such an initial regeneration process may prevent the sudden
changes in interaction among the organisms present at diverse trophic levels [77]. It also
helps in continuous nutrient cycling and litter production to maintain soil fertility [74].

4. Materials and Methods

4.1. Population of B. tulda Studied

To study reproductive developments of bamboo, three populations of B. tulda, i.e.,
SHYM7 (Rahuta, Shyamnagar, West Bengal, India, 22.830829◦ N, 88.405029◦ E), SHYM16
(Rahuta, Shyamnagar, 22.829591◦ N, 88.409095◦ E) and BNDL23 (Rajhat, Bandel, West
Bengal, India, 22.934348◦ N, 88.353255◦E, Figure 1), which flowered sporadically were
monitored for seven years from 2013–2020 (Figure 2). For the purpose of pollination exper-
iments, BNDL23 and BNDL24 (Rajhat, Bandel, 22.932155◦ N, 88.355551◦ E) populations
were used. Each population was separated by a distance of at least 300 m and were com-
posed of ~10–50 clumps (=genets) [78], out of which flowering was recorded in 1–5 clump.
Each clump was comprised of ~7–52 culms (=ramets), and in few rare incidents >70 culms
were present. The height of an individual culm ranged from 15–20 m and diameter from
49–55 mm. All these populations were of mixed type and composed of B. tulda along with
other bamboo species (~1:3). The number of flowering clumps and culm in each studied
population were recorded for seven consecutive years (Table 1).

4.2. Studies on Inflorescence and Floral Morphology and Pollen Cytology of B. tulda

To study the morphology of inflorescences and floret, 20 intact inflorescences of each
type were obtained from different positions of flowering branches. Inflorescence having
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ready to open florets were collected from the field in an airtight plastic bag at 6:00 AM in
the morning and brought to the laboratory. Numbers of solitary spikelet vs. pseudospikelet
and florets per spikelet were obtained from three randomly selected flowering culm per
population (Figure 3A–H). Fresh florets and individual floral parts, such as glume, lemma,
palea, androecium and gynoecium, were dissected, observed and measured by a stereo
zoom microscope (50X, Carl Zeiss, Germany, Figure 4A–I). Florets located at the apex
of each spikelet was labelled as F1, and the subsequent florets towards the base were
labelled in increasing order. Florets in each of these positions were collected to study the
developmental progression of androecium and gynoecium (Figure 5A–H). Pollen grains
were collected from anthers during post-anthesis of florets and observed in a bright field
microscope (Carl Zeiss, Axiostar Plus, Germany). To study the meiotic cell division in
pollen, young spikelets were fixed in Carnoy’s solution between 6:30–7:00 a.m. on the
plantation site. The pollen were stained with 2% acetocarmine and were observed under a
bright field microscope.

4.3. Scanning Electron Microscopy (SEM) Analyses of Inflorescence Buds, Floral Bracts and Pollen
Grains

To perform the SEM analyses of inflorescence buds, young buds (>3 mm) of both
solitary and pseudospikelets were collected. Outer protective layers were carefully re-
moved to expose the meristem tip prior to SEM analyses (Figure 3D,H). Lemma and palea
were obtained from freshly collected florets to observe both dorsal and ventral surfaces
(Figure 4I–L). Similarly, pollen grains were collected from anthers during post-anthesis
(Figure 6A). Each sample was coated by platinum using POLARON-SC7620, Carbon Acces-
sory (Model-CA76) and were scanned with ZEISS EVO 18 SEM (Carl Zeiss SMT, Germany)
having a maximum acceleration voltage of 30 kV.

4.4. Test of Pollen Viability by Tetrazolium Staining and In Vitro Pollen Germination Assay

Viability of B. tulda pollen was assessed by staining with 2,3,5 triphenyl tetrazolium
chloride (TTC) and performing in vitro pollen germination assay (Figure 6B–D). For each
of the three populations studied (SHYM7, SHYM16, BNDL24), florets were collected from
three randomly selected culms between 8:00–9:00 AM during May, 2015 (~34–37 ◦C). For
each culm, three florets were obtained from randomly selected flowering branches. Anthers
from fresh florets were collected during post-anthesis when the anthers were bright yellow
or purple. Collectively 18 anthers obtained from 3 florets from each culm were pooled
together and were subjected to TTC, as well as in vitro germination assay.

Anthers were immediately kept in micro centrifuge tubes containing ~1.0 mL of TTC
solution, incubated in the dark for 30 min and observed under a bright field microscope
(Figure 6B,D) [79]. A total of 2460 pollen were used for this analysis. Percentage of pollen
viability was calculated by counting stained (viable) vs. non-stained (non-viable) pollen
observed in three randomly selected microscopic fields (Figure 6D) and then dividing the
number of stained pollen by the total number of pollen and multiplying the proportion,
thus, obtained by 100.

For in vitro germination analyses, pollen were collected similarly as described in
the case of TTC assay and were immediately dusted in a 0.5 mL pollen germination
medium (PGM, Brewbaker and Kwack’s medium). To identify the ideal concentration
of sucrose for optimum germination, media were supplemented with 10, 15, 20, 25 and
30% sucrose (w/v), incubated for 30 min and observed under a bright field microscope in
their natural habitat itself. A total of 1175 pollen were used for this analysis. The optimum
percentage of germination was observed in media supplemented with 15% sucrose, and
hence, was used for in vitro germination assay. Pollen were incubated in PGM for ~2 h.
A total of 396 pollen were observed under a bright field microscope to score numbers of
germinated vs. non-germinated pollen (Figure 6C) [80]. Pollen grains were considered as
germinated, if the length of pollen tube was greater than the diameter of the pollen grain
as per the recommended procedure [81]. Percentage of pollen viability was determined by
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dividing the number of germinated pollen grains by the total number of pollen grains and
multiplying the proportion, thus, obtained by 100 (Figure 6D).

4.5. Artificial Pollination Conducted in Situ

To understand the nature of pollen-pistil interaction in B. tulda, self and cross pollina-
tion experiments were performed in their natural habitat (Figure 7A–C). Two individual
flowering populations located in Bandel, West Bengal, India (BNDL23 and BNDL24)
separated by ~340 m were selected for this study (Figure 7C). Since bamboos primarily
propagate via rhizomes, this experiment was performed in populations, which were dis-
tanced by at least 300 m to ensure genetic diversity. However, to ensure maximum pollen
viability during artificial pollination, population pairs (BNDL23 and SHYM16), which were
distanced by ~33 km. could not be considered (Figure 1). For an individual population,
~7–8 culms were used for this study. Approximately 30 spikelets obtained from each
population were used for pollination experiments. This was conducted during March,
2019. Selected florets were emasculated prior to pollination, and pollen were dusted within
15 min to ensure viability. The time for maximum floret opening was monitored for three
consecutive days at five different time points (6:00 a.m. AM, 8:00 a.m., 10:00 a.m., 12:00 p.m.
PM and 2 p.m.) in both populations (Figure 7B). In addition, to identify the optimum
time for pollen germination, pollination experiments were performed at four distinct time
points (8:00 a.m., 10:00 a.m., 12:00 p.m. and 2 p.m.; Figure 7A). Pollinated stigmas were
collected at 2 and 4 h post-pollination and were immediately fixed in formaldehyde, alco-
hol, acetic acid solution (FAA, 1:5:0.5). Subsequently, they were treated with 70% alcohol
followed by 4 M NaOH and finally washed with distilled water. Pistils were stained with
0.001 mg/mL aniline blue (Merck, Germany) and observed under a bright field microscope
(Figure 7D,E). Pollen grains that germinated on stigma were counted. For self and cross
pollination experiments, pollination was performed at 10:00 a.m., and the pollinated pistils
were collected at 12:00 p.m. In the case of self pollination, pollen from mature anthers
obtained from one population were dusted on the stigma of an open flower located on the
same clump (geitonogamy). On the contrary, cross pollination was performed by dusting
pollen collected from one population to the stigma in another population (xenogamy).
Immediately after pollen dusting, pollinated flowers were covered with plastic bags to
prevent any subsequent pollination. The percentage of germination was determined by di-
viding the total number of germinated pollen to the total number of pollen and multiplying
the proportion, thus, obtained by 100 (Figure 7F).

4.6. Seed Numbers Obtained from Solitary Spikelet vs. Pseudospikelet

To compare between the number of seeds obtained from solitary spikelet and pseu-
dospikelet, both the inflorescences were collected from ~7–12 culms from each of the three
populations from March to July, 2018 (SHYM7, SHYM16, BNDL23, Figure 8A–D). Seeds
were counted from 96 solitary spikelets and 99 spikelet units obtained from 120 pseu-
dospikelet. Both solitary and pseudospikelets were randomly selected from the flowering
branches of ~6–7 culms from a clump. To make the analysis comparable, only spikelets
containing 7–9 florets were selected from both the inflorescence types. In the case of solitary
spikelet, the total number of seeds produced by all the florets in that inflorescence was
counted. On the other hand, for pseudospikelet, only the fully developed mature spikelets
with a similar number of florets located in that cluster were selected, and the total number
of seeds were counted.

4.7. Statistical Analyses

For pollen viability assessed by staining, as well as in vitro pollen germination assay, a
Pearson’s chi-squared test was performed to analyse whether the differences in proportion
were statistically significant across B. tulda populations. A two-sample t-test of mean was
performed to test whether seed setting percentage for solitary spikelet and pseudospikelet
were significantly different. Similarly, a two-sample approximate Z-test t-test was per-
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formed to analyse the statistical difference between the proportion of pollen germination
in the case of self vs. cross pollination for B. tulda.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/

10.3390/plants10112375/s1, Figure S1: Cytological observation on dividing pollen mother cells of

B. tulda. (A) Metaphase I (B) Late anaphase I (C) Late telophase I (D) Metaphase II (E) Anaphase II

(F) Telophase II (G) Pollen tetrad (H) A multinucleate (marked with arrow) microspore, Table S1:

Percentage of pollen germination of Bambusa tulda in Brewbaker and Kwack’s medium supplemented

with 10, 15, 20, 25 and 30% sucrose (w/v), Table S2: Various flowering events recorded in Bambusa

tulda in India.
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Post-Partition Migration and Transgenerational 

Trauma: A Study of "Folie à Deux" in Anirudh Kala’s 
The Unsafe Asylum: Stories of Partition and Madness 

MIR AHAMMAD ALI 

Abstract 

Recent exploration in the field of ‘Migration Studies’ tends to 

uncover the psychological depths of the trauma of the migrants. 

The act of readjustment of the dislocated refugees in an entirely 

new geopolitical space is never an easy and unproblematic one. 

Some of the involuntary migrants have to suffer bouts of panic 

attacks, fear psychosis, and an acute sense of dislocation which 

lead to pathological disorders. This new interface between 

‘Migration’ and ‘Mental Health’ is a space which requires to be 

explored. The Partition of India left some 15 million people 

homeless and  was undoubtedly the largest mass migration in 

human history. A few well-known Indian psychiatrists like 

Sanjeev Jain and Alok Sarin observe that the trauma in some 

partition victims leads to certain post- traumatic stress 

disorders (PTSD) and in some cases, this trauma-induced 

pathology can pass on to the next generation/s epigenetically. 

This can be termed as transgenerational/ intergenerational 

trauma. Anirudh Kala’s very recently released monumental text, 

The Unsafe Asylum: Stories of Partition and Madness (2018), 

deals with these issues. This collection of interlinking short 

stories by the famous Indian psychiatrist from Ludhiana, Punjab 

opens up new horizons of Migration Studies where the victims 

are seen to be troubled by the inner psychological trauma. At 

times, the buried trauma haunts them many years after the 

actual Partition took place and as they ‘re-experience’ the past 

traumatic events, they become disturbed mentally and 

physically. A good number of characters in this anthology like 

Rulda and Fattu, Iqbal Junaid Hussain’s son Asif in the story 

“No Forgiveness Necessary”, 
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Prakash Singh Kohli in “Belly Button”, Harpreet 

Cheema/Firdaus in “Sits’s Bus”, Venky in “Partitioning 

Madness” suffer from trauma-induced pathological disorders. 

In another story “Folie à Deux”, the fear psychosis of an 

unnamed female narrator is transferred to her three offspring, 

which is ‘transgenerational’ in nature. This paper seeks to 

engage in a psychoanalytic exploration of the transgenerational 

transmission of the trauma of the post- partition migrants. It 

also tries to analyse the “Folie à Deux” syndrome in the titular 

story and to see how the delusional disorder of a partition victim 

is shared by her offspring. 

Keywords: Trauma-induced Pathology, Madness and 
Partition, Folie à Deux syndrome, Transgenerational Trauma, 
Posttraumatic Stress Disorder (PTSD), Trauma Studies, 
Partition Studies. 

I 

“There has almost never been a society which has not 
experienced migration in some form or the other, and 
currently no such society exists.” 

– Levent Küey 

Levent Kuey rightly pointed out that there had hardly been any 
society that had never faced migration in one way or the other. 
What Kuey wanted to suggest is that “Migration has been a 
collective experience for humankind throughout history.”1 
Questions generally arise then how to study this human 
migration? Over the last few decades, there is invariably an 
increase in scholarship in the field of Migration Studies. The 
conventional approaches to Migration Studies 

 
1 Levent Küey pointed out the traumatic aftereffects of migration in his essay 
“Trauma and Migration: The Role of Stigma” in Trauma and Migration: 

Cultural Factors in the Diagnosis and Treatment of Traumatised 

Immigrants. 
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also underwent a momentous change over time. The traditional 
approaches primarily sought to understand and analyse the 
causes, nature and flows of migration. Recent scholarship, on 
the other hand, tends to focus more on the ‘human dimension’2 
of migration and tries to listen to the voices of affected ones 
from beneath which had long been silenced. How do common 
people suffer due to involuntary or forced migration? How do 
the migrants readjust themselves in a new space when they are 
forcibly relocated? What are the psychosocial effects of 
migration upon its victims? What roles does the buried memory 
play in their lives? Do the memories of their traumatic pasts 
affect their present situation? Can trauma-induced pathology be 
transmitted to the next generation? There are several other 
questions like the ones mentioned above that deserve critical 
attention in this regard. This paper aims to explore such issues. 

Recent exploration in the field of ‘Migration Studies’3 tends to 
uncover the psychological depths of the trauma of the migrants. 
The act of readjustment of the dislocated refugees in an entirely 
new geopolitical space is never an easy and unproblematic one. 
Some of the involuntary migrants have to suffer bouts of panic 
attacks, fear psychosis, and an acute sense of dislocation, 
leading them to certain pathological disorders 

 

2 Ian Talbot talked about the ‘human dimension’ of post-partition forced 
migration in his essay, “A Tale of Two Cities: The Aftermath of Partition for 
Lahore and Amritsar 1947-1957.” Modern Asian Studies, vol. 41, no. 1, 
2007, pp. 151–185. JSTOR, www.jstor.org/stable/4132347. p. 153 
3 The psychological effects of migration, especially the traumatisation of the 
migrants from a psychoanalytical point of view, have been discussed in 
greater detail in two recently published books. Interested readers may look at 
them. Trauma and Migration Cultural Factors in the Diagnosis and 

Treatment of Traumatised Immigrants. Ed. by Meryam Schouler-Ocak. 
Switzerland: Springer, 2015 and Migration Trauma, Culture, and Finding 

the Psychological Home Within: Views From British Object Relations 

Theory by Grace P. Conroy, London: Rowman and Littlefield, 2016. 

http://www.jstor.org/stable/4132347
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such as madness, chronic depression, and behavioural disorders 
obsessive compulsion, delusion, paranoia and so on. This new 
interface between Migration and Mental Health, or more 
specifically, between Migration-induced Trauma and Literary 
Fiction is a space which I would like to explore in this essay. 
Hence, the prime focus would be on the post-partition migration 
that had affected millions’ lives. 

The Partition of India left some fifteen million people homeless 
and is possibly the largest mass migration in human history. The 
Radcliffe Line had carved a deep scar not only on the Indian 
Territory but also on the minds of millions. Large kafilas4 of 
dislocated refugees began to cross the new border due to the fear 
of persecution. After their involuntary migration, they found 
themselves usually on the wrong side of the border. The 
territorial politics of the nation-state made them refugees which 
often led them to traumatic moorings. Such unprecedented, life-
threatening, disturbing events evoke trauma in the victims and 
this continues to haunt them later in their lives. Its 
manifestations can be seen in the victim’s psychological and 
behavioural disorders in their developmental years. 

Some well-known Indian psychiatrists like Sanjeev Jain of 
NIMHANS, Bengaluru and Alok Sarin of SBISR, New Delhi, 
observed that the trauma experienced by the partition victims 
leads to certain post-traumatic stress disorders (PTSD) and in 
some cases, this trauma-induced pathology can pass onto the 
next generation/s epigenetically. This can be termed as 
‘transgenerational/intergenerational trauma’5 in which different 
types of psychic disorders can be found in their behaviour. For 

 
4 Large scale convoy or mass procession. 
5 The very idea of 'transgenerational/ intergenerational trauma' was 
popularised by several child trauma researchers like Byron Egeland, Inge 
Bretherton, and Daniel Schechter around 1990s. 
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example, long-term depression, disruptive thoughts, anxiety, 
amnesia, insomnia, hallucination and delusions, dissociative 
identity disorder, self-annihilation and suicidal tendency are 
some of the well-known symptoms of Post Traumatic State 
Disorders (PTSD) that have been found in some post-partition 
migrants. The classic example of this kind of victim, suffering 
from territorial anxiety is Saadat Hasan Manto’s protagonist 
Bhisan Singh in “Toba Tek Sing.”6 In this story, Bhisan Singh 
is not merely a fictional lunatic but represents thousands of other 
lunatics of the time who suffer from post-partition stress 
disorders. 

Alongside Manto’s story, there are a few more narratives which 
represent this psychological aspect of migration caused by 
partition. Very recently, Anirudh Kala's monumental text, The 

Unsafe Asylum: Stories of Partition and Madness (2018) deals 
with some of the above-highlighted issues. For example, 
Anirudh Kala’s The Unsafe Asylum opens up new horizons of 
Migration Studies where the victims are seen to be troubled by 
the inner psychological trauma. It can considerably be 
categorised as a vital specimen of ‘Trauma Fiction.’7, a 
relatively new genre or an interdisciplinary field of engagement 
with literary fictions taking both trauma studies and literary texts 
together. Anne Whitehead rightly points out that “Trauma 
fiction overlaps with and borrows from both postmodern and 
postcolonial fiction in its self-conscious deployment of stylistic 
devices as modes of reflection or critique” (Whitehead 2004:3). 
Thinking from this perspective, Kala's postcolonial text could 
be seen as a critique of the territorial politics responsible for such 
a large-scale human 

 

6 Find the story written by Saadat Hasan Manto, pp. 9-15, in the anthology 
Bitter Fruit: The Very Best of Saadat Hasan Manto. Trans. & ed. Khalid 
Hasan. New Delhi: Penguin Books India, 2008. Print. 
7 Interested readers may look at Anne Whitehead. Trauma Fiction. 
Edinburgh: Edinburgh University Press, 2004. 
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migration. A good number of characters in this anthology like 
Rulda and Fattu, Iqbal Junaid Hussain’s son Asif in the story 
“No Forgiveness Necessary”, Prakash Singh Kohli in “Belly 
Button”, Harpreet Cheema/Firdaus in “Sita's Bus”, and Venky 
in “Partitioning Madness” suffer from trauma-induced 
pathological disorders. In another story “Folie à Deux”, the fear 
psychosis of an unnamed female narrator is transferred to her 
three children, which is transgenerational in nature. Dr Kala’s 
profession as a Ludhiana-based psychiatrist who had 
encountered a good number of patients-cum-victims of post- 
partition violence and migration helped him in shaping these 
stories of madness and maladies. Dr Kala’s own family had to 
migrate from Kala Shah Kaku, a village in Sheikharpura (now 
in Pakistan) to Ludhiana in December 1947. In one of his 
interviews, Anirudh Kala mentions, 

Mental health is still not a priority in our country, so we 
can imagine how things would have been 70 years ago. 
What people went through is so painful that they fail 
even to describe it. They have chosen to suppress it. 
Numbness follows when the pain gets unbearable. People 
who went through this great tragedy decided to bury their 
feelings and fears, for it was just too painful to revisit. The 
impact of the partition on people's mental health is the 
least talked about aspect of this tragedy.8 

The characters in this trauma fiction are representative of the 
millions of actual migrants who had suffered from, what 
Dominica LaCapra (1999) called, ‘founding trauma’, a unique 

 
 
 
 

8 See the reporting "Partition of the Minds" by Divya Goyal published on 
December 1, 2019 published in The Indian Express. 
https://indianexpress.com/article/lifestyle/books/partition-of-the-minds- 
anirudh-kala-the-unsafe-asylum-stories-of-partition-and-madness-5291163/ 
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sort of trauma, (either situational9 or historical10) “that 
paradoxically becomes the basis for collective and/or personal 
identity.”11 In recent times, several geneticists like Nathaniel 
Vincent Mohatt, Azure B. Thompson and Nghi D. Thai explored 
that this situational or historical trauma can travel to the 
survivors’ offspring. So, I intend to examine in my paper the 
transgenerational transmission of trauma among the partition 
victims by closely analysing the text itself. 

II 

According to The International Dictionary of Psychoanalysis, 
trauma essentially refers to certain horrific events of “violence 
and suddenness” that lead the victims to an “inflow of 
excitation” to such an extent that it “stuns the subject” (Alain De 
Mijola 2005:1800). There has always been a significant debate 
among psychoanalysts and trauma theorists regarding the 
transgenerational transmission of trauma. Can trauma be 
transmitted to the offspring of the victims? What are the 

 

9 Trauma arising out of a particular situation or phenomena, whether natural 
or artificially created can be termed 'Situational Trauma'. Epidemic natural 
disaster, catastrophic war, sexual abuse, routine violence, major accidents 
etc. could give birth to situational trauma. 
10 Originated with the study of Holocaust survivals, the ‘Historical Trauma’ 
refers to “the complex and collective trauma experienced over time and 
across generations by a group of people who share an identity, affiliation, or 
circumstance”. (Nathaniel Vincent Mohatt, Azure B. Thompson, Nghi D. 
Thai, and Jacob Kraemer Tebes). This trauma can be transmitted across 
generations. For more information, see the article “Historical trauma as 
public narrative: A conceptual review of how history impacts present-day 
health” by Nathaniel Vincent Mohatt, Azure B. Thompson, Nghi D. Thai, 
and Jacob Kraemer Tebes, 2014. Published in Social Science & Medicine. 
106: 128–136. Published online 2014 Jan 31. DOI: 
10.1016/j.socscimed.2014.01.043. Weblink: https://www.ncbi.nlm.nih.gov/ 
pmc/articles/PMC4001826/ 
11 See p. 724 of LaCapra, Dominick, 1999. “Trauma, Absence, Loss.” 
Critical Inquiry, Volume 25(4), pp. 696–727. JSTOR, 
www.jstor.org/stable/1344100. 

http://www.ncbi.nlm.nih.gov/
http://www.jstor.org/stable/1344100


212  

Contextualising Migration… 
 

mechanisms for doing so? Or more specifically, can trauma be 
intergenerational or transgenerational? A small number of 
trauma theorists have recently explored that a certain kind of 
trauma is “subtle but pervasive”12 and can be transmitted from 
its direct victim/s to the later generation/s of trauma survivors. 
This could be termed as transgenerational trauma or 
intergenerational trauma. Studies related to this field are 
relatively new. Ronald M Doctor and Frank N Shiromoto have 
rightly pointed out in their The Encyclopedia of Trauma and 

Traumatic Stress Disorders that “This type of trauma occurs in 
children of traumatised individuals, but it is usually subliminal 
or less obvious than trauma due to a firsthand experience.” 
(Doctor & Shiromoto 2009:276) 

Although Cathy Caruth has largely popularised the discipline 
of ‘Trauma Studies’13, there are several other trauma theorists 
who have popularised the idea of transgenerational trauma. Dr 
Vivian Rakoff first studied the transgenerational transmission of 
trauma14 while working at the Jewish General Hospital in 
Montreal in the case of some Brazilian offspring of Holocaust 
survivors (OHS) (Braga 2012:134). Soon this approach attracted 
global attention and many trauma theorists tried to link it with 
the racial discrimination against African Americans. Further, 
trauma theorists continued linking this with the World War 
veterans, Vietnam War veterans, the Armenians survivors of 
Turks attacks, survivors of the Atomic 

 
 

12 See Ronald M Doctor and Frank N Shiromoto, 2009. The Encyclopedia 

of Trauma and Traumatic Stress Disorders. New York: Facts on File Library 

of Health & Living, P. 276 
13 See the book by Cathy Caruth, 2016. Unclaimed Experience: Trauma, 

Narrative, and History. Johns Hopkins University Press. 
14 For more details see Braga, L.L., Mello, M.F. & Fiks, J.P. 
Transgenerational transmission of trauma and resilience: a qualitative study 
with Brazilian offspring of Holocaust survivors. BMC Psychiatry 12, 134 
(2012) DOI:10.1186/1471-244X-12-134 
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bombings of Hiroshima and Nagasaki by the US, and 
Cambodian and Iraqi victims of war, 9/11 terror survivors and 
so on. Later on, some child trauma theorists like Byron Egeland, 
Inge Bretherton, and Daniel Schechter have advanced the idea of 
transgenerational trauma, based on the findings and clinical 
observations of Selma Fraiberg.15 

Under the umbrella of Transgenerational Trauma, one 
significant disorder is ‘shared delusional disorder’, a psychiatric 
syndrome generally known as ‘Folie à deux’. In this type of 
disorder, the delusion or hallucinations caused by a certain 
traumatic event is transmitted to the next generation/s and 
somewhere the offspring ‘shares’ his/her post-traumatic 
disarray. Two French psychiatrists, Charles Lasègue and Jean- 
Pierre Falret first coined the term 'Folie à deux', and 
conceptualised it as “a relatively rare syndrome that has long 
since attracted much clinical attention.”16 According to The 
ICD-10 Classification of Mental and Behavioural Disorders17, 
this syndrome is generally known as ‘Induced delusional 
disorder’; whereas the Diagnostic and Statistical Manual of 
Mental Disorders 4 (DSM IV)18 terms it as ‘Shared psychotic 
disorder.’11 

This is no less evident in our present discussion of the story, 
“Folie à Deux” by Anirudh Kala in The Unsafe Asylum: Stories 

of Partition and Madness (2018). The story rightly chronicles 
the trauma-induced psychopathology of an unnamed woman, a 
post-partition migrant, whose PTSD is transmitted 
epigenetically to her offspring. Her delusional disorder is 

 

15 Her monumental work "Ghosts in the Nursery" is the foundational text of 
trans/intergenerational trauma. 
16 Arnone, Danilo et al, 2006. The Nosological Significance of Folie à Deux: 
A Review of the Literature. Annals of General Psychiatry, Vol. 5(11). 
DOI:10.1186/1744-859X-5-11 
17, World Health Organization. 
18 The standard American Psychiatric Association's criteria. 
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somewhat shared by her children who suffer recurring panic 
attacks, chronic suicidal tendencies, and schizophrenic 
aberrations of their mother. 

The story very minutely portrays a couple who had forcibly 
migrated from Multan, Pakistan to Patiala, Punjab in 1948. The 
migrant woman, later on, became a patient of Dr Kohli. The first 
panic attack of its kind was felt immediately after she had 
migrated from Multan. Such sort of complex stress disorder 
arising out of a particular situation can be termed as situational 
trauma. All the significant symptoms of paranoid schizophrenia-
like auditory hallucination, paranoia, neurobiological 
dysfunction of the brain, and delusion could be seen in the 
patient. She could hear the auditory hallucination of the 
“whisperings of a mob” (113) of some “bearded” men from a 
rival community threatening to “carve her to pieces” and 
“amputate her breasts”. In an utter sense of paranoid 
schizophrenia, she “ran out into the rain” to avoid her 
persecutors. Later on, she was taken to an exorcist, and it is with 
the help of certain herbs as part of his treatment, that she began 
to recover slowly in the next few months. This continued for 
the next twenty years. 

Meanwhile, she had lost her husband and given birth to three 
children. Suddenly a second attack, though more severe 
followed. She suffered from a delusion that “there was another 
person sleeping inside her” (114). The woman then began to 
suspect each and everyone close to her, and she used to hear 
confused noises which did not exist in reality. The trauma 
returned in the form of delusional disorder and to her alternative 
reality, that not only she, but her daughters too were under the 
threat of sexual assault. She could see some men “threatened to 
rape” her daughters because “they have grown up nicely” 
(114). Her pathological neurosis reached its 
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culmination when she began to hide from her own family in an 
utter paranoid psychosis. 

Suddenly, one night as a certain wedding procession was 
marching on the street nearby with firecrackers, a music band 
and dholwallas19 the woman had another panic attack. She had 
developed a delusion that somebody was approaching to capture 
her and other members of the family and she started shouting 
that some attackers “were battering down the front door and 
shots were being fired” (116). One could easily guess the past 
traumatic events of the partition (like sexual assault) that the 
woman might have undergone. The fear psychosis returned to 
her time and again through different symbolic structures, and 
sometimes suicide attempts were followed. Finally, in utter 
desperation and a confused delusional state, she jumped over 
the roof of her house to death. This incident of her suicide 
happened to be another source of trauma for the rest of the 
family members. Many of the traumatic traits of the Folie 
imposée (the primary inducer) could be seen to have transferred 
to her offspring, who are the secondary receptor. This 
phenomenon has its explanation in the discipline of Trauma 
Studies. One may be reminded of Cathy Caruth’s notion of 
trauma as a “profound crisis of history.”20 According to Caruth, 

If PTSD must be understood as a pathological symptom, 
then it is not so much a symptom of the unconscious, as 
it is a symptom of history. The traumatised, we might say, 
carry an impossible history within them, or they become 
themselves the symptom of a history that they cannot 
entirely possess (Caruth 1995:5). 

 
 

 
19 Drummers that play the drum at specific occasions 
20 See Anne Whitehead p. 5 
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It is evident in the text itself that the pathological symptoms seen 
in the woman protagonist are not merely products of the 
disturbed psyche/“unconscious” instead, they are the products 
of the troubled history, and it is in this way, that the traumatised 
subject, here, the victimised woman became a symptom of a 
history that she cannot entirely possess. The distressing 
symptoms of the troubled history could be located within her 
and in her progeny later on. 

III 

The title “Folie à Deux” actually means shared delusional 
disorder. I shall now discuss how the mother's delusional 
disorder is shared by her offspring transgenerationally in the 
second half of the story. The story relates to a similar sort of 
panic attack in the character of Om (the only boy in the family) 
who after his mother's death unexpectedly began to behave 
“very strange” (117). Some schizophrenic disorders like the 
auditory hallucinations of hearing the horrible murmurings like 
her mother used to could be seen in him. His condition 
deteriorated drastically, and he was taken to the mental hospital 
by his elder sister to be investigated by Dr. Kohli. 

The common symptoms that his mother had been suffering from 
could be traced in him and a similar sort of delusion of the 
bearded men with green armbands and their sickles coming to 
capture him could be seen in him. The auditory hallucinations 
of confused and chaotic murmurings that he heard were 
epigenetically transmitted from his mother. It could be marked 
out when he “plugged his ears with his fingers, and seemed 
baffled that this did not muffle the obscenities” (117- 118), the 
same way his mother did. The major disorders of his mother like 
delusion, hallucination, and paranoia came unto him. On one of 
his bus trips, he found (in his alternate reality) that all the 
passengers inside the bus turned to be ISI agents and were 
planning to detain him. This repetitive compulsion 
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was inherited from the mother that resurfaced at a different 
symbolic level. Here the ISI agents represent the other for whom 
her mother had developed a phobia. Om believed in his 
'alternate reality' that the ISI agents jeered at his “manliness” 
(119) and in utter delusion, he considered that his mind was 
being controlled by “a man named Jeevanditta who had been 
dead for two hundred years but worked through a proxy in 
Pakistan” (120). Her mother's fear of “Muslims with sickles” 
(120) had resurfaced as the fear of ISI in Om. Later he stayed 
there in the hospital for nearly a month and with heavy doses 
of sedative, slowly began to recover. 

IV 

After Om, the story takes us to Chitra, the youngest daughter 
of the family, who suddenly began to behave “oddly, over and 
above her regular fiery temper” (121). Somewhere she also 
began to share the similar sort of malady of her mother much 
like Om. Like her mother, she also suffered from obsessive- 
compulsive disorder and visualised an 'alternate reality'. Like 
her mother, Chitra began to believe that a 'Mussalman' doctor 
had killed her mother. We can see pretty clearly how a similar 
kind of traumatic disorder re-emerged at a different symbolic 
level. The bouts of a panic attack and depression, delusion 
disorder, anxiety and social withdrawal of Chitra and Om were 
analogues to each other that they have primarily derived from 
their mother. It became challenging for their elder sister to 
continue the family as she is the only earning member in the 
house and the only sane person. 

Then, the story rapidly takes us to Dr. Kohli's chamber, who was 
busy writing an abstract of a paper for his next conference. 
Suddenly, the elder sister of the house came with her “hair 
open and dupatta trailing, sobbing, loudly” (123). Dr. Kohli was 
shocked by her abrupt appearance of this kind. His initial 
thought was that perhaps Om had committed suicide. But the 



218  

Contextualising Migration… 
 

condition was much more gruesome and pathetic than he could 
imagine. The girl shouted at Dr. Kohli and accused him saying, 

Om and Chitra are not mentally ill, nor was my mother. 
There are real bearded Mussalman men out there, 
hundreds of them, carrying swords, shouting that they will 
kill us. I [the elder sister said] heard them! They can 
become small like Lilliputians, and crawl through the 
ventilators. I saw them. You [Dr. Kohli] bastard! You have 

been pumping drugs into my brother and sister. You are on 

their side. You killed my mother too. You are a psycho 

yourself a killer (123). [Emphases mine] 

It took no time for Dr. Kohli to understand that the only 
remaining sane family member was also affected by the 
transgenerational trauma. She also, much like others, began to 
believe in an alternate reality. In her delusional state, she held 
that Dr. Prakash Kohli was responsible for the family's mishap. 
To her, Dr. Kohli was one of the agents or perpetrators of 
violence, who belonged to the other side. Therefore, the ending 
is very pathetic and alarming because the sickness did not spare 
even the elder sister who took care of her siblings after their 
parents' death. Her delusions of “real bearded mussalman men 
out there, hundreds of them, carrying swords, shouting” 
(123) were akin to those of her mother, Chitra and Om. She also 
feared that her family would be exterminated by the Mussalman 
men. To her, Dr. Prakash turned ultimately to be a psycho and a 
killer, an ‘other’ from the rival community. Not only that, she 
even accused Dr. Kohli of sexual assault. The story ends with 
the bitter tears of Dr. Kohli due to his long term engagement 
with this family. Professional detachment is indeed a must for a 
psychiatrist. But here, in this case, he could not maintain 
detachment. Dr Prakash Kohli was just wondering how the 
transgenerational trauma and its resultant shared   delusional   
disorder   arising   out   of   post-partition 
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migration affected the entire family. The concluding remarks 
of Dr Kohli are worth noting: 

For a long time, I sat dazed. Then simply put my head 
down on the table and cried. The last time I had cried was 
when my father had gone out and got himself killed by a 
stray bullet. It was a similar blazing afternoon (123- 124). 

Thus, the transgenerational transmission of trauma and its 
associated delusional disorder gripped the entire family. 

V 

The psychological effects of partition-induced trauma upon the 
forced/involuntary migrants can be seen in the story. The text 
rightly captures how buried/repressed memory resurfaces in 
various pathological behaviours of the victims, and those 
symptoms can recur in their offspring. It has its own 
clue/explanation in the scientific discipline of ‘Epigenetics’. 
Epigenetics actually talks about how trauma generally is 
transmitted via genes inter/transgenerationally. Renowned 
psychologist, N. Kellerman, who had worked extensively with 
the children of Holocaust Trauma survivors notes that trauma 
can be transmitted by the “parent's child-rearing behaviour.21 
Here, Kellerman wanted to suggest that through the interaction 
between a child (trauma receptor) and the parents (trauma 
inducer), the trauma and its resultant psychosis may be 
transferred epigenetically.22 The traumatic disorders of an 

 

21 Interested readers can look at the article by N. Kellerman, 2013. Epigenetic 
Transmission of Holocaust Trauma. The Israel Journal of Psychiatry and 

Related Sciences, 50(1), pp 33-39. 
22 Shannon Sullivan has done groundbreaking research in this field published 
in an essay called “Inheriting Racist Disparities in Health: Epigenetics and 
the Transgenerational Effects of White Racism." The article is published in 
Critical Philosophy of Race, vol. 1, no. 2, 2013, pp. 190–218. 
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individual usually disrupt cellular function. According to 
Kellerman, it is the traumatic environment of the inducer to 
which the offspring is/are exposed, and it is in this process the 
germ cell of the source agent could be transmitted to the 
epigenomes of the offspring. 

A handful of other geneticists like Supratim Choudhuri, Miguel 
Almeida, António Miguel de Jesus, Antonio Rene and others 
have very recently discovered one such non-coding RNA23, 
which they think, functions in the transmission of 
transgenerational trauma via epigenetic mechanisms. Again, a 
few other researchers like Rachel Yehuda and Amy Lehrner 
conjecture only in 2018 that the offspring’s early exposure to the 
traumatic environment especially, at the post-natal period, 
actually changes the methylation patterns, particularly the 
glucocorticoid receptor (NR3C1 ) gene.24 

Another way of transmitting the genes of trauma and its related 
delusional disorder to its later generation/s is to transfer the 
genes at the gestational stage of a mother's pregnancy through 
the uterine environment. Disturbing or chaotic stimuli enter 
through the uterine environment during pregnancy, and it could 
affect the offspring psychosomatically.25 A similar mechanism 
can be traced in the offspring of partition victims whose 

 

23 Supratim Choudhuri, in his article "Small Noncoding RNAs: Biogenesis, 
Function, and Emerging Significance in Toxicology" talked about this non- 
coding RNAs which functions in that way of transgenerational transmission 
of trauma. He has published his finding in Journal of Biochemical and 

Molecular Toxicology, Vol. 24, No. 3: 195–216. (May–June 2010). 
DOI:10.1002/jbt.20325. PMID 20143452 
24 Rachel Yehuda and Amy Lehrner worked extensively on the survivors' 
traumatic traits to their offspring in the post-natal stage. See their article 
"Intergenerational Transmission of Trauma Effects: Putative Role of 
Epigenetic Mechanisms". World Psychiatry, 17(3). September 7, 2018. 
25 See Michael T Kinsella and Catherine Monk. (September 2009). "Impact 
of Maternal Stress, Depression and Anxiety on Fetal Neurobehavioral 
Development". Clinical Obstetrics and Gynecology. 2009; 52 (3): 425–440. 
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parents were exposed to traumatic stimuli in the past. In this 
story also, the same mechanism works in both cases – Chitra and 
Om. The entire family shared a similar sort of delusion, of the 
“Muslim men baying for blood and honour” and it “had been 
passed down through the family like a cursed heirloom” (121). 

It would be unfair to take this story of the particular family in 
isolation or generalise this transgenerational transmission of 
trauma connected with every migrant family. Anirudh Kala's 
story primarily talks about the shared delusional disorder, one 
of the many pathological, post-traumatic disorders that some 
migrant families had suffered from. The source of the historical 
trauma is the partition, but the manifestations of the traumatic 
experiences of the migrants vary both at the individual and the 
collective levels. In conclusion, it can be said that under the 
umbrella of Partition Fiction, Anirudh Kala’s story secures a 
distinctive place because, it rightly captures the 
transgenerational transmission of the trauma of the partition 
migrants, which is unique in the context of the Partition-induced 
migration. It deals with the “Folie à Deux” syndrome, an 
emerging area of research in Psychoanalysis and Trauma 
Studies. Kala’s expertise in psychiatry and his real-life 
experiences of treating hundreds of partition migrants are 
powerfully reflected in the stories of The Unsafe Asylum. This 
story, “Folie à Deux” along with some other narratives like “No 
Forgiveness Necessary”, “Belly Button”, and “Sita's Bus”, 
“Partitioning Madness”, “Love during Armistice” open up a 
new horizon in the realm of Trauma Fiction. 
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Abstract: Optical properties of the solutions comprising of two or more miscible liquids have been of 

immense interest both in the area of chemical and physical sciences. To date, there are reports on studies 

regarding different combinations of binary liquid mixtures. However, the experiments involved are 

either high-ended or using sophisticated instrumentation. Our prime objective is to set up a simple 

laboratory arrangement to estimate the refractive index of typical binary-liquid mixtures obtained by 

proportionate variations in combinations selecting from benzene, ethyl acetate, tetrahydrofuran, and 

water; without involving high-standard instrumentation or expensive laboratory setups. In the present 

study, we adopted a basic method to determine the refractive index of pure liquids of low polarity, like, 

benzene (C6H6) and tetrahydrofuran or THF (C4H8O) and of high polarities, such as ethyl acetate or 

EtOAc or EA (C4H8O2), and water (H2O) and also their binary homogeneous mixture with high 

accuracy. Our experimental data involving variation of refractive index with molar volume fraction 

matched very well with theoretical interpretations by Arago-Biot and Lorentz-Lorenz equation. In our 

results, density corrections have been neglected as we have chosen non-volatile solvents. 
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1. Introduction 

Optical, translational, molecular, structural, and other important physical properties of 

liquid solutions, such as vapor pressure, surface tension, viscosity, ultrasonic velocity, 

volumetric and acoustic properties alongside refractive index, have been seeking attention or 

attracted the attention of physicists, physical chemists, and experimental theoreologists 

primarily of both academic and practical interest[1-30]. In most cases, the physical properties 

of pure liquid or mixture of liquids, such as dielectric constant, polarizability, density, mole 

fraction (for mixtures), etc., have been explored through measurement of refractive index at a 

different variation of concentration and temperature. On the one hand, polarization in optically 

active solution involving solute-solvent combinations led us to determine the concentration and 
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Abstract: Fabrication of Organic Solar Cells (OSC) using PEDOT:PSS, has been focussed on the 

formation of the four-layered configuration of : ITO / PEDOT:PSS / P3TH:PC60 BM / LiF with Al 

metal layers its electrode. The active layer comprised P3TH:PC60 BM, where P3HT formed the donor 

and PC60 BM the acceptor components. Interestingly, it has been observed that the OSCs fabricated 

from ethylene glycol doped PEDOT:PSS depicted Power Conversion Efficiency (PCE) of about 2 times 

more than that of OSCs made from pure PEDOT:PSS. After optimizing process parameters(~ 16% of 

DMF, ~10% of DMSO, and ~ 12% EG in PEDOT:PSS) and continued loading of doped components, 

the conductivity reflected a decreasing trend. Such a phenomenon was attributed to an increasing 

distance between the successive conductive grain/domain, which has been explained based on Atomic 

Force Microscopy (AFM). Moreover, stress has been made on the inter-junction behavior of carrier 

transport, particularly the hole conduction mechanism. Further, the perovskite-based solar cell has been 

compared and discussed to understand material behavior and device performance better. 

Keywords: organic solar cells; perovskite; AFM; conductivity; EG. 
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1. Introduction 

Recently, there have been sincere efforts to venture into the development of Organic 

Solar Cells (OSC) to make their entry in the device arena dominated by the conceptual and 

fundamental silicon and its alloy materials by a remarkable and revolutionary route. The 

amount of research and effort has been marvelous and of tremendous magnitude to open up 

fundamental aspects and technological importance [1]. The prime concern and criteria for solar 

cells along with other optoelectronic devices (LED, Photocell, Photo – Sensors, etc.), have 

been cost factors, large-area fabrication, reliability, and stability. To date, there are a host of 

references concerning both Organic Solar Cells (OSC) and PEDOT: PSS-based OSCs [2-39]. 

Thus, there are vast features to be attended a demanding lot of attention, study, and research to 

solve the lingering problems to meet the energy crisis of the present and future world. One of 

the main points of concern that still remains life is the multi-junction device characteristics that 

work wonders but bring about many device complexities and pose difficulties for integrated 

device application. The prime fundamental concept arose from the photo-generated carriers in 

the active-intrinsic layer and the conduction of both electrons and holes through the inactive 
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A B S T R A C T   

Samarium doped Na2O–ZnO–TeO2 (NZT) glasses were prepared by the melt quenching method. The glass- 
forming ability and glass stability of prepared glass was estimated by Hruby parameter using Differential 
Thermal Analysis (DTA) and Thermo-gravimetric Analysis (TGA). The study of FTIR spectra and X-ray diffraction 
described the ionic nature and the amorphous pattern of glass respectively. The absorption peaks were observed 
for the transitions 6H5/2-4P3/2 at 402 nm, 6H5/2-4M19/2 at 418 nm, 6H5/2-4I15/2 at 462 nm and 6H5/2-4I11/2 at 478 
nm in the absorption spectra. The optical band gap energy (Eg) was calculated and observed to be decreased from 
2.95 eV to 1.58 eV with doping concentration. The visible emission band was observed in the Sm3+ doped glass 
samples. The variation of dielectric constant with frequency was found to be independent for the frequency range 
3 kHz - 2 MHz. The measurement of temperature-dependent dc conductivity showed Arrhenius type mechanism 
of conduction.   

1. Introduction 

Tellurium di-oxide (TeO2) is a promising glass network maker in the 
existence of alkali, alkaline earth and transition metal oxides (TMO) as 
modifiers, but it does not form glass itself. So, TeO2 is familiar as a 
conditional glass producer, as it requires a modifier to produce the 
glassy state of the materials. Tellurite glass materials have some inter-
esting properties like transparency at room temperature, hardness of 
satisfactory strength and attractive corrosion resistance [1–3]. Tellurite 
glasses are very interesting materials for linearand non-linear applica-
tions in optics, due to their significant characteristics such as low 
melting point, small phonon energy and large refractive index. It has 
also important for high dielectric constant, good chemical durability, 
high thermal stability, non-hygroscopic, with a large transmission 
window and the possibility to integrate a large quantity of rare-earth 
ions. It can be also applied as micro-lenses in photocopiers and 
mobile-phone cameras, IC photo masking in photolithography, photo-
sensitive glass, hard disks, substrates for solar cells, artificial bones for 
mankind and dental transplants, etc. Besides these applications, the 
tellurite glass has been used for the protection of X-ray radiations, 

gamma radiations and other ionizing radiations from radioactive ma-
terials. Radiation exposure from different nuclear sources such as nu-
clear power plants, radioactive mining, conservation of radioactive 
sources etc. Can have a serious negative effect on the human body. 
Earlier, lead (Pb) has been used to protect these radiations. But several 
disadvantages have been found to use lead as a shielding material of 
nuclear radiation. Recently, material scientists have suggested that the 
tellurite/borate glass can be used as an efficient shielding material of 
nuclear radiations without any environment pollution [4–11]. Glass 
materials are practically used for optical appliances due to their various 
compositions, physical isotropy and deficiency of grain boundaries. 
Tellurite glasses are useful to study by industrial researchers not only 
because of their methodological applications, but also owing to a 
fundamental significance in thoughtful their microscopic mechanisms 
[12,13]. 

The luminescence properties of optical materials have been broadly 
observed not only for applications in phosphors, scintillators and laser 
crystals but also for scientific importance during the last two decays 
[14–20]. In presence of rare-earth ions, the glass materials are excellent 
luminescence intensity because of their emission power due to 4f-4f and 
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Abstract 

The psychological after-effects of the 1947 Partition of India, primarily in the form of 
traumatic neuroses, constitute one of the emerging areas of critical engagement in the broad 
domain of Partition Studies. Unlike the physical violence, the psychological wounds of 
Partition could not be convalesced immediately. The deep-rooted traumas of partition lead 
to further psychological disorders. Looking at its fictional representations, primarily the 
short partition fictio

on 
Partition like Take Me Home Pali Veero
have depicted the traumatic disorders of the victims more than the partition violence. This 
paper would focus on the select short Partition fiction of Sahni from a psychoanalytic point 
of view and try to explore the psychological trauma of Partition and its associated 
pathogenic effects as reflected in these stories. 
Keywords: Partition and Psychological Trauma, Pathology of Partition, Psychological 
Disorders in Bhisham Sahni  

--- 
 

In an interview with Alok Bhalla on the theme of Partition, the Sahitya Academy 
Award winner of modern Hindi Literature, Bhisham Sahni has rightly pointed out the main 
crux of the Partition induced violence and its associated guilt or trauma in the following 
words: 

I think barbarism is not a permanent feature of human conduct. It depends on a 

certain circumstances men lose all sense of decency and proportion, and indulge in 
butchery. After some time, the barbaric impulses slowly subside and give way to 
reason. Men begin to repent their actions. (Bhalla 132) 
Sahni has suggested here that Partition violence in its varied forms stemmed out 

such a way that men were seen, as Sahni puts it, to be devoid of their basic human traits as if 

horrific cataclysm of Partition, in fact, turned millions of common civilians to bloodthirsty, 
communal  the 
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foremost guiding metaphors in the majority of the Partition fiction of Punjab province. This 
sudden change of the mass civilized beings to violent beasts in the wake of a particular 
historical juncture could be analyzed with the help of a number of other inter-disciplines like 
Psychoanalysis, Trauma Studies, and Violence Studies and many others. 

In fact, the psychological after-effects of 1947 Partition of India, primarily in the 
form of traumatic neuroses, constitute one of the emerging areas of critical engagement in 
the broad domain of Partition Studies. A number of responses are coming, very recently, in 
the late 2010s and the early 2020s, from the mainstream Psychiatry and Trauma Studies 
Departments, that have mostly been silent about the horrendous traumatic aftermaths of 
Partition violence. The unprecedented physical violence that occurred during and after the 
Partition of India, in the forms of multiple sectarian attacks, mass carnage, riots, arson, brutal 
rapes, and body humiliations had been subjected to gradual convalescence with the passage 
of time. The psychological wounds along with the deep-rooted traumas, however, could not 
be surmounted overnight. On the contrary, they have led to multiple forms of pathological 
neurosis in thousands of its victims like Anxiety Disorder, madness, panic attacks, Post 
Traumatic Stress Disorder (PTSD), Acute Stress Disorder, Repetitive Compulsive Disorder, 
Emotionally unstable personality disorder (EUPD), Rape Trauma Syndrome (RTS) paranoia, 
and so on. This interdisciplinary dialogue between Partition Studies and Mental Health 
Studies (Trauma Studies and Psychoanalysis) is altogether a new domain of research that 
needs critical attention. 

If we look at the body of Partition Literature of Punjab province, we could see that a 
good number of writers of Partition fiction like Intizar Hussain, Mohan Rakesh, Krishan 
Chander, Khuswant Singh, Chaman Nahal, Rajinder Singh Bedi, Saadat Hasan Manto, and 
Ismat Chughtai among others have been keenly interested in representing both the physical 
as well as the psychological aspect of Partition violence, although the psychological aspect 
has not been much discussed. There has been another leading writer who, in his short 
fictional pieces, is able to capture the traumatic aspect of Partition violence and its attendant 
pathological disorders. He is none other than Bhisham Sahni (1915-2003). His fictional 
masterpiece Tamas (1974) has vividly recorded the gloomy atmosphere of communal tension 

, have focused more on the traumatic disorders of the victims than on 
representing partition violence. 

This paper would be analysing Partition from a psychoanalytical point of view, 
especially, how Partition has led to a kind of collective Psychological Trauma and its 
associated pathogenic effects, as reflected in the select short stories of Bhisham Sahni. I shall 

d psychopathology, given by 
Cathy Caruth, Sigmund Freud and a few other trauma theorists. 

 
II 

 
Cathy Caruth, the doyen of Trauma Theory, suggests that psychological trauma 

arises out of certain unpleasant or distressing events that consequently fragment the identity 
of an individual and the trauma continues to bedevil the victims later on in their lives. 
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(Caruth, Unclaimed Experience 4) Looking at the body of Partition Literature of Punjab 
province, especially the short partition fiction of Bhisham Sahni from a psychoanalytical 
gaze, one may find that a number of characters of Sahni (much like those of Manto and 
Chughtai) behave in a chaotic way due to the psychological trauma they have imbibed  

sometimes last for a few hours to a few days, and sometimes they linger throughout their 
Tamas is very much prolonged; 

whereas the traumatic disorders of the protagonists in his short partition stories are quite 
ephemeral or short-lived. The first story that I am going to analyze captures the 
psychological/ traumatic disorder of a man that lasts for a brief period of time. In the story 

1 we observe a sudden change in 
the mood/behaviour of a timid, frail-looking Babu, who suddenly got so furious due to 
certain external stimuli like humiliations, jeering remarks, mockeries about his sexual 
potency, his preference of food habits etc. by a group of men that he satisfied his ego only 
through avenging the life of an innocent old man from the rival community. 

Narrated mostly in the first person, the story recounts a train journey during the high 
tide of Partition from the newly created Pakistan to the other side of the border. Among the 

few other passengers along with the narrator in the same compartment. Most of them were 
engaged in casual talks, occasional debates, funny gossips, jeering, teasing etc. The 
passengers were absolutely confused about the newly created border, the abrupt decision of 
the creation of Pakistan, and its terrible consequences. But the topic that fascinated them 
most was the bloody riots that were happening all around. Each one of them was very much 
tensed about an imminent attack on the train that may occur at any moment during the course 
of their journey. However, a group of Pathans was absolutely indifferent to the apprehension 
of the other passengers. Contrarily, they were busy cutting jokes at the frail-looking Babu by 
offering him the boiled meat and a piece of naan in a very jovial manner knowing full well 

 him 
Here, Babu, eat. You will become strong like us. Your wife will be pleased. Eat it, 
dalkhor. You are weak because you only eat dal. (2) 
The Pathans continued to make fun of him and a few other passengers joined the 

process soon. Time and again the Pathans tittered at his masculinity, his sexual potency, and 
gendered identity etc, the issues that the Babu wanted to avoid inwardly but could not help it. 
The harmless jeering of the Pathans turned out to be an acute source of trauma for the Babu 
as he felt constantly humiliated. According to Sigmund Freud, disturbing or chaotic 

Unclaimed Experience 16) which may split off the self of the affected one. (Freud 8) This is 
quite evident in the story. 

As the train reached Wazirabad station and the news of the communal riots was 
approaching the passengers, the Babu got very much frightened and continued to babble 
absentmindedly that something was wrong (3). The tense situation deteriorated quickly and 

the over-crowded compartment with a huge bundle of luggage, one of the Pathans kicked 
them off. The Babu witnessed this incident but preferred to remain silent. Contrarily, the 
Babu became so much hyper-vigilant about an uncertain dread that he became panicked and 
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within the compartment was pulling their windows down and a loud rattling sound 
approached, the Babu leaped off from his seat and reclined on the floor of the compartment 
out of utter panic. To humiliate him, the Pathans resumed their mocking remarks: 

Oh, coward, are you a man or a woman? D
disgrace to all men. (6) 

However, the Babu did not pay any attention to them as he was trembling with fear and 

stammered somethi
Acute Stress Disorder (ASD), which generally arises in a victim out of certain threats of 
death or some serious injuries from certain outside forces. The pathological disorders were 
very much conspicuous in his behaviour. Out of panic, he became speechless and his 

were either throwing stones or firing at the train. (6) 
However, his behavioural pattern changed drastically as he learned that the train was 

finally approaching Amritsar after crossing Harbanspura. The frail-looking, timid Babu 

udden change in his personality, and unexpectedly, he began to 
  

(9) This sudden change in his mood/behaviour can be analyzed with the help of 
Psychoanalysis. To consolidate his fractured self, the Babu was certainly looking for a 

species formation. As the event of the kicking off of the couple by the Pathans flashed upon 
his mind, he began identifying himself along with the communal/ religious identity. The 
falsifying of the ego would give him a kind of permissive logic to perpetrate violence upon 
the  

As the train slowly arrived at the Amritsar station and the overcrowded platform 

later on with a lethal weapon in his hand only to see that the Pathans had left the 

frail-looking Babu suddenly became so fierce that nobody really dared to talk to him in a 
casual tone anymore. He was very much gripped with communalism and fanaticism and 
became so agitated that he could not sleep anymore. Almost all the potential symptoms of 
ASD like sleeplessness, uncontrollable rage, restlessness, irritability could be seen in him. 

Towards the end of the story, the Babu was finally able to satisfy his ego by 
avenging the life of an innocent Muslim old man, who was merely pleading to open the door 

door! In the name of Allah, open the door! (11), but opened the door abruptly and hit him on 

platform at once. There was no apparent reason why the Babu had hit him suddenly. The 
possible explanation one could offer was the widespread communal frenzy that allowed him 
to regain his lost identity and to fulfill his aggressive, annihilatory desire only by inflicting 

him next after that impulsive murder? Would he remorse or become re-traumatized? The 
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story remains absolutely open-ended to such possibilities. The only clue we get is that the 
Babu threw his weapon outside the door after his reverie broke down and he looked vacant  
as if he had overcome from his trance. Communal antagonism was so pervasive during the 
Partition that it turned countless innocent victims into brutal murderers. 

 
III 

 
In the early 2020s, a host of Indian psychiatrists like Alok Sarin, Sarah Ghani and 

Sanjeev Jain have tried to explore the psychological roots of the Partition induced trauma. In 
 

dislocations, loss of social rootedness and exposure to social unrest have all been identified 

Home),2 we find a protagonist, who, like the millions of other dislocated refugees suffers 

  
The story describes a similar kind of train journey with a train full of refugees 

waiting at the overcrowded station of Wazirabad. As there was scorching heat, the 
passengers became very much thirsty but nobody really risked getting down at the station to 
fetch some drinking water due to the dread of an imminent riot that may occur at any time 
targeting any particular community. However, an old man who was dying of thirst, boarded 
down at the station to drink some water. As the train suddenly began to move, the old man, 

reach the compartment and climb up into the running train but got somehow physically 
wo

him a little bit of water to drink. Some of them tore off a rag from his turb

injuries as if he was possessed by something else. It took no time for the passengers to 
understand that he was undergoing a certain sort of psychological pain, which was so heavy 
on him that he hardly cared about his physical damages. He took no notice of his bruised 
knees or bleeding chin. His relatives might have already departed by the previous train. One 
is not sure about the whereabouts of his family or in which condition were they. Certain 
chaotic thoughts hurdled together in his mind and he remained absolutely silent. The only 
repetitive babble that he could utter was to take him to his home. (3) The passengers in the 
compartment could not make out his confusing, continuous jabber. They started questioning 
him: 

But where is your home? What are you talking about, sir? No one has a home any 
more. Where shall we take you? (3) 

The old man absolutely paid no attention to their queries and continued to babble the same 
thing again and again. The other passengers suspected that possibly, he was out of his head. 

shouting at him. One of the passengers yelled: 
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So we should take you to Miyani now, should we? ...Are you in your right mind? 
Here we are, homeless and knocking about from place to place and here you are, 
missing your blessed Miyani. Want to go there and sit in your mother
(3) 

understand the intensity of the psychological pain that he was undergoing due to the forced 
relocation. Like millions of the other migrants, this old fellow too had become so  
traumatized due to the division and the undesired post-
make any sensible activity. It took no ti

 repeatedly. 
However, an old woman, who was sitting nearby and witnessing everything, 

suddenly approached the old man and spoke something in Multani dialect, which was, of 
course, unintelligible to most of the passengers. Listening to these words, the old frantic 

and suddenly mumbled: 
Miyani vasjaso? Main tuhanoo lai vajna

 
This turned a bit therapeutic for the old man, who suddenly woke up from his deep-rooted 
malady of the mind. The passengers understood that both of them were speaking in the same 
dialect. (4) The old man, who was behaving hysterically so far, suddenly broke down to tears 
looking at the old woman and replied to her in the same dialect: 

O Rabba dadiya!? Mainu kitthe liya suttiya ee  Where have you gone and 
 

His loud sobbing can be taken as a way out for releasing the repressed trauma that he 
was carrying all the way. It is through the linguistic associations of the Multani dialect, he 
could ease out the trauma and agony buried within. This event may be taken as the Freudian 

memory of a certain traumatic events, one may get cured or at least released from the 
subdued trauma. Towards the end of the story, the fellow passengers understood that he was 

Partition and its resultant forced dislocation. 
 

IV 
 

Partition-induced violence and its traumatic aftermath led to different kinds of 
psychological disorders in the individuals as well as in the collective masses. The 

the territorial anxiety created out of the filthy game of Partition. Traumatized subjects like 
the Babu or the old man inescapably bore the burden of a blotted history that they really 
never deserved. Their traumatic/ psychological disorders like those of millions of others  
were not simply the maladies of the mind or the unconscious selves, rather symptomatic of a 

itself. (Caruth, Trauma 
psychological trauma of being uprooted from his homeland, the Babu in  Train Has 
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he victim-turned-perpetrator 
syndrome, which was quite common in the wake of Partition violence. Both of their  
maladies can be classified under the DSM  5 (The Diagnostic and Statistical Manual of 
Mental Disorders) taxonomical tool. Whereas the abrupt hyperarousal disarray and its 
associated disorders like hypervigilance, panic, sleeplessness, avoidance complex, etc. can  
be categorized as the Sub-threshold Trauma or more prominently, Acute Stress Disorder 
(ASD); the belated experiences of the traumatized, dislocated old man can be seen as part of 
the Post Traumatic Stress Disorder (PTSD) with its related disorders like the Repetitive 
Compulsive Disorder (RCD) or the Emotionally Unstable Personality Disorder (EUPD). In 
conclusion, it can be said that the short partition fiction of Bhisham Sahni (along with certain 

existing domain of Partition Literature or Partition Studies. 
 

Notes 
 

(The Train Has Reached Amritsar) is translated by Alok Bhalla and 
taken from the anthology called Crossing Over: Partition Literature from India, Pakistan, and 
Bangladesh. eds. Frank Stewart and Sukrita Paul Kumar, Honolulu: University of Hawaii Press, 2007. 

in the anthology Bruised Memories: Communal Violence and the Writer. Ed. Tarun K. Saint. 
Calcutta: Seagull Books, 2000. 
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अन����णेता कृ�भ�ोऽन�देवः- एका समी�ा
सनातन-दासः

�ब�सारः
धम�िनबèरचनाकाले बéिभः êात�पिÂतनै� केवलं धम�शा�¬ाìाः कृताः, अिप 
च धम�िवषयकिनबèाः ¬ाकरण-दश�न-का¬-नाटकािदमौिलक±²ाः रिचताः। 
एतषुे िविवध±² णेतृषु िनबèकारेषु अ�तमः खलु आपदेवसूनुः अन�देवः। 
चÅवंशीयराÜो बाजबाहदरुचÅ«ािïतोऽयं पिÂतोऽन�देवो महाराÚðदेशे जñ लेभे। 
पर� ु जीवन« दीघ�समयः का½ामित�ा�ः।  बèेऽिêन ् देवकुलो�à�योरन�दे
वयोम�¼ े अê�ôणति�तीयान�देव« देशो यõुा िनÎिपतः।  िस¢ो मराठीकिवः 
एकनाथः त« व¢ृ िपतामहः आसीत।् एकनाथपुÓपौÓ पौÓादयः सव·ऽन�देववंशीयाः 
कृÙभ¸ाः आसन ्इित êिृतकौÛभु ारø ेकिथतम।् अन�देव« रचनासु सव�Óासकृत ्
ïीकृÙÛिुतः पिरलùत।े मथरुासेतःु, भगवúि¸िनण�यः ïीकृÙभि¸चिÅका 
चेित ±²ाÛने गोिवýमुिÿ½ िवरिचताः। एवमन�देव« वंशपिरचयः स~दाय�ाÓ 
िचिÓतम।् अन�रं िविभà±²शोधपÓमातकृािदपिरशीलनेन  Æ¥-परो¥ माणाãा ं
चत}ुवधयिु¸िभः |ीÚीयस®दशशतक« म¼भाग एव कवेका�लः इित िनÎिपतम।् 
 ायः पÃाशदिधक±²ाना ं रचियतायमन�देवः। इदानी� ु नोपलã� े बहवो ±²ा 
इित परम[ेशकरम।् ±²ा�रेषु NCC-आिद±²षुे मातकृािदषु च िचरमवेù 
लã� ेकेषािÃत ्±²ानामिभधानािन। ता�Ó िनÎपिय\�।े

कुÃीश�ाः- अन�देवः, एकनाथः, ïीकृÙः, êिृतः, मीमासंा, भि¸ः, धम�ः, 
िनबèः।

वेदोऽिखलधम�मूलम-् इित मनुवचनानुसारेण िनिखल« जगतः  थमः खलु धम�±²ो 
वेदः। िकÃ समेषा ं धम�शा�ाणा ं मूलभूतोऽयमागमः। संिहता�ा�णार^कोपिनष»ु 
सुसà¢ा धम�िवषयाः। षड्वेदाÍेषु  क_सूÓ«ैको िवभागो वत�त ेधम�ः इित। धम�सूÓेषु 
धम�िवषयाः िवशेषेणालोिचताः। अÓ वेदिविहतािन कमा�̂ वे धम�पदेन ¬पिद½�।े 
धम�सूÓािण êिृत±²ा� धम�शा�िमित ना`ािभधीय�।े धम�सूÓाणामन�रं 
संिहताः êतृयो वािभभू�ताः। संिहता±²षुे म?िÓवहृ>ितयाÜव=ादयः  मुखाः। 
संिहता±²ान�रं ¬ाìाकारा धम�सूÓाणा ंतथा êिृत±²ाना ं¬ाìाः च�ुः। एिभः खलु 
कतृ�िभः धम�िवषया िनबèा अिप िवरिचताः। यथा- िवÁÎपरघुनýनसतानýाः  भृतयः। 
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स<ूण; धम�शा�सािहÆं िÓिवधषुे पया�येषु रिचतम।् तÓ  थमे पया�ये धम�सूÓािण तथा 
मनुêिृतः इित ±²ा िवरिचताः। ि�तीये याÜव=ादयोऽपरे êिृत±²ा रिचताः। ततृीये 
पया�ये ¬ाìा±²ा िनबè±²ा� संकिलताः। ब/ना ं ¬ाìा±²ाना ं िनबèाना ं च 
रचना  ायः एकादशशतकादेव  ार+ा। ¬ाìाकारेषु िवÜानेÁरः कु*ुकभæः िवÁÎपः 
मेधाितिथः अपराक� �Æेेते अ�तमाः। िनबèकारेषु देवâामी श'धरः भावदेवभæः 
िहमाि%-माधवौ ïीदªः चÂेÁरः शुलपािणः कमलाकरः अन�देव�  मुखाः।

धम�शा�रचनापया�येषु ¬ाìाकालÛथा िनबèकालः  िस¢ः। कालेऽिêन ्
बहवः êात�पिÂताः धम�सूÓाणा ं संिहता±²ाना ं च ¬ाìाः रिचतव�ः। एिभन� 
केवलं धम�शा�ाणा ं¬ाìाः कृताः अिप चापरशा�ाणा ं¬ाìाः धम�िवषयकिनबèा 
¬ाकरण-दश�न-का¬-नाटकािदमौिलक±²ा रिचताः। एतषुे ïिुतêिृत�ायािदशा�
िनÙातषुे िविवध±² णेतृषु िनबèकारेषु अ�तमः खलु आपदेवसूनुः अन�देवः। 
वैिदकशा�िवÜाता, ïौत±²¬ाìाता, êिृतिनबè णेता, मीमासंािदशा�टीकाकता�, 
का¬रचियता, अन�शा�वेªा ननु अयमन�देवः।
देशः

अन�देवो दि¥णदेशीयो आसीत।् चÅवंशीय« राÜो बाजबाहदरुचÅ«ािïतोऽयं  
पिÂतोऽन�देवो महाराÚðदेशे जñ लेभे। गोदावरीनदीतटे अन�देव« पूव�जाः �वसिàित 
êिृतकौÛभेु वôणतम।् त$ृितषु बéÓ मराठीभाषायाः  योगः पिरलùत।े यथा- 
राजधम�कौÛभेु किवना संÇृतश�« मराठीपया�यश�ः ¬व#तः “िभिªिशखरसèौ च 
भाषया स"ा इित  िस¢ा मÕरी का!ा�।”(राजधम�कौÛभुः,  ासादािदल¥णम्, पृ¤ं-
२३) इित। अÓ मÕरी(Balcony) इÆथ· स"ा इित श�ः आधिुनकमराठीभाषाया ं
वत�त े एव। पुनरिêàेव ±² े अ�Óो¸म-् “बािलकेित कणXपिरभाग�-वालीित 
महाराÚðभाषया  िस¢ं भूषणम।्”(राजधम�कौÛभुः,  ितमाल¥णम्, पृ¤ं-३८) अÓ 
>ÚÎपेण âमातृभाषायाः नाम उxािरतम।् अतोऽन�देवो महाराÚðदेशीयो िव�ानासीत।् 
पुनः त$ृितषु बéÓ काशीनगरी वाराणसी वा उि*िखता।1 राजधम�कौÛभु« 
 ितÜा करण ेकाÆायनमत¬ाìानकाले देशः इÆ« म¼देशािद इित ¬ाìा कृता।2 
भारतवष�« म¼ देशादनितदूरे एव काशी। अतः इदं व¸ुं  श�त ेयदन�देव« जñ 
महाराÚð ेअभवत्, पर� ुत« जीवन« दीघ�समयः का½ामित�ा�ः। राÜो बाजबाहदरु« 
सभायामालमोरायामिप िकिÃ$ालोऽित�ा�Ûने।
कुलं स�दाय�

महाराÚð देशे िव कुले जातोऽêाकं किवः अन�देवः। स�ः एकनाथः त« 
व¢ृ िपतामहः आसीत।् अयमेकनाथः मराठीभाषायाः  ìातकिवः साधःु चासीत।् 
भागवतम्, Äि�णीâयंवरम्, भावाथ�रामायणम्, हÛामलकम्, शुकाÚकम्, âाØसुखम्, 
आनýलहरी, अभÍािन(िहýीभाषया मराठीभाषया च) च  भृतयो नैके ±²ा िवरिचताः 
स�नेैकनाथने। देहली�सािहÆएकादेमीित सं�या  कािशते ‘Makers of Indian 

1.  काशी�िव�दािदãो धनराशीनदा»दा।, का½ा ंïीिवÁनाथं...।,
 ...काशीपुरसुरसिरतोवा�समाया� ुसव·।
2 ‘देशो म¼देशािद’ (राजधम�कौÛभुः,  ितÜाâÎपम्, पृ¤ं-३८७)
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Literature- Eknath’ इित ±² े एकनाथ« कृतयः वôणताः। êिृतकौÛभु« 
 ारø े अन�देवेन âपिरचयः  दªः। त« पूव�पुÄषः एकनाथः ïीकृÙ« एकिन¤ो 
भ¸ः आसीत।् êिृतकौÛभेु उ�त-े

“आसी�ोदावरीतीरे वेदवेदीसमि?तः।
ïीकृÙभि¸मानेक एकनाथािभधो ि�जः॥” 

(êिृतकौÛभुः, ितिथदीिधितः १५)
अन�देव« िपतुना�म आपदेवः। अयं खलु ि�तीयः आपदेवः। येन मीमासंा�ाय काशः 

इित ±²ो रिचतः। धम�शा�िवशय�लेषु अन�देवेन पूव�मीमासंाप¢ितमनुसृÆ 
िस¢ा�ो गृहीतः। िवशेषतः त« संÇारकौÛभु«  ितचरणिमयं रीितः अनुसृता। 
मीमासंा�ाय काशकार« ि�तीयापदेव« िपतुना�म अन�ः। अथा�त ् अन�देव« 
(ि�तीय«) िपतामहोऽिप अन�देवः ( थमः) इित ना`ा पिरचीतः आसीत।् ïीकृÙ« 
सेवासु िनÆो´तः अयं  थमः अन�देवः  थमापदेव« पुÓः आसीत।् अनेन 
िस¢ा�तµािद±²ाः ±िथताः। किथतÃ ि�तीयान�देवेन êिृतकौÛभु ारø-े

“मीमासंानयकोिवदो मधिुरपोः सेवासु  िनÆो´तो
िव´ादानिवभािवतोªमयशा आसीªदीयाØजः।
य«ान�गुणरैन� इित सàामाथ�वªा ंगतं
येनावािद च वािदना ंïिुतिशरःिस¢ा�तµं मुदे॥” 

(êिृतकौÛभुः, ितिथदीिधितः १७)
 थमापदेव« च िपता स�ः एकनाथः। अथा�त ्धम�िनबèकार« ि�तीयान�देव« 

िपता ि�तीयः आपदेवः, िपतामहः  थमः अन�देवः,  िपतामहः  थमः आपदेवः, 
बृ¢ िपतामह� एकनाथः। ि�तीयान�देव« जीवदेवािभधयेः एकः किन¤ो �ाता आसीत।् 
गोÓ बरिनण�यः इÆाìः क�न  बèः जीवदेवेन  णीतः। ि�तीयान�देव णीतसंÇार
कौÛभेु सािप��िनण�य करणान�रमु¸म-् ‘अथ गोÓ बरिनण�यो मदनुजजीवदेवकृत 
एवािêàवसरे  द½�त।े’ (संÇारकौÛभुः, पृ¤ं-१७९)  बè«ा«ाि�मे जीवदेवेन 
आपदेवपुÓÎपेण âपिरचयोऽिप  दªः।3 पुनः अाशौचिनण�यो नाम ±²ोऽिप 
जीवदेव णीतः।4 अतो ि�तीयान�देव« वंशव¥ृः  ा®त�ानुसारेण एवं «ात-्

एकनाथः

आपदेवः( थमः)

अन�देवः( थमः)

आपदेवः(ि�तीयः)

अन�देवः(ि�तीयः) जीवदेवः

पुनः वावादेवरिचतौ अिधकरणादश�ः अप�णमीमासंा चेित �ौ ±²ौ  ा�ते।े तÓ 
3 कृ�Ìातलव�ªपिÂतजनालंकारचूडामिणगXदातीरजिनगु�णोxयखिनना`ापदेवो±णीः। त»ूनोिरह 

जीवदेवकृितनः स¢म�शा� ेकृतौ गोÓाणा ं बरैः सहयेमभविàण�ितरीशाप�णा। (संÇारकौÛभुः, पृ¤ं-१९५)
4 ïीकृÙं ढुि�राजं च  ण�ाशौचिनण�यः। ि�यत े जीवदेवेन यथामित समासतः॥(êिृतकौÛभुः, 

आशौचदीिधितः- १)
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अिधकरणादश·  थमान�देव«ाØजबालदेवपुÓः वावादेवः इÆु¸म।् अप�णमीमासंाया ं
च िपतामह थमान�देवकृतमनोऽनुरÕननाटकात ् 
ोक�यं समु¢ृतम।् एत»व; 
संिनरीù िस¢ा�तµशोधक	ा� डॉ र�ा-पुरोिहतमहोदयया  थमान�देव« आपदेवः 
(ि�तीयान�देवजीवदेवतातः) बालदेवः (वावादेवतातः) चेित �ौ पुÓावाÛािमित 
âशोध±² े दôशतम।्

अन�देववंशीयाः सव· कृÙभ¸ाः आसन।् ि�तीयान�देवोऽिप ïीकृÙभ¸ः 
आसीत।् त« रचनासु  ायः कृÙÛिुतः पिरलùत।े त%िचतêिृतकौÛभु« मÍलाचरणे 
मुरलीधरः एव Ûतुः।5 राजधम�कौÛभु«6 संÇारकौÛभु«7 चािप मÍल
ोके 
ïीकृÙमुिÿ½ वýना िविहता। मथरुासेतःु िच�ाम^Úकं चेित ±²ािभधानादेव 
Üायत े यदÓ कृÙÛिुतः कृÙभि¸वा�  धानो िवषयः इित। पुनः का कथा 
भगवúि¸िनण�य«, ïीकृÙभि¸चिÅकाया�। किवनाÓ सम±ं का¬मेव गोिवýाय 
सम}पतम।् कृÙभ¸ोऽयं किवः शैवा´परस~दायाणा ंमता�ित�� कृÙमिहमाïवणं 
कृÙगुणकीª�नं कृÙêरणं च िस¢ा�Îपेण  ित�ािपतवान।् अतः िव कुलजातोऽयं 
किवः आजñनः ïीकृÙभ¸ो वैÙवो वासीत।्
कालः

१. ि�तीयान�देव« पृ¤पोषकः आसीत ् राजा नीलचÅपुÓः बाजबाहदरुचÅः। 
êिृतकौÛभु« ितिथदीिधित करण«  ारø े मÍलाचरण े अन�देवेन 
बाजबाहदरुचÅवंशः स�क् िनÎिपतः।8 अमु\ नृपतरेाÜया ि�तीयान�देवेन 
êिृतकौÛभुािदिनबèः िवरिचतः। उ�त ेच êिृतकौÛभु« मÍल
ोके किवना-

“तदाØजं वैिदकशा�िवÜं स�ोऽसकृ�ाéरन�देवम।्
बाजा�राÜो वचसा िवधयंे िनबèसारो¢रणं ¨येित॥” 

(êिृतकौÛभुः, ितिथदीिधितः १९)
बाजबाहदरुचÅ« पूव�जाः इलाहवादं िनकषा झसुी इित �ाने िनवसि� ê। ततः 

दशमशतके त े िहमालय देशमागताः। तÓ आलमोरा इित �ाने १५६३|ीÚा�े राÜा 
क�ाणचÅेण राजधानी  ित�ािपता। त« पुÓः Ä%चÅः १५८७ |ीÚा�े लाहोर देशे 
आकवर« व½ोऽभूत।् êिृतकौÛभु« वचनानुसारेण Ä%चÅ-बाजबाहदरुचÅयोः 
म¼ े लÌणचÅः, िÓम*चÅः नीलचÅ�िेत Óयः नरपतयः  जाः अशासुः। 
१५८७|ीÚा�ादन�रं  Æेकं शासक« शासनकालः पÃिवशंित-वषा�िण इित âीि�यत े
चेत ् बाजबाहदरुचÅ« कालो भवित १६६२|ीÚा�ः। êिृतकौÛभुस<ादकेन 
वासुदेवशम�णा त ु त�Ûावे १६४४-६४|ी¤ा�े बाजबाहदरुः राजिसहंासने आसीिदित 
पिÂतवचनं âीकृÆ तदािïत« ि�तीयान�देव«ािप स एव काल इित िस¢ा�Îपेण 
गृहीतम।् आधिुनकैः इितहासकारैः राजाबाजबाहदरुचÅ« कालः १६३८-७८|ीÚा�ः 
इित िनण�तः। १६७२|ीÚा�े बाजबाहदरुचÅेण मतदानकरः(Poll tax)  णीतः।9 
5. ß�ा ïीमुरलीधरः िêतयतु�ूय�ुभÍया यया...॥
6. धनÕयजय दं जयित सूतवेशं महः॥
7. िशरिस िनिहतं पालकं पाÂवानाम॥् न¨ा हिर...।
8.  ÜानचÅः       क�ाणचÅः      Ä%चÅः      लÌणचÅः     िÓम*चÅः      नीलचÅः       बाजबाहदरुचÅः।
9. �e Imperial Gazetteer of India 1908, Vol-18, Page-324-325
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अिêàेव समये अथा�त ्स®दशशतक« म¼भागे (१६३५-७५) ि�तीयान�देवो राÜो 
बाजबाहदरुचÅ« पृ¤पोषकतायामवª�त।

२. पुनः पूव�ज« एकनाथ« कालः १५३३-१५९९|ीÚा�ः इित âीि�यत।े 
१५७३|ीÚा�« नव�रमास« नवमिदनाÑे स�ने एकनाथने मराठीभाषया 
भागवतं समािपतम।् एकनाथ-ि�तीयान�देवयोम�¼ े  थमापदेवः,  थमान�देवः 
ि�तीयापदेव�िेत Óयः पुÄषाः आसन।् १५७३|ीÚा�े िन�येन  थमापदेव« जñ 
अभूत।् ततः  ितपुÄषं पÃिवशंवषा�िण âीकृत े सित ि�तीयान�देव« कालः १६४८ 
|ीÚा�ादारãत।े अतः स®दशशतक« म¼भागे ि�तीयः अन�देवो ¬राजत।

३. भाæमत दीिपकाकतु�ः कौÂदेव« गुÄरासीदन�देवः ि�तीयः।  
भाæमत दीिपकायाः मÍल
ोके कौÂदेवेनो�त-े

“गणशेकृÙािदसुरान ् ण� गुÄनिप ïीमदन�देवान।्
ïीकौÂदेवः  करोित िव�ा�ता ंमुदे भाæमत दीिपकाम॥्” 

(भाæमत दीिपका १)
अतः ि�तीयान�देवो िन�येन कौÂदेव« पूव�व}तिन काले िवरािजतः आसीत।् 

कौÂदेवेन भाæमत दीिपकाया ं खÂदेव णीतभाæरह«िमित ±²« नामोि*िखतम।् 
१६६५ईशवीया�े खÂदेव«  ाणिवयोगोऽभविदित िश\णे शøभुæेन किथतम।् अतस्
त�रव}त±²कृ$ौÂदेवः स®दशशतकाि�मे तथाÚादशशतक ारø ेकाले ¬राजत 
इित िनि�तमेव। त« गुÄः ि�तीयान�देवÛ ु िकिÃ�ूव�वत�  इÆÓ न संशयः। अतः 
|ीÚीयस®दशशतक« म¼भाग एव ि�तीयान�देव« कालः।

४.पुनः ि�तीयान�देव«ानुजजीवदेव णीत े आशौचिनण�य±² े
िनण�यिसèुमतमु¢ृतमिÛ।10 िनण�यिसèोः रचनाकालिवषये त$ता� कमलाकरभæः 
âयमुि*खित यत ्१६११|ीÚा�े रचना समा®ा।11 जीवदेवा±ज« ि�तीयान�देव« 
कालः िनण�यिसèोः रचनाकालादन�रमेव इित समनुमीयत।े पुनरिप १६६७|ीÚा�े 
(१७२४संवत)् िलिखता ि�तीयान�देव« ïीकृÙभि¸चिÅकायारेका  ाचीना मातकृा 
सौराÚð देश�चुनीलालगाधँीिव´ाभवने  ा�त।े एत«ाः मातृकायाः लेखनकालात ्
पूव�मेव ि�तीयान�देव« रचनाकालः इित िन�ीयत।े अतः एतãेः  माणãेः १६३५-
७५ (1635-1675)|ीÚा�ः अथा�त ् स®दशशतक« म¼भागः एव अन�देव« 
(ि�तीय«) सारâतसाधनासमयः इित ि�रीकतु; श�त।े आÛा ंतावदनेन प*िवतने।
कृितः

पू^भूमेः भारतवष�«ायं िवìातः किवः âकृितयशेना´ािप भारतीयसािहÆसंÇृितषु 
िदवाकर इव देदी�ते। “ ायेणोªमवÛनूा ंनामा�था�नुसारतः” (ïीकृÙभि¸चिÅका 
६) इित âवचनं साथ�कीकृÆ अन�देवः अन�±²र�ािन रचयामास। 
मीमासंकधरुèर« मीमासंा�ाय काशकार« साथ�नामायमाØजः अन�देवः 
ïिुतêिृतपर<रामनुसृÆ बéन ्êात�±²ान ् बèान ्वा  णीतवान।् ïिुतêृित�ाय 
�ानÓयवत ् अमूनािप किवना ïौतêात�लौिकक±²ाः इित ±²कोिटÓयः िवरिचताः। 

10.  ‘देशा�रे �ानं सोदकानािमित यु̧ िमित िनण�यिसèौ’ (êिृतकौÛभुः, आशौचदीिधितः, पृ¤ं-५८७)
11. ‘वसऋुतुऋतभुु१६६८िमत ेगतेऽ�े नरपितिव�मतोऽथ याित रौ%े’ इित।
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तÓ ïौतशा�ाणा ं ¬ाìाः, êात�कम�िवषये िनबèाः लौिककका¬ािन चेित नैकािन 
±²र�ािन तने िवरिचतािन।  ायः पÃाशदिधक±²ाना ंरचियतायमन�देवः। इदानी� ु
बहवो ±²ाः नोपलã� ेइित परम[ेशकरम।् न च  ा�� ेब/ना ं±²ाना ंनामा�िप। 
तथािप ±²ा�रेषु NCC-आिद±²षुे मातृकािदषु च िचरमवेù लã� े केषािÃत ्
±²ानामिभधानािन। तदधः उि*ì�-े

१.ïौतशा�ाणा ं¬ाìा±²ाः- आपÛ�ïौतसूÓ¬ाìा, काÆायन ाितशाì ित
ÜासूÓ¬ाìा, अिÞहोÓ योगः, ïौताधान योगः, दश�पूण�मास योगः, चातुमा�« योगः, 
न¥ÓसÓ योगः, पुÓिेÚ योगः, आधान योगः, सोम योगः, पिवÓिेÚः, पूण�राधानेिÚः, 
आ±ायणिेÚः/ योगः, आिहता­�िेÚ योगः, आÁलायनीय ायि�ª योगः, 
अिÞहोÓहोमः, दश�पूण�मासहोमः, ऋि¨�रणिनण�यः च।

२.êिृतिनबè±²ाः- êिृतकौÛभुः ( िस¢ः êिृतिनबè±²ोऽयं संÇार-
आचार-राजधम�-दान-उ»ग�- ित¤ा-ितिथ-संव»रािदभेदेन �ादशधा िवभ¸ः। एतषुे 
संÇार-राजधमा�िभधौ �ौ िवभागौ संÇारकौÛभुः राजधम�कौÛभु�Æेिभधयािभ
िहतौ।),  ायि�ª दीिपका,  ायि�ªमौि¸ः,  ायि�ªर�ावली,  ायि�ªकािरका, 
ïा¢प¢ितकािरका, फलसाकंय�खÂनः, दªकपुÓिवधानः, पव�िनण�यः, भोजनिविधः, 
िÓकुिÂकाभोजनिविधः, चलाचा�प¢ितः, अ�िेÚप¢ितः, िवÙुयागप¢ितः, 
रा�ािभषेकप¢ितः, सव�कम�प¢ितः, िवधानपािरजातः, गो सवशाि�ः, �े¤शाि�ः, 
दश�जननशाि�ः, आ
ेषाशाि�ः, िदन¥यािदशाि�ः,  सववैकृितशाि�ः, 
यमलजननशाि�ः, िवषनाडीजननशाि�ः, िÓक सवशाि�ः, मुलाशाि�ः, 
एकन¥Óजननशाि�ः, ¬ितपातवैधतृसं�मणशाि�ः, ित�ािदगÂा�शाि�ः, 
कृÙचतुद�शीयजननशाि�ः, नारायणबिलनागबिलः, वगला�मक_व*ी, 
दास�� ायि�ªिविधः, चलाच� ित¤ा�ापनिविधः, गायÓीपुर�रणिविधः, राजदीिधितः, 
�त काशः च।

३.लौिकक±²ाः- भगवúि¸िनण�यः, वा�भेदवादः, मथरुासेतःु, िच�ाम^Úकम्, 
मीमासंा�ाय काश« भाæालंकारटीका, देवतािवचारः (मीमासंा), सैिनकशा�म्, 
िÓवीण�कधम�ः, भगवàामकौमुदी काशटीका, गणशेमहो»वः, आìातवादिववरणटीका, 
ïीकृÙभि¸चिÅकानाटकं च।
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An Essential Factor for Singing Rabindrasangeet 
Sutripta Mandal 

Abstract 

Pahindrasangeet is an unique art-torm of literature and culture. The identity of it lies in the lyric,tune and authm as well as in the usage of language itself.The inner significance of the song is expressed by sinoing only. Pronunciation plays a pivotal role in singing Tagore Song. 
Kevwords: Lyric, Melody, Rhythm, Promunciation, Dexterity, Nectar, Dialect, Grasped, Endeavour, Elegant, Colloquial, Revealed, mpulse, Posture, Syntax, Flourish, Preserve, Sophisticated, Desire, 
Achieve. 

Rabindrasangeet is based on literature. We cannot express this literary subject just by reading. 
Especially where music is not just a matter of lesson, it is a matter of singing. Therefore, 

appropriate pronunciation is an essential approach for singing Tagore Songs. 

Since nineteenth century various evolutionary changes concerning pronunciation have been 

noticed in the context of singing Rabindrasangeet. If we want to feel Rabindrasangeet properly, 
we have to know the literature and also the mystery behind the combination of lyric and melody. 

The lyrical form of Rabindrasangeet helps us to picturize the proper image of the song. Therefore 

it is a very salient feature that we have to understand the importance of Bengali language and 

the linguistic pronunciation. Difference in bengali pronunciation is noticed most of the cases 

among the inhabitants of different geographical areas. The form of Rabindrasangeet will be 

changed completely if slightest modification in pronunciation has been done, which is not 

desirable. The correct mood of the song is diminished by inappropriate pronunciation. 

Let us start with Tagore's thought of music 

fAfRB1 AcE A"(1) 
Now it is understood that the music is the optimum means to express the position of mind. 

gCrs create a medium to make others feel the song which is possible when singer himself is 

1O realize the song properly and reveal it by singing. Rabindranath imposed a great importance 

to TwO issues. The process of feeling may be transmitted into the reader or listener's mind 

Research Scholar, artment of Music, Raja N. L. Khan Women's College, Paschim Medinipur 
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with such a dexterity that they also feel it in the way Rabindranath portrayed. From this point of of view, proper pronunciation is the technique to make the reader understand the right way of of singing. 

The question arises in the mind of the theorist that the song may be properly understood by 
adopting so many methods. That is a new idea of the written form of the song which may come 
to mind as soon as the song is recited. The essence of the song is hidden in the lyrical form. Just 
reading of the lyric gives emotional momentum to the mind but when the lyric is sung in tune the 
deep appeal of the lyric comes to the mind with clear and transparent idea. We are aware that 
the lyrics are the nectar of Rabindrasangeet. Perception of mind is being awakened through the 
correct pronunciation of the lyric. Simple, clear language binds people's mind with deep 
connotations and sensibilities unknowingly. Everyone's mind is being liberated due to balanced 
composition of language and melody by Tagore. 
Now I would like to site an example of Rabindrasangee 

All kind of human emotions like laughter, cry, happiness ,sorrow joy, triumph, calamity are the 

part of life. Human life is not fulfilled without them. Rabindranath denoted this world as "RATO 

T"| f we want to keep ourself alive in this earth, we have to pass through sorrow and to 

accept the natural system with courage. The door of the mind will be opened one day through 

sorrow. Sadness helps to know the truth. Purification of mind will be acquired only by overcoming 

danger. People will feel their own strength. 

We have to unravel the underlying meaning of the song, with the correct pronunciation. The 

dimensional notation must be followed accurately-viz. 'Meer T),'sparsho swar' (), 'aa-
karanto' (T-RT), 'o- karanto'(e-qT),'otikomol'(afUrem), 'onukomol' (eR), hasanto 

), etc. These signs help to understand the pronunciation of song 
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Let us explain it with the help of the notation 

fu 1 

C fs 

1 

RABINDRANATH TAGORE, SWARABITAN-5, BISWABHARATI GRANTHANBIBHAG PRAKASH 

JOISHTHYO-1349 (BENGALI YEAR), PAGE-126 
The meaning of the words are easily grasped by the help of the notation. The poet has 

explained the difficult mantras of life in simple language of the song. The correct pronunciation 
is essential to perceive these mantras. 

His extraordinary artistic talent has obscured the art endeavour in such a way that it is 
impossible to comprehend how it was created. We need to be aware of the literary aspect and 

historical context of his creation, to know the nature of this work of art.His music was not 

created in a day. Actually,lyric is the reflection of transformation of poem into song. How he 
wrote the song, creation of lyric with the combination of sound words and the presence of 

elegant language and colloquial language. How he wrote the song, why he wrote it and in what 

OCcasion it was written, everything has been revealed in his poems, essays and literature. 
Rabindranath was the first person who transformed the verse of earliest "Pali" and "Prakrit" to 

keep the essence intact. He enriched his music with the unimaginable application of classical 

rhythm and light rhythm depending on the melody of literature and the poetry. 
As there are various mysteries of lyrics, if the song is not sung in conjugation with the melody, 
the novelty of the combination of lyric and melody remains elusive. So one thing is clear that the 

meaning and application of the word may not arouse deep impulse in the mind without the 
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correct pronunciation. It turns out that singing or reading and saying anything is a normal hum an 
process. So, naturally there is a phonetic feature for pronouncing Bengali letters - in case of 
song and in case of literature. These two forms are very important in music. 

We may quote another opinion of Rabindranath in pursuance of the thought of Herbert Spencer 

It is clear from these words that the way we speak has a special relationship with the emotion. 
In this context Rabindranath has mentioned some remarkable words -"signs of ideas" (4) and 
"signs of feeling."(5) .All kinds of word have esoteric meaning. That is, some special words 
may express the happiness of the heart along with the melody of sorrow. Most of the times, the 
way we speak becomes more important. Because attitude has a relationship with music. If we 

read verse and prose of Rabindranath, it is possible to understand the difference between 
dictionary meaning and inner meaning. In this case, it is important to keep in mind the process 
of recovering the emotional meaning. At the same time, it is important to know the phonetic 
meaning. For example, the word "a" contextully pronounced as "" (hasanta) or the 

word "qAICS (0 - karanto). A word with different syllable demands something more.It is not 

limited to just narration. Actually,idea is revealed through pronunciation. Tagore witnessed so 

many diversion along with pronunciation in his songs in his lifetime. That's why he wrote-

We have to come out of the dialect in order to maintain the uniqueness of the song. The 

feeling of the song may be felt better, if we know the correct pronunciation of the language. We 

have to sing Rabindrasangeet with proper pronunciation to keep it alive and to express the 

meaning of the song as desired. We must be alart regarding correct pronunciation along with 

variation, grammatical pronunciation, pronunciation posture and the rules of syntax positively 

The true meaning of the lyric of Tagore Song is flourished and the emotional meaning is 

achieved by singing the song with sophisticated pronunciation only. It is the key to preserve the 

unique feature of Rabindrasangeet and the aesthetic beauty of the song. 
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Abstract: Neodymium-doped Na2O-ZnO-TeO2 (NZT) glasses were prepared by the conventional melt 

quenching technique.  DTA and TG were used to confirm glass preparation through the glass transition 

temperature at 447°C for the glass system.  The analysis of FTIR spectra and X-ray diffraction described 

the samples' nature as ionic and amorphous, respectively. The optical band gap energy was estimated 

using absorption spectra and found to be decreased from 2.63eV to 1.32 eV due to the increase of doping 

concentration.  The intensity of the emission spectra was enhanced for the higher concentration of Nd3+ 

ions.  The dielectric constant of the glass samples was found to be constant for the large range of 

frequency (3 kHz to 1 MHz).  The variation of conductivity with the temperature of the samples had 

shown the Arrhenius mechanism of conduction. 

Keywords: thermal analysis; FTIR; XRD; UV-Vis absorption; fluorescence; dielectric constant. 

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Tellurite glasses are extremely attractive materials for linear and non-linear application 

in optics due to their important aspects such as their low melting temperature, low phonon 

energy, and high refractive index, high dielectric constant, good chemical durability, high 

thermal stability, non-hygroscopic, with a large transmission window and the possibility to 

integrate a large amount of rare-earth ions [1-8]. It can be used as micro-lenses, IC photo 

masking glass, hard disks, press modeling of spherical lenses, glass substrates for solar cells, 

artificial bones, dental implants, and crowns. The optical property of rare-earth ions in tellurite 

glasses depends on the chemical composition, which determines the structure and the nature of 

the bonds of the glass matrix nature of the glass matrix bonds.  Besides, understanding their 

microscopic mechanism of structural and optical behavior gave much thrust and basic interest 

for both academia and the industries.  Tellurite glasses doped with rare-earth ions have attracted 

researchers for their broad spectrum of applications in optoelectronic and photo-electronic 

devices viz solid-state lasers optical switches, broad-band amplification, non-linear optical 

devices, infra-red (NIR) laser windows, optical fibers[9,10]. The doping of rare-earth ions in 

tellurite glasses has shown interesting properties like an amplification of optical signal in the 

https://biointerfaceresearch.com/
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that makes the same 
angle  with the 
normal to the front 
surface. The first 
reflected ray and 
the emergent ray 
interfere with each 
other at a large dis-
tance (very large in 
comparison with the 
diameter of the la-
ser beam) from the 
mirror and, together 
with other similar 
pairs of rays, form a 
sharp interference 
pattern. We can 
easily take snapshots 
of the pattern by a 
high-resolution camera and analyze the intensity distribution 
using ImageJ software.8 Subsequently the RI of the transpar-
ent material can be found using the relevant formula, which is 
derived below. 

In the first method, we note that the pattern is the natural 
consequence of interference of the first scattered ray (or wave) 
and the refracted ray (or wave). In Fig. 1, the phase difference 
between the two rays is (a) 2 d cos  32π/  or (b) 2 d cos  
32π/  – π, depending on how phase changes on reflection, 
where  is the refractive index of the slab (see Ref. 1, p. 402). 
Other scattered rays that enter the transparent slab at angles 
different from  interfere with the first scattered ray close to 
the mirror; they are not responsible for the interference pat-
tern produced at a large distance.

Here, for case (a), if 2  d cos  = n , then constructive 
interference takes place and a bright ring is produced.6 On 
the other hand, if 2  d cos  = (2n + 1) /2, then a dark ring 
results. (Note that for  <  0o, n ~ 104, assuming d ~ 2 mm.) If 
δ  is the change of  between the nth and the (n + 1)th dark 
rings, we can write the relation:

2 d 3 δ(cos ) = 2  d  3 sin  δ  = .                   (1)

Also,  

 sin   =    sin ,             (2)

as, in practical situations,  is a very small angle, δ  = δ  / . 
Therefore

      =  2d (sin  δ  / ).

A Novel Method for Measurement of the Refractive 
Indices of Transparent Solid Media Using Laser 
Interferometry
Arnab Pal and Pradipta Panchadhyayee, Department of Physics (UG & PG), P.K. College, Contai, Purba Medinipu,West Bengal, India

Kriti R. Sahu,  Department of Physics, Bhatter College, Dantan, Paschim Medinipur, West Bengal, India

Debapriyo Syam, CAPSS, Bose Institute, Salt Lake City, Kolkata 700091, West Bengal, India

R
efractive index is a number that governs how light 
changes its direction of propagation as it enters one 
material medium from another. This phenomenon is 

known as refraction and the angles of incidence and refrac-
tion of light, referred to the normal to the interface of the two 
media at the point of incidence, are related by Snell’s law. Re-
fractive index (RI) depends on the color (or wavelength ) of 
light.1-3 Tables of values of refractive indices for various media 
and wavelengths of light, with respect to vacuum, are readily 
available.4,5 Refractive index of a material can be measured 
by many methods, for example, by using a spectrometer in 
conjunction with a prism made of the experimental substance. 
An important class of methods of measuring RI involves the 
formation of interference patterns. Interferometric measure-
ments are concerned with the study of separation between 
bright fringes (or dark fringes) resulting from the superposi-
tion of light waves, originating from a single source and propa-
gating along paths of different optical lengths (refractive index 
multiplied by geometric path length). Researchers have ex-
ploited the scope of availing nearly monochromatic light from 
the laser sources to enhance precision in measuring refractive 
index by applying the interferometric techniques.

In this article we present two simple laser-based experi-
mental arrangements to determine the values of RIs of trans-
parent materials. Both experiments can be set up easily and 
one of the experimental methods leads to distinctly visible 
circular fringes.

Theoretical background

Researchers have focused on the use of laser6,7 for the 
measurement of RI, instead of conventional light sources, due 
to the exceptionally high coherence properties of laser. The 
interference patterns exhibit remarkable sharpness, leading 
to much better experimental accuracy. In the present work, 
as mentioned above, we present two simple experimental 
arrangements to determine the values of RIs of transparent 
materials. In the first method we deposit a very thin layer of 
chalk powder (~100 particles/cm2) over the free surface (top 
of glass or plastic covering slab) of a mirror. A laser beam is 
allowed to strike some powder particles located on the free 
(top) surface of the transparent slab. The rays get scattered in 
all directions. On hitting the top surface of the slab, one of the 
scattered rays (that is, a ray resulting from the scattering of an 
incident ray) splits into a reflected ray and a refracted ray. The 
reflected ray leaves the top surface at an angle  (see Fig. 1) to 
the normal. The refracted ray enters the slab at an angle  to 
the normal and, after reflection at the back surface and subse-
quent refraction at the front surface, produces an emergent ray 

Fig. 1. Schematic diagram to determine 

the RI of mirror materials (first method).
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Abstract: The effects of 1.75 MeV N5+ ion beams of varying fluences, ranging from 1x1011 to 5x1014 

ions/cm2 on structural, optical, and chemical properties of polyethylene terephthalate (PET) polymer, 

have been investigated by x-ray diffraction (XRD), UV–Visible spectroscopy, and Fourier transform 

infrared (FTIR) spectroscopy. The XRD patterns of PET samples show that the crystallinity increases 

with ion irradiation of fluences 4x1011 and 5x1012 ions/cm2. Optical bandgap energy decreases more at 

the ion fluences of 5x1014 ions/cm2. Absorption maxima shifted towards a higher wavelength value due 

to the formation of extended conjugation. Acetylenic (-C≡C-) group formation and free CO2 group are 

confirmed by FTIR spectroscopy. The reaction mechanism of the degradation product formation 

chemistry is discussed.   

Keywords: FTIR; UV-Vis spectroscopy; PET; XRD; polymer; ion beam; reaction mechanism; 

radiation chemistry. 

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Polyethylene terephthalate (PET) is an essential polymer with a high melting point, 

good mechanical properties, and resistance to moisture and heat. Its crystallinity can vary from 

amorphous to moderately high. Application of PET in optoelectronics, thin-film processing, 

polymer membranes, cable insulation, textile, space technology, and nuclear engineering 

attracted more global attention [1–14]. This polymer is suitable for medical applications [15–
21] due to its high biocompatibility, low toxicity, and a range of beneficial mechanical 

properties[22, 23]. Polymer membranes or thin polymer films with discrete pores, formed by a 

bombardment of heavy ions and chemical etching [24, 25], have applications in creating 

different microfluid diodes and biosensors [26, 27]. 

A significant modification in the few properties of a polymer material by using a chosen 

ion beam irradiation in a controlled way is an egregious tool. Irradiation can create a chemical 
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